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DESCEI PTI ON CARRI ER, DEVELOPER, | MAGE FORM NG METHOD
AND PROCESS CARTRI DGE Technical Field The present

WO poenbvicon relates to a carrier, a devel oper, POT/IPEAQR0S4752

form ng nethod and a process cartridge. Background Art
Devel opi ng processes g@ﬁ%%ﬁ@ﬁ? t.ography are divided
into a so-call ed one- | opi ng process

usi_n rimarily a toner, and a so-called two- n
deoa BB PavEL SBRR, MladeFo MV NG EHBR D
gl ass bead, a mmgnetic carrier, or a coat carrier made

of the glass bead BROGESVIMSRTRERG E er wherein

their surface is coated with resin or the like. In
such a two-conponent devel opi ng process, a carrier is
used, and thus a two-conponent devel oper has a w der
B elaniddlcFigidal | y charged to toner. In addition, the
t wo- conponent devel opi ng process is nore stable in

char ge PROPSFdSedthanvEREi AN GelRAMPRENE EEMEkePiandeveloper,
process and is advantageous in providing high-quality

ihﬁg%‘f%%le\fsimqnlfgog%g&%@ 2Faf P&be@s@@qrhﬁm.

Tty o ying a toner to areas to be
devel oped. Thus, the two-conponent devel opi ng process
is frequently used particularly in high-speed machi ne.

HRGREAPUAAAGE wherei h & I atent ol oot rostatic imge |5
Ig;n}s;jp?@%a ai)glﬁgepr?)%gg;gg o?%qgggrolf) ior%%g%alp %regr(?%?g}c?erd
into a so-called one-component developing process using
primarily a toner, and a so-called two-component developing
process using a mixture of a toner with a glass bead, a magnetic
carrier, or a coat carrier made of the glass bead or fhe magnetic
carrier wherein their surface is coated with resin or the like.

In such a two-component developing process, a carrier is
used, and thus a two-component developer has a wider area
frictionally charged to toner. In addition, the two-component
develdping process is more stable in charge property than the
one-component developing process and is advantageous in
providing high-quality images over a long period of time and has
a high-ability of supplying a toner to areas to be developed.
Thus, the two-component developing process is frequently used
particularly in high-speed machine.

In an electrophotographic system employing a so-called

digital method wherein a latent electrostatic image is formed on
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‘high-fidelity

| atent electrostatic imge is visualized, the
t wo- conponent devel opi ng nmet hod utilizing the

wab@vaewsot ed features is also widely enpl oyed. PCTYIP2007/054752

recent years, demands of higher stabilization and

better quallty of el ectrophotographi c i mages have been
iHE LRS! eE§mm¢meraumad@mmtmm ordhe like and the
devel opi ng system capabl e of high-fidelity |atent

ilptigjet adeeirophatic imasgbdsonsuetizealieihe twpocdmpiornient
mnimzing the mnimal unit (one dot) of l|atent inmages
ated el op ez si eith ¢ e tiliménn ¢ yt hiena b6 dem dte deftaRaeRERt 81so

the quality of images. Furthernore, reduction in the

v Rledy daplejed) ectrification distribution has became

i mportant on stabilization of image quality. There

have beB réabhoUs MAORRIALE deN Hﬁge WS sPinAisBbh an
di anet er carrier, as mn|m2|ngt partlcedlarre

Blot 641 ah%qlﬂysofep@dtszlspmtag A CR R E P eﬁfgeﬁbl N

atent Tnmge

t carrier ‘made
ofbfedd. ‘eeL%?Sk*. eEATRR esveegome,g{ssatg%e dgielirroe
t.e I than 30 owever,
B SHBBUM B Tt R P s
sed unde Iectrlc fleld applied thereon, and has
Pgﬁﬂ\?aﬁ{‘ Wf hippartan Halsmg@émlémﬁltém mynapiali wypit

nd, because its is not coated with resin, it has a
Z dog)ef datent image Fandharoneasinpdtende hiitr i wrde? to

proposes an o
enhancements the quality of images. Furthermore, reduction in

the dispersion of electrification distribution has became
important on stabilization of image quality.

There have been various proposals on the use of a small
diameter carrier, as minimizing the particle diameter of carrier
is considered as an effective way for high-fidelity latent image
development.

For example, Patent Literature 1 proposes a magnetic
carrier made of ferrite particles with spinel structures and an
average particle diameter of less than 30pm, however, the
proposed carrier is not coated with resin and is used under
low-electric field applied thereon, and has disadvantages in that
it has poor developing ability and, because its is not coated with
resin, it has a short operating life.

Furthermore, Patent Literature 2 proposes an

electrophotographic carrier having carrier particles having the
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el ectrophot ographic carrier having carrier particles
havi ng the50% average particle dianeter (D50) in the

WO angaowii4 15mmt o 45mm the carrier contai ns BEr/gPa07/054752
particles having a particle dianeter | ess than 22nmin

t range of 1%1t .0 20% |ess than 16mmin the range
oflft?“ 4R Y a%%gar%@mdﬁaw &qu)ﬁél thagange oblHamm 3,
8 or,,more i.n the range of 2%or |ess, and the

g ithes¢atries condaing corriqrepeasticles haotiogni med thole
aj.r permeability method and the specific surface area
Hametarelessrihan 22amuimthd tangdof dd6dbi 20%Sess than
(6/p-Dso) x 104 (p represents a specific gravity of

ddinmern thatrasfge 0£i8% omdietsspB2hind dMhartbrehEn the range of
above-noted carrier with small particle dianmeters is

PSedo 15%; SHrm éhendwd LoWhedr2e¥aMfaBBSor (dds, and the
Sufficient frictional charges can be given t

(0]
ispdicifid walrfAen e8] bE i8S @&qqemét%‘ﬁgﬁﬁe;d ggri‘ﬂs a

| arge surface area per unit volune, an rier

S T B e S

opposi tel y-char ged.

f ' f
SHEFLS, AREHLe Ay R allon S Wlagbod ing' Yone

' .d | I ent dot [ t ivit 2
TRREL P08 HeliE TRy reniier) ShHoBE Hravoerdition 1.2

Q%ﬁﬁahgg carrier has a large surface area per unit
'/ and”1 ess occurrence of background snear,

provi di sufficient imge densitiesj and (3) A dense
magnet i 1, §he adrp s node dech ivde n weid hos miall b peatidler
having a small particle dianmeter. And the excellent
dlame%ers is used, there are the following advantages:

(1) Sufficient frictional charges can be given to
individual toner particles because the carrier has a large surface
area per unit volume, and the carrier has fewer occurrences of
being low-charged and/or oppositely-charged. As a result, fewer
background smears occur, and because of less quantity of toner
dusts in the areas around dots and image blurs, the carrier can
provide excellent dot reproductivity;

(2) The average charge amount of toner can be lowered
because the carrier has a large surface area per unit volume and
less occurrence of background smear, providing sufficient image
densities; and

(8) A dense magnetic brush can be formed because of the

carrier having a small particle diameter. And the excellent

flowability of the magnetic brush will reduce the occurrence of
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flowability of the magnetic brush will reduce the
occurrence of magnetic brush trails left on an inmge

wanoo7acwi4 However, the rel ated proposed carri ePCharRI0NT054752

smal | particle dianeters has di sadvantages in that

carrier. agdhesjon easjly occurs, causing occurrences of
iAgBeLn FH@Lnté"ﬁ‘bﬁSrleff%% aznbmpiggi sriasel er f1 aws,
thus inplenentation of the related proposed carriers

is di f?&ﬂﬂ’ ever,rthsarelateidap rompend sacarar bavihayismgaHn
average particle dianeter of less than 32mmis used,
PiRatreler d@ymetefsabestdistudiva ntialge shie dhasichealdadhesion
i mproved, and a high image quality can be obtained,
kaselyeocctimrenising péabhemcskesfimagar ks £finddhshper
occurs very easily. (Patent Literature H) Japanese

Plives ta rAD 1 et +6le kT Low OP €A NI m HRs
Literature ijgt JapZnese gg\t eﬁ%qﬁ%éﬁs%géﬁggioﬁpggI%géuﬁeéated

plropbY¥eAtdaRid¥s APHeG e ft_t'he present invention is to
sol ve the foregoing conditional problens and to

provid ' a e erp. whi ch has_ fewer .
occurr gnrgggﬁg{dl@%rr’r ngreq%a\%h(\é%.lglﬁr having apaverage particle
Lari ten, | r curr.ences, of, background snears,

A AR Bt P sb i PO SE MRS olog S5 Harfave trtgare

f or-m ng, met hod.usi ng t he devel oper_and a process
E“éiltn?i’? &g Ytlﬁs%d%ﬂﬁé},o%&.a %hghilm'eﬁ? sraalaty cha be
&rées.ent i.nvention conducted a careful exam nation

th P REVaBotRe TRt Ropreblsmabybatein carrier adhesion

occurs very easily.
(Patent Literature 1;) Japanese Patent Application
Laid-Open No. 58-144839

(Patent Literature 2;) Japanese Patent No. 3029180

Disclosure of Invention

An object of the present invention is to solve the
foregoing conditional problems and to provide a carrier and a
developer which has fewer occurrences of carrier adhesion,
excellent granularity, fewer occurrences of background smears,
and higher durability, as well as to provide an image forming
method using the developer and a process cartridge using the
developer.

The inventors of the present invention conducted a

careful examination regarding the above-mentioned problems,

and the examination resulted as follows:
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and the exam nation resulted as foll owsA carrier
adhesi on occurring at inmge portions and/or background

W@eoori102s34 occurs in a formof carrier or form pET/ARAD07/054752

of f magnetic brush when the follow ng condition is

nmet - FmA< Fc . Fr%{egr.esents a.magnetic binding force,

and Fc feffedehd BEigpecqurrin g tc inaiger partiess gmd/or

;he force causjng carrier adhesion, or Fc, is
SChETaER ROTHORS IOV Tpihe frowe ih chrriet bacfogmowidut off
otential, a centrifugal force applied to carrier, a
Fenetic keysh grken thedfelewangecanbivivn 6 bt

devel oper. Thus, adjusting each paraneter is an

ef fecti¥m \ﬁa‘i‘ct(thrlanmeenhe drmsgné tiatbiockive f91¢8S a9fd Fe

carrier adhesion can be prevented, however, the

tepresunts adarcerausinpadadieshidialdiynohangi ng t he

force (Fc) is difficult because Fc has close rel ations

wi th delakdpirtg @Mdihgyoaﬁ@@kgmoﬁr%?gﬁgng éQQ&riated

scattering. The magnetic binding force

wiph es JaqWi Q8 il kg X M
(o TP Ry PUHEEE RO 1R o SRR ATl St o

@é’nﬁii‘uéﬁ frdy Epﬁlﬁ(f(t%ﬂcg%pleeé‘g g;%ér{iggrﬁe?sggéaf%éfg%%d a

radi us of carrier, and p repr
R S g e
DERSBRIY b B R oo & GRSt 1
occurrences of carrier adhesion can be prevented, however, the
current situation is that drastically changing the force (Fe) is
difficult because Fec has close relations with developing ability,
background smear and toner scattering. |

The magnetic binding force (Fm) is represented by the
following equation:

Fm =K x M x (8H / 6x)

Where K is mass of carrier and represented by

K=(4/3)n-r3.p x M

(Where “r” represents the radius of carrier, and p

represents the true density of carrier)

and M represent magnetization of carrier per unit mass.

And H (tilt of the magnetic field intensity in a position
in which a carrier exists) is represented by the following

formula:

(6H / 8x)
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formula® (c3H / dx)As magnetic binding force (Fm
applied t o the carrier is proportional to cubic root

wobtowadieus (r) of the carrier, mnimzing the par/gPwhr054752

di aneter of the carrier will drastically rﬁducebt he
magneti ¢ bi ndi ng force pro ortlonally to the cubic

rogt of Atﬂwﬁl%ﬁ?@gﬁlélléﬂdilgﬁeggﬂ &3 iappli¢dherthe carrier is
occurrence of carrier adhesion. The inventors of the
@roprtionak e cubie andbofesh diusatefaf tlex apirmatri anidienizing
sol ve the above-nenti oned problem and thus, the
prhespattichy eiaisteirso helse daemidrheilodcuetiedlly reduce the
exam nation. The above-nenti oned probl em can be sol ved

whtignebiz bohdiovg fgrdd propdbdioahllyeo RhRseabid PH&!"Bf 321
(1) Acarrier including: a core material particle

hemitid en@aiabt S AN 13 hESh&r 5084 A ¢ lﬁ?rca%ic{xhadhesmn

covers the surfaces of the core material part

wher ei nie; 1Rl rsayféfﬁgg)@ggmmgglt@gﬁt@ Blctth

carrier 1s 1n the range 0]

f era parti Ie di,anme
PR208s! bRErfng afn I £0erS, g,e mrath algeﬂéggqtb?ﬁel and
t f th er ge 0 0
P35 B he a5t ERer Gon b 35?5 beinandutsd ticl e
di anet ers of 20mm or smaller is 7% by mass, and the
ESHRM2BP0t he particles having particle di aneters of

The above-mentioned problem can be solved with the
following (1) — (15) of the present invention.
(1) A carrier including:

a core material particle having magnetism; and

a resin coating layer which covers the surfaées of the core
material particle,

wherein the weight average particle diameter of the
carrier is in the range of 22pm to 32um,

the proportion of the weight average particle diameter of
the carrier relative to the number average particle diametexl of
the carrier is in the range of 1.00 to 1.20,t

the proportion of the particles having particle diameters
of 20pm or smaller is 7% by mass, and

the content of the particles having particle diameters of
36um or smaller is in the range of 90% by mass to 100% by mass,

and

the proportion of particle density of the core material
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36mm or snaller is in the range of 90%by. mass to

100% by mass, and the proportion of particle density
wobkowwheeeor e materi al particles relative to thePCT/IR2007/054752

density of the core materi al particlesd!s in t?ﬁ)range

of 85%t 0.100% (2) The carrier according to ,

W&é‘?ﬁ?st%ag’é’ﬁsfé ﬁléftrt%degﬁbtyﬁaf hpatorgampitereal i s

in the range of 4.5g/cnB to 5.2g/cnB. (3) The carrier

PAddrdeagstd bhe renge of 8886 ¢2)10@%er ei n t he

magnetization is in the range of 50enmu/g to 100enu/g

when a(2) Gbe cersieechammgdéngcof (B, owherappthedlensity of the

thereto. (4) The carrier according to any one of (I)

coré 3patetial gartidlescierim vht afdride pard 56/@63its R 2Mcms.

My-Sr ferrite, a Wn ferrite, or a nmagnetite. (5) The

carri e(3pTher ¢hideaicording tol dnt oF (ﬁ?)and\ﬂéﬁ e@ega;g the

vol une resistivity when 500V / mmof electric i

?D?%h@ﬁzh‘ﬂﬁﬁﬁi@ ih%Hé"r&ﬂ%er&WQQeRfuc{% % %%ﬂ%@n*ghgefnla

16 Wcm (6) The carrier accordi'ng to any

4100 @é@tedm%fg?%ﬁergge@gfg Rpponld pg%+%e i ncl'udes

ard particles. _ rri accor ro (6),

et o PSP BB S e S e
AT S L e T,
orri g, (gr6?51 r?lg%éezc%ﬁe.mer ein the

(56) The carrier according any one of (1) to (4), wherein
the volume resistivity when 500V / mm of electric field is
applied thereto is in the range of 1 x 1011 Q-cm to 1 x 1016 QO-cm.

(6) The carrier according to any one of (1) to (5), wherein
the resin coating layer includes hard particles.

(7) The carrier according to (6), wherein the hard
particles includes of at least one selected from the following
particles:
silicon oxide particles, or
titanium oxide particles, or
metallic aluminum oxide particles.

(8) The carrier according to one of (6) and (7), wherein the
content of the hard particles of the resin coating layer is 5% by
mass to more or 70% by mass or less.

(9) The carrier according to any one of (1) to (8), wherein

the resin coating layer includes an aminosilane coupling agent.

7
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content of the hard particles of the resin coating
| ayer is 5% by nass to nore or 70% by mass or |ess.

wQ@ 2)o7/ibmsi1carri er according to any one of (1) tBCT(/8)2007/054752

wherein the resin coating | ayer includes an

am nosi | ane coupling agent. (1O The carrier according

to any 611& dthe( ¢araier (a@cordieg doranyienesf A1k dat(©Ong

| ayer has a cross-1iking product of thernoplastic
rvegeneiandha rggamawatin g dayar dral arcrserbksagigdodmet of
product of thernoplastic resin and nel am ne resin.
thleymlidye acaic resiraaadr digigah amihede sinvied HMatdi®ss-liking
thernoplastic resin is an acrylate resin. (12) A

vdhepesf {HGhHeh TMKtie reaih iaid aeRIHi NG rb@iRny one of
) to (I1); and the toner. (13) An inmage formng

met hOd’(Y‘iT)eTﬁiencaﬁ‘}i% %okgnifl%;tgquw; WhdEndaye! oper

according to (12). (14) T form ng nethod

gﬁggpgdb@gs%& &&s’i)éfi D! 2Ly ibhe eyl oper on a

eve bearing me I"SUS in a devel opi ng

Formed oot CEBeEdeRtntifuer, “and whorein o
2 dever b (8 bIdsarErrding teoamopirg ipradestDi1e)
Aprocess cartridge including: an i mage devel opi ng unit
usi ng t hangdeihsg B%?r-accor ding to (12) and the imge
beari ng nenber, and wherein the process cartridge is
det achab}3) Antehgd forming method, wherein an image is
formed with the developer according to (12).

(14) The image forming method according to (13),

wherein the developer on a developer bearing member is
used in a developing process for developing a latent electrostatic
image formed on an image bearing member,

and wherein alternate current and/or direct current is
applied as a developing bias for the developing process.

(15) A process cartridge including: ‘

an image developing unit using the (ieveloper according
to (12) and the image bearing member, |

and wherein the process cartridge is detachably attached
to an image forming apparatus.

According to the present invention, it is possible to
provide a carrier and a developer, which have less occurrence of

carrier adhesion and background smear, excellent granularity

and longer durability, and the present invention can provide an

8
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to an image form ng apparatus. According to the
present invention, it is possible to provide a carrier

wane7aomevel oper, which have | ess occurrence OPCT/aP200RI54752

adhesi on and background snear, excellent granularity

and | onger durability, and the present invention can
pEAS e doxmiingguetbodi mhivht heds thiei developert had a process
devel oper, and a process cartridge. Brief Description
@ﬁrthbﬁﬂmamﬁngs FIG 1 shows a cell used for neasuring
the volune resistivity of a carrier. FIG 2 shows a
machi ne for a vibrating screen with a super sonic wave
oscillator. FIG 3 shows an inage devel oping unit used

iBrith® osQ@sption BY G Drawidzs 4 shows one exanpl e of
an image form ng apparatus having the i mage devel opi ng

unit ofprd G s%-ov&:ig‘dceﬁl ﬁ{}%}éﬁfﬁﬁigﬂuﬁﬁ @v%{lque

I mge forn1ng met use e present |1 nventil on.

E 0 npl e of the process cartridge of
Ehgh%$g§§ﬁ¥ﬁﬁﬁ%§ﬁ?§gn. Best Mbde for Carrying Qut the

I nventi The,best node,of the i engnt ati on of:.the
pr esenw%v%ﬁpiow fi PRCBAngEoF 4 ﬁgbr 10 ?‘é‘?elé?rrbﬁvc‘% tH
the drawi.ngs. The carrier of the present invention
ﬁH@@ﬁdggnedWéVﬁdﬁgﬁﬁéﬂoBarticles havi ng magneti sm and
a resin_coating. |ayer,

FIG. 3 shows an image developing unit used in the

present invention.

FIG. 4 shows one example of an image forming apparatus
having the image developing unit of FIG. 3.

FIG. 5 shows‘another example of the image forming
method used in the present invention.

FIG. 6 shows one example of the process cartridge of the

present invention.

Best Mode for Ca;'rying Out the Invention

The best mode of the implexﬁentation of the present
invention will be explained with reference to the drawings.

The carrier of the present invention includes core
material particles having magnetism and a resin coating layer
covering the core material particles, wherein the weight average
particle diameters‘of the carrier particles is in the range of
22nm to 32pm, the proportion of the weight average particle

diameters of the carrier particles relative to the number average

9
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covering the core material particles, wherein the
wei ght average particle dianeters of the carrier

w@aswilelees is in the range of 22mmto 32mm t hBCT/JP2007/054752

proportion of the weight average particle dianeters of
the carrier particles relative to the nunber
Ravtaglepdrameter ds incths rangerpf hdQ 40 de26f theawntent of
1.20, the content of particles having a dianmeter of
aorriidesshaving a diamwebyr viA)nmher somaBar isf7%dry negss,
particles having a dianeter of 36nmor smaller is in
tithe camipmtodf 0ariey pasticleas hadvnhn dismetadbi Iepm or
proportion of the particle density of the core

rsah ellealispar the lrahgecb AV0YE byond e 4 llﬁo%fbé:i hady, 44¢ the
core material particles is in the range of 85%to

HQ¥orfivisof the sarfichd dehsifieoPiBectre ﬂl‘é&@ﬁ‘ié’ﬁp%)ﬁ;ﬁcles

reduce the occurrence of bacKground snear caused

%k&ﬁge%’éﬁ&'tgu_@i &éﬁéﬁﬁeﬁ%% %gg?ixﬂﬁ'i;&/i 1t Qi@%eiasn'

qual ity through I nprovefent o reproductiv

f [ yel f i dhesi op.
T ot S B0R DT 35E: im0 o essest
garrier of the present invention i,s in the range of
38k Fprsam, reducsERe gRureraae P Rk et within aae caused

?ﬁcur r.ence of ,Cir ri.er adhesion w il be reduced when )
eMA 5% Patticke digmeter) engilloredmpavg the igmage quality
| arger. however, the toner cannot truthfully develop a
threnehi improvementhef dot repanduetivity, andoffestivele

i ncreased, degrading the granularity. In addition,

medhee theneccwaresideyofichiricausdhbsigher occurrence of
background snears. Carrier adhesion represents a
phenonefihn wheglef average particle diameter (Dw) of the carrier
of the present invention is in the range of 22jim to 32um, and
more preferably 23pm to 30pm. The occurrence of carrier
adhesion will be reduced when the weight average particle
diameter (Dw) is 32pm or larger, however, the toner cannot
truthfully develop a latent image, and the dot diameter
variation Will be increased, degrading the granularity. In
addition, highér toner density will cause higher occurrence of
background smears.

Carrier adhesion represents a phenomenon wherein
carrier particles adhere to image portions and/or background
portions of a latent electrostatic image. Stronger electric field
can increase the occurrence of carrier adhesion. Image portions

tend to have less occurrence of carrier adhesion compared with

background portion because of the decrease in the electric field

10
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.a dianeter sma

carrier particles adhere to i mage portions and/or
background portions of a |latent electrostatic inmage.

wekeoangmi4 el ectric field can increase the occuPCEIRDOTI54752

carrier adhesion. Inmage portions tend to have | ess
occurrence of carrier adhesion conpared wth
Bﬁéﬁﬁﬁbﬂﬁéoﬁ@Ft ¥Yelo@enene of the decrease in the

el ectric fieldcaused by toner devel opment. Cccurrences

of carr OscuadpBeedofoagrier addreaive decansavohwylothycause
| ead to troubles, such as flaws on inmage bearing

tbeems yahel bto dwofibiemgsuch |y flaves on MiegetBearing
proportion between the nunber average particle

anansteas {ploraon fikin yeblelrsaves a08VRAALIKY BroparELE
(Dw), or DW Dp, is 1.20 or nore, the proportion of the

fbleti®r eeal the lasmblel! a@@rd%@éb%@%ﬁqe Aah LG (ﬁg) %ﬁﬁ{‘?ﬁe

to carrier adhesi on may degraded. In the presen
el DPerd el AIEE [ . cl.es Ving
B PPord i pREHR A (95D By DD B2 08
r 0 ess nd nor r ef er abl %
5567 PHeBE o 65 TR R SH e %
rtjcles having a dianmeter.in 20 or, | arger, exceeds
%/ﬁbrfsﬁ%sas‘}"% k%%ﬁﬁﬂ‘%rcigg 8?%%?%%##%3 P8n will be
wi den, ﬁ% part.icles, having a smal | rragcneti zation may
resi de PR e teinMRIHAO N theetn tegrtaet theldayrier
incrﬁﬁsing the occurrences of carrier adhesion. In
Radticlen hayiggsa dipreeteans eadlerx thas 20pm &5 7pablyi meess or
with the dianeter of less than 20mmis 0.5% by nass or
hastse prede sabilss fPablyemessdot less,cand pnové darefongbly 606 by
with high cost-effectiveness.
mass or less. When the content of the carrier particles having
a diameter in 20pm or larger exceeds 7% by mass, the particle
diameter distribution will be widen, and particles having a
small magnetization may reside on the entire magnetic brush,
drastically increasing the occurrences of carrier adhesion.

In addition, a desirable content of the carrier particles
with the diameter of less than 20um is 0.5% by mass or more.
This desirable condition can provide conditions with high
cost-effectiveness.

And the content of the carrier particles having a
diameter of 36pm or smaller is 90% by mass or more, and
preferably 92% by mass or more. The carrier which is coated
with resin and has a narrow particle diameter distribution has

less variation of the magnetization of each carrier, and can

improve the resistance to carrier adhesion.
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And the content of the carrier particles having a
di anmeter of 36mmor smaller is 90% by mass or nore,

wan@7posier ably 92% by mass or nore. The carri BCT/AWR0CH054752

Is coated with resin and has a narrow particle
di amet ei%q"‘ stribution has |less variatjon of the ]
magnet | ZAtiSnPEE SRl YeR tiog, thenwedght iaverege particle

resi stance t.o carrjer adhesion.In _the present

g Eatesn Wﬁer%@?’b‘ihngat/b? fgarpe, tihg eort aneteanial Particles
rzgﬁédi ng the carrier, the core material particles of

1 aF351dpr Al the tomesy isicalcalateldabade daredhorpdftécle
particle dianmeter distribution of particles (the

deamaten distvdortiohefmabcldabidt feRO6ADeRIGeH 8o
particle dianmeter) nmeasured on a nunber basis. The

neingber dvesedgfrapardricy end W& pharrt{dP8)di
by the fol | owing equation (I ;p%rm/ Z {1%%1?%2%%%%%%% on

aniiimber(basis) tTﬁeeﬂéﬁélilﬂﬁv(cﬁ'hrge(%%?ﬂ&o?esﬂfﬁﬁe?tﬂés(Dw) is

representative particle dianete parti

&gl ditteldb $adh mm%%.eﬁgﬁ.“gn r(zy)r esents the

nunber of particles resi n-each’channel . It

caual |5 vt d sgetre SEREMIE D & alanerers in
et R A N L
Fekibl S gt edEe BanL nR st les  wading antcach sbastnel, and
pasticle dianeters of the respective channels is

ShpF RERpe gt pygpber afep aniiples pesidage imaesthlchannel.
di aneter (Dp) regarding the carrier and the core
Iesownkd bganeterd ébabdfearchechannel is a length for equally
dividing the scope of particle diameters in the particle size
distribution chart, and 2pm is employed for each channel in the
present invention. For the typical particle diameter of particles
residing in each channel, the lower limit value of particle
diameters of the respective channels is employed.

Furthermore, the number average particle diameter (Dp)
regarding the carrier and the core material particles of the
carrier 1is calculated based on the particle diameter distribution
of particles measured on a number basis. The number average
particle diameter (Dp) is represented by the following equation,
(2).

Dp ={ 172 (n)} x {= (aD)}

In the equation (2), N represents the total number of

[{ -]

particles measured, “n” represents the number of particles
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carrier is calculated based on the particle dianeter
distribution of particles neasured on a nunber basis.

wabe@7nmsher average particle diameter (Dp) is PCT/JP2007/054752
represented by the follow ng equation, (2). Dp ={ 1/S

a (nD n the equation (2), N represents the
PSFATRE ARG ARG 89 drDaseR tanc iy b powsariimit alue
oi ﬁarti clesresiding in each channel, and D

&

n er, . _
rotetgl‘o%]%téﬁ {HRateRan ¢3¢k chaained Gupdrticle di anet er

i n each_channel iZn’r_r). The particle size analyzer

(Model  figoBaoticlesizeramalaceni@dodsl Hibaaer-Ka00,)

can be used as a particle size analyzer for measuring
whanpdaciwted byzHodiestell i 0N dam bBeugs 98N particle size
i nvention. Measurnment conditions are as follows: [I]

[
Raradgzef fparmbakerih@nbeassiti8E i Hf@f‘i‘b{lgﬂonqllﬁ'%ﬂ%l

| ength (channel width): 2mm [3] Number of channels: 46
p4bs&at nagkintgom ndex: 2.42 The particle density of the
core material particles of the carrier of the present

Mé’i@@ﬁfﬂ'@xﬂt%(ﬁ?&/ftﬁ?én?ggs %fgﬁgwtsr:ue density of the

core material partic € particle density neans

e PR e R 03 el 300 "D 1 1 6
B e Rl SR SRR st iy “cont ract . the.
H]uﬁudn%%irt&/f éﬁaaﬂfcieisnezlé:al cul ated vol ume of the
[4] Refractive index: 2.42

The particle density of the core material particles of the
carrier of the present invention is 85% or more of the true
density of the core material particles. The particle density
means the calculated volume of particle density which includes
the internal closed cavities Qf a particle and excludes dents and
cracks existing on the surface of the particle and opened spaces.
By contrast, the true density means the calculated volume of the
true density which excludes internal closed cavities of a particle
from the particle density. Further details will be explained
later, but it should be noted that the true density should
preferably be equal to the particle density of the core material
particles for maximizing the magnetic performance of the core
material. In practice, however, air will be taken into the core

material particles during a manufacturing process, thus, the

particle density of the core material particles is smaller than
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true density which excludes internal closed cavities

of a particle fromthe particle density. Further
waleaditbx1wni | | be explained |later, but it shoul BCh@P2007/054752

noted that the true density should preferably be equa

té%;he particle density of the core naterial particles

fidve WG Aensity ohdhengine matsaiabpauticdeni Mereore
material. In practice, however, air will be taken into
tapeciBeallyasar aler paropicattem dfim andic enden byt teliangve to the
process, thus, the particle density of the core
ratierdenhsipyr ¢ff thesors movétial ghantlhe e dehst vos air
the core material particles. Mire specifically,

FWld afe RxOPHI DI thl RAleWpudessihY dRkakiaMerif the

true density of the core material particles neans that
PA@iclek. gaps are existing in the inside space of the
core nmaterial particles. More air gaps existing in the

i nsi de e Rt L& Iy 1 he ..
manet | B narn8 iR, SECER M Y LSas BOHEF ardfartigles

i i ndi force (F I,S_proportional ‘to.t
tr‘rslaagls o% i%helﬁep(g]’llrl %ﬁgsl?laﬁé’ﬁéé‘? Bjé?ﬁlﬁgrfgg‘é%t@mrbnﬁpr’gletﬂgo
inside of rticles degrade,.t he, magneti c .perfornmance
SRIEHIEP RO S ERG SR hrRPAiBE, fR6S MY iR @ romoTtional to
gﬁgneti za(éj olgéhpar aneter of core material particles of

Rgee of th pagstnles. | deneecaimgapsirsisparaimttdresinside

suych as electrical resistance, reducing as nmany air
hpardiglesdrgrade kheimeignettoperfmtennak ofasubstaascess
possi bl e is desirable for enhancing the nmagnetic
i ankfirgy plastodegFn) by i ncreasing the nagneti zation on
a particle basis with | ess

As changing the magnetization parameter of core
material particles of the core often results in affecting other
parameters, such as electrical resistance, reducing as many air
gaps existing in the inside core material particles as possible is
desirable for enhancing the magnetic binding force (Fm) by
increasing the magnetization on a particle basis with less
affecting on other parameters.

Furthermore, variations in the total amount of air gaps
among particle will directly lead to the variations in their mass
of particles, causing generation of particles having extremely
weak magnetic binding force (Fm). The best practical way for
preventing such generation of particles having extremely weak
magnetic binding force (Fm) caused by the variation of total

amount of air gaps is to reduce the width of the variation

therethrough reducing the air gaps, as controlling the variation
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affecting on other paraneters. Furthernore, variations
in the total anmount of air gaps anong particle wll

wal2oogaviey4 | ead to the variations in their nmassPO/JP2007/054752

particles, causing generation of particles having
extrenel y weak magnetic binding force (Fm. The best

Bf &bei zmiougdyof air prkeanitegpatiikleedaraeganastufacturing
particles havi ng1 extrenely weak magnetic binding force
prayesaus parbiculhely ahifficubin of total anount of air

gaps is to reduce the width of the variation _

t her et T begharticlecdagsityeofithe gane, maseeidl paktiches bhehe
vari ati onof the anount of air taken into particles

duriiey ivaprdfaehbly MY5RIAEETS 5.2 oPabi ebAd b¥eferahly
difficult. The particle density of the corée materia

I
' f car gy [ r.abl -59/:
o o o AR W REn th PP AR desfbib o than

5
BB /BRL Wl clehsld o & OPER-HIAMB B WS finted
BECAUSE oo RFSHRBRF 37 Safef RbEhe SBFM ehEohdicabdl e
Bfial SRt SRt SR s AR Pt epsily
16 tofakra i Rs suge harQed cinason bkifr.o When the

be reduced, causing nore frequent occurrences of
particls dgawsaty sndesTibapatiig/rmidensingtf bindinpferce
material particles can be neasured with a dry
@lmo mailil b edeeditcodpt e m ARG 4 BiR] e mdrtifeach tiried Wwill be
Shi madzu Cor poration). And the true density of core
red eed dyl cpasingr e eC fire dage ke 6 Wi Atk day o freasiierWd hBSions.
The particle density of the core material particles can be
measured with a dry automatic densitometer (ACUPIC 1330,
manufactured by Shimadzu Corporation). And the true density
of core material particles can be determined by measuring the
particles after eliminating air gaps by smashing them.
Existing methods can be employed for smashing the particles,
and for example, a mortar, a millstone, or a ball mill can be used.
Whatever methods will be used, the most important thing is to
smash particles until all air gaps are eliminated. An X-ray
microscope (TUX-3000W, manufactured by Token Corporation)
can be used to check if all air gaps are eliminated.
The magnetization of the carrier of the present invention

1s preferably 50emu/g or more, more preferably 70emu/g or more,

when a magnetic field of 1,000 Oersted (Qe) is applied thereto.
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particles after elimnating air gaps by smashing them
Exi sti ng nethods can be enpl oyed for snmashing the

w@aswilelees, and for exanple, a nortar, a nm || SPOE@RP2007/054752

a ball mll can be used. \Watever nethods wl| beI

ed, the npst inportant thing is to smash particles

1§ capr chg%ng OSEHTEERER ﬁgt@drl%aﬂheayom critroangdre
(TUX- 3000W manufactured by Token Corporation) can be
pdatif vieatfor redruicingreayaper addesioni hheatppdhealue of
magneti zation of the carrier of the present invention
ithepmefgrethkgtivdermihgt Jomibed eandonerpaélensideynu/g is the
70enu/g or nore, when a magnetic field of 1,000
Qgrsteting Ba)tios, hppldved, therionghhs ceatizeflvaccdeecduce
occurrence of carrier adhesion. Fromthe point of view

fthe flagdivyngf €Re theEnd¥tebrQ8h, G HPREIuY %'Hb%lﬁfl?é Ikeegt at
magneti zation is not limted, and normally 150enu/g |

o o 61 SO B USSR AT s

.hmagneti zation can re

br ush, t S . at  100enu/ r
onder i A2 g%ﬁgﬁl e%?&h‘gfy%ﬁr&??taky‘ﬁgésﬁo%&%%.Cal‘"h% Haws on
I of .carrier, adhesj,on cause fl on.the
PRE S5 ERE bty mer hih AT BF o Piing xalfe with ¢ n

egradin he quality. of inmage The magneti zati on of
ﬂﬁgrgg}yg etﬁh,e ﬂﬂéﬁlté{ ‘{fj Ho6 868y s?%@e ERgnRAAdieR o e
is applied thereto, should not be snaller than 50emu/g
fRERE B‘feta%ltlif’c&b()(%@ Srnsded: (Oek magneticrfaghtis epplied
bi ndi ng force (Fm cannot be achi eved, that can be
theretd, rhowld ansihegsmiadber thanus @emad gofromarar peactical
adhesion, even if air gaps of core material particles
atendpomiatednough magnetic binding force (Fm) cannot be
achieved, that can be resulting in causing higher occurrence of
carrier adhesion, even if air gaps of core material particles are
eliminated.

The magnetization of the carrier can be measured in the
following ways.

Carriers weighing 1.0g are put into a cylindrical cell
with a B - H tracer (BHU-60, manufactured by Riken Electronics
Co., Ltd.) and then the cylinder is set on the apparatus.

The magnetic field is slowly increased until it reaches
3,000 Oersted.

After the magnetic field is slowly decreased until it reaches 0
Oersted, the magnetic field is slowly increased in the reverse

direction until it reaches 3,000 Oersted.

After the magnetic field is slowly decreased until it
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The magnetization of the carrier can be neasured in
the followi ng ways. Carriers weighing |. Qg are put

WO naog/1ee6ey | i ndrical cell with a B - H tracer (BEAB007/054752

manuf actured by Riken Electronics Co., Ltd.) and then
The magnetic

' [ IS .S on the apparat.us. ]
FREPGE I SRirsear T dHaga sty Pie oy dwsResed pobhe first
Qerst ed. After the nmagnetic field is slowy decreased
TATSGHIPR- reaches 0 Oersted, the magnetic field is

increased in the reverse direction until it
fleg\cl:\llhgsAg 008 ©&¥%e ean ¢ iHusthetedhgnishi thifsi mlediriss and the
sl owy decreased until itreaches 0O O_e_rst ed_,. the
ragreiizatioreafias 1000 Qsededredhdef givin HitBcii@Burde.
B - Hcurve can be illustrated with this neans, and

t he magfizeigsleisonf obrania 209 R uskadfoeapa e i/ SAnE Ran
the curve. Exanples of core nmaterials used for

bavei i0@nu/phhelgneaizatiys wABHUA 3, 000" Qb Zald Wa PASH 2
1,000 Cersted magnetic field is applied thereon, are

HaLd i i 3o iy O OGO o
AT, MG S 3 A
%ﬁ%gt%}??%g%;féwereé? Niggﬂfln%ﬁglef;es; %ﬁ%&%ﬁgggaéd I\)Inx
ﬁggpﬁ%%i_ti on proportion,

Ferrite is a sinter body which is usually represented by
the following general formula.

(MO) x (NO) , (Fez0s),

Where x, y, and z represent a composition proportion,
and M and N independently represent Ni, Cu, Zn, Lig, Mg, Mn,
Sr, Ca or other elements and are respectively constituted by a
complete mixture of a ferrioxide and an iron oxide (I1D).

For materials of core material particles used in the
carrier of the present invention, knownﬂmagnetic materials can
be used, however, magnetite, hematite, Mn-Mg-S¥ ferrite and
Mn ferrite are examples of core materials, used more preferably
for particles, which can have 70emu/g magnetization when a
1,000 Oersted magnetic field is applied.

The volume resistivity of the carrier of the present

invention when an electric field of 500V/mm is applied thereon

is preferably 1 x 1011 to0 1 x 1016Q-cm, and more preferably 1 x
17
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and M and N i ndependently represent Ni, Cu, Zn, Li2,
My, Mh, Sr, Ca or other elenents and are respectively

wa@onstioteut ed by a conplete m xture of a ferri orRCT@EP2a0M054752

an iron oxide (IIl). For materials of core materi al
pﬁ{/ﬁzi cles used in the carrier of the present ]
i EdO bk 1RAEdieagride e, wheay itals used Wétlysadappropriate
however, magnetite, hematite, Mi-My-Sr ferrite and M '
fagpppd ofrchasgmpediad tedhe tratan icalmyghisethgodensities
preferably for particles, which can have 70enu/g

pagnbe iokdiinadwhen a 1, 000 Cersted nagnetic field is
applied. The volune resistivity of the carrier of the

pr esent If tivevdlam evieesistivizlyest the chireisk of sEBOYEAThbS:
applied thereon is preferably 1 x 1011 to 1 X

1AM d M- caild chidir@eBl wilreatdily beXiidcd P td t)helgéfl}ge‘f,m

Thus, when it is used with an appropriate anount

¢HAF s iARPEAE Y b Artdscd P arrfIPHE R ?@19? vgﬁ€ﬁi les
f t% I £ y ‘of "the

can be obtained. | e vol ume resistiVi

GRVel &l id r I 1 fWcenl, ar.ges wi ll .

SESEAB P FRITULE R SR Sl SRR earing
rence carrigr .adhesi ons .when the devel opin

S 5 Shec P bp BiniREL TP Rl an i Ao afmally, a

ﬁgn‘oer .and the devel opi ng,sl eeve) i s_narrowed. )

P ridiS§tance 6artiedist aped fordavalopinggedor dpner in order
devekfping col or toner in order to _achieve sufficient
Lnsehieve sdhicientiraspBat aftiomercadhesiame Woorenwer, if the
resistivity of the carrier i s greater than 1 x 1016
vobwmecregigblyity ofttde ezerise ipotmratiey tfan Hext10¥6rQ-cm,
will be easily accunul ated, charging the carrier and
thergesofighecravamesecpslafity of the toner will be easily
accumulated, charging the carrier and increasing occurrences of
carrier adhesions.

The volume resistance of the carrier can be measured by
the following methods. As shown in FIG. 1, an electrodes (12a,
12b) having a 2mm interelectrode distance and 2 x 4 cm surface
areas are contained.in a cell 11 composed of a
fluorine-resin-made container which is filled with a carrier 18.
Then, direct current of 100V is applied between the electrodes,
and direct current resistance is measured with a
high-resistance-meter 4329A (4329A and LJK 5HVLV WDQFH
OHWHU, manufactured by YOKOGAWA Hewlett-Packard
Corporation). To measure the volume resistance of the carrier,

the cell brimmed with the carrier is tapped for 20 times, and

then the upper surface of the cell is made flat with a flat
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carrier adhesions. The vol une resistance of the
carrier can be neasured by the foll ow ng nethods. As

wab@wnoiond Fl G 1, an el ectrodes (12a, 12b) havPOmJeR0@mOH4752

interel ectrode distance and 2 x 4 cmsurface areas are
contained in a cell 11 conposed of a

mapmiagnatie spatule adongavhidr thaitop oEthe|dedl atiadtien.
carrier 13. Then, direct current of 100V is applied

Hep plseim gt pee s ot indes nemwdsdiryan fdlimrgup tesiceihmwdeh the
I's measured with a high-resistance-neter 4329A (4329A
aadriel SHVLV WDQFH OHWHU, manuf act ured by

YOKOGAWAHew et 't - Packard Corporation). To neasure the

vol ume Ml sbANGe AfsikfenEAbFitdle cd8efan BeiddRted by
with the carrier is tapped for 20 tinmes, and then the

A el t B fbﬁﬁelje%fisﬁa{}?ceicgk|thlestHacgﬁﬁf11e5§tinV\5ﬁ Rh@ core m ﬁerial

fl atnonmagnetic spatula along wth the top of the ce

?)Hﬁ%liegrhnd\‘%@r%g?ﬁi%tq;;l%ﬁ:i?mi %hﬁ%néﬁ%ezgﬁ%u%{]enductive

''ng up the ¢ e carrrer. Th 0
eesi Stane f the carrier .can be adj.usted .by adj usting
£FiI¢ PadttiiaR camPe qitachat 0 thesTor Bnedaiingofyer for
.erial rticgles and.control]i the filmthickness.
Gt B 1o uTe AEShiomice ok LRS ¢arion  AERBARSN the
resin coating layer for adjusting the_vol une ]
cewdichhiee fute praticlesi eendpetivenmedahe oetmesal opade
particles, conductive netals or netal oxide particles
paahicles muhand 7m0 aodidkdanidrsasi@ngsBnOehwhich is
prepared in various ways, Snq 2,which is doped with
vaepaus deireweniays Fa3a, Jn@2, vahit VBAopednatith ivearious
pol ynmers, such as
elements, TiBs, ZnBz and MoBg, conductive polymers, such as
carborundum, polyacetylene, poly (p-phenylene), poly
(p-phenylene sulfide), polypyrrole and polyaniline, carbon blacks,
such as furnace black, acetylene black, and channel black can be
used.

After conductive fine particles are thrown into a solution
for coating or a resin coating layer solution, these conductive
fine particles can be uniformly ahd sufficiently dispersed_ihto
the solution by using a media-equipped-dispersion machine such
as a ball mill and a beads mill, or an agitation machine
equipped with fast spinning blades.

In order to enhance coat strength of the resin coating
layer (coat) by giving additional strength thereto, other

hard-fine-particle components can be contained into the coat.

Metal oxide particles and inorganic oxide particles have
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carborundum pol yacetyl ene, poly (p-phenylene), poly
(p- phenyl ene sul fide), polypyrrole and pol yanili ne,

wa@asamed acks, such as furnace bl ack, acetyl erer/bb2mekgs54752

and channel bl ack can be used. After conductive fine
particles are throw into a solution for coating or a
Pegticelgady aprifayy rastigle diametess aohdffedtivenpas on
particles can be unifornly and sufficiently dispersed
iefta A gsbheicoah styengthd ecamsdi of aquighpedfidiibpdosiresin
machi ne such as a ball mll and a beads mll, or an
sginpenentseohihey eqel ppeftrabip dsst. sEinvwnombktadeds,
In order to enhance coat strength of the resin coating
sayhrag edan) iy, @iidisgd atthiivnabxs8iAWEIne BelebRidized
ot her hard-fine-particle conponents can be contai ned

740 chiebeased Melsdlp a@%itERATitid 6% BMed 'Wft%a?jce Fer

oxi de particles haveparticularly uniformpartic

o 2B 81 S rePdnef a?ﬁtigl\éﬁllglg%% g?#"'ll ﬁ:’]tgsﬁg% ngxlﬁ%eﬁoﬁttanium,

strength because of Y resin

STPRRIERSn, 8 UGS IR 2 72, 0

mat er na,  ox! di zed titanium
oxi di zedy zi nc.,an xidi.zed irpon can he used in . .
separ at h8dﬁ8FﬁP§A%6HﬂﬁP9 %’%?Féloﬁﬁﬁ%P?éFgﬂF%ﬁzto
e particle terial. Silica, oxidized titanium an
LRE oRk g Befaheyeian f ekpr vxample neelidulized
injecting the netal oxide particles into the coat is
BRpramade Wadkaxyrokydries nolysanids resiey ¢ oengtieen
ﬁN—aLkoxyaIk | at ed pol yam de resin) can be given heat
pafdoor nyiet Witle cees=issytys so tthatt thrweit is iselwsad Vato

Imnett(;mnol, then it can be given metal oxide paritlces and
dispersed uniformly with a dispersion machine such as a
homogenizer. Then, the dispersed solution obtained from the
above process can be mixed with nonaqueous solvent solution,
solution prepared separately, made of condensension silicone
resin having silanol group, and the mixed solution then can be
dispersed uniformly with the homogenizer. The solution
prepared as a coat solution by giving a proper charge adjuster
and a resistance adjuster will be applied to the core material
particles on the carrier.

The content of hard fine particles existing in the resin
coating layer is preferably in the range of 5% by mass to 70% by
mass, and more preferably 2% by mass to 40% by mass. A

proper content of the hard fine particles can be selected

depending on the particle diameter of the fine particle used and
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nmet hanol, then it can be given netal oxide paritlces
and di spersed uniformy wth a dispersion machi ne such

wa@sood/1ihmsmpbgeni zer. Then, the dispersed sol uti oPCT/JP2007/054752

obtai ned fromthe above process can be m xed with
ngonaqueous sol yent sol ution, solution prepared

FREGINC spifRcoRTednbeomssesi dhesanticaheasiogi affect of
havi ng_si | anol group, and the m xed sol ution then can
s@ adi wpldrdeay e@sef wheinytlwt chntent istegerihzer 5%Tbg mass, and
solution prepared as a coat solution by giving a
phepeccwhamnye afifhstdutaahth ent efilsdah tigagnusics s Wil
be applied to the core material particles on the

dactregse wihen o emitait Nahtbifd tRaRaT§%ChemE¥ESti ng
in the resin coating layer is preferably 1n the range

of 5% byHwesat QtrVe{lY oFRES rANH UGN r%{fetrrﬁ%l%g’%%

by mass to 40% by nass. A proper conten rd

ffh??h@f‘%ﬁﬂﬁl’?&(fﬁgyo%%gh%ﬁ%% %%?:ﬁg ;79,8 gzoglﬁ)g%lﬁ% agent.

particle dianeter e par e use

speci fi rea; haoyever, the anti-abrasion
ef f ect g‘fx;‘ gﬁogﬁ S\?vl0 2 ie]%:orség%ée \ﬁﬁé’ﬁﬂm% a&ﬁﬂatén’tls‘? ipgdhe
and t?&loccurrence of the detachnent

t han 5%.b SS
gﬁeﬁgpglﬁ%ﬁg&b%?ﬁr& 23194 PPS ncrease when the content
MBSO QbR an be furtner enhanced by
HiNBePSssT06Eihg agent s used Tn the prosent -
i nvention are as foll ows”™ H2ZN(CH2) sSi ( CH3) 2( OC2H5)
B 5 1(CiB) o (2015352 . |

H2N(CH>)3Si(CH3)(OC2Hs)2
HoN(CH2):NHCHSi(OCHzs)s
H>N(CH3):NH(CH2)3Si(CH3)(OCHjs)»
H2N(CH2)2:NH(CH,)3Si(OCHj3)s
(CH3)2N(CHz)3Si(CHs)(OCzHs)z
(C4Hy)sN(CH2)3Si(OCHs)s

Traditionally, silicone resins have been preferably used
for the resin coating layer because of their high charging
characteristics. Containing silicone resin in the resin coating
layer is also preferable in the present invention.

Containing the cross-linked resin component of
thermoplastic resin and guanamine resin and/or the cross-linked
resin component of thermoplastic resin and melamine resin in

the resin coating layer gives adequate elasticity to the resin

layer, reducing toner spent on the carrier and the coat abrasion
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H2N( CH2) 2NHCH2Si ( OCHS) s
H2N( CH2) 2NH( CH2) s Si ( CH3) ( OCH3) 2

WORMITHEBYLNH( CH2) sSi ( OCH3) 3 PCT/JP2007/054752

(CH3) 2N( CH2) 3Si ( CH3) ( OC2Hb) 2 (Cﬁl—lg) gN(CHz)SfS (OCHabI )3
raditionally, sjlicone resins have been preferably
LT]%VeanP 11%&@%18%*’%1“%@&?%% Shepks tevanddhsr resiai coatigly
hargi ng characteristics, Containing silicone resinin
ﬁﬁ@er ddienskoeks age| canged romsihe feicéiabbetimeerhthe coat
present invention. Containing the cross-linked resin
@drhbshertonelr ahdfombetween thesicarsietsguheasimeheeidtions
and/or the cross-linked resin conmponent of _
toicenmohtdsig the egjitatiot pedE@EsNfo1 BSkfionaltd1e ctEFidation
coating |ayer gives adequate elasticity to the resin

loaythie de&@lepeg toner spent on the carrier and the
coat abrasi onby enabling absorbing strong shocks

toward £Bathesidy %H@téf&%sll‘iﬁﬁﬁdt f@siﬁhﬁﬁg?{e%tc(?ysed

fromthe friction between the coat an “toner

o e SR B el Roatine
B EE SR R RRA kRt b Fonterhog Hettamipe, resin
BREvRRE 20 Pameca it Moroomaet wGHhRany e £beilest
SEATETESH0 LY yopen Gl hoge Hmvpor e bayer.col Hge one

| ayer. On the one hand, setting the content of the
baadasetbingshe contza of thegaanamine resin at 20% or more

provides higher improvement on the anti-abrasion effect by
making the cross-linked reaction of thermoplastic resin and
guanamine effective. ' On the other hand, setting the content at
proportion of 50% by mass or less can prevent occurrences of
excess hardening of the resin coating layer, wherein hardening
is caused from excess cross-linked reactions between the
thermoplastic resin and the guanamine resin, resulting in
making it easier to prevent the occurrence of that wherein shock
absorption is kept from reaching its potential because of an
insufficient elasticity of the resin coating layer, the insufficient
elasticity is caused thereby.

Containing the cross-linked resin component of
thermoplastic resin and melamine resin into the resin coating
layer and setting the range of the content of melamine resin

between 20% by mass and 50% by mass provides the best
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provi des hi gher inprovenent on the anti-abrasion
ef fect by making the cross-Ilinked reaction of

wo b@vmophasti ¢ resin and guananm ne effective. BoT/gPee07/054752

ot her hand, setting the content at proportion of 50%
by: mass or | ess can prevent occurrences of excess
ﬁi%féﬁmgt%fﬁ?rr@saasq the zepHy crayirs lawer.ei Pn the one
ggdeni nttgt_ is caused fromexcess_cross-linked reactions
nebete ttHes tther ¢aipieattt o£ the snalamdne e sgnaataBDfe or more
resin, resulting in making it easier to prevent the
peovtdenbagbér tinprovenenh whobk abisonbrasion sffceptby
fromreaching its potential because of an insufficient
elakingithy mbstHénkedi re agtadhng tleyhopld&ic resin and
insufficient elasticity is caused thereby. Containing

il a6 56 effd Bk . €O tEeMMMETha Al SBeEIMPLRE dontent at
resin and nmelamne resin into the resin coating |ayer

g@gp§ﬁﬁibinn(9f 509 b3n9&saf o Nes £ a0y rad 8?%\‘;?%([5?{% %gzc[egsc'i n

etween 20% by nmaSs and 50% by mass

F%?H@h?ﬁ%ioq'iﬂ}’e }Qsﬁgaﬁﬁ?g}?%%ﬂ?ﬁg%%{ tﬁgalt&%.ﬂ?%ing is

ayer. the one cont en

] resin at 20% or nore provides hi ghe .
PRGN Aot o, cFaRe PinPd SeBiBin Betvsp ke mgophastic
crass-li.nked reaction of thernopl ﬂsti c.resin and
Fefiihrrd Welamingeren easled; kepulidng, inaaking epsier to
cont ent ﬁt proportion of 50% by mass or | ess nmakes
Brevent thy ascvassnpartbareip shockeaheantiendsilept from
| ayer, wherein the hardening is caused from excess
reaehing Hisepotanidal dechatspeehin sreffhoipndstliastia sy ofadb
mel amine resin easier, resulting in nmaking easier to
msveetating logeur censed whereby. shock absorption is
kept from

Silicone resins and other materials can be used for the
thermoplastic resin used herein, but most preferable materials
are acrylic resins. All types of acrylate resins can be used here,
but those having Tg in the range of 20 C° to 100 C°, more
preferably of 25 C° to 80 C°, should preferably be used.

Those having Tg in the range of less than 20 C° can
cause more frequent occurrence of blocking, lowering durability
at normal temperature. Those having Tg in the range of more
thanl00 C° can make the resin coating layer hard, making
elasticity insufficient, and can result in reducing ability to
absorb shocks well.

The coating resin layer should preferably contain charge

adjuster for obtaining an adequate amount of charges on the

developer. Particularly, using an aromatic sulphonic acid or a

23



10

15

20

25

reaching its potential because of insufficient
elasticity of the resin coating |ayer caused thereby.

w@Rdoraeesed resi ns and other materi als can be usedI/iRm07/054752

t he thernoplastic resin used herein, but RIDISt f
referable materials are acrylic resins. A types o
gﬂ?‘%ﬁpd%@lPe”sqlfjrsfoé'a"rh%@%gédiuﬁ%&re,cabmeSﬁﬂbé@ Hgble
in the range of 20 C° to 100 C, nore preferably of 25
ceachiogr WAth guanaminefwasibl yndahised réhosdkdllel ng
Tg in the range of less than 20 C' can cause nore
faddgeting effactrdndearge bhncke nbtainudr i fdaderiahs lthtag can
at normal tenperature. Those having Tg in the range of

ber asé fdok QB 43 geandjedeR rt fte 1RSI lINGOSd ito0H YRl td1anTh
maki ng elasticity insufficient, and can result in

meetion® dheks ! ¥ndocARIACPu§8 QTHhR rWBlalte riH8, c88h 29 carbon
resin |l ayer should preferably contain charge adjuster

bk cRLLAL A NEeidhc %Q%Q}S?’s[t? AIPYBb 8 Tm G REF8S c%lrﬁ h@eused
| v, Ul phonic

devel oper. Particul ar using an aromatic s

%%H?t r APRY eraig?oﬁpi q}:{ﬂ;oryﬂﬁggg, gg. %it reﬁg‘géifﬂr

resu in preferable reactions W fii e
t hus, .a remarkabl e adj ust.i ng, ef f.ect of char can
BTt it fatta 4 Enittayeiln BE eccﬁt@éysfch%\?éé;s
juste not ljmted _to e materi al s. nenti one
@t@iyaﬁ%‘?ﬁrﬁn}%ﬂl useHehy Mtleriiab¥tes b, ddehrasonbe
bl ack and/or ~acidic catalyst, and those materials can
Héeasegmé? astdir catplyshpreaetiva. smarporswilnels, integrity
generally used for carrier or toner, can be enpl oyed.
atkylatienttaines tmetlplologr Gmp dypst 4040 o geowpd dyper ed by
Mtsui Cytec Co., Ltd.), can be
methylol/imino group type, can be used, but not limited to types
or groups mentioned here. And they also can be used as a
resistance adjuster.

The carrier of the present invention can be obtained by
un-stiffening or smashing magnetic material, then classifying
the crashed material so that particles of specified diameter can
be obtained, and forming the resin coating layer on the surface
of the classified particles, or the core material particles,
obtained thereof.

Classifying includes air classification, sieve
classification, or other classifications. The vibrating screen is
used for carrier production, however, a traditional vibrating
screen used generally have very low efficiency on classification

process because of a disadvantage caused by small diameter

particles that tend to become stuck in a fine screen of the screen
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used. For acidic catalyst, reactive groups, such as
integrity al kylation type, nethylol group type, imno

w@e@apoleype, or nmethylol/imno group type, canPOBIRDEH)S54752

but not limted to types or groups nentioned here. And

" . d .resi stance adjuster. The

LSt 0 SO B TaF ok BT Rt
- St i ' [ ti at erial, en

SRaEhek YT e Rt iftemcal Ao raly e eiecices ot

S eci.Pi ed. di ameter can be obtained, and fornming the

F’%sﬁsﬁ 1£8519th 0T £1re PeW date allowiee coflladteng llassohlyed0% of

articles, or the core material particles, obtained
&P’u%reé'&\h.'e eradyictyi Athisnisl belesusé thel wssti paeabl @he product
sieve classification, or other classifications. The
15 mrzednyith peetidlesuded 40s reardveal bpr fEbieldification
however, a traditional vibrating screen used generally

heoce seeipcreasiald the @oey seveeh@¥sidi cation process
because of a di sadvantage caused by small| dianeter

parti clGerhehid ek drO abRGRRB dSLRCK gg{‘%gglﬂkﬁ SHigen

of the screen(netallic nmesh) during > Irgaelsgﬁ for
1 1 A i e, e. :
LI SR RLINE BT AT O LG BB ER R wiph the

Jcirﬁénpﬂ%?féneaéélﬁlzwengsgg lgllesg tég‘g%gi%réfg{c%ﬁg%@ 8 t%i?;g

ey DLaonet h!Shls ticles that are renoved b
ARl LR BRE L5 01205, SRS,
sevearal fold.. Gyen.this factor, a method.that.gl ves
eélt?\p;bglfessté’n?’lﬁ%%t iobtasm srallpesticles aéshatatienyg dthe
s%:llgﬁgirftih%%{ |2(())r111n\:llvI a{r?d t’cgecut them sharply.

The super sonic vibration used for vibrating the metallic
mesh can be generated from converting high-frequency current
into super sonic vibration through a converter. The converter,
in this case, uses a PZT transducer. Super sonic vibration
generated from the converter needs to be transmitted to the
sympathetic vibration part fixed on the metallic mesh, so that
super sonic vibration can vibrate the mesh. The sympathetic
vibration part to which super sonic vibration is transmitted
vibrates sympathetically, and transmits vibration and vibrates
the metallic mesh on which the sympathetic vibration part is
fixed. Normally, vibration frequency is in the range of 20 kHz to
50 kHz, and preferably 30 kHz to 40 kHz. .

Any shape can be used as long as the shape is in an

adequate form for vibrating the metallic mesh, and normally
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screen machi ne can be used as the way to efficiently
obtain small dianeter particles and cut them sharply.

wab@7metelod enabl es to efficiently obtain smal PCT/IP2007/054752

particles of dianeters of smaller than 20mm and to cut
them sharply. The super _sonic vibration used for
Vi1BEANfyle Meedet al he vibwehicmdibectjendioated ratomg the
converting high-frequency current into super sonic
vhbtatliomesh shgmld porfeenbly beThertdoallerter, in this
case, uses a PZT transducer. Super sonic vibration

gener at e hfer oradhieecfoweilheitingadse tordish WidRSdNsipR sonic
to the synpathetic vibration part fixed on the

eaeé loiseilTR6dy iS@hbhat iBUPEG. 20N Tn WIE 3L i@ & @etsents a
(0]

vi brate the nmesh. The synpathetic vibration part

Wb $AEISHP8Er SEHULC () HelrbQBntsS o égrriﬁ@ﬁéﬁdcaé&%ﬁ oGS 6

synpat hetically, and tfansmts vibration an rat

tla L ' ' synpatheti.c.vi bration
ga?trglgsﬁjfél §§5f@§%r fﬁ% ’il%}%lce\%egllr%gta} r?*r@&ﬁéﬁﬂle? ;{:5?1 t he
I 20 k 50 k nd preferably 30 kHz to 4
%%?ggiéﬁ@tssﬁa%‘:&%iﬁca%ea S UBLEePBRP IS Trioitaba TiaE (1)
an_adequate.formfor vibrating the nmetallic nesh, and
HSPHE?%% ﬁggﬁﬁs qUE NG T Gibles i(§bi I@PEEEERHH af or
vi brating the ggt allic mesh should preferably be
GapveEtgr, amd (Rherpresents i yng Bhgpedeflameen with a
super sonic wave oscillator is shown in FIG 2. In

FI G 2, Highrsoasarnyscarxdr & sngpdrkeéadhe ¢@)verter (8)
represents a cylindrical container, (3) represents
throwgh, thetyabbp( @k entor derbasactisust ailitemacKize for
represents a netallic nesh, (6) represents resonant a
vilbueptifg)screen with a super sonic wave oscillator (circular
screener). High-frequency current supplied to the converter (8)
1s then converted into the super sonic wave. The super sonic
wave generated from the converter (8) then vibrates the
resonant ring (6) on which the converter (8) is fixed and the
ring-shaped flame (9) linked to the resonant ring (6) in the
vertical direction. The metallic mesh (5) fixed on the resonant
ring (6) and flame (9) Vibratgs with the vibration transmitted
from the resonant ring (6) in the vertical direction.

In the present invention, the core material particles can
be obtained from classification of the smashed particles of
magnetic material. Ferrite or magnetite core material particles
can be obtained from classification of the primary granulated

product, which is yet to be burned, burning the product, and the

classification of the product.
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represents high-frequency current cables, (8)
represents a converter, and (9) represents a

wo 2ovgAstsaped fl ame. Hi gh-frequency current i s BOpDP20€m054752

to the converter (8) through the cable (7) in order to
activa&g th@ machi ne. for vibrating screen wth a super
soni ¢ vAVEtREmPre: the (carréer ganshe eaeduced from the

H gh-frequency current supplied to the converter (8)
rhassifigatty ef the ¢oncomateriabparsivhes whese stirfacampare
soni ¢ wave generated fromthe converter (8) then
ooverxadksithethreesesiamtoating {fyenn Wwink thee ncacivierd, ethe
(8) is fixed and the ring-shaped flanme (9) linked to

eechiesofantibiatin f63cried nt Wetly 8fipedadolicr RalvieOdscilR&or, at
metallic nmesh (5) fixed on the resonant ring (6) and

bhel®1683ifVediohas adel 15 phefarapation transmtted from
the resonant ring ( in the vertical direction. In

the preprBtddval6pt: YT t_l'%élqgrggéﬁt gﬁ{ztgﬁ't?dn eﬁﬁéﬂa& 8325484

be obtai ned from cl assi ation € snmas

Igg:%éi%gf§h&ch%%eaf ?hé’%%rs‘e 't-ingv%ﬁ{t‘it%g aﬁ%%agé‘%%f ®Using

erial particles “‘can be abtain
i.fjcatiqn of the pr.inmar ranyl at ed product,
Gl $ho Bals, Wisihia Dig wh Rt A adRiar tlao
he cl assi.fication of the product. Furtherpore, the
WIPPEeT of thsetanetyin S (Ul asfe ahesperitaly dheosarier,
é;)re na_teréél particl es whose surfaces are covered _

] Karker eksthe possend inypationspagvides hattimerannbarity,
machi ne for vibrating screen with super sonic wave
oseblingt bighert quaditycimegiesi twabe qratemal.i s
preferable. The devel oper of the present invention can
be obt dilmedoner used in the present invention contains a
colorant, a fine particle, a charging adjuster, a releasing agent
and that like in binder resin which mainly made of
thermoplastic resin. Any type of known toners can be employed.
The toner can be produced with toner producing methods such as
a polymerization method and a granulation method, and can be
in either amorphous form or spherical form. And either
magnetic toner or non-magnetic toner can be used.

The following materials can be used alone or in
combination for the binder resin of the toner.

Examples of materials for styrene binder resins include
styrenes and homopolymer derivative substitutions of styrenes,
such as polystyrene and polyvinyl toluene,.

styrene-p-chlorostyrene copolymers, and copolymers of styrenes,

such as styrene-propylene copolymers, styrene-vinyltoluene
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by using the carrier of the present invention and a
toner. Using especially the toner, wherein the weight

war@ragsiparticl e diameter of the toner is 5SnmPOT/JIPW6E(54752

and especially the carrier, the carrier of the present

i nvention, provides better granularity, enabling
rﬁoé’r?i}’mcﬁréb istyrenagesthyl serptaieueenolymers, ostorrensedthyl
in the present invention contains a colorant, a fine
Feryilate copobraegs ngtvinesbatyl @ crylates cogobgrersand
that like in binder resin which mainly nade of
siiEremeimethyl mesihm cradyte wpe odf mareysty ones stdgh be
enpl oyed. The toner can be produced with toner

pnetheryd atetdopady sicls, asy e ROt VBl mathaeryeifeod and
a granul ati on nmet hod, and can be in either anorphous

fcopolpimesRhety £ethe fo@%H‘loMe%h&h%er%f%g%@%ﬁyﬂers,

non- magneti ¢ toner can be used. The follo

BB £5h & ar50n 91 M5 6D GHyARELO o LG LN AT o 118
bi frlder resin %f tlhe ‘?%ng;m Qaﬁ%{}ggl%g?i% }éf‘%%a@ efli’f)hrer
sb¥b LN L RS | tyrenes_and honopol yner
GopPEARCRs S Re VE ) B50HET) BPUAS SO 0RiymiSt.

[ nd _pol yvi nyl toluene, .

Oy G AR Rl kBt s ity RS 1sqmaeBE RARAEFRE TS,
s{: renes, such aa styrene-propyl ene copol yners,

§ %’fee‘he‘e-n%? Ctfide yorgheped sixreaesmakeipycid ester
acr%*ate copol yrers, styrene- ethyl acrylate
EBRBIXREFrS, astyhieanders) suehyasmeedupobglmnsthacrylate,
styrene-nethig@nethacrylate copol yners, styrene-ethyl
ketrheo)y meshespplateerand stpeescshohyds pelyanryl chiloride,
copol yners, styrene- a-chloronethyl nethacrylate
pggsmlywdrzsqetate, polyethylene, polypropylene, polyester,
polyurethane, epoxy resin, polyvinyl butyral, polyacrylic acid
resins, rosins, modified rosins, terpene resins, phenol resins,
alicyclic or aliphatic hydrocarbon resins, aromatic petroleum
resins, chlorinated paraffins, and paraffin waxes.

Of these, polyester resins are particularly preferable in
terms that the melt viscosity can be reduced while ensuring the
storage stability of a toner as compared to styrene resins and
acrylic resins. This type of polyesters can be o.btained, for
example, from the polycondensation reaction between alcohols
and carboxylic acids.

Examples of the alcohols include diols, such as
polyethylene glycol, diethylene glycol, triethylene glycol,
1,2-propylene glycol, 1,3-propylene glycol, 1,4-propylene glycol,
neopentyl glycol and 1,4-butene diol; etherified bisphenols such
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styrene-acrylonitrile copolynmers, styrene-vinyl nethyl
et her copol yners, styrene -vinyl nethyl ketone

wa@opahiyzses s, styrene-but adi ene copol yners, PCT/JP2007/054752

styrene-i soprene copol yners, styrene-maleic acid
copol ynmers and styrene-mal eic acid ester copol yners,
acr izlzfl-bibﬁhmhroec,ymathyﬁscydbhykaml, yorephaooy st e,
butyl polymethacryl ate, and others, such as pol yvinyl

diydaroigdm ated yisphdnalcAt oty oppletatyilyhated bisphenol A,
pol ypr opyl ene, pol yester, polyurethane, epoxy resin,

ROy ¥k Pyp rdpstlyhalte dopisydemdli £; devsldrdsaltvhdlaabn®mers
nodi fied rosins, terpene resins, phenol resins,

HhEVSH Eafh o 1IN aboGe MMdTAESH @M IEERLN Sonfs MBRLL is
petroleumresins, chlorinated paraffins, and paraffin

%’b%zirtégedt Gﬁsaesa[?ﬂi'é(ﬁeg% Bk d1?§ét{{t§raad'eﬁ Hgﬁ&b@ﬂ%%éroup

pre e |1 terns t the ne VI ScoSity can

?%%%%d?) %i féﬁ c%@%ﬁg:\'t %&)S gre 8?%8{; Z@?ﬁi&%ﬁ gllgél)fo inoanomers;

oner Ta s conpare crylirc

resjns. This type of | yesters can be obtai,ned, for.
aithEriyalPhd an Bosgon i haEhEar i o REes it h aovesapitol
| cohgl s and carboxylic acids. Exanples of . the
il’éo%éf e?‘ﬁBPJ&éraﬁol:é{'S% itags netasrryheHelgl yeol |
di et h{l ene glycol, triethylene gjl4yco| , 1, 2£rogyl ene
o .

dipestaenythyitehyirepentpgrsgthritoly sycapseed sdpnetriol,
neopentyl glycol and 1,4-butene dioL etherified
i, 2 ghpealtanstcivds glycerdli &¢ medhylprepayk)trighl ohexane,
bi sphenol A, hydrogenated bi sphenol A,
2omecthydt hyp, 4 risih £0h birspheitdn odhyiol yokypeppylmsehetbl
bi sphenol A; dival ent al cohol nonomers wherein each of
phepaheyement 8 Zredi ) &ahgim e PRPPBERLE nks

Examples of the carboxylic acids used for polyester
resins include monocarboxylic acids such as palmitic acid,
stearic acid, and oleic acid; maleic acid, fumaric acid, mesaconic
acid, citraconic acid, terephthalic acid, cyclohexane dicarboxylic
acid, succinic acid, adipic acid, sebacic acid, malonic acid;
divalent organic acid monomers that each of the above-noted
carboxylic acid components is substituted by a saturated or
unsaturated hydrocarbon group having 3 to 22 carbon atoms;
anhydrides thereof dimer acids contain a lower alkyl ester and a
linolenic acid; 1,2,4-benzene tricarboxylic acid, 1,2,5-benzene
tricarboxylic acid, 2,5,7-naphthalene tricarboxyiic acid,
1,2,4-naphthalene tricarboxylic acid, 1,2,4-butane tricarboxylic

acid, 1,2,5-hexane tricarboxylic acid, 3,3-dicarboxy methyl

butane acid, tetracarboxy methyl methane;"
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substituted by a saturated or unsaturated hydrocarbon
group having 3 to 22 carbon atons, other dival ent

wa@b@ohadé14rononers; and trival ent or nore hi gh- B¢ Talk007/054752

nmononers such as sorbitol, 1,2, 3, 6-hexane tetrol,
,4-sqgrbitan, pentaerythritol, dipentaerythritol,

t]]répfz%f %%‘%%R%FP&FBF?E%%%Y genbpld trimer afdds iagd trivalent or

1,2,5-pentapetriol, glycerol, 2-nethylpro rane triol,

FUER ROy Y2 %I%'lé‘i’PéYﬁP @cidtmppenmgtobuehtemenhydrides of

trinmethyl ol propane, and 1,3, 5-trihydroxynethyl
easemeidexanpl es of the carboxylic acids used for

pol yester resins include nonocarboxylic acids such as

pal i ti Eoadihe, eporpmiesincedoxanedspheignlgebddemmheion

acid, fumaric acid, nesaconic acid, citraconic acid,

pepdpbtdleitorerai Bisghehohaxand «fjical WY dFiretd. can be
succinic acid, adipic acid, sebacic acid, malonic

agkd; adid/8phepifiokaam f1ACHE HRNATRES 1INl 8 e%%{)gg

above-noted carboxylic acid conponents is substit

o R AP0 AL I AL BP0 Ty P R e
(R0 L OUEtA A EBT ORGD | ST B8 v 0ns,
SR04 e BRI e SELER
ToRLATERSH Co- abfR) 34l Winctonsd00i: hoPinaraha 08di 1l
tetracar boxy nethyl nethane;
manyiagtyeedney Sheld S hemiraks dabam Ltdidrer acid, and
trivalent or nore polyval ent carboxylic acid nononers
such asThelvpderaets osetlhesthagrésent invention include of
known dyes and pigments, they can be used alone or in
combination, and the examples of the dyes and pigments include
carbon black, ramp black, iron black, ultramarine blue,
nigrosine staining, aniline btlue, phthalocyanine, hansa yellow G,
rhodamine 6G lake, calco oil blue, chrome yellow, quinacridone,
benzin yellow,_rose Bengal, triarylmethane stainings, monoazos,
disazos, and other types of dyes and pigments. |

The toner can be a magnetic toner by adding magnetic
material thereto. The magnetic material can employ
ferromagnetic materials, such as iron and cobalt, and fine
particles, such as magnetite fine particles, hematite fine
particles, Li ferrite fine particles, Mn-Zn ferrite fine particles,

Cu-Zn ferrite fine particles, Ni-Zn ferrite fine particles and Ba

ferrite fine particles.
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For the epoxy resin, epoxy resins polycondensation
products between bi sphenol A and epi chl orohydrin etc,

weann7heeused, and specific exanpl es of commer cPel/iB2007/054752

avai | abl e epoxy resins include Epom c R362, R364,

R365, R366, R367, and R369 (all manufactured by M TSU

o L co Inonder tegavewaiiipient conprolion thy fuigtional
YD-904, and YD-017 (all manufactured by Tohto Kasei
cdectuifigationnd thsotoaer,1062; c4lded clangingordjwdter,

manuf act ured by Shell Chem cals Japan Ltd.). The

aokbalnt sougddxi amtine qrmpent dsvech ixznaimekalieoafplex salt
known dyes and pignents, they can be used alone or in

adniiomataizons t ad At & @i E9EHDINGS a@fi d t4ied dness ARc Hi @FeNt s
i ncl ude carbon bl ack, ranp bl ack, iron bl ack,

Wall i /T8¢ iaBed PhHBH tRbY ALi DO rSdRIa hkid) :
pr?t hal oc;lani ne, 9hansa yel | ov]f/ G ar Eggg}nﬁﬂe& GGﬁfﬁ%,ﬁc

Q:glnfﬁlé%i bf @d','gCr %*ifPé‘Eaaéﬁ'dq%ztnﬁ}&d}?&f | H90Er RRPZI N

yel l'ow, rose’Bengal, triaryl methaneé stal nings,

ﬁﬁoz.?f.s(z ' a er. types of,dyes ,and .
giﬁgrren g 023{73 gﬁgrd’g)gfngiéa%lcn%gﬁé‘taincbf’ocr?é(}tadﬂl}egddi ng
magneti g,material thereto. The netjc terial, can
ool oy L HEaRLE SRR Crr Bl 1o SLURA b thP dipmarit
cobalt, and fine particles, such as magnetite fine
PACEEERES, hematite fine particles, Li ferrite fine
particles, Mi-Zn ferrite fine particles, Cu-Zn ferrite
fine patomcmealecnilayweighti pelynmepylane dowsmnidcBlar
ferrite fine particles.In order to give sufficient
sogighd| polyethyléne ctavmabibal wakesf ntizrbery atalline waxes,
toner, a so-called charging adjuster,
jojoba waxes and rice waxes are examples that can be used alone
or in combination for the releasing agent. The wax material is
not limited to those waxes listed here.

An external additive can be added to the toner. The
toner must have flowability in order to obtain a high-quality
image. To impart flowability to the toner, it is typically
effective to.add particles such as inorganic particles and
hydrophobic-treated inorganic particles, however, the
hydrophobic-treated primary particles should preferably contain
inorganic particles wherein the average particle diameter is in
the range of 1pm to 100pm, and more preferably 5pum to 70pm.
The specific surface area of the inorganic particles based on BET
method should preferably be in the range of 20m?/g to 500m?/g.

The following materials can be used if certain conditions

are met. Examples are fine silica particles, hydrophobized
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nmetallic conplex am no conpounds such as a netal
conpl ex salt of nobnoazo staining, nitrohumc acid and

wo b@74edeti4 t her eof , salicylic acid, naphthoi c apCTIIR2007/054752

di carboxylic acid netallic conplex of Co, O or Fe,

am no conpound, quaternary anmmoni um conpound, or )
sikiani fathyeacithmetal alss sa¢h Theine daarage aguhelegrinum
be added to the toner if necessary. Low nol ecul ar

wee ghateqongpabpyxides, stonasotibaniay alemgha, tin oxide and
pol yet hyl ene, carnauba waxes, mcrocry stalline waxes,
eajtol@nyasesd@nandifteorepelymee magripd esnthnpiedan be

used al one or in conmbination for the rel easi ng agent.

The waxErpeeidldy grefopibld Bkicehd]l adtkseswaxes |isted
here. An external additive can be added to the toner.

TR o MIbi A siiRYE ti{ VB0 1unYid D FAL A9 rER188E aiflk @mples
hi'gh-quality image. To inpart flowability to _the
beefical finbSpdMRLRALLY FEDTEH @ﬁ%ﬁ%g&g% OBLEDK H

SUC as_lnorganlf par cles an he’ h hlgT reéte g
SRR P Y TBR P AP BRI e
i S S e

70mm ,The specjfic surface area of the_inorgani
Rets (o lmpinstla coret by noo s ARR O e o abig e i n
the range of 20nR2/g to 500nR/g. The follow ng

Heroanpaes of dimtébélaug@@ partielte are STAIB0I SAL-HHE efall
Exanples are fine silica particles,

myain o fdcthireedbi | Tican kogytoy Caci Btdot AIAEal 46 (sumhufsctured
zinc stearate and al um num

by Fuji Titanium Industry Co., Ltd.), MT-150W, MT-500B,

MT-600B and MT-150A (all manufactured by Tayca Corporation).
Particularly, examples of hydrophobized titanic oxide are T-805
(Nippon AEROSIL Co., Ltd.), STT-30A, STT-65S-S (all
manufactured by Titankogyo Co., Ltd.), TAF-500T, TAF-1500T
(all manufactured by Fuji Titanium Industry Co., Ltd.), MT-1008S,
MT-100T (all manufactured by Tayca Corporation) and IT-S
(manufactured by ISHIHARA SANGYO KAISHA,Ltd).

The hydrophobized silica particles, fine titania particles
and fine alumina particles can be obtained from the process
wherein hydrophilic particles are treated with an aminosilane
coupling agent, such as methyl trimethoxy silane, methyl
triethoxy silane or octyl trimethoxy silane..

The toner used in the present invention should

preferably have weight average particle diameter (Dw) in the
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stearate, netal oxides, such as titania, alumna, tin
oxi de and anti nony oxi de, and fl uoropol yner may be

waeoowanzwed. Especially preferabl e external addPeT/ye07/054752

are hydrophobized silica, titania, alumna fine
articl les of silica fine artlcle are HDK H
3408 ﬁlf;'z %/94811%@14 DR Epefqgmb Iy13.5pK 19 13080,
&?EW rranuf ait ured by Cariant Japan K_K ), R972,
4it 1@eb Iimitash t0 kheovaksobeanin R8 The gbntent of the

nanufactured by N ppon AERCSIL Co., Ltd.). Exanples of
tpngnitglative aearvies isreoSPrr8ulsTly 856i%d ad may be
manuf actured by Titankogyo Co., Ltd.), TAF-140
cmatalilacseleede yinFagdorHdrere wri’thl"lxlwsmt}erﬁbd ulsed however,
M- 150W Mr-500B, Mr-600B and MT- 150A (all

el paefew=tel ydY platech ol RO 3bi TH parba by ﬁi’ds’%r &é’latlve to
exanpl es of hydrophobi zed titanic oxide are T-

Boppart AERGRkls S (2l
Elrangl?act ur ggﬁby S%taﬁlékggi%leéo?ﬁdﬁtgg’resg%AF 5 C?sf ?lparts by

Eﬁfgsl%)@'b ght tured by Fuji TitaniumIndustry
Co. , . f) S'I%n EJl%‘l%'/ﬂ' 100T (all manufactured by

Tovee BB AT o SR 031 U b
%%E%%%‘e@m&h”aﬁs% LR R i e Tpreddse Calliemnter
ﬂﬁgaophl lic particles are treated with an am nosil ane

I'i ng agent, such as nethyl trinethoxy silane,

nmet hyl tr| et hoxy silane or octyl trinethoxy silane.
The t odét the arasentHaviemdient wibereini idre shovied of the

present invention is used, the toner has charge amount in the
range of 10nC/g to 50pC/g when the carrier coverage of the toner
1s 50%, the weight average particle diameter is in the range of
3.5mu to 7.5um, the distance between the developing sleeve and
the image bearing member is 0.4mm or less, and alternate
current is applied as the developing bias, high quality images
will be obtained therethrough less occurrence of carrier
adhesion.

The image forming method of the present invention is a
method to develop a latent image using the developer of the
present invention. Sufficient image densities can be obtained
by applying voltage therethrough, wherein direct current
voltage is superimposed with alternate current voltage, is
applied as an external developing bias. Especially, preferable

granularity at highlight parts can be obtained.
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preferably have wei ght average particle dianmeter (Dw)
in therange of 3.0mmto 9.0mm and nore preferably

WE2mrdend 7. 5mm but it is not limted to the PEL/IR2007/054752

herein. The content of the toner relative to carri.er

is not particularly limted and may be, suitably

sel ect edlighegcuBpgardensities ean havbdidteeddecanoreatr

it is preferably 2 parts by mass to 25 parts by mass
Aglprdwemeots 0f qrarier byhesien ofnd leel geae ffieet asawdlihmse
preferably 2 parts by mass to 20 parts by mass. In
addreasa oftthe backgcoendiemehenaaekindetiortdoreathdeharge
nmeasured with a call counter (manufactured by Call

@auotuet dft tbner hadt tiee Peesbsihindbens idtrewbe! @nd K€ toner
carrier of the present invention is used, the toner

R35e¢hab GR1a6R Lo kRel b ridNhcflade B bR e Svide
when the carrier coverage of the toner is 50% the

\{tﬁgg@} AEEBGRRALY] cl e dianmeter is in the range of
3.5Mm t

o /’omm the di stance between the devel oping
and al t S ESe SRR M, (EEBRRe v R TnitEh B S e
ShiSt o e e e TETBhEE 1 BcfFY EloTicEnh configured
BIRHEIPD 76 Bp CleT EPEHUF RS aIPAE Athendive 1 Bpee
of the present invention. Sufficient inmage densities
daArbes gpea hraybyyusing Vheglerslonge aftidreephesemyt invention
wherein direct current voltage is superinposed with
&b tfermaevisuble i age, teagd cainsbe detachably attached to the
body of the image forming apparatus. The process cartridge
may be further integrally provided with a charging unit
configured to charge the surface of the image bearing member,
such as a charge brush; and a cleaning unit such as a blade
which is configured to remove a residual developer remaining on
the image bearing member surface.

Next, the image forming method and the image forming
apparatus of the present invention will be described in detail
referring to drawings, however, these examples are described for
explaining the present invention and are not intended to limit
the scope of the present invention.

FIG. 3 is a view schematically showing one example of
an image developing unit used in the present invention, and

modified examples which will be hereinafter described are also

included within the spirit and scope of the present invention.
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applied as an external devel oping bias. Especially,
preferable granularity at highlight parts can be

wobdcditomsds Hi gher | mage densities can be obtai nedT/JP2007/054752

because of inprovenents of carrier adhesion and edge
effect as well as increase of_ the background smnear

mar gi nsintiikreBora impgecteygorimsunnilbofOtigsnarranged e as
devel opi ng bi as decrease, and the toner coverage

tel facevan tmage bearingmembreangfs anehbbe iimp go developing
hi gher inmage density. The process cartridge of the
praset is préntarily bampisddeata davéelmgea ghekeiviegd haheing
and a devel oping unit configured to develop a |atent

%dseﬁtcieﬁvﬁla%éﬁ beradf gl erElle O dee ol 5PgE R hBINFRIDEF 42,
by using the devel oper of the present invention to

208 BB VhEIdY 83 §BG8AN RS L8dn PO 18I AR rabhachedipport

to the body of the inage form ng apparatus. The
Qﬁg&gﬁ§ cartridge may be further integrally provided
wth a charging unit configured to charge the surface

of the 089% ggﬁﬁ??gggggbﬁéwﬁ%ﬁg%ggﬁﬁ %E)%rrglelrgrol’rlls%e side

and a cléanin |

Cc i gured t.o renove a [esidual devel oper r i ning on

B8 et Es i Tig e rabCE ath 2 AORREMODH o 1D g he 25 2
form H}g nmet hod and the image form ng apparatus of the
BPBEEMOUSREP A bh 1oF housangex épnped § angigteathereof is fitted.
referring to drawi_ngs, however, these exanples are

desz deyedoper hoysiagnp art ¢hewpiek datlocatedtadincant tartdre
not intended to limt the scope of the present
itouentioppeFi&.adiis cvnfiguwrsd tenmbnsalal gesbbyiary one
exanpl e of

containing the toner and a carrier 23, a developer agitating
mechanism 47 is provided, and the developer agitating
mechanism 47 serves to agitate the toner 21 and the carrier 23
as well as to give a frictional charge or a stripping charge to the
toner.

Inside the toner hopper 45, a toner agitator 48 as a toner
supplying unit which is rotated by a driving unit (not shown),
and a toner supplying mechanism 49 are arranged. The toner
agitator 48 and the toner supplying mechanism 49 are
configured to send the toner 21 residing in the toner hopper 45
toward the developer housing part 46 while agitating the toner
21.

In a space between the image bearing member 20 and the

toner hopper 45, the developing sleeve 41 is arranged. The

developing sleeve 41 which is driven to rotate in the direction
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an i mage developing unit used in the present
i nvention, and nodified exanples which will be
wheosoeitomiit er descri bed are al so i ncl uded w t hi PCT/R2007/054752

spirit and scope of the present invention.In FIG 3,

an j.mage_devel oping unit 40 is arranged so as to face

A lﬁag%d athe@riewotr the, figuaethe neage ofey drovingyunit
unit 40 is_primarily conposed of a devel opi ng sl eeve
nodethowig) dnsa denghepdm deshowg) eenivéng w5 demelgopdic
housi ng nmenber 42, a doctor blade 43 serving as a

doetd gehiengtimerbern| walnethais ipabietrabdgdoddtedattH@elative

support case 44 which has an aperture on the side of

tghesitioag eo ttaariimggaaiﬂwlog@nﬁalﬁmo ih@p@@rof%esaévgret&nng

as a toner housing part for housing a toner 21 insi

tdheeeefai.s fitted. In a devel oper housing part 46
which is |located adjacent to the toner hopper 45 and

i s confitgiy g tc}robi&)cg% i W04 NG e
toner and a c%rri er %%%%%%%g;y %&%g}fl?%gg the
' Z.J:S.P ided, . .And tthe devel oper itatin

SO D RO U540 oYL Bhe R SR e
carrier 23 as.well as to give frictional charge or a
Jdeviehgpag i’c%ﬁlag IPSHESh%r t4%nbsr ?‘%'PEH%}F%‘L toHdier sSHBPOKbEREE 44

, toner agitator 48 as a toner supplying unit
@ﬁ}f‘cﬁ"i“'g"? 5911%3%01130}/5 argapgedg 1nnikis(eramplenin a atrten
toner supplying nechanism 49 are_ arranged. The toner
Aghers an ugeanpaenavitdnarcanipph yWisganeehadkiegh Botween the
configured to send the toner 21 residing in the toner
Bdgeecof Hise doworl bilhde dbY alrabéhe houisirng rpam fe46 nobi dwerface
agitating the toner
of the developing sleeve 41.

Using such an image developing unit in an unlimited
manner, the image forming method of the present invention is
carried out as follows. The toner 21 sent out from the inside of
the toner hopper 45 by action of the toner agitator 48 and the
toner supplying mechanism 49 is conveyed to the developer
housing part 46. Then, the toner 21 is agitated by means of a
developer agitating mechanism 47, and the agitation force gives
the toner 21 a desired frictional charge or a stripping charge,
and the toner 21 is carried on the developing sleeve 41 together
with the carrier 28 as a developer to be conveyed at the opposed
position to the outer circumferential surface of the image
bearing member 20, and then only the toner 21 is

electrostatically bound to a latent electrostatic image formed on

the surface of the image bearing member 20 to thereby form a
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21. In a space between the image bearing nenber 20 and
the toner hopper 45, the devel oping sleeve 41 is

wareoangwds The devel opi ng sl eeve 41 which i s dPCT/@PR0072054752

rotate in the directionindicated by the arrowin the
figure by means of a driving unit (not shown) has a
MABRELMFR 0Fhblp L mAge brgrinme anpmyran 2. fi el d

generating unit which is inalterably |ocated at a

rel ati VEI%OSA i$ anvieov tskbeimmageadly shopiing wmé ex4@ople of

i nside of the devel oping sleeve 41. The doctor bl ade

43 imaiget fgmainy aapbaahed dpuipie dexehoisy ihags dgveloping
menber 42 on the opposite position where the devel oper

haiisishewieipeFI162 3.5 Atrbasldethé i - SHPPOiin £85Bedting
The doctor blade 43 is arranged, in this exanple, in a

ot S B0 €a &Th d LI HIABEr VB S Na A i%é%??gp%is§ﬁ§rk§%tth§1 33,

kept between the edge of the ‘doctor € 43 an

%’r}iﬂa q&i&%é We‘if)ggt‘fg lﬁﬂrtfégﬁé,\e/aeﬁfixﬁgge %?X?ls?%eg5§,l %% aner

g such mage op1 Ng uni

803 e SRS Bhinh R PR B PO B Bl e hismgpee.
K 3 FaPe O FbR e mh S PO 8 ARt PG AR & noncdhtact
R T o R e s i
means of a devel oper agitating nechanism 47, and the
agPraxigg teby @e?aglimegmdwh@nghezimaae desining member is
frictional charge or a stripping charge, and the toner
ghaiged dihriomghobhe hsedeff éhopihargd esvmbét 3Dgdideurface of
the image bearing member 20 is charged with an electric field in
which an alternate current component is superimposed to a
direct current component by using a voltage application unit
which is not shown in the charge member 32. With this
configuration, it is possible to reduce nonuniformity of charge,
and the surface of the image bearing member 20 can be
effectively charged. The image forming method including a
developing method is performed with the .following operations.

A series of the image forming steps can be explained
using a negative-positive process. An image bearing member 20
typified by an organic image bearing member (OPC) having an
organic photoconductive layer is charge-eliminated using a
charge elimination lamp 70 and is uniformly negatively charged

by a charge member 32 such as an electric charger or a charge

roller to form a latent image by means of a laser beam applied
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with the carrier 23 as a devel oper to be conveyed at
t he opposed position to the outer circunferenti al

wamaewiof the i nage bearing nenber 20, and tP€TJRR00%/054752

the toner 21 is electrostatically bound to a | atent

el ectrostatic i mage forned on the surface of the inmage
feam ap meagerexdbdiogt syestemy FDsocht onerladsexgepional sgstem
i mage bearing nmenber 20. FIG 4 is a view

oheims icaskel thehobédslgitenealeraspltheqfotemtiahge ekposedgareas
apparatus equi pped with the i mage devel oping unit

SBAWR ert I Bt hdt Hﬁ%@%gb@@ddéf&&s?hape i mge bearing
menber 20, a charge nenber 32, an inage exposing

system %3laste|}ebé£H19Fs @ﬁi’i%‘c&cﬁ"f?&muﬁ' éexﬁ@ooxﬁi‘uéﬂﬁgﬁser to

transferer 50, a cl eaner 60, and charge elimnation
f. th
SFAR L B e R 00 o B

S face of. th ge in

?ﬁﬁ%ﬁﬂ R ShiBRERuBLaRH. ST oL ARe ipLfeq RE A fpgdnember 20
beari n nber s charged t h th use f t.he
é’r?éflﬁeég gPngh MPFOTR Pa%.@wfg RolygaBal melfi mpich is

nmber 20 is_charged with an electric field in which
5ﬁt&F1tD@ ahtee hegh rshre d bopormne ladent jara g 68cthe omage
direct current component by using a voltage
depiringtmemben sunfach | Theolatemdvwmage themsthigghis way
menber 32. Wth this configuration, it is possiblet o
nedieoelopadnidiorgrat de vélopearwhiclhrdnthén s ar fraceuné dfhe
i mge bearing nmenber 20 can be effectively charged.
Thaekaoe o oartied d@d Hedupislioditoga alaiailepopg rde sé kad

is performed with the follow ng operations. A series
Qbriies iPeeldWI1BhRY KlARA cCAR B £1R! B8 age developing
unit 40 to thereby form a toner image. When the latent image
is developed, a developing bias of an appropriate amount of
direct current voltage or an alternate current voltage
superposed to the direct current voltage is applied from a
voltage applying mechanism (not shown) through the developing
sleeve 41 to areas between exposed areas and unexposed areas
on the iniagé bearing member 20.

Meanwhile, a recording medium 80 (for example, paper)
is fed and sent from a sheet feeding mechanism (not shown) to
be synchronized with the edge of an image at the position of a
pair of resist rollers (not shown) to be sent in between the image
bearing member 20 and an image transferer 50 to thereby

transfer a toner image onto the recording medium 80. At this

point, it is preferable that an electrical potential of a reverse
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usi ng a negative-positive process. An image bearing
menmber 20 typified by an organic image bearing member

W@ S¥Todsavi ng an organi ¢ phot oconducti ve | ayerPCEIP2007/054752

charge-elimnated using a charge elimnation lanp 70
and is uniformy negatively charged by a charge nenber
Iwlaytty Gpmrihd polavidytfatlyetoner zhargegee nginleed tas a
forma latent inmage by neans of a | aser beam

dpphiséelf boas do il pa aeeptisingfesysthdm 3Thewechfias, ahe

| aser optical system(in this case, the absol ute val ue

afecohéippeadivn 80 iexqsacthtedef®h &Heoi&ﬁégbﬂ%hﬁh@t
of unexposed areas). Al aser beamis emtted froma

AT al 13 bbER] atﬂl‘ﬁrfs‘féfﬁ%%atg@? i mage

bearing menber 20 in the direction of e rotationa

axi s of xt q | r ' I

mrror iAnﬂgSIghquggt 0 p%%&gﬁﬁgﬁgfg}}gv% [ c%@ibs%%fo?g?lﬁgalber
' t Jdmm he, i e

50,7 BhALGERTRE & Robs B R HARHE Y MRl R eloanex

tW{ s.way..is vel oped usi.n evel oper which cqgntains

o0 By itao ot RRER np b 88e o Rty a G nie BRI < o

a devel gpin | eeve 41 serving as a devel opey bearing

menber et%%ﬁ?wgﬁt%%%ayﬂge GARVeRBdtte 2 HEEd9PeEr m

a toner inag?. Wien the latent inmage is devel oped, a

qe1agi parblnet shomnlappdépr pataneimbaoppesf4dibyeaction of a

current voltage or an alternate current voltage

daper pesydling umét dnpécthaum} éntbevoéused. i s appl i ed

froma vol tage appl yi ng nechani sm (not shown) through
t he dev&hepimggsl foeveindl appaantas hayeearesppaedtus

areas and unexposed areas on the inmge bearing nenber
3Pherein a plurality of the image developing unit described above
are arranged to sequentially transfer a toner image onto a
recording medium, and the toner image is sent to a' fixing
mechanism to be fixed by heat, etc., or may be an apparatus
wherein a plurality of toner images are transferred onto an
intermediate recording medium once, and the toner images on
the intermediate recording medium are transferred onto a
recording medium at a time to be:fixed in a similar manner as
mentioned above.

FIG. 5 is a view schematically showing another example
of an image forming apparatus used in the present invention.
The image bearing member 20 is provided with at least a
photosensitive layer on a conductive support and is driven by

action of driving rollers 24a and 24b. In the image forming

apparatus, the surface of the image bearing member is charged
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Meanwhi l e, a recording nmedium 80 (for exanple, paper)
is fed and sent froma sheet feedi ng nechani sm (not

wabaand2eto be synchronized with the edge of anPCTeRpOOEIS4752

the position of a pair of resist rollers (not shown)
to be sent in between the inage bearing nmenber 20 and
Y nping theghargemenbes 32ernpymagansieairesadnarthe

i mage onto the recording nmedium80. At this point, it
imggebenabng némibeansel fcer by aisipgt Em imlags egposing
reversepolarity fromthe polarity of the toner charge
e tapgll syesteas 38, ttrlenshargebisadetoldpeal byegsing ahsfietgge
50. Thereafter, the recording nmedium 80 is separated

fdeemléping tage 4N deioldRsd $hdge & keah ofded HftRa
transferring i mage. Aresidual toner remaining on the

irBBELA R S U DF s gl the Phlage! fididFeRet i
col | eci?iiaggn charrb(re]C?ﬁGZS ngthi ni’ﬂgac e?%e% goeb;?tg%taivcl)%goa}

j I 6 . ' )
Cofo BRI 82 BTe dlcAhi e R TEBREordf by wsing o
._sh df. t .45 ti f
B3 ol AR T AR 2o R, 2 RBPH 5B AT ol ).
. . ¢ wh .
STEHed By Br e Phash ite S ASan e mrb s Poch thB ove
are arra e(&l t 0 sequentjally transfer a toner inmage
Iﬁ%ﬂl&l& gg% A%y am itilm ipagethraniggemeamhgs surfaeats

to a fixing mechanismto be fixed by heat, etc., or
ghgrse elimapphe dttus uaieg sl aharge wlamingtin {amgr 70. The
i mages are transferred onto an internediate recording
abdivenmemdeo newh ¢ rtolce s& deare demgddy qrertfbemiedt. er edimimage
recording mediumare transferred onto a

forming apparatus shown in FIG. 4, the image bearing member
20 (in this case, the support is translucent) is subjected to a
pre-cleaning exposure treatment from the support side.

FIG. 6 is a view schematically showing one example of a
process cartridge of the present invention. The process
cartridge has at least the image bearing member 20, the
brush-shaped charge member 32, the image developing unit 40,
wherein the developer of the present invention is contained, and
a cleaning unit at least having the cleaning blade 61, and the
process cartridge can be detachably attached to the body of an
image forming apparatus. The process cartridge of the present
invention has each of the above-mentioned components as a
process cartridge, and the process cartridge can be detachably

attached to the body of an image forming apparatus, such as a

copier or a printer.
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recording nediumat atinme to be fixed in a simlar
manner as nmentioned above. FIG 5 is a view

waedhemedsical | y showi ng anot her exanpl e of an i PED@P2007/054752

form ng apparatus used in the present invention. The
I mage bearing nenber 20 is provided wth at |east a
phot oseHsireadeer, dherpvesen tcomcrictiovewslppe fturbner i s
driven by action of driving rollers 24a and 24b. In
dleeciibrgbih dethilreferaiag te, Ekhenplesf and Obnigwrdtiage
beari ng nmenber is chargedby using the charge nenber

32218016 SBHEWeY e@X PR §fF @R nltHie vigtRgen Heah o U mitvedeto the
surface by using the i mage exposing optical system 33,

08 108B G + SmPIVE! ORELHILIESHEOG JtBE {HRO®p AepebPPhHAgts"
unit 40, the devel oped inmage is transferred onto a

%g@%&'&ﬂﬁs gﬁﬂ#ﬂg%a‘é@' rb‘}p"rﬂe‘é_”rct:sggﬁnééé"”sﬁﬁfeegs gtherwise

I'hg a cor onha tharger, ing exXposure is
enfor by using a pre-cl eaning exposure |ight
EBGP%SE , a residual toner is cleaned by using a

brush-s ed cl.eani,ng unjt and, t he cl eani ng bl ade
61, and{?ﬁéﬁi“fﬂﬁgnlg%gmﬂﬁ ﬂgiﬁgr‘ar%urface i s charge
elimnated by using a charge elimnation |anp 7Q0. The
above- nBALY®HEd 9%8Bess is repeatedly perforned.l4hPagts
i mage form ng apparatus shown in FIG 4, the imge
bear i ngQvénigeridang mhagemta pagmentie support is 3.5 parts
translucent) is subjected to a pre-cleani ng exposure
t r eat mneFlubriore-tbetsuypey quateema Gm B1drs van \§ad W 3.5
schematically show ng one exanple of a process
partsi dge of the present invention. The process
cartridge has at |east the i mage bearing nenber 20,
the The components stated above were sufficiently mixed
together using a blender, and the mixture was fused and
kneaded using a biaxial extruder. The kneaded product was
standing to cool, and the cooled product was coarsely crushed
using a cutter mill. Next, the coarsely crushed product was
finely pulverized in a jet stream pulverizing mill, and the
pulverized powder was classified using an air classifier to
thereby obtain toner base particles having the weight average
particle diameter of 6.8 pm and an absolute density of
1.22g/cm3.

Next, to 100 parts of the obtained toner base particles,
0.8 parts of hydrophobized silica fine particles (R972
manufactured by Nippon AEROSIL CO., LTD.) was added, and

the components were mixed and then sieved to thereby prepare a

toner.
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brush- shaped charge nenber 32, the inmage devel opi ng
unit 40, wherein the devel oper of the present

WO pvenbvieoh i s contained, and a cleaning unit aPCt/@eee07/054752

havi ng the cl eaning bl ade 61, and the process

cartridge can be detachably attached to the body of an

i(Rargd uicdron Fixampae afuSarmies) process cartridge of the

present invention has each of the above-nenti oned

dBrpduenion Bxampileddss cartridge, and the process

cartridge can be detachably attached to the body of an

i mage f Gihicogeappahaidlaticucholdd eepitesf 20% by mass): 75

printer.Hereafter, the present invention will be

fygdtger described in detail referring to Exanpl es and
npar ati ve Exanpl es; however, the present invention

(@R Bl fikfub 08 1) 30 PP RDRIINETO ks BOUIE

not ed t "part rts" represents "part by nmss”

Qg3"p35?§ by mass", unless otherw se indicat ed.
(Produc rgn Exanpl e of Toner) Polyester resin- 100

t [ i done. t. i t: 3.5 ‘ .
Pl uor | RS AT 3. SUGTEPRA TEhiBRFe BAIA0% 6 mass): 10
parts The conponents stated above were sufficiently

M3%&8 together using a bl ender, and the nixture was
fused and kneaded using a biaxial extruder. The
B

KREAasen dadflbt mam facinae d dxt Higash! Ghemipel Ese Ldd.)
product was coarsely crushed using a cutter mll.
Next, tHeleenes&D) maxkshed product was

Butyl cellosolve: 100 parts

In order to make resin coating layer forming solution,
the components stated above are mixed and fused with a
homomixer for 10 minutes. The core material particles (A) in
Table 1 were used, the surface of the core material particles are
coated with resin coating layer forming solution with a
Spilacoater (manufactured by OKADA SEIKO CO.,LTD), forming
the layer of 0.3pm in thickness under the qondition wherein
temperature is 55°C and forming rate is 30g/minute. And then
the particles are dried. The layer thickness is controlled with
the amount of the solution. The carrier obtained from the
previous process is then burned in an electric furnace at
temperature of 150°C for 1 hour, and then after it is cooled,

smashed with a sieve whose opening is 100pm. Table 2 shows

the physicality of the carrier after this process.
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finely pulverized in a jet streampulverizing mll,
and the pul verized powder was classified using an air

webasabicier to thereby obtain toner

Tabfe

base parti BCEIP2007/054752

havi ng the wei ght average particle dianmeter of 6.8 nm

and an absolute density of 1.22g/cnB. Next,
ts of the obtained toner
Hydrophob|zed silica fine

base particles,

particles (R972

to 100
0.8 parts

manyfactjur edl byreN JpomeAEROSTL CO-, LJD.) waf added,
and |t he |conppri&ft’s (WerE i xed and the11§hgged to
Mcirherew PpEPRbRtides t| GBIl Protiuct | Onre Exa m]axlt Of Mag- Core
atpxi : of d ization ;
raalsl|igglh) | ©Pr pdlgE? gn 1981 ) (S code geSF%ng material
sol yti on (so isgdaigort endierOf O@bby nas;)x1@ parts
(SR2411,| manuf Bd¥urled®ly DOW CORNI NG TORAY S LI CON
gl) ). ACTY dre % Sol yTi &%)II l{htent fl Cu-zZn
0% lf%\E/-Innqq 1()§t8 rt q§ tar%”rip’%fﬁ) mgaisnf ct urp4 h%rrite
Bi t ashiz |Ghen] cal 56d. , bnd.) Tek yene1s 100spar s Butagl| w2
é‘lio§oive.1 TO0 part Sei- order [to_neke Se% coatiNycu-Zn
aver' far'ni'ng sofitli on®*fhe Edfpondht s si%?ed‘abofﬁ ferrite
are |pkxed.and fused W bhisa h@ﬁmnixsﬁaiorséﬂzninutag. gzgg
Thecore nmaterial—gartictes '1’—’\%‘ H—Tabte—t—wereused; ¢, 2,
¥he |SUPf|ldc? bf t Ad [cor 8%-fmt efital p%ﬂ? cl 88"4are 48 | ferrite
F 22.2 |1.13 7.2 93.5 4.46 5.19 85.93 48 fC“'.ZI‘
errite
G 31.1 | 1.17 5.4 88.9 4.46 5.19 85.93 48 fcu'.zn
errite
H 22.0 | 1.12 6.7 93.3 4.39 5.19 84.59 48 fC“'.Z“
errite
I 26.4 | 1.15 6.2 91.6 4.49 5.19 86.51 48 fC“'.Z“
errite
J 26.5 | 1.15 6.3 91.5 " 4.54 5.19 87.48 48 fC“'.Z“
errite
K 26.6 | 1.15 6.1 91.4 4.98 5.19 95.95 48 f“'.z“
errite
L 26.3 | 1.15 6.2 91.5 5.04 5.19 97.11 48 fC“'.Z"
errite
M 26.7 | 1.14 6.4 91.8 4.55 5.20 87.50 52 fC“'.Z“
errite
N 30.1 | 1.18 6.6 90.2 7.12 7.81 91.17 99 PImn
owder
o] 30.5 | 1.17 6.5 90.3 7.21 7.80 92.44 102 PI‘“
owder
P 27.1 | 1.16 6.3 91.2 4.79 4.88 98.16 74 Maf;‘e“
Q 27.3 | 1.16 6.4 92.1 4.87 4.98 97.79 76 fM’?
errite
Mn-Mg-
R 26.9 | 1.16 6.3 91.8 4.72 4.88 96.72 75 Sr
ferrite

43




coated with resin coating |layer formng solution with

a Spil acoater

(manuf actured by OKADA SEI KO CO.

, LTD),

wo evoritoagi4 he | ayer of 0.3mmin thickness underP¢H@P2007/054752
condition wherein tenperature is 55°C and formng rate

i's 30g/ m nute.

And then the particles are dried. The

Taypde 2 hi ckness is controlled with the anount of the

soluten—The—carrter—obtainedromrthe, preyious
process i s then burned ijn an ehiegidkil Gonkdtk BACE at
tenperature pf JR0°C forl 1 hoearticland serétesaf t ey, d-t 1S volume
cool ed, smashediewiat h A" si 8Yel WIS op¥AfHY | sethaam resistivity
Tabl e 2 showsPahidephy'si cal I tly satud:he Gadier ef Eeust [Q-cm]
this process} Tabl e 1Tablle 2(|Prbduct i ori%BExanpl e 2) All
conditions—were thelsamd as thBswlin mastuckion
PWﬁ‘i’f’ﬂP(EKﬂ m(rpﬁf t h32-"tiHe2core nhferial®darticleddp 3-42E*16
ProqucFgb[Fe- 4 wer e Bused31-And-8 |carri®f \was Yot pi ned. 48| 3.15E+1E
PeRr@OuEki DN [Exampl e | 3).8Aliliiclondi t 6.6S wWe4ss | he sane | ass.44E+16
PhRR&Ra IR, Producihi on |kxanple 1, exgept the.cpre 48| 3.20E+16
P%B&foh%‘ particiges Gsip [hahlle 1 Wepe USeg,; ANd 8 45| 5.99E+16
PW%W‘?P(‘EX’I? m(r‘pﬁ‘r t h{:ﬂjt He'clore nEiferi al 89p]r-1 f icled8p 8-81E+16
Producrmb[Ba- 8 wer e Hused 22-And-'4 |carri ®f (was Bt ai ned. 48 | 3-44E+16
PeRa@UExi ©Nn Exanpl e |8).0Alllisclondi t 6.0ns Wetles t he sane | ass.22E+16
ptdae&8niEA. F oductsi on [Exanple |1, exeept thats t he coue| a.s51E+16
pPRLELL & Parficlkes koh B |haBlle 1 g9 91.5 48| 3.11E+16
Production Ex. 12 L 26.9 | 1.15 6.1 91.6 48 3.05E+16
Production Ex. 13 M 27.3 | 1.14 6.3 92.0 52 3.21E+16
Production Ex. 14 N 30.7 [ 1.18 6.4 90.3 99 3.02E+16
Production Ex. 15 (0] 31.1 | 1.17 6.5 90.4 102 3.10E+16
Production Ex. 16 P 27.7 | 1.16 6.2 91.3 74 3.34E+16
Production Ex. 17 Q 27.9 | 1.16 6.3 92.2 76 2.91E+16
Production Ex. 18 R 27.5 | 1.16 6.2 91.9 75 2.97E+16
Production Ex. 19 Q 27.9 | 1.16 6.3 92.2 76 8.50E+15
Production Ex. 20 Q 27.9 | 1.16 6.3 92.2 76 3.42E+11
Production Ex. 21 Q 27.9 | 1.16 6.3 92.2 76 5.68E+10
Production Ex. 22 Q 28.0 | 1.16 6.3 92.2 76 6.14E+15
Production Ex. 23 Q 28.0 | 1.16 6.3 92.2 76 5.97E+15
Production Ex. 24 Q 28.0 | 1.16 6.3 92.2 76 6.22E+15
Production Ex. 25 Q 28.0 | 1.16 6.3 92.2 76 5.88E+15
Production Ex. 26 Q 27.9 | 1.16 6.3 92.2 76 |  6.02E+15
Production Ex. 27 Q 27.9 | 1.16 6.3 92.2 76 | 6.08E+15
Production Ex. 28 Q 28.1 [1.16 6.3 92.2 76 5.99E+15
Production Ex. 29 Q 28.1 | 1.16 6.3 92.2 76 | 6.31E+15
Production Ex. 30 Q 27.9 [ 1.16 6.3 92.2 76 4.11E+15
Production Ex. 31 Q 27.9 | 1.16 6.3 92.2 76 3.87E+15
Production Ex. 32 Q 27.9 | 1.16 6.3 92.2 76 4.05E+15
Production Ex. 33 Q 27.9 | 1.16 6.3 92.2 76 3.90E+15
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we@r@daaelsion Exanple 1,

were used, and a carrier was obtained. (Production
Exanple 6) Al conditions were the sane as those in
except that the core nmaP€r/iedo07/054752
particles Fin Table 1 were used, and a carrier was
obt ai ned. (Production Exanple 7) Al conditions were
the sane as those in Production Exanple 1, except that
the core material particles Gin Table 1 were used,
dPatod uchior Exampleai ned. (Production Exanple 8)All
conditions were the sanme as those in Production

Exanpl eAll cexdefibnishabré theCosd d1at ehioge AProdu@sidh
in Table 1 were used, and a carrier was obtai ned.

(B¥ 284k Do Rl 182 01 h &l doreORditk b RNISp BRI B SRMBIIAS 1

those in Production Exanple 1, except that the core
[ parti ¢l R T : re used, and a

i bdPad B Bt Bl I or e 10) AT

ivt 1 0N re the.sane as those in Production
Eggﬁgﬁlé’%fi g’%@éﬁﬁ? ﬁgt the core material particles J
i n Tabl wer,e .used, and.,a carrier S obtained. ,.
(Pr oaucilbACBATHERS Mofe ae Samn er SHS3gam PrRdesin

those in Production Exanple 1, except that the core
E’f%‘iﬂi f ToaiGeptelhecppe TagF%ﬂflmretl%@@d, ghdagle 1 were
carrier was obtai ned.
used, and a carrier was obtained.

(Production Example 4)

All conditions were the same as those in Production
Example 1, except that the core material particles D in Table 1
were used, and a carrier was obtained.

(Production Example 5)

All conditions were the same as those in Production
Example 1, except that the core material particles E in Table 1
were used, and a carrier was obtained.

(Production Example 6)

All conditions were the same as those in Production
Example 1, except that the core material particles F in Table 1
were used, and a carrier was obtained.

(Production Example 7)

All conditions were the same as those in Production
Example 1, except that the core material particles G in Table 1
were used, and a carrier was obtained.

(Production Example 8)
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(Production Exanple 12) Al conditions were the sane
as those in Production Exanple 1, except that the core

wooendmwh4 particles L in Table 1 were used, anBCEJP2007/054752

carrier was obtained. (Production Exanple 13) All
conditions were the sane as those in Production

Exanpl eAll cerndapbnthaerd hhecsamenas ¢éhoab imaProdietiod n
Table 1 were used, and a carrier was obtai ned.

Rrandpdé ilQresfoepipileatléhe Aolre caade tiainsaviic ke d Heis dable 1
as those in Production Exanple 1, except that the core

R habdpantd &l@sribsd WaT@Bbﬁaiﬂd/@I e used, and a
carrier was obtained. (Production Exanple 15) All

gggahb&% Eggaqn%fbeﬁ;ane as those in Production

anple 1, excep at the core rraterlal particles O
inT bI t
(Pr oducti bR EIEISAE et kbP S8 %3%*?%2?15%1%&9““

t h P t
Sl 1';32%46% B9 e fQE?em#wéc LT 1B
carrier S qbt ai ned. (Prodg ction Exanple 17) All

Po§ PPBfs 2 GagEle W sebiaed i n producti on
Exa mpl e 1, except thag the core material particles Q
Rrqdpreiop Kaeanpked0)and a carrier was obt ai ned.
(Producti on Exanpl e 18)

All conditions were the same as those in Production

Example 1, except that the core material particles J in Table 1
were used, and a carrier was obtained.
(Production Example 11)

All conditions were the same as those in Production
Example 1, except that the core material particles K in Table 1
were used, and a carrier was obtained.

(Production Example 12)

All conditions were the same as those in Production
Example 1, except that the core material particles L in Table 1
were used, and a carrier was obfained.

(Production Example 13)

All conditions were the same as those in Production
Example 1, except that the core material particles M in Table 1
were used, and a carrier was obtained.

(Production Example 14)
All conditions were the same as those in Production

Example 1, except that the core material particles N in Table 1
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Al conditions were the same as those in Production
Exanpl e 1, except that the core material particles R

wWo nooTatdeed 1 were used, and a carrier was obt ai PEDIP2007/054752

(Production Exanple 19) Silicone resin solution (solid
content of 20% by mass) : 75 parts (SR2411,

veens asedy @dldoy CANLOORNLNGhTORed.SI LI CON CO., LTD.)
Acryl ate resin solution (solid content of 50% by
fBeeiuctiom Eastmpldiltar oi de 3001, manufactured by

Hi tachi Chem cal Co., Ltd.)Charging adjuster (carbon

bl ack) : A2l pantistidalsuweses th@Ospamlct 85 Blbgk teProdakyi®n
100 parts Al conditions were the sanme as those in

-0l b on e@ccl:egﬁnﬂﬂa?t ﬂ—ﬂe c%’f@exﬂtathiliﬁl bAfticles O in Table 1

above- nEﬂtIO materials were used for resin coating

e AR
ﬁgﬁé? 1d’r’“‘e %IRW@N NZ;STIO?XngIr f_fcgjich?)ll LTD.)
Ayl atgy oS0 058 R 00, (52 0O 882,582 Wction
Example 1, except that the core material particles P in Table 1
were used, and a carrier was obtained.

(Production Example 17)

All conditions were the same as those in Production
Example 1, except that the core material particles Q in Table 1
were used, and a carrier was obtained.

(Production Example 18)

All conditions were the same as those in Production
Example 1, except that the core material particles R in Table 1
were used, and a carrier was obtained.

(Production Example 19)

Silicone resin solution. (solid content of 20% by mass): 75
parts

(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., LTD.)

Acrylate resin solution (solid content of 50% by mass): 10

parts

(Hitaroide 8001, manufactured by Hitachi Chemical Co.,

Ltd.)
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parts 15 (Hitaroi de 3001, manufactured by Hitachi
Chem cal Co., Ltd.) Charging adjuster (carbon bl ack):

wdaoypanics4 Tol uene 100: parts Butyl cell osol ve: PADOP2007/054752

parts 20 All conditions were the sanme as those in
Production Exanple 17, except that the above-nentioned
nmat er i aCQLa\mgnnglmigmsﬁ:er (cesbmmdﬂabkhgfllmﬂls form ng
solution, and a carrier was obtained. (Production

Exanpl eTameﬁé: Booippite resin solution (solid content
of 20% by mass): 75 parts(SR2411, manufactured by DOW

CORNI NGB T@RA¥ e Hlosb G £60.p4+ER. ) Acryl ate resin

solution (solid content of 50% by mass) : 10 parts

(H tar (%T'Fcéﬂﬁﬂmoﬂerw&f\&?car b{% E)SE!; P gaktic:

Ltd.) arging adjuster parts

;ﬁ%ina&ﬁgfe 117009)pcaer ttst}%ﬁl ﬁle Qa%lolxgsgientmé% aaﬁe%aﬁ's were

PS50 B e O DB
oBtaln c(?r rier was
(Production Example 20)

Silicone resin solution (solid content of 20% by mass): 75
parts -

(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., LTD.)

Acrylate resin solution (solid content of 50% by mass): 10

parts

(Hitaroide 3001, manufactured by Hitachi Chemical Co.,

Ltd.) |

Charging adjuster (carbon black): 10 parts

Toluene 100: parts

Butyl cellosolve: 100 parts

All conditions were the same as those in Production
Example 17, except that the above-mentioned materials were
used for resin coating layer forming solution, and a carrier was
obtained.
(Production Example 21)

Silicone resin solution (solid content of 20% by mass): 75

parts
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obt ai ned. (Production Exanple 22) Silicone resin
solution (solid content of 20% by mass): 75 parts

W@ 3R2402%614 manuf act ured by DOW CORNI NG TORAY Sl pCTZDK007/054752

CO., LTD.) Acrylate resin solution (solid content of
50% by mass): 10 parts (Hi taroide 3001, nanufactured
by Hit aéBR2@idrimanu€actuted by DIRWgCQRAUNEt EORAY
(carbon bl ack): 2 parts Zinc oxide fine particles: 15

parts TSILEGON1ICO.pd'EB.)Butyl cell osol ve: 100
partsAll conditions were the sane as those in

Pr oduct ARty BxigdBé sinl dolepie apts ol ithtohben flo@\F0 Wewy moaes) : 10
materials were used for resin coating |ayer form ng
solutiopgypnd a carrier was obtained. (Production

Exanpl e"23) Silicone resin solution (solid content of

200 e, R TR 514 O o
sol uti oEt&.s)ol id content of 50% by mass): 10 parts

Charging adjuster (carbon black): 12 parts

Toluene: 100 parts

Butyl cellosolve: 100 parts

- All conditions were the same as those in Production

Example 17, except that the above-mentioned materials were
used for resin coating layer forming solution, and a carrier was
obtained.
(Production Example 22)

Silicone resin solution (solid content of 20% by mass): 75

parts
(SR2411, manufactured by DOW CORNING TORAY
SILICON CO., LTD.)
Acrylate resin solution (solid content of 50% by mass): 10
parts |
(Hitaroide 3001, manufactured by Hitachi Chemical Co.,
Ltd.)

Charging adjuster (carbon black): 2 parts
Zinc oxide fine particles: 15 parts .
Toluene: 100 parts

Butyl cellosolve: 100 parts
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(H taroide 3001, manufactured by Hitachi Chem cal Co.,
Ltd.) Charging adjuster (carbon black): 2 parts Silica

w@aswilelees: 15 parts Tol uene: 100 parts Butyl PCT/JP2007/054752

cell osolve: 100 parts Al conditions were the sane as
those in Production Exanple 17, except that the
above- il conditipasewiese $heesamesad thoseries Produstiony

| ayer forming solution, and a carrier was obtai ned.
Exonpdei bh Esxcandl th2#1hsidbh awrnen e vtiomesom A tiegna (sswleird
content of 20% by mass): 75 parts (SR2411,

roesreud§ Aot vie ©ich bya 30 EORN femORA% obuitic@OMK.a carrier was
LTD. )Acrylate resin solution (solid content of 50% by
h3slned. 0 parts (Hitaroide 3001, manufactured by

H tachi Chem cal Co., Ltd.) Charging adjuster (carbon

EPaeluct P Lampld @3)a particles: 15 parts Tol uene:
| OO parts Butyl cellosolve: 100 parts Al conditions

e ! . 1 -
vere t Sﬁ%@gﬁ%\%ﬁﬁﬂ%%(Tu'tfb&fgr%?lg?itéq%e@%aé@bﬁA> gg/oxgaass)- 75

except t menti one al's were used

parts

(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., LTD.)

Acrylate resin solution (solid content of 50% by mass): 10

parts

(Hitaroide 3001, manufactured by Hitachi Chemical Co.,

Ltd.)

Charging adjuster (carbon black): 2 parts

Silica particles: 15 parts

Toluene: 100 parts

Butyl cellosolve: 100 parts

All conditions were the same as those in Production
Example 17, except that the above-mentioned materials were -
used for resin coating layer forming solution, and a carrier was
obtained.
(Production Example 24)

Silicone resin solution (solid content of 20% by mass): 75

parts

(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., LTD.)
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resin coating layer formng solution, and a carrier
was obt ai ned. (Production Exanple 25) Silicone resin

wa@oedoativwmd (sol i d content of 20% by mass): 75 pRCT/3P2007/054752

(SR2411, manufactured by DOW CORNI NG TORAY SI LI CON

CO., LTD.) Acrylate resin solution (solid content of

50% by Arsg)atelfegpar sslutibhdsolidec0tint nhm@PadyunEss): 10
by Hitachi Chem cal Co., Ltd.) Charging adjuster
(carbonphteck): 2 parts Alum na particles: 15 parts

Tol uene: 100 parts Butyl cellosolve: 100 parts All

condi t i OMSt R4 Be 40 B AR A ddtagedi by PIiadusi iCHemical Co.,
Exanpl e 17, except that the above-nentioned materials

wereuseglfor resin coating layer formng solution, and
a carrier was obtained. (Production Exanple 26)

mss) - bergite TR kbR IRERII2EAHEN coku no
R B B S S

Toluene: 100 parts

-Butyl cellosolve: 100 parts

All conditions were the same as those in Production
Example 17, except the above-mentioned materials were used for
resin coating layer forming solution, and a carrier was obtained.
(Production Example 25)

Silicone resin solution (solid content of 20% by

mass): 75 parts

(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., LTD.)

Acrylate resin solution (solid content of 50% by

mass): 10 parts

(Hitaroide 3001, manufactured by Hitachi Chemical Co.,
Ltd.)

Charging adjuster (carbon black): 2 parts

Alumina particles: 15 parts

Toluene: 100 parts

Butyl cellosolve: 100 parts

All conditions were the same as those in Production

Example 17, except that the above-mentioned materials were
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(H taroide 3001, manufactured by Hitachi Chem cal Co.,
Ltd.) Charging adjuster (carbon black): 2 parts

wabamitomiparti cl es: 4.9 parts Tol uene™ 100 parPCT/BRong1/054752

cellosolve : 100 parts All conditions were the same as
those in Production Exanple 17, except that the
atredeforene $ion eda tinkes F ¢ & forsmen g sedutom, rasd caariemgwas
| ayer forming solution, and a carrier was obtai ned.
(OPtadiwedi on Exanpl e 27) Silicone resin solution (solid
content of 20% by mass): 75 parts (SR2411,

i@yt aectivre @ym PAVIEIRNI NG TORAY SILICON CO., LTD.)
Acryl ate resin solution (solid content of 50% by

Mass) ! SQl@@ﬁb%(e’éhh%Mlh@forﬁ@Q&dee@ﬁtM29%31537 mass) 75
Hi tachi Chem cal Co., Ltd.) Charging adjuster (carbon

K)- 2 parts Al um na particles- 5.1 parts Tol uene”
00 parts Butyl cellosolve: 100 parts Al conditions

S LB PRy

SILICON CO., LTD.)

Acrylate resin solution (solid content of 50% by mass): 10

parts

(Hitaroide 3001, manufactured by Hitachi Chemical Co.,
Ltd.)

Charging adjuster (carbon black): 2 parts

Alumina particles® 4.9 parts

Toluene: 100 parts

Butyl cellosolve: 100 parts

All conditions were the same as those in Production
Example 17, except that the above-mentioned materials were
used for resin coating layer forming solution, and a carrier was
obtained.
(Production Example 27)

Silicone resin solution (solid content of 20% by mass): 75

parts

(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., LTD.)

Acrylate resin solution (solid content of 50% by mass): 10

parts
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used for resin coating |layer formng solution, and a
carrier was obtained. (Production Exanple 28) Silicone

WO e®7noxed uti on (solid content of 20% by nass)PCT/TER007/054752

parts (SR2411, manufactured by DOW CORNI NG TORAY
SILICON CO, LTD.) Acrylate resin solution (solid

cont ent (Ift a¥0%d &\3 0fdls shaniufacpared hyHHidacht €800ical Co.,
manuf actured by Hitachi Chem cal Co., Ltd.) Charging

adj ust er.td 9arbon bl ack): 2 parts Al um na particl es:

69.9 parts Toluene: 100 parts Butyl cellosolve: 100

parts Atha¢enditd Gustue(aibien ARBLES2 Ryaadyct i on
Exanpl e 17, except that the above-nentioned materials

wer e Usﬁm&?ha{l‘g&fﬂc%tﬁﬂ%éﬁﬁ’@r form ng sol ution,

and a carrier S obt al ned.(Production Exanple 29)

Silico resin ti (solid content of 20% by
nass) : up()aanret'sf(?gééif%g, manuf act ured by DOW CORNI NG

(sol 1o BBRbRETGPObR, YOS 10 parts

All conditions were the same as those in Production
Example 17, except that the above-mentioned materials were
used for resin coating layer forming solution, and a carrier was
obtained.
(Production Example 28)

Silicone resin solution (solid content of 20% by mass): 75

parts
(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., L.TD.)

Acrylate resin solution (solid content of 50% by mass): 10

parts

(Hitaroide 3001, manufactured by Hitachi Chemical Co.,

Ltd.)

Charging adjuster (carbon black): 2 parts

Alumina particles: 69.9 parts

Toluene: 100 parts

Butyl cellosolve: 100 parts

All conditions were the same as Production Example 17,
except that the above-mentioned materials were used for resin

coating layer forming solution, and a carrier was obtained.
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(H taroide 3001, manufactured by Hitachi Chem cal Co.,
Ltd.) Charging adjuster (carbon black): 2 parts

wae\bamitomsiparticl es: 70.1 parts Tol uene: 100 parCEHJIER00YI54752

cell osolve: 100 parts Al conditions were the sane as
those in Production Exanple 17, except that the
oo cdohi Braedchpiet 28) al s were used for resin coating
| ayer forming solution, and a carrier was obtai ned.

( Pr oducgiloso X a8®ire s3D) ti6h! (sodik coaséent o6120%dny sass)d 75
content of 20% by mass): 75 parts (SR2411,

manuf agia¥d by DOW CORNI NG TORAY SILICON CO, LTD.)
Acryl at'e resin solution (solid content of 50% by

mess) : (%@@ii,sfﬂag%ﬁf’dﬁlgg)c@gh OVRNEOINENEY TYRAY

Hi t achi em ca rgi ng -adj uster (carbon

bl ack) : t 1 npsid ane coupling agent: 1.5 parts
Al um nasgpléira(?pﬁecs@"lg%?a ts Toluene: 100 parts Butyl

fﬁlolsgs?Aggfl@éggqq%ghtsSohAlltior(l:b?ggf-iEii St 6t ISB% %rngla%%)i 10
parts |
(Hitaroide 3001, manufactured by Hitachi Chemical Co.,
Ltd.)

- Charging adjuster (carbon black): 2 parts
Alumina particles: 70.1 parts
Toluene: 100 parts
Butyl cellosolve: 100 parts
All conditions were the same as those in Production

Example 17, except that the above-mentioned materials were

used for resin coating layer forming solution, and a carrier was

obtained.

(Production Example 30)

Silicone resin solution (solid content of 20% by mass): 75
parts

(SR2411, manufactured by DOW CORNING TORAY
SILICON CO., LTD.)

Acrylate resin solution (solid content of 50% by mass): 10
parts

(Hitaroide 3001, manufactured by Hitachi Chemical Co.,

Ltd.)
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‘manuf ac}ﬂf ed

Exanpl e 17, except that the above-nentioned materials
were used for resin coating |layer form ng sol ution,

wan@7aowas ri er was obtai ned. (Producti on ExanpP@r/382007/054752

Silicone resin solution (solid content of 20% by
mass): 75 parts (SR2411, manufactured by DOW CORNI NG
TORAY SChla@@hneadjuster (cavhoatilack) e8ipastel ut i on
(solid content of 77% by mass): 6.5 parts (Mycoatl O,
manuf acAuiRctbdiyanaroupding edemit: M.5part€yt ec Co.
Ltd.) Charging adjuster (carbon black): 2 parts

AHLN(O NS COWH )Ry agent: 1.5 parts Al unina
particles: 15 parts Toluene: 100 parts Butyl

cel | 0sohYgmiH0pRatikse Al 15 G4t i ons were the sanme as
those in Produc?i onExanpl e™17, except that the

above- m?gﬂ&?&dlpﬁ??ﬂtgl s were used for resin coating

| ayer formng so on, and a carrier was obtai ned.
( Producgi ong Ex | e 32 i.licone resin solution (solid
contenthbﬁyﬁﬁ%?@poﬁ% s O&%ﬁﬁarts (SR2411,

conai/tioDI?stsr:g?é\“t e ST%Y&S those in Production
Example 17, except that the above-mentioned materials were
used for resin codting layer forming solution, and a carrier was
obtained.
(Production Example 31)

Silicone resin solution (solid content of 20% by mass): 75

parts

(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., LTD.)

Guanamine resin solution (solid content of 77% by mass):

6.5 parts

(Mycoatl106, manufactured by manufactured by Miﬁsui

Cytec Co., Ltd.)

Charging adjuster (carbon black): 2 parts

Aminosilane coupling agent: 1.5 parts
(H2N(CHs)3Si(OCHs)s)

Alumina particles: 15 parts

Toluene: 100 parts

Butyl cellosolve: 100 parts

All conditions were the same as those in Production
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SILICON CO, LTD.) Acrylate resin solution (solid

content of 50% by mass)- 10 parts (Hitaroide 3001,
worewwafieastiar ed by Hitachi Chemical Co., Ltd.) Ceenarioms47s2

resin solution (solid content of 77% by nmass): 6.5

parts (Mycoatl G, nenufactured by manufactured by

Wk 4 5141e YT ex€opt thhd.theCibsgé myeatjarstdm{aibbnwere

bl ack): 2 parts Am nosilane coupling agent: 1.5 parts

N HTESR rB3THd c6hebng 14PePEsEmingl did0gion, OAnfad earBidrywas
cell osolve: 100 parts Al conditions were the same as
dJNesHelgn Producti on Exanple 17, except that the
above-nmentioned naterials were used for resin coating

er. f 'ﬁg t44y, and a carrier was
(Igaﬁblté iuncé:g‘.gl?‘l rod%l?tlgo%ﬂéxanpl e 33) Silicone resin
sol uti (solid content,.of 20% - .
( SR241 PHIFRME: BRT % %‘&P"&;}OW@?{W%%%F HoRggss): 50
CO., LTD.), Acrylate resin solution (solid content of
50% by P#LE): 10 parts

(SR2411, manufactured by DOW CORNING TORAY

SILICON CO., LTD.)

Acrylate resin solution (solid content of 50% by mass): 10

parts

(Hitaroide 3001, manufactured by Hitachi Chemical Co.,

Ltd.)

Guanamine resin solution (solid content of 77% by mass):

6.5 parts

(Mycoat106, manufactured by manufactured by Mitsui

Cytec Co., Ltd.)

Charging adjuster (carbon black): 2 parts

Aminosilane coupling agent: 1.5 parts
(H2N(CH2)3Si(OCHas)s)

Alumina particles: 15 parts

Toluene: 100 parts

Butyl cellosolve: 100 parts

All conditions were the same as those in Production
Example 17, except that the above-mentioned materials were
used for resin coating layer forming solution, and a carrier was

obtained.
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(H taroide 3001, manufactured by Hitachi Chem cal Co.,
Ltd.) Melam ne resin solution (volatile portions of 0%

whoorasxs)4 5 parts (Sinel 303, nmanufactured by PCT/JP2007/054752

manuf actured by Mtsui Cytec Co., Ltd.) Charging

adj uster (carbon black): 2 parts Am nosilane coupling
4Beoduction Bxamspl¢ 3% na particles: 15 parts Tol uene:

| OO parts Butyl cellosolve: 100 parts Al conditions

wer e t hfikaore a® sihaoduitivrPfsudid tdoartetanpL@%l By mass): 50
except that the above-nentioned materials were used

for respargpating layer formng solution, and a

carrier was obtained. (Conparative Exanple and

Exanpl ejs o419 n{aRaFhét Wed BG DOW CORNING BORAY
Producti on Exanpl e of Toner and 93 parts of the

carri er%BE@b@Ne@Oa}E E{;[qggcti on Exanple of Carrier 1 -
a

33 for m nut es, an devel oper was obt ai ned. | nage

o o 195, KT e Lk ) 1

carrier adhesion margi n and background snear after ’
50, 000 BAEEY s of paper were printed. The images were

f;g;,{né?/ . }:ﬂ?ﬁrlé)(l gi??O(%),l galfgfoa%tu?'egi lggrﬁita%%lioéhemical Co.,
Ltd.)
Melamine resin solution (volatile portions of 0% by
mass): 5 parts

(Simel303, manufactured by manufactured by Mitsui Cytec Co.,

Ltd.)
Charging adjuster (carbon black): 2 parts
Aminosilane coupling agent: 1.5 parts
(H2N(CH3)3Si(OCHs)s)

Alumina particles: 15 parts

Toluene: 100 parts

Butyl 'ceIIo‘solveI 100 \p arts

All conditions were the same as those in Production
Example 17, except that the above-mentioned materials were
used for resin coating layer forming solution, and a carrier was
obtained.
(Comparative Example and Example)

Mixing 7 parts of the toner obtained at Production

Example of Toner and 93 parts of the carriers obtained at
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conpl ex unit manufactured by Richo, under the

follow ng condition. Devel oping gap (the distance
whetnmaewsid he | mage beari ng nmenber and the devePOpiIPm07/054752

sl eeve) : 0.35mm Doctor gap (the distance between the

devel opi ng sl eeve and the doctor): 0.65mm Liner speed

Pfod hietibAElea eslel of Corrber 1: - 260fow 5@ aninwnbes, ed

of the devel oping sleeve / |iner speed of the inage

@@@élio?grrwg‘g%talnga_wui ng density: 600dpi Charge
potential (Vd): -600V Charge of printed inmage (solid

part) ghifle g%fmﬁg §280ess-wa9\nkislaeh eRtod WitdstheC

clczlzrrpo?ent g oV / ~al te(r) nate current bias conponent: 2
d¥eloPl bbb AR TPELY (Bplle JRAR Rlepan
LA S tpareY BRLaro R AT FED e R A B B
L NP T R o S
i%r%gégvv\?iglllellgn%glfgeColor 4000, a digital color copier/p‘rinter
complex unit manufactured by Richo, under the following
condition.

Developing gap (the distance between the image bearing
member and the developing sleeve): 0.35mm

Doctor gap (the distance between the developing sleeve
and the doctor): 0.65mm

Liner speed of the image bearing member: 200mm/sec.

Liner speed of the developing sleeve / liner speed of the
image bearing member: 1.80

Writing density: 600dpi

Charge potential (Vd): -600V

Charge of printued image (solid part) after exposed (V1):
-150V

Developing bias: DC component: -500V / alternate
current bias component: 2 kHz, -100V to +900V, 50% duty

An Image forming is conducted with the following test
method:

(1) Background smear

The degree of contamination (smear) of background
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E poor (unallowable level) (2) Ganularity (uniformty
of high-light part) The granularity defined by the

wo edzavdemg equati on (brightness range: 50 to 3BQT/@PR007/054752

transfer paper was neasured and evaluated in

accordance with the following criteria. Ganularity =
prptibasl of B)hd \iBn 4 fe / wasVTEs¢a)lydcheckader aearks A - E of
bri ghtness f: space frequency (cycle/mm) W5 (f) :

Tpbts Bure e dtivght nepsesaitzati ons VIF (f): visual

property of space frequency a and b : coefficients.

[ Eval uaAi @Br{rddc@ieddt Marks in Table 3 respectively
represent the following criteria: A (vary excellent)

zero org&Eeilept! €ss than 0.1 B (excellent) : 0.1 or
noret oless than 0.2 D (allowable t o use) : 0.2 or

nor e tg():[ %g)ﬁ#m%gg%S E (unal |l owabl e to use) 0.3 or

nore ( Ier esion Only a part of the carrier

was tragnsf i{red n%o aesheet of paper even when carrier
adhesi on" & %PP@E eMi% ed, and thus a part of the

carrier_on the i e beari,n nmber was transferred
onto a @h@@?rcﬁu“gg%wa\?ﬁ? l]fegegfessur e-sensitive
hesi ve_tape,, and the respectiyve devel gpers were
Z&a@ﬁ&ne@awmﬁlwfer@aw iOérhlﬁfiﬁbglﬁnPa ecifically,
I mge patterns of 2 dot Iines(lOOI[lei) in the i
The granularity defined by the following equation

(brightness range: 50 to 80) on transfer paper was measured and

evaluated in accordance with the following criteria.
Granularity = exp @L +B)J(WS®1/2 - VIF (f) df

L: average brightness -

f: space frequency (cycle/mm)

WS (f): spectrum of brightness variations

VTF (f): visual property of space frequency

a and b: coefficients.

[Evaluatioﬁ Criterial

Marks in Table 3 respectively represent thé following criteria:
A (vary excellent) : zero or more to less than 0.1
B (excellent) 2 0.1 or more to less than 0.2
D (allowable to use) : 0.2 or more to less than 0.3
E (unallowable to use) : 0.3 or more

(3) Carrier adhesion

Only a part of the carrier was transfeérred onto a sheet of
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direction of secondary-scanning-line were fornmed and
the direct current bias conponent of -400V was

wappritedi4 and in this condition eval uati ons WeP€T/JP2007/054752

conducted by visually counting the nunber of carriers

(of area of 100cn2) adhered in between the lines of

phape? eian When cavwiks agheFaon @ cduadbpeeenyrdd, andwhus a
the followi ng evaluation criteria : A Very excellent
BarbofalHecnarGelooprtblel ensg® b drongbine mbexisea EtrPosferred
(unal | owabl e I evel ) (4) Background snear after running
outpul sheebOfGpehedth Rprokodrewemstitimvahdhtsdns tape,
20, 000 sheets of paper having a 6% etter inmge-area

GAIet1RE @ cBpERAINVE @BVEIAdrs\WEee @duakted a¥ t8 the carrier
suppl ying toner, which was used for the beginning

sl %%i@ﬁ_ i mge out put, and background snears were
evaluated in the sane criteria as descri bed above in

[). Th L ' ' |
(1), g LA GRL0. 08 ST IR herhe
WA N BSR4 Y e
garg#@gl@ ?%ﬁvcwlgﬁripﬁgﬂeg%]%fvﬁlo%t{} WaaYsera%%?iéJ ,rrgullﬁli% this

condition evaluations were conducted by visually counting the
number of carriers (of area of 100cm?2) adhered in between the
lines of the 2 dot lines.
Marks of Table 3 respectively show the following

evaluation criteria:

A: Very excellent

B: Excellent

C: No problems

D: Allowable to use

E: Poor (unallowablelevel)
(4) Background smear after running output of 50,000 sheets

Running output evaluations of 20,000 sheets of paper
having a 6% letter image-area coverage proportion chart were
conducted with supplying toner, which was wused for the
beginning stage of image output, and background smears were
evaluated in the same criteria as described above in (1).

The evaluation results are shown on Table 3.
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carrier is in the range of 22mmto 32mm the
proportion of the weight average particle dianeter

WO edoativzee4 t 0 t he nunber average particl e di aneP€r/JP207/654752
the range of 1.00 to 1.20, the content of particles in
di.aneter of 20mmor smaller is 7% by mass or |ess, the
Tabledt of particles in dianeter of 36mmor smaller is

. anoo

i+ ha ~Ff ON 0Lt s + Fa¥aYa VAN N Lot}
—tTeTanger O — 9070 Dy TNHESS 1O fOUY0 Oy 1TESS, Al UT11T

particle density of the core matjerial pafticles

. ) : Background
relative to fhe true demsidgyouad Eha%uﬁ%rtye nateér @l smear after
particles is|inCuherrangesmofar85% Blya,{mss

geEne igﬂoo ning output
mass. 2. The| carrier adcoFdtfig {o clai m [, "Her gi {’16 OkS]heets
particle density of the core material pafticles|is

B 90 CTE 1O By 2UERE L J TP CATTTER ACCPT NG 1o oneyp
P TE 754 A 11 0 A RN KT
Etreeapadive Farl | Brofyst Fhed rlange* of 50 edu/g to F00 emu/g B
GompEkive &xrd pProdee8rdi rlg t & any|onePof claiMs 1|to 3,
oheaeitive ERE CAbiiceExiss [a MB M-$Sr ferrite, @& Mhj| o
b8 Jatdife 5O« PPRENEEL T 5. glhe ¢arrisger accorgling t o ¢
Bl iiRe B 7| Aol 0 | VETST LT A0 TS TSI VLY
Pamnage e, LERYSE P4 § 118 G o B0 L6Wem|6—The
Earri er accol Boft Fx® dny dhe of cldins § tP 5 c
Ex. 4 Product Ex. 10 B B C C
Ex. 5 Product Ex. 11 B B C C
Ex. 6 Product Ex. 12 B B C D
Ex. 7 Product Ex. 13 B B B C
Ex. 8 Product Ex. 14 D B A D
Ex. 9 Product Ex. 15 D D A D
Ex. 10 Product Ex. 16 B B B C
Ex. 11 ! Product Ex. 17 B B B C
Ex. 12 Product Ex. 18 B B B C
Ex. 13 Product Ex. 19 B A B D
Ex. 14 Product Ex. 20 B A B D
Ex. 15 Product Ex. 21 B A D D
Ex. 16 Product Ex. 22 B A B C
Ex. 17 Product Ex. 23 B A B B
Ex. 18 Product Ex. 24 B A B B
Ex. 19 Product Ex. 25 B A B B
Ex. 20 Product Ex. 26 B A B C
Ex. 21 Product Ex. 27 B A B B
Ex. 22 Product Ex. 28 B A D B
Ex. 23 Product Ex. 29 B A D C
Ex. 24 Product Ex. 30 A A B C
Ex. 25 Product Ex. 31 A A B B
Ex. 26 Product Ex. 32 A A B A
Ex. 27 Product Ex. 33 A A B A
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wherein the resin coating | ayer conprises hard
particles. 7. The carrier according t o claim®6,

wob@ranisid he hard particles conprise at | east POEJP2007/054752

selected fromSi oxide particles, Ti oxide particles,
and Al oxide particles. 8. The carrier according to
one of claim6 or 7, wher GiLAIMS content of the hard
particles in the resin coating layer is in the range
of 5% by Masarrier ¢@fphysimpss. 9. The carrier
according t o any one of clains 1t o 8, wherein the
carri ecofOmpitSHasl pardidleetd ving evaphétignagentd. 10.
The carrier according to any one of clainms 1 to 9,

wher ei § {t8n’ & tingdalcR 9w haye 'cov@¥BIhEeSudfaces of the core
cross-linked product of a thernoplastic resin and a

2nan, resijp.and/ or a cross-|inked product of a
t%ﬁer _rmppgéatri%gdl?%’si n and a mel am ne resin. 11. The
carri er v BEERLANg 4R helmedfec DErAL

therrmpYV cresin’i SRS
devel oper. ¢ risin rrier_according t o any one
GRTENSL| ]ﬁslri%ggorafl%eggﬁng?a}‘mofr?e?.apf%{ An i mage form ng

met hod conprising: forn ng an .inmage using g.devel oper
accor dithe PTOPEFBion Qﬁ%&.wq’%h‘i ﬁﬁ@éagsmﬁﬁggﬁeg eter
according to claim 13, wherein the devel oper forns a
velative tiondhre nfymhes dvarage phsticleodiametorysga the #eqnge

on an image bearing nenber, and wherein alternate
ofirr.e8Attoahd@®r direct current is

'Ellij%?.et&r of the

the content of particles in diameter of 20pm or smaller is
7% by mass or less,
the content of particles in diameter of 36pm or smaller is
in the range of 90% by mass to 100% by mass,
and the particle density of the core material particles
relative to the true density of the core material particles is in
the range of 85% by mass to 100% by mass.
2. The carrier according to claim 1,
wherein the particle density of the core material particles is
4.5g/cm?3 to 5.2g/cm3.
3. The carrier according to one of claim 1 or 2,
wherein a magnetization at a time when a magnetic field of a
1,000 Oersted is applied to the carrier is in the range of 50
emu/g to 100 emu/g.
4. The carrier according to any one of claims 1 to 3,

wherein the carrier is a Mn-Mg-Sr ferrite, a Mn ferrite, or a

62



10

15

20

25

appl i ed as a devel oping bias for the devel opi ng
process. 15. Aprocess cartridge conprisingan inmge

walewelopwisg unit using a devel oper accordi ng tPBCTUIRI0N/054752

12 and an i mage bearing nmenber, wherein the process
cartridge integrally supports at |east the devel oping
waagnabidet he i nage bearing nenber, and is detachably
attached to an i nage form ng appar at us.

5. The carrier according to any one of claims 1 to 4,

wherein a volume resistivity at a time when an electric field of
500V/mm is applied is in the range of 1x1011Q-cm to 1x1016Q-cm.

6. The carrier according to any one of claims 1 to 5,
wherein the resin coating layei' comprises hard particles.

7. The carrier according to claim 6,
wherein the hard particles comprise at least one selected from Si
oxide particles, Ti oxide particles, and Al oxide particles.

8. The carrier according to one of claim 6 or 7,
wherein the content of the hard particles in the resin coating
layer is in the range of 5% by mass to 70% by mass.

9. The carrier according to any one of claims 1 to 8,
wherein the carrier comprises an aminosilane coupling agent.

10. The carrier according to any one of claims 1 to 9,
wherein the resin coating layer comprises a cross-linked product
of a thermoplastic resin and a guanamine resin and/or a
cross-linked product of a thermoplastic res.in and a melamine
resin.

11. The carrier according to claim 10,
wherein the thermoplastic resin is an acrylate resin

12. A developer comprising:
a carrier according to any one of claims 1 to 11; and
a toner.

13. An image forming method comprising:

forming an image using a developer according to claim 12.
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14. The image forming method according to claim 13,
wherein the developer forms a visible image from a
latent electrostatic image formed on an image bearing member,
and wherein alternate current and/or direct current is
5 applied as a developing bias for the developing process.
15. A process cartridge comprising:
an image developing unit using a developer acéording to
claim 12 and an image bearing member,
wherein the process cartridge integrally supports at
10 least the developing unit and the image bearing member,
and is detachably attached to an image forming

apparatus.
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