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-1- TONER FOR DEVELOP| NG ELECTROSTA - g
APPARATUS UNI T AND | MAGE FORM NG METHOD Fi i Al

RELATED ART 5 The present invention relates to a toner for

devel oping el ectrostatic images used in imge form ng ;ﬂsd qg?? as
el ectrophot ography and el ectrostatic printing, and al so %%ar us
unit containing the toner and an inﬁéé form ng nethod using the toner.
10 Hitherto, a |arge nunber of el ectrophoto- . graphic
processes have been known, inclusive of those di sclosed in U S

' genoral, an - AONER BB BRTeLor oG REGEROeTRE GO iRaRE S T 8 0ot e

phot osensi tive nenber %%m&mh%bn%n%mpB950£ﬁﬂé§C&b§ﬁxn METRGST i al by various

nmeans, then the electrostattc mage 1s devel oped wth a toner, and the
resul t ant toner image is, after belng transferred onto a
transfer-receiving materi al such as paper, via or 20 wthout via an

i nternedi at e t rerEIfe IO AMEC INVENTION ANBSREEATEDI XR¥ by heating, pressing,
or heating and pressing, or wth solvent vapor to obtain a copy or a
print. The ¥ esi dual tonaheopriesenthdnhoeationhi yrelates tendetonmet hbot bei ng
transferred is cleaned by various 25 nethods, and then the above steps
are repeated. developing electwosgelticl dmageshusedr aphimage ofesmingt has

been a general practice to renove residual toner on an
methods, such as electrophotography and electrostatic

printing, and also an apparatus unit containing the
toner and an image forming method using the toner.

ip Hitherto, a large number of electrophoto-
graphic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363;
and 4,071,361. In these processes, in general, an
electrostatic latent image is formed on a

15 . photosensitive member comprising a photoconductive
material by various means, then the electrostatic
image is developed with a toner, and the resultant
toner image is, after being transferred onto a
transfer-receiving material such as paper, via or

20 without via an intermediate transfer member, as
desired, fixed by heating; pressing, or heating and
pressing, or with solvent vapor to obtain a copy or a
print. The residual toner on the photosensitive
member without being transferred is cleaned by various

25 methods, and then the above steps are repeated.

In such electrophotographic process, it has

been a general practice to remove residual toner on an



- 2- el ectrostatic i mage-bearing nenber by causing a cl eani ng
nenber, such as a cleaning blade, a fur brush or a magnetic brush, to
contact the electrostatic i mage- bearing nmenber. In this case, the
cleaning 5 nenber is abutted against the electrostatic imge- beari ng
nmenber at an appropriate pressure, so that_the el ectrostatic

| mge-bearing nenber is |iable to be damaged or toner sticking onto
the electrostatic i mage- bearing nmenber is liable to be caused during a
10 long period of repetitive use. On the other hand, as a

chargi ng met hogiectrodthfiie nageboeBrifgenbhbe FEEP SBGYiMg aposals
regar di ng a contact-chargi ng nethod wherein a charging nenber is

abutt ed agai nstcydunigiceaicimdRirgt ishichnageabeaeangngepbade, 1o fundtdsisuppl i ed
wi th a superposition of a DC voltage and an AC voltage to charge the

| mage- beari ng mantEmagnetic Brashontactoohacyi theneléctirestatciomnpani ed with-
advant ages such that a | ower voltage can be used conpared with a
conventional coimage-dearding membesd 20 thihg caseoctberelRaNIAT ozone i s
reduced. 1In the contact charging nethod, as shown in Figure 3, for
exanpl e, a TharfAmRes dig abutteds agadrgtqithy ﬁ%ﬁﬁ'&??st@nc 1MRgRsed to
contact an elegtrostatic imge-beari hot osensi tive drum

so as to be rottRAADSennan” &k A0 %ggrpgfa?fqggggés%ﬁﬁephﬁ?o%%itir?%/e drurln
1 and i's ARl GLeNdi 3nadRehRaSEH v RALhAEE (¥3F13p1E%0 be

damaged or tomner sticking onto.the eélectrostatic
image-bearing member is liable to be caused during a

10 long period of repetitive use.

On the other hand, as a charging method,

there have been recently made many proposals regarding
a contact-charging method wherein a charging member is
abutted against the electrostatic image-bearing member

15 and is supplied with a superposition of a DC voltage
and an AC voltage to charge the image-bearing member.
The contact-charging method is accompanied with
advantages such that a lower voltage can be used
compared with a conventional corona-charging method

20 and the occurrence of ozone is reduced. In the
contact charging method, as shown in Figure 3, for
example, a charging roller 2 (as a charging member) is
caused to contact an electrostatic image-bearing
member (photosensitive drum)} 1 so as to be rotated

25 following the rotation of the photosensitive drum 1
and is supplied with a superposed voltage (Vac + Vdc)

of an AC voltage Vac and a DC voltage Vdc to uniformly



of an AC voltage Vac and a DC voltage Vdc to uniformy

charge the photosensitive drum 1. As i s understood fromthe
above descri ption, the charging roller 2 is required to exhibit an
el ectroconductivity, and an exanple thereof in use has 5 been forned as
an el ectroconductive el astic nmenber Erepared by di spersing carbon

Wi thin an el astic rubber, such as or NBR As a result, the
charging menber 2 is inevitably caused to have an ASKER- C r ubber

har dness of 70 deg. or higher. In the 10 case of effecting

cont act - char gi ”Q:H@i—dés'ﬁﬂa $hglq:@,rsghggtlve draRlier 2 as described above, an

el ectroconducti ve IS caused to vibrate due to an AC conponent

Vac ~of the v0!tageA§oa!sl eddk@s®o6ar eroRt fhe &bdd SEefGfiftSion, at a
nip position (abutting position) between the 15 charging roller 2 and the

phot osensitive dthéncharghi®y rollernQi 38 réqhipddetdcekieibiar gar if the
charging roller has a | arger hardness. The occurrence
of the noi se careha-tndoxdettivity,i BnthanAéxamphentmerabd iof ude sl i ed
voltage is 20 renoved but, in that case, it becones difficult to
uniformy s&fa@a;heﬁmadwasph@t edentroronduetive elastic (pmbesi ng liable
to result in spot-shaped chargi ng irregularity The
assi gnee of thi SP%&RW-T%QYOrﬁi%rﬁﬁﬁﬁo§éﬂb°25wht}éb%t%‘%teHﬁ‘F‘g:F ng met hod

using a chargin
9 9 gkgg%er, such as EPDM or NBR. As a result, the

charging member 2 is inevitably caused to have an
ASKER-C rubber hardness of 70 deg. or higher. In the
in case of effecting contact-charging by'using a charging
roller 2 as described above, an electroconductive
member is caused to vibrate due to an AC component Vac
of the voltage applied to a core metal, a noise occurs
at a nip position (abutting position) between the
15 charging roller 2 and the photosensitive drum 1. The
noise is liable to be larger if the charging roller
has a larger hardness.
The occurrence of the noise can be obviated
if the AC component Vac of the applied voltage is
20 removed but, in that case, it becomes difficult to
uniformly surface-charge the photosensitive drum 1,
thus being liable to result in spot-shaped charging
irregularity.
The assignee of this application has proposed
25 a contact-charging method using a charging'member
having an ASKER-C hardness of at most 60 deg. so as to

suppress the noise level (JP-A 1-191161).



having an ASKER-C hardness of at nbst 60 deg. so as to suppress the
noi se |evel (JP-A 1-191161). -4-

I recent years, an increasing demand has occurred for a | ower energy
consunption and a hi gher process speed of copying machines or printers
utilizing el ectrophotography. As a result, it is 5 preferred to design a
toner therefor so as to be sof t ened éf a | ower energy consunption.

When such a toner is used in conbination with a chargi ng nmenber

having a | ower hardness as descri bed above, the toner is liable to

ne!t-stick onto the eIeqﬁ{qﬁﬁgﬁhppk%&gg%aplgnchggaﬂ Hﬁﬁgﬁﬁ RHE face, thus

being liable to shorten he e ectro tatic 1 mage-bearing

menber. - ThEcd&PEED Chor Sa rmmt heryyt RBneamPtWBEr 8nling nighegharging

menber is in the formof a roller. ThisTs presunmably because a

| owering i n harghecssHispderi old copying acheRBer op praheerkhe def ormation
of the chargi ng nenber when a driving force for the el ectrostatic

i mage- beari ng metbkizinsg telatindphetography. Aascantastilng bouddary to the
chargi ng nmenber, so that the driving force is dispersed to cause a
sli ppage at3 20preferigddadesian@etones thergifog senssr tanbet he

el ectrostatic i mage-beari ng nenber. In order to obviate the
sticking of a t¥PEkened a?nﬁ(iQﬂ?qﬂﬁg@FE@SF&Pﬁémpﬁagé~beHPPﬁgsﬁéﬁbér JP-A

48- 47345, for exaqP has proposed to add both a
toner 1is in combination with a charging member

having a lower hardness as described above, the toner
is liable to melt-stick onto the electrostatic image-~

10 bearing member surface, thus being liable to shorten
the life of the electrostatic image-bearing member.
The tendency is promoted in the case where the
charging member is in the form of a roller. This is
presumably because a lowering in hardness of the

15 charging member promotes the deformation of the
charging member when a driving force for the
electrostatic image-bearing member is transmitted via
a contacting boundary to the charging member, so that
the driving force is dispersed to cause a slippage at

20 the boundary between the charging member and the
electrostatic image-bearing member.

In order to obviate the sticking of a toner

onto an electrostatic image-bearing member, JP-A 48-
47345, for example, has proposed to add both a

25 friction-reducing substance and an abrasive substance.
According to this method, however, it becomes

difficult to remove low-resistivity substance, such as



25 friction-reduci ng substance and an abrasive substance. Accor di ng

to this nmethod, however, it becones difficult to renove

| bw-resi stivity substance, such as paper dust and ozone
adduct, during repetitive use, and particularly an i mage fl ow defect
Is liable to occur due to disturbance_of an electrostatic inmage
caused by such lowresistivity substance Oh the 5 electrostatic

| mage- beari ng nmenber. In order to solve such problens, JP-A
62- 61073 and JP-A 3-10311 have proposed a toner containing a

metal oxide andFSPEECauEE”SnHOEQSﬁe auct, dbLidPEEpet WL Hsd ! has

becone difficul o prevent 10 the toner nelt-sticking onto the
electrostatic i gR@eparticull82liynan "BiAge EI6l Udefad®rig abraniorof the

el ectrostatic i mage-bearing nmenber due to an increase in toner load in
t he chargi ng st eecatdduectel aastiigbance &f e4n Sl estiosisatisiimage equi r enent
of higher-speed 15 recording apparatus in recent years.

Furt her, JP-A 4c4438d bysspchbpbesdresistivity substandeniorny thedr ophobi c

silica particles, resin fine particles and a netal oxide. However, the
respective 5 eldgctirosgetin imagevhbearingdvembebeen specified with 20
respect to environnental characteristics, the toner_is liable to be

acconpani ed with difficuffP 8§deZyt &_lye such BEeRkeRtc ik 841 a hi gh
terper ature- hi o 3% 4o sp-a 3STA12HERL SRShSs koY dsrihy (30 cxcessive
containing a metal oxide and silica fine powder. By
the toner, however, it has become difficult to prevent
18 the toner melt-sticking onto the electrostatic image-
bearing member and ununiform abrasion of the
electrostatic iﬁage—bearing member due to an increase
in toner load in the charging step and the cleaning
step so as to satisfy a requirement of higher-speed
15 recording apparatus in recent years.

Further, JP-A 4-44051 has proposed a toner
containing hydrophobic silica particles, resin fine
particles and a metal oxide. However, the respective
particles in the toner have not been specified with

20 respect to environmental characteristics, the toner is
liable to be accompanied with difficulties, such as a
charge decrease in a high temperature-high humidity
environment and a charge-up (an excessive charge) in a
low temperature - low humidity environment. Further,

25 it is also necessary to further suppress the
occurrence of damage on and the toner sticking onto

the electrostatic image-bearing member.



| ow tenperature - low humdity environment. Further, 25 it is also
necessary to further suppress the occurrence of danmage on and the
toner sticking onto the el ectrostatic inage-bearing nenber.
- 6- SUMVARY OF THE | NVENTI ON An obj ect of the
present invention is to provide a toner for devel oping electrostatic
| mages, and an apparatus unit and ambinmage form ng nethod 5 using
such a toner. Anot her object of the present invention is to
provi de a .toner for devel oping electrostatic inmages capabl e of
reventing tone LCkl OR,! youai f orm abrasi on of an
glectrostgtic i%&é@gggzgfugh.cn ¥§§T¥Q% t hus providing high-quality inages
for a long period e pli q% i.gh-speed apparatus.
Anot her object of the prgéeﬁngﬁgeﬁfi%%gi }é%é%é]éH%%%#iﬂnHésg%oépparatus

unit containi ngpyéide hORBher for developing ‘AifddtldeaAd t he
present inventionis 15 to prov‘itdeevz'i% ?pr%arbge%f défgniil ng 1:met nghl?gifer?d a
g~

char gi ng nMamiae ans epphir@uli &Ri € Med LAUS E b nent

for contact-charging an el ectrostatic inage-bearing menber with little
occurrence 6f onsimgasdckhuaptenssed noi se occurrence, whereby it is
possible to prevent 20 the toner sticking onto and ununiform abrasi on of
t he el ectrostati c | Angthéraohjectemberhe tdnesantalintientian is to

provide a toner for developing electrostatic images
capable of preventing toner ticking onto and ununiform
abrasion of an electrostatic image-bearing member,
io thus providing high-quality images for a long period
even when applied to a high-speed apparatus.
Another object of the present invention is to
provide an apparatus unit containing such a toner.
A further object of the present invention is
15 to provide an image forming method using a charging
member supplied with a voltage having an AC component
for contact-charging an electrostatic image-bearing
member with little occurrence of ozone and suppressed
noise occurrence, whereby it is possible to prevent
20 the toner sticking onto and ununiform abrasion of the
electrostatic image-bearifig member, thus realizing a
long life of the electrostatic image-bearing member.
According to the present invention, there is
provided a toner for developing electrostatic images,
25 comprising: toner particles, inorganic fine powder,
resin fine particles, and metal oxide particles:

wherein



long life of the electrostatic inmage-bearing nenber.

According to the present invention, there is provi ded a toner for
devel opi ng el ectrostatic imges, 25 conprising: toner particles,

i norgani c fine powder, resin fine particles, and netal oxide
particles; wherein -7-

the toner has a wei ght-average particle sT7e of 4 - 12 [err]m and
contains at nost 30 % by nunber of particles having a particle size
of at nost 3.17 [err]m t he inorganic fine powder has an

_ ol , ) . , h
average 5 primary parijg @oﬁéf:%%g a weé%(,i’lr‘ngﬁ%lgg%? Rertiqle size tpmeand

resin fine particles have an aver t1c

a shape factor §Fl40fL 12 pm ghal E4%taiy @f‘%&@é% Y er,
e 1 clg'3|ze

the metal oxide particles have an averag parti

of°5.3 - 3 pm

and a shape facpartPtiesfhaving d¥hrt25k size of at most ACGY 29 toO
anot her aspect of the present I nvention, there is provided an

apparatus unit, cobhei shopgamic ef fd IpEidRir hddTRGE dRaldgag menber,
and 15 devel oping nmeans for devel oping an el ectrostatic inmage

formed on the epréimavytpartichagsideart ng -nStbem:wit h

t he

above-nenti oned toner contained therein; the el ectrostatic

i mage- beari ng nenber andth@eregin| Hineparticlerdaveamgvierageral |y
assenbled to forma, unit, which 20 i s detachably nountable to a main
assenbly of t heParticle size of 0.1 - 2 pm and a shape factor SF1 of

at least 100 and below 150, and

the metal oxide particles have an average

10 particle size of 0.3 - 3 pum and a shape factor SF1 of

150 - 250.

According to another aspect of the present

invention, there is provided an apparatus unit,

comprising: an electrostatic image-bearing member, and

15 developing means for developing an electrostatic image

formed on the electrostatic image-bearing member with

the above-mentioned toner contained therein: the

electrostatic image-bearing member and the developing

means being integrally assembled to form a unit, which

20 is detachably mountable to a main assembly of the

image-forming apparatus. -

According to a further aspect of the present

invention, there is provided an image forming method,

comprising the steps of:

25 charging a surface of an electrostatic image-

bearing member,

forming an electrostatic image on the



| mage form ng appar at us. According to a further aspect of

t he present I nvention, there is provided an i nmage form ng net hod,
conprising the steps of: 25 charging a surface of an

el ectrostatic i mge- beari ng nenber, form ng an

el ectrostatic i mage on the el ectrostatic i mge-bearing
menber, devel opi ng the el eTostatic i mge with the
above-nentioned toner for devel oping electrostatic i mges to forma
t oner i mage, 5 transferring the toner imge fornmed on the
electrostatic i ' nﬁﬂg _ . - receiving material,
cl eaning the Su??ggnggi?ﬁgce ec écé;%ﬁ%égéggﬂéaﬁﬁﬂage-bearing menber after

the transfer by abuttinggavei@pisfd Sas f&éﬁ%téﬂl‘?{]%%’geawléh the .
the cl'eaned el ectrostatic

repeating the above-nentioned steps by using e
i mege- beari ng nmapbee-mentioned toner fde R IIGAIMREeIMNSstathigat ures and

advant ages of the present invention will beconme nore 15 apparent upon a
consi derati on ofimagesfbd| bormga tonerleiawagepti on of the preferred
enbodi nents of the present invention taken in conjunction with the

acconpanyi ng drawi ngs. transferring the toner image formed on the
electrostatic image-bearing member to a transfer-
raceiving material,
cleaning the surface of the electrostatic
image~bearing member after the transfer by abutting a
10 cleaning member thereto, and
repeating the above-mentioned steps by using
the cleaned electrostatic image-bearing member.
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 an illustration of an example of
image forming apparatus suitable for use in an image
forming method acdording to the invention.

Figure 2 is an illustration of a transfer

25 means suitably used in an image forming method

|

according to the invention.

Figure 3 is an illustration of a charging



20 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is an

illustration of an exanpl e of I mge form ng apparatus suitable for use
i an i mage form ng nethod according to the invention.

Figure 2 is an illustration of a transfer 25 neans suitably used in an

I mage form ng nethod according to the invention. Fi gure
3is an illustration of a charging -9~

-9- means suitably used in an apparatus unit and an i nmage

form ng nethod according to the invention Figure 4 is an

Il lustration of a tablet- m.ng machi ne for asurln a vol une
resistivity of MEIE ﬁ’ﬂ’f*ﬁ’?&ypéﬁsﬁpdﬁsa“ apparatus uni gaé‘ gmage;

:ngﬁi{galon(ﬁ fg%ﬁgng|g§E? éﬁFﬁfﬁtﬁéCﬁngﬁéraéu% If*é accordlng to the

Because of the above- nen%hgﬁgg Qeggugﬁs %%ﬁgfrgﬁ*oﬁq@graagﬁgﬁgjng to the

present I nvention can exhi exce ormances 1 n response to

requirenents f0rform1nd"'nﬂb}ﬁ&%e‘%o&”ﬁﬂﬁsﬁ%ﬂeté%fﬁﬁe C:Pé”ﬁié‘é&%%i foi

f.ormati on characteristic in these days. More specifically,
principal |y g he dd¥3rdiide partlfcnag_pomder and metal oxide particles, in
| sol at ed form scrape off paper dust and toner attached onto an

el ectrostati c i nage- bear iFigurerbeissanf albustfati®seof an embodiment

of the apparatus unit according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

10 Because of the above—mentionéd features, the
toner according to the present invention can exhibit
excellent performances in response to requirements for
high-speed image formation and continuous image
formation characteristic in these days.

15 More specifically, principally the inorganic
fine powder and metal oxide particles, in isolated
form, scrape off paper dust and toner attached onto an
electrostatic image-bearing member surface. Of these,
the inorganic fine powder having a fine particle size

20 as specified above and therefore a large specific
surfate area finely scrapés the image-bearing member
and is also effective for reducing friction resistance
between the image bearing member-surface and the
cleaning member or the charging member.

25 On the other hand, the metal oxide particles
having a particle size and a shape as defined above is

effective for removing the attached substance which



t he inorganic fine powder having a fine particle size 20 as specified

above and therefore a | arge specific surface area finely scrapes the
i rage- beari ng nmenber and is also effective for reducing friction
resi stance bet ween the i mage bearing nmenber-surface and the

cl eani ng nmenber or the charging nenber. 25 On the ot her hand,
the netal oxide particles having a pal@icle size and a shape as

defi ned above is effective for renoving the attached substance which
-10- cannot be easily renoved by the inorganic fine power

because of strong stic sticking_over, a w de , ea.

Further, the reé:gﬁ E g‘f"??‘a’e’s‘e‘ﬁ%‘ﬁg‘ﬁgmé tl? p‘é?ciﬁ’%%?é’é‘ear?d’wf shape as
defined above i e f . l,ocal | CES ke abr asi on
even when the rr%tegﬁuse éE ggk{gggl%élgﬁfﬁg%r(g%e#éﬁlr@la&e?l y%lﬁrﬁi/
concentrated stgtg,and adsorbi ng excessive I norgani c fine powder in
isolated formto facilitate 10 the cleaning thereof. A very slight

portion of the resi PuEtﬂsrpafﬁéCir@élwlﬁéI;Eh:hylﬁe@eh?a%ltﬂy @lgh the
cl eaning menber to capture a very small anount of toner, etc., also

havi ng passed bpairiectbesnz8dand a gnai%eras tdwt ekea b6 i1k Staini ng of
the charging 15 nenber liable to result in charging failure, and
damage on or st effengivat forhellewdetimarlocalinbexcessive abrasion
even when the metal oxide particles are present
locally in concentrated state and adsorbing excessive
inorganic fine powder in isolated form to facilitate
10 the cleaning thereof. A very slight portion of the
resin fine particles may slip by or pass through the
cleaning member to capture a very small amount of
toner, etc., also having passed by the cleaning
member, thereby obviating staining of the charging
15 member liable to result in charging failure, and
damage on or sticking onto the image bearing member.
The above-mentioned functions are effectively
fulfilled by using a toner having a specified particle
size distribution and external additives having highly
20 specified particle sizes and shapes. The
charggability of the toner is also stabilized thereby.
Further, at the time of transfer of a toner
image from the electrostatic image-bearing member to a
transfer-receiving material in a transfer step, the
25 metal oxide particles charged to a polarity opposite
to that of the toner may move from the toner on the

transfer-receiving material to the image bearing



The above-nentioned functions are effectively fulfilled by using a
toner having a specified particle size distribution and external
additives having highly 20 specified particle sizes and shapes. The
chargeability of the toner is also stabilized thereby.

Further, at the tinme of transfer of a toner I mge fromthe

el ectrostatic inmage-bearing nenber to a ~11- transfer-receiving material in
a transfer step, the 25 netal oxide particles charged to a polarity
opposite to that of the toner nmay nove fromthe toner on the

jte T the toner my mve fi | "
Surface o the IAREY (BI85 OA LBPRRORGE preroon. | AYFEFRSEYRNY 1 ansr er

of a portion Ofix; qﬂ?rrée ctﬁ%e\yx&:fgle%ransf‘.leg L)@r ge omngﬂtofftt%xﬂgr r’@é Q«lzhig&e%de s

attached, the ta partrcles nmay réenain on I mage ring 5

member. For ei té‘efﬁszfext %ﬁuo%%vﬁfmi%i RE‘E?ngS\Ag aai §§”5?ttache@, | ge

-proportion of netal "oxide particles is a o remain on the imge

bearing menber L dxi¥e particdes! fhySreRaif Sﬁfﬁﬁéii/xﬁé%e reg@yeng he
‘att achnent onto the imge bearing nenber surface. 1 In

the chargi rgy stgmbdnr Fotckiltharl bfaghentbove-mefitioned meckanmisny, t he

cl eani ng nenber, the use of a soft chargi ng nenber having an ASKER-C
hardness of at a largegroporddgn of me¢hér csddbepavticlés bsirdbomveabrti on
of the charging nenber flexibly defornms at the 15 abutting portion

agai nst the i nmdife TRMAIm@MEhecimpge bearing member after the

transfer step to effectively rembve the attachment
onto the image bearing member surface.

10 In the charging step, for a very small amount
of toner passing by the cleaning member, the use of a
soft charging member having an ASKER-C hardness of at
most 60 deg. is preferred because the surface portion
of the charging member flexibly deforms at the

15 abutting portion against the image bearing member to
ensure a good contact with the image bearing member
even if such a staining substance is slightly present
on the charge member surface, thus not readily causing
transfer failure.

20 The toner for developing electrostatic images
according to the present invention has a weight-
average particle size (diameter, D4) of 4 - 12 pm, and
contains at most 30 % by number of particles having a
particle size of at most 3.17 um.

25 In case where the toner has a weight-average
particle size of below 4 pym, the toner is caused to

have a lower fluidity and an increased attachment



ensure a good contact with the inmage bearing nenber even if such a

stai ning substance is slightly present on the charge nenber surface,
t hus not readily causing transfer failure. 20 The toner
for devel oping el ectrostatic inages according to the present

I nvention has a wei ght - average particle size (dianeter, D4) of 4 -
12 [err]m and contains at nost 30 9dBy nunber of particles having a
particle size of at nost 3.17 [err]m 25 In case where the
toner has a wei ght-average particle size of below 4 [err]m the toner
I's caused to have.a lower fluidity and ap increased attachnment

-12- forfé’é",ce['h&?‘ﬁseé'&lsﬁlﬁénpnIPOJ\EY'eHe YoLPRRe ¢«  LrRfher and

cl eani ng_per f of IRRPGS o o) N Re9eBEhaNARE. [ By o EEESEH, 12 P the

| mage-r epr oduci ng perforna econes pr | UrtHet, if the

particles of at excadiP¥e 32l fml ChhbmBKGESHedfodbtnd PR ordife! o201 N0

failure or occurrence of fog'i . aver age
particle size ofpedm¥ieiproblemal@y . DEFIBRANECA] DYt NS Biir1 CUH LY lag@unter

Model TA-1I1 or Coulter Miultisizer (avallable from Coulter
El ect roni cs 5 nc.mogtogrtlte pmviekitead 1306 dapl RaMSOHS the cl&aiifg on as an
el ectrolytic solution prepared by using a reagent-grade sodi um

chloride. Into Hilurelsd wccurrencef ofhfogl Estiddlylec solution, 0.1 to 5
M of a The weight-average particle size of a toner

may be measured by using a Coulter counter Model TA-II
or Coulter Multisizer (available from Coulter

10 Electronics Inc.) together with a 1 %-NaCl aqueous
solution as an electrolytic solution prepared by using
& reagent-grade sodium chloride. 1Into 100 to 150 ml
of the electrolytic solution, 0.1 to 5 ml of a
surfactant, preferably an alkylbenzenesulfonic acid

15 salt, is added as a dispersant, and 2 to 20 mg of a
sample is added thereto. The resultant dispersion of
the sample in the electrolytic liquid is subjected to
a dispersion treatment for about 1 - 3 minutes by
means of an ultrasonic disperser, and then subjected

20 to measurement of particle size distribution in the
range of 2 - 40 um by using the above-mentioned
apparatus with a 100 um~aperture to obtain a volume-
basis distribution and a number-basis distribution.
The weight-basis average particle size D4 may be

25 obtained from the volume-basis distribution while a
central value in each channel is taken as a

representative wvalue for each channel.



surfactant, preferably an al kyl benzenesulfonic acid 15 salt, is added as
a dispersant, and 2 to 20 ng of a sanpl e is added thereto. The

resul tant di spersion of the sanple in the electrolytic liquidis

subj ected to a dispersion treatnment for about 1 - 3 m nutes by

nmeans of an ultrasonic disperser, and then subjected 20 to neasurenent of
particle size distribution in the ranige of 2 - 40 pm by using the
above-nenti oned apparatus with a 100 [err]maperture to obtain a

vol ume- basi s distribution and a nunber - basi s di stributi on. The

wei ght - basi s average parj, cl e size 25 qobtained fromthe
volgne-basis distributio‘#ih é??fs of Igyéﬂﬂﬁﬁseﬁ§l&EVPHtéSmaéﬂahﬁel i s

taken as @ ohRRRESEYP AR WA LR SV Shing opecigten
enhanced by addbﬂﬂtféf%rngégj(ﬁiéﬁ¥%€“¥ﬂ e SE%BV%LﬁgPt%Rnegpart'C|e S z€s

relative to the above- nent ticle size oner. More

specifically, tBSrtléle $15% 95¢ i thd 'ﬁ?ﬁxépv‘dﬁrﬁ na§8gﬁg.§¥ﬁ5f9ﬁép£hgﬁry

particle size of 1 - 50 nm the resin

average par§icl enorg@nidé fire polded b tamea%&abe rn.man' gerpacisc! es
have an average particle size of 0.3 - errf

case where the shzegafil 4i56k mowdde hesin fxneaba&tﬁbaég_ﬁéVEﬁéﬂ partlcle
size of below 1 nm the resultant toner may be provided with an

i npr oved average particle size of 0.1 - 2 pm and the metal

oxide particles have an average particle size of 0.3 -
3 pm.

10 In case where the inorganic fine powder has
an average primary particle size of below 1 nm, the
resultant toner may be provided with an improved
flowability but is liable to have an inferior
environmental characteristic. On the other hand,

15 above 50 nm is liable to result in insufficient toner
flowability-improving effect leading to fog and
inferior developing performance.

In case where the resin fine particles have
éan average particle size below 0.1 pm, it is

20 impossible to sufficiently alleviate the abrasion of
the electrostatic image-bearing member with the metal
oxide particles. Further, a large proportion thereof
is liable to pass by the cleaning member, thus soiling
the charging member. Above 2 pm fails to effect

25 adsorptive capture of isolated inorganic fine powder.

In case where the metal oxide particles have

an average particle size below 0.3 pm, it is liable to



flowability but is liable to have an inferior envi ronment al
characteristic. On the ot her hand, 15 above 50 nmis liable to result in

i msufficient toner flowability-inmproving effect |eading to fog and

i nferior devel opi ng perfornmance. In case where the resin
fine particles have an average particle size below 0.1 pm it is 20
i npossible to sufficiently alleviate the abtasi on of the electrostatic
i mage- beari ng nmenber with the netal oxi de particles. Further, a large
proportion thereof is | iable to pass by the cleaning nenber, thus

soi ling t he qu nber Above 2 [err]mfails to effect 25

adsor ptive capt &3 é& Pﬁo?ﬁ&ﬂ?ﬁe¢|$ﬁp tARfes onto the image |

case where the tal, OXIde articles hav n avera article size
bel ow 0. 3 [err]%?%ﬁﬁnlsmﬁwggfeofopass gy the cleanfhg méﬁ%é} to cause

-14- faigly % L@gcgeﬁ%s Qs{ cédg%l nmage

beari ng nmenber or anlng cause |nage def ect s.

Above 3 [err]m I:%nla&%qet Qb§'§§§3n of tPéei‘iﬁé %é‘af’ﬁi%e bl ! he 1 mge

beari ng nenber 5 surface or the devel oper-tarryl ng (devel opi ng

sl eeve) surfacesurface or the d&9elBBerCRAFAFLRY i Mémerf é*féidiﬁntghe
pr esent I nvention is that the resin fine particles and nmet al

oxi de particl es sieesxeshaspefhaetors as descri bed below. 10 The
resin fine particles may have a shape
Another characteristic feature of the present
invention is that the resin fine particles and metal
oxide particles have shape factors as described below.

10 The resin fine particles may have a shape
factor SF1 of at least 100 and below 150, preferably
at least 115 and below 145, and a shape factor SF2 of
at least 110 and below 200, preferably at least 120
and below 175.

15 The metal oxide particles may have a shape
factor SF1 of 150 - 250, preferably 160 -~ 230, and a
shape factor SF2 of 160 - 300, preferably 175 - 270.

We have discovered that it is important for
the respective external additives have a specific

20 sphericity (SFl1) and a specific unevenness (SF2) in
addition to the above-mentioned particle sizes. The
sphericity and unevenness are remarkably related with
the cleaning performances and performances for
removing attached substances with the use of a

25 cleaning member.

The resin fine particles may preferably be

generally spherical and also have some degree of



factor SF1 of at |east 100 and bel ow 150, preferably at | east 115 and

bel ow 145, and a shape factor SF2 of at least 110 and bel ow 200,
preferably at |east 120 and bel ow 175. 15 The netal oxide
particles may have a shape factor SF1 of 150 - 250, preferably 160 -
230, and a shape factor SF2 of 160 - 300, preferably 175 - 270.

We have discovered that it is inportant fo¥5- the respective external
additives have a specific 20 sphericity (SF1) and a specific unevenness
(SF2) in addition to the above-nentioned particle sizes. The

hericit d bl | ated Wi, th | i
oo o ke PRAFROEHAcHS HEFE R S Sl son AR,
e use of a C 4] . e I I articles
%he cfggglﬂgpggﬁ§égﬁﬁ%$i%%ﬁa%ﬁ“?t éﬁ%iﬁéé ﬂlon % P

may preferably be e al SO0 haveé sone degree of

unevenness, so TcBﬁttaE‘Eeﬁe%Seit?iO%lrz]é g?f'éér)’iﬁé"'ﬁ?é?nﬂélt Qnd thd ARmagetani ng

menber but remain at the posi contact between the cl eaning

menber and the iEREdeng memb822l tHEr&ByPHicrddimPHd C1eaT 1 118 of
cleanability of 5 the other conponents in the toner. Further, as they

are general By sgher othbr tbfpoféntHass the tHvhed calfuigher, LRy t0 sone
extent to capture the other conponents, such as toner particles, on
t he char gi ng nemirer generalljpesphgrpcal enthey dare pasxubyerthe afl edadage on
the member to some extent to capture the other components,
such as toner particles, on the charging member,
thereby preventing the occurrence of damage on the
10 image bearing member. .
The metal oxide particles may preferably have
somewhat large values of sphericity (SF1l)} and
unevenness (SF2), thus showing an indefinite shape.
Spherical particles exhibit an inferior performance of
15 removing the attached substance and provide an
increased proportion of those passing by the cleaner
member, thus being liable to cause lack of image
portions and biased abrasion of the image bearing
member.
20 The shape factors SF-1 and SF-2 referred to
hereih are based on valued measured in the following
manner. Sample particles are observed through a
field-emission scanning electron microscope ("FE-SEM
$-800", available from Hitachi Seisakusho K.K.) at a
25 magnification of 30000 - 60000, and 10 particle images

are sampled at random within an average particle size

range for each external additive. The image data are



10 inmage bearing nenber. The metal oxide particles may

preferably have sonewhat | arge val ues of sphericity (SF1) and
uUnevenness (SF2), thus show ng an indefinite shape. Spheri cal
particles exhibit an inferior performance of 15 renoving the attached
subst ance and provide an I ncreased proportion of those passing by the
cl eaner nmenber, thus being |iable t olézuse | ack of inmge portions
and bi ased abrasion of the imge bearing menber. 20 The
shape factors SF-1 and SF-2 referred to herein are based on val ues

d he. f ol | Sanmpl e e, d
gﬁzégéﬁ " lt zlrfré’%to “%n&sm%f””%agnaiﬁ%eroﬁaﬁ#ué%i oz‘égxgiigéé%t |
- , avail a S IoNn O
30000 - 60000, ‘Jé’ﬁ"c’f; ‘%f%me ﬁé’ St lé‘)&)aggg 3F SRapd™HL gh?%lthl n an

aver age parti ¢l gesi gha sr2 pddi%el %rhee%m%&%natfua@%hgve The i mage

data are I nputted into

an i nage anal yzer (gtyzgx[ékauny%ﬁyﬁﬁaq (n/Unom Nooeco K K:) to obtain
aver ages of shape factors SF1 and SF2 based on the foll ow ng

equations: s Sﬁiﬂ,={qﬂﬂnﬂumﬁﬁﬁﬂnghnAﬁEAh/AnO[&rnbb4ﬂ x 100, 5
SF2 = [(PERIME)[err]/AREA] x (1/4[err]) x 100,] wher ei n MXLNG denot es

t he maxi num of whereijn MXLNG gendties ¢hePhiExiVimute odt as salmplperi neter of a

sampl e particle, PERIME denotes the perimeter of a sample
particle, and AREA denotes the projection area of the
sample particle.

10 The inorganic fine powder may preferably have
a specific surface area (Sggy) of 70 - 300 mz/g, more
preferably 70 - 150 mz/g. The resin fine particles
may preferably have a specific surface area of 5.0 -
20.0 mz/g, more preferably 8.0 - 15.0 mz/g. The metal

15 oxide particles may preferably have a specific surface
area of 0.5 - 10 m%/g.

If Sgpy of the inorganic fine powder is below
70 mz/g. the powder is liable to be present in an
isolated state at a high probability, thus being

20 liable to cause localization of the inorganic fine
powder and black spots due to agglomerates thereof.
Sggr above 300 mz/g is liable to result in a toner
showing a high moisture absorptivity leading to a
lower environmental stability. If Sppyp of the resin

25 fine particles is below 5.0 mZ/g, the particles can
only show a low capacity of adsorbing isolated

inorganic fine powder. Above 20.0 m2/g makes it



particle, and AREA denotes the projection area of the sanpl e particle.

10 The inorganic fine powler nay preferably have a specific
stirface area (SBET) of 70 - 300 nR/g, nore preferably 70 - 150 n2/g.
The resin fine particles may preferably have a specific surface area
of 5.0 - 20.0 nferr]/g, nore preferably 8.0 - 15.0 nferr]/g. The netal
15 oxide particles nay preferably have aldpecific surface area of 0.5
- 10 n2/g. If S[err] of the inorganic fine powder is bel ow
70 n2/g, the powder is liable to be present in an i solated state at a

T e P o A e WS P G P s 35 8RS AHE HhE BRI RE" oS 07
ot ur e oo hEL e Podd P\l 1836, kool QlEEostat 1800 10 2

hi gh noi sture abSorptivity |€a environmental stability.

| f SBET of the {ﬁé&gaﬂ%érgﬁ%aﬁgﬁ%ﬁgic&gss%%gpgkowhg.Qegggrgkgﬁe t he

particles can oW capac of adsorbing isolated

i norgani c fine pawdes1edboy e 0iEmd/gd ARecabirhsion of the image

L17- difficult to sufficiently alleviate the abrasion due to
the nmetal ogi debgating!mémivdr tdier foRe lan@s tthlel Gevelopeiagarbeangng nenber.
If S[err] of the netal oxide particles is below 0.5 n[err;/g, t he
abrasi on of themewmbge i$§ 1idtdar ity beemodiceabllace Abdviehé0.0 m“/g

devel oper-carrying menber is liable to be noticeable. Above 10.0
mMerr]/g can result in failure of removal of attached substance

on the image bearing member or passing-by of the metal
oxide particles to cause image defects.
10 The resin fine particles may preferably have

a volume resistivity (Ry) of 107 - 1014

ohm.cm, more
preferably 108 - 1014 ohm.cm. 1If the resin fine
particles have a volume resistivity below 107 chm.cm,
the resultant toner is liable to have an insufficient

i5 chargeability, and the resin fine particles are liable.
to leak charges when attached in an isolated form onto
the image-bearing member. Above.1014 ohm.cm is liable
to cause the charge-up of the toner leading to a lower
image density.

20 The inorganic fine powder may preferably be
added in an amount of 0.3 - 3.0 wt. % of the toner.
The resin fine particles may preferably be added in an
amount of 0.005 - 0.5 wt. % of the toner. The metal
oxide particles may preferably be added in a

25 proportion of 0.05 - 5.0 wt. %, more preferably 0.5 -

2.0 wt. %, of the toner.

If the amount of the inorganic fine powder is



g

can result in failure of renoval of attached substance on the imge

beari ng nmenber or passing-by of the netal oxi de particles to cause

| mage defects. 10 The resin fine particles may preferably have
a volunme resistivity (Rlerr]) of 10[err] - 10[err] ohmcm nore

preferably 10[err] - 10[err] ohmcm If the resin fine particles have
a volune resistivity below 10[err] ohm cmi8- the resultant toner is
liable to have an insufficient 15 chargeability, and the resin fine
particles are |iable. to | eak charges when attached in an isol ated
formonto the i e- beari ng nenber ove 10[er ohmcmis |liable
to cause the ch%?g% ugagfw?he 1 qﬁ%ﬁ&ﬁﬁﬁtt5033F0&érLaused FrabB®Sensity.

amount of 0.3 -8 TR iR TR Seg §e¥ﬁb5r8ewgm?d§$§s' may.

f bly b - 13 the t
The metal’ . ceavie taemuse o KRkEe R Wi choded | 17 Bheg e fOneT
proportion of Oafigunt Sof ﬂﬁe r@siﬁ"fid@“ﬂﬁ?%&%hﬁsoi§ below 0.808 wk. % of

t he toner. I'f the anount ‘of the inorganic fine powder is
- 18- sbel sy Pt batomdss ditfﬂdﬁﬂﬁ ¥ lapp2Bpriatel FUnBderat8a¥Re an
I ncreased aggl oneratability, and above 3.0 wt. %is | iable to cause a

charge-up of thabtasbon férdédeof the amauall oxfidehearesiiclebi, nanfiaabobeées i s
bel ow 0. 005 wt .

' 0.5 wt. % is liable to result in a cleaning failure
and thus soiling of the charging roller. If the
amount of the metal oxide particles is below 0.05 wt.

10 %, the abrasion force ontoc the image-bearing member is
liable to be weak, and above 5.0 wt. % is liable to
cause excessive and ununiform abrasion of the image-
bearing member.

The inorganic fine powder used in the present

15 invention may most preferably comprise silica fine
powder. The silica fine powder can be either the so-
called "dry process silica" (or "fumed silica')} which
can be obtained by oxidation of gaseous silicon
halide, or the so-called "wet process silica" which

20 can be produced from water glass, etc. Among these,
the dry process silica is preferred to the wet process
silica because the amount of the silanol group present
on the surfaces or in interior of the particles is
small and it is free from production residue, such as

25 Nay0, 8032", etc. During the dry process silica
production step, it is also possible to use another

metal halide, such as aluminum chloride or titanium



5 % it becones difficult to appropriately noderate the abr asi on

force of the netal oxide particles, and above 0.5 w. %is liable to
result in a cleaning failure and thus soiling of the charging roller.
If the anount of the netal oxide particles is below 0.05 wt. 10 %
the abrasion force onto the inmage-bearing nmenber is | iable to be weak,
and above 5.0 wt. %is liable to caugd@-excessi ve and ununiform
abrasi on of the imge- beari ng nmenber. The inorganic

fine powder used in the present 15 i nvention may nost preferably conprise
ig::gg ih?; prd%%g 4¥1<ég5§t erhp& dt§| gmglfoﬁhﬁeggdgl£heéﬂé%§ns%£ained
by oxi dation of J o] e 3 I t process
silica" which %%ﬁéggyge pfg% ggeF}on1ma gFag égg aﬁgtﬁéhn§%5a¥ﬁese

the dry Processoidd £a 461 UL AL dolelNRetBinPhageaIso incthbCa because

t he anobunt of the silanol group présent surfaces or in interior

of the particl esuét compositd Isianda Fine bbaaeinon1product|on resi due, such
as 25 Na[err]O S(err] , etc. During the dry process silica

production Step, it is daeo imagadnie fdneseoaderhased in théapréséntie, such
as alum num chloride or titanium

-19- chl Daverticwgeh@reficedabllye bei ki bydrbphobéct onebini view
conposite fine powder of silica with another netal oxide. Silica fine
powder herein naf engoronmentd stability.

For providing hydrophobic¢ inorganic fine

powder, it is possible to use known agent and method
10 for hydrophobization (hydrophobicity-imparting). The

hydrophobicity-imparting agent may preferably be a

silicone compound having an organosiloxane unit, such

as silicone 0il or silicone varnish, and silicone oil

is particularly preferred in view of the flowability
15 and chargeability of the resultant toner.

Examples of the silicone oil for treating the
inorganic fine powder used in the present invention
may include those represented by the following general
formula:

20 R R R
: R"_(.slio-)n—{Sio-)ﬁ-'s!;i-R"
I
wherein R is alkyl group having 1 - 3 carbon atoms; R'
is a silicone oil-modifying group, such as an alkyl
25 group, a halogen-modified alkyl group, a phenyl group
or a modified phenyl group; R" is an alkyl or alkoxy

group having 1 - 3 carbon toms; and m and n are



such conposite silica fine powder. 5 The inorganic fine powder

used in the present I nvention may preferably be a hydrophobic one in
vi‘ew of environnental stability. For providing

hydr ophobi ¢ i norganic fine powder, it is possible to use known agent
and nethod 10 for hydrophobi zati on (hydrophobicity-inparting). The
hydr ophobi city-i nparting agent may preferaBPy be a silicone conpound
havi ng an organosi |l oxane unit, such as silicone oil or silicone
varni sh, and silicone oil is particularly preferred in view of the

fl bilit 15 d chargeability of the_resultant toner.
Exgﬁglgslo¥ t he Eégb?é%ﬁy iy 4“ohﬁﬁﬁﬁﬁﬁ’ngEFﬁ@g&es %PﬁBFagnweyfine powder

used 11 the resenly dal'ehdiLny1 ag TRbre 814921193 Epb BREERE L £ BYpd

foll owi ng generé& Brein R

I s-al kyl group mﬁﬁjmhjméFékgggﬁéﬁ&a%ﬁﬁggiggeggliconﬁa%gla silicone

oi | - nodi fyi ng group, suc y roup, a 0gén-nodi fi ed al kyl

group, a phenyl &{%phenfrlgilqm Uﬂdaahe@xgogiaseea%iﬁcaﬂeaéﬁ/.' or

al koxy group having - 3 carbon tons; and mand n are

- 20- 5 I eSfifddd e/ it iXReet i veX akBinBlebN8EC8L 10BYne 0il

suitably used in the present invention.
The silicone 0il may preferably have a
viscosity at 25 ©C of 50 - 1,000 centi-stokes. Below
50 centi-stokes, the silicone oil is liable to cause
10 partial evaporation under heating to result in an
inferior chargeability. Above 1,000 centi-stokes
provides a difficulty in processing. The silicone oil
treatment may be performed in a known manner. For
example, the inorganic fine particles may be blended
15 with silicone oil in a blender, such as a Henschel
mixer; silicone oil may be sprayed into the inorganic
fine powder by using a sprayer; or a silicone oil
solution in a solvent may be blended with the
inorganic¢ fine powder. The treatment method need not
20 be restricted to the above.

* The silicone varnish used for treating the
inorganic fine powder may be known ones. Commercially
available examples thereof may include "KR-251", "KP-
112", etc., available from Shin-Etsu Silicone K.K.

35 The treatment with silicone varnish may be performed

in a known manner similarly as the silicone oil

treatment.



i nclude: dinethylsilicone oil, alkyl-nodified silicone oil,

a-net hyl styrene-nodified silicone oil, chl or ophenyl silicone oil and
fl'uorinated silicone oil. 5 These are not exhaustive exanples of silicone
oi | suitably used in the present invention. The
silicone oil may preferably have a viscosity at 25 [err]C of 50 -
1,000 centi-stokes. Bel ow 50 centi-stdkes, the silicone oil is liable
to cause 10 partial evaporation under heating to result in an

inferior chargeability. Above 1,000 centi-stokes provides a difficulty
I n processing. The S|I|cone oi | treatnment_ may be perfornmed in a known

manner . For
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silicone oi

I norganic fine podgglqg#ﬁ&'ﬁggép %gﬁéfﬁgﬁeae %# t%kgqgiﬁﬁﬁ tted to

t he above.

tnorgani ¢ fine powder nay be
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nown ones
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from Shin-Etsu Silicone K K 25 The treatnent with si
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treat nent.
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powder referred to herein is based on values measured
in the foliowing manner.

Into a tightly stoppable 200 ml-separating
funnel, 100 ml of deionized water and 0.1 g of a
sample powder are placed. After stopping, the funnel
is set in a shaker ("Turbla Shaker Mixer T2C") and
shaked at 90 rpm for 10 min. After the shaking, the
funnel is left standing still for 10 min. After
separation into an upper inorganic powder-containing
layer and a lower aqueous layer, 20 - 30 ml of the
lower aqueous layer is taken into a 10 mm-cell, and a
transmittance thereof is measured at a wavelength of
500 nm with reference to blank de-ionized water
containing no inorganic fine powder. The measured
transmittance is taken as a hydrophobicity of the
inorganic fine powder sample.

The hydrophobic inorganic fine powder
preferably used in the present invention may exhibit a
hydrophobicity of at least 60 %, preferably at least
90 %. At a hydrophobicity of below 60 %, it becomes

difficult to obtain high-quality images in a high-



A portion of such a silicon conpound having an organo-sil oxane unit
surface-treating the inorganic fine powder may be transferred onto
the electrostatic i mage- bearing nmenber to exhibit an effect of

cl eani ng 5 a powder substance, such as isolated polyolefin.

The hydrophobicity of the inorganic fine powder referred to herein is
based on val ues neasured in the fol |l cs@23g manner. Into
a tightly stoppable 200 m -separating 10 funnel, 100 m of deionized
water and 0.1 g of a sanpl e powder are placed. After stopping, the
funnel is set in a shaker ("Turbla Shaker M xer T2C') and

shaked at 90 rpriyBidiey gnvipenment Kues fomegstuge absorptipRebYi §heef t

standing still fpor 10 min._After (é; separation into an upper inorganic
powder - cont ai ni ny*erIanig € BT ower aqueous layer, 20 - 30 m of the

| ower aqueous | ayer is t i a_10 .mp.cell nd_a transm ttance
B e, T g gh hefip

thereof is neasured at a Wa f?@?erence to bl ank

de-i oni zed wat elpa -cfgglt‘ggﬁﬁopqﬂ,%%mtc itnhiv%gtggﬁd%& bZhe neasur ed

transmttance is taken as icrty of 't ganic fine

powder sanplg. measured, e.g.hedUHLHNANICHiNGOMIRRET . T @SmEQ&dfésin

preferably used in the present invention may exhibit a 25 ydrophobicity
of at |east 60 %aptiérsably ndy IRAMolded 19%0%a PeldekydyonbehyCchty of

bel ow 60 % it becomes difficult to obtain high-quality inages in a
hi gh- pelletizer as shown in Figure 4. Ca. 0.3 g of a
| sample 41 is placed in a pelletizing chamber 43.

Then, a pressing rod 42 is inserted into the

10 pelletizing chamber 43, and a pressure of 250 kg/cm2
(at a pressure gauge 44) is applied for 5 min. from an
oil-pressure pump to form a pellet having a diameter
of ca. 13 mm and a thickness of ca. 2 - 3 mm.

The thus-obtained pellet, after application

15 of an electroconductive agent onto upper and lower
surfaces, may be subjected to measurement of a
resistance value (R) under application of a voltage of
1000 volts in an environment of temperature of 23.5 °C
and a humidity of 65 %RH by using a resistance meter

20 (e.g., 16008A RESISTIVITY CELL" or "4329A HIGH
RESISTANCE METER", respectively available from
Hewlett-Packard Co.). From the measured resistance
value R (ohm), a volume resistivity # or Ry may be
calculated according to the following formula:

25 P (ohm.cm) = R (ohm) x S (cm?)/1 (cm),
wherein § is a sample sectional area and 1 is a sample

thickness or height.



-22- hum dity environnment due to noisture absorption by the

I norgani c fine powder. The volune resistivity of resin fine
particles used in the present invention nay be 5 neasured, e.g., in the
foll owi ng manner. Sanple resin particles 41 may be nolded into a
pellet by using a pelletizer as shown in Figure 4. Ca. 0.3 g of a
sanple 41 is placed in a pelletizing charfé 43. Then, a pressing rod
42 is inserted into the 10 pelletizing chanber 43, and a pressure of 250
kg/cnferr]. (at a pressure gauge 44) is applied for 5 min. froman

oi | -pressure punp to forfﬂé’ﬁééjE“ffka”ﬂgitlaih%nﬁﬁﬁgbsbpgpﬁgaeﬁepyéf mm and

a thickness of ca. 2 - after

I 15 | ower
ggff;gggtogay bgms%%Jectedf%éégégggﬁégnéﬁégﬁy%? %&§8n%g§§g?an e value (R
under applIcatlggpﬁéfﬁaaﬁéifmﬁafﬁs d colitivg, t51g51%Rﬂ%%¥éEQQHEEL of

tenperature of err] a hum dity of using a

resi stance net easefesif €fthe PHOANA dFEHVENY EYg@Ebb" t%néﬁ%igﬁ\ HI GH

RESI STANCE METER', respectively avail able from W ett-Packard Co.).
From t he meAsurpdintsostanckeast’ 80 A and @mhlnﬁrisangohu&embpanmw ty [err]
or Rlerr] may be cal cul ated according to the follow ng formula: 25
[err] (ohmcn) erre(ctrylyme (@himenomersl used) for prowitdingnaStosen sanpl e
sectional area and_1 is a sanple t hi ckness or hei ght.

binder resin, such a styrene, acrylic acid, acrylic
acid, methyl methacrylate, butyl acrylate, and 2-
ethyhexyl acrylate.

10 It is also possible to use a polymer
crosslinked with a crosslinking agent, such as
divinylbenzene. For the adjustment of volume
resistivity and triboelectric chargeability, it is
possible to surface-treat the resin fine particles

15 with, e.g., a metal, a metal oxide, a pigment or dye,
or a surfactant.

It is particularly preferred that the resin
fine particles comprise a styrene copolymer in a block
or random copolymer form containing at least 51 wt. %

20 of polymerized units of styrene or a substituted
styrerie. Such styrene-based resin fine particles have
a position in a triboelectric chargeability series
closer to that of styrene-acrylic resin or polyester
resin ordinarily used as toner binder resin, thus

25 being little liable to cause mutual charging with
toner particles or deteriorate the flowability. For

this reason, it is also preferred to use a styrene-



- 23- The resin fine particles may be produced by

emul si on pol ynerization or spray drying under an appropriately
adjusted condition. It is preferred to use resin fine particles
having a glass transition 5 point of at least 80 [err]C and conprising a
honopol yner or a copolymer of nonomers used for providing a toner

bi nder resin, such a styrene, acrylic aci-@4-acrylic acid, nethyl

nmet hacryl ate, butyl acrylate, and 2- et hyhexyl acrylate. 10

It is also possible to use a pol yner crosslinked with a crosslinking
agent, such as di vi nyl benzene. For the adjustnent of volune
resistivity andPa$edoessit 13T & HEARRFaPimoey, TREing possible to

surface-treat the resin f%rmaémuticles 15 vvith1 e.g., g netal, a neta
oxi de, a pignent or dye,lf the gtyreng monomer polymerized unit); g
particularly preferred that the resi fi.n articles rLse a
styrene copol yn%?n ) Jtﬂca)??g ’-'es“blfn’}n&na’éﬁ"&SS#y&Er (if‘sﬁmgggﬁtg ni ng at

I t 51 wt. %20 f I ' i1 f t]
[oost o1t 5600 3 ol BT AL s O SLUBSRCSE ednsbhELELIGES
Lriboel ectric chgynembidddts SRl Sha worstl 218kaba14ke, Sballiygens-acrylic

resin or polyester resin ordinarily used as toner binder resin, thus
25 being litt] emdgabing td CRFRIENENAiniRl dengiWy! Rrrequlbeney . particles

or deteriorate the flowability. For ‘this reason, it is also preferred
to use a styrene- The metal oxide particles may comprise, for

example: an oxide of magnesium, zinc¢, aluminum,
cobalt, zirconium, manganese, cerium or strontium; or

10 a composite metal oxide, such as calcium titanate,
magnesium titanate, strontium titanate, or barium
titanate. Among these, in view of abrasion
performance acting onto the electrostatic image-
bearing member and toner chargeability, it is most

15 preferred to use strontium titanate or cerium oxide.

The specific surface areas (Sgpp) of

inorganic fine powder, resin fine particles and metal
oxide particles referred to herein are based on values
measured by using a full-automatic adsorption

20 measurement apparatus {("AUTOSORB 1", available from
Yuasa Ionix K.K.) according to the BET multi-point
method using nitrogen as an adsorbate gas for a sample
subjected to evacuation at 50 °C for 10 hours as a
pretreatment.

25 The triboelectric chargeability including
polarity of the toner, the hydrophobic silica, resin

fine particles and metal oxide particles may for



- 24- based resin as a toner binder resin. If the
styrene nononer polynerized unit content in the resin fine particles
is less than 51 w. % the resultant toner is liable to exhibit strong
5 aggloneratability and worse flowability, leading to i mage white
dropout and inmage density irregularity. The netal oxide
particles may conprise, for exanpl e: =% oxi de of magnesi um zinc,

al um num cobalt, zirconium nmanganese, ceriumor strontium or 10 a
conposite netal oxide, such as calciumtitanate, magnesi umtitanate,
strontiumtitan r bariu titanate. Anong these, in view of

abr asj on pg%gngﬁngs ﬁggﬁﬁﬁtﬁ$t?yt?ﬁﬁﬁﬁeﬁnﬁﬂﬁﬁ%ﬁqﬂ9qeﬁﬁge- beari ng
menber and tone Lkt L.t S5 preferred . to use strontium
titanate or cer ftﬁ%ﬁg)%?gglﬂﬂb Enathing @%eem lﬁi'ecq%"ing Sy F4C8 é’roéé T( SBET)
of I nor ganpkarklige powder, resin fine particles and netal oxi de
particles referred to herein are based on val ues nmeasured by using a

full-autonatic adsorptiont 20 FRASKSEEREsRA At (HAULGSERB 1",
avai l abl e from Yuasa lonix K K.) according to the BET nulti-point

net hod usin§ ni pacgeclas eomposee s BMES doMponesd®cRaractexibiacted to
evacuation at 50 [err]C for 10 hours as a pretreatnment. 25

The triboel ectrb¥:chargeability including polarity of the toner, the
hydr ophobic silica, resin fine particles and netal oxide particles may
for (a) containing substantially no THF
(tetrahydrofuran)-insoluble content,
(b) containing a THF-soluble content giving a GPC
10 (gel-permeation chromatography) chromatogram showing a
main peak in a molecular weight region of 3x103 -
3x104, and a sub-peak or shoulder in a molecular
weight region of 1x105 - 3x105, and
- (c) having an acid value of at least 1 mgKOH/g.
15 It is further preferred that the polymer
components include a low-molecular weight polymer
component having molecular weights of below 5x104 on
the GPC chromatogram and an acid value Ay, and a
high-molecular weight polymer component having
20 molecular weights of at least 5x104 and an acid value
Ayy satisfying Ayp > Ayg.
It is further preferred that the acid value
Ayp of the low-molecular weight polymer component is
21 - 35 mgKOH/g, and the acid value Ayy of the high-
25 molecular weight polymer component is 0.5 - 11
mgKOH/g, giving a difference satisfying 10 £ (Ayp-Ayy)
< 27.



- 25- exanpl e be eval uated by using a two-conponent

triboel ectric charging systemby using an iron powder carrier.

It" is further preferred that the toner 5 particles conprise polyner
conmponents characterized by: (a) containing substantially
no THF (tetrahydrofuran)-insol uble content, _ (b) containing
a THF-sol ubl e content giving a GPC 10 (%ﬁﬂ-perneatlon.chronatpgraphy)
chr omat ogram showi ng a mai n peak in a nol ecul ar wei ght region of
3x10[err] - 3x10[err], and a sub- peak or shoul der in a nol ecul ar ;
wei ght region of 1x10[err ; 3x10[err], (c) having an aci
valge of at least 1 ngK s further Preferqqd|§?QQMQQﬁﬂPQ%%N¥ﬁred t hat

t he pol yner [o30) ents i ncl ude a | ow nol ecul ar. wei oly

conponent havinﬁoﬂﬁ?ggﬂgﬁrpﬁg ?sa?ﬁa 3%9! 1?1 IV @fGPC .
chr omat ogr am an acid r] and a hi gh- nol ecul ar wei ght
pol ymer conponeg?%ﬂgvgﬁ a¥g%8§%€§2%ular wei ghts of at |east 5x10[err] and
an acid val ue Alertl st bstdl Sl&fdd e%a%][n%r lthe THF-solup1e ' 1S
further preferred that the acid + ﬁ¥ ﬁﬁ 4 ﬁﬂ? Fow ol ecyl ar

wei ght pol yger g8ABPeReNbfi the olfﬁer ﬂgyggﬁg; fgyida@etyg @P?alue Alerr]
of the high- 25 nolecular melght pol ymer conponent I's 0. 1
chromatogram showing a minimum value in a molecular
weight region of at least 3x104 and below 1x10°.

The above-mentioned preferred conditions for

the toner polymer components will now be described in
10 further detail.

It is preferred that the toner polymer
components are substantially free from THF-insoluble
content. More specifically, the polymer components do
not contain more than 5 wt. %, preferably more than 3

15 wt. %, of a THF-insoluble content.

The "THF-insoluble content" referred to
herein means a polymer component (substantially, a
crosslinked polymer) which is insoluble in a solvent
THF (tetrahydrofuran) within a resin composition

20 constituting a toner, and thus may be used as a
paraméter indicating the éegree of crosslinking of a
resin composition containing a crosslinked component.
The THF-insocluble content may be defined as a value
measured in the following manner.

25 Ca. 0.5 - 1.0 g of a toner sample is weighed
(at W; g) and placed in a cylindrical filter paper

(e.g., "No. 86R" available from Toyc Roshi K.K.) and



ngKOH g, giving a difference satisfying 10 [err] (Alerr]-Aerr]) [err]
27 -26- '

) It is
further preferred that the polyner conponents provide an acid
val ue/total acid val ue ratio of at nost O0.7. It is
further preferred that the THF-sol uble 5 content of the pol yner
conponents provides the GPC chr omat eg7am showi ng a m ninumvalue in a
nmol ecul ar wei ght region of at |east 3x10[err] and bel ow 1x10[err].
The above-nentioned preferred conditions for t he toner pol yner
conponents wi Il now be described in 10 further detail, It

is preferred thathemesulingtedh tpnextractipgWohnt0ar 2Rt i ially free

fr THF- i | ubl tent. M ifically, th I , t
do " ot cont 3P HeRF ShaT 5 HCREUIRoPEEABF Y hor TRRAFLSTATEI Ny 0g
f THF- i | ub) t. he " s 1 I tent"

Ceforred to TRArelTOTShEOR SorHEP -conBEnent PABECOAFETEI Iy, o

cross! i nked pol yOprda g ed ¢ IWBROIdARA 12 ARLUE K1 ot YT

(tetrahydrofuran) wihin a resin composition constrtuting a toner, and

thus may be gsede@gpdration R A Yo1vadiCahtNEnbACHYCHALEuR ary A5 | nEi ng

of a resin conmposition containing a crosslinked conmponent. The
THFE-insol ubl e coaterdo My fur Givieied aBudsyabH@ weighd@apatew,, igy fhe

fol |l owi ng manner.

' The components other than the resin component, such as
a magnetic'material and pigment, are weighed or
determined (at W3 g). The THF-insoluple content (wt.

10 %) is calculated as {(wl-(w3+w2))/(w1-w3)] x 100.

A THF-insoluble content exceeding 5 wt. %
results in an inferior low-temperature fixability.

The THF-soluble content of the polymer
components in the toner composition according to the

15 present invention has a.main peak in a molecular
weight region of 3x103 - 3x104, preferably 5x103 -
2x104, and a sub-peak or shoulder in a molecular
weight region of 1x105 - 3x106, preferably leo5 -
1x106, respectively on a GPC (gel permeation

20 chromatography) chromatogram thereof.

In the toner of the present invention, it is
preferred that the THF-soluble polymer component
includes a polymer component having a molecular weight
of at least 106 showing an areal proportion of at

25 least 3 %, more preferably 3 - 10 %, on the above-
mentioned GPC chromatogram. By including the THF-

soluble component having a molecular weight of at



25 Ca. 0.5 - 1.0 g of a toner sanple is wei ghed (at Werr]

g) and placed in a cylindrical filter paper (e.g., "No. 86R"
avai l abl e from Toyo Roshi K K.) and

-27- t hen subjected to extraction with 100 - 200 m of sol vent
THF in a Soxhlet's extractor. The extraction Is perforned for 6 hours.
The sol ubl e cont ent extracted with thé8solvent is dried first by 5
evaporation of the solvent and then by vacuum dryi ng at 100 [err]C for
several hours, and weighed (at Werr] g). The conponents ot her than

wer ghed o JgRes ANCAR 2 prgefrticokref SRRt o ot Retes 10
% i | 'cul at . .- 4 - . 100.

A THE | nsol ubl o PSanete ae dapFRibthy! ShEllasisd e naditdndanit U0

| t t jh el I - 2 . f th
palymer - Comnens HRLFAE e Lon et MBSl 0 11
present inventiQﬁs@a%nﬁaﬁébntﬁéaﬁtbﬂag?”S%SE&&f%y undeﬁ“&ﬁﬁﬁdﬂégﬂfggdpf

3x10[err] - 3x10[err], preferably 5x10[err] - 2x10[err],

sub- peak or sshowidd®y temparagheeul ar wei ght region of 1x10[err] -
3x10[err], preferably 5x10[err] - 1x10[err], respectively on a GPC
(gel perneation 20 chr @het mglephyarchebolt o st itheticni .of polymer

In the toner of the present invention, it is preferred that the

THF- sol ubl e pol ¢REPOBERBENEAt toners described herein are based on
values measured by GPC (gel permeation chromatography)
under the following conditions.

10 [GPC measurement for polymer components in toner]
Apparatus: GPC-150C (available from Waters Co.)
Columns: 7 columns of KF801 - KF807 (all
available from Showdex K.K.)
Temperature: 40 °C
15 Solvent: THF (tetrahydrofuran)
Flow rate: 1.0 ml/min.
Sample concentration: 0.05 - 0.6 wt. %
Sample volume: 0.1 ml
The toner polymer components may preferably
20 have an acid value of at least 1 mgKOH/g, more
preferably af least 2 mgKOH/g. As a result, the toner can
exhibit a stable chargeability and good continuous
image forming characteristic for a long period.
o It is preferred that the low-molecular weight
25 polymer component has an acid value Ay, and the high-
molecular weight polymer component has an acid value

Ayy satisfying Ayy, > Ayy:; further preferably the acid



°

I ncl udes a pol ymer conponent having a nol ecul ar wei ght of at | east
10[err] show ng an areal proportion of at 25 least 3 % nore preferably 3

- 10 % on the above- menti oned GPC chromat ogram By including the
THF- sol ubl e conponent havi ng a nol ecul ar wei ght of at

- 28- | east 106 in a proportion of at least 3 % it becones _
possible to inprove the anti-offset charaeRgristic wi t hout i npairing
the |l owtenperature fixability and al so enhance the storage stability
under standing at a 5 hlgh tenperature The nol ecul ar

wei ght dlstrlbutlon of poly nponents in toners described herein

are based on  Valpg Yaxm ﬁ@é§9ﬁea°ﬂymeﬁ€F?b%¥ ﬁ@%ﬂ%ﬁl?Q#VQ#ﬁonatography)

under the follomn conditio neasurenent for poly
conponents in t&TEECR a2l %Appéga?‘%g’ o i%‘éc“(‘%vaa‘?’r%b‘f%hﬁ o%’w\at ers

g\c/)éi) | abl e fromcgh \rﬂi hég& ?Bﬂiu?far'(g%g%& ré‘%:ﬁ?’geéﬁf"f%?rﬁr& if5 0.5
Sampl e concent  at IlanHeACRAY: “Ghying o piekeflhid Sarrattfiie Mo |
e oqer oLy AomgeRt 0Imy preferadly 20, Egmg s a Tesul t the
toner can As a result of our study, it has been found
| that, in the toner resin composition including a low-
moleéular weight polymer component and a high-
molecular weight polymer component, if the respective

10 polymer components have the above-mentioned acid
values, it is effective to improve the low-temperature
fixability, anti-offset characteristic, prevention of
toner sticking onto the electrostatic image-bearing
member and developing performance.

15 The low-temperature fixability is governed by
the Tg and molecular weight distribution of the low-
molecular weight polymer component. If the low-
molecular weight polymer component contains an acid
component and the acid value thereof is larger than

20 that of the high-molecular weight polymer component by
10 mgKOH/g or larger, the resultant resin composition
can have a lower viscosity than a resin composition
‘having identical Tg and identical molecular weight
distribution but having an acid value falling outside

25 the above-mentioned ranges.

This is presumably for the following reason.

By setting the acid value (0.5 - 11 mgKOH/g)} of the



exhibit a stable chargeability and good conti nuous | mage form ng

characteristic for a |l ong period. It is preferred that the

| ow nol ecul ar wei ght 25 polymer conponent has an acid value Alerr], and

t he hi gh- nol ecul ar wei ght pol ynmer conponent has an aci d val ue

Alerr] satisfying Alerr] > Alerr]; further preferably the acid

- 29- value V[err] of the |ow nol ecgpbar wei ght pol yner

conponent is 21 - 35 ngKOH/ g, and the acid value Alerr] of the

hi gh- nol ecul ar wei ght pol yner component is 0.5 - 11 nmgKOH g, giving a
difference satisfying 10 [err] 5 (Alerr]-Alerr]) [err] 27.

As a result of owiglrinemhecultahaeighdn podyndr componhat tonbehkowend®y r esi n
conposition including a | ow nol ecul ar wei g ynmer conponent and a
hi gh- mol ezl %ﬁasﬂbl%tmqj@fvrﬁar’th@@mbﬁénpf ithet E@wm@b@@m% 10

pol ynmer conponents have the above-nentioned acid val ues, it is
effective to i npISLVERE ROITMES SATRORERte the entanghemenpy Ofnti - of f set

characteristic, prevention .of t oner i.ckin n | ec rostatlc
i mage- beari ng hole ?ﬁhﬁﬁa chgipsy eRﬁﬁw hﬁe??ﬂrngﬂge 9%5m°fe The

I t t f | t d I ht
di stributi orP of %e&f‘wt’fi’mes %ﬁ%ﬁ%&. sreebefsnd, BosdBhent. 11 "the
I I

cgﬁgonent agg ?ﬁ%kaC|d'v ‘ﬁﬂﬁéﬁgg’ S %”%BEsﬁﬁﬂéﬁteslaﬁeﬁctﬂe

viscosity at low temperatures and maintain the
elasticity at high temperatures. These factors lead
to an enhanced low-temperature fixability and an

10 improved developing performance in a high-speed
machine.

On the other hand, if the acid value
difference exceeds 27 mgKOH/g, the miscibility between
the low- and high-molecular weight components is

15 liable to be impaired, thus resulting in lower anti-
offset characteristic and developing performance in
continuous image formation.

Further, in case where the low-molecular
weight polymer component has an acid value of at least

20 21 mgKOH/g, the quick chargeability can be improved.
Oon tﬂé other hand, if thé'acid value of the low-
molecular weight polymer component exceeds 35 mgKOH/g,
the developing performance in a high humidity
environment is liable to be lowered.

25 In case where the high-molecular weight
polymer component has an acid value below 0.5 mgKOH/g,

the miscibility thereof with the low-molecular weight



20 that of the high-nolecular weight polynmer conponent by 10
ngKOH/ g or larger, the resultant resin conposition can have a | ower
vi.scosity than a resin conposition having identical Tg and identical
nmol ecul ar wei ght di stribution but having an acid value falling
outside 25 the above-nentioned ranges. This is presumably
for the foll ow ng reason. By setting 43w acid value (0.5 - 11 ngKOH Q)
of the - 30- hi gh- nol ecul ar
wei ght - pol yner conponent to be | ower by at | east 10 ngKOH g than that
of the | ow nol ecul ar wei ght pol yner conponent, the entangl enent of

mol ecul ar chai nspbdymeencohpohent GMEwingﬂannﬂaaﬂnwaiuesOﬁeﬂéht 88l yrer
conponents is suppressed to sone extent, so that it beconmes possible
to | ower the mgHPE/a3i canabe| tmpaired: e deing r%élaﬁ’tl&l ﬁot REOvVide
elasticity at high tenperatures. These factors | ead enhanced

| oWt enper at ure ﬁPx&BﬁPFF?raﬂEV9h°PHE9 ??ﬁﬁ%ﬂ@ﬂ“ﬁbvaqﬁﬁﬂﬁ@ Bé Formance in a

hi gh- speed ga g; On the other hand, if the acid val ue
di fference exceedd?® enﬁRCFFﬁsetﬁggniscibiIity bet ween the | ow and

ooui (ing 1 nSl over ant - 88 BeTyhd compondtiied e, Her Ay nabl
performance in rars60BY QUQUSCATROPLSAI™H value of at most BurLher. in

case where the | ownol e
more preferably 0.4 - 0.6. If the ratio of acid

value/total acid value exceeds 0.7, the balance in
toner chargeability (i.e., balance between
10 triboelectric charge and discharge) favors an enhanced
charge, thus being liable to cause a lower charging
stability.
It is preferred that the polymer components
(more specifically, THF-soluble content thereof)
15 provide a GPC chromatogram showing a minimum in a
ﬁolecular weight region of from 3x104 to below 1x105.
In order to provide a combination of low-temperature
fixability and high-temperature anti-offset
characteristic, it is preferred that the low-molecular
20 weight polymer component and the high-molecular weight
polyﬁer component form séparate molecular weight
distributions. |
In the polymer components of the toner, it is
preferred that the low- and high-molecular weight
25 polymer components are blended in Wy and Wy wt. parts,
respectively, satisfying a ratio Wp:Wy = 50:50 -

80:10. This is because a ratio of the low- and high-



wei ght pol ynmer conponent has an acid value of at |east 20 21 nmgKOH g,
the quick chargeability can be inproved. On the other hand, if the
acid value of the | ow nol ecul ar wei ght pol ynmer conponent exceeds 35
nmgKOH/ g, t he devel opi ng performance in a high humdity

environment is liable to be Iowered. 25 In case where the

hi gh- nol ecul ar wei ght pol ymer conporgat has an acid value below 0.5
ngKOH g, the mscibility thereof with the | ow nol ecul ar wei ght

- 31- pol ymer conponent (having an acid value of 21 - 35

ngKOH g) can be inpaired, thus being liable to provide an inferior
devel opi ng per f ceoderadl amp awegdight! polymer compapeptsooutigidef the range

The pol ynmer conponents may preferably have a rati o of _acid, val ue/total
aci d val ue of atismkialpley to provigie: inferdezpfjxgbility and) anthe ratio of
aci d val ue/total acid val ue exceeds 0.7, the _bal ance i t oner
chargeability (io%Eseh fharacismindds- 1U°rﬁrFBS@F@&FP?&Ychégget%%d

di schar ge) favorf an hanced . ht chqr e, thus beigg.li g#e to,cause a
| ower charging +O¥ MefH4q% yre1gnt polymer comppngg p?@fﬁ &4 ?%aY t he

POl ITer COMRONENES she £1 I8 SPAY Hiillet. THE $ALUBLRaEORARR! {Fer eof)

15 provide a romat ogram show n ni mum nol ecul ar wei ght

region of from 3Olfdr-dd R WeliPrd tbhiymer component is below

10 wt. %, the high-temperature anti-offset
characteristic is lowered.
Further, it is preferred that the mixing
10 amounts and the acid values satisfy the following
relationships:
Ayp, X W/ (Wp+Wy) 2 Ayy x (Wy/(Wp+Wg)) x 4
11 g (Ayp Wy +AygWy) /(WL +Wy) < 30.
This is for the following reasons. Non-satisfaction
15 of the upper formula means Ay x Wp/(Wp+Wg) < Ayy x
(Wy/(Wp+Wyg)) x 4. Thus, the acid value of the low-
molecular weight component in the resin composition is
below 4 times the acid value of the high-molecular
weight component in the resin composition, whereby the
20 miscibility between the low-molecular weight component
and éhe high-molecular wéight component is enhanced,
so that it becomes difficult to separately exhibit the
low viscosity at the low-temperature side and the high
viscosity at the high-temperature side.
25 Further, in case where (AypWp+AyyWy)/ (W +Wy)
is below 11, the quick chargeability can be impaired.

On the other hand, in exceeds of 30, the developing



In order to provide a conbination of |owtenperature fixability and

hi gh-tenperature anti-of fset characteristic, it is preferred that the
| ow nol ecul ar 20 wei ght pol ymer conponent and the hi gh-nol ecul ar wei ght
pol ymer conponent form separate nol ecul ar wei ght di stributions.

In the polymer conponents of the toner, it is preferred that the | ow
and hi gh-nol ecul ar weight 25 polynmer corpdnents are blended in W and WH
wt. parts, respectively, satisfying a ratio W.: WH = 50:50 -

90: 10. This is because a ratio of the | ow and high-

- 32- nmol ecul ar wei ght pol ymer conponents outside the range i's
liable to provi @erfpr@anee inpxabhigkyhemudiby jenvironmenitsds éﬁé%éGteristic.
More specifically, if_the | ow nol ecul ar wei ght pol ymer conponent is

bel ow 50 wt. 5%t & tRWeredapility is |owered. On the other hand, if
t he hi gh-nol ecul ar wei gh olypmer ¢ on I s bel o O w. % the
high-{gnperature anti[gfkggta 13 Va@ﬂ%?a@%iﬁzéﬁﬁQ:W4§QQ$M9Fe ow= and
Further, it i A t L X] th id I
D b 1o BSGhERERRch S} (hFaRL X 0ivndd colL I ' SoRc! val e

err]/ eer]+ r r r .
\1/\[1 [e]rr](V\EAFe]rr}é&?%Hr g,[é\ ér%‘f%g{lrﬁ%(%gé]dmglﬁ%é Eh\ga%]ﬁfr%g) ih the Thi s
is for the foll ¢arigwiBaSRRAAneNON-satisfaction 15 of the upper fornula
means Alerr] x Werr]/(Werr]+Werr]) < Alerr] x

Collection of the respective components

[Apparatus-organization]
LC-908 (mfd. by Nippon Bunseki Kogyo K.K.)
16 JRS-86 (do.; repeat injector)
JAR-2 (do.; auto-sampler)
FC-201 (mfd. by Gilson Corp.; fraction collector)
[Column organization]
JAIGEL - 1H to 5H (20 mm-dia. x 600 mm-L,
15 fraction-collection.column)
[Measurement conditions]
Temperature: 40 °C,
Solvent: THF,
Flow rate: 5 ml/min.,
20 Detector: R.I.
) A sample toner iéipreliminarily subjected to
separation of additives other than polymer components.
For the fraction collection, an elusion time
corresponding to a molecular weight of 5x104 is
25 measured in advance, and a low-molecular weight
polymer component and a high-molecular weight polymer

component are recovered before and after the elution



(WH (W+WH) ) x
conponent int
t‘he hi gh-nol ec

4. Thus, the acid value of the |ow nol ecul ar wei ght
he resin conposition is below 4 tines the acid val ue of
ul ar wei ght conponent in the resin conposition, whereby

the 20 mscibility between the | ow nol ecul ar wei ght conponent and
t he hi gh-nol ecul ar wei ght conponent is enhanced, so that it becones

difficult to separately exhibit the ~-34-ow viscosity at the

| owt enperature side and the high viscosity at the high-tenperature
side. 25 Further, in case where

(Aferr]Werr]+Alerr]Werr])/ (Werr]+Werr]) I's below 11, the quick

chargeability
t he devel opin

The aci d val ue
pol ymer conpon
measured in th
conponent s

Bunseki Kogyo

(do.; auto-sanpler)

col | ector)
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25

timeperpspartively. Theyselrens: Hey nemayed fropcdd@s of 30,
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2) The sample is placed in a 20 cc-Erlenmeyer
flask, and 10 cc of a toluene/ethanol (= 2/1) mixture
is added thereto to dissolve the sample.

3) Several drops of phenolphthalein alcohol
solution are added as an indicator.

4} The solution in the flask is titrated with a
0.1 normal-KOH alcohol solution added through a buret.
The volume of the KOH solution used for the titration
is read at S (ml).

Separately, a blank titration is performed to
read the KOH solution at this time at B (ml).

5} The acid value (Ay) is calculated by the
following equation.

Acid value (Ay) = (S-B) x £ x 5.61/W, wherein

f denotes the factor of the KOH solution.

Measurement of total acid value (TAy)
1) Ca. 2 g of a sample is accurately weighed at
W' (g).

2) The sample is placed in a 200 cc-Erlenmeyer

I ght

val ues

ective

Ni ppon
JAR- 2

flask, and 30 cc of 1,4-dioxane, 10 cc of pyridine and

20 mg of 4-dimethylaminopyrimidine are added thereto.



g

JAIGEL - 1H to 5H (20 nmdia. x 600 nmL, 15 fraction-collection

col umm) [ Measur enent condi tions] Tenperature: 40 [err]C,

Sol vent: THF, Flowrate: 5 m/mn., 20 Detector: R I.

A sanple toner is prelimnarily subjected to separation of additives

ot her than pol ynmer conponents. For the fraction collection, an

elusion tine corresponding to a nol egglar wei ght of 5x104 is 25

measured in advance, and a | ow nol ecul ar wei ght pol ymer conponent and

a hi gh-nol ecul ar wei ght pol yner conponent are recovered before and

after the elution - 34- tine,

respectively. The sdlent3.i5 ccemfvddibnbredheater is emddent cchr(d rdet i onat ed)

sanpl es to provide sanpl es for acid value neasurenent in the foll ow ng

manner s. vEenheateds gefiuxedyipyes(hpurs]and Jtlemctepledue) 5

1) 0.1 - 0.2 gof a sagple in a pul verized form _is accurately

wei ghed at W(g). %) everpl drpessafpphenalppihalein aloghqlc- Erl ennmeyer

flask, and 10 cc qf .a toluene/%tganol S:,leé m xture is added thereto
1gn afg added g angipdica

to di ssol ve the & tQF ops of phenol pht hal ein
T or o 1 ncne o) B BB S e s rvrandd wielS
0.1 normal-KOH solution in THF added through a buret.
The volume of the KOH solution used for the titration
is read at S' (ml).
Separately, a blank titration is performed to
10 read the KOH solution at this time at B' (ml).
6) The total acid value (TAy) is calculated by
the following equation.

Total acid value (TAy) = (§'-B') x f' x

5.61/W', wherein f' denotes the factor of the KOH
15 solution.

The above-mentioned KOH solution in THF may
be prepared by dissolving 6.6 g of KOH in 20 cc of
deionized water and adding 720 cc of THF
{tetrahydrofuran) and 100 cc of deionized water,

20 followed by addition of methanol until the system
becomes transparent. )

Examples of the monomer (carboxyl group-
containing monomer) used for adjusting the acid values
of the polymer components may include: acrylic acid

25 and a- or B-alkyl derivatives, such as acrylic acid,

methacrylic acid, a-ethylacrylic acid, and crotonic

acid; and unsaturated dicarboxylic acids, such as



0.1 normal - KOH al cohol solution added through a buret. The vol une of
the KOH solution used for the titration 15 Is read at S (m). .
Separately, a blank titration is performed to read the KOH sol ution
at this tine at B (m). 5) The acid value (Alerr]) is
cal cul ated by the foll ow ng equation. 20 Acid val ue
(Alerr]) = (SB) xf x 5.61/W wherein -36- denotes the factor of the
KCH sol uti on. Measurenent of total acid value (TAlerr]) 1)
Ca. 2 g of a sanple is accurately wei ghed at W (g). 25 2)

The sanple is placed in a 200 cc-Erl enneyer flask, and 30 cc of

1, 4- di oxane, 10 famayigadidl nemadedc acid 2a@dngittadedioesbyamandpyri m di ne
are added thereto. - 35-

3) 3.5 cc of deansieskendenivatiyesedhexedf heDesiredcpalenerssmapef | uxed
for 4 hours and then cool ed. 4) Several drops of

phenol pht hal ei n 28 &imﬂhesued & mlaﬁleaﬂélaadébeag BANPRErsatbone op

5 The solution in the flask.is titrated w 0.1 normal - KOH
sz)l ution in THF ’éﬁcfgd‘?‘}ﬁeuué’rf 2% b&ogplymerzza?p,gnveﬁuﬁgeﬁg PRBOREFE sol uti on

d tely,
;SgﬁaaﬁrtfP?Etléﬂqﬁgqgg} orneéaF&%aloimopgagH%%ﬁ kS §§IB?FBhC%}afﬁ?;atin%

at B (m). preferred to use mono-ester derivatives of unsaturated
dicarboxylic acids in order to control the ratio of
acid value/total acid wvalue.
Preferred examples of the acidic or carboxyl

10 group~containing monomer may include: monoesters of
a;B-unsaturated dicarboxylic acids, such as monomethyl
maleate, monoethyl maleate, monobutyl maleate,
monooctyl maleate, monoallyl maleate, monophenyl
maleate, monomethyl fumarate, monoethyl fumarate,

15 monobutyl fumarate and monophenyl fumarate; monoesters
of alkenyldicarboxylic acids, such as monobutyl n-
butenylsuccinate, monomethyl n-octenylsuccinate,
monoethyl n-butenylmalonate, monomethyl n-
dodecenylglutarate, and monobutyl n-butenyladipate:

20 and monoesters of aromatic dicarboxylic acids, such as
monoﬁbthyl phthalate, moﬂbethyl phthalate and
monobutyl phthalate.

The above-mentioned carboxyl group-containing
monomer may preferably constitute 1 - 20 wt. %,

25 particularly 3 - 15 wt. %, of the total monomers
providing a polymer component of the binder resin.

A dicarboxylic acid monoester is preferred in



6) The total acid value (TAlerr]) is calcul ated by the foll ow ng
equati on. Total acid value (TA[err]) = (S -B') x f' x

561/ W, wherein f' denotes the factor of the KOH 15 sol ution.

The above-nentioned KCOH sol ution in THF may be prepared by dissol ving
6.6 g of KOHin 20 cc of dei oni zed water and adding 720 cc of THF
(tetrahydrofuran) and 100 cc of deionized-3&ter, 20 foll owed by addition
of nethanol until the system beconmes transparent.

Exanpl es of the nmononer (carboxyl group- cont ai ni ng nononer) used for
adj usting the acid val ues of the polynmer conponents may include:
acrylic acid 2prepamationopf|arpdlymey| component \idx an agneishcrylic acid,
met hacrylic acid, a-ethylacrylic acid, and crotonic aci d;. and

unsat ur at ed dlcaﬁﬁéﬂw h@cagsesacsecﬁoasmer having a high solubility

- 36- fumaric acid, naleic acid and C|tracon|c ac d an
nmono- est er der|QQtPﬁe?qFRQPéoF“SE%§§?%H BRI LS RRE SVHiﬁgﬁlzed

by pol ynerizing t ese nogoners al one_o

copol yrer i zat i off% o4, Ao ARPET sgiub?lxﬂwlo{]%gé%%%&% r‘“PyArmng t hese,
it is partlgula ﬁﬁgeggﬁgbp§?5§hgggaéglgﬁe nono- ester derivatives of

unsat ur at ed aci order to control the ratio of

acid value/total acid valy@ carboxylic acid SF&LFTaks SXABUES Ofadilte

aci dic or carboxyl
ester cite can be subjected to saponification by an

alkaline treatment. It is also preferred to convert
the carboxylic acid group and the carboxylic acid

1b ester cite into a polar function#l group by reaction
with an alkaline cationic component. This is because,
even if a carboxylic group potentially capable of
reacting with a metal-containing organic compound is
contained in a polymer component, the crosslinking

15 efficiency thereof is lowered, if the carboxylic acid
group is in the form of an anhydride, i.e., cyclized.

The alkaline treatment may be performed by

adding an alkali into the solvent medium after the
preparation of the binder resin. Examples of the

20 alkali may include: hydroxides of alkaline metal or
alkaline earth metals, suéh as Na, K, Ca, Li, Mg and
Ba; hydroxides of transition metals such as.Zn, Ag, Pb
and Ni; and ammonium hydroxide, alkylammonium
hydroxides, such as pyridinium hydroxide.

25 Particularly preferred examples may include NaOH and
KOH.

The above-mentioned saponification need not



10  group-contai ning nmononer may include: nonoesters of

[err]-unsaturated dicarboxylic acids, such as nononet hyl mal eat e,
nonoet hyl mal eat e, nonobutyl nal eate, nonooctyl mal eate, nonoallyl

mal eat e, nonophenyl mal eat e, nononet hyl fumarate, nonoethyl funarate,
fumar at e and nonophenyl fumarate; nonoesters of

15 nonobutyl

al kenyl di carboxylic acids, such as nonobutg8-n- but enyl succi nat e,

nononet hyl n-oct enyl succi nate, nonoet hyl n-but enyl mal onat e,

nmononet hyl n-

dodecenyl gl ut arat e, and nonobutyl n-butenyl adi pat e;
and nonoesters of aromatic di carboxylic acids, such as nmononet hyl

pht hal at e, nonodehffisctied] atishamdspect tonablit he pearkexykic acid

The above-nenti oned carboxyl group-containin nononer n%%épreferably
Al

constitute 1 - ZFamp apd cazbogylircafiprycite af the cpreiyn

nononer s

provi di ng a pol yner conponent of the binder resin, .
A di car boxylic éciﬁi’rﬁor?ﬁeé"g’@r °P§bBF¥EEFrQH°?HS can be 'saponified into

- 37- pr epar at.i on of ol.ymer _conponent in an aqueous medi um
%ggﬁﬁéhg§8P8bility in an aqueous suspensi on

redium s ngt suitable bincAlyears $55EnD RGN fe CUEIof HePIHd Wedd

oxylic

because acid norfomHadi

preferred in

5

suspensit on po zat1 o e car

acid group and cgf hoX\ircandClo® 0.02 ©S5Chqhib&163Fs PEo Stk B4 L8l dlue

saponi fication by an

10

15

20

25

of the binder resin. Below 0.02 equivalent, the
saponification is liable to be insufficient to provide
insufficient polar functional groups, thus being
liable to cause insufficient crosslinking thereafter.
On the other hand, in excess of 5 equivalents, the
functional group, such as the carboxylic ester cite,
can receive adverse effects, such as hydrolysis and
salt formation.

I1f the alkalline treatment in an amount of
0.02 - 5 equivalents to the acid value is effected,
the remaining cation concentration may be within the
range of 5 - 1000 ppm.

The toner composition may preferably have a
glass transition temperature (Tg) of 50 - 70 Oc, more
prefe}ably 55 - 65 °C in view of the storability. If
Tg is below 50 °C, the deterioration in a high
temperature environment and offset at the time of
fixation of the toner may be caused. If Tg is above
70 ©C, the fixability is liable to be lowered.

The low-molecular weight polymer component

and the high-molecular weight polymer component may

20



al kaline treatnent. It is also preferred to convert t he carboxylic
acid group and the carboxylic acid 10 ester cite into a polar functional

group by reaction with an al kaline cationic conponent. This is
because, even if a carboxylic group potentially capabl e of

reacting with a netal -containing organic conmpound is contained in a
pol ymer conponent, the crosslinking 15 ef$iciency thereof is lowered, if
t he carboxylic acid group is in the formof an anhydride, i.e.,
cyclized. The al kaline treatnment may be performed by

adding an alkali into the solvent nediumafter the preparation of the
bi nder resin. Epaeflerebdy hawe 20; andaTdynexesprdtideelhy dratyisdas ngf

al kal i ne nmetal or al kalipge earth netals, such as Na, K Ca, Li, My
and Ba: hy&roxi 9a of 5t (aR3iti bA fesalef Tamh alan - &y, WS and

Ni ; and ammoni urg hydroxi de, al kyl amoni uny . hydr oxi des uch as
pyri di ni um hydr gﬁ"ég."mﬂg bPﬁFP%@ﬁPﬁ?I &sgib?‘léjr? e@&%ﬁ[ﬂ“&f% iI9¢ dde NaOH
and ment i oned saponification need not

KOH. - -
- 38- be g@ﬁééﬁeguﬁFpﬁrr§2§£§$9¥§'aII t he carboxylic acid gr oup
d b lei [ f b f
oot e S cune. an'be T2 B4 BARE PSR oo tor condpllld LISy

carboxylic groups can be saponified

The al kal i for € +$aPeBhkiCRblyOBe "BYt &EnsE Cthrough VhAAOUNt Of 0.02 - 5
equi val ents to the acid val ue

processes, inclusive of: a solution blend process
wherein a high~molecular weight polymer and a low-
molecular weight polymer produced separately are

10 blended in solution, followed by removal of the
solvent; a dry blend process wherein the high- and
low-molecular weight polymers are melt-kneaded by
means of, e.g., an extruder; and a two-step
polymerization process wherein a low-molecular weight

15 polymer prepared, e.g., by solution polymerization is
dissolved in a monomer constituting a high-molecular
weight polymer, and the resultant solution is
subjected to suspension polymerization, followed by
washing with water and drying to obtain a binder

20 resin, However, the dry blend process leaves a
probl%m regarding the uni}orm dispersion and mutual
solubilities, and the two-step polymerization process
makes it difficult to increase the low-molecular
weight component in excess of the high-molecular

25 weight component while it is advantageous in providing
a uniform dispersion. Further, the two-step

polymerization process providing a difficulty that, in



of the binder resin. Below 0.02 equivalent, the saponification is

| iable to be insufficient to provide I nsuf ficient polar functional
groups, thus being 10 | iable to cause insufficient crosslinking

t hereafter. On the other hand, in excess of 5 equivalents, the
functional group, such as the carboxylic ester cite, can receive
adverse effects, such as hydrolysis and -40-salt formation. 15

If the alkalline treatnment in an anmount of 0.02 - 5 equivalents to
the acid value is effected, the remai ning cation concentrati on may be
wi thin the range of 5 - 1000 ppm The toner

conposi ti on nay PrePaessngeh ofc aglowomogequiar reetght apolwmeper ature (Tg) of
50 - 70 [err]C, nore preferably 55 - 65 [err]C in view of the
storability. |f Component,; étbéﬁoﬁlgélfewz]to foem gan cadenuately i kighi gh

t enperature envir t _and .offset at th fixation of the
togr may be caﬂ?g rllarTQ'ellg §b89@p°‘2§n%76n$e?‘?]‘Em?‘F%s??%b}r‘?"f‘ty i's

comporent | MR o st S BB LR e
:I'S?;arr] [err {ﬁ&?ﬂ?g@\rfe %g[ ?%i%gggﬂogﬂgﬁ?eér?éééﬁ’_ Céelr r‘fgé’ ’sat b !N
devel opi ng perf@dmmé 3ol itRB! Bregeh® hﬁ%ﬁ@ﬁoﬂg[ﬁ&r&r&@f "do Tolerr)
is further preferred.

introduce a prescribed acid value into the low-

molecular weight polymer component, the solution

polymerization method allowing easy setting of acid

10 value is preferred than the polymerization method in
an aqueous medium.

The high-molecular weight component in the
binder resin composition used in the present invention
may be produced by solution polymerization, emulsion

15 polymerization or suspension polymerization.

In the emulsion polymerization process, a
monomer almost insoluble in water is dispersed as
minute particles in an agueous phase with the aid of
an emulsifier and is polymerized by using a water-

20 soluble polymerization initiator. According to this
method, the control of the reaction temperature is
easy, and the termination reaction velocity is small
because the polymerization phase (an o0il phase of the
vinyl monomer possibly containing a polymer therein)

25 constitute a separate phase from the agqueous phase.

As a result, the polymerization velocity becomes large

and a polymer having a high polymerization degree can



5 The bi nder resin (polynmer conponent m xture) of the
toner may be obtai ned through various processes, inclusive of: a

sol ution bl end process wherein a hi gh-nol ecul ar wei ght polynmer and a
| ow nol ecul ar wei ght pol ymer produced separately are 10 blended in
solution, followed by renoval of the solvent; a dry blend process
wherein the high- and | ow- nol ecul ar -ygeight pol yners are nelt-kneaded
by means of, e.g., an extruder; and a two-step pol ymeri zati on
process wherein a | ow nol ecul ar weight 15 polynmer prepared, e.g., by

sol ution pol ynmerization is di ssolved in a nononmer constituting a

hi gh- ol ecul ar  be prepamgid epslijyer, Fanthehe theupohynesigatian is

subj ected to suspension polymerization, followed by washing with

wat er and dryi nprasess disn relitively stmpleesthe polyparizatinn dry bl end
process | eaves a roblen1re8ard|ng t he uni form di spersi on and nut ual

solubilities, aRFadwch i obdpipefyhrfine BATHIGLeSs and addididses ¢

The i gh. nf)f)etﬂféfcase 2 'ﬁ#ﬁf@%ﬁﬁ%@ﬁ?%.?@nﬁg 8 e
o yirer | at fon e st HiBncleR 835 28 £pH EOREe fASaddfial °P

0hs ditriculs TSR Ol e AULABACEHL e "ER0ML NNy ueeq HUITION
and an unnecess3ypbduion of a toner binder resin.

In the emulsion polymerization, however, the
emulsifier added is liéble to be incorporated as an

10 impurity in the polymer produced, and it is necessary
to effect a post-treatment such as salt-precipitation
in order to recover the product polymer at a high
purity. The suspension polymerization is more
convenient in this respect.

15 The suspension polymerization may preferably
be performed by using at most 100 wt. parts,
preferably 10 - 90 wt. parts, of a monomer (mixture)
per 100 wt. parts of water or an aqueous medium. The
dispersing agent may include polyvinyl alcohol,

20 partially saponified form of polyvinyl alcohol, and
calcihm phosphate, and mé} preferably be used in an
amount of 0.05 - 1 wt. part per 100 wt. parts of the
aqueous medium. The polymerization temperature may
suitably be in the range of 50 - 95 °C and selected

25 depending on the polymerization initiator used and the
objective polymer.

The high-molecular weight polymer component



nol ecul ar wei ght conponent is by-produced. 5 Accordingly, the solution

bl end process is nost suitable in the present invention. In order to

i ntroduce a prescribed acid value into the | ow nol ecul ar wei ght

pol ymer conponent, the sol ution pol ymeri zati on nmethod all ow ng easy
setting of acid 10 value is preferred than the polynerization nethod in
an aqueous nedi um The hi gh-#a®+ecul ar wei ght conponent in the
bi nder resin conposition used in the present invention may be produced
by solution polynerization, ermulsion 15 polynerization or suspension

pol yneri zati on. In the enul sion polynerization process, a
nononer al nost ilmsdihgbiresin wompesisianspayspraeferably hepredweddiidtes in
an aqueous phase with the aid of an enulsifier and is polynerized by
using a water- Uh® RIGIsgmce ﬁ@l?ﬁ?PFX5PPSﬁlPﬂ§%iB?B¥mer¥£€5fﬂ?ng to this

met hod, the control .of the_reaction te rat easy, and the
OB y

termnation read®idiarT AP OTsAR FO 1nagr§_}§3h§‘éﬂl}hg pol yneri zati on

h il ph f th ' . ; ' | I
Pherciny 25  CoRRGaucripney, pofyReri FRE2PR, RPREREY (28! Shihgeaced ol L TP

result, thegpol M{?ﬁéﬁﬁ} 1% vel ocity becones |arge and a pol ynmer having
a high polynmeri zation degree can . .
-41- be prepared gpddificrekbhdiest B¢ BALYPBLYEZahLOfonal

polymerization initiator may include: polyfunctional
polymerization initiators having at least two
functional groups having a polymerization-initiating
- 10 function, such as peroxide groups, per molecule,
inclusive of 1,1l-di-t-butylperoxy-3,3,5-trimethyl-
cyclohexane, 1,3-bis-(t-butylperoxyisopropyl)benzene,
2,5-dimethyl-2,5-(t-butylperoxy)hexane, 2,5-dimethyl-
2,5-di-(t-butylperoxy)hexine-3, tris(t-butylperoxy)-
15 triazine, 1,1-di-t-butylperoxycyclohexane, 2,2-di-t-
butylperoxybutane, 4,4-di-t-butylpercxyvaleric acid
n-butyl ester, di-t-butylperoxyhexahydroterephthalate,
di-t~-butylperoxyazelate, di-t-butylperoxytrimethyl-
adipate, 2,2-bis-(4,4-di-t-butylperoxycyclohexyl)-

20 propane, 2,2-t-butylperoxyoctane and various polymer
oxidé%; and polyfunctionéi polymerization initiators
'having both a polymerization—initiafing functional
group, such as peroxide group, and a polymerizable
unsaturation group in one molecule, such as diallyl-

25 peroxydicarbonate, t-butylperoxymaleic acid, t-
butylperoxyallylcarbonate, and t-butylperoxyiso-

propylfumarate.



process is relatively sinple, the polynerization product is obtained

in fine particles, and additives such as a colorant, a charge control
agent and others 5 can be bl ended easily for toner production.

Therefore, this method can be advantageously used for production of a
toner binder resin. In the enul sion polynerization, however,
t he emul sifier added is liable to be_jficorporated as an 10 I mpurity
in the pol yner produced, and it is necessary to effect a
post-treatnment such as salt-precipitation in order to recover the
product polyner at a high purity. The suspension polynerization is
more conveni ent i n fhoagrthese] .patbicularly prefErresl exanples

pol ymeri zati on may preferably be perforned by using at nost 100 wt.
parts, pr @ar dpcyude: - 190-di -t phmtyl pexfoxy nbiibrfert rimethwle) per
100 wt. parts of water or an aqueous nmedi um The di spersing agent nmay
i ncl ude pol yvi ng¥vcaebgrgne., }ol-dpzkrbatylrergwrcyglaher@ng. ofigdiyvi nyl

al cohol , and calciun1ghosghate, and may preferably be used in an
anount of 0. 05 butvjperpxyhexahvdpeterephthalatg, (Het-butylperodys nedi um

Th I kzati t . i tably be i h f 50 -
05 [orr]C aRd sBREIPER. 352 bRel BT A TP RSN AR LA 1 ator used
and the O%#%%Eh&? Bﬁhyggﬁutylperoxyal1y1ca£ﬁ354¥éﬁhnDleCUlar wei ght

pol ynmer comnpone -42-
These polyfunctional polymerization

initiators may preferably be used in combination with
a monofunctional polymerization initiator, preferably

10 one having a 10 hour-halflife temperature (a
temperature providing a halflife of 10 hours by
decomposition thereof) which is lowéer than that of the
polyfunctional polymerization initiator, so as to
provide a toner binder resin satisfying various

15 requirements in combination.

Examples of the monofunctional polymerization
initiator may include: organic peroxides, such as
benzoyl peroxide, 1,1-di(t-butylperoxy)-3,3,5-
trimethylcyclohexane, n-butyl-4,4-di(t-butylperoxy)-

20 valerate, dicumyl peroxide, a,a'-bis(t-butylperoxy-
diisoﬁropyl)benzene, t-buéylperoxycumene and di-t-
butyl peroxide; and azo and diazo compounds, such as
azobisisobutyronitrile, and diazoaminoazobenzene.

The monofunctional polymerization initiator

25 can be added to the monomer simultaneously with the
above-mentioned polyfunctional polymerization

initiator but may preferably be added after lapse of a



in the resin conposition may preferably be produced in t he presence of

a pol yfunctional polynerization initiator alone or in conbination with
a- nonof uncti onal polynerization initiator, as enunerated 5

her ei nbel ow. Speci fic exanpl es of the pol yfunctional

pol ynerization initiator may include: polyfunctional pol yneri zati on
initiators having at | east two functi-agal groups having a

pol ymeri zation-initiating 10 function, such as peroxide groups, per

nol ecul e, i nclusive of 1,1-di-t-butyl peroxy-3,3,5-trinethyl-

cycl ohexane, 1, 3-bis-(t-butyl peroxyi sopropyl)benzene,

2, 5-di net hyl - 2, 5pélymert i/ et o yime ahd ch? excdiedst ihe- halflife of the
2,5-di-(t-butyl peroxy)hexine-3, tris(t-butylperoxy)- 15 triazine,

1, 1- di -t - but y| pepokyfyntbienahopolymerjization initjatprpeidx9bdesnto

4, 4-di -t-butyl peroxyvaleric acid n-butyl ester,

di -t - but yl per oxyPRREPREH Bt} 2 FRYHmthe initiagpr: effii¢ipBEBx9h B! €,
di -t-butyl peroxytrijnethyl - adi pate, 2, . ...

2 bi 5 (4, 4-di - t - PRLYFIRTEIGRAL RASmATL2atioh ndgiator-

2, 2-t-butyl pgroxyoct ane apd various l.yner oxides; and.. .

pol yfuncti onal polynerizgf#%n§b93%7gﬁﬁ%%§ned p°1ﬁgﬁfﬁ§a§69ﬂ énltlators
pol ymeri zation-ipi§iati t] . RN tS haagsper gxj.de group,
and a pol yneri za’g{a% ﬁéf&%ﬁr@gt%é)a |e(§in lélr 31?8 N ortl:eg(rr;npééal e, Qstgh as

diallyl- 25 pepgxydi 68 bOFRLP. tpdiitls/ iRy fBheherd¢hdviby of the
but yl peroxyal | yl carbonate, and t-butyl peroxyi so- propyl f umar at e.
efficiency.
_ The high-molecular weight polymer component

10 of the resin composition used in the present invention
may preferably be crosslinked with a crosslinking
monomer as enumerated hereinbelow so as to satisfy the
required properties according to the present
invention.

15 The crosslinking monomer may principally be a
monomer having two or more polymerizable double bonds.
Specific examples thereof may include: aromatic
divinyl compounds, such as divinylbenzene and
divinylnaphthalene; diacrylate compounds connected

20 with an alkyl chain, such as ethylene glycol
diacf&late, 1,3-buty1ene'§1ycol diacrylate, 1,4-
butanediol diacrylate, 1,5-pentanediol diacrylate,
1,6-hexanediocl diacrylate, and neopentyl glycol
diacrylate, and compounds obtained by substituting

25 methacrylate groups for the acrylate groups in the
above compounds; diacrylate compounds connected with

an alkyl chain including an ether bond, such as



- 43- Anong these, -particularly preferred exanples

may include: 1,1-di-t-butyl peroxy-3,3,5-trinethyl- cycl ohexane,
1;1-di-t-butyl peroxycycl ohexane, di-t-

but yl per oxyhexahydr ot er epht hal ate, di-t-butyl peroxy- 5 azel at e,
2,2-bis(4,4-di-t-butyl peroxycycl ohexyl) - propane, and

t - but yl peroxyal | yl car bonat e. -45These pol yfuncti onal

pol ymeri zati on initiators nmay preferably be used in conmbination with
a nonofunctional polymerization initiator, preferably 10 one having a 10
hour-hal flife tenperature (a tenperature providing a halflife of 10
hours by dedtisihwl ane givasle dipoxyilefie) strbebhylene gheeobf the

pol yfunctional polynerization initiator, so as to. provi de a toner

bi nder resin satdSASTHP A it@iFraethylesgual greht d1aGTEbAPR nat i on.

Exanpl es of the mpnofunctional pol ynerization initiator may include:
organi c peroxi dROL1¥gHWIane glycol, #4009 digrgyiake. polyethylene

v butyl -4, 4o ((OBGH D tecexd oty BrRFebYEpRng PRet it arviate
Lerr] - bi s(t<bul vl,peraiounas i38BEOBY LREBEERS: 1 hs bRl ¥hRELSPGUITENE and

di-t- but yl “peroxi-de; and azo conpounds, Suc

azobi si sobut yr onjddige £ il Wfa%@awggsée@ﬁ- he above compo ndie

nonof unctional pol ynerization ator ™ can ded tot élnnnbner_
si mul taneously vafdcdyitate compd@de EBhhbefed wotdfanshadnal nPigsRy i zation

initiator but may preferahly be added after |apse of a

an aromatic group and an ether bond, such as
polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl )propanedi-

10 acrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-
propanediacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; and polyester-type
diacrylate compounds, such as one known by a trade

15 name of MANDA (available from Nihon Kayaku K.K.).
Polyfunctional crosslinking agents, such as
prentaerythritol triacrylate, trimethylethane
triacrylate, tetramethylolmethane tetracrylate,
oligoester acrylate, and compounds obtained by

20 substituting methacrylate groups for the acrylate
grouﬁé in the above compdﬁnds; triallyl cyanurate and
triallyl trimellitate.

These crosslinking agents may preferably be

used in a proportion of 1 wt. part or less,

25 particularly about 0.001 - 0.05 wt. parts, per 100 wt.
parts of the other vinyl monomer components.

Among the above-mentioned crosslinking



-44- pol ynmeri zation time which exceeds the halflife of the

pol yfunctional polynerization initiator, in order to appropriately
retain the initiator efficiency of the pol yfunctional polynerization
initiator. 5 The above-nenti oned pol ynerization initiators
may preferably be used in an amount of 0.05 - 2 wt. parts per 100 wt.
parts of the nononer in view of the effg-ci ency. The

hi gh- nol ecul ar wei ght pol yner conponent 10 of the resin conposition used
in the present invention may preferably be crosslinked with a
crosslinking nmononmer as enunerated hereinbel ow so as to satisfy the
requi red propertmenonersdr danemaloi e Hil winle gompoundsh@aritdeulariy,

The crossiinking _nononer may principally be a nononer having two or
nor e polynerlzabpévaﬁﬁbpénﬁ%ﬂﬂk and dl%ﬁﬁ%ﬁ#ﬁ%:%%@ﬁﬂ&ﬁ&? e%h

i ncl ude: aromatic yl ounds, such as divinyl benzene and

d|V|nyInaphthaleﬁéthd?aﬁ??+%. d§‘6§ﬁﬂ5€?§ﬁg?8§ ﬁPFhagn al kyl
Giacryl ate, 14 eehes Boda igy, %wmﬁx TreEeE s ek e A8 e
1, 6- hexanedi di, t Eﬁgggéﬁg _ ate, and
corrpou)rids olbgai neg&%bgu Stlﬁqgtl ng &J[ éz;girny aat eig(rz’l()fl?(\srﬁse)%c or the

acryl ate groups kRakh8terigti@bove conpounds; diacryl ate conpounds
connected with an al kyl chain including an ether bond, such as

On the other hand, the low-molecular weight

polymer component within the binder resin, may be
produced through a known process. According to the

10 bulk polymerization, however, such a low-molecular
weight polymer can be produced by adopting a high
polymerization temperature providing an accelerated
reaction speed, the reaction cannot be controlled
easily. In contrast thereto, according to the

15 solution polymerization process, such a low-molecular
weight polymer can be produced under moderate
conditions by utilizing the radical chain transfer
function of the solvent and by adjusting the
polymerization initiator amount or reaction

20 temperature, so that the solution polymerization
procéss is preferred for“formation of the low-
molecular weight component in the binder resin. It is
also effective to perform the solution polymerization
under an elevated pressure, so as to suppress the

25 amount of the polymerization initiator to the minimum
and suppress the adverse effect of the residual

polymerization initiator.



- 45- di et hyl ene gl ycol diacrylate, triethylene glycol

di acrylate, tetraethylene glycol diacrylate, pol yet hyl ene gl ycol #400
diracryl ate, pol yethyl ene gl ycol #600 diacryl ate, dipropylene glycol
diacrylate 5 and conpounds obtai ned by substituting nethacryl ate
groups for the acrylate groups in the above conpounds; di acryl ate
conpounds connected with a chain includi ng47- an aromatic group and an
et her bond, such as pol yoxyet hyl ene(2) -2, 2-bi s

(4- hydroxyphenyl ) propanedi - 10 acryl ate,

pol yoxyet hyl ene(4) - 2, 2- bi s(4- hydr oxyphenyl ) - propanedi acryl ate, and
conpounds obt ai ned by Examplies: ofuthegmenonasr gpastitubimg g t he
actryl ate roups in the above conpounds; and pol yester-type

di acryl ate corrpgtﬁﬁik,m@m]a’sf sed ghfoRrelyrey £pppenen a%r?éh%flwwm

avai l abl e from N hon Kayaku K. K.). Pol yfunctiopal crosslinkin
ggents, such as melecu t‘%?érﬂ}’tthﬁ)"tlé?‘et"fr F&E‘P?%ﬁf’@, 18y %th%@?’ﬁaﬁ%ﬁg

i | at e, £ hyl | ool | at e,

b compounds. oHaY b ile ot ignss: HHERE Asrhxarivare “SVehRs 61 e
| i - g d

SELAIYE tr Sl AEURD b e AR R0 TRANIMRS | BlLetMyLERUE, O

preferably be h }drfe prp%?%' 3tPrehe™ p-BRLLrOEty BESe, ZD4-
particularly abontlﬁt 0. 011{ 0.0d5 . %!g(rits?frgere 180 Wt . i’ parts of the

ot herI vi E_yl NONAEEN XX Biaiine, p-ethylstyrene, ABDAgAi RetRPOEEyr@mé | oned
CroSSTImEIng p-n-butylstyrene, p-tert-butylstyrene, p-n-

hexylstyrene, p-néoctylstyrene, p-n-nonylstyrene, p-n-

i0 decylstyrene, and p-n-dodecylstyrene; ethylenically
unsaturated monoolefins, such as ethylene, propylene,
butylene, and isobutylene; unsaturated polyenes, such
as butadiene; halogenated vinyls, such as vinyl
chloride, #inylidene chloride, vinyl bromide, and

15 vinyl fluoride; vinyl esters, such as vinyl acetate,
vinyl propionate, and vinyl benzoate; methacrylates,
such as methyl methacrylate, ethyl methacrylate,
propyl methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylate, dodecyl

20 methacrylate, 2-ethylhexyl methacrylate, stearyl
methébrylate, phenyl metﬁécrylate} dimethylaminoethyl
methacrylate, and diethylaminoethyl methacrylate;
acrylates, such as methyl acrylate, ethyl acrylate,
n-butyl acrylate, isobutyl acrylate, propyl acrylate,

25 n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate, 2-chloroethyl acrylate,

and phenyl acrylate, vinyl ethers, such as vinyl



- 46- nononers, aromatic divinyl conpounds (particularly,

di vi nyl benzene) and di acryl ate conpounds connect ed with a chain

i ncl uding an aromati c group and an et her bond may suitably be used in
a toner resinin 5 view of fixing characteristic and anti-offset
characteristic. On the other hand, the | ow nol ecul ar wei ght
pol ymer conponent within the binder resin-48my be produced t hrough a
known process. According to the 10 bulk polynerization, however, such a
| ow nol ecul ar wei ght pol yner can be produced by adopting a high

pol yneri zation tenperature provi ding an accel er at ed reacti on speed,

the reacti on camedthylle etber;ovisyl ethybaether. |and oninyktisohutetlo,
according to the 15 solution polynerization Process such a | ow nol ecul ar

wei ght pol yner @theys yisydcketoness FueBrasevinyl BN i¥HCMr utilizing
t he radi cal chain transfer function of the solvent q? by adj usting
t he polyneﬁﬂiaﬂl@ﬁxﬂﬂlFP&PBF'aﬁBGnPeBPY$eﬁ%??fﬁ? %Rﬁ ?ﬁhﬁature o)

the tow oM k&“a”'»é?e“ EotndsonBURBRES] RV HATbRRERFLS o 1O en O
al so effectiwve tc1d% %ég?%ﬁ sglg&hg?ﬁ gg¥§erégéiﬁopi vl under an

el evat ed prgssu Ve Uppr €Ss anount of” the polynerization
initiator to tr“iﬁ?faﬂyﬂane: vinylnaphthalenes; acrylic acid
derivatives or methacrylic acid derivatives, such as
acrylonitrile, methacryronitrile, and acrylamide; the
esters of the above-mentioned a,B-unsaturated acids
10 and the diesters of the above-mentioned dibasic acids.
These vinyl monomers may be used singly or in
conbination of two or more species.

Among these, a combination of monomers
providing styrene-polymers or styrene copolymers

15 inclusive of styrene-acrylic type copolymers may be
particularly preferred.

It is further preferred that both the low-
and high-molecular weight polymer components contain
at least 65 wt. % of polymerized styrene units in the

20 form of styrene homopolymer or styrene copolymers in
view of miscibility therebetween.

If the high-molecular weight polymer
component constituting a toner binder resin
composition is blended with a low-molecular weight wax

25 in advance, the phase separation in micro-domains can
be alleviated to prevent re-agglomeration of the high-

molecular weight polymer component and provide a good



and suppress the adverse effect of the residual pol yneri zati on
initiator. -47-

Exanpl es of the nononer constituting the hi gh- nol ecul ar wei ght pol yner
conmponent and the | ow nmol ecul ar wei ght pol yner conponent in the

bi nder resin may include: styrene; styrene derivatives, such as o- 5
nmet hyl styrene, m net hyl styrene, p-nethyl stygene, p- nmet hoxyst yr ene,

p- phenyl styrene, p-chlorostyrene, 3, 4- di chl orost yrene,

p- et hyl styrene, 2, 4-dinethylstyrene, p- n- but yl styrene,

p-tert-butyl styrene, p-n- hexyl styrene, p-n-octyl styrene,

p- n- nonyl st yr endgligpersiok) stidey witir &he, lawdmplacdddecyeight epelymer

et hylenically unsat ur at ed nonool efi ns, such as ethyl ene, propyl ene,
butyl ene, and i S¥MRGA&He; unsat ur at ed pol yenes, such as but adi ene;
hal ogenat ed vi nyls, such _as vinyl chloride, vinylidene chloride, vinyl
brom de, and 15 vinyl fﬁ%ﬂﬂﬂ¥ﬁ§ of; ﬁVFhe§P§F§°1§EEEaQSWQFS9F WRR{BRE

vi nyl propionate, %pd vi nyl. benzoate; mneth acr such as nethyl

met hacryl ate, etiRF+4H&H Jopylene waﬁroB? ﬁ%ﬁﬁéﬁ?ﬁlg?ﬁ n- but yI
nEthacrylatﬁlaL§W%¥aQﬁﬁﬁﬁ?ll#§§ rylg%%nga é ggggfcagkate dodecy

20 net hacr exy Ac net hacryl at e,
phenyl nethacryl t I
giia ﬁacry %mga%%t Qil::oho}arage a.a,eﬁ¥ #he,

di et hyl am noet hyl at e; acry such as nethyl acrylate,
ethyl acrylate, oxldesfhﬂ&“gﬂafﬁﬂﬁﬂéyf&ed peBdbirksaehurabe. propyl acrylate,
These low-molecular weight waxes may
preferably have a weight-average molecular weight of
10 at most 3x104, more preferably at.most 104, further
preferably 800 - 9000. The addition amount thereof
may preferably be about 1 - 20 wt. parts per 100 wt.
parts of the binder polymer component.
In toner production, the low-molecular weight
15 . wax can be added to and mixed with the binder resin in
advance. It is also possible to preliminarily
dissolve the wax and the high-molecular weight polymer
in a solvent, and mix the resultant solution with a
solution ¢of the low-molecular weight polymer, thereby
20 producing a binder resin.

) Such polymer soiﬁtions may for example have a
solid content of 5 - 70 wt. % in view of dispersion
efficiency, prevention of denaturation of the resin
under stirring and operability. More particularly,

25 the preliminary solution of the high-molecular weight

polymer component and the wax may for example have a

solid content of 5 - 60 wt. %, and the low-molecular



25 n-octyl acrylate, dodecyl acrylate, 2-ethyl hexyl acryl ate,
stearyl acrylate, 2-chloroethyl acrylate, and phenyl acrylate, vinyl
ethers, such as vinyl - 48-

met hyl ether, vinyl ethyl ether, and vinyl isobutyl et her; vinyl

ket ones, such as vinyl nethyl ketone, vi nyl hexyl ketone, and net hyl
| sopropenyl ket one; N-vi nyl conpoundssgsuch as N-vinylpyrrole, N 5
vi nyl carbazol e, N-vinylindole, and N vinyl pyrrolidone;

vi nyl napht hal enes; acrylic acid derivatives or nethacrylic acid
derivatives, such as acrylonitrile, nmethacryronitrile, and

acryl am de; theweight peflgmerosolntiahonvay nEor i exanbYerhdvea s aalkiat ed aci ds
10 and the diesters of the above-nentioned di basic acids. These
vinyl rononers w@ptieatusddSsindPywtr #n conbi nation of two or nore
speci es. ' Annng t hese, a conbi nation of nononers

provi ding styrene- pol ymef$€o igPyF@%@°E%§BIV¢E§%¢.HE?XWRﬁlEQWRPQﬁnt
AR Mo R S RN T A AT S,
POl YTeT COMOnS S IR R cher, mafthRRof et Ak TR ML o
nggggfpg}iﬁ;PlE%kypggﬁgﬁgﬁgw§egolution. I f the high-nol ecul ar
The blending with the low-molecular weight
polymer solution may be performed by blending the low-
molecular weight polymer solution in an amount of 10 -
10 1000 wt. parts with the preliminary solution
containing 100 wt. parts of the solid content. The
blending may be performed either batchwise or in a
continuous manner.
Examples of the organic solvent used for the
15 solution blending for preparation of the resin
composition may include: hydrocarbon solvents, such as
benzene, toluene, xylene, solvent naphtha No. 1,
solvent naphtha No. 2, solvent naphtha No. 3,
cyclohexane, ethylbenzene, Solvesso 100, Solvesso 150
20 and mineral sprit; alcohol solvents, such as methanol,
ethanal, iso-propyl alcohél, n-butyl alcohol, sec-
butyl alcohol, iso-butyl alcohol, amyl alcohol, and
cyclohexanol; ketone solvents, such as acetone, methyl
ethyl ketone, methyl isobutyl ketone, and
25 cyclohexanone; ester solvents, such as ethyl acetate,
n-butyl acetate, and cellosolve acetate; and ether

solvents, such as methyl cellosolve, ethyl



conponent constituting a toner binder resin conposition is bl ended
with a | ow nol ecul ar weight wax 25 in advance, the phase separation in

m-cr o- domai ns can be alleviated to prevent re-aggloneration of the

hi gh- nol ecul ar wei ght pol ynmer conponent and provi de a good

- 49- di spersion state with the | ow nol ecul ar wei ght pol yner
conponent . Exanpl es of suchshaw nol ecul ar wei ght wax may

i ncl ude: pol ypropyl ene wax, polyethylene wax, 5 m crocrystal |l i ne wax,
car nauba wax, sasol wax, paraffin wax, higher alcohol wax, ester wax,
and oxi des and graft-nodified products thereof. These

| ow nol ecul ar weeghtoswies, rhEygh cellogodiver ahlymbahnel acaebfhdl aver age

nol ecul ar wei ght of 10 at nost 3x10[err], nore preferably at nopst

10[ err], furtherAmong thesd.craxsmatd@) kedope. abtidozddsteonsabvemtst her eof
may preferably be about 1 - 20 wt. H%grts per 100 w . arts of the

bi nder pol yner dpdfereferred. ese SPAveBhSr CRROBACUFER, iR he

| ow- ol ecul ar weight 15 wax can be added to and m xed wi th the binder
resinin * It is also possible to prelimnarily di ssol ve

D e A o, S Bt RS ey prech B b bt o
Dol Yo ol S Aapq AL 10 0 U0y e585bbe vy neating re U
polymer solution under a normal pressure and removing
the remainder under a reduced pressure. In this
instance, it is preferred to retain the polymer
10 solution at a temperature which is at least the
boiling point of the solvent and at most 200 °c.
Below the boiling point, not only the efficiency of
the solvent removal is lowered, but also the polymers
within the organic solvent receive an unnecessary
15 shearing force to promote re-distribution of the
component polymers, thus being liable to cause
microscopic phase separation. In excess of 200 °c,
the de-polymerization of the polymerization is liable
to occur, thus not only resulting in oligomers due to
20 molecular severance but also being liable to result in
monodérs which may be enffained into the product
resin.
The toner particles used in the present
invention may preferably be in the form of magnetic
25 toner particles containing a magnetic material. The

magnetic material may preferably be a magnetic iron

oxide, particularly a silicon-containing magnetic iron



solid content of 5 - 70 wt. % in view of dispersion efficiency,
prevention of denaturation of the resin under stirring and
operability. Mre particularly, 25 the prelimnary solution of the

hi gh- nol ecul ar wei ght pol ymer conponent and the wax may for exanple
have a solid content of 5 - 60 wt. %sznd the | ow nol ecul ar

- 50- wei ght pol yner solution may for exanple have a solid

content of 5 - 70 wt. % The hi gh-nol ecul ar wei ght pol yner
conponent and the wax nmay be dissolved or dispersed under 5
stirring either bgidadw se or continuously to prepare the prelimnary
sol ution. The bl ending with the | ow nol ecul ar wei ght

pol ymer sol ution may be pEheoshbicey Qﬂnﬁﬂﬂﬁu}ﬁlﬁ?q<ﬂﬁgnetlc iFePecul ar

wei ght pol ymer solution in an amunt of 10 - 10Q0 wt. parts with the
prelininary sol upkbde may preferailnedd - %aPr #E-of*t MOTE| i d content .

The bl endi n e perforned,eith W_S€e O |

cont i nuous nannePgefe¥ab1Y 6la nEE& 12% cé%éghf gﬁ%?efé v Qi Used for

the 15 solut| n,bl endj p t of the resin conposition
| BoaarEontsopodns o SN 8.

may i ncl ude: 3 hyd S, sucC benzene, toluene, xylene,

sol vent naphtha No. 1, goﬁvgvgflt (r)%]{_){gs%?ni\gb ntairsitly’ Mgnediit ha No. 3,

cycl ohexane, ethylbenzene €sso vesso 150
material provides a toner having excellent

flowability, whereby the chargeability of the toner is
stabilized to provide an improved continuous image
10 forming characteristic. Further, toner particles
containing a silicon-containing magnetic material
exerts a very mild abrasive effect on the image-
bearing member surface, so that, even when the toner
particles begin to stick onto the image-bearing member
15 surface, the surface is moderately abraded before
complete sticking, thus improving the continuous image
forming characteristic of the image-bearing member.
The silicon content in magnetic iron oxide
particles referred to herein is based values measured
20 by using a fluorescent X-ray analyzer ("SYSTEM 3080”7,
available from Rikagaku Denki Kogyo K.K.) according to
JIS KO0119 (General Rules of Fluorescent X-ray
Analysis).
The magnetic iron oxide particles
25 constituting the magnetic toner may preferably be used
in an amount of 20 - 200 wt. parts, more preferably 30

- 150 wt. parts per 100 wt. parts of the binder resin.



20 and mneral sprit; alcohol solvents, such as nethanol, et hanol ,

i so- propyl al cohol, n-butyl alcohol, sec- butyl al cohol, iso-butyl
al cohol, anyl al cohol, and cycl ohexanol ; ketone solvents, such as
acet one, net hyl et hyl ketone, nethyl isobutyl ketone, and 25

cycl ohexanone; ester solvents, such as ethyl acetate, n- but yl
acetate, and cell osol ve acetate; and et her sol vents, such as nethyl
cel | osol ve, ethyl . —53- -51-

cel l osol ve, high cellosolve and nethyl carbitol. Anong t hese,
aromatic, ketone and/or ester solvents may be preferred. These

sol vents can be used in m Xxture, . The organi c sol vent may
preferably be renoved The PRgRekdti kP PXidey BATtikaf Mast bBYeheat i ng
t he pol ymer sol ution under a.normal pressure an ,rennvin% t he
remai nder under PEePedREEACHTELSAFEY WHth 1f Silane qoyR G80% s®pref err ed

boi 1 ing point o eABecs: verpIind: of it T Aot Yald R gh, | ost The
boi | i ng point, %QbaﬁﬁkysFHQCSBfEﬁﬁﬁﬁﬁﬂh(ﬁas desiddd solvent renoval is
| ower ed, but also~the polyners - W thin the organi c solvent receive an

unnecessarys 15  sheari el @668t RaPr SN & Kndwn Rdlicranel, Bhen
conmponent polyners, thus being liable to cause m croscopi ¢ phase

separation. |In @sceazboh BRAckersa]figment, Suvh &% ppper i zation of the
pol ynerization is |iable
phthalocyanine, or a dye.

The toner can also contain a charge control

agent. Examples of negative charge control agents may

10 include: metal complexes of monoazo dyes, salicylic
acid, alkylsalicylic acid, dialkylsalicylic acid, and
naphthoic acid. Examples of positive charge control
agents may include: nigrosine dyes, azine dyes,
triphenylmethane dyes, imidazole compounds, gquaternary

15 ammpnium salts, and polymers having such a.quaternary
ammonium sﬁlt as their side groups.

The toner according to the present invention
may be produced by sufficiently mixing the polymer
components, a pigment or dye or magnetic material as

20 colorant, a'charge controller, another additive, etc.,
by means of a mixer such as a ball mill, etc.; then
melting and kneading the mixture by hot kneading means
such as hot rollers, kneader and extruder to disperse
or dissolve the additives, in the melted resin

25 {polymer components): cooling and pulverizing the
mixture; and subjecting the powder product to precise

classification to form the toner particles according



o

to occur, thus not only resulting in oligoners due to 20 nmol ecul ar

severance but also being liable to result in nononmer s whi ch nay be
entrained into the product resin. The toner particles
used in the present i nvention may preferably be in the form of
magnetic 25 toner particles containing a magnetic material. The
magnetic material nmay preferably be a magnetic iron oxi de,
particularly a silicon-containing mgneti c-54-on

-52- ~ oxi de. The silicon content in the magnetic iron
oxide may preferably be 0.1 - 5.0 wt. % nore preferably 0.4 - 2.0 w.
% further preferablg 0.5- 5 0.9 w. % based on the iron.

The use of a sil FBoRPRORFasERhglRNRHE I mat eri al provides a toner
havi ng excel | ent flggfbilipyd wher eby t he chargeabilitx of the toner
is stabilized to probt BRIy dsh@dlffoRoseikde teoprovidei ng

Si11 con- cont ai ni fo RRERCERSHE SRl Sarign,, | 8oFalpants othe  asi ve
Coner —part PorERehkans S IR N piy et zan IR koo RenBer 15
Chus. | mbr ovi gt hocont ooy et URCEQ, pldehe, ave BEHAGhEREL! P N0
i mage- beari ng nem@térial, a polymerization initiator, and optionally a

crosslinking agent, and other additives, as desired,

may be uniformly dissolved or dispersed to form a

monomer composition. Then, the monomer composition or

10 a2 preliminarily polymerized product thereof is
dispersed in a continuous phase (e.g., of water) by
means of an appropriate stirrer, and then subjected to
polymerization to recover magnetic toner particles
having a desired particle size.

15 Figure 1 illustrates an example of image
forming apparatus, and an embodiment of the image
forming method according to the present invention will
be described based thereon.

Referring to Figure 1, the image forming

20 apparatus includes a photosensitive drum 1 as an
electrostatic image~bearing member in the form of a
rotating drum, around which are sequentially disposed,
a primary charging device 2 comprising a contact-
c?arging member such as a charging roller, an exposure

25 optical system 3, a developing device 4 including a
toner-carrying member (developing sleeve) 5, a

transfer device 9, and a cleaning device 11.



The silicon content in magnetic iron oxide particles referred to
herein is based val ues neasured 20 by using a fluorescent X-ray anal yzer

(" SYSTEM 3080", avai |l abl e from Ri kagaku Denki Kogyo K. K.) according
to JI'S KO119 (General Rules of Fluorescent X-ray Anal ysi s) .

The magnetic iron oxide particles 25 constituting the magnetic toner may
preferably be used I n an amount of 20 - 200 wt. parts, nore
preferably 30 - 150 wt. parts per 100wt . parts of the binder resin.
-53- The magnetic iron oxide particles may have been
surface-treated with a silane coupling agent, a titanate coupling, a

titanate, an an1n05|lane {hﬁeﬁq? ﬁan|%@SFg%§%3 gg ﬁge P q§3|red

5 The toner o 0 uc arbon

bl ack, ' t s ht hal

ok, 5 P97 ocUED SRRy A 2R WhyBErmtt cEnfiion

Qyee, Salicylto A8 bELRGRF R 2 nd UcpHila R PanGaUPee B0l 4 ond
napht hoi ¢ aci d. Eaaﬁ@fﬁsa&femﬁdéﬁﬁf@&%emnma e ther@ggNts may

I ncl ude: nigrosine dyes, azine dyes, triphenylnmet hane dyes, im dazol e
conpounds, caternary lSepdf@tdly) oM tthe s8a¢£AekYSEr hda¥bmdr-such

a.quaternary

carrying member 5 enclosing a magnet therein, a layer
of a toner according to the present invention is
formed by_means of a toner layer thickness-regulating
member 6. At a developing position, an alternating

i bias wvoltage, a pulse bias voltage and/or a DC bias
voltage is applied between the photosensitive drum 1
and the toner-carrying member 5 by a bias voltage-
application means 8 to develop the electrostatic image
on the photosensitive drum 1 with the toner on the

15 toner~carrying member 5 to form a toner image thereon.

At a transfer position, the toner image on

the photosensitive drum 1 is electrostatically
transferred onto transfer-receiving paper P conveyed
thereto under the action of a charge of a polarity

20 oppogite to that of the toner supplied to a lower
surface {(as indicated) of the paper P via a transfer
device 9 from a voltage application means 10.

The transfer paper P carrying the transferred

toner image is caused to pass through a hot-pressure

25 roller fixing device 12 whereby the toner image is
fixed onto the paper P to form a fixed toner image

thereon.



ammoni um salt as their side groups. The toner according to

the present invention may be produced by sufficiently m xing the

pol yrer conponents, a pignment or dye or nagnetic material as 20
colorant, a charge controller, another additive, etc., by nmeans of a
m xer such as a ball mll, etc.; then mel ti ng and kneading the m xture
by hot kneadi ng neans such as hot rollers, kneader and extruder to

di sperse or dissolve the additives, 434 he nelted resin 25 (pol yner
conponents); cooling and pul verizing the m xture; and subjecting the
powder product to precise classification to formthe toner particles
accordi ng . . - 54- to the
present invention. Residual togepn TARairding o the 3| so possible to

id t hr h pol ization. A ' to th
BgfyhefizationaF@gﬁgé?nﬁigggﬁn&%?%gﬁ[%fa'I3&%%fégggg%éggéﬁgpbé%ControIIing
t, ' t | . I al | ' ti
TP ti ator. ana SEEPYRATPy EAE téaning ot M TR SITRRERS:  acdi ¢ ves.
desired. e . | . ;
?r;nore;lr r gorrposi Plhglgg¥$ﬁ§]ﬁ“mt' g&%'xhofrir{ei?g%rrposﬁ%dglﬁ%gg §%%ste§“ﬁ?‘§m ?n' narily
pol ynmeri zedspr odpmabet R8EMPAG| Sycle sEHSPHS Fordm) theC PHimd#9UEHBRRIIGg( €. 0. |

of water) by means of an appropriate stirrer, and then subjected to
pol ynmeri zati on gepecover magnetic toner particles - -

The electrostatic image-bearing member has a
laminated structure including at least an
electroconductive support, a charge generation layer

10 and a charge transport layer, and further preferably
an utmost surface layer containing fluorine and/or
gilicon atom so as to provide a longer life and
prevent ununiform abrasion of the image-bearing member

surface.

15 . The fluorine atom for the above-purpose may
be supﬁlied as a fluorine-containing compound, e.g., a
fluorine-~containing resin, examples of which may
include homopolymers and copolymers of
tetrafluoroethylene, trifluorochloroethylene,

20 hexafluoropropylene, vinyl fluoride, vinylidene
fluoride, and difluorodichloroethylene. These may be
used singly or in combination of two or more species.
Fluorinated carbon can also be used.

It is also possible to use another fluorine-

25 containing polymer or a block or graft copolymer
having a fluorine-containing segment formed together

with non-fluorine-containing monomer, or a fluorine-



havi ng a desired
exanpl e of i mage

based t hereon.

particle size. 15 Figure 1 illustrates an

form ng apparatus, and an enbodi nent of the imge
form ng nethod according to the present invention wll be descri bed
Referring to Figure 1, the image formng 20

apparatus includes a photosensitive drum1 as an el ectrostatic

| mge-bearing nenber in the formof a rotating drum around which are
sequential |l y di sposed, a primary chargbmhg device 2 conprising a

cont act - chargi ng menber such as a charging roller, an exposure

optical system 3,
menber (devel opi n

device 11

In the inmage for
drum11 is unifor
I mgew se |ight
Separately, on t

a magnet therein

i nvention is
menber 6. At %a d

pul se bias voltage and/or a DC bi as voltage is applied between the

phot osensitive d

10

15

20

25

cq°s' eevtP transfer device 9, and a cl eaning
taining surfactant. or macro-monomexryjalone or in

. t f . hot ti
B Ken' Y BhoPErenrsondd, Hiodlia "Crposed o

Iontai ﬂ#§1%y' an electrostatic |atent inmage thereon
he sur

Bl @ fPehe! B8Bveatiedti Shdd4 N0 cdd atdi dmy Ol t age,
rimaoliide: monomethylsiloxane three-dimensionally
crosslinked product, dimethylsiloxane-monomethyl-
siloxane three-dimensionally crosslinked product,
ultra-high molecular weight polydimethylsiloxane,
block polymer having polydimethylsiloxane segment,
surfactants, macromonomers, and terminal-modified
polydimethylsiloxane. A three-dimensionally
crosslinked product may be used in the form of fine
particles having a particle size in the range of 0.01
- 5 pm. The polydimethylsiloxane compound may
preferably have 5 molecular weight of Ix10° - 5x108.

Such a source compound in a fine particulate
form may be dispersed together with a binder resin to
form a photosensitive layer-forming composition.

i The fluorine- or silicon-source compound may
preferably be used in a proportion of at most 50 wt.
%, more preferably 0.5 - 50 wt. $ of an organic
photoconductor (OPC) layer-forming composition.

If such a fluorine and/or silicon-atom is
present at the surface layer of the electrostatic
image-bearing member, the surface energy of the image-

bearing member can be lowered whereby the toner is

a developing device 4 including a toner-carrying

5

€ toner- carrying nmenber 5 enclosing

a layer g 1e8f o2 k21 Q
f or med g?m#egnsoof a ff%?lgrg ayeﬁg"ftﬁ) i&g’ss regu ating



and the toner-carrying nenber 5 by a bias voltage- appl i cation neans

8 to develop the electrostatic imge on the photosensitive drum1
wirth the toner on the 15 toner-carrying nenber 5 to forma toner inage
t her eon. At a transfer position, the toner inmage on

t he photosensitive drum1l is electrostatically transferred onto
transfer-receiving paper P conveyed thereto under the action of a
charge of a polarity 20 opposite to thab8ef the toner supplied to a

| ower surface (as indicated) of the paper P via a transfer

device 9 froma voltage application neans 10. The transfer
paper P carrying the transferred toner image i s caused to pass

t hrough a hot - prt@sgrkiabke tg he attechedy dE@iEgelgoﬁﬁ%?ﬁbﬁstF@Ptoner

| mage s 15850 e 118 ARG o2k ReTede LEER ERECE LERAS,

Resi dual toner [ AR Whd Wcasst JIG! 9SRUSLEI K8 SBUILILRL SLolie

transfer step is renoved anrng device, and £ eaned

phot osensitive diH”&&néé ﬁ%%§fﬂ§4%§-%SdaciggﬁﬁﬂaeELilére.i”age form ng cycle
tep. The

starting fromthe primary chardi ng S
el ectrostatiz inmage-bearirguRNESHE an emboldfibAet 86 £hé Usppdfatiie! udi ng

at | east an el ectroconductive support, a charge generation |ayer
unit (process cartridge) according to the present
invention. The apparatus unit includes at least a
developing means and an electrostatic image-bearing
member integrally assembled into a cartridge, which is
10 detachably mountable to a main assembly of an image
forming apparatus (such as a copying machine, or a
laser beam printer).
In this embodiment, an apparatus unit
{process cartridge) 750 is shown to integrally include
15 2 developing means 709, a drum-shaped electrostatic
image-bearing member (photosensitive drum) 1, a
cleaner 708 having a cleaning blade 708a, and a
primary charger (charging roller) 742.
In the cartridge of this embodiment, the
20 developing means 709 comprises an elastic blade 711
and a toner 760 containing a magnetic toner 710. The
magnetic toner is used for development in such a
manner that a prescribed electric field is formed
between the photosensitive drum 1 and a developing
25 sleeve 704. In order to perform the development
suitably, it is very important to accurately control

the spacing between the photosensitive drum 1 and the



10 and a charge transport |layer, and further preferably an ut nost

surface | ayer containing fluorine and/or silicon atomso as to provide
a‘longer life and prevent ununi form abrasi on of the inmage-bearing
menber surface. 15 The fluorine atomfor the above-purpose
may be supplied as a fluorine-containing conpound, e.g., a
fluorine-containing resin, exanples of which may I ncl ude honopol yners
and copol yners of tetrafl uoroet hyl enes59+i fl uorochl oroet hyl ene, 20
hexaf | uor opr opyl ene, vinyl fluoride, vinylidene fluoride, and

di f1 uorodi chl or oet hyl ene. These may be used singly or in conbination
of two or nore species. Fl uori nat ed carbon can al so be used.

I't"is al so possi BR¥e{gPiRg %ﬁ%@ﬁ%r794uorine- 25 containing polyner or a
bl ock or graft copol yner fl orlne contalnlng segnent f or med

t oget her mﬁth_npn-fl%%r?ﬂ% %m% rg&PgamPWGSFlﬁé
;gzbination mf?ﬂtgkgﬁg oigiégfégbne g%ﬁﬁggggggragégﬂgﬁlﬁl resin.
s 8 2 et e s o o ettt
three-di mensgonabtymost 55Cd&ss) | skl HPPiohiadl Beblrkskh 8xangsapRofet hy! -

width with the electrostatic image-bearing member 1

(member to be charged) under a weak pressing force,

generate little ozone and cause little noise even when

the charging member is supplied with a voltage

10 comprising an AC component.

In order to provide an ASKER-C hardness of at
most 60 deg., the charging member 2 may preferably
comprise a lower layer structure including an
elastomeric layer (2b) comprising a thermoplastic

15 elastomer or a soft rubber, and an electroconductive
layer (2a, as show in Figure 3), or a lower layer
structure comprising an electroconductive sponge.

On the other hand, the uppermost layer (2c¢ in
Figure 3) of the charging member 2 contacting the

20 electrostatic image-bearing member may comprise a
layer of 50 - 200 pm in thickness comprising a highly
resistive material so as to exhibit a stable
chargeability without causing a leakage current.

. | Hereinbelow, the present invention will be

25  described based on specific Examples.

[Production of Resin composition (1)}

Synthesis of Low-molecular weight polymer (L-1)




si | oxane three-dinensionally crosslinked product, ul tra-high
nol ecul ar wei ght pol ydi net hyl sil oxane, 10 bl ock pol yner having

pol ydi et hyl si | oxane segnent, surfactants, macronononers, and

term nal -nodi fied pol ydi net hyl si | oxane. A three-dinensionally
crosslinked product may be used in the formof fine particles having
a particle size in the range of 0.01 15 - 5 pm The pol ydi net hyl si |l oxane
conmpound nay preferably have a nol ecfPar wei ght of 3x10[err] -
5x10[err]. Such a source conpound in a fine particul ate
form may be di spersed together with a binder resin to forma

phot osensi tive Iayer-forg% conpositiog. 20 The fluorine- or
si | i con-source conmpound QEJWt‘ BRr&fePinkylBBe ¥R PhAGeYr HDR tFIN Of at

ot o0 o (AR LR S e shrertiee 8 eHbel 9801

phot oconduct or ‘orm ng I f such a

fluorine and/ o sid4 £ONeQMderared WiLASERErBhehindbE! bectayer of the

el ectrostatic | mage- bear | ng e urface energy t he i mage-

bearing menber ofgebe treiAGid /a0 Nekibedl 88 shiBjected to . less
|iable to be attached. If the content is too l'arge, the frictional

coefficient sw t hedfiaxedmpni ng menber can be excessively lowered to
adversely result in toner passing-by and cleaning failure. 5
Figure 5 shows an enbodi fdemftheheefppxiausondition, a mixture of

75 wt. parts of styrene, 18 wt. parts of n-butyl
acrylate, 7 wt. parts of monobutyl maleate and 2 wt.
parts of di-tert-butyl peroxide was added dropwise in

10 4 hours. The system was held for 2 hours to complete
the polymerization to obtain a solution of Low-
molecular weight polymer (L-1).

A part of the polymer solution was sampled
and dried under a reduced pressure to recover Low-

15 molecular weight polymer (L-1), which was then
subjected to GPC (gel permeation chromatography) and
measurement of glass transition temperature (Tg). As
a result, the polymer (L-1) showed a weight-average
molecular weight (Mw) of 9,600, a number-average

20 moleqylar weight (Mn) of §,000, a peak molecular
weight. (PMW) of 8,500, a Tg of 62 °C, and an acid
value (Ay) of 25.

The polymer conversion at that time was 98 %.
Synthesis of High-molecular weight polymer (H-1)

25 In a four-necked flask, 180 wt. parts of

degassed water and 20 wt. parts of 2 wt. % polyvinyl

alcohol aqueous solution were placed, and then a



unit (process cartridge) according to the present I nvention. The

apparatus unit includes at |east a devel opi ng neans and an
electrostatic i mage-bearing menber integrally assenbled into a
cartridge, which is 10 detachably nountable to a nmain assenbly of an

I mage form ng apparatus (such as a copying machine, or a | aser
beam printer). In this enbodi nent, an apparatus unit
(process cartridge) 750 is shown to integrdll-y include 15 a devel oping
means 709, a drumshaped el ectrostatic | mage- beari ng nenber
(photosensitive drum 1, a cl eaner 708 having a cl eani ng bl ade 708a,
and a primary, charger (charging roller) 742. In the
cartridge of thi @’%ﬁﬂﬁai g\‘eﬁ’t‘}dt%%ozd’t - ®PEESp Pdg SH¥ERRE7035cWhpri ses an

elastic blade 71 nd oper 760 .containing a nmagnetic toner 710. The
magneti c toner iéaﬁggdogo?“ﬁgé% o iia§%1 u@ﬁ'a%arts nfigpobPyEYl o
prescribed el ectfi Lel dai r tween.the photosensifive drum1l
and a developing&éggétgfe%Vgoégﬁf?ﬂﬁﬁftbFggglyﬁngéﬁfgfﬁPthn e@é#d%ﬁﬁnt

suitably, it is yapy 6ﬂp@fifﬁﬁsé4l4ﬂa¥uﬁgsﬁ4ﬁu%QEEEQBxycycloﬁgﬁyfPQCing

bet ween t he photosensitive drum 1l and t
- 59- Sdevpropand 6aCPYchoifid-halflife temperatfPel [ }@%Pei nd, the

char gi ng nmenber 742 (or 2 in Figures 1 and 2) may p erab y have an
9C) was added thereto, followed by stirring to form a
suspension liquid.
The interior of the flask was sufficiently
aerated with nitrogen, and then the system was heated

16 to 85 °C to initiate the polymerization. After 24
hours at the temperature, 0.1 wt. part of benzoyl
peroxide (Tjgn = 72 °C) was added, and the system was
further held at the temperature for 12 hours to
complete the polymerization.

15 To the suspension liquid after the reaction,
an NaOH aqueous solution in an amount of 6 times
equivalent to the acid value (AV = 7.8) of the
resultant High-molecular weight polymer (H-1) was
added, and the system was stirred for 2 hours.

20 ) The resultant High-molecular weight polymer
(H-1) was filtered out, washed with water, dried and,
as a result of measurement, showed Mw = 1‘8x106, PMW =
1.2x10% and Tg = 62 °C, and Ay = 7.

Production of Resin composition
25 In a four-necked flask, 100 wt. parts of

xylene, 25 wt. parts of the above High-molecular

weight polymer (H-1) and 4 wt. parts of low-molecular



ASKER- C hardness of at |east 60 deg, nore preferably 5 at nost 55
deg., so as to provide a sufficient contact wdth with the
electrostatic i mage-beari ng nmenber 1 (menber to be charged) under a
weak pressing force, generate little ozone and cause little noise
even when the charging nmenber is supplied with a voltage 10

conpri sing an AC conponent. In order to provide an ASKER-C
har dness of at nost 60 deg., the charggng nenber 2 may preferably
conprise a lower layer structure including an el astoneric |ayer (2b)
conprising a thernoplastic 15 elastonmer or a soft rubber, and an

el ectroconducti ve | ayer (2a, as show in Figure 3), or a |lower |ayer
structure corrpri!?PﬁghﬁnP@lEEr?mbwwmademaﬁ@@OO) were placed agd the
ot her hand, the uppernost |ayer (2c in ure@g) of the _charging
menber 2 cont act PRgtedeandgs %?E%@r%ﬁﬂ%ﬂl%gﬁhﬁbéxb fiess RERBERLABYY
conprise a 50 - err]min thickness conpr|5|ng a_ hig

resistive nater|§F¥§815£1?% ex ?n YSten Nas, retaineq, £oL,131) hey ﬁn%ﬂout

causing a | eakag

I nvention wll %hgu‘%{:ggés%?l%%?Hés%c?%%*?’ﬁ'@gr&??ogfgﬁtﬁggéQLﬁ?nt
[Production gf Resin comPRspéifibd 'dd tne preDinliBGshS sB1ukedaBheCY! &1

wei ght pol yner (L-1)
300 wt. parts of g¥npeae® 4R &rHEEhnder d Fdduced pressure to recover
a solid matter, which exhibited Tg = 61 °C.

Separately, 300 wt. parts of the above-

mentioned uniform solution of Low-molecular weight
10 polymer (L-1) was placéd in another vessel and
refluxed.

The above preliminary solution (Y-1l) and Low-
molecular weight polymer (L-1) solution were blended
under reflux, followed by distilling-off of the

15 organic solvent to recover a resin, which was then
cooled and, after being solidified, pulverized to
obtain Resin composition (I).

As a result of the measurement, Resin

composition (I) showed PMW = 1.1x10%, an areal

20 percentage occupied by a molecular weight portion of
106 or-above on its GPC chromatogram (A(2 106)) =
9.5 %, Tg = 62.5 °C, and a THF-insoluble content
(excluding the low-molecular weight polypropylene wax)
o? 2.0 wt. %.

25 Ex le 1 (Toner Production Example 1

Resin composition (I) 100 wt.parts

Magnetic iron oxide 100 "



necked flask, and the interior of the flask was sufficiently aerated

with nitrogen under stirring. Then, the xylene was heated and

subj ected to 5 ref | uxi ng. Under the refluxing condition,
a m xture of 75 wt. parts of styrene, 18 w. parts of n-butyl
acrylate, 7 w. parts of nonobutyl naleate and 2 wt. parts of
di-tert-butyl peroxide was added dropwise in 10 4 hours. The system was
held for 2 hours to conplete t he pol+rization to obtain a solution
of Low nol ecul ar wei ght polyner (L-1). A part of the
pol ymer sol ution was sanpl ed and dried under a reduced pressure to
recover Low 15 nol ecul ar wei ymer (L 1), which was then

subj ected to GPC (gel PELnEARTRR cﬁr@ﬂ%. S&ﬁd°n Fe) measurement of

gl ass transition tenperature ( ul t he olyner (L-1)
showed a wei ght - averag@ erage ﬂ%%%béf%fsﬁﬁﬁgﬁh %w 2 “@8
nunber - average 20 cul ar h a pea nnlecular
wei ght (PMN of 8,508eg3 *ﬁeo?h%gg? %9#{?9111 aC|d 5 value (Alerr])
of 25. ol sion at that tine was 98 %

. . ;{ ?a QLXHE{; :ﬁgﬁr/z?yf

Synt hesi s of Hi gh-nol ecul ar wer ght mer (H1) 25 ' In a

four-necked £l ask, 180 Wt rhBagbsvelingredidiieAsaae WaLeLkABEA3A W . parts
of 2 wt. WbponV|nyI al cohol aqueous solution were placed, and then a

-61- through a twin-screw extruder heated at 140 ©°C. The

kneaded product was cooled, coarsely crushed by a
hammer mill and finely pulverized by a jet mill. The
pulverized product was classified by a fixed wall

10 pneumatic classifier to obtain coarsely classified
powder, which was then subjected to classification by
means of a multi-division classifier utilizing the
Coanda effect ("Elbow Jet" classifier, available from
Nittetsu Kogyo K.K.) to strictly remove ultra-fine

15 powder and coarse powder simultaneously to obtain
negatively chargeable magnetic toner particles having
a weight-average particle size (Dy) of 6.5 pm
(containing 0.2 wt. % of particles having a particle
size of at least 12.7 pm and 12.0 % by number of

20 particles having a particle size of at most 3.17 um).

The magnetic toner particles provided a GPC

chromatogram showing a lower-molecular weight side
peak value of 8,200 and a higher-molecular weight side
peak value of 6.7x105, and showed acid value

25 characteristics including Ay = 23, Ayyg = 7, and an
acid value/total acid value ratio = 0.44.

THe above magnetic toner particles were



m xture liquid of 70 wt. parts of styrene, 25 wt. parts of n-butyl
acrylate, 5 w. parts of nonobutyl mal eate, 0.005 wt. part of
dirvi nyl benzene and 0.1 wt. part of

2,2-bis(4,4-di-tert-butyl peroxycycl ohexyl) - 5 propane (a 10 hour-halflife
tenperature (T[err]) = 92 [err]C) was added thereto, followed by
stirring to forma suspension |iquid. The interior of
the flask was sufficiently aerated wigd-nitrogen, and then the system
was heated 10 to 85 [err]Cto initiate the polynerization. After 24
hours at the tenperature, 0.1 wt. part of benzoyl peroxide (T[err] =
72 [err]C was added, and the system was further held at the
tenperature for Plemdedswigh 1.2 wtendlef cindrgarul g rfbime powgder 15

To the suspensiog Ik&gid after the reaction, an NaCH aqueous sol ution
in an anount of 6D¥dEEPhobic silical Ant showmdmdabimilue O-A8 wtz. 8) of

t he resul tant Hi gh-nol ecul ar. wei ght pol ner.(Hfg was added,
and the system w& §FF?Pe%2P8rpirﬁb%ﬁ§g Bp sHown in Tabh % a8d) Last

T AT S O ane PR A VSRt BEL
1.8x10[err], sPM\ysans of g:ﬁéﬁgéﬁég]mfgg&'@b:ié%Q#QQWHAEEraqdﬁéégﬁ{%g: 7.

Production of Resin conposition a flour-néc k, 100

w. parts of  rapykese, 2heViet®BrdSidd ﬂiﬁi@ﬁ%ﬁe SHA TR 2aHhar 3
wei ght polyner (H1) and 4 wt. parts of |ow nol ecul ar
were prepared to have a specified particle size are a
shape by sand-milling, as desired.
Examples 2 - 4 (Toner Production Examples 2 - 4)

10 Toners II - IV shown in Table 4 were prepared
in the same manner as in Toner Production Example 1
except that inorganic fine powder A-1 or A-2, resin
fine particles B-1 or B-2 and metal oxide particles C-
1 or C-2 as shown in Tables 1 - 3, respectively, were

15 used.

Example 5 (Toner Production Example 5)

Toner V shown in Table 4 was prepared in the
same manner as in Toner Production Example 1 except
that Resin composition (I) was replaced by styrene-n-

20 butyl acrylate copolymer,. and the inorganic fine
powder; the resin fine particles and metal oxide
particles were replaced by those of A-3, B-5 and C-2
shown in Tables 1 - 3, respectively. The magnetic
t9ner particles provided a GPC chromatogram showing a

25 lower-molecular weight side peak value of 8300 and a
higher-molecular weight side peak of 4x105; Ayy = O,

Ayyg = 0; and a weight-average molecular weight (Dy4) =



-62- wei ght pol ypropyl ene wax (Mv = 6000) were placed and

heated and stirred under reflux to effect prelimnary di ssol uti on.
The systemwas retained for 12 hours in the state to obtain a
prelimnary solution (Y-1). 5 A portion of the prelimnary
sol ution was sanpl ed and dried under a reduced pressure to recover
a solid matter, which exhibited Tg = 61 [err]C Separately,
300 wt. parts of the above- ment i oneds4ni f orm sol uti on of

Low ol ecul ar weight 10 polyner (L-1) was placed in another vessel and
refluxed. - The above prelimnary solution (Y-1) and Low

nol ecul ar wei ght polyner (L-1) solution were bl ended under refl ux,
fol l owed by di st748 inm-(cfantefining 318 wbr gandf parvigles deder a resin
whi ch was then . cooled and, after being solidified, pulverized to
obtai n Resin corRARE%GLsh siize of 12.7 um or lapgep 3pQ 30 gf Qypgumber

measur enent , Reg%g . .composi.tion ;I%Eihomed P :3]}}x10[err], an area
20 percentage R HyS: DATRREUPAF EhET G HRF tPon’ uf 7 P® °T 106 or above

on its GPC chroqﬁ$éggé (A([err] 10[err])) = 9.5 % Tg = 62.5 [err]C,
and a THF-insol u cont’ent - (excluding the | ow nol ecul ar wei ght

pol ypropyl e e -y Ut E egy (Toner Production
Exanpl e 1) ¥ ) all Tghied ¥ropdt e 100 wt. parts
Magnetic iron oxide Toner VI showhO9n Table 4 was prepared in the

same manner as in Toner Production Example 1 except
that Resin composition (I) was replaced by styrene-n-
butyl acrylate-maleic anhydride copolymer having

10 different acid values and molecular weight
distribution, and the inorganic fine powder, the resin
fine particles and metal oxide particles were replaced
by those of A-1, B-3 and C-1 shown in Tables 1 - 3,
respectively. The magnetic toner particles provided a

15 GPC chromatogram showing a lower-molecular weight side
peak value of 3.2x104 and a higher-molecular weight
side peak of 7.3x10%; Ayy = 21, Ayg = 7, an acid
value/total acid value ratio of 0.46; and a weight-
average molecular weight (D4) = 6.3 pm (containing 3.2

20 wt. % of particles having particle size of 12.7 pm or
larger-and 19.0 % by number of particles having
particle sizes of 3.17 pm or smaller).
Comparative Examples 1 - 5 (Comparative Toner
Production Examples 1 - 5)

25 Comparative Toners i - v shown in Table 5
were prepared in the same manner as in Toner

Production Example 1 except that inorganic fine powder



- 63- (Si content = 0.8 wt. % (based on Fe) :

average particle size (Dav.) = 0.2 [err]nm Negati ve charge
centrol ling agent 3 (Azo-iron conplex) 5 The
above ingredients were nelt-kneaded t hrough a tw n-screw extruder
heated at 140 [err]C. The kneaded product was cool ed, coarsely crushed
by a hammer m |l and finely pulverized by a jet mll. The

pul veri zed product was classified by a fixeggal |l 10 pneunatic classifier
to obtain coarsely classified powder, which was then subjected to

cl assification by means of a nulti-division classifier utilizing the
Coanda effect ("Elbow Jet" classifier, available from Nittetsu Kogyo
K.K.) to strictlyArénoveAdlt reedimefinkb paprhicdesams 1c oar Be2pandernetal

simul taneously to obtain negatively chargeabl e nmagnetic toner

particl es havi ng oxidegpapstibiennGrapr o2 iasd shawne ipDT@PARF &f -635 [err]m
(containing 0.2 wt. % of particles having a particle size of at |east
12.7 [err] m and 17e8Pecbivalyivarexs usAf. particles having a particle size

of at nost 3.17 pp). The magnetic toner particles provided a
GPC chronatgg$$ﬁ¥%h%mdng a | ower-nol ecul ar wei ght side peak

o1 e o ncf B P L S5 qowencBTEh YERAENCEE |
23, Alerr] =7, agd @Pparatus it \@id' Sl rHoaPed Y3 4e168krObaal- 44-
printer (prepared by re-modeling a commercially
available laser beam printer ("LBP-A309 GII",
available from Canon K.K.) so as to increase the
10 process speed from 16 A4-size sheets/min. to 30 A4-
size sheets/min. (process speed of 140 mm/sec)) to
evaluate the image forming performances.
The apparatus unit also included an organic
photoconductor (OPC) drum having an utmost surface
15 layer of OPC containing 25 wt. % of tetrafluoro-
ethylene-hexafluoropropylene copolymer fine powder
(prepared by emulsion polymerization to have Dav. =
0.32 pm) (referred to as "photosensitive drum A").
The apparatus unit also included a charging
20 roller 2 as shown in Figure 3 including an 8 mm-dia.
core metal 2a, a lower layer 2b formed on the
circumference of the core metal and a 150 pm-thick
upper layer 2¢ so as to have an outer diameter of 15
mm. The charging roller exhibited an ASKER-C hardness
25 of 45 deg. { as an average of measured values at 9
points (three points each at the central position and

two positions closer to the longitudinal ends)



THe above nmagnetic toner particles were -

- 64- blended with 1.2 wt. % of inorganic fine powder

(hydrophobic silica) A-1 shown in Table 1, 0.08 wt. % of resin fine
particles B-1 shown in Table 2 and 1.5 w. %of netal oxide particles
C-1 shown in Table 3 by 5 means of a Henschel m xer to prepare Toner
shown in Table 4. The netal oxide particles shown in Table 3

were prepared to have a specified particle-67ze are a shape by
sand-m | ling, as desired. Exanples 2 - 4 (Toner Production Exanples 2
- 4) 10 Toners Il - 1V shown in Table 4 were prepared I n
the sanme manner as in Toner Production Exanple 1 except_ t hat

i norgani c fine po¥akain®d by using pas{'ASKER-C ¥¢¢ﬁﬁ$ﬁ§tWQﬂQ£;HQQf &t B-2 and
netal oxide particles C 1 or G2 as shown in Tables 1 - 3,
respectively, wer@ad»f 390049). Exanpl e 5 (Toner Product i on Exanple 5)
Toner V shown in Table 4 3@1 %.pared | nner |n Toner

Product i on Exanple 1 exce arggﬂgtr%%i?ﬁ %dﬁﬁ%é????ﬁl 9 ?&ﬁ; ol aced
by styrene-n- l-;fe §‘ I,st%n 'a§r§n§9§§t grrg xfjeéctﬁﬂ | fudd %‘?xd

powder, the re5|n I cles wer

repl aced by tﬁoserdﬁat‘%dg fo@.‘l%u&ﬁg Cné rotatléxF'OcY‘f' £k mféséhsn%.ve

respectively. The nag toner particles provided a

chronatogran1sfnn@juhzz_ The charging roller 2 was supplied w1th a
superposed voltage (Vac+Vdc) of an AC voltage (Vac,
having a peak-to-peak voltage Vpp = 1800 volts and a
frequency Vf = 1000 Hz) and a DC voltage (Vdc = =700

10 volts) so as to uniformly charge the photosensitive
drum 1 at Vp = -700 volts.

The charging sound due to vibration between
the charging roller 2 and the photosensitive drum 1
was at a level of practically no problem at all.

15 Then, the charged surface of the photosensitive drum 1
was scanned with minute spots of laser beam depending
on a prescribed image pattern to form an electrostatic
latent image having a light-part potential Vi = -170
volts, which was then developed with a toner layer

20 carried on a developing. sleeve (5 in Figure 1 or 704
in Figure 5) under application of a developing bias
voltage of Vac (Vpp = 1400 volts and Vf = 1800 Hz)
superposed with Vdc (= -500 volts) between the
ghotosensitive drum 1 and the developing sleeve §,

25 thereby forming a toner image on the photosensitive
drum 1.

The thus-formed toner image on the



25 | ower - mol ecul ar wei ght si de peak val ue of 8300 and a

hi gher - nol ecul ar wei ght side peak of 4x10[err]; Alerr] = 0, Alerr] =
0r and a wei ght-average nol ecular weight (Derr]) = .

- 65- 7.6 [err]m(containing 3.2 wt. % of particles having
particle size of 12.7 [err]mor larger and 5.0 % by nunber of
particles having particle sizes of 3.17 [err]mor smaller). 5
Exanpl e 6 (Toner Production Exanpl e 6) -68- Toner VI shown in
Tabl e 4 was prepared in the sanme manner as in Toner Production
Exanpl e 1 except that Resin conposition (1) was replaced by
styrene-n- butyl acryl ate-nmal ei c anhydri de copol yner having 10
different acid vahedosengifdvecdirum hewaat transfexgred ronsi idn, and the

i norganic fine powder, the resin fine particles and metal oxi de
particles were raRaser (- receﬁylpﬁésBaBPrAP! uplng 4 Ras I8 Re ii®TTabl es

EPC ohr omat ogr am RANIRE 27 GleFErBraRaREr e SiAs taner Taver %iaﬁ&ﬂlue of
N o prerh] A iy *25%' DEC, ammeagh?\f‘uﬁ?’t‘ﬁ’a?ga%g%sas\ljaﬁp L S Borotetrl
0.46; and & WPl O cn oo 2cPXE! SBLTP! RCPbALLF Ao ) i) < - Bk pm

(cont ai ni ng % of p avi ng particle S|ze of 12.7
[err]m or Isafx&%rcea&t% %aeot%hxfay Sf:e?f &3d t41d esrdiidld paper

particle sizes of 3.17 [err]mor smaller

was caused to pass through a hot-pressure fixing
device to form a fixed image thereon. At this time,
the hot-pressure fixing device was driven at a heating

10 roller surface temperature of 185 °C, a total pressure
of 5.5 kg between the heating roller and a pressﬁre
roller and a nip of 4 mm.

Under the above-set conditions, image-forming

tests were formed in a low temperature/low humidity

15 (15 °C/10 3%RH) environment and in a high
temperature/high humidity (32.5 ©C/80 $%RH)
environment, at an intermittent printing cycle of 1
sheet/12 sec.

In the low temperature/low humidity

20 environment, after taking an initial stage first sheet
sample, an image of nine 5 mm-square solid black spots
(arranged in 3 rows and 3 columns) was printed
successively on 100 sheets for evaluation of the
fixability. Thereafter, a 2x10% sheets of

25 successively image forming test was performed while
replenishing the toner as required for evaluation of

the following items.



Conparative Exanples 1 - 5 (Conparative Toner Production Exanples 1 -
5 25 Conparative Toners i - v shown in Table 5 wer e
prepared in the sane manner as in Toner Production Exanple 1 except
that i norganic fine powder - 66-
A-1 or A-2, resin fine particles B-1 or B-2 and netal oxi de particles
C1 or G2 as shown in Tables 1 - 3, respectively, were used.

Exanmple 7 5 Toner | was charge@ggin a devel opi ng vessel of

an apparatus unit and incorporated in a | aser beam printer (prepared
by re-nodeling a commercially avail abl e | aser beam printer ("LBP-A309
aitl", avail able from Canon K K') so as to increase the 10 process
speed from 16 AJEga¥Yeashewts/m n. to-30 A4- size sheets/mn. (process
speed of 140 mmisec)) to eval uate the inmage form ng performances.

The apparatus un{l) al dvageacdamityan or ganic phot oconductor (OPC) drum
havi ng an utnost surface 15 |ayer of OPC containing 25 wt._ % of

tetrafl uoro- et hyl endn Hdsage @t @pKGp?P‘éﬁe%BﬁﬁF?ﬁéF%?%‘%d@&ﬁk
(prepared by enmul sion polynerization to

| ] : h%ye Dav.1=in a 0.33 %err]n)
(referred to as SPAbY JERAFTIRFEN PR prainary pLain PAPGHYhparat us unit
al so i ncludeg a ¢har 809220 nd Y15°75/4%5 3A8"BnkNaBhOLES Je'atel uding an 8
solid black spot portion was measured by a "Macbeth '
Reflection Densitomer" (available from Macbeth Co.)
relative to a density of 0.00 allotted to a printed
white background portion.
10 {2) Fixability
As mentioned above, in the low
temperature/low humidity environment, an image of 9 (=
3x3) 5 mm-square solid black spots were printed
successively on 100 sheets after taking an initial
15 stage first sheet sample, and the printed fixed image
was rubbed with a soft tissue paper under a load of 50
g/cmz, and the decrease in image density (%) was

measured so as to evaluate fixability based on the

worst value according to the following standard.

20 A (excellent): Below 5 %.
B {good): 5 % to below 10 %.
C (fair): 10 % to below 20 %.
D {poor): 20 % or higher.

(3) Anti-offset characteristic
25 A sample image having an area percentage of 5
% was printed out, and the anti-offset characteristic

was evaluated based on a degree of staining on images



core netal 2a, a lower |ayer 2b forned on the ci rcunference of the

core netal and a 150 [err]mthick upper layer 2c so as to have an
outer diameter of 15 nm The charging roller exhibited an ASKER-C
hardness 25 of 45 deg. ( as an average of neasured values at 9

points (three points each at the central position and two positions
closer to the |ongitudinal ends)

-67- obt ai ned by using an "ASKER-G7Bardness Meter 100" at a

| oad of 500 Q). The charging roller 2 was caused to contact
t he photosensitive drum1 at a prescribed pressure and 5 rotated
followng the rotation of the photosensitive drum 1. The charging
roller 2 was supdFe¢@ERiRg 1ty the fodlemipgsegandprdge (Vac+Vvdc) of an AC
vol t age (Vac, havi ng a peak-to-peak voltage Vpp,= 1800 volts and a
frequency Vf = 1000 $&§e Ienio v oNetgecchgred §‘7081110 volts) so as to

uni formy charge the, phot osensijive .. ruml at YD = -700 volts.
The chargi ng sound %e&f%o Y or 8% s&é‘%gﬁ OCCULERR- charging roller 2 and

t he photosensitive wg s oy, £ I f practically no problem at
¢ h{iqr%le%l) 'sur a?éﬁ &Tya t%gﬁSES?

all. 15 Then, the € _ésensitive drum1 was
scanned wi t hj m nut e $PPSoRy: | %%iﬂmﬂeﬁﬁ?&éggremarkﬁﬁlﬁ fLessrdded

i mge pattern to forman electrostatic atent 1 nmage having a
light-part potent4pl MMarginy’ Gound
The charging sound during printing was
listened to at a distance of 50 c¢m from the main
assembly and evaluated according to the following
10 standard.
A (excellent): Not noticeable at all.
B (good): Almost unnoticeable.
C (fair): Noticeable to some extent.
D (poor): Considerably noticeable.
15 (5) 1Image flow
In the high temperature/high humidity
environment, a 2x104 sheets of successive image
forming test was performed while replenishing the
toner as required for evaluation of image flow
20 according to the following standard.
A (excellent): Not occurred at all.
B (good): Very slightly occurred.
C (fair): Slightly occurred.
D (poor): Remarkably occurred to blur the entire
25 image.
{6) Toner sticking onto the photosensitive drum

surface



volts, which was then devel oped with a toner |ayer 20 carried on a

devel oping sleeve (5 in Figure 1 or 704 I n Figure 5) under
application of a devel oping bias vol tage of Vac (Vpp = 1400 volts and
Vvf = 1800 Hz) superposed with Vdc (= -500 volts) between the

phot osensitive drum 1l and the devel oping sleeve 5, 25 thereby formng a
toner image on the photosensitive drum 1. The

t hus-forned toner inage on the -71-

- 68- phot osensitive drum 1l was transferred onto a
transfer(-receiving) paper by using a transfer roller 9 havi ng an

el ectroconducti ve el astoner |ayer abutted agai nst the OPC drum at an
abutting pressure of 50 Xhe ghecface af tbesphptysenpbtive \be@haaffg-'@ronto a
back surface of th%htransfer paper, and the transfer paper

caused to pass tHheu@xl® M@sgﬁreucmsagve imageleloERat PR o‘r%té‘qlxed
Il mge thereon. At this tine t he hot-pressure fixing device was

driven at a heat itig@h ﬂ?“‘Perr@FtPé'P/%EPaEEm%@hﬁ%r%’Pﬁ?@%‘P F3%rr]C, a total
PLESSUTE 1 o oy el Syl LBl SR PLERUE, |
B AR S B SRS BAL 2
(32.5 [err] 80 %) ao (excellent): Not occurred at all.
B (good): Slightly occurred but not affected the
images.
C (fair): Sticking noticeably occurred but little
10 affected the images.
D (poor): Sticking remarkably occurred and
affected the images.
The evaluation results are inclusively shown
in Table 6 together with those of other Examples and
15 Comparative Examples described hereinafter.
Examples 8 - 11
Toners II - V were evaluated in the same
manner as in Example 7.
Example 12
20 . The evaluation of Toner I in Example 7 was
repeated except for using a charging roller having a
hardness of 59 deg.
Example 13
The evaluation of Toner I in Example 7 was
25 repeated except for using a charging roller having a

hardness of 62 deg.

Comparative Examples 6 - 9



environment, at an intermttent printing cycle of 1 sheet/ 12 sec.
In the low tenperature/low humdity 20 environnment, after taking an
initial stage first sheet sanple, an inmage of nine 5 nmsquare solid
bl ack spots (arranged in 3 rows and 3 colums) was printed
successively on 100 sheets for evaluation of the fixability.
Thereafter, a 2x104 sheets of 25 successively imge formng test was
performed while repl eni shing the tonerz-as required for eval uation of
the follow ng itens. Eval uati on (1) Inmage density
An image of 9 (= 3x3) 5 nmmsquare solid black spots was printed on an
ordinary plain paper for 5 copying machine (75 g/nferr]), and the
density of the sol i dToherk &potipovearerevedaanedsdnedhey sameVacbet h
Refl ection Densitonmer"” (avail able from Macbeth Co.) relative to a
density of 0.00 ®BnBeredst dnExmpied - whi t e background portion. 10
(2) Fixability . As_ menti oned above, in the | ow

t enper at ur e/ | ow EgRparative Example 10 o, j age of 9 (= 3x3) 5

mm square solid black spots _were printed, succ i_vel 0 sheets
after taking an initial II‘ste evalx?atlon in Examplie e7S§ras r%p%gt%g

5 except for using Comparative Toner v and a
photosensitive drum similar to the photosensitive drum
A used in Example 7 but having an utmost surface layer
not containing the tetrafluorocethylene-hexafluoro-
propylene copolymer fine powder (referred to as

10 “photosensitive drum B").
Comgarati&e Example 11

The evaluation of Comparative Toner v in

Comparative Example 10 was repeated except for using a

charging roller having a hardness of 70 deq.

15
Table 1: Inorganic fine powder (silica)
*l
Name | Dav. (nm) | Spge (m?/g) Charge Treating
polarity agent
20 A-1, 27 110. - HMDE+DMSO
A-2 24 120 - DMSO
A-3 15 190 - None
A-~4 100 30 - DMSO
25 *1: HMDE: hexamethyldisilazane

DMSO: dimethylsilicone oil



15 stage first sheet sanple, and the printed fixed inage was rubbed

wth a soft tissue paper under a | oad of 50 g/cnferr], and the
decrease in image density (% was neasured so as to eval uate
fixability based on the wor st val ue according to the foll ow ng :
standard. 20 A (excellent): Below 5 % B (good): 5 %
to below 10 % C (fair): 10 % to below 20 % D
(poor): 20 % or hi gher. (3) Anjyoffset characteristic 25
A sanpl e i mage having an area percentage of 5 % was printed out, and
the anti-offset characteristic was eval uat ed based on a degree of
stai ning on inages - 70-
according to the foll ow ng standard. - A (excellent): Not occurred
at all. B (good): Very slightly occurred. C (fair):
Slightly occurred. 5 D (poor): Staining on inmages renarkably
occurred. (4) Charging sound The chargi ng sound duri ng
printing was | istened to at a distance of 50 cmfromthe nain
assenbly and eval uated according to the following 10 st andar d.
A (excellent): Not noticeable at all. B (good): Al nost
unnoti ceabl e.
*
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C (fair): Noticeable to sone extent. D (poor): Considerably
noti ceable. 15 (5 Image flow In the high
tenperature/ high humdity environnment, a 2x10[err] sheets of
successi ve i nmage formng test was performed while replenishing the
toner as required for evaluation of inmage flow 20 according to the
fol |l ow ng standard. A (excellent): Not occurred at all

B (good): Very slightly occurred. =74~ C (fair): Slightly
occurred. D (poor): Remar kably occurred to blur the entire 25
i mage. (6) Toner sticking onto the photosensitive drum surface
-71- The surface of the photosensitive drum after

the 2x10[err] sheets of successive image formation in the hi gh
tenperature/ high hum dity environnment was evaluated with eyes in
parallel with evaluation of 5 resul tant images according to the
fol |l ow ng standard: A (excellent): Not occurred at all

B (good): Slightly occurred but not affected the i mages. C
(fair): Sticking noticeably occurred but little 10 affected the inages.
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D (poor): Sticking remarkably occurred and affected the inmages.

The eval uation results are inclusively shown in Table 6 together with
t fose of other Exanples and 15 Conpar ati ve Exanpl es descri bed
herei nafter. Exanples 8 - 11 Toners Il - V were
eval uated in the sane manner as in Exanple 7. Example 12 20
The eval uation of Toner | in Exanple 7 was repeat ed except for using
a charging roller having a har dness -0f5-59 deg. Exanmpl e 13
The eval uation of Toner | in Exanple 7 was 25 repeat ed except for using
a charging roller having a har dness of 62 deg. Conparative
Exanples 6 - 9 -72-
Toners i - iv were evaluated in the sane manner as in Exanple 7.
Conpar ati ve Exanple 10 The evaluation in Exanple 7 was
repeated 5 extept—forrusig—ComparatTve—Torer v and a
phot osensi tive druq$. miar to the photosensitfive drum A used in
Exanpl e 7 but havgg?aan ut nost, surface | ayer not containing the
tetrafl uoroethyl eé‘glgxaﬁl uor o-
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propyl ene copol yner fine powder (referred to as 10 "phot osensi tive drum

B"). Conparative Exanple 11 The eval uati on of
Conparative Toner v in Conpar ati ve Exanpl e 10 was repeated except for
using a charging roller having a hardness of 70 deg. 15
Table 1: Inorganic fine powlder (silica) Nane Dav. (nm) S[err]
(nferr]/g) Charge Treating
polarity agent 20 A1 27 -76-110 - HVDE+DMSO
A-2 24 120 - DVMSO A-3 15
190 - None A-4 100 30 -
DVBO 25 *1: HVDE: hexanet hyl di sil azane DIVBO:
di met hyl sili cone oil -
- 73- [err]
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[err]

-75-

[err]

- 74-
-76-

-77 -

[err]
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-77- [err] - 78 - What is clained

I S: 1. Atoner for developing electrostatic inmages, conprising: toner
particles, inorganic fine powder, resin fine particles, and netal oxide
particles; wherein t he i norganic fine powder has a charging
polarity identical to that of the toner particles and a specific surface
area of 70 - 300 nferr] /g, thergesin fine particles have a

charging polarity identical to that of the toner particles, a specific
surface area of 5.0 - 20.0 nferr]/g and a vol une resistivity of 10[err] -
10[err] ohmcm afdt is claimed is2€ netal oxide particles have a charging
polarity opposite to that of the toner particles and a ﬂgecific surface
area of 0.5 - 10.0 n{éFr]ﬁgf°ner for EeVRAOPﬁﬁgeeFGFﬁfﬂﬁt thot2¥¥hpr i si ng
the steps of . ch; ce of an electrostatic rage-
bearing menber, c°“‘pns“_’g‘f o%ﬂe%gpér'f%é EF'ro%f’ﬁfgénfﬁaé’en%np?%%e _
el ectrostatic i mage; bRl NG Eles, and mera195%Eh@PhRGciLEag! ectrostatic

image with a
wherain

the inerganic fine powder has a charging
polarity identical to_that of the toner pazticles and
a specific surface ar=a of 70 - 300 mz/g.

the resin fine particles have a charging
polarity identical to that of the toner particles, a

specific surface area of 5.0 - 20.0 mz/g and a volume

resistivity of 107 - 1014 ohm.cm, and

the metal oxide particles have a charging
polarity copposite to that of the toner particles and a
specific surface area of 0.5 - 10.0 mZ/g.

2. An image forming method, comprising the steps

of

charging a surface of an electrostatic image-
bearing member,

forming an electrostatic image on the
electréstatic image-bearing member,

developing the electrostatic image with a
toner for developing electrostatic images to form a
toner image,

transferring the toner image formed on the

electrostatic image-bearing member to a transfer-

(o

receiving material,



toner for devel oping electrostatic images to forma toner image,
transferring the toner imge forned on the electrostatic inage-bearing
member to a transfer- receiving material,

79 cl eaning the surface of the electrostatic image-bearing
menber after the transfer by abutting a cleaning nenber thereto, and
repeating the above-nentioned steps by usifgg. the cleaned electrostatic

i mage- beari ng nenber; wherein the toner conprises toner
particles, 1inorganic fine powder, resin fine particles, and netal oxide
particles; t he inorganic fine powder has a charging polarity
identical to that of the toner particles and a specific surface area of 70

- 300 nferr]/g, theanehg nerid NAufrEdd @fenen e extoioatgicng
polarity identical to that of the toner particles, a specific surface area
of 5.0 - 20.0 nierniphg-aadrangohemeer rafitiext ithet \Eronstg e Y] 2buoréng] a
ohmcm and the nmetal oxide particles have a charging polarity
opposite to that &:e@RénFoREALPEr ERRTVLC aRPR  specific surface area of 0.5
- 10.0 nferr}/g. repeating the above-mentioned steps by using
the cleaned electrostatic image-bearing member:;
wherein

the toner comprises toner particles,
inorganic fine powder, resin fine particles, and metal
oxide particles:;

the inorganic fine powder has a charging

polarity identical to that of the toner particles and
a specific surface area of 70 - 300 mz/g,

the resin fine particles have a charging
polarity identical to that of the toner particles, a
specific surface area of 5.0 - 20.0 mz/g and a volume
resigtivity of 107 - 1014 chm.cm, and

the metal oxide particles have a charging
polarity opposite to that of the toner particles and a

specific surface area of 0.5 - 10.0 mz/g.
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