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CARRI ER FOR ELECTROPHOTOGRAPHY, .  TWO COMPONENT- TYPE DEVELOPER: AND | MAGE™

23 W

FORM NG_METHOD FI ELD OF THE | NVENTI ON AND'RELATED ART 5

The present invention relates to a carrier constpﬁmﬁﬂggggﬁ

conmponent -type devel oper for ~ devel oping an electrical or nﬁ%ﬁetic

| atent image in . elLectrophotography or¥electrostatic printing, a two
conponent -type devel oper contai ning the_&qrrier, and 10 particularly a
carrier capable of constituting a two cofrponent -t ype devel oper provided
with remarkably - inproved durabil.ity, ability of providing high-quality

| mages and environnental characteristic, such a two conponent-type

devel oper, and an inmage Q%Eﬁllﬁ IR 4. ECHROPHOTDERAPHWO conponent -t ype
e

devel oper. carrier constituting the t'wo conponent -
type devel operwtR\COMPONENT-TYiPE DEVELOPER] ANDUJIMAGE FORMING METHOD

EiELD OF THE INVENTION AND RELATED ART

5 _ The present:ihvention relates to a carrier
copstitﬁting a two component4type developer for
developing an electrical or megnetic latent image in
-electrophotography or electrostatic printing, a two
component-type developer containiﬁg.the carrier, and.

10 particularly a carrier capable of constituting a two
cdmponen£4fype developer provided with remarkably
improved durability, ability of providing high-quality
images and environmental characteristic, such a two
component-type developer, and an image forming method

15 using the two component-type developei. ‘

_ The carrier constituting the two component-
type developer may'generally be classified roughly
into an electroconductive carrier'and an insulating
carrier. .

20 : The electroconductive carrier may generally
comprise oxidized or yet-undxidized iron powder. .The
_'two-component-fype'developer comprising iron powder .
.carrier is aceompanied with problems that the
triboelectric chargeability of the toner is liable to
25 be unstable and the resultant visible image formed by
the developer is liable te be accompanied with fog.

Further, along with continual use of the developer,



into an el ectroconductive carrier and an insulating carrier. 20

The el ectroconductive carrier .my general ly conpri se. oxidized or

yet -unoxi di zed iron powder. ' The ~ two conponent -type devel oper
conprising iron powder carrier is acconpanied with problens that the
triboelectric chargeability of the toner is liable to- 25 be unstable and
the resultant visible inage fornmed by , the developer is liable to be
acconpani ed with fog : Further alondwith continual use of the

devel oper, - - 2- t oner.
particles adhere onto the surface of the iron powder carrier particles
(adhesi on of $an&3! pAG-+i1B184' adnereOBiito Ehel SHAFaRR loeS hiekiifigh (O

i ncrease the el ectrical resistivity of the carrier particles, so 5

that the bi aSp@wa@enbaéeqeea@a&ta@ie@Qatduém@zﬁ@tﬂ iso-callelda"gpent
instabilized. As a result, the resultant

toner" or toner melt-sticking) to increase the
electrical resistivity of the carrier particles, so

5 that the bias current decreases and the triboelectric
charge is instabilized .As a result, the resultant
toner 1mage 1s 11able to have a lower 1mage den51ty
and be accompanled W1th increased fog. Accordingly,
when a developer cdntaining iron-powder carrier is

10 cbntinu§usly used in copying by an eleétrophotographié
copiér, the,developef is deteriorated in a relatively
small number.of sheefs of copying, so that the
developer has to be exchangéd in a short period. This
consequently results in a high running éost. |

15 The insulating carrier representatively
comprises a core material of a ferrbmagnetig material,
such as iron, nickel or ferrite, uniformly coated with
an insulating resin. The two component-type developer
using this type of carrier is advantageous ih.that_the

20 adhésion of toner particles onto the carrier surface
is remarkably less than in the case of the
eleqtroconductive catrief, and the developer is
excellent in dé}ability and has a long service life,
s0 that the developer'is particularly suitéble for a

25 high-speed electrophotographic copying machine.

Such an insulating carrier is required_to

satisfy several requirements including, as



toner image is liable.to have a | ower inage density and be acconpani ed
with increased fog. Accordingly, when a devel oper containi ng
iron-powder carrier is 10 continuously used in copying by an

el ect r ophot ogr aphi c ‘copi er, the developer is deteriorated in a
relatively smal | nunber of sheets of. copying, so that the

devel oper has to be exchanged in a short‘feriod. Thi s - consequently
results in a high running cost.. 15 27 The insulating carrier
representatively conprises a core material of a ferromagnetic

materi al, such as iron, nickel or ferrite, uniformy coated with

an i nsul ati ng gfysl b (B3 WhpHRARC Uidd DaglRNSONAle chardidl N0 Lhis type
of carrier is’advantageo&é In that the 20 e |Qn(ﬁ ?oné#§particles onto
the carrier sumfpiting abill S/ RrAPEt | Qs dhiaied N ddiix Aaddie,
el ectroconductive carrier, and the devel oper is excellent in
durability andgduab stlHemiprs Gatweer it core M ddﬁidf%:m oper is
particularly suitable for a 25 high-speed el ectrophot ographi c copyi ng
machi ne. material a®¢klundifonms dhangey disgtridutiion.equired to
satisfy several requirenents including, as o
5 In view of the above-mentioned various
requirements, the insulating carriers used herétofore
have still left some room for improvement and are not
sufficiently satisfactory as'yet. For example,
carriers coated with acrylic résins have been
;0 disclosed in Japanese'Laid-Open Patent Application
(JP-A) 47-13954 and JP-A 60-208765. Particularly, JP-
- A 60-208767, for example, refers to a molecular weight
of the coating resin and'teaches that_an adeqﬁate
constantly controlled molecular weight will provide a
15 coated carrier having a stable chargeability. The
~resin coating onto a core material is largely affected
by apparatus conditions and environmental conditions,
particularly a humidity and, even if they are strictly
controlled, it has not been sufficiently satisfactory
20 to stably coat the core material with a resin to
provide sufficient chargeability and durability.

On the other hand, it has been proposed to
use a goating resin having a low surface energy, such
as silicone resin, in order to prevent the

25 accumulation of so-called "spent toner", such as toner

melt-sticking, and provide an improved durability.

The silicone resin has low surface energy,



- 3- particularly inportant ones: appropriate charge- i mparting
ability, inpact resistance, wear resistance, good adhesi on between the
core and the coating mat erial and uni form.charge distribution.
‘In view of -the above-mentioned vari ous requi rements, the insulating
her et of ore -~ have still left some room for inprovenment and

carriers used
are .not

"coated wi'th acrylic resins have been
" Patent Application
JP- A 60-

coating resin
mol ecul ar wei
chargeability.
af fect ed.

208767, for exanple, refers to a nblecular wei ght

R AT A RIS pos, o750 am%%ari"é‘é%ﬁc%’

5

sufficiently satisfactory as yet. For exanple carriers
]Ir4ﬂ|sclosed in Japanese Lai d- Open
(JP-A) 47-13954 and JP-A 60-208765. Particularly,

of'the

% g-H"%Jater-zréap%llrl | n%r?('}fl’? %'&?él.e ’ c%ﬁ%! s | ar_gel y

It1ons,

y appar at us -‘condi ti-ons and envi r onient a

particularly ziyddlid Yredih rﬁagera | fouh NEdhE Freidd €14y that a

10

15

coating layer formed thereof is liable to be peeled
off durlng use.

In order to solve the above problem, there
have been proposed use of a resin-modified silicone

resin (JP-A 55-127569), a reaction of another resin

‘'with vinylsilane previously contained in silicone

resin (JP-A 56-32149), use of a mixture of
tfialkoxysilane and ethyi cellulose (U.S. Patent No.
3,840,464), and use of a mixture of 6rganosilicone
terpdl}mer and'p61ypheny1ene resin (U.S. Patent No.
3,849,127). These proposals, however, have involved
problems'such that a high temperature of 300 Oc or

higher is required for formation of the coating film;

.and that silicone resin and another resin have poor

20

25

compatibility with each other to provide an ununiform

coating layer, thus failing to exhibit expected
properties.'

It hés been also proposed to form a coating
film at a relatively low hafdening temperature (JP-A
55-127569), but the resultant coating film is liable

to show an insufficient adhesiveness and an

.insufficient toughness and is therefore liable to be

worn easily. As a result, when the coated carrier is

subjected to long hours of intensg sfirring as in a.



controlled, it has not been sufficiently satisfactory 20 to stably coat

the core material with aresin to provi de sufficient chargeability and
durability. . On the other hand, it has been proposed to

use a coating resin having a low surface energy, such as silicone
resin, in order to prevent the 25 accunulation of so-called "spent toner",
such as toner nmel t-sticking, and prOV|de an i nproved durablllty

The silicone resin has |ow surface energy,

-4- | ow surface tension and al so has anot her advant age of hi gh
wat er-repel l ency. On the other hand, the . silicone resinlhazla IomL'
adheS|veness atl I _'% % %@g 0%1 I a to be
peel ed o?%vgﬁ?%ﬁﬁghggiE% 'S High-g @5 aéi §u gbove

pr obl em theremcon@a\f@stme@o@.&%gsqwae 1% 1aarbqs R uo% Y | cone
broken to be peeled off due to 1mpingement onto inner
: walls of the developing device or photosensitive
5 member surface._ Consequently, the tribo-
‘electrification mode is changed from one between the
toner and the silicone resin to one between the toner
and the carrier core, the triboelectric charge of the
toner is changed, thus deteriorating the image
10  quality. "

Further, in recent years, copying machines
capable of providing high-resolution andlhigh-qnality
‘image are increasingly demanded on:the market,-and it
has been tried to use a smaller particle size of tomner

15' for realizing high-quality color images. . However, a
smaller particle size of toner means a larger surface
area per unit weight leading to.a large electric
charge of toner, which is liable to lower image
denszties and deter1oration in successive 1mage

20 formation performance.

For development of an electrostatic latent

' 1mage held on an electrostatic latent image-bearing .
.member, toner particles are mixed with larger carrier
particles to provide a'two component-type developer

25 for electrophotography. The compositions of the toner
and the carrier are selected so that“the toner is

charged to a prescribed polarity, e.g., opposite to



resin (JP-A 55-127569), a reaction of another resin wi th vinylsilane
previously contained in silicone 10 resin (JP-A 56-32149), use of a

m xt ure of trial koxysil ane and ethyl cellulose (U S. Patent No.

3,840, 464), and use of a m xture of organosilicone terpol ynmer and

pol yphenyl ene resin (U.S. Patent No. 3,849, 127). These proposals,
however, have involved 15 problens such.that a high tenperature of 300
[err] C or higher is required for fornmation of the coating film

and that silicone resin and another resin have poor conmpatibility with
each other to provide an ununiform coating layer, thus failing to

exhi bi t expect ghat2@f B eB@igee®n the latent image-hearieen meemr oposed
to forma coating filmat a relatively | ow hardening tenperature (JP-A

55-127569), buthirbaghetuiboeil eetatiifigaitilon itherebetween. Furdber,an
I nsufficient adhesi veness and an 25 insufficient toughness and is
therefore |iabls soresult ofwkhe &xdboelettrdfigation,wthe darnien ed
carrier is subjected to | ong hours of intense stirring as in a
is caused to carry the toner attached
5 electrostatically to the surface thereof aﬁd they are
conveyed together as a develdper in the developing:
device to supply the toner onto a latent image on the
electrostatic.image-bearing member. |
However, when such a two qompoﬁent-type
10 developer is used in an electrophotOgraphic_copying
apbaratus foriéontinuous copying on a large number of
sheets, clear and good quality of images are formed at
an initial stage, but images accompanied with
noticeable fog and'conspicuous edge effects and also
15 with poor gradation characteristic and clarity are
liable to result after copying on séveral tens of'
thousands of sheets. |
In color copying using a chromatic color
toner, a continuous gradatlon characterlstlc is an
20 | important féctor affecting.the_image quality, and the
occurrence of an edge_effect of providing.a selective
enhahcement of an image.periphéral portion after a
large number of copying remarkably impairs the
'gradatibn'cha:acteristic of an image.. Further; the
25 edge effect can prbduce a false cpntrast in the
neighborhood 6f a true contour, thus impairing the

copying reproducibility including color



devel opi ng devi ce of a high-speed copyi ng machi ne, the silicone resin
coating layer is liable to be worn or broken to be ‘peel ed off due to
I mpi ngenent onto inner wal | s of the devel opi ng device or

phot osensi tive 5 nmenber surface. Consequently, the tribo-

el ectrification node is changed from one between the - toner and the
silicone resin to one between the toner and the carrier core, the
triboelectric charge of the ~toner id-changed, thus deteriorating the
imge 10. quality. _ Further, in recent years, copying

machi nes capabl e of providing high-resolution and high-quality

~image are increasingly.d nded on.the market, and it has been tried
to use a snalF@PrﬁagFﬁeﬁgggyéénoFOBSEéFopﬁ%nQYﬂ real i zi ng high-quality

color | T, VRS gbeor, HPLLBREAGHRE i il 3 skt -
charge of tongppyiinalel Ral/idly Bnl AnaQeCare®PYPF 10 3 or lower and
| cbmprising_mostly liﬁe iméges as in letters, documents
5 and:repoffs, color copy images occupy an image aréa of
at least 20 % and fréquently cbmprise solid images
having a gradation as in photographs, catalogues, ﬁaps
and paintings.
When continuous copying is performed by using
10 .an;original having sqch a large image area, copies
having a high image density can be obtained at an
initial stage, the tﬁner.replenishment to the two
cbmpoﬂéntftype developer cannot keep up with the
cohsumption-grédﬁélly, thus being liable to result in
15'_ a density decreaSe, a mixture of reélenished toner and
carrier in an insufficiently charged state causing
fog, and a local increase_or'decfease in toner
éoncentratibn (i.e., a toner content in the developer)
on the developing sleeve leading_to scratchy images
20 or ununiform_image'densities. This tendency is more
pronounced when the toner size is made smaller.
o  These difficulties of insufficient
development  and occurrence of fog may be attributabie
| to toollgw a toner content in thé.two cdmponentftype
25 developer (i.e., toner concentration) or a slow

increase in triboelectrification between the

replenished toner and the carrief.in the two



densities and deterioration in successive image 20 formation perfornance.

For devel opnent of an electrostatic. |atent I mge held on an '

el ectrostatic | atent inmage-bearing. ‘menber, toner particles are m xed

with larger carrier particles to provide a . two conponent-type

devel oper 25 for electrophotography. The conpositions of the toner

and the carrier are selected so that the toner is - charged to a

prescribed polarity, e.g., opposite to -8- _ that of a charge

on the latent imge-bearing nenber, . = through triboelectrification

t her ebet ween. Further, as a result of the triboelectrification,lfhe

carrier i 'é?qﬁgﬂ¥_ r f ngr tached | ectrastatically to
C%r 0 anst&ﬁ%f/l (iaér"eel%%eth ded y1§n Q:% &af%eﬁcé?agl £

the surface the conveyeda tog AT oper in

the devel opi N@ tonerdfdvitd %rﬁ%dffftl@éﬂﬁf e R, %tar’grga%l on the

development.

A color developer is required to show an
5 ability 6f continuously prdviding good quality qf
images in_Continudus réproduction of an original
having a lérée image area as an indispersable
performance. Conventionally, in order to cope with
problems encountered in reprbduction Qf an original
10 having a large image area and thus causing a large
| toner consumption rafe, an improvement in developing
devicé has been resorted to in3many.caSes rather than
. an impiovemént in develqper per se. For example, the
peripheral speed or the diameter of a developing
15_ lsleeve is increased so as to increase the opportunity
of contact between the electrostatic latent image and
the developing sleévé.
The above measures can:inqrease the
: déveloping capacity but'are accompaﬁied with
20 difficulties, such és soiling in the épparatus due to
toner scattering from the-developing device and a
shoftening of apparatus life'due to an overload on the
developing dévice. In some cases, a larger amount of
developer may bé charged in a devéloping device in
25 order to supplement an insufficient developing ability
| of the developer, but this is not so desirabie either

because it also results in an increase in weight of'



“electrostatic inmage-bearing nmenber. Fbmeve&msﬁggnhgg&hnqmmmb'

conponent-type 10 developer is used in an el ectrophotogr

apparatus for continuous copying on a |arge nunber of mm

and good quality of inmages are forned at an initial s , ges
acconpanied with noti ceabl e fog and conspi cuous edg

15 wth poor gradation characteristic ang clarity are
result after copying on several tens of 7  thousands o
In col or copying using a chromatic col or toner, a CORFFRAUOUS GT atetror
characteristic is.an 20 inportant factor affecting the inmage quality, and
the Occur£ﬁacﬁh8&éaggﬁggﬁtﬁgfeﬁh PhcPea%ed BFoduStibn! cbet due

enhancenent of "an iI'mage pefip eral portion after a l'arge nunber of
copyi ng remar kgl ¥iz@8PahliarhBRent ofJthdabppAratasaahndl allsos asf an i mage.
Further, the 25 edge effect can produce a false contrast in the
nei ghbor hood ofvaribe@ efAnther devBlopingaidevige! Bimilarlgops adove.
reproduci bility including color.

For the above reason, the improvement in both

e effects al=se=
THI$ SaBE® HAS BEEN I

5 tonér and carrier has been examined and reported in
order to proﬁide a high image qualityafor a long
period. | |

Heretofore, several developers have been
proposed in order to pfovide improved image quality.

10 be example, JP-A 51-3324 has proposed a non-magnetic
foner'having'a controlled particle size distribution
so as to improve the image quality. The toner
princ{pally ccmprises.particlés having a size of 8 -
12 pm and is therefore relatively coarse. According

"~ 15 to our study, it is difficult for a tomer haviﬁg such-_
a particle size to effect a infimate'"coverage" of é
latent imagé. Furthef, the toner has a rathet broad
particle size dist;ibution including at most 30 % by
number of particles having a size of at most 5 pm and

20 at most 5 % by_number of particles of at least 20 nm.
In ordér to form a clear imége by using such a
reléti&ely coarse'toner.having a. broad particle size
distribution, it is necessary to superpose toner
particles in a large thickness so aé to fill gaps

25 between toner particles and provide an apparently
increased image density. As a result, an increased

amount of the toner is consumed in order to provide a



B

-7- reproduci bility in color copying. ' Fufther, in.

conmparison wth a nmonochromatic copy image having an . inmage area of 10
% or |ower and -conprising nostly line inages as in letters, docunents
5 and reports, color copy inmages occupy an inage area of at | east 20
% and frequently conprise solid inmages having a gradation as in
phot ogr aphs, . cat al ogues, nmaps and pghgtlngs When
conti nuous copying is performed by using an original having such a

- large.i mage area, copies . having a high image density can be obtai ned
at an initial stage, the toner replenishnment to the two

. conponent - typ gﬁﬂﬂgt keep up with the - consunption:

gradual |y, Sugﬁ%lng I a toresult in 15 a density decrease, a

m xture of replenlshedjpuxﬂs¢umh054 héé”ﬁféﬁoééhfﬁlﬁdﬁﬂﬁé yefe |y charged
state cau5|ng fog, and a local increase or decrease in toner -

concentrati on toner havimnel maicwdr ipatticie @lfpadistributivn} he
devel opi ng sl eeve | eading to scratchy inmages
: However, the toner includes particles of 8.5 - 11.0 pm
5 as a medium 31z§ and has left a room for 1mprovement
in order to provide a high resolution.
JP-A 58-129437 has proposed a hoh-magnetic
toner having an average.particle size of 6 - 10 pm apd
y a mode particle size of 5 -.8 am. The toner.h0wever
10 _contains particles of at most 5 pm in a small |
percentage of at most 15 $ by number and thns tends to
provide image with insufficient sharpness.
_According to our study, it has been found
that toner particles of at-most 5 pm-principélly have
15 functions of cleariy reproduéing the cohtourfof a
iatent image and intimately covering the whole latent
image. Particularly, in the case of an eléctrostatic_
iatent image on a photosensitiﬁe member, the contour
(edge) of the latent image shows a higher electric
20 field intensity than the ihterior due to conéentration
of electrical linés of force, so that the clearness or
. sharpness of an image is detérmined by the quality of
toner particles gathering at the contours. According
 to our study, it has teen found that a substantial
25 amount of particles of 5 um or smaller is effectlve in
| solving the problem concerning an image sharpness.

As a result, we have propose a toner



20 or ununiforminmage densities. This tendency is nore pr onounced
when the toner size is nmade smaller. These difficulties of

i nsufficient devel opnent and occurrence of fog nay be attributable
to too low a toner content in the two conponent-type 25 developer (i.e.,
toner concentration) or a slow I ncrease in triboelectrification

bet ween the repl eni shed toner and the carrier in the two

- 8- conponent -t ype devel oper, Ieéﬂﬂﬁg to participation of a
toner having an insufficiently controlled charge in - devel opnent.

A col or devel oper is required to.show an 5 ability of continuously

brovi 0l 9°0tiialinihekoner peiRII IS FOUY WAL o 58 91%“%1“9” of an
gi nal havi ng a ge area as an indispersab
per f or mance. S%witﬂl%aldﬂ/asl L Qe b0 bRV (Ub-a 2-222966). As
a result, a substantial improvement in image quality
has been realized, but a further improvement in image
5 quality has been desired.

JP-A 2-877 has'propOSed a toner containing
toner particles of at most 5 pm in 15 - 60 % by
number. The toner has actually provided stable image
quality and image density. However, it has been also

10 found difficult to stably provide imagés of a constant
quality by an improvement in toner alone because. a
toner particle'size distribution can change in case
where an original requiring a large toner consumption,
such as a photographic image, is continuously

15 reproduced. | |

On the other hand, certain particle sizes and
distribution_thereof have been suggested in JP-A 51-
3238, JP-A 58-144839 and JP-A 61-204646. Among these,

JP-A 51- 3238 roughly refers to a particle size
20 distribution but does not refer to magnetic properties
| closeiy related with the developing performance and
conveyability in a developihg device of a devéloper.
The carriers used in Examples all contain about 80 wt.
% ot more of over 250 mesh and have ah average
25 particle size of at 1east 60 pm.
. JP-A 58-144839 simply refers'to an average |

particle size of a carrier and does not refer to the



probl ens encountered in reproduction of an original 10 having a |arge

| mge area and thus causing a | arge toner consunption rate, an

i mprovenent in devel opi ng devi ce has been resorted to in nmany cases
rat her than “an i nprovenent in devel oper per se. For exanple, the
peripheral speed or the dianmeter of a developing. 15 sleeve is increased
So as to increase the opportunity - of ont act bet ween the electrostatlc

| at ent i nage and t he devel opi ng sl eeVe. The above
measures can increase the devel opi ng capacity -but are acconpani ed with
20 difficulties, such as soiling in the apparatus due to t oner

scattering fr%&ﬁﬁ: d5¥ el Opi W SWaEE H‘S’c’é‘lon af?@@fiﬁ{?‘i £He Ofa#PPEr at us

life due to an overload on the = devel opi ng devi ce n sone cases, a
| arger anount SftachmesieVereped plytdSesdptyed mnémbetevel aptogreevi ce in

25 order to supplenment an insufficient developing ability of the
devel oper, butpdwder | fracticn affecting the heharpnesfecfiuseresubtantresults
in an increase i.n wei ght of _ S
image. Further, the carrier particle size
5 distribution has not been considered in view of color
copylng characteristics. | |

JP-A 61 204646 discloses a combination of a
copying apparatus and an appropriate developer as an
essential cheracteristic but does not refer to a

10 particle size distribution and magnetic properties of
a carrier. Further; it has not been clarified why the
developer is effectiée for the copying_apparatus. |

JP-A 49-70630 describes fhe magnetic force of
a carrier"comprising iron powder having a larger

15 epecific gravity than ferrite and also a high
saturation magnetization. Iron powder carrier has
been frequently used heretofore but is liable to
'result_in an increase in copYing apperatus weight'and
an'excessively large drive torque. Further, its

- 20 performance is lieble.to change depending on
eﬁyironmental conditions.

*JP-A.58-23032 discloses a porous ferrite
carrler, which 1s liable to cause an edge effect and
have a poor continuous image forming performance, thus

25 belng unsuitable as a carrier for color image

formation.

"Ferrite carriers containing MQO have been



-9- t he whol e apparatus, an increased production cost due to

si ze enl argenent of the apparatus and al so an overl oad on the

devel opi ng device simlarly as above. _ For the above reason,
the inprovenent in both 5 toner and carrier has been exam ned and
reported in order to provide a high image quality for a |ong

peri od. ' Her et of ore, 'several, .devel opers have been :
proposed in order to provide inproved i mage quality. 10 -For exanple, JP-A
‘51-3244. has proposed a non- nmagneti c toner having a controlled particle
.si ze distribution so as to inprove the image quality. The toner

principally cafmeuae&dpahtlalg NFP-RA0 58-21128 59/, Jp—a 58-1235[52" @ and i s
therefore relatively coarse ccordlng 15 to our study, it is dlfflcult

for a toner hae-Ag55465406. HomeverG! ehdi partdcall edkes i Ntimate
"coverage" -of a | atent image. Further, the toner has a rather broad
particl e sizeddstribudtions bﬁcthebagfamrﬁmetc&&r%eh; are nodnber of B
particles having a size of at nost 5 pmand . 20 at nost 5 % by nunber of
particles of RATtdgydagdypgentrolled. A combination of these

5 ferrite carriers with a toner of.l_—c9 pm would not
provide a two component;type developer having. |
satisfactofy cnarging'stabilitf and successive imaoe
forming characteristic. | _

JP-A 2-33159 contains a disclosure that Mgo

10 can be contalned but no disclosure is made regarding a
positive inclusion of Mgo for 1mprov1ng the surface-~
modifying effect thereof to provide an improved
durability of a resin coating layer in combination
with a controlied particle size distribution.

15 Heretofore, there has been desired such a
developer that it can continuously reproduce an image
haéing a large image areo in a small amount and
satisfies-properties peculiarly suitable for color
'copYing, such as f:eeness from the edge effect even

20 after a continuous copying. Developers and carriers
have been studied but most of them have been proposed
for monochromatic copying, and few has been pfoposed
és being also applicable to full color-:eproduction.
Further, it has been oesired to'prOVide a cafrier

25 capable of continuously reproducing an almost solid
image having an image area of 20 % or higher,

alleviating the edge effect, and retaining a



In order to forma clear image by using such a . relﬁmggﬁ&yhsmmm dener

havi ng a broad particle size - distribution, it is ne

super pose toner particles in a |large t hi ckness so a

bet ween toner particles and provide an apparently |na e
density. As a result, an increased armount of the Lﬁﬂg&wkﬁlGOnSUﬂEd n
order to provide a B preiirlbed I mage. \| RtPLA P
54-72054 has proposed a non-magnetic foner having ”’partlcle
size distribution. However, the toner includes partlcles of 8.5 - 11.0
[err]m 5 as a nediumsize and has left a roomfor inprovenent I n

order to prOVhﬂ?farﬂhQQ Bﬁsghﬂbboaeﬁs1ty'1n one c ég 8negy129437 has ]
proposed a non-nagnetiC toner haviing an avera partlcle size of 6
10 [err] m and a ng@eAP2-bBIRBOShas Provided Ea%&]r%e?hﬁaw_asr however
| 1mproved developlng performances characterlzed by
having a narrow particle size d1str1but10n with
5 controlled amounts of fine powder and coarse powder
' fractions. |
As descrrbed hereinbefore, howeverm a demand
for a copying machine satisfying a high resolution and
a high image quality has been increased in the market

10 and, for this purpose, a smaller particle size of
toner has been tried also for accompllshlng a high-
quallty color 1mage formatlon. A smaller particle
size of toner has an increased surface area per unit
weight and tends to have a larger elecrric charge,

15 which is liable to provide a lower image density and a
deterioration in continuous image formation
characteristic. |

In order-to prevent such a lowering in image
: density and deterioration in continuous image forming

20 characteristic.and'also to provide an increase in
developing performance, it has been tried to use a
carrier having a further smaller particle-size. Such
a carrier, however, has not acquired sufficient
qualities suitably cooying with changes in toner

25 chargeability depending on environmental_conditions
and_continuation.of successive image formation.

Accordingly, it has been difficult to accomplish the



10 contains particles of at nost 5 [err]min a small per cent age of at
most 15 % by nunber and thus tends to provide image with insufficient
shar pness. . According to our study, it has been found

that toner particles of at nost 5 [errJmprincipally have 15 functions of
clearly reproduci ng the contour of a | atent- i mage and intinmately
covering the whole | atent I mge. Particularly, in the case of an

el ectrostatic - latent imge on a photidsensitive menber, the contour
(edge) of the latent inmage shows a higher electric 20 field intensity
than the interior due to concentration of electrical lines of force,
so that the c m ned by the

earness or ..sharpness of an i eis d
qual ity of hlgﬁ‘oﬁ&agﬁawlgg"g IRiinc Tﬂ’réi%%'-t}'rft cﬂ?ro? %ro,&:—cordi ng
to our study, ..t hee a@%@: . %{iﬁstﬁl{d 5 aépﬁg yarticl es
of .5 [err]m QPIIser‘r%ﬁ%é?’% rsa:hfe ecte:{\}?ﬁl% SO viel-lnagmt%‘r%er pro ehr%gcno&rjlcerni ng
an i mage shar piesention characteris%iéiﬂ¥*éﬂdh ¥ Pr opose a toner

5 SUMMARY OF THE INVENTION
A generic object of the present invention is
to provide a two componént-type @evéloper and a
carrier therefore having solved the.ab0ve—mentioned
prdblems. |
10 A more_specific object of the present
invention is to provide a two component-type developer
and a carrier therefof free from a.lowering in image
density and formation of scratchy images.éven'in.
_ cbntinuous copying of a color original'having a large
15 image aréa. |
A further object of the present3invention is
to érovide a two component-type developer and a
carrier therefor capabie of ptoviding clear images
free from fog and excellent in successive image
20 forming performance. |
- Another object of fhe preéent inventioh is to
"provide a two component-type developer and a cafrier
therefor providing a qﬁick_triboelectrification
‘between the toner and carrier.
25 o . Another.object'of the present invention is to
provide a two'componenf-type developer and a'carrier

therefor with little dependence on change in



containing toner particles of at nost 5 [err]min a proportion of 15 -
40 % by nunber (JP-A 2-222966). AS a result, a substantial i nprovenent
in inmage quality - has been realized, but a further inprovenent in inmge
5 quality has been desired. : JP-A 2-877 has proposed a toner
cont ai ni ng toner particles of at most 5 [err]min 15 - 60 % by

‘nunber. The toner has actually provided stable i mage quality and i nage
density. However, it has been also 10 'fUﬁnd difficult to stably provide

| mages of a constant - quality by an inprovenent in toner alone because |
a - toner particle size distribution can change in case - where an

ori gi nal_r equigivitohaleiil (<ML OUINITR | ¥boelectitiFL At forPhot 001 aphi ¢

i mge, is continuously 15 reproduced. e ot her hand,
certain parti Jerformanged - di stribution thereof have been suggested in
JP-A 51- . 3238, JP-A 58-144839 and JP-A 61-204646:. Anong these,

JP- A 51-3238 roughly r &fterld tamothear tobjectsice tht) présdnt buwemt:hsﬁ does

not refer to nagnetic properties
is to provide a two component-type developer and a
5 carrier therefor,having_a gdod coﬁveying performahce
in a develoﬁing device. |
A further objéct of the presénf ihvention is
to provide an image forming method using such a two |
component~-type developer és described above.
10 -Acco;ding to the present invention, there is
provided a carrier fqr electrophotography, compiising:
.magnetic carrier core particles and.a resin coating
layer coating the magnetic carrier core pafticles,
wherein | |
15 | the carrier core parficles cdmprise a
| magnetic ferrite component represented by the
following formula (I): |
(Fep03)x(R)y(B), | (1),
wherein A denotes a membér selected from the grbup
20 consisting of MgO, AgO and mixtures thereof; B denotés
a member selected from the group éonsisting of Lij0,
MnO, CaO, Sro; Al,03, SiO; and mixtures thereof; and
X, ¥y and z are numbers :epresenting weight ratios and
satisfying thé relation of: 0.2 < x ¢ 0.95, 0.005 £y
25 £ 0.3, 0 <z.g 0.795, and x+y+z < 1.

'According to'another aspect of the present

invention, there is provided a two component-type



closely related with the devel opi ng performance and conveyability in a-

devel opi ng devi ce of a devel oper. The carriers used in Exanples al
contai n about 80 w. % or nore of over 250 nmesh and have an average
25 particle size of at least 60 [err]m JP- A 58-144839
simply refers to an average particle size of a carrier and does not
refer to the -12- anount
of a fine powder fraction affecting the cﬁrr|er attachnment onto a
phot osensitive nmenber or a coarse powder fraction affecting the

shar pness of a resultant ' i mge. Further, the carrier particle size

5 distributi o hagd0f, %ﬁ%%ﬁl’@%dﬁbyl i$HPtoner COPYiNng

characterlstlcs 61- 204646 |scloses a conbi nati on of a
copyi ng appar aéé:kstfﬁﬂa@n AP | Aberelamve tiviedscafrier. essenti al

characteristic but does not refer to a
Accordlng to still another aspect of the
present 1nvention, there is provided an 1mage formicg

5 methcd, ccmprising: ) |

circulatively conveying the above-mentioned
two component-type developer ccmprising a toner and a
carrier on a developer-carrying member, and
'developing, in'a developing region,-an.

10' electrcstatic 1atent_image held on an electrostatic
image—bearing member.with the toner in the two
component-type develcper. |

These and other objects, features and
'advantages of the present invention will become more

15 apparent upon a consideration of the following
description of the preferred embodiments of the
present invention taken in conjunction with the

accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is. a schematic 111ustrat10n of an
image forming apparatus suitable for perfcrm1ng an
embodiment of the image forming method according to
the invention.'

25 Figures 2 - 5 are diagrams showing
alternating electric fields used in Examples 1,.13, 14

and 16, respectively, appearing hereinafter.



10 particle size distribution and rmagnetic properties of a carrier.
Further, it has not been clarified why the devel oper is effective for
t he copyi ng appar at us. JP- A 49-70630 describes the nagnetic
‘force of a carrier conprising iron powder having a | arger 15
specific gravity than ferrite and also a high . saturati.on

magneti zation. Iron powder carrier has been frequently. used
heretofore but is liable to ~ resultl8n an increase in copying

-appar atus wei ght and an excessively large drive torque. Further, its
20 performance is Iiable to change dependi ng On - environnent al

condi tions. JP A 5§a%§%§§ gﬂf ﬁgtgaﬁqgf égrrlte

carr!er which is I|able Fealse ah ( have a poor
-continuous i éé¥6§£5kfé”{ﬁﬁégﬂﬁéhriﬁy%memﬁik éﬁ&£§bP§SHéé&bi
carrler_for col or 1 mage or nat | on. Ferrlte carrlers
cont ai ni Nng- M QukHEi &S of the image forming method according to

the invention.

5 Figure 7 is a schematic illustration of an
image forming apparatus suitable for performing
another embodiment of the image forming method |

according to the invention.

10 DETAILED DESCRIPTIO& OF THE INVENTION
As a result of our study for solving the
above-mentioned problems, it has been found effective
to use a carrier comprising magnetic carrier core
particles and a resin coating layer coating'the
15 magnetic carrigr core particles, wherein
the carrier core particles cpmprise a
magnetic ferrite component represented by the
following formula (I):
(Fe303)x(A)y(B), S (1),
20 wherei# A denotes a member selected from the group
consiéting.of'MgO, AgO and mixtures thereof; B denotes
a member selected from the group coﬁsisting of Li5O,
MnO, Ca0, SrO, Alj05, SiO, and mixtures thereof; and
x,'y and z are numbers representing weight ratios and
25 .satisfying the relation of: 0.2 < x §.0.95,'Q.005 £y
| < 0.3, 0<z g 0.795, and x+y+z < 1.

In the formula (I), it is further preferred



- 13- disclosed in, e.g., JP-A 59-111159, JP-A 58-1hi
JP- A 55-65406. However, thegparticle si zes distrigﬁﬁgﬁééHéqgelhlmmd
ferrite carriers are not . particularly controlled. A Mﬂm&m, ,]
these 5 ferrite carriers with a toner of | - 9 [err]m
provide a two conponent-type devel oper having ' sat i gfactory chargi ng
stability and successive inmage “fornming characteri s iTHIS SHEET HAS BEEN
JP- A 2-33159 contains a disclosure that 10 can be| cont BERAART . no
di sclosure is nade regarding.a positive inclusion POV
éhe Eg{f?ce-f nodi fying effect thereof to provide an inproved
urability o resin coatin a Ln,. L hat | 4 t C
particle size @?%Y rfouX i Y qu Yitet S&){%?gt% r%,lt%%é eé-]h_gs ggteF]ol e

e ST Aoy, Y AONES HHBU14d CELOF ¢OHO AL CREO WEPLAG | TR

having a | arge area in smal I anmount and satisfies properties

peculiar[y_sui &é}&{ecgﬁfface rdﬁ@ﬁyggg ShlC b £806 Shoisoré he edge
ef fect even f%q§+ter a continuous copyingf E8ve-%%%és and carriers °

have been studigftwt, Maeheoivéhess heweabeesinr apdseoughness. It is

5 however possible that the ferrite component can

contaiﬁ preferably_at most 3 ﬁt. $ of another metal
element in the form of a hydroxide, oxide, sulfide or
aliphatic acid compound for various proposes, such as
control of surface crystal grain siie, pfevention of
- 10 coélescence du:inglcalcination, and control of
' particle size distribution. Accordingly, x+§+z < 1in -
the formula'(l) meané.the case where the.ferrite
component contains such another optional component in
an amount of preferably up to 3 wt. %. A specific
15 example of the case will be found in Example 4
appearing hereinafter. |
In the above formula (I), if x is below 0.2,
the carrier.is liable to have a low magnetic property
..1eading to'dafrier scattering and damage the.surface
20 of the photosensitive member. In case wheré X is
“above 0;95, the core is liable to have a low
resistivity. If y is below 0.005, it is difficult to
obtain proper. resistivity and magnetic properties. If
y is above 0.3, it beéomes.difficult to form spheridal
25 carrier core particles having a uniform surface. If z
| is 0, i.e., no B compdnent.is contained,'it becomes

difficult to provide a sharp particle size



for nonochromatic copying, and few has been proposed as being al so

appl i cabl e to full color-reproduction. Further, it has been desired to
provide a carrier 25 capable of continuously reproducing an al nost solid
i mage having an i mage area. of 20 % or higher, all eviating the edge
effect, and retaining a ' - -14-

uniformty of image density in one copy sheet. : JP-A 2-281280
has provided a carrier having i npr o#®d devel opi ng perf or mances
characterized by ‘having a narrow particle size distribution with 5
control |l ed amounts of fine powder and coarse powder fractions.

ooty ng a AigrAbsAn, o ehniEind I8 Fidra-fiph RaleikioE el "°
e ene 1 e Tk A0 Ao Shl MDAMAREL R S v © o 2
' and make difficult the carrier production due to
severe coalescence during the calcination. If 2
5 exceeds 0.795, the core is'caused to have low magnetic-
" properties 1eading té carrier scattering.
In the above formula (I), it is further
'preferred that x, y and z satisfying the following
conditions:: |
10 0.4 < x < 0.9, 0.01 <y g 0.25, 0.001  z g 0.2.
| Among the B components ofILizo,7MnO, cao,
Al,03 and 8i0,, it is preferred to use MnO, CaO, SiO,
and A1,03 because of little decrease in resistivity
under a high-voltage application, and pafticularly MnO
15 and Ca0 in view of good compatibility with a
replenished toner.
The carrier core particles comprising the
ferrité component represented by the above formula (1)
_are_éoated with a layer of resin, which may preferably
20 comprise a reactive resin containing a specific curing
agent. |
| Heretofore, it has been proposed to use a
modified_silicone resin in order.to provide an
increased adhesiveness with the carrier core
25 particies. The modification may be with alkyd, epoxy,
acryl, polyesfer, phenol,'melamine_or urethane.

However, such a modified silicone resin is caused- to



quality color image formation. A smaller particle size of toner has an
i ncreased surface area per unit wei ght and tends to have a | arger

el ectric charge, 15 which is liable to provide a | ower inage density and
a ~deterioration in continuous imge fornmation characteristic.

In order to prevent such a lowering in image =~ density and deterioration
.in continuous inmage formng 20 charactﬁalstlc and also.to provide an.

i ncrease in devel opi ng performance, “i't has been tried to use a

carrier having a further smaller particle size. Such a carrier,
however, has not acquired sufficient qualities suitably coping wth

changes in topgve 3R iABPEAE84I bukfaeépaﬁergy angefy 198BRR! &b conditions
~and continuation of successive inmage fornation. Accordingly, it has
been djfflcuItaﬁSeatOﬂérlsshckhﬁg, so that it is not sufficiently
satisfactory.in respect of successive image forming
characteristic of the resultant developer.
5 , It has been proposed to use various additivés
éo as to increase the adhesivenéSs while retaining a |
low surface energy (JP-A 2-33159).
These additives are reacted with a silicone
reéin or by itself to impart an adhesiveness and a
10 toughness. The.modified'silicone resin disclosed by
JP-A 2-33159 actually provides a coating resin having'
an improved durability but does not pro&ide a
sufficiently satisfactory adhesiveness with the
carrier core particles when it is forﬁed'as a thin
.15 coéting layer onto the surface of the carrier core
particles. A further_improvement is therefore
. desi:ed.
As é result of further study of ours, it has
been found posslble to provide a 1ong—11fe carrier
20 having high performances inclusive of good
adhe51veness and charggab111ty if magnetic carrier
core'particles containing a metal oxide having a
solubility of 0.5 - 10 mg/100 ml; preferably 0.5 - 2
mg/100 ml, in water at 25 °C are coated with a
25 reactive silidone'resin, preferably 6ne containing a
curing agent represented by a formula (III)'appearing

hereinafter, preferably an aminosilane coupling agent,



mhe [P, - e el . - E - —

hi gh i mage density, high inmage quality, good fog- prevention

characteristic and good carrier attachnent- prevention characteristic
by such a carrier. 5 SUWARY OF THE | NVENTI ON A generic
obj ect of the present invention is to provide a two conponent-type
- devel oper and a carrier therefore having solved the above- nentloned
problens. 10 . A nore specific object of the present
invention is to provide a two conponent-??pe devel oper. . and a carrier
‘therefor free froma lowering in inage density and formation of
scratchy |nages even in cont i nuous copylng of a color original having
a large ect t he present
|nvent|on |s %Hagugg 3P09P85°8r?ﬁ6e08ﬁﬂ5ﬁ8n9 t§88°g@98|85%We§ 5 %

carrier thefeh8£s%aeabbsneéiaaavgﬂ' BleC 82k 1L 085 partibits' 59@ fog and

excellent in SUCCESSIVE
Anot her obj ect, EthﬁgM:@ﬁE venge-a,hboanl %hbosn.llcoﬁéo‘fbgﬁn@ two

conponent-type evel oper a carrier
JP—A 2-33159 also discloses a silicone resin
5 containing a curing agent represented by the formula
'(IIIS appearing hereinafter, but the above-described
method is different therefrom in that a metal oxide 
having a spec1f1c solubility is caused to be contained
in a specific amount in the magnetic carrier core
.10 particles and is reacted with such a reactive silicone
resin. As a result,. it is possible to provide a
carrier with an enhaﬁced Strength between the carrier
core pérticles énd the resin coating 1ayer;
The magnetic carrier core particles suitably
15 used in the present invention may comprise MgO having
a solubility of 0.62 mg/100 ml or Agzo'having a
solubility of 1.74 mg/100 ml, respectively in water at
25 9Cc. 1t is further preferred to use ferrite
partigles éontaining 0.5 - 30 wt. % (as oxide) of-MgO
20 in view of a stability of resistivity; surface
unifdrmization, eésiness of spherization, and.an
.éppropriate moisture content of the ferrite particles.
The coated carrier according t6 the present
invention may also be characterized.by a sﬁecifig
25 surface property and a particle size distribution.
More specifically, as a result of our study,

a two component-type developer proyiding high image



theref or providing a C]UI ck tri boeI ectrification bet \Aﬁarhhggaﬁastmaﬂk“
e

carrier. 25 Anot her object of the present inv m‘“‘“\

provi de a two component-type developer and a carrier
-16- “environnmental conditions in triboelectrification

litt]le dependence on change in
per f or mance. - Still anotheg obj ect of the ﬁHEbSHEEnHABEEQm
is to provide a two conponent-type devel B and a 5 rri eREPRACEDOr

havi ng a good conveyi ng performance in a devel opi ng-devrce:
A further.object of the present inventionis to provide an i mge

formng met hO&uaiiweéuencfg&we of hEgAPeRagL- h¥Asifgyeyepar as described
above. 10 or the present invention, there is
provided a capiyRiigAt eégebaaehaimmt§pand §66Rr thiAgline
reproducibility can be realized by using a carrier
having specific particle size distribution and surfacé
5 property. | _
| The carrier (perticularly, core particles
thereof) according to the bresent invention'may be
' characterized a & uniformly small parficle size
carrier having a small average particle size and
10 controlled-contentsuof fine and coarse powder
fractions and having a certain degree of surface
unevenness. Accordingly, even when the core particles
are coated with a resin having a small free energy,
the resultant coafed carrier retains a good toner-
15. conveying performahce and is provided with a qﬁick
triboelectrification characteristic.

The carrier may preferably heve a 50 %-
particle size (volume-basis median particle eize,
i.e., e particle size at which a cumulative particle

20 size fraction (from the smallest measurable particle
size) reaches 50 % by volume) of 15 - 60 pm,
preferably 20 - 45 pm, and contains 1 - 20 wt. %,
desirably 2 - 15 wt. %, more preferably 4 - 12 wt. %,
of carrier particles cf below 22 pm, including 0.01 -

25 3 wt. %, preferably 0.01 - 2 wt. %, more preferably
0.01 - 1 wt. %, of carrier pcrticles of below 16 pm.

If the content of the fine powder fraction



_ R _ _ - e e R
magnetic carrier core particles and a resin coating | ayer coating the

magnetic carrier core particles, wherein 15 the carrier
core particles conprise a magnetic ferrite conponent represented by

t he following foriula (1): (Fe[err]err])[err] (A [err]
(B)[err] : . ' (ry- wherein A denotes a nenber
selected fromthe group 20 consisting of,K MJO, AgO and m xtures thereof; B
denot es a menber selected fromthe @#%Up consisting of Li[err]Q

MO, CaO, SrO, Al[err]O[err], Sigerr] and m xtures thereof; and X, Yy
and z are nunbers representing weight ratios and satisfying the

relation of " Oy {et ) Xl Predcfudid eile Wodlidptiont 85dd Prafyc0 < 2

[err] 0.795, and x+y+z [erT] ccording to. * aspect

Of the presenttne calfiNIdSfe S4Efoids RQISEDE SHBLLPTBORES - LYPE

| with a resin, and the resultant carrier is liable to
cause catrier aftachment and prevent smooth charging .

.5 of thé toner. If the carrier_particles of below 22 pm
is below 1 wt. %, only_sparse magnetic brush can be
formed to provide a slbw initial charging rate of the
toner, thus causing toner scattering and fog.

Carrier particles of 62 um or'iarger are

10 closely related with the sharpness bf the resultant .
iﬁaggs and may preferably be contained in 2 - 20 wt.
%. Above 20 wt. %, the toner-convéying performance of
the carrier is lowered and the toner scattering onfo
non-image parts is increased to lower the image

15 resolution and the highlight reproducibility. Below 2
wt. %, the flowability of the resuitéﬁt two coﬁponent—
type developer is lowered to cause lbcalization 6f the
developer in the developiﬁg.device; so that it becomes

| .difficult to form stable images.

. 20 | The.carrier according to the present
invention may preferably have a épecific area ratio
SI/SZ of 1.2 - 2.0, more preferably 1.3 - 1.8, further
breferably 1.4 - 1.7, wherein S reﬁresents a specific
‘surface area measured'by the air permeation method

25 (described in detail hereinafter),énd S, denotes a
specific surface area calculated by the following

formula (1I):
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devel oper, conprising: a toner conprising toner particles, and the

above-nenti oned carrier. : _ According to.still another aspect of
t he ‘present invention, there is provided an inmage form ng 5 method,
conpri si ng: circulatively conveying the above-nentioned '
‘two conponent -type devel oper conprising a toner and a carrier on a
devel oper-carryi ng nenber, and devel oping, in a devel oping
region, an 10 electrostatic latent inage2®ld on an electrostatic

| mage- bearing nmenber with the toner in the two conponent -t ype

devel oper. These and ot her objects, features and

advant ages of the present i nvention W Il becoa@e nore 15 a r.ent upon a
consi deration of the fo%ﬂoﬁﬁigl&bx D@@Qérﬁbﬁﬁon of the preﬁgﬁﬁéd

accompanyi ng driaresn o Refptdn UEREA P B RBUERIAD ¥ 1T
Figure 1is a 3aheqeheC dibelSreabeptiveld) of a is@pAel GaFri@rapparat us
suitable for perform ng an enbodi ment of the inmge form ng nethod
according to If the ratio S;/S, is below 1.2, the carrier
5 surface becomes smooth and this means a lower
adhesivehess of the resin éoating layer onto the |
carrier core particles, resuiting in foner scattering,
fog or image-irregularity. If the ratio 8,/8, exceeds
2.0, the carrier surface becomes exéessively uneven,

10 thus being liable to provide an ununiform resin
coating'layef-on the carrier"cdre'particleé. As a
result, the uniformify of charging is impaired, thus
being'iiable to resﬁlt in foé, toner scattering, and
‘carrier attachment. “

15 - In order to enhance the effect of the present
invention, the carrier may preferably have an apﬁarent
density-bf 1.2 - 3.2 g/cm3, more preferablf 1.5 - 2L8

3. If the apparent density is below the above

‘g/cm
described range, the carrier attachment is liable to
20 occur. 'Abo§e:the above-described range, the
circulatability of.the resultant two component-type
’ devéloper becomes worse, the toner scattering is
liable to occur, and the image'qualitj degradation is
accelerated. ‘
25 _ In order to promote_the effect of the present

invention, the carrier may preferably show a current

value (as measure& by a method described hereihafter).

mmm——— sl (R e



the invention. 25 Figures 2 - 5 are diagranmgy Bﬁmkﬂ‘“”d
alternating electric fields used |n Exanples 1, 13, 14 “
respectively, appearing herei nafter. “‘\‘
-18- . Figure 6 is a partial illustration

electrostatlc i mage- beari ng nenber suitably used in an O e
the inage form ng nethod according to _2g-the i nventi o
Figure 7 is a schematic illustration of an i mage florm-ng- 1) g
suitable for performng - anot her enbodi ment of the image forn1 '“*-ned
according to the invention. - 10 DETAILED DESCRI PTI ON OF THE | NVENTI ON

As a result ohgopy Stgdy hA! S6rEi pgeEBeably 3eb0vesoem\| ofagtheabl ems, it
has been found effective

preferably 40 - 200 pA.

If the current value is oelow 20 pA, the

charge migration on the carrier surface may not be
5 effectively performed aﬁd the.carrier is caused to

have a lower'charge—imparting'ability to the toner,
thus being liable cause fog and toner soattering}
Above.300 PA, the carrier attachment onto the
photosensitive member and the leakage of a bias

10 voltage are liable to occur, thus being liable to
result in image defects. N |

The magnetic performances of-a'carrier are
‘affected by a magnet roller contained in a developing
sleeve and, in turn, greatly affect therdeveloping

15 performance and the conveyability of the two
component-type developer.

In an embodiment of the image forming method
according to the present invention, a developing
sleeve (developer-carrylng member) containing a magnet

20 roller therein is rotated while the magnetic roller is
fixed, thereby circulatlvely conveylng a two |
component—tyPe developer comprising the magnetic
carrier and an insulating color toner to develop an
electrostatic latent'image held on the electrostatic

25 image-bearing member. In this lnstance, preferred
conditions may include (1) the magnet roller heving_s

magnetic poles including a repulsive magnetic pole,



To use a carrier conprising nagnetic carrier core &h §e
resin coating layer coating the 15 nmgnetic carrier '
wherein - the carrier core particles conprl etlc

ferrite conponent represented by the follomnng for
(Fe[err]err])[err](A[err](B)[err] (LL‘ 20
whérein A denotes a menber sel ected fromjhe group 1@@@ HEEF RA AP
AgO and m xtures thereof; B denotes a menber sel gbted THpPA grou
consisting of Li[err]Q MO, CaO, SrO Al[err]Of

m xtures thereof; and X, y and z are nunbers representlng melght
ratios and 2F2)at imsgrietgl ¢ el welctt i 50 -0f 1200 Jdwss Jin xHerr] 0. 95, 0.005
[err] vy [err] 0.3, 0. <z [err] 0.795, and x+y+z [err] 1.

In the fornmul aie(vlglomtng sceigirarherarpt ef )Y reedsaturation magnet1zatlon

-19- that_x, y and z further sati sf < 1 and z-

- of the carrier of 20 - 70 )Q/kg, s0 as to prov1de
excellent image unifcrmity and gradation
5 reproducibility in color image formation;.
1f the'carrier has a saturation_magnetization
exceeding 70 Amz/kg (undef'an applied magnetic field
.of 3000 oersted), the resultant brush or ear compose
of the carrier and the toner on the developing sleeve
10 opposite7an electrostatic.latent image on the
photosensitive member becomes.tightly packed, thus
providing a lower reproducibility of gradation and
halftone. Below 20 Amz/kg, it becomes difficult to
well hold the toner and the carrier on the developing
15 sleeve, thus being liable to cause carrier attachment
and toner scatterinc.

' The curing agent contained in the reactive
particle size may suitably be an cxime-tyne cnring
‘agent represented by the following formula (III):

20 | Ry
o Ry -8i—0-N=C )3 _ ' (111),
. ' Ry
wherein Ry denctee a substituent selected from the
group consieting of CH3, C,Hg and <:>P'each capable
of hav1ng a substltuent° and R, and Ry 1ndependently
25 denote CH3 and CyHg each capable of having a
substituent. Thus, such an oxime-type silane coupling

agent is suitable in view of an appropriate degree of



1-x-y, so as to provide carrier core particles having a noderate
surface roughness, an appropriate noisture content, adhesiveness to a
resin and toughness. It is 5 however possible that the ferrite conponent
can contain preferably at nost 3 wt. % of another netal el enent
in the formof a hydroxide, oxide, sulfide or al i phatic acid conpound
for various proposes, such as control2 f surface crystal grain.size,
prevention of 10 coal escence during calctnation, and control of

particle size distribution. Accordingly, x+y+z <1 in the formula (I)
nmeans the case where the ferrite - conponent cont ai ns: such anot her -
optional cOMPON&HtidL of rehANTHE r&dcPied gAdhys Uﬁlt*@héosﬂu%neA
specific 15 exanple of the case wll be found in Exanple 4 appeari ng
hereinafter. resin, storadd stebibDve 4d nihexpeénsivénasss bel ow 0. 2,

the carrier is liable to have a | ow magnetic property - leading to
carrier scattering and desresmuphing uagewes Riving aHeighoresebitvitye
menber. | n case where x is- above 0.95, the core is liable to have a
| ow r esi stthere have \been uemmx cacgbiciacid-type | Cacetoxysilaneht ai n
proper resistivity and nagnetlc ertles | f g I's above 0.3, it
becones dif1i c@n tQF?FﬁWﬁ% enoxYS11ane) Y using these

coupling agents, however, 1t is somewhat dlfflcult to
set reaction'eonditions for effecting a stable
reaction between the carrier core particles and the
silicone resin to leave some reactive groups so that
10 these coupling agents are less advantageous in view of
the prodﬁction stability. |
SPecifica11Y-prefe:red examples of the curing
agent may inelude those represented by the following
_ formulae (1) -.(4): |
15

CH
(1) CH3-Si- (0—N—C<: -3 )3
C,Hg
CH3
(2) CH3-Si-(0-N=C )5
' : : . ' CH-
20 (3) Ho{Q)-si-(0-N=c<_ > )3
. ' CH3'
(4) CyHg5-Si-(0-N=Cc )3

Cz“s

The above-mentioned curing agent may
25 preferably be added in a proportion of 0.1 - 10 wt.
parts, more preferably 0.5 - 5 wt. parts, per 100 wt.

parts of the siloxane resin (solid matter). Below 0.1



25 carrier core particles having a uniformsurface. If z is 0, i.e.,
no [err] conponent is contained, it becones difficult to provide a
sharp particle size = - _ - 20-

di stribution, resulting in ultra-fine particles which ~are liable to
damage the photosensitive nmenber surface and make difficult the
carrier production due.to severe caahescence during the calcination.
If z 5 exceeds 0.795, the core is caused to have | ow magnetic

properties leading to carrier scattering. . In the above .
formula (1), it is further preferred that x, y and z satisfying the .
fol | owi ng wteopdrti oassuffifient cPodsllinkihgxeff€eck cafindt BeOl [err] 'y
[err] 0.25, 0.001 [err] z [err] 0.2. Anong the B conponents
of Li[err]O #htaingd, _Abovﬁl%@rWF@[EaFFSanahQiCpsidpe theireofir eharred to
use MO, CaO, SiO[ery and A1203 because of little decrease in

resistivity remaln chause of insufficient reaction or
| insufficieﬁt removal of the residue, ﬁhus being liable
5 +to impaif the charging characteristic and the |
mechanical stréngth.
Another class of thé curing agent.suitably
'confained in the reactive silicone resin may be an
amindsilane coupling agent, specific examples of which
10 may include those represented by the fdlloWing |

formulae (5) - (13):
H
(5) (O)-N-CaHg-8i-(0CH3)3,
_
15 (6) H5C,-N-C3Hg-Si-(OCH3)j,

(7) HzN—C3H6-Si-(0CH3)3,

| " |
(8) HyN-CyH,-N-C3Hg-Si-(OCHg)3,

20
H :
(9) HgC4-N-C3Hg-Si-(OCH3)3,
(10) HyN-CyH4-NH-C3Hg-Si-(OCH3)3,
CH,
25 _ (11) (C2H5)2—N—C3H5-Si—(OCH3)3,

(12) (C4Hg),-N-C3Hg-Si-(OCH3)3, and




under a high-voltage application, and particularly MO 15 and CaOin view

of good conpatibility with a . repl eni shed toner. The
carrier core particles conprising the ferrite conponent represented by
t he above formula (I) - are coated with a |l ayer of resin, which may
preferably 20 conprise a reactive resin containing a specific curing
agent. Heretofore, it has_ggen proposed to use a

nodi fied, silicone resin in order to provide an i ncreased adhesi veness
with the carrier core 25 particles. The nodification may be with al kyd,
epoxy, . acryl, polyester_ phenol, nel am ne or urethane. ' However,
such a nodified si I(tlgqnenbgslc-qwlé-)t Q :

-21- have an increasedurface energy and is liable to cause

toner sticking, so that it is not sufficiently

| | These aminosilane coupling'agents may be used

-singly'or in combinafion.bf two or more species (or in
5 | combination with the abbve-mentioned oxime-type_
coupling agent). Among the ébove, aminosilane
'coupling agents including a nitrogen atom having one
hydrogen atom bonded the;eto (i.e., an imino group) as
represented by fhose shown below aré particularly
10 suitabie in view of mutual.solublity, reactivity and

stability.

H :
) (O)-N-caug-si-(0CH3)3,

15 ~ (6) Hscz-g-c3ns-s;5(ocn3)3g
| H -
(8) HyN-C,H4-N-C3Hg-Si-(0CH3) 3,
a R
(9) HgC4-N-C3Hg-Si-(OCH3)3.
20 _
| (10) H,N-C,H,-NH-C3Hg-Si-(OCH3)3,
' CHy
These aminosilane coupling agents may
preferably be added iﬁ a proportion of 0.1.— 8 wt.
25 3pa?ts, more preferably 053 -5 wt. parts, per 100 wt.
'parts of the siloxane resin (solid matter). Belpw 0.1

wt. part, a sufficient effect of addition cannot be



satisfactory in réspect of -successive image formng . characteristic of

the resul tant devel oper. 5 It has been proposed to use various
addi tives so as to increase the adhesiveness while retaining a

| ow surface energy (JP-A 2-33159). _ These additives are
reacted wwth a silicone resin or by . itself to inpart an adhesiveness
and a 10 toughness. The nodified silicogg-resin disclosed by JP-A
2-33159 actual ly provides a coating resin having an i nproved
~durability but does not provide a sufficiently satisfactory-

adhesi veness with the " carrier core particles when it is fornmed as a
thin 15 coattaineder Imtextésssoff8cetof pantscaarsafficient '
particles.. A further inprovement is therefore desired.

As a result ofeactiorrmayungtobeceffectedhfbus beipgehiabledtpossible to
provide a long-life carrier. 20 having high perfornmances inclusive of good
adhesi veness Ehtheceprting l@YﬁﬁgﬁEFﬁﬁgﬁgrrjer ' core particles

containing a netal oxide having.a solubility of 0.5 - 10 ng/100 m ,
preferably 0.5 - 2 Anﬂﬁ??ﬁogﬁ??siﬂfmﬁgﬁrchpignFengnE are coated with a

5 additionally usable in the present invention may
include those represented by the.following formula
(IV): | | _ |

R4-a-Si-X . (1v),
wherein R denotes a substituent selected from the

10 group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivativeslof these; X denotes a halogen
or alkoxy groupé'and a is an integer of 1 - 3. These
coupling agents'may be used in combination with the
above-mentioned oxime-type cilane coupling agent or

15 aminosilane coupling.ageht. Specific examples of this
class of coupling agents may include those represented
by the following formulae (14) - (16): |

(14) CH3=CH-81i-(OCH3) 3,
| (15) CH3-Si-(OCH3)3, and

20 (16) CH3-8i-(OCyHg)3.

The magnetic carrier core particles ﬁay be
coated with a resin according to Qarious.methods,
including a_hethod wherein a coating resin composition
is diSsolved in an acpropriate sclvent and, into the .

25 rcsultant solution, the carrier core particles are
dipped and taken up therefrom, followed by solvent

removal, drying and baking at an elevated temperature;



25 reactive silicone resin, preferably one contalnlngm@mm”ﬁmBgHr &apgent
represented by a formula (III) appearlng herein ly an
am nosi | ane coupling agent, - [ -22-
t hrough an appropriate degree of reaction between so
contained in the carrier core particles and- r emai,pi-ng rnarrlve gr-ou
in the silicone resin. JP-A32-33159 al s

resin 5 containing a curing agent represented by the fornuREPLACED(III)

appearing hereinafter, but the above-descri bed
therefromin that a netal oxide havi ng a.specific

mHMIMSHAs SEENCHNE

solubility is caused.

to be contaJrmaimethodrwhesgmnlthe capvieri cotécpantieles amerier core 10

particles and is reacted with such a reactive silicone

resin. As a

result, it is pbebdigedtinproflybdizing syatemeandi ahsabuthomnofdtherengt h

betmeen the carrier core particles and the resin coating |ayer.
- coating res1n composition is sprayed thereonto for

coating, followed by drying and baklng at an elevated

5 temperature; and a method wherein the carrier core

particles are simply blended with powder or an aqueous

emulsion of the coating resin composition.

In a preferted method, a mixture solvent’

formed by adding 0.1 .- 5 wt. parts; preferably 0.3 - 3

10 wt. parts, of water to a solvent containing at least 5

wt. %, preferably at .least 20 wt. %, of a polar

sdlvent, such as ketone or alcohol, may be used so as

to intimately attach a coating resin, such as a

reactive silicone size, onto the carrier core

15' particles. In case where the water is below 0.1 wt.

part, the hydrolysis of the reactive silicone resin is

not sufficiently effected so that it is difficult to

form a thin and uniforﬁ coating film onto the surface

of the car;ier. core particles. In excess of 5 wt.

20 parts, the reaction control becomes difficult, thus

providihg a rather low coating strength.

In the present inventioh, the carrier and a

toner are blended to prepare a two component-type

developer in a mixing ratio which preferably provides

25 a toner concentration in the developer of 1 - 12 wt.

%, more preferably 2 - 9 wt. %, so as fo provide

generally good results. If the toner concentration is



The magnetic carrier core particles suitably 15 wused:-in the present

i nvention may conprise MyO havi ng a solubility of 0.62 ng/100 m or
Ag[err] O having a solubility of 1.74 ng/100 m, respectively in water
at ~ 25 [err] C It is further preferred to use ferrite particles
containing 0.5 - 30 wt. % (as oxide) of MO 20 in view of a stability of
resistivity, surface uni form zati ongzeasi ness of spherization, and an
appropriate noisture content of the ferrite particles. : The
coated carrier according to the present _invention may al so be

characterized by a specific 25 surface property and a particle size
distribution.below 1 wt. %, theeresutténtainggeadensityuiie dowewedst udy,
a two conponent -type devel oper providing high inage:

- 23- qualntexcesacbfisidewdt #i gfognand tenert pcagsering ini §ARi ght
reproducibility and good thin-|ine reproduci bility can b% real i zed by
using a carri@pparatus are liable to occur, thus shortening he

life.of the devéloper.

5 A first preferred mode of the toner blended
with the carrier to provide a two_compbnent—type
developér’according fo the present invention may
comprise toner particles and an external additive of
Surface-treated inorganic fine partiéles preferably

10 having a weight-average particle size of 0.091 - 0.2
pm. The toner-may have'a'weightraverage particle size
of 1 -9 pm; (Incidentally, a toner including toner
particles and an external additive may be subjected'to
a particle s;ze measurement. However, fhe weight—

15 average particle size meésurement.' However, the.
weight-average particle size of the toner is generaliy
governed by the toner particles, since the extérnal
additive has a particle size which is generally below
the lower limit of the toner particle size |

20 ﬁeasurement;)

The inorganic fine powder as an external
addifive may for example comprise alumina, titanium'
oxide or silica. Among these, alumina or titanium
oxide fine particles may preferably be used so as to

25 further.stabilize the toner charggability.

It is further preferred to hyrophobize'(i.e.,

impart hydrophobicity to) the inorganic fine powder in



havi ng specific particle size distribution and surface 5 property.
The carrier (particularly, core particles thereof) according to the
present invention nmay be characterized by a uniformy small particle
si ze carrier having a small average particle sizerand 10 controlled
contents of fine and coarse powder . fractions.and having a certain
degree of surface . unevenness. Accor ngly, even when the core
particles are coated with a resin h |ng a small free energy, t he .
- resultant coated carrier retains a good toner- 15 conveying performance
and is provided with a quick triboelectrification characteristic.

The carrier gy qgrete 3UabcRA{ied dabeitency oAbt kensize (vl ume- basi s
C

medi an particle size , a particle size at-which a cumnul ative

particle 20 cﬁh?:g ebbaqliitgn ohf mﬂﬁm&mﬂﬂesﬁmm&mn&bl Suied taisC| e
si ze) reaches 50 % by volune) of 15 - 60 [err], preferably 20 - 45
- [err]m and ceahperatire addMhunidity, athés ialaiol \to2 preventt th§ nore
preferably 4 - 12 wt. % of carrier particles of below 22 [err]m
i ncl udi ng” 0. 0Oisola23on3 thierekf Firokeths wurface of whe %kona¥ e preferably

0.01 - 1 w. % of carrier particles of below 16 pm
5 particles. Examples of the hydrophoblzing agent may

include coupling agents, such as silane coupling
‘agents, titanium coupling agents aud'aluminum coupiing
‘agents; and oils; such as silicone o0il, fluorine-
- containing d11S'and variousumodified oiis. Among the

10 above-mentioned hydrbphobizing agents,.the coupling
agent is particularlyvprefarred in view of the |
stabilization of toner chargeability and the |
Iflowability;impartiué effect.

Consequently, the external additive

15 'particularly prefarably uéed in the prasent invention
may COmprise alumina.or titanium oxide fine particles
surface-treated uith a coupling agent while being
hydrolyzed in view of the stabilization of the toner
chargeability and the fluidity imparting effegt.

20 ' ‘The hydrophobized inorganic fine powder may

| preferably have a hydrophobicity of 20 - 80 %, more
preférably 40 - 80 %. If the hydrophobicity below 20
%, the chargeability is liable to be remarkably
lowered when the tdnet is left standing for a lqng

25 period in a high—humidity environment, so that a'
charg1ng promotion mechanlsm may be required in the

apparatus, thus compllcat1ng the apparatus. If the



If the content of the fine powder fraction o
(below 22 [err]m) exceeds the above-nentioned upper limt,
core particles cannot be stably coated . with a resin,

-24-
the carrier

~the resultant carrier is liable to cause carrier attachnent and
- prevent snooth charging 5 of the toner.

and

22 [err]lm Is below 1l w. % only spasse nagnetic brush can be
forned to provide a slowinitial charging rate of the toner, thus
causing toner scattering and fog. : Carrier particles of 62

[err]mor larger are 10 closely related with the sharpness of the

resul t ant
Above 20 wt.

| over ed and t¥RetRTIARLE £ing PY

hydrephebigityegzeredsr 89| §, pkhe ophargieg | goprtrodoofit .

% the toner-conveyiqg erf ormance of the carrier

is

lover the i mge, 15 [eppl b1 o SnoLlE LAGNLLARE [ERLOTUGLDITity.  Below 2

5

10

15

20

25

excessive toner charge) in a low-humidity énvironment.
The hydrophobized inorganic fine powder may
preferably have a weightAaverage particle size of

0.001 - 0.2 pm, more preferably 0.005 - 0.15 pm in

'view of the flowability-imparting effect and the

prevention of isolation ffom the toner surface.

I1f the weight-average particle size is below
0.001 um, the inorganic fine powder is liable to be
embedded at the surface of the toner particles, thus

ratheralowering the successive image forming

characteristic due to the toner deterioration. In

excess of 0.2 pm, an improved toner flowability cannot

be attained, thus béing liable to result in an

ununiform toner charge leading_to toner scattering and
fog. | |

The hydrophobiied inorganic fine powder may
preferably show a light transmittance (as méaSured
according to a method descfibed hereinafter) of at
least 40 % at wavelength of 400 nm. -

The inérganic fine powder, even though havihg
a small primary'partiéle size, is hot neceséariiy'
pfesent'in the form of primary particles but can be
present in the form of secondary ﬁafticles when it is

actually contained in the toner. Accordingly, even if

If the carrier particles of bel ow

%

T per $@nPeqemes fatfticultncreased to



w.% the flowability of the resultant two conponent - type devel oper
Is lowered to cause | ocalization of the devel oper in the devel oping
device, so that it becones difficult to formstable i mages. 20

The carrier according to the present .invention may preferably have a
specific area ratio - S[err]/S[err] of 1.2 - 2.0, nore preferably 1.3 -
1.8, further ~preferably 1.4 - 1.7, \ggerein S[err] represents a
specific surface area neasured by the air perneation nethod 25 _
(described in detail hereinafter) and S2 denotes a specific surface
area cal cul ated by the fol l'owi ng - formula (11):

-25- the prim8ryr pprtifce [sdizel isDsafflicientlfyesmall, the
(rry, wherein P denotes a density and D50 denotes a 50 %
particle sizelnpggpadci fdng powdersgepl eroxidece lower . . |f the

ratio S[err]/S[err] Is below 1.2, the carrier
ransmittance if it has a large effectlve particle

size as a result of behavior as secondary particles.

5 On the other hand, an iﬁarganic fine powder having a
higher optical traﬁsmittance at a lower limit
wavelength in the visible region of 400.nm shows a
smaller'secohdary particle size, thus_providing
exCel;ent performances in respects of'flowability-

10 imparting ability and clearness of projected images in
the case of a color tonef.. The wavelength of 400 nm
is a boundary between the ultra violet and visible
regions. Furthér, particles having a particle size
which is equal to or shorter than the wavelength of an

15 objective light aré_kncwn to substantially transmit
the_objecfive light, so that light having a longer
wavelength shows a larger transmittance and has a
lower value as a refarence light. This is why the
light having a wavelength of 400 nm is'used as a

20 reference_light. _

The toner used in the present invention may
preferably have a weighf-average pa;ticle_size of 1_—
9 pm, more praferably 2 - 8 pm, so as to provide a
good harmonization of high image quality and high

25 succéssive image forming perforﬁance.

If the ._weight-aver'age particle size is below

llum; the mixability with the carrier is lowered.to



. ThlS Sheet Has BeenR laced
5 surface becones snooth and this neans a | ower he
resin coating |ayer onto the carrier core partlcle

toner scattering, fog or image irregularity. |If the ratlo
Slerr]/S[err] exceeds - 2.0, the carrier surface be

uneven, 10 thus being liable to provide an ununi f orm fe i%%ﬁ?%i@%%?F%ﬁ \
| ayer on the carrier core particles. As_ result, : .
charging is inpaired, thus: bei ng I|a e to result in fog, t oner
scattering, and - carrier attachnment. 15 L In order to enhance
the effect of the present i nvention, the carrier may preferably have
an apparent pagul€nthidefécils? suchZag/ €ohét 'dcatteringrat@redyy 1.5 - 2.8
g/cnferr]. 1f the apparent density is bel ow.the above - descri bed
range, the cardi&kceésashn®nimj sthe adbteonpl ighnemt cof .a Rbgleinage

. above-descri bed range, the circulatability of the resultant two
conponent - typQualltydﬁsehtmﬂsreéo@nestmnashowehbngoh%rms%ﬁ¥%e¢9ﬁg i's

| iable to occur, and the image quality degradation is accelerated. 25
In order to- prqnno@uchbibitﬁc?ro$C?hEe§%%Se%¥ the timgof bRansheTcarrier

r ef er abl how rren
Ty pre esab y show & %ﬁ goéer used in the present invention may

contain a colorant wh;ch may be a known dye and/or
pigment, examples of which may include: Phthalocyanine
Blue, Indanthrene Blue, Peacock Blue, Permanent Red,
Lake Red,.Rhodamine Lake, Hansa Yellow, Permanent

10 Yellow, and Benzidine Yeilow. THe colorant may be

: .added in an amount of'12'wt; parts or 1ess,:more

preferably 0.5 - 9'wt. par£s, per 100 wt. parts of the
binder "resin, so as to provide a good sensitivity to
transmittance of an OHP film.

15 The toner used in the present invention can
contain are additive within an extent of not impairing
the téner characteristic. Examples of'such.an
additive may include: a lubricant, such as
polytetrafluoroethylene, zinc stearate, or

20 polyvinylidene fluoride; a fixing aid, such as low-
moiecuiar weight polyethylene or low-molecular weight
,polypropflene; andlorganic resin particles,

' The toner may be produced through various
processes including a process wherein starting'

25 ingredientslare_melt-kneaded in a hbt kneading means,
such as hot rollers, a kneader or an extruder, and the

kneaded and codled product is mechanically pulverized



val ue (as neasured by a nethod described hereinafter) S R
- 26- Of’I‘lﬂ@Sheetngs{Be[eﬁkma&d nore preferably 30 - 250 [err]A further

preferably 40 |f the current valug i's bel ow 20
[err]A the
effectively pe

tlon on the carrier surfweqﬁﬁﬁgHﬁQtHheBEEN
|

e carrier is caused to av ey lnawer {

charge-inparting ability to the toner, thus being -e—t-o—caise

and toner. scattering. Above 300 pA the carrier attachnment onto the .
phot osensitive nmenber and the | eakage of a bias 10 voltage are liable to
occur, thus being liable to result in inmage defects. "The
magnet i c per f ghgeBaEa8s9Eidds k! pPbcak8 wheredhf eohed Rutariaamst roller
contai ned in -a devel opi ng ~sleeve and, in turn, greatly affect the
devel opi ng- 15upnrésraanomoaadtthareouuspebsédtynoh bliadewo resin

conponent -t ype devel oper. In an enbodi ment of the |nage

form ng net hodolution an then the resultant dispersion are spray-
dried; and a precess wherein prescribed materiels euch
5 | as a colorant are dispersed in a polymerizable monomer
providing a polymer constituting the binder resin to |
_ provide a polymerizable mixture, and the resultant
polymerizable mixture is dispersed in suspension or
emulsion to be polymerized.

10 . The binder eonstituting the toner may
comprise varieus resins, examples of which may
include: polystyrene; styrene—copolymers, such as,
styrene-butadiene copolymer, styrene-acrylic |
copolYmer; polyethylene, ethylene copoiymers, sucﬁ as

15 ethylene-vinyl acetete copolymer; andfethylene-vinyl
alcohol copolymer; phenolic resins, epoxy fesins,
aliy phthalate resin, polyamide resins, polyester
resin, and maleic acid resin. |

_ Any of these resins produced through any

20 production'precesses may be used.

The present invention is most suitably
applied to a toner obtained from a polfester.resin
having a high negative chargeability. A polyester
resin has'an excellent fixability, is suitable for a

25 color toner but, on the other hand, is liable fo be
charged excessively because of a strong negative

chargeability.' However, this difficulty is alleviated



according to the present invention, a devel oping ﬂhﬁﬂwﬁfhsB&mRﬁlmmd
(devel oper-carrying nmenber) containing a magnet 20 roll h“
rotated while the magnetic roller is fixed, thereb

conveying a two . conponent -type devel oper conpri sing e nagnetlc
carrier and an insulating color toner to devel op an '”ﬁ% Stat

| atent image held on the electrostatic. 2§ginage-bearit %E ETW @Eﬁ&,

i nstance, preferred conditions may include (1) th ELJjﬁﬂQH
having 5 magneti c pol es including a repul sive magnetic pol e, )
-27- (2) a magnetic flux of 50 - 1200 gauss in the devel opi ng
regi on, and (3yhén sedmbihed wirtlynche zaaroier accotdinhg tarther of 20 - 70
Anferr]/ kg, so as to provide excel l ent image uniformty and gradation
5 reproduci bi | pregsemt cbhventiemye fornmati on. . If the carrier has

a saturatlon nagnetlzatlon
It is particularly preferred to use a.

polyester resin formed by condensation

5 copolymerization between a diol component comprising a
bisphencl'derivative represented by the fcllowing
formula (V)'er a.Substituted derivative thereof and a

__cerboxylic acid component comprising a'carbcxylic acid.

having two or more cerboxylic groups or an anhydride

10 thereof, such as fumaric acid, maleic acid, maleic
anhydride, phthalic acid, terephthalic acid,
trimellitic_acid and pyromellitic ecid:

CH3

H- (OR )x—o-@—iv@o (RO)Vy-H (V)

wherein_R denotes an ethylene or propylene group, x

15

and y are independently'a positive integer of at least
1 with the proviso that the aVerage of x+y is in the
range of 2 - 10. .This type of polyester resin is
20 preferred becauSe of a sharp melting characteristic.
| Thus, a second preferred mode of tcner used
in.the present invention may a weight4average:partic1e
size of 1 - 9 pm, comprise toner particles containing
a binder resin comprieing a polyester reein and have
25 an acid valuve of 1 - 20 mgKOH/g, greferablylz - 18
ngKOH/g, further preferably 3 - 15 mgKOH/g.

More specifically, if the above-described



exceeding 70 Anferr]/kg (under an applied magnetic field of 3000 -.

oersted), the resultant brush or ear conposed of the carrier and the
toner on the devel oping sleeve 10 opposite an electrostatic latent image
on the phot osensitive nmenber becones tightly packed, thus
providing a | ower reproducibility of gradation and hal ft one. Bel ow 20
A2/ kg, it becomes difficult to weljgbol d the toner and the carrier on
the developing 15 sleeve, thus being |iable to cause carrier attachment
‘and toner scattering. ' The curing agent contained in the
reactive particle size may suitably be an oxine-type curing agent
represent ed byonde havisyi ag deiduvaloel df:1 2020 mgKOH/g is[usefl '
wherein Rierr] denotes a substituent selected fromthe group
consi sting of iHfembinatienr¥ifbr theagarfier] ofathecnpasent of having a
substituent; and R2 and R3 independentLg_ 25 denote CHerr] ,and
C[grr]H[err].?@Eﬁntéﬁabﬁémbtiﬁﬁﬂgnﬁha ovezgpatieped: sPeRificsych an
oxi M- : ; o . o . : :
_ degreetgfe Slfgggiggugéﬁggnent cg %2& %itﬁugtggggnlgog%gwboaa%gr?pproprlate

5 the charging stability is improved to allow quick
charging, thereby providing a two compbnent-fype
developer which is free ffom fog or toner scattering

. for a long period even when an original having a high
image area ratio'is used.

10 -~ In case where the acid value is below 1
mgKOH/g, the initial chargihg speed is 1bwered, thus
‘being liable to result in severér fog. On the other
hand, if the acid value exceeds 20 mgKOH/g, the
chargeabilitj in a high humidity environment is liable

15 to be lowered, thus fesulting in fog and tonei
scattering.

In order to provide a toner having an acid
value in the range of 1 - 20 mgKOH/g, the acid
component'for prbviding the binder resin may

20 preferably contéin'o.i - 20 mol. %, more preferably
0.1 - 10 mol. %, of polyvélent'carboxylic acid.haéing
at ieast three functional groups. It is further |
preferred'that the'tonef comprising a polyester resin
as a binder resin may'preferably haﬁe a glass

25 transition temperature (Tg) in the range of 45 - 70 ¢

 and a temperatufe giving an apparent viscosity of 102

poises (Tm) in the range of 80 - 120 °C. A preferred



oy

- 28- control of remaining reactive groups in the silicone

resin, storage stability and i nexpensiveness. As coupling
agents having a high reactivity, - t here have been known acetic

aci d-type (acetoxysilane) 5 and acetone-type (propenoxysilane). By using
t hese coupling agents, however, it is sonewhat difficult to set -
reaction conditions for effecting a steﬂu4a . reaction between the-
~carrier core particles and the silicone resin to | eave sone reactive
groups so that 10 these coupling agents are |ess advantageous in view of
the production stability. . - Specifically preferred exanpl es of
the curing  claa@ef e |§B]Jy‘é§i:éf1(lfesirrﬁﬁr§&.€ﬂ§ esbdve-tdisd®ibeav ng
formulae (1) - (4): 15 - [err]

polyester reS1n formed from the bisphenol represented
by the formula (V). | _ |

The polfester resin can be used in mixture

_5 with another resin,.examples of which may include
those enumerated in the first preferred mode of toner
used in the present invention.

The toner particles may be-blended with
external additives, as desired, examples of which may

10 include those enumerated in the first preferred mode
of toner used in the present invention. -
| Now, an embodiment of the image forming
method- according to the nresent'invention using a two
component-type developer as described above will now
15 be described.

In the image forming method according to the
present invention, a two component-type developer
comprising a toner and a carrier is circulatively
conveyed on a developer-carrying member and, in a

20 developing region, an eleCtroStatichlatent image'held
on an electrostatic image-bearing'member is developed
with the toner in the two component-type developer
carried on the developer carrying member.

In the image'forming method according to the

25 present invention, it is preferred to effect the
development underhapplication of aldeveloping bias in

the developing region.



The above-nentioned curing agent may 25 preferably be added in a

proportion of 0.1 - 10 w. parts, nore preferably 0.5 - 5 w. parts,
per 100 w. parts of the siloxane resin (solid matter). Below 0.1
-29- ~wt. part, a sufficient crosslinking effect cannot be N
attained. Above 10 wt. parts, the residue thereof can remai n because
of insufficient reaction or i nsufficjent renoval of the residue, thus
being liable 5 to inpair the charging tharacteristic and the

mechanj cal strength. , Anot her class of the curing agent

sui tably . contained in the reactive silicone resin may be an

A particularly preferred developing bias
voltage will now be described. More specifically, ih
the present invéntion, it is.preferred to apply'a
devéloping bias comprising a successidh 6f voltages

5 including a firgt voltaée directing'a toner from the
image~-bearing member toward the developer—carfying.
member, a second voltage directing the toner from the
developer carrying'mehber toward the image-bearing
.member and'a third voltége intermediate between the

10 first and_second voltages. It is further preferred

" that a period (T;) for applying the first voltage and
the second voltage is set to be sho:ter than a period
(T,) for applfing thé_third #oltagé so as to céusg an
rearrangement of the toner on the'image—bearing member

15 | for faithful development of the latent image.

More specifiéally, the first voltage (i.e.,
one forming an electric field for directing the_toner '
from the image—bearing member toward the developer-
carrjing member)'and the second voltage (i.e., one

20 forming'an electric field for directing'the toner from
-the developer-carrying member toward the image—bearing.
-membér) for at least one cycle (once eaCh), and then
the third voltage (for establishing an electric field
for directing the toner from the déveloperfcarrying

25 _member toward the imége—bearing member at an image
part on the image-bearing member and for directing the

toner from the image-bearing member toward the



am nosi | ane coupling agent, specific exanples of which 10 may include

.those represented by the foll ow ng formulae (5)- (13): [err]

- 30- : (13) TJerr] ~~ These am nosil ane coupling
agents may be used singly or in conbination of two or nore species (or
in 5 conbination with the above-nenti oned oxi nme-type coupling agent).
Anmong t he above, am nosil ane coupl ingg.agents including a nitrogen atom
havi ng one hydr ogen at om.bonded thereto (i.e., an imno group) as '
represented by those shown below are particularly 10 suitable in view of
mutual solublity, reactivity and stability. :

developer-carrying member) is applied fdr a prescribed
period, theréby to develop the latent image on the
image-bearing member with the toner in the two
component-type developer. Ih this 1nstance, the time
5 (TZ)'for applying the thiid voltage is preferably set
to be longer than the total time (Tl) for applying the
first and second voltages. ' o
The above-mentioned application of the first
to fhird voltages may be pefformed simply by a
10 sequénce of applying an alfernating électriq field
(applying the.first and second voltages) and turning
.dff the alternmating electric field (apélying the
third voltage). This sequehce'may_be rebeated
' periodicaliy. |
15 . The application of the first to third
'661tages isﬁeffective for pre&ehting carrier
.attachment. The mechanism thereof has not been fully
clarified as yet but may be reasoned as follows.
According to the application of a
20 conventional éontinuous sine waveform or alternating
rectangular waveform, when thé electric field is
intensified_in order to accomplish a high'image
quality and density, the toner and the carfier
integrally move reciprocally between the image-bearing
25 member and the developer—carrying.member, whereby the
image-bearing member is intensely.rubbed with the

carrier to cause carrier attachment. This tendency is



These am nosi | ane-coupl i ng agents may ‘preferably be added in a

proportion of 0.1 - 8 w. 25 parts, nore preferably 0.3 - 5 w. parts,

100 wt. ~parts of the siloxane resin (solid matter). Below 0.1
part, a sufficient effect of addition cannot be .
-31- attained. In excess of 8 wt. parts, a sufficient

| - -44- |

conspicuous when'much fine powder CAr:ier.fraction is
contained. |
- On the other hand,-when the above-mentioned
specific alternating electric field is applied, fhe '
5 toner or carrier causés a reciprocal movement such
that it does not complete the reciprocatidn betweeh
the developer-cérrYing member and the image-bearing
member within one cycle of the alternating electric
field. As a result, during the application of the
10 third véltage thereaffer, in caée ﬁhere a potential
differenée V;ont bétwéen the surface potential'of the
image-bearing member and the DC component of the
developing bias (third voltage) satisfies Vcont < O,
Vcoﬁt functions to direct the carrier from the |
15 developer-carrying meﬁber toward the image-bearing
| member, but the movement of the car:ier causing
carrier attachment in this case cén be prevented by
-,adequafe control of the magnetic properties of the
‘carrier and the magnefic_flux ih the developing ;egioh
20 exerted by the magnet roller. On the other hand, in
case of Vcont S 0, Vcont and the magnetic field force'
both function to pull the carrier tqward.the
developer-carrying member. As.a result, the carfier
attachment (onto the image-bearing member) may be
25 effeétively prevehted. _
A preferred form of the electrostatic imagé-

bearing member suitably used in an embodiment of the

per

W .



reaction may not be effected thus being liable to . | ower the coating

| ayer strength. ' Anot her cl ass of the coupling agent 5.
‘additionally usable in the present invention may . i ncl ude those
represented by the following fornula (1v): _ :
Rlerr]-a-Si-Xerr] (rv), - wherein R denotes a
substituent selected fromthe 10 group‘£§n5|st|ng of vinyl, methacryl,
epoxy, .am no, ner capt o and derivatives of these; X denotes a halogen
or al koxy group; and a is an integer of 1 - 3. These coupling agents
may be used in combination with the above- nenti oned oxi ne-type sil ane

coupl i ng agentjmiige ForMin MdtHH GBHDFdih@ 3D ttheSiRdddmst exanpl es of this
class of coupllng agents may include those represented by the

fol | owi ng for mventibh wililGow be descriliddlwith reference to
CH err]=CHSi-(OCH err])[err], (15) CHerr]- Sl-(OCH[err])[err]
and 20 F(lmgre(:lﬂ[.err] Sl-(OC[err]H[err])[err] The

magnetic carrier core particles my coated with a resin according
to various methods, Reﬂﬁﬂﬂlﬂﬂrﬁ?ef#ﬁﬁ#ﬁxﬁmWﬁﬂ691¢Q$¥Rﬁﬁ§¢kFreS|n

conposi tion s dissolved in an a roprlate sol vent and, into the
5 - latent image-bearing m comprises a

"photosensitive layer 43_and a_protective layef 44
disposed on an électrpconductive suppoft 41. At least
the protective layer 44 contains fluorine-containing
‘resin pérticles so as to.reduce a.surfa¢e frictional

10 resistance of the image—bearing'member_l. The
prdtective layer 44 may preferébly be mechanically
abraded to provide a ten point—avérage surface
roughnéss Rz according to JIS BO61 (hereinafter simply
called "average surface roughness") of 0.01 - 1.5 pm.

15 ' if the_average_surface'roughness is within
the above range,_the friCtibn between a cleaning blade
50 ahd the image-bearing member 1 is sufficiently

" small and, even on repetitive use, no image defects
appear thereby. Further, an excellent highlight

20 reproducibility can be attained.

| The content of the fluorine-containing resin
parficles added for effectively 1oweiing the surface
frictional coefficient of the imagé-bearing-member 1
may be 5 - 40 wf. %, preferably. 10 - 40 wt. %, of the

25 total weight of the protective layer 44. The
protective layer may preferably have-a-thickness of

0.05 - 8.0 ym, more preferably 0.1 - 6.0 um.



25 resultant solution, the carrier core particles are di pped and taken
up therefrom followed by sol vent renmoval , drying and baking at an

el evat ed t enperat ure; -32- | a

met hod wherein the carrier core particles are . fluidized in a
fluidizing systemand a solution of the coating resin conposition is
sprayed thereonto for coating, followggl by dryi ng and baking at an
elevated 5 tenperature; and a nmethod wherein the -carrier core
particles are sinply blended with powder or an aqueous enmul si on of the
coating.resin conposition. In a preferred nethod, a m xture

sol vent formed by adflidisddwherd® the plivtcsemsttvablayédr343 3 10 w.
parts, of water to a solvent containing at |least 5 w. % preferably

at |east 20 walsh cﬁnﬁainéethe f1ucol nenton satohi g testnmpamth¢te®pl may
be used so as to intimately attach a coating resin, such as a
reactive silicdhe egitentmbd the partictesgay be reduced as the
photosensitive layer 43'is thicker than the protective
5 layer 44. Mo:e specifically, the content in the
phofosenSitive_layer may preferably be at most 10 wt.
%, more preferably at most 7 wt. $%. | |
Even if the content of the fluorine-
containing resin particles in'thé photosensitive layer
10 is reduced, remarkable decreases in sensitivity and
'uniformity of images can occur due.to light scatterihg
in case where the total thickness of the
_photosensitive layer 43 is large and particularly'when
photocarrier_are prihcipa;ly generated at a support
is side of the photosensitive layer 43. Too small a
" thickness of the photosensitive 1éyer 43 can cause a
decrease in sensitivity and a decrease in
_chérgeability due to én electric capacity increase of
the photosensitive layer 43. Further, even in case
20 where no such'particles are contained in the
-photosensitivéllayer, an extremeiy-large
phoéosensitive layer thickness is;not desirable. T@is
ié'because the prbtéctive layer 44 containing the |
particles disposéd oﬂ the photosensitive layer 43
25 functions as é light—scattering.1§yer. Particularly,
in case where photocafriers are generated_in a support

side of the photosensitive layer, the influence of the



15 particles. In case where the water is bel-ow 0.1 w .. part, the

hydrol ysis of the reactive silicone resinis not sufficiently effected
so that it is difficult to forma thin and uniformcoating filmonto

t he surface of the carrier. core particles. |In excess of 5 w. 20
parts, the reaction control becones difficult, thus - providing a rather
| ow coating strength. ' I n thquresent I nvention, the carrier
and a toner are bl ended to prepare a two conponent-type devel oper
inamxing ratio which preferably provides 25 a toner concentration in
the developer of 1 - 12 w. =~ % nore preferably 2 - 9 wt. % so as to
provi de genght! syageedingsulst Sndredded tidnarhec @idmentofation is-

- 33- below 1 wt. % the resultant inmage density is | owered. In

“excess of 12 wpho%pcbmglamdgbmematyuntuswnquheniﬁ;om theadpaghdt us are
| iable to occur, thus shortening the

scattering layer, i.e., if the photosensitive‘layer is
thicker, fo provide an increased light path length

5 after the scattering. | |

Accordingly, the_total thickness of the

photosensitive layer 43 and the proteCtiﬁe layer 44
may preferably be 10 - 35 upm, more_preferably 15 - 30
pm. A smaller content of the fine particles in the

10 photosensitive 1éyer 43 is preferred. Accordingly,

| the average content of the fine particles in. the
photosensitive léyer'43 and the protective layer 44
may preferably be at most 17.5 wt. % based oh the
fotal weight of these layers.

15'_ . .The fluorine-containing'resin.partic1es used
in the image-bearing may comprise one or more species

selected from pol&tetrafiuoroéthflene, polyéhlorotri-

fluoroethylene, polyv1ny11dene fluorlde, polydichloro-
d1f1uoroethy1ene, tetrafluoroethylene-perfluoroalkyl

20 vinyl ether copoljmer, tetrafluoroethylene, tetra-
fluoroethylene-hexafluoropropylene copolymer, tetra~-
.fludroethyiene-ethylene copolymer and tetraflﬁoro- '
efhylgne-hexafluoroﬁropylene-perf1uoroa1kyl vinyl
ether copolymer. .Comﬁercially available f;uorine—

25 containing resin particles can be.used as they are.
The fluorine—confaining resin may have a molecﬁlar

weight of 0.3x10% - 5x106. The particle size may be



life of the developer. 5 A first preferred

node of the toner

bl ended with the carrier to provide a tw conponent-type

devel oper according to the present invention nmay

particles and an external additive of surface-tre
particles preferably 10 having a wei ght-average part
0.2 ~ pm The toner may have a meight-gggrage parti
9 [err]m (Incidentally, a toner including toner

external additive may be subjected to a particle
However, the weight- 15 average particle size measur

wei ght - aver age @ﬁ@l|€|ﬁosﬁﬂﬁ ptefdfabpe0.05 9eRcOajuny

conprise toner
ated inorganic fine
icle size of 0.001 -
cle size of 1 -
particles and an '
Si ze measurenent.
ement. However, the
governed by the

toner particles, since the external additive has a particle size which
i's generally bel ow The photosénsitivé lageroddrmpprcontairi ze 20
measur enent . ) ' The inorganic fine powder as an' external

additive may fcmrgamhpleh@bmgmnéecuiuﬁrﬁubstanensunncluSIUﬁrqé ghargei ca.

Anong these, alumna or titanium oxi de fine parti

cles may preferably

be used so as t¥eneratien:substanee| and FhérﬁﬁnEFaBﬁHPﬁEQBFPPty

It is furthgr preferred to hyrophobi ze (i.e.,

Examples of the charge generation substance

may include: phthalocyanine pigments; polycyclic

quinone pigments, trisazo pigments, disazo pigments,

azo pigments, perylene pigments, indigo

pigments,

10 quinacridone pigments, azulenium pigments, squallium

dyes, thiopyryllium dyes,. xanthene dyes

, quinoneimine

dyes, triphenylmethane dyes, styryl dyes, selenium,

selenium-tellurium alloy, amorphous silicon, and

cadmium sulfide.

15 ' Examples of the charge transportation

substance may include; pyrene compounds

IN_.

"alkylcarbazole compounds, hydrazone compounds, N,N-

dialkylaniline compounds, diphenylamine

compounds,

- triphenylamine compounds, triphenylmethane compounds,

20 . pyrazolihe compounds, styryl compounds,

stilbene

compounds, polynitro compounds, polycyano compounds,

and'pendant polymers formed by fixing these compounds

_on polymers.

In many cases, the fluorine-containing resin

25 particles, the charge generation substance, and the

charge transportation substance are dispersed or

contained in the respective film-forming binder



i npart hydrophobicity to) the inorganic fine powder in

- 34- order to reduce the dependency of the toner chargeability
on environnental conditions, such as tenperature and hum dity, and

al so to prevent the i solation thereof fromthe surface of the toner 5
particles. Exanples of the hydrophobizing agent may i ncl ude coupling
agents, such as silane coupling agengg. titanium coupling agents and
'alun1nun1coupllng : -agents; and oils, such as silicone oil, fluorine-
containing oils and various nodified oi I s. Among the 10 above-nentloned_
hydr ophobi zi ng agents, the coupling agent is particularly preferred in
view of the resivisabi |IExsmipkes @f tHle bl erdiing indp diddFude:: -
flowability-inparting effect. . Consequent |y, the external

addi tive 15 psdieshiens |Bolywiethene, elacrylaters quehetywkene on
| polystyrene, polybutadiene, polycerbonate, poiyamide,
polypropylene, polyimide, phenolic resin, acrylic
5 resin, silicone resin, epoxy resin, urea resin, allyi
- resin, alkyd resin, polyamide-imide, n&lon,
polysulfone, polyallyl ether, polyacetal and butyral
resih.
The electroconductlve support may comprise

10 metals, such as iron, copper, gold, silver, aluminum,
zinc, titanium, lead, nickel, tin, antimony and
indium; alloys of these metals; or oxide of these
metals; carbons, and electroconductlve polymers. The
support may have a shape of drum of a tube or p111ar-

15 a belt, or a sheet. The electroconductive material
may be molded as it'is, applied as a coating, vapor-
deposited, or worked by etching or plasma treatment.
The coating may ce formed on a support of a metal or
alloy as deséribed above, paper or plastic.

20 _ -The'phbtosehsitive layer 43 may comprise a
singlenlafer or a laminate 1ayer structure. The
laminate layer structure may comprise at least a
charge generation layer 43a and a charge transpcrt
layer 43b. The charge generation layer 43a Or'the

25 charge transpcrt layer 43b (as shown in Figure 6) may

| be disposed closer to the_electroconductive support.

Depending on whether either one of these is adopted,



may conprise alumna or titanium oxide fine particles surface-treated
with a coupling agent while being - hydr ol yzed in view of the
stabilization of the toner . chargeability and the fluidity~ rnpalfting
effect. 20 The hydrophaobi zed i norgani c fine powder may

preferably have a hydrophobicity of 20 - 80 % nore . preferably 40 - 80
% I|f the hydrophobicity bel ow 20 %s@he chargeability is liable to be
remar kabl y | onered when the toner is left standing for a long 25
period in a high-humdity environment, so that a char gi ng pronotion
mechani sm may be required in the apparatus, thus conplicating the
apparatus. |fthéiecharging polarity and the polarity of tonesBScharge

hydr ophobi city exceeds 80 % the charging control of t he inorganic
fine powder parsechangeds dri€¢icharge genexaion ckayer ndBa mayt oner
charge-up (i.e., an excessive toner char g& iq_a | ow- hum dity
environnent. Preferably have a thickness of 0.001 6 pm, more
| - preferably 0.01 - Z_pm. “The éharge generétion
5 substance may comp:ise 10 - 100 wt. %, preferably.so -
100 wt. %, thereof of 5 ¢harge generation substance.
The charge transport layer 43b may have a thickness
which is equal fo_a subtraction of the cha#ge
generation layer thickness from'the ahove-mentioned
10 _photosensitive iayer thickness. The charge transport
layer may preferably contain the charge transporfation
substance in 20 - SO wt. %, more preferably 30 - 70 |
wt. %.- | |
It is possible to dispose an undercoating
:15 layer 42 between the electrocondﬁctive support 41 and
the photosensitive layer 43. The undercoating layer
42 may have a function of charge injection control or
funqtion as an adhesive layer. The undercdating layef
42 may principally comprise a binder resin but can
20 further contain a metal or alioy, or an oxide of
thesé, é'salt, §f a surfactant. The binder resin may
‘comprise a resin selected from those resins for thé_
photosensitive layer 43. Thg'undercoating layer may
have a thickness of 0;05 - 7 pm, preferably 0.1 - 2
25 pm.
The protective layer may be disposed on the

photosensitive'layer as described above and may



The hydrophobi zed inorganic fine powder may preférably have a

wei ght - average particle size of
-0.005 - 0.15 [err]miin

t he

t he mefght-average particle size is bel ow

prevention of isolation fromthe toner surface. 10

fine powder is liable to be enbedded gt t he surface of the toner

particles,

t hus rather |owering the successive imge form ng

0.001 - 0.2 [err]m nore preferably
view of the flowability-inparting effect and

I

0.001 [err]m the inorganic

characteristic due to the toner deterioration. In 15 excess of 0.2 pm
an inproved toner flowability cannot be attained, thus being liable to

resul t
f og.

in an

prefeHEb 1RO dBnpitle GANGadteadidith igattidlesscat t eri ng and

The hydrophobi zed i norganic fine powder. may 20

preferably showontadighing raansigh tconmern{tas tisas wiEluorims aralisiand a

met hod descri bed hereinafter) of at

10

15

20

25

and/or coating. By the coating, it is possible to

| east 40 % at wavel ength of 400

form various comppsitibns of films in a widely wvarying

thickness. Exémples:of the_coating method may inc;ﬁde
those using bar coétef or knife coater, dipping, spray
coating, beam coating, electrostatic coating,'roller
coating, attritor and powder coafing.

The coating Cdmposition for providing the

protéctive'layer may be formed by dispersing the

- fluorine-containing resin particles in a mixture of a

binder and a solvent. The dispersion may be performed

by using a ball mill, ultrasonic disperser, a paint

shaker, a red devil, or a sand mill. Similar

dispersion methods may be adopted for dispersion of

eléctroconductive'powder and pigments inclusive of a

"pigment as a chérge generation substance.

An image forming apparétus suitably used for
pradticing_an.embodiment of fhe image.forming method
according to the present invention will now be
described with refereﬁce to Figure.l. |

Referring to Figure 1, an image forming

'apparatus includes a photosensitive drum 1 as an

electrostatic image-bearing member, and a developing

nm a bifdern mesjani ¢ fi ne powder, even though having a
small primary particle size, is not necessarily 25 present in the form
of primary particles butThsarimpge-beaning mamher may ke mraducadndary
particles when it is actual | contaLneqid}trmetoner Accor di ngly,
even if through various processes including vapor deposition



- 36- the primary particle size is sufficiently small, the
I norgani c fine powder can provide a | ower transmttance if it has a

| arge effective particle

- particles. 5

On the other hand, an inorganic fine powder having a

"size as a result of behavior as secondary

hi gher optical transmittance at a lower limt wavel ength in the

vi si bl e region of 400 nm shows a smakher secondary - particle size, thus
provi ding - excel l ent performances in respects of flowability- 10
imparting ability and cl earness of prOJected I mages in the case of a

color toner. The wavel ength of 400 nm

I's a boundary between the ultra

viol et and visigbvece 4 wheghonf. theht haclufest acdevehaping @epselli cl e size

whi ch is equa

to or shorter than the wavel ength of an 15 objective

are known to smbstaWheahhyeriamsnftthe dewbéopﬁpecweseeﬂlgﬁt;sso that
havi ng a | onger

10

divided by a partltlonlng wall into a developing
chamber (flrst chamber) Rl and a st1rr1ng chamber
(second chamber) R,, above which a toner storage
chamber R3 is formed. In the developing chamber Ry
and the stirring chamber Ry, a developer.19 is stored

and, in the toner storage chamber Rj, a replenishing

‘toner (non-magnetic,toner) 18 is contained. The toner

storage chamber R3 is provided with a replenishing

. hole 20, through which the replenishing toner 18 is

15

20

dropped and supplied in an amount corresponding to a
consumed amount. |

Inside the.developing.chamber, a conveying
screw 13 is provided and rotated to'convey.the
developer 19 in the developing chamber R; along a
longitudinai direction of developer sleeve 11.
Similarly, in the stirring chamber R;, a conveying

screw 14 is disposed and rotated to convey the toner

dropped through the replenishing hole 20 in a

direction parallel to the longitudinal direction of

. the developing sleeve.

The developer 19 is a two componentetype

~ developer comprising a non—magnetic'toner and a

25

magnetic carrier. Adjacent the photosensitive drum 1,
the developing vessel 16 is provided with an opening,

through which the developing sleeve 11 is projected SO

i ght
i ght



wavel engt h- shows a | arger transmttance and has a | ower value as a
reference light. This is why the - l'i ght having a wavel ength of 400 nm
is used as a 20 reference |ight. The toner used in the
present invention may preferably have a wei ght-average particle size
of 1 - 9 pm nore preferably 2 - 8 [err]m so as to provide a

good harnmoni zation of high imge quality agg_high 25 successive image
form ng performance. ' I f the weight-average particle size is.
bel ow - 1 [err]lm the mxability with the carrier is |lowered to

-37- result in defects, such as toner scattering and fog. In -

excess of 9 [erdd nto l¥SrmCa Ogap | EFOR NEhEf pRotoddnsfBl®e drumqual i THei s
hi ndered due to a lowering in mnute dot- reproducibility or

scattering at tdevelomimg sleeséell comprises a ndhemagmeticsmeaténiabe
present invention may : _
' ' and is provided with a bias application means 30.
A magnetic roller 12 as a magnetic field
5 generating means is disposed inside the developing
| sleeve 11 and provided with 5 magnetic poles includihg
a developing pole Sy, a magnetic pole Ny disposed
downstream of S,, and magnetic polés N3, Si and_Nl'for
conveying the developer 19. The magnet 12 is disposed
10 'within the developing sleéve 11 so that the_developing.
pole S5.is opéosite the photbsenSitive drum 1. The
develéping pole Sziforms_a magnetic field in the
vicinity of the developing region betweeh the
developing sleeve 11 and the photosensitive drum 1,
15 and a magnetic brush is formed by the'magnetic_field.
| A regulating blade 15 is disposed above the
developingISIeeve 11 so as to regulate the layer
thickness of the devgloper'19 on the developing sleeve
11. The regulating blade 15 comprises a non-magnetic
20 material, such as aluminum or SUS 316 and is disposed
to have an end which is spaced from the developing
sleeve 11 by 300 - 1000 um, preferably 400 - 900 pm.
If the spacing is below 300 um, the maghetic carrier
is liable to'plug the spacing[to cause aﬁ irregularity
25 in the developer layer formed'and'further fail to form
a developér coating layer required for.good

development, thus resulting ih deveioped images which



contain a colorant which nmay be a known dye and/ or pi gnent, exanpl es
of which may i nclude: Phthal ocyani ne Bl ue, I ndanthrene Bl ue, Peacock
Bl ue, Pernmanent Red, Lake Red, Rhodani ne Lake, Hansa Yel | ow, Pernanent
10 .Yel l ow, and Benzi di ne Yellow. The colorant may be added in an anount
of 12 wt. parts or less, nore preferably 0.5 - 9 w. parts; per 100 wt.
parts of the  binder-resin, so as to gQvide a good sensitivity to
transmttance of an OHP film 15 : ~ The toner used in the present

I nventi on can contain.an additive within an extent of not inpairing
the toner characteristic. Exanples of such an addi tive may include: a

| ubricant, suereathin inpdensdityafdnd adihyhie, i rddguldEaiat e 1pr 20

pol yvi nyl i dene fluoride; a fixing aid, such as | ow mol ecul ar wei ght
pol yet hyl ene @rdeswheo/poevent vVaimggular cqadliyy dod eweicalilbdrglade resin
particles. The toner nmay be produced through various
processes i ncPlaaejng prosnsed ke usinecassariynpartsdleny atissitslyar e

mel t - kneaded i n a hot kneading neans, such as hot. rollers, a kneader

or an extrudeCOMHPAIHPY withine fAevelarefoodited HRrafaried mehaveal |y

pulverlze% a spacing of at least 400 pm. If the Spacing is

larger than 1000 pm, the developer amount supplied
onto the developing sleevelll is increased, thus
failing to provide é specifiéally regulated developer
.layer thickness and resulting in much magnetic carrier

10 attéchmeht onto the photosensitive drum 1. The |
circulation and régulétion by the non-magnetic blade
15 of the developer bécome insufficient, thus |
providing a toner having insufficient triboelectfic
charge and resulting in fog. |

15 The angle ©; may be set at -5 degrees to +35
degrees, preferably 0 to 25 degrees.. If 67 < -5
degrees, the déveloper thin layer formed by magnetic
force, image force and agglomerating force'acting on
the developer is liable to be sparse and irregular.

- 20 If 6 > 35 degrees, the devéloper_coating amount is
inqr_easéd and if becomes difficult to obtain a
prescribed developer coating.amount.

Evéh'if the sleeve 11 is rotated in thé.arrow
diredtibn, the movement of the magnetic carrier
25 particle layer becomeé-gradually sloﬁér as it 1eéves
away from the sleeve surface due to a balance between

a constraint by gravity and the conveying force



- 38- and classified; a process wherein toner materials, - such as
a colorant, are dispersed in a binder resin solution and then the
resultant dispersion are spray- dried; and a process wherein
prescribed materials such 5 as a colorant are dispersed in a polynerlzable
nononer provi ding a-pol ymer constituting the binder resin to

provide a polynerizable mxture, and the_gesultant ' pol yneri zabl e

m xture is dispersed in suspension or - emulsion to be polynerized. 10
The binder constituting the toner may conprise various resins, _
exanpl es of which may i ncl ude: pol ystyrene; styrene- copolyners such

as, st yr esietéd e NEoEaREnty 'eE , thé VS REvaCl YSdme can ££PDI yner;
polyethylene et hyl ene copol yners, such as - 15 et hyl ene-vinyl acetate

copol yner; andurelény | eme-actidn of the ogiabitwpol yner; phenolic resins,
epoxy resins, ally phthal ate resin, polyam de resins, polyester
resin, and mal ei c aci d Aegp¥dingly, by appropriately selecting the
position of the magnetic poles Ni and.Nz, and also
5 the flowability and magnetic properties of the
magnetic carrier particles, the magnetie carrier
particles cloeer to the sleeve are preferentially
conveyed toward the magnetic pole N; to form a moving
layer. Aocording fo the movement of the magnetic
10 oerrier particles, the developer is conveyed
| accompanying the rotation of the developing sleeve to
the developing region where the developer is used for
development. An-upstream toner scattering-preventing
member 21 and a downstream toner scattering-preventing
15  member 22 are further provided to prevent toner
scattering. |
Another embodiment of an image forming
apparetus; particulerly a developing apparatue, usable
in the image forming method according to the present
20 invention is illusfrated in Figure 7.
| 'Refefring'to Figure 7, the developing
appefatus includes a developer container 102 having'a
developer ohamber 145 in which a non-magnetic |
developing sleeve (developer-carrying member) 121.
25 heving a specific surfaoe shape is disposed opposite
to an electrostatic latent imagefbearing member 101

rotated in an arrow a direction. In the developing



Any of these resins produced through any 20 production processes may be
used. . The present invention is nost suitably applied to
a toner obtained froma polyester resin havi ng a hi gh negative
chargeability. A polyester - resin has an excellent fixability, is -
suitable for a 25 color toner but, on the other hand, is liable to be
charged excessively because of a-‘strong nggative ~ chargeability.
However, .this difficulty is alleviated when conbi ned with
the carrier according to the "~ present invention. ' It is
particularly preferred to use a pol yester resin fornmed by condensati on

5 copol yneri zag] @@véel 2EENa ansiniet LONBOTESE TORDAS SaNGagnetic Piepaenol
derivative represented by the foll ow ng - formula (V) or a substituted
derivative thegemérabtiing means cihs bdkgposedcinimovabpbycandcpnpvidedg a
carboxylic acid - : :
-with magnetic poles S;, Nj, S;, Ny and N3 in this
order in an'arrow b direction from the pole 8,
5 disposed almost at the highest position.
| The developing chamber 145_contains a two-
component-type developer 141 comprising.a mixture of a
non—magnetic toner 146_and a magnetic carrier 143.
The developer 141 is introduced_into a
10 stirring chamber 142 equipped with a partitioning wall
| 148 having an upper opening end through one opening
(hot shown) of the wall 148 at one end of the
develeping chamber 145 in the developer container 102.
Into the stirring chamber 142, the non-magnetic toner
15 140 is replenished from a tonei chamber 147 and the
developer 141 conveyed toward fhe other end of the
stirring chamber 142 while being miied with a fifet
developer stirring and conveyiﬁg meéns 150. The
develeper 141 conveyed to the other end of the
20 stirring chamber 142 is returned to the developing
chamber 145 through the other opening (not shown) of
the partitioning wall 148 and stirred and conveyed by
a second developer stirring and conveying means 151 in
the developing chamber 145 aﬂd a third developer
25 stirring and conveying means 152 Qisposed.at an upper
| pért in the developing chamber 145 and conveying the

developer in direction opposite to the conveying



havi ng two or

fumaric acid, maleic acid, maleic . anhydri de, phthalic acid,
terephthalic acid, trlnellltlc,acid'and pyromel litic acid:

[err] 15 mherein R denotes an ethyl ene or propyl ene group, x and
y are independently a positive integer of at |east 1 with the prOV|so

more carboxylic groups or an anhydride 10 thereof, such as

that the average of x+y is in the ragge of 2 - 10. This type of

pol yester resi

characteristic. .

In the present
1 - 9 [err]m
conprising a p
preferably 2

nis 20 preferred because of a sharp nelting

Thus, a second preferred node of toner used

invention may have a wei ght-average particle . si ze of

afgpetient oficthpacbntegingomeansi 1§51, whexebynd®e resin

ol yester resin and have 25 an acid value of 1 - 20 ngKCPVg,

deSeloperngKCHbgplﬁaﬂtmg'tpeeﬂewaﬁbplhg-SIEengGHﬂg

More specifically, if the above-described

10

15

The developer 141 supplied to the developing
sleeve 121 magnetically constrained under-the action
of a magnetic force exerted by the magnet roller 122
and carried on the developing sleeve 121. The
developer 141 is formed into a thin layer under the
regulation of a developer regulating blade 123 _
disposed confronting almost the highest position of
the developing sleeve 21 and conveyed along with the
rotation of the developing sleeve 21 in the arrow b
direction to a developing zone 110 confronting the
electrostatic latent image-bearing member 101;_where
the developer is.used for developing an electrostatic
latent image on the latent image—bearing member 101.
The developer 141 not'consnmed for development is
recovered into the developer container 102 along ﬁith

the rotation of the developing sleeve 121. An

upstream toner scattering-preventing member 103 and a

: 2

25

downstream toner_scattering-preventing member 104 are
further provided to prevent toner scattering.

In the developer container 102, the residual
developer magnetically'constrained on the developing

sleeve 121 is peeled off from the developing sleeve

121 by a repulsive magnetic field acting between poles

'Nz and N3 of the same polarity. In order to prevent

scattering of the toner at the time when.the developer



- 40- toner having an acid value of 1 - 20 ngKOH g i s used in
conbi nation with the carrier of the present i nvention conprising the
above-nmenti oned specific ferrite component coated with a resin coating
| ayer, 5 the charging stability is inproved to allow quick - chargi ng, -
t hereby providing a two conponent-type devel oper which is free from
fog or toner scattering for a long pmgéod even when an original having
a high . image area ratio is used. In case where the acid
value is below 1 ngKOH g, the initlal chargi ng speed is | owered, thus
being liable to result in severer fog. On the other. hand, if the acid

Lo eceecs ARG S, fonf AP NS haA L By
scattering. force caused 'bf’rf-i'% PPN déhaeié)é‘@ic heea Toh @ Mt &l
value in the range of 1 - ngKOH g, t he® aci d conponent for providing
the binder resiygiys flxedly disposed at a lower part of the
developer container 102 so that its one end contacts 
5 the'developer'141. _ |
We have-further studied about the image
‘density, highlight reproducibility and thin-line
'reprodﬁcibility in a colorlimage forming method. lAs a
result, it has been found that excellent performances
10 can be accomp;ished régarding the above items when a
toner.having a specific particle size distribution as
described hereinbelow is used in an image forming
method including a developing steﬁ'by'application of
the above-mentioned specific a1ternating electric
15 field. | |
The toner may preferably comprise toner
particies and an external additive, and the toner
particles have a wéightfaverage particle size of 3 - 7
pm, include more than 40 % by number of particles of
20 | at most 5;04.pm, 10 - 70 % by number of partiéles of
at most 4 pym, 2 - 20 % by volume of particles.of at
least 8 hm, and 0 - 6 % by volume of particles of at
least 10.08 um.
The toner having the above-mentioned particle
25 size distribution can faithfully develop a latent
image formed on a photosensitive member, can show an

excellent reproducibilify of minute dot images



20 preferably contain 0.1 - 20 nmol. % nore preferably 0.1 - 10 nol.
% of polyval ent carboxylic acid having at least three functional
groups. It is further preferred that the toner conprising a polyester .
resin as a binder resin may preferably have a glass 25 transition
tenperature (Tg) in the range of 45 - 70[err]C" and a.tenperature

gi ving an apparent viscosity of 10[er] -59- poises (T[err]) in the range of
- 80 - 120 [err]C. A preferred ' K - -41-
class of the polyester resin is the above-described . polyester resin
formed fromthe bisphenol represented by the fornmula (V)

The ppryesteriﬁeihsivenobedﬂgﬁdalnimbgésbeanﬂ_whnhpanwﬁﬂerimGSBﬁ,'exanples
of which may incl ude ‘those enunerated in the first preferred node of
toner - usedcehleht pnegoadatipancheracteristic of highdighter particles
may be bl ended with ' : '
: portion and resolution. Further, high-quality images

are retained éven when.continuous imagé formation of

5 copying or printing out ié performed, and high—density
images can:be reproduced at a smaller toner
consumption than conventional nbn-magnetic tonérs.'
Thus, fhe toher is advantageous from the view points
of economy and size reduction of copiers or printérs.

10 '~ However, even if a toner having a potentially
excéllent imggé réprgducihility can fail to exhibit
~its excellent performance under application of
congentional continuous sine wave or alternating
reétangular waveform, because a'sufficient.electric

15 field is not applied for a latent image having a small
developing (voltage) contrast, such as highlight |
images, to which an increased proportion.of toner does
not reach the image-bearing memher under application
of such a continuogs alternafing elect:ic field. 1In

20 other.words, under such bias application conditions, a
substahtial portion of tonér causes a mere vibrational
mogément and does not reach the image-bearing membe:.

| . However, good highlight images free from

roughness can be obtéined if the_ahove-méntioned

25 intermiftent alternating developihg electric fieid is
‘applied. In this casé, the toner similarly causes a

vibrational movement and does not reach the image-



external additives, as desired, exanples of which may 10 include those

enunerated in the first preferred node of toner used in the present

i nventi on. Now, an enbodi nent of the inmage form ng '
met hod according to the present invention using a two conmponent -t ype
devel oper as described above will now 15 be descri bed. - In
the i mage forming nethod according to the0- present invention, a two
conponent -t ype devel oper ~conprising a toner and a carrier is
circulatively conveyed on a devel oper-carrying nenber and, in a 20
devel opi ng- region, an electrostatic |atent inmage held on an '
el ectrost at i c hearjach @enber hshRprlicatdan pedne cygle of (kheoner in the
two conponent-type devel oper carried on the devel oper carrying nenber

‘In the image RIHATRRtERGRIRTGRITHLID:  HPweeT BRI ithRRNtion, it is
Dot e el 10 i cation ap e SRR Vol APRL SHALLOl18a 6¥C! 0PI NG
| non-application of the a1tetnating electric field), in
5 case where'a potential difference Vcont between the
surface potential'and the DC component of the.
developing bias satisfies Vcont < O, Vcont functions
to direct the toner_toward'the de#eloper-carrying
member to localize the toher on the developer-carrying
10 mgmbér side and, ih case of Vcont > 0 reversely, Vcont
functiohé_to direct the toner toward the image-bearing
member depending on the image—beafing member depending
on the-iatenf image'potential difference on the image-
beafing member, so that the toner is localized on the
15 image-bearing member side in an amount corresponding
to the latent image potential. On further application
of the alternating electric field, the toner having
reached the image-bearing member side oscillate
thereat to be_condentrated at the latent image .
20 portion.  As a result, the dot shape is uniformly
reproduced to_provide images free from irregularity.
For the reason described above, if a latent
imége is developed under application of the -
intermittent alternating bias electric'field, the
25 lacking of dot images can be obviated even in a
highlight lafent image. Further és the toner

repetitively qscillates'on the'image-bearing member,



-42- A partlcularly preferred developrn blas volta e
w Il now be described. Mre specifically, in the p It
is preferred to apply a devel opi ng. bi-as conpri si ng

vol-tages 5.including a'first voltage directing a toner f

i mage-bearing nmenber toward the devel oper-carrying menber, a second
voltage directing the toner fromthe -edevel oper c rﬁmép d
t he i mage- beari ng menber and a third voltage int gp ﬁ FMt fle
10 first and second voltages. It is further preferre S eripd.
(T[err]) for-applying the first voltage and - t he second voltage IS set
to be shorter thentanpernsdconcentfbeeu]htfmheapatpnnglmhgetbamt ‘o t age so
as to cause an rearrangenment of the toner on the inage-bearing nmenber
15 for faithf Galubieﬂémaproﬁumeihawnﬂunaﬂraglets- Further, whigee
specifically, the first voltage (i. one formng an electric field
for directing Pﬁéngoﬁeﬁw° comPPBﬁPFh§YPﬁa§§YBé&Ppﬁg ﬁ@ﬁbéPnﬁéﬁ&r& t he

devel oper - carry nenber%rand t he second voltagg g , Qne 20
form ng an eIeEpﬁlﬁaBPE d¢f brugh, opten She, dmagespepring member is

'5w suppressed to provide uniform halftone images.
Various parameters characterizing the present
invention are baséd on.values meaéured'in the
following manners.
(1) Magnetic properties of carrier
10 ‘The apparatus used in a commercially
available magnetization tester ("Model BHU-60",
available from Riken Sokutei K.K.). Ca. 1.0 g of a
'_samplefis'weighed and packgd in a cell measuring 7 mm
in diameter and 10 mm in height, and the cell is set
15 in the épparatus. The sample in the cell is then
‘supplied with a magnetic field which is gradually
increased up to a maximum value of 3,000 oersted.
Then, the magnetic field is gradually decreased. A
B-H hysteresis cure during the.prdcess is drawn on a
-.20 récording'papér. The saturation'magnetizétion,
residual magnétizatibn and coercive fore of the sample
are obtained frqm-the hystefesis curve.
(2) Particle size distribution of carrier
Thé apparatué used is a micro-track particle
25 size analyzer ("SRA-type", availébie from Nikkiso
K;K.), and the measurement range is set to 0.7 - 125

pm. From the resultant volume—basis particle sizg



t he devel oper-carrying menber toward the image-bearing menber) for at
| east one cycle (once each), and then. the third voltage (for
establishing an electric field - ~for directing the toner fromthe

devel oper-carrying .25 menmber toward the image-bearing nmenber at an inmge
part- on the image- bearlng menber and for directing the toner fromthe
| mage- bearing nmenber toward the -62- -

- 43- devel oper-carrying nenber) is applied for a prescrlbed

period, thereby to develop the |atent inage on the | mage- bearing
menber with the toner in the two - conponent-type developer. In this

i nstance, the tdistrfbutia), far5aphlpargiche sized(Dgh)abe obtapinédrably
set to be longer than the total tinme (T[err]) for applying the

first and seconBlolGuxpent value of carrige above-nentioned appllcatlon of

the f.irst to third voltages may be_ perforned sinply by _a
800 g of a ¢carrier sample is weighed and

‘exposed for at least 15 min. to an environment (room
5 'temperature:. 22 - 25 °C, humidity: 50 - 54 %). Y
counter electroae is disposed opposite to and i mn
spaced apart from an electroconductive sleeve
containing a magnet roller and provided with an ear-
. regulating blade. Tne carrier is-magnetically
10 attracted between the sieete'and counter electrode.
lThe magnet roller in the sleeve is rotated so that a
magnetic brush of the carrier with ears standing on
the sleeve contacts the counter electrode. Then, a DC
voltage of 500 volts is applied between the sleeve and
_15' the counter electrode to measure a voltage decrease
between both ends of resistors of 1 M.ohm and 10 k.ohm
connected in series. A current value is calculated
from the value. |
(4) - Toner particie size (weight-average particle
. 20 -size)-.

The average particle size and particle size
.distribution of a toner may be measured by a Coulter
counter (e.g., "Model TA-II" or "Coulter Multisizer";

available from Conltei Electronics Inc.). 'Herein, we
25 have used Coulter Multisizer, to which an interface
(available from Nikkaki K.K.) for providing a number-

basis distribution and a volume-basis distribution,



10 sequenée of applying an alternating electric field - (appl ying the

first and second voltages) and turning off the alternating electric
field (applying the third voltage). This sequence nay be repeated
periodically. 15 The application of the first to third

voltages is effective for preventing carrier. attachnment. The nechani sm
t her eof - has not been fully clarifiedggf yet but may be reasoned as

foll ows. - ' According to the application of a 20 conventiona
‘cont i nuous sine waveformor alternating ~ rectangul ar waveform when the
electric fieldis . intensified in order to acconplish a high inmage

quatity and denfid \a pd¥sdnleicomisthtidic RRIGE(Y . (availablegriddy NETe
reciprocally between the image-bearing 25 nenber and the.
devel oper - car r .1 meErdee rcondestaddd). t he | mage- beari ng nenber is
I ntensely rubbed with the ~ carrier to cause carrier attachment. This
tendency is For measurement, a 1 %-NaCl aqueous solution
as an'electrolyte solution is prepared by using a
5 reagent-grade sodium chloride. Into 100 to 150 ml of
the electrolyte solution, 0.1.to'5 ml of a-surfactant,
'preferably an alkylbenzenesulfonic acid salt, is added
as a dispersant, and 2 to 20 mg of a sample is added
.thereto. The resultant dispersion of the sample in
10  the electrolyte liquid is subjected to a dispersion
treatment for about l - 3 minutes by means of an-
ultrasonic disperser, and then subjected to |
measurement of-particle size distribution by using the
above—mentioned'Coulter.Multisizer'with a 100 micron-
l5 aperture to obtain a number-basis distribution and a
volume basis distribution for particles having a
particle size of 2 um or larger. From_these
distributions, it is possible to obtain a volume-
' average particle size (Dv, by using a central value
B 20 for each channel as.a representative value for the
channel) and a weight-auerage particle size (Dg) based
on the volume-basis distribution, a length-average
particle size (D;) based on the number-basis
distribution, volume;basis contents of particle size
25 fractions (28.00 pm and ¢3.17 pm) and number-absis

" contacts of particle size fractions (<5 pm and <3.17

nm) .



©-44- conspi cuous when much fine powder carrier fraction is
cont ai ned. : On the other hand, when the above-nentioned
specific alternating electric field is applied, the 5 toner or carrier
causes a reciprocal novenent such that it does not conplete the
‘reci procation between t he devel oper-carrying menber and.the
| mage-bearing ~menber within one cyclégst-of the alternating electric
field. As a result, during the application of the 10 third voltage
thereafter, in case where a potential di f ference Vcont between the
surface potentlal of the | mage- beari ng nmenber and the DC conponent of
~the  devel(§)i n¥edight-avenage, partjel & alizef iofs eximmal 0, Vcont
functions to direct the carr|er fromthe 15 devel oper-carrying nenber
toward the |nagelbé%QHﬁj (ingrgamic fine ROWARKIent of the carrier

causi ng carrier achnent in this case n b revent ed by
adequate control of th Gﬁ?@ﬁu&'eﬂ%ﬁl}e r(ff%“?'?ﬁéiebp %i%r and the
magnetic 11 ux diAdne e kot Ui a%oal%%_rxt wbvaelh%ﬁogmw' ler. On

t he other han
5 available from Nikkiso K.K.) in the following manner.

20 ml of ethanol is placed in a 50 cc-glass
- beaker. A sampie is added so as to.provide a
Reflected Power indication of 200 mV, and disperéion
is performéd for 3 min. by an ultrasonic wave .

10 generator ("UD 200", available from Tomy Seiko K.K.).
.Thé éample dispersion liquid is taken in 6 ml and
subjected to three times of measurement at 22 °C to
obtain- a volume-basis particle size distribution, from
which a weight-average particle size is calculated.

15 (6) Hydrophobicity of inorganic fine powdér

A methanol titration test is performed.

0.2 g of a sample inorganic fine powder is
added to 50 m1 of Water in a 250'cc-Er1enmeyer flask.
While'the content in the flask is continuously stirred

20 with a magnetic'étirrer, methanol is gradually added
to the flask.until all the inorganic fine'power is
wetted. The terminal point is detected by observing
all the ino:ganic'fine powder is suspended in the |
liquid. The hydrbphobicity is determined as a

25 methanol content (%) in the methanol-water mixture at
the terminal point. |

(7) Light transmittance



‘case of Vcont > 0, Vcont and the magnetic field force both function to
pull the carrier toward the . developer-carrying menber. As a result,
the carrier attachment (onto the image-bearing nmenber) may be 25
effectively prevented. A preferred formof the electrostatic
| mage- beari ng nenber suitably used in an enbodi nent of the

- 45- i mage form ng method accordi ngst-0 t he present I nvention
wi |l now be described with reference to Fi gure 6. :
Referring to Figure 6, an electrostatic 5 |atent image-bearing nenber 1
conprises a phot osensitive |layer 43 and a protective |ayer 44

di sposed on an el ectrocSatpdei ve support 41. At | east O.H® ot ective
| ayer 44 contains fluorine-containing resin particles so as to reduce
a surface frictional  Alkyd resin _ 13.20 g

("Beckozole 1323-6-EL", mfd. by
Dainipépn Ink K.K.) |
5 Melamine resin o ~ 3.30 g
("Super Beckamine J-820-60", mfd. bf
Dai Nippon Ink K.K.)
Thinner | 3.50 g
("Aramic Thinnér?, mfd. by Kansai
10 Paint K.K.) |
Glass.medium' ' 50.00 g
‘The above formulation is placed in a 150 cc-
glass bottle and subjected to dispersion for 1 hour by
a paint conditioner (mfd. by Red Devil Co;). After

15 the dispersion; the composition is épplied on a PET
film by a doctor blade_z mm spaced from the PET film,
followed by baking at 120 °C for 10 min. The thus-
coated sheet is subject to measurement of
transmittance in a range of 320 - 800 nm by a _

20  transmittance meter'(“U-BEST 50", mfd. by Nippon Bunko |
K.K.). | o
(8) Specific surface area Sy (air permeation method)

' Measurement is performed by using a specific
surface area meter_("ﬁodel 8S-100", mfd. by Shimazu |

25 Seisakusho K.K.) in the following manner.

1) A Variable-voltage powér supply to a poWder..

tester for sample powder padking is turned on and



10 resistance of the inmage-bearing nenber 1. The - ngg%ggégge I
may preferably be nechanically abraded to provide a 1A
surface roughness Rz according to JIS BO61 (herei nﬂﬂﬂﬂM[‘ﬂifﬁ
call ed "average surface roughness”) of 0.01 - 1.5 [err]

t he average surface roughness is within the above range, the friction
bet ween a cl eani.ng bl ade 50 and the_jpage-bearing K .
sufficiently smal | and, even on repebg?ive use, n nﬁﬁgggﬁéﬁk%gigECN :
appear thereby. Further, an excellent highlight 20 re '
att ai ned. The content of the fluorine-containing resin
particles addegai@steaf€stin6! v, owering the surface frictional
coefficient of the i1 nmage-bearing nmenber 1 may be 5 - 40 wt. %
preferably 10 - 402yt . A6cRangbéverSswiethnl foei ghe pbwhae pestaet ige | ayer
44. The | protective |ayer may preferably have a thickness of 0. 05
- 8.0 [err]m setetoraftapbpygsition &nd thertimer is set for 1 min.

{50 times + 1 time/1 min.).

5 3) A Sieve prlate is'insérted into a plastic—made
sample tube and a sheet of filter paper is placed
thereog, and a samplé is placed thgreon up to a 1/3
‘position of the sample tube.

4) The sample tube is set on a tap stand of the

10 powder tester, and a tapping start button is pressed
(tapping for 1 min.).

5) Into the tapped sample tube, an additional
amount of the samplé is placed up to a 2/3 position of
the sample tube.

15 6) Tapping is performed similarly as.4) above.

.7) A supplemental tube is inserted to the top of
the sample tube; and an additional amount of the
sample is added so as to form a pile of the'sample.

8) Tapping is performed similarly a the ébove 4)

200 or 6). .

9) The tapped sample tube is taken out of the
tap stand, the supplemental tube is pulled out, and an
excessive amount of the sample is cut by a spatula.

10)- Water is poufed into a metering pipe for a

25 | specific surface area up to an S mark.

11) The sample tube is connected with the

metering pipe (after the sample packing; grease is



- 46- In case where the photosen5|t|ve Iaxg& -al so

contains the fluorine-containing resin particles, Replar
particles may be reduced .as the phot osensitive Iayer
than the protective 5 |ayer 44. Mre specifically, the c

phot osensitive |ayer may preferably be at nost 10 w. % nDre
preferably at nost .7 wt. % -ghyen if the ¢
fluorine- containing resin particles in the photos ﬁ@ﬂBﬁWEthyﬁg
i s reduced, remarkable decreases in sensitivity and - unlf&u?ngggj)
| mages can occur due to light scattering in case where tHests
t hi ckness of t&pplied phtboshesground gpentd4Bace)l.arge -and particularly
when photocarrier are principally generated at a support. 15 side of
t he photosensitivelRayeA ¢8ck Torv thel Lower efffinenknpostofist bpened,
photosensitive |ayer 43 can cause a decrease in sensitivity and a
decrease in andcfasg§eRwptrhyigustested Hh@EtFPG U&E&@lﬂ?VPACPé§§GSOf

t he phot osensitiye Iayer 43.  Fur ther evenin c m@gﬁe no such
particles are ®oflt AFRER);| Hafﬁe°f pW6F6§éH§|? P@ K&?@r ueRt; enel y

| ar ge

5 water is received by a beaker).
13) A timé.réquired fof the water level to
descent down to a 20 cc-mark is measured.
"14) The sample tube is taken out an the sample is
weighed.
10 15) ‘The specific sufface area SW (= S;) of the

sample is calculated from the following equation:_

14 ./ APAT e!
SW= J/ .
o 2LQ  (l—g)? -

w
15 g=1————
pAL

SW: specific surface area of a powder sample
[cm?/g]
zo' . e: void ratio of a packed sample layer
P: density of the powder sample'[g/cm3)
N: viscosity coefficient of fluid (air)
{g/cm.sec]
- L thickness of‘the sample layer [cm)
25 Q: amount of fiuid having passed the sample
layer [cc]

AP: pressure d1fferent between both ends of the



phot osensitive layer thickness is not desirable. This I S because the
protective |ayer 44 containing the particles disposed on the
photosensitive |ayer 43 25 functions as a |ight-scattering |ayer.
Particul arly, in case where photocarriers are generated in a support
side of the photosensitive layer, the influence of the’
-47- | ight scattering is |ncreased_5§_the site of photocarrier-
generation is renoter fromthe |ight -scattering layer, i.e., if the
phot osensitive | ayer is thicker, to provide an increased |ight path
length 5 after the scattering. Accordi ngly, the total :
t hi ckness of thyample Yy gats) tive |ayer 43 and the protective |ayer 44
may preferably be 10 - 35 pm nore preferably 15 - 30 [erf]m A
smal | er content of A:he fsewtimmal cmsa iof tthe ddnplwtlbmensifeme]|ayer 43 is
preferred. Accordingly,
t: time in whlch the Q (20) cc of fluid (air)
'has~passed through the sample layer [sec]
5 W: sample weight [gl
'(9) Carrier density #
' An apparatus used in “Aqupic 1330" (available
from Shimazu Seisakusho K.K.). A sample carrier is

packed into a 10 cm3

-measurement cell up to ca. 80 %
16 thereof while lightly tapping the'cell. The sample
cell is dried in.ia vacuum drier at 40 °c, weighed and
inserted.into an apparatus main body. Then, the
sample is subjected to 10 cycles of packing under a
pressure of 134, 45 kPa and purging-and then 5 times
15 of measurement at a packing pressure_df 134.45 kPa and
an equilibrium presSure of 0.0345 kPa. Ah average
value is taken as a carrier density.
(10) Acid value
. 2 - 10 g of a sample resin is weighed into a
20 260 to 300 ml-Erlenmeyer flask, and ca. 50 ml of a
mefhanol/toluene (= 30/70) mixture solvent is added
thereto to dissolve the resin. If the solubility is
low, a small amount of acetone can be added. ‘The
sample solution is titrated with a preliminarily
25 standardized N/10-potassium hydroxide/alcohol solution

with a mixture indicator of 0.1 % Bromo Thymol Blue

and Phenol Red. The acid value is calculated from the



t he average content of the fine particles in the . photosensitive |ayer

43 and the protective |layer 44 may preferably be at nost 17.5 wt. %
based on the total weight of these layers. 15 . The
fluorine-containing resin particles used in the inmge-bearing may
conpri se one or nore species sel ected from pol ytetrafl uoroethyl ene,
pol ychl orotri - fl uor oet hyl ene, pol y\ qquﬂl dene fl.uoride, polydichloro-
di fl uoroet hyl ene, tetrafl uoroethylene-per uoroalkyl 20 - vinyl ether

copol yner, tetrafluoroethylene, tetra-.
f 1 uor oet hyl ene- hexaf | uor opr opyl ene copolyner tetra-

f 1 uoroet hyl eng-hidite’ Ganfctitft \o¥e e N KO iU tiUP-as follows.
et hyl ene- hexaf | uor opr opyl ene- perfl uoroal kyl vi nyl et her copol yner .-

Conmerci al |y avai |xdilé® vdlum i=nakOH 2@mkpnt N ni 66 s BAsamplbes twedgist can be used
as they are. The fluorine-containing resin may have a nol ecul ar
wei ght of 0. 3wh@redr N diam:ﬁ:[as rfhe ‘lﬁm:imzr tof:liéle;llt,él(hﬁsomesolutlon

- 48-
used.
5 ' (11) Glass transition temperature Tg
A d1fferent1a1 scannlng calorlmeter (“DSC-7"
mfd. by Perkln-Elmer COrp ) 1s used.
A sample is accurately weighed in an amount
. of 5 - 20 g, preferably ca. 10 g. The weighed sample
10 is placed in an. alumlnum pan and subJected to
temperatu:e ;alslng-at a rate of ‘10 °C/min in a
témperatute rénge of 30 - 200 °C.in a normal
~ temperature - normai.humidity environment to obtain a
differential thermal curve. In the teﬁperature
15 raising stagé; a main absorption peék appears in the
range of 40 - 100 °c. A median line is drawn between
base lineé before and after the appearance of the main
absorption peak. The glass_transition témperature'Tg
| of the sample is determined as'the.fempefature at an
20 intersection of the'median line and.the differential
thermal curve. |
As déscribed above, according to the two
component-type déveloper of the §resent invention
containing the Qarfief-formed by coating magnetic
25 _.carrier core pafticles comprising,a specific feriite
component with a :esin coating_layer, it is possible

to obviate difficulties, such as a decrease in image



0.01 - 10 [err]m preferably 0.05 - 2.0 [err]m The

phot osensitive | ayer 43 may contain .. or gani ¢ phot oconducti ve substances
i nclusive of charge generation substance and charge transportation- 5
subst ance. Exanpl es of .the charge generation substance

may i ncl ude: phthal ocyani ne pirgnents, polycyclic - qui nohe pignents,
trisazo pignents, -disazo pignents, az9gpi gnents, peryl ene- pi gnents,

i ndigo pignments, 10 quinacridone pignents, azul enium pignments, squallium
dyes, thiopyrylliumdyes, xanthene dyes, qui nonei m ne dyes, '

tri phenyl net hane dyes, styryl dyes, selenium sel eniumtel | urium
al I oy, anor phougesitgOdnd aFf6g even Coflntoiit shhduslereptdbduction of &xanpl es

of the charge transportation substance may i ncl ude; pyrene conpounds,
N- al kyl cacdbao| ertgimal noayihg da akange compgenasea N, NFurther, a
di al kyl'ani | i ne conpounds, di phenyl am ne conpounds, . triphenyl am ne
conpounds, tri piwhek nbeteease obpotnikoelectrigrabargacinokpeuiaitiatyryl
conmpounds, stil bene conmpounds, polynitro conpounds, pol ycyano
conpounds, stage is accomplished, and fog-free, clear imagés can
5 be retained even after a continuous image formation on
a large number of_sheeté..'Further, the triboelectric
chargeability is little affected by a change in
environmental conditions. Further, a good
'conveyability in the déveloping device is

10 accomplished.

ﬁéreinbelow, thé present invention will be
descfibed more spegificaliy based on Examples wherein
“part(s)" means "part(s) bf weight".
15 [Production.E#amples'l -'3 of Magnetic Carrier Core
| Particles] |
| 20 parts of Mg0 (solubility: 0.62 mg/100 ml),
20 parts of MnO and 60 parts of Fej03 were
respectiveiy formed into fine particles and*mixed.with
20 each bther together with water to be formed into
particles. Then, the particles were calcined at 1100
Oc and subjected to particle size adjustmeht to
provide Ferrite carrier core particies (s (saturation
magnetization) = 58 Aﬁzlkgj A, B and C having average
25 particle sizes (Dav.) of 35.7 pm, 25.6 um and 61.3 pm,
respectively. -

[Production Example 4 of Magnetic Carrier Core



and pendant polymers formed by fixing these conpounds on pol yners.
In many cases, the fluorine-containing resin 25 particles, the charge
generation substance, and the charge transportati on substance are
di spersed or ~.contained in the respective filmformng binder
-49- . resins. Exanples of the binder resins may include: :
pol yester, pol yurethane, polyacrylate, poryethylene, pol ystyrene, .
pol ybut adi-ene, pol ycarbonate, polyam de, pol ypr opyl ene, polyi nmde,
phenolic resin, acrylic 5 resin, silicone resin, epoxy resin, urea
.resin, allyl resin, alkyd resin, polyan de-imde, nylon,
pol ysul fone, rantEldddsket her, pol yacetal and butyral resin.
The el ectroconductive support. nmay conprise 10 netals, such as iron,
copper, gold, silver, Hemtitencarrier core particle D (Os = 60
' Am?/kg) having an average particle size of 36.3 pm was
prepared in the same manher as in Production Example 1
5 except for the use of 15 parts of MgO, 10 parts of
NiO, 3 parts of Al,03, and 72 parts of Fey0j.
[Production Example 5 of'Magnétic Carrier Core
Particles]
Ferrite carrier core particles E (Os = 65
'10 Amzlkg) having an average particle size of 39.3 pm was
prepared in the same manner as in Production Example 1
except for the use of 3 parts of Ag,0 (solubility:
1.74 mg/100 ml) 27 parts of MnO and 70 parts of Fe;03.
[Production Example 6 of Magnetic Carrier Core
15. Particles]
Ferrite carrier core particle F (Os = 57
Amz/kg) having an average particle size of 36.0 pm was
prepared in the same manner as in Production Example 1
except for the use of 20 parts of BaO (solubility: 21
20 g/100 ml), 20 parts of ZnO, and 60 parts of Fe,03..
| [Production Example 7 of Magnetid Carrier Cbre
Particles] | |
Ferrite carrier core particles G (Os = 55
Amzlkg) having an average particlé size of 36.8 pm was
25 prepared in the same manner as in Production Example 1

except for the use of 5 parts of K50 (solubility: 21
'g/100 ml), 20 parts of NiO and 73 parts of Fe,03.



zinc, titanium lead, nickel, tin, antinony and I ndium al |l oys of
these netals; or oxide of these nmetal s; carbons, and el ectroconductive -
pol ymers. - The support may have a shape of drumof a tube or pillar;

15 a belt, or a sheet. The el ectroconductive materi al may be nol ded
as it is, applied as a coating, vapor- deposited, or worked by etching
or plasnma treatnent. The coating may-fg-forned on a support of a netal °
or al l oy as described abové, paper or plastic. 20 The
photosensitive |layer 43 may conprise a - single layer or a |lamnate

| ayer structure. The | am nate | ayer structure may conprise at |east a
char ge gener at | (Prddayet ich3 Eseamip be cBavfcMagaetporCarrier| @Ggee 43b. The
charge generation |ayer 43a or the 25 charge transport |ayer 43b (as
shown in Fi gur eP@ytigles] be di sposed closer to the el ectroconductive

support . Dependi ng on whether either one of these is adopted
-50- Ferrite carrier core particle H (Os =

Amz/kg) having an average particle size of 37.5 pm was
5 prepared in the same manner as in Ptoduction Example 1
except for the use of 35 parts of MgO (SOlubllltY.
0.62 mg/lOO ml), 5 parts of MnO, and 60 parts of
Fe203. | _ |
[Production Example 9 of Magnetlc Carrier Core
10 Particles] -
Ferrlte carrier core particles I (Os = 63_
Amz/kg) hav1ng an average particle size of 35.5 pm was
prepared in the same manner-as in Production Example 1'
except for the use of 0.002 parts of MgO (solubility:
15 0.62 mg/100 ml) 25 parts of MnO and 74.998 parts of
_Fe203. N
[Production Example 10 of Magnetic Carrier Core
Particles] _
_ ' Férrite carrier core particle J (Gs = 15
20 AmZ/kg) having an average particle size of 35.8 yum was
| 'prepated'in the same manner as in Prodﬁction Example 1
.eicept for the use of 10 parts of MgO (solubiiity =
0,62 mg/100 m1l), 80 parts of MnO, and 10 parts of
Fey03. | ’ |
25 [Productiqn Example 11 of Magnetic Carrier Core
Particles] |

Production of feriité carrier core paftiéles



the charging polarity and the polarity of toner charge are changed.
"The charge generation | ayer 43a nmay preferably have a thickness of
0.001 - 6. pm nore preferably 0.01 -- 2 pm The charge generation 5
substance may conprise 10 - 100 wt. % preferably 50 - 100 wt. %
t hereof of a charge generation substance. The charge transport | ayer
43b may have a thickness which is eqy8- to a subtraction of the charge
generation |l ayer thickness fromthe above-nentioned 10 photosensitive
| ayer -t hi ckness. The charge transport | ayer may preferably contain
the charge-transportation substance in 20 - 80 w. % nore preferably
30 - 70 wwasyitried in the samet mannegsdsplim tRrafluidon FHxample® coati ng
15 layer 42 between the el ectroconductive support 41 and .. the
phot osensi ti ve 1| 8reePA3 fomdhenysec & 4%y Bartd of Mg A sedpHAddt ¥ f unct i on
of charge injectign control qr = function an, adhesi ve. | ayer. The
under coating | Qy@ mg/qoﬂz“\}éyaﬁ"i 2 pants qu?)@‘a g'f"?‘ﬁfé’rerr'esi n but can
20 further contain tal .or. alloy, .or i de .of, 4& .8 salt, or
a surfactant. %ﬂ?q&a%&gr%a?%sli i %{?f%cj'%sc?r%%&sgl%g rl_’eesi_l.’rf osf{e geicfed rom
those resing f%% %@Sere coalescence of the particles. - . ' '
| [Production.EXample.lz of Magnetic Carrier Core
Particles]
Ferrite carrier core particle K (0s = 20
Amz/kg) having an average particle'size of 36.3 um was'
10 prepared in the same manner as in Production Example 1
except for the use of 20 parts bf.Mgo (solubility:
0.62 mg/100 ml), 65 parts of MnO, and 15 parts of
. Fe203.--_ |
[Production Example 13 of Magnetic Carrier Core
15 Particles]
' Ferrite carrier core particlés L (s = 70
Am2/kg) having an average particle size of 38.5 pm was
prepared in the same manner as in Production Example 1
except for the use of 3 parts of MgO (solubility: 0.62
" 20 mg/lOO_mi), 1 part of MnO and 96 parts of Fe;0j;.
(Carrier Production Examples 1 - 7) _
20 parts of toluene, 20 parts of butanol, 20
parts of water and 40 parts of ice were added into a
four-necked flask and under stirring, 40 parts of a
25 mixture of CH38iCl3/(CH3),SiCl, (= 15/10 by mol) was
- added thereto, followed further by 30 min. of stirring

and 1 hour of condensation reaction at 60 °C. Then,



phot osensitive | ayer 43. The undercoating |ayer may -+ have a thickness

of 0.05 - 7 [err]m preferably 0.1 - 2 25 [err]m Tmsmma}hsgahﬂm
protective | ayer may be disposed on the photosen5|t|v

descri bed above and nay E!I

preferably conprise at |east resin particles cont ai ni

concentration of fluorine atons and . ghi nder resiiy -

i mage- beari ng nmenber may be produced 5 through vari ouf ' -"4
vapor deposition and/or coating. By the coating, ' '

formvarious conpositions of filns in a widely varying
Exanpl.es of thgneozbisadtamihed 16&4neWaddGashed @mdﬁﬂﬂwaﬁmater

knife coater, dipping, spray 10 coating, beam coating, electrostatic

coati ng, roIIeWater andadisgolyeld iindla dod venssethyd! iethyl ketone-
butanol mixture.solvent to.prepare a silicone varnish
with a solid matfe:.content of 10 %.

5 To 100 partg'of the silicone varnish were
added 2.0 parts of deionized water, 2.0 parts of the
followinQ cﬁring agent

__CH3 |
CHy-8i~(0-N=C_ ), and
C,Hs
10 3.0_partsbf.the following'aminésilane coupling agent
HyN-C,H,-N-C3Hg-Si-(OCH3) 3,
respectively based on the silozane solid matter
content, to prepare Carrier Coating liquid I.

15 - The aboveApfepared Ferrite carrier core
particles A - G were respectively coated with Coating
ligquid I thus—prepared so as to ptovide_a resin
coating rate of 1.0 wt. %,_by using a coater ("Spira
Coater", mfd. by Okada Seiko K.K.), thereby to obtain

20 Coated Carriers 1 - 7.

-(Carriér P:oduction Example 8)

- Coated Carfier 8 was'prepargd in the same
hanne: as in Carrier-P:oductioh Example 1 except for .
replacing'the aminosilane coupling agent with the

'25 | follbwing éminosiiane cdupliﬁg agent to prepare-
Coating liquid II and using Coating liquid II instead
of Coating liquid I:



The coating conposition for prOV|d|ng t he protectlve Iayer may be

formed by dispersing the f1 uori ne-contai ni ng resi Ahi qmmssam'_g”

m xture of a 15 binder and a solvent. The dispersion

by using a ball mll, ultrasonic disperser, a paint

devil, or a sand mll. Simlar di spersi on nmethods may be

di spersion of el ectroconducti ve powdesz_and pi gneg 5 |

pi gment as a charge generation substance. i A@pgggﬂn
apparatus suitably used for practicing. an enbodl (ﬁbaumEEDﬂage ’
form ng net hod 'according to the present invention- TowW—He
described with reference Eigure 1 ' Referring to Figure 1,
an i'mage formng . apg CHpcH gp@ptosen5|t|ve drum1 as an
el ectrostatic i mage-beariyg nmenber, and a devel opi ng

-52- o

(Carrier Prqduction'Example 9)
Coated Carrief 9 was prepared in the same
5 .manner as in Carrier Production Example 1 except for
omitting the curisg ageht to brepare_Coating liquid
III_and.using Coating. liquid III instead of Coating
liquid I. g | o |
(Carrier Production Example 10)

10 o Coated'Carrier 10 was prepared in the same
manner.ss in Carrier Production Example 1 except for
omitting the siloxéne and the amindsilane coupling _
agent (i.e., using only the aminosilane coupling
agent) to prepare Cbsting 1i§uid 1V and using Coating

i5 liquid IV instead of Coating liquid I.

| (Carrier Production Examples 11 - 15)
Coated Carriers 11 - 15 were was prepared in
the same manner as in Carries_Production Examples 1 -
7 except for replacing Fe:rite carrier core particles
20 A - G with Ferrite carrier core particles H - L.
| | Table 1 below shows characterization data of

Coated Carr1ers l1 - 15 thus prepared.

25



device 4 which i turn includes a devel opi ng vessel

of the devel oping vessel 16 is di vided by a parti
devel opi ng chanber (first chanber) err] and a s
(second chamber) R[err] above which a t oRér st orage
is formed. | @1t | 3 sqirring chanber

R2, a devel op anl\ lace‘

repl eni shi ng
st orage chanhe

t hr ough whi chj : =¥aTs 3 opped—anddsupplied in an
anpunt corresp din; to a- consuned anDunt I nside the
devel opi ng chanfper, {a conveyin 15 sgr W #ﬁ rOV|ded amd rotated to
convey the 8 develbper Mo At He HellelDp ﬁBeP Rlerq] along a
l'ongi tudi nal ¢ifection of developer sleeve 11 Simlarlly, in the
stirringchanier R2 a convewi ng screw 14 is disposed and rotated to

convey the tomher 20 drop he repl gnigshjng h 20 in a
|1 é {ont é) él r& E?dltpeg’{p fsf)fé EQ ¢ devel opi ng
—i

direction par ] R
sleeve. 11%' | 5 %%I%g
FEIIAFTIFILAIS

s stored and, in the t oner st or age chd%bé
§r°(®n°m&n tig ﬁOf%r‘B B & %08t4¥ne- ﬁﬂﬂﬁ

Ts provide a repkenrshrng hole

r"
0
%

2.2
2.0
2.5
2.3

< <
. .
NN

2,3
2.2
2.2
2,2
2.2
2.3
2.4
2.3
2,2

51/82
1.48
1.55
1.27
1.66
1.38
1.42
1.40

11.50
1.48
1.47
1.42
1.50
1.49
1.45
1.46

s2
(cn?/g)

364
502
213
355
330
360
353
364
364
363
345
364
364
354
339

S1
(/)
540
780
270
590
455
510
495
545
540
535
490
545
543
515
495

Table 1

(%)
0.3
0.3
0.3
0.5

0.1
0
0
0

-16 m

(%
7.4
1.6
7.1
6.8
6.5

14.2
7.5
5.4
8.0
7.5
7.4
7.5
7.3
7.0
7.3

=22 pm

(%)
8.0
1.0

30.3.
8.4
8.8
8.2
8.5
7.9
8.2
8.5
9.2

+62 mm

10.2
8.0
8.0
8.1

(2)
0.8
7.6
0.8
1.2
0.8

0.9
0.8
0.7
0.9
1.0
0.8
0.8
0.9
1.3

+88pm

represents a 50 %$-particle size of a coated carrier

appamaﬁfdensity

D59
(jm)
35.8
26.0
61.3
36.5
39.5
36.2
37.0
35.9
35.6
36.1
37.5
35.5
35.8
36.3
38.5

ng
_DSO:

11
12
13
14
15

Carrier | Core




The devel oper 19 is a two conponent-type - devel oper conprising a
non-magnetic toner and a 25 nagnetic carrier. Adjacent the

phot osensitive drum 1, t he devel oping vessel 16 is provided with an

openi ng,
-B53-

devel opi ng sl eeve 11 conprises a non-magnegyc nateri al
with a bias application neans 30. ' '

as

t hrough which the devel oping sleeve 11 is projected so
to.-forma gap fromthe photosensitive drum1l. The

magnetic field 5 -generating neans is disposed inside the devel opi ng

sl eeve 11 and provided with 5 magnetic pol es including

pole S[err],

a

a devel opi ng

. (PeRet i Broghet bR’ Exadb B0 R downstream of Slerr],
magnetic poles N err], S[err] and Nerr] for

and is provided
A magnetic roller 12 as a

and

conveyi ng the devel oper

19. The magnet 12 iBollyépbeedreddn Wi thin the devel opi ng sl eete0lpasest hat
pole S[err] is opposite the photosensitive drum1l. The

t he. devel opi

10

ng

(condensation p:oduct'of propoxidized
bisphenol with fumaric acid and
trimellitic acid) |
-Phthalocyanihe pigment | ' 4 "
Di-tert-butylsalidylic acid metal cqmplex 4 _ "
The above ingredients were sufficiehtly
preliminarily biended.with each other by a Henschel
nixer and melt-kneaded through é twin¥screw extruder
kneéder. After-cpoling, the kneaded product was |

coarsely crushed into ca. 1 - 2 pum and fihely

~ pulverized by an air jet pulverizer, followed by

15

20

25

classification to obtain blue powder (toner particles)
having a weight-average particle size (Dg) of 5.8 pm.

100 parts of the above powder was blended by
a Henschel mixer with 1.5 parts of hydrophobic

anatase-type titanium oxide fine powder (Dy = 0.05 pm,

hydrophobicity (Hyeog) = 55 %, transmittance (Tp) = 70

%) hydrophobized through treatmeht of 100 parts of

anatase-type titanium oxide fine powder with 20 parts

- of h-C4H9—Si-(OCH3)3_in aqueous medium, thereby to

obtain Cyan Toner a.
(Toner Production Exaﬁple'Z)

Cyan Toner b was prepaieﬁ in the same manner
as in Tbner Produgtion Example 1 except for using

hydrophobic titanium oxide fiﬁe powder (Dy = 0.0QOS



~ devel oping pole S2 fornms a nmagnetic fieldin the vicinity of the -

devel opi ng regi on between the devel opi ng sl eeve 11 and the

phot osensitive drum 1, 15 and a magnetic brush is formed by the magnetic
field. : A reqgul ating bl ade 15 is di sposed -above the
devel opi ng sl eeve 11 so as to regulate the |ayer t hi ckness of the
devel oper 19 on the devel opi ng sl eeve _aol. The regul ating bl ade 15
conpri ses a non-magnetic 20 material, such as alum numor SUS 316 and is
di sposed to have an end which is spaced fromthe devel opi ng

sl eeve 11 by 300 - 1000 [err]m preferably 400 - 900 [err]m . If the-
spacing i s bel %'3 4 D BRE i-ﬁ, cargg ). prepéz%d i]ﬁpl e to plug the
spacing to cause an gularity 25 in the 'déveloper |ayer fornmed and

further fail teylaeioPhobizitigl AMRINRK-BARS Al o rEithd Powgnod

devel opment, thus resulting in devel oped images which

- 54- in the form of a hydrate before calcination.

(Toner Production Example 3)

5 _. | Cyén Toner C was prepared in the same manner
as in Toner Production Example 1 except for using-z.o
parts of hydrophobic'titahium'oxide fine powder (D4 =
0.04 ym, HMeOH = 70-% and Tp = 20 %) prepared by using
rutile~type titanium oxide fine powder (for pigment

10 use) instead of the anatase-type titanium oxide fine
pbwdei.'

(Toher”Production EXample 4)
Cyan Toner d was prepared in the same manner
as in Toner Production Exampie 1 e#cept for using

15 hydrophobic titanium oxide fine powder (Dy = 0.05 pm,
Hyeon = 65 % and Tp = 65 %) prepared by further
treating the hydrophobized anatase-type titanium oxide
fine powder with dimethylsilicone oil (100 cp).

(Toner ?roduction Example 5)

20 - ' -~ Cyan Toner e was prepared in the same manner
as in Toner Productibn Example 1.except for using
hydrophobic silica fine powder (Dgy = 0.02 um, Hyeog =
90 % and Tp = 34 %) prepared by through treatment with

- dimethylsilicone oil.(loo cp) in gaseous phase,

25 instead of the anatase-type titanium oxide.'-
.Examgle 1

A two component-type developer (toner



are thin in density and with much irregularity. In order to prevent

irregular coating (or so-called blade . pl uggi ng) caused. by unnecessary
particl es possibly commingling within developer, it is preferred to
have 5 a spacing of at least 400 [err]m If the spacing is | ar ger
than 1000 [err]m the devel oper arount . supplied onto the devel opi ng

sl eeve 11 is increased, thus failing-g@-provide a specifically
regul at ed devel oper | ayer ‘'t hi ckness and resulting in nuch magnetic
carrier 10 attachment onto the photosensitive drum-1. The circulation.
and regul ati on by the non-nmagnetic bl ade 15 of the devel oper becone

i nsuf ficient, tnoacentrapignidcagngrﬂOHeﬂ wavi &) wWasuPrephzed bwi boel ectric
charge and resulting in f og The angle [err]1 nay be set at

-5 degrees to +Bken 1n9d§§Peé§°VErBFGP§599 Gves 59“G€géeé§d FarEdpr) 1 < -

d the d | t | f ti

L S bt B o T
d l h ti

aount (oo oHRIRE.8.681ky FPkung BRcRERRTTNrHc] Jo8ty anRBs ngo% | 0

prescri bed Q@VebQHSB ﬁoﬁtbnqsﬂﬁaugh intermittent al%&?ﬂa%&nbhﬁléb%?l% 111is

_rotated in tthe arr
fleld shown in Figure 2 under a developing contrast of

300 volts for reproducing an original having an image
area ratio of 25 %. The continuous imége formation
was performed on 10000 sheets for each of normal
10 temperature/normal humidity (23 ©C/65 %) conditions,
high temperature/high humidity (30 °C/80 %RH)
‘conditions and normal temperature/low humidity (20
Oc/10 .$RH) conditions. The rosults are shown in Table
2 appearing hereinafter. As shown in Table 2, the two
15 component-type developer shonéd little change in
performanoe during the continuous image formation and
good'pérformances inclusive of substantially no
scattering even after 10000 sheets of image formation.
Exaﬁgle 2
20 A two component-type developer (Ciopner = 9 %)
_ waé prepared in é similar mannerlas in Example 1
.exoept for using Carrier 2 instead of Carrior 1 and
the above;montioned toner.concentration. - The
developer was'evaluafed in the same manner as in
25 Example 1. .The'results are also shown in Table'z.
| Exatngle 3 | |

A two component-type devéloper (Ctoner =.5 %)



“direction, the-mpvenent of themagnetic carrier 25 particle |ayer becomes
gradual l'y slower as it |eaves away fromthe sl eeve surface due to a -

bal ance betwee'ﬁnsSIleet nt by gravity and the conveying force
-55- exe t of the sleeve. Sone can under t
action of the g - Accordi ngly, by ap rq @ﬁg@hy AS BEEN

sel ecting the p05|t|on of the nmagnetgg-pol es N[err] =4 R ED
also 5 the flowability and nagnetic properties of the ARgRete

carrief particles, the magnetic carrier particles closer to the sleeve
are preferentially conveyed toward the magnetic pole Nerr] to forma

novi ng | ayas. preparednint a shwitevemenneroast s Brgmplecl 10 carrier

particles, the devel oper is conveyed acconpanyi ng the rotati on of the

devel opi ng sl ee¥eepp for ushBIdEIErdHrng F@gt@ﬁdmﬁér§aFﬁéeGe§eP§9er i s used
for

-the above-mentioned toner concentration. The
developer was evaluated in the same manner as in..
5 .Example 1. The results are also shown in Table 2.
Examples 4 = 7 |
Two component-tfpe developers were prepared
in a similar manner as in Exampie 1 except for using
Carriers 4, 5, 8 and 10 iestead of Carrier 1 in
10 manners as_showh in Table 2. The developers were
| evaluated in the same manner as in Example 1. The
results are also shown in Table 2.
Comparative Examples 1 - 3
Two component-type developers were prepared
15 in a similar manner as in Examplefl_except for using
Carriers 6, 7 and 9 instead of Carrier 1 in manners
shown in Table 2; ‘'The developers were evaluated ih
the same manner as in Examplell. The results are also
shown in Table 2.
20 Comparative Examgles 4 -9
Two.component—type.develepers were prepared
in a similar_manner as in Examﬁle 1 except for using
Carrlers 11 - 15 instead of Carrler 1 in manners shown
in Table 2. The developers were evaluated in the same
25 manner.as in Example 1. The results are a;so shown in

Table 2.



devel opnent. An upstream ‘toner scatteri ng- preventing —+rerber—21-and a
domstreamCm—feFmg_preventl ng 15 menber 22 are further pI’OVI ded

(%)

F:arrler Toner Ctoner

to preventnﬁosger scattering. Anot her enbodiment ‘of an
i mage form cet Has ateds, particularly a devel opi ng appar at us, usabl e
in the |magF”’mJ’u od according to the present 20 ’
i |l ustrated _ Refeggyring to Figur W'&WET HAS BEEN
devel opi ng appar at us i ncl udes a devel oper contai ner. 02 ha@ﬁﬁbAﬁ':D
devel oper chanber 145 in which a non-nmagnetic devel oping ST €eve -
(devel oper-carrying nmenber) 121 25 having a specific surface shape is _
di sposed opposite - to an electrostatic |latent inage-bearing nmenber 101
rotated in an arrow a direction. In the devel opi ng _
- 56- - sleeve 121, a nmagnetic roller 102 as a magnetic field-
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generating neans is disposed immovably and provi ded — -t tic

poles S[err], Nerr], S[err] N[err] and Nerr] in this order in an
arrow b di rectln{isﬂhéamhiﬁben aedS[ err] 5 disposed al nost at the hi ghest
posi ti on. eloplng chamber 145 contains a tmb v
conponent -type d 2 ]

npr|5|ng a mxture of-
toner 140 and a c carrler 143.
i ntroduced into a 10 stirring chanber 1428 equi pped SSSCE
wal | 148 havi ng an upper opening end through one opening
shown) of the wall 148 at one end of the | devel opi ng chanber 145 in the
devel oper cont Figafr ik Product it Bihpildd rinGdaer 142, the -
non-magnetic toner 15 140 is replenished froma toner chanber 147 and t he
devel oper *141 conveyed touartell tdwermidms. ¥ndimi I8avas pregdred nh crasber
142 while being mxed with a first devel oper stirring and conveying
means 150. The same mpevm@Ees il Caoombesy dtrddndthieon tBxamplel bfexdept 20
stirring chanber 142 is returned to the devel opi chanber 145 through
t he ot her openifiqr (@hangingubhe)famount iqfe watiex tqd%?ﬁmg?l%aﬁhe Tgignen i stirred

and conveyed by a second devel oper stlrrlnq:and conve ng means 151 in
5 producing Coatlng liquid to s, -

respectlvely.
Example 8
| A.two componept—tyﬁe developer was prepared
and evaluated in the same manner as:in Exampie 1
10 except for the use of Carrier 17. As a result, a
| slight fog of 1.5 % was caused in continuqus image
formation under 20 bC/lO-%RH, while that.was a
practically acceptable level. The inferior
performénce might be attributaﬁle to insufficient
15' resin coating due to non-use of the water.
Example 9
' A two component-type developer was-prepared
and evaluated.in fhe same manner as in Example 1
except for the use of Carrier 18. As a result, a
200 slight toner scatterlng was observed when the toner
_concentratlon was close to the upper limit of the
. control range under 30 °C/80 %RH, while that was a
practically acceptable level. The result might be
attributable fb the use of too much water causing a
25 excessive self-crosslinking of.the resin to result in
'a somewhat lower adhesion with the carrier core

particles.



t he devel opi ng chanber 145 and a third developer 25 stirring and

conveyi ng neans 152 di sposed at an upper part in the devel opi ng
chanber 145 and conveying the devel oper in direction opposite to the
conveyi ng -57- di rection of
the conveyi ng neans 151, whereby the ‘devel oper is supplied to the
devel opi ng sl eeve 121. .The-ggvel oper 141 supplied to the
devel opi ng sl eeve 121 magnetically constrai ned under the action 5 of
a magnetic force exerted by the nagnet roller 122 and carried on the
devel opi ng sl eeve 121. The devel oper 141 is formed into a thin |ayer
under the Exagplet19n of a- devel oper regul ating bl ade 123 di sposed

confronti.ng al nost the highest position of 10 the devel opi ng sl eeve 21 and
conveyed along with thed two compohentotypecdevedppprnyasl prepazedin t he

arrow b direction to a devel opi ng zone 110 confronting t he
' and evaluated in the same manner as in Example 1

except for using.Tonér b instead of Toner a. As a
5 result, the imagé qualities at the initial stage werel
- good but the uniformity of a solid image was slightly |
lowered and the foQ was somewhat increased td 1.6 &
undér 20 °C/10 %RH. |
Example 11
10 A two compdnent;type developer was‘preparéd
and evaluated in the same manner as in Example 1
except for using Toner c instead of Toner a. ‘As a
result, toner scattering slightly occurred and fog was
increased to 1.7 % under 30 °C/80 %RH.
15 Example 12
A two component—type developer was prepared
and evaluated in the same manner as in Examplé 1
except for using Toner.d instead of Toner a. As a
result, fog was at a good level of 0.9 %. The
20_ uniformity of a solid image was slightly lowered uﬁder
20_°C/10 $RH, but the pefformances were geﬁeraliy
good. | |
Example 13
A two component-type de#eloper was prepared
25 and evaluated in the same manner as in Example 1
except for using'foner.e inétead of Toner a. As a

result, the uniformity of a solid image was slightly



el ectrostatic | atent image-bearing nmenber 101, where t he devel oper is
used for devel oping an electrostatic 15 latent inmage on the |atent

| mage- beari ng nmenber 101. The devel oper 141 not consuned for

devel opnment is recovered into the devel oper container 102 along with
the rotation of the devel opi ng sl eeve 121. An. upstreamtoner
scattering-preventing member 103 and a 20y downstream toner
scattering-preventing nenber 104 are urther provided to prevent toner
scattering. In the devel oper container 102, the residua

devel oper nagnetlcally constrai ned on the devel opi ng sl eeve 121 is

peel-ed of f fromdwearedewidqey B0 Hgae sBD, ahidl e EdFLMdsS istindmaRet i C
field acting between pol es N err] and N err] of the same polarity. In.

~order to preverincreasestad &r.ishg afnddrra IoRg/80 IR, tiThe when t he
devel oper - 58- 141 stands
up to forn1earyemﬁmq;anqgsﬂwerdﬂ mmweﬁEr, generally good.
Example 14
-5 ' The two cemponent-type developer comprising
Toner a and Carrier'l used in Example 1 wae subjected
to eontinuous image formation by-using an image
forming apparatus'shown in Figure 1 and equipped with
',a developing sleeve containing a 5-pole magnet roller
10 including a developing principal magnetic pole of 960
gauss under application of an 1nterm1ttent alternating
electric f1e1d shown in Figure 4 providing developing
conditions of Vcont = 230 volts, Vback = -930 volts
under environmental conditions of 23 ©C/60 %RH.
15 | As a result, even after'image formation on
10000 sheets,'the fog was at e good level of 1.0 %,
and the uniformity of solid image was good under 20
©c/10 %$RH. Thus, very good performances were
attained.
20 Example 15
An image.forming test was performed in the
' same manner as in Example 14 except for using an
alternating electric field shown in Figure 3.
| As a result,.the solid uniformity was
25 somewhat lowered and the fog was somewhat increaeed to
1.4 % under 20 °C/10 %RH. The performencee were, .

however, generally gaood.



force caused by the pole N2, an elastic sealing nenber 131 is fixedly
di sposed at a |l ower part of the devel oper container 102 so that its-
one end contacts 5 the devel oper 141. W have further
studi ed about the inmage density, highlight reproducibility and
thin-1ine reproducibility in a color imge form ng nmethod. As a
result, it has been found that excellent pgydormances 10 can be _
racconpl i shed regardi ng the above itens when a ~ toner having a specific
particle size distribution as - - descri bed hereinbelowis used in an:
i mge form ng met hod including a devel oping step by application of
the above-nenti gaeehpieeqigic alternating electric 15 field.
The toner may preferably conprise toner- particles and an external
additive, and the toner An imsge ildmsingpiest wagpexfoamegt jparthel e size
of 3 -7 [err]m include nore than 40 % by nunber of particles of 20
at nost 5.04 [esdme mehner7@sisy Exampde 4 gaqept donpfusing an nost 4
[err]m 2 - 20 %.Dby vol ume of partijcles of at .. least 84err]m'and 0 -
6 % by vol une oRlf&mating glegtric fieldshoymdiy diqure 5.
t oner_ havi ngs the above- malnst Iaor}:eedsvﬁa'!:r,t I‘l:(‘ﬂee solid uniformity was
.'somewhat lowered under 20 °C/10'%RH. The performances
were, however, generally good.
[Production Exahple'lﬁ of Magnetic Carrier Core’
Particles]
10 | 20 parts of MgO (solubility: 0.62 mg/100 ml),
20 parts of MnO and 60 parts of Fe,03 were
respectively formed into fine partic1es and mixed with
-each other together with water to be formed into
particles. Then the particles were calcined at 1100
15 Oc and subjected to particle size adjustment to
provide Ferrite carrier core particles M (Os
(saturation magnetization) = 58 AmZ/kg) having average
particle sizes (Dav.) of 35.7 pm.
[Productioh Exaﬁple 17 of Magnetic Carrier Core
20 Particles]
Ferrife carrier core particle N (0s = 60
Am?2/kg) having an average particle size of 38.3 pm was
prepared in the same manner as in Production Example
16 except for the use of 15 parts of MgO, 15 parts of
25 MnO, 3 parts of SiO, and 67 parts of Fey03, and
calcination at 1300 °C,

[Production Example 18 of Magnetic Carrier Core

The



25 size distribution can faithfully develop a | atent | mage forned on
a photosensitive nenber, can show an excel l ent reproducibility of
m nut e dot i nmages ' , -59-
inclusive of digital inages, and can provide inages . excellent in
gradation characteristic of highlight portion and resolution. Further,
high-quality images = are retained evergghen continuous image formation
of 5 copying or printing out is perforned, and high-density i mges
can be reproduced at a smaller toner consunption than conventi onal
non- magneti c toners. - Thus, the toner is advantageous fromthe view
points of -rexicdDesnd si ze reduction of copiers or printers. 10
However, even if a toner having a potentially excel l ent i mage
reproduci bility can fai|Fedrribéhidatrier core paceidckes Qe{@raedte under
application of . 2 conventional continuous sine wave or alternating

: Am“/kg) having an average particle size of 40.5 pm was

prepared in the same manner as in Production Example

5 16 except for the use of 3 parts of M§O; 5 pafts of
Li,0 and 92 parts of Fe,03.

[Prodﬁction’Examplé 19 of Magnetic Carrier Core
Pérticles]_ |
_ Ferrite carrier core particle P (0s = 57

10 Am?/kg) having an average particle’size of 43.2 pm was
prepared in tﬁe-same manner as in Productioﬁ Examble
16 except for'the use of 20 parts of Mg0O, 5 parts of
A1203;land 75 parts of Fej0;. |
(Carrier Prbduction Examples 16 - 19)-

15 Coated Carriers 16 - 19 were prepared in the.
same manner as in Carrier Production Examples 1 -7
except for replacing Ferrite carrier core particles A
-~ G with Ferrite catrier core particles M - P and
changing the resin coating rate with Coating liquid I

20 to 0.5 wt. %. | |
(Carrier Production Example 20)

| . Coated Carriér 20 was prepared in the same
manner as in Carrier Production Example 16 except for
using Coating 1iquid'v prepared by mixing 50 pérts of

25  styrene 2-ethylhexyl acrYlate/méﬁhyi_methacrylate (=
50/20/30) copblyher and 50 parts vinylidene

fluoride/tetrafluoroethylene (= 50/50) copolymer, and



rectangul ar waveform because a sufficient electric 15 field is not

applied for a latent inmage having a small devel opi ng (vol tage)
contrast, such as highlight i mages, to which an increased proportion
of toner does not reach the inmage-bearing nenber under application

of such a continuous alternating electric field. In 20 other words, under
such bias application conditions, a = _gpbstantial portion of toner
causes a nere vibrational - movenent and does not reach the

i mage- beari ng menber. - - = - . However, good highlight imges free
from roughness can be obtained if the above-nentioned 25
intermttent adissokdimg ¢ty ahixptune cirecd ricliemns (methyl ethybplied. In
this case, the toner simlarly causes a vi brati onal novenent and does
not reach the ketmyree mixture solvent. - 60-

bearing nenber by application of one cycle of the alternating electric |

field. However, during Takle 3 below shows character1z1ng data of

Coated Carriexrs 16 —.20 thus prepared.

10 .

15 .

20

25



application of the third voltage (i.e

of the alternating electric field),
Vcont between the

surface potenti al
devel opi ng bi as satl sfies Vcont < 0, VconLggunctions:

t he period of non- appl i cation
5 case where a potential.. dl]‘—tﬁrenc
and the DC conpofljen ogqr:f—l'rei iAS peeN

in

toner toward t el oper-carrying rrenber to |l ocali
t he devel oper-c r 'y.Lng 10 nenber side and, in case of Vr‘nm‘ > 0 :
reversely, Vcagn E’i qUBctE dBs2 o firect the toner toward I-IasBe Re laced
i mage- bearing { & 8 Tefber depend" ng on the imge-bearing ne
on the-|atent [fagepotent+at—di-++efence on the inmage-
so that the tdn iqd localized on the 15 i nmage-bearing ne
anount corres ODdI ng ~ = %0 &he>latent i mage potential. On further
application 8 of |the alternatingjelectric field, the toner having
reached the in%-ge_bﬁa.ui_n.g_aenher_s.i_de oscillate thereat to be
concentrated at the |l atefit image D portion. As a result, the dot shape
is uniformy ol gpr clhce,gj% E‘,:) oyide images free fromirregularity. _
For the reason degcrli o"’atﬁiov h | at ent i mage i s devel oped under
application of é | 4 ent alternating bias electric field, the.
25 lacki ng of Y I eé (gangb%»ob iated even in a
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. R
hi ghlight | atent inmage. Further as the toner Tepetitively oscillates
-on the inmage-bearing nenber, - ' ' -61-

the toner is concentrated at the latent inage part to faithfully
reproduce individual dots. Further, while ‘using a two conponent-type
devel oper, the contact of . t he magnetic brush onto the inage-bearing
menber is 5 suppressed to provide uniforgybal ftone images.

Vari ous paraneters characterizing the present i nvention are based on
val ues neasured in the foll owing nanners. (1) Magnetic propertles
of carrier 10 The apparatus used is.a connerC|aIIy

avai | abl e nagneporpéseert eesen $yhbnesiBHEkaAPle 1] available from Riken
Sokutei K K ). Ca. 1.0 g of a - sanple. is weighed and packed in a cel
measuring 7. mm Polyoziyprepelene(212)n 2n hei ght, and the cell is set

15 in the ~apparat us. The sanple in the cell is then
bis(4-hydroxyphenyl )propane 45 mol. %

Polyoxyethylene(2)-2,2-bis(4-

5 hydroxyphenyl )propane _ | 6 "
Fumaric acid o 47 "
Trimellitic anhydride S . 2 "

The above ingredients were éubjected to
polycondensation with dibutyltin oxide as the catalyst
10 under nitrogen stream at 200 °C. The reaction was
term1nated at a point of providing a softening p01nt
(according to_ASTM E28-51T) of 92 °C to provide
Polyester resin (I),_which showed an acid Valﬁe (AV)
of 9;5 mgKOH/g and é glass transitioﬁ temperature (Tg)
15 of 57.2 °c. -
- [Polyester resin Synthesis Example 2]
Polyoxypropylene(z,2)-2;27 |
bis(4-hydroxypheny1)propane- 45 mol.$%
Polyoxyethylene(Z)—Z,2-bis(4-

20 ' hydroxyphenyl)propane _ 4 "
Fumaric acid | 40 "
 erephthalic acid .10
Trimellitic anhydride 1

The above ingredients were subjected to
25 polycondensation with dibutyltin oxide as the catalyst
‘under nitrogen stream at 200 °C. The reaction was

terminated at a point of providing a softening point



supplied with a magnetic field which is gradually I ncreased up to a
maxi mum val ue of 3, 000 oersted. Then, the magnetic field is gradually
decreased. A - B-H hysteresis cure during the process is drawn on a 20
recordi ng paper. The saturation magnetization, - = residual magnetization
and coercive fore of the sanple ‘are obtained fromthe hysteresis
curve. (2) Particle size dirstributiomgpf carrier The
apparatus used is a mcro-track particle 25 size analyzer ("SRA-type",
avai l abl e from N kki so K.K. ), and the neasurenent range is set to 0.7
- 125 ~ [err]m Fromthe resultant vol une-basis particle size

- 62- di GF i9WtOko pidvLaFdlFdsrert 2edil 1]), ivhidh adlewed

(3) Current value of carrier 800 g of a carrier sanple is
wei ghed and an eqicserhfue (RV) exfst22.0 mgKOHAY aandereviglaseent (room

transition temperature (Tg) of 55.3 ©C.
[Pol?ester.resin Synthesis Example 3]
5 Polyoxypropylene(2,2)-2,2-
bis(4-hydroxyphenyl )propane 45 mol.%
_Polyoxyethylene(2)-2,2-bis(4— '

‘hydroxyphenyl )propane 10 u
Fumaric acid _ _ 43 v
10 ' 1,2;S—Hexanétricarboxylic acid 2 "

The above ingredients_were subjected to
polycondensation with dibutyltin.oxide as_the catalyst
under nitrogen stream at 200 °C. The reaction was
terminated at a point of providing a softening point

15 of 95 °C to provide Polyester resin (I11), which
showed an acid value (AV) of'O,B mgKOH/g and a glasé
transition temperature (Tg) of 58.1 °cC.

[Polyester resih Synthesis Example 4]

Polyoxypropylene(2,2)-2,2-

20 bis(4-hydroxyphenyl )propane 49 mol.%
| Terephthalic acid - 49 "
2,5, 7-Naphthalenetricarboxylic acid 2 »

The abové ingredients were subjecied to
polycondensation witﬁ dibutyltin’okide'as the catalyst
25 under nitrogen étream at 200 ©c. .The reaction was
terminated at a point of providing a softening point

of 92 O°C to provide Polyester resin (IV), which showed



5 tenperature: 22 - 25 [err]C, humdity: 50 - 54 %. A count er

el ectrode is di sposed opposite to and 1 mm spaced apart from an

el ectroconductive sleeve - containing a magnet roller and provided with
an ear- . regulating blade, The carrier is magnetically 10 attracted
bet ween the sl eeve and counter el ectrode. The magnet roller in the
sleeve is rotated so that a magneti c-gyush of the carrier with ears
standi ng on - the sl eeve contacts the counter electrode. Then, a DC

vol tage of 500 volts is applied between the sleeve and 15 the counter

el ectrode to neasure a vol tage decrease bet ween both ends of resistors
of 1 Mohm and &9 acbéinvalue (AWdeofel7.h wmgKOB{g Anduarghassal ue is

cal cul at ed fromthe val ue. (4) Toner 9a5t|cle si ze

(wei ght - aver agetpamsitien pemperatusezgfg) of 5 The average particle
size and particle size di stribution of a toner_may be nmeasured by a
Coul t er colfetyestey resjpqiynthesis EFamE%Elﬁér Ml tisizer",

avai l abl e fron1CbuI£ Electron CS l? é rein, we 25 ‘have used

Coul ter Miltisizer, ?gYmﬁ%ﬁ PReLAr 2 = (available from N kkaki

KTK') TOT pgoviding ﬁiQVgpﬁ§aroxyphenyl)propane 45 mol.%
- Fumaric acid ' - | 45 v
1,2,7,8- Octanetetracarboxyllc ac1d 2 "
The above ingredients ‘were subjected to
polycondensation with dlbutyltin oxide as the catalyst
10 under nitrogen etream at 200 °C. The reaction was
-termineted et a point of providing a softening point
of 95_°C to provide Polyester resin (V),_which showed
an acid value (AV) of 2.2 mgKOH/g and a glass |
transition teoperafure,(Tg) of 59 °c.
15 [Polyester resin Synthesis Example 6]

| Polyoxypropylene(2,2)-2,2-

bis(4-hydroxyphenyl )propane 50 mol.$%
Terephthalic acid | - 49.5 "
PTrimellitic anhydride o 0.5 "

20' The aboﬁe ingredients were subjected to

. polycondensation with dibutyltin oxide as the catalyst
under nitrogen stream at 200 °C. . The reaction was
terminated at a'point-of providing a softening point
.of 103 °C to provide Polyester resin (V1), which

- 25 showed an acid value (AV) of 8. 7 mgKOH/g and a glass
transition temperature (Tg) of 61 °cC.

{Toner Production Example 7)



basis distribution and a vol une-basis distribution,

- 63- and a personal conputer PC 9801 (available from NEC K. K.)
are connect ed. For nmeasurement, a 1 % NaC aqueous solution
as an electrolyte solution is prepared by using a 5 reagent-grade sodium -
chloride. "Into 100 to 150 m of the electrolyte solution, 0.1 to 5 m
of a surfactant, preferably an al kyllggnzenesul fonic acid salt, is
added as a dispersant, and 2 to 20 ng of a sanple is added

thereto. The resultant dispersion of the sanple in 10 the electrolyte
liquid is subjected to a dispersion treatnment for about 1 - 3 mnutes
by ‘-neans of an Pallyestesniresdirsfdi)ser, and then subj ect ed X9 parts
.measurenent of particle size distribution by using the above-nmenti oned -
Coul ter Mil tisizer Rnthalocysmine moigments aperture to obtain a4 "

nunber -basi s distribution and a
Dl—tert butylsallcyllc acid metal complex 4 "

. The above 1ngredients were sufficiently
5 preliminarily blended with each other by a Henschel
' mixer and melt-kneaded through a twin-screw extruder
kneader. After eooling,'the kneaded product was
coarsely crushed into ca. 1 - 2 mn and finely
pulverized by an air.jet pulverizer, followed by .
10 classification to obtain blue powder-(toner_particles)
having a weight-average particle size (Dg) of 5.8 wum.
100 parfs of the above powder was blended by
a Henschel mixer with 1.5 parts of hydrophobic alumina
fine powder (D4 = 0.02 pm, hydrophobicity (Hweom) = 65
15 %) hYdrophobized through treatment ﬁith 20_parts of
iso-C4Hg-Si—(0CH3)3 in aqueous medium, thereby to
obtain Cyan Toner f. | '
The toner showed an aCid'vaiue (AV) of 9.5
mgKOH/g, Tm = 90 °C and Tg = 55 °c. |
20 (Toner Productlon Example 8)
Cyan Toner g was prepared in the same manner
ras 1n Toner Production Example 7 except for using
hydrophobic titanium oxide fine powder (D4 = 0.03 pm,
Hyeon = 60 %) prepareo by hydrophobizing titanium
25 oxide fine powder with n-C4Hg-Si-(OH3)3.
| Toner g showed the same AV, Tm and Tg as

Toner f.



vol une basis distribution for particles having a particle size of 2
[err]mor larger. Fromthese distributions, it is possible to obtain a
vol une- average particle size (Dv, by using a central value 20 for
each channel as a representative value for the channel) and a '

wei ght - average particle size (D err]) based on the volunme-basis
distribution, a | ength-average partighe size (Dferr]) based on the
nunber - basis di stribution, volune-basis contents of particle size 25
fractions ([err]8.00 [err]mand [err] 3.17 [err]n) and nunber-absis
contacts of particle size fractions ([err]5 [err]mand [err]3.17

[err]m). (Toner Productibn Examples 9 - 13)-64- (5) .
Wi ght - average particle size of external | additive (inorganic fine
powder ) : Thenersashrenknwere ptépareddinythei @ manner

mcro-track particle size analyzer ("Mdel 8230 UPA', .5 available from
Ni kkiso K K.) a8 imcTener Rreduction Example 7 except fbr using

Polyester resins (II) - (VI) instead of Polyester
5 resin (I). '
Characferizing dd{a df Toners £ -~ 1 ére

- summarized in the following Table 4.

10

15

20

25
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20 M of ethanol is placed in a 50-cc-glass beaker. A sanple is added

so as to provide a Reflected Power indication of 200 nV, and
di spersi on is performed for 3 min. by an ultrasonic wave 10
generator ("UD 200", available from Tonmy Sei ko K K.). The sanpl e
di spersion liquid is taken in 6 m and subjected to three tinmes of
nmeasurenment at 22 [err]C to obt ai n- a~yglune-basis particle size
distribution, from whi ch a wei ght-average particle size is calcul ated. -
15 (6) Hydrophobicity of inorganic fine powder : A et hano
titration test is perforned. 0.2 g of a sanple inorganic fine
powder is added to 50 m of water in a 250 cc-Erl enneyer fl ask. _
Wil e the content in the flask is continuously stirred 20 wth a magnetic
stirrer, methanol is gradually added to the flask until. all the
inorganic fine power is wetted. The termnal point is detected by
observing - all the inorganic fine powder is suspended in the
liquid. The hydrophobicity is determned as a 25 nethanol content (% in
t he met hanol -water m xture at the term nal point. _ (7) Light
transm ttance -
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- o : S e -
- 65- Sanpl e | 0.10 g

Al kyd resin 13.20 g (" Beckozol e
1323-6-EL", nfd. by - Dai.ni ppon Ink K.K) 5

Mel ami ne resin : 3.30 g (" Super
Beckam ne J-820-60", nfd. by Dai N ppon Ink K K)

Thi nner 3.50 g5- ("Aram c-
Thinner", nfd. by Kansai 10 Pai nt K K.) d ass
medium . 50.00 g " The above fornulation is
pl aced in a 150 cc- gl ass bottle and subjected to dispersion for 1
hour by gxpaplle aandi tioner (nfd. by Red Devil Co.). After 15 the

di spersion, the conposition is applied on a PET filmby a doctor blade

2 mm spaced from t he PH&T tWid momponent-type developer (toner
concentration (Cigper) = 7 wt. %) was prepared by
blending_the above-prepared_Cyan Toner £ and Carrier

5 16, and subjected to continuous imagé formation by
using a uolor copying machine ("CLC 706", mfd. by
Canon K.K.) including an image-bearing member (I)
having a protective layer containing 30 wt. % of
fluorine-containing resin particles and using an

- 10 intermittentlalfernating elegtric field shown in
Figure 4 under a developing contrast of 300 volts for
reproducing an original having an image area ratio of
- 25 %. ~The continuous image formation was performed on
10000 sheets for each of normal temperature/normal

15 ~ humidity (23 °C/65 %) conditions, high
temperature/high huuidity-(30 Oc/80 %RH) conditions
and normal temperature/low humidity (20 °C/10 %RH)
conditions. The results are shown in Table 5
appearing hereinafter. |

20 Examples 18 - 22 |
Two component-type developers were prepared
in the same manner as in Example 17 exceptufor using
. Cyan Toners g -'k'instead of Cyan toner f. The
-resultauf develupers uere evaluated in the same manner
25 as in Example 17. The resulté are also shown in Table
5.

The dévelopers of Examples 19 and 20



fol l owed by baking at 120 [err]C for 10 min. The thusl coat ed sheet

“1s subject to neasurenent of transmttance in a range of 320 - 800 nm
by a 20 transnittance meter ("U BEST 50", nfd. by N ppon Bunko

K K. (8) Specific surface area S[err] (air perneation nethod)

Measur ement is performed by using a specific ° surface area neter

("Model SS-100", nfd. by Shimazu 25 Sei_ggkusho K K') in the follomﬁng
manner . 1) A variable-voltage power supply to a powder

tester for sanple powder packing is turned on and '

-'66- adj usted to 100 V. : 2) A changeover switch for the
powder tester gSntainifg! TbAed hapapdfig mohiahdaidid viatme andsdonexr 1 min.
(50 times 1 tinme/l mn.). 5 3) Asieve plate is inserted into a

pl asti c-nade 3§ havanp @ llokec azid wadluecshoeld |somewhake inifenilorced
' toner scattering.thah those of Examples 17 and 18 but
were at a level of practically no problem.
5 Example 23 '.
A two component type developerlwas prepared
and evaluated in the same manner as in Example 17
except for using Toner 1 insfead of Toner f. The
. resultant images showed.allower gloss and a somewhat
10 lower image density, but generally good performancee
wére exhibited as shown in Table 5. |
Examples 24 - 26
Tﬁo compenent-type deveiopers were prepared
-~ and evaluated in the same manner as in Example 17
15 except for using Carriers 17 - 19 instead of Carrier
16.:'Genera11Y'good performances were exhibited as
shown in Table 5. |
Example 27
_ A two component-type developer was prepared
20 and evaluated in the same manner as in Exemple 17
e#cept for using Carrier 20 instead of Carrier 16.
The successive image forming characteristic was
‘somewhat inferior since the coating resin was not of
the silicone-type, buf generally.good performances
25 were exhibited as shown in Table 5.
'Examples 28 - 30

The image forming test was performed in the



thereon, and a sanple is placed thereon up to a 1/3 position of the
sanpl e tube. . 4) The sanple tube is set on a tap stand of the 10
powder tester, and a tapping start button is pressed (tapping for 1
mn.). 5) Into the tapped sanpl e tube, an additional amount = .
of the sanple is placed up to a 2/3 position of the sanple tube. 15

6) Tapping is perforned simlarly as 4)-ghove. 7) A _
suppl emental tube is inserted to the top of t he sanpl e tube, and an
addi ti onal anmount of. the sanple is added so as to forma pile of the
sanpl e. 8) Tapping is perforned simlarly as the above 4) 20 or
6) . 0 pameh mannere @ss 4fp Exanmpde 1Y exeeptodthalr the image+ gp stand,

t he suppl enental tube is pulled out, and_an excessive anount of the

sanple is cut Bpaxifgafgmper (1) was mpeplagqd by JAER-RPATHI a netering

Capl ¢ tube i SMEBRRER ST h (e BaviHRL bR EIVE AN the sampl e

packi ng, greas%o%iaining 20 %, 6 % and 0 %, respettively, of the

| 5 fluorine-containing resin particles. The results are
also shown in Table 5. As the content of the
fluofine-containing resin particleé was decreased, the
uniformity of the solid image part became somewhat
inferior but it was at'a level of practically no

10 problem. - . |
Examples 31 and 32

The image forming test was performed in the

same manner as in Example 17 except that the
alternating'electric field was changed'from the one

15 . shown in Figure 4 to those shown in Figures 5 and 2,
respectively.' Good results as shown in Table 5 were
attained. | | |
Examples 33

The image forming test was perfoimed'ih the

201 same manner as in Example 17 except that a continuous
alternating electric field as shown in Figure 3 was
_uéed. As a result, the image density was somewhat
lowered and thé solid image uniformity was also .
somewhat lowered. HOﬁever, they were at a level of

25 - practically nd problem.
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20 e: void ratio of a packed sanple |ayer [err]: density
of the powder sanple [g/cnierr]) [err]: vi scosity. coefficient of
fluid (air) [g/cm sec] - L: t hi ckness of the sanple |ayer
fem 25 . Q amount of fluid having passed the sanple | ayer [cc]
AP: pressure different between both ends of the

- 68- - sanpl e | ayer [cc] A sectional area of the sanple

| ayer [cnjerr] ] t: tinme in Mhléh the Q (20) cc of fluid (air)
has passed through the sanple layer [sec] 5 W sanpl e wei ght [dg]
(9) Carrier density P An apparatus used in "Aqupic 1330"

(available  from Shiggge 1 $einEAlg4s pe rfdimance? ARt ioH 'dHwd Sin
| Tables 2 and 5 were performed in the following manner.
[Image density] | _
Image density (I.D.) was evaluated by é
5 reflective densifomete: ("RD-918", mfd. by Macbeth
Co.) and indicated according to the following
standard. |
O (excellent): I.D. = 1.6 - 1.7
o_(good):_ >1.7 - 1.8 or 1.45 - <1.6
10 A (fair): >1.8 - 1.9 or 1.3 - <1.45
x (poor): >1.9 or 1.3
[Fog]
Fog was evaluated by measurement of the
reflectance by using a reflectometer ("MbDEL TC-6DS",
15 mfd. by Tokyo Denshoku K.K. ) and an amber f111er for
cyan toner images. Fog was calculated by the
fo;lowing equation.
Fog (%) = reflecfance on standard paper (%) -
reflectance at a_non—image'portion on a reCorded
20 sample sheet (%).
A smaller value means less fog, and the
evaluation.standard is as follows:
o: 0 -1.2 %
o 1.2 % - 1.6 3
25 Al 51.6 % - 1.9 %
x: >1.9 %

[Durability (spent tonei)]



packed into a 10 cnferr]-neasurenent cell up to ca. 80 % 10 thereof while
lightly tapping the cell. The sanmple . .. cell is dried in ia vacuumdrier
at 40 C, wei ghed and i nserted into an apparatus main body. Then, the
‘sanpl e-is subjected to 10 cycl es of packing under a pressure of 134,
45 kPa and purging and then 5 tinmes 15 of neasurenent at a packing
pressure of 134.45 kPa and an'equ1llgﬁkpn1pressure of 0.0345 kPa. An
aver age value is taken as a carrier density (10) Acid value

2 - 10 g of a sanple resin is weighed into a 20 200 to 300 m-Erlenneyer
flask, and ca. 50 m of a ~ net hanol /tol uene (= 30/70) mixture sol vent

i s added thereto tahd sEdriedd@aftst the |dodtimsoidsibinddey 1S
|l ow, a smal |l amount of acetone can be added. The - sanple solution is

titrated wth £opmatiomavedes obidersieahdehaligiec Nddhrpiogigssieatron
hydr oxi de/ al cohol sol ution with a mxture indicator of 0.1 % Brono
Thynol Blue  micnescRipendit Redsadridimsitiomlafe 200Qal cul ated fromthe

.0: No spent toner (toner melt-sticking) was
5 observed; No'charge decreaéed was observed.
o: Sligﬁt.spent toner observed. No charge
_ decreasé; |
A . Noticeable spent toner observed at.
coﬁcavities, but liftie decreasé in charge;
10 x: 'Spent fongr observed on tﬁé entirety. A
substantial charge decrease.
[Toner scattering]
| Toner scattering was evaluated by checking
the degree of soiling with toner on the outer surfaces
15 - 0of the upstream tdner'scattering-preventing member (21
in F:i.gufe 1 an 103 in Figure 7) and the downstream
toner scattering-preventing.member (22 in.?igure 1 and
104 in Figure 7) of the developing device, aﬁd on the
members other than the developing device in the image
20 formihg apparatus. Evaluation results are indicated
accordlng to the following standard:
g: No soiling was recognlzed at all.
o: Slight soiling was recognized on the water
surface of the upstreém toner scattering—p:eventing
25 member but not on the downstream toher scattering
preventing member.

Al Soiling was recognized on the outer surfaces



-69-

consuned anount of the KCOH solution as foll ows.
~value = KOH (m) x N x 56.1/sanpl e weight,

factor of the N 10-KOH sol ution used. 5 (11) dass transition
tenmperature Tg ' A differential scanning calorinmeter ("DSC 7",

nfd. by Perkin-El nmer Corp.) is used.

wherein N denotes the

Aci d

A sample is accurately -

wei ghed in an anount - of 5 - 20 g,}ﬂfgfgably ca. 10 g. The wei ghed

sanple 10

obtain a

5

10

15

20

25

is placed in an al un num pan ‘and subj ected to
raising at a rate of 10 [err]C/mn in a
[err] Cin a nornmal

-~ tenperature
tenperature range of 30 - 200
tenperature - normal humdity environment to '

- oF Y Qi d ed id® | ddiuidteredn? doifar esmettdtinmy—- 15 rai sing
st.age, a mmi n absorption peak appears in the range of 40 - 100 [err]
C. A nedi an | igreveéntirmymdiiersen but ndaseiling wdefabsernrell ain ethe he

appearance of the main absorption peak. The glass transition. -
t enper at ur e Tgnembersfother sthan cthes disteskopiregl davide. t enperature at an
20 intersection of the median line-and the differenti al

X3 Soiling was observed on the members other
- than the developing device.
[Uniformity of solid images]
| Solid image formed on CLC-SK paper (standard.
paper for "CLC" copier) was observed with respect to
the oCCu:rence of irregularity after standing.
6: No problem at all after stand_ir_lg' for 1 week.
o: No problém aftef standing for 3_days.:
Al No problem after standing ovérnight.
oox3T Irregularity observed after standing
overnight. | |
[Softening temperature (Tm)] _
A flow tester ("Model CFT-SOQ“, mfd. by
Shimazu Seisakusho K.K.) was used. Ca. 1 g of a
sample having passed 60 meshlwas weighed and _
compressed fof_l_min. undér a pressure of 100 kg/cmz.
' The compressed sample wés.subjected t6 |
measurement in the flow tester under conditions shown
_below and undér normal temperature/normal.humidity
conditions (ca. 20 - 30 °c/30 - 70 %RH) to obtain a
.temperature-appérent viscosity curve. From a
smoothened curve, a temperature (= T1/2) at a time
when half a volume of the sample was flown out was

measured and taken as a softening temperature (Tm).



t hermal curve. As descri bed above, according to the two

conponent -type devel oper of the present invention containing the
carrier formed by coating magnetic 25 carrier core particles conprising a
specific ferrite conponent with a resin coating layer, it is possible
to obviate difficulties, such as a decrease in. inmge ' _
-70- _ density and fog even'in-contLgH££§ reproduction of a -col or
original having a large inage area. Further, a qui ck increase in
triboelectric charge in the initial stage is acconplished, and
fog-free, clear inages can 5 be retained even after a continuous inage
formati on on gaTe agMpunber of shegtes.pedYdyyas, the triboelectric
chargeability is little affected by a change in envi ronnent a
condi tions. FurthesgTa TEMpd conveysthid iDBG i(Pahe devel opi-ng device is
MAX TEMP 180.0 DEG
INTERVAL 3.0 DEG
5 PREHEAT 300.0 SEC
'LOAD | 20.0 KGF (kg)
DIE (DIA) - - 1.0 MM (mm)
DIE (LENG) - 1.0 MM
PLUNGER ~ 1.0 cM2 (cm?)
10
15
20

25



10 acconpli shed.

[ eigh the present invention wll
be described nor e. speci fi
"part(s)" neans "part(s) by wei aw m |Iﬂi
Magnetic Carrier Core Part.

odct: RNl Wl

20 part's df

~(solubility: 0.62 ng/100 m), 20 parts of MO and 60 parts of
Fe[err]err] were respectively forg¥§3lnto fine particles and nixed:-
with 20 each other together with water be formeg\ _lrr?l_hg ET AR Eéf\i S.
Then, the particles were calcined at 1100 [err] ‘ §%§; &?‘ '
particle size adjustnent to prOV|de Ferrite carr
([err]s (satungiaPrrs cLafmgpeigzation) = 58 Anjerr] /kg) A B and C haV| ng
average 25 partircle stzes (Dav.) of 35.7 [err]m 25.6 [err]n1and 61.3
[err]m respetrti vehAycarrier [ PopdeTétOrobhotpytaghp] db@peisingarrier

Core
' magnetic carrier core particles and a resin coating

layer coating the magnetic carrier core.particles,
5 wherein |
the carrier coie particles comprise a
magnetic ferrite qompbnent'represented by the
-following formula.(I)-
(Fe303)x(R)y(B) o (),
10 wherein A denotes a member selected from the group
consisting of MgO, AgO and mixtures thereof; B denotes
a member selected from the group conéisting of Li5O,
MnO, CaO, SrO, Al,04, SiO, and mixtures thereof; and
x, y and z are numbers representing weight retigs and
15 satisfying the relation of: 0.2 < x g 0.95, 0.005 g y

< 0.3, 0 <2z g 0.795, and x+y+z < 1.

2. The carrier according to Claim 1, wherein'x,
y and z in the formula (I) further satisfying the
20 conditions of:

xX+y < 1 and Z = i-x-y.
3. The carrier according to Claim 1, wherein
said carrier core particles contains 0.5 - 30 wt. % of

25 MgO calculated as its oxide form.

4. The carrier according to Claim 2, wherein



E[Yé;r] s = 60Par.t ! C!Aﬁﬂarr] / kg) haw 'm‘”ﬁle’r%mt . ngragalr'?lrcl e t“!‘l\‘“‘g‘m‘\

[err] mwas prepared in the; |n Productlon Ex
"except for the use of 15 parts of ‘ LERTENS BEDY
A1203, and 72 parts of Fe[err](err]. [Productio - EXanREsLACED :
Magnetic Carrier Core Particl es] re
particles E (Os = 65 10 A2/ kg) havi ng a& average particle size of 39.3
[err] mwas prepared in the sane manner as in Production Exanple 1
‘except for the use of 3 parts of Agferr]0 (solubility: 1.74 ng/ 100 m)
27 parts of Mga3gdc42-Rak! 2otk g &ngsercbhtams ol. B aduef wan Bxayple 6

of Magnetic Carrier Core 15 Particles] Ferrite carrier core
particle F ([emgbscaléﬁlated A@Q&k@)o&guhnggaﬂlaverage particle size of '
36.0 [err] mwas prepared in the sane manner as in Production Exanple 1
except for the use of 20 parts of BaO (solubility: [err] 1 20 g/100 m),
20 parts of ZnO and 60 parts of Fe[err](err].

5. The carr1er according to Claim 1, wherein the

5 component B in the formula (I) is selected from the
group conéisting'of MnO, CaO, SiO;, Al,03 and mixtures

thereof .

6. The carrier according to Claim 1, wherein
10 the component B in the formula (I) is selected_from
the group consisting of MnO, Ca0, and mixtures

‘thereof.

7. The carrier according to Claim 1, wherein the
15 -cérrier has a 50 %-particle size of 15 - 60 pm, and
contain 1 -.20 wt. % of carrier particles of below 22
um, 0.0l - 3 wt. %_of carrier particles of below 16
pm, 2 - 20 wt. % of cérrier particles of at 1éast 62
um,:and at most 3 wt. % of carrier particles of at

20 least 88 pm..

8. The carrier according to Claim 2, whéfein the
cérrier has a 50 %-particle size of 15 - 60 pm, and |
contain 1 - 20 wt. % of carrier particles of below 22

25 wvm, 0.01 - 3 wt. % of carrier particleé’of below 16 .
am, 2 - 20 wt. % of carrier particles of at least 62

pm, and at most 3 wt. % of carrier particles of at



[ Production Exanple 7 of Magnetic Carri Pafti ef
Ferrite carrler core particles G(Terr nQ/kg) haV|ng an

aver age rt Hhiced® 8 pm \\ “}! the sane manper. as‘in
Productlgﬁ1 Filfme v except :‘Na“\ enof55 parts of K[ err]O .

(solublllt g/lOO nm), 20 parts of NiO fBEEN
b o ESREET fadbe

[ Producti on Exanple 8 of Magnetic Carrier E%re

Ferrite carrier core particle H ([err]s = 47 An2/kg) having an average

particle size of 37.5 [errlmwas 5 prepared in-the same manner as in
Production Exaj@A&t 188 pm. €xcept for the use of 35 parts of MO
(solubility: 0.62 ng/ 100 - M), 5 parts. of MO and 60 parts of
Fe[err]Of[err]. [ Producti on Exanple.9. of Magnetic Carrier Core

9. The carrier according to Claim 1, wherein the
carrier has a specific area ratio S;/8, of 1.2 - 2;0,

5 wherein S represents a specific surface area measured .
by thé air.perméation method and S, denotes a Specific
surface area calculated by the following formula (II):

S, = [6/(P x Dgg)] x 104 (11),
' wherein P denotes a density and Dgp denotes a 50 3~

10 particle size, respectively, of the carrier.

10. The carrier according to Claim 9, wherein the

carrier has an §;/S, ratio of 1.3 - 1.8.

1% 11. The carrier accqrding to Claim 1, wherein the

carrier has an apparent density of 1.2 - 3.2 g/cm3.

12. The carrier according to Claim 1, wherein the
carrier has an apparent density of 1.5 - 2.é'g/cm3.
20
' 13. The cafrier according to.C1aim 1, wherein the

‘carrier has a current value of 20 -~ 300 pA.

14. The carrier according to Claim 1, wherein the

25 carrier has a current value of 20 - 250 muA.

15. The.carrier according to Claim 1, wherein the



10 Particl es] Ferrlte Qﬁr i c re rticles | =

Anferr]/kg) having an average particle ]n1mas.= :

prepared in the sane manner as in Produ except for the
use of 0.002 parts of MO (solubility: 0m) 25 part® df NhO
and 74.998*parts of Fe[err](err]. [Productlo = O—of
Magnetic Carrier Core Particl es] rHI® SEIGET IHAS BEENS
particle J ([err]s = 15 20 Anferr]/kg) ﬁh@?ng an avergge pRBEALACEDS| ze f
35.8 pmwas - prepared in the same manner as in Prod =
except for the use-of 10 parts of MJO (solubility = - 0.62 ng/ 100 M),

80 parts of M S 10[ 5 ction
Exanpl e 11 of %%%{e}?lég%gﬁ#elr er comgﬂ%jtgcféé%tz.vg sﬂf&&‘i’é‘
Production of f#ddidecRta1RIng 04 cRPihgCogEnt represented by the

following formula (III):

Rl "'S 1—60—N- }2

5 %, 3

wherein R, denotes a substituent selected from the

(I11),

'group consisting of CH3) C,Hy and <:>ﬁ each capable
of having a substituent; and R, and R3 independently
denote CH3 and C,Hg each capable'of.héving a

10 substituent.

16. The carrier according to Claim 2, wherein the
reSin'ébating layer comprises a reactive silicone
resin containing a_Curing agent represented by the

15 foilowing formula (III):

A2
Rq-S8i—£0-N=C )
1 \R3 3

wherein R2 denotes a substitu_ent selected from the

(1I11),

group consisting of CH;, CZH5 and <:>F-each capable
20 of having a substituent; and Ry and_R3 independently
denote CH5 and C2H5'each capable of having a

substituent.

17. The carrier according to Claim 1, wherein the
_25_ resin coating layer comprises a reagtivé silicone

resin containing an aminosilane coupling agent.



e

*173- /ﬂmasr—t—rﬁ—ed_iT‘t‘he MOMW— 1

except for the use of arts o f“‘ “ 0..62 nmy/ 100 m) and
75 part s Tigh SeelfHag B (P Howe “‘“ Hﬂ“\
(B i

e carrier partlcles coul d

not be pr o severe eoafesterdce of the icles- i

[ Product i HR A f Magnetic Carrier Core ai-tis SHEST HAS BEEN
Ferrite carrier core particle K ([err]s = 20 Ani rr]/lﬁﬁp%ﬁﬁﬁ\
average particle size of 36.3 [err]mwas~19%- prepare TE TTE r
as in Production Exanple 1 except for the use -of 20 parts of. MO
(solubility: - 0.62 ng/ 100 m), .65 parts of MO and 15 parts of

F ) P Ex |
parti ol oo 1 187 PRSP EE R RoBorda R FBOBERLG 19! Liprbine _
AR/ kg) havi ng};filg gﬁ(fﬁg %{x&' EBEQ?I.H;? Qéeﬁ@ 3sl &r fnlaﬁfb&@sselectléﬁepar ed in

"the same manner as I n except for the use of 3

parts of MO ( Lhit Q 6ondPstiHg18@:mM ), 1 part of MO and 96 parts
of Fe[err]CIerjr?fJ)H'bt_ %rorlr’l e(rmPrgduc ion Exanples 1 - 7)

5 <:>kN-C3H6-Si-(OCH3)3.

H .
H5C2—N-C3H6-Si—(OCH3)3,

st-c3H6-si-(ocn3)3,

10 .
HoN-C,H,-N-C3Hg-Si-(OCH3) 3,
. H .
HgC4-N-C3Hg-Si-(OCH3)3,
15 H2N4C2H4-NH-C3H6-?1-(OCH3)3,
| CHy
(CyHg ) ~-N-C3Hg-Si-(0CH3) 3,
(C4H9)Z-N—C3H6—Si-(OCH3)3, and
20 |

H N~(O)-51-(OCH3) 3.

19. The carrier acCording to Claim 17, wherein
the reactive silicone resin contain 0.1 - 8 wt. _parts
25 of the aminosilane coupling agent per 100 wt. parts of

siloxané solid matter.



20 parts of toluene, 20 ﬂﬁEh&mﬂLs ut nal ,

parts of ice were added i :
40 parts of a 25 -mxtur%lﬂ"ﬂtﬂﬂﬂﬂu
15/ 10 by nol) was '

20 r and 40
cehecked f ﬂ’? m Lﬂ irring,
}[err]/ (CH err err] (=

| owed further by 30 mn.

stirring and 1 hour of ‘condensation reaction at derr]C Ihen

-74- the resultant sil oxane was masgﬁg suffici nqrxj'" _‘"AL Wﬁ[ r
and dissolved in a tol uene-methyl ethyl ne- butanﬁL T E e |
solvent to prepare a silicone varnish- with a sol ent_Jof
10 % 5 To 100 parts of the silicone varnish were added 2.0
parts of de'On'ZedzbﬁteThechrEQEESaEEoEBQng to Cabia17g wHeradpagent

[err] 10 3.0 partsof the follow ng am noSilane coupling agent

the reactive s111cone resin contains 0.3 - 5 wt. parts
of the aminosilane coupling_agent per 100 wt. parts of

siloxane solid matter.

21. The_carrier_acéording to Claim 17, wherein
- the reactive silicone resin further cohtains_a
cdupling agent'represented'by the following formula
(IV): _

10 | R4_a-si-xa (1IV),
wheréin R denotes a substituent selected fiom the
group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivatives of thése; X denotes a_halogen
or alkoxy group; and a is an integer of 1 - 3.

15 |

22. The carrier accbrding to Claim 21, wherein
the coupling agent is a mémber selected from the
groups consisting of: |

CH4=CH-S1-(OCH3) 3,
20 ' CH3-8i-(OCH3)3, and
| CH3~8i-(OC,Hs) 3.

23. The carrier according fo Claim 1, wherein the
resin coating layer coﬁprises a reactive silicone
25 resin containing: |
a curing agent represented by the'following

formula (III):



Herr]NCerr]Herr err SI- err
respectively based on the si | oxane soI | d mat ‘ g r\m to prepare
Carrier Coating |'Q%k@m&uhm§§nkehmm The errite carrier

core particles pectlvely coated W th Cbatlng : l'iquid
| thus-prepared so a I re5|n coatlng rate of 1.0 wt. 96 by
using a coater ("Spi , Ckada Seff ;

obtain 20 Coated Carriers 1 - 7. (Carrjer Pr od

.Coated Carrier 8 was prepared in the sane nanner<§§;|nHEEmA¢Em
Producti on Exanple 1 except for repl acing the animosrre

agent with the 25 follow ng am nosigane coupling agent to prepare
Coating liquid Il and usnfgsﬁbem+ngc(| upg Il instead efr€yating
liquidI: Rg - 75 -

wherein R, denotes'a substituent selected from the
group'consisting'of CH3, CyHyg and <:>F each capable

5 of having a substituent; and RZ and R3 independently
denote CH5 and CoHg eaeh capable of'having a
substituent;

an aminosilane coupling ageﬁt; and

a coupling agent represented by the following

10 | formula (IV):

R4_a—Si.—Xa . (IV),
wherein R denotes a substifuent.selected from the
group consisting of vinyl, methacryl, epoxy, aminp,
mercapto and derivatives of these; X denotes a helogen

15 or alkoxy group:; andlg is an integer of 1 - 3.

_24. A two component-type developer, comprising: a
toner cqmprisiﬁg toger particles, and a carrier
comprising magnetic carrier core particles and a resin

20 coeting layer coating fhe magnetic‘carrier core
perticles, wherein | |
the carrier core particles comprise a
magnetlc ferrite component represented by the
follow1ng formuia (I): _
25 | (Fez03)x(R)y(B)y | (1),
wherein A denotes a member selected from the group

consisting of MgO, AgO and mixtures thereof; B denotes



[err] (Carrier Production EXﬂﬂﬁ%&ﬁH%&hﬂ] ed Ca"?TéTSril -

15 were was prepared in the sa n Carrier | es
H"Hﬂm Im Ilore partlmﬂﬂlﬂmmf _

1 - 7 except for replacing Fer
Ferrite carrier core particles Tabl e 1 bel ow shbws  +

characterization data of Coated Carriers 1 - 15 thus
-76- . [err]’ ~110-

ar.ed.

THIS SHEET HAS BeEN
REPLACED |

a member'seiected from the group consisting'of Liy0,
MnO, CaO, SrO, Al,03, Si0, and mixtures thereof; and
X, y and z are numbers representing weighr ratios and
satlsfylng the relation of: 0.2 < x ¢ 0;95,'0.005 £y

5 < 0.3, 0 <z g 0.795, and x+y+z £ 1.

25. The developer according to Claim 24, wherein

X, Yy and z in the formula (1) further

satisfying the condition: of X+y < 1 and z = 1-x-y;

10 “the toner comprises toner particles and an

external addition‘
the toner has a weight- average particle size

of 1 = 9 pm, and
the external additive surface treated

'15. inorganic fine particles having a weight-average

particle size of 0.001 ~ 0.2 pm.

26. The developer according to Claim 2, wherein
x, vy and z in the formula (I) further satisfy the
20 - conditions of:

x+y <1 and z = 1l-x-y.
27. The developer according to Claim 24, Wherein
said carrier core particles contains 0.5 - 30 wt. % of

25 MgO calculated as its oxide form.

'28. The developer according to Claim 25, wherein



(Toner Production Exanple 1) Pol y Hm'
100 parts ' : (condensati on product H” Hﬂﬂﬂl

bi sphenol with fumaric acid and 5 ' trlné||FtI$

Pht hal ocyani ne pi gnent —
Di -tert-butylsalicylic acid netal conplex 4 " -!'nmﬁmenﬂbﬂb laced ;
i ngredi ents were sufficiently ‘prelimparily bl ended MA ‘ri

a Henschel 10 m xer and nelt-kneaded thrbﬁgﬁ a tw n-screw BI

kneader. After cooling, the kneaded product was coarsely crushed into
ca. 1 - 2 [errlmand finely pul verized by an air jet pulverizer,

fol loved by safdd8RLILERILoR | 8a 001 2106 DLUE QOUDCG. £ 10056 ertaches) 19

havi ng a wei ght=average partrcle

100 parts of trﬁbgbeafc@9¥9§& ¥8s;PLepgede Worm. @ Henschel mxer with 1.5

parts of hydrophoObi anat ase-type tltanlun1OX|de fine powder (Dlerr] =~
0.05 [err]m "~ hydrophobicity (Herr]) 55 % transmttance (Tp) = 70
20 99 hydrophobi zed through treatnent of 100 parts of anat ase-type
titani um oxi de fi ne2@owiBhe WiévePpearascordingfto Claim 24, wherein
n- C[err]H[err] Si-(OCHerr])[err] in aqueous medium thereby to

the component B in the formula (I) is selected from

the group cons1st1ng of MnO, CaO, $i0,, Al,03 and

mixtures_thereof.

30. The developer according to Claim 24, wherein
10 the component B in the.formula (I) is selected from
the group consisting of MnO, Ca0, and mixtures

| thereof.

- 31. The developer accordlng to C1a1m 24, wherein
15 the carrier has a 50 %$-particle size of 15 - 60 pm,
and contain 1 -~ 20 wt. % of carrier partieles of below
22 pm, 0.01 - 3 wt. % of carrier particles of below 16
 pm, 2 - 20 wt. % of carrier particles of at least 62
um,:aﬁd at most 3 wt. % of carrier particles of at

26_ least 88 unm.

32. The developer accerding to Claim 25, wherein
the'cairier has a 50 $-particle size of 15 - 60 pm,
and contain 1 - 20 wt. % of carrier particles of below

25 22 pm, 0.01 - 3 wt. % of carrier particles of below 16
pm, 2 - 20 wt. % of carrier particles of at least 62.

um,'and at most 3 wt. % of carrier particles ef at -



obtai n Cyan Toner a. (Toner Production Exanple 2) 25—

Toner b was prepared in the sanme manner as in Toney ‘“ple
1 except for using hydr ophobi ¢ titani um oxi de flne\ g
LT [Mm S

0. 0008 ' _ - 78- H[érr]

= 50 %and Tp = 70 % prepared by - hydr ophobi zi ng anatase type
titani um oxi de fine powder in the folg?of a hydrate

cal ci nati on. (Toner Producti on Exanpl

was prepared in the same manner as in Toner Productlo Bk Yo R epiacia
except for using 2.0 parts of hydrophobic titani um oxi '
(Derr] = Bal¢ B® Ly Herr] = 70-%and Tp = 20 @@ pr

rutile-type titaniumoxide fine powder (for - pigment use) instead of

t he anatase-type titanium oxide fine powder .

33. The developer according'to Claim 24, wherein
the carrier has a specific area ratio S;/8, of 1.2 -
5 2;0, wherein S; represents a specific surface area
‘measured by the air permeation methddiand S5 denotes a
' specific surface area calculated by the following
fotmula;(II): '.
S, = [6/(P x Dgg)1 x 104 (1),
10 wherein P denotes a-density and Dgg denotes.a 50 %-

average particle size, respectively, of the carrier.

'34. The developer according to Claim 33, wherein

the carrier has an S;/S, ratio of 1.3 - 1.8.

15
35. The developer according to Claim 24, wherein
the carrier has an apparent density of 1.2 - 3.2
g/cm3.
20 36. The dévelbper according to Claim 24, wherein

thg carrie; has an apparent density of 1.5 - 2.8

g/cm3.

37. The developer according to Claim 24; wherein

25 . the carrier has a current value of 20 - 300 pA.

38.  The developer according to Claim 24, wherein



(Toner Producti on Exanpl e 4) Cyan Toner d wa re in the
sane nmanner as in Toner Production Exanple 1 eﬁmlu ‘\mﬁH {ﬂg‘ﬁ_{

hydr.ophobi ¢ titani um oxi de fine powder (Dlerr] =0 [err]

65 % and Tp = 65 % prepared by further treatlng th Ze

anat ase-type titani um oxi de fine powder with dimethyl _l,sﬂé&mﬁsmeh T@\
cp). (Toner Production Exanple 5) ﬂ Cyan

prepared in the same manner as in Tonde pr oductlon Exa \ﬂwﬁ&y

for using hydr ophobic silica fine powder (D err] = 0. 02 err]

= . 90 % and Tp = 34 % prepared by through treatnent wth -
d'”Ethyls'l'coeﬁeobErQiQQ BQE hncﬂ§§%ﬁ%svgﬁﬁ§eof 29 'Q%begﬂ a; the

anat ase-type titaniumoxid
conponent -type devel oper (toner -
-79- - concentration (Cferr]) =7 mﬁ.-@@ was prepared by
39. The developer according to Claim 24, wherein

the resin'coating'layer comprises a reactive silicone
5 resin containing a curing agent répresented by the
following fdrmuia (III); |
_ R, .
R1-315+0-N=c<£ )3 | (111),
3
wherein R, denotes a substituent selected from the
10 group cpnsistiné'of.CH3, CyHg and <:>F each éapable
_6f having a substituent; and R, and Rj independently
denote CH3 and CZH5 each capable of having a

substltuent.

15 | 40. The deveiopei aCCdrding to Ciaim 25, wherein
the resin coating layer comprises a reactive silicone
resin containing a curing agent represented by the
followihg'formula (III):.

| Ry '

, R;-8i—0-N=C{ * )3 r (111),

20 > Ry
wherein Ry denotes a subsfituent-sglected from the
grbup consisting of CH3, CyHg and <:>— each capable
of having a substituent; and R, and'R3 independently
denote CH3 and CjHg each capable of having a

25 substituent.

. 41. The developer according to Claim 24, wherein



bl endi ng the above-prepared Cyan Torer—a—and Carrier 1, and subjected

to continuous image formation by - m“ﬁmmm ying machine ("CLC
700", nfd.. by 5 Canon K K.) using an “m“ﬂ rnatl n eI ectrlc
field shown.in Figure 2 under a devel optng® cdnt Masf of aced.‘:_'
reproduci ng an origi nal having an inmage “area ratio of -
conti nuous inmage formation - was perforgf? on 10000 sheet

normal 10 tenperature/normal humdity (2 err]C 65 9% conditions,

hi gh tenperature/ high humdity (30 [err] C/80 %RH) condi tions and
normal tenperature/low humdity (20 [err] .10 %RH) conditions. The
results are shopie i Fedfh! Boating21 #PELIEbNEriSes AatbsEtive §1PYBoh8 Table
2, the two 15 conponent-type devel oper showed little change in
performance duri@gihhConbainihiguani anghosolanéi 66upling ageqood

per formances inclusive of substantially no scattering even after 10000
sheets of inmage formation. Exanple 2 20. A two
conmponent -type devel oper. ((ferr] =9 [err]). was prepared in a sinlar
manner as in Exanpl421 The @Q%eb@lm@raq@Pn@lQ’ﬂrt?e@lQImnﬁea‘tha‘-‘eL:arr| er 1
and t he above-nentioned toner concentration. The

5 the amino silane coupling agent is a member selected

f.rom the group conS1st1ng. of:

H I
(O)-N-C3Hg-8i-(0CH3) 3,
. H .
10 ' H5C2-N—C3H6—Sif(0CH3)3,
HzN—C3H6-Si~(OCH3)3:

H
HzN-C2H4—N—C3H6-Si—(OCH3)3,
15
' H
H9C4-N—C3H6-Sl‘- ( 0CH3 ) 3

HZN-C2H4—NH—C3H6-?1—(0CH3)3,
| CHy

20 (CyHg)5-N-C3Hg-Si-(0CH;z) 3,
(C4Hg)-N-C3Hg-Si-(0CH3)3, and

. H2N4<:>—Si—(OCH3)3.

43. ' The developer according to Claim 41, wherein

25

the reactive silicone resin contains 0.1 - 8 wt. parts



devel oper was evaluated in the sane_nanneF-as~+n‘—25'Exanple 1. The results

are al so shown in Table 2. A two

conmponent -type devel oper ((err] __: mml“““\“l\‘“\m

- 80- was prepared in a sim mer mas sin* NP irkis Sheet Has B&X Refdced -
for using Carrier 3 instead of Carrler 1 and t he abo nef
concentration. The devel oper was eval Lizg,'ted in the sa m Hm! 5_
Exanple 1. The results are al so shown in

Two conponent -type devel opers were prepared in a S|n1lar manner as in
Exanpl e 1 except for using Carriers 4, 5 and 8 instead of Carrier
1in 10 mannepg %ﬁesmwaosalm eo%pﬂlaﬁg @@éﬁltowzs 100 &t. pardgaldmted in
'the same manner as in Exanple 1. T - results are also shown in Table
2. siloxane solid matter.

44. The developer according to Claim 41, wherein
5 +the reactive s111cone resin contain 0.3 - 5 wt. parts
of the am1n0511ane coupling agent per 100 wt. parts of

siloxane solid matter.

45. The developer according.to Claim 41, wherein
10 - the reactive silicone resin further contains a
coupling.agent represented by'the following formula
(IV): -
Rg_5-Si-X, | Can,
wherein R denotes a substituent selected from the
15 group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivatives of these; X denotes a halogen

or alkoxy group; and a is an integer of 1 -'3.

46. The developer according to Claim 45, wherein
20 the coupling agent is a menber.selected from the
| groﬁps consisting'Ofﬁ- | | o
' CH;=CH-Si-(OCH3) 3,
CH4;-Si-(OCH3)3, and
CH3-81-(0C5H5) 5.
25 |
47. The developer according to Claim 24, wherein

the resin coating layer comprises_a reactive silicone



Conparative Exanples 1 - 2 Two - corrponeb e develo

were prepared 15 in a sinmilar manner as in Exanple "’H’mmng

Carriers 6 and 7 instead of Carrier 1 in manners

devel opers were evaluated in the same manner as in hpl & 15 Fhe
results are al so shown in Table 2. 20 CanaratFFe=E*eaan: A4 -9

Two conponent -type devel opers were prepar eg 6~ i N aThi G _nner as. in
Exanpl e 1 except for- using ~Carriers 1 15 inste 3 ed'n -
manners shown in Tabl e 2. The devel opers were evalal ﬁgﬁama
25 manner as in Exanple 1. The results are also shown i L | | :
[err] . resin containing: '

a curing agent represehted by the following

formula (I1I):

é1~s1*—-eo—N=c(RZ )3 (111),
5 R3 |
wherein Ry denotes'a substituent selected from the
group consistihg'of CHj, C2H5_end <:>b each capable
of haéing a substituent; and Ry, and R4 iﬁdependently
denote CH3 and CyHg each caﬁable of having a
10 substituent;
an am1nos11ane coupling agent; and-
a coupling agent represented by the follow1ng
formula (IV).
Rg_5-Si-Xg (Iv),
15 wherein R denotes a substituent selected from the
group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivatives of these; X denotes a halogen

or alkoxy group; and a is an integer of 1 - 3.

20 48. The developer according to Claim 24, wherein
the toner has a weight-average pérticle size of 1 - 9

p!n.

49. The developer according to Claim 24, wherein.
25 the toner comérises toner particles, and an external
additive comprising hydrophobic inorganic fine

particles.



- 82- (Carrier Productio Coat ed

Carriers.17 and 18 was prepared i nner as in Carrler
-Production Exanple 1 except ﬂm !!H I mm“ra added at

the time of 5 producing Coating 4o part andrhls Hs,BeenR laced :
respectively. Exanple 8 - A tmo conpo op@r
was prepared and evaluated in the Sanp; JE nner as | 0
except for the use of Carrier 17. "As a result, | og of 1.5 %
was caused in continuous inmage formation under 20 [err](]lo %RH, while
that was a practically acceptable level. The inferior

per f or mance ni ght bﬁoattfﬁ@taé@éfoﬁérlaéééfamgneo éﬁame&gn wRetefd due to
non-use of the water. " Exanpl e t wo conponent type

devel oper was ptm@aigdirophobic 1norgan1c fine partlcles comprise at
least one member selected from the group consisting of
alumina fine particles, titanium qxide fine particles

5 and silica fine particles.

51. The developer according to Claim 49, wheréin
fhejhydrophobic inorganic fine particles have a
hydrophobicity of 20 - 80 %.

10 |

52. The developér according to Claim 49, wherein

the hydrophobic inorganic fine particles have a

weight-average partidle_size of 0.001 - 0.2 pm.

15 53. The developer according to Claim 49, wherein
the hydrophobic inorganic fine particles have an
optical transmittance of at least 40 % at a wavelength

- of 400_nm.

- 20 ‘54, The developer according to Claim 24, wherein
the toner particles comprise a binder resin and a
colorant; and the binder resin comprises a polyester

resin.

25 55. Thé developer according to Claim 54, wherein
the polyester resin comprises a condensation copolymer

of an etherified bisphenol and a polycarboxylic acid



and eval uated in the sane nmanner as in Exanple 1 Mﬂ“mﬂm"& “Mie of
Carrier 18. As a result, a 20 slight toner scatterd“nl

t he toner concentration was close to the upper li*mt of the

control range under 30 [err]C/ 80 %RH, while that was a Dractlcallv
acceptable level. The result mght be attri but abj e to th se

much water causing a 25 excessive self- _cff%sl i nki ng 5“ i‘

result in a somewhat |ower adhesion with the car 1

particles. _ -83- '

A two conponent-type devel oper was prepared and evaluated in the sane
manner as in BEping lat leasicep functiomgl kpreupd. i nst ead of Toner a. As
a 5 result, the image qualities at the initial stage were good but

t he unlfornlty of a solid inmage was slightly
56. The developer according to Claim 55,_wherein
the etherified bisphenol comprises a compound
5 represented by the following formule (V):
CH3

H-(OR) x-o-@—c—@o-(m)y-n ),

wherein R denotes an ethylene or propylene group, x
10 and'y are independently a positive integer of at least
1 with the proviso that the average of x+y is in the

range of 2 - 10.

57. The developer according to Claim 54, wherein

15 the binder resin has an acid value of 1 - 20 mgKOH/g.

58. The developer according to Claim 55, wherein
said polycarboxylic acid includes 0.1 - 20 mol. % of a
polycarboxylic acid component having at least three

.20 functional groups.

59. The developer accordlng to Claim 54. whereln
the toner partlcles have a glass. trans1tlon
temperature (Tg) of 45 - 47 °c.

60. The developer according to Claim 54, wherein

the toner particles have a temperature providing an



| owered and the fog was sonewhat increased to 1.6 % ]CYlO
URH. Exanple 11 10 . A two comonent;tygm% [" | ![!

pr epar ed -and evaluated in the sane manner as in cept
for using Toner c instead of ‘Toner a. As a r esul t——toner—scattering
- slightly occurred and fog was I ncreased to 1.7 Wbunﬁﬁgs Q HaSB
9RH. 15 Exanple 12 A twongﬁ onent-ty &iﬁ&%&m
prepared and eval uated in the sane as in munﬂﬁ pt
for using Toner d instead of Toner a. As a resu
|l evel of 0.9 % The 20 uniformty of a solid inmage mas sllghtly Iomered
under 20 éﬁﬁé&éﬂéovrﬁkbsbﬁy ébeloﬁrﬁeigaace@mreiﬁ gR8CEahb¥ of  good.
Exanpl e 13 two conponent-type devel oper was prepared 25
and eval uated g@ Lhezeaﬁe manner as in Exanple 1 except for using

Toner e instead of Toner a. As a result, the unlforn1ty of a solid
i mage was slightly _

61. An image forming method, comprising:

5 circulatively conveying a two component-type
developer comprising a toner and a carfier on é
developer-carrying'member,.and

| developing, in a developing region, an
elecfrostatié latent image held on an electrostatic.
10 | image—bearing member with the_foner.in_the'two
cdmponent-typé developer, wherein
the toner compriseé toner particles, and the
.carrief comprises magnetic carrier core particles and
a resin coating layer coating the magnetic carrier
15 core particles, whérein |
the carrier core particles comprise a'
magnetic ferrite component répresented_by the
following formula (I):
(Fez03)x(B)y(B), (),
20 wherein A denotes a member selected frdm_the group
consisting of MgO, AgO and'mixfures thereof; B denotes
a member selected from the group consisting of LijO,
MnO, CaO, SrO, Al303, SiO; and mixtures thereof; and
X, ¥y and z are_numberé represent;ng weight ratios and
25 satisfying the relation of: 0.2 ¢ x < 0.95, 0.005 < y

< 0.3, 0<z ¢ 0.795, and x+y+z ¢ 1.



-84- | ower ed under 20 C/ 10 %H, and the fog was s

increased to 1.5 % under 30 [err]C/80 %H. The perf
however, -generally good. Exanple 14 5 I“ﬂmmm "m"
conponent-type devel oper conpri sing Toner a and Carr

Exanpl e 1 was subj ect ed to continuous inmage fornatron u 'B&m%.lmxd

I mage form ng apparatus shown in Fi guiﬁol and eqw p m o
devel opi ng sl eeve containing a 5-pole nagn roller &m‘mL i
devel opi ng princi pal magnetic pole of 960 gauss under

an intermttent alternating el-ectric freld shown in Figure 4 providing
devel opi ng congp | 0ffe Ohe60a! aScaB1Ng! t8, CYEIRKET, - Ralrioh! She

under environnmental .conditions of 23 [err] 60 %R
result, even aféréctiBgeatoenphtentoimage iéOEGGesbpea5w1thetﬁagtmarat a

good level of 1.0 % and the uniformty of solid i mage was good under
20 in the two component-type developer under application
of a developlng b1as comprlslng a succession of
5 voltages 1nclud1ng a first voltage directing a toner
from the image bearing member toward the develope;-
.carrying member,'a.second voltage directing the toner
from the developer ca:rying member_toward the image-
bearing member and-aithird voltage intermediate |

10 betweenithe first and second voltages, respectively,

to the developer-carrying member.

63. The method according to Claim 62, wherein a
period (T;) for applying the first voltage and the
15 second voltage is set to be shorter than a period (T;)

for applying the third voltage.

64. The_method_according to Claim 61, wherein
said electrostatic latent image-holding member
20 oomprises a photosensitive layer and a protective
layer coating the phofosensitive layer:; the proteotive

layer oontaining fluorine-containing resin partioles.

65. The method according to Claim 61, wherein
25 said protective_layer has a ten point average surface

roughness (Rz) of 0.01 -~ 1.5 pm.



[err] 10 9&RH. Thus very go od performances

ver e 20
Exanpl e 15 An i mage forl U jl Wlmml fopn%d~t-n—Lhe«_-_._
same nmanner as in Exanpl e 14 except f aIt&TngTLJgﬁ eﬂegn riac .

field shown in Figure 3. As a resul the '_ "é-ed
was 25 sonewhat |owered and the fog was sorrewhat i ncrease ﬂﬂl mr : Il%
~under 20 [err] C/lO %RH. The performances_ygfe, however ;

good - 85- Exanpl e 16

An i mage form ng test was ‘performed in the same nmanner as in Exarrpl-e
14 except for using an . alternating electric field shown in Figure 5.

5 _As a g@sulthe tmethod | dceordDig o OBsim 61, seneréan theer ed

under 20 [err]C 10 %RH. The performances
- two component-type developer comprises a developer

according to any of Claims 25 - 59.

10

15

.20

25



wer e, however, generally good. [Productlon Exanpl e 16 of Magnetic
Carrier Core Particles] 10 - 20 paf?gpa?_FEKTT§6TUbTTTTy'
0.62 ng/ 100 m), 20 parts of MO and 60 parts of Fe[err]O[err] were
respectively forned into fine particles and mxed with each ot her

together with water to be fornmed into - particles. Then the particles

were calcined at 1100 15 [err]C and-subjeﬁied to particle size adjustnent
to provide Ferrite carrier core parT

' i es M([err]s ThlSS ced -
magneti zation) = 58 Anferr]/kg) having average : partrc
of 35.7 [err]m [ Production Exanple 17 of Magnetic Car

Particl es] ABSTRACT OF fﬁﬁrﬂf ﬁﬁgﬁﬂéﬁ core particle N ([err]s =

. An2/ kg) havin of. 38.3 pm was prepared |n t he
same manner as in ProdygtdOnefa@ i€ elect ESbHBERM d‘ﬁ% ide use of 15 parts
of MO, 15 parts of 25 NMhQ, 3 parts of Si(err] an parts . of

Fe[err] O[ err] ,coriitituted D¥ ingrietii @ tcadied ot partlcl[é%’ ca:ha:ta on
Exanpl e 18 of Magnetic Carrier Core :
. resin coating layer coating the magnetic carrier core
-5 partlcles. The carrier core particles contain a
magnetic ferrite component represented by the
following formula (I):
(Fep03)x(A)y(B)y : (1),
~wherein A denotes a member selected from the group
loi_consistiﬁg of MgO, AgO and mixtures thereof; B denotes
e member selected.froﬁ.the grdup'consisting of LijO,
| Mho, CaO, SroO, A1203; 510, and mixtures thereof; and
X, ¥ and z are nuﬁbers represenfing weight ratios and
~satisfying the relation of: 0.2 < x ¢ 0.95, 0.005 ¢ y.
15 <0.3, 0 <z g 0.795, and x+y+z < 1. The coated

carrier particles thus formed exhibit excellent

performances in continuous image formation.

20

25

yu073/2136



- 86- Particles] . Ferrite carrier core particles O

([err]s = 57 Anferr]/kg) having an average particle size of 40.5 pm
was prepared in the same manner as in Production Exanple 5 16 except
for the use of 3 parts of MO, 5 parts of Li[err]O and 92 parts of
Fe[err]O[err] [ Production Exanple 19 of Magnetic
Particl es] ' - Ferrite carrier core particle P (,[[hler{lgemasnégn ed.
Anf err]/kg) havi ng an average particle size of 43.2 pm was n |-
t he sane manner as in Production Exanple 16 except for \“H‘\El
parts of MgO- 5 parts of Allerr]O[err]; and 75 parts of rr
(Carrier Production Exanples 16 - 19) 15 Coated Carriers 16 -
were prepared in the same manner as in Carrier Production Exanples 1 -
7 . - except for replacing Ferrite carrier core partictes A - Gwth
Ferrite carrier core particles M- P and .
4
/ 16
15 -7 ' L
R3
SRR
vt .‘:E.::&ﬁ ¢k|8
SRG19 \ W |
i T 20

[
13

-~/-30

FIG. |



changing the resin coating rate with Coating liquid |l 20 to 0.5 w. %
(Carrier Production Exanple 20) Coated Carrier 20 was

prepared in the sane manner as in Carrier Production Exanpte—16—except—
for using Coating liquid V prepared by nixing 50 partsmgsmgé{asﬁ

2-et hyl hexyl acrylate/ methyl methacrylate (= ~ = 50/20/30)

50 parts vinylidene fluoride/tetrafluoroethylene (= 50/ Hmum
and “+==-r1 ' -87- — di s

m xture in a tol uenke/ mt hy ethyl ket one m xt rEsvaent

Tabl e 3 bel ow shoWK¥hqr ct 4ri zi ng data of Cofted Carriers 16 - :
t hus prepared. & -

—j—
o

IIIIIIIIIIIII

- ' b
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I2KH2 -
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-T- - ' ' ' . . —

1KV
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FIG. 3
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—

= 8é' _.' N h-esps%(unpl < .LJ-
Pol yoxypr Opyl e TH:S SHEET ey
45 nol "% yI ene(Z)R?J’lE\Qﬁ (4- |

hydroxyphenyl)propane B76—"
iLf c.anhydride
The above ingre nts {were subj ected to pol ycondensati dn with
dibutyltin oxi d 53 &Catd Wto B oupdes 8i g ages sdreamjat 200 [err] C
The reaction was tSIarﬁh fFatedSal &2pbi It Bf T ‘-p(gviﬂdiﬁgﬁa qof t eni ng poi nt
(according to A -B1T) of 92 [err]C to provide Pollyester resin
(1), which showgdgan 3cid ‘val ue (A\/) of 9.5 ngKOH g and a gl ass
transition terrperé?ure (Tg) 15 of 57.2.] eﬂréC [ Pol ydster resin
Synt hesi s Exarrple§2 H HHHHBHH HHHHH

Mg-Mn-Fe
Mg-Mn-Fe
Mg-Ni-Al-Fe
Ag-Mn-Fe
Ba~Zn-Fe
K-Ni-Fe
Mg-Mn-Fe
Mg-Mn-Fe
Mg-Mn-Fe
Mg-Mn-Fe
Mg-Mn-Fe
Mg-¥n-Fe
Mg-Mn-Fe
Mg-Mn-Fe

My-Mn-Fe

2.2
2.0
2,5
2.3
2.4
2.4
2.3
2.2
2.2
2.2
2.2
2.3
2.4
2.3
2.2

Core

_pap

1 S1/82
1.48
1.55
1.27
1.66
1.38
1.42
1.40
1.50
1.48
1.47

.42
.50
.49
1.45
1.46

S2.
(ci/g)
364
502
213
355
330
360
353
364
364
363
345
364
364
354
339

S
(/)
540
780
270
590
455
510
495
545
540
535
490
545
543
515
495

Table 1

0.3
0.1
0
0
0
0.3
0
0.3
0.5

-16 m

@

7.3
7.0
7.3

7.1
6.8
6.5

(%)
7.4
1.6
7.5

14.2
7.5
5.4
8.0
7.5
7.4

-22 um

+62 pm
(%)
8.0
8.0
8.1
8.5

1.0
30.3
8.4
8.8
8.2
10.2
8.0
7.9
8.2
8.5
9.2

0.8 .
0.8
1.3

0.9
0.8

1.0
0.8
0.8
0.9

+88 pm
()
7.6
0.8
1.2
0.7

© 0.9

represents a 50 $-particle size of a coated carrier

Dsg
(jam)
35.8
26.0
61.3
36.5
39.5
36.2
37.0. |
35.9
35.6
36.1
37.5
35.5
35.8
36.3
38.5

: apparent density

Pup
D5

1
12
13
14
15

Carrier | Coxe




45 ol . %
hydroXyphe
40

Trimellitic anhyfr]
i ngredients were

the catal yst
termnated at a
- 90-

Table 3

of 9
an acid value (A
(Tg) of 55.3 [er
Pol yoxypr opyl ene

Ii, Wﬂjﬂwet h FH@(@*E@TMB,B;FT

OX\WW
2{) REPLACEMENT SHEET
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bis(4-hydrokyphényY)propane 45 .nol . %

Polyo§yethylene(2)-2,27b|s(4- hydr oxyphenyl ) pr gEBLACEM NT SHEET ||
10 Fumari ¢ aci d . 15 ~
1, 2, 5- Hexanetri carboxylic acid e 2 " D w:ikguuﬁgygpqm

I ngredients were subjected to pol ycondensation with ' -
as the catal yst under nitrogen streamat 200 [err]C. The reaction was
term nated at a point of providing a softening point 15 of 95 [err]C to
provi de Polyester resin (I111), which showed an acid value (AV) of 0.8
ngKOH g and a gl ass transition tenperature (Tg) of 58.1 [err]C

[ Pol yester resin Synthesis Exanple 4] 1 Pol yoxypr opyl ene( 2, 2) -2, 2-

20 bi s(4- hydr oxyphenyl ) pr opane L 49 nol . %

Terephthalic acid 49 " ,

2,5, 7- Napht hal enetri carboxylic acid 2 The above

i ngredients were subjected to pol ycondensation with dibutyltin oxide
as the catalyst 25 under nitrogen streamat 200 [err].C.*® The reaction was
term nated at a point of providing a softening point of 92 5érr]c to

provi de Polyester resin (IV), which svgmed

T f

18




-91- an acid value (AV) of 17.1 ngKOH g and a gl ass transition
tenperature (Tg) of 57 [err]C [ Pol yester resi '

Pol yoxypr opyl ene(2, 2)-2, 2-
45 ol . % Fumaric a
1,2,7,8-Cctanetetracar boxyl
I ngredi ents were subj ected

5 bi s(4- hydr oxyp
cid L

ic acid 2

to pal ycondensati on

—Synthests—Exarpte, 5
EeRFPOACENIENE SHEET || ]

498 JAN 1998
l_)ate T

e.--apov

de

~'as the catalyst 10 under nitrogen streamat 200 [err]C. The reaction was

“terminated at a pc)*.n.t-
provi de Polyester Tesiin{(Vy)

" nmgKOH g and a gl 4KV r
[ Pol yester resin Synt eqi

-

viding a softening poi

. _whi ch showed an ja
ansition tenperature. (g
Exanpl e 6] Poljy

...........
+ L)

of 95 [err]C to

ci g [val ue (AV) of 2.2

ff 59 [err]C. 15
DXy dr opyl ene( 2, 2) - 2, 2-

> IZKHZF- |
FIG. 2
F- —
1KV
{
S 4KHz——>1
FIG 3
T
1KV
! —
-8/ 3KHz~
FIG. 4
=
1KV
* :
|
|
8/3KH2 ~

FIG. 5



bi s(4 hydroxyphenyl ) pr opane 50 nmol . % Terephthalic acid
1

49: Trimellitic anhydride

The above |ngred| ents were subjected to pol ycon:eﬂ 3 W#HEET

di butyltin oxide as the catal yst under nitrogen [hr ean@ﬁt JANOIMBr rf| C.
The reaction was term nated at a point of provi g RO ent ngpal nt

of 103 [err]C to provide Polyester resin (VI), which 25 showed an aci d
value (AV) of 8.7 ngKOH/ g and a glass _3  transition tenperature (Tg) of

61 [err]C ( ToneA- Producti on Exanple 7)
-92- Pafyesher rgpin (1) . 100 parts
‘Pht hal ocyani ne \pi gnent 4
Di-tert-butylsaNcylic &\d netal SQnpl ex 4 " The above

I ngredi ents were g

prelimnparily bl ended W|th each other by a
Henschel

143 —
145—

142—]

50 102 181 104

FIG. 7



mi xer and nel t - kneaded through a twi n-screw extruder kneader. After

cooling, the kneaded product was - coarsely crushed kg =)
‘and finely’ pul verized by an air [ThigS IheBﬁm lmi@l MENY SHEET
classification to obtain blue powder (t havﬂdb aAN'mgﬁ
wei ght -average particle size (Derr]) giikiiaINENY BN e 206
parts of the above powder was bl ended b hel ~

parts of hydrophoblc alunrna fine pomder (EIerr] = 0.02 [err]m
hydr ophobi city | Sk ) hydrophobi zed through treatment with

20 parts of r])[err] I n aqueous medi um
thereby to 2_FOR haxdeoner showed an
acid val ue (AV gF 0 f 1 Na_ 10 S [err]C 20
(Toner Production Exanple 8) Cyan Toner g was prepared in

t he sanme manner as in Toner. Producti on Exanple 7 except for using

hydr ophobi ¢ tltanlunroX|de_f|ne D err] 0.03 [err]m Herr] =
60 % prepar edABSTRAGT 0} am 25 OXIde fine powder with

n err]Herr]-Si- CH e er ] e showed t he same
AVF[angng Tg]as (OH #O%éL eL for electrophotograpﬁyg

constituted by magnetic carrier core partlcles and a

Eomder

.

resin coating layer coating the magnetic carrier core
parficles. The carriexr core particles contain a
magnetic férrite'component represented by the
following formula (I):

(Fep03)x(RA)y(B)y ' (1),
wherein A denotes a member selected f;om the group
consisting of MgO, AgO and mixtures thereof; B denotes
a member selected from the group consisting of LiZ0,
MnO, CaO, SrO, Al,;03, SiO, and mixtures thereof; and
x, vy and z are‘numbers representing weight ratios and
satisfying the relation of: 0.2 ¢ x £ 0.95, 0.005 < ¥
< 0.3, 0 <z ¢ 0.795, and x+y+z ¢ 1. The coated

carrier particles thus formed ekhibit excellent

performances in continuous image formation.



_g§:
wer.e ‘pr

(Toner Production Exanmples 9.- 13) Toners h -

manner as in Toner Production Exanple 7

except onester resins (J1) - (M) _instead of Polyester
resin (I)jll“ “M“l\ \ Char act eri*zrl,_ngsgi@tea r—Sl\fS ggg@r
sunmari z 3 sHes!

wi ng Tabl e #. PiQcED -

CARRﬂﬂﬂ!fORlﬂECHKﬁHOBIﬂ@EH!
_ﬂK)OJEOM@ﬂ%ﬂﬂEIIWEHIERAND]MME}REMHI;MEHiD
ABSTRACT OF THE DISCLOSURE

A carrier for electrophotography is
constituted by magnetic carrier eore particles and a
reein coating layer coating the magnetic carrier core
particles. The carrier core particles contain a

magnetic ferrlte component represented by the

- following formula (I):

(Fe203)x(A)Y(B)z (1),
wherein A denotes a member selected from the group

consisting of Mg0, Ag0O and mixtures thereof; B denotes

" a member selected from the group consisting of LiyO,

MnO, CaO, SrO, Al;03, SiO; and mixtures thereof; and
X, y and z are.numbers‘representing weight ratios and
satisfying the relation of: 0.2 ¢ x ¢ 0.95, 0.005 ¢ ¥y
£0.3, 0<z ¢ 0.795, and x+y+z < 1. The coated
carrier particles thus formed exhibit excellent

performances in continuouS'image formation.

Figure 1 '

1
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the whole apparatus, an increased production cost due

‘t0 size enlargement of the apparatus and also an

overload on the developing deviqe similarly as above.

For the above reason, the improvement in both
toner and carrier has been examined and reported in
order to provide a high image quality for a long

period.

Heretofore, several developers have been

. proposed in order to provide improved image quality.

For example,JP-A 51-3244 has proposed a non-magnetic
toner having a controlled particle size distribution

so as to improve the image quality. The toner

'.principally comprises particles having a size of 8 -

12 pm and is therefore relatively coarse. According
to our study, it is difficult for a toner having such
a particle size to effect a intimate "coverage" of a
latent image. Further, the.toner has a rather brocad
particle size distribution including at most 30 % by
nqﬁber of particles having a size of at most 5 um and
at most 5 % by number of particles of at least 20 pm.
In order to form a clear ihage bylusing such a
relatively coarse toner having a broad particle size
distribution, it is necessary to superpose toner
particles in a large thickness so as to fill gaps
between toner particles and provide an apparently
increased imaée density. As a result, an increased

amount of the toner is consumed in order to provide a



-95- Exanpl e 17 A two conponent-type devel oper (toner

cancentration (Cferr] =7 w. % was prepared by bl endi ng t he
above-prepared Cyan Toner f and Carrier 5 16, and subje oat-t flupus
I mage formation by usi ng a col or copyi ng nachi n@ L. by
Canon K. K.) including an inmage-bearing nei#ier (1) ‘ ' =) ctyive
| ayer containing 30-w. % of fl uori-ne-cont ai ni ng N id
using an 10 intermttent alternating electric fielda QAR gure
4 under a devel oping contrast of 300 volts for reproduci ng an ori gi nal
havi ng an i magenAfeamisyi efoimage degsicty fRe OBGnCORYo fh 88 Fage f or mati on
was perfornmed on 10000 sheets for each of naormal tenperature/normnal

15 hunmidity (23 [err]_dgsﬁomj?“?@&gﬁ?i 8RS, PﬁP@fﬁdedr a ¢ % h

L . 0 o
hum dity (30 [§5£ 8@%8 égugl%%ngtbgg%ormances characterized by

having a narrow particle size distribution with

5 controllied amounts of fine powder and coarse powder
fractions.

As described hereipbefore, howeverj a demand
for a copying machine satisfying a high resolution and
.a high image guality has been increased in the market

10 'and,'for_this purpose, a smaller particle size of
toner has been tried also for accomplishing a high-
quality color image formation. A smaller particle
size of toner has an increased surface area per unit
weight and tends to have a larger electr;c charge,

15 - which is liable to provide a lower image density and a
deterioration in continuous image fbrmation 
characteristic.

In order to prevent sﬁch a lowering in image
density and detefioration in continuous image forming

20 characteristic and also to provide an.increase in
developing perfqrmance, it has been tried to use a
carrier having a further smaller particle size. Such
a carrier, however, has not acquired sufficient
qualities suitably coping with changes in toner

25 chargeability depending on environmental conditions
and continuation of successive image formation.

Accordingly, it has been difficult to accomplish the



and normal tenperature/low humdity (20 [err] 10 %RH) conditions. The
results are shown in Table 5 appearing hereinafter ;

22 Two conponent -type devel opers were
same manner as in Exanple 17 except for using

I nstead of Cyan toner f. The resulteumgdeveloper. _______________________

the sanme manner 25-as in Exanple 17. The results are S “l““"“_n"——tn-e
5. The devel opers of Exanples 19 and 20

- 96- cont ai ning Toner h having a high acid value and Toner ]
having a | ow aditbtva,uey srohezl Borpvwemtsatnisfyorx+y < Loaed zcattering than

t hose of Exanples 17 and 18 but ~were at a level of practically no
problem 5 Bdanpi® Bp as to provide carrier core particles having

a moderate surface roughness, an appropriate moisture
content, adhesiveness to a resin and toughness. It is
5 however possible that the ferrite component can
contain preferably at most 3 wt. % of another metal
element in the form of a.hydroxide, oxide, sulfide or
aliphatic acid compound for various proposes, such as
control of surface crystal grain size, prevention of.
10 coaleecence during calcination, and control of
particle size distribution.. Accordingly, x+y+z < 1 in
the formula (I) means the case where the ferrite
component contains such another optional component in
an amount of preferably up to 10 wt.%. A specific
15 example of the case will be found in Example 4
appearing hereinafter. |
In the ebove formula (I), if x is Below 0.2,
the carrier is liable to have a low magnetic property
leading to carrier scattering and damage the surface
20 of the photosensitive member. In case where x is
above 0.95, the core is liable to have a low
resistivity. If y is below 0.005, it is difficult to
obtain proper resistivity and magnetic properties. If
y is above 0.3, it beeomes difficult to form spherical
25 carrier core parficles having a uniform surface. If 2
is 0, i.e., no B component is contained, it becomes

difficult to provide a sharp particle size



A tmD‘conponent type devel oper was prepared and evaluated in the sane
nenner as in Exanple 17 except for using Toner 1 Lnstead-of_—Toner-f

The resul tant inages showed a | ower gloss and a -oﬁgphﬁéEMEQstﬁmEr?
i mge density, but generally good performances S exhlbltﬁg ﬁiﬂSh"mn

in Table 5. Exampl es 24 - 26 =23-  Two cdfpgrend & Dbk 1S3
devel opers were prepared and eval uated in the sank—gafae 3
Exanple 17 15 except for using Carriers 17 - 19 instead of Carrier

16. GEneraIIy erfor.ma ces mer i,bited as, n Tabl e 5.
Exanpl e 27 R 4RSS RS gngﬁ'tgq lﬂréa%ve?%%]éﬁy’\/\éoop‘* epared 20

and eval uated i} Eﬁﬁgq’ﬂﬁﬂﬂﬁi E&ﬂﬁp £gept for using
Carrier 20 |nste§%hbf rrier fﬁilf% he sdg%e55|ve i'mage form ng

character i sti ¢ Miroduci ST Har HEIIOLL HldIe Sy e 9514 T £ERlA Was not

of the silicone-type, but generally good performances 25 were

exhibited as sh@wind stld#fiz partid>@BIAS BstrMution and surfacdhe
i mage formng test was perforned in the

5 property.

The carrier (pa;ticularly, core particles
thereof) according to the present invention ﬁay be
characterizquz_gtnujormly small particle size

~carrier having a small average particle size and

10 controlled contents of fine and coarse powder
fractions and having.a certain degree of surface
unevenness. Accordingly, even when the core particles
are coated with a resin having a small free energy,
the resultant coated carrier retains a good toner-

15 conveying performance and is provided with a quick
triboelectrification characteristic.

The carrier may preferably have a 50 %;
particle size (vélume—basis median particle size,
i.e., a particle size at whicg a cumulative particle

20 size fraction {from the smallest measﬁraﬁle particle
size) reaches 50 % by volume) of 15 - 66 pm,
preferably 20 - 45 pm, and contains 1 - 20 wt. %,
desirably 2 -~ 15 wt. % more preferably 4 - 12 wt. %,
of carrier particles of below 22 nm, 1nc1uding 0.01 -

25 3 wt. %, preferably 0.01 - 2 wt. %, more preferahly
0.01 - 1 wt. %, of carrier particles of below 16 nm.

If the content of the fine powder fraction



-97- same manner as in Exanple 17 except that the imge-
beari ng nmenber (I) was replaced by inmage-bearing ’ N i
havi ng protective |ayers containing 20 % 6 % and ! ﬁ@pLﬁaﬁmmmTBBEﬁT
of the 5 fluorine-containing resin partigcjges. The reqults 3 1ﬁﬁlso
shown in Table 5. As the content of the f1 uorine- c:nbgknldg Qggn r
particles was decreased, the uniformty of the sol ildtxrge—gFart—becan
somewhat inferior but it was at a level of practically no 10

probl em Beimdes- 33o@ndh 32nore preferably THe - nNB2SE¢ HR| Nfagthest was
perfornmed in the same manner as I n Exanple 17 except that the
alternating el eqgirefefatelyl 4&s-che@hgedl. f romthe one 15 shown in Figure 4
to those shown in Figures 5 and 2, respectively. Good results as shown
in Table 5 were att alfiethe current value is below 20 pA, the

charge migration on the carrier surface may not be
5 effectively performed-and the carrier is caused to
have a lower charge-imparting ability to the toner,
thus being liable to cause fog and toner scattering..
Above 300 pA, the carrier attachment onto the
photqsensitive member and the leakage of a bias
10 voltage are liable to occur, thus being liable to
result in 1mage defects.

The magnetic performances of a carrier are
affected by a magnet roller contained in a developing
sleeve and, in turn, greatly affect the developing

15 performance and the conveyability of the two
component-type developer.

In an'embodiment of the image forming method
according to the present invention, a developing
.8leeve (developer-carrying mémber) containing a magnet

20 roller therein is rotated while the magnetic roller is
fixed, thereby circulatively conveying a two
component-type developer comprising the magnetic
carrier and an insulating color toner to develop an
electrostatic latent.image held on the electrostatic

25 image-bearing member. In this instance, preferred
conditions may include (1) the magnet roller having 5

magnetic poles including a repulsive magnetic pole,



Exanpl'es 33 The image formng test was perfornmed in the 20

sane manner as in Exanple 17 except that a continuous al ternating
electric field as shown in Figure 3 was used. As a result, the image
density was somewhat lowered and the solid i mage|| Uspd; Qi =@t S
somewhat | owered. However, they were at a__i,;a_vel of 2 prac‘tﬁ. dy‘bgnf)

pr obl em 98- [err]

- 99- _ Sone itenms of perfornmance eval ua

(2) a magnetic flux of 50 - 1200 gauss in the
developing region, and (3) a saturation magnetization
of the carrier of 20 - 70 Amz/kg, S0 as to provide
excellent image uniformity and gradation

5 reproducibility in color image formation.

1f the.carrier has a saturation magnetization
exceeding 70 Amz/kg (under an applied magnefic field
of 3000 ocersted), the resultant brush or ear _composed -
of the carrier and the toner on the developing sleeve

i0 opposite an electrostatic latent image on the
photosensitive member becomes tightly packed, thus
'providing a lower reproducibility of gradation and
halftone. Below 20 AmZ/kg, it becomes difficult to
well hold the toner and the carrier on the developing

15 3 sléeve, thus being liable to cause carrier attachment
and toner scatfering.

The curing agent contained in the feactive
particle size may suitably be an oxime-type curing
agent represented by the following formula (III):

- 20 Ry | :
Rl—Si-(O-N=C<R )3 (I11),
3

wherein_gl denotes a substituent selected from the
group consisting of CH3, C,yHg and <:>» each capable

of having a substitueﬁt; and Ry and R3 independently

25 denote CH3 and C,Hg each capable of having a

substituent. Thus, such an oxime-type silane coupliﬁg

agent is suitable in view of an appropriate degree of



Tables 2 and 5 were perforned in the follow ng nanner. [Inagé density]
| mage density (I.D.) was evaluated by a 5 reflective densitoneter

("RD-918", nfd. by Mcbeth Co.) and indicated a UIU|H '
fol | owi ng st andar d. [err] (excellent): LA&%P%®+QQE§T

o (good): >1.7 - 1.8 or 1.45 - <1.6 10-=32- J[err] r) 10>QE@3EBp. or
1.3 - <1.45 = x (poor): >1.9 or <1.3 [Fo """""""""""""""

was eval uated by neasurenent of the refl ectance Tng a

fl " 6DS" d
ARSI '“'Jéﬁodcyaﬁ??aheFﬁﬁnﬁasgrle%&arﬁaea??lsﬂﬁa arey  has 2"
ol 0w ng eAUL g0 eq in o t1usdi99CML S ER! LEE 355,00 handangpaper

(% - r ef ance a 505 oA Pecor saimnpl e

sheet ( /‘) ng res l’n Sgl‘ﬁzbﬁe iLEd i'akr@'ﬁs tfh(ég.*ed?ﬂ:q} tflaﬁ'
eval uation stanga é Fs 3 é? FP k& F .2 %
coating, followed by drying and_baklng at an elevated
5 temperature; and a method wherein the carrier core
particles are eimply blended with powder or an aqueous
emulsion of the coating resin composition.

In a preferred method, a mixture solvent
formed by adding 0.1.- 5 wt. parts, preferably 0.3 - 3

10 wt. parts, of water to a solvent containing at least 5
wt. %, preferably at .least 20 wt. %, of a polar
solvent, such as ketone or alcohol, may be used so as
to intimately attach a coating resin, such as a
reactive siliconeresin, onto the carrier core

15 particles. In case where the water is below 0.1 wt.
part, the hydrolysis of the reactive silicone resin is
not sufficiently effected so that it is difficult to
form a thin and uniform coating f£film onto the surfaee
of the carrier core particles. In excess of 5 wt.

20 parts, the reaction control becomes difficult, thus
providing a rather low coating strength.

In the present invention, the carrier and a
toner are blended to prepare a two component-type
developer in a mixing'ratio which preferably provides

25 a toner concentration in the developer of 1 - 12 wt.
%, more preferabiy 2 -9 wt. %, so as to provide

generally good results. If the toner concentration is



o: >1.2 %- 1.6 % 25 [err] : >1.6 %- 1.9 % X: >1.9 %
[Durability (spent toner)] - 100-
The carriers after the continuous inmge format i. ough
a scanni ng el ectron m croscope at a magnificati

[err] : No spent toner (toner nelt-stickingr-was 5

decreased was obser ved. o: Slight spent tlopse:observed... ...
charge decr ease. A Not i ceabl e spenti=t-erer—ebserved—a
concavities, but little decrease in charge. 10 X: Spent toner

observed on theresulltetin. defects, sulndt ast itanech®opdtdedngaaamd fog. [ Toner

scattering]

10

15

20

25

In excess of 9 um, the accomplishment of a high image

quality is hindered due to a lowering in minute dot-

reproducibility or scattering at the time of transfer.

The toner used in the present invention may

contain a colorant which'may be a known dye and/or

pigment, examples of which may include: Phthalocyanine

Blue, Indanthrene Blue, Peacock Blue, Permanent Red,
Lake Red, Rhodamine Lake, Hansa Yellow, Permanent

Yellow, and Benzidine Yellow. The colorant may be

. added in an amount of 12 wt. parts or less, more

preferably 0.5 - 9 wt. parts, per 100 wt. parts of the

binder ‘resin, so as to provide a good sensitivity to
transmittance of an OHP film.

The toner used in the present invention can

contain an additive within an extent of not impairing

the toner characteristic. Examples of such an
additive may include: a lubricant, such as
polytetrafluoroethylene, zinc stearate, or

polyvinylidene fluoride; a fixing aid, such as low-

molecular weight polyethylene or low-molecular weight

polypropylene; and organic resin particles.
The toner may be produced through various

processes including a process wherein starting

ingredients are melt-kneaded in a hot kneading means,

such as hot rollers, a kneader or an extruder, and the

kneaded and cooled product is mechanically pulverized



Toner “scattering was eval uated by checking the degree of soiling with
toner on the outer surfaces 15 of the upstreamtoner
scattering-preventing nenber (21 in Figure 1 an_103 in Fighere-
t he downstream toner scattering-preventing nmenbgrodplAcemMENTUSHEET |
104 in Figure 7) of the devel opi ng devi ce,38nd on t h¢ 1 qﬂgaqn%rh=
than the devel oping~device in the inage 20 formng iﬁﬂﬁéaLﬂznm a? at.ipn
results are indicated according to the foll ow ng-sta aetatrdh

[err]: No soiling was recognized at all. ) 0: Slight soiling was
recogni zed on 2R wAessified;s@ procass whergin tONRE Magerials,
scattering-preventin 25 _menber but not on the downstreamtoner
scattering SUGhe@&n @ P LRAN-. are dlspe‘[%r‘f]l.n a {ingery I8¥M ecogni zed
on the outer surfaces

: . . ' -101-
of the upstreaf ARt ERFRS AHER (Life ok ARY [ Spersion are spray-

dried; and a process wherein prescribed materials such

5 as a colorant are disperéed in a polymerizable monomer
providing a polymer constituting the binder resin to
provide a polymerizable mixture, and the resultant
pelymerizable mixture is dispersed in suspension or
emulsion to be polymerized.

10 The binder constituting the toner may
comprise various resins, examples of which may
include: polystyrene; styrene-copolymers, such as,
styrene-butadiene copolymer, styrene-acrylic
copolymer; polyethylene, ethylene copolymers, such as

15 ethylene-vinyl acetate copolymer; and ethylehe—vinyl
alcohol copolymer; phenolic resins, époxy resins,
ally phthalate resin, polyamide resins, polyester
resin, and maleic acid resin.

Any of these resins produced through any

20 production processes may be used.

The present invention is most suitably
applied to a toner obtained from a polyester resin
having a high negative chargeability. A polyester
resin has an excellent fixability, is suitable for a

25 color toner but, on the other hand, is liable to be
charged excessively because of a strong negative

chargeability. However, this difficulty is alleviated



preventing nenbers, but no soiling was observed on the menber s ot her
t.han the devel opi ng devi ce. X: Soi ling was observed on the

nmenbers other 5 than the devel oping device.
I mages] Solid image formed on CLC- SH

ﬁmcs{mmmaam

paper for "CLC' copier) was observed w t h-B8spect {ft @g ence of
irregularity after standing. 10 [err]: No DQQLQHE %?@ig ter
standing for 1 week. o: No problen1aft@-a-;an-hn——u——r—-.ys
[err]: No problem after standing overnight. : Irregularity
observed after ‘S’P%dﬁ:ﬂ’ﬂbmed UW&F‘nFBﬁt CarISeFSGFFQHFIFIQQt EApEh8ture (T ]

A flow tester ("Model T- 50? by Shi mazu Sei sakusho K K.) was
used. Ca. 1 g oP¥gsent imygp é°ﬂaV|ng passed 60 mesh was melghed and
conpressed for 1 mn. un sur 10 / err] The
conpressed sanpl e was sugjeéfe F%lcuﬁarég %Fg%engh ﬁotﬁgefFOM/tester

e o™ A TpR¥Ser pegbA8cAR] JadSoRparERk pirer brelnorel

te”peratUrGSappéBEBiné§§Qétlﬁncﬁé¥ﬁeeﬁrQ”Hio; component comprising a
bisphenol derivative represented by the following
formula (V) or a substituted derivative thereof and a
carboxylic acid component comprising ‘a carboxylic acid
having two or more carboxylic groups or an anhydride

10 thereof, such as fumaric acid, maleic acid, maleic

anh&dride, phthalic acid, terephthalic acid,
trimellitic acid and pyromellitic acid:

CH3

H- (oa)x-o-©-i7©-o-(m)y-n v),

wherein R denotes an ethylene or propylene group, X

15

and y are independently a positive integer of at leaSt
1 withlthe provisc that the average of x+y is in the
range of 2 - 10. This type of polyester.resin is

20 preferred because of a sharp melting éharacteristic.

Thus, a second preferred mode of téner'qsgd.
in the present ifventiér may have a weight-average particle -

size of 1 -'é uh, comprise toner particles containing
a binder resin comprising a polyester resin and have

25 an acid value of 1 - 20 mgKOH/g, preferably 2 - 18
mgKOH/g, further preferably 3 - 15 mgKOH/g.

More specifically, if the above-described



25 snoothened curve, a tenperature (= T[err]) at a tine when hal f a

vol une of the sanple was fl own out was measured_and _taken._as a =
softening tenperature (Tm. C ACEMENT SHEET
Z102- RATE TEMP 6.0 DEG (%) /M NEPLACEMEL T P
50.0 DEG ([err]C) MAX TEMP —61- 180..0, pEG0 DEC 81
| NTERVAL = 3.0 DEG 5 PREHEAT I 388

LOAD 20. 0 KGF (kg) D E (DA il 1.0 WM
(mm Dl E (LENG 1.0 w PLUNGER
1.0 CMerr] (crgher tioneri@s concentrated at the latent image part to
faithfully reproduce individual dots. Further, while
using a two component-type developer, the contact of
the magnetic brush onto the image-bearing member is
5 suppressed to provide uniform halftone images.

Various parametgrs characterizing the present
invention are based on values measured in the
following manners.

(1) ﬁagnetic properties of carrier
10 The apparatus used igna commercially
available magnetization tester ("Model BHU-60",
available from Riken Sokutei K.K.). Ca. 1.0 g of a
sample-is weighed and packed in a cell measufing 7 mm
in diameter and 10 mm in height, and-the cell is set
15 in the apparatus. The sample in the éell is then
supplied with a magnetic field which is gra@ually
increased up to a maximum value of 3,000 oersted.
Then, the magnetic field is grédually decreased. A
B-H hysteresis cure during the process is drawn on a
20 recording paper. The saturation magnetization,
residual magnetization and coercive fore of the sample
are obtained from the hysteresis curve.
(2) Particle size distribution of carrier
The apparatué used is a micro-track particle
25 size'analyzer ("SRA-type", avéilable from Nikkiso
K.K.), and the measurement range is set to 0.7 - 125

pm. From the resultant volume-basis particle size



15 20 25 ' -103-

WHAT IS CLAIMED | S: 1. A carrier for electrophotography,
conpri si ng: magnetic carrier core particles and a resin coating
| ayer coating the magnetic carrier core particles, (===
66 REPLACEMENT SHEET
N 10 DEC 1991
DAL fuerereransrssnssnassneeres .

adjusted to 100 V.

C2) A changeover switch for the powder tester is
set to a tap position and the timer is set for 1 min.
(50 times + 1 time/l1l min.).

5 3) A sieve plate is inserted into a plastic-made
sample tube and a sheet of filtef paper is placed
thereon, and a sample is placed thereon up to a 1/3
position of the sample tube.

4) The sample tube is set on a tap stand of the

10 powder tester, and a fapping start button is preéessed _
(tapping for 1 min.). |

5) Into the tapped sample tube, an additional
amount of the sample is placed up to é 2/3 position of
the sample'tube.

15 6) Tapping is‘performed similarly as 4) above.

7) A supplemental tube is inserted tq the top of
the sample tube, and an additional amount of the
sample is added so as to form a pile of the sample.

8) Tapping is performed similarly as the above 4)

20 or 6).

9) The tapped sample tube is taken out of the
tap stand, the supplemental tube is pulled out, and an
excessive amount of the sample is cut by a spatula.

10) Water is poufed into'a metering pipe for a

25 specific surface area up to an S mark.

11) The sample tube is connected with the

metering pipe (after the sample packing, grease is



5 wherein the carrier core particles conprise a

magnetic ferrite conponent represented by the followng formula (1):
(Fe[err]O[err])[err](A)[err](B)[err] iz e eme—tO——uherei n A
denotes a nenber selected fromthe group consi sl i HEPLAGEMERT FeEEan

m xtures thereof; B denotes a menber-gpd ected f omthe @gg |

consi sting of MO, CaO, Al[err]O[err], Sidgerr] meu sr%re f;
and X, y and z are nunbers representing weight r.

satisfying the relation of: 0.2 [err] x [err] 0.95, 0.005 [err] ¥y

[err] 0.3, O <applded omtposheyground:qigyy |face) . 2. The

carrier according t].%HCI aiml, wherein x, z in the formul a (I)

further satisfyi ng e PEAdndas dhe drower of'sf{ikn¢ port is opengd. ; =

1-x-vy. Th
ca?(r?/er core paf @1 & °€6’?ﬁt?ﬁ?}1g§e)rs§%crc‘§?d\ﬁ%r% %t%g\%é?]gﬁ%?%ﬁsas its
oxide form 5 g (zero)mark ¥t GHd Mt ASGHY PiPh L Qeid A F2 Puedbrer €1 N

5 water is received by a beaker).
13) A time'required for the water level to
descent down to a 20 cc-mark is measured.
14) The sample tube is taken OUtEEElthe sample is
weighed.
10 15) 'The specific surface area SW (= S;) of the

sample is calculated from the following equation:

14 APAT e?
SW=—— .
0 2LQ (1—-¢) 2~
w
15 5=1_.
AL

SW: specific surface area of a powder sample

20 e: void ratio of a packed sample layer
P: density of the powder sample [g/cm3)
YE viscosity coefficient of fluid (air)
[g/cm.sec]
L: thickness of.the sample layer [cm]
25 - Q: amount of fluid having passed the.sample
layer [cc]

AP: pressure different between both ends of the



-104+° said carrier core particles contains 0.5 - 30 wt. % of
MyO cal cul ated as its oxide form 5. The carrier accordt*g to

Claim 1, wherein the carrier has a 50 % particlig ' and
contains 1-20 wt % of carrier particles of bel ow 22 REP}éFFV f%
carrier particles of below 16 [err]m and 24~ 2 % ofy @ PEL e;r,gl
particles of at least 62 [err]m : 6. Th @HFTreT ‘according
Claim1, wherein 10 the conponent B in the fornula (T) 1S selectec from
the group consisting of MO, CaO, and m xtures t her eof . 7.
The carrier acctheéi mgsmd tandi milloxgns was Maﬁh% Mfi@tetmahy avibeh

% particle size of 15 - 60 [err]m_and ntain 1 - w. % of carrier

particles of beW@kerzand dissqivgd dmp@ tQiqﬁne@@%#hX%uﬁthflFﬁﬁ??%?Es of
bel ow 16

butanol mixture solvent to prepare a silicone varnish
with a solid matter content of 10 %.

5 To 100 parts of the silicone varnish were
added 2.0 parts of deionized water, 2.0 parts of the
following curing agent

__CHj3
CH3~Sl (O-N—C\\ )3, and
, CyHg
10 3.0 partsof the following aminosilane coupling agent

-

HZN—C2H4;§—C3H6—$1—(OCH3)3,
respectively based on the siloxane solid matter
cqntent, to prepare Carrier Coating liquid I.

15 The above-prepared Ferrite carrier core
particles A - G were respectively coated with Coating
liquid I thus-prepared so as to provide a resin
coating rate of 1.0 wt. %, by using a coater ("Spira
Coater", mfd. by Okada Seiko K.K.), thereby to obtain

20 Coated Carriers 1 - 7.

(Carrier Prdduction Example 8)

Coated Carrier 8 was prepared in the same
manner as in Carrier Production Example 1 except for
replacing the aminosilane coupling agent with the

25 following aminosilane coupling agent to prepare
Coating liquid II and using Coating liquid II instead
of Coating liquid I: |



[errTm 2 - 20 wt. %of carrier particles of at |east 62 [err]m and
at nost 3 wt. %of carrier particles of at 20 least 88 [err]m

8. The carrier according to Claim?2, wherein the carrier has .a_h0

% particle size of 15 - 60 [err]m and contain FF?E ﬂ* 'ier
particles of below 22 25 [err]m 0.01 - 3 _wt. % of ﬁﬁsga ﬁ@¥pf

bel ow 16 [errfm 2 - 20 wt. % of carrLéi “particl at' ¥edst '8
[err]m and at nost 3 wt. %of carrier particles of af 2o~ i

- 105- | east 88 [err]m 9. The carrier accordlng to Caim
1, wherein the carrier has a specific area ratio S[err]/S[err] of 1.2
- 2.0, 5 wherein S[err] represents a specific surface area neasured

by the air perneation nethod Blerr] den &% ? specific surface
area cal culated by the follo Notalt B§SCF?§ 3/3- S[err] = [6/[err] x

Derr]] x 10[err]
(Carrier Production Examples 11 ; 15)
Coated Carriers 11 ~ 15 were was prepared in
the same manner as in Carrier Production Examples 1 ~
7 éxcept for replacing Ferrite carrier core particles
A - G with Ferrite carrier core particles H - L.
Table 1 below shows characterization data of

Coated Carriers 1 - 15 thus prepared.



wherein P denotes a density and D50 denotes a 50 % -particle size,

respectively, of the carrier. 10. The carri =ﬁ_maggg{__d‘i_n;g J.Q.EI aim
9, wherein the carrirer has an S[err]/S[err] ratiadl of 1‘3 Oﬁ 5
11. The carrier according to Claim1, wherein the D@@grlgr as.. an
apparent density of 1.2 - 3.2 g/cnferr] =76~ 12.1 =2

according to d a I wherermtte cat§tq—has—amrapparent density of
1.5 - 2.8 g/cnfef _~0 13. The carriier according tjo daiml,
wherein the g,g @ BaS 2c® r2ng @l gepie28 S B/OF erf] A

14. The carrier gimgTt o (raifm*, “wher the™ 25 TafYi e? has a current
val ue of 20 - 25Pr3ﬂ]A +5—+ er ng to Caiml,
wherein the | g‘ '
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- 106- resin coating |layer conprises a reactive silicone resin
containing a curing agent represented by the f ol-kewk-Rg-for-nul a (Lﬁl)
[err] wherein R2 denotes a substituent sel ect OREFIGARENT Saegripup
consi sting of CH[err] Clerr]Herr] and [err] eachlicapabl $§ DEC 97 hayi ng
a substituent; and R[err] and Rl err] independently | Datedenate. C}B -and C2H5
each capable of having a 10 substituent =" :

according to Caim?2, wherein the r 8% coati ng | ayer conprises a
reactive silicone resin containing a curlng agent represented by the
15 following formula (I11): [err] wherein R2 denotes a

et e e BB U, o sollUP RIS NG D L
and R3 independgRbl¥ for using Carrier 3 instead of Carrier 1 and

the above-mentioned toner concentration. The

developer was evaluated in the same manner as in

5 Example 1. The fesults are also shown in Table 2.
Examples 4 -6
Two component-type developers were prepared
in a similar manner as in Example 1 except for using

Carrlers 4, 5 and 8 instead of Carrier 1 in

10 manners as shown in Table 2. The developers were
evaluated in the same mannef as in Example 1. The
results are also shown in Table 2.

Comparative Examples 1 - .2
Two component-type develope;s were prepared
15 in a similar manner és in Example 1 except for using
Carriers 6 and 7 instead of Carrier 1 in manners
shown in Table 2. The developers were evaluated in
the same manner as in Example 1. The results are also
shown in Table 2.
20 Comparative Examples 4 - 9
Two component-type developers were prepared
in a similar manner as in Example 1 except for using
Carriers 11 - 15 instead éf Carriex 1 in manners shown
in Table 2. The developers were evaluated in the same
25 manner as in Example 1. The resu;ts are a;so shown in

Table 2.



denote CH err] and CJerr]H err] each capable of having a substi tuent.
17. The carrier according to daim1, wherein the 25 resin coating |ayer

conprises a reactive silicone resin containing an am noskk=ane=c:

agent . ' - HORerLACEMENT SHEET
18. The carrier according to laim17, Wh8h&i n t He ani rfo} SPEG1847
coupling agent is a nenber sel ected fromthe grouf] pmasi.st.i.ng..of.i....
5 [err]-[err]-Clerr]H err]-Si-(OCCH err])[err '

Herr](err]-[err]-Cerr]Herr]-Si-(OCCH err])[err],
Herr]NClerrJHerr]-Si-(OCCH err])[err], 10
Herr]NCerr]Herr]-[err]-CJerr]Herr]-Si-(OCCH err])[err],
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Herrl(err]-[err]-Cerr]Herr]-Si-(OCCH err])[err]. 15
Heerr]NClerr]Herr]-NHCerr]Herr]-[err]-(OCHerr])[err], ~
(Cerr]Herr])2-NCerr]Herr]-Si-(OCH err])[err], hL.thh“_N,vi_m; ﬁ
(Clerr]Herr])[err]-N-Cerr]Herr]-Si-(0CHerr])[err] #dnd £C 1897 |
[err] 19. The carrier accor<8g to d ainj Hateym.‘.;!.rg..?? .............. ”
the reactive silicome resin contain 0.1 - 8 w. parts -of—the v
am nosi |l ane coupling agent per 100 wt. parts of S|onane solid
matter. ' -108- - 20. The
carrier accordﬂ@?ﬁﬁiqyeﬁ¢ﬁ49Ct¥ﬁnﬁQ§¢mpleS Yhear@at®) ve silicone resin
contains 0.3 - 5 w. parts of the am nosil ane coupling a ent ger 100
wt. parts of Coated Carriers 17 and 1l8were prepare

same manner as in Carrier Production Example 1 except
for changing the amount of water added at the time of
5 producing Coating liquid fo 0 part and 7 parts,
respectively. |
Example 8
A two component-type developer was prepared
and evaluated in the .same manner as in Example 1
10 except for the use of Carrier 17. As a result, a
siight fog of 1.5 % was caused in continuous image
formation under 20 °C/10 %RH, while that was a
practically acceptable level. The inferior
performance might be attributable to insufficient

15 resin coating due to non-use of the water.

Example 9 )
A two component-type developer was prepared
and evaluated in the same manner as in Example 1
except for the use of Carrier 18. As a result, a
20 slight toner scattering was observed when the toner
concentration was close to'the upper limit of the
control range under 30 °C/80 %RH, while that was a
practically acceptable level. The result might be
attributable to the use of too much water causing a
25 excessive self-crosslinking of the resin to result in

a somewhat lower adhesion with the carrier core

particles.



siloxane solid matter. 5 21. The carrier according to Caim1l7,

wher ein the reactive silicone resin further contains_a coupling
agent represented by the followi ng fornula (1v: 1 e
Rlerr]-a-Si-Xa (1V), _gg_ Wherein R B5BLACEMENT sHEeeT
substituent sel eqrgd—fTOoMTTHE" grioup consi sting of vijnyl .mitﬂnz{)ﬂallww
epoxy, am no, g Lhapto and derivjatives of these; X %tPe'S"a'-ha}vegen.;.
or al koxy group; ggig gnQneeger fof 1 - 3. 15 22. The cart
according to C ailng ZLTjwherein ~ the coupling agent is a nmenber sel ected
fromthe gr qeps—eenst+st+hRg—oet—: : .
CHerr]=CHSi-(Oftgerr])[err], 20- CHerr]-Si-(OCHerr])[err],
and [edrgi-8i -HOa=fr]H err])[err]. 23. The
carrier according 8o Claim 1, wherein the resin coating | ayer
conprises a reacti-ve—stH-core—25- 'r‘esﬁi n cont ai ni ng:
&
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a curing agent represented by the follow ng formul a (==

REALACEMENT SHEET

-109- [err] wherein R2 denotes a su
selected fromthe group consisting of CHerr], Clerr]Herr] ttpdnéer@,
each capable 5 of having a substituent; and R2 and R3 i ndgpatedent Fiy.mm0 000,

denote CH err] and CJerr]H err] each capa‘tﬁ%" of having a

an am nosi | ang~cQuUpPITNg agent; and a COouUpr TNy agent
represented by tBepflollowing 10 formula (IV): '
Rlerr]-a-Si-Xh& 5§ - (1V), wherein R denotes a
substi t uent sFl'\égt d & @@ theq @ oIOUP PNei @ i@ PlqVidyd, Fethacryl, -
epoxy, amno, | & 3Hnercapto and derivatives of these; X denotes a|hal ogen
15 or al koxy| & &uP;|l and a is an integer of 1 - 3.
@
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24. A'two conponent‘fype-deyeLopeL+_conprising a toner conprrsrng
toner particles, . | er conprising magnetic cafjrier-core — ~-=
particles and a re Ni'mﬂ“mmmm | ayer coating the nagne ﬁf:l’é%{‘rcr-r\-éfs:c@pré.a

particles, wherein « . e carrier core particl g rrpﬂrﬂse{]E@ ]Gg}
magneti c ferrlte conponent represented by the foll ow dx¥%rnu1a by
25 (Fe[err]O[err])[err](A)[err]Lﬁ@@err] M
wherein A denotes a nenber selected fromthe group consi sting of MyO,
AgO and m xtures thereof; B denotes

-110- a nmenber selected fromthe group consisting of Li[err]Q :
MO, CaO SrO wihbTerng WRIMED SigJ err] and m xtures thereof; and X, Yy
and z are nunbers representing weight ratios and satisfying the

relation of: 0.2 [érr] A [earfidr 9or CeDOStiephdtygr8phy r tofip8ising:z
[err] 0.795, and x+y+z [err] 1.
magnetic carrier core particles and a resin coating
layer coating the magnetic carrier core particles,
5 wherein
the carrier core particlee comprise a
magnetic ferrite component represented by tﬁe
following formula (I):
(Feg03)x(A)y(B), _ (1),
10 wherein A denotes a member selected from the group
consisting of MgO, AgO and mixtures thereof; B denotes

a member selected from the group consisting of

MnO, CaO, Al,Q3;, SiO, and mixtures thereof; and

X, j and z are numbers representing weight ratios and
15 satisfying the relation of; 0.2 ¢ x ¢ 0.95, 0.005 ¢ ¥
£ 0.3, 0 <z g 0.795, and.x+y+z < 1.
2. The carrier accofding to Claim 1, wherein x,
y and z in the formula (I) further satisfying the
20 conditions of:

x+y < 1 and z = l-x-y.
3. The carrier according to Claim 1, wherein
said carrier core particles contains 0.5 - 30 wt. % of

25 MgO calculated as its oxide form.

4. The carrier according to Claim 2, wherein



25. The devel oper according to Cl aim24, wherein . X, y and z

i-n the formula () - i sfying the condition of  X¥y < 1 and z =
1-x-y; 10 ri ses toner particqps and ar="F wo—w
ext er nal addition;”","lm"inﬂmemFe toner has a weigit 5 gerl@mqgw-e

si ze of 1 - 9+err|m S -104+ he exte dditi-ve-surf-age
treated 15 inorganic fine particles having a wei ght-average partrct e
size of 0.001 - 0.2 [err]m 26. The devel oper according to C aim
2, wherein X, yand z in the formula (1) further satisfy the 20
conditions of: said carrier comg pantimbes contaiys 0.5 - 30 wtp7% ghie
devel oper according to C aim 24, wherein said carrier core particles

contains 0.5 - MaP galeglatedpgpire PrifatErMs its oxide form
28. The devel oper according to C aim 25, wherein

5. ' The carrier according to Claim 1, wherein the
carrier has a 50 %-particle size of 15-60 pm, and |
gontains 1-20 wt.% of carrier particles of below 22

"pm, 0 wt.$ of carrier pafticles of below 16 pm, and 2- °
20 wt.% of carrier particles of at least 62 pm. |

6. The carrier according to Claim 1, wherein
10 the component B in the formula (I) is selected from
the group consisting of MnO, Ca0Q, and mixtures

thereof.

7. The carrier according to Claim 1, wherein the
15 carrier has a 50 %-particle size of 15 - 60 pm, and
contain 1 - 20 wt. % of carrier particles of below 22
pm, 0.01 -~ 3 wt. % of carrier particles of below 16
pm, 2 - 20 wt. % of carrier particles of at least 62
pm, and at most 3 wt. $ of carrier particles of at

20 least 88 pm.

8. The carrier according to Claim 2, wherein the
carriei has a 50 %-particle size of 15 - 60 pm, and
contain 1 - 20 wt. % 6f carrier particles of below 22

25 pm, 0.01 - 3 wt. % of carrier particles of below 16
pm, 2 - 20 wt. % of carrier pérticles of at least 62

pm, and at most 3 wt. % of carrier particles of at



-111- sardﬂ:mﬂﬁﬂﬂbTKNTrxmwTTcles contains 0.5 - 30 wt. % of MO
calculated as its 29. The devel oper aceording.tao._.____
Cl aim 24, wherei n“mI H %“' Bin the formula (1) ilsreelect@end Py :

the group consisti Rg o Sigerr], Al[err]O[err]ji and m Xt ur es
t her eof . 30. The devel oper according to Caim é;a.te\mdr__ BELl‘GQ?
the conponent B in the fornmula (1) is selected from SH-OHHD

consi sting of MO CaO and m xtures t her eof . 31. The
devel oper accoigh g@ aim 24, wherein 15 the carrier has a 50

% particle size o 0 [err]n1 and contain 1 - 20 wt. %of carrier
particles of belom/ 22 [errlm 0.01 - 3 w. %of carrier particles of
bel ow 16 pm 2 - 20 wt. %of carrier particles of at |east 62

9. The carrier according to Claim 1, wherein the
carrier has a specific area ratio 8;/S; of 1.2 - 2.0,
5 wherein S; represents a specific suiface area measured
by the air permeation method and S5 denotes a specific
surface area calculated by the following formula (II):
S, = [6/(P x Dgp)] x 104 (11),
wherein P denotes a density and Dgg denotes a 50 %-

10 particle size, respectively, of the carrier.

10. The carrier according to Claim 9, wherein the

carrier has an S;/S; ratio of 1.3 - 1.8.

15 11. The carrier accordiﬁg'to Claim 1, wherein the
. carrier has aﬁ apparent density of 1.2 - 3.2 g/cm3{
12. Thé carrier according to Claim 1, wherein the
carrier has an apparent density of 1.5 - 2.8 g/cm3.
20
13. The carrier according to Claim 1, wherein the

carrier has a current value of 20 - 300 nA.

14. The carrier according to Claim 1, wherein the

25 carrier has a current value of 20 - 250 pA.

15. The carrier according to Claim 1, wherein the



[errIm and at nost 3 w. %of carrier particles of at 20 least 88 [err]m

32. The developer—accordrng—fo—ﬁ$a|n125 wher ei n the carrier has a 50
% particle size and contain 1 - 20 wt. % of carr+g r
particles of beI ll"mﬂ iﬂJ I‘JI 0.01 - 3 wt. %of carfier particles-ofT
bel ow 16 Yo of carrdi@e-particles of at ﬂ@asﬂﬁﬁzwi
[err]m and at nDst 3 w. %of carrier particles of at || Date ..coriiiinicininnin ”

-112- | east 88 [err]m 33. The develop‘F=attﬁ?ﬂ?ng to
Claim 24, wherein the carrier has a specific area ratio S[err]/ S err]
of 1.2 - 5 2.0rester coat3hg dayespoaprises spamddil vurdiddeanea
neasured by the air perneation nethod and S2 denotes a specific

surface area calregizt €QTPpirHag & IVWing agent gerpesqnyed by the
following formula (III):

P
Ry -Si—{0-N=C (ILII),

5 "Ry '3
wherein R; denotes a substituent selected from the
group consisting of CH3, CyHg and <:>F each capable
of having a subétituent; and Ry and R3 independently
denotg CH5 and CyHg each capable of having a

io substituent.

16. The carrier according to Claim 2, wherein the

resin coating layer comprises a reactive silicone

. resin containing a curing agent represented by the
15 following formula (III):
R2
Ry -Si—¢0-N=C{

)3
"Ry

wherein R, denctes a substituent selected from the

(I11),

group consisting of CH3, C,Hg and <::} each capable
20 of having a substituent; and R; and Rj independently
denote CHj and C,Hg each capable of having a

substituent.

17. The carrier according to Claim 1, wherein the
25 resin coating layer comprises a reactive silicone

resin containing an aminosilane coupling agent.



Slerr] =[6/([err]l_x Dlerr] X Jﬂ[err (1), 10 wherein
[-err] denotes a densMﬁ mﬁﬁ a 50 % average particle size,

respectively, of t ﬂll' 34. The devel oper accordi ng tb,,__f]'

Claim 33, wherein x'has an S[err]/S[err] kati o ofF'3

15 35. The devel oper accord| ng t30@~ai m 24, whel ei n 1% mE@ 1997 H
carrier has an apparent density of 1.2 - 3.2 g/crr[e (Qate f.oogfyer e |
The devel oper accordj- ng to CI aim 24, wherein the carrier has an

t densit 7. The d
apparent dens Y gy rhelehnriss Yeracaink o fisip BRAPTILY: St
300 [err] A the am1no3§11¥1% %%\ﬂ%l 191%" ag%% rq 1 m%nger! né‘e%.%cé@fare' n

from the groﬁp consisting of:.

. H -
5 QO)-¥-c3Hg-si-(0CH;) 3,

. H
HgCy-N-C3Hg-8i-(O0CH3)3,

HZN-C3H6 -Si-( 0CH3 )3 .

10
H -
HzN—C2H4.—N-C3H6-Si-(OCH3)3, .
H
H9C4 -N"C3H5-Sl- (0CH3 )3 ’
15 HZN—C2H4-NH-C3H5-?i-(OCH3)3,
(CyHg)5-N-C3Hg-Si~(0OCH3) 3,
(C4H9 ) 2-N"C3H6—Si— ( OCH3 )3 ’ and
20

HzN@‘Si- ( 0CH3 ) 3

19. The carrier according to Claim 17, wherein
the reactive silicone resin contain 0.1 - § wt. parts
25 of the aminosilane coupling agent per 100 wt. parts of

siloxane solid matter.



-113- the carrier has—a—eur+rent value of 20 - 250 [err]A
39. The devel oper Tﬂ ﬂ' im24, wherein the resin coating
| ayer conprises a ﬂ ”Emﬂm H 5 resin containin T

i 8 ’ , REPLACEME Sl ieeT

represented by the * ormula (I11):

[err] wherein Rl err] denotes a substitues- sel ected f kathe‘olﬁECgﬂﬂﬁp
consisting of CHer+], (Jerr]JHerr] and [err] each cap - A afHAVINC
a substituent; and R2.and R3 independently denote CH3 and C2H5 each
capabl e of having a substi tuent. 15 40. The devel oper '
according to d ai m205, Wherecamrier acienddgign teo&iliaign |1 ewhangin ses a
reactive silicone resin containing a curing agent_represented by the
fol | owi ng forntihg fepEfFive silicone resigy Qort@ins O.ther & W2 Rt es a
substituent selected fromthe grQup consi sting of CI—IJter rg (1::[ er rg H err]
and [err] egghtggpggpgosilane coupling agent per 100 . parts o

siloxane solid matter.

21. The carrier according to Claim 17, wherein
the reactive silicone resin further contains a
coupling agent represented by the following formula
(IV):

10 Rg_n-Si-Xg (1v),
wherein R denétes a substituent selected from the
group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivatives of these; X denotes a halogen
or alkoxy group; and a is an integer of 1 - 3.

15
22, The carrier according to Claimlzl, wherein
the coupling agent is a member selected from the
groups consisting of:
CH3=CH~Si-(OCH3) 3,
20 CH3~Si-(OCH3)3, and
CH3-Si-(OC,Hg) 3.

23. The carrier according to Claim 1, wherein the
resin coating layer comprises a reactive silicone
25 resin containing:
a curing agent represented by the following

formula (111):



of having a substituent; and Q[ef—} and R[err] i ndependent | y denot e

CH3 and C2H5 each capabl e of a substituent. _ : -
devel oper accordi ﬁ i rugi Bﬁerel n ' REPLACEMENT SHEET
-114- t he r r conprises a reactivejsili COI‘%QEC

resin containing an an1n05|lane coupl ing ageft. _ Datd 2.
devel oper according~-to Claim41l, wherein 5 the am no si

agent is a nmenber sel ected fromthe group consisting of:
[rer]-[err]-Clerr]Herr]-Si-(OCH err])[err] 10

H[err]C[err]-[err]-C[err%H[er -5 - L gerr] Y[err]

Herr]N-Cerr]Herr]-Si- Pr¥re &r] (111),

wherein R, denotes a substituent selected from the
group consisting of CH3, CyHs and <:>k each capable
5 of having a substituent; and Ry, and Rj independently
denote CH5 and C,Hg each capable of having a
substituent;
an aminosilane coupling agent; and
a coupling agent represented by the following
10 formula (IV):

' Rg-a-Si-X; o (Iv),
wherein R denotes a substituent selected from the
group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivatives of these; X denotes a halogen

15 or alkoxy group; and a is an integer of 1 - 3.

24. A two component-type developer, comprising: a
toner comprising toner particles, and a carrier
comprising magnetic carrier core particles and a resin

20 coating layer coating the magnetic carrier core
particles, wherein
the carrier core particles comprise a
magnetic fe;rite component represented by the
following formula (If:
25 (Fep03)x(R)y(B), (1),
wherein A denotes a member selected from the group

consisting of MgO, AgO and mixtures thereof; B denotes



H[err]N—C[err]F%err}~£eLLL_CLeL_L~Lerr] Si-(OCCH err])[err], 15

err -lerr]-Clerr]Herr]- SlﬁLEI}WPrr“r""L
H[ err]N-Clerr] H eu!ng@lﬁﬁ M,r] [err]-(CCH err]) | eq¢pr.acEMENT SHEET
(Cerr]Herr])[er Sr-(OCH err])[err] 10 DEC msi

(derr]Herr])[err]- N—C[err err] Si-( QT])[err] 848 -.
Herr]Nerr]Si-(OCH err])[err] 25 43. Th

to Caim4l, wherein - the reactive silicone resin contains 0.1 -
arts t he_am nosi cQu I|n agent
I200 w. parts & membe’él?%ﬁ%‘ﬁ‘éegoﬁ%mnﬁ??éimup cons"gtl Poz 8158

10

15

20

25

MnO, CaQ, Sr0O, Al,;03, SiO; and mixtures thereof; and
x, v and z are numbers representing weight ratios and
satisfying the relation of: 0.2 g x 5'0.95, 0.005 ¢ ¥
£ 0.3, 0 <z g 0.795, and x+y+z ¢ 1.
25. The developer according to Claim 24, wherein
x, v and z in the formula (I) further
satisfying the condition of x+y < 1 and z = 1l-x-y;
the toner comprises toner particles and an
external addition;
the toner has a weight-average particle size
of 1 - 9 pm; and
the external additive surface treated
inorganic fine particles having a weight-average

particle size of 0.001 - 0.2 pm.

26. The developer according to Claim 2, wherein
x, v and z in the formula (I) further satisfy the
conditions of:

x+y < 1 and z = l-x-y.

27. The developer according to Claim 24, wherein
said carrier core particles contains 0.5 - 30 wt. % of

MgO calculated as its oxide form.

28. The developer according to Claim 25, wherein

g
8 wt.
per



44. 'The devel oper according to Caim4l, wherein 5 the reactive.silicone
resin contain 073“—ﬂ&1m*—1ﬁm11r- of the am nosil ane coupllng agent per

100 wt. parts of |d matter. Sy-e r
according to Cl-al [@ ‘the reactive sili mEPLAeEMENHrSH%’r
contains a cod n ng agens representegipy the foly ow nqupml

(1rv): Nmr]aSth l%l ........... v Mmmu1
denotes a substituent. selected fromthe 15 group cOf G 7
met hacryl, epoxy, am no, nercapto and derivatives of these X denot es
a hal ogen said at&koxierreope particles avontaetnsr 005 42 303wt. % of

46. The devel oper according to Caim45, wherein 20 the coupllng agent is
a nenber sel edfgdl dalemlaked as gtsupzidenfosming of:
CHerr]=CHS -(CCH err])[err], - CHerr]-Si-(CCH err])[err],
and CHerr]-Si-(OJerr]Herr])[err]
29. The developer according to Claim 24, wherein
5 the component B in the formula (I) is selected from
the group consisting of MnO, CaO, SiO,;, Al;04 and

mixtures thereof.

30. The developer acéording fo Claim 24, wherein
10 the cohponent B in the formula (I) is selected from
the group consisting of MnO, Ca0, and mixtures

thereof.

31. The developer according to Claim 24, wherein
15 the carrier has a 50 %-particle size of 15 - 60 pum,
and contain 1 - 20 wt. % of carrier particles. of below
22 pm, 0.01 - 3 wt. % of carrier particles of_below 16
pm, 2 - 20 wt. % of carrier particles of at least 62
nm, and at most 3 wt. % of carrier particles of at

20 least 88 um.

32. The developer according to Claim 25, wherein
the carrier has a 50 %~particle'size of 15 - 60 nm,
and contain 1 - 20 wt. % of carrier particles of below

25 22 pm, 0.01 - 3 wt. % of carrier particles of below 16
pm, 2 - 20 wt. % of carrier particles of at least 62

pm, and at most 3 wt. % of carrier particles of at



25 The devetoper—aeeerding to Caim 24, wherein the resin

e
o g Layer o R A % Ve e

formula (111): whip B &L

a substituent selected fron1the - groupg I sting f
Clerr]Herr] and [-err] each capabl e of havi ng !%ﬁ%et+tuenr"*ﬁﬁf
Rlerr] and R err] independently denote CH err] an FTH err]| each
capabl e of haV|Tg ac %Q substi tuent; an am nosi | ane coupling
agent; and coupling agent represented by the foll ow ng
formula (IV): ' Rlerr]-a-Si-Xerr]

(v,

33. The developer according to Claim 24, wherein
the carrier has a S§éEific area ratio 81/89 of 1.2 -

5 2.0, wherein S, represents a specific surface area
measured by the air permeation method and S, denotes a
specific surface area calculated by the following
formula (II):

S, = [6/(P x D5p)] x 104 (o,

10 wherein P denotes a density and Dgp denotes a 50 %-

average particle size, respectively, of the carrier.

34. The developer according to Claim 33, wherein

the carrier has an S;/S, ratio of 1.3 - 1.8.

15
35. The developer according to Claim 24, wherein
the carrier has an apparent density of 1.2 - 3.2
g/cm3.
20 36. The developer according to Claim 24, wherein

the carrier has an apparent density of 1.5 - 2.8

g/cm3.

37. The developer according to Claim 24, wherein

25 the carrier has a current value of 20 - 300 nA.

38. The developer according to Claim 24, wherein



15 wherei n R derotes—a—stubstituent—sel ected fromthe group consi sting

of vinyl, nethacr m mercapto and derivatives of these;
X denot es a hal og u l‘!ﬁw group; and a is an t - X
20 The M 'ng to C_I_gi:ga 24, wher ,HEP{ACE'MW%FJ
has a wei ght aver age partlcle size of 1 - [err]§n. 9D DEC 489/ the
devel oper according-to O aim24, wherein 25 the toner rises-toner:
particles, and an external addi tive conprising hydrophobic 1 norganic-
fine partigl&Scarrier has a current valdd-of 20 - 2505QA. The devel oper
according to C aim49, wherein t he hydrophobic inorganic fine particles
conprise at | east one nenber selected fromthe group consisting of
alumna fine particles, titaniumoxide fine particles

39. The developer according to Claim 24, wherein

the resin coating layer comprises a reactive silicone
5 resin containing a curing agent represented by the
- following formula (III):
2
Rl-Si—fO-N=C<£ )3 (111),
3
wherein R; denotes a substituent selected from the
10 group consisting of CH3, C,Hg and <:>F each capable
of having a substituent; and R, and R3 independently
denote CH3 and C,Hg each capable of having a

substituent.

15 40. The developer accgrding to Claim 25, wherein
the resin coating layer comprises a reactive silicone
resin containing a curing agent represented by the
following formula (IXIIX):

R2
: Ry-8i—0-N=C{ * )5 (I11),

20 R4 '
wherein R, denotes a substituent selected from the
group consisting of CHj, C2H5 and <:>F each capablg
of having a substituent; and Ry and R3 independently

denote CH3 and C,Hg each capable of having a
25 substituent.

41. The developer according to Claim 24, wherein



5 and silica fTﬁe*paFLLcL‘~\‘§\_hO 51. The devel oper according to
.Claim49, mherein t he hydrophobi c inorganic fine rti-eles-have.a. .

hydr ophobicity . of ” m m% 52. The devellopepiLACERERNT Yk |

Claim49, wherein = obic in anic fine artlcle qmg;mﬂr
wei ght - aver age partlcle 5|5e of 001 - QZQ 15 ."NH?E ............... f i
ol

devel oper according to Claim49, wherein the hydr :’ “““““““
fine particles have an optical transmttance of at |east 40 @6at a
wavel ength  thdfrddlth 'EdatingOlayer 84mpribesdavekapeivaceeidicamet 0 Caim
24, wherein the toner particles conprise a binder resin and a

col orant, and gd®imidsictai®bhd sanamnifiesidanel yeapeing agehesi n. 25

55. The devel oper according to Claim 54, wherein t he pol yester resin

conpri ses a condensati on copol yner of an etherified bisphenol and a
pol ycarboxylic acid
42. The developer according to Claim 41, wherein

5 the amino silane coupling agent is a member selected

from the group consisting of:

H -
(O)-N-c3Hg-5i-(0CH3) 3.

. H '
10 HsCz—N-C3H6-Si—(OCH3)3,

HyN-C3Hg-Si-(OCH3)3,

H
HzN—C2H4-N-C3H6-Si-(OCH3)3:
15 '

H ) '
H9C4-N—C3H6—S}-FOCH3)3,
HZN-C2H4—NH-C3H6-?1-(0CH3)3,

CH,
20 (C4Hg)5~N-C3Hg-Si-(0CH3) 3,

(C4H9)2-N-C3H6-Si—(OCH3)3, and

HoN~(()-81-(0CH3) 3 -

43. The developer according to Claim 41, wherein

25

the reactive silicone resin contains 0.1 - 8 wt. parts



-118¢ havinmg—at—teast _two_functional groups.

devel oper accordl a|n155 wher ei n the ef herlflm
conpri ses a conpo mi'i d by the foI | owi fg..f.ory fﬁ:’é' *T !
H (OR)[err]-OJferr- (RO ]>§err] H % ‘|'§§ e[ein

R denotes an et hyl ene or propy e e group,
positive integer of-at |east 1 with the prOVIS
X+y is in the range of 2 - The devel oper according

to C ai m 54, e n Iy %yﬁ% C u 20
ngKOH g. Yecthe am%ﬁ'?ﬁgl%g\?e Irycé)%(rgrl 13;?%'& | ng%tholaé%bl \r%aJ'SS(i)év)\lfhtesrle?fn

siloxane solid matter.

44. The developer according to Claim 41, wherein
5 +the reactive silicone resin contain 0.3 - 5 wt. parts
" of the aminosilane coupling agent per 100 wt. parts of

siloxane so0lid matter.

45. The developer according to Claim 41; wherein
10 the reéctive silicone resin further contains a
coupling agent represented by the following formula
(IV):
Ry_a-Si-Xg | (),
wherein R denotes a substituent selected from the
15 group consisting of vinyl, methacfyl, epoxy, amino,
mercapto and derivatives of these; X denotes a halogen

or alkoxy group; and a is an integer of 1 - 3.

46. The developer according to Claim 45, wherein
20 the coupling agent is a member selected from the
groups consisting of:
CH4=CH-Si-(0CH3) 3,
CH3-Si-(OCH3)3, and
CH4-Si- (oczn;r, )3-
25
47. The developer according to Claim 24, wherein

the resin coating layer comprises a reactive silicone



sai d’ pol ycarboxylic acid includes 0.1 - 20 nol. % of a pol ycar boxylic

.acid conmponent having at |east three 20 functional groups. 59.
The devel oper ac 4, wherein the t par-tiecles have
a gl ass tranS|t|gmml M"’“M“M“ e (Tg) of 45 - 47 [er ]NEPLAREMENTSHEET '
60. The devel oper "acfordinf) td < ai m 54, ~dAbrein the tonefopaEh ﬁb?s
have a tenperature-providingan  f Date:. D W5 U

-119- appar ent. viscosity of 10[err] poises (Tm _
80 - 120 [err]C An i mage form ng nethod, conpri sing: 5
circul atively E%ﬁh%y?ﬂﬁtal?hﬁgconponent type devel oper conprising a

toner and a carrier on a curlngexggggegégg gnggdﬁggb%ke %QQIowing

formula (III):
Rl-Si—(-O-N=C<R2 )3 (111),
5 R3
wherein R, denotes a substituent selected from the
group consisting of CH3, CyHg and <:>k each capable
of having a substituent; and Rz.and Ry independently
denote CH3 and C,Hg each capable of having a
10 substituent;
an aminosilane coupling agent; and
a coupling agent represented by the following
formula (1V):
Rq_5~Si-X, | (IV),
15 wherein R denotes a substituent selected from the
group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivatives of these; X denotes a halogen

or alkoxy group; and a is an integer of 1 - 3.

20 48. The developer according to Claim 24, wherein
the toner has a weight~average particle size of 1 - 9

pm.

49. The developer according to Claim 24, wherein
25 the toner comprises toner particles, and an external
additive comprising hydrophobic inorganic fine

particles.



devel oping, in a devel oping region, an electrostatic latent inmage held
.on an electrostatic 10 inage- bearlng menber with the t ner |n the—rmn~

conponent -t ype deve”“‘“' “H\I“ﬂmtl the tonger {31 559 ‘I’
particles, and the ri ses nagnetlc carrj s cor ﬂpBEﬁl
and a resin coaf’in§ Iayer coatlng e nagnetlc car ? 15 core -

particles, wherein the carrier core particles conprise a
magnetic ferrite conmponent represented by the followi ng formul a (I):

(Fe[err]O[err])[e (Axkerr I ein A
denotes a nenber gg] ec%ré1 fi]e glk%ez] accordmg to"’nscf]'stllﬂglg&gof ‘f’/ﬁ%’%d and
m xtures ther ; f

consi sting of %Efe h§d?%%%t°%§c lngﬁga%@jsmr)% 1[et$1%10é[ée)ﬁ% Si qeué)?] and

m xtures ther Qafastaaﬁe member et @S i MY Syl ase i i ngi ght
ratios and 25 satisfying the relation of: 0.2 [err] x [err] 0.95, 0.005

[err] y Beuhin® Fine Pardi”iVds,0.ti%mniam oxiyde fie Jpdrticles

5 and silica fine particles.

51. The developer according to Claim 49, wherein
the hydrophobic ;norganic fine particles have a
hydrophobicity of 20 - 80 %.
10
52. The developer according to Claim 49, wherein -

the hydrophobic inorganic fine particles have a

weight-average particle size of 0.001 - 0.2 pm.

15 53. The developer according to Claim 49, wherein
the hydrophobic inorganic fine particles have an
optical transmittance of at least 40 % at a wavelength

of 400 nm:

20 54. The developer according to Claim 24, wherein
the toner particles comprise a binder resin and a
colorant, and the binder resin comprises a polyester

resin.

25 55. The developer according to Claim 54, wherein
the polyester resin comprises a condensation copolymer

of an etherified bisphenol and a polycarboxylic acid



-120- 62. The nethod a rding to Caim®61, prpin t.he
electrostatic IateﬂL,LnaQE’T§”HEV§fgbed with the toner @? gﬁ _
conmponent -type deve| @catlon of a de eI op| ng NE SHEET
conprising a succes ‘im ges including a firgtpyglt ﬂeDECrlggll n
a toner fron1t ge b@arlng menber -1@@ard t he dewaloQa ...
carrying nenber, a second voltage directing the toner fronlthe
devel oper carrying nmenber toward the inage- beari ng menber and a third
voltage internediate 10 between the first and second volt ages,
respectively, havingiat heastopwe- Eapeyingakeabonps. 63. The

nmet hod according to Caim62, wherein a period (T[err]) for applying
the first voltage and the 15 second voltage is set to be shorter than a

iod (T | yi the third | t . . 64. .Th
"ot hod accordi hg to T ai nTeS, SRREHEPRT SccordtnectB Flatmes. MIRERE
i mage- hol ding megher 1, 20; £0UR" bEE5nanBICLERABRTEELYS LBKRLuARD @ Protective

5 represented by the following formula (V):

| CH3

H-(OR) x-o-@-c-@-o-(m)y-n V),

wherein R denotes an ethylene or propylene group, x
10 and y are independently a positive'integer of at least

1 with the proviso that the average of x+y is in the

range of 2 - 10.

57. The developer according to- Claim 54, wherein

15 the binder resin has an acid value of 1 - 20 mgKOH/g.

58. The developer according to Claim 55, wherein
said polycarboxylic acid includes 0.1 - 20 mol. % of a
polycarboxylic acid component having at least three

20 functional groups.

59. The developer according to Claim 54, wherein
the toner particles have a glass transition
temperature (Tg) of 45 - 47 °C.

25
60. The developer according to Claim 54, wherein

the toner particles have a temperature providing an



|'ayer coating the ﬁhﬁ%ﬁ%&ﬁ%f%fve—Faye{ the protectivg... l.ayer

..cont ai ning fluorine- particl es. ,i’”w
~according to Claim GHW-“BM& ”[I Ll%l d protective la ¢ as
aver age surface f O. 01 - 1.5 [er]

66. The method according to Caim61l, wherldidr the

devel oper conprises a devel oper according to any of Clalns 25 - 59,

5 67. An inmage-form ng nethod, conpr|5|ng I o

circul ativel qgng eyelgper_conmprising a
toner and a Xa%%ﬁgigg?géiééﬁél eve oper-carrylﬁfm foe qﬁ%ﬁ?ng ?E
devel opi ng, ingy develpo®ag region, an el ectrostatic |atent inage
held on an electrostatic | mage- bearing menber with the toner in the
two 10 conponent -type devel oper, while applying to the

devel oper-carryi ng nenber a devel opi ng bias conpri sing an
intermttent alter ati nducumage fominge e thod,0fdBmprisiyg devel opi ng
electric fielLd between the electrostatic i mage- beari ng nmenber and the
devel oper-carrying cimowlativeler comveying a two comgumdminerymonpri ses

toner particles, and the
developer comprising a toner and a carrier on a

developer-carrying member, and
developing, in a deveioping region, an
electrostatic latent image held on aﬁ electrostatic
10 image-bearing member with the toner in the two
combonent-type developer, wherein
the toner comprises toner particles, and the
carrier comprises magnetic carrier core particles and
a resin coating layer coating the magnetic carrier
15 core particles, wherein
the carrier core barticles comprise a
magnetic ferrite compdnent represented by the
following formula (I):
(Fe303)x(A)y(B), (1),
20 wherein A denotes a member selected from the group
consisting of MgO, AgO and mixtures thereof; B denotes
a member selected from the group consisting of Li50O,
MnO, CaO, SrO, Al;03, SiO; and mixtures thereof; and
X, ¥ and z are numbers representing weight ratios and
25 satisfying the relation of: 0.2 < x ¢ 0.95, 0.005 < y
£ 0.3, 0 <2 g 0.795, and x+y+z < 1.



and aresin

15 - carrier conprises magnetic carrier core particlg

.coating layer coating the magnetic -carrier core 'a;;Tc1e§¢iﬁﬂErerxn
the carrier core par? ﬂuﬂmmll Iw magnetic f FOCEVENG IPHEET )
represented by the IIII“i ) I H r mul ?ZSI ): Bate - 10 DEC 1997
(Fe[err]CIerr])[err]( )[err ( [err] - = LTS e 20
wherein A denotes a nenber selected fromthe group conSIstr

MyO, AgO and mi xtures thereof; B denotes a nmenber selected fromthe
group consisting o

O,.Ca0__S .1,
and m xtures there Ll[fkﬁ] éth°§ a§ggﬁ819gaF8 hghﬁggb?;;hgggéakiﬁge&LEBL%
t d | 0. 005
Lo 1oy gigdftostatl i€ é‘?r?ﬁ‘ég%gg dyé1oBel! wakr] €6l tlndy,
the T esin coatyNoEYEkn CEBREGRESLALTHY 88981 gper uhARLoBYiBrdcheactive

group.

according to Ql:ﬁlénéévé\b@éﬁ: bigs E6mpki¥eéngr aUBuksedshydr alEyzabl e
reactive group. , ) e nmethod according to C aim68 wherein the

hydrol yzabke resttages gmumdsngtaaﬂbedtteoatagél dorecttiam af tbhersilicone
resin and the hydrol yzable reactive group is selected fromthe group
consi sting of faxoroxthe image, bearah@omngEUupoaaﬁdatheldg&ﬁloper- 70. The
met hod according to C aim67 wherein the devel opi ng bias conprises a
successi on of @¥¥¥iRg member, a second voltage directing the toner

from the developer carrying member toward the image-

bearing member and a third voltage intermediate

10 between the first and second voltages, respectively,

to the developer-carrying member.

63. The method according to Claim 62, ﬁherein a
period (T;) for applying the first voltage and the
15 second voltage is set to be shorter than a period (T;)

for applying the third ﬁoltage.

64. The method according to Claim 61, wherein
said electrostatic latent image-holding member.
20 comprises a photosensitive layer and a protective
layer coating the photosensitive layer; the protective

layer containing fluorine-containing'resin particles.

65. The method according to Claim 61, wherein
25 said protective layer has a ten point average surface

roughness (Rz) of 0.01 - 1.5 um.



including (i) at |east one.cycle of-a first voltage directing a toner from
-t he i mage- beari ng nenber toward _devel oper-carrying nenber and a

vol tage directing thﬂlu ﬂuu“hmj“im\devel oper - carryi .

i mage- bearing member |1 N W4 voltage at a s|jRERANAGEM
| evel internedi ate between those of the-LRilst and secgnd vol L) ¥
a period (T[err]) Tor applying said at |east one cycl B#e f-hefiry
second voltages is shorter than a period (T[err]) for Sapptying the third
vol t age. 71. The nmethod according to Caim67 wherein said .
electrostalic |at®ht iTRRIHEReR RCRRFBERT tonBlrims 63 pibesednsithieve | ayer
and a protectjve hﬁyer coatin% %he Photosensit[ve'layer; the protective

| ayer cont ai nihy FITRTHHRET i APRYLPREF nCPAPELELSs? developez The net hod

according to ' erein | rotective_ layer has a ten point
aver age surfa%ﬁﬁﬁzﬁﬂgsa’t]ﬁzﬁgﬁpﬁgﬁ fngSEBm 73. The net hod
according to Claim67 wherein the developing bias conprises a
superposition of a direct current conponent with the intermttent

------------

alternatigg curregft, cdnpémage. forming method, comprising: 123- . T4,

The method according t@iCkalBtbdeYPebsiveytitg &l tl:%”éb&rxaﬁn&kf-f conponent
conpri ses substantially rect ngglar waves. 75. e net hod according
to daim67 leﬁzﬁﬁ?pe comprising a toner and a carrier on a

developer-carrying member, and
. develeoping, in a devéloping region, an
electrostatic latent image held on an electrostatic

image-bearing member with the tomer in the two
10 component-type developer, while applying to the
develuper-carrying member a developing bias comprising
an intermittent alternating current compconent to form
a developing electric field between the electrostatic
image-bearing member and the developer-carrying
mambar.'wherein
the toner comprises toner particles, and the
15 carrier comprises magnetic carrier core particles and
a resin coating layer coating the magnetic carrier
core particles, wherein
the carrier core particles comprise a
magnetic ferrite component represented by the
following formula (I): _
(Fep0q)y (A)y (B, (1),
20 wherein A denotes a member selected from the group
consisting of Mg0, Ag0 and mixtures thereof; B denotes
a member selected from the group consisting of LiyO,
.MnO, Cao0, Sr0, Alj;03, Si0; and mixtures thereof; and
x, ¥y and z are numbers representing weight ratios and
satisfying the relation of: 0.2 < x £ 0.95, 0.005 £ ¥
£0.3, 0< =z ¢ 0.795, and x+y+z ¢ 1, and
the rasin coating layer comprises a silicone
resin having a reactive group.

25



X, yand z in the formul a (I) further satisfy the conditions of:
Xx+y <1 and z = 1-x-y—76——"The nethod according to Caim67 wherein

and 2 ?X'S,t“ﬁmiimm\([ Bl comorises Yoner par {) BFRAGHENT SHEET, |

" C

addi tive; as a wei ght-average pafgticle !;(]zBE@f 1997 -
[err]m and the external addijtive conprises 8 tPacé rresrel

i norganic fine particles having a wei ght= average particle size of 0.001 -.
0.2 [err]m 77. The met hod according to Claim67 wherein said
carrier core particles contains 0.5 - 30 wt. % of MyO'calculated as its

oxi de form : Tﬁaemgeﬁ&pchmagbngot@lg@i_@_ @,?,e\ygg{,e{;ﬂat he carrier
has a 50 % partic si ze of #5- 6\(&4(& é.],ym ? contains 1-20 w. % of carrier
particles of DEHEHI® BEPRPS 2 QYD %RR) Pi EPAGELYS cqré’ézpof beI ow 16
[err]m and 2-20 wt. % of carrier particles of at least 62 [err]m 79.

The et hod accordlsag t gpgl ﬂé.gil,g,j?» ad@%%a%h %Qecfﬂxﬁ 168 A3 ednoPnat Particles
0,0

si ze of 15-60 ]ggi gntal ns. 1- carrier particles of bel ow 22
pm 0 wt % of - lza§ Pt FE‘F‘%E”B? %WEG""BF‘FCIZEQGW FiILCOBRr i er
particl es of atdmeastthd &ilidonanesinnends the Caydrcdyzadlei cl es of at | east
88 [err]m reactive group is selected from the group consisting

of an oxime group. an alkoxy group and a halogen.

70. The methed according to Claim-§7 wherein the
developing bias comprises a succession of voltages

including (i) at least one cycle of a first voltage
dicrecting a toner from the image-bearing member toward
the developer-carrying meﬁher and a second voltage
directing the toner from the developer-carrying member
toward the image-bearing member, and (ii) a third
voltage at a substantially constant level intermediate

between those of the first and second voltages:

- wherein a period (7T,) for applying said at least one
cycle of the first and second voltages is shorter than
a period (T5) for applying the third voltage.

71. The method according to Claim §7 wherein
said :lectrostaLic latent image-holding member
comprises a photosensitive layer and a protective
layer coating the photosensitive layer; the protective
layer containing fluorine-containing resin particles.

72, The method according to Claim .g7 wherein
said protective layer has a ten point average surface
roughness (Rz) of 0.01 - 1.5 pm.

73. The method according to Claim 67 wherein the
developing bias comprises a superposition of a direct
current component with Lhe intermittent alternating
current component.



- 124 - 80. The_nmethod according to Caim67 wherein the carrier has
a S0%particle size of 15-60 ) [errTm and contains 1-20 wt. % of carrjer

peetreres,or oo AU 2 o oo TP e "o o

carrier particles of at " eldst s 88* [ err{ m23 - 81f The ney (D ng to
Claim67 wherein the carrier has a speC|f|c area ff #4%" Sfe TE§?ELL of 1.2
- 2.0, wherein S[err] represents a specific surface area neasured by the
air perneation method and S[err] denotes a specific surface area calcul ated
by the follow ngzhor nulThe mgthod accordigf ebg |Claim66( ehefkein therr]] x
10[err] axteme(f!llag \Wheiehl &%ﬁ&naw%ﬁs%n&mtaﬂéiﬂﬁrl denot es
a 50 % average gartlc sl ze, respectively, of the carrier. 82. The
met hod accor di RECEPEHR TnWRVeFherein the carrier has an S[err]/S[err] ratio
of 1.3 - 1.8. 83 The method according to Claim67 wherein the carrier

has a current valuge of RQ mé%ﬂ%a[ﬁ&&%éalng toEE&aiEh%pﬂ%hQQQmﬁccord'ng to

Claim 67 whereimfhe resin coatin ayer ri'ses e reactive silicone
resin contai ni g & 38 i hdraFdet fPé’ﬂ‘l‘%%eﬂ)echhq?eSPGP-ﬁéw Beeformula (111):
[err] conditions of: (I'11) wherein R err] denotes a substituent
sel ected fromthe grou n |s 9,0f Cerr]Herr] and [err]
each capabl e of hawngqua(i’p %Fgent gﬁ%%&[err] and Rl err] independently
denote CH err] and C[err]H[err] each capabl e of having a

76. = The method according to Claim 67 wharein

%, vy and z in the formula (1) furtﬁer
satisfying the condition of %+y < 1 and z = l-x-¥y;

the toner comprises toner particles and an
external additive;

the toner has a weight-average particle size
of 1 ~ % nm; and '

the external additive comprises surface-
treated inorganic fine particles having a weight-
average particle size of 0.001 - 0.2 pm.

J1.. The method according to Claim 67 wherein

said carrier core particles contains 0.5 ~ 30 wt. % of
Mg0 calculated as its oxide form.
18. _The method according to Claim 67 wherein the

carrier has a 50 %-particle size of 15-60 pm, and
contains 1-20 wt.% of carrier particles of below 22
pm, 0 wt.% of carrier particles of below 16 pm, and
2-20 wt.% of carrier particles of at least 62 pm.

79. The method according to Claim 78 wherein the
carrier has a 50 %-particles size of 15-60 pym, and
contains 1-20 wt.% of carrier particles of below 22
um, 0 wt.% of carrier particles of balaw 16 pm, 2-20
wt.$ of carrier particles of at least 62 pm and 0 wt.%
of carrier particles of at least 88 pm.

xT



substituent. _ - 125-
85. The nethodaccording to Caim67 wherein the rf
conprises the re ' 1.1 esin containing a
agent ool IRMEIEIMIENR "G 7™ 5 & i s
coupling agent is+*a fenbert sél eCted fr the group [E&8
[err]- [err]-(Jerr]Herr]-Si-(OCH err] rr =
Herr]derr]-[err]-Cerr]Herr]-Si-(OCCH err])[err]
Herr]NNClerr]H err]-Si-(OCH err])[err]

H N- N - - RS :

el e Cerr) N gt i Lol Aid il PR Liktdeo ene

H err] N-C err f3fete] s @ SO¥PReti¢le|si(zeCfe 151 0[ pmrand

CH err] contains (2% ikbRest ] dad@rdd piixehierekHberndrgl 22 OCH err])

[err],

(Cerr]H err] fPert12 oo GREFFTT FAUCEIS PRIAY: 1P, Pand?-20

H err] N-[ err | wt & -qiOCidmariel) perticles of at least 62 pm and at
most 3 wt.% of carrier particles of at least 88 pm.

8l. The method according to Claim g7 wherein
the carrier has a specific area ratio S3/8y of 1.2 -

2.0, wherein S; represenls a specific surface area
measured by the air permzation method and S; denctes a
specific surface area calculated by the following
formula (11):? |

Bq = [6/(p x Dgp)l x 10t (I1).
wherein A4 denotes a density and Dgg denotes 2 50 %-
average particle size, respectively, of the carrier.

82. The method according to Claim 81 wherein
‘the carrier has an 5;/S; ratio of 1.3 - 1.8.

'83. The method according to Claim 67 wherein
the carrier has a curcrent value of 20 - 300 pa.

-84. The method according to Claim 67 wherein
the resin coating layer comprises the reactive silicone
resin containing a curing agent represented by the
following formula (III):

Ry
R{-8i (0-N=C 4 {(111).
wherein Ry denates a substituent selected from the

gronp consisting of CH3, Cy;Hg and @- each capable

of having a substituent:; and R; and Ry independently

denote CH3 and C,H5 each capable of having a
 gubstituent. |

-



87." The nethod according to Cai r_n 85 wherein the reactive silicone resin

12 :J{/'; :her contains a ”"ﬂmm"mmiﬂ epresent ed(Rl/)th\?\hfe &%%%@%EETJ

substituent sel ected frrom- group consisting of vinyll, nmethfcDEC 198 ox vt
amno, nercapto and derivatives of thesg;-X denotes a P¥Ben oy Al davavl
group; and a is anminteger of 1 - 3. . -126-

The net hod according to Claim87 wherein the coupl.ing agent is a nmenber
sel ected from t h@5gr olpe metkedtiguprdfing to Claim 87 wherein

CH er r ] =CH Shgler Leém{n@é{iﬁ [ﬁy‘dn com rises %%éﬂcé‘vh( %&51&4) [err],
and 5 % éd%err]ad‘brr il‘ % he net hod
accordi ng t o XS FEPTRLRE "Péb- ANeoY ‘l‘%’gi?%ﬁe“c?onprl ses a reactive

silicone resin containing: a curing agent represented by the

fol lowing formul @6(! |4y, thod ARG edheisig & nL]z otes a
substituent sel ected ?r%n%n? r:_ggraoclfg conél St ngﬂo TH err q%{lerr] Herr] and

[err]  each ®SpaBLeooFihans PP lddWs PepnEnts Arfenyey Selaster] err]
i ndependent | ¥rdenthe ey r¢omnicstGngr bk err] each capabl e of having a

substi tuent; -
(O)-N-C3Hg-81-(0CH; )3,

H

HgCy-N-CqHg-S1-(0CH3) 3.

HoN-C3Hg-8i-(0CH3) 5,

%N-CZH4-§-C3H5—S].'- (OCHB )3 ’ ) -
H

HZN-C2H4—NH-C3H5-Si~(OCHg)3.
CH3
(CEH 5) Z—N-C3H6—Si- {OCH 3) Je

(C4Hg) 3-N-C3Hg-81~(0CH3) 3, and

HzN—@-Si"(OCH3) 3-

87. The method accoi:ding to Claim 85 wherein
the resactive silicone resin further contains a
coupling agent represented by the following formula
(IV): ' ' |

Ry_n-Si-Xg ' (1Iv),

wherein R denctes a substituent selectad from the
group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivatives of these; X denotes a halogen
or alkoxy group; and a is an integer of 1 - 3.



an ‘am nosi | ane coupling agent; and : a couplin
~the foll ow ng formuta— (Vv Rlerr]-a-Si-Xerr
(I'Vv), wherein K de nt selected fromt
vinyl, nmethacryl, E'”m E‘l”mﬁcapto and derivati
denotes a hal ogen or a o«ylg * and-2§i§ an integerjLg
The nmet hod according to O aim 67 wher e&%t fie toner has a melght average
particle size of 1 - 9 [err]m 91. The nmethod according to C aim67
wherein the toner conprises toner particles and an external additive
conpri sing hydrop#8bi c FRBrASTHE FASFerGirg; Epelaim 87  wherein

- 127 - 92 theéheoupl imgl aypxdr disng@ membiai seXdctdid riziom the hydr ophobi c

i norgani c fine &y gcggﬁs{@ggé s§e.at | east one nenber selected fromthe
group consisting o alunln |ne partlcles titanium oxide fine particles
and silica fine particl EX3=CH-S CH3the met hod according to Caim91
wherein the hydrophoblcng4sm1ﬁnnngﬁg nenparticl es have a hydrophobicity of

20 - 80 % 94. Theg dlng to Caim9l wherein the
hydr ophobi ¢ i norganic flﬁilparfﬂgfgé“have a

agent reoreqentpd,by
H
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89. The method according to Claim 87 wherein

the resin coating layer comprises a reactive silicone
rasin containing:
a curing agent represented by the following

formula (I1i):

, _R
Ry-Si (O-N—C\R3

whérein R; denotes a substituent selected from the
‘group consisting of CHy, CyHg and <:>b each capable
of having a substituent; and R; and Ry independently
denote CHy and C,Hg each capable of having =a
svbstituent;

an aminosilans coupling agent; and X

a coupling agent represented by the fcllowing :
formula (IV):

Rg_g~Si-Xy (Iv),
wherein R denotes a substituent selected from the
group consisting of vinyl, methacryl, epoxy, amino,
mercapto and derivafives of these: X denotes a halogen
or alkoxy group; and a is an integer of 1 - 3.

)3 (111,

0. The method according to Claim g7 .wherein
the toner has a weight-average particle size of 1 « 9

m'

21. rhe method according ta Claim 67 wharein
the toner comprises toner particles, and an external
additive comprising hydrophobic inorganic fine
particles. '



\
wei ght average particle sizeof—0.001 - 0.2 [err]m 95. The net hod
according to Clalny ‘”ﬂﬂ dr ophobi ¢ i nor gang ' : ' ave
an optical transm ﬂ’”ﬂll’ F ’ﬁ 40 % at a wavel gtEPLﬂCEﬁ@N‘ITMEET
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92. The method according to Claii 91 wherein
the hydrophobic inorganic fina particles comprise at
least one membar selectad from the group consisting of
alumina fine particles, titanium oxide fine particles
and silica fine particles.

3. The method according to Claim 91 wherein

the hydrophobic inorganic fine particles have a
hydrophobkicity of 20 ~ 80 4.

84. The method accordin§ to Claim 91 wherein
the hydropheohic inarganic fine particles have a
-.weight-average particle size of 0.001 - 0.2 um.

95, The method according to Claim 91 wherein
the hydrophobic inorganic fine particles have an
optical transmittance of at lcast 40 % at a wavelength
of 400 nm.



