QghEE FORM NG METHOD, POSI TI VELY CHARGEABLE TONER AND POSI Tl VELY -CHARGEABLE
S| CA MATERI AL THEREFOR This invention relates to a novel inmmge forming 5
met hod with the use of a photosensitive menber conpris- i'ng an organic

phot oconductive material, particularly to an inmage form ng met hod capabl e
of formng inmages without fog by use of ailtoner containing positively
chargeable fine silica particles. 10 Vari ous organic

phot oconducti ve pol ynmers, including polyvinylcarbazole as a typical .
exanpl e, have been prop¥Yaeld BORYANGOMEAHGD!, | POSHATYEL &l €HABGBABLEed int

el ect r ophot ogr aphi ¢ phot osenEPNERe ANBNBESITIVEhEsEH 5Gghéks are superior to
i norgani ¢ photoconductive 15  nBEELCAI YAIEREARSTHERERORM cadmi um sul fide
and zinc oxide in various respects such as filmform ng property, |ight

wei ght, high productivity, etc. In recent years, in place of polyneric
materials, a |arge nunber of organic nmaterials of |ower nolecular weight
have al so 20 been deVBL®piAVeBFi6PgARLEtBRAOEBCBNEAEEL vémAREefPERENISUCh a
Iom/nDIecu%ar me'ﬂh% orﬂangﬁ photoggnductive material is advantageous in
that it gives aeta Beo¥HRD HRGtPFE ALt Br PAPTASSRRAGCAYGHEBREF  FOPPYLSThis i s
realized by chgjce_of ri | LiLyit . har ge
retentivity frgégaé r%aﬂ%?igcggétgggéggﬁggggséﬁﬂg%%A%ang%%é%ﬁ%ggg}§Fbmever,

Fﬂgt osensi tiverHeaRel fagONBoLRLAY ALEGABACCRPALPE0BEUEL LM EngRiREGELS have

without fog by use of a toner containing positively
¥ chargeable fine silica particles.

10 Various organic photoconductive polymeré,
including pélyvinylcarbazolé as a typical example, have
been proposed as photoconductive matefials to be used
in electrophotographic photosensitive members.. These
polymers are superior to inqrganic photoconductive

15 materials such as selenium, cadmiuﬁ sulfide and zinc
oxide in various respeéts such as film forming property,
light weight, high productivity, etc. In recent years,

in place of polymeric materials, a large number of

g

organic materials of lower molecular wéight have also

20 been. developed for organic photoconductive materials.
Such a low molecular weight organic photoconductive
material is advantageous in that it gives a photocon-
ductive material having high sensitivity. This is
realized by choice of a material having good sensitivity

25 and charge retentivity from a broader scope of compounds
which can be choéen.. However, photosensitive members

comprising organic photoconductive materials have the



On the‘otheér hand, a positively chargeable toner to be used for develo

of negative |atent: 5 i mages .on a photosensitive nenber conprising an

or gani ¢ photoconductive material generally contains a positive charge
controller. Such positive charge control I'€’s include generally am no
conpounds, quaternary anmoni um conpounds, organic dyes, particularly basic
dyes and 10 salts thereof. Conventional positive charge controllers

i ncl udg_})enzyl néraybadiexefiesna B rswnfade drdxtinese@nd hedingesgcem®oni um
chloride, nigrosine, safranine y, and crystal violet. These are usually
added into a t h&Ph®-tPIkA¥%- resin, di spersed by nelting under heating and
15 m cropul-verized into fine particles, adjusted to suitable.sizes, if
desired, and then provi dtl?%rm%éeer ES é't ShePSHowRer © aﬁ‘§§§% es as

-2- drawback of smaller surface hardness and bei ng suscept- ible to flaﬁ?.

charge control | ggshays GOTpLIS e Slididiian ¥W Mpdialvdauednstant -

20 - properties, ei ng poor 1n stability. e- conposition or

denat urati 0§ MBYmASEToh N QKB SLERIPOSIe ddribr BB Gy SMOGkgaRdc
friction during kneadi ng under heat or change in tenperature and humdity
photoconductive material generally contains a positive
chérge controller. Such positive charge controllers
include generally amino compounds, quaterna;y ammonium
\/ ' compounds, organic dyes, particularly baéic dyes and
10 salts thereof. Conventional positive chérge controllers
include benzylmethyl-he#adeéylammonium‘chloride, decyl-
trimethylammonium chloride, nigrdsine, safranine vy, and
crystal violet. These are uéually added into a thermo-
plastic resin, dispersed by melting under heating and
15 micropulverized into fine particles, adjusted to
suitable sizes, if desired, and then pfovided'for use .
as a toner.
However, thses dyes as charge controllers have
F*’ ' complicated structures and do not have constant * -~ -.
20 properties, thus being poor in stability. Also, de-~
composition or denaturation may occur throggh decomposi-
tion, mechanical shock and friction during kneading
under heat or change in temperature and humidity
conditions, to cause lowering.in the charge controlling
25 characteristic.

L ' Accordingly, when development is carried out by

use of a toner containing these dyes as charge controllers

r'dd
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ﬁgﬂpitjons, to cause lowering in the charge -controlling 25

racteristic. Accordingly, when devel opnent is carried out by useof &

toner containing these dyes as charge controllers -3- in.a copying

machi ne, the dyes may undergo deconposi-_fion or denaturation as the

i ncrease in nunber of copies to cause det€rioration of the toner. As.

anot her serious disadvantage, it is very 5 difficult to disperse these

dyes as charge controllers evenly into a thernoplastic resin, and therefore =«
difference in RidHoPRLING dnadiuknp i 5he AT NaY GNARTIMERFAMREIIon ey
particles obtained Q% crushing of the m xture. Mbst of. dyes

. 10 .
for positive chi?}ye® cﬁﬁrf%tr“ﬁ‘%gl% Ehyiiopidigashdn ey &f &P poor .

di spersibili- of the es_into i n,,. the dyes are exposed at the
t oner surfacesé %ﬁ?rﬁﬂéﬁ%é%&é?%ﬁﬁ%ﬁ %gﬁgﬁ'%%EEHTng. When the toner is

used under highly humg candigdonserildus di?ﬂﬂ?rfﬁa#ﬁPthL@ ifey£annot be
ye. us

obt ai ned because of hydrophilic nature of the S, when a‘dye having
positive char g@i ££1EUDE -td | i cirddebldye Plad hd¥dDlcatirdiadised in a

t'oner, variances in anount of the charges generated on the
' evenly into a thermoplastic :esin, and therefore
difference in triboelectric charge-is liable to occur
among the toner pértiéles obtained by crushing of the
mixture. . _ ' -L)

10 _ Most of dyes for positive charge controlling
are hydrophilic and therefore, due to poor dispersibili;
ty of these dyes‘into a resin, the dyes are e#posed at
the toner surfaces when pulverized after quidn kneading.
When the toner is used ﬁnder highly humid conditions,

15 images of good quality cannot be obtained becéuse of
hydrophilic nature of the dye.

Thus, when a dye having positive charge control-
ling.characteristic of the priof art is uSéd in a toner,
variances in amount of the charges generated on “he .

20 toner particle suffaces through-friction améng betweeh_
toner particles, between toners and carrie;s or between
toners and toner carrying méhber such as sleeve, will
occur,'wheféby various inconveniences are caused, such
as development fog, toner scattering, carrier contamina-

25 tion, etc. Also, under highly humid conditions, the

- transfer efficiency of the toner image is markedly

 lowered to be unsuitable for practical use. Even under



20 toner particle surfaces through friction anong between toner -
particles, between toners and carriers or between toners and toner carr{fi§>
menber such as sleeve, will occur, whereby various inconveniences are

caused, such ass devel opnent fog, toner scatjering, carrier contam na- 25
tion, etc. Al so, under highly humid.conditions, the transfer efficiency of
the toner inage is narkedly | onered to be unsuitable for practical use.
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The research group to bél ong has proposed a to cont ai ning fine

silica particlespsynthesi ZRAr§y SoMetoDI DEQSSys Ubhahbped prestael mrent of
negative | atent 1 mages in Japanese Lai d-open Patent Application No.

78549/ 1982 and othessmaiifneghiestlpnaggldmenase usedbedomeveseldss .

devel opment of negative inages on a photosensitive nenber conprising an
organi ¢ phot 8- conduct i vEhgaresearchngreup atgevhieheve drekond dwswere t aken
under an environnent of _|ow tenperature and Low humidity, it was found that

fine silica partPEPRSSRRr2 Y8ner cerbyiningdhine 5h}bF?rRF¥ﬁ&?%R%eof t he

phot osensi tive synthesized by a wet process suitable for development

of negative latent images in Japanese Laid-open Patent
Application No. 78549/1982 and others. When this toner
10 was uséd, however, for development of negative images
”'on a photosensitive member comprising an organic photo-
conductive material and a large number of copies were
taken under an'envirpnmént of low temperature and low
humidity, it was found that fine silica particles were
15 caused to adhere onto the surface of the photosensitive
member and the copied images were susceptible to
fogging. This may be attributable to the foliowing
reason. The fine silica particles synthesize& by the
1 wet process have greater primary particle sizes and .
20 further are more susceptible to aggiomeration than fine
silica particles synthesized-by a dry process, thus
forming larger particles (about 1 micron).. Also, since
the fine silica particles synthesized by the wet process
are liable to be charged negatively, through friction |
25 with the toner particles, positive charges'aré given to
‘the toner particles, while they are themselves charged

negatively. As the result, the fine silica particles



)bri butable to the follow ng reason. The fine silica particles synthesized
Byt he wet process have greater primary particle sizes and.20 further are
more susceptible to aggl oneration than f9ne silica particles synthesized by
a dry process, thus formng larger particles (about 1 mcron). Also, since
the fine silica particles synthesized by the wet process are liable to be

charged negatdyflyes {AULYAN did GIdOhitessiddhd i h}%pg.rtta%hcl es,

positive charges are giv to the toner parti e they are i
thensel ves cheyed e Yitlage Asorttitod &itllthe iR drithamdlglel CanBarti cles
-5- synthesized by the wet process tend to be attached onto the non-inmage
portion on thgattdiean) inmege trghdied ep, rcdnwd banHrahsTeepedcannot be
transferred onto a transfer paper because of having the polarity 5
opposite to tdmtto & trensfmrepagen begmise dfuridatinoy tdve tpledaghidosensiti ve
menber. Further, since the silica consists of fine particles and has al so
great har3nesepPadideite datefi ihgy toiner phttoFarain fdundapsdyis |iable

to formflaws on the photosensitive 1 me Ther ef or e, . when i nage
i

. er.
formation is Ut fE8 KPFeReEIAYe ¢ 5 g%u;ﬁtht Yol §40G® [FPfecone attached

silica consists of fine particles and has also great

er and the copied i mnages were susceptible to fogging. This may be

hardness,,the siliéa remaining on a photosensitive
member is liable to form flaws on the phofosensitive

10 member. Therefore, when image formation is effected
repeatedly, the silica particies will become attached
onto the photosensitive_member to cause fog on the

_éopied image. This tendeﬁcy becomes further bronounced

under 16w humidity environment, because of incrgased

15  triboelectric charge.

Further, for ovetcoming this problem, in various
cleaning methods, such as the blade cleaning syStem, the
fur brush dleaning system, the mégnétic brush cleaning
system, etc., measures have been investigated to give -L;

20 as little load as possible to the toner and the photo-
sensitive member. However, it coﬁld_not completely be

overcome by such measures.

SUMMARY OF THE INVENTION-

25 : Therefore, an object of the present invention
is to provide a novel image forming method which has

overcome the drawbacks as described above.



1

onto the photosensitive nenber to cause fog on the copied image. This

t endency becones further pronounced under |low humdity environnent, beca

"of increased 15
problem in vari
the fur brush cl

measur es have been investigated to give 20

.triboelectric charge. Further, for overcomng this
ous cl eaning methods, such as the bl ade cleaning system
eani ng system the magnetic brush cleaning system etc.

|

as little load as possible to

t he toner and the photo- sensitive nenber. -fowever, it coul d not conpl etely

be overcome by s
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20

pro#ide an image forming method which changes little in
varioﬁs characteristics correspdnding to the.changes in
environmental conditions.

A further object of the present' invention is to
provide an image forming method in which the quality. of

copied product wiil not be lowered during repeated uses.

According to one aspect of the present invention,

there is provided an image forming method comprising the'

steps of:

forming a negative latent image on a photosénsitive
member comprising an 6rganic photogonductive material;

| developing said latent image with- a positively

chargeable toner comprising colored resinous part;cles
and positively chargeable fine silica particles treated
with silicone oil having.an amine group;

transferring the developed image obtained to a
transfer material; and

cleaning the residual toner on the photosensitive



10 prOV|de an imge formng nethod in which the quality of copled pr oduct

not be |owered during repeat ed uses. According to one aspect of the

gnt invention, there is provided an image formng method conprising the

g of : 15 form ng a negative |atent inmage on a photosensitive

ber conprising an organi ¢ photoconducti,ve material; devel oping said

| atent image with, a positively chargeabl & toner conprising col ored

resinous particles and positively chargeable fine silica particles treated -
20 with silicone oil having an amine group; transferring the devel 6Rgd

| mage obt ai ned t%b% transfer material; and cl'eaning the residual toner on

t he phot osensi menber. Accarding to ‘a further aspect of the '

present '“Ven“on t%&%raangr o¥pded afﬁ?ﬁhéi'veéé! £68 998bl¢hd ONfifesent
conprising colored resi nous particles dp 5 positively chargeabl e

fine silica paihventioh’ eBhefleW i FPridvidws oal payi oovely arshwer grable
According to a further aspect of the present invention there is provided a
positively chatgesl,e feompsising mebdored, mesinmdws ngparhtislese a@ndine

silica 10 particles and silicone oil having an anmi ne group wherein
5§ positively chargeable fine silica particles treated with

silicone o0il having an amine group.

According to a .further aspect of the present
invention there is provided a positively chargeable fine ;)
silica material, comprising a.nﬁxture of fine siiica

10 particiee and.silicone 0il having an amine group wherein
the silicone oil is a modified silicone oil having an
amine group in the side chain of general formula:

Ry
-él»O—
15 : X L

wherein R1 represents hydrogen, substituted or
unsubstituted a]_.kyl, substituted or unsubstituted a_ryl
20 or alkoxy, R2' represents substitﬁted or unsubstituted
alkylene or substltuted or unsubstltuted phenylene,: R3
and Ru each represent hydrogen, substituted or
unsubstituted alkyl or substituted or unsubstituted
aryl, the fine silica material comprising a ﬁixture of
25 fine silice‘particles and a modified silicone o0il
having an amine group in the side chain of general

formulai



the silicone oil is a nodified silicone oil having an ami ne group in the
si de chakn of' general fornula: 15 [err] wherein  [err] represents
hydr ogen, substituted or unsubstituted al kyl, substituted or
unsubstituted aryl 20 or al koxy, [err] represents substituted or '
unsubstituted al kyl ene or substituted or unsubstituted phenylene, [err] and
R4 each r epr esent hydr ogen, substituted or unsubstituted al kyl or
supstituted or unsubstituted aryl, the fiyne silica material conprising a

m xture of*-25 fine silica particles and madi fied silicone oil having an

am ne group in the side chain of general formula: [err] wherein [err]
represents hydr ogen, substituted oqunsubstituted al kyl, substituted
or unsubstituted aryl, or al koxy, l [err] represents substituted
or unsubstituted al kyl ene or substitutedS8rOQmsubstituted 5 phenyl ene,

R3 and R4 each r epr esent _hydrogenl substituted or unsubstituted
al kyl or substituted or unsubstituted aryls the fine silica material having’
a hydrophobicity of at ileast 30 as neasugfd by the nethanol titration test.

- /N
| Ky R

4

wherein Ry represents hydrogen, substituted or

unsubstituted alkyl, substituted or unsubstituted

aryl, or alkoxy, R2 represents substituted or

unsubstituted alkylene or substituted oi unsubstituted

5 pheﬁylene, R3 and R4 each represent hydrogen,

. Substitutéd or unsubstituted alkyl' or substituted or
unsubstituted.aryl, the fine silica material having a
hydrophobicity of at 1least 30 as measured by the
methanol titration test. |

10
Nt Preferred positively chargeable.fine silica particles
in the present invention are defined as follows. That

-is, 2 g of fine silica particles which hgve been left

to



& vention are defined as follows. That * is, 2 g of fine silica particles
hi.ch have been left to stand overni ght in an environnent of 250C and
relative humdity of 50 to 60% and 98 of carrier iron powder not coated
with a resin having a major particle sitze in the range of 200 to 300 nesh
(e.g. EFV 200/300, 5 produced by N ppon Teppun K. K ) are mxed thoroughly
in an al um num pot having a vol une of about 200 cc in the sane environnent -
as mentioneétabdveveppightikinganhenpdronmentingf ¥87€i aad| yekativbouls 50
times), and_the triboelectric charge_of the fine silica particles is 10

nmeasured acByrafagYt et he EBn@@n§|6ﬁ§I95I6m95f?aﬁ€%ﬁ6d15 R “an

al um num cel | _havi sh _scr ne_s articles having -
posi t1ve ¢ 1 PBSrRERAC L RA Do PREBUBRVERE BoB0aSreRetf ErERI S 1R "der | ned as
positively argea £i t S{el e positively
chargeable BnggglP pggt?gpes o?aPhggégeégn? |ﬁ€gn%?%435 ould preferably
have a tgi b%@b@ﬁ&éacbyhﬁiﬁﬁoﬁf T&E{aﬁh ZOKUS/ 8r8r mIREE, tRSFbhghi@r- |y [err]
30 uc/g or nore. Specifically, ey can be prepared by subjecting the
silica fornad Ay xaﬁminﬁhapﬁt having a volume of about 200 cc in

‘:EO Preferred positively chargeable fine silica particles in the présent
X/

the same environment as mentioned above (by shaking the
pot in hands vertically for about 50 times), and the
triﬁoelectric charge of the fine silicé particles is ;)

10 measured écqording to the conventional blow-off method
by meané of an aluminum cell having a 4b0 mesh screen.
The fine silica ﬁarticles having positive triboelectric
charge through the above measurement are defined as
positively chargeable fine silica partiéles.

15 The éositively.chargeable fine silica particles
bf the present invéntion should preferably han a
triboelectric charge of ® 10 uc/g or more, particular-
ly ® 30 pc/g or more. Specifically, they can be
prepared by subjecting the silica formed by vapor ‘phase

20 oxidation of a silicon halide further to a treatment
with a silane coupling agent, a titanium coupling agent,
silicone oil, etc. |

The "silica formed by vapor phase oxidaﬁion_of
a silicon halide” is the so called "dry process silica"

25 or "fumed silica", and it can be produced according to

the techniques which per se are known in the art. For

example, it can be obtained by pyrolytic oxidation of



20 oxi dation of a silicon hallde further to a treatment with a sil ane
couplirmg agéent, a titaniumcoupling agent, silicone oil, etc. The "silic [
formed by vapor phase oxidation of a silicon halide" is the so called "dry
process silica* 25 or "funmed silica", ald it can be produced according to
t he techni ques which per se are known in the art. For exanple, it can be

obt ai ned by pyrolytic oxidation of | o gaseous silicon tetrachloride in
oxygen- bydrogen %ﬁg?ﬁ | &ef hopigehsRe Ren{apb§e/NEEAMas
follows [err] -g Ehgl%%% q:et-"%%ﬁg:tnl%Hé’: oXPye ? ﬁe ab ovg

prEDaratlon Steﬁmé‘bdsicaEEAdﬁlaw Bl eine Qbyaba geprpkesnteaeaponder of
silica and other netal oxides by using other netal halides such as al um num

chloride or titeollowshl ori de together with silicon halides, and they are
al so included in the 10 silica formed by vapor phase OX|dat|on of a
silicon halide of the prd&dng i Rgntti O, whirth WiLO, Bed¥6ketimes referred to
as "funed silica" herein. It is preferred to use funmed, silica gartlcles of

whi ch mean primary partildl &hg gbave gpreppipityoRi kPR 15t 1fn81Fnge of from

0.001 to 2 [err]possfg¥é/égIggéglgh%o%%ﬂ%x fine powder of silica and

other metal oxides by using other metal halides such
as aluminum chloride or ﬁitanium chloride together
with silicon halides, and they are also included in the
10 silica formed by vapor phase oxidation of a silicon
halide of-the present invention,whidh will be sometimes
referred to as "fumed silica" herein.- |
It is preferred to use fumed silica particles,
of which mean primary particle size is desirably within
15 the range of from 0.001 to 2 p, namely within the range
of from about 30 to 500 m2/g ih terms of specific
surface area (BET specific surface area according to
the nitrogen adsorption-method).
o ~ Commercially available fumed silica partfeles
20 to be used in the present invention include those sold
"under the trade names as shown below.
AEROSIL 130
(Nippon Aerosil Co.) ' 200
300
25 | | 380
TT 600
MOX 80

COK 84



‘E!i om about 30 to 500 [err] in terns of specific surface area (BET
pef¥fic surface area according to the nitrogen adsorption nethod)

Commercial ly available funed silica particles 20 to be used in the
present invention include those sold undgr the trade nanes as shown bel ow.

AEROSI L o o 130 (Ni ppon Aerosil Co.) 200
300 25 - 380 TT 600 MOX 80 COK
NE- 7 Veos e s cab-o-sin MO (G0OU D), EH-5 Wacker
0 16 ~ DCH (capr gl ngve&ﬂ?nmgecgv;am MS-7 N 208 T S0

MS-75

HS-5

5 . EH-5

Wacker HDK N 20 ' _ v 15

(Wacker-Chemie GMBH) N 20E

| T 30

T 40 u

10 ' D-C Fine Silica
(Dow Corning Co.)
Fransol
(Fransil Cé.)
In the prior art, an.example of adding fine
15~ silica particles fofmed by vapor phase oxidation of
a silicon halide to a developér is known. However,
even a developer containing a dye having positive chérge.

controllability will bé changed in chargeability to

negative by addition of such silica, and it has nGt -. o’

20 _been suitable for visualization of negative electro-
static images.

In the method of applying a positively charge-
able toner containing fine silica particles synthesized
by the wet process suitable for developing'negative-

25 '1atent'images for a photosensitive member comprising
an érganic photoconductive material as previously

proposed by out research group, the fine silica



Fransol (Fransil Co.) In the prior art, an exanple of adding fine 15
silica particles forned by vapor phase oxidation of a silicon halide
devel oper is known. However, even a devel oper containing a dye havi ng
positive charge controllability will be céznged in chargeability to
negative by addition of such silica, and has not -. 20 been suitable
for visualization of negative electro- static inages. In the nethod of

.applying a p05|t|veﬁi charge- able toner containing fine silica particles
synthaarzed byPaREL FSpFBcégg E%??ﬁb¥%m4%ﬂ1W%v%Wcéh%gP hRERIsRTIBEYe | at ent

‘mterial s prBoMGE| GibhSscRntny Sothracnira yfh e tnd WA AR L
12_part|cles |§eégge%ogﬁecggg@ﬁglng%$9e3§§ pﬂgt&ﬁgmﬂééa fgﬁgﬂﬁiemnthOUt

being transfer one nar ke greater rn con i nh the
i mage formng pethed 8k the present my&rﬂéi&r\, the comtet is At 5  so
much. Specific exanples are shown bel ow, but the percentage of the silica
in the tonér reoainachy O8pebef phoéesmpbes | yre nEldet w&l&wunbdxnﬁup
transferred after :

percentage of the silica in the toner remaining on the

photosensitive member without being transferred after
successive copying of 1000 sheets with an original
K)’ having image ratio of 6 % wés measured to be 1.5 to
10 4 times as much as the silica content in the toner
before use in the case of the method employing the fine
silica particles synthesized by the wet process, while
it was 1.3 times or less in the pfesent invention.
In the present invention, for treatment of the
15 fine silica particlesuformed by vapor phase oxidatioh
of silicon halides, it is preferred to use a treating
agent containing an amine group. Examples of such a

treating agent include silane coupling agents as set

a-

K/ forth below:

20 HzNCH2CH2CHZSi(OCH3)3

CH,
H,NCH,CH,CH,S1i (OCH,) ,

M3

25 5 H NCHZCHzNHCH CHZCHZSi(OCH3)2

2 2
HZNCONHCHZCHZCHZSi(OCZHS)3

CHZSi(QCH3)3

H2NCH2CH2NHCH2CH2



assi ve copying of 1000 sheets with .an orlglnal having inage ratio of 6
yreasured to be 1.5 to 10 4 times as much as.the silica content in

particles synthesized by the wet process, é*hlle it was 1.3 tinmes or less in
the present invention. In the present i n tion, for treatnment of the 15
fine silica particles formed by vapor phase oxidation of silicon halides,

it is preferred to use a treatlng agent containing an am ne group.

Exanpl es of such a treahNQH), HyQH 4 Hszlql'bgﬁ‘éijﬁbquw jagents as S
forth bel ow 20 [err err err] [err] [err] [err]
[err] [err] [err] [errﬂ5QQQQQQi2 H,NHC 2CH Sl(OCH3)3

NHCHZCHZNHCH CH.,CH

oCH,CH, 3)3
NHCHCH,NH -

HSCZOCOCHZCH2

5CZOCOCHZCH2 2NHCH2CH2

5 - : | - -CH20H2CHZSi(OCH3)3

Si (ocH

NHCHZCH

H3COCOCH2CH2NHCH2CH2NHCH2CH2CHZSi(OCH3)3

s 2>N CHZCHZCHZSl(OCH3)3
H:C
HsCs

NHCHZCHZOHzSi (OCH'3 } 3

HZNCHZCHzNHCH2—<::>—CH2CH2Si(OCH3)3

H.C _ .

3 .
::>N—<§§>—Sl(OC2H5)3

H.C g

3 .

H2NCH2-<::>—CH2CH Si(OCH;) 4

HZNCHZCHZNHCH2-<::>—C 2CH Sl(OCH3)3

15

HOCH,CH, B
::>N-CH2CH2CH Sl(OCH3)3

20 HOCHZCH2

(H3CO)3SiCH2
(H3C0)3SiCH2CH

CHZCHZ—NHCI:H2

2CH2-NHCH2

(HSCZO) SlCH CH CH

2;:>NH_

25 (H5C20) SlCHZCH CH2

H3CNHCH2CH2CHZSiKOC2H5)3



10 ) [err] [err] 3 [err] [err] [err] and nodified silicone o
havi ng “an afri ne group in the side chain of the general fornula shown bekfw”
5 e R [err] 10 wherein [err] represents hydrogen,

al kyl, aryl or -al koxy, R2 representS'aIkngﬂe or phenylene, [err] and R
each represent hydrogen, alkyl or aryl, with proviso that the above al kyl,
aryl, al kylene and phenyl ene may contain an am ne group and al so have
substityents such 15 as hal ogens within the ran?e whj ch does not i npair

the ghargi ng charact eri BpNéCHEGHpPHE3CBH CHpER, 81 P€Bpbs 0i I's incl ude those
as shown bel ow. Viscosity at %$rrb . Agin§ 20 Trade nane
(cps) ~ equi val ent SPRFTIHERBFGsHePT (B5Ha' & K. ) 1200 | 3500
KF392 (Shlnetsua%%gﬁgﬁigiéd)siliconeGQils having 880%mine group in the

side chain of the general formula shown below:

10 - wherein R1 represents hydrogen, alkyl, aryl or alkoxy,
R, represents alkylene or phenylene,'R3 and R4 each
represent hydrogen, alkyl or aryl, with proviso that
the above alkyl, aryl, alkylene and phenylene may
contain an amine group and also have substituents such

-15 as halogens within the range which does not impair the
charging éharacteristic.
Examples of such silicone oils include those

as shown below:

Viscosity o
at 25°C Amine
20 Trade name - {cps) equivalent

| SF8417 (Toray-Silicone K.K.) 1200 _ 3500
KF392 (Shinetsu Kagaku K.K.) 60 360
KF857 { ' " ) 70 : 830
KF860 ( ' " ) 250 7600

25 KF861 | " ' ) 3500 2000
KF862 ( " ) 750 1900

KF864 { " ) 1700 3800



KF857 1 o ) 70 . 830 KF860 (

/N 250 7600 25  KF861 ( 3500
KF862 (- ) 750 1900 KF864 (
1700 - 3800  KF865 (Shi netéu Kagaku K. K. ) 90
4400 KF369 ( ) 20 320 KF383 (
) 20 | 320 X-22-3680 ( ) 90
8800 5  X-22:,380D (s, . - 230 3800 X- 22- 33010 (
) 3500 X ‘%ﬁ#ﬁ??§“25a§§fﬁex‘k°) So . SHdggn

1700 The am ng-x@uiyval ent refers to the yequi val et 10 (g/ gdygi v) per am ne
group, and it is a value obt ai ned by dividing the nol ecular weight with the
~ nunber of anmxrsa® qups per nol'ecul e. The fine si2oica particBes to be used
in the present invention should preferably exhibit a hydro- 15 phobi city
of 30 or abowes2ya6@8i0cul arly Within thel)range oP0from 30 t8880 as rreasured
by the nethanol titration test. For treatnent to obtain such a

hydr ophob? ci t%7,2%r 388 dnt i onal” method fdr hydP39Robi city md8PPication known
in the art may he used For exanpl e, |t) can %eso%o |rrpargggoby cheni cal

treatment of ¥i4fe 3801Gd particles

X-22-3810B ( | ) 1300 1700

The amine equlvalent refers to the equivalent _ ;)
10 (g/equiv) per amine group, and 1t is a value obtained |
by dividing the molecular welght with the number of
amine grbups per holecule. |
The fine silica particles to be used in the
present invention should preferably exhibit a hydro-
15 phobicity of 30 or above, particularly within the range
of from 30 to 80.as measured by the methanol titration
test. For treatment to obtain such a hydrophobicity,
a conventional method for hydrophobicity modification
known in the art_may be used. For example, it ca.l be . ' iui
20 = imparted by chemical treatment ef fine silica particles
with an organic silicon compound which can react with
or be phyeically adsorbed by fine silica pafticles. As
a preferable method,'the fine silica particles formed
by vapor phase oxidation Qf silicon halides are treated
25 ‘with an organic silicon compound after Or simultaneously
with the treatment with %he_silane coupling agent as s

mentioned above.



wi th an organic silicon conpound which can react with or be physically
adsorbed by fine silica particles. As g preferable nethod, the fine silir\a-~~
particles formed by vapor phase oxidation of silicon halides are treated 25-
with an organic silicon conpound after or ginmultaneously with the treatnent
wi th the silane coupling agent as nentioned above. Exanpl es of the
organi c silicon conmpounds include hexanet hyl di sil azane, trinethylsilane,

tri- nethylchlorosilane trine%g%aethoxysilane, di et hyl - di chl or osi | ane,

met hyl {1 chl or osi | ane, EfanR s
al | yl phenyl di ch] or.0s
.bronnnethyldirmﬁqﬁh341
[err]-chl oroet
triorgano- sily

e b | >}:|h_e yrﬁﬂrﬁ,closﬁqldﬁ:l@,n compounds
A5 e s aney %&3&%%?%%"18@ e,
A 0650 S BT et hane,

mercaptan, trineth n, triorganosityl 10

acryl ate, Viny|é&éﬁi&baéixadBQNHéﬁﬁy%tfﬁaiﬂaﬂaérmadéJﬂﬁﬂ%?ra&he%n§hLane,

di nmet hyl di met hoxysi | ane, di phenyl di et hoxysi | ane, hexanet

yl di sil oxane, 1, 3=

di vi nyl t et ranmetdhiabcs 1 laene alll B-gheyadicaiorasanayle, deniziadare, and

di net hyl.pol ysi | oxanes having 2 to 12 15 siloxane units per nol ecul e and
cont ai ni ng eacmetiw Ighdranad 1 lansup drempee thy 1§imetthyllehlergisddiangni t s and
These may be used alone or as a m xture of

the like.

10
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o~chiloroethyltrichlorosilane, g-chloroethyltrichloro-

_ silane,_chloromethyldimethylchlorosilane} triorgano-

silylmercaptan, trimethylsilylmercaptan, triorganosilyl
acrylate, vihyldimethylacetoxysilane, and further
dimethylethoxysilane, dimethyldimethoxysilane,
diphenyldiethgxysilane, hexamethyldisiloxane, 1,3-
divinyltetramethyldisiloxane, 1,3-diphenyltetramethyl-
disiloxane, and dimefhylpolysilokanes having 2 to 12

siloxane units per molecule and containing each one

“hydroxyl group bondéd to Si at the terminal units and

the like. These may be used alone or as a mixture of
two or more compounds.

‘The methanol titration test employed here™is .
an experimental test conducted for confirmation of the
extent of hydrophobicity of the fine silica particles
subjected to hydrophobic modification. .

The "methanol titration test" defined in the
present specification for evaluation of hydrophobicity
is conducted as follows.

Sampie fine silica powders (0.2 g) are charged

into 50 ml of water in 250 ml-Erlenmeyer's flask.



WO nore conpounds. The nethanol titration t est enpl oyed here
.,;)'perinental test conducted for confirmtion of the extent of
hd¥ophobicity of the fine silica particles subjected to hydrophobic

nodi fi cati on.

The "nethanol titration test' defined in the present
"specification for eval uation of hydrophoﬂﬁ%ity 25 I s conducted as

S 20

&

follows. Sanple fine silica powders (0.2 g) are charged into 50 m . of water
enneyer's flask. =~ 17 Methanol is added dropw se from a buret
until the wholMethapaht isf addedsfrppwiss fsomed bheebwinhil Duné nghohe s
operation, the content in the flask is constantly stirred by neans of a
magnetic stirPBPUNELEfehRepSihics dSnvwBEtEEsEhOERWIARN t Rering athiSount of

$BaPakikhects cRUEREPCER, kb SarhalhotnBRbrrTY (he 1 qui d

in 250 m -Erl

the fine sili
phobicity is

m xture of wafs%rirelaa sgt haagk ge aeaaﬁheai&hstgpgepe’i'“&he 1éhg point

fine silica particles

pplicable In the present I nvention my

The
to -20

% based o t heawebghbbebri-Be Wa¥AR! SREr t6E81 ahm¥Eh8hb £ Ofh OPERe a8\ fiDe

silica particles) to exhibit the effect, parti-

10

15
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25

particles is suspended in the liquid, and the hydro-
phobicity is represented by the percentage of the
methanol in the liquid mixture of water and methanol
on reaching the end point.

The fine silica particles applicable in the
pfesent invention may be 0.01 to 20 % based on the
weight of.ﬁhe developer (total weight of toner and
fine silica pérticles) to exhibit the effect, parti-
cularly preferably 0.1 to 3 % to exhibit posiﬁive
charging characﬁeristic.having excellent stability.
To mention about a éreferred mode of addition, it is
preferred that the.fihe silica particles should bé

attached onto the surfaces of the toner particles in

an amount of 0.01 to 3 wt.% based on the weight oi the

developer.

The organic photoconductive material which can

be used in the present invention may include those
employing organic photoconductive polymers such as

polyvinyl éérbazole, etc. and those employing low

molecular weight organic photoconductive substances and

insulating polymers as binders. Among them, it is

preferred to use a laminate type photosensitive member

K

L3



cularly preferably 0.1 to 3 %to exhibit positive 15 charging - 7}
characteristic having excellent stability. To nention about a preferred &~
node of addition,,it is preferred that the %ine silica particles should be
attached onto the surfaces of the toner paidicles in an amount of 0.01 to 3
wt . % based on the weight of the 20 devel oper. The organi ¢ photoconductive
mat eri al " which can be used in the present invention may include those

enpl oyi ng or ganiconiphalsaagnduchhrgep@riReporeiay asyeel ¥Mény| ckarazol e,
etc.'aggfthose enpl oyi ng | ow 25 nol ecul ar wei ght organi ¢ phot oconducti ve
subst ances and igeselrattiing pelpmer s The bhadgesgeAepagihyebayer is preferred

to use a |lam nate type photosensitive nenber - conprising a charge
transporting | afexrmefdby @hgpPgessdageparhpggpagenerghénghanipetaeeerati ng

| ayer is forned b% disgersing a char%e enerating substance, selected from
azo pigments suSFlESteddiRoRegZopPaAMSNTSpEYEh 38 nsHdany Bed fPidke. ;

' ' h Al gal Yel ' | nd h Brilliant
W ol ot RS, Tyui RNYan ABORFORERES. aePyParcantaRaR: S 9PRAFGo BT BRAL & such

as indigo, thi oiidoyethew, BysehehaehhdazohgapLANEAL SeoUED a5 | ndof ast

Orange 10  Toner;” phthalocyahi ne prrgnents’suc pper
Violet RRP; quinocyanine pigments; perylene pigments;

indigo pigments such as indigo, thioindigo, etc.;
bis-benzoimidaiole pigments such as'Indofast Oranée
10 . Toner; phthalocyanine pigments such as Copper Phthalo-
cyanine; Quinacridone pigments éhd the 1ike, in a
binder regin such as polyester, polfstyrene, polyvinyl
butyral, polyvinyl pyfrolidone, methyl cellﬁlose, |
polyacrylates, cellulose ester, etc. Its thickness
15 may be 0.01 to 1 u, preferably about 0.05 to 0.5 u.
B On the other hand, the charge transporting layer
is formed by dissolving a positivé hole transporting
substance such as compodnds having skeletons of basic
W, s structures of poiycyclic aromatic compounds .such as a:thracene,
20 pyrene, phenanthrene, coronene, etc. or nitrogen-contain-
ing cyclic comﬁounds such as indole, carbazole, oxézole,
isooxazoie, thiazole,_imidazole, pyrazdle,'oxadiazole,
pyrazoline, thiadiazole,_triazole, etc. in the main chain
or the side chain, or hydrazone compounds in a resin
25 having film forming property. This is because charge
--transpofting substances are generally_pdor in film

forming property. Such resins include polycarbonate,



ester, polystyrene, polyvinyl butyral, polyvinyl pyrrolidone, nethyl
_ ul ose, polyacrylates, cellulose ester, etc. Its thickness 15 may be
0.01 to 1 [err] preferably about 0.05 to q;S [err]. On the other hand, the
charge transporting layer is forned by dissolving a positive hole .
transporting substance such as conpounds havi ng skel etons or basic
structures of I i C..ar tic . §_Su rtL, ne
phenanthrene,sgg'ﬁﬁﬁﬁgfg tggg%f %P??gggg?ggﬁfa%%}§%ﬁg%8§%riégégﬁgﬁégﬁg;such
as .indol e, Ca&kﬁ@%hﬁfd%ééz%Egrehéaﬁ&é?QbﬁitEERéz@b%olyﬁb§§29k9reH¥L?ZO|e,
oxadi azol e, pyrazoline, thiadiazole, triazole, etc. in the main chain or
t he si de chai methylhy@dthaerylatepevpdlymery eesi.n ZThe thavkngski bm form ng
property. This is because charge transporting substances are generally
poor in fil m fedwemchgrngeopeangpo8tdngr éayrs mayl pdefprkpdsr benét o )
pol ynet hacryl ates, polyallylate, polystyrene, polyester , polysulfone,
styrene-aé?yL&ﬁiHﬂ | e copol yner, styrene- nethy| nethacryl ate copol yner, _
etc. The thickness of, the charge transportin ayer na referably be 5 to
5 20 p. For the resinQEEnSPPtEFgﬁB FHQSE&FFE&ggI §rsur¥age aner

of a photosensitive member such as the charge trans-

Ggggy ne; Quinacridone pigments and the like, in a binder regin such as
cef’l

porting layer, bther_propertieé;Such as abrasion
resistance, lubricating properties, étc. are also

10 | important and, in order to achieve effectively the
object of the present invention, the resin is desired =

" to have a Tg at the peak:position measured by DSC
(Differential Scanning Calorimeter) of 60°C or higher,
particularly preferably 80°C or higher.’

15 | The surface hardness of the OPC photbseﬁsitive
member, i.e., the photosensitive member using an organic
photoconductor, to be used in'the présent invention
should preferably be 10 é or more, particularly pre-
ferably 12 to 100 g, as measured by the method sbewn"_' N’

20 below: |

An OPC photosensitive member is fixed on a
sample'stand.of, for example, a HEIDON.14 £ype Surface
Characteristic Measuring Machine (produced by Shinto
Kagaku, K.K.f, a vertical load x g is applied through

25 a diamond needle (shaped in cone,.with a cone angle of

-§0°, but-the tip is semispherical with a diameter of

0.01 mm) on the OPC photosensitive member and the sample



of a photosensitive nenber such as the charge trans- porting |ayer, ot
properties such as abrasion resistance, lubricating properties, etc. a .
al so 10 i nportant. and, in order to achieve effectively the object of the
present inventi-on, the resin is desired toshave a Tg at the peak position
measured by DSC (Differenti'al Scanni ng Cal P| meter) of [err] or higher,
particularly preferably [err] or higher. The surface hardness
of the QPC photosen3|t|ve menber, i.e., the phot osensi tive nenber using an
or gani cﬁ)hot ocostlamd ois naovdd autseai speed eoHr G et/ minventtiher edyo flogkm~
preferably be 10 g or nore, particularly pre- ferably 12 to 100 g, as
measur ed by thel%%tmoﬁlﬁ%dmm tie syrfase of e QRHIIgesansid ivenber i s

fixed on a sanpl e stand of | e HEI DON 14 type Surface

on REBEGAT ngRih M (B Ui R, i WP HRn Y

ve?{ eg;ler: ggljcx ng [ ; ( 1}S,ll Ind need| aped i(rjl1 cone,
:gax{(ﬁl%l Arﬁ:.%ét?écio#é@ tgétacl'?ecg U0 G {1 %ar%;ae%gs

with a cone ang? err] sen1sp errcar aneter of-

0.01 nmm ongt hetgggepl"@@@slen%g a{ecé@rg%ermjg gnd is noved

at a speed of 50 mimn., thereby form”ing a flaw on t% surface of the

OPC phot osensitive rTEFTbﬂ-_Ee aheven shdr D idhei s | Papd He I IcAnPngf Or
- the load x g as, for example, 10 g, 15 g, 20 g, 25 g,

30 g, 359, 40 g, ..., and, from the relationship of
L/. . linear regressiqn between the flaw width and the load,
10 the loed_for forming a flaw with a width of 50 u is
calculated and defined as the hardness of the OPC
photoseneitive member. In the case qf a drum-shapedl
OPC photosensitive member, the OPC photosensitive
member is set on the sample stand so that a flaw may
- 15 be formed in the shaft direction of the drum.

Furthef, it is preferred to use a resin contain-
ing 30 % by weight or more, more preferably 50 % by
weight or more, particularly preferably 70 % by weight

"or more of a vinyl polymer. T .

20 .~ The vinyl polymer is a homopolymer of a vinyl
monomer or a copolymer of two or more.vinyl monomers,
and vinyl monomers include-stfrene, p-chlorostyrene,
vinyltoluene, methyl methacrylate, acrylonitrile, N-
vinylcarbazole and the like. Further, the vinyl

25 _polymer may also be a copolymer of a vinyl monomer with
a monomer such as a diene monomer copolymerizable with

the vinyl monomer.



exanmple, a mcroscope attached to a nminute hardness 5 tester M/K-F

( duced by Akashi Seisakusho K K.). The above operation is repeated by
C ging the load x g as, for exanple, 10 g, 15 g, 20 g, 25.9, 30 g, 35 g,
and, fromthe relationship of 4l,i near regression between the flaw
wi dth and the | oad, 10 the load for f Aing a flawwth a width of 50
[err] is calculated and defined as the hardness of the OPC photosensitive
nenber. In the case of a drum shaped OPC photosensitive nenber, the OPC _
phot osensi tive menber Th8 Befibhvehe chaggeaklarkbrer toftthe finmentdonkl, be

40 g, ...,

formed in the,shaf

n_of the drum Further, it_is preferred to use

i ect] .

a resin cont afﬁ-gf%?%;%%g Wa?°?ﬁ%ztﬁr@%?%f?ﬁﬂﬁbe€?n%; byo}l\iim%?t
' 9 j or

S0 "1 PR RSB P S SR L e iRV LA ot e SR And siRRedDr 4

" copol ymer of tafingis PREGICIESY! THORDIBFH réét‘igﬂ‘ié %&m@gﬁ%ﬁnﬂﬁfé&de

styrene, p-chlorostyrene, vinyltoluene, ne acryl ate,

acrylonitrile

N vinyl carbazobinder! téeinided Fwéhwfant he vinyl 25  polymer may al so be
a copolyner of a vinyl nononmer with a nononmer such as a di ene nononer
copol yneri zabl e with The lyinder noemirerfor the toner of the present

10
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invention may be composed of homopolymers of styrene

and derivatives thereof such as'polystyrene, poly-p-

chlorostyrene, polyvinyltoluene, and-the like; styrene QJ

copolymers such as styrene-propylene copolymer, styrene-
vinyltoluene copolymer, étyrené vinylnaphthalene_
copolymer, stjreﬂe-methyl acrylate co?olymer, étyrene-
ethyl_acrylaté copo1ymer, styrene-butyl acrylate '
copolymer, styrene-octyl acrylate copolymer, styrene-
methyl'methacrylate cépqumer, styrgne-ethyl meth-
~acrylate copolymer, styréne-butyl methacrylate copolymer,
styrene-a-chloromethyl.methacrylate copolymer, styrené- |

acrylonitrile copolymer, styrene-vinyl methyl ether

copolymer, styrehe-vinyl-ethyl ether copolymer, siyrene- et

vinyl ethyl ketone copolymer, styrene-butadiene copoly-
mer,_étyrene—isdprene copolymer, styrene—aqrylonitfile-
~indene Copolymer, styrene-maleic acid copolymer,
styrene-maleic acid ester copolymer, and the like;
- polymethyl mechacrylate, polybutyl methacryiate,
_polyvinyl chloride, polyvinyl acetate, polyethylene,
polypropylene, polyesters, polyurethanes, polyamides,

epoxy resins, polyvinyl butyral, polyacrYlic acid resin,



The positively chargeable toner of the invention is given by the

conbi nati on"of the above described positively chargeable fine silica
particl esand col ored resinous particles. | he colored resinous particles
conprise 5

of the present

I nvention nmay be conposed of honopol yners of styrene and

derivatives thereof such as polystyrene, poly-p- chlorostyrene,

pol yvi nyl t ol uengogind el ileisled: r%gxyle,qe;é@?engoreglsmer gPéHsfﬂ R8sins,

styrene-propyl ene copol yfrer, styrene- viny

t ol uene copolynmer, styrene

vi nyl napht hal enaaldpheltieebr alicgoeitehiiroaaipbat ece@pel yarbmatliyr ene-
ethyl acrylate copol yner, styrene-butyl acryl ate copol yner, styrene-octyl
acryl ate copol ymstrodepmenmesifh5 chietrhinhtedt bacaflidhe papaf§ierwax,
styrene- et hyl )
copol yrer, styr &fe-a- dheseokdnAgr Keshnsr pryt becupefyaithest yiraby
acrylonitril '
styrene-vinjf

.copol yner, styrene-butagge@gec889£¥5nge%bs§%¥é§§$hgﬁg?%82§?§gggl%r€%%r

styrene-acrylonitrile- indene copo

co olyner,,sté
ety ESePhd - XE8p8 ymer, " styrene- 20  vinyl ethyl ketone

met h- acryl ate copol ynmer, styrene-butyl nethacryl ate

rene-vinyl nmethyl ether copol yner,

yner,

”
O

a ‘bi nder resin and a col orant2he binder resin for the toner

styrene-mal ef iRt 4hvaRRbNThigREH L e, ays;g RAbuAELAYLngEghacT Yl ate,

pol ybut yl

nmet hacryl ate, 25 pol yvinyl chlori de;

ol'yvi nyl acef at'e,

pot yet hyl ene, pahuepr agy caPBonPBLYERY, €4 EonPBLYEK Gt BRACSmaPOby A EESy e®POXY
pol yvi nyl butyral, polyacrylic acid resin,

resins,

\—
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and all the dyes known in the art as positive charge

controllers can be used in combination with the treated

- fine silica particles to be used in the present inven-

tion. Examples of such dyes include benzyldimethyl-
hexadecylammonium chloride, decyl—trimetﬁylammonium
chloride, nigrosihe,safranine vy and crYstal violet.
It is preferable that the toner component other than
the positively chargeable silica particles is equally
positivély chargeable.
Further, the toner of the présent invention

may also contain as deéired, lubricants, abrasives,
fixing aids, etc. Examples of such additives include
polytetrafluoroethylene powder, polyvinylidene fluoride
powder, metal salts of higher fatty acids,-cerium oxide,
low molecular weight polyethylene, low molecular weight
polypropylene, etc.

| In order to use the tdner of the present inven-
tion in the form of a magnetié toner, magnetic powder

may also be incorporated therein. Such magnetic powder



rosin, nodified rosins, terpene resin, phenol resins, aliphatic or
é%%%yC|IC hydrocarbon resins, aromati¢ petroleumresin, chlorinated

fiin, paraffin wax, etc. These binder resins nmay be used either singly
or as a mxture. As the colorant toD8 used in the toner of the present
i nvention, pigments or dyes known in the art such as carbon bl ack, iron
bl ack, etc. may be enployed, and all the dyes known in the art as positive

charge 10 cpi)y rnod | &f Sa Calb Hea i thd gh O veMidihddie itd eated fine
silica particles to be used in the present i nven- tion. Exanples of Sch

dyes incl ude tqaet b neidid - suretx agke ydvwiam o i fdry livlaagnetic .
decyl -tri met hyl ammoni um chl ori de, nigrosine,safranine y and crystal violet. ..
15 1t is predéerldl efehaxamnple onigrorcomedtt, otinkel h&tahepositively
chargeabl e silica particles is equally positively chargeable. Further, the
toner of the PHEREHtANH\IINRPHNHRSUES At dEet e ddenaddtq ubri cant s,

b f t I f h, addi t | ud :
ol vt et r ot UGFEEEHR b OTERSeS pol SRR MASTRNES AU IODORIE, metal salts
of higher 1 atid 46 e SELIUIAN U dOUMRLRE AT R Ho RPly(PL YT ene. T ow

nmol ecul ar melg yprop ene, etc.
weight based on the toner weight.

For improvement of free floQing property or
charging,characteristic of the toner, fine silica
10 particles may also be contained in the tonér particles.
In thié case, the fine silica particles may be either
positively or néggtively chargeable depending on the
purpose. |
Further, the toner of the present invention can
15 be mixed; if desired, with carrier particles such as:
iron powder, glass beads, nickel pdwder, ferrite powder,
etc. to be used as a developer for electrostatic latent
images. ) o .
The developing method applicable in the piesent g;
20 invention may include the magnetic brush developing
' method, the cascade developing method, the method as
disclosed in U.S. pPatent 3,909,258 in whicﬁ conductive
magnetic toner is used, the method as disclosed in
Japanese Laid-open Patent Application No. 31136/1978
25 .in which high resistivity magnetic toner is used, the
-methods as disclosed in Japanese Laid-open Patent

Applications Nos. 42121/1979, 18656/1980 and 43027/1979,



formof- a magnetic toner, nmagnetic powder nmay al so be incorporated there
Such magnetic powder may be of a substance magnetizabl e when pl aced
magnetic field.such as powder of strongly netic nmetals, for exanple,
iron, cobalt, nickel, etc. 'or alloys and conpounds such as nmgnetite,
hematite, 5 ferrite, and others. The nagnetic powder may pre- ferably be
contained in an amount of 10 to 70 % by melght based on the toner weight.
For i ngrovenent tHe fPEepréﬁnﬁ@VﬁiBBéPEyméF @ﬁar@hﬁgP@H@?ECQ%ﬁWétlc of the
t oner, ?’ne 5|I|c§h g tgart cl es na¥ a so. be,cont aj eg t he toner
particles In t BEENE8ee tRPHAMPFRESEP] | BRVRAPPLEP RSP het ?t?@ﬁg%ositively
or negatively cggggeagkﬁogepgﬂglgghgpsthe pur pose. Further, the toner of
the present invention can m xed, if desired, with carrier particles
such as iron powder, gl esg @§§H§fe9'ﬁ5€hoao’égeﬁe fgeai 16 M‘q‘%eséﬁ@ to be
used as a developer for electrostatic |atent inages. The devel opi ng net hod -
appl i cabl e isn t havphesent m89 bei angnbhenofayhenféuRed s Nendlgngd | ghdr,ush
devel opi ng net hod, the cascade devel opi ng net hod, the nethod as ,

art such as the electrostatic transfer system, the

25 In order to use the toner of the present inven- tion in th;
a

bias.roll system, the pressure pathway transfer system,
~ the magnetic transfer system, étc. Further, the method
for cleaning the residual toner on the photosensitive
10 member to be used in the present invention may be any
one known in the art, including the blade cleaning
system, the fur.brush cleaning system, the magnetic
“brush cleaning system and others. It is also possibie
. to provide a step for removing'electricity immediately
15 before the cleaning éfep to make cleaning easier, if |
desired.
In the image forming method of the present
invention, it is preferred to employ the blade cleaning
-/ system which provides an excellent combination wiih the
20 -toner and the photosensitive member of the present
invention.
Example 1
A blend of 100 parts by weight of a styrene-

butyl methacrylate-dimethylaminoethyl methacryiate

25 (weight ratio 7 : 2.5 : 0.5) copolymer, 60 parts by
weight of magnetite and 3 parts by weight of polyethy-

lene wax was melted and kneaded on a roll mill. After



osed in U S. Patent 3,909,258 in which conductive magnetic toner is

;) the nethod as disclosed in Japanese Lai d-open Patent Application-No.

L36/ 1978 25 in which high resistivity fragnetic toner is used, the

met hods as di scl osed i n Japanese Lai d- oegﬂ;FGIent Appl i cati ons . Nos.

42121/ 1979, 18656/ 1980 and 43027/ 1979, he fur brush devel opi ng net hod,
t he powder cloud nethod, the inpression devel opi ng nethod, the touch down
nmet hod, and others. The transfer nethod to be used in the present 5.

i nventi on may deeldng ,onbeofikereewhsdsokneahyi orthkedr by sachamset he <
electrostatic transfer system. the bias roll system the pressure paihﬂay
transfer syst&illt padnkdnedvcrriyasiaedshyt Bapnstef &ujehepulverizerhod for

‘cl eani ng t he h§§|dugh toner. on the Ehotogﬁnaltlve 10 menber to be used in
the present i m?ERYI enﬁﬁwgﬁraﬂ9soﬁ gAY nPY hesgr p£ Rneindi ferede bl ade

cl eani ng syst r.har e em t et c brush cl eani.ng
. system and ot%qgsgg% e? tg #ggaggsgp re P%w ?BVYﬁggapi %rs+%$%V|ng .
el ectricitgy |@@eqbghelg %g 20bgfore the cleaning step to make cl eani ng
easier, if desired. In the imge form ng nmethod of the present invention,

it is preferred t o enmphoyhkhethbadragl §awh Doe stirring 100 parts

by weight of fine silica particles (specific surface
area: about 130 mz/g)-synthesized by ﬁhe dry process
and maintaihing the'temperature at about 250°C, 15 , ;)
10 parts of silicone oil having amine groups in the side
chain (viscosity at 25°C of 70 Ccps, amine edquivalent:
830) were sprayed_on'the particles to treat the
particles for 10 minutes. The resultant tréated
silica particles were found to have a triboelectric
15 charge of ® 150 uc/g and a hydrophobicity of 67.

A toner was prepared by adding.0.3 part of the
silica particles treated with the silicone oii having
amine groups in the side éhéin_to 10 parts of the
above black fine particles. ~

20 ' On the other hand, a iaminate type photosensi-
tive member was prepared, wherein the charge transport-
ing layer is constituted of a methyl methacrylate-
styrene (Qeight ratio: 9£1)_cogolymer having a Tg of
80°C or higher as measured by DSC and has a hardness

25 mof 21 g as measured by the method as described above,

~and this photosensitivé member and the above toner

were applied to a commercially available copying machine



system whi ch provides an excellent conbination with the 20 toner and th
phot osensi tive nenber of the present inyention. Exanple 1 A blend of 100 \(&7
parts by weight of..a styrene- butyl nethacryl ate-dinethyl am noet hyl R
nmet hacrylate 25 (weight ratio =7 . 2.5 2.5) copolynmer, 60 parts by

wei ght of nmagnetite and 3 parts by wei ght of polyethy- |ene wax was nelted
and kneaded on a roll mll. After cooling, the m xture was coarsely

crushed_by a har’qner mll and finely pulverized by nmeans of a jet
pul verizer. Then 3R piiffer Rias ol SFQRucsd By B Ka¥nil n&OF GREEY

classifier to obtain blac owgder Wit rticle si.zes .5 of _about 5 to 20
[err]. On the ot?‘uugtr NIV, l%ﬂ%q\gg;ﬁq‘rri g rﬁf st'bf]\ﬁ?irgﬁf"angfi ne silica
~particles (specigfi f AEY %Q)(}_lét-nge%_ [ &fslo S Yiptgaes| by the dry
process. and nai n_tla%rﬁ%r% t ect%errpe_re?ture ei'_t about er'r],hl‘g%?ésq parts of
silicone oi | hauiditperitiredadd hilgh Hignidids, cizdioe,( viosgast Yeahalerr] of

70 cps, am ne equivalent: 830) were sprayed on the particles to treat the
particles fos 1Cionut eslearThHmagesulwian Higdaidechsdithi eaupdr becbbgaired.
found to have a triboelectric
Further, under low temperature and low humidity (15°C,
10 %RH) conditions, with the use of an original of
image ratio of 6 %, successive copying test was
\/ conducted for 1,000 sheets of copying to obtain the
10 result that no filming was observed on the photosensi-.
tive member surface. The amount of the silica in the
toner recovered in the cleaner.was found to be 0.34

wt.%.

Comparative Example 1

15. Example 1 was repeated except for using the
'silica synthesized by the wet process (specific surface
area: about 90 m2/g, triboelectric charge © 14 uc/q)
in placé of the fine silica particles in Example 1.
— As the result, good images could be obtained unde: high
| 20 temperature and higﬁ humidity environment. However,
after successive copying test for 1,000 sheets of
copying under the low temperature and low ﬁumidity,
marked filming was observed on the photosensitive
member surface. And, the amount of silica in the tonef
25 _recovered in the cleaner was found to be 0.59 wt.%.

Comparative Example 2

Example 1 was repeated except for using



15 - charge of [err] 150 [err]/g and a hydrophobicity of 67. A toner was
p<w:ared by adding 0.3 part of the siljca particles treated with the
Giﬁéone oi | having am'ne groups in the side chain to 10 parts of the above
bhaek fine particles. 20 mﬁ§7other hand, a | am nate type
phot osensi - tive nmenber was prepared, erein the charge transport- ing
| ayer is constituted of a nethyl nethacrylate- styrene (weight ratio: 9:1)
copol ymer having a Tg_of 80C or higher as measured by DSC and has a
hardness 25 UBFreatgda§ingasiit t@abparhic hes hbkr troelkecttine chargee, énd

t he above toner were applied to a

thi s phot osen a '
commercial ly @/ZPI Hﬁyewgop%‘ﬂij RECHI #Bades ¢pld P LRtamedg, produced by
Canon K K.) te ﬁgéEXtQH% bgggs g §nat|on As the result, clear imges

wi t hout fog c 0o, under high tenperature and hi gh
humidity [err] 90 %RHbxgmpde- 15wastf95éat&aeé£cé§@ igh density -
coul d be obtained. Further, under |ow tenperature an Iom/ mdity [err]-10
9RH) condbti opaminaté typeU§Eoﬁésaﬂs£%i@ErﬁémKErldEﬂMhiéﬁlﬂhéﬁcﬂifée
successi ve copying test was conducted for 1,000 sheets of. copying to obtain

the 10 resutrandporhingi Layeg mascomstmmuxhdwbirmahﬂuyxmnyﬁh— trve menber

surface. The anpbunt of the silica in the
acrylate-styrene copolymer having a Tg as measured by

DSC of 50°C. Under the low temperature and low

humidity conditions, although good images were initially g)
10 obtained, marked filming occurred soon later.

Example 2

Example { was repeated except for prepering a

photosensitive ﬁember having a hardness of 26 g by use

of polymethyl methacrylate heviﬂg a Tg of 80°C or
15 higher in place of the methyl methacrylate-Styrene'

| copolymer in Example 1. Good results could be obtained.
Examgle 3 |
| Example 1 was repeated except for preparing e

photosensitive membeér having a hardness of 15 g ki use N\
20 of a etyrene—acrylonitrile copolymer having e Tg of

80°C or higher in place of the methyl meehacrylate-

styrene copolymer in Example 1. Good results could be

obtained. |

Example 4
25. In place of the fine silica particles in

Example 1, fine silica particles (hydrophobieity: 51,

triboelectric charge: (& 190 uc/g) formed by treating



Exanpl e 1 15 - Exanple 1 was repeated except for using the sili
synt hesi zed by the wet process (speC|f|c surface area: about 90 n2/g,
triboelectric charge [err] 14 [err] in pl ag of the fine silica particles
in Exanple 1. As the result, good inages c ?d be obtai ned under high 20
tenperature and hi gh hum di ty envi ronnent. However, after successive

copying .test for 1,000 sheets of copyi g%‘under the | ow tenperature and | ow
huni di ty, marked!?9 I PRFES Y% Wiahty RF dihe Helsh mecetdiedias Ay nkBmsdresdur f ace.

And, the t of I the t ecovered in the cleaner was:
f,(r)]und tg lggognwg Ela |(§ma prage: o%%er femzr x eeafl%s ap@¥&at ed except
for using untﬁgz@tﬁﬁ/ ilrlgl%{e [ﬁt at}{;gé 'b‘i} & ghrt't Ia%(é_%gsg_lgg%rge [err] 70

[err] Only poor I magesc al ned. ive Exanple 1
was repeated excephpl Mg Usddit a(a'inmagﬁmmterfxa&% R4 8! sh&e menber of
whi ch the charge transportl ng | ayer I's constituted utyl .
acryl at e- st ysene1Gopot yaresy hastighg: aameeafam&aﬂﬁuree{éd@,}él@SﬁeOfdeﬁre”] Under
the | ow tenperature and | ow

employed, following otherwise substantlally the same

toner recovered in the cleaner Was found to be 0.34 wt.% Conparative @

procedure as in Example 1. When continuous copying
test was conducted for 1,000rshéets of copying under‘
the low temperature and low humidity conditions, no
10 filming occurrea. The amount of silica in the toner
recovered in the cleaner was found to be 0.29 %.

When the above procedure was repeated with the
use of an OPC photosensitive member empl¢ying poly-
vinylcarbazole, good results could be obtained.

15 : For reference, fine silica particles obtained
in the member as described above except for not using
hexamethylene disilane were found to have a hydro-

phobicity of 0. . _ .

N\ Example 5 s
| 20 Fine silica particles were treated in the
manner shown in Example 1 except for using 8 parts by
weight of aminoethylaminopropyltrimethoxysilane and
7 parts by weight of hexamethyldisilazane in place of
tke siliéone 0il having the amine groups. The thus
25 ;treated ﬁine silica particles were found to have a

. triboelectric charge of & 90 uc/g and a hydrophobicity

of 50. A toner was obtained by using the fine silica



hum dity conditions, although good imges were initially 10 obt ai ned,
ed filmng occurred soon later. Exanple 2 Exanple 1 was repeated €xcept
preparing a photosensitive menber having a hardness of 26 g by use of
pol ynmet hyl met hacryl ate having a Tg of aﬁrr] or hi gher in place of the
met hyl net hacryl at e-styrene copol yrer i anple 1 Good results could be
obt ai ned. Exanple 3 Exanple 1 was repeated except for preparing a

phot osensi tive nmember havin har dpess of 15’9‘§¥ use 20 of a E
styrene- acrylBﬁ??+?}%sdﬂH%I%%%Je%%. ntP SUF B ﬁ°R%lqﬂgﬁﬁ§th¥ pl ge of

t he net hyl rregigﬁp %a%giﬁégégn&g%&l’yt?rﬁa%épaﬁb&? d Jloqu]qun rdeiscul ts could

be obtai ned 19 %t e p Articles .

i n Exanpl L&gg@g&\??% pﬁstmgéﬁ@é hé/dre@m idd £ Dmidd WRQE! ectric

charge: [err] err rmed reating 00 parts by wel ght of the

fine particl e&gywé@sag&dgwdtf@smws piaEeSsoShrsd fi ¢ surface ar ea: about
200 [err] with 20 parts by weight of am nosil ane coupling agent '

(am nopr opyl t Examphexgsi | ane) and 5 10 parts by melght of
hexanet hyl enedi si | ane were
Fine silica powder. obtalned through the dry
process (specific surface area: about 200 m /g) in an
amount of 100 parts by weight were treated with 10
parts_by weight of diethylaminopropyltrimethoxysilane ;J.
10 and 10 parts of hexamethyldisilazane in the manner as

described in Exémple 1. .The thus treated fine silica
particles,,were found to have e triboelectric charge
of @ 140 uc/g and a hydrophobicity of 45 and, by
using the treated.silica particles, the procedure of

15 Example 1 was repeated, whereby good results were

obtained.

Lad ; - . v



enpl oyed, follow ng otherwi se substantially the sanme procedure as in
Exanpl & 1. WYWen continuous copying test was conducted for 1,000 sheg
copyi ng under ‘the |l.ow tenperature and | ow hum dity conditions, no
filmng occurred. The anount of silica in the toner recovered in t\e
cl eaner was found to be 0.29 % Wen the above procedure was repeated with
the use of an OPC photosensitive nenber enpl oying poly- vinylcarbazol e,
good results could be obtained. 15 For reference, fine silica
particles obtained in the nmenber as descri B& above except for not using
hexanetﬁ?lene di silane were found to have a hydro- phobicity of 0. Exanple
S 20 Fine silica particles were treated in the nmanner shown in
Exanpl e 1 except for using 8 parts by wei ght of

am noet hyl am nopropyl tri nmet hoxysil ane and 7 parts by wei ght of

hexanet hyl di si | aégﬁnggé p place of the silicone oil having the am ne groups.
The thus 25 tr ine silica particles were found to have a
triboelectric charge of [err] 90 [err] and a hydrophobicity of 50. A toner
was obtai ned by using the fine silica particles and subjected to
successi ve copying test of 1000 sheets under the |ow tenperature and | ow
hum dity '

1. An image forming.method comprising the steps
of: | |
o forming a negative latent image:on a photosensitive
5 member éohprising an organic photoconductive material;

developing said latent image with a positively
chargeable toner comprising golofed resinous particles
and positivély chargeable fine silica particles treated
" with silicone o0il having an amine group; '
10' transferring tﬁe developed image obtained to a
transfer matérial; and |
cleaning the residual toner on the photosensitive

member.

2. An image forming method according to claim 1,
15 wherein the positively chargeable fine silica particles
~are contained in an amount of 0.01 to 20 wt.% of the

positively chargeable toner including the positively

* [ L N S *



ults were obtained. 5

Sgndltlons as in Exanple 1, whereby no filmng was observed and good

e dry process (specific surface area: about 200 [err]
parts by weight were treated with 10 parts by wei ght of
di et hyl am nopropyl tri met hoxysi | ane 10 32r:a'nd 10 parts of hexanethyl disil azane
I n the manner as described in Exanple

particles, were found to have a triboelectric charge of [err] 140 [ erL] and

The thus treated fine silica

‘a hydrophobicity of 45 and, by using the treated.silica particles, tg
procedure of 15 Exanple 1 mas repeated wher eby good results were

obt ai ned.

thod conprising the steps
of: formng a n%%ﬁ%@lr%tfejh [ mage o ,%%I (r)ggenm tive 5 menber

conprising an organi'c photoconductive naterlal devel opi ng said | atent
Il mage with a positively chargeabl e toner conprising col ored resinous
particles and positiygly mhaimgaablrerning Gethé@ sWddndims tio @dked W éh

silicone oil

havi ng an am ne group;
claim 2, wherein the positively chargeable fine silica

. particles ére formed by vapor phase oxidation of a

5 silicon halide compound.

y, An image forming method according to any
preceding claim, wherein the positively chargeable fine
silica particles have a hydrophobicity of 30 or above as

measured by the methanol titration test.

10 5. An image forming method -.according to any
preceding claim, wherein the surface layer of the
photosensitive member comprises a resin having a Tg of

60°C or above. ' ,

6. An image forming method according to any

15 preceding claim, wherein the photosensitive member has a

surface hardness, as defined herein, of 10 g or more.

7. An imége forming hethod according to any
preceding c¢laim, wherein the surface layer of the
photosenéitiVe member comprises a resin containing 30 %

20 by weight or more of a vinyl polymer

N0

Exanpl e 6 Fine silica powder obtained throtgh
in.an anount of 100



.10 transferring the devel oped inage obtained to a transfer e
material; and cl eaning the residual toner on the photosensitive nenber. -

An image form ng nethod according to claim1, 15 wherein the posi tivel

chargeabl e fi.ne silica particles are contained in an anmount of 0.01 to

wt . % of the positively chargeable toner including the positively

chargeable fine silica particles. 3. 32An inage form ng nmethod according to

Llaiml or claim2, wherein the positively chargeable fine silica particles

are fornmed by vapor phase oxidation of a 5 silicon halide conpound. 4.

An inBge fornmng nmethod according to any preceding claim wherein the

positively chargeable fine silica particles have a hydrophobicity of 30 or

‘above as measured by the methanol titration test. I mage
forming nethod accdrdi g Jt“!?gearﬁP"ﬂPé’@ed‘ﬁfd"%q a?r‘?ﬁ°"\)9r1"é’t5e|"ﬁ’ tqgeai%r'ﬁ’ace
| ayer of the photosen5|t|ve ne ris haV|n 60 C or
above. 6.  An WHSRRy® ?Qﬁn?ﬁﬁ i%ﬁgrae OF%? % Thg
ﬁle?uelmn V\Qfer ibngt%"ﬂepfphm osgngletsli\ée Jenh mktllags £ swr foel;_cem \al dngs% £ q’_ef i ned
polymer. '
5 9. An image forming method according to any
{, preceding claim, wherein thé organic photoconductive

material has a laminated structure comprising a charge

" transporting layer and a charge generating layer.

10. An 1image forming method according to any
10 preceding claim, wherein the residual toner on the
- photosensitive member is cleaned by a blade cleaning

systemn.

11.  An image forming method according to any
. preceding claim, wherein the silicone o0il is a modified
15 silicone oil having an amine group in the side chain of

the generai formula: '?1
~5i-0-

11‘2
N

BV

- RJ R4

wherein R1 represents hydrogen, substituted or

20 unsubstituted alkyl, substituted or unsubstituted aryl

* c L M 1 *



ein the surface layer of the photosensitive nenber conprises a resin

oht-ai ni ng 30 % 20 by weight or nmore of a vinyl polymer = 8. An i mage
form ng nmethod according to claim7, wherein t he surface | ayer rof the
phot osensi tive menber conprises a resin containing 50 %or nore of a vinyl.

“polynmer. 5 9. An image formpg nethod according to any

preceding claim wherein the organic p% oconductive material has a
| ami nated structure conprising a charge transporting layer and a chafge
generating layer. 10. An image formi ng method according to any 10 preceding
claim wherein the residual toner on the photosensitive menber is cl eaned

by a blade cl eg pl&ﬁérelﬁeﬁ%é leP@QsEQEQGQHyEPﬂE&t ¢ 15K ?gﬁ gh?EuEQda“y

Q‘ An image form hg nmet hod according -to any preceding clai m
c

preceding claim Icone oil 1s a no I cone o0
having an a”‘”ﬁlﬁ&?éﬂe'Brt@%bﬁtQQuQQ%'QnOfuﬁiﬁbékﬁﬁﬁéﬂdfﬁ%éﬂ%ﬁbnéerﬁg
wher ei n [err] represents hydr ogen, substituted or

gnsubftig tuted ahlyl Rusubéht_:hutezsle;mesmbShyanbgdnarylsd‘bstltﬁted L or M

unsubstituted alkyl or substituted or unsubstituted .

5 aryl.

12, An image forming method.according to claim 11 ';J
.wherein at least one of said alkyl, aryl, élkylene, or

phenylene groups contains an additional amine group.

13. An image forming'method aécording to claim 11
10 or claim 12 wherein at least one of said alkyl, aryl,

alkylene or phenylene groups is substituted by:halogen.

14. An image forming method acéording to any
preceding claim wherein the positively chargéable fine
silica particies are attached on the surface of the

15 c¢olored resinous particles in an -amount of from 0.01 to

3% by weight of the toner.

15. A positively chargeable toner, comprising
colored resinous particies and positively chargeable
fine silica particles treated with silicone o0il having an

20 amine group.

AR ) O



substituted or unsubstituted phenylene, [err] and [err] e

ach

or al koxy, R2 represents substituted or unsubstituted al kyl ene or s "~
et ekt
substituted o

hydr ogen, substjtuted or unsubstituted alkyl or

unsubstituted.-5 aryl. 12. An image form ng nmethod according to claim 11
wherein at | east one of said al kyl, aryl, alkylene, or phenylene groups
contains an additional am ne group. 13. 3 I mge form ng nmethod according

to claim1l 10 or claim12 wherein at |east one of said alkyl,

al kyl epe: or phenyl ene groups is substituted by hal ogen.

14.

An

aryl,

I mage

fornina”'nethod according to any preceding claimwherein the positively

chargeabl e fine silicg panti Ebg%t"%gl tt £ d he oaukf %gc&fd{

colored resinous particles i

an-ampunt of fromO0.01 to 3

y wel

Ig%t%%f t he

toner. 15. A posdiin VebYy whidpedmabiie ONBred CASBNMAUNIpaPtOEEES T &FieNOUS
particles and positively chargeable fine silica particles treated with

silicone oil hawoy)tdvely charigeableoup. 34

17. A positively 'chargeable toner according to

5 claim 15 or claim 16, wherein the positively chargeable

fine silica particles are formed by vapor phase oxidation

N of a silicon halide compound.
18. A positively chargeable toner according to any
of eclaims 15 to 17, wherein the silicone oil is modified
10 silicone oil having an amine group in the side chain of
~ general formula: T1
~-Si-0-
k
2
J
N
| R/ \R
U 3 4

16 wherein R1 represents hydrogen,

substituted or

unsubstituted alkyl, substituted or unsubstituted aryl_

or alkoxy, R

o represents substituted or unsubstituted

alkylene or substituted or unsubstituted phenylene, R3

and Rh each represent hydrogen,

substituted or

20 wunsubstituted alkyl or substituted or unsubstituted

~aryl.

* [ L M S *
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A positively chargeable toner according to claim 15, wherein the
ég%gred resinous particles are positively chargeable. 17. A positively’

geabl e toner according to 5 claim 15 or claim 16, wherein the
positively chargeable fine silica particles are forned by vapor -phase
oxi dation of a silicon halide conpound. 18. A positively chargeabl e toner
according to any of clains 15 to 17, wherein the silicone oil is nodified
10 silicone oil having an anmine group i 8& he side chain of general f orqrul a:
[err] 15 wherein R1 represents hydr ogen, substituted or  \J
unsubstituted al kyl, substituted or unsubstituted aryl or al koxy, R2
represents substltuted or unsubstituted alkylene or substituted or
unsubstituted phenyl ene, R3 and R - each repr esent hydr ogen,
substituted or. 20 unsubstltuted al kyl or substituted or
unsubstituted aryl. C L M S * 36 19. A positively

char geabl e toner acq@r dimg pesEtavBLY8 dheFSedbrd |tRadr OBBcBRdsAEd & kyl
aryl, al kyl ene, or phenyl ene groups contains an additional
claim 18 wherein at least one of said alkyl, aryl,
alkylene, or phenylehe groups contains an additionai

amine group.

5 '20. A positively chargeable toner according to
claim 18 or claim 19 wherein at least one of said alkyl,
aryl, alkylene or phenylene groups 'is substituted by

halogen.

21. A positively éhérgeable toner according to any
.10 of claims 15-20 wherein the positively chargeable fine
silica particles have a hydrophobicity of 30 or more as

measured by the methanol'titration_test.

22. A positively chargeable toner according to any
one of claims 15-21, wherein the positively chargeablé;'
15 fine silica particlés are present in an amount of from

0.01 to 3% by weight of the toner.

23. A positively chargeable fine silica material,
comprising a mixture of fine silica particles and
a modified silicone o0il having an amine group in the side

20 . chain of general formula:

DR



aﬁine group. 5

20. - A positively chargeable toner according

claim:18 or claim 19 wherein at |east one of said alkyl, aryl, alkyle e
phenyl ene groups i.s substituted by halogen 21. A p05|t|vely char geab

t oner according to any 10 of clainms 15-20 wherein the positively char |l e
fine silica particles have a hydrophob;gkgy of 30 or nore as neasured by

t he net hanol

titration test. A po

vel y chargeabl e toner according

.to any one of clainms 15-21, wherein the positively chargeable, 15 fine
silicg particles are present in an a nt of fromO0.01 to 3% by weight of
the toner. 23.

.mxture of

A positively chargeabl gine silica material,; conprising a
fine silica particles”™

a nodified S|I|cone oi |l having an

‘amine group in the side 20 chain of gegnperal fornula: R wherein [err]
hydr ogen, substituted qif unsubstituted al kyl, substituted

represents.

or unsubstituted aryl, or al koxy, [err
unsubsti tuted alkylene or substitute

and [err]

'5each repr esent hydr oge
al kyl or substituted or unsubstltute

10

15

20

represents substltuted or
unsubsti tuted phenylene, [err] 10
substituted or unsubstituted

wherein R1 represents _hydrogen, substituted or
unsubstituted a.lkyll, substitﬁted or unsubstituted ary1’

or alkoxy, Rz.represents substituted or unsubstituted

alkylene or substituted or unsubstituted phenylene, R3

and Ru each represent hydrogen, substituted or

unsubstituted alkyl or substituted or unsubstituted

afyl, the fine silica material having a hyvdrophobicity of

at least 30 as measured by the methanol titration test.
24, A positiéély chargeable fine silica material

according to claim 23 wherein at least one of said alkyl,

aryl, alkylene, or phenylene groups contains an additional

amine group.

25. A positively chargeable fine silica material
according to claim 23 or claim_zﬂ wherein at least one of
said alkyl, aryl, _alkylene or phenylene groups is

substituted by halogen.

* c L M ] *



aryI the fine silica material having a hydrophob|0|ty of at |east. 30 as
4055 ured by the nmethanol titration test. 24. A positively chargeable fine
a mat erial according to claim 23 wher ei n at |east one-of said alkyl,
15—aryl, al kyl ene, or phenyl ene groups contains an additional "am ne group.
25. A positively chargeable fine silica material according to claim 23 or
claim24 wherein at |east one of said al kyl, aryl, alkylene or phenyl ene
groups is 20 substituted by hal ogen. 7 26. A positively chargeable
fine silica material according to any ogkclains 23 to 25, wherein thewdine
silica particles are fornmed by vapor phase oxidation of a silicon halide
conpound. 5 27. A positively chargeable fine silica materi al
according to any of claimse 23 to 26, which has a hydrophobicity of
at |east 30 as neasured by the methanol titration test. 28. An inage
formng nmethod substantially as 10 - described herein wth reference
to any one of theExafpl pssit2bvely pohatrgeabYecfimgeadikidaonmaterial
substantially as described herein with reference to any one of the
aceordlng to any of claims 23 to 25, wherein the fine
silieca partlcles-are formed by vapor phase oxidation of a

silicon halide compound.

5 27. A positively chafgeable fine silica material
7according to any of claims 23 to 26, which has a
hydrophobicity of at least 30 as measured by the methanol

titration test.

28. An image formihg method substantially as
10 described herein with reference to any one of the

Examples.

\ . - 29. A positively chargeable toner substantially as
described herein with reference. to any one of the

Examples.

A I



the fine ' silica particles are prepared fromsilica particles having
specific surface area of 30 to 500 [err] 5 31. A positively

chargeabl e toner according to claim21l, wherein the fine silica particles
are prepared from silica particles haV| ng a BET specific 2 surface area
of 30 to 500m/g. 10 32. A positively chargeable fine silica naterial
.accordingg to claim 23, wherein the fine silica particles are
prepared fromsilica particles having 382 -BET specific surface area of 30
to 500“[err]

>

Exanpl es. 30. An i mage form ng nethod according to claim4, mheg?EgT

30. An image forming method according to claim 4,
wherein the fine silica particles are prepared from

silica particles having a BET specific surface area of

30 to 500m2/g.

5
31. a positively chargeable toner according to
claim 21, wherein the fine silica particles are
L,, prepared from siliéa particles having a BET specific
surface area of 30 to SOOmz/g.
10

32. A positively Chargeable fine silica material
according to .claim 23, wherein the £ine silica'

particles are prepared from silica particles having a

BET specific surface area of 30 to SOOmz/g.
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