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Field The present invention rell ates to an el earostatic inage
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material. . . For the purpose of providing an image form ng toner
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transferred image onto the transfer-receiving material.

For the purpose of providing an image forming toner exhibiting more mniform
chargeability, developability and charge stability with time and having a shape with good blade
cleaning properties, there is disclosed an image forming toner constituted of a mother particle
composed of at least a binder resin and a coloring agent having an inorganic particle externally
added thereto, wherein an inorganic particle A having a coefficient of variation of volume
distribution in a particle size distribution ofnot more than 50 % is allowed to attach thereto by a wet
treatment (see, for example, JP-A-2005-266557).

Also, for the purpose of providing an electrostatic image developing toner which is good
in transfer rate, is small in contamination of a charge roller, does not generate fogging and is
capable of stably forming a high-quality printing image in a small amonnt of consumption, there is
disclosed an electrostatic image developing toner obtained by molten kneading at least a binder

resin and a coloring agent, cooling the kneaded mixture, then crushing the mixture to form a



powder and renoving a coarse particle and a fine particle by
classification, wherein an inorganic particle having a tree circularity of
from1.00 to L30, an average prinmary particle diameter of fromO0.05 pmto
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(2) The electrostatic image developing toner according to (1), wherein the e;ctemal additive
has a volume average particle diameter of from 140 nm to 300 nm.

3 The electrostatic image developing toner according to (1), wherein the external additive
has an average circularity of from 0.60 to 0.85.

4) An electrostatic image developer including: the electrostatic image developing toner
according to (1); and a carrier,

5) The electrostatic image developer according to (4), wherein the external additive has a
volume average particle diameter of from 140 nm to 300 nm.

(6) The electrostatic image developer according to (4), wherein the extemal additive has an
average circularity of from 0.60 to 0.85.

@) A toner cartridge accommodating the electrostatic image developing toner according to
(1) therein.

8) The toner cartridge according to (7), wherein the electrostatic image developing toner
according to claim 1 is accommodated in 90 vol% or more relative to a volume of the toner
cartridge.

) A process cartridge, including a developing unit containing the electrostatic image
developer according to (4) so as to form a toner image by developing an electrostatic latent image
formed on. 2 surface of a latent image holding member with the electrostatic image developer.
(10)  An image forming apparatus including: a latent image holding member; a charging unit
for charging a surface of the latent image holding member; an electrostatic image forming unit for

forming an electrostatic image on the surface of the charged latent image holding member; a



average circularity of from0.60 to 0,85. (7) A toner cartridge
accommodating the electrostatic image devel opi ng toner according to (1)
therein. (8) The toner cartridge according to (7), wherein the
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matern@l ; and a fixing nn it for fixing the toner imge transferred on the
transfﬁ;l-re ei.ving material, (11) The image form ng apparatus according to
(10), Aiher i TR Smdhe methed dpelndiag: shermea susfagenef ol latentr iowea bolditgmage
devel apRAbeR I8Nz AK Sl A4S stehd rdnt the YuwhdeO - e inmage
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the electrostatic image developer according to (4) to form a toner image; transferring the toner
image formed on the surface of the latent image holding member onto a transfer-receiving material;
and fixing the toner image transferred on the transfer-receiving material.

(14) The image forming method according to _(13), wherein the electrostatic image developer
contains an electrostatic image developing toner having an external additive, and the external
additive has an average ¢ircularity of from 0.60 to 0.85.

(15)  The image forming method according to (13), wherein the electrostatic image developer
contains an electrostatic image developing toner having an extemal additive, and the external
additive has a volume average particle diameter of from 140 nm to 300 nm.

According to the invention as set forth above in (1), there is provided an electrostatic
image forming developing toner capable of preventing in-apparatus contamination of an image
forming apparatus as compared with the case where any one of 2 volume average particle diameter,
an average circularity or a standard deviation of circularity of an external additive falls outside the
foregoing range.

According to the invention as set forth above in (2), there is provided an electrostatic
image forming developing toner capable of preventing in-apparatus contamination of an image
forming apparatus as compared with the case where the external additive does not have a volume
average particle diameter of from 140 nm to 300 nm.

According to the invention as set forth above in (3), there is provided an electrostatic
image forming developing toner capable of preventing in-apparatus contamination of an image

forming apparatus as compared with the case where the external additive does not have an average



the el ectrostatic i mage devel oper has a vol une average particle dianeter of
from140 emto 300 nm (13) An image form ng nethod including; charging a
surface of a latent inmage holding nenber; form ng an el ectrostatic imge on
the surface of the |latent inmage hol déng nenber; devel oping the
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external additive, and the external” additive has an average circularity of
from@gd to 0.35. (15) The inmage form ng nethod according to (13),
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in-apparatus contamination of an image forming apparatus as compared with the case where the
electrostatic image developing toner of the invention is accommodated in 90 vol% or more relative
to a volume of the toner cartridge.
According to the invention as set forth above in (9), it is made casy to deal with an
electrosiatic image developer capable of preventing in-apparatus contamipation of an image
. forming apparatus as compared with the case where any one of a voluume average particle diameter,
an average circularity or a standard deviation of circularity of an external additive falls outside the
foregoing range, thereby enhancing adaptability to image forming apparatuses of various
configurations.
According to the invention as set forth above in (10), in-apparatus contamination of an
image forming apparatus is prevented as compared with the ¢case where any one of a volume
average particle diameter, an average circularity or a standard deviation of circularity of an external

additive falls outside the foregoing range.



According to the invention set forth, above in (5), there is provided an
el ectrostatic inage devel oper capabl e of preventing in-apparatus
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toner particle containing at least a binder resin, a release agent and a coloring agent; and an extemal

additive having a volume average particle diameter of from 70 nm to 400 nm, an average



Exenpl ary enbodi nents of the present invention will be described in detail
based on the following figures, wherein; FIG 1l is a diagrammtic
configuration view showi ng an exanple of an. image form ng apparatus
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(External additive) First of all, the external additive is described.
As described previously, as the external additive, an external additive
havi ng a vol une average particle dianmeter of from70 omto 400 inn, an
average circularity of from0.5 to 079 and a standard devi ati on of

circularit YAs.O&es&%e_til_’Bi’é\ﬁm{sgf?Qs th8 e2tetril MEQE e fm\e/BgH‘HB AUBLEIKRAL VaiGhe

diameter - " The volune average particle diameter of the external
addi t #¥eEage partielgdianesiertod Som Torromto700 mimyran avene cirenlarith ehfrerh 8.5\0P-8rpd aver age
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be the case where e ext’erna ve'i'S eéasily enbedded into the toner,
so t haVolams peerage reftickodiaméterch t he external additive originally has is not

obt ai nabl e, he ot her_ hand,. en t.he yol .aver age rticl e, di aneter of
the external an%‘ﬂeia\‘/' a%%&a&écg%m%m%e ,°°§é@g%§m‘”§/ﬁe feﬁ?%“%ﬁm?‘ﬂ%“ext er nal
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e di ¢ iditi've, the toner particle surface is
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- Ave ! larl T i i t he external

addi t%ﬁ%@%@éﬁ?rﬂg’t xtsgogg'ﬁdo%&ﬁ%&%gg%@ 5%‘@&‘% %er Iizgt’\g/'er age circularity of
t he ext er nderqadiltlespect ® the seluinh anerfgepartitie dextster nAtheadttital ydlitbecthres a
partigcle havin |.ar a Lth a |arge aspect ratio t here .may be
t he ctég% P\%ﬁ&% %en1§§9%€2eﬁaﬁ]%c1 cf‘%’é]&l ?@%’6@%&5 e S%Y&@ﬁ??ﬁlm%ﬁaolfti ve is
easi |tjte lmbedred. toAbrspartitlb ansfadzaly daslyktdldendas en Wnggeeproteskifg dhdifdic sdftwarg st abl y
pr od ternal additive havin aver circularity of less than

b, 5. R P haftsy Ve Corerateh dyteia cneara B varnt ferereuni

addi tdisaetepafeledstdnd adgitinge the shape of the external additive is close to

a sphere, ther? may be the case where the transfer anmount into the carrier
i ncr e4SELE He 'Y age circularity of the external additive is desirably

from O, 60 trBe Bvedine co@laif of tHeleRieAia AU}t v [ Y8 Hrel 2o bfrdhn 8810 0,9, When thde
external additive having an averaqe circul ari t% falling within t

h
f or e FOFTREE thekthe exterpaladditive islegs thap O the %ﬁdl"@’éﬂ?é?%eﬁ9pﬁf§'§d
ext ermingqqﬁ%e ER48S with 1§gg %ggctb&ioem&% ﬁmﬁMhﬁg%&ﬂ YBech@niBiimber of

contact_ points with the surface incréases, so that the transfer of

t he dRtkisrmpplietddha pyenplmdditivhds essily beaken.s Adiep thess Biex be Threcasy ehergat is

Ci r cul;ay.l i i by i i agddi tives
(par 'tjclll%c'leﬂstg'{? g%%?@?ﬁhg?ﬁg%%hg\%g?%%hci r%ui ar #%/ h{g‘?ﬂléergg ﬁﬂé%ser%ﬂgé%hgg ogr aphed
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avengi h erm ned.val ues (the s as the cal cul ati on of .t.he vol une
ver 0 8bs SELRET DGR 1 8RR e R e BB el btk Ao B it o
Ci r c wafridr énrdaads. | Brrgiviagabé Cirdubuiy of @Blek@lnal fdtitive)is desirably from 0.60 to 0.85,

and more preferably from 0.65 to 0.80,

The external additive having an average circularity falling within the foregoing range has
a lower circularity than that of generally used external additives. In such a heterogeneous external
additive, a number of contact points with the toner surface increases, so that the transfer of the
external additive into the carrier is suppressed.

The average circularity is a value obtained by image analyzing 100 external additives



[2 x (Arr.:)n/PM In the foregoing expression, A represents a
projected area of the external additive particle; and PMrepresents a
circunferential length of the external additive particle. The case
where the average circularity is 1.0gnmeans that the particle is a true
spher t 'efi:mﬁ,m‘g | ! | eity
meani ﬁaﬂtfé %g)’ ed>%it stenc eﬁl:})fq1 6%”?%%5‘#5#?’? ;aggé%l n&ﬁ]?g 39(131 g?g{aﬁgﬁd?%mu%fﬁgf%ﬁ%gg becones
| ar gebarticlsy asaerding teléei fallevwing ekpressionizhd ayearaging the determingdevabestibfaieedevi at i on
of ci J i3] {S required. to he not nore than
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having a stadedn@psay expiéseion A repreb@ind Afbieve@AeLEMhOGkidRal bditiefrtiddie
tran?:ng%&gf the external additive jnto the carrier_is easy to occur.
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enbod I TRObyaf Grchiles e dlifeLeChani cal |y brought by the vol ume average
particle dianeter, average Ci r%ul arity and standard devi ati on of

ci r cularidesd dsiviatipeokoitcalangt - addi tive, the external additive is not
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bro j al.s e | i cabl The nat erjal , qf e exte l. addi.t.i ve which
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an rgani c rti.cl.es, eci.fic exa .0 e i naqr ic partigle include
ST OPOR SRR e TSt eresriiRe F idoed 0 eI el 4Bt o1 the
t onerinsuld @ctsr isewNtasccat | i ca (for exanple, funed silica, sol-gel, silica,
etc.), alupna i tani.n.zingc .oxjde, tin oxide, jron oxide, calcium

car bonat e, %éﬁﬁéﬁ’%%’é‘gﬂ% freeulagity %ga'ﬁiEFﬁﬁ’in BWSt‘%?a)i"d’@t?%Wf BRSE and tin
oXi dainagdthaBRRGE foGineX FMRaOSrRfthd ARrQE gRGILGIpar ti cl e include all of

particles,which are in general used as an external additive for the toner
sur f adéated) AHalgy - v nyl based resins, polyester resins, silicone resins and

9 thorine- ¢PRiei &F B8 AL M She sffRis Qe Bhd Bt Hgie&@qslm according e PRI&HI bed
previously; any material qualifies are useful for the external "additive so

far &semplary satqdimgnt arerthessevifieh ag sicapnicaly bwughs dathli yrjurmheverage pargjele
Circuykard t [ : . EEAVS-N

ot epihtst etk ARl ind SR PUATRICE Hob B IG00 BeAChdAE, o
nurrereikieaal odditiee i antpesticuiaglr lithitgl witereaeet tagts nuiteriliireatint s fanad it $s6sfidske i s
her e"ﬂﬁ@?&reé%?ﬁé: Hn%gsd regarding the volume average particle diameter, average circularity and

standard deviation of circularity, and known materials are applicable, The material of the external

Ji

additive which is applicable is hereunder deseribed,

Examples of the external additive include those which are well-known, such as inorganic
particles and organic particles, Specific examples of the inorganic particle include all of particles
which are in general used as an external additive for the toner surface, such as silica (for example,
fumed silica, sol-gel silica, etc.), alumina, titania, zinc oxide, tin oxide, iron oxide, calcium
carbonate, magnesium carbonate, tricalcium phosphate, cerium oxide, and tin oxide; and specific
examples of the organic particle include all of particles which are in general used as an external

additive for the toner surface, such as vinyl based resins, polyester resins, silicone resins and



The preparation nmethod of sol-gel silica includes a step of preparing an
al kal i ne catal yst solution containing an alkaline catalyst in a
concentration of fromO,6 nold, to 0,87 nol/L in an al cohol -contai ni ng
solvent (also referred to as an 'al kaline catal yst solution preparing

st ep"morg,ggom%g%s_suppl ying a tetraal koxysilane into the al kaline
catal yst solution and al so supplying an al kaline catalyst in an anmount of
f r om (Frepargiontreetiods not per nole of the total supply amount of the

tetrialk i | ied.per . nut | f L
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nucl eeps thrasurfaed ef the oudlétatpattivte mamelycihe atialivd tutaifst innenenty divsibpad tidl e i s
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coarse .aggregate and lowin the circularity is obtained, Here, h may
be cBﬁEaﬂéﬁé@uﬁcﬁaﬁo thatdhasaysinug paislgheving 2 faveciradarielsifoxgdi | arie is rel ated
to the particle size distribution or the circularity of the silica
particle. It may be considered that by regulating the supply anount of the
tetintal korysilane to 0,002 nok(nohnirt) or nore and | ess than 0.0055
nioli( .nmolunin), a contact probability between the tetraal kozysil ane added
dropwi se and the nucl eus particle is decreased, and before a. reaction

bet ween the tetraal korysilanes with each other occurs, the teheal kozysil ane
is supplied into the nucleus particle without a deviation. |In consequence,
it may be considered that the reaction between the tetraalicoxysilane and
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11 keeps its heterogeneous shape, whereby the silica Particle is obtained.
Therefore, it nmay he considered that a silica particle which is strong

agai nst a nechanical |load and is hardly broken is obtained. Al so, in
the present preparation method of ajgilica particle, in view of the fact
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i f dQ:S:ltérSchousshape I'n the case of a mixed sol vent, it would be better that
an amount of the ai cohol relative to other solvent is SO % by nmass or mare
(desi r abl y Iothedeyofihe sbasie, inghepresanhpiepasatioal mqmodeofarqﬂicesmicle: heaglbeohol

i ncl ydg H&’é@fba?déf@é&é}la& ile, the
al kal i nse1 cat al acgﬂ’tglg ystgg%r ac%enfer%{l ng tgéagfgr %tfla%dnlw?’ o%rﬁhexarrpl e,
a hyd-‘rH‘GllkaSltyslSP ed.on or a condensatl on reaction) of the
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When ion of t I|ne ess .t.han ,
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oocurSo iR RIIRR 4 REPTHE i A BYeis; il et diadon. " 10" oy ¢ he
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econes_excessive, a

gugr@ggt}c;lfl‘alpﬁ ﬁﬁ}[ «‘gitl)llﬁelﬁf \%thq%% g{;ﬁl@q@f %naurgwigg n%?rb% Icgrlxs?dered that a silica particle
with a narrow distribution width may be produced while suppressing scattering of the particle

growth.
Incidentally, it may be considered that the volume average particle diameter of the silica

particle is dependent upon the total supply amount of the tetraalkoxysilane.

Also, in the present preparation method of a silica particle, it may be considered that a
nucleus particle in a heterogeneous shape is formed, and the nucleus particle is allowed to grow
while keeping this heterogeneous shape, whereby the silica particle is formed. Therefore, it may
be considered that a silica particle in a heterogeneous shape, which is strong against a mechanical
load and is hardly broken, is obtained,

Also, in the present preparation method of a silica particle, it may be considered that the

particle is allowed to grow in a state where the formed nucleus particle in a heterogeneous shape



12 is forned, and it is difficult to obtain a nucleus particle in a

het er ogeneous shape having an average circularity of not nore than 090
Incidentally, the concentration of the alkaline catalyst is a concentration
relative to the al kaline catal yst s?}}gi on (the al kaline catalyst + the

al cohples tratnd I t : sl € 0L M o cri bed.
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sol ut o tp subject the tetraal koxysilane to a reaction (for exanple, a
hydrolysi's reaction or a condensation reaction) in the al kaline catal yst
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fe

relative t : J he. I i t j : This
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used in. t §1§°ﬁﬂ %ESE I n.alkalin t t .sol ytion.
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i spersion liqu a primary particle having a particle dianeter of not
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t et r aal koxywideandy, exabPis dihae LedAOR id¥hide (16REr Aedols BuchORt Asthadd QRADI 1 ity
bet ween the t At' aal koxyzil ane added dropw se and the nucl eus particle is

mor e © ?leased, However, it takes a long period of time for conpletion of
the dropw seaafgid bRnnedind E%ﬁalyst is a catalyst for accelerating the reaction (for example, a

hydrolysis reaction or a condensation reaction) of the tetraalkoxysilane, and examples thereof

include basic catalysts such as ammonia, urea, a monoamine and a quaternary ammonium salt, Of
these, ammonia is especially desirable.

A. concentration (content) of the alkaline catalyst is from 0.6 mol/L to 0.87 mol/L,
desirably from 0.63 moV/L to 0.78 mol/L, and more desirably from 0.66 mol/L to 0.75 mol/L.

When the concentration of the alkaline catalyst is less than 0.6 mol/L, dispersibility of a
formed nucleus particle in 2 growth process of the nucleus particle becomes instable, so that there
is a concern that a coarse aggregate such as a secondary aggregate is formed, or gelation occurs,
thereby deteriorating the particle size distribution.

On the other hand, when the concentration of the alkaline catalyst is more than 0.87 mol/L,

stability of a formed nucleus particle becomes excessive, a nucleus particle in a true spherical shape



13 total supply amount of the tetraal koxysilane, and the preparation
efficiency is poor. When the supply anpbunt of the tetraal koxysil ane
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al kaline catalyst .is nore than 0.4 nul, orned - nucleus
par t | Heclisabuivas! theobtsiricd eilicapriticlhane thedife, beramsthorpsiensremmethexssitanahen a.
nucl gygedd@pfel Cl € having a low circularity is formed at a nucleus particle
form ng stage, the nucleus particle grows irn a spherical shape at its

nucl eus par iseipdy Q@R o8 tEY Ratra8RokfiAncAisS trbinC 8,002 d1 4061 ARY 15 D). Goss OW

circularity is not obtained.. Here, in the particle formng step,
each m¢l/(metmintrelaayacothesilédnbindhaalkdine ahtkightisnmticat al yst is supplied into

the al kal i Re: L Lon .. Th | y._met hod b
cont | nuous Mariadt K5 8 bk fbsndets SRR BRie Y ety oy TP milio: nem
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sol ut ] rature at the tine of supply) may be, for exanple, |la the
.rangeda%’?ysfgroom @'C to 50 T and is desirably in the range of from15 "C to

40 T. 14 Incidentally, though the particle diameter of the silica particle varies with the kind of the
tetraalkoxysilane or the reaction condition, for example, by regulating a total supply amount of the
tetraalkoxysilane used for the reaction of particle formation to 0.756 mol or more per liter of the

silica particle dispersion liquid, a primary particle having a particle diameter of 70 nm or more is
obtained, and by regulating a total supply amount of the tetraalkoxysilane used for the reaction of
particle formation to not more than 4.4 mol per liter of the silica particle dispersion liquid, a
primary particle having 2 particle diameter of not more than 400 nm is obtained.

When the supply amount of the tetraalkoxysilane is less than 0.002 mol/(mol-min), a
contact probability between the tetraalkoxysilane added dropwise and the nucleus particle is more
decreased. However, it takes a long petiod of time for completion of the dropwise addition of the



The silica particle is obtained through the foregoing steps. Though the
silica particle obtained in this state is obtained in a state of a

di spersion liquid, it may be used as a silica panicle dispersion liquid as
it is or may be taken out and used 3§ a powder of the silica particle after
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necessary g]gount of a hydrophobic treatnment _agent to a silica particle
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when the r tis erat-ure is, a tenperature cegedi.ng 'C, . there may
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each other is easy to occur, Meanwhi | e, exanpl es of a nethod of

obt aidasireglyainpesmangedf ol HpRoHE°Gi | i ca particle include a method. in which
a hydrophobic silica particle dispersion liquid is obtained by the
foregoing nethod and then dried by the foregoing nethod, thereby obtaining
a powder of a hydrophobic silica particle; a nethod in which a silica
pattkle dispersion liquid is dried to obtain a powder of a hydrophilic
silica particle, which is then subjected to a hydrophobic treatnent by the
addition of a hydrophobic treatnent agent, thereby obtaining a powder of a
hydr ophobi ¢ sdlica powder; and a nethod in which after obtaining a

hydr ophobi c silica particle dispersion liquid, the hydrophobic silica
particle dispersion liquid is dried to obtain a powder of a hydrophobic




Here, exanples of a nethod of subjecting a powdered specific silica
particle to a hydrophobic treatnent Mende a nethod in which a. powdered
hydrophilic silica particle is stirred within a treatnent tank such as a
Henschel m xer and a fluidized bed, g hydrophobic treatnment agent is added

t hereto, anThd kitcd paiide iObthibel i h [ he
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Accor HHy% ?FR%"?S‘F'esent preparation nethod of a silica particle, a silica
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obt ai pRitspRration of the sifipa patti¢le imay be adiusted qfontbhﬁg dﬂmtedw&hmtéﬁl bt driMfcohsl diieS| rably
from 0 1S sir romQO,7 parts
by nagesxﬁ% EB%&E paf ﬁaﬁxfhh@m’ ﬂ%hsgmg‘t grsxagiiﬁ}ug er‘{vﬁFF{ UPPg bGiN§ part s
by nesdjectsd iGsobeant sxbkmutlmm}tm\mdr-mmme &@mﬂﬁbtvsntwcmmeﬁéjcamt, eR&ferparticle

as de Qirdlgé‘?ql later. (Toner particle) Next, the toner particle is described.
The -toner partlcle is constituted so as to contain at | east a binder

resin, ar @mmhsaagarthethcﬁﬂ 6DteRidvixg A8ebkvent R che §1116iel§drﬁcﬁg dlsbérsﬁ@ﬁ
contajn other additives. - Binder gsm -

const. SO as t
bi nder&“&%gﬁw‘% gt 8 a me °dA&fRerfew+ﬂs\@arrngr1§msrﬂvqch@némes agenpl | f| od
an anypebgus e‘fcﬂﬁeﬂrenm e QIR HO HB al MRS RnfFkRHA LichfadofSi ficMRY al s

Pg s :Jﬁlq(gnal%égo A a%g@é@ct%é@‘y#geﬂfe s?tfxrr; Es?ngbal ﬂr:i(ljd?ztedrlaey%; cri]ry::rna spray dryer ox(:) the est o
like. Thougha drymg temperature is not particularly limited, it is desirably not higher than 200 °C.
When the drying temperature js higher than 200 °C, bonding among primary particles to each other
or generation of a coarse particle due to condensation of a silanol group remaining on the surface of
the silica particle is easy to occur.

It would be better that if desired, the dried silica particle is crushed and sieved, thereby
removing a coarse particle or aggregate. Though a crushing method is not particularly limited, it is,
for example, performed by a dry type pulverizer such as a jetmill, a vibration mill, a ball mill and a
pin mill. A sieving method is, for example, performed using a known device such as a vibration
sieve and a wind force sieve,

The silica particle obtained by the present preparation method of a silica particle may be
used after subjecting the surface of the silica particle to a hydrophobic treatment with a
hydrophobic treatment agent.

Examples of the hydrophobic treatment agent include known organosilicon compounds
having an alky] group (for example, a methy] group, an ethyl group, a propyl group, a butyl group,
etc.). Specific examples thereof include silazane compounds (for example, silane compounds such
as methyltrimethoxysilane, dimethyldimethoxysilane,  trimethylchlorosilane  and
trimethylmethoxysilane, hexamethyldisilazane, tetramethyldisilazane, etc.). The hydrophobic
treatment agent may be used solely or in combination of plural kinds thereof,

Of these hydrophobic treatment agents, organosilicon compounds having a trimethyl
structure, such as trimethylmethoxysilane and hexamethyldisilazane, are sujtable.

Though a use amount of the hydrophobic treatment agent is not particularly limited, in



The pol yester resin is, for exanple, synthesized froma polyval ent
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of time when the reaction systemreaches a sp ol | oned
by cGSEPRE: FemSBt kit 380 Yagind éds deseltlyy Grompl260dGas 200 °C. Here, with respect
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Al so, a softening tenperature of the binder resin is present desirably in
the range of fromSO C. to 130 CC, and nore desirably in the range of from
90 C. to 120 t. The softening tenperature of the binder resin refers
to an internediate tenperature betwegn a nelting-starting tenperature and a
nel ti 0§ aspy eidson 1.8 i er
(CFT-500C, rrgnuf actur%@%??ﬁ%%%ﬁ%? g%ﬁ%a(s)n aﬁ?}ﬁ e?arg%%g'? ‘}Eﬁélsgrﬁ%hof
prehedt¥ng at 80 *C1300 sec, a plunger pressure of 0.980665 Ni Pa, a die
size Ofondr @il 1 "mand a. tenperature elevation rate of 3.0 "G nain -

Col oring agent - The coloring agent is described, The col oring agent
may be usedV§% the tongpagisld is dessribgdng from 2 % by mass to 15 % by nass anmpng
the conponefyes, Attt 1.0g. er partjcle.. The anmount of the coloring
agent is desi r%ﬁ?%‘%&ﬁdéﬂ%ﬁtggs‘% ?f%lgnm%a{’}f B2 pade r?sw’iffﬁ%s%iﬁeﬂte@é.

Exanpt edoig agsat, end $desigd dgmay bé combtitded kaaswo foi@aRinGi0sthérndiigagi ¢ pi gnent s
or dy_egin@&qeﬁhlu-sol ubl e dyes. Exanpl es of black pignments include carbon

bl ack and magneti c powders. Exanpl es of yell ow pignents include
Harra Yel | obhe bifalenreYialis deserdfd; Benzi di ne Yel | ow Q Benzi di ne Yel | ow OR

Thi ene Yel inoline Yel]ow a Per manent Yel | ow NCO. Exanpl es of
red pi grrent%évﬁh?%ﬁna?fée%éﬁ%ﬁ&’,‘“‘%ﬂ%ﬁ%éﬁﬁfm@éﬂm%ﬂm fhEemphaRegesipRnd L t ho'
Red, @Bmiithliiantesianayi 1€ 1BsedBhichbagtiolcanpi ne 611, DuPont O | Red,

Pyrazol one ed,lPI %&d%m ne B Lake, Lake Red C. Rose Bengal, Eoxine Red and
Ali zazi ne @@Pem ¢ binderrasin gclude applyestesi rgyimands vind bewd r@russi an Bl ue,
Cobal t Bi n@heAbdipdsier BesHE id-aKe exhifit Of K. € i

| ndant hr ene B@ueﬁBC Ani |l ine Bl ue@s’lfyﬁtﬁ?mk%&?;ﬁh% ilpafg,@ﬁ@ﬁ(%bog/#k %?I%e,

Vet hyCEWEE) gRd ERplyRydae alephelichmpereyiini n. e Bl ue, Plit hal ooyani ne Green and

Mal achi te Gie@mntddahaie polyester resin, commercially available products may be used, or
synthesized materials may be used.

The polyester resin is not particularly limited with respect to a preparation method thereof
and is produced by a general polyester polymerization method of allowing an acid component and
an ajeohol component to react with each other. Examples of the polyester polymerization method
include a direct polycondensation method and an ester interchange method, The polyester resin is
produced by varying the polymerization method depending upon the kinds of monomers.

The preparation of a polyester resin is performed at a polymerization temperature ranging
from 180 °C to 230 °C, and if desired, the inside of the reaction system is made under reduced
pressure, thereby performing the reaction while removing water or an alcohol generated at the time
of condensation. In the case where the monomers are insoluble or incompatible at the reaction
temper?ture, the monomers may be made soluble by the addition of a high-boiling solvent as a
dissolution auxiliary agent. In the polycondensation reaction, the preparation of a polyester resin is
performed while distilling off the dissolution auxiliary solvent. In a copolymerization reaction, in
the case where a monomer which is poor in compatibility is present, it would be better that after the
monormer which is poor in compatibility is previously condensed with an acid or an alcohol which
is scheduled to be subjected to polycondensation with the subject monomer, the resultant is
subjected to polycondensation together with a major component,

In the case where the binder resin has a melting temperature, the melting temperature is
desirably from 50 °C to 100 °C, and more desirably from 60 °C to 80 °C. Also, in the ¢ase where

the binder resin has a glass transition temperature, the glass transition temperature is desirably from



Al so, these coloring agents may be m xed or may be used in a solid solution

state. - Release agent - Next, the release agent is described, The
rel ease agent may he used in an anmount ranging froml % by muss to 10 % by
mass anong the conponents constitutijag the toner particle. The anmount of

t he rgg@@%l@%@t@a 0936&'5&?52;{%0‘5%0%@% g@g%e of from2 %by mass to 8 % by

mass. he re ease a bstance having a main endothermc
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anmount2CF B RS PEFENt SR TIRHY e dignentan TR BfkTR 6esidated s thesed f or
a sanwemngaem@mw; pan is set for CO=01 and the neasurenent is perforned
at a tenper ture el evation rate of 10 "Cmn. A viscositvmof the rel ease
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Mw/Mn is desirably from 1.5 to 100, and more desirably from 2 to 60 by the molecular weight
measurement of a gel permeation chromatography (GPC) method of tetrahydrofuran
(THF)-soluble matter,

This weight average molecular weight is one obtained by measuring a THF-soluble matter

with 2 THF solvent using GPC-HLC-8120, manufactured by Tosoh Corporation and a column
TSKgel Super HM-M (15 cm), manufactured by Tosoh Corporation and calculating a molecular

weight by using a molecular weight calibration curve prepared from a monodispersed polystyrene
standard sample,

Also, a softening temperature of the binder resin is present desirably in the range of from
80 °C to 130 °C, and more desirably in the range of from 90 °C to 120 °C.
The softening temperature of the binder resin refers to an intermediate temperature

between a melting-starting temperature and 2 melting completion temperature as messured by



- Characteristics - Next characteristics of the toner particle are

descri bed, A vol une average particle dianmeter D50 of the toner
particles is desirably in the range of from3 r.on to 9 pm and nore
desirably in the range of from3 urngo 6 pm I nci dental ly, the

measurengnt flof tshe (CBTI0BCAMRHEIRURA LY | WhiBaddh ATBRbRhtidn$ uRE%: fBhdBhsale an
aperturg %hze ggoéz? mm by using Miultisizer |l (nmanufactured by Beekman
Coul t 8F°Re4HRg &) & Q0. anlengss BRssweRE 0.ARR56E Mivea dieisize pbt owprredmarandr

di spep Sdpkier ekgﬁggé&@%fg.@lo@%p an el ectrol yte aqueous solution (1 SOTON

aqueous sol ution) ultrasonically dispersing the solution for 30 seconds

or nor eolofipg egeat t ng net hod of toner) Next, the preparation nethod of

t he toner aﬁ&%{oﬁggggé'%ﬁsg@?%rbgient exenpl ary enbodi nent is descri bed.

First of all, e may he produced by any one of a dry

pr epar at i orilheebloddg fcat may 8emed in & deRRAIAENAREMPU, b6 hagatb 19% WBhied, etc.)
or a %ﬁg%oéﬁpar ation nethod éfor exagglﬁe, an aggr ega ion and coal escence
net hod, SPBISPBYS FYITHEPS 2ok (WA REtied, Thy amashpfitheotplorg agempensi on

gr anudeairaldy inmbe hade offréth 390 b ina@dto03H8PsN Net hod, a dissol ution enul sion
Pol ymeri zatj on foaggscenc_e met hod, etc.). There are no particular
limtation PR 85 B floHpgagenbineludrknor R sasmmicr dnsagaaic pogmanst didies aad e
adopt&Hsoluble dyes, Then, the toner according to the present exenplary

enbodi nent is, for exanple, produced by adding the foregoing external

addi tive t &*emeler eEblpek nigmenshimeluge earban tdackndd miaghatig poivders. M xi ng may be,
for exanpl gyapslel QFTRA-DYLMSLAY 1Mot Ofyn A HERSCIRL Jrixer, a
Loedig.e m xerﬁ_g_r t% 1§ %ﬁbelém%érJ éu?é%oﬁrl%?a ?}Tcﬁ%g’sﬁ%%,@ogogbgéggﬂﬁﬁhl e of
t he tgﬁlﬂew Grdienpidine dethere R Thuese Nellaw, Qubnokiné Bulost e ermanentri#llfw NGE. i eve or

dovel oper Seeaps: ool pleenFIT AR 08 Niscinoune Kl M AR | oet
t he thpdePrilisararming 3B BrillmpCessmt 65 DarRohaOl RediRygizowat Red, Rhodamine B
Lake, Lake Red C, Rose Bengal, Eoxine Red and Alizarine Lake.
Examples of blue pigments include Prussian Blue, Cobalt Blue, Alkali Blue Lake, Victoria
Blue Lake, Fast Sky Blue, Indanthrene Blue BC, Aniline Blue, Ultramarine Blue, Caleo Qil Blue,

Methylene Blue Chloride, Phthalocyanine Blue, Phthalocyanine Green and Malachite Green
Oxalate.

Also, these coloring agents may be mixed or may be used in a solid solution state.
- Release agent -

Next, the release agent is described.
The release agent may be used in an amount ranging from 1 % by mass to 10 % by mass

among the components constituting the toner particle. The amount of the release agent is desirably
in the range of from 2 % by mass to § % by mass.

The release agent may be a substance having a main endothermic peak as measured in
compliance with ASTMD 3418-8 in the range of from 50 °C to 140 °C,

For the measurement of the main endothermic peak, for example, DSC-7, manufactured
by PerkinElmer, Inc. is used. For the temperature correction of a detection part of this apparatus,
melting temperatures of indium and zinc are used, and for the correction of heat amount, a melting
heat of indium isused. An aluminum-made pan.is used fora sample, an empty pan is set for control,

and the measurement is performed at a temperature elevation rate of 10 °C/min.

A viscosity 1; of the release agent at 160 °C may be in the range of from 20 cps to 600 cps.



The el ectrostatic i mage devel oper according to the present exenplary
enbodi nent nmay be a singl e-conponent devel oper containing only the

el ectrostatic i mage devel opi ng toner according to the present exenplary
enbodi nent, or may he a two-conponenig devel oper containing a. mxture of

Lhe el ect r ospRiicexipagoiey i0R: iflnt A0SR SGLBNGLAR ieul DO LBREIL xemPl a1y

enbodi @g% ]gnd a carrier. e carrier 1s not [ I’PI ed, and
known PREFRYIERS RRWPresding| andi eddybustsnpilieenes thaving acsoftehing tempérette epon

resi Nhe@akeits akidi8i; do-dispersed. catr.i er. and. a resin-di.gpersed
carrier. Sfay ! r?ﬁ{l egg?%c%g%%gﬁgﬁt Bﬁéégﬁﬁd%@%m‘ge%%%gnfl CF%‘“t”Ha s ratio)
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i s deghta [ ange om about 1/100 to . about 301100, . and nore
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rat i omesroaryaliioneex el Rifvher Tropschrwaxspatmiien Wixes; Agd 2RRdHA btédcts thereof, Next

t he i_n@g]gf);(gfiﬁgegg apparatus according to the present exenplary enbodi nent
ed.

is descri The i mage funni ng apparatus according to the present
exenpl ary ddthadidditives aradésddbsi. a | at ent i mage hol di ng nenber; a eharderng

unit for charai he surface of the |atent image hol ding nenber; an

el ectrostap"?x@g’tp%gé’g" F?éqfﬁﬁveér\‘i‘cﬂuqedﬁm@éﬁr%@n% Wrlpet ppiyendl @ddittege on t he
sur f adergafeotithellinhagedt dn bidt@ntc JoRREE HL ﬂid}ﬂﬁ&ﬁﬂﬁﬁ{' ﬁr@ ing unit
accommdatiﬁn a&ﬁ% ctrost%ﬂi _c#oi nagg(g déevelloper t e?ne(?ﬁgﬁé/ |c‘ﬂé'devel ops an.
el ectrosta xng gethe Sitsred agditivpiackide magnstio matctials buchen metatre(fe ek, ng
menbeferritd, i ghbiée G Aebd RS, 3biS: HiFRI r ner inege; a
tranrs#le, unit for transferring the’%%%éﬁsggngag}%&%@%#ogﬁgC(snﬁt?lfl%%e of the
| ate esFr%Fé%S-hol ding nenber onto a trans.fer-reeeiving material; and a

fixing uni Exk@hlel 0¥ HKD; ] ' Lerred, on.the -
transfer-r e():fei \iﬁeﬁéﬁrtrﬁa%%‘?%gf“t"%# mggﬂf?%g\gﬁg@ﬁa%sct%aﬁ%e% R &S st oper
the fROFEHoR HoameeXidoparaale, en ainawgicld e veimperdametnl€ ongrtideddbeider esent

exeny : &IHQOLQ' ' ' | ncidental ly,. in the inmage formng
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develaapitrmsilienoe odec Griikd atdyag ukdfel, el ect rost ati ¢ i mage devel oper according
to th%hglragé_ggﬁcsqxerrpl ary enbodi nent therein is suitably useful, Al so, in
this inage Tormng apparatus, for exanple, a portion acconmopdating an

el ect r ost alNext, timegecridesseif o togeripaARIe drOdesk@Rieni shment may be of a
cartridge gtructure (toner cartridge) which is nounted detachably against
t he i nage o"r#‘i“ﬁ“g“ F&ﬁrpé?‘ﬁ]se, %?}eralgswﬁg‘lett%‘?épafa@lﬁﬁlﬁidéakéblyanﬁhmmgccoért ri dge
accomyatRiinng ot e aH ek i€ rding to the present
exenpl arymgrr‘po i ment theﬁ%i&ﬁm?s%%uit gggﬁﬁgggﬁ@%&ﬁ, An exanpl e of the
i mage f or nioRyleniaburthe weasursawatvfiihe vounh evange petitlcelicampdras yerbrhatkicarnt i s
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descridasidn, tedmedseredescisi pirfoomedfaftor Bigperfiag tie foBerOpbrfidl@din an electrolftt G 1 is @
di ag LG. £onfi i on vi ew show an image form ng apparatus of a
quad %@dﬁ% s@%%%h#%@? a%?‘t‘,snsq\iv'én ?1*1%& @IGHY disaerping gee sQ@vtiAnnigr Abpar at us
accoedtondy drandrbe present exenpl ary enbodi nent. The i mage form ng appar at us

sho in FIG | js prqvided with first to fourth el ectxophot ographic inage
f or m{ﬁpﬂﬁ‘ﬂgf%eﬂi‘%",ﬁ‘i@ﬁ)l 1.0C and 10K, which output yellow (T), magenta (M,

eyan (C J i on t he basis ,of

cgl or ( s)epg{r“ggt’te)%élﬁ%gggﬂ ?ig‘?%ﬁédrﬁ@%@%‘a%@mg ?%tyhg}’ rxljﬁf’{] GWM?IH%@t al so

r ef etsrdseribgd.si mply as "wilt” or -units") 101f, 101sti, 10C and 10K are

arranged J Ly 1In Line,wt redeterm ned di stances therebetween.

| nci dgnt a%g,t 6@%&@33 nelf Rgg%le Wp\émpﬁgﬁgedi@ﬁfly Prety lgfﬂ?@ﬁ’é’?nﬁéhod (f8% ocess

car t exaigde, whinediingandguivesightid@ naghalbi.) 892WBSHhedahBioh Hﬁ%dgﬂ g}%ﬂ,@&par at us
I de

mai n_body,. An internedi ate transfer bel't 20 1s prov as an

i nt ePSREERAHPR 1A fRAIES eneE niBEthogy e HESPPRFICED DYlEmevzption f methed, uni dissollidy 10M
10C and 10K as shown in the drawings. The internediate Mnster belt 20 is
provi ded around a drive roller 22 and a. support roller 24 corning into
contact with the inner surface of the internediate transfer belt 20, which
are separated fromleft to right as shown in the drawi ngs. The internedi ate
transfer belt 20 rins in a direction fromthe first unit 10Y to the fourth
unit 10K Incidentally, the support rolier 24 is biased in a direction of
separation fromthe drive roller 22 by a spring or the |ike (not shown),
such that a predetermned tension is applied to the internediate transfer




22 Al so, toners in the four colors of yellow magenta, cyan and

bl ack, which are stored in toner carttidges SY, 8M SC and 8K,
respectively, are supplied to devel opi ng devi ces (devel opi ng units) 4Y, 4M
4C and 4K of the units 10Y, 10M 10Qgand 10K, respectively. Each of

the fouspgwmiog gfanthtion ométhed, t H difdeksiod QYispehM rlet@d, a0 dissdifis é@]ﬁs{bﬁ_ same
conflg rati.on. Therefore, the first unit | Oy which forns a yellow i mage
and i ngF‘SWWB CBHEIcHRe b 5th) s i There aic a0 purfisnlardimifationt ingheso fmettiods,

| nt er emtiwell-BndviaprepRitidiehdtha alsadhfed esent ativel y descri bed herein. The
conponents jn the second to fourth units 10M 10C and 10K are desi gnated by
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exposk . ed surface with a |aser beam 3Y on the basis of a
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each of the primary transfer rollers may be changed.
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An operation of forming a yellow image in the first unit 10Y is hereunder described. First
of all, prior to the operation, the surface of the photoreceptor 1Y is charged to from about -600 V to
about -800 V by the charge roller 2Y

The photoreceptor 1Y is formed by laminating a photosensitive layer on a conductive
substrate (volume resistivity at 20 °C: not more than 1 x 10 Qem). Though in general, this
photosensitive layer has high resistance (resistance as in general resins), it has such characteristics
that when irradiated with the laser beam 3Y, a specific resistance of a portion irradiated with the

laser beam changes. Then, the laser beam 3Y is outputted onto the surface of the charged
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photoreceptor 1Y on which a yellow toner image is formed is subsequently made to run at a

predetermined speed, and the toner image developed on the photoreceptor 1Y is conveyed to a
predetermined primary transfer position.

When the yellow toner image on the photoreceptor 1Y is conveyed to the primary transfer
position, a predetermined primary transfer bias is impressed to the primary transfer roller 5Y, a
static electricity force directed from the photoreceptor 1Y toward the primary tra.nsfei‘ roller 5Y
acts upon the toner image, and the toner image on the photoreceptor 1Y is transferred onto the
intermediate transfer belt 20, At that time, the transfer bias to be impressed has a (positive) polarity
opposite to that of the toner (having a negative polarity). For example, the first unit 10Y is
controlled to about +10 pA by the control section (not shown).

Meanwhile, the toner remaining on the photoreceptor 1Y is removed by the cleaning
device 6Y and recovered.

Also, primary transfer biases to be impressed respectively to the primary transfer roller
5M at the second unit 10M and thereafter, the primary transfer rollers 5C and SK are controlled
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t hovoug édl%l g%rg?%ggtg(g% upq%rgﬁ@@%@nﬁwqt%m Feriansr pusface pile
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pr essur ds ogaté? egﬁ F%t al i n honpgeni zer, thereby bul king a Tel ease
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liquid 1. 91 rts or egoi n mpohents are
di s pésrlggqgwp tg%}ecﬁumprﬁ@}lqr@ﬁq At that n.me the transfer bias to bc impressed has a (negatwe)
polarity identical to that of the toner (also having a negative polarity), and a static electricity force

directed from the intermediate transfer belt 20 toward the recording paper P acts upon the toner
image, whereby the toner image on the intermediate transfer belt 20 is transferred onto the
recording paper P. Incidentally, on that occasion, the secondary transfer bias is determined
depending upon a resistance detected by a resistance detecting unit (not shown) for detecting a
resistance of the secondary transfer portion, and its voltage is controlled.

Thereatter, the recording paper P is sent to a fixing device (fixing unit) 28, and the toner
image is heated, whereby the toner image having colors superposed thereon is melted and fixed
onto the recording paper P. The recording paper P having a color image fixed thereonto is then sent
to an ejection portion, whereby a series of the color image formation operations ends.

Incidentally, the above-exemplified image forming apparatus has such a configuration
that a toner image is transferred onto the recording paper P via the intermediate transfer belt 20.
However, it should not be construed that the invention is limited to this configuration, and the
invention may also have a structure in which a toner image is transferred directly from a
photoreceptor to a recording paper.
<Process cartridge and toner cartridge>

FIG 2 is a diagrammatic configuration view showing a suitable example of a process
cartridge for storing the electrostatic image developer according to the present exemplary
embodiment. A process cartridge 200 includes, integrally, a charge roller 108, a photoreceptor 107,
a photoreceptor cleaning device (cleaning unit) 113, an opening portion 118 for exposure and an

opening portion 117 for charge removal exposure, together with a developing device 111, all of



stai nl ess steel -made flask by using ULTRA- TURRAX T50, thereby obtaining a
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silica pa |cIe silica particgle, suspension ( Here, the supply anount
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present cxempiary embodlment therem the toner according to the present exemplary embodiment
is easily supplied into a developing device.
Incidentally, the image forming apparatus shown in FIG. 1 is an image forming apparatus
having a configuration in which the toner cartridges 8Y, 8M, 8C and 8K are mounted detachably,
and the developing devices 4Y, 4M, 4C, and 4K are connected to toner cartridges corresponding to
the respective developing devices (colors) via a toner supply line (not shown). Also, in the case

where the toner accommodated in the toner cartridge runs low, the toner cartridge is exchanged.

EXAMPLES
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. %-Carboxyéthyl acrylate (manufactured by Rhodia Nicca, Ltd.): 9 parts

To a solution obtained by mixing and dissolving the foregoing components, a solution
having 1.5 parts of an anionic surfactant DOWFAX (manufactured by The Dow Chemical
Company) dissolved in 550 parts of lon-exchanged water is added and emulsified in a flask, and 50
parts of ion-exchanged water having 0.4 parts of ammonium persulfate dissolved therein is further
thrown over 10 minutes while gently stirring and rnixing. Subsequently, after thoroughly
substituting the inside of the flask with nitrogen, the solution within the flask is heated to 70 °C on



The hydrophobic treatnent and drying are performed in the same manner as in

the preparation nethod of the external additive | in Exanple 1,

(Preparation of toner 1) 2.0 parts of the external additive 1 is

added to 100 parts of the toner partygle Sng a Henschel m xer, thereby
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to a dispersion treatment for 15 minutes at a pressure of 245 MPa using ULTIMAIZER. (a
high-pressure counter collision disperser, manufactured by Sugino Machine Limited), thereby
obtaining a coloring agent particle dispersion liquid 1 having a central particle diameter of coloring
agent particle of 169 nm and a solids content of 22.0 %,
(Preparation of release agent particle dispersion liquid 1)
» Paraffin wax HNP9 (melting temperature: 75 °C, manufactured by Nippon Seiro Co., Ltd.): 45
parts
» Cationie surfactant NEOGEN RK (manufactured Dai-ichi Kogyo Seiyal Co., Ltd,): 5 parts
« Ion-exchanged water: 200 parts
The foregoing components are mixed and heated at 100 °C, and the resulting mixture is
thoroughly dispersed using IKA’s ULTRA-TURRAX T50. Thereafter, the resulting dispersion is
further subjected to a dispersion treatment using a pressure discharge type Gaulin homogenizer,
thereby obtaining a release agent particle dispersion liquid 1 having a central particle diameter of
release agent particle of 196 nm and a solids content of 22.0 %.
(Preparation of toner particle)
» Resin particle dispersion liquid 1: 106 parts
- Resin particle dispersion liquid 2: 36 parts
« Coloring agent particle dispersion. liquid 1: 30 parts
» Release agent particle dispersion liquid 1: 91 parts
The foregoing components are thoroughly mixed and dispersed in a round bottom
stainless steel-made flask by using ULTRA-TURRAX T50, thereby obtaining a solution.
Subsequently, 0.4 parts of polyaluminum chloride is added to this solution to prepare a
core aggregated particle, and the dispersion operation is continued by using ULTRA-TURRAX.



The resulting devel oper is evaluated in the follow ng manner. The results
are shown in Table 2. The resulting devel oper is accommobdated in a
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. The results are shown in Table 2, E
when the filtrate has a pH of 7,01, an electric conductivity of 9,8 1S/em and a surface tension of

71.1 Nm, solid-liquid separation is performed using a No. 5A filter paper by means of Nutsche type
suction filtration. The resulting solid is dried in vacuo over 12 hours, thereby obtaining a toner
particle having an average particle diameter of 6.4 um.
(Preparation of extemal additive 1)
- Alkaline catalyst solution preparing step [preparation of alkaline catalyst solution (1)] -

In a glass-made reaction vessel having a volume of 3 L and equipped with a metal-made
stirring blade, a dropping nozzle (micro tube pump made of Teflon (a registered trademark)) and a
thermometer, 600 parts of methanol and 125 parts of 10 % ammonia water are charged and mixed
with stirring to obtain an alkaline catalyst solution (1). At that time, an ammonia catalyst amount,
i.e., an NH; amount in the alkaline catalyst solution (1) (NH; [mol]/(ammonia + methanol) [L]) is
0.83 mol/L.
- Particle forming step [preparation of silica particle suspension (1)] -

Subsequently, a temperature of the alkaline catalyst solution (1) is adjusted to 25 °C, and
the alkaline catalyst solution (1) is substituted with nitrogen. Thereafter, dropwise addition of 120
parts of tetramethoxysilane (TMOS) and 107 parts of ammonia water having a catalyst (NH;)
concentration of 4.4 % in the following supply amounts is simultaneously started while stirring the
alkaline catalyst solution (1), thereby obtaining a suspension of the silica particle (silica particle
suspension (1}).

Here, the supply amount of tetramethoxysilane (TMOS) is set to 10,1 g/min, namely

0.0035 mol/(mol-min) relative to a total molar number of methanol in the alkaline catalyst solution

(1).



A devel oper is prepared in the sane manner as in Exanple 1, except that the
external additive | of Exanple 1 Is replaced by the external additive 4.
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Example | are f lowed, except that in the preparation of the silica parucle suspension, the

foregoing alkaline catalyst solution is used, and the amount and supply amount of
tetramethoxysilane (TMOS) to be added to the alkaline catalyst solution and the concentration,
amount and supply amount of the catalyst NH3) of ammonia water to be added to the alkaline
catalyst solution are changed to values as shown in Table 1,

‘The amount and supply amount of tetramethoxysilane to be added in the alkaline catalyst
solution are changed to a mass value shown in the column of “TMOS” of “Total addition amount”
in Table 1, and the supply amount of tetramethoxysilane is changed to an amount shown in the
column of “TMOS” of “Supply amount (g/min)” in Table 1.

The catalyst (NH;) concentration, amount of supply amount of the ammonia water to be
added to the alkaline catalyst solution are changed to an amount shown in the column of “NH;
concentration” of “Ammonia water” of “Total addition amount” in Table 1; the amount of
ammonia water is changed to an amount shown in the column of “Mass parts” of “Ammonia water™
of “Total addition amount” in Table 1; and the supply amount of ammonia water is changed to an

amount shown in the column of “Ammonia water (g/min)” of “Supply amount” in Table 1.
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Here, some of the supply amounts of TMOS are described in the column of “TMOS

amount” of “Supply amount (relative amount)” relative to a total molar number of methanol in the
alkaline catalyst solution, respectively. Also, some of the supply amounts of ammonia water are
described in the columm of “N'H; amount” of “Supply amount (relative amount)* per mole of a total
supply amount of tetramethoxysilane to be supplied per minute, respectively.

The hydrophobic treatment and drying are performed in the same manner as in the
preparation method of the external additive 1 in Example 1.

(Preparation of toner 1)

2.0 parts of the external additive 1 is added to 100 parts of the toner particle using a
Henschel mixer, thereby preparing a toner 1.

With respect to the resulting toner 1, an image analysis is performed in the foregoing
method. Asa result, the external additive (silica particle) has a volume average particle diameter of
75 nm, an average cireularity of 0.85 and a standard deviation of circularity of 0,15,
<Preparation of carrier>
« Ferrite particle (average particle diameter: 50 pm): 100 parts
» Toluene: 14 parts
- Styrene-methyl acrylate copolymer (component ratio; 90/ 10): 2 parts
» Carbon black (R330, manufactured by Cabot Corporation): 0.2 parts

First of all, the foregoing components exclusive of the ferrite particle are stirred for 10
minutes by using a stirrer to prepare a dispersed coating solution. Subsequently, this coating
solution and the ferrite particle are charged into a vacuum deaeration type kneader and stirred at 60
°C for 30 minutes. Thereafter, the resultant is further deaerated under reduced pressure and dried
while heating, thereby preparing a carrier,
<Preparation of developer>

4 parts of the toner 1 and 96 parts of the carrier are stirred at 40 rpm for 20 minutes using a
V-type blender and sieved with a sieve having an opening of 250 pm, thereby preparing a
developer.
<Evaluation>

The resulting developer is evaluated in the following manner. The results are shown in
Table 2.

The resulting developer is accommodated in a developing machine of an image forming
apparatus DocuCentre Color 400 (manufactured by Fuji Xerox Co., Ltd.). An OHP sheet is stuck
onto a top of the developing machine of the image forming apparatus; printing of an image having
an image density of 25 % on an Ad-sized paper is performed on 150,000 sheets in a 10 % RY
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environment at 10 °C (low-temperature and low-humidity environment) and an 80 % RII

environment at 28 °C (high-temperature and high-humidity environment), respectively; and after
printing of 150,000 sheets, an amount of the tomer deposited on the OHP sheet is determined
through visual inspection, The obtained results are shown in Table 2.

- Evaluation criteria -

A Toner contamination cannot be observed through visual inspection,

B: The toner attaches a little,

C: The toner entirely attaches.

[Example 2]

A developer is prepared in the same manner as in Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 2 shown in the following Table 1, and
this developer is evalnated in the same manner as in Example 1. The results are shown in Table 2.
[Example 3]

A developer is prepared in the same manner as in Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 3 shown in the following Table 1, and
this developer is evaluated in the same manner as in Example 1. The results are shown in Table 2,
{Example 4]

A developer is prepared in the same manner as in Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 4 shown in the following Table 1, and
this developer is evaluated in the same manner as in Example 1. The results are shown in Table 2.
[Comparative Example 1]

A developer is prepared in the same manner as in Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 5 shown in the following Table 1, and
this developer is evaluated in the same manner as in Example 1. The results are shown in Table 2.
[Comparative Example 2]

A developer is prepared in the same manner as in, Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 6 shown in the following Table 1, and
this developer is evaluated in the same manner as in Example 1, The results are shown in Table 2.
[Comparative Example 3]

A developer is prepared in the same manner as in Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 7 shown in the following Table 1, and
this developer is evaluated in the same manner as in Example 1, The results are shown in Table 2.
[Comparative Example 4]

A developer is prepared in the same manner as in Example 1, except that the external
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additive 1 of Example 1 is replaced by the external additive 8 shown in the following Table 1, and

this developer is evaluated in the same manner as in Example 1. The results are shown in Table 2.
[Comparative Example 5]

A developer is prepared in the same manner as in Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 9 shown in the following Table 1, and
this developer is evaluated in the same manner as in Example 1. The results are shown in Table 2.
[Comparative Example 6]

A developer is prepared in the same manner as in Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 10 shown in the following Table 1, and
this developer is evaluated in the same manner as in Example 1. The results are shown in Table 2.
[Comparative Example 7]

A developer is prepared in the same manner as in Example 1, except that the external
additive 1 of Example 1 is replaced by the external additive 11 shown in the following Table 1, and

this developer is evaluated in the same manner as in Example 1. The results are shown in Table 2.
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300 urn, 6. The electrostatic inage devel oper according to claim4,

addi tive has an average circularity of fromO0.60 to O.
7. A toner cartridge accommodating the el ectrostatic i mage devel opi ng toner

wherein the externa

accordin o ctarmtTtherern—S. The toner cartridge according to claim?7,
wherein the el egtrostatic|imge devel oping toner according to claiml is
accomodat edgi n (98 vol & of gore relative to a volume of the toner cartidge,
9. A procless$ Ear r 8dge, ScoppEi sj ng a devel opi ng unit containing the
el ectrostatiC i Ge deVel pp@r faccording to claim4 so as to forma. toner
i mage by developlng an electrostatic latent inage formed on a surface of a
| at ent ijmage hofdingymenber—wrth the el ectrostatic i mage devel oper. 10"kn
i mge forn1ng appar af us coqgrising; a latent inmage hol di ng nenber;
™ = —
3 |3 |3 |3
vy ; : ~t
O — L
A S T A
= ~ < <
~ < = <
~t
(o]
) el
|8 |2 |7
= wy [~ w1
< g & =
S |8 |8 | §
[~ < (=] o
5 |2 (& |
[~=] [~ (=] (=]
= 8 8 8
SR eESIE=SlE =
A ELE N
=) e = 5 1
RGN R




a charging unit for charging a surface of the | atent

an electrostatic image formng unit
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Comparative
189 0.93 0.25 B C
Example 7

While the present invention has been shown and described with reference to certain

exemplary embodiments thereof, it will be understood by those skilled in the art that various

changes modifications may be made therein without departing from the spirit and scope of the

present invention as defined by the appended claims.



fixing the toner image transferred on the transfer-receiving material. 38
The i mage form ng nethod according tg claim13, wherein the
eketrostatie | nage devel oper cont ai m an el ectrostaic i mage devel opi ng
toner having an external additive, and the external additive has an average
ci r culVaHATYS ALAIMBD [8:60 to 025. 15, The i nage form ng nmethod according to
claim wherein the electrostatic i nage devel oper contains an

el ectrostatic i mage devel opi ng toner having an eolLiernal additive, and the

external addi tixgefaasostiti¥ @ha¥RleRIGiAPRnBAbIb Ay i aneter of from 140 mu to
300 nm a toner particle containing a coloring agent and a binder resin; and
an external additive on the toner particle, having a volume average particle diameter of
from 70 nm to 400 nm, an average circularity of from 0.5 to 0.9 and a standard deviation of

circularity of not more than 0.2.

2. The electrostatic image developing toner according to claim 1,

wherein the external additive has a volume average particle diameter of from 140 nm to
300 nm.

3. The electrostatic image developing toner according to claim 1,

wherein the external additive has an average circularity of from 0.60 to 0.85.

4. An electrostatic image developer comprising:
the electrostatic image developing toner according to claim 1; and

a carrier,

5. The electrostatic image developer according to claim 4,
wherein the external additive has a volume average particle diameter of from 140 nm to
300 nm,

6.  The electrostatic image developer according to claim 4,
wherein the external additive has an average circularity of from 0.60 to 0.85.

7. A ftoner cartridge accommodating the electrostatic image developing toner
according to claim 1 therein.

8. The toner cartridge according to claim 7,

wherein the electrostatic image developing toner according to claim 1 is accommodated in

90 vol% or more relative to a volume of the toner cartridge.
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9.  Aprocess cartridge, comprising a developing unit containing the electrostatic image
developer according to claim 4 so as to form a toner image by developing an electrostatic latent
image formed on a surface of a latent image holding member with the electrostatic image

developer.

10. Animage forming apparatus comprising:

a Jatent image holding member;

a charging unit for charging a surface of the latent image holding member;

an electrostatic image forming unit for forming an electrostatic image on the surface of the
charged latent image holding member;

a developing unit accommodating the electrostatic image developer according to claim 4
therein, which develops the electrostatic image formed on the surface of the latent image holding
member with the electrostatic image developer to form a toner image;

a transfer unit for transferring the toner image formed on the surface of the latent image
holding member onto a transfer-receiving material; and

a fixing unit for fixing the toner image transferred on the transfer-receiving material.

11.  The image forming apparatus according to claim 10,
wherein the external additive included in the electrostatic image developer has an average
circularity of from 0.60 to 0.85.

12.  The image forming apparatus according to claim 10,
wherein the external additive included in the electrostatic image developer has a volume

average particle diameter of from 140 nm to 300 nm.

13, Animage forming method comprising:

charging a surface of a latent image holding member;

forming an electrostatic image on the surface of the Jatent image holding member;

developing the electrostatic image formed on the surface of the latent image holding
member with the electrostatic image developer according to ¢laim 4 to form a toner image;

transferring the toner image formed on the surface of the latent image holding member
onto a transfer-receiving material; and

fixing the toner image transferred on the transfer-receiving material.
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14, The image forming method according to claim 13,

wherein the electrostatic image developer contains an electrostatic image developing toner
having an external additive, and

the external additive has an average circularity of from 0.60 to 0.85.

15. The image forming method according to claim 13,

wherein the electrostatic image developer contains an electrostatic image developing toner
having an external additive, and

the external additive has a volume average particle diameter of from 140 nm to 300 nm.



