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-1- ' TONER FOR DEVELOPI NG ELECTROSTATI C | MAGE, %m@,%mg
APPARATUS UNI T AND I MAGE FORM NG METHCD FI ELD OF THE | ND

RELATED ART 5 - The present invention relates to a toner

devel opi ng el ectrostatic i mages used in imge form ng “nethods as
el ectrophpt ography and el ectrostatic rinting, and also an- apparatus
unit containing the tonér and an i mage form ng nmethod using the toner.
10 Hi therto, a |arge nunber of el ectrophoto- graphic )
processes have been known, inclusive of those di sclosed in U S

Patents Nos. 2,297, 69 6 3834 n ﬂ)stﬁ D&i@e rocesses,
in general, an %gcgﬁogggfﬁivpgpg%palg%be I'S o?ﬁé%qbn a 12 :
photosensitive nmenber gpPRRAPUBIURIPNANDC IMAEE FORMING MEMHOD al by various
nmeans, then the electrostatic i mage is devel oped with a toner, and the
resultant toner image is, after being transferred onto a

transfer-receiving materi al such as paper, via or 20 wthout via an
|nterned|ate trEnELBrOREmHEr NYENTION AND RELATED ART

5 The present 1nvent10n relates to a toner for
developing electrostatic images used in image forming
methods, such as electrophotography and electrostatic
printing, and also an apparatus unit containing the
toner and an image forming method using the toner.

10 Hitherto, é 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. 1In thesé processes, in gene:al, 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 heafing and
pressing, or with solvent vapor to obtain a cbpy or a
print. The residual toner on thé-photosensitive
member without being'transferred is cleaned by Vaﬂgous

25 methods, and then the above steps are repeated. :

In such electrophotographic process, it haéé

been a general practice to remove residual toner on an
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desired, fixed by heating, pressing, or heating and pressing, or with
sol vent vapor to obtain a copy or a print. The residual toner on the

phot osensi tive menber wi thout being transferred is cleaned by va ous

25 nmethods, and then the above steps are repeated. In such

el ectrophot ographi c process, it has heen a general practice to renove
residual toner on an _ - 2-

el ectrostatic i mge-beari ng nenber by causing a .cl eani ng nmenber, such
as a cleaning blade, a fur brush or a magnetic brush, to contact the

electrostatiC electFeRtalla¥d iifthgeHeRiringd nidiiber a5e cduifing eaning 5

menber is abutted against the electrostatic imge- - bearing nenber at
an appropri ate pleanihg membdigt suth as a dleEniong Blade ey b e asiwgh
menber is liable to be darmaged or toner sticking onto the _
el ectrostatic or a magaebdar bropsheniter contiacthlthe electommstatiduri ng a 10
| ong period of repetitive use. On the other hand, as a
chargi ng net hod image-beiagriachaemberen racdiis) gaffe e pregpings
regarding member is abutted against the electrostatic image-
bearing member at an appropriate pressure, so that the
electiostatic image~-bearing member is liable to be
damaged or toner sticking onto the electrostatic
image-bearing member is liable to be caused during a
10 long peribd'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 chargipg'roller 2 (as a chérging 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
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a contact-charging nethod wherein a chargi ng nenber is abut t ed agai nst
the electrostatic image-bearing nenber 15 and is supplied with a '
superposition of a DC voltage and an AC voltage to charge the

| mage- beari ng menber. The 'cont act-chargi ng nethod is acconpanied with
advant ages such that a.lower voltage can bg_used conpared with a
conventional corona-charging nmethod 20 and the occurrence of ozone is
reduced. In the contact charging nethod, as shown in Figure 3, for
exanple, a charging roller 2 (as a charging nenber) is “caused to

contact an el ecthos§a!l the PRELOLEALE BIve druiitlber (photosensitive drum 1
so as to be rotated” 25 followng the rotation of the photosensitive drum

1 and is supplied waghis atHpaerseeed ¥ebmaghe( Wbove \ddsrriptiomf, an AC
vol tage Vac and a DC voltage Vdc to uniformy

- 3- chartket bkraphbhgseatlerv2 idisurequired to exhibitA@ni s under st ood
fromthe above description, _ the charging roller 2 is required to
exhibit an ebéctrooonduativityy anddannegamppeethrseeds inn ugsee hass

5 been formed as an electroconductive elastic member
prepared by dispersing carbon within an elastic
fubber, such as EPDM or NBR. As a result, the
charging member 2 is inévitably caused to have an _
ASKER-C rubber hardness of 70 deg. or higher. 1In the

1d 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 1argef 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 photpsensitive drum 1,
thus being liéble to result in spot-shaped charging
irregularity. | N

| 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;

suppréss the noise level (JP-A 1-191161).
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5 been forned as an el ectroconductive el astic nenber prepared by

di spersing carbon within an el astic rubber, such as EPDM or NBR As a
result, the charging menber 2 is inevitably caused to have an

ASKER- C rubber hardness of 70 deg. .or higher. In the case. of effecting
contact-charging by using a charging : -aoller 2 as described above, an
el ectroconducti ve menber is caused to°Vibrate due to an AC conponent
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 drum1. fhe ecentngééfslsah PAkeehBibE hﬁhﬁﬁh agd he

~charging roller - has a arger dness he occurrence.

of the noise cagcb@rPli 6£0a lower! énbbgy/ CofiSipReBh Had @f Hildheappl i ed
voltage is 20 renoved but in that case, it becones difficult to

uni formy surfa@ﬁo@@@éggpééa ohotepeiayt michihes dr printeérss being liable
to result in spot-shaped charging irregularity.. - The :

assi gnee of thistippzingtébechesphotpgsaphy25 As eomesoltchdrtgiisg met hod
usi ng a chargi ng nenber havi ng an ASKER-C hardness of at nost 60 deg.
so as to 5 puepercedthe design| avtonegptherefor160) as to be
softened at a lower energy consumption. _When such a
toner.is used in combinatioh with a'charging member-
haéing a lower hardness as described above, the toner
is liable to melt-stick 6nt6 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 dgformafion 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 boﬁndary between_the charging_member and the
electrostatic image-bearing member.
In order to obviate the'stiéking of a tonér
onto an electrostatic image-bearing membef; JP-A 48-
47345, for example, has proposed to add both a
25 friction-reducing substénce and an abrasive substance.
According to this method, however, it becomes

difficult to remove low-resistivity subStance,'such as
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-4- In recent years, an increasing demand has occurred
for a | ower energy consunption and a hi gher process speed of copying
machi nes or printers utilizing el ectrophotography. As a result, it is
preferred to design a toner therefor so as to be . softened at a | ower
energy consunption.. Wen such a - tonergis used in conbination with a
char gi ng nenber - havi ng a | ower hardness as descri bed above, the toner
is liable to nelt-stick onto the electrostatic image- 10 bearing nemnber
surface, thus being liable to shorten the life of the electrostatic

i mage- beari ng npabef- dust an8Cok8AECAAHuCE, PEAFRhEI repeitie ivasasdler e the
charging nmember is in the formof a roller. This is presumabl y because

a lowering in handnpastotul 1ylanchmagenglownefeptoiet A4 able drf or mati on
of - t he chargi ng menber when a driving force for the el ectrostatic
i mage- beari ng necter dsettandistuebance of anaetectyositagisoumsgey to the
char gi ng nenber, so that the driving force is dispersed to cause a

sl i ppage at 2ocauaedbbnnau¢9 b@WmééﬁlﬁﬁéVéﬁHrgphgtﬁﬁﬁﬁepnamﬁqrma

el ectrostatic inage-bearing nenber.
5 electrostatic image-bearing member.

In order to solve such problems, JP-A 62-
61073 and JP-A 3—10311 have prbposed a toner
containing a metal oxide and silica fine poﬁder. By
the toher, however, it‘has become difficult to prevent

10 the toner melt-sticking onto the electrostatic image-
bearing member and ununiform abrasion 6f the
electrostatic iﬁage-bearing'meﬁber due to én increase
in toner locad 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.characteristiés, the toner is
liable to be accgmpaniéd with difficulties, such as a
charge decrease in a high femperature—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 tbner sticking onto

the electrostatic image-bearing member.



In order to obviate the sticking of a toner onto an electrostatic

| mage- beari ng nenber, JP-A 48- 47345, for exanple, has proposed to add
both a 25 friction-reducing substance and an abrasive substance.
According to this nethod, however, it becones difficult to renove

| ow-resistivity substance, such as -

-5- paper dust and ozone adduct,’dﬁ?Tng repetitive use, and
particularly an image flow defect is liable to occur due to

di sturbance of an electrostatic inmage caused by such lowresistivity

substance on t £l Gt t ANt e- bearing nmenber. In
‘order to soIveEg%gﬁg%régﬁégggfggg%légig 61073 and JP-A 3-10311 have
proposed a toner  COfY abpH &t SofBtRe ?i‘égénﬁnﬂnﬁéhtiénf igetpowder. By
the toner, however, it has becone difficult to prevent 10 the toner

nel t-sticking gicvide £|esnépstei idevabgping elebtrostgtierinagesd
ununi f orm abrasi on of the el ectrostatic i mage-beari ng nenber due to an
i ncrease iamd cnerapmechatus timeithandi any tmage afidrinhngcine&hpdg

5 using such a toner.

Another object of the present invention is to
provide a toner for_developing electrostatic images
capable of preventing toner ticking onto and ununiform
abrasion of an electrostatic image-bearing member,

10 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 én 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-bearing member, thus realizing a
long life of phe electrostatic imagé—bearing member.

According to the present invention, there is
provided a toner for developing electrostatic imagés,

25 comprising: toner particles, inorganic fine powder,
resin fine particles, and metal oxide particles;

wherein
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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 cont ai ni ng hydrophobic silica particles, resin fine

particles and a netal oxide. However, the respective particles in the
toner have not been specified wwth 20 ?pect to environnent al
characteristics, the toner is Ilable 0 be acconpanied with
difficulties, such as a charge decrease in a high tenperature-high
hum dity envi ronment and a charge-up (an excessive charge) in a

| ow tenperature - |ow hugdi {é’nﬁf‘vhégngeﬂéi?ﬁﬂﬁébéi?ggzﬁar‘tﬁcﬂ% SR

necessary to further suppress occufrence o almage on and the

toner sticking gntp — 12 eaﬁaeééﬁeﬁiﬁy&lﬂaae Beagi Bg REWBRT of
- 6- SUMVARY OF THE | NVENTI ON " An object of the present

invention is t@garticRé®Vhaeingt@neartoeldesekepoigat! moktosSt.al7 ani;mages,
and an apparatus unit and an inmage form ng nmethod 5 using such a toner.
the inorganic fine powder has an average
8 primary particle size of 1 - 50 um;
the resin fine particles have an average
particle size of 0.1 - 2 ym and a shape factor SF1 of
at least 100 and below 150, and

the metal oxide particlés have an aﬁerage

10 particle size of 0.3 - 3 pm and a shape factor SF1 of
150 - 250.
| According to anothér aspect of the present
invention, there is provided an apparatus unit,
comprising: an electrostatic image-bearing member, and

15 developing means fo; developiﬁg an electrostatié 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.

Acéording to a further asﬁect of the present
invention, there is provided an image forming method,
comprising the steps of:

25 charging é surface of an electrostatic image-
bearing member,

forming an electrostatic image on the



Anot her obj ect of the present invention is to provide a toner for
devel opi ng el ectrostatic i mges capabl e of preventing toner ticking
onto and ununi form abrasion of an electrostatic inmage-bearing nenber,
10 thus providing high-quality inmages for a |ong period even when
applied to a hi gh-speed appar at us. -8- Anot her object of the
present invention is to provi de an apparatus unit containing such a
toner. _ A further object of the present inventionis 15 to
provi de an i mage form ng nethod using a charging menber supplied with

a vol tage havi ng & AG €T Ehge-beat Phg CRBIBEL; Char gi ng an el ectrostatic
| mage- bearing menber wth [Tttle occurrence of ozone and suppressed

noi se occurrence, wherelyevdlbsing@sthél €166tpostadic Zfhagehwitdnehesti cking
onto and ununi form abrasi on of the el ectrostatic i mage- beari ng nenber,

t hus reali zi ng above-méwtipned ctofiet hforl devebepinhgceleayrostatiog nenber .
According to the present invention, there is provi ded a toner for
devel opi ng el ecimagesittec foxmes, toRE€r twageisi ng: toner particles,
i norgani c fine powder, resin fine particles, and netal oxide
particles; 5 wher ei ntransferring the toner image formed on the
electrostatic image-bearing member to a transfer-
receiving 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 according 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



-7- the toner has a wei ght-average particl e size of 4
- 12 [err]mand contains at nost 30 % by nunber of particles having a
particle size of at nost 3.17 [err]m the inorganic fine
powder. has an average 5 prinmary particle size of 1 - 50 [err]m

the. resin fine particles have an average _q_ particle size of 0.1 - 2
[err]mand a shape factor SF1 of at |least 100 and bel ow 150, and

the netal oxide particles have an average 10 particle size of 0.3 - 3
[err]mand a shape factor SF1 of 150 - 250. Accordi ng
to another aspgfdasd APt PPOHéed in ARVEPPAPAtusNBRELI &nBl AXi dREgaN
apparatus unit, conprising: an electrostatic inmge-bearing nenber, and
15 devel opi ng nEswRind meENGH Ofctgraing! €6t thét phventivge . formed on
the electrostatic inage-bearing nmenber with t he above-nenti oned toner
contai ned therein; the Figurel4#cisoahaillustegtibraofng tablet-and t he
devel opi ng means being integrally assenbled to forma unit, which 20
i s detachabl y niorming enachinenfor aseasbringfat elume resisaydviityniofg
apparatus.5 According to a further aspect of the present

resin fine particles.
Figure 5 is an illustration of an embodiment

of the apparatus unit according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

10 Because of the above-mentioned 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 imaga—bearing member surface. Of these,
the inorganic fine powder having a fine particle size

20 as specified above and therefdre a large specific -
surface area finely scrapes the.image-bearing member
and is also effective for reducing friction rasistance
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
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i nvention, there is provided an i mage form ng net hod, conprising the

steps of: 25 charging a surface of an electrostatic inage-
beari ng nenber, . form ng an electrostatic inage on the

el ectrostatic i mage- beari ng nenber, devel opi ng t he

el ectrostatic image with the above-ngpéloned toner for devel oping

el ectrostatic imges to forma toner Thage, 5 transferring
the toner image forned on the el ectrostatic i mage-bearing nmenber to a
transfer- receiving material, cl eaning the surface of
the el ectrostaldgnnot bé %ﬂ?%ﬁ&vé@n@yrtﬁétfﬁofasnieaﬁher pBwegbut ti ng
a 10 cleaning nenber thereto, and repeating the

above- ment i onedbedafse f Ustieng stidlkengl eanetickenyr oseat acwidage- beari ng
menber . These and ot her objects, features and advant ages

of the present danmeeention will becone nore
Further, the resih fine particles havihg a
5 particle size and a shape as.defined above is’
effective for alleviating locally excessive abrasion
even when the metal oxide particles are present
locally in concentrafed 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 féilure;_and
damage on or sticking onto the image bearing member.
The above-mentioned functions are effectively
fulfilled by using a toner héving 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 time of transfer of a toner
image from the electrostatic image-bearing mémber to a
transfer-receiving material in a transfer step, the
-25 metal oxide particles charged to a poiarity opposite
to that of the toner may move from the toner on the

'transfer—receiving material to the image bearing
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15 apparent upon a consideration of the follow ng description of the

preferred enbodi nents of the present invention taken in conjunction
with the acconpanyi ng draw ngs. 20 BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is an illustration of an exanple of

i mage form ng apparatus suitable for use i_yjan image - form ng met hod
according to the invention. _ igure 2 is an illustration of a
transfer 25 neans suitably used in an inmage form ng met hod accor di ng
to the invention. Figure 3 is an illustration of a charging
means suitably ngpfeirNsaRfaRBABH Ehel rtbhe&n@h@}edmge Alterrd&¥ &y et hod
according to the invention. Figure 4 is an illustration of a
tabl et - f oifil BBemeabenoff ¢rafeded i0T) a2 portith oS itidrient tho Gvhiéh
resin fine particles. Figure 5 is an illustration of an
embodi nent a larger amount of the metal oxide is attached, the

metal oxide particles may remain on the image bearing

5 membér. For either of the above-mentioned mechanisms,
a lafge proportion of metal oxide particles is allowed
to remain on the image bearing member after the
transfer step to effectively remove the attachment
onto the image bearing member surface.

10 : In the charging step, for a very small amount
of toner passing bj the cleaning member, the uée 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 agaihst 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 membef surface, thus not readily causing
transfer failure.

20 The toner for developing elect:ostatic images
according to the.piesent'invéntion 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 pm, the toner is caused to

have a lower fluidity and an increased attachment
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of the-apparatus unit according to the invention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 10 Because of the above-nentioned
features, the toner according to the present invention can exhibit
excel | ent performances in response to requirenents for hi gh- speed

| mage formation and conti nuous i nmage -{prmation characteristic in these
days. 15 More specifically, principally the inorganic- fine
powder and netal oxide particles, in isolated form scrape off paper
dust and toner attached onto an ‘el ectrostatic inage-bearing nmenber -

surface. O thasgkce, thuderéd\PI€Hiy Cinti TowdpV@eveloping, atkanetparticle
size 20 as specified above and therefore a |large specific surface

area finely scrafescldeninggrelfornagcesnbedn the othdri haalisoiaf fective
for reducing friction resistance bet ween the i mage bearing

menber - sur f ace ewwedsheof 12 pm) cthe nimagerbcepoodubinghpeyfogmaneeer. 25
On the other hand, the netal oxide particles havi ng a garticle si ze
and a shape as hfomes| paohlenatic. Eurtheryeifothecpavtigleseost @dched

subst ance whi ch
5 most 3.17 pm exceed 30 % by number, the cleaning

failure or occurrence of fog is liable.

The weight-average particle size of a toner
may be measured by using a Coulter counter Model TA;II
or Coulter Multisizer (évailablé from Coulter

10 Electronics Inc.) together with a 1 %-NaCl aqueous
solution as an electrolytic solution prepared by using
a reagent-grade sodium chloride; Into 100 to 150 ml
of the electrolytic solution, 0.1 to 5 ml of a
surfactant, preferably an alkylbenzenesulfbnic 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 pm by using the above-mentioned
apparatus with a 100 pm-aperture to obtain a volume-
basis distribution and a number-basis distribution.
The weight-basis average particle size D4y may be

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

representative value for each channel.



-10- cannot be easily renoved by the inorganic fine power

because of strong sticking or sticking over a w de ar ea.

Further, the resin fine particles having a 5 particle size and a shape as
defined above is effective for alleviating |locally excessive abrasion
even when the netal oxide particles are present locally in
concentrated state and adsorbi ng excessive’” I norganic fine powder in
isolated formto facilitate 10 the cleaning thereof. A very slight portion
of the resin fine particles may slip by or pass through the

cl eani ng nmenber to capt,ﬂ{g S ELYs Sg@r%%hg@%:ere%y nvent P96 ma §t fe: @l so

havi ng passed by the cleaning V|at|ng stal ni ng of

th h
e charging CaLFIF‘dn%f m{ & fnd etEshhi a&afbf-wé nﬂaasﬁhbugsecmea The

damage on or sti t he T mage bearing nenb

above- ment i onggh Funeld Qi ¢l or&f {€5vé VED Yehe abbvbLinkhedoli¥ausi ng a toner
havi ng a specified particle size distribution and external additives
havi ng hi ghly pad&isfiecidi gl gRrthe! osezes Mote SEpeEs£idatly, the
chargeability of the toner is also stabilized thereby.
Further, & th:mdrgemid flimaYawdal has caeraverage npgitmérpnpahbticle
el ectrostatic i mage-bearing nenber to a

size of 1 - 50 nm, the resin fine particles have an

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
inférior developing performance.-

In case where the resin fine particles have
an 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 fhereof
is liable to.pass by the cleaning member, thus soiling
the charging member. Above 2.um 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



transfer-receiving material in a transfer step, the 25 metal oxi de

particles charged to a polarity opposite to that of the toner may nove
fromthe toner on the transfer-receiving material to the image bearing
menber surface or the toner thereon. Alternatively, in the case of
transfer of a portion of toner to which a |larger anount of the netal
oxide is attached, the net al oxi de pék%Tcles may renmai n on the imge
bearing 5 menber. For either of the above-nentioned mechani sms, a

| arge proportion of nmet al oxi de particles S allomed to renain on the

| mage bearing relr) fggle,qw ge gﬁt,? 1}%47% bs éeo oerit c{ljlé/eix}{arermve t he

at t achnent ontorﬁh ace

the charging sign..f %rry o Pdsf ;{E}”Llhe cleaﬂh sﬁ&%%@%(ER_

cl eani ng menber, the use o ar gl ng ne aV|ng an
hardness of at jpage WeFedtd de%dv% gejnerlr§qltgq§18élsleot£§u§grface portion

of the charging nénber flexibly defornms at the 15 abufting portion
agai nst the i mamai®abled dBrEon ©f the image bearing member

5 surface or the developer-carrying member (developing
sleeve) surface.

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 (SFl1l) 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



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 invention
has a wei ght - average particle size (dianmeter, D4) of 4 - 12 [err]m
and contains at nost 30 % by nunber_gf particles having a

particle size of at nost 3.17 [err]m 25777 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 an increased attachnent

-12- f ofiBvehRuss! c3d thad ithel e IR AUy KA Snto and

cl eani ng performances. On the other han excess of 12 pm the

i mage-reproducthg peebAlifAgN@ember bLRACHERR iR QY WM igosieiddess if the
particles of at 5 nost 3.17 pmexceed 30 % by nunber, the cleaning

failure or occoontact bétieeni thei elleaning member and Tilee imgdyg~ aver age
particle size of a toner
bearing member, thereby increasing the cleanability of
5 the other components in the toner. Further, as they
are generally sphericai, they can pass by the cleaning
member to some extent to capture tﬁe other components,
such as toner particles, on the charging member,
thereby preventing the occurrence of damage on the
10 image bearing member.

The metél oxide pafticles 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 attacﬁed substance and provide an
increased ﬁroportion 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
herein are based on values measured in the following
manner, Sémple particles are observed through a
field-emission scahning-electron microscope'(fFErSEM
S-800", available from Hitachi Seisakusho K.K.) at a

25 magnification of 30000 - 60000, and 16 particle images
are sampled at random within an average particle size

range for each external additive. The image data are



may be neasured by using a Coulter counter Mdel TA-I1I or Coulter

Mul tisizer (available fromCoulter 10 Electronics I'nc.) together with a 1
% NaCl aqueous solution as an electrolytic solution prepared by using
a reagent-grade sodiumchloride. Into 100 to 150 m of the
electrolytic solution, 0.1 to 5 nl of a surfactant, preferably an

al kyl benzenesul fonic acid 15 salt, is adﬂgd as a dispersant, and 2 to 20

ng of a - sanple is added thereto. The tesul tant dispersion of t he

‘sanple in the electrolytic liquid is subjected to a di spersion
treatnment for about 1 - 3 mnutes by means of an ul trasonic disperser,

and then subj eghnprhittdd LAtE MR HaPAds Cl eLet&® v staLQvihgiei N the
range of 2 - 40 pm by using the above-nenti oned apparatus wth a 100

pm aperture tofebmNirecoRIR-) to obEsir davstdidgdstdpnshape arasahes- basi s
di stribution. The wei ght-basis average particle size D4 may be 25
obt ai ned from SF4 anidli$F2 daisedlicst riletfallovwine equationsentral Value in
each channel is taken as a j%xnesentative val ue for each channel
- 13- SF1 = [(MXLNG)“/AREA] x (wn/4) x 100,
5 SF2 = [(PERIME)2/AREA] x (1/4rm) x 100, ]
wherein MXLNG denotes the maximum of a samble
particle, PERIME denotes the periméter 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 (Sgpp) of 70 - 300 mz/g, more
preferably 70 - 150 m2/g. The resin fine particles
may prefer;bly have a specific-surface area of 5.0 -
20.0 m2/g, more preferably 8.0 - 15.0 m%2/g. The metal
15 oxide particles may preferably have a specific surfaqe
area of 0.5 - 10 mz/g. |
' If Sggp 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 liablg to cauée.localization of the inorganic fine
powder and blaék spots due to agglomerates‘thereof.-
Sger above 300 m2/g is liable to result in a toner
showing a high moisture absorptivity leading to a
lower environmental stability. If Sgpyp 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 mz/g_makes it



The effects of the present invention may be enhanced by addi ng

eternal additives having specified particle sizes relative to the
above-nenti oned particle size of the toner. Mire specifically, the

5 i norgani c fine powder has an average primary particle size of 1 -
50 nm the resin fine particles have an average particle size of 0.1
- 2 pmand the netal oxi de particle;ﬂhave 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 inproved flowability but is

1able 1o havea e  GRPEI €6 sufficPOMEiPNAPIEPLafloLAR! 8biabion Ghe! Ne Other

- hand, 15 above 50 nmis liable to res In insufficient toner

f I owabi I ty-i ngs ovhe\ e s BCoxi8a0paSE1E168008NEhe elect?b8ithticdevel oping
per f or mance. In case where the resin fine particles have

an average parimsge-searimg|members. [ eI1f]Sppit of Sth@OmetBROsKigLe t O
sufficiently alleviate the abrasion of the electrostatic
i mage- beari ng parbicles tistbhelowtQlS mz/g,othdeapaasiohesf Ehet hmagea | ar ge
proportion thereof Is liable to pass by the cleaning nenber, thus
soiling 5 hearinarmemkenesefacebanéd th¢edeyeilonerscavreihget
member is liable to be noticeable. Above 10.0 mz/g
can result in failure of removal of attached substance
on fhe 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 10-8 - 1014 ohm.cm. _If the resin fine
particles have a volume resistivity below 107 ohm.cm,
the resultant toner is liable to have an insufficient
15 chargeability, and the resin fine particles are liable
" to leak charges when attached in an isolated form onto
the image-bearing member. Above..lo14 ohm.cm is liable
to cause the charge-up of the toner leading fo 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 resiﬁ 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



25 adsorptive capture of isolated inorganic fine powder. In
case where the netal oxide particles have an average particle size
below 0.3 [err]m it is liable to

-14- fail in renoval of attached substance onto the inmage

beari ng nenber or pass by the cleaning nenber to cause | mage defects.
Above 3 pmis |iable to cause renarkg?hg abrasi on of the inage bearing
menber 5 surface or the devel oper-carryi'ng nenber (devel oping

sl eeve) surface. ~Anot her characteristic feature of the
present invention is that the resin fine particles and netal

oxide particl epdeng ¢hapgtf ag! 0I’:ﬁe apedePthhPeonBkOYs callsed to havSThe
resin fine particles may have a shape factor SF1 of at |east 100 and

bel ow 150, prefai alnyreased daghbonrérdfabanitPel analdbovand.a whkapg fact or
SF2 of at least 110 and bel ow 200, preferably at |east 120 and
bel ow 175. 15 liable to déwsecad athargeecupaofi thestongrhavéafathbape
amount of the resin fine particles is below 0.005 wt.
5 %, it becomes difficult to appropriately moderate the
abrasion fdrce of the metal oxide particles, and above
0.5 wt. % is liable to result in é 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 onto 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 eithér 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 éurfaces or in interior of the particles is
small and it is free from ﬁroduction residug, such as
25 Na,0, $032', etc. During the dry proéess silica
production step, it is also possible to use another

metal halide, such as aluminum chloride or titanium



factor SF1 of 150 - 250, preferably 160 - 230, and a shape factor SF2
of 160 - 300, preferably 175 - 270. We have di scovered that
it is inportant for the respective external additives have a specific
20 sphericity (SF1) and a specific unevenness (SF2) in addition to

t he above-nentioned particle sizes. The sphericity and unevenness are
remar kabl 'y related with t he cleanlng_ erfornances and performances for
renpving attached substances with the us a 25 cleaning nenber.

The resin fine particles may preferably be general ly spherical and

al so have sone degree of - 15-

unevenness, SghhBatdele¥ogetnat ufi%d'dﬁé AKEEdd a1 1de 6 NbEL BANE NG

member but remain at the position of contact between the cleaning

nmenber and theompbgite fine powderd oFEHiAlicd K@D YardHSR e ] he
cleanability of . 5 the other conponents in the toner. Further, as they

are general | yogpleri c8ilichefinan powderbhdded e eanidiso incI@ader to some
extent to capture the other conponents,
such composite silica fine powder.

5 The inorganic fine pdwder used in the present
invention may preferably be a hydrophobiﬁ one in view
of environmental 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 o0il or silicone varnish, and silicone o0il
is particularly preferred in view of the flowability
15 and chargeability of the resqltant toner.
Examples of the silicone 0il for treating the
inorganic fine powder used in the present invention
'may include those represented by the following general
formula: .
20
. Rl—43104——{£10+——i i-R"
T S
wherein R is alkyl group having 1 - 3 carbon atoms; R'
is a silicone oil-modifying group, such as an alkyl
25 group, a hélogen—modified alkyl grbup; a phenyl group
or a modified phenyl group:; R" is.an alkyl_or alkoxy

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



such as toner particles, on the chargi ng nenber, t hereby preventing

t he occurrence of damage on the 10 inmge bearing nenber.

The netal oxide particles may preferably have somewhat | arge val ues of
sphericity (SF1) and unevenness (SF2), thus showing an indefinite
shape. Spherical particles exhibit an inferior performance of 15
renmovi ng the attached substance and proquRhan I ncreased proportion of
t hose passing by the cleaner menber, thus being liable to cause |ack
of i mage portions and biased abrasion of the inage bearing '
menber. 20 The shape factors SF-1 and SF-2 referred to

herein are baseéspectivedy Ehadwteder tExahipleBVitliereof m@ypner. Sanple

particles are observed through a ~field-em ssion scanning el ectron
m croscope (" FEnSEmde: digeR®¥lsidvaidneblcd If,r hk¥li-amddi Sed akibicoke K. ) at
a 25 magnification of 30000 - 60000, and 10 particle inages are
sanpl ed at ran@dk wrrmethyd skvaoengemodiifiieide sdildeone oilange for each
external additive. The inmage _data are

chlorophenylsilicone oil and fluorinated silicone oil.

5 These are not exhaustive examples of silicone o0il

suitably used in the present invention.

The silicone 0il may preférably have a
viscosity at 25 °C of 50 - 1,000 centi-stokes. Below
.50 centi-stokes, the silicone o0il 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 o0il
treatment may be performed in a known manner. For
example, the inorganic fine particles may be blended

15 with silicone o0il in a blender, such as a Henschel
mixer; silicone 0il 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
inofganic fine.powder'may be known ones. Commercially
available examples thereof may include “KR—251", "Kf—
112", etc., available from Shin-Etsu Silicone K.K.

35 The freatment with silicone varnish méy be pérformed _

in é known manner similarly as the silicone o0il

treatment.-



-16- i nputted into an i mage anal yzer ("Luzex 3" , available

fromNreco KK ) to obtain averages of shape factors SF1 and SF2
based on the foll ow ng equations: SF1 = [(MXLNG) [ err]/ AREA] X
([err]/4) x 100, 5 - SF2 = [(PERINE)[err]/AREA] x (1/4[err]) x 100,]
wher ei n MXLNG denot es t he maxi num of a sanple particle, PERI ME
denotes the perineter of a sanple pgrticle, and AREA denotes the
proj ection area of the - sanple particle. 10 The i norganic
fine powder may preferably have a specific surface area (S err]) of
70 - 300 nferr]/g, nore preferably 70 - 150 nferr]/g. The resin fine
particles ey prefjepabtionay® 3ushcal ifigkhn’ o

20.0 nferr]/g, nore preferably 8.0 - 15.0 nferr]/g. The netal {gIOXIde
particles. mayapretgandlyibexane anfei suefavergteating thecdndrdamic 10

mMerr] /qg. If S[err] of the inorganic fine powder is bel ow
70 n2/ g, the phiwerpowdéerabbhy be brapsfeemedi bnio the eliecdrastdtiiate at a
hi gh probability, thus being 20 - I|iable to cause |ocalization of the

i nor gani ¢ fi nelmage-beanitngamembernckospshibdieanoeffectmofaicdeantiageof .
S[err] above .300 err% is liable to result in _a toner show ng a
hi gh noi stlire ARSWRSETy PgsFﬁﬁﬂﬁngsFShaaS isolated polyolefin.

The hydrophobicity of the inorganic fine
powder referred to herein is based'on values measured
in the following manner. _

Into a tightly stoppable 200 ml-separating

10 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

15 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

20 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

25 hydrpphobicity of at least 60 %, preférably at least
90 %. At a hydrophobicity of below 60 %, it becomeé_

difficult to obtain high-quality images in a high-



| ower environnental stability. If S[err] of the resin 25 fine particles

Is below 5.0 n2/g, the particles can only show a | ow capacity of
adsor bi ng isol ated i norgani.c fine powder. Above 20.0 nferr]/g nmakes it
-17- difficult to sufficiently alleviate the abrasion due to
the metal oxide particles of the electrostatic | mage- beari ng nenber.’
If S[err] of the netal oxide particlgg_is below 0.5 n2/g, the
abrasi on of the imge 5 bearing nenber rface and the

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

on the inmage beimild tR BV i Bniads | dis Yo Ghoi $€urB! 8bsorpti8X! ¢ RRBLI Cl €S
to cause inage defects. 10 The resin fine par?lcles may
preferably havenorgam o diitre paeded vity (Rlerr]) of 10[err] - 10[err]
ohmcm nore preferably 10[err] - 10[err] ohmcm If the resin fine

particles have a vol une Thesiwiliune yreémd sl dDferof oésinnfine t he
resultant toner is |liable to have an insufficient 15 chargeability, and
the resin fineRgatiicles uged |jmithe present invention may be

5 measured, e.g., in the following manner. Sample resin .
particles 41 may be molded into a pellet by using a
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-obfained pellet, after application
15 of an electroconductivé 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 (g.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.P.or Ry may be
calculated_acéording to the following formula:
- 25 P (ohm.cm) = R (ohm) x S (cmz)/; fcm), .
wherein S is a sample sectional area and 1 is a-samp;e'

thickness or height;



to | eak charges when attached in an isolated formonto t he

| mge- bearing nenber. Above 10[err] ohmcmis |iable to cause the
charge-up of the toner leading to a | ower i mge density. 20 _

The inorganic fine powder may preferably be added in an anmount of 0.3
- 3.0w. %of the toner. The resin fine particles may preferably be
added in an anount of 0.005 - 0.5 vwi23j%>of the toner. The netal

oxi de particles nmay preferably be added in a 25 proportion of 0.05 - 5.0
w. % nore preferably 0.5 - 2.0 wt. % of the toner.

I f the anmount of the inorganic fine powder is bel ow 0. 3

W. % the resultant tomhe iresidlFahd pdititcles m&y HECHLOGEEed by
aggl oneratability, and above 3.0 wt. %is | iable to cause a charge-up

of the toner. kmulision polymeritzatidrher epray ideyixgtundes as bel ow 0. 005
wt . 5 % 1t becones difficult to appropriately noderate 't he
abr asi on f or ceapproprigdedly @disstesd wardidiicamd abbvis preferred to

use resin fine particles having a glass transition

5 point of at least 80 ©C and comprising a homdpolymer

or a copolymer of monomers used for providing a toner

binder resin, such a styrene, acryiic 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 nolymerined,units of styrene or a substituted
styrene. Such styrene-based resin fine particles hane
a position in a triboelectric chargeability series
closer to that of étyrene-acrylic resin or polfester
resin ordinarily used as toner binder resin, tnus

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

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



0.5 w. %is liable toresult 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 9% the abrasion force onto the image-bearing nmenber is
|iable to be weak, and above 5.0 wt. %is liable to cause excessive
and ununi form abrasi on of the inage- beari ng nmenber.

The inorganic fine powler used in the present 15 invention may nobst
preferably conprise silica fine powde? “The silica fine powder can be
either the so- called "dry process silica" (or "fumed silica") which
can be obtained by oxi dation of gaseous silicon - halide, or the

so-cal | ed "wet bl&rs(é(@%salx{]lé‘g'ia Wiy ¥ ?I Gan.oe; produced fromwater glass,

etc. Anmong these dry process siTicai1s preferred to the wet

process silica becayseHd &t3puHYE oY &ﬁg@érg‘r.??lpuﬂ{gsent on

the surfaces or in interior of the partlcles S and it is free
f rom producti oeobteindidan Hheh mlﬁilﬂ&a[ﬁfﬂﬁlé‘“@[ﬂ legs©tkan HYring the

dry process silica ‘production step, it is also possible to use anot her
met al hal i de, wmeh%astheﬂnesuhﬁdﬂﬁmﬁdhknﬂléIliﬁblénto exhibit strong
| 5 agglomeratability and worse flowability, leading to
image white dropout and image density irregularity.
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 abrasien
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 (Sggy) 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 i“, available from
Yuasa Ionix_K.K.) accoeding to the BET multi-point
method using nitrogen as an adsorbate gas for a sample
subjected to evacuation at 50 OC for 10 hours as a
pretreatment.
25 The triboelectric chargeabiiity including
polarity of the toner, the hydrophobic silica, resin ’

fine particles_and metal oxide particles may for



-19- chloride, together wwth the silicon halide to obtain a

conposite fine powder of silica with another netal. oxide. Silica fine
powder herein may al so include such conposite silica fine powder. 5
The inorganic fine powder used in the present invention may preferably
be a hydrophobic one in view of environnental stability.

For providing hydrophobic inorganic fine
known agent and nmethod 10 for hydrophoEF?atl
(hydrophobicity-inparting). The hydrophob|C|ty-inparting agent may
preferably be a silicone conmpound having an organosiloxane unit, such

as silicone OIéx&ﬁpﬁélbeoeeayaaeéahbyaaglﬁgl LCeRB-Lomponent S particul arly
preferred in view-of the flowability 15 and chargeag ity of the

resul tant tonetriboelectric chabyengl 8¢sebm! By &islingoan Q&bﬁf%bddé%ﬂ'ng
t he I norgani c fine powder used in the present invention
I ncl ude those caprisented by the foll owi ng general formul a: [err]
wherein Ris alkyl group having 1 - 3 carbon atons; R
It is further preferred that the toner

powder, it is possible to use

5 particles comprise polymer cdmponenté characterized
by:
(a) containing substantially né THF
(tetrahydrofuran)-insoluble coﬁtent,
(b) containing a THF-soluble content giving a GPC
10 (gel-permeation chromatography) chromatogram showihg a
main peak in a molecular weight region of 3x103 -
3x104, and a sub-peak or shoulder in a.molecular
weight region of 1x10° - 3x106, 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 Ay, > Ayy-
It is further preferred that the acid value
AVL 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 g-(AVL-AVH);
< 27.



Is a silicone oil-nodifying group, such as an alkyl 25 group, a

hal ogen-nodi fi ed al kyl group, a phenyl group or a nodified phenyl
group; R' is an al kyl or al koxy .group having 1 - 3 carbon tons; and m
and n are - 20-

respectively an integer. Exanpl es thereof may I ncl ude:
dinmethylsilicone oil, alkyl-nodified silicane oi |,

a- met hyl styrene-nodi fied silicone oil, -26- chl orophenyl silicone oil and
fluorinated silicone oil. 5 These are not exhaustive exanples of silicone
oi | suitably used in the present invention. The

silicone oil may preferally_h ' | ' [ f 50 -
1, 000 centi-stokes: Belg% is §¥gﬁﬁggn f§§€§g§§t%&§¥sgﬁ%(§§égé% is liable
to cause 10 Eéfnbbﬁén%’éi%%%h@“ anndedi AT dot d1eHdila Ve Rk

inferior chargeability. ove 1,000 centi -stokes provides a difficulty
in processing. r3af€oSbli a@nmosit! 0.7. treatnent may be performed in a known
manner. For exanple, the inorganic fine particles may be bl ended

It is further preferred that the THF-soluble
5 content of the polymer compohents provides the GPC
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-insolﬁble 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 constituiing a toner, and thus may be used as a
parameter indicating the degree of crossliﬁking of a
resin composition cdntaining a crosslinked component.
The THF-insoluble confent may be defined as a value
measured in the following manner. |
25 Ca. 0.5 - 1.0 g of a toner sémple is weighed
(at W; g) and placed in a cylindrical filter paper

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



15 with silicone oil in a blender, such as a Henschel m xer; silicone

oil ‘'may be sprayed into the inorganic fi ne powder by using a sprayer;
or a silicone oil solution in a solvent may be blended with the

i norganic fine powder. The treatnment nethod need not 20 be restricted to
t he above. The silicone varnish used for treating the

I norgani c fine powder-my be known ones. CbnnerC|aIIy avai |l abl e
exanpl es thereof may include "KR- 251", " RR7 - 112", etc., available
fromShin-Etsu Silicone K K. 25 The treatnent with silicone varni sh may
be perforned in a knowmn manner simlarly as the silicone oi

treat nment. . 21- A
portion of such a S|?“%aecE%%p%ﬂn%xﬁaeFﬁl°“ WItgnlgpgangpglpbxane unit

surface- {1 eat | ngo} fent NPAPADACa SoxnibBesPaYiEacERY Derhirushoniadant o the

el ectrostatic | mage- beari ng ne er to an e
a powder subst a\§epesfshm@8 £6P! 6! RuPL! YOrRhi Boluble content The

hydr ophobi city of the inorganic fine
extracted with the solvent is dried first by
5 evaporation of the solvent énd then by vacuum drying
at 100 °c for sevéral hours, and weighed (at W, g).
The components other than the resin component, such as
a magnetic material and pigment, are weighed or
determined (at'W3 g). The THF-insoluble content (wt.
10 %) is calculated as [(Wy-(W3+Wy))/(Wy-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 1x10° - 32106, preferably 5x105 -
1x106,-respective1y 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 1eést 106 showing an areal proportion of at
25 least 3 %, more preferaﬁly_3 - 10 %, 6n the above-
mentioned GPC chromatogram. By including the THF-

soluble component having a molecular weight of at



powder referred to herein is based on val ues neasured in the foll ow ng
manner . Into a tightly stoppable 200 ni-separating 10
funnel, 100 m of deionized water and 0.1 g of a sanpl e powder are

pl aced. After stopping, the funnel is set in a shaker ("Turbla Shaker
M xer T2C') and - shaked at 90 rpmfor 10 min. After the shaking, the
funnel is left standing still for 10 mn. After 15 separation into an
upper inorgani ¢ powder-contai ni ng Ia?gr and a | ower aqueous l.ayer, 20
- 30 M of the | ower aqueous layer is taken into a 10 mmcell, and a
transm ttance thereof is nmeasured at a wavel ength of 500 nn1mﬁth

reference to bj @ik deobophzgdp¥aheEs i 68 o?OQEaEQBEQ 30%'”3E9%%ﬁ9d

powder. The neasured transmttance i1 s taken as a hydrophobicity of

the i nor Q%’é&ﬁléetéoiﬂﬁfo&émehé anti-offset chaIaetmrsQalaobl c
I norgani ¢ fine powder:- preferably used in the present invention may

exhibit a 25 wiyséephiepsitingfthe Leastefifeatirel gighbylaty ans 90
% At a hydrophobicity of below 60 % it becones difficult to obtain
hi gh-qual ity iakgesenhancdi the storage stability under standing at a
5 high temperature. '
The molecular weight distribution of polymer
components in toners described heréin 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/mln.
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 at least 2 mgKOH/g. As a result, the toner can
exhibit a stable chargeability and good continuous
image'forming characteristic for a long period.
It is preferred that the low-molecular weight
25 polymer éomponent-has an acid wvalue AﬁL' and the high-
molecular weight polymer component has an acid value .

Ayy satisfying Ay > Ayy: further preferably the acid



-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 chanﬁ§r 43. Then, a pressing rod
42 is inserted into the 10 pelletizing Chatber 43, and a pressure of 250
kg/ cnierr] (at a pressure gauge 44) is applied for 5 min. froman

oi | -pressure punp to forma pellet having a dianeter of ca. 13 mm and

a thickness ofygfue 27, 3 - The ;Lhus- |ned pellet, after
15 Pe Ui pECERS onumeosudaz, PRsAY sl

application ectroconducti Ve and | ower

surfaces, nmy GcmSoheREl £8 29 magguhaﬁg%ggf aRd the 838 AR wlue (R

under application of a voltage of volts in an environment of

t enper at ure ofof3the[kightnolecudad welbghtdpb)yhkrbzoBdnatusidP &5
resi stance neter 20 (e.g., 16008A RESI STIVITY CELL" or "4329A H GH

RESI STANCE METERL]1 mgKQB/g| veivingaal dhiffefente satib@wlielg -1Packard Co.).
From t he neasured resistance :
(Ayp,-Ayg) £ 27.

As a result of our study, it has been found
that, in the toner resin compositién including a low-
molecular weight polymgr 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-temperatufe
fixability, anti-offset ché:acteristic, prevention of
toner sticking onto the electrostatic image-beéring
member and developing performance.

15 The 1ow-témperature.fixability is governed by
the Tg and molecular weight distribution of the low-
molecular weight poiymer 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—molecﬁlar weight polymer component by
10 mgKOH/g or larger, the resultant resiﬁ composition
can have a lower viécdsity than a resin composition
having identical Tg and identical ﬁolecular 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



value R (ohm), a volune resistivity [err] or Rerr] may be cal cul at ed

according to the following formula: 25 [err] (ohmcm) = R (ohm x S
(cmerr] )1 (cm, wherein S is a sanple sectional area and 1 is a
sanpl e thi ckness or hei ght.

- 23- The resin fine particles nay be produced by

emul si on pol ynerization or spray drying ugge 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 nononers used for providing a toner

bi nder Tesin, %@lxﬂofé&lﬁfgf waSEHL! fofbhly AEhbbhEnt to BE Jous! BY

nmet hacryl ate, acryla acryl ate

It is also posgt bi@aém? 16 %txmyyn%ﬁan thﬁereislthak%w%b'ie%uqmssl | nki ng

agent, such as di vi nyl benzene. For the adjustnment of volune
resistivity a%igmb%xeﬁ rCcﬁlhﬁéﬂéﬁ'El | th¥, ehtah§lementPegsi bl e to

surface-treat the resin fine particles
molecular chains between the low- and high-molecular
5 weight polymer components is éuppressed to some
. extent, so that it becomes possible to lower the
viscosity at low temperatures and ﬁaintain 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 fo be impairéd, thus resulfing 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.
On the other hand, if the acid value of the low-
ﬁoiecular weight polymer component exceeds 35 mgKOH/g,
the developing performance in a high humidity
-environment is liable to be lowered.
25 o In case where the high-molecﬁlar weight
polymer component has an acid value below 0.5 mgKOH/g,'

the miscibility thereof with the low-molecular weight



15 with,

e.g.,

surfactant.
fine particles conprise a styrene copolyner in a bl ock or random

copolymer formcontaining at least 51 wt. % 20 of polynerized units of
styrene or a substituted -styrene. Such styrene-based resin fine
particles have

closer to that of 'styrene-acrylic resin or ~pol yester

- used as toner

charging with

this reason, ltpéﬁyﬁéﬁOcaﬁﬁéﬁéﬁﬁd(hagﬂﬁg 8nSh¥i@N9%alue of 21 - 35
i nde

- 24-

based resin as a toner

a netal, a netal oxide, a pignment or dye, . or a
It is particularly preferred that the resin

a position in a triboe qctric chargeability series

resin ordinarily

bi nder resin, thus 25 being little liable to cause nutual

toner particles or deteriorate the flowability. For

r resin. If the

styrene nononermgkOR/@)i canl bei impairedothast beinghe iaBien tb peoRdldd Cl es
is less than 51 WM. % the resultant toner is liable to exhibit
5 aggwninfenbori devehdpingspetformbnket, yparéddulgriy

strong

10

15

20

25

liable to cause fog.

The polymer componénts may preferably have a
ratio of acid value/total acid value of at most 0.7,
more preferably 0.4 - 0.6. If thé ratio of acid
value/total acid value exceeds 0.7, the balance in
toner chargeability (i.e., balance betﬁeen
triboelectric charge and discharge) favors an enhanced
éharge,_thus being liable to cause a lower charging
stability.

It is preferred that the pélymer components
(more specifically, THF-soluble content thereof)
provide a GPC chromatogram showing a minimum in a
molecular weight rggion of from 3x104 to below 1x105.
In order to provide a combination of low—teﬁperature
fixabilify'and high-temperature anti-offset
characteristic, it is preferred that the low-moleculaf
weight pqumer component and thg high-molecular weight
polymer comﬁonent form separate molecular weight
distributions. |

In the polymer components of the foner, it is

preferred that the low- and high-molecular weight

polymer components are blended in Wp, and Wy wt. parts,

respectively, satisfying a ratio Wy :Wyg = 50:50 -

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



| mage white dropout and inmage density irregularity. The
nmetal oxide particles may conpri.se, for exanpl e: an oxi de of
magnesi um zinc, alum num cobalt, zirconium nanganese, cerium or
strontium or 10 a conposite nmetal oxide, .such as calciumtitanate,
magnesiumtitanate, strontiumtitanate, or barium titanate. Anong
these, in view of abrasion perfornanggzacting onto the electrostatic

I mage- beari ng menber and toner chargéability, it is most 15

preferred to use strontiumtitanate or cerium oxide. The
specific surface areas (S[err]) of I norgani c fine powder, resin fine

particles and gBidkular wed¥hie ppakined SouPhRE dutd IS ithéafgsed on

val ues measured by using a full-automatic adsorption 20 neasurenent
appar at us (" AUI&SORBble, tevpiro¥ilde finF@rior fMuass 1iafy ard kenticcording to

the BET multi-point met hod using nitrogen as an adsorbate gas for a
sanpl e subf€setdcharacterdisitdie.at Mot @&pedi Ffiwallldy half s ke a
pretreatnment. 25 ' The triboelectric chargeability including
pol arity of théowemedeculerhwéightopod yeieln coompoysint is bdlow vt cl es
and netal oxide particles may for
5 %, the fixability is lowered. On the other hand, if
the high-molecular weight polymer component is below
10 wt. %, the_high—tempefature anti-offset
characteristic is lowered.
Further, it is preferred that the mixing
10 amounts and the acid values satisfy the following
reiationshipsﬁ |
Ay x WL/ (Wp+Wy) 2 AVH x (Wy/(Wp+Wg)) x 4
11 g (AypWp+AypWy)/ (W +Wy) < 30.
This is for the-following reasons. Non-satisfaétion
15 of the upper formula means Ayp x Wp/(Wp+Wg) < Ay x
(Wy/(Wp+Wy)) x 4. Thus, the acid value of the low-
molecular weight componént in the resin composition is
below 4 times the acid value of the high-molecular
. weight component in the resin éomposition, whereby the
20 miscibility between the low-molecular weighf_component
and the high—molecular weight component is ‘enhanced,
so that it-becomes difficulf to separately exhibit the
low viscosity at the low—temﬁerature side and the high
viscosity at the high-temperature side.
25 Further, in case where (AﬁLWL+AVHWH)/(WL+WH)
is below 11, the quick chargeability can be imbairedt

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



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

triboelectric charging system by using an iron powder carrier.

It is further preferred that the toner 5 particles conprise polyner
conponents characterized by: (a) containing substantially
no THF (tetrahydrofuran)-insol uble content, (b) containing
a THF-sol ubl e content giving a GPC 10 &g - perneati on chronmat ography)
chr omat ogram showi ng a mai n peak- in mol 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] and (c) having an acid

val ue of at |egatrdriBKEE 9n a I:.ggehumF.dlt b3 donnde® 1R §fighdigd t hat

t he pol yner conmponent s |nc Iecular wel ght pol yner
conponent havifg Bl eswbaeqyei ghts of bel ow 5x10[err] on the GPC
chromat ogram and an acid value Alerr] and a hi gh- nol.ecul ar wei ght

pol ymer conponent havi nghe28cidokatuesar (0asgakcidofraiue)eadt 12wl04hmnd an
acid val ue Alerr] satisfying Alerr] > Alerr].
. high-molecular weight polymer components in a toner
5 referred to herein are based on values measured in the
fqllowing manner.
Collection of the respective comgonents
[Apparatus organization}]
LC-908 (mfd. by Nippon Bunseki Kogyo K.K.)
10 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.,
Zd Detector: R.I.
A sample toner is preliminarily subjected to
sepération pf additives other than polymer components.
For the fraction collection, an elusion time
corresponding to a molecular weight of 5x104 is
25 measured ih advance, and a low-molecular weight
polymer component and a high-molecular weight polymer

cdmponent are recovered before and after the elution



It is further preferred that the acid value . AVL of the | ow nol ecul ar
wei ght pol yner conponent is 21 - 35 ngKOH g, and the acid value Alerr]
of the high- 25 nol ecular wei ght polynmer conponent is 0.5 - 11 :
nmgKOH/ g, . giving a difference satisfying 10 [err] (Alerr]-Aerr]) [err]
27. - 26- It is
further preferred that the pol yner —-3&onponents provide an acid
val ue/total acid val ue ratio of at nost 0.7. It is
further preferred that the THF-sol uble 5 content of the pol yner
conmponents provides the GPC chr omat ogram showi ng a m ni num val ue in
a nol ecular time, WeispRicti®o@lsn OfThe JdARENBXID|rddidvad df hsthovhéXx10[err]. .

The above-nentioned preferred conditions for t he toner pol yner-
conponent s w lrecovered ddyadtiienhated)lGandles ey pdwide samples
It is preferred that the toner pol yner conponents are substantially
free from THFfoxs@ciill ¥alue measurement in the following manners.
Measurement of acid value (Ay = JIS acid value)
5 1) 0.1 - 0.2 g of a samble in a pulverized form
is accurately weighed at W (g).

2) The sample is placed in a 20 cc-Erlenmeyer
flask, and 10 cc of a toluene/éthanol (= 2/1) mixture
is added thereto to dissolve the sample.

10 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

15 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. |

20 Acid value (Ay) = (S-B) x £ x 5.61/W, wherein
f_dénotes 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). |
25 2) The sample is placed in a 206 cc-Erlenmeyer

flask, and 30 cc of 1,4-dioxéne, 10 cc of pyridine and ’

20 mg'of 4-dimethylaminopyrimidine are added thereto.



content. More specifically, the polyner conponents do not contain
nore than 5 wt. % preferably nore than 3 15 wt. % of a THF-insol uble
content. The "THF-insol ubl e content” referred to

herei n neans a pol ymer conponent (substantially, a crosslinked

pol ymer) which is insoluble in a sol vent THF (tetrahydrof uran)
within a resin conposition 20 constitutLg _a toner, and thus may be used
as a parameter indicating the degree of crosslinking of a

resin conposition containing a crosslinked conponent. The

THF-i nsol ubl e content may be defined as a val ue measured in the

following manner. 3P5 3.5 cc of (@eibnPzedlwltérOisaaligeal, sadPkhe S
wei ghed (at Werr] g) and placed in a cylindrical filter paper

(e.g., "No. 8S6Rorhent ais erdfbuxddyboiR0o4 hhotirK. andnthen cooled.
-27- then subjected to extraction with 100 - 200 m of - sol vent
THF in a Soxhl et's 4kt r 8everallhdrens raftpbenolphthaleinf aloetofior 6 hours.
The sol ubl e cont ent ' '
_ ' solution are added as an indicator.
5 5) The solution in the flask is titrated with a
0.1 normal-KOH solution in. THF added through a buret.
The volume of the KOH solution usea 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 wvalue (TAy) is calculated by
the following equation. |

Total acid wvalue (TAy) = (8'-B') x ' x

5.61/W', wherein £' 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 wate; and adding 720 cc of THF |
(tetrahydrofuran) and 100 cc of deionized water, -

20 followed by addition of methanol until the systém
becomes transparent. '

Examples of the monomer (carboxyl group-
cdntaining monomer) usgd for adjustihg the acid values
of thé 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



extracted with the solvent is dried first by 5 evaporation of the sol vent
and then by vacuum dryi ng at 100 [err]C for several hours, and wei ghed
(at Werr] 9g). The conponents other than the resin conponent, such as
a magnetic material and pignment, are wei ghed or determ ned (at W8 Q).
The THF-insol uble content (wt. 10 % is calculated as

[(Werr]-(Werr]+Werr]))/(Werr]-Werr])]3%_100 A

THF-i nsol ubl e content exceeding 5 wt. % ~results in an inferior

| ow-tenperature fixability. The THF-sol ubl e content of the
pol ynmer conponents in the toner conposition according to the 15

present inventifumdebsc sachdn pabéicnadidphagubatraconiveadii,r egicon of
3x10[err] - 3x10[err], preferably 5x10[err] - 2x10[err], and a

sub- peak or shawdnieresten derivatives theweofht Degi@edopolyhre may
3x10[err], preferably 5x10[err] - | x10[err] respectively on a GPC
(gel perneat i orbe Zyrbthesized rbypolyheviaingr thesbemonbmers alone or I n
the toner of the present invention, it is preferred that the

THF- sol ubl e polYHEMiEHRERNPF PY copatymerizatpenyass thesgomenomens ng a
nmol ecul ar geight of at |east 10[err] showi ng an areal proportion of at

25 least 3°% rMOrER EHRY BPYOmEeIs o BpoRg thesapolt- 1s Parfifuladdy Grc
Il o ogran JHrdflEl et "o i Thno-este? 0l SatOURE"SY uh2K Ml atea
dicarboxylic acids in order to control the ratio of
acid value/total acid value.
Preferred examples of the acidic or carboxyl

10 group~containing monomer maf include:'monoesters of
a;ﬁ—unsaturated dicarboxylic acids, such as monomethyl
maleate, monoethyl maleate, monobutyl maleate,
monooctyl maleate, monoéllyl maleate, monophenyl .
maieate, monomethyl fumaratg,'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
monomethyl phthalate, monogthyl phthalate and
monobutyl phthalate.

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

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

A dicarboxylic acid monoester is preferred in



- 28- | east 106 in a proportion of at least 3 % it becones

possible to inprove the anti-offset characteristic W t hout i npairing
the | owtenperature fixability and al so enhance the storage stability
under standing at a 5 high tenperature. The nol ecul ar

wei ght distribution of polyner conponents in toners described herein
are based on val ues neasured by C;K:l#ﬁ? pernmeati on chromat ogr aphy)
under the follow ng conditions. 10 [GPCTmeasurenent for polyner
conponents in toner] Appar atus: GPC-150C (avail able from Waters
Co.) Col ums: 7 columms of KF801 - KF807 (al

avai | abl e frompgapadtidnKot a polymef“ﬂﬂﬁﬁﬁﬁéﬁff1n4ﬁﬁeﬁ$ﬁe5hsl5

Solvent: THF (tetrahydrofuran) Fl'ow r at e:
Sanpl e concent madiam becuse dti@ Wondfier having RIWigh vebLEpildty N

The toner polynmer conponents may preferably 20 have an acid value of at
| east 1 ngKOH ¢n amr @agqueous suspension medium is not suitable but‘an
ester having a lower solubility islpreferred in
5 suspension polymerization.

_The carboxylic acid group and carboxylic acid
ester cite can be subjected to sapbnification by an
alkaline treatment. It is also preferred to convert
the carboxylic acid group and the carboxylic acid

i0 ester cite into a polar functional 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 crosslihking

18 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 bindér'resin. Examples of the

20 alkali may include: hydroxides of alkaline metal or
alkaline earth metals, such 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 exémples may ihclude NaOH'énd
KOH. |

The above-mentioned saponification need not



preferably at least 2 ngKOH g. As a result, the toner can exhibit a

stabl e chargeability and good conti nuous: I mge formng characteristic
for a long peri od. It is preferred that the | ow nol ecul ar

wei ght 25 polynmer conponent has an acid value Alerr], and the high-

nmol ecul ar wei ght pol yner conponent has an acid val ue Alerr] satisfying
Alerr] > Alerr]; further preferably the agéﬁ_

-'29- value V[err] of the |ow nol ectil"ar 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 conponent is 0.5 © - 11 ngKOH/ g, giving a

difference satisd Vafifledfed Shitn résﬁ@%?rf$'3ifrfhét%g?hbxgzic acid

As a result of our study, it has been found _ I the toner resin
conposi tion i nayxtsiimgand | Gstboxylicnesee! aitdebEhtheOoLypBl vy OB and a

hi gh- nol ecul ar wei ght pol ymer conponent, if the respective 1|0
pol ymer conponentpahtavef ttize aterPoxehic ogedupsi dan be sapbnéfieldt inko
effective to inprove the | owtenperature

a polar functional group.

5 The alkali for the saponification may be used
in an amount of 0.02 - 5 equivalents to the acid value
of the binder resin. Below 0.02 équivalent, the
saponification is liable to be insufficient to provide-
insufficient polar functional groups, thus being

10 liable to cause insufficient crosslinking thereafter.
On thé 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.

15 If the alkalline treatment iﬁ an amount of
0.02 - 5-equivalents to the acid value is effected,
the rémaihing cation concentration may be within the
range of 5 - 1000 ppm.

The toner composition may preferably have a

20 glass transition temperature (Tg) of 50 - 70 °C, more
preferably 55 - 65 °C in view of the storability, If
Tg is below 50 °C, the deterioration in a high
temperature environmént and offset at the time of
fixation of the toner may be caused. If Tg is above

25 70 °C, the fixability is liable to be lowered.

The low-molecular weight polymer component

and the high-molecular weight polymer component may



fixability, anti-offset characteristic, prevention of toner sticking
onto the electrostatic imge-bearing menber and devel opi ng

per formance. 15 The | owtenperature fixability is governed by
the Tg and nol ecul ar wei ght distribution of the | ow nol ecul ar wei ght
pol ymer conponent. If the | ow nol ecul ar wei ght pol yner conponent
contains an acid conmponent and the aghd value thereof is larger than
20 that of the high-nol ecul ar wei ght pol yner conmponent by 10 mgKOH/ g
or larger, the resultant resin composition can have a |l ower viscosity
than a resin conposition having identical Tg and identical nolecul ar

wei ght diatefdndblyn Hate Meyj Nen@MTag) dragbestivblyNgsatlisirgeng?> the
above- nmenti oned ranges. Thi's is presumably for the foll ow ng
reason. By'gyety iTgy thed Q) val e ¢asé efl-ng,grgmrbg)-os,t khe

- 30- hi gh- nol ecul ar wei ght pol ynmer conponent to be | ower by at

| east 10 ngKOHdeweapinapenforpance hel btabke to be lowered. Tgp 2

Tgy is further preferred.

5 The binder resin (pblymer-component mixture)
of the toner may be ohtaihed through various
processes, inclusive of: a solutidn 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
poiymerizatiqn process wherein a low-molecular weight

15 polymer'p;epared, e.g., by solution polymerization is
dissolved in a monomer constitpting a high-molecular
weight polymer, and the resultant solution is
subjected to suspension polymerization, folloﬁed by
washing with water and drying to obtain a binder

20 ' resin. However, the dry blend process leaves a
problem regarding the uniform dispersion and mutual
sdlubilities,'and the two-step polymerization process
makes it difficult to increase the léw-molecular
weighf component in excéss of the high-molecular

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

polymerization process providing a difficulty that,'in



wei ght pol ynmer conponent, the entangl enent of nmol ecul ar chai ns bet ween
the I ow and high-nolecular 5 wei ght pol ynmer conponents is suppressed to
some extent, so that it becones possible to | ower the Vi scosity
at | ow tenperatures and nmaintain the el asticity at high tenperatures.
These factors | ead to an enhanced | owtenperature fixability and an

10 | nproved devel opi ng performance in a 4gpgh-speed machi ne.

On the other hand, if the acid val ue di fference exceeds 27 ngKOH g,
the mscibility between the | ow and hi gh-nol ecul ar wei ght conponents
is 15 liable to be inpaired, thus resulting in |lower anti- of f set
characteri sti c thel piressngs of perfov+mobscular weighhtpoliymeri nage
formation. Further, in case where the | ow nol ecul ar

wei ght pol yner compsnani, Hds i didficel tctofform| amsadeggatey hialH g,

t he quick chargeability can he inproved. On the other hand, if the

aci d val ue of Mdeqiar weighy comegnens And AN WRRECRHPIFENLO¥xceeds 35

eni ronfrent i s TSI 47 WA G A HPORSRE 13 by-Srodiedact where the
R g, 3 At dingly, B MR A S e e e gn
suitable in_the present invention. In order to '
introduce a prescribed acid value into the low-
molecular weight polymer component, the solution
polymerization method ai;owing easy setting of acid
10 value is preferred than the polymerization method in
an agqueous mediﬁm.

The high-moleculaf weight component ih 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-aqueoué phase with the aid of
an emulsifier and is polymerized by using a water-

 20 soluble polymérization initiétor; According to this
method, the éontrol of the reaction temperature is
easy, and the termination reaction velocity is small
because the,polymerization phase (an oil phase of the’
vinyl monomer possibly containing a polymer therein)
25 constitute a separate phase from tﬁe aqueous phasg.
As a result, the polymerization velocity becomes large

and a polymer having a high polymerization degree can



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

nmgKOH g) can be inpaired, thus being liable to provide ~ an inferior
devel opi ng performance, particularly |iable to cause fog. 5

The pol yner conponents nmay preferably have a ratio of acid
value/total acid value of at nost 0.7, nore preferably 0.4 - 0.6. If
the ratio of acid val ue/total acid ygjue exceeds 0.7, the balance in
toner chargeability (i.e., balance between 10 triboelectric charge and
di scharge) favors an enhanced charge, thus being liable to cause a

| ower charging. stability. It is preferred that the
pol yner conponbet prepared asd Isnecirfurtidyy, thd-polyheeizatiemt t her eof)

15 provide a GPC chromat ogram showing a mninumin a nmol ecul ar wei ght
regi on of fronp¥otess ds trelladivellx Kimpld, the pdlymexiczatiboprovi de a
conbi nati on of |owtenperature fixability and hi gh-tenperature
anti - of f set progugtadiseobdained un finemarticient amt addibbvesul ar
such as a colorant, a charge control agent and others
5 can be blended easily for toner production.
Therefore, this method can be advantageously used for
production of a toner binder resin; *
In the emulsion polyﬁerization, however, the
emulsifier added is liable 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 séponified form of polyvinyl alcohol, and
calcium phosphafe, and may preferably be used in an
amount of 0.05 - 1 wt. part per 100 wt. parts of the
aqueous medium. The poiymerization temperature may
suitably be in the range of 50 - 95 °C and selected

25 depending on the polymerization initiétor used and the

‘objective polymer.

The high-molecular weight polymer component



20 wei ght polymer conponent and the hi gh-nol ecul ar wei ght pol yner,
conponent form separate nol ecul ar wei ght di stributions.

In the polyner conponents of the toner, it is preferred that the | ow
and hi gh-nol ecul ar wei ght 25 polynmer conponents are blended in Werr] and
Werr] w. parts, respectively, satisfying a ratio W.: WH = 50: 50 -

90: 10. This is because a ratio of the Iow;iygihigh-

-32- nol ecul ar wei ght pol ynmer conponents outside the range S
|iable to provide inferior fixability and anti - of f set

characteristic. Mire specifically, if the | ow nol ecul ar wei ght

pol ymer conponemh ithebgeewnSeomposition”may®ridPedlivly Yo ordWeESS in ON
the other hand, if t he hi gh-nol ecul ar wei ght pol yner conponent 1s
bel ow 10 whe Ppireskacki gif- bepodiydumct ivtadl- Ydlsaierizatidghar acteristic

s | owered. Further, it is preferred that the mxing 10
anount s and t heinétdateruedonet osf int icembdmnaddiony with a

monofunctional polymerization initiator, as enumerated

5 hereinbelow. |
Specific examples.of the polyfunctional

polymerization initiator may inclﬁde: polyfunctional

pblymerization initiators having at least two

functional groups having a polymerization-initiating

10 function, such as peroxide groups, per molecule,
inclusive.of 1,1-di-t—buty1peroxy—3,3,5—trimethy1-
cyclohexane, 1,3-bis-(t-butylperoxyisopropyl)benzene,
2,5-dimethyl-2, 5- (t-butylperoxy)hexane, 2,5-dimethyl-
2,5-di7(t-butjlperoxy)hexine-B,3tris(t—butylperoxy)-

.15 triazine, 1,l-di-t-butylperoxycyclochexane, 2,2-di-t-
butylperoxybutane, 4,4—di-t-bﬁtylperoxyvaleric acid
n-butyl ester, di—t4buty1peroxyhexahydrotérephthalate,
di-t-butylperoxyazelate, di-t-butylperoxytrimethyl-
adipate, 2,2-bis-(4,4-di-t-butylperoxycyclohexyl)-

20 propane, 2,2-t-butylperoxyoctane and various polymer
oxides; and polyfunctional polymerization initiators
"having both a polymerization-initiating 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.



rel ati onshi ps: Alerr] x Wer]r/(Werr]+Werr]) [err] Aerr] X

(Werr]/(Werr]+Werr])) x 4 11 [err]

(Aferr]Werr]+Alerr]Werr])/ (Werr]+Werr]) [err] 30. This is for the
foll owi ng reasons. Non-satisfaction 15 of the upper formula nmeans Alerr]
x Werr]/(Werr]+Werr]) < Alerr] x (WH (W.+WH)) x 4. Thus, the acid
val ue of the | ow nol ecul ar wei ght cggponent In the resin conposition
i's below 4 tines the acid val ue of ThHe hi gh-nol ecul ar wei ght
conponent in the resin conposition, whereby the 20 miscibility between

t he | ow nol ecul ar wei ght cohponent and the hi gh-nol ecul ar wei ght

conponent is enhanced, ame n ty a trééf §T§§1§ %Léggk&aaoe§§ﬂgaggely

exhi bit the |OM/VISCO ure side an

viscosity. at thyyiighehigerpliil -+ Fih -in case
wher e (A[err]VWeﬁf]+A[err]VWerr]?%(VWerr¥f€$€?¥ y3:3:3 tIS %gﬁg% 11, the

qui ck chargeabhydnohﬁxhﬁuaIInmﬂdiut-butylpéibif@y@ibﬁéxaﬁéd dhntexceeds of
30, the devel oping -33
per f or mance i n batlylgetoxghéxahwinoterepithakaté abde-t —butylpebexirower ed.
| 5 azelate, 2,2-bis(4,4-di-t-buiylperoxycyclohexyl)-
propane, and t-butylperoxyallylcarbonate.

These_polyfnnctional polynerization
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 lower than that of the
pelyfunctional polfmerization initiator, so as to
provide a toner binder resin satisfying various

15 requirements in combination.

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

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

The monofunctionel polymerization initiator

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

initiator but may preferably be added after lapse of a



The acid .values (JIS acid value) of [ow and hi gh- nol ecul ar wei ght
pol ymer conponents in a toner 5 referred to herein are based on val ues

measured in the fol | ow ng nmanner. Col l ection of the respective
conponent s [ Appar at us organization] LC-908 (nfd. by N ppon
Bunseki Kogyo K. K. ) 10 JRS-86 (do.; repeat injector) JAR- 2
(do.; auto-sanpler) FC- 201 (nfd Qy G lson. Corp.; fraction

col | ector) [ Col um or gani zat i on] JAIGEL - 1H to 5H (20
mmdia. x 600 mmL, 15 fraction-collection colum)

[ Measur enent condi ti ons] Tenperature: 40 [err]C,

Sol vent:  THF, polymerlzg{fﬁhrﬁiﬁe 5hﬂ$ﬂné£ceedgothe halPei%e! B th

A sanple toner 1s prelimnarily subjected separation of ad |t|ves
ot her than pol yp®lyE@nEeNehas. polymerfﬁétibﬁ fhaeiheBrsokiheoirger tan

el usion tine corresponding to a nol ecul ar weight of 5x10[err] is 25
nmeasured in advapseopeidtalyoretaircther inetghtor effpelipmey edmeheent and
a hi gh-nol ecul ar wei ght "pol yner conponent are recovered before and

after the el utipmlyfunctional polymerization initiator.

5 The above-mentioned polymerization initiators
may preferably be used in an amount of 0.05 - 2 wt.
parts per 100 wt. parts of the moﬁomer in view of the
efficiency.

The high-molecular weight polymer component

10 of the resin composition used in the present invention.
may preferabiy be crosslinked with a crosslinking
monomer as epumerated hereinbelow so as to satisfy the
requifed properties accbrding 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
diacrylate, 1,3-butylene glycol diacrylate, i,4—
butanedioi.diacrylate} 1,5-pentanediol diacrylate,
1,6-hexanediol diacrylate, and neopentyl glycol
diacrylate, and compounds obtained by substituting

25 methacrylate groups for the acrylate Qroués in the

| above compounds; diacrylate compounds connected with

an -alkyl chain including an ether bond, such as



- 34- time, respectively. The solvent is renoved fromthe _
recovered (fractionated) sanples to provide sanpl es for acid val ue
measurenent in the follow ng manners. - Measur enent of acid val ue
(Alerr] = JIS acid val ue) 5 1) 0.1 - 0.2 gof asanplein a
pul verized form I's accurately weighed at W(Qg). 2) The
sanple is placed in a 20 cc-Erl enneyer _%§ ‘flask, and 10 cc of a

is add

t ol uene/ ethanol (= 2/1) mxture jed thereto to-di ssolve the

sample. 10 3) Several drops of phenol phthal ei n al cohol
solution are added as an indicator. 4) The solution in the

flask is titraggdthvlibne glyco10diaeesTaltekO raleddfiAlersd!gliy&n added
t hrough a buret. The vol une of the KOH solution used for the

titration 15 diasrytateat t8tialekthylene glycol diawapaiatie) y, a bl ank
titration is perforned to read the KOH solution at this tinme at B

(m). - polyeth¥ienecgdycalud40Q] diklcrylatesl q@dlatetthyerdie
fol |l ow ng equati on. '

glycol #600 diacrylate, dipropylene glycol diacrylate

5 and compounds obtained by substituting methacrylate
groups for the acrylate groups in the above compounds;
diacrylate compounds_éonnected with a chain including
an aromatic group and an ether bond, such as
polyoxyethy;ene(Z)—Z,2-bis(4-hydroxyphenyl)propanedi-

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

15 name‘of MANDA (available from Nihon Kayaku K.K.).
Polyfunctional crosslinking agents, sﬁch as
pentaerythritol triacrylate, trimethylethane
triacrylate, tetramethylolmethane tetfacrylate,
oligoester acrylate, and compounds obtained by

20 subsfituting methacrylate groups for the acrylate
groups in the above compounds; triallyl cyanurate and
triallyl trimellitate.

These crosslinking agents may preferably be

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

25 particularly about 0.001 - 0;05.wt. pérts, per 100 wt.
parts of the other vinyl monomer components.

Among the above-mentioned crosslinking



20 Acid value (Alerr]) = (SB) xf x 5.61/W wherein ' f
denotes the factor of the KOH sol ution. Measurenent of total acid
value (TAlerr]) 1) Ca. 2 g of a sanple is accurately weighed at
W (g). 25 2) The sanple is placed in a 200 cc-Erl enneyer
flask, and 30 cc of 1,4-dioxane, 10 cc of pyridine and 20 ng of
4-di met hyl am nopyri m di ne are added therelgg- -
- 35- : 3) 3.5 cc of deionized water is added, and the
content is refluxed for 4 hours and then cool ed. 4) Sever a
drops of phenol pht hal ei n al cohol solution are added as an indicator.
5 5) Tormerns oraromdathicc fdbsinys tompottdsW par8icularly., 1
normal - KOH sol ution in THF added through a buret. The vol une of the
KOH sol uti on usdyinylhenzene) andndiacrylatereampaunds €ohhected
Separately, a blank titration is perforned to 10 read the KCH solution
at this tinme a@q@h(qﬂqhaln including an aromatic group and an
ether bond may suitébly be used in a toner resin in
5 view of fixing characteristic and anti-offset
characteristic. |
On the other hand, the loﬁ-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 tgmperature 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
polymerizatioh initiatof-amount or reaction
20 temperature, so that the solution polymerization
process 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

polyﬁerizafion initiator.



6) The total acid value (T[err]) is calcul ated by t he follomﬁng

equat i on. Total acid value (T[err]) (S-B) xf'" x
5.61/W, wherein f' denotes the factor of the KOH 15 sol uti on.

The above-nentioned KCOH sol ution in THF may be prepared by dlssoIV|ng
6.6 g of KOHin 20 cc of dei oni zed wat er and addlng 720 cc of THF
(tetrahydrofuran) and 100 cc of deionized gater foll owed by addition
of nethanol until the system beconeé ransparent

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 incl ude:
acrylic acid 25  and sxap1bIof- ghkyhoflehbyabbksts chtdhagmerylic acid,
met hacrylic acid, a-ethylacrylic acid, and crotonic acid; and

unsat ur at ed dlEﬁ@ﬁmmdie@uﬁsrdﬁelghﬁhpaiymer component and the low-

- 36- fumaric acid, nmaleic acid and citraconic acid, and

nono- est er denmwheeukartheigbt pbkgmeedcomppnent fHnythe binder resin
may include: styrene; styrene derivatives, such as o-
5 methylstyrene, m-methylstyreﬁe, p—methylstyrene, p-
methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4~
dichlorostyrene, p-ethylstyrene, 2;4-dimethy1styrene,
p-n-butylstyrene, p-tert-butylstyrene, p-n-
hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p-n-
10 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, vinylidene 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, stearjl
methacrylate, phenyl methacrylate; dimethylaminoethyl
methacrylate, and diethylaminoethyl methacrylate:;
acrylates, such as methyl acrylate, ethyl acrylate,
n-butyl ac_rylaté, isobutyl acrylate, propyl acrylate,
25 n-octyl acrylate, dodecyl acrylate, z;ethylhexyl
acrylate, stearyl acrylate, 2-chloroethyl acrylate,

and phenyl acrylate, vinyl ethers, such as vinyl



be synthesized by pol ynerizing these nononers al one or ‘in mxture, or,
by copol ynerization of these nononers 5 wi th ot her nononers. Anpbng
these, it is particularly preferred to use nono-ester derivatives of
unsat ur at ed di carboxylic acids in order to control the ratio of

acid value/total acid val ue. Preferred exanpl es of the
acidic or carboxyl 10 group-containing nopgner may i ncl ude: nonoesters of -
a,[err]-unsaturated dicarboxylic acids, suCh as nononet hyl mal eat e,
nonoet hyl mal eate, nonobutyl mal eate, nonooctyl mal eate, nonoallyl

mal eat e, nonophenyl . mal eat e, nononet hyl fumarate, nonoet hyl

fumarate, 15 peflopLtethér ) BFtiPl SOEhPDNEPRERY! ahtMeinl e, igbhatgler s
of al kenyl di carboxylic acids, such as nonobutyl n- but enyl succi nat e,

nmononet hyl n- ocdtehet sueinyhtleetones, stcheabyvinybumetiydieketshe,
nononet hyl n- dodecenyl gl utarate, and nonobutyl n-butenyl adi pate; 20
and nonoester s wingk dwexyk kiétondoxandcmethyt, isaophopenyl ketonenet hyl -
pht hal at e, nDnoethyI:Ehthalate and nonobut yl pht hal at e.

The above- nent iNrinXhrerpBPuURASy pSEcht a8 NNnyinylpyroadeer Nmay preferably
constitute 1 - 20 wt. % 25 particularly 3 - 15 w. % of the total
mononmers 0 PHRYIGIEPZLE ¢ MiTViRVbbaddle of ap@cNOVEABEL resin.

A di carboxylic acid oester.is . preferred in
_ y pyrrofggbne: v1ny1&%phtﬂafenes; acrylic acid

derivatives or methacrylic acid deiivatives, such as
acrylonitrile, methacry:onitrile, and acrylamide; the
estefs of the above-mentioned a,p-unsaturated acids -
10 and. the diesters of the above-mentioned dibasic acids.
These vinyl monomers may be used singly or in
combination of two or more species.
Among these,'é combination of monomers
providing styrene-polymérs or styrene copolymers:
15 _incluéive of styrene-acrylic type copolymers nay be
particularly preferred. |
It is further preferred that both the low-
and high-molecular weight polymer coﬁponents conta:‘Ln"~
at least 65 wt. % of polymerized étyrene 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




-37- . preparation of a polymer conponent in an aqueous medi um

because acid nmononer having a high solubility I N an aqueous suspensi on
mediumis not suitable but an ester having a lower solubility is
preferred in 5 suspension polynerization. The carboxylic
acid group and carboxylic acid ester cite can be subjected to

saponi fication by an alkaline treatnegg_. 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 wi th an al kal i ne
cationic conponent. This is because, even if a carboxylic group
potentially cagabperefion stat@aGiithd thed N ow-iS1BcEIu i Gigt Op@BPEr
conmpound i s contained in a polyner conponent, the crosslinking 15

ef ficiency thecemponentawered, if the carboxylic acid - group is in the
formof an anhydride, i.e., cyclized. The al kal i ne treat nment

may be perforned by Exampileg of such ilowrtmolideoulsant weat glve divaxn mayer t he
include: polypropylene wax, polyethylene wax,

5. microcrystailine wax, carnauba wax, sasol wax,
paraffin wax, higher alcohol wax, ester wax, and
oxides and graft-modified products'thereof.

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.loo wt.
parts of the binder polymer component.
In toner prdduction, 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 solutions may for example have a
solid content of 5 - 70 wt. % in view of dispersion
efficiency, prevention of denafu;atiog of the resin
under stirring and oﬁerability. 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 thé low-molecular



preparation of the binder resin. Exanples of the 20 alkali may i ncl ude:

hydr oxi des of al kal ine netal or al kaline earth netals, such as Na, K,
Ca, Li, My and Ba; hydroxides of transition netals such as Zn, Ag, Pb
and Ni; and ammoni um hydr oxi de, al kyl anmoni um hydr oxi des, such as
pyridinium hydroxide.. 25 Particularly preferred exanples may include
NaCH and KOH. The abo%ﬁynentloned saponi fication need
not - 38- be effected with
respect to all the carboxylic acid group and carboxylic ester cite of
t he copol ynmer, but a part of the carboxylic groups can be saponified
into a pekedghitupoiliymeal splation mMay for examplEnéhattka isdpigt he
saponi fication may be used in an anount of 0.02 - 5 equivalents to

t he aci d val uecontentobft Be-bi70dent.r &i n. Bel ow 0. 02 equi val ent, the

saponification is 1iable to be insufficient to provide

i nsuf ficient

pol ar functi onal groupsTh?hhégbempgecuaar“ME&Uh& @@hxmﬁﬂadonpdﬂénﬁent

crosslinking thereafter.
and

the wax may be dissolved or dispersed under

5 stirring either batchwise or continuously to prepare

the preliminary solution.

The blending with the low-molecular weight

polymer solution may be performed by blending the low-

molecular weight polymer'solufion 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

15

20

25

continuous manner.

Examples of the organic solvent used for the
solution blending for preparafion of the reéin
composition may include: hydrocarbon solvents, such as
benzene, toluene, xylene, solvent naphtha No. 1,
so;vent naphtha No. 2, solvent naphtha No. 3,
cyclohexane, ethylbenzene, Solveéso 100, Solvesso 150
and mineral-sprit; alcohol solvents, such as methanol,
ethanol, iso-propyl alcohol, 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
cyclohexanone; ester solvents, such as ethyl acetate,
n-butyl acetate, and cgllosolve acetate; and ether

solvents, such és methyl cellosolve, ethyl



On the other hand, in excess of 5 equivalents, the functional group,

such as the carboxylic ester cite, can recei ve adverse effects, such
as hydrol ysis and salt formation. 15 If the al kalline
treatnent in an anpunt of 0.02 - 5 equivalents to the acid value is
effected, the remai ning cation concentration may be within the

range of 5 - 1000 ppm . The_gpper conposition nay preferably
have a 20 glass transition tenperature (Tg) of 50 - 70 [err]C, nore
preferably 55 - 65 [err]Cin view of the storability. If Tg i s bel ow
50 [err]C, the deterioration in a high tenperature environnent and

of fset at the tdelfladolve, hidikadeDloSblvdecah@nfethny barbagsed. [f Tg is
above 25 70 [err]C, the fixability is |iable to be | owered.
The | ow nol eculfmongittheseol aramatiopoketdéne and/andesherhisghvenltgcul ar
wei ght pol yner conponent nay - 39-
preferably havaay &1e |peefkemied | Thespesolvenys canibeyhsgd in '
mixture.
5 The organic solvent may preferably be removed
by removing 10 - 80 wt. % thereof by heating the
-polymer solution under a normal préssure 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 °cC.
Below the'boiling point, not only the efficiency of
the solvent removal is lowered, but also the polymers
within_the organic soivent receive an unnecessary
.15 shearing force to promote re-distribution of the
coﬁponent pblymers; thus being liable to cause
microscopic phasé separation. In excess of 200 °c,
the de—polyﬁerization of the polymerization is liable
to occur, thus not bnly resulting in oligomers due to
20 molecular severance but also being liable to result in
_ monomers which.may be entrained into the produét
resin.
| The toner particles used in the present
invention may preferably'be in the form of maghetic
25 toner parficles containing a magnetic.matérial. The

magnetic materiai may preferably be a magnetic iron

.oxide, particularly a silicon-containing magnetic iron



Tlerr] [err] T[err] - 5 ([err]C). In case of T[err] < T[err] - 5, the

devel oping performance is liable to be lowered. T[err] [err] ' Tlerr]
is further preferred. 5 The bi nder resin (polymer conponent
m Xt ure) of the toner may be obtai ned through various

processes, inclusive of: a solution blend process wherein a

hi gh- nol ecul ar wei ght pol ymer and a | ow _g3_- nol ecul ar wei ght pol yner
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

wei ght polyners are nelt-kneaded by means of, e.g., an extruder; and
a two-step oxigtd.ynmeri zati on process wherein a | ownol ecul ar weight 15
pol ymer prepared, e.g., by solution polynerization is di ssolved in a
nonomer constituting a IThe-siglieon gontent iwithe magpebic inant he
resultant solution is subj ected to suspension pol ynerizati on,

fol lowed by  oxidm&ah@reierarkeda. Hryi R 1wt obd ai ROBeDI nder 20

resin. However, the dry bl end process | eaves a robl em regardi ng the
uniforn1disperQ?ﬁ??ﬁﬂP#ﬁﬂdﬁé]‘ i'osﬂﬁtﬂﬁiif?%%?eﬁﬁargﬂ%r?RbYSPeE -

ow ol coabar 09 Wiz g RATRRLREH 1 HA¥Ess of the hi gh. mol ecul ar 25
wei ght conponent whil e igpd VL2901 0N 06V #5189y magndtiRi form
di spersion. Further, the two-step : '
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
containihg 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
comblete 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 30807,
available from Rikagaku Denki Kogyo K.K.) according to
JIS K0119 (General Rules of Fluorescent X-ray
Analysis).
The magnetic iron oxide particles
25 ‘constituting the magnetic tonet 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.



polynerlzatlon process. providing a difficulty that, in

the presence of a | ow nol ecul ar wei ght pol yner conponent,
it is difficult to forman adequately high- nol ecul ar wei ght conponent
and an unnecessary | ow nol ecul ar wei ght conponent is by-produced. 5
Accordingly, the solution blend process is nost suitable in the
present invention. In order to I ntrocgge a prescribed acid value into
the | ow nol ecul ar wei ght pol ymer conponent, the sol ution
pol ymeri zation nmethod allow ng easy setting of acid 10 value is preferred
than the polynerization nethod in an aqueous nedi um The
hi gh- nol ecul ar wei ght cdomagnetia Hecon oxidedearticlescBapobaveon used
in the present invention may be produced by sol ution polynerization,
emul sion 15 p&%rﬁ‘&raﬁaﬁrﬁﬁeasﬁ%})éﬁsﬂbrﬁ i lare ceupbing agent, a In
t he emul si on polynerlzatlon process, nmononer . al np I nsoluble in

water is di spgf‘%’@@r%%t counfiififi-e apa"r’t‘??ﬂ%’ée'l r?%rla‘%’cﬁ@%hiaﬁﬁagﬁ fPth the

ai d of .
organic silicon compound, as desired.

5 - The toner may contain a known colorant, such
as carbon black, a pigment; such as copper
phthalocyanine, or a dye.

The toner can also contain a charge control
agent. Examples of negative chaige control agents may
_1d include: metal complexes of monoazo dyes, salicylic
acid, alkylsalicylic acid, dialkylsalicylic acid, and
naphthoic acid. Egamples of positive charge éontrol
agents may include: nigrosine dyes, azine dyes,
triphenylmethane dyes, imidazole compounds, quaternary

15 ammgnium salts, and polymers having such a.quaternary
‘ammonium salt 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 dispgrse
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 partidles according



an enmulsifier and is polynerized by using a water- 20 sol uble

polyneri zation initiator. According to this net hod, the control of the
reaction tenperature is easy, and the term nation reaction velocity is
smal | because the pol ynerization phase (an oil phase of the vi nyl
nmononer possi bly containing a polynmer therein) 25 constitute a separate
phase fromthe aqueous phase. As a reﬁth, the polynerization velocity
becones | arge and a pol yner having a high polynerization degree can
-41- be prepared easily. Further, the polynerization process
Is relatively sinple, the polynerization product is obtained in fine

particles, andtasddiie wasesent irwedtiona col orant, a charge control agent
and others 5 can be bl ended easily for toner production.

Therefore, this nmethod dektdmatirealngebtsiy atsd possible torpdowtiden of a
toner binder resin. In the enul sion polynerization, however,
the enul & fianendkhxpugh | pelanrexbzabiomeor pecardingstanthe

polymerization method, a polymerizable monomer, a

5 charge-controlling égent, a pigment, dye or magnetic
material, a polymerization ihitiator, and optionally a
crosslinking aéent, and other.addifivés, as desired,
may be uniformly dissolved or dispersed to form a
monomer composition. Then, the monomer composition or

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

.15 - Figure 1 illustrates an example 6f image
forming apparatus, and an embodiment of the imagé
forming méthod according to the present invention will

- be described based thereon.
| Referring to Figure 1, the image forming
20 appératus_ihcludes a photosensitive drum 1 as an
electrostatic image-bearing member in the form of a
rotating.drum{ around which are seqdentially dispbsed;
a primary chafging device 2 comprising a contact-
charginé member such as a chaiging_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.

iy



10 i mpurity in the polyner produced, and it i s necessary to effect a
post-treatnent such as salt-precipitation in order to recover the
product polyner at a high purity. The suspension polynerization is
nor e convenient in this respect. 15 The suspensi on

pol ynmeri zati on may preferably be perfornmed by using at nost 100 wt.
parts, preferably 10 - 90 wt. parts,_gg_za nmononmer (m xture) per
100 wt. parts of water or an aqueous nedi um The di spersi ng agent may
i ncl ude pol yvinyl al cohol, 20 partially saponified form of polyvinyl

al cohol , and cal ci um phosphate, and may preferably be used in an

anount of 0.05 - 1 wt. [ ttHEHmEYe ormitd Sapfatdtus, the ASWESHEe MR UM
The pol ynerization tenperature may suitably be in the range of 50 -

95 [err] C and ol etiec photosetaidiicdie) @i thei palnifstmby | chatdédi Byfor used
and the obj ective pol yner. The hi gh-nol ecul ar wei ght
pol ymer conponéhie primary charger 2 and exposed to imagewisdZkight 3 i'n
the resin conposition may preferably be produced in '
to form an electrostatic latent image thereon.
5 Separately, on the surface of the toner-
cafrying member 5 enclosing a magnet therein, a layer
of a toner according to the presenf invention is
formed by means of a toner layer thickness-regulating
member 6. At a developing position, an alternating
ib . bpias voltage, a pulse bias.vdltage 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 electrosfatic image
on the photosensitive dium 1 with the toner on the
15' toner-carrying member 5 to fofm a toner image thereon.
At a transfer position, the toner imaée on
the photosensitive drum 1 is electrostatically
transferred onto transfer-receiving paper P conveyed
therefo under the action of a charge of a polarity
20 opposite to that of the toner supplied to a lower
surface (as indicated) of the paper P via a fransfer
device 9 from a voltage application means 10.
The transfer paper P carrying the transferred
toner image is caused t6 pass through a hot-pressure
25 roller fixing device 12 whereby the téner image is

fixed onto the paper P to form a fixed toner image

thereoh.



t he presence of a pol yfunctional polynerization initiator alone or in

conbination with a nmonof uncti onal polynerization initiator, as
enuner at ed 5 her ei nbel ow. Speci fic exanpl es of the

pol yfuncti onal pol ynerization initiator may include: polyfunctional
pol ynmeri zation initiators having at |east two functional groups
having a polymerization-initiating 10 fggaction, such as peroxide groups,
per nol ecul e, inclusive of 1,1-di-t- utyl peroxy-3, 3, 5-trinet hyl -

“cycl ohexane, 1, 3-bis- (t-butyl peroxyisopropyl)benzene,
2,5-di et hyl -2, 5-(t-butyl peroxy) hexane, 2, 5-di nethyl -
2, 5-di - (t-butyl per oxy) e ftaa ﬁdnéftr&hai/ﬁﬁ%%ﬂ)theﬁ triazine,

1, 1-di -t-butyl peroxycycl ohexane, 2,2-di-t- but yl per oxybut ane,
4, 4-di -t - but yiphertosersicdrive adiwin 1 aftér bthe! teshefer step is
di-t-butylperoxyhexahydroterephthaIate,. di -t - butyl peroxyazel ate,

di -t - but yl per semoviedthy |the cleanihgaleyice, and the cleaned
2,2-bis-(4,4-di-t- butylperoxycyclohexyl) 20 pr opane,
2,2-t-butyl pemw virumuls 19| sukiected toxadswbsegdent

polyfunctlonal rization initiators . havi ng both a
polynerlzétloﬂd%QQI PG iefarting fﬁ%ﬁpth%uEﬁlﬂﬂrgeFBQFﬂéngroup
.and a polynerl abl e unsaturation group in one nolecule, such as
diallyl- é@?ﬁxydlcarbonate t-butyl peroxymal eic acid, t-

butylperoxyalIylcarbomaﬁa éTELér&Q%Q%f@”fﬁggégseéring member has a

laminated structure including at least an
electroconductive support, a charge generation layer

10 and a charge transport layer, and further preferabiy
an utmost surface layer containing fluorine and/or
-silicon 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 supplied as a fluorine-containing compound, e.g., a
fluorine-containing resin, examples of which may
include homopolymers and copolymers of
tetrafluoroethylene;_trifiuorochloroethylene,

20 hexafluoroprbpylene, vinyl fluoride, wvinylidene
fluoride, and difluorodichloroethylene. These may be
uéed 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 graff copolymer
having a fluﬁrine—containing segment formed together

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



propyl f umar at e. . - 43-

Anmong these, particularly preferred exanpl es may 1 ncl ude:

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 at e, di -t -butyl peroxy- 5 azel at e,
2,2-bis(4,4-di-t-butyl peroxycycl ohexyl) - -57- Propane, and '

t - but yl peroxyal | yl car bonat e. These 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 tesmweabning $@rfactante8pPenatybemBhoied Bdoaehd)d lilkf e of 10
hours by deconposition thereof) which is |ower than that of the

pol yfuncti onal quhlyimatieniwithntheasdbovesmensibfied fluoptiae~de a toner
bi nder resin satisfying various 15 requirenments in conbination.
Exanpl es of thecomeinirgivesinpol ynerization initiator may include:
or gani ¢ peroxi des, such as
Examples of silicon-containing compound as
5 sources of the above-mentioned silicon atom may

| include: monomethylsiloxane three-dimensionally
crosslinked product, dimethylsi1oxéne—monomethy1—
siloxane three-dimensionally crosslinked product,
ultra-high molecular weight polydimethylsiloxane,

10 block polymer having polydimethylsiloxane segment,
surfactanté, macromonomers, and terminal-modified
polydimethylsiioxane. -A“three?dimensionally
crosslinked product may be used in the form of fine
particles having a particlé size in the range of 0.01

15 - 5 uym. The pélydimethylsiloxane compound may
preferably have é molecular'weight of 3x103 - 5x106;

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

20 . 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
'photpcdnductor (OPC)-layer-forming composition.
If such a fluorine and/or silicon-atom is

25 present at the surface layer of the eiectrostatic
image-bearing member, the surface energy of the image-

bearing member can be lowered whereby the toner is



benzoyl peroxide, 1,1-di(t-butyl peroxy)-3,3,5- trimet hyl cycl ohexane,
n-butyl -4, 4-di (t-butyl peroxy)- 20 valerate, dicunyl peroxide, _

a, a' -bis(t-butyl peroxy- di i sopropyl )benzene, t-butylperoxycunene and
di-t- butyl peroxide; and azo and di azo conpounds, such as

azobi si sobutyronitrile, and di azoanm noazobenzene. The

nmonof unctional polynerization initiator _2g_ can be added to the nononer
si mul taneously with the above-nmentioned pol yfuncti onal polynerization
initiator but may preferably be added after |apse of a

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

pol yf uncti onal1¢esé yhbabr¥at torbenattathed. i NI6r€¢hé tbntent dpphoep i ately
retain the initiator efficiency of the pol yfunctional polynerization
initiator. 5 large, the Fhictibomalneoefbhetient! winthi thei cleianinigat or s

may preferably be used in an amount of 0.05 - 2 wt. ~ parts per 100 w.
parts of the rgmber ¢an\bevextessively leweredechoyadversely result

in toner passing-by and cleaning failure.

5 Figure 5 shows an embodiment of the apparatus
unit (process cartridge) according to the present
invention. The apparatus unit inclﬁdes at least a
developing means and an electrostatic image-bearing
memﬁer 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 a 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 céntaining a magnetic toner  710. The
magnetic toner is used fb: development in such a
manner that a prescribed electric field is formed
between the photosensitivé drum 1 and a developing

25 sleeve 704. 1In order to perform the develcpmept
suitably, it is very important to accurately control '

the spacing between the photosensitive drum 1 and the



The hi gh-nol ecul ar wei ght pol ymer conponent 10 of the resin conposition
used in the present invention may preferably be crosslinked with a
crosslinking nononer as enumnerated herei nbel ow so as to satisfy the
requi red properties according to the present _invention. 15

The crosslinking nononmer may pr|n0|pally be a nmononmer having two or
nore pol yneri zabl e doubl e bonds. g&lfic exanpl es thereof may

i nclude: dromatic di vi nyl conpoundsy?Such as divinyl benzene and

di virnyl'napht hal ene; di acryl ate conmpounds connected 20 wth an al kyl
chain, such as ethyl ene glycol di acrylate, 1, 3-butylene glycol

diacryl ate, lgévelopind #1308l Cloqli acrylate, 1,5-pentanediol diacrylate,
1, 6- hexanedi ol diacrylate, and neopentyl gl ycol di acryl ate, and

conpounds obtai ned by ©#bHld Wtilkr g, r@waeﬁé{f&iﬁg%éﬂﬁérf 942t he
acrylate groups in the above conpounds di acryl ate conpounds

connected witlfor 2 imFigunds dhaird i2)cImay nereferalbey havd, aguch as
e ASKER-C hardness of at least 60 deg,. more preferably
5 at most 55 deg., so as to pro#ide a sufficient contact

width with the electrostatic image-bearing member 1
(mémber to be charged) under a weak.pressing force,
generaté 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 F{gure 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 1mage-bear1ng member may comprise a
layer of 50 - 200 um in thickness comprising a highly
resistive material so ‘as to exhibit a stable
chargéability without causing a leakage current.

Hereinbelow,-the present invention will be

25 described based on specific Examples;.

[Production of Resin composition (I)]

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



di et hyl ene gl ycol diacrylate, triethylene glycol di acryl ate,

tetraet hyl ene glycol diacrylate, pol yet hyl ene gl ycol #400 diacryl at e,
pol yet hyl ene gl ycol #600 diacrylate, dipropylene glycol diacrylate 5
-and conpounds obt ai ned by substituting nmethacryl ate groups for the
acrylate groups in the above conpounds; di acryl ate conpounds
connected with a chain including gromatic group and an ether bond,
such as pol yoxyet hyl ene(2) -2, 2- bls(g hydroxyphenyl)propanedi- 10
acryl ate, pol yoxyethyl ene(4)-2, 2- bIS(4 hydr oxyphenyl ) -

pr opanedi acryl ate, and conpounds obt ai ned by substituting

met hacryl ate groups for300ewtcrpaste of xyleheUpas plhlkedaleye Gy@aunds;
and pol yester-type di acryl ate conpounds, such as one known by a trade
15 nane of MaMEpkeédvElaskl eahdothél hntekipakofKtKe) flask waol yf uncti onal
crosslinking agents, such as _ pentaerythritol triacrylate,

tr|nethylethaﬁ%ﬂfflcleﬂtlxca9r§ted vithanitirpgennendene sttdtnrdagy| at e,
ol i goester acryl ate, and conpounds obtained by 20 substituting .
met hacryl at e d¥ s ¥he xRlene rypgt beated a@ﬂoﬁprﬁﬁtﬁﬁethove conpounds;
triallyl yanurqﬁf and triallyl trinellitate. These
crossllnklng ? preferably be ' used in a proportlon of 1 wt.

part or less, 25 partﬁﬁ&égrkﬁeagggiux1gglcbn 1glon, a i %u e%floo W

.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-
moléCular weight polymer (L-1).

A part of the polymer solution was sampled
and dried under a redﬁced 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 pqumer (L-1) showed a weight-average
molecular weight (Mw) of 9,600, a number-average

20 molecular weight (Mn) of 6,000, a peak ﬁolecular
weight (PMW) of 8,500, a Tg' of 62 °C, and an acid
‘value (Ay) of 25.

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

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

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

alcohol aqueous solution were placed, and then a



parts of the other vinyl nononer conponents. Anmong t he
above- nenti oned crossl i nking - 46-
nononers, aromatic divinyl conpounds (particularly, di vi nyl benzene)
and di acryl ate conpounds connect ed with a chain including an aromatic
group and an ether bond nmay suitably be used in a toner resinin 5
view of fixing characteristic and anti-offgsget characteristic.

On the other hand, the | ow nol ecul ar wei ght™ pol ymer conponent wi thin

t he bi nder resin, may be produced through a known process. According
to the 10 bulk polynerization, however, such a | ow nol ecul ar wei ght

pol ymer can bemixiirerd iyniall @ i 70 we Nighrts of POLYFER&E Zap§0ptt enperature
provi di ng an accel erated reaction speed, the reaction cannot be
control |l ed pagds lof ni-bulylt restyldis o9, wiiC et $ dof OméAébutPl Sol ution
pol yneri zation process, such a | ow nol ecul ar wei ght pol ymer can be
pr oduced undermﬁé@9t§439.005 wt. part of divinylbenzene and 0.1 wt.
part of 2,2-bis(4,4-di-tert-butylperoxycyclohexyl)-
5 propane (a 10 hour-halflife temperature (T;gy) = 92
OC) was added therefo, followed by stirring to form a
suspension liquid. .
The interior of the flask was sufficiently
aerated with nitrogen, and then the system was heated
10 to 85 °C to initiate the polymerization. After 24
hours at the temperature, 0.1 wt. part of benzoyl
peroxide (Tign = 72 °C) wés 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
equivaient to the acid value (AV- = 7.8) of the
resultant High-molecular weight polymer (H-1) was
added, and the system waé stirred for 2 hours. -
20 | The resultant High-molecular weight polymer
(B-1) was filtered ouf, washed with wafer; dried and,
as a result of measurement, showed Mw = 1.8x106, PMW =
1.2x10% and Tg = 62 °c, ana ay = 7.
Production of Resin composition
25 In a four-necked flask, 100 wt. parts of
xylene, 25 wt. parts of the abové High-molecular

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



conditions by utilizing the radical chain transfer function.of the

sol vent and by adjusting the pol yneri zation initiator anmount or
reaction 20 tenperature, so that the solution polynerization process
is preferred for formation of the | ow nol ecul ar wei ght conponent in
the binder resin. It is al so effective to performthe solution

pol yneri zati on ~under an el evated pregﬁgge, So as to suppress the 25
anount of the polynerization initiator to e m ni mum and suppress the
adverse effect of the residual pol yneri zation initiator.

-47- Exanpl es of the nononer constituting the

hi gh-nol ecul ar weigit polypespeDenensak emd Lheobow were p1Eeb@CWlhd Wwei ght
pol ymer conponent in the binder resin may include: styrene; styrene
derivatives, sUwmtadocandSstitihgdstydencreflart byl effeetepreldntAkiSt yrene,
p- met hoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4-

di chl or ost yr endigsaluticenyr chee Svstemmasyretgirad, for 12 hours in
p-n-butyl styrene, p-tert-butylstyrene, p-n- ,
the state to obtain a preliminary solution (Y-1).
5 A portion of the préliminary_solution was
sampled and dried under a reduced 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 placed in another vessel and
refluxed. |
The above preliminary solution (Y-1) and Low-
molecplar weighf 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 = 1.1x106, an areal
20 percentage occupied by a molecular weight portion of
106 or above on its GPC chromatogram (A(g.los)) =
9.5 %, Tg = 62.5 ©°C, and a THF-insoluble content
(excluding the low-molecular weight polypropylene.wax)
_ of 2.0 wt. %. _
25 Example 1 (Toner:Production Example li
 Resin composition (I). - 100 wt.parts

Magnetic iron oxide 100 n



hexyl styrene, p-n-octyl styrene, p-n-nonylstyrene, p-n- 10 decyl styrene,
and p-n-dodecyl styrene; ethylenically unsat ur ated nonool efins, such as
et hyl ene, propyl ene, butyl ene, and isobutyl ene; unsaturated pol yenes,
such as but adi ene; hal ogenat ed vinyls, such as vinyl chl ori de,
vinylidene chloride, vinyl bromde, and 15 vinyl fluoride; vinyl esters,
such as vinyl acetate, Vi nyl propiongé , and vinyl benzoate; '
nmet hacryl at es, such as nethyl nethacryltate, ethyl nethacrylate,
propyl nethacrylate, n-butyl nethacrylate, isobutyl met hacryl at e,
n-octyl methacryl ate, dodecyl 20 nethacryl ate, 2-ethyl hexyl nmethacrylate,
stearyl et hacr (S oty |= reidage vl it @pasededbhyFay noet hyl

nmet hacryl ate, and di et hyl am noet hyl net hacryl at e; acryl ates, such as
met hyl acryl ate, ethyvearage giaxticle sidalt yhavscyyLade2 papbutyl acryl ate,
propyl acrylate, 25 n-octyl acrylate, dodecyl acrylate, 2-ethyl hexyl

acryl ate, stearyl XNegatiiwe chaxtgeramitydl bing|adent aBd phenyl
acrylate, vinyl ethers, such as vinyl :
- 48- (Azo-iron complex)

5 Tﬁe above ing:edients were melt-kneaded

through a twin-screw extruder heated at 140 ©°C. The
kneaded product was cooled, coarseiy crushed by a
hammer mill and finely pulverizéd 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
negativély,chargeable magnetic toner particlés having
a weight-average particle size (Dg) of 6.5 um
(containing 0.2 wt. % of particles having a particle
size of at least 12.7 um 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 valuelof 8,200 and a higher-molecular weight side
peak valug of 6.7x105, and showed acid value
25 characteristics including Ay, = 23; AﬁH = 7, and an
- acid value/total acid value ratio = 0.44.

THe above magnetic toner particles were



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

ket ones, such as vinyl nethyl ketone, vi nyl hexyl ketone, and nethyl

i sopropenyl ket one; N-vi nyl conmpounds, such 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, hacryronitrile, and acryl am de;
t he esters of the above-nentioned a,Fg r]-unsaturated acids io
and.the diesters of the above-nentioned di basic acids. "These vi nyl
nononers may be used singly or in conbi nati on of two or nore species.

Anong these, a KXSHAE@!wDEh Of . FORENEE Sof inofggﬁiﬁ!?9n§t¥5§533p0|yners or
styrene copolyners 15 inclusive of styrene-acrylic type copolynmers nay be
particul arly pr@iydr@shobic silica) A-1!&nbenf ¥ht98b18r &f epregd {fpat gboth
the | ow and hi gh-nol ecul ar wei ght pol yner conponents contain at

| east 65 wt. %aff mesimefinedpatyiches UB+1 Sshowhheén 28blef ar ghaf 1SBYyr ene
honopol ynmer or styrene copolyners in view of miscibility therebetween.
| f the high- molweulrofemetal poxiderpartictesporknshoensint Thblg 3 byner

bi nder resin conposition is blended with a | ow nol ecul ar wei ght wax
means of a Henschel mixer to prepare Toner I shown in
Table 4. The metal oxide particles shown in Table 3
were prepared to have a specified barticle-size are a
shape by sand-milling, as desired.
Examples 2 - 4 (Toner Proﬁuction 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 pfepared in the
same manner as in Toner Production Example 1 except
that Resin compbsition (I) was replaced by styrene-n-

20.. butyl.acrylate eopolymer, 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 -i3, respectively. The magnetic
toner particles provided a GPC chromatogram showing a

25 lower-molecular weight side peek value of 8300 and a

higher-molecular weight side peak of 4x10%; Ayp = 0,

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



25 in advance, the phase separation in m cro-domai ns can be,
alleviated. to prevent re-aggloneration of the high- nol ecul ar wei ght
pol ymer conponent and provi de a good

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

I ncl ude: pol ypropyl ene wax, polyethylene wax, 5 m crocrystalline wax,
carnauba wax, sasol wax, paraffin waX, higher al cohol wax, ester wax,
and oxi des and graft-nodified products thereof. These
| ow nol ecul ar wei ght waxes may preferably have a wei ght-average

nol ecul ar wei gt 60fam {ContalinTngt 3321 Qhter gl of YAt e ed AUVigy nOSt
10[err], further preferably 800 - 9000. The addition anount thereof

may preferabl ypbetdbdet size & WR. 7paini Dpdardd)y ind 5.0 $ Y tsufbet he
bi nder pol yner conponent. I n toner production, the
| ow- nol ecul ar @i particleswhaviag pariddde tsizasd off X3d M dhe bi nder

resin in advance. 1t is also possible to prelimnarily
: smaller).

5 Example 6 (Toner Production Example 6)

Toner VI 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-
butyl acrylate-maleic anhydride copolymer having

10 different acid values and moleéhlar 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,
respéctively._ The magnetic toner particles providéd a

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

29 wt. % of particles having pa;ticle 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 (Comgarative Toner
Production Examples 1 - 5) -

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

Production Example 1 except that inorganic fine powder



di ssol ve the wax and the high-nol ecul ar wei ght pol yner. in a sol vent,

and m x the resultant solution with a solution of the | ow nol ecul ar
wei ght pol yner, thereby 20 produci ng a bi nder resin. Such
pol ymer solutions may for exanple have a solid content of 5 - 70 wt.
% in view of dispersion efficiency, prevention of denaturation of the
resin under stirring and operability. Mre particularly, 25 t he
prelimnary solution of the high- nolecularsﬁelght pol ymer conponent
and the wax may for exanple have a solid content of 5 - 60 w. % and
t he | ow nol ecul ar - 50-
wei ght pol yner gof ubiOR-FBYrE9% ¥ éa @yglgss I|1dor B-2 GO sRieGf S -
70 wt. % The |gh nol e ar Wwel pol ymer conponerﬁ
and the wax mayokfadi saptyeted’ cdisgereecd HBthown5in Flaly1ldgNq & ter
bat chwi se or continuously to prepare preI|n1nary sol uti on.
The bl endi ng witéspéetivet ypl weréansugl ght
Example 7
5 Toner I was charged in a developing vessel of

an apparatus unit and incorporated in a laser beam
printer_(prepared by re-modeling 5 commercially
available laser beam printer ("LBP-A309 GII",
available from Canon K.K.) so as to increase the
10 process speed from 16 Ad4-size sheets/min. to 30 Ad-
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-
ethylenthexafluoropropylene copolymer fine powder
(prepared by emulsion polymerization to have Dav. =
0.32 pm) (reférred 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 metai 2a, a lower layer 2b formed on the
circumference of the core metal and a 150 pm-thick
upper.laygf 2c 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 measurgd values at 9
points (three_points each at the central position and

two positions closer to the longitudinal ends)



pol ymer sol ution may be pefforned by bl ending the | ow nmol ecul ar

wei ght polynmer solution in an anount of 10 - 10 1000 wt. parts with the
prelimnary sol ution containing 100 wt. parts of the solid content.
The bl endi ng nmay be performed either batchwise or in a

conti nuous nanner. Exanpl es of the organic solvent used for
the 15 solution blending for preparatiopn_of the resin conposition
may i nclude: hydrocarbon sol vents, such asé7- benzene, toluene, xylene,
sol vent naphtha No. 1, sol vent naphtha No. 2, solvent naphtha No. 3,

cycl ohexane, ethyl benzene, Sol vesso 100, Sol vesso 150 20 and m ner al

it; al cohol : . l.SOARE I
 Conol - e but Yo Eae of i & feR-¢ HapaflaBoBerek RoBiCRE R

al cohol, and j10ad €!sdExgpol ; ketone solvents, such as acetone, nethy
et hyl ketone, nethyl isobutyl ketone, and 25 cycl ohexanone; ester

solvents,. such as ethyl PH&tei®Lrging rolt&rt Y| wasctathsedopd e8htase! Ve
acetate; and et her - sol vents, such as nethyl cellosolve, ethyl
-51- ) the photosensitive drum 1 at a prescribed pressure and
5 rotated following the rotation of the photosensitive
drum 1. The charging roller 2 was supplied with a
superposed voltage (Vac+Vdc) of an.AC voltage (Vac,
having a peak-to—peak voltage Vpp = 1800 volts and a
frequency VEf = 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 dqe'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 surfaée of the photosensitive drum 1
was scanned with minute spots of 15ser beam depending
on a prescribed image pattern to form an electrostatic
latent image having a light-part potential Vg = -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) undef application of a developing bias
voltage of Vac (Vpp = 1400 volts and Vf = 1800 Hz)
superposed with Vgc (= -560 volts) between the
photosensitive drum 1 and the developing sleeve 5,

25 thereby forming_a toner image on the ﬁhotosensitive
drum 1.

The thus-formed toner image on the



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 xture. 5 The organi c sol vent
may preferably be renoved by renoving 10 - 80 wt. %t hereof by
heating the pol ymer solution under a normal pressure and renoving
the remai nder under a reduced pressure. hIS I nstance, it is

preferred to retain the polynmer 10 solu?lon at a tenperature which is at

| east the boiling point of the solvent and at nost 200 [err]C.
Bel ow the boiling point, not only the efficiency of t he sol vent

renoval is | owgiRbodutis i Sk [d¥uP0l Whks StransfeMddli ntHeaor gani c sol vent

recei ve an unnecessary 15 shearing force to pronmote re-distribution of

t he conp@ieiis fled (e i ving) heapdr | bypbh€in® satiBansfer rolie@scopic

phase separation. In excess of 200 [err]C, t he de-pol ynerizati on of
t he pol yneri zat9 draving iablelectrocimductive élastomeér ohdyeresbhtted in

oligoners due to 20 mol ecul ar severance but also being liable to result

in nonom@gaigdtc theORE drmm atean | abwttieg ppoesgure of SPesin,
The toner particles used in the present . I nvention may preferably be
in the forE] gfEFh&Q @s to supply a positive charge ontoa back

surface of the transfer paper, and the transfer paper
was caused to pass through a hoi—nressure 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 Oc, a total pressure
of 5.5 kg between the heating roller and a pressure
~roller and a nip of 4 mm.
Under the above-set conditions, image-forming
tests were formed in a low temperature/low humidity
i5 (15 °C/10 %RH) environment and in a high
temperature/high humidity (32.5 9C/80 %RH)
environment, at an intermittent printing cycle of 1
sheet/lz 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.



25 toner particles containing a magnetic material. The magneti c

material may preferably be a magnetic iron -oxide, particularly a
silicon-containing magnetic iron

-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 preferably 0.5 - 5 0.9 w. % bhased on the iron . '

The use of a silicon-containing nmagnetic™>?" material provides a toner
havi ng excel | ent flowability, whereby the chargeability of the toner
IS stabilized to provide an inproved continuous image 10 form ng
characteristi CgyafihtfBh, toOner particles containing a
siIicon-contaiﬁ%ﬁg‘ﬁﬁgﬁétic mat eri al exerts a very mld abrasive

effect on the [fRgeimage dgﬁggk?g menber surface, so that, even when the
t oner particles begin to stick onto the inmage-bearing nenber 15

surface, the surface i saapdpageeb¥ gbradeghebonm-square solid black
spots was printed on an ordinary plain.papef for

2), aﬁd the density of the

5 coéying machine (75 g/m
solid black 5pot 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/iow 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 characteristiq

was evaluated based on a degree of staining on images



conpl ete sticking, thus inproving the continuous inmge form ng
characteristic of the inage-bearing nenber. 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 K0119
(General Rules of Fluorescent X-ray -_nglysis). The
magnetic iron oxide particles 25 constitufing the magnetic toner may
preferably be used in an amount of 20 - 200 . w. parts, nore
preferably 30 - 150 wt. parts per 100 wt. parts of the binder resin.

- 53- accordirdetoroghet £6116wingxs€8ndarli cl es may have been
surface-treated with a silane coupling agent, a titanate coupling, a

titanate, an am nosh|fewcellemt): Notgescarsedi §6natdopound, as desired.
5 The toner may contain a known col orant, such as carbon
bl ack, a pignent, dlctgeedroppféery slightlpl ocganred, or a dye.
C (fair): Slightly occurred.
g D (poor): Staining on images remarkably occurred.
(4) Charging sound
The charging sound durin§ printing was
listened to at a distance of 50 cm from the main
assembly and evaluated according to the following
ib standard. |
A (excellent): Not noticeable at all.
B (good): Almost unnoticeable.
C (fair): Noticeable to some extent.
D (ﬁoor): ~Considerably noticeable.
15 (5) Image flow
In the high temperature/high humidity
environment, a 2x104 sheets of successive image
formiqg 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)ﬁ Remarkably occurred to blur the entire
25 image.
'(6) Tongr sticking onto the photosensitive drum

surface



The toner can al so contain a charge control agent. Exanpl es of
negati ve charge control agents may 10 include: netal conpl exes of nobnoazo

dyes, salicylic acid, alkylsalicylic acid, dialkylsalicylic acid, and
napht hoi ¢ aci d. Exanpl es of positive charge control agents may

I ncl ude: nigrosine dyes, azine dyes, tri phenyl met hane dyes, i m dazole
conpounds, quaternary 15 annnniunlsalt§7 and pol yners havi ng such

a. quat ernary amoni um sal t as their & de gr oups. "The
toner according to-the present invention may be produced by
sufficiently m xing the polyner conponents, a pignment or dye or
magnetic material as 2fheCOMPEABE. of éﬁargﬁoeegbflghlt%e Yeaddi tive,
etc., by neans of a m xer such as a ball mll, etc.; then

mel ting and kneteeli gl 0 hesheatsr 6f byubebsknoadindgBe#dEmation SHCH hot
rollers, kneader and extruder to disperse or dissolve the additives,
in the melted high nteMmderatyod yhtgh cChuRoa£ by S pnve eshmegtaa@dspul veri zi ng the
m xture; and subjecting the powder product to precise classification

to formthe t@3lyprked witheyes dingparallel with evaluation of
5 resultant images according to'the following standard:
A (excellent): Not occurred at ail.
B (good): Slightly occurred buf 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 Examplés described hereinafter.
Examples 8 - 11
Toners II - V were evaluated in the same
manner as in Example 7.
Example 12
20 _The evaluafion of Toner I in Example 7 was
;epeated except for using a charging roller having a
hardness of 59 deg.
Example 13
The evaluatibn'of Toner I in Example 7 was
25  repeated except for using a charging foller haviné a

hardness of 62 deg.

Comparative Examples 6 - 9



- 54- to the present invention. Alternatively, it is

al so possi'ble to provide a toner through polynerization. According to
t he pol ymeri zati on method, a pol ynerizabl e nononer, a 5
charge-control ling agent, a pignment, dye or magnetic material, a

pol ynerization initiator, and optionally a crosslinking agent, and

ot her additives, as desired, may be uniformy dissolved or dispersed
to forma mononmer conposition. Then,~T#® nononer conposition or 10 a
prelimnarily polynerized product thereof is - di spersed in a continuous
phase (e.g., of water) by means of an appropriate stirrer, and then

subjected to poly lzation to, recover nefi¢c ton particles
having a desired parti gﬁreo%?rzse.l- 75V were eggﬁi’@%ﬁ‘g pil ﬁ'ﬁsﬁ"&?es an

exanple of im ; riy SR 3 US, and an enbodi nent of the inage
form ng net hodg‘gaglélcﬁrdigné; j{ﬂo%e pre?e'nt i nvention w || be descri bed

based thereon-c$mgara%ive Exéﬁéﬁgri@g to Figure 1, the image formng 20
apparatus inclUdes a pnotosensitive druml as an . el ectrostatic
i mage- bearing nmenber in e dilisiich in Exahgiény Wasrepeqtad Which are
sequential |l y di sposed, a primary charging device 2 conprising a
contact- 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 tetrafluoroethylene-heXaf1uoro—

propylene copolymer fine powder (referred to as

10 *photosensitive drum B").
Comparative Example 11
The evaluation of Comparative Toner v in

Comparative EkXample 10 was repeated except for using a

charging roller having a hardness of 70 deg.

15
Table 1: Inorganic fine powder (silica)
: ®#1
Name | Dav. (nm) | Sgpp (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 - | pmso
25 #1: HMDE: hexamethyldisilazane

DMSO: dimethylsilicone oil



chargi ng nenber such as a charging roller, an exposure 25 optical system
3, a devel oping device 4 including a toner-carryi ng nmenber (devel oping
sl eeve) 5, a transfer device 9, and a cl eaning device 11.

- 55- In the image form ng apparatus, the surface of
t he photosensitive drum11 is uniformy charged by the primary charger
2 and exposed to imagew se light 3 to forman electrostatic |atent

i mge thereon. 5 Separately,‘aﬁ"the surface of the toner-
carrying menber 5 enclosing a magnet therein, a |ayer of a toner
according to the present invention is formed by neans of a toner

| ayer thickness-regul ating menber 6. At a devel oping position, an
alternating 10 bias voltage, a pul se bias voltage and/or a DC bias
voltage is applied between the photosensitive drum 1 and the
toner-carrying nenber 5 by a bias voltage- application nmeans 8 to
devel op the electrostatic inmage on the photosensitive drum1l with the
toner on the 15 toner-carrying nmenber 5 to forma toner inmage thereon.

*
ASA
s g g e
= N N N
5 8 8§
E M N 0 NN
NN N N e~
n O - YW un
(1] n ~ -
8 |< ¢ B g8
. 19}
i |g § R E &
] ~
2 | 55§
Eo2 s s
nn u v wu
81 5
3 o H
Egalllll
¥ &
‘HAEON N N
i O = = O e
'ﬁv'OOOOO
8 [El% ¥ X % %
513 ¥ X %3 &
N QOOCDO:—
m-ﬁé\-—.—-—mr—
E E
o o O W (=]
ﬁ O N M O W
- v = =
- o'ommo
% M (N = O ™M
- - ™ o
| O O N Oy
>E|IS & @ 8 @
Svooooo
™ =
I B S
m M M M@ M




At a transfer position, the toner imge 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 that of the toner supplied to a | ower surface (as-
i ndi cated) of the paper P via a transfer device 9 froma voltage
application neans 10. The | 4qnsfer paper P carrying the
transferred toner image is caused to pass through a hot-pressure 25
roller fixing device 12 whereby the toner inmage is fixed onto the
paper Pto forma fixed toner inage t her eon.
- 56- Resi dual toner remaining on the phot osensi tive
drum 1l after the transfer step is renoved by the cleaning device, and
t he cl eaned phot osensitive drum1l is subjected to a subsequent 5
image formng cycle starting fromthe primary charging st ep.
P
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The el ectrostatic i mge-bearing nmenber has a | am nat ed structure

i ncluding at | east an el ectroconducti ve support, a charge generation
| ayer 10 and a charge transport |ayer, and further preferably an
ut nrost surface | ayer containing fluorine and/or silicon atomso as to
provide a longer life and prevent ununi form abrasion of the
i mage- beari ng nenber surface. 15 _ 5.. The fluorine atomfor the
above- pur pose nay be supplied as a fILorine-containing conmpound, e.g.,
a fluorine-containing resin, exanples of which may i ncl ude
honopol ynmers and copol yners of tetrafl uoroet hyl ene,
trifluorochl oroethyl ene, 20 hexafl uoropropyl ene, vinyl fluoride,
vi nyl i dene fluoride, and difl uorodichl oroethylene. These may be
used singly. op_in conhination of twy or npore, species. Fl uori nat ed
carbon can al sp be_gsec. It is{al so possible to use another
fluorine- 25 =i nilng pol ynmer or a block ¢r graft copol yner havi ng
a quorine-cont%f I Bg q4eghentt fornmed tagether W th
non-fl uorine-cp@ g ®i ng nononer, or a fluoring- :
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-57- cont ai ni ng surfactant or macro-nononmer alone or in

conbi nation with the above-nentioned fl uorine- cont ai ni ng resin.
Exanpl es of silicon-containing conpound as 5 sources of the
above-nentioned silicon atom may i ncl ude: nononet hyl si | oxane
t hr ee-di nensi onal | y crosslinked product, dinethylsiloxane-nononethyl -
sil oxane three-di nensionally crosslinked product, ul tra-high
nmol ecul ar wei ght pol ydi net hyl si | oxane, Il 6= bl ock pol ymer havi ng
pol ydi nmet hyl si | oxane segnent, ~ surfactants, nacronononers, 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 met hyl si | ox gre—cerpoptie—tray- —p+eferqbl y have a nol ecul ar wei ght
of 3x10[err] - 5xA0[errd. . Such g source conpound in a fine
particul ate f grpasdray| be di spersed togethgr with a binder resin to
forma photosensiti@ejl yel-fonm ng conposition. 20 The
fluorine- or silido&8dirce conmpound may . |preferably be used in a
proportion of at ﬁﬁgt SUBM 9% nore . prefferably 0.5 - 50 wt. % of an
organi c photo§p1§§gg)r (OPC) layer-form g conposition
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I f such a fluorine and/or silicon-atomis 25 present at the surface

| ayer of the electrostatic | mge- bearing nenber, the surface energy
of the imge- beari ng nmenber can be | owered whereby the toner is
- 58- less liable to be attachedx7T+ the content is too | ar ge,
the frictional coefficient with the cleaning menber can be
excessively lowered to adversely result I n toner passing-by and
cleaning faiTyre. Frgure 5ISshows an enbodl nefjt of the
appar at us unj t §(pyocess cartridge) dccording to the present
i nvention. | The Bpgpgat ps unit includes atj | east a devel opi ng neans and
an el ectrogpt at|i® g'sg@b"ea@i My © @ derbdr iDtEgral B As&enbled into a
cartridge, | whijcg @ 1D detachably mountjable to a nmin asgenbly of an
I mage f qr¥ti g apparatus (such as ajcopyi ng nmachine, qr a | aser
beam printer).| | < < OlR tdi g egljodigyent ,mam appar 4t us unit
(process cartrifdgE &75p is shown to intedrally include
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15 a devel opi
“menber (photos

ng neans 709, a drun}shaped electrostatlc | mage- beari ng

ensitive dl’lll’ﬁ 1l a cl eaner

708a, and a
the cartridge
an elastic bla
The magne
a prescribed e
1 and a develo
suitably, it i
bet ween the ph
- 59- d
char gi ng menbe
ASKER- C har dne

er) REBLACED SHE

primary charger (charglng r ol

Iecrlc I's forned mmum

% .

ping 25 sleeve 704. In order

pe thgeile ...... nggﬁf
S very inportant to accurately control %he_spa0| 8

U8~ trervimRg..3 cleanlng bl ade

orhnstsheesHsrﬂwdi devel Bbp s 709 co§rpr| 586

de toner 760 cont-JgF a%ggﬁagnﬁﬁﬁd

t| for devel o#)rrent- N Paged é ?
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eveiiggl%nt(jL (Lafe) On the ot her hand,

ss of at Ieast 60
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55 deg

e
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S0 as to provi dempri¢lihidi ABnexOPaRlicles, :M'icﬁtéhﬁ(!é heidle Sbwadsostatic

| mage- beari ng:
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15

20

25

menber 1
resin fine partlcles, and metal oxide particles;

wherein

the toner has a weight-average particle size
of 4 - 12 pm and contains at most 30 % by number of
particles having a particle size of at most 3.17 pm;

the inorganic fine powder has an average
primary particle size of 1 - 50 nm;

the resin fine particles have an average
particle size of 0.1 - 2 pm and a shape factor SF1l of
at least 100 and below 150, and

the metal oxide particles ha&e an average
particle size of 0.3 - 3 pm and a shape factor SF1 of
150 - 250.

2. The toner according to Claim 1, wherein the
resin fine particles have a shape factor SF-1 of at
least 115 and below 145, and the metal oxide particles

have a shape factor SF-1 of 160 - 230.

3. The toner according to Claim 1, wherein the

resin fine particles have a shape factor SF-2 of at

least 110 and below 200, and the metal oxide particles

have a shape factor SF-2 of 160 - 300.

A



(menber to be charged) under a weak pressing force, - generate little

ozone and cause little noise even when t he charging menber 1Is
supplied with a voltage 10 conprising an AC component ... sheet Has Been R km&m
order to provide an ASKER-C hardness of at nost 60

menber 2 may preferably conprise a |ower | ayer struc m‘m ﬂm}h

el astoneric layer (2b) conprising a thernoplastic I

rubber, and an el ectroconductive | aydP—( 2a, as shomlln Figure 3), or
a |lower |ayer structure conprising an el ectroconductive sponge.

On the other hand, the uppernost layer (2c in Figure 3) of the

chargi ng nenmber 2 cpnt ac,}hggtélggr 3%605#(:” g&ﬁég‘ IIng bearl nqﬁlrgznbﬁlr
S I ghl'y

may conprise a Tayer of

resi st ve mat erigh .50 e { fa Eli P4 ﬁaégageshaﬁgef§n%5 eg?_' L Yt ggg;tlon

causi ng a | eakage current pie

will be 25 dasssdberhdased m&@em'cgaamaée etal oxiherg%l%&'c%

Resin conposition (1)] Synt hesi s o Low no ecu ar wel ght polyner
(L-1) have a shape factor SF-2 of 175 - 270.

5. The toner according to Claim 1, wherein the
inorganic fine.powder has a charging polarity
identical to that of the toner particles, the resin
fine particles have a charging polarity identical to

10 that of the toner particles and a volume resistivity
of 107 - 1014 ohm.cm, and the metal oxide particles
have a charging polarity opposite to that of the toner

particles.

15 - 6. The tomer according to Claim 1, wherein the
: inorganié finé powder, the resin fine particles and
the metal oxide particles are added in amounts of 0.3
- 3.0 wt. parts, 0.005 - 0.5 wt. parts and 0.05 - 5.0
wt. parts, respectively, per 100 wt. parts of the

20 toner particles.

7. The toner according to Claim 1, wherein the
inorganic fine powder, the resin fine particles and
the metal oxide particles have specific surface areas

25 of 70 - 300 m%/g, 5.0 - 20.0 m2/g, and 0.5 - 10.0

mz/g, respectively.
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- 60- 300 wt. parts of xylene was placed in a four-

K rmterior of the flask was sufficiently aerated
wi th nitrogen under_s |r§h@gm; ' Then, the xyl ene was heated and
subj ect ed toThm ﬂ“ Under the refluxing condition,
a m xture of rts of styrene, 18 w. parts of n-butyl
acrylate, 7 mﬂ obutyl mal eate and 2 w. parts of
di-tert-butyl perOX|de was added dropwi se89n 10 4 hours. The system was
held for 2 hours to conplete the pol ynerization to obtain a solution
of Low nol ecul ar wei ght polymer (L-1). A part of the

pol ymer sol ution S S d. dried uced sure to

recover Low 15 \éam)l Zﬂ(]:ql% gtg)nv\eerl g% ca%oq%rt? Lﬁ]]clj 1 c‘ﬁ 'Eh ﬁ

subj ected to r rement of
PRe rgeeli PHiRAY {$§¥£g3$§ﬁﬂf%gégygggfﬁﬁ%o?h% % fég

gl ass transition tenperature yrer (L-1)
showed a wei ght - aver age nol ecul ar weight (Merr]) of 9, 600 a
nunber - average 20 nmol'ecul ar wei ght (M) of 6,000, a peak nol ecul ar
vval ght (PMAN of 89300, Thelgotlerbadcrding &l cia@fi T, where¥dl tge(Alerr])
o] 5.

5 inorganic fine powder has been treated with silicone

oil.

10. The toner according to Claim 1, wherein the
resin fine particles comprise a styrene resin or an

10  acrylic resin.

11. The toner according to Claim i, wherein the

metal oxide particles Comprise strontium titanate..

15 _ 12. The toner according to Claim 1, wherein the

metal oxide particles comprise cerium oxide.

13. The toner according to Claim 1, wherein the
- toner particles comprise polymer components
20 characterized by:
(a) containing substantially no THF
(tetrahydrofuran)-insoluble content,
.(b) containing a THF-soluble content giving a GPC
(gel-permeation chromatography) chromatogram showing a
25 maih péak in a molecular weight region of 3x103 -

3x104, and a sub-peak or shoulder in a molecular

weight region of 1x10° —-3x105, and

* ¢ L M s =



The pol yner conversion at that tinme was 98 % Synt hesi s of

H gh- nol ecul ar wei ght polynmer (H 1) 25 In a four-necked fl ask,
180 wt. parts of degassed water and 20 w. partsT&ggQaﬂmssﬁm ad ny|
al cohol aqueous solution were placed, and then a :

-61- m xture liquid of 70 wt. parts of styrene,l arts
of n-butyl acrylate, 5 wt. parts of nDnobut¥I mal part
of divinyl benzene and 0.1 wt. part of
2,2-bis(4,4-di-tert-butylperoxycyclohexyl) propane (a 10

hour-hal flife tenperature (T[err]) 92 [err]C) was added thereto,

fol | oned by stlrrlngi}o £¢£%¢]an a?+&u§gfggl§era#nggst 1 Kogég andThe

interior of the fl clen W th™ni rog
then the systemwas heated 10 to 85 [err]Cto initiate the

pol ynmeri zation. After 24 hours at the tenperature, 0.1 w. part of
benzoy!l peroxigle (Th&r€dnér "2ct8rdlhy %Sc@ﬁ@ﬁdman%b%lﬁysc&@“ was
further held at the tenperature for 12 hours to conpl ete the

pol yneri zati on.polymer components include a low-molecular weight

5 polymer cbmponent having molécular weights of below
5x104 on the GPC chromatogram and an acid value Ayry,.
and a high-molecular weight polymer component having
moleculaf weights of at least 5x104 and an acid value’
Ayy satisfying Ayp > Ayy.

10

15. The toner'according to Claim 14, wherein the

acid value Ay, of the low-molecular weight polymer
component is 21 - 35'mgk0H/, and the acid value Ayy of
the high—moleculai weight polymer component is 0.5 -

15 11 mgKOH/g, givihg a difference satisfying 10 g (Ayy-

Ayu0 < 27.

16. The toner according to Claim 14, wherein the
polymer components provide an acid value/total acid

20  value ratio of at most 0.7.

17. The toner according to Claim 13, wherein the
THF-soluble content of the polymer éomponents provides
the GPC chromatogram showing a minimum value in a
25 molecular weight region of at least 3#104 and below

1x105.
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15 ' To the suspension liquid after the reacti ops——an-NaOH
aqueous solution in an anount of 6 tines equivalent to the acid val ue
(AV = 7.8) of the resul tant Hi gh- ol ecul ar wei ght p8i Replaged
added, and the systemwas stirred for 2 hours. 20 ﬂ N t
H gh- nol ecul ar wei ght pol yner (H1) was filtered out,

wat er, dried and, as a result of neasurenent, showed Merr] =
1.8x10[err], PMN = 1.2x10[err] and T%?E'GZ [err]C, and Alerr] =7
Production of Resin conposition 25 " In a four-necked flask, 100
w. parts of xyl ene, 25 wt. parts of the above Hi gh-nol ecul ar

wei ght pol ynmer (H an r I r .

-62- wei gh'gi) 8p'ol ;d/rg%o\;%/ neeﬁzg %&%Wf%ogﬂmﬁrle pvré%]é%llrénﬁhe

heated and sti rigibAIglaft {@fddcdrt £ %tméﬁﬁééﬁé NRi¥erial. dissolution.

The system was retained for 12 hours in ~the state to obtain a
prelimnary solution (Y-1). 5 A portion of the prelimnary

sol ution was '

19. The toner according to Claim 1, wherein the
5 toner particles contain a silicon-containing magnetic

material.

20. An apparatus unit, comprising: an

electrostatic image-bearing member, and developing

10 means for developing an electrostétic image formed on
the electrostatic image-bearing member with a toner
contained therein; the electrostatic image-bearing
member and the developing means being integrally
assembled to form a unit, which is detachably

15 mountable to a main asseﬁbly of the image forming
apparatus;

- wherein the toner comprises toner particles,
inorganic fine powder, ré;in fine particles, and metal
oxide particles; wherein

20 the toner has a weight—average particle size
of 4 - 12 pm and contains at most 30 % by number of
parficles having a particle size of at most 3.17 pm;

the inorganic fine powder has an average
primary particle size of 1 - 50 nm:
25 the resin fine particles have an average
particle size of 0.1 - 2 pm and a shape factor SF1 of
at least 100 and below 150, and
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sanpl ed and dried under a reduced pressure to recover

a solid matter,

whi ch exhibited Tg = 61 [err]C. Separ 300 wt. parts of
t he above- menti oned uni form sol uti on of Low nol ecul ar wei ght

pol ymer (L-1) was placed in another vessel and rEhd%m@ﬂhstchlmmd
The above prelimnary solution (Y-1) and Low nol

polymer (L-1) solution were bl ended under refl ux, ,La
distilling-off of the 15 organic solvent83o recover a re5|n

t hen cool ed and, after being solidified, pulverized to obtain
Resin conposition (1). As a result of the measurenent, Resin

conposition (1) showed R

= 20
by a nol ecul ar wei ght por |(ﬂé§§9€%§faejgﬂ€§%§q%ﬁ h3¥e 2By eL
chronatogran1(é@h@ﬂ&léugfgé]aﬁ

THF-i nsol ubl e Cont ent (‘exc udlng té?E%n%w%EE%%ﬁ% Paég&;Lgflang :

ercent%ge occupi ed

pol ypropyl ene wayg) - 250. of 2.0 wt. % 25 Exanple 1 (Toner Production
Resin conposition (1) 100 wt. parts
Magnetic iron oxide - 100 "

Exanpl e 1)

5

10

15

20

25

21. The apparatus unit according to Claim 20,
wherein the electrostatic image-bearing member is a
photosensitive drum, and the photosensitive drum is

provided with a contact-charging means.

22. The apparatus unit according to Claim 21,
wherein the contact-charging means is a charging

roller.

23. The apparatus unit according to Claim 21,
wherein the electrostatic image-bearing member is

provided with a cleaning means.

24. The apparatus unit according to Claim 23,

wherein the cleaning means is a blade cleaning means.

25. The apparatus unit according to Claim 20,

wherein the resin fine particles have a shape factor

'SF-1 of at least 115 and below 145, and the metal

oxide particles have a shape factor SF-1 of 160 - 230.

26. The apparatus unit according to Claim 20,

whe:ein the resin fine particles have a shape factor

* [ L L] S *




- 63- (Si content = 0.8 wt Wb(based on Fe)

aver age partlcle_SLL__(Dav ) = 0.2 [err Negati ve charge
control ling agent Azo i ron conpl ex) 5 The
above ingredients TIBrSﬁeeﬂBéstBe t hrough a tw n-screw extruder
heated at 140 [err] neaded product. was cool ed, coarsely
crushed by a d finely pulverized by a jet mll. The

pul veri zed product mas by a fi wall 10 pneumatic classifier
to obtain coarsely C|aSSIerd powder, which was then subjected to
classification b means of a multi-division classifier utilizing the
Coanda effect E b t ssi.fier i la fro et su Kogyo
K.K) to stric F b é% lF%F% ﬁlﬁeanf% ﬁ' :ﬁdﬁﬂjaé%uEﬁfrﬁé&ﬁ#

si mul t aneous| yokgdgbb%'r[hcl.esh h%%ata Vseﬂ r?%f? f tonggo
particl es having a wel ght-average artlc S|ze er 3

[err]m (containing 0.2 w. % of particles haV|ng a particle

size of at least 12.7 [err]mand 12.0 % by nunber of 20 particles having
a particle size-of 23, mrple Apparatils Mnit according to Jl@imemmetic toner
particles provided a GPC chr omat ogram showi ng a | ower - mol ecul ar
melght si de wherein the resin fine particles have a shape factor

SF-2 of at least 120 and below 175, and the metal

oxide particles have a shape factor SF-2 of 175 - 270.

28. The apparatus unit according to Claim 20,

10 wherein the inorganic fine.powder has a charging
pclarity identical to that of the toner parficles, the
resin fine particles have a charging polarity
identical to that of the toner particles and a volume
resistivity of 107 - 1014 ohm.cm, and the metal oxide

15 particles have a charging polarity opposite to that of

the toner particles.

29. The apparatus unit according to Claim 20,.
wherein the inorganic fine powder, the resin fine
20 particles and the metal oxide particles are added in
amounts of 0.3 - 3.0 wt. parts, 0.005 - 0.5 wt. parts
and 0.05 - 5.0 wt. parts, respectively, per 100 wt.

parts of the toner particles.

25 30. The apparatus unit according to Claim 20,
wherein the inorganic fine powder, the resin'fine )

particles and the metal oxide particles have specific

D ¢ L K os %




peak val ue of 8,200 and a hi gher-nol ecul ar wei ght side peak val ue of
6. 7x10[err], and showed acid value 25 characteristics including Alerr] =

23, Alerr] =7, and an acid value/total acid value ratio = 0. 44.
THe above nmgnetic toner particles were This Sheet Has Been Replaced

- 64- bl ended with 1.2 w. % of inorganic fine powde
(hydrophobic silica) A-1 shown in Table 1, 0 08 mﬂ %

particles B-1 shown in Table 2 and 1.5 ~ of netal oxide part es
C-1 shown in Table 3 by 5 means of a Henschel nlxer to prepare. Toner
shown in Tabl e 4. The netal oxide particles shown in Table 3

Lo P bAcHBLS R;SRSEUE o RSP 46 1 B, L er

sand-m | li ng, esire I"es anples 2
-4 10 - 9.5 - nggraZVE rEgPéggwg 19.Tabl e 4 were prepared in

the sanme manner as in Toner  Production Exanple 1 except that

I norganic fine powder A-1 or A-2, resin fine particles B-1 or B-2 and

nmetal oxide particles G-
31. The apparatus unit according to Claim 20,

5 wherein the inorganic fine powder comprises

hydrophobic silica.

32. The apparatus unit according to Claim 20,
wherein the inorganic fine powder has been treated

10 with silicone oil.

33. The apparatus unit according to Claim 20,
wherein_the resin fine particles comprise a styrene

resin or an acrylic resin. .

15
34. The apparatus unit according to Claim 20,
wherein the metal oxide particles comprise strontium
titanate.
20 35. The apparatus unit according to Claim 20,

wherein the metal oxide particles comprise cerium

oxide.

36. The apparatus unit according to Claim 20,
25 wherein the toner particles comprise polymer
components characterized by:

(a) containing substantially no THF

O




1 or G2 as shown in Tables 1 - 3, respectively, were 15 used.
Exanpl e 5 (Toner Producti-enr—Exanpl e 5) Toner V shown in
Table 4 was prepared in the sanme manner as in Toner Production

Exanpl e 1 exceputhMwﬂ{ Ph conposition (1) was replaced by
styrene-n- 20 Bi“ copol yner, and the inorganic fine

powder, the reS| s and netal oxide - particles were

repl aced by .t hose o A—3 B-5 and G2 ~86-shown in Tables 1 - 3,
respectively. The nagnetic toner particles provided a GPC
chromat ogram showi ng a 25 | ower - nol ecul ar wei ght side peak val ue of 8300

Nerrl = o aéﬂ% AR Rt e e Bt e P e (Do) =

- 65- )(ccgg didhe £ 'i‘ﬁp- dﬂgbgér&%ﬁlcsat gMHg a GpC

particle size of 7 [err] mor Targer nunb
particles haV'@Lﬂﬁﬁéﬂméétf%d*ﬁhfgmé%ééiiﬁﬁf}n&HfomatogréﬂaéhS%ing a0

Exanpl e 6 (Toner ‘Producti on Exanpl e
main peak in a molecular weight region of 3x103 -
g 3x104, and a sub-peak or shoulder in a molecular
weight region of 1x10° - 3x10%, and

(c) having an acid value of at least 1 mgKOH/g.

37. The apparatus unit according to Claim 36,

16 wherein the polymer components include a low-molecular
weight polymer component having molecular weights of
below 5x10% on the GPC chromatogram and an acid value
Ay, and a high-molecular weight polymer component
having molecular weigﬁts of .at least 5x104 and an acid

15 value Ayy satisfying Ay > Aygy-

38. The apparatus unit according to Claim 37,
wherein the acid value Ay; of the low-molecular weight
polymer component is 21 - 35 mgKOH/, and the acid

20 value Avﬁ_of the high-molecular weight polymer
component is 0.5 - ll mgKOH/g, giving a difference

satisfying 10 ¢ (Ayp-Ayy0 < 27.

39. The apparatus unit according to Claim 36,
25 wherein the polymer components provide an acid

value/total acid wvalue ratio of at most 0.7.

AT



Toner VI shown in Table 4 was prepared in the sanme manner as in Toner
Producti on Exanple 1 except that Resin conposition (1) was repl aced
by styrene-n- butyl acryl ate-mal ei c anhydri de copol yner having 10
different acid values and nol ecul ar wei ght di stri byt e 10 Hech REpiaced

i norganic fine powder, the resin fine particles an I
particles were repl aced by those of A-1, B-3 and C JIMMI]D“
1- 3, respectively. The magnetic toBér particles pr

GPC chromat ogram showi ng a | ower - nol ecul ar wei ght si de peak val ue of
3.2x104 and a hi gher-nol ecul ar wei ght si de peak of 7.3x10[err];

Alerr] = 21, Alerr]ss 7, ' val ue/totgl _acjd | ye tio of
0.46; and a wei ght 40_ Tﬁé;v%%égjrea%ﬁ; e‘éﬁgraﬁ\ﬁ?ﬁﬁfn? 8r¥??1@ 323 [err]m
(containi ng 3. heddi Opph_ Ll € o] LC ' of 12.7
[err]mor | ar glenr V%at?\ed /I:‘L : Oé)q%%%/fé\u%%%?g%{g %g?ﬁ;’%l %élﬁigé?ng

particle sizes impbrehti¥NP¥oPiddd ¥ne P {a.ngg LyeskyarRbes 1 - 5
(Conparative Tonefﬁ) ' raﬁuction éié%ﬁ?é%hl - §£é§ Sﬁ%ﬁgﬂb 3

Conpar ative Tomensinum waR®Wh id deldcubar weidBt Cro§£64' 68 L tRggsane
manner as in Toner4 Productlcw1§kanple,1 except that inorganic Flne
powder 5 3x10° and below 1x10°.

es

41. The apparatus unit according to Claim 20,
wherein the toner particles contain a magnetic

material.

10
42. The apparatus unit according to Claim 20,
wherein the tone; particles contain a silicon-
containing magnetic material.
15 - 43. An image forming method, comprising the steps

of:
charging a surface of an electrostatic image-
bearing member,
forming an electrostatic image 6n the
20 electrostatic 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
-25 electrostatic image-bearing member to'a transfer-
receiving material,

cleaning the surface of the electrostatic

A




- 66- A-1 or A-2, resin fine particles B-1 or B-2 and neta
oxide particles GT or G2 asshowr—+n Tables 1 - 3, respectively,’
wer e used. ”&1 IZ Toner | was charged in a

1S dheet Has

devel opi ng vessel Phtus unit and incorporated in a |aser
Mﬂnﬂw -nmodel i ng a conmercial ly avai l abl e
ﬁallable from Canon K K. ) so as

beam printer
size sheets/mn. to 30 A4-

| aser beam printer
to i ncrease the 10 process speed from 16

size sheets/mn. (process speed of 140 mi sec)) to eval uate the inage
form ng perfornances The apparatus unit also included an
organi c gggnggggyﬁ (&5 r v 5 _layer
of OPC contalnlng 5 w @6%f t@%?gfﬁﬁtgé £hd %Qaﬂg?2§1b§u Eﬁ&%lﬁb

et hyl ene- hexafI¢m§5mﬁﬂ@yh§ﬂge§oggéyggb f bAA pomder (prepared by
enuI5|on pol ymeri zation to have Dav. 0.32 pm (referred to as

"phot osensi tive drum A")repeating the abE@é-ﬁ\Eﬁ%&éhléa 'é'%b?sahﬁoulé?&ld"ded a
charging 20 roller 2 as shown in Figure 3 including an
core netal 2a, theé ovkeahedecel@btfostationimbige-bearing member:

5 wherein the toner cbmprises toner particles,
inofganic fine powder, resin fine particles, and metal
oxide particles; wherein |

the toner has a weight-average particle size
of 4 - 12 pm and contains at most 30 $ by number of
10 particles having a particle size of at most 3.17 um;
fhe inorganic fine powder has an average
primary particie size of 1 - 50 nm;
the resin fine particles have an average
particle size of 0;1 - 2 pm and a-shape factor SF1 of
15 at least 100 and below 150, and
the metal oxide particles have an average
particle size'qf 0.3 - 3 pm and a shape factor SF1 of
150 - 250.

20 44. The method according to Claim 43, wherein the
electrostatic imagg-bearing member is chardged with a

contact-charging means supplied with a bias voltage.

45. The method according to Claim 44, wherein the
25 electrostatic image-bearing member is a photosensitive

drum, and the contact~-charging means is a charging

roller. _—

O



circunference of the core netal and a 150 pmthick upper layer 2c so

- as to have an outer dianmeter of 15 mm The charging roller exhibited
an ASKER- C hardness 25 of 45 deg. ( as an average of measured val ues at 9
points (three points each at the central position anmhsmmm}h ¥\Bee B.l&mbns

closer to the longitudinal ends)
-67- obt ai ned by u3|ng an "ASKER— 8Elardness
o conta

| oad of 500 g). chargin

t he photosensitive drum1 at a prescrlbed pressure and rotated
following the rotation of the photosensitive drum 1. The charging
roller 2 was suppl iggl, W¥ke an dyx0 Yac f AC
vol t age (Vac, haV|ngaaTE£Pqt%#%§£€9€g Fég%i%@ﬁ i8g§g$%ﬂ?§t§%3 a
frequency Vf = Ad¥lth Hinernshet{¥l a9 haoe 4VeRape- £8Btor0sFLAl b¥) a30 as to
uniformy charge the photosensitive drum1 at V[err] = -700 volts.

The charging sdwasiduel’ caand Welownl 45} V&8d the metal oxide particles
have a shape factor SF-1 of 160 - 230.

47. The method according to Claim 43, wherein the
resin fine particles have a shapé factor SF-2 of at
least 110 and below 200, and the metal oxide particles
have a shape factor SF-2 of 160 - 300.

10

48. The method according to Claim 43, wherein the
resin fine particles have a shape factor SF-2 of at
least 120 and below 175, and the metal oxide particles
have a shape factor SF-2 of 175 - 270.

15

49. The method acéording to Claim 43, wherein the
inorganic fine powder has a charging polarity
identical to that.of the toner particlés, the resin
finé particles have a charging polarity identical to

20 that of the toner particles and a volume resistivity
of 107 - 1014 ohm.cm, and the metal oxide particles
have a charging polarity opposite to that of_the toner

particles.

25 50. The method according to Claim 43, wherein the
inorganic fine powder, the resin fine particles and

the metal oxide particles are added in amounts of 0.3

* C L Ll H *




the charging +roeHler_2 and the photosensitive drum1l was at a | evel of

practically no problen1at all. 15 Then, the charged surface of the

phot osensitive t Has Been Re scanned with mnute spots of |aser beam
dependi ng h iMEd | mage pattern to forman electrostatic

| atent i nmage ha [ rt potential VL = -170 vol ts, which was
t hen devel oped with a toner Tayer 20 carried on a devel oping sleeve (5
in Figure 1 or 704 in Figure 5) undé?oapplication of a devel opi ng

bi as vol tage of Vac (Vpp = 1400 volts and Vf = 1800 Hz)

superposed with Vdc (= -500 volts) between the photosensitive drum1

and the devel opi ng, §H9€V%p§&ts25o bG8 by, §°§ﬂi”§ﬁ§téogﬁﬁ TBge 08 Eﬂge on

phot osensitive forne toner

t he wt. parts, respectively, ?er 1088wt pa spB@tg@gnS|t|ve
drum1l was transferred onto a trans er(-rece|V|ng paper by using a

transfer roll ertoner ghtEidIgs An el ect roconducti ve el astoner |ayer abutted

5 51. The method'according to Claim 43, wherein the
inorganic fine powder, the resin fine particles and
the metal oxide particles have spécific surface areas
of 70 - 300 m?/g, 5.0 - 20.0 m2/g, and 0.5 - 10.0
mz/g, respectively.

1b
52. The method according to Claim 43, wherein the

inorganic fine powder comprises hydrophobic silica.

53. The method according to Claim 43, wherein the
15 inorganic fine powder has been treated with silicone

oil.

54. The method according to Claim 43, wherein the
resin fine particles comprise a styrene resin éor an

20 acrylic resin.

55. The method according to Claim 43, wherein the

metal oxide particles comprise strontium titanate.

25 56. The method according to Claim 43, wherein the

metal oxide particles comprise cerium oxide.

A A



agai nst the OPC drum at an abutting pressure of 50 5 g/cmso as to
supply a positive charge onto a back surface of the transfer paper
and the transfer paper was caused to pass through a hot-pressure
fixing device to forma fixed i mage thereon. At thi L qe, t he
hot - pressure fixing device was driven at a heating 10 S, s Been Replaged
tenperature of 185 [err]C, a total pressurg; _ of 5. SUI m e
heating roller and a pressure rollerand a nip of '
Under the above-set conditions, inmage-formng tests were fornmed in a
| ow tenperature/low humdity 15 (15 [err]C/ 10 Y%RH) environnent and in a
hi gh t enper asqr.e/ ihgh nldtHdd taedoddingd &d | Bn %48) wherein the
environment, at an intermttent printing cycle of 1 sheet/ 12 sec.
In the | ow t enmtenaruparitdwlesTicbnpristd) polsaner ompdnewts er taking an
initial stage first sheet sanple, an inmage of nine 5 nmsquare solid
bl ack spots charggitegriged by:3 rows and 3 col utms) was printed
successively on 100 sheets for evaluation of the fixability.
Thereafter, a 2x104adh&endainingg subsiantisilisr yno (Bl forning test was

performed while r?plenishiqg the toner as required for evaluation of
the fol | ow ng {tetxahydrofuran)-insoluble content,

(b) containing a THF-soluble content giving a GPC
(gel-permeation chromatography) chfomatogram showing a
main peak in a molecular weight region of 3x103 -
3x104, and a sub-peak or shoulder in a molecuiar

10 weight region of 1x105 - 3x106, and

(c) having an acid value of at least 1 mgKOH/g.

58. The method accordiné to Claim 57, wherein the
polymér components include a low-molecular weight
15 polymer component having molecular weights of below
5x10% on the GPC chromatogram and an acid value Ayjp,,
and a high-molecular weight polymer component having
molecular weights of at least leo4 and an acid value
AVH_satisfying Ay, > Ayg- |
20 |
59. The method according to Claim 58, wherein the
acid value Ay, of the low-molecular weight polymer
component is 21 - 35 mgKOH/, and the acid value Ayy of
the high-molecular weight polymer component is 0.5 -
25 11 mgKOH/g, giving a difference satisfying 10 < (Ayp-
AyyO < 27. |

R AR A -:



- 69- Eval uati on (1) I'mage density An i mage of

9 (= 3x3) 5 hn}square solid black spots was printed on an ordinary
pl ai n paper for copying machine (75 g/nferr] ), and the density of the
solid black spot r ﬁg H@g§ ded by a "Macbeth Ref |l ecti on

Densi t oner ™ (avalla
0.00 allotted to a

relative to a density of
|te back round portion. 10 (2)

Fixability ned a > in the | ow
tenperature/IOM/hunldlty enV|ronnent an imge of 9 (= 3x3) 5 mmsquare
solid black spots were printed successively on 100 sheets after

imge. was TubSB Wi peted e iﬁkmﬁoLﬁéééhtgfbp%ﬁ@%ggaf*ﬁeS/cm
and the. deor eag, g%é:{:%pm&%{éiﬁé’ G288 on aclBAGLLE/EOCAD LA1gVal Uate

fixability bas Wor stt val
standar d. value ratio of at most 0.7.

5 61. The method acéording to Claim 57, wherein the
THF-soluble content of the polymer components provides
the GPC chromatogram showing a minimum value in a
molecular weight region of at least 3x104 and below
1x10°. '
10
62. The method according fo Claim 43, wherein the

toner particles contain a magnetic material.

63. The method according to Claim 43, wherein the
15 toner particles contain a silicon-containing magnetic

material.

64. A toner for_developing electrostatic images,
comprising: toner particles, inorganic fine powder,
20 resin fine particles, ahd metal oxide particles;
wherein |
the inorganic fine powder has a charging
polarity identical to that of the toner particles and
a specific surface area of 70 ~ 300_m2/g,
25 the resin fine particles havé a charging
polarity identical to that of the toner particles, a

specific surface area of 5.0 - 20.0 mz/g and a volume

[




20 A (excellent): Below 5 % B (good): 5 %to bel ow

10 % . C(fair.): 10 % to bel ow 20 % %

20 % or hi gher. ' (3) Anti-offset characteristic 25
sanpl e i mage having an area percentage of 5 % was prlﬂhesheamlasBe%ﬂﬁe 1aced

the anti-offset characteristic was eval uat ed based on
stai ni ng on images . 03

according to the foll ow ng standard. A (excellent)

at all. B (good): Very slightly occurred. C (falr).
Slightly occurred. D (poor): Staining on inmages renarkably
occurr ed. . Char girg aund 14 The chargi ng sound during
printing was resié%fSQ?g bg § at aodlsf%ﬁ%émhfaﬁﬁ'cn1fron1the mai n

assenbly and evaluatedtﬁgc %qhﬂgogﬁpghgagghhaw%ngav%pa éﬂé?ﬁ%ﬂé*

A (excellent): Not noticeable at
polarity opposite to that of the toner particles and a

specific surface area of 0.5 - 10.0 mz/g.

5
65. An image forming method, comprising the steps
of |
charging a surface of an electrostatic image-
, bearing member,
10 forming an electrostatic image on the
electrostatic image-bearing member,
developing the electrostatic image with a
toner for developing electrostatic images to form a
toner image,
15 transferring the toner image formed on the

electrostatic image—bearing member to a transfer-
receiving material,
cleaning the surface ef the electrostatic
image-bearihg member after the transfer by abutting a
20 cleaning member thereto, and
repeating the abeve-mentioned steps by using
the cleane@ electrestatic image-bearing member;
Whefein
the toner comprises toner particles,
25 inorganic fine powder, resin fine particles, and metal
oxide particles;

the inorganic fine powder has a charging

= € L M § &




B (good): Al npbst unnoticeabl e. C (fair): Noticeable to sone

extent. D (poor): Considerably noticeable. 15 (5 Image flow
In the high tenperature/high humdity " envi r onrerts—a—2x16ferrj—sheets
of successive inmage form ng test was perforned mhlle r Ie | h|ng t he
toner as required for evaluation of inage flom1 20

fol |l ow ng standard. A (excell ent Not occu

B (good): Very slightly occurred. -94-¢ (falr) curred
D (poor): Remar kably occurred to blur the entire |nage (6)
Toner sticking onto the photosensitive drum urface

-71- St t n e e

t he 2x104 sheets olnédg2§%5|vé§$ﬁéﬂé #é?%ﬁ%g PES é%%é¥ pQEEQEiLE 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
5 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 opposite to that 6f the toner particles and a
specific surface area of 0.5 - 10.0 mz/g.

10

15

20

25

Ty



hi gh tenperature/ high humdity environnment mas evaluated with eyes in
parall el wth evaluation of 5 resultant images according to the

fol |l ow ng standard: A (excellent): Not occurred at al

B (good): Slightly occurred but not affected the I mages. C
(fair): Sticking noticeably occurred but little 10 affected the inmages.

D (poor): Sticking remarkably occurred and af fected the inmages.

The evaluation results are inclusively sRGwT in Table 6 together with
t hose of other Exanples and 15 Conparative Exanpl es descri bed

herei nafter. " Exanples 8 - 11 Toners Il - V were

eval uated in t RASSRRPT OF THEEDIRCLAE Exanpl e 7. Exanple 12 20
The evaluatlon_6?—Tﬁﬁ_T_T_“ﬁ‘EXEWp%%_ggga repeat ed except for using
a charging roller having &oner fo@aﬁﬁﬁ%ﬁ% Bgﬁ%ﬂﬁﬂ%rostatid@%ﬁg§éé13

The eval uation of Toner | in Exanple 7 was repeated except Tor using a
charging rol | eisheshsgiguted abaadbaﬁﬁeQ& fd xdRGe of tdawwarative Exanples

-9 particles, inorganic fine powder, resin fine
5 particles, and metal oxide particles. The toner has a
weight-average particle size of 4 - 12 pm and contains
at most 30 % by number of particleé having a particle
size of at most 3.17 pm. The inorganic fine powder
has an average primary particle size of 1 - 50 nm.

10 The resin fine particles have an average particle size
of 0.1 - 2 ym and a shape factor SF1 of at least 100
and below 150. The metal oxide particles have an
average particle size of 0.3 - 3 nmm and a shape factor
SF1 of 150 - 250. The toner is effective for

15 preventing toner sticking onto and ununiform abrasion

of the electrostatic image-bearing member to allow the -

formation of high-quality images for a long life.

20

This Sheet Has Been ||eﬂlaced

25
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-72- Toners i - iv were evaluated in the sane manner

as in Exanple 7. Conpar ati ve Exanpl e 10 The eval uati on
in Exanple 7 was repeated 5 except for using Conparative Toner v and a
phot osensitive drumsimlar to the photosensitive drum A used in
Exanpl e 7 but having an utnost surface |ayer not containing the
tetrafl uoroet hyl ene- hexaf | uor o- propyl ene copol.yner fine powder
(referred to as 10 "phot osensitive drumB"). Conpar ati ve Exanple 11
The eval uation of Conparative Toner v in Conpar ative Exanple 10 was
repeated except for using a charging roller having a hardness of 70
deg. 15 Table 1: Inorganic fine powder (silica) Nane
Dav. (nm) S[err] (merr]/g) Charge .Treating ) :

polarity agent

FIG. |

Sheet Has Been Reﬁaced
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20 A1 27 110

120 - DVSO A-3
None A-4 100 30
HVDE: hexanet hyl di si |l azane

-73- [err]

HVDE+DVSO A-2

15 190

DMVSO 25

DVMSO. di met hyl sili cone oi |

24

*1:
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-77-  lerr] WHAT | S' CLAIMED I S: Cj}@@r@ _g
for devel oping el ectrostatic inages, conprising: .toner particles

i norgani c fine powder, resin fine particles, and netal oxide IPOS
-particles; 5 wherein the toner has a wei ght-average
particle size of 4 - 12 pmand contains at nost 30 % by nunber of
particles having a particle size of at %hf3 17 [err]m t he
hg?rgan'CTBﬁﬁﬁ @Qﬁp caéé?g#ngszguqﬁa%NFEFg
size of. shape factor SF1 of at | east 100 and

{ ¢
0

oo 190, igengace op e giSesggs 2 P2 cles e g svrgge 1o

A toner for developing electrostatic images
is constituted as a powdery mixture of toner
particles, inorganic fine powder, resin fine
particles, and metal oxide particles. The toner has a
weight—average particle size of 4 - 12 pm and contains
at most 30 % by number of particles having a particle
size of at most 3.17 pm. The inorganic fine powder
has an average primary particle size of 1 - 50 nm.
The'resin fine particles have an average particle sizg
of 0.1 - 2 pm and a shape factor SF1 of at least 100
and below 150. The metal oxide particles have an
average particle size of 0.3 - 3 pm and a shape factor
SF1 of 150 - 250. The toner is effective for
preventing toner sticking onto and ununiform abrasion
of the electrostatic imége-bearing member to allow the
formation of high-quality images for a long life.

Fig 1
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2. The toner according to Claim1, wherein the resin fine particles
have a shape factor SF-1 of at 20 | east 115 and bel ow 145, and the netal
oxi de'particles have a shape factor SF-1 of. 160 - 230. 3.
The toner according to Claim1l, wherein the resin fine particles have
a shape factor SF-2 of at 25 |[|east.1i0-.and bel ow 200, and the netal oxide
particles have a shape factor SF2 of 160 - 300.

-79- 4, The toner according to Claim1, wherein the resin
fine particles have a shape factor SF-2 of at | east 120 and bel ow 175,
and the netal oxide particles have a shape factor SF-2 of 175 - 270.

5 5.  The toner according to Claiml, wherein the i norgani c
fine powder has a charging polarity i dentical to that of the toner
particles, the resin

FIG. |

| REPLACEMENT SHEET|
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fine particles have a charging polarity identical to 10 that of the toner
particles and a volune resistivity of 10[err] - 10[err] ohmcm and
the netal oxide particles have a charging polarity opposite to that of
t he toner particles. 15 6. The toner according to Caiml1,
wherein the i norgani c fine powder,,the resin fine particles and

the nmetal oxide particles are added i n—anounts of 0.3 - 3.0 wt. parts,
0.005 - 0.5 wt. parts and 0.05 - 5.0 wt. parts, respectively, per 100
w. parts of the 20 toner particles. 7. The toner according
to Caim1, wherein the i norganic fine powder, the resin fine
particles and - the nmetal oxide particles have specific surface areas

25 of 70 - 300 nferr]/g, 5.0 - 20.0 nferr]/g, and.0.5 - 10.0 merr]
/g, respectively. - : - 80-

8. The toner accordi

gto daiml, wherein the

FIG. 3 - TREPLAGEMENT SHEET
| 2 1 MAR 1997 |
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ino}ganic fine powder conprises hydrophobic silica. 9. The
toner according to Caiml, wherein the 5 inorganic fine powder has been

treated with silicone oil. 10. The toner according to Caim
1, wherein the resin fine particles conprise-a styrene resin or an 10
acrylic resin. 11. The tonerzaccording to Claim1l, wherein the
nmetal oxide particles conprise strontiUmtitanate. 15 12. The
t oner according to Claim1, wherein the nmetal oxide particles conprise
cerium oxi de. 13. The toner acc0’ding to Caim1, wherein the
t oner partlcles conpri se polyne R 40 characterized by:
(a) containing substantially etjr ahydr of ur an) -i nsol ubl e
cont ent, (b) contwfﬁr1 a THF-sol uble content giving a GPC
(gel - perneatlon chromat ogr gpfy) ' 5 main peak in a
nol ecul ar wei ght region of /Bx10[ gr{] - [err],|dnd a sub-peak or
shoul der in a nol ecul ar

T |43

i

o

E/i,——--"42

I
r-2-1-41
C=1
750
A
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5

wei‘ght regi on of 1x10[err] 3x10[ e “
aTEE of at

SHEE SG
> 81- (c) haV|nﬁlﬁgng?§i& 'leaggpﬁA TS .
14. The toner according to wher ¢i n t h¢ O DescHpuor

god J2
include a | ow nol ecul ar weight 7§ mer conpoBcGlaimEy ngp ecu@ﬁt "
wei ghts of bel ow 5x104 on the chr omat odr EnDeavdngis) aB# pqﬁgu:
Alerr] and a hi gh- ol ecul ar melght p@Byner |c steact ha?ﬂﬁ§-~"“’pag e

nol'ecul ar wei ghts of at least 5x10[err] and an id value Al er ?tmw
satisfying Alerr] > Alerr]. 10 15. T e [PTY.. 105 (s
14, wherein the acid value Alerr] of the

conponent is HAT oES ED *the acid value Alerr] of t he

B Terence'L a0 57, 08" Faor FRROHRPnb BB perfRpabe Tl Bt v 10
comprising: toner particles, inorganic fine powder, '
résin fine particles, and ﬁetal oxide particles;

5 wherein |
| the toner has a weight-average particle size
of 4 - 12 um and contains at most 30 % by number of
particles having.a particle size of at most 3.17 um;
W _ the inorganic fiﬁe powder has an averége
10 primary particle size of 1 - 50 nm;
the resin fine particles have an average
particle size of 0.1 - 2 pm and a shape facfor SF1 of
at least 100 and below 150, and |
the metal oxide ﬁarticles have an average .
15 particle size of 0.3 - 3 um and a shape factor SF1 of
150 - 250.

- 2. The toner according to Claim 1, wherein the
resin fine particles have a shape factor SF-1 of at
20 least 115 and below 145, and the metal oxide particles

have a shape factor SF-1 of 160 - 230.

3. The toner according to Claim 1, wherein the
resin fine particles have a shape factor SF-2 of at
25 least 110 and below 200, and the metal oxide particles

have a shape factor SF-2 of 160 - 300.

This is the replacement sheet
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16.” The toner according to Claim 14, wherein the . pol ymer. conponents,.
provide an acid value/total acid 20 value ratio of at nost 0.7. . = -
17. The toner according to Caim 13, wherein the THF- sol ubl e cont ent
of the polymer conponents provides. t he GPC chromat ogram showi ng a

m nimum val.ue in a 25 nol ecul ar weight region of at |east 3x10[err] and
bel ow , : =79~ -82- 18. The toner
according to Claim1l, wherein th toner particles contain a magnetic
materi al . 19. The toner according to aiml, wherein the

toner particles contain a silicon-containing nggnetic material.
20. An apparatus dhit, Tehianen@cegrding &9 deladat by i vheradB- 58&ring

menber, and devel opi means f.or devel opi ng_an el ectrqstatic inmage. -
formed on -r§§ﬁ§1§¥§ﬁrﬁﬁﬁ§&9 .?rﬂﬁ%ﬁb%a??gﬁen@ﬁSE?rmgFﬁ8a°?oﬁ§r
least 120 and below 175, and the metal oxide particles

have a shape factor SF-2 of 175 - 270.

5. The toner according to Claim 1, wherein the
inorganic fine powder has a charging polarity
identical to that of the toner particles, the resin

k,; ' fine partigies have a charging poiarity identical to
10 that of the toner particles and a volume resistivity
of 107 -~ 10'% ohm.cm, and the metal oxide particles
have a charging polarity opposite to that of the tomer

particles.

15 . 6. The toner according to Claim 1, wheréin the
inorganic fine powder, the resin fine particles and
the metal oxide particles are added in amounts of 0.3
- 3.0 wt. parts, 0.005 - 0.5 wt. parts and 0.05 - 5.0
wt. parts, respecfively, per 100 wt. parts of the

20 toner particles.

7. The toner according to Claim 1, wherein the
inorganic fine'powder, the resin fine particles and
the metal oxide particles have specifié surface areas

25 of 70 - 300 m%/g, 5.0 - 20.0 m2/g, and 0.5 - 10.0

mz/g, respectively.

his is the replacement sheet
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contai ned therein; the electrostatic inage-bearing menber and the .
.devel opi ng nmeans being integrally assenbled to forma unit, which s
detachably 15 nmountable to a main assenbly of the inage formng

appar at us; wherein the toner conprises toner particles,

I norganic fine powder, resin fine particles, and netal oxi de
particles; wherein 20 the tonego-has a wei ght-average particle
si ze - of 4 - 12 [err]mand contains at nost 30 % by nunber of
particles having a particle size of at nost 3.17 [err]m . . t he
i norgani c fine powder has an average primary particle size of 1 - 50
nm 25 &he rEhg tdner argardine tovelakmalerwperein therticle:

size of 0.1 - 2 [err]mand. a sh%fe factor SF1 of at | east 100 and
bel ow 150, andnrorganic fine powder comprises hydrophobicgailica.

the netal oxide particles have an average particle size of 0.3 - 3
[err]mand a shape factor SF1 of : ' '

9. The toner according to Claim 1, wherein the
5 inorganic fine powder'hascbeen treated with silicone

oil..

10. The toner according to Claim 1, wherein the
- resin fine particles comprise a styrene resin or an

10 acrylic resin.

11. The toner according to Claim 1, wherein the

metal oxide particles comprise strontium titanate.

15 12. The toner according to Claim 1, wherein the

metal oxide particles comprise cerium oxide.

13. The toner according to Claim 1, wherein the
"toner particles comprise polymer components
20 characterized by:
(a) containing substantially no THF
(tetrahydrofuran)-insoluble content,
(b) containing a THF-soluble content giving a GPC
(gel-permeation chromatography)’chromacogram showing a
25 main peak in a molecular weight région of 3x103 -
3x104, and a sub-peak or shoulder in a molecular

weight region of 1x10° - 3x106, and

Yris is the reptacgment sheet
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150 - 250. 5 21. The apparatus unit according fo'CIarn1201;y'

Wherein the electrostatic inage-bearing nenber is a photosensitive'
drum and the photosensitive drumis . provided with a contact- charglng
nmeans. 10 22.  The apparatus unit according to Caim 21,
wherein the contact-charging neans is a charging roller.
23. The apparatus unit according to C1a|#BZL 15 wherein the electrostatic
i mage- beari ng nmenber is provided With a cl eani ng means. 24.
The apparatus unit according to C aim 23, wherein the cl eani ng nmeans
I's a blade cleaning neans. 20 25. The apparatus unit accordlng to
Cl aim 20, . whef€)n hpeirgsan Arad padueciods afaeasts HameKObiDr |
SF-1 of at least 115 and bel ow 145, and the netal oxi de particles have
a shape factor SF-1 of 160 - 230. 25 ' 26. The apparatus unit
rdin wherein the.r nfj . I h
aocording to GHaimz0: me ¢812EChRcHIR:0E" D hI8PYT, Gridid Gl ShaPC
polymer components include a low—moleculér weight-
g polymer component having molecular weights of below
52104 on the GPC chromatogram and an acid value AvL,.
and a high-molecular weight polymer component having
molecular weights of at least 5x104 and'an acid value
L/ AVH satisfying AVL > AVH'
10
15. The toner according to Claim 14, wherein the
acid value Ay of the low-molecular weight polymer
component is 21 - 35 mgKOH/, and the acid value Ayy of
the high-molecular weight polymer component is 0.5 -
15 11 mgKOH/g, giving a difference satisfying 10 g (Ayp-
AygO < 27.
_ 16. The toner according to Claim 14, wherein the
o/

polymer components provide an acid value/total acid

20 value ratio of at most 0.7.

17. The toner according to Claim 13, wherein the
THF-soluble content of the polymer components provides
the GPC chromatogram showing a minimum value in a
25 molecular weight region of at least 3x104 and below

1x105.
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- 82- SF-2 of at least 110 and bel ow 200, and the netal . oxide
.particles have a shape factor SF-2 of 160 - 300. _ 27. The
apparatus unit according to Claim20, 5 wherein the resin fine particles
have a shape factor . SF-2 of at- least 120 and below 175, and the netal -
‘oxide particles have a shape factor  SF-2 of 175 .- 270. ' 28. The
apparatus unit according to Claim20, 1682wherein the inorganic fine
powder has a charging - polarity identical to that of the toner '
particles, the =~ resin fine particles have a charging polarity

i dentical to that -of the toner particles and a volune resistivity of
10[err] - 10[err] &Bm cFheafianereaperzding g Cinimpdyt whereim ey
charging polarity opposite_to that of - t he toner particles.

29. The appar atGBeGnPRTLLEIRE FORERLE 5 magpetic mﬁﬁ%%%ﬁ the inorganic

fine powder, the resin fine

19. The toner accordihg to Claim 1, wherein the
5 toner particles contain a silicon-containing magnetic

material.

20. An apparatus unit, comprising: an
\ electrostatic image-bearing member, and developing

10 means.for developing an electrdstatic image formed on
the electrbstatic iﬁage-bearing member with a toner
contained therein; the electrostatic image-bearing
member and the developing means being integrally
assembled to form a unit, which is detachably

13  mountable to a main assembly of the image forming
apparatus;

wherein the toner comprises toner particles,

inorganic fine powder, rééin fine parficies, and metal
oxide particles; wherein |

20 the toner has a weight-average particle size
of 4 - 12 ym and contains at most 30 % by number of
particles having a particle size of at most 3.17 um;

the inorganic fine powder has an average |

primary particle size of 1 - 50 nm;

25 the resin fine particles have an average
particle size of 0.1 - 2 pym and a shape factor SF1 of

at least 100 and below 150, and
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20" particles and the netal oxide particles are added in . anmounts of

.0.3 - 3.0 wt. parts, 0.005 - 0.5 wm. parts and 0.05 - 5.0 wt. parts,
respectively, per 100 wt. parts of the toner particles. 25 - 30.
The apparatus unit according to C aim 20, wherein the inorganic fine
powder, the resin fine particles and the netal oxide particles have .
"specific _ -83- - - 85- surface areas.
of 70 - 300 nferr]/g, 5.0 - 20.0 merr]/g, and 0.5 - 10.0 merr]/g,
respectively. _ 31. The apparatus unit according to Claim20, 5
-wherein the inorganic fine powder conprises hy drgghobic silica.
32. The apparatus unit Y& dIRhiHg A% 48 R LEcles havpepR| AYEFRIT nor gani ¢
Fine povvder h%sar %.%r].et rse"iaztee‘dof ]DOQM-t IB S-I ! CO eaosl!:mape factor SF1 of
150 - 250.
5 21. The appafatuS'unit according to Claim 20,

wherein the electrostatic image-bearing member is a
photosensitive drum, and the photosensitive drum is

provided with a contact~-charging means.

10 22. The apparatus unit according to Claim 21,
wherein the contact-charging means is a charging

roller.

23. The apparatus unit according te Claim 21,
15 wherein the electrostatic image-bearing member is

provided with a cleaning means.

24. The apparatus unit according to Claim 23,
wherein the cleaning means is a blade cleéning means.
20
25. The apparatus unit according to Claim 20,
wherein the resin fine particles have a shape factor
SF-1 of at least 115 and below 145, and the metal |
oxide particles have a shape factor SF-1 of 160 - 230.
25 |
26. The apparatus unit according to Claim 20,

wherein the resin fine particles have a shape factor
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33. The apparatus unit according to Caim 20, - mhereln the re5|n fine "

.particles conprise a styrene ~resin or an acryllc resin. 15

34. The apparatus unit according to Caim 20, wherein the nmetal oxide
particles conprise strontium titanate. 20 - 35. The apparat us
unit according to daim 20, wherein the nmetal oxide particles conprise
cerium oxi de. ' 36. The app8fatus unit according to Cla|n120
25 wherein the toner particles conprise polyner conmponent s
characterized by: (a) containing substantially no THF N
- 86- tetrah drofurang i nsol ubl e content ' (b). contai ni ng

oxide particles have a shape factor SF-2 of 160 - 300.

27. The apparatus unit according to'CIaim 20,
5 wherein the resin fine particlés have a shape factor
SF-2 of at least 120 and below 175, and the metal

oxide particles have a shape factor SF-2 of 175 - 270.

(L 28. The apparatus unit according to Claim 20,

10 wherein the inorganic fine powder has a charging
polarity identical to that of the toner particles, the
resin fine particles have a charging polarity
identical to that of the toner particles and a Qolume
resistivity of 107 - 1014 ohm.cm, and the metal oxide

15 particles have a charging polarity opposite to that of

the toner particles.

29. The apparatus unit accordihg to Claim 20,
wherein the inorganic fine powder, the resin fine
20 particles and the metal oxide particles are added in
amounts of 0.3 - 3.0 wt. ﬁarts, 0.005 - 0.5 wt. parts
and 0.05 - 5.0 wt. parts, respectively,'per 100 wt.

parts of the toner particles.

25 30. The apparatus unit according to Claim 20,
wherein the inorganic fine powder, the resin fine

particles and the metal oxide particles have specific

AR O
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(gel - perneati on chromat ography) chromat ogram showi ng a main peak in a
.ol ecul ar wei ght region of 3x10[err] - 3x10[err], . and a sub- peak or
shoul der in a nol ecul ar wei ght. regi on Of-leo[err] - 3xtO[err], and
(c) having an acid value of at least 1 ngKOHg. - 37. The
apparatus unit according to Claim36, . 10 wherein the. polyner.conponents

I ncl'ude a | ow nol ecul ar wei ght polyﬂﬁﬁ-conponent havi ng nol ecul ar

wei ght s of bel ow 5x10 on the GPC chromat ogram and an aci-d val ue :
AVL, and a hi gh-nol ecul ar wei ght polyner conponent haV|ng nmol ecul ar .

melghts of at |eagst 5x10 er&%%and an aci o val ue A[ﬁ satisfying -
Alerr] > A[erls]ur ace areas Thea%d'érdiuéu%'f 2288 A t3Y ai m 37,

wherein the a val of the | ow nol ecul ar wei ght pol yrer
conponent is % %ﬁmﬂﬂﬂ#}é%uﬁF§9ﬁF§&¥?#n) value Alerr] of the
'high-nDIecuIar melght pol ymer conponent is 0.5 - 11 ngKOH g, giving a
di fference sati sfying 10 [err] (Alerr]-Alerr]O[err] 27.

39. The apparatus gynit .Iq.ﬁ,_pog vaﬁgﬂ %@%Clﬁf’n%"‘@sréi&ﬁlhﬁ?wl yner

conponents provide an acid |l ue rat1o of at nost
0.7. 5 wherein the inorganic fine powder comprises

hydrophobic silica.

32. -The apparatus unit according td Claim 20,
\_/ _ wherein the inorganic fine powder has been treated

10 with silicone oil.

33. The apparatus unit according to Claim 20,
wherein the resin fine particles comprise a styrene

resin or an acrylic resin.

15
34. The apparatus unit according to;Claim 20,
wherein the metal oxide particles comprise strontium
. titanate.
\/
20 35. The apparatus unit according to Claim 20,

wherein the metal coxide particles comprise cerium

oxide.

36. The apparatus unit according to Claim 20,
25 wherein the toner particles comprise polymer
components characterized by:

(a) containing substantially no THF

LW
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-87- 40. The apparatus unit according to C aim 36, wherein

.the THF-sol ubl e content of the pol yner conponents provi des the GPC
chr omat ogr am showi ng a . minimmval ue in a nol ecul ar wei ght regi on of
at least 5 3x10[err] and bel ow 1x10[err]. 41. The appar at us
unit according to Caim 20, - wherein the toner particles contain a
magneti c material. 10 _ 42.~-9%e apparatus unit according to
Cl ai m 20, wherein the toner particles contain a silicon-

cont ai ni ng nagnetlc naterlal 15 43. An.image form.ng nethod,
conpri sing the ste charglng a surface of an

el ectrostatic ?ﬁﬁﬁﬁhydr°f¥ﬁéﬂ?T&P#ﬁ%ﬂk}e conten
el ectrostatic i mag(eb

form ng an

t he
contalnlng a THF-soluble content giving a GPC
(gel-permeation chromatography) chromatogram showing a
main peak in a molecular weight region of'3x103 -

5 3x104, and a sub-peak dr shoulder in a molecular

weight region of 1x10° - 3x105, and

(c) having an acid value of at least 1 mgKOH/g.

\_/ 37. The épparatus unit according to Claim 36;

10 wherein the polymer components include a low-molecular
weight polymer component having molecular weights of
below 5x_104 on the GPC chromatogram and an acid value
Ayp. and a high-molecular weight polymer component
having molecular weights of at least 5x104 and an acid

15 value Ayy satisfying Ay > Ayy-

38. The apparatus unit according to Claim 37,
wherein the acid value Ay, of the low-molecular weight
polymer component is 21 - 35 mgKOH/, and the acid

20 value Ayy of the high-molecular weight polymer
component is 0.5 - 11 mgKOH/g, giving a difference

satisfying 10 ¢ (Ayp-Ayg0 < 27.

39. The apparatus unit according to Claim 36,
25 wherein the polymer components provide an acid

value/total acid value ratio of at most 0.7.
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20 el ectrostatic inage- bearlng nenber : developlng the
electrostatic imge with a t oner for developlng el ectrostatic inmages: .
to forma t oner i mage; transferring the toner inmge
formed on the 25 electrostatic inage-bearlng menber to a transfer-
receiving material, ' cl eaning the surface of the electrostatic
- 88- | mage- beari ng nenber after +8®-transfer by abutting a

cl eani ng nmenber .t hereto, and repeating the above-nentioned
steps by using the cleaned el ectrostatic i mage- bearing menber; 5
wherein the toner conprises toner particles, ' I norgani c flne pomder
resin fine parti CI% arhe n@mratus upit d@%?@%%gﬁf’ a}ié?‘@l

t he toner has ht avera artlcle Sj ze - 12 [err]n1and

contai ns at e? %Hblﬁop°$5??Fc?@stﬂﬁvPﬂbYﬂeﬁart|cle si ze of
at most 3. 17 p@mponents prov1des éherﬁgg nhfo&égogggﬂdeﬁo ggag average

minimum value in a molecular weight region of at least

.5 3x104 and below 1x105.

41. The apparatus ﬁnit according to Claim 20,
wherein the toner particles contain a magnetic
o/ material.
1o
42. The apparatus unit acéording to Claim 20,
wherein the toner particles contain a silicon-

containing magnetic material.

15' 43. An image forming method, ccmprising.the steps
of: '
charging a surface of an electrostatic image-
bearing member, _
forming an electrostatic image on the
20 electrostatic image-bearing member:
dgveloping the electrostatic image with a
toner for developing electrostatic images to form a
toner image; |
transferring the toner image formed on the
25 electrostatic image-bearing member to a transfer-
receiving material,

cleaning the surface of the electrostatic

* c L M S *
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“primary particle size of 1 - 50 nm the resin fine'particles

.have an average particle size of 0.1 - 2 [err]mand a shape factor SF1
of 15 at |east 100 and bel ow 150, and t he metal oxide
particles have an average particle size of 0.3 - 3 pmand a shape

- factor SF1 of 150 - 250. 20 - 44, The nethod according to .

Cl aim 43, wherein the el ectrost ati c-88vage- beari ng nenber is charged
with a cont act-chargi ng nmeans supplied with a bias voltage.

45. The nethod according to C aim 44, wherein the 25 electrostatic

| mage- beari ng nenber is a photosensitive dru and the

cont act - char gi A§ag€aRearding membgrh@fter the, yrgnsfer by abutting a
- 89- 46. ,The nethod according to C aim43, wherein the
resin fine parFﬁ@P@&nﬁémg_ &t q%ﬁﬂb_ -1 of at :

repeating the above-mentioned steps by using
the cleaned electrostatic image-bearing member:;

S5 ' wherein thé toner comprises toner particles,
inorganic fine powder,.resin fine particles, and metal
oxide particles; wherein

the toner has a weight-average particle size
\_/ of 4 - 12 pm and contains at most 30 % by number of
10 particles having a particle size of at most 3.17 pm;
the inorganic fine powder has an average
primary particle size of 1 - 50 nm; |
the resin fine particles have an average
particle size of 0.1 - 2 pm and a shape factor SF1 of
15 at least 100 and beiow 150, and
the metal oxide particles have an average
particle size of 0.3 - 3 um and a shape factor SF1 of
150 - 250.

20 44. The method according to Claim 43, wherein the
electrostatic image-bearing member is charged with a

contact-charging means supplied with a bias voltage.

45. The method according to Claim 44, wherein the
25 electrostatic image-bearing member is a photosensitive
drum, and the contact—charging means is a charging

roller.
I
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| edst 115 and bel ow 145, and the netal oxide particles _ have a shapé

factor SF-1 of 160 - 230. 5 : 47. The nethod according to O ai m43,
wherein the resin fine particles have a shape factor SF-2 of at -

| east 110 and bel ow 200, and the netal . oxide particles have a shape
factor SF-2 of 160 - 300. 10 - 48. The nmethod according to.C aim
43, wherein the resin fine particl es8Rave a shape factor SF-2 of at

| east 120 and bel ow 175, and the netal oxide particles - have a shape
factor SF-2 of 175 - 270. 15 - 49. . The nethod according to daim
43, wherein the I norgani c. fi_ne powder.- has charglng polarity

i dentical to that %%- th%hgoﬂ%FhﬁQrFFEPEanBhEOrSéﬁﬁm 3. pheredsy t5hQ es

h ' h I d h f I d
i P LA Pl e Yk AT A
et e e g S 1t B ke B R

I norganic f'neh§9¥d§rsh553 ESst8 g?glpggth%beg 3Rg.  the netal oxide

particles are ded in anmounts o

47. The method according.to Cléim 43, wherein the
resin fine particles have a shape factor SF-2 of at
least 110 and below 200, and the metal oxide particles

o have a shape factor SF-2 of 160 - 300.
10 _

48. The method according td Claim 43, wherein tﬁe
resin fine particles have a shape factor SF-2 of at
least 120 and below 175, and the metal oxide particles
have a shape factor SF-2 of 175 - 270. '

15
49. The method according to Claim 43, wherein the
~inorganic fine powdér has'a charging polarity
identical to that of the toner particles, the resin
fine particles have a charging polarity identical to
20 that of the toner particles and a volume resistivity
of 107 - 1014 ohﬁ.cm, and the metal oxide particles
have a charging polarity opposite to that of the toner

particles.

25 50. The method according to Claim 43, wherein the
inorganic fine powder, the resin fine particles and
the metal oxide particles are added in amounts of 0.3

/
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- 90- - 3.0 w. parts, 0.005 - 0.5 wt. parts and 0.05 - 5.0

W . parts, respectively, per 100 wt. parts of the toner particles.
5 51. The nethod according to C aim 43, wherein the i norgani c
fine powder, the resin fine particles and the netal oxide particles
"~ have specific surface areas of 70 - 300 -nmerr]/g, 5.0 - 20.0
~nmferr]/g, and 0.5 - 10.0 nerr]/g, -9@spectively. : : 52. The
‘met hod according to Caim43, wherein the i norgani c fine powder
conpri ses hydrophobic silica. - 53. The nethod according to Caim
43, wherein the 15 . inorganic fine powler has been-treated with silicone
oi l . - 350 winePREER0dCafP8r di AgSt Wta ReFts3 anthd&-d%h 1R 0

resin fine partjcles conprise a styrene resin _or an
P w%. parts?prespectivély, per 1%0 wt. parts of the

toner particles.

5 . 51. The method according to Claim 43, wherein the
inorganic fine powder,'the resin fine particles and
the metal oxide particles have specific surface areas
of 70 - 300 m?/g, 5.0 - 20.0 m?/g, and 0.5 - 10.0

W, mz/g. respectively.
| 10 |
52. The method according to Claim 43, wherein the

inorganic fine powder comprises hydrophobic silica.

53. The method according to Claim 43, wherein the
15 inorganic fine powder has been treated with silicone

oil.

54. The method according to Claim' 43, wherein the
resin fine particles comprise a styrene resin or an

20 _ acrylic resin.

55. The method according to Claim 43, wherein the

metal oxide particles comprise strontium titanate.

25 56. The method according to Claim 43, wherein the

metal oxide particles comprise cerium oxide.

LU ARIIURI 7o = e repicament st
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20" acrylic resin. 55. The net hod according“fo d ai m 43,

Wherein the - ‘nmetal oxide particles conprise strontiumtitanate.
56. The method according to C aim43, wherein the met al oxjde
particles conprise cerium oxide.

-91- 57. The nethod according to Cla|n143 wherein the
toner particles conprise polynmer conpone®%-  ~ <characterized by:
(a) containing substantially no THF 5 (tetrahydrofuran)-insoluble
cont ent, (b) containing a THF-sol ubl e content giving a GPC

(gel -perneation c raph chronato ram show n mai n. peak ina
mol ecul ar wei ght Eébloﬁ Aéggﬂ r4ﬁ°°rd1 9 tg)G. %ﬁhﬁ ?3 afpereidptiak or -

shoul der in a_ ml ecul ar | of 1x10 err - 3x10[err],
(&) ‘havi ng an g&&@aﬁ%}@%@%ﬁ'&a@ﬁ gef%% dompdidhes 0L
- characterized by:
(a) containing substantially no THF
5  (tetrahydrofuran)-insoluble content,
' (b) containing a THF-soluble content giving a GPC
(gel-permeation chromatography) chromatogram Showing a
main peak in a molecular weight fegion of 3x103 - |
\ 3x10%, and a sub-peak or shoulder in a molecular
10 weight region of 1x105 - 3x10%, and

(c) having an acid value of at least 1 mgKOH/g.

58. The method according to Claim 57, wherein the
polymer components include a low-molecular weight
15° pélymer component having moiécular weights of below
5x10% on the GPC chromatogram and an acid value Ayp,,
and a high-molecular weight polymer component having
molecular weights of at least 5x104 and an acid value
AVH_satisfying Ay, > Aygy- -
20 :

59. The method according to Claim 58, wherein the
acid value Ay, of the low-molecular weight polymer
component is 21 - 35 mgKOH/, and the acid value Ayy of
the high-molecular ﬁeight polymer componenf is 0.5 -

25 11 mgKOH/g, giving a difference satisfying 10 < (Ayp-~

- —
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58." The nmet hod according to Claim57, wherein the

i nclude a | ow nol ecul ar weight 15  ‘pol ynmer conponent havi ng nol ecul ar

wei ghts of bel ow

Alerr], and a hi gh-nol ecul ar wei ght pol yner conponent havi ng
‘ol ecul ar vei ghts of at |east 5x104 and agyacid val ue ~Alerr]
satisfying Alerr] > Alerr]. 20 59." The nethod according to C aim
58, wherein the acid value -Alerr]. of the | ow nol ecul ar wei ght polyner
‘conmponent is 21 - 35 ngKOH, and the acid value Alerr] of t he
hi gh-nol ecul ar weight [rhe metibodpacentding Otd Cladd 5711lwhgkéihgthgi ving a
~difference satisfying 10 [err]. (Alerr]- Alerr] [err] 27.
-92- POlImEr1¢Qﬂ?ﬂﬂ%@ﬁsaBC@YddﬂganoaQidlWﬁ5ﬂe/ﬂpéﬁélﬁCEﬂe
pol ymer conponents provi de an acid value/total aci d value ratio of at
most 0. 7. value ratio of at most 0.7. :
5 61. The method according to Claim 57, whefein_the
THF-soluble content of the polymer components provides
the GPC chromatogram showing a minimum valué in a
molecular weight region of at least 3x104 and below
1x10°. |
—/
10
62. The method according to Claim 43, wherein the
toner particles contain a magnetic material.
63. The method according to Claim 43, wherein the
15 toner particles contain a silicon-containing magnetic
material.
—

RN O AT R
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5 61. The nethod according to Caimb57, wherein the . -

THF- sol ubl e content of the polynmer conponents provides the GPC
chromat ogr am showi ng a m ni num val te ip ~* nol ecul ar wei ght region of
at | east 3x10[err] and bel ow 1x 1C rr] 10 =~ 62. The net hod
according to Claim43, wherei.n the - toner particles contain a nmagnetic

materi al . poNER FOR DEVELOPING mﬂé‘mbm@ faace, CARPARABUS WONT P m\mhe
15 toneqmmyﬁ|pdgm3N@megm@Da silicon- contalnlng magnetic - mat eri a

ABSTRACT OF THE bISCLOSURE

| A toner fb: déﬁeloping electrostatic images'
is constituted as a powdery mixture of toner
particles, inorganic fine powder, resin fine
particles,.and metal 6xide_pértic1es. The toner has a'
weight-average particleISize of 4 - 12 pm and contains
at most 30 % by number of particles having a particlé
size of ag most 3.17 pm. The inofganic £ine powder

i has an average primary particle size of 1 - 50 nm.

W

The resin fine particles have an average particle size
~of O.i - 2 pm and a shape factor SF1 of at least 100
and below 150. The metal oxide particles have an
averagé particle size of 0.3 - 3 pm and a shape factor
SF1 of 150 - 250. The toner is effective for
preventing toner sticking onto and ununiform abrasion
of the electrostatic image—bea:ing member to allow the
formation of high-quality images for a lon§ life.
Fig 1 |
U
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