ELECTROSTATI C | MAGE DEVELCPI NG TONER, ELECTROSTATI C | MAGE DEVELOPER, TONER
CARTRI DGE, PROCESS CARTRI DGE, | MAGE FORM NG APPARATUS AND | MAGE FORM NG
METHOD BACKGROUND 1. Field The present invention relates to an

el ectrostatic i mage devel oping toner,1an electrostatic i nage devel oper, a
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i mage formng nethod. 2. Description of the Related Art In the
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i ncluding el ectrical form en] recept or

(el ectrostatic |at eﬁﬁﬁ%@ﬁ%@ h@ﬁé%@?ﬂwp@ﬁg@phot oconductive

mat eri al by various neans, developing the forned |latent inage with a

devel oper containing a toner to forma devel oped i mage, transferring this
devel oped i mage onto a transfer BACBGRGIGNPedi um such as paper optionally
via an intgrgegdgate transfer material, and then fixing this transferred

i mge by heati%fy, pressurizing, heating and pressurizing or the |ike.
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that the density of the fixed i mage changes, or a part of toner particles
at t adhege {levelopson-tonergpertaidea 2 mogsss eartistgeodn invrgetfomeng apraratys fshd Baageod of
tinme. . For exanple, for the purpose of preventing deterioration of a
tonerff’m%tlaﬁgéeiﬂb%{‘of a toner onto the surface of a photoreceptor, or the like
due to use over a long period of tinme, JP-A-11474731 proposes a toner
having at | east a toner particle and an external additive, wherein in an
aver age ci ReDesariptipn@f rerRddated 05 of particles measured by a flow type
particle i e . . i id: - from
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In the image formed through such steps, there may be caused such a problem that the

density of the fixed image changes, or a part of toner particles attaches in a non-image area, due to
use of the toner over a long period of time.

For example, for the purpose of preventing deterioration of a toner, adhesion of a toner
onto the surface of a photoreceptor, or the like due to use over a long period of time,
JP-A-11-174731 proposes a toner having at least a toner particle and an external additive, wherein
in an average circularity distribution of particles measured by a flow type particle image analyzer,
the toner (a) has an average circularity of from 0.920 to 0.995 and contains particles having an
average circularity of less than 0.950 in a proportion of from 2 to 40 % by number and (b) has a
weight average particle diameter measured by the Coulter method of from 2.0 um to 9.0 um; and
the external additive has at least (A) an inorganic fine powder existing on the toner particle in a
state of a primary particle or a secondary particle and having an average major axis diameter of
from 10 pm to 400 pum and a shape factor SF1 of from 100 to 130 and (B) a non-spherical inorganic
fine powder formed by coalescence of plural particles and having a shaper factor SF1 of more than

150.

SUMMARY



An object of the invention is to provide an electrostatic inmage devel opi ng
toner in which uneven distribution of a silica particle on the surface of

the toner particle is suppressed. The foregoing object can be attained by

the follow ng neans. (1) An electrostatic inmage devel opi ng toner
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and an ext érna itive on t ner partic ein ext er nal
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particles have an ,avehl%ge particle g'?}gee ﬁr of from70 amto 400 m, a
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evel opi ng toner accor 1), wherein the primary particles of
t he sigbitcandpabindet essilaael am eaearahgéditve oul the itoner gfarticlenwiersint ibe Ex&rnal ( 3)

The el ectrostatic.jnmage. devel.opi ng taoner.accqrding.to (1), wherein shape
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facttggﬁl%%%tdggrdt he ﬁrgﬁi%@%@?{?%rgés’l iszefrom 105 to f30. prl( 5) %ec °

el ectlrow®t af,i andiamayerade viedwpitngf froned.54c88rding to (1), wherein the prinary
particles the silica particles have an .average particle.di ameter of. from
100 49 o beelinoye Bl ristan e ORv e a0 B ePEsin Ge Pufed TkElsdig bo
(1.) theiBELHAHiIBEh el dnGR gt bir&l1AsybAVRNA0.SPEOIsEi ¢ gravity of from1.0 to
1.9. (7) An electrostatic inmge devel oper including: the electrostatic

i magé3)evelTbpictgirosatis inzage sleri¢laping dorer pecoatiag &0 clar whetein a ghgpe fagtor SF1 of

el ectrostatic.image de according to (7), wherein the primary

part ine§ QEeTHarti]es lgieffc’ln&ﬁ%ogd?ﬁ%l es have an average circularity of from 0.5

to 08 (9Thetheusitend memkaeh€lopiipdshed av@rdipgto Agcwheleing shapé Tactordiiaredi n a
shape factor SF1 of the toner particles is from 125 to 140. (10) A toner
car t thedgecrracistppidaranmgO el 3 ect rost ati ¢ i mage devel opi ng toner accordi ng

to ( J(3) t he&%’% Qlectrostatic image developing toner according to (1), wherein the primary particles of
the silica particles have an average particle diameter of from 100 nm to 350 nm.
(6) The electrostatic image developing toner according to (1), wherein the silica particles have
a specific gravity of from 1.0 to 1.9.
@) An electrostatic image developer including: the electrostatic image developing toner
according to (1); and a carrier.
®) The electrostatic image developer according to (7), wherein the primary particles of the
silica particles have an average circularity of from 0.5 to 0.8.
9) The electrostatic image developer according to (7), wherein a shape factor SF1 of the toner
particles is from 125 to 140.
(10) A toner cartridge accommodating the electrostatic image developing toner according to
(1) therein.
(11) The toner cartridge according to (10), wherein the electrostatic image developing toner
according to claim 1 is accommodated in 90 voi% or more relative to a volume of the toner
cartridge.
(12) A process cartridge, including: a developing unit for developing an electrostatic latent
image formed on the surface of a latent image holding member with the electrostatic image
developer to form a toner image; and the developing unit accommodating the electrostatic image
developer according to (7) therein.

(13) An image forming apparatus including: an electrostatic latent image holding member; a



(11) The toner cartridge according to (10), wherein the electrostatic inmge
devel opi ng toner according to claim1l is accormmbdated in 90 vol % or nore
relative to a volune of the toner cartridge. (12) A process cartridge,
including: a. developing unit for developing an electrostatic latent inage
for n%algi’ha% Bﬁit%i“ fag ix? f}% LakREL, ﬁ@%e%gg{igga@m%ﬁ“h& 'nggrﬂember; .an

el ectro ic imge developer to forma toner inage; d the~devel opi ng
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therejn. (13) An inmage formng apparatus including: an electrostatic.
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acco dating the electrostatic :mage deve| oper according to ((7) therein,
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devel oper to forma toner inage; "a transfer unit that transferring the
t oner(14)magdhenmegaformogy agppagtusediardng and 33, Whetéin ghaprimany wattictes i thg stlive

toner i on the recardin i u The i mage form ng apparat us
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have (a%) avemagmagé f&Hﬁﬁ% aﬁsp\éré@&s ddcomit ® (19), Wirein ﬁ]sﬁ%)e-rﬂﬁ@tof SBY6f fiRbhdrg
apparat'us according to (13), wherein a shape factor SF1 of the toner
par t ipettdesiis fiopold51tR59 400 140. (16) An inmage formi ng net hod i ncl udi ng:
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| atent image forned on the surface of the electrostatic |atent inmage

hol dil#gntigse holdinghmembes (develppias dhg elesirastsicdalgry iBpmee feraedran the swidacenf t o
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met h@d) @coandi togert MndgtHiransidrang the toher ipragamnyo pagcordihg smedfunt;laddixding the
particles have an average circularity of from0.5 to 0.8. (18) The inmage

f or mitoRET BRSO BEdeHOATIAE MG YR:6) , wherein a shape factor SF! of the toner
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fort , there Is provi n'el ectrostatic 1 nmage devel opi ng
t onepaitivlesthaghaw resrege dicstaritpof from of tas?d.Bi ca particles on the surface of

t he toner rticle.is.suppressed as co ed with the case where,silica
ar t(EPes BB dinief FormiB BB Goo e B B ire b TPOR G ) & LS ‘Wi ch
have.pgﬁicl@{gfrgglelmf,tlugj e dianeter of from70 nmto 400 nm specific

gravity of from1.0 to 1.9 and an average circularity of from0.5 to 0.9,
i s not contscemding to the invention as set forth above in (1), there is provided an electrostatic

image developing toner in which uneven distribution of silica particles on the surface of the toner
particle is suppressed as compared with the case where silica particles externally added onto the
surface of the toner particle, which have an average particle diameter of from 70 nm to 400 nm, a
specific gravity of from 1.0 to 1.9 and an average circularity of from 0.5 to 0.9, is not contained.

According to the invention as set forth above in (2), there is provided an electrostatic
image developing toner in which uneven distribution of silica particles on the surface of the toner
particle is suppressed as compared with the case where the primary particles of the silica particles
do not have an average circularity of from 0.5 to 0.8.

According to the invention as set forth above in (3), there is provided an electrostatic
image developing toner in which uneven distribution of silica particles on the surface of the toner
particle is suppressed as compared with the case where a shape factor SF1 of the toner particles is

not from 125 to 140.



According to the invention as set thigh above in (2), there is provided an
el ectrostatic i mage devel oping toner in which uneven distribution of silica
particles on the surface of the toner particle is suppressed as conpared
with the case where the primary partigles of the silica particles do not
have an av clrc Ly af, f 0. : > &0r di c
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the surface of the toner particle is suppressed_as ¢ d with the case
wher @AHIEhBFEPPEEEDAS SPIPEF PHE thefrse \%&m e fedore ﬁtﬁﬁ%grsp%cqam. 4
Accordi gg.t @sthqshnvention as set forth above in (4), there is provided an
el ectrostatic Inage devel opi ng toner in which uneven distribution of silica
particl es awcthitngstur fhadaveaftionha seofieth ganveiial(@),itbers up preosdeddanasledmséic ed

wi th the case where a shape factor SF2 of the toner pariicles is_not from
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ther e ' NiBUhE cdsTRARBY PHAREP PartiORE b {hB sith phrtidRgvVen
di st iagﬁzgef)%%}i%ﬂ%%ieﬁﬁgg&gg%r%?cI est o(r:1 St he gurfg)cle o}Pﬁt hle t oner Spar ?’i cleis
supprdessetaasancorpar @drtivld diambter cagemviliemen tohdO0pmi.mary particles of the

silica particles do pnot, have an aver ag ar.ti dianeter.aof from1l nmto
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distribution of silica, particles on the surface of the toner particle is
suppmpesédisasposspdpedomparhd it thaease wihereethe pemery pattiglepaf thesiliss particlelie
silic ticles do not. have a,specific gravity of from1.0 to 1.9.
Accordgi‘ﬁgﬁ?vc? %W?‘?ﬁ\%%‘ﬁyooﬁptgoén%@ﬂo]ﬁoit h above in (7), there is provided an
el ect r ost aticGoldivagR Hevigl@piontstsen et Abomdiig (7)nestens giclidddoant electratatisi | i ca
particles on the surface of the toner particle is suppressed as_conpared

wi t h image devstopiecioren inavhirle Breves Wi butionwd siliga wartislss ondbe surfrse of Bisttenss a.
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from0.5to 0.9. . . According to the invention, as set.forth ove in
(8), hﬁﬁ‘*e%a‘ie?gﬁﬂ’éﬁic&e‘%}a@ﬁt%%@?mg@%@é‘%pF%ngéS BRVHG° fm{%#-oitﬂ?\t%ngh
U”eV%Ha%IﬁgéEiPHﬁérﬁgo??oﬁ{(')BQ@O@‘?‘”i cles on the surface of the toner
particle IS suppre sedr as conpared with the case where the prinmary
particl es afccotdemgsiol theanpatibhcdsest totnatovhaud8prihav es ayeidddr autlaetiastatiof
fromO0.5 to 0.8. . JAccording.to the i.nvention as t forth.ghqve in
(9) R el onerd WHOL PR DT Al G RV RIS 3P G: FBREF Of RoFe e
unev en 1 fi Sk shPitkdsel a®torfipdrb& Hithahd tdsk SheRIthE DEnRMY mﬁ@fﬁ@le%f thailicaparticles
particle is suppressed as conpared with the case ere a shape factor SF1

of t lle nobhave gpaaveiagk egculsrifyof ffonpMhS5129.& 0 140. According to the
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particles externally added onto the surface of the toner particle, whjch
hav e pamicia/ie sapjEessad &5 eqrapaipdmiihdhe efse fyhera 7 ehape faciey &Pdmfltﬁqm?r RArdgetist i ¢
gravi tyfrgrfn fzrsq{plgoo to 1.9 and an average circularity of fromO0.5 to 0.9,
is néP usedl. " According to the invention as set forth above in (11),
there i s obicabrdad tanhd Magetidnaswbi ©ithtadbev@rn@ 0 pthednisafbtanabdmimagpai whith
suppressed as conpared with the case where the electrostatic inage,
develtfpzangration 6f a selebFRAt FFupBrepseyl ap §0rﬁ5%re§8vé@ﬁ%%?é? Yo pngreciisptats whagtor e

rel atdieyeqolse? cgnt\éﬁliﬁ’é@ t(ﬁfer having silica particles externally added onto the surface of the toner
particle, which have an average particle diameter of from 70 nm to 400 nm, a specific gravity of

from 1.0 to 1.9 and an average circularity of from 0.5 to 0.9, is not used.
According to the invention as set forth above in (11), there is obtained an image in which
the generation of a color spot is suppressed as compared with the case where the electrostatic image

developing toner according to (1) is not accommodated in 90 vol% or more relative to a volume of



the toner cartridge. According to the invention as set forth above
in (12), there is obtained an inage in which the generation of a col or spot
i s suppressed as conpared with the case where an electrostatic inage

devel oper containing a toner having sklica particle externally added onto

t he ?F e toner particle, winch have an average particle dianeter
of fr%(;ém]z%le rattg(g)' 400 mt a specific gravity of from1l.0 to 1.9 and an

aver age ci rodtbating 3o 1@ ifveativDadset forth Dové F (103, thigeth obtained an ibego firdiviight o
the invention as set forth above in (13), there is obtained an inmage in
whi cHhe geneggioacigicalor sipotas wppesssesss comparsd ppthdBe ease ydiercompiectastaiic mnagke
cast . I t, G i Ni i
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specific g)ravi ty of from1,0 to 1.9 and an average circulaiity of fromO0.5
to 0.ftymildtqde9 fackap average circpapty; ofifgn o RS, TN DN as set forth above
in (14), t i: i : j i i i 2 : spot
s suppr esesgoite BIhALREHAN. SRR BN MO BRIAh A el OhBR PR
si | i adke gaetatiohes$ adolongpot kesuppeensed\ae cagpared mithlthe edsy whkrefanahectroSatiointhg8.

Accor di to the .inventiqgn as set forth above in (15), therge is_oqbtained an
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125 to 140 cco g to the invention as set forth above 1n"(16),
. t herfm $.0abtlfl mehneaveiagagecilariphifdlom AS tgéribisndtomeddof a col or spot is

d dwith th | ect tatjc . devel
supDressed % PRS0y RS, PERRIRLE OB SSEHTABLLE RS, i o

sur f ageoiberdiiag of UREI ttis & W &N MR Rifth BRhRORhdRB ke ilrarflipaiRlgr of
from70 Ilf\/ltoo400 roirlr%?dz; sp%(r:?sfic gpg@?ty of froml1.0to 1,9 égg an

aver aftheqilicanasiiqlesdprotthapppmadrags areylarifysoifpem Psei. 0.8. According to
t he inventi,on set. forth above.li 17). reis t.ained an imge,in
wni ch the. (oRuRid e pRERFRRLEER b ingpELEa R SRR TR

case t@neratibe of b icOBE Ypddad $upplessedak compast Withathp aideivitle@sa lRpB Gictdidre odn
average circularity of from0.5 to 0. 8. According to the invention
as séie opernartigeisiqt fromy B35 toridr e i s obtained, an inmge in which the

generation : 1S I: re a
Shape. 1 act o uiip e TREkidRuSIPRAERDEL AT 167 AREE ROSBACY HIfr-EERF s
DESCRIieFzEnERtiQR o DRAMbINGSL is suppresded esrporapared withdharese svhefe anleéecpogstnimage
invention will be described in detail based on the follow ng figures,
wher FYFloner CRLRUE mflﬁﬁpé‘ﬁﬂ%ﬁh&a EBiFley RG0SR ek SR ot ﬂggaaﬁ oBaipis of
an i naged WHEH L RRRANREYE patkfy dhRbict 8f ABnCFEAR 8400 D AALEERE Livith RE
invention; na 2 is a diagranmatic configuration view show ng an exanpl e of
a pr doess0dad tdndga average circularity of from 0.5 to 0.9, is not used.
According to the invention as set forth above in (17), there is obtained an image in which
the generation of a color spot is suppressed as compared with the case where the primary particles
of the silica particles do not have an average circularity of from 0.5 to 0.8.
According to the invention as set forth above in (18), there is obtained an image in which
the generation of a color spot is suppressed as compared with the case where a shape factor SF1 of

the toner particle is not from 125 to 140.

BRIEF DESCRIPTION OF DRAWINGS
Exemplary embodiments of the present invention will be described in detail based on the
following figures, wherein: FIG. 1 is a diagrammatic configuration view showing an example of an
image forming apparatus according to an exemplary embodiment of the invention;

FIG. 2 is a diagrammatic configuration view showing an example of a process cartridge



6 according to an exenplary enbodi nent of the invention. DETAILED

DESCRI PTI ON OF EXEMPLARY EMBODI MENTS Exenpl ary enbodi nents of the
i nvention are hereunder described in detail, <Electrostatic inage
devel opi ng toner> The el ectrosgatic i mage devel opi ng toner accordi ng

to t SHE]' LB jnafter also referred to sinply as
"ton}?’;?{dﬁ%e[gtgﬁgglt tag;%/m@y%ghto %%%ﬁq%gdna toner particle containing at
| east a coloring agent and a binder resin; and silica particles externally
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particle diameter o rom rimto 400 nu and a specific gravity of from
1. 0 tconthifingatdesst s colbeyg agenaand aviedegesivi anduilmripastictss entsrelly hddedinr®o thehen

such silic articles are used as an external .additi of toner. particle,
o noevriees SoBEfaneEpgnaf Tyhders gheverthe ity dasinal Brgs 7Gr APy o
enbeddedsc g&vh{a%f%ﬁ{ 208 9/ dhenta0B@ke BiRhlldaY 8f B8R MSto @9mechani cal | oad
whi ch"the toner receives within a devel opi ng" machine, so that a |owering of

i mage densiWken the tance talrsedhe dorsgoing sonsigronngneyen disarisition op thepdicaipesichts a.

' d. . f : bCcti
of 1 178 ERATEE L frdPra R Rotopsretc MR Reson S p PR SualRED L i o

becayss ©f cinkRlesdahdt (BiR@Cdukéd Aiearyithe/folbdifgagoncal form the silica
particles are easy to roll and nove on the surface of the toner particle.

For that réagereral; siligapaicles ohtaingdrice stizel meehodiis pephgsicet patigleihgviagen y

di strj ' | f
The. SAE BurlPRYFDAe) B Ruf PURANE 400 w26 b SPREELALILEL CrorRTD D BUGIGEC ©
sur f a@eingfantarerape oRcul prétytof ehade ilgindofs Whentsech dficcpnmpdaent isédad andixngnal

bi nder. resin. and has stickiness, the toner partijcles, the surfaces o
whi crdditive dxp dersd Paide.c 8BS 18 SREVIGF egrﬁﬁtyaﬁd{lé@glﬂéegé’théa WRFFIRSa bﬁrif’#a!r. As
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repl acenent properties the toner is caused is continued. It may be

consiisleaused theatin,t bricguserfdavswdl weaeific@rane dndophereal fam, thy Hli¢aparéslesasnce
rati %asoy}c totr(r)]l? at rrnroivee on th7e surface of the toner particle. For that reason, it may be considered that
the silica particle is easily distributed unevenly in a concave of the toner particle, and the surface of
the toner particle is exposed. In general, in view of the fact that the surface of the toner particle is
constituted of components including a binder resin and has stickiness, the toner particles, the
surfaces of which are exposed, are easy to adhere to and aggregate with each other. As a result, it
may be considered that an image in which a color spot is generated (a phenomenon in which
coloration is caused in a spotted form in a white paper part on the image forming surface) is
formed.
It may be considered that uneven distribution of the silica particles in a concave of the
toner particle is easily generated especially in the case where an output of low image density (low

area coverage) at which a lowering of replacement properties of the toner is caused is continued. It

may be considered that this is caused due to the fact that a relative existence ratio of the carrier



i ncreases, so that friction between the silica particles and the carrier
becones | arge. Al so, aggregation of the toner particles is easily
caused especially in a high-tenperature and hi gh-hum dity environnent (for
exanple, in an environment at 30 C ang 85 94 R 1) in which the binder resin
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part iS&I %E%gé silica coal esce, thereby producing a non-spherical silica
powderpp wever, when the silica particle is calcined in this way, it may
be consi denegartibdbr, the iapleciabé ehereaviotypubetionEimagadgeitytfoanarda &yvemge)ibat
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color spot on the image may be suppressed.
Incidentally, in JP-A-11-174731, it is described that a silicon halide compound is
subjected to vapor-phase oxidation, and at the vapor-phase oxidation, calcination is carried out at a
temperature at which primary particles of silica coalesce, thereby producing a non-spherical silica
powder. However, when the silica particle is calcined in this way, it may be considered that the
specific gravity becomes larger than 1.9, so that the silica particle is easily embedded on the surface
of the toner particle.
Each of the constitutions of the toner according to the present exemplary embodiment is
hereunder described in detail.

First of all, the toner particle is described.

[Toner particle]



Though the binder resin is not particularly limted, exanples thereof
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A content of the release agent is desirably from1 % by mass to 15 % by
mass, nore desirably from2 % by nass to 12 % by mass, and still nore
desirably from3 % by mass to 10 % by nass, Exanpl es of ot her
internal additive include a magnetic pgaterial,a charge controlling agent
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expression. The shape factor 3172 is determ ned in the follow ng manner.
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this inmage is rncorporatéd’into an i nage anal yze (for exanple, LUZE III,
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particles, SF2 is calculated on the basis of the foll ow ng expression; and
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rom the viewpoint ol storage stapility, a melting temperature of the release agent 1s

desirably 50 °C or higher, and more desirably 60 °C or higher. Also, from the viewpoint of offset
resistance, the melting temperature of the release agent is desirably not higher than 110 °C, and
more desirably not higher than 100 °C.

A content of the release agent is desirably from 1 % by mass to 15 % by mass, more
desirably from 2 % by mass to 12 % by mass, and still more desirably from 3 % by mass to 10 % by
mass.

Examples of other internal additive include a magnetic material, a charge controlling
agent and an inorganic powder.

A shape factor SF1 of the toner particles is from 125 to 140 (desirably from 125 to 135,
and more desirably from 130 to 135), and a shape factor SF2 of the toner particles is from 105 to
130 (desirably from 110 to 125, and more desirably from 115 to 120).

The shape factor SF1 is determined according to the following expression.

Shape factor SF1 = (ML%A) x (n/4) x 100

In the foregoing expression, ML represents an absolute maximum length of the toner
particle, and A represents a projected area of the toner particle,

The shape factor SF1 may be obtained by mainly analyzing a microscopic image or a

scanning electron microscopic (SEM) image using an image analyzer to express it numerically and,



Shape factor 8172 = {PM21(4.A ir)} x 100 In the foregoing
expression, PMrepresents a circunferential |length of the |oner particle; A
represents a projected area; and mrepresents the ratio of the
circunferential of a circle to its digmeter; A vol une aver age
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Shape factor SF2 = {PM*/(4-A-m)} x 100

In the foregoing expression, PM represents a circumferential length of the toner particle; A
represents a projected area; and m represents the ratio of the circumferential of a circle to its
diameter,

A volume average particle diameter of the toner particles is desirably from 2 pm to 10 um,
and more desirably from 4 pm to 8 pm.

The measurement of the volume average particle diameter of the toner particles is
performed at an aperture size of 50 pm by using Coulter Multisizer II (manufactured by Beckman
Coulter, Inc.). At that time, the measurement is performed after dispersing the toner particles in an
electrolyte aqueous solution (ISOTON aqueous solution) and ultrasonically dispersing the solution
for 30 seconds or more.

As the measurement method, a measurement sample in an amount ranging from 0.5 mg to
50 mg is added to 2 mL of a 5 % by mass aqueous solution of, as a dispersant, a surfactant,
desirably a sodium alkylbenzenesulfonate. This mixture is added to the electrolyte solution in an
amount of from 100 mL to 150 mL. The electrolytic solution having this measurement sample
suspended therein is subjected to a dispersion treatment for about one minute by using an ultrasonic
disperser, thereby measuring a particle size distribution of particles. A number of particles to be
measured is 50,000.

A cumulative distribution regarding the volume is drawn from the small diameter side



- Average particle dianeter - When the average particle dianeter of
the silica particles is less than 70 am the shape of the particle is easy
to becone spherical, so that a shape having an average circularity of from
0.5 to 0.9 may not be achieved. Al so,jjin the case where the silica
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The average particle diameter of the silica particles is desirably from 100 nm to 350 nm,
and more desirably from 100 nm to 250 nm.

The average particle diameter of the silica particles means a 50 % diameter (Dsgy) in a
cumulative frequency of circle-corresponding diameters obtained by observing 100 primary
particles after dispersing the silica particles in the toner particle by an SEM (scanning electron
microscope) apparatus and then performing an image analysis of the primary particles.

- Specific gravity -

The silica particles have a specific gravity of from 1.0 to 1.9.

When the specific gravity of the silica particles exceed 1.9, when the silica particles
receive a mechanical load, the silica particles are easily embedded on the surface of the toner
particle, whereas when it is less than 1.0, the silica particles are easy to move, so that it is easily
distributed unevenly in a concave of the toner particle.

The specific gravity of the silica particle is desirably from 1.1 to 1.8.

The specific gravity of the silica particles is measured in the following manner.

The specific gravity is measured using a Le Chatelier specific gravity bottle in conformity
with 5-2-1 of JIS-K-0061:92. The operation is carried out in the following manner.
¢y About 250 mL of ethyl alcohol is charged in a Le Chatelier specific gravity bottle and
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(5) The specific gravity bottle is soaked in a constant-temperature water bath, and when a
liquid temperature reaches 20.0 £ 0.2 °C, the position of the meniscus is accurately read out by the

gradations of the specific gravity bottle (accuracy is regulated to 0.025 mL).

6) A specific gravity is calculated according to the following expressions.
D=W/(L2-L1) (A)
S =D/0.9982 (B)

In the foregoing expressions, D represents a density (g/cm’) of the sample (at 20 °C); S
represents a specific gravity (at 20 °C); W represents an apparent mass (g) of the sample; L1 is a
reading (mL) of the meniscus before the sample is charged in the specific gravity bottle (at 20 °C);
L2 is areading (mL) of the meniscus after the sample is charged in the specific gravity bottle (at 20
°C); and 0.9982 is a density (g/cm®) of water at 20 °C.

Also, the specific gravity of the silica particle in a state where it is externally added to the
toner particle is determined in the following manner.

The silica particles are subjected to mapping at an accelerating voltage of 20 kV using an
energy dispersion type X-ray analyzer EMAX model 6923H (manufactured by Horiba, Ltd.)
installed in an electron microscope S4100. A material species of the silica particles is conjectured
from an elemental composition, and a true specific gravity of the conjectured material species is
approximated by the specific gravity of the silica particles.

- Average Circularity -

The silica particles have an average circularity of from 0.5 to 0.9.

When the average circularity of the silica particles exceed 0.9, since the silica particles are
close to a sphere, on the occasion of allowing the silica particles to be externally added onto the
surface of the toner particle, mixing properties or adhesion to the toner particle is poor, so that the
resulting particle is easier to roll on the surface of the toner particle. For that reason, for example,
in the case where friction thereof with a carrier is caused, or after storing the toner, the silica
particles may be more likely distributed unevenly or may be desorbed from the toner particle.

When the average circularity of the silica particles is less than 0.5, the resulting particle has a shape
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raw material, a silicon compound such as water glass and an alkoxysilane, or may be a particle
obtained by pulverizing quartz.

Also, from the viewpoint of dispersibility of the silica particles, it is preferable that the
surface of the silica particles is subjected to a hydrophobic treatment. For example, the silica
particles are hydrophobilized by bonding an alkyl group onto the surface of the silica particles. For
that reason, for example, a known organosilicon compound having an alkyl group may be allowed
to act on the silica particles. Details of a method of the hydrophobic treatment are described later.

An addition amount of the already-described silica particle having an average particle
diameter of from 70 nm to 400 nm, a specific gravity of from 1.0 to 1.9 and an average circularity
of from 0.5 to 0.9 (hereinafter also referred to as “specified silica particle”) is preferably from
0.3 % by mass to 15 % by mass, and more preferably from 0.5 % by mass to 10 % by mass relative
to a total weight of a toner particle.

A preparation method of the specified silica particles is not particularly limited so far as it

is a method in which silica particles having an average particle diameter of from 70 nm to 400 nm,
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Namely, in the preparation method of silica particles according to the present exemplary
embodiment, a tetraalkoxysilane that is a raw material and separately, an alkaline catalyst that is a
catalyst are supplied, respectively in the foregoing relations in the presence of an alcohol
containing an alkaline catalyst in the foregoing concentration, thereby allowing the
tetraalkoxysilane to react. There is thus formed the specified silica particles.

In the preparation method of silica particles according to the present exemplary
embodiment, the specified silica particles in a heterogeneous shape having an average particle
diameter of from 70 nm to 400 nm, a specific gravity of from 1.0 to 1.9 and an average circularity
of from 0.5 to 0.9 is obtained by the foregoing technique. While a reason for this is not elucidated

yet, it may be considered that this is caused due to the following reason.
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In the case of a mixed solvent, it would be better that an amount of the alcohol relative to
other solvent is 80 % by mass or more (desirably 90 % by mass or more).

Incidentally, examples of the alcohol include lower alcohols such as methanol and
ethanol.

Meanwhile, the alkaline catalyst 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
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Incidentally, the concentration of the alkaline catalyst is a concentration relative to the
alkaline catalyst solution (the alkaline catalyst + the alcohol-containing solvent).
- Silica particle forming step -

Next, the silica particle forming step is described.

The silica particle forming step is a step of supplying each of a tetraalkoxysilane and an
alkaline catalyst into the alkaline catalyst solution to subject the tetraalkoxysilane to a reaction (for
example, a hydrolysis reaction or a condensation reaction) in the alkaline catalyst solution, thereby
forming silica particles.

In this particle forming step, at the beginning of supply of the tetraalkoxysilane, a nucleus
particle is formed by the reaction of the tetraalkoxysilane (nuclear particle forming stage), and
thereafter, the silica particles are formed through growth of this nucleus particle (nucleus particle
growing stage).

Examples of the tetraalkoxysilane which is supplied into the alkaline catalyst solution
include tetramethoxysilane, tetracthoxysilane, tetrapropoxysilane and tetrabutoxysilane. However,
from the standpoints of controllability of the reaction rate, the shape, particle diameter and particle
size distribution of the obtained silica particles, and the like, tetramethoxysilane or
tetraethoxysilane is desirable.

A supply amount of the tetraalkoxysilane is from 0.002 mol/(mol-min) to 0.009
mol/(mol-min) relative to the alcohol in the alkaline catalyst solution.

This means that the tetraalkoxysilane is supplied in a supply amount of from 0.002 mol to
0.009 mol per minute relative to one mole of the alcohol used in the step of preparing an alkaline

catalyst solution.
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same as or different from the alkaline catalyst previously contained in the alkaline catalyst solution,
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it would be better to use the alkaline catalyst of the same kind.

A supply amount of the alkaline catalyst is from 0.1 mol to 0.4 mol, desirably from 0.14
mol to 0.35 mol, and more desirably from 0.18 mol to 0.30 mol per mole of the total supply amount
of the tetraalkoxysilane to be supplied per minute.

When the supply amount of the alkaline catalyst is less than 0.1 mol per mole of the total
supply amount of the tetraalkoxysilane to be supplied per minute, dispersibility of a formed nucleus
particle in a growth process of the formed nucleus particle becomes instable, so that there may be

the case where a coarse aggregate such as a secondary aggregate is formed, or gelation occurs,
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ket Oggr'ticle dispersion is removed. Examples of a method of removing the solvent of the silica particle
dispersion liquid include known methods such as (1) a method of performing drying using a
vacuum dryer, a tray type dryer, etc. after removing the solvent by means of filtration,
centrifugation, distillation or the like; and (2) a method of directly drying the slurry using a
fluidized layer dryer, a spray dryer or the like. Though a drying temperature is not particularly
limited, it is desirably not higher than 200 °C. When the drying temperature is 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 particles is easy to occur.
It would be better that if desired, the dried silica particles are 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 jet mill, 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
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21 treatnent agent, thereby obtaining a powder of a hydrophobic silica
particles. Here, exanples of a nethod of subjecting powdered
specific silica particles to a hydrophobic treatnment include a nmethod in
whi ch a powdered hydrophilic silica particles are stirred within a
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accopding.go0 the present exenplary enbodi nent is one

The toner according to the present exemplary embodiment is obtained by after producing a
toner particle, externally adding the specified silica particle as an external additive to the toner
particle.

Though as the preparation method of a toner particle, there are exemplified a kneading and
pulverization method and a wet granulation method, it is desirable to produce the toner particle by
a wet granulation method. Examples of the wet granulation method include known methods such
as a melt suspension method, an emulsion aggregation/coalescence method and a dissolution
suspension method.

As a method of externally adding the external additive to the obtained toner particle, there
is exemplified a method of achieving mixing by a known mixer, for example, a V-type blender, a
Henschel mixer, a Loedige mixer.
<Electrostatic image developer>

The electrostatic image developer according to the present exemplary embodiment is one
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phot oreceptor as the electrostatic |atent
latent image holding member with the developer to form a toner image; a transfer unit for
transferring the toner image onto a recording medium; and a fixing unit for fixing the toner image
on the recording medium.

In accordance with the image forming apparatus according to the present exemplary
embodiment, there is carried out an image forming method including a charging step of charging
the surface of an electrostatic latent image holding member; an electrostatic latent image forming
step of forming an electrostatic latent image on the surface of the charged electrostatic latent image
holding member; a developing step of developing the electrostatic latent image formed on the
surface of the electrostatic latent image holding member with the electrostatic image developer
according to the present exemplary embodiment to form a toner image; a transfer step of
transferring the toner image onto a recording medium; and a fixing step of fixing the toner image

on the recording medium.

In the case of utilizing an electrophotographic photoreceptor as the electrostatic latent
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Incidentally, the primary transfer roller 5Y is disposed in the inside of
the internediate transfer belt 20 and provided at. a position opposing to
t he photoreceptor 1Y. Furthernore, each of the primary transfer rollers 5Y,
SM 5C and 5K is connected to a bi as yJgower source (not shown) for
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with the sane pol arlta/ (negative polarity) as that of a charge
The first unit 10Y includes a photoreceptor 1Y functioning as a latent image holding

member. In the surroundings of the photoreceptor 1Y, there are successively disposed a charge
roller 2Y for charging the surface of the photoreceptor 1Y to a predetermined potential; an
exposing device 3 for exposing the charged surface with a laser beam 3Y on the basis of a
color-separated image signal to form an electrostatic latent image; the developing device
(developing unit) 4Y for supplying a charged toner into an electrostatic latent image to develop the
electrostatic latent image; a primary transfer roller 5Y (primary transfer unit) for transferring the
developed toner image onto the intermediate transfer belt 20; and a photoreceptor cleaning device
(cleaning unit) 6Y for removing the toner remaining on the surface of the photoreceptor 1Y after
the primary transfer.

Incidentally, the primary transfer roller 5Y is disposed in the inside of the intermediate
transfer belt 20 and provided at a position opposing to the photoreceptor 1Y. Furthermore, each of

the primary transfer rollers 5Y, SM, 5C and 5K is connected to a bias power source (not shown) for



charged on the photoreceptor I Y and is retained on a devel oper roller
(devel oper hol di ng nenber). Wen the surface of the photoreceptor 1Y passes

t hrough t he devel opi ng device 4Y, the yellow toner electrostatically
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and 10K, and toner es of respective co ors are perpose
mul t isutfacard theer phetbreceptor 1Y, whereby an electrostatic image having a yellow printing pattern is

formed on the surface of the photoreceptor 1Y.

The electrostatic image as referred to herein is an image formed on the surface of the
photoreceptor 1Y by charging and is a so-called negative latent image which is formed by the
matter that the specific resistance of an irradiated portion of the photosensitive layer is lowered due
to the laser beam 3Y, and a charge charged on the surface of the photoreceptor 1Y is discharged,
whereas a charge in a portion not irradiated with the laser beam 3Y remains.

The electrostatic image thus formed on the photoreceptor 1Y is rotated to a predetermined
developing position following running of the photoreceptor 1Y. Then, the electrostatic image on
the photoreceptor 1Y is made into a visible image (toner image) by the developing device 4Y at this
developing position.

The developing device 4Y accommodates, for example, an electrostatic image developer
according to the present exemplary embodiment, which stores at least a yellow toner and a carrier.

The developing device 4Y stores the yellow toner according to the present exemplary
embodiment. The yellow toner undergoes frictional charging upon being stirred within the
developing device 4Y, has a charge with the same polarity (negative polarity) as that of a charge
charged on the photoreceptor 1Y and is retained on a developer roller (developer holding member).
When the surface of the photoreceptor 1Y passes through the developing device 4Y, the yellow
toner electrostatically attaches to a latent image portion at which the charge is removed from the
surface of the photoreceptor 1Y, and the latent image is developed with the yellow toner. The

photoreceptor 1Y on which a yellow toner image is formed is subsequently made to run at a



The internediate transfer belt 20 having the four toner inmages
multi-transferred thereono through the first to fourth units arrives at a
secondary transfer portion which is constituted of the intennedi ate
transfer belt 20, the support roller #4 comng into contact with the inner
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reference nuneral 300 stands for a transfer-receiving material.
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.

Thereafter, the recording paper P is sent to a press contact part (nip part) of a pair of fixing

rollers in a fixing device (fixing unit in a roller form) 28, and the toner image is heated, whereby the



Then, this process cartridge 200 is mounted freely detachably agai nst an

i mge form ng apparatus constituted of a transfer device 112, a fixing
device 1.1.5 and other constituent portions (not shown). The process
cartridge 200 shown in FIG 2 is provided with the charge roller 108; the

devel tBRérflﬁlagéf}é%]xgﬁ% %cé&%ysuh«?ﬁoéé‘d‘?ﬁé}k&gis%ﬁieg Gnd }iged bixs tR@I%@J)@ngQ%BEIj pn 118

for exposur peni hg portion or charge renobva sure;
however, tHesepdeveicihs traayfebeccspligr mateelal ontonwhickdhe Ther pmege Sstraafdrreddge
accordi ng to.the pr ese§i7I exenpl ary_ enbadi nent is provided with, in addition
to t HECHROPBIERASTLINdIBTP saect ek fop RePIRiS &R SLRAQRRYIASHPRIMSY HEMgPIGUpS
consiﬁhisgg,npf the charge roller 108, the devel oping device 111, the

cl eani ng device (cleaning unit) 113, the opening portion 118 for exposure
and t he opédniontyr pombiecmhdrdc? shwotloksy gfeha iemge alrfaepdsufieing Nestprefetablettater

cartrjdge.accqordin o the.present .exenpl ary epbodi me i.s descrjbed. 28
The tlBnarfacart e gSfIS’E:'Ee(SF’d} i‘tsni‘lﬁ%g‘(lfﬁng&%‘?‘?{\{_a%ggﬁi)?%ﬁsﬁ’ﬁ"er%%&f%ﬂﬁ Gogieg
t oner. _aﬁé’rrsfobtaﬂ%_b%% 1 akhy e F‘a'ir?ﬁé PR LIrEsih DPOE 11‘11€,Va‘%! ﬁbﬁ%bﬂ%ﬁﬁ}ﬂﬁi‘h
thergl n, which i § nount ed det achgbly gai nst the inage form ng apparatus.

|t i singrled elreadob euitdbdit uselid. el ectrostati c i mage devel opi ng toner of the
i nvention i, acconnodated,.in

s 90, vol % .or re relative to.a volu of .the
Loner car t rTGGECONIng paner i ik fking ofreelqridges drmiTy sdissardetd Tehsin i n
FI'G ah di&tion pbﬁﬁﬂewﬁ%ﬁ RYerdRRARRL dbSorAMb O hrafOMbp&HicHsicals. i N which the
toner cartridges W, SC and SK are nounted detachably, and the

devel opi ng leddéndaly, 4e alAe-exkemplified 4Kage bormdigneriteealus bas sisbra eendiguiagiges

Cupp IO e lle o Bl FERGTl® B Rt BT Y CRR MR st Pl B

t onerHGadviet, | il glgouldAst bOvbnstied tigneke faehtidrdBeihBed ¥ ChangadiguX8PaiaShe
The present exengl ary enbodi nents are nore specifically described bel ow
&

Wi t h IREREPRABY A0 thide fao Preiitg gnEXBISH | e foneh image iss Haraferrase deemlst fromdtbehat
t he inents are not in any way limted to these
P ERFp Y G 3, B Al bti on

Exa e followi ng description, all "parts" and

" per c@Pnb@gesirtraipe angdamescdrridgass” and |1 % by mass”, respectively unless

ot herwi se indicated, [Exanple 1] <Preparation. of toper> {Preparation of

toner part Fg&e% 1s 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 developing device
111, a photoreceptor cleaning device 113, an opening portion 118 for exposure and an opening
portion 117 for charge removal exposure, together with a photoreceptor 107, all of which are
combined using a mounting rail 116. Incidentally, in FIG. 2, a reference numeral 300 stands for a
transfer-receiving material.

Then, this process cartridge 200 is mounted freely detachably against an image forming
apparatus constituted of a transfer device 112, a fixing device 115 and other constituent portions
(not shown).

The process cartridge 200 shown in FIG. 2 is provided with the charge roller 108, the
developing device 111, the cleaning device 113, the opening portion 118 for exposure and the
opening portion 117 for charge removal exposure; however, these devices may be selectively
combined. The process cartridge according to the present exemplary embodiment is provided with,
in addition to the photoreceptor 107, at least one member selected from the group consisting of the
charge roller 108, the developing device 111, the cleaning device (cleaning unit) 113, the opening

portion 118 for exposure and the opening portion 117 for charge removal exposure.

Next, the toner cartridge according to the present exemplary embodiment is described.
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manufBednyled] by Dai -ichi Koriyo Seiyaku Cr Ltd.]: 2 parts

<Preparation of toner>
[Preparation of toner particle]
(Preparation of polyester resin dispersion liquid)
« Ethylene glycol [manufactured by Wako Pure Chemical Industries, Ltd.]: 37 parts
« Neopentyl glycol [manufactured by Wako Pure Chemical Industries, Ltd.]: 65 parts
« 1,9-Nonanediol [manufactured by Wako Pure Chemical Industries, Ltd.]: 32 parts
« Terephthalic acid [manufactured by Wako Pure Chemical Industries, Ltd.]: 96 parts

The foregoing monomers are put in a flask; the temperature is elevated to 200 °C over one
hour; and after it is confirmed that the inside of the reaction system is uniformly stirred, 1.2 parts of
dibutyltin oxide is added thereto. Furthermore, the temperature is elevated from the foregoing
temperature to 240 °C over 6 hours while distilling off formed water, and a dehydration
condensation reaction is further continued at 240 °C for 4 hours, thereby obtaining a polyester resin
having an acid value of 9.4 mg-KOH/g, a weight average molecular weight of 13,000 and a glass
transition temperature of 62 °C.

Subsequently, this polyester resin in a molten state is transferred into CAVITRON
CD1010 (manufactured by Eurotec, L.td.) at a rate of 100 g per minute. Dilute ammonia water
having a concentration of 0.37 % by mass, which is obtained by diluting reagent ammonia water

with ion-exchanged water, is put in a separately prepared aqueous medium tank and transferred
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parts C}‘aﬁ@ﬂgﬁﬁﬁﬂ J0gdPdomeitasliue 1908, Panifictured by Dainichiseika Color & Chemicals Mfg.
Co., Ltd.]: 10 parts
« Anionic surfactant NEOGEN SC, manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.]: 2 parts
« lon-exchanged water: 80 parts
The foregoing components are mixed and dispersed by a high-pressure counter collision
disperser, ULTIMAIZER (HJP30006, manufactured by Sugino Machine Limited) for one hour,
thereby obtaining a coloring agent dispersion liquid having a volume average particle diameter of
180 nm and a solids content of 20 %.
(Preparation of release agent dispersion liquid)
« Paraffin wax [HNP 9, manufactured by Nippon Seiro Co., Ltd.]: 50 parts
« Anionic surfactant NEOGEN SC, manufactured Dai-ichi Kogyo Seiyaku Co., Ltd.]: 2 parts
« Ion-exchanged water: 200 parts
The foregoing components are heated at 120 °C, and the resulting mixture is thoroughly
mixed and dispersed using IKA’s ULTRA-TURRAX T50. Thereafter, the resulting dispersion is
subjected to a dispersion treatment using a pressure discharge type homogenizer, thereby obtaining
a release agent dispersion liquid having a volume average particle diameter of 200 nm and a solids
content of 20 %.
(Preparation of toner particle (1))
« Polyester resin dispersion liquid: 200 parts
« Coloring agent dispersion liquid: 25 parts
« Polyaluminum chloride: 0.4 parts
« Ion-exchanged water: 100 parts
The foregoing components are put in a stainless steel-made flask and thoroughly mixed
and dispersed using IKA’s ULTRA-TURRAX. Thereafter, the resulting dispersion is heated to 48
°C on an oil bath for heating while stirring the flask. After keeping at 48 °C for 30 minutes, 70
parts of the same polyester resin dispersion liquid as that described above is gently added.

Thereafter, after the pH within the system is adjusted to 8.0 using a sodium hydroxide
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VLIS amupt RNSsebkaline catalyet spiuen () (S kol larmnla
part b ek&HpinsRENE 41 A thirnometer, 600 parts of methanol and 90 parts of 10 % ammonia water
are put 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) (NH3 [mol]/(ammonia +
methanol) [L]) is 0.62 mol/L.
- Particle forming step [preparation of silica particle suspension (1)] -
Subsequently, a temperature of the alkaline catalyst solution (1) is adjusted to 45 °C, and
the alkaline catalyst solution (1) is substituted with nitrogen. Thereafter, dropwise addition of 300
parts of tetramethoxysilane (TMOS) and 120 parts of ammonia water having a catalyst (NHj)
concentration of 4.44 % in the following supply amounts is simultaneously started while stirring
the alkaline catalyst solution (1) at 120 rpm, and the dropwise addition is performed over 20
minutes, thereby obtaining a suspension of the silica particle (silica particle suspension (1)).

Here, the supply amount of tetramethoxysilane (TMOS) is set to 15 g/min, namely 0.0053

mol/(mol'min) relative to a total molar number of methanol in the alkaline catalyst solution (1).
Also, the supply amount of the 4.44 % ammonia water is set to 6.0 g/min relative to a total supply
amount of the tetraalkoxysilane to be supplied per minute. This is corresponding to 0.159 mol/min
per mole of the total supply amount of the tetraalkoxysilane to be supplied per minute.

Thereafter, 250 g of the solvent of the resulting silica particle suspension (1) is distilled off



Subsequently, a tenperature of the al kaline catalyst solution (1) is
adjusted to 45 C, and the al kaline catalyst solution (lI) is substituted
with nitrogen. Thereafter, dropw se addition of 300 parts of

tetranmet hoxysilame (. T.MOS) and 120 pgrts of ammoni a water having a

cat al ; : ' 0% 1 f | ts 1S
o il DaneabioPhed MRHARER hI P0G ofpihd wiierds My, Pho @ dlin? MARMCINALS 1)
at 120frequndrgmcheteby dbamimgsehpdidpliiliosilics ppeckdi nind: leveoge@owm shapes, t her eby

obt ai ni_ n uspension of . the silica particle (silica particle suspension
(1)).'M%S}lqﬁﬂ‘%g%ﬁﬁpﬁpfé%ﬂ?“@etetran’et hoxysi | ane (TMOS) is set to 15

&in, narm'l%rtﬁl%) o AN j : tQt Qb

nmet hanol in t g a(ﬁé’a%q)gg catﬁaqx?sr% %gﬁg{l%%ﬁg??%d@\Il?g,é%%és}lgg@gﬂg%bcﬁt of
t he 4uoadicld (Bprandi the waixeureiis afletved ao Gedkt giti 1I30N°C €baR i hoird, ah@ebplodlairippl ¥
anount of the teimal kox%;i | ane to be supplied per mnute. This is

cor r eVpEPaPhg stlicagparade plicpaitigle (L Hona ksterpgacpes diape ip pihichathe swfacsroft he

tetr Flangt [ r mnute. Thereafter, 250 g of the

sol Vgsg%éaggyﬁée reé’ualq%’pﬁ@?? it%:egg%%?ti cle suspension (1) is distilled of f

31 by Riwains pedpdréed ofdilétaigattallé on, and 250 g of pure water is added.

Thereafter, the resu ied by a_.freeze drg/er, t hereby obtaining a
A2 s

tant is dri \ . .
hydr ophi | i JhQiTFf‘r%%n&)B}‘fﬁPEMH( §jicy Radicliell e ioaddsd Jadhs ipagrparticla/d) AR IH0C
treat idl -t I f
et oLy BT o AP S BB (1) g b O e o PBnf Subspent e o) o
(1), resudtintgh®EMi pliotwgraplsisalibjevted td tmageanblyais. B0 1€sulf, ohe Zrithowyrmyrtidléef thoy
obt ai ni ng a. ophobjc silica particle.[sjli.ca particle ( .in a
net o Uisanegis ShEIONH F o fRebuaricE harinep Peirseo uli deme Rod
hydr gphebhs 4@%@%&% circdthS1[¢G0/SPE PRy 43.6s of silica particle -
The resul ting hydrophobic silica particle (1) is added to the toner
particle (Blso,arrpedibo guvityerfythpailica phrtisleofl ) ihmessutddcey parethiad i qohJormitg
subj eced,t,0 ogl a ._oubsequently, the resulting SEM photograph is
subj (%{heénglo()tﬁi%{g@ﬁg@a%g@%“ e%apf?@gﬂﬁqlf-, the prinmary particle of the
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in a 0.4-L sample mill at 15,000 rpm for 30 seconds, thereby obtaining a toner (1) having the
hydrophobic silica particle (1) attached thereto.
<Evaluation>

The resulting toner (1) and a carrier are charged in a V-type blended in a proportion of the
toner (1) to the carrier of 5/95 (mass ratio), and the mixture is stirred for 20 minutes, thereby
obtaining a developer (1).

Incidentally, the carrier as used herein is one prepared in the following manner.

- Carrier -

1,000 parts of Mn-Mg ferrite (volume average particle diameter: 50 um, shape factor SF1:
120, manufactured by Powdertech Co., Ltd.) is put in a kneader; a solution prepared by dissolving
150 parts of a perfluorooctylmethyl acrylate-methyl methacrylate copolymer (polymerization
ratio: 20/80, Tg: 72 °C, weight average molecular weight: 72,000, manufactured by Soken
Chemical & Engineering Co., Ltd.) in 700 parts of toluene is added; after mixing at ordinary
temperature for 20 minutes, the mixture is dried under reduced pressure upon heating at 70 °C; and

the dried material is taken out to obtain a coated carrier. Furthermore, the resulting coated carrier is

sieved by a mesh having an opening of 75 pm to remove a coarse powder, thereby obtaining a
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Toners (2) to (8) of Examples 2 to 8 and toners (101) to (105) of Comparative Examples 1
to 5 are produced in the same manner as in the preparation of the toner (1), except that the silica
particle (1) to be externally added to the toner particle (1) is changed to silica particles (2) to (8) and
silica particles (101) to (105), respectively.

The resulting silica particles (2) to (8) and silica particles (101) to (105) are examined with
respect to physical properties of silica particle in the same manner as in the silica particle (1).

Average particle diameter (Dsgy), average circularity [100/SF2] and specific gravity of
each of the primary particles obtained by means of image analysis are shown in the columns of
“Physical properties” of “Silica particle” in Table 1.

Also, developers (2) to (8) and developers (101) to (105) are produced in the same manner
as in the preparation of the developer (1), except that the toners (2) to (8) and the toners (101) to
(105) are used, respectively in place of the toner (1).

The evaluation of color spot is performed in the same manner as in Example 1, except for
using the developers (2) to (8) and the developers (101) to (105), respectively.

The silica particles (2) to (8) and the silica particles (101) to (105) used in Examples 2 to 8
and Comparative Examples 1 to 5, respectively are produced in the following manner.

First of all, a preparation method of each of the silica particles (2) to (8) and the silica
particles (103) to (105) is described.

- Preparation of silica particles (2) to (8) and silica particles (103) to (105) -

Alkaline catalyst solutions (2) to (8) and alkaline catalyst solutions (103) to (105) are
prepared in the same manner as in the preparation of the alkaline catalyst solution (1), except that
“600 g” of methanol is changed to an amount shown in the column of “Mass (g)” of “Methanol” of
“Components to be added” in Table 1; and that “90 g” of 10 % ammonia water is changed to an

amount shown in the column of “Mass (g)” of “10 % ammonia water” of “Components to be
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added in the alkaline catalyst solution, “4.44 %” of the catalyst concentration of ammonia water is
changed to an amount shown in the column of “NHj; concentration [%]” of “Ammonia water” of
“Total addition amount” in Table 1; “120 g” of the amount of ammonia water is changed to an
amount shown in the column of “Mass [g]” of “Ammonia water” of “Total addition amount” in
Table 1; and “6 g/min” of the supply amount of ammonia water is changed to an amount shown in
the column “Ammonia water” of “Supply amount [g/min]” in Table 1.

Here, the amount that is the supply amount of the ammonia catalyst into each of the
alkaline catalyst solutions (2) to (8) and the alkaline catalyst solutions (103) to (105) and which is
an amount per mole of the total supply amount of the tetraalkoxysilane to be supplied per minute is
shown in the column of “NHj; amount [mole/min] (vs. TMOS)” of “Supply amount (relative
amount)” in Table 1.

Also, the amount that is the supply amount of the tetraalkoxysilane (TMOS) into each of
the alkaline catalyst solutions (2) to (8) and the alkaline catalyst solutions (103) to (105) and which
is an amount per mole of methanol in each of the alkaline catalyst solutions (2) to (8) and the

alkaline catalyst solutions (103) to (105) is shown in the column of “TMOS amount

[mole/(mole-min)] (vs. methanol)” of “Supply amount (relative amount)” in Table 1.

With respect to each of the resulting silica particle suspensions (2) to (8) and silica particle



Al kal i ne catal yst solutions (2) to (8) and al kaline catal yst solutions
(103) to (105) are prepared in the sane nmanner as in the preparation of the
al kal i ne catal yst solution (1), except that "600 g" of methanol is changed
to an anmount shown in the columm of ™ihss (g)" of "Methanol" of "Conponents
to be,gfdedns (1037 #185) ihe¥df hiRlistPda 3fr, Ald dE Y ARTDBA WahEbarhSmahanged
to anugﬁhun?sgho&ﬁngn %he cofunn S%I"Nhsé ( )"rof "10 éﬁahnnni%.mgher" of

" Conps netitesilica faeticld Suspedséati’ (1i),rthdraby ebthining hydrophiliesibee pdriicles oo (]) ahtiH3
amount " of . each of the al i catal yst solutions (2) to (8) and the
alka&Wﬂ%mgg¥€$%%ﬁP ?Uﬁbgﬂg(ﬂ%as) to (105) after the preparation is shown
in the col gmh%dig:'%cl?@%thth'ﬂ]é' siRéa pakfcl% BYD M8 PaniRhe hyd:Bbhilieamranent s

to be added” 1 n Ta Subsequently, si'lica particle suspensions
(2) tpert{ch®) (18Bptogi 0F)dasybgactddab @ hydopbolsic traatmen0iB)the mnerdSncnasingixepateeld i n

t he sa nner as jn.the preparatio f she silic article sus i,on
(1, et i s ntion e Ry 2 8 6D Py B e oS RS
alkakimg_catalyst solutions (103) to (105) are used, respectively in place

of the al kaline catalyst solution (1); and that the amount and supply
amountPrefaratenredisdich prstisld @A) + 0 be added in the al kaline catal yst sol ution

and the ca st. concentratio amaunt d nt of a ;a _wat er
£o be added 0t b of AESHI 1 e BLeuf PBE kesfl SHRESY ZTE G s TR N Be B houn
in Tabk&silCo.l ERPAES tla¥8tivd using an air SREEHiéA haldby provukihglesRk@Giartidde t10e).anount
and supply anmount of tetranet hoxysilane to be added in the alkaline

cat al YPsepagasiontof sHica pasicknd0A- of "300 g" of tetranethoxysidane i s changed
to an anount.sho in the. col “Mass Q)" ef~y " "Total ition
amount - 4% B 1, SbEERES TGP AR, TELC e R forurl ') RS

t et r @vepdioxotniié aasificl whangedr ¢lasséierafoneby obtainitea siitaipartiot (10NOS"  of
"Supply anmount [Wnn]" in Table I. Wth respect to the catal yst
anount, amount and supply anmount of ammonia water to be added in the

al kal i ne catal yst solution, "4.44% of the catal yst concentration of
ammoni a water is changed to an anount shown in the colum of "NH3
concentration rol" of "Amonia water" of "Total addition anount” in Table
1, "120 g" of the ampunt of amonia water is changed to an amount shown in
the colum of "Mass [g]" of "Ammonia water"” of "Total addition amount” in
Table 1; and "6 gl mn" of the supply anmount of ammonia water is changed to
an anount shown in the colum "Amonia water" of "Supply amount [gimn]" in
Tabl e 1, Here, the anount that is the supply amount of the anmonia
catal yst into each of the alkaline catalyst solutions (2) to (8) and the

al kal i ne catal yst solutions (103) to (105) and which is an anount per nole
of the total supply anount of the tetratil koxysilane to be supplied per mn
tie is shown in the colum of "NH3 amobunt [nple/mn] (vs. TMOS)" of "Supply
anount (relative anount)"” in Table 1. Al so, the amount that is the
supply amount of the tetraal kox2,rsilarte (TMOS) into each of the alkaline
catal yst solutions (2) to (8) and the al kaline catal yst solutions 003; to
(105) and which is an anmount per nole of nmethanol in each of the al kaline
catal yst solutions (2) to (8) and the al kaline catalyst solutions (103) to
(105) is shown in the colum of "TMOS anount [nol ektnolem n)] (vs,

nmet hanol )" of "Supply anmount (relative anmount)"” in Table 1. Wth respect to
each of the resulting silica particle suspensions (2) to (8) and silica
particle



suspensions (103) to (105), the solvent is distilled off, and the residue
is dried in the sanme manner as in the silica particle suspension (1),

t her eby obtai ning hydrophilic silica particles (2) to (8) and hydrophilic
silica particles (103) to (105). Furt hernore, each of the
hydrophilic silica particles (2) to (8) and the hydrophilic silica particle

(103) to (105 s—subiected-to -a h/drnphnh'P tr t—in-the_-sane manner
as in Exanple]|l,|thereby obtalniing| hydrophpbijc si%ica partiicles (2) to (8)
and hydrophobf{c killica patic]ed (L03) to (10.5). | Preparat|or of silica
particle (101) - g)o:‘g oflyajgagercizal ky|avai l|able |si [$qa particle,
AERCSI L 450 (panuf act J,Le pow‘ﬁe’rcm I~ C&, |£t|d. ) i sf gkagsilfi ed using
an air classifier, |[theg pr chiﬁg a siljica partjlicle (101)| -| Preparation
of silica particle LlJ?) - 100 g|of| a|commercijal | y |avai l|abl e silica
particle, TG 122 ga’lglfd(,tuufd by Cabot—Corporatijon) is glassil|fi ed using
an air classifier, @hnﬁeby obt aifni hg |a silfica partiicle (102)
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37 Fromthe foregoing results in conparison with the Conparative
Exanpl es, according to the working Exanpl es,
output with a |ow inmge density in a high-tenperature and high-hum dity
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Table 1 (Cont’d.)

continued (10,000 sheets),
gener at ed.

even when after an
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to 0.8. 3. The electrostatic imge devel oping toner according to claiml,
wherein a shape factor SF1 of the tongr particles is from 125 to 140. 4, The
el ectrostatic i mage devel opi ng toner dccording to claim1l1l, Werein a shape
factor ST2 of the toner particles is from 105 to 130. 5. The electrostatic

i mge develgpinge tQp Jing%gftgii g%ﬁl arfdof iviltnlthe Comeparat%%@f-nﬂ%ﬁ% h&:c@ﬂ’dﬁﬂ’égtg)y f rom

particles of the silTca partic ave an average particle di aneter

100 rthenwakBigOEXhikples, Tham elhentaftestat imagemaygputeviel aplavg imege deagttyoirdiang t
claim,' .u. wherein th ilica particles.have. a specifjc gravity.of from
1.0 H%gkﬂc@?l’e*?‘%%’? %‘P‘%é’ﬂgﬁb@%‘@i‘t& ?IH‘EQEH‘G%R/@I 8?)@%““8&@51‘0&’ r?é‘getF gl 1mage 18
el ecty; Qf&‘%i& J19BGRt AGMelIPRERNGab@ner according to claim1; arid a carrier.
3. Theu ectr ocst atic ?smageg)g’eve?oper according to claim7,
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.



wherein the primary particles of the silica particles have an average
circularity of .ro. 0.5 39 9. The él ectrostatic i nage devel oper accordi ng
to claim7, wherein a shape factor SFY of the toner particles is from 125
to 140. 10. A toner cartridge accommopdating the electrostatic inage

develwﬂm§@ﬂ1g[Mﬁg:1§r ding to claim1 therein. 11. The toner cartridge
according to claim1l wherein the electrostatic i nage devel opi ng

toner according to claiml is acconmmodated in 90 vial% or nore relative to

a volunme of the toner cartridge. 12. A process cartridge,
conprisingla dev ?%@Sﬁﬂpﬂmwﬁdea@k?@ngﬁp%Caﬁlpélﬁlégtrostat.c | atent inage

formed on %ﬁ&é%ﬁﬁ:@@cdﬁﬁ 1ﬁmg%tc‘816tnfngr£%&ﬁ ANAladiftr FRIPGHaW th the

el ectrostatic | eve a toner 1nmage and the devel opi ng unit
accomodat |angxtehmledidat1w o:st}mttmmerlpanglf devel oper according to claim7

therein : Anlmaefor apparatus conprising: an electrostatic

| at ent mn@fg’eﬁ%?m Ltlvgco‘%g’néﬁ';‘f;@i’ nEFnt for charging the surface
of the el eglinDsy a&maeb afﬁegmcgggﬁcia@hm% 'ﬁ%ﬁ?_@ @artl%fé BARGEF ASEAL 76 n}n%ent
image formng unit that formng an electrostatic |atent 1nmage on the

sur f @66 nuf atphgicdd vt digsibatiorcinieat efithe primge frolidenef frrembErto 1.9, and an average

devel o ati ng the electrostatic i mage devel oper according
to cl H t%#ﬁc@?ﬁ%o@ﬁ)ch devel ops the electrostatic latent image fbrned on

the surface of the electrostatic |latent inmage hol ding nenber with the

el ectrostatl C i ma%e devel oper to forma toner inage,
e electrostatlc image developing toner according to claim 1,

wherein the primary particles of the silica particles have an average circularity of from 0.5

to 0.8.

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

wherein a shape factor SF1 of the toner particles is from 125 to 140.

4, The electrostatic image developing toner according to claim 1,

wherein a shape factor SF2 of the toner particles is from 105 to 130.

5 The electrostatic image developing toner according to claim 1,
wherein the primary particles of the silica particles have an average particle diameter of

from 100 nm to 350 nm.

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

wherein the silica particles have a specific gravity of from 1.0 to 1.9.

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

a carrier.

8. The electrostatic image developer according to claim 7,
wherein the primary particles of the silica particles have an average circularity of from 0.5

to 0.8.



a transfer unit that transferring the toner inmage onto a recordi ng nedi um
and a fixing unit that fixing the to i mge on the recording nedium 14.
The image form ng apparatus accordi ngﬁ{o claim 13, wherein the prinmary
particles of the silica particles have an average circularity to 0.8. 15.
The i mage form ng apparatus according to claim13, wherein a shape factor
SF1 of the toner particles is from125 to 140. from0.5 40 16. An i mge
form ng nmetShod corhgrelasimefaticinzaggidegeloper ascnrflimgédo okimr, el ectrostati ¢ | at ent

[ hol di nber ; f ' t tatic. latent i th
cur face of "B gieeeioe ST BEHRPE PRI hEBne arf Tember s

10. A tomer cartridge accommodating the electrostatic image developing toner

according to claim 1 therein.

11.  The toner cartridge according to claim 10,
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.

12. A process cartridge, comprising a developing unit for developing an electrostatic
latent image formed on the surface of a latent image holding member with the electrostatic image
developer to form a toner image and the developing unit accommodating the electrostatic image

developer according to claim 7 therein.

13. An image forming apparatus comprising:

an electrostatic latent image holding member;

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

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

a developing unit accommodating the electrostatic image developer according to claim 7
therein, which develops the electrostatic latent image formed on the surface of the electrostatic
latent image holding member with the electrostatic image developer to form a toner image;

a transfer unit that transferring the toner image onto a recording medium; and

a fixing unit that fixing the toner image on the recording medium.

14. The image forming apparatus according to claim 13,
wherein the primary particles of the silica particles have an average circularity of from 0.5

to 0.8.

15. The image forming apparatus according to claim 13,

wherein a shape factor SF1 of the toner particles is from 125 to 140.



devel oping the electrostatic latent inmage fornmed on the surface of the

el ectrostatic latent inmage hol ding nepper with the electrostatic inmage
devel oper according to claim7 to forma toner image; transferring the
toner image onto a recording nmeand fixing the toner inmage on the recording
medi um 17.1¢The qﬂﬂ@ o8l rd| ng to claim 16, wherein the
primary par1t6| cles o g&gilhﬁgca pg%?fr@? have an average circularity of
fromO0.5 t@h@rgihg thesﬂ'ﬂfmequagelebtnost:itmgatmt immgeélohﬁmgﬁnnglbenp clai mwherein a
shape fact (%r L t he togﬁategartl cles is f 5 to

orming an electrostati t image on the sur ace 0 hargeﬁ electrostatic latent
image holding member;
developing the electrostatic latent image formed on the surface of the electrostatic latent

image holding member with the electrostatic image developer according to claim 7 to form a toner

image;

transferring the toner image onto a recording medium; and

fixing the toner image on the recording medium.

17. The image forming method according to claim 16,

wherein the primary particles of the silica particles have an average circularity of from 0.5
to 0.8.

18. The image forming method according to claim 16,

wherein a shape factor SF1 of the toner particles is from 125 to 140.



