DEVELOPER AND DEVELOPI NG METHOD 2128764 This invention relates to a

devel oper for devel oping electrostatically charged inmages in electro- ‘ﬁé,
st at-ggr aphy i ncl udi ng el ectrophot ogr aphy, electrostatic 5 recor di ng, <

el ectrostatic printing and others and al so. to a devel opi ng net hod usi ng
the sane. More particular- |y, this inventien pertains to a devel oper for
electrophotography which is strongly and uniformy charged to positive
 charges and is used for visualizing 10 negatively charged el ectrostatic

i mages to give images of hi gBvEREPER YAND ﬁﬁvgﬁbpfﬁé gﬁTgéﬁhrect
el ectrophoto- graphic devel opi ng process, and also to an el ecz)f28764

stat ographi ¢ devel opi ng net hod using the sanme. A | arge nunber

el ectrophot ographi c processes 15 have been known, as disclosed in U S
Patent 2,297,691 and ot hers. CGeneral |y speaki ng, photoconductive material s
are utlllzed in these processes, and the steps included therein conprise
farmng electrical latent images on photosensitive nmenbers by various 20
means, then devel oping the | atent inmages by using developlng powder s
(frequently called as "tonBri§ invenkien relates ¥R rAeVRLRREY HERE f or ned

to a reeord- | ngdevedll.opn}.r?gu Ce ec11:2.po£tatic§iaslJ(.j;ra Sclzliaex('jtgyetfl ndmatgheesr efr]: ttae]reci:ro-
statography including electrophotography, electrostatie
5 recording, electrostatic printing and others and also.
to a developing method using the same. More particular-
ly, this invention pertains to a developer for
- electrophotography, which is strongly and uniformly
charged to positive charges and is used for visualizlng
10 negatively charged electrostatic images to give images
of high quality in the direct or indirect electrophoto-
graphic developing process, and élso to.an eléctrq-

statographic deveioping method using the same.

‘A large number of electrophotographic processes
o 15 have been known, as disclosed in U.S. Patent 2,297,691
and others. . Generally speaking, photoconductive
RV materials are utilized in these processes, and the

steps included therein comprise forming electrical

4]

latent images 6n photosensitive members by various
20 means, then developing the latent images by using
developing powders (frequently called as “téner“),

(:) transferring the toner images thus formed to a reeord-

ing medium such as paper, as desired, and thereafter



pies. Wien the step of transferring the toner inages is applied, it iS
neral practice to provide a step for renoving residual toner on the 5
phot osensi tive nmenber. The devel opi ng. net hods for visualizing electrical
| atent i mages by use of toners knew i-h the art may include, for exanple,
the magnetic brush nethod as disclosed in U S. Patent 2,874,063; the 10
cascade devel oping nethod as disclosed in U S. Patent 2,618,552; the powder

cl oud net hSCls ' MY n 780, t hod using

conduct i vgg%nggﬁegilh% tlgl% r éarsgygih?caltg% d %r%%é?eﬁtoqgeg%g 258; the .met hod
usi ng var L,gps i RaUlalaig d.C GG ThED steds of $adsed irl nlppanese
Patent Publication No. 9475/ 1976; and others. "As the toner for dry A
devel opneghes¥ohed litadRsady iaphifiesd ,t Hasd eV jepRirad Prdkedse Use has
heretof ore generally been made of fine powder of 20 natural or synthetic
resi ns hatongreyddeor gitgpefior diemoariser ndsidmal temercexcamihe a colorant ~*
is dis- persed in a binder resin such as polystyrene, and the particles
obt ai 3ed phokpsensilbice memperhe resultant dispersion into sizes of about 1
to 30 [err] are used as 25 the toner. As the magnetic toner, magnetic
particles are furth@he feyeiordnad metheds Hor aiEug

electrical latent images by use of toners known in -

i%z- fixing the images by heating, pressure or solvent vapor to obtain

the art may include, for example, the magnetic brush

method as disclosed in U.S. Patent 2,874,063; the

@

10 cascade developing method as disclosed in U.S. Patent
2,618,552; the powder cloud method as dis¢loséd.in
U.S. Patent 2,221,776; the method using conductive .
magnetic toner as disclosed in U.S. Patent 3,909,258;
the method using various insulating magnetic toners

15 as disclosed in Japanese Patent Publication No. 9475/
1976; and others.

As the £oner for dry development system to

be applied for these developing methods, use has

)

heretofore generally been made of fine powder of

20 natural or synthetic resins having dyes or pigments

dispe:sed therein. For example, a colorant is dis-

persed in a binder resin such as polystyrene, and the

%)

particles obtained by micropulverizing the reSultant
dispersion into sizes of about 1 to 30u are used as

25 the toner. As the magnetic toner, magnetic particles <:)
are further incbrporated into the particles as

mentioned above. In case of the system employing the



nmenti oned above.

In case of the system enpl oying the -3- so called

t wo- conponent devel oper, the toner as nentioned above is used generall '
m Xdre with carrier particles such as glass beads, iron particles and '

ot her s.

5

I'n a series of devel opi ng net hods of

el ectrost at ographi ¢ processes as nenti oned Zbeve; wherein eleétrostatically,
charged i mages are devel oped with a toner charged to the polarity opposite
to that of the images, it is very inportant that the toner 10 shoul d be

charged to the opROKI18 P! GidddonPcint i db W iites O SHe' & ahd faithful

devel opi ng character- istics. For ‘this-purpose,” It is generally practiced
to add a positi Vvendiit e la&@agmmt%&éﬁuy\ afddiit@ird it above

conponents in order for the 15 toner to

e charged evenly. Anmong such-

charge control | ercarmieat tpast idlrgesuwintas|d kiss eddy, satdrs pnitidles
characteristics are very few, while there have been devel oped sone negative
ckarge control | erandh&thersyood characteristics. 20 ‘Positive
charge controllers conventionally used in toners for dry devel opnment

system may ithclude, for exddn® Sexigsekdgeiapingmathads yfamoni um

?

10

15

20

25

electrostatographic processes as mentioned above;
whereiﬁ eléctrostatically charged images aré-developeé
with a toner charged to the polarity opposite to that
of thé images, it is very important that the toner
should be charged to the opposite polarity evenly_in
order to give good and faithful developing character-~
istics. For this purpose, it is generélly practiceé
to add a positive or negative charge controller in
addition to the above components in order for the |
toner to be charged evenly. Among such charge
controllers, positive charge controllers haviﬁg
satisfactory characteristics are very few, while there
have been developed some negative charge controllers
having good characteristics.

| Positive charge controllers.conventionally-
used in ﬁoners for dry development system, may include,
for example, amino compounds, quaternary ammonium
compounds and organic dyes, particularly basic dyes
and salts there§f. More specifically, benzyldimethyl-
hexadechammonium chloride, decyl-tfimethylammonium
chloride, nigrosine base, nigrosin hydrochlo;ide,.

safranine vy, crystal violet and others are known.



ifically, benzyldinethyl- 25 hexadecyl ammoni um chl ori de, ),
yl -tri met hyl amoni um chl ori de, nigrosine base, nigrosin hydrochl oride,
safranine y, crystal violet and others are known. -4- Particularly,
ni gr osi ne base and ni grosi ne hydrg- 4chl ori de have been frequently used as
positive charge controllers. These 3yes are usually added to a
thernoplastic resin together with a colorant in the 5 course of formation
of 'a toner to_be_dispersed in ,the resin while it is nolten under heating,

and the r%@ﬁ?%ﬁﬂ%aFégvnnﬁngﬁFBel?aﬁFcPBSuPQQFPEé&elHﬁérprne - particles,

-adjusted t kéabhe Si f _desi g t hen V|ded for use as a )
t oner. e have Qe?regﬁgg §y8§e aéh&?%é ¢ CHRESEs “have i
conplicat €n§£éfféyges @ﬂgsgodggg gaye genaggn%daggpQrtles t hus bei ng poor .

in stabill on or ration may occur through
deconposi EhQPmﬂﬁEQEEEbC%sEH' kbgbeRe@Ndifthi &l k@lokantdun pekneading

under heat or ange I n tenperatdre and humdity condltlons to cause

| over5ng &Bukbe 6BaEELmELALAOLEI B0 teharatbebies Wispedaed digngl y, when
devel opnment is carried out

the resin while it is molten under heating, and the

<§§§pounds and organic dyes, particularly basic dyes and salts thereof. Mure
c

£

resultant resin mixture is micropulverized into fine -

particles, adjusted to suitable sizes, if desired,

O

and then provided for use as a toner.
10 ' However, these dyes.as charge éontrollers
have compliéated structufes and do not have constant
properties, thus being poor in stability. Also, de;
composition or denaturation may occur through
decomposition, mechanical collision and friction
15 during.kneading underheat or change in temperature
and humidity conditions, to cause lowering in the
charge controlling characteristic.

Accordingly, when development is carried out

O

by use of a toner containing'these-dyes as charge
20 controllers in a copying machine, the dyes may under-

.go decomposition or denaturation as the increase in

%)

number of copies to cause deterioration of the toner
during continual use. |

As another serious disadvantége, it is very

25 difficult to disperse these dyes as charge controllers _(i)ﬁ
evenly into a thermoplastic resin, and their contents

in toner parﬁicles obtained by pulverization are not



by use of a toner containing these dyes as charge 20 controllers in a o
copyi.ng machi ne, the dyes may under- go deconposition or denaturation as.
t hencrease in nunber  of copies to cause deterioration of the toner dur\fig
continual use. As another serious disadvantage, it is very 25 difficult
to di sperse these dyes as charge control lers evenly into a thernoplastic
resin, and their contents in’'toner particles obtained by pulverization are
not -5- constant to result in different amounts of triboelectric charges

among the toner RALILELES cFUedll S 1£300Rrodhd Nl of Lo iiBl QErsc

nmet hods have been practiced in or I'sperse

|ntoa s resinchdife GBS tifle DESALY DO ORI BV orde {RIdTBIbddlR, 2 Sal!
d ilrty wth a

with a higher fatty acid for 1nprovenent of conpatib

t Rermopl asti ¢ residl.thé picr £96L vAPIGYE me tHEE@AC S5k (BEdY @eddk Ned
deconposed product of the salt will be exposed on the toner 10 surfaces

t @ contani nate cain icxderrtéd ahispardd yi tigesenbadyed (ndts cevenbe 1mwverang in
free flowng properly of the toner, fog and lowering in imge density.
Al ternativel y§ foresimps oviBomerexample sperbasic inigodsinesiyelyes fortmed
resin, there is also enployed a

into a salt with a higher fatty acid for improvement

of.compatibility with a thermoplastic resin.. In thise-
case, however, unreacted fatty acid or decomposed
'product of the salt will be exposed on the toner
10 surfaces to contaminate carriers or toner carrying
member and also cause lowering in free flowing properly
of the toner, fog and lowering in image density. .
Altefnatively, for improvement in dispersibility of
these dyes into a reéin, there is also employed a
15 method in which dye powders and resin powders are
previously mechanically pulverized and mixed before
fusian kneading. This method is not competent enough
to overdome the original poor aispersibility, and
L_; evenness of charginé satisfactory in practical appli-
20 cation has not yet been obtained.

% N . Most of dyes for positive charge controlling

" are ‘hydrophilic and therefore, due to poor dispersi-

v

bility of these dyes into a resin, the dYes are
exposed on the toner surfaces when pulverized after
25 fusion kneading. When the toner is used under highly
'(:> humid conditions, a drawback that no image of good

quality can be obtained, is encountered because of



. method in which dye powders and resin pomders are previously

chani cal ly pulverized and m xed before fusion kneading. This method i S,
not- conpet ent enough to overcone the original poor dispersibility, and
evenness of charging satisfactory in practical appli- 20 - cation has not
yet been obtained. Modst of dyes fo+r goesitive charge controlling are
hydrophilic and therefore, due to poor dispersi- bility of these dyes into
a resin, the dyes are exposed on the toner surfaces when pulverized after

fusw&dli%??%v% knt\%‘i{}e”b%t&{her es used under highly humd

ondltlons no |nage ‘good quality can be obtained, is

encountered becauseq@fys, wHian W HRPHAdVhdaldd f Qe té}%lq%/fe Thus, when a

dye having positive charge controlling chardcteristic of prior art is =&

used in acoatebllidy FhEadtediBiiy of €Hhe phadoesr® 1sgest£aat ed on the
toner particle surfaces through friction-anong toner particles, between

toners andncar tiotex ,0lvardiamas tiohemoutd dHrithe cehiaygary nenber such as *
sl eeve, will occur, whereby various inconve- niences are caused, such as
devel Gpnegeneggtedogar the toneat maYNtigle syt taceprithardugiti on,  etc.  These
it friction among toner particles,.betweenltoners and -
carriers or between toners and toner carrying member -
such as sleeve, will occur, whereby wvarious inconve-
niences are caused, such as development fog, toner ;J
10 ~ scattering, carrier contamination, etc. Theseidiffi-
culties become marked when a large number of copying
cycles were carried out continuously, giving the -
resglts essentially unsuitable for a copying machine.

Also, when the toner'containing a positive
15 charge controlling dye is used, the transfer efficiency

of the toner image is markedly lowered under highly

humid conditions to be unsuitable for practical use.

Even under normal temperature and humidity, -when the

Q)

‘toner is stored for a long time, due to instability

20 of the positive charge controlling dye employed, toner
;particleé may frequently agglomerate to become useless.

As a method for obtaining a positive charge: . v

controlling developer, there is a proposal as disclosed
in Japanese Patent Publication No. 22447/1978. This is

25 a method in which metal oxide pérticles treated with . (:)
aminosilanes are incorporated as a constituent of the “

developer. However, as the result of my investigation



culties becone marked when a | arge nunber of copying cycles were carried_ ; 7,

out continuously, giving the results essentially unsuitable for a copyj e
mathi ne. Al so, when the toner containing a positive 15 charge contro
ed

dye is used, the transfer efficiency of the toner inage is markedly lo
under highly humd conditions to be unsuf"t dbTe for practical use. Even
under nornmal tenperature and hum dity, when the toner is stored for a |ong
time, due to instability 20 of the positive charge controlling dye

enpl oyed, toner parthisemethpdfr vheandeyedgpevseware bbthinedracsekding As
a method for obtaining a positive charge controlling developer, there is a
proposal as di sck@sthei axaapiassdipgloaedpin| thet Tapanese2Patgntobpg. This

is 25 a method in_which netal oxide particles treated wth aninosilanes
are i ncor por at ed2RB1¥1ipgnEreREBRRLS! OphBelalcPEhdrs sRGRVEF, caslepdalesul t
of nmy investigati p_thi en_.devel opers, wer e, obt ai ned

according to thesggﬁﬁﬁrééiﬂﬁéﬁﬁbsgaggﬁggﬁédggﬁaﬂgsezéﬁgeﬂflgg'aﬁﬁ??!ng

Ly catents, o8 Tehalad) §eiensheasniOhpRIA, othbhtoarllirha aghel BN

devel oper exhi bi pkRgn3Rihg 85L25¥a6RBLGCERLESELER1ER1BE3¢h! fBhctical

| application cquld be ob;ained in any of the combina- -
tions, but such a devélbper was found to have some
drawbacks.

10 | Thus, most of the developers thus prepared

cannot maintain the preferable characteristics for

faithful_reproduction of latent'images. Although

desirable performande may be exhibited at the initial

stage, it cannot be maintained in continuous use fér

15 a long ﬁerm to méke the developer useless. More
specifically, fog is formed with scattering of the
toner around the edges in copying of line images, and
the image density is also lowered.

~ As other drawbacks, when developing and

20 transferlare conducted under the conditions of higher
temperature and humidity, and lower temperature and
huﬁidity, lowering in image density, scattering of
line iméges, afopfoff 6f images, fog, etc., are en-
countered. These pheﬁomena are observed in both |

25 developing step and transfer_step.

' <:) _. As still another drawback, the developer

cannot be stored for a long term. Thus, when the



plication could be obtained in any of the conmbina- tions, but such a __
Q%§§Z§Joper was found to have some drawbacks. 10 - Thus, npst ofg_¢

>-devel opers thus prepared cannot nmaintain the preferable characteristics
for faithful reproduction of latent inmages. Al though desirfable performance
may be exhibited at the initial stage. it cannot be maintained in
continuous use for 15 'a long termto make the devel oper usel ess. Mre
specifically, fog is formed with scattering of the toner around the edges

i n copyi/ng of _line i,mages, d the inmag¢ density is also. owered. As other
dra\é\/pa_c s,gemfﬁ&ﬁpﬁﬁvé‘lso%elﬁﬁe%d‘%r "t°r’§' g]s ec%r?d:u@t dhder the

condi tiongof. higher,t I hya dist v, .and ) tgpperature and
hum dity, %Ilgﬁér Fgﬁ Frl?a‘%lrfy%g:éa &Le%?;ct@%é;caet elHS'ngl 0 %t%\r%r iarrages, drop-of f of &

Lmages, ! 90uetkd sl ithal tHe Wi Riber NP b NN Fpobser ved 1 n bot h

25 developing step an r step. As sti anot her drawback, the
devel oper cannot bewhQiRE fused FHr tilidBe Brawbadia) nidie be - 8- devel oper *

is placed under non-used state for a long tine, the characteristics at the
initial sthgaghteof, but, as the result of my studieéf%?out
the above phenomena, the primary cause was found to.
be that the distribution in amount of the triboelédQ -
tric charges of the thus obtained-devéioper was bfdéd
and not uniform. In connection with this point, a ’ gj
10  slightly detailed explanation is given below.J
| According to the developing methods known
in the art, the forces appliéd on the developer )
particles are eleétrostatic att:acting force toﬁard
latent image and, sometimes electrical forces from
15 outside, image force toward the carriers or the toner
carrying member such”as a developing'sleeve, and
adhering o¥ agglomerating férces,'and adhesion of the

developer particles to the latent image is effected

O

through the total contribution of these forces.

20 Accordingly, the state of triboelectric charge assumed
by the develdper particles will have important effects
on the behaviors of the déveloper particles during the - ¥
developing step. On the other hand, the developer
containing metal oxide powders such as fine silica

25 powders treated.only with aﬁ'aminosilane ¢ompound as <:>
described above, cannot maintain in most cases its

preferable'characteristics for faithful reproductioh



| owered so that the developer is no |onger useful. Various causes for these -
dr awbacks may be 5 t hought of, but, as the result of ny.studies about t .
above’ phenonmena, the primary cause was found to be that the distribution
amount of the triboelec- - tric.charges of the thus obtained devel oper wa
broad and not uniform In connection withtTH s point, a 10 slightly .
detail ed explanation is given below According to the devel opi ng net hods
known in the art, the forces applied on the devel oper particles are

el ectrostatic attrfttlatgertoriomgesyarahd attentd i stagibwiibn SRieind@se of .

el ectrical forces from 15 outside, image force toward the carriers or. the
toner carrying nefgdborisrtnia dandepiol) Wieaaveopknderimss orery

aggl onerating forces, and adhesion of the devel oper particles to the |atent
image i s ef fect ed 3RS gh T akave menkiqned i toributian fior amount) of

Accordingly, the state af triboelectric charge assuned by the. devel oper
particles will ha&gﬁ%r?fgﬁ%ﬁice%%e%rﬁ'st L IR HRERAT s Sfen heleidiper

hand, the deyve

par i ol o= U1 919 (G A0 DR o S bl DR o e S

oSt cases |t e pr o AT R ot e ST AN SR Re, TR,

. _ only to give a developer which includes components -

having smaller triboelectric dharges and components

having extremely great triboelectric charges after
friction with carriers or a tonef carrying mgmbgr such
as a developing sleeve. There also exist a slight
quantity of componénts charged to opposite polarity.
with a greater value. (see Comparative Example_ZA and

Fig. 3(a), shown below)

15 In such a developer having a broad distribu-
tibn 6f triboelectric chaiges, the developer components
with smaller charge may cause fog or scattering at the
edge portion of the latent image, and similar effects

.may also be incurredby the gomponents charged to,_i

20 opposite polarity. On the other hand; the developer

componehts with greater charge may be affected by

increased image force applied from carriers or a toner

2]

carfying nember such as developing sleeve may not be
readily used for developing, whereby lowering of image
25 density or coarsening may_undeéirably be caused.
<:> | The distribution in amount of triboelectric

charges of such a developer containing fine silica



rrges of the devel oper becones very broad. The above nentioned

Fstribution in amobunt of triboelectric charges is also broad, even when
the 5 kind or the anbunt of the aminosilane conpound used for treatnent of
fine silica powders may be varied,_ qply to give a devel oper which includes
conponents having snaller -triboel ectric charges and conponents having
extrenely great triboelectric charges after 10 friction with carriers or a’
toner carrying nmenber such as a devel oping sleeve. There also exist a
sli ght quRAvfley sreasedorrdys vwdklr gad amdngsidsine qeomaund, 34 th a greater
val ue. (see Conparative_ Exanple 2A and Fig. 3(a), shown below 15 '
In such aaa§9egg§€FPﬁ§§#ﬁgt8 5 e§ dt iepyirangendrk SaEitdans ¢ charges,s

the edge BBR MERLOPeERES & B P ARyE o FrER R SRS Bhaln S0 b 0 ™
i db ROSIJ & POhAT i3k, ON the ot her*
nand. | ¢ notGRYCPABERCaTAE Ty Ak SRS SonpedUHIE SEMLIdLLY oa by
| ncr egsedcpHBYE 1 bALCAndPRbLWRY E%ﬁg@?%%Uf@“éﬂafH%ﬁf&ﬁ%&-%ﬁﬁkﬁ#”g menber such

as devel opi ng sﬁeeve may not be readily used for developing, whereby
| owering efiohBRgeTRAas, HeNBighed teRPerHUIE FHA HUHEHIY)/ \eHee caused. -

é%%g,of | atent images, and the distribution in anbunt of triboelectric

developer components with smaller charge increase -
(see Comparative Examplé 2A,'Fig. 3(b}) to cause
further markedly fog, lowering of image density, : o’/
10 scattering'at the edge portion of laﬁent image aﬁd
lowering of transfer efficiency. |
At lower temperature and humidity, the
. deﬁeloper components with greater charge increase
(see Comparative gxampie 2A, Fig. 3(c)) to cause more
15 markedly lowering of image density,.coarséning and'fog
‘and result in'iﬁcreased scattering or drop-off during
transfer. 'Particularly at lower temperature and

humidity conditions, this tendency will become furthef_

O)

marked by continuous use of the developer, and the
20 initial characteristics of the developer cannot be
maintained until the developer_becomes.no longer.

 useful. ' . ¥
The distribution of triboelectric charges
herein mentioned refers to a charged quantity to be

25 measured under the state approximate to the developing (Z)I
system employed. For éxémple, in the two-component

developing method, the cascade developing system or



-

-

The distribution in amunt of triboelectric charges of such a developerééggjn.

containing fine silica .- 10 - powder treated only with an am nosil-an
compound i s al so susceptible to changes in environnental conditions and

wi |l becone a distribution unsuitable for devel op- nment particularly at

hi gher tenperature and humdity 5 cond+titdns and | ower tenperature and
hum dity condi- tions. Thus, at higher tenperature and humdity, the

devel oper conponents with snaller charge i ncrease (see Conparative Exanple

2A, Fig. 3(b)) tengatss-EsmbdRe «iéosruéﬂ éf‘&nOfc}H‘ﬁ?ﬁn geggity, 10
scattering at the edge portlon of | ai ent 1 mage a [ owerin tTansfer

ef ficiency. At |mrdéﬁmﬁupvﬁraﬂdléyﬁidléffeéh@ddﬁﬂﬁhé)ﬁﬂ CDAPERE@Nt S
with greater charge increase (see Conparative Exanple 2A, Flg 3(c)) to

cause nore 15 nstépddy ¢tconmbachingfwithoer deesliyg cbHfir eomntheind f og and
result in increased scattering or drop-off during transfer. Particularly at
lower tenper at urearntenupsdtigleosarfaces, t¥easurement\ofii the hdtstei-
further marked by continuous use of the devel oper, and the 20 initial
characterist?cs P¥tioR e newat Qﬁnhﬁéb?@lﬂﬁtﬁiilﬂ%ﬂr@ﬁﬁ|int$ﬁpﬂeveloper

becomes no IOngeéeveloper systems may be conducted by use of, for
_ example, the method of L.B. Schein et al (J. Appl. =~
Phys. 46, No. 12, P.5140 (1975)), or the method of
R.W. Stover et al (1969 Proc. Ann. Conf. Photo. Sci.
10 Engy SPSE P.156) and R.B. Levis et al (4th Interna-

tional Conf. on Electrophoto. Adv. Print P.61 (1981)).

An object of the present invention is to
provide a developer which is stable in amount of
ﬁriboelectric charges-caused between toner particles,

15 or Bétween_toner and carrief, or between toner and a -
toner carrying.membér such as a sleeve in case of
o : one~-component development, also sharp and even in
distribution in amount of triboelectfic charges, and
& can be controlled to a charged amount suitable for

20 the developing system employed.

<

Another object of the present inventionlis
to provide a developer capable of permitting develop-
ment and transfer to be effected faithfully to létent

'(:> -image, that is, capable of providing a high image

2> density with good reproducibility of half tone, without

-



eful. The distribution of triboelectric charges herein nentioned refers..._
é%gba.charged quantity to be 25 nmeasured under the state approxi mate to\,
e "devel opi ng system enpl oyed. For ‘exanple, in the two-conponent
devel opi ng nmet hod, the cascade devel opi ng system or t he two- conponent
magneti c brush system chargi ng of- t4pe «<devel oper particles is effected
primarily in the step of contacting with or peeling off fromthe carrier
particle surfaces. Measurenent of the distri- 5 bution in armount of

triboel ectr c char n ch d I db f,
Loglzel)(;aznil 3 ’hg%‘iotld’eb?éjcf_neg e’\ég %%Fé{gng%equmbhys , N)c/) uig, °
. t e Ann. Conf.
Phot o. Sci . ")ﬁ}”?ﬁ(?“‘p ' %%5 &%@e{e\eﬁ%%%éa 4‘%3 Ofntepﬂa- tinonal %
- Conf. on %&f&r%@mﬁm ALY - ecf’éé g g Fia6c1er(t19§aaae An object of the present

invention I1s to provide a devel oper which is stable in anount of

triboel ectric. char gest LIl srb titd Wesh d D e £ Petid | Pt esent] Sinwenbibdmeen toner
and carrier, or between toner and a toner carrying nenber such as a sl eeve

in case of;_sorﬁb Grpaideta diered Dypern; winlcl cdmrmainmichvethe n di stribution
I n anount of triboelectric charges, and
: initial characteristics and is free from agglomeratlon
of toners or changes in charging characteristics, evem
when the developer is used continuously for a long
term. ' o _ . R O
10 Further object of the present invention is
to provide a developer capable of reproducing stable
images without suffering from influences from tempe;a-
ture and humidity, particularly with high transfer
efficiency, being free from scattering'or transfer
15- failure, i.e., drop-off of images, during transfer
at higher hﬁmidity-and lower humidity conditions;
Further, it is also another object of the

present invention to provide a developer excellent in

:( )

storage stability which can maintain the initial
20 characteristics even after étorage over a long term.
Still anothei object of the present invention
is to provide a developing method adapted for repeated 3
copying operations such as continuous operations by
~use of a developer as mentioned above.
25 : . Further, still another object of the present . (i)
invention is tblprOVide a developing method which is |

stable even against environmental chahges such as



syst em enpl oyed. Anot her object of the present invention is to provide
devef oper capabl e of pernitting devel op- nent and transfer to be effect /
faithfully to latent image, that is, capable of providing a high i mage 25

can be controlled to a charged anount suitable for 20 t he devel opi ng ég%;}:

~density with good reproducibility of half-tighe; without - 12 - adhesion
of the toner in the background region during devel opnent, nanely, wthout
fog or scattering of toner around the edge of latent inage. Still another

object of the prewgal Hiyhly Uempdratute=hd Hund AL QRILL 1Ml hrcan
maintain the initial characteristics and is free from aggl onerati on of

teners or change3owerChanpeia ity agid Hudidity Qsaihs.he devel oper is
used continuously for a long term 10 Furt her object of the

present invention is to pr@vihderea staddleth dn teapsibted yo fwirtdpracd edimcost abl e
I mages wi t hout suffering frominfluences fromtenpera- ture and humdity,
particul arly w t Provgde: aadsevelaret faxhelediaionfatagranhym saanttisnilar-or
transfer 15 _failure, i.e., drop-off of images, during transfer at higher
hunmi dity and 3 owd¥ K@% @leFte@mriatography, which is positively - |

chargeable developer capable of being strongly and
evenly charged positively and giving an imége of high ~
quality through visualization of a negatively charged
. ' -electrostatic image, by overcoming wvarious problems
10 involved in the positively charged toner of the prior
art as described above. As a-consequénce, the developer
of the present invention has been attained. .
- The developer according to the present inven-
tion comprises a binder resin, a colorant and a
15 positive charge controller, the positive charge con-
troller comprising fumed silica -particles treated
with a coupling agent having a hydrolyzable group and
a non-hydrolyzable organic group bonded to a tetravalent
o center.atom of Si or Ti and having a hjdrophobicity.
20 within the range of from 30 to 80 as measured by the
Py methanol titration test.

The developing method according to the

&

present invention employs the above developer which

"is made insulating'and magnetic, and comprises provid-

R 25 'ing an electrostatic image bearing member for bearing
<;) | ‘electrostatic images on its surface and a developer

carrying member arranged with a predetermined gap



her, it is also another object of the present invention to provide a

| oper excellent in storage stability which can maintain the initial %9/
Yref acteri stics even after storage over a long term Still another object
of the present. invention is to provide a devel oping nmethod adapted for
repeat ed copyi ng operations such gs gontlnuous operations by use of a

devel oper as nentioned above. 25 Further, still another object
of the present inventionis to prOV|de a developlng met hod which is stable
even agai nst _envj ronnent al hggges suc .- 13 - under higher -

t enper at ur e ﬁﬂeﬁﬁﬁ?ﬂrthEBﬁH 8n§h6r1P5%@Ptﬁéﬁpgﬁspﬁﬁécang hunhdltr _
th t ovi de a devel oper ’

?gpdgfggpi%éél %fa%% g?f?%ﬁ Z#Xegxemﬂﬁvf Bp%%ng%G ﬁaﬁography, which isg

Char ged Rty v2?‘3b%nﬁ‘*f%*.‘%gs;ﬁﬁ?ﬁﬁgket%ﬂb%hgg 3k B sRshgr "

visual |zafdorud endcgevershiroba! gRd Eheckrostatie himge by overcomng -

various problens 10 involved in the positively toner of the prior

art a5 desedihes noer éﬁeﬁeﬁfnﬁQC]aéGéEopt Eﬁedé!EEQESEtﬁftiEhe present
|nvent|on has been attai ned.

images. -

Examples of adding fine fumed silica po.wder' -
to a developer for eléctrophétography are known in
the art. However, even a developer COntaining a dye ' :;
10 baving positive charge controlling charactéristic is
changed to negative in its charging polarity and
therefore unsuitable for visualization of négatiye
- electrostatic images._ This is because fine fumed_
silica powder will reduce the charges of the pdsitively
15 charged developer or eﬁen reverse the charging
polarity. | o
Whereas, I have found that an excellent

positive charge controller can be obtained by treating

Q)

such fumed silica powder with a silane or a titanate

20 type coupliné agent and controliing the hydrophobicity

(¢ 9

to an appropriate level, and that a positively
chargeable developer which is stably charged td have . v
high triboelectric charges with sharp and uniform
distribution, can be obtained'by formulation of the _

25 controller in the developer. It has also been found (:).
that, by controlling both the degree of treatment with

the coupling agent and the hydrophobicity, the amount



The devel oper according to the present inven- tion conprises a binder

resin,

a colorant and a 15 positive charge controller,

com~troller conprising fumed silica-particles treated with a coupling
agent having a hydrol yzabl e group and a non- hydrol yzabl e organi c group
bonded to a tetraval ent center atomof Si=ot5T and having a hydrophobicity

20 within the range of from30 to 80 as neasured by the nethanol
The devel opi ng net hod according to the present

test.

above devel oper Vi Cthé StFHsEe &St £ | Ala PR FEORRS | Condd LGOI S5

ing an electrostatic i nmage bearing nenber for bearing
“el-ectrostatic i neges tesultanstipesttive chatye! enetrsTléy i 48 wallbess
arranged with a predeternm ned gap - 14 - therebetween, permtting the
i nsul ati ng nagnetits ddiestojeution ear dre i aohtrol hed dovad opmns e rab e
meénber in a thickness thinner than the gap, and trans- ferring the

provid- 25

devel oper to the &t@n%ostatic image 5
the el ectrostatic inages.

a devel oper fdr el ect r ophotBgrighek evsnRfen clarified in detail why

o

-

10

15

20

25

the developer of the present'invention has sharp and
uniform_distribution.in'amount of triboelectric -

charges (see Example 1A and Fig. 2(a) to (c)) (probably

- due to stabilization at a certain equilibrated value

between the leak of excessive charges and charge
accumulaﬁioh'through the iﬁteraction between the
coupling agent and the hydrophobicity modifying age;t).
Anyway, it has been confirmed that there are few
components in the developer having deleterious in-
fluences on-development and transfer, and the distribu-
tion and.of tribéelectric charges are little changed
even under the conditions of higher témpgrature and

humidity or lower temperature and humidity.

Fig. 1 shows a sectional view showing an.
embodiment of the developing step according to the
method of this invention.

| Fig. 2(a) to Fig. 2(c) and Fig. 4(a) to
Fig. 4(c) are graphs showing distributioné in amount
of triboelectric chérges under various conditions in

Example 1A and 1B as described below.

the positive char

titration
i nvention enpl oys the

beari ng nenber thereby to devel op -
Exanpl es of adding fine fumed_ silica powder - to



art. However, even a devel oper containing a dye 10 having positive _
rge controlling characteristic is changed to negative in its charging\J
polarity and therefore unsuitable for visualization of negative
el ectrostatic imges. This is because fine funed silica powder will reduce
the charges of the positively 15 _ glgarged devel oper or even reverse the
charging polarity. Wereas, | have found that an excellent positive charge
controller can be obtained by treating such funmed silica powder with a

il tit te.20 t | i t d trol li th
hydr ophobi ci ty to akiippPd@li &PeFHEver 1CInaTen#ARFoSIOMITS, char geabl e
devel Lchis,stabl d_to . haye high trjboel ectric ch i th
har p_and RFFopREaBhE, v, ERERAR, o sATEReLelb s CPRFEREL (o of che 25+

control | ef_kQ..t | < ' 0 tRat .10y controlling
both the %%%?gebgfggﬁgagggﬁgtﬁkbﬁ ?ﬁe%%§@835%3“%b§%%m§ﬁ% ﬂ e
hydr ophobigi §¥sctiBe@"BElbw. ©Of the triboelectric charge of the toner ¥

contai ning the resultant positive charge controller as well as its
di strgbution can berggnt Go0kbedigQ 8 agesigiaphial eaeh ehowihg 't

has not yet been clarified in detail why
' toner weight changes per unit area in the toner layers
during successive copying test under the environment -
of 10°C and 10% R.H., A showing the results of an
Example and B that of a Comparative Example in each w,
10 case. The reépective Figures show the results of the
following examples.
'Fig. 5: Example 1F, Comparative Example SF;
Fig. 6: Example 1G, Comparative Example 3G;
Fig. 7: Example 1H, Comparative Example 3H;

15 ' Fig. 8: Example 1I, Comparative Example 3I.

In the following description, "%" and "parts"

@

'representing quantity ratios are all based on weight,

unless otherwise indicated.

[t )

The specific positive charge controller to

€.,

20 be used in the developer of the present invention is
obtained from fumed silica. "Fumed silica" used here-
in refers comprehensively to fine silica powder
obtained by vapor phase oxidation of silicon héiides, <:>
and may also sometimes'calied as the dry proéess siiica.

25 The method for preparation of fumed silica is known in



[

in amount of triboelectric charges (see Exanple 1A and Fig. 2(a) to (c) - -
. (probably due to stabilization at a certain equilibrated value 10 bet

the | eak of excessive charges and charge accunul ati on t hrough the

I nteraction between the coupling agent anu'fhé'hydrophobicity nodi fyi ng
agent). Anyway, it has been confirned that there are few conponents in the
-devel oper having del eterious in- 15 fl uences on devel opnent. and transfer,
and the distribu-thd artgrahdfit redrodieecdbtairnddy gfor aaxamnpld, dhanged even
under the conditions of higher tenperature and humdity or | ower

tenperature and Rynalintic mxjidatiginowf gaserusedlicew tthndghglanidd

enbodi nent of the devel oping step according to the nethod of this

i ivention. Fig. AmaerXvgen-divdqegemidangy Kby hasig Feaghiomschamgphs
showi ng distributioniﬁ%n amount of_ tribpelectric charges under various

conditions i.n 25 Ma¥ A RePresantets ag Y9ed bel ow. - 16 - Fig. 3(a)
to Fig. 3(c) are graphs show r istggﬁggio in ar - of l.boel ectric
char ges undergﬂvari ous conditi gﬁs tan r+at. 2e E&Wé TA ‘h{d{)

In the above preparation step, it is also

t he devel oper of the present invention has sharp and uniforn1distributio; C

possible to obtain complex fine powder of silica and-
other metal oxides by using other metal halides such
as aluminum chloride or titanium chloride together
N ' 10 with silicon halides.- Thus, in the present specifi-
cation, "fumed silica" is meant to be inclusive of
silica containing métal oxides such as A1203. Tioz,
etc. derived from these metal halides up £o 40%.
It is preferred to use fumed silica particles,
.15 of which mean,primary pérﬁicle size is desirably within_-'
the range of'frpm 0.001 to 2u, particularly preferably
of f;om O.OOZIto 0.2u.
Commercially available fumed silica products

to be used in the present invention include those sold

-
20 under the trade names as shown below.
. AEROSIL - 130
(Nippon Aerosil Co.)
_ 200
) 300
_ 380
25 | ) ' ) TT_GQO

O o | | | | | ~ MOX 80

COK 84



pner wei ght changes per unit area in the toner |ayers during successive

opyi ng test under the environnment of [err] and 10% R H., A showi ng the
results -of an Exanple and B that of a Conparative Exanple in each 10 case.
The respective Figures show the Legyglts of the follow ng exanples. Fig. 5:
Exanpl e 1F, Conparative Exanple 3F, Fig. 6: Exanple 1G Conparative
Exanmple 3G Fig. 7: Exanple 1H, Conparative Exanple 3H, 15

Fig. 8 Exanple %% _Lo rati ve Exanpl e 3|.ML the follow ng description, -
?? eﬁ?@n& guantity ratiosare all based on weight, '
areh. -

"% and "parts" re « o
unl ess ot herwi se i ndi he specific posh%Lye charge controller.to 20
be used in the devel oper of the present invention is obtained fromfuned
silica. "Fumed silica" used here- in refers ggnpgehensively to fine silica. -
powder obtai ned by vapor phase oxidation of silicon halides, and may al so

sonetines called as the dry process silica. gg-5 The nethod for preparatiof
of fumed silica is known in - 17 - the art,and it can be obtained, for

exanpl e, by ' EH-5

(:25; descri bed below. 5 Fig. 5to Fig. 8 are graphs each show ng

Wacker HDK N 20
(WACKER-CHEMIE GMBH) =V 15

N 20E . =
T 30 | -
T 40 '
10

D-C Fine Silica
(Dow Corning Co.)

Fransol ' -
(Fransil Co.) T

- These fumed silica pérficles may be used
15 as such. More preferably, howevér,.they are éubjected |
once_to.heat treatment af a temperature of 400°C or
higher beféré subsequent treatmént—with a coupling
. agent. By effectiné this heat treatment, there can
be obtainéd additional effects that not 6n1y the
20 components of the developer obtained having deleterious
influences on development and ﬁransfer cah be removed
to further make shaper the distribution in amount of ™ : _ o
triboelectric cﬁarges (see-Example.1B and Fig. 4(a)
to-(c) shown beiow), but also the reduction in amount
25 of triboelectric charges is very .small without substan- - <:>
tial lowering in quality of copying even if -the

developer is stored for a long term under the conditiens



pyrol ytic oxidation of gaseous silicon tetrachloride in oxygen-hydrogen _ o
flanme. The basic reaction schene may be represented as follows: 5 o
[erY In the above preparation step, it is also possible to obtain conplé§j>
fine powder of silica and other metal oxides by using other nmetal halides
such as alum num chloride or titaniumchlorygle-together 10 wth silicon
hal i des. Thus, in the present specifi- cation, "funed silica" is neant to
be inclusive of silica containing netal oxides such as [err], etc. derived

particles. 15 orohb iR EEmbErthits dng SR RBESHL v L BRI 1t ne
or9E e FirkBar PR {ochar i DAL sbhyesh | BRE.OP7 bk
present inventionsingtaldendhese, SPifle 2811i80084rE 144 af@rrﬂ@&reﬁx APa oW
bel ow. AEROCSI L _ 130 ('Ni ppon Aerosil Co.) 2 300
380 25 - phase oxidation of a silicon halide ddmP&&ndPhSHPe COX 84
5 a large number of hydroxyl groups formed on their |
“ surfaces. These hydréxyl_groups may be classified
into the several kinds as mentioned below. -
1. Silanél groups on the surfaces: these groups
have no possibility of mutual interaction within their
'16 acting regions, be;ause they-are-spacially made apart
from other silanol groups, and. therefore called as
_"lone" or "free" silanol groups:
2. The same kind of groups per se as 1 above,
with proviso that thésé groups are approximated so
15 | as to be capable of interaction through hydrogen
crosslinking, and therefore may bé called as "bonded
_ (hydrogen crosslinked) silanol groups™;
3.. Hydroxyl groups of water adsérbed on the
o surfaces. |
20 When fumed silica particles are subjected to
B | " the heat treatment at 400°C or higher, condensation

will occur mutually between the silanol groups .among

]’

these hydroxyl groups on the silica surfaces, to result
in stabilization of the surface. When heat treated

25 at a temperature below 400°C, the adsorbed water is
removed to reduce the water content in the fumed silica,

but when returned to normal temperature, it absorbs



@18 - Ca-OSil M 5 (Cabot Co.) - M7 MB-75
-5 5 _ _ ' EH 5 Wacker HDK N 20 \/
( WACKER- CHEM E GVBH) V 15 N20ET 30 T 40 10 DDC Fine Silica (Dow
Corning Co.) Fransol (Fransil Co.) These fumed silica particles nay be used
15 as such. Mre preferably, howeveg,.they are subjected once to heat
treatnent at a tenperature of 400C or hi gher before subsequent treatnent
with a coupling agent. By effecting this heat treatnent, there can be

obt ai ned addi,tional effects that not. only the 20 . conponents of the

devel oper 3K it M i fYikent ‘'equal to that before

heat treatment. 'However,Lyhen treated at a temperature

o

of 400°C or higher,lwater is liberated through conden-

[(:]

sation of the hydroxyl groups on the surface, and
5 therefore the water content becomes markedly smaller

as compared with that before tﬁe heat treatment, even

when returned to normal temperature; Although the -

hydroxyl groups cannot coméletely be removed, the:

residuai number of hydroxyl groups is convenient for - W/
10 hydrophobicity modification treatment which ié to be
effected as the post-treatment, if desired.

The heat treatment may be conducted by, fér
example, leaviné-fine silica powder to stand in an
electric furnace at a temperature of 400°C or higher
15 for a suitable length of time. So far as the character-

istics of the developer are not markedly lowered, fhe
heat treatment method is not particularly limited, but

any desirable method can be employed.  The heat

@

treatment temperature may be preferably 450°C to 1500°cC,
20 particularly 500°C to 1000°C.

by

The time for the heat treatment.may vary
depending on the treatment temperature, the sizes of . 5
the fumed silica particles and other characteristics,
but generally range from one minute to 10 hoﬁrs,
25 particularly from 10 minutes to 10 hours, which can be - (i)
determihed with a measure that the hygroscopicity as

the result of the heat'treatment-may become 5% or below



I nfl uences on devel opnent and transfer can be renoved to further nake e

shaper the distribution in anmount of triboelectric charges (see Exanpl e 1B=
Fig. 4(a) to (c) shown below), but also the reduction in amunt 25 @

triboelectric charges is very small w thout substan- tial |owering in

quality of copying even if-the devel ope- 3 stored for a |long term under

the conditions - 19 - of high tenperature and high humdity. This may be

attributable to the followi ng reason. That is, funed silica, namely, fine

sil1ca particl oo Lo fa MR aESS 01| ALk ol Bosbhi con, hal | 0

conpound, have 5 14ar oxyI groups”Torne

surfaces. These :&avapf&@é %%%ewngetﬁleaﬁaau feh0ba ﬁ&ﬁeéeé’f?{ﬁl Kinds as

nentioned bel ow. 1. Si | anol groups “on the sur aces ese groups have no

possibility of mBiralclidy tiAGiHaa@ it bhnat Bektrdfed aghéd@s ' £61@¥Hon because
they-are spacially made apart from other silanol groups, and therefore

cal l ed as "l one'witth "doddein dhliasal fgteups; the bothemsabeeki il &f groups per
se.-as 1 above, with proviso that these groups are approxi mted so 15 as
to be capabl® omunntde-rtarctqfoﬂ&%hr doghahgpdtoges weeksandkingreafhter heref ore

may be called as 'bonded
to measurement of the heating reduction curve from

normal temperature to 400°C.by means of a thermobalance,
and determining its reduced quantity as the hydro-
scopicity.
fO For obtaining the developer of the present
invention, the fumed silica, optionally subjected to
the heat treatment as described above, is treated with
a coupling agent. The.coupling‘agent used herein
comprises a silane type or titanate type coupling
15 agent, having a hydrolyzable group and a non-hydro-
lyzable organic group bonded to the tetravalent center
atom of Si or Ti.
For example, the silane type coupling agent
\o/ may include those represented by the formula (1)
20 shown below: _ | _
RpSLYy | | o
wherein R is an alkoxy -group having 1 to 10
carbon atoms such as methoxy, ethoxy, propoxy, iso-
propoxy, butoxy, isobutoxy, pentyloxy and the like
25 groups, or a chlorine atém; ﬁ and n are integers
-(:) satisfying the relation of m + n = 4;.Y is an organic

_ group containing at least one of'amino;_vinyl, glycidoxy,



drogen crosslinked) silanol groups*; 3. Hydr oxyl groups of water ~

serbed on the surfaces. 20 When funed silica particles are | |
Subjected to the heat treatnent at [err] or higher, condensation wl]l occﬁf’
mutual |y between the silanol groups anong these hydroxyl groups on the
silica surfaces, to result in stapii%zgtion of the surface. Wen heat
" treated 25 at a tenperature bel ow400C, the adsorbed water is renoved to
reduce the water content in the funmed silica, but when returned to nornal
tenperature, it absorbs - 20 - again water to a'water content equal to
that bef oREr@RRECH rBRAERRAEY L HOARY eire i TIPURE e P L EE WIS ISt at ure of [err]
or higher, water is |jberated. through conden- tion of the hydroxyl groups
on the su?f’é%é?o‘éiﬁb%it%"é‘?”é? ot Y é?“rc‘brﬁéﬂih% Starkedly smaller -«
‘as conpar Lt t lrea t V. en returned to ;

§0oMLL0, ) hgé\l fﬁ%ﬁ%ﬁr t%fb%]@%{u-.éf #f@{‘ a Sa'dibn

normal tenperature. ydroxyl ™ gr oups canrot” conpl etely be
renoved, LBgefesiaidl SHMRInOThYES OXY] eI 46 Gy eni ent for 10
hydrophob%c??ﬁ'nnd??%cation ?ré%t&g%t ?ch is to be effected as the

post-§reabepility SESRrE&dd hexiweind reatemtsdmy dumgauduct ed by, for
may be the same or different. |
Typical examples of the coupling agents of
the formula (1) are enumerated below.

Compounds having vinyl group: ' ) <

10 H2c=CHSic13
H2c=chi(oc2H5)3

3
H2C=CHCHZSi(CH3)C12

H2C=CHCHZSiCl

| H,C=CHCH,S1 (CH,) ,C1
15 H,C=CHCH,S1 (0C,H) 5
H2c=cﬁSi(oczn4ocn3)3
(H,C=CHCH,) ,SiCl,
(H2c=ca)2si(oc2H5)2
(H,C=CH) 3510C,Hg - ' A
20 | H2¢=cn4<:>~CHZCHZSi(ocn3)3

Compounds having glycidoxy group:

oy

CHZ-CHCHZOCHZCH2CH231(OCH3)3
\°/

o}
CszcHCHZOCHZCHZCHZSiCH3(OC2H5)2

oHs O

o)
25 o
QEZ;QHCHZOCH2CH2CHZSL(CH3)ZOC

0

0
<;C)-CHZCH251(OCH3)3



exanpl e, leaving fine silica powder to stand in an electric furnace at a Py
t enperature of 400C or higher 15 for a suitable length of tinme. So far """
as e character- istics of the devel oper are not narkedly | owered, the
heat treatment method is not particularly linmted, but any desirable net oﬁﬁ>
can be enployed. The heat treatnent tenpera@ur<e may be preferably [err] to—
[err], 20 Particularly [err] to 1000C. The tinme for the heat treatnent
may vary depending on the treatnent tenperature, the sizes of the funmed
silica particles @, A 1. S1i:CS, generally range from one
m nute to 10 hOUFSTAé%Lnﬁialildﬁfgﬁ%i £ ‘nutes to 10 hours, which
can be determ ned with a magsed &oH. w8l di@®drgroscopicity as the result of
t he heat treatnent nay becone 26 & HBelow 3321 - (particularly 3% or
bel ow). The hygroscopicity Hscwﬁzsw@ﬁmc?ug)ﬁcti ng the heat-treated funed
silica particles to standing o a“sat@urate gueous solution with sodi um
thiosul fate at tonpmursiy hawing methadryli dirioppaf 78% for about one week
and thereafter to neasurenent of the heating red ion curve from nor nal
tenperature td 4000C. by means of ‘a thernobal ancq, 3and deternining its
reduced quantity as the hytﬁﬁ3C)2C=?‘C°°CH2C32CH231C12

CH '

3

(H3C) ,C=C-COOCH,CH, CH, S1 (OCH;)
CH

3
3
CHZSi(OCH3)

2

CHj

CH CH

3\/ 3
CH3 ] CHZCHZCHZSi(OCH3)3

15  Compounds having ureido group:

HZNCONHCHZCHZCsti(OC2H5)3

In particular, preferable silane coupling
agents to be used in the present invention are compounds
s having an amino group, examples of which are those
20 ~ having the structural formulas as shown below:

3 H,NCH,CH,CH,S1i (OCH;) 5
H,NCH,CH,CH,S1 (OC,H;) 4
CHq4
HzNCH2c32CHZSi(OCH3)2
o 25 | CHy
H

2NCH2CH2NHCH2CH2CH281(OCH3)2



picity. 10
Gggiention, the funed silica,
scri bed above,

a hydrol yzabl e group and a non-hydr gz

tetraval ent center atomof Si or Ti.

agent may include those represented by the fornmula (1) 20

RnSSi Yn

to 10 carbon aﬁaﬂﬁogﬁgﬁzﬁﬁzﬁﬁzﬁ%i?é;és
| sobut oxy, penﬁy&e ycﬁng§éﬁech éﬁzég(gFgB?ups_

are integers sa2|s grng the2reka

containing at }ege exf NRuCMI
net hacryl, and are?ao Qro%% H?M

part of the hyﬂ o Jo<Tololl RACH
et her, ester E g1no g?ﬁﬁﬁ ?eﬂé
| > HsCy

H5C2OCOCHZCHZNHCHZCHZNHCH

I U

é

For obtaining the devel oper of the present

optionally subjected to the heat treatnent
is treated with a coupling agent.
herein conprises a silane type or titanate type coupling 15

as”
The. coupl i ng agent u§Eﬂ
agent, having

Lyzabl e organi c group bonded to the

For

ya?Fgéxqﬂeg?oéarbyl

bfﬁo@ﬂ
i SO th

OCOCHZCHZNHCH CHZNHCHZCHZCHZSI(OCH

2

BXxy,

exanpl e, the silane type coupling
shown bel ow
erein Ris an al koxy group having 1
propoxy, isSo- propoxy, butoxy,
or a chlorine atom mand n
4; Y is an organic group

22 - nercapto,
group in which a

Sltuted w th a carbonyl,

33
CHZNHCHZCHZCHZ

‘Si(OCH3)3

CHZNHCHZ

H3COCOCH2CH2NHCH2CHZNHCHZCHZCHzSi(OCH3)3

10 H

H2N4<:>F81(0CH3 ) 3

AsC 2>N-CH CH,CH,S1 (OCH;) 5

<:3>Nﬂcnzcnzcnzsl(ocn3)3

HZNCHZCH2NHCH2

H,C ’
3" >u{0O)-si oc,8,)
H3C

15

HZNCH24<:>FCH2CH281(OCH3)3.
CH,CH,Si (OCH;) 5

HZNCHZCHZNHCHZ

HOCHZCHZ-

HOCHZCH2

20 (H3CO) SiCH

2772
(H3CO)3SiCH2CH2CH

2

2

(H5C20)3SiCH'2CHZCH2

CH,CH -NH?H

~NHCH

NH

CH,CH

2772772
2CHZCH251(OC H

(H5C20)3SiCH

H ;CNHCH
25 H,N (CH,CH,NH) ,CH,CH,CH

H3C—NHCONHC3HGSi(OCH

2

N-CHZCH2¢HZSi(OCH3)

2
2

oHg) 3
Si(OCH3)3

3)3

CHZCHZSi(OCH3)3

3

X

o~

gy

[
-



5 pIuraiity of Rand Y existing in the same conpound may be the same or_ .- .
different. Typical exanples of the coupling agents of the fornmula (1) a"‘r

entwer at ed bel ow. Conpounds having vinyl group: 10 [err] [€
[err] [err] [err] 15 [err] ['err_"]2 err] [err] [err] 20
[err] Compounds having glycidoxy group: [err]~[err] 25 [err] [err] - 23-
Compounds havi ng nercapto group: '
| In the above compounds, the alkoxy grou?
may be replaced by chldrine atoms.
As another group of silane type coupling
. . agents, there are cation type unsaturated amino-

5 functional- silanes represented by the formula (2)

shown below:

@ .0
[ Xn?i-Q-ll\l-z-?-CHZ ] Y | 2)
LA A

5-n 1n r?

10 . . wherein X is a hydtoxyl’group or a hydrq-
1y2able'group} R is an alkyl having 1 to 6 carbon |
atoms; n is an integer of 1 to 3; Q is a divalent
hydrbcarbon group, ‘or an organic group containing
oxygen in.the form of -COC-, -COC-, -%-, or -éOH _

15 | _' | | 0
or nitrogen in the form of R2N= group, thé-rest, if

any, of the organic group comprising a hydrocarbon

unit in most cases;R1

is a hydrogen atom, an alkyl
;,' group having 1 to 6 carbon atoms or a heterocyclic
20 organic grou§ having nitrogen atom in the ring; m
B is 2; Z is a divalent organic group having a
double bond conjugated with —-C=CH,, and bonded through
. 12
through C-N bonding to the nitrogen atom on its left
25 | side; R2 is a hydrogen atom or an alkyl having 1 to

6 carbon atoms; and Y is an acid anion.

More particularly, X is a hydroxyl group or



err] [err] Conpounds havi ng nethacryl group: [err] 15 Conmpounds having
J do group: [err] In particular, preferable silane coupling agents to bg)
£ I

d'in the present invention are compounds havi hg an am no group, exanp
whi ch are those 20 having the structural formulas as shown bel ow
[err] - 24 - [err] - 25 In theabove conpounds, the al koxy group nmay
be replaced by chlorine atons. As anot her group of 'silane type coupling
agents, there are cation type unsaturated am no- 5 functional silanes

represented by the formula (2) shown below [err] (2)
hydrolyzable grou -such as alkoxy group, aryloxy

group, hydrogen atom; acyloxy group, ketooxime group,
amino group, etc. The "hydrolyzable'group" herein
mentioned means a group which can react with waﬁer

5 at room temperéture to form a silanol.

R is a lower alkyl having not more than 6
carbon atoms. The R groups bonded to the same silicom
etom may be the same or different.

. The binding group Q between the silicon atom \/
10 and the nitrogen atom is constituted of carbon,
hydrogen, oxygen or nitrogen, containing oxygen in
the form 6f carbonyl, ether, ester or hydroxyl or .
containing nitrogen in the form of amide.
Specific.examples of Q are divalent hydfo-
15 carbon groups, carbonyl groups, ether grduﬁs, ester.

groups or a group having a hydroxyl group as shown

@)

below: ?H
| -CH2CHZCH2CHCH2CH-
Alternatively, Q may also contain nitrogen as shown
- 20 below:
-CH2CH2CH2NHCH2CH2- '
. -(CHZ)-I[\T- (CH2)3- ’
C2Hs
25 CHj

O

Ry



10 wherein X is a hydroxyl group or a hydro- |yzable group; Ris an alkyl .
having 1 to 6 carbon atons; n is an integer of 1 to 3; Qis a divalent T
hys¥ocar bon group, or an organic group containing oxygen in the form o
-COC-, [err], [err], or [err] 15 or nitrogen in the formof [err] group

the rest, if any, of the organic group_ceg#prjsing a hydrocarbon unit in
nost cases; [err] is a hydrogen atom an al kyl group having 1 to 6 carbon
atons or a heterocyclic 20 organi ¢ group having nitrogen atomin the
ring; mis 2, Z |s a dival ent organic group having a double bond
conjugated with [er rg} padséaceedt tneegéndénoughf fodN tiondgreups suen
nitrogen atomon its left 25 side; [err] is a hydrogen atom or an aIkyI
having 1 to 6 caslhydrggerns atom), dlkylagracps aimddarvbpeRpand ivetendy, X is
a hydroxyl group or - 26 - a hydrolyzable group such as al koxy group,
~aryl oxy group, w@llbgersmm hayingy njitapgerkeinoinge Yirgipasansirwnyr oup,
efc. The "hydrol yzabl e group" herein nentioned neans a group whith can
react with wat ePeLOWt roomtenperature to forma silanol. Ris a |ower

al kyl having not nore than 6 | |
. N -
SN
| cI:H2 CH, CH, CH,
: CH CH : H, CH
2 2 2. 2
5 \/ V4
_ . 0 ' CH,
b; .
( [
CH CH CH iﬂ
CH—CH . CH— CH-CH3

. Z. is a divalent organic 'gréup cdnstituted of

‘carbon, hydrogen and oxygen as mentioned in connection

10 with the group Q,  and is further chéfacterised by
having a double Bond.conjugated with a vinyl group. 2

is bonded through carbon-nitrogen bonding to the
nitrogen group on its left side. Exampleé of such
divalent groups are arylene group, carbonyl group and

15 vinyl group.

|
<}

R2 is. a hydrogen étom or an alkyl having 1 to 6
carbon atoms.

Y'is a hydrogen atom; chlorine, bromine,

o



Ve

arbon atoms. The R groups bonded to the sane silicon atom may be the same_
r Qlfferent The bi nding group Q between the silicon atom 10 and the
nltrogen atomis constituted of carbon, hydrogen, oxygen or nitrogen,
cont ai ni ng oxygen in the form of carbonyl, et her, ester or hydroxyl or
containing nitrogen in the form of _aggde. Specific exanples of Q are
di val ent hydro- 15 carbon groups, carbonyl groups, ether groups, ester
groups or a group having a hydroxyl group as shown below [err]
Al ternativel tain,nitrogen_as el.ow. [err] 25

also ¢
27 - [err]l?ii%%fee eﬂnlﬁﬂéggﬁd3ﬂ999 FP% fﬁecﬁfgﬁﬁgggﬁsha5§°ﬂydrogen atom
o 970U Shak | Skab R, “BB-ELE' ngBHG BRaEOME" g0 (100D 0 (P
carbon, hygt 9950, A0daR¥¥ASNsA £IEA bAZ6H, | B1€2ARECEHABN, etc. ’
Typical examples of the compounds represented
5 by the above formula (2) are enumerated below. These
compounds can be prepared by the reaction between amino
functional silanes and conjugated unsaturated alkyl -
halides. Alternatively, they can also be prepared by
the reaction between silicon alkyl halides and con- \J
10 Jugated unsaturated aliphatic amines.
[(c3n70)251 cn24<:>-cn cnchZNH4C:>-c CH, J CH cég
. Ej) CHs c2H5
CHq

yr

Q
vCH3O)3S;-(CH2)3NCH2CHZTHCHZCHZ-O-E-CH=CH2] Cl

15 ' CH3 0
c12?1-CHzcnzcuzncnzcnzc-c-cnz] Br
. .
CHj (C,Hg), O CHy
PCZHSO)3SiCHZCHZCHZOCTHCHZCHZE-CH=CH2] c1
20 o ~ CH3 ™ o -
C2H5 e
_ ® © - .
_Pcn3o)2?1-(cnz)12-?-CHZCH24<:>»CH-CHZ] CH,CO0 J
C3Hy "y
. . @
25 PC4H9)2?lCHz-E-CHZN-CHz?HCHZCHZOﬁ-?-CHZ]_HSO4 (:)-

OH 0 H, OH o CH3



10 wth
bond conjugated with a vinyl group. Z is bonded through carbon-nitrogen

bosei ng to the nitrogen group on its left side.

the group Q and is further characterised by having a doub

groups are arylene group, -carbonyl gr@8p-and 15 vinyl group. [err] is

hydr ogen atom or an al kyl

chl ori ne,

ani on,

or,

broni ne, The &pove gdtden §ypgnupsprinEasafoaminefuastteaprabxy

for

sul fate ani on,

represented 5 byt]-,_t tgetn%lm:v ff%%has(ié’%_cgre enuner at ed bel ow. These
y

conpounds can be p% epar ed € réa

le, f t i on, t i on, ph hat ion,
AATARe o G 20e0 99 B8 L5RaRERERIBFaFRCL BB pounds

apd conj ugated unsat y,ahef <dl el chial ideanafh! eyBal LYBbYing EYeren al SO

prepared by the reaction between silicon alkyl“hal

an n- 10

e :
Exanpl es of such divd(§§2>

Dy

having 1 to 6 carbon atons. Y is a hydrogen atom

| at e

61 bet ween anmino functional silanes

be

jugated unsél ur afyfifl villd RN icomPBuREs. reprekehte@HByethe following formula:

O

10

15

20

25

R ~Ti-X_ ' (3)
wherein m and n are 1 and 2, 1 and 3, or 4 and 2,
respectively; R is an alkoxy having 1 to 10 carbon

atoms such as methoxy, ethoxy, propoxy, igopropoxy,

butoxy, isobutoxy, pentyloxy, etc. or sz-Z>> %—-:Z>> '
. . CH, - CH,
O or

provided that when m is 1 and n is 2, R is CH,-

>

0 | 2

X is -0-CH,-R

- ; §<<Q-R1Y
2~R¥, -0-CO-R;¥, -0-S0,-R,Y, -O-

O-R1Y

0 o= O-R,Y H OR.Y
ﬁ O-R ¥ =1 -g ! or -0-R,Y
-O-P—O—P<:o o O R Y 1

LH -R,¥ 1 1 : |
{in the above formulae, R1 is a saturated or unsaturated
divalent aliphatic group having 1 to 34 carbon atoms
such as +CH2+X,

CH CH

3 {3

|
{CHzfxCH—CHZ— r =CH=CH- , -CH=CH-

where x is an integer of 1 to 31, or a divalent
aromatic hydrocarbylene group; Y is a hydrogen.étom
or an amino group; and a plurality of X, R1 and Y
existing.in the same cbmpound being the same or

different, respectively);



R0 - The above cation type unsaturated am nofunctional silane can be also
2% as its hydrolyzate for treatnent of fumed silica. Exanples of the ;“J
N~Fanat e type coupling agent 5 i ncl-ude the conpounds represented by the
following fornmula: [err] (3) wherein m
and n are 1 and 2, 1 and 3, or 4 andd@,-respectively; R is an al koxy having
1 to 10 carbon atoms such as nethoxy, ethoxy, propoxy, isopropoxy, 10

but oxy, isobutoxy, pentyloxy, etc. or [err], provided that when mis 1 and
nis 2, Ris [err] or 15 J[err] Xis [err] 20 (in the above fornul ae,
[err] is a saturatedypicais@xamgles G dthentt ansies ityme aquplaving 1 to 34
carbon atons such as [err], [err] 25 . where x is an integer of 1 to
31, or a dmwalaaﬂnt@rmijél%(ﬁ}%Reﬁﬁ%}?@Wate\dﬂl@]epmydrogen at om or
an am no group;_and a plurality of X, R and Y existing in the sane
conpound be|nggﬁﬁﬂéﬁﬁﬁaﬁiﬂihfferent r esfieRqnigal \structure

Isopropyl trlstearoyl ?H3 P
’ CH3-CH—O-T1{O -C- C17H35]3
Isopropyl trioctanoyl 0?3 ' ﬁ o =
titanate CH3—CH-0-T1{O-C-C7H15]3 B
| o/
Isopropyl diisostearoyl _? - '
cumylphenyl titanate ' CH /4é C-Cy7H 35J o
' | CH3-CH-0-TL\O 2
Isopropyl disteafoyl ﬁ
methacryl titanate ?H3 ' //{O-C-C17H3§]2
~ CH,-CH-O-Ti . -
—0-C-C=CH,, bt
0 CH3
Isopropyl dimethacryl ' @"
isostearoyl titanate TH3 //—O- ~Cq7H35
CH3-_CH-O-Ti '
o-C-



- 30 - Typical exanples of the titanate type coupl- ing agents may incl

t hose as enunerated bel ow. Chem cal nane Chem cal struct

| s&pf opyl tristearoyl [err] Isopropyl trioctanoyl

[err] titanate |sopropyl diisostearoyl cunyl phenyl fitanate [erT]
| sopropyl distearoyl nethacryl titanate = 31 = [err] Isopropyl

di net hacryl isostearoyl titanate [err] - 31 - Isopropyl
tri dodecyl benzene [err] sulfonyl titanate |sopropyl diisostearoyl

acryl titanate 1sopropyl triBBaktyhBepzapgl diisegtearoyl diacryl

“titanate [err] Isopropyl trl(di'oct)yl3 phoiphﬁtez titanaje

err =CH~0~ - -
[ ] sulfonyl titanate CHy~CH-0~Ti10-S C4oHsg

-

3

Isopropyl diisostearoyl o

_ CH3 i
acryl titanate . | 0-C-C17H35]
CH3-CH—O-Ti 2
| 0-C-CH=CH, ~
i
0
Isopropyl diisostearoyl 0
| CHy o-bc, m
 diacryl titanate //’ ~17735
: CH3-CH—0—T1 .
\\{o—c-cn=cné
|
- o 2
Isopropyl tri(dioctyl- | CH, o] .
!,/°‘°8H17
phosphate) titanate CH3CH-O-Ti o- N
0-C . H
87177,
s Isopropyl tri-n- . ' CH3 ﬁ
stearoyl titanate CH3-CH-O-Ti-EO-C-C17H35]
: . 3
- Isopropyl 4-aminobenzene E-
sulfonyl di(dodecyl- CH, /ro-f NH,

benzenesulfonyl) titanate CH3-CHfO-Ti



sopropyl tri-n- stearoyl titanate [err] Isopropyl 4- an1nobenzene
j!fonyl di (dodecyl - [err] benzenesulfonyl) titanate \_/

gopropyl trinethacryl titanate [err] Isopropyl
tricunyl phenyl titanate [err] |sopropyl
di (4-am nobenzoyl) isostearoyl titangje_ [err] |sopropyl
tri(dioctyl pyro- phosphate) titanate [err] Isopropyl triacryl
titanate [err] Isopropyl tri(N, N dinethylethylam no)
Lert] i ¥Ropyt SiredSOBEPPY! 1T We%ﬁg" am nog! Tx;am o)
titanate _ CH3—CH-Q-Ti-[O-C-C CHz]
. : ) . 3
Isopropyl tricumylphenyl CH- :
titanate | CH3-CH—0-T14?04<:>—C—<ijﬂ
. CH3
Isopropyl di(4—aminobenzoyl) o) .
: CH, g '
' isostearoyl titanate | 0- ﬂ<:>-NH2 ~
CH3-CH-0-T1\~O . 2
1 C17M3s
o.
Isopropyl tri(dioctjlpyro- CH3 0 0
phosphate) titanate cn3-cn-o-Ti—Eo- -o-g” s 17} -
H 0=CgH17 3
Isopropyl triacryl CH, 0
titanate | CH3-CH-O-TirEO-C-CH=CH2}- \/
3 .
Isopropyl tri(N,N- - CH, 'CH3-
dimethylethylé.mino) CH3-CH-O-Ti-F0-CH24CH2-N J
titanate | | | éH3 3

O



titanate |Isopropyl trianthranyl titanate [err] |sopropyke™s
octyl, pyrophosphate titanate [err] Isopropyl di(butyl, nethyl .

pyrephosphat e)

[err] titanate Tetrai sopropyl di(lauryl-

phosphite)titanate [err] Tetraisopropyl di(octyl phosphlte)tltanate

[err]

- 34 - Tetraoctyl di(tridecyl- phokbhtte)titanate [err]

Tetra(2, 2-diallyloxynmethyl- 1-butoxy)-di-(di-tridecyl)- [err] phosphite
titanate Diisostearoyl oxyacetate titanate [err]
| sost ear oyl netha&bﬂrdpQMMxﬁixuiéﬁHjﬂuuea CH, [err] Isostearoyl -acryl

oxyacetate titanate [err]

a h -CH-0-TitO- -NH- -
minoethylamino) - | CH3 CH-O Tl{O CZH4 NH C2H4 NH2J3
X titanate .
Isopropyl trianthranjl ?H3 i
titanate _ CH3-CH-0-TirEO-C](:§-NH2]
3
; Isoprop 1 octyl, butyl CH 0 O
U >'4 yi, Y | 3 . j, u
pyrophosphate titanate CH3-CH-O-Ti-—[O-P-O—P// 8 ’7J
| OH 0-CyHg 73
Isopropyl di (butyl, 3
_ 0-C,Hy
- methyl pyrophosphate)  CH;-CH-O-Ti O-P-O-P<: J
: , O-CH
titanate OH 3 3
o Tetraisopropyl di(lauryl- CH3 | _
phosphite)titanate (CH3 -CH-0}+Ti [P(-O C1 28, 5) 2 J
2
4

O

Tetraisopropyl di(octyl- '?H3
phosphite) titanate (F

H4~CH~0 Ti-[P-('O-CsH”)ZOH]

4 2



oxyacetate titanate lerr]

- Di (di octyl phosphat e) -
m nobenzenesul f onyl - dodecyl benzenesul fonyl - oxyacetate titanate
err] ‘Di met hacryl oxyacetate titanate [err]
D cunyl phenol ate oxyacetate titanate ' [err] - 36 -
4- Am nobenzoyl i so- stearoyl oxyacet &g - [err] titanate
D (di octylpyrophos- phate)oxyacetate titanate [err] D acryl

oxyacetate titanate

[err] D (octyl, butylpyro-

pohsphatehp&#gg%g?l dlltrléecyl- _
' i | (CgH, ;=03 Ti- [P+o ~C,3H,4) 20H),
rhosphite) titanate
Tetra(2,2-diallyloxymethyl- [ _(cnz—o-cH-cn=cnz)4
. 1-butoxy)-di-(di-tridecyl)- C,Hg~-C~CH,0 B

phosphite titanate

Diisostearoyl oxyacetate

titanate

Isostearoyl methacryl

oxyacetate titanate

Isostearoyl écryl

oxyacetate titanate

~i. (P-(0-C, 4H,,) ,0H);

0
” I
- C-
| 0:>Ti'{°‘c'c17335J
CHZ -0 2
o] 0
I I
- /’ -C—
CHZ O 0 C-C= CH2
o] CH3
o) 0
g O. O- g -C,4H
\\Ti// 17735

CHZ-O” No-c-cH= =CH,

o)

()

)

Q



titanate Dii sostearoyl ethylene titanate [err] - 37-

q&%ﬁaroyl nmet hacryl - ethylene titanate [err] D (dioctyl phosphg¥e
eth ene titanate [err] 4- Am nobenzenesul f onyl -
dodecylbenzenesulfonyl [err] ethylene titanate Di nethacryl et hyl
titanate [err] - 38 - 4-zgnshozenzoyi isostearoyl
[err] ethylene titanate D (dioctyl pyrophosphate) ethylene titanate
[err] Diacryl ethylene [err] titanate D anthranyl ethylene
Di (dioctylphosphate) - 0
o)
oxyacetate titanate C-0__ .
. _ ' | Ti—0-P40-C.H, ) J
_ CHz-O” 871772
4-Aminobenzenesulfonyl-
. 0
" dodecylbenzenesulfonyl- o : "
| 0-8 NH
oxyacetate titanate c-o\\\ ‘// " 2
| JTi (o}
'
- Isl'O'anzs
0
Dimethacryl oxyacetate O '
' f o)
titanate - c-0_ I
l >Ti~£o-c-c cazj
CH,-0 | _
_ CHy 2
st Dicumylphenolate o
oxyacetate titanate ? O
_ | : CH2 0 :
L - | | | CH3 -2



Rkanat e [err] Di (butyl nethyl pyro- phosphate)ethylene.
] titanate - 39 - The silane type or titanate type coupling agent.@g
scri;bed above may be enpl oyed alone, or alternatively, two or nore kinds
of coupling agents selected fromone or two types can be usedas a m xture.
_ As the nmethod for treafing the funed fine silica particles
with a coupling agent, it is possibl™e to use a wi de scope of treating
nmet hods of both dry - and wet mnethods, because the coupling agent to be
used in the present invention reacts readily with the 10 bonded wat er
possessed4chminebengoyligeysical |y éist- ing ofthe surfaces of fine :
silica particles_to be covered theréon., For ex into a m xi ng machi ne

such as aSHEREPH| oxyacetate, balllﬁﬂqv\{#{u?Qﬁq PH1icles and an .

appropriate,amount of a coupling 1 e, charged, and dry m xi ng
is carri e%l'dﬁf".agﬁl ternatively, a cgﬁb“?% agertt ey BEssli ssolved in a

suitabl e solvent, and fine silica particles areharged into the resultant =
solution, followed by mixing, and thereafter the solvent is renoved. '

Di (dioctylpyrophos- O : ' ' . -
I 0 o©
phate)oxyacetate f-o\\\T'—{o ! o gfc )
i J » JUN o TENY - e
titanate CHZ-O’/ I 8717 ] \/
OH _ _
2
Diacryl oxyacetate ?
" titanate . c—o i
| Ti— 0-C-CH=CH
CH —0/, 2
2 2
Di(octyl,butylpyro- o] :
| I O © —
pohsphate) oxyacetate ?-—-0\\Ti o-g-o-g”o-C8H17 \O
 titanate  cH,~0” |~ Noenm
’ ' OH 479
2 k-3

Diisostearoyl ethylene

CH.,-0 |
titanate I 2 \\Ti O0-C-C, . H
7~ 17735
CHy~0 2



20 Vari ous other nmethods may al so be avail able. A coupling agent may b
used.for the treat- nent at a proportion of 0.01 to 20% (preferably O.
10@&/based on.the fine silica particles. In order that the charge
controller of the 25 present invention can have a desired positive c 0-
ing controlling characteristic, it is requi¥®dto have a val ue of

hydr ophobi city within the range from 30 - 40 --to 80, as neasured by the
met hanol titration test. The "methanol titration test" defined in the
present inventi o doxteayopintmetthadrylydr ophobicity is gon- ducted as

follows. 5 - Sample fine silica particles. (0|p g) are charged
into 50 mM of watedhyilere AStarate | enrreyerCHsz-fO ask Hsjieadded
dropwi se froma buret until the whole anant of lical tted

therewith. During this operation, the cont@y=Qn theCHCxﬂeG

constantly stirred by means of a magnetic stirrer. The llerld p0|nt can be
observed when the total anount of the fine silica parti®I&g is suspended in
the liquid, and the hydrophobicity is represented by the percentage of the
methanol in the liquid mxture of 15 water and nethanol based on the
guantity of nethano

Di (dioctylphosphate) | | -
. 0
ethylene titanate CH2 O;\ |
(I:H _0/‘1‘1 0-P-(-O-C8H17)2J
’ 2 N 2
s '
4-Aminobenzenesulfonyl-
_. dodecylbenzenesulfonyl ///°-S~<:>FNH2
 ethylene titanate CHZ- N
-ana ) _T
CH2 0 \ .
o-3 C12H25
O
Nt - 'Dimethacryl ethylene 0
- CH o\ I
titanate O-C—C CH
- CHZ-O

2

.
1]



added on reaching the end point. The funed silica particles treated with a
coupli.-ng agent as descri bed above have a hydr ophobi city wi.thin the range q:}
spea ¢d above, when the coupling 20 agent enployed is a titanate type.
§ when treated with a silane type coupling agent alone, the
resuNLant particles will lack in sufficient hydro- phobicity. Accordingly,
in this case, the hydro- phobicity ts3&equired to be controlled wthin-the
25 range from 30 to 80 by use of an appropriate hydro- phobicity
nmodi fier. As such a nethod for hydrophobi - C|ty<ﬁndification, t here may
be used any#-Astinokdozoyl iisostearblyr the art, lnus Wwreferred to use
as the hydrophobi- city nodifier an organic SI| cdh npod%d reactive with
or capabl e m@ﬁﬂﬁgﬁﬂﬁﬁﬂaﬁﬂ | y adsor b&H o fymed® fine silica particles or .
an siliconeoil capable of 5 wetting and coggﬂhng the funed silica
particles. Exanple of the organic sil Qﬁyﬂétonpbunds i ncl ude:
hexanet hyl di si l'azane, trinethylsilane, tri- net®AdGia i | ane,
trimet hyl et hoxysi | ane, di nmet hyl - dichl orosil ane, methyltrlchlor05|lane
al Iyl di met hyl - 10 chl orosi | ane, aIIyIphenyIdlchﬁbr05|Iane benzyl di -
met hyl chl orosi | ane, brononet hyl di et hyl chl or osi | ane, -

Di (dioctylpyrophosphate) ?Hz 0

Ti-
ethylene titanate ' CHZ-O’/ '
.0 o |
i 1] '
O-f—O-P*O-CSH.I 7) 2
OH 2
Diacryl ethylene 0
CH,-0 |
titanate | 2 Srito-c-crs=cH
' CH,-0" 2
2 2
Dianthranyl ethylene

O

titanate | i o-c NH,
. Lo g

Di (butyl,methylpyro- _ o ©
_ - ' o-C,H
phosphate)ethylene [ 2_ S 0—&-0—&”’ 4 9]

O

titanate ’ OH 3 2



chl or onet hyl di net hyl chl orosi |l ane, triorgano- silylnercaptan,

a-chloroethyltrichlorosilane, B-chloroethyltrichloro- silane, : .

t riwet hyl si | yl mercaptan, triorgano- 15 silyl acrylate,
vinyl di met hyl acet oxysi | ane, and further 'di net hyl et hoxysi |l ane, o

di met hyl di met hoxysi | ane, di phenyl di et hoxywsi3gne, hexanet hyl di sil oxane, 1,-3- .
~divinyltetranethyl di sil oxane, 1, 3-di phenyltetranethyl- disiloxane, and

di et hyl pol ysi | oxanes having 2 to 12 20 sil oxane units per nol ecul e and

cont ai ni ng each one hydr ox rOHP qgﬁgit [ Its and
[ These may be useg#’ one ogré) a n%dséjjf%{%%g%emgepor ér%g'lrpe (#rpounds.

the like.

The silicone oil JedteRL RSN BNa tdbove may Bdlp o]féf%o]al %000

preferable silicone oils, those having viscaosities

Ut

centistokes at 2&&@4@1@&@@;1 £wo Gt e asind £l ey %&@ﬂmﬁﬁ@t hyl

silicone oil,
~chl or ophenyl

l'i ke.

O
.-'I

di met hyl silicone oil, phenyl nmethyl 5 silicone oi

net hydledttdd adhmomnidne a:hkytlwo nBeods athrsibe ol asla rffzaiﬁute.
acid-nodi fied silicone oil, polyoxyal kyl ene-nodified silicone oil and the

10

15

20

25

These 5my be enpl oy@ls siheyinetthod nf@ontyeritiron. the fumed fine

silica partlcles with a coupllng agent, it is possible
to use a wide scope of treating methods of both dry -
and wet methods, because the coupiing ageht to be

used in the present invention reacts readily with the
boﬁded water possessed chemically or physically exist-
ing on the surfaces of fine silica particles to be
covered thereon. - For example, into a mixing machine
such as a Henschel mixer or a ball mill, fine silica
particles and an appropriate'amount of a coupling
agent may be charged, and dry mixihg is carfied out.

Alternatively, a coupling agent may be dissolved in

- a suitable solvent, and fine silica particles are

charged into the resultant solution, followed by _
mixing, and thereafter the solvent is removed.
Various other methods may also be available.

A coupling agent may be“useq fo; the treat-
ment at a proportion of 0.01 to 20% (preferably 0.1
t5> 10%) based on the fine silica'particles.

In order that.the charge controller of the
ovresent invention can have .a desired positivé-charg-
ing controlling'characteriétic, it is required to have

a value of hydrophobicity within the range from 30



The hydrophobicity nodification may be 10 carried out by treating the -
fungd silica particles with a hydrophobicity nodifier after treatment of gJ
th€ f%ned silica particles with a coupling agent as descri bed above or by
tr Ag the funmed silica particles wpith a mxture of a coupling agent and
a hydr ophobi city nodifier. To- cribe about the treatnment method, for
exanpl e, the above treating agent for hydrophobicity nodification (in some
cases, a mxture of this agent with a coupling agent), optionally diluted
with a 20to 88it a8 deafurad bynhedrethanel Eitxationttest!ica particles

by a mxer sugh as Henschel mxer, or sprayed onto silica particles. If

dgsi red-, T&Fquﬁﬁt?‘?"ﬁgr fthtrF&ff’é:f’ihe?eﬁmel‘ﬁéﬂZ%n’ent@T ePﬁﬂ%e( t&‘hel so: ven]'E e
The preferabl g ratiq.of the ¢ n gen articularly o :
si |l ane tyﬁggesg { eq%§d%géﬁﬂﬂﬁﬁ?ﬂt?ﬁ*ﬁiﬁ?éhﬁéﬁ%Fiﬁkrﬁﬁréaﬁarange of 15:85 .

to 85:15, ' he v the triboel ectric charge of - 43 - the
resultantdggggpb%gr%%%%fg%Hing the charge con- troller can be controlled to «

a desired val ue by waiiing £ ARt oAl (@ngey) i tabl e mixing
rati o al so depends on the kil%s of 'ét}:he 1J;couﬂr}hng a(gegega)n
charged into 50 ml of water in a 250 ml-Erlenmeyer's

flask. Methanol is added dropwise from a buret until
the whole amount of the.silica is wetted therewith.
During this operatibn, the content in the flask ié

10 constantly stirred by meéns of a magnetic stirrer.
The end point can be observed when the total amQuntl
of the fine siliqa particles is suspended in the
iiquid,'and the hydrophobiqity is represented by the
percentage of the methanol in the liquid mixture of

15 water and methanol based on the quantity of methanol
added on reéching the end point.

ey The fumed silica particles treated with a

coupling agent as described above have a hydrophobicity

O

within the range as specified above, when the coupling
20 agent employed is a titanate type. However, when
treated with a.silane tYpe coupling agent alone, the i
resultant particles will 1a¢k in sufficient hydro-
phobicity. Accordingly, in this case, the hydro-
phobicity is required to be controlled within the
25 range from 36 to 80 by use of an approbriate hydro-
phobiciﬁy modifier. As such a method for hydrophobi- <:>

city modification, there may be used any method known in



5 the hydrophobicity nodifier enployed. The total quantity of the couplFfg
agggz and the hydrophobicity nodifier nay be preferably 0.1 to 30% ngre<
pre&trably 0.5 to 20% of the funmed silica particles. The binder resiN 5
the toner of the 10 present invention nmay be conposed of honopol yners of ;
styrene and derivatives thereof such as.pol4btyrene, poly-p-chlorostyrene, ’
pol yvi nyl t ol uene, and the |ike; styrene copol yners such as
styrene-propyl ene copol yner, styrene-vinyltoluene copol ymer,

styrene-vi nyl naphif-ad, hebe€onlprefersddrevaus@tdy | tHe 'y @ Sphobi-
copol ymer, styrene-ethyl acrylate copolymer, styrene-butyl acrylate

copol yner, styrensiinctnddified e cogan joresil ston erempainy | rewd bbed VW bdle
copol ynmer, styrene-ethyl nethacrylate copol ynmer, styrene-butyl nethacryl ate
20  copol ymer, suyrcapalle rqf deingrphysicablhadsoribed copbd yiemed
styrene-acrylonitrile copolymer, styrene- vinyl nethyl ether copol yner,
.styrene-vinyl et fineisikicnRastitlesigr ar-sihicmaall apapte c@éol ymer,
styrene-butaq%ene copol yner, styrene-isoprene copol yner, 25

styrene- acrylbni t1ettelih Ak Q¥RAiAEth tm-%’a}’iﬁ% RRrficles.

copol ynmer, styrene-mal ei ¢ acj d esfer copol yner nd the like; pol t hyl
met hacryl ate, pol ybutyl %xqu?sie of “te orgénfc sxflconecdm ounds

include: hexamethyldisilazane, trimethylsilane, tri- -
methyléhlorpsilahe, trimethylethoxysilane, dimethyl-
dichlorosilane, methyltrichlorosilane,'allyldimethyl-
10 chlorosilane, allylphenyldichlorosilane, benzyldi-
methylchlorosilane, bromomethyldimethylchlorosilane,
a~-chloroethyltrichlorosilane, B-chloroethyltrichloré—
silane, chloromethyldimethylchlorosilané,-triorgano-
silylmercaptan, trimethylsilylmércaptan, triorgano-
15 silyl acrﬁlate, vinyldimethy1acetoxysilane, and further -
dimethylethoxysilane, dimethyldimethoxysilane,
,,diphenyldiethoxysilane,:hexamethyldisiloxane, 1,3-
| divinyltetramethyldisiloxane, 1,3-diphenyltetramethyl-
W, -_ | disiloxane, and dimethylpolysiloxanes having 2 to 12

20 siloxane units per molecule and containing each one

o

hydroxyl group bonded to Si at the terminal units

and the like. These may be used_alohe or as a mixture

n

of two or more compounds.
The silicone oil is represented by the

25 formula:
o R
: ' R3Si0- ?io n-SiR
R

3



neLhacryIate pol yvi nyl chloride, polyvinyl acetate, polyethylene, .
‘ Qpyl ene, polyesters, polyurethanes, polyam des, epoxy resins, Y

yl butyral, poly- acrylic acid resin, rosin, nodified rosins,

e 5 resin, phenol resins, aliphatic or alicyclic hydro- carbon

aromatic petroleun1re5|n chiyerinated paraffin, paraffin wax, etc.

These bi nder resins may- be used either singly or as a mxture. As the

‘colorant to be used in the toner of 10 the present invention, pignents or

dyes known in the rt such_as rbon. bl ack, iron black, etc. may be
'e)r/rpl oyed. Wen t r%‘f?%‘fﬁﬁﬁ?l%&%i%nﬂﬁ%ﬁbe’éhmeﬁl%ﬁi@%r have

i Ci I th t t ut at |least a '
bart of CtNASEEES eﬁs?aoﬁ a*fts "B S0 PSR e L B e A g
bl I dve k as a .

-goglt ?I vg ch rtheélglo%?g I'n ﬁ AQ |}hglccéon% éj’?a“c'ﬁ?l%\%trﬂ 11['}?"n’\éTcharge
control l ersiqq_digﬁ:rditz@d ,ﬂ;@_\%ﬂ g{@légleéegg %}Nf’r}n%fﬁl exanpl e, 20 x

various dyes such as benzyldlnethyl hexadecy I de,

decyl -3 r i nelanaTwl LMl drdsifenyl HeEHyE $EBodld BLB] Ne iyl ochl ori de,
safranine y and crystal violet, may be used. The developer toner) of the
present =i mogi-£izd sihxnonanoﬂmi(ﬁﬁtnymﬁbidhﬁd&imﬂéﬂ|gmnié5héxslt|ve char ge
controller as prepared above into a toner conprising binder particles
havi ng at didastcolyoiwslkmlene-modified silicone oil and the .

like. These may be employed singly or in combination.
The hydrophobicity modification may be ' | U
10 carried out by treating the fumed silica'partiéles
~with a hydrophobicity modifier after treatment of
the fumed silica particles with a coupling agent'as.
described above or by treating the fumed silica
particles with a mixture of a coupling agent and a
15 hydrophobicity modifier.

To describe about the treatment method, for
example; the above treatiﬁg agent for:hydrophebicity
‘modification (in some cases, a mixture of this agent
with a coupling agent), optionally diluted with a

- 20 suitable solvent, may be directly mixed with silica
| particles by a mixer such as Hehéchel mixer, or sérayed
onto eilicaznrtﬂﬂes.' If desired, drying is performed . ¢
after the treatment to remove the solvent.
The preferable weight ratio of the coupling

25 agent (particularly of the silane type) to the hydro-

O

phobicity modifier is within the range of 15:85 to

85:15, and the value of the-tribeelectric charge of



- 45 - dispersed therein. The anount of the positive charge controller A
be 0.01 to 20% based on the total weight of the devel oper for exhibitiRg

i t's“ef f ect, particularly preferably 0.1 to 3% to exhibit a 5 positive
charging characteristic with excellent stability. The charge controller may
exhi bit a considerable extent of effect wh@s contained in the toner
particles, but it is further preferred that 0.01 to 3% based on the

devel oper wei ght of the 10 treated charge controller particles adhere onto

h [ f h | | [
quant 1y of - sevorlr° FgbB3EAne  ReyBiPTRLr solta b i o E AR SR EhRL: ¢ rec't ”i f
it Qs contained kgohigyt gagry QaF:Bh(EE%ileﬁh%quaPe'srﬁ-e ( vhRuelpflvhey?

sufficient when it adhere onto the toner partic Surft aces. hi's se

it is preferred that rhheochaeasncga&aok.-hﬁ eRar bhqltamaam@xangeeat@art I CI e
size of 0.001 to 2[err], particularly 0.002 to 0.2p, simlarly as the

starting fumed sattseaaapéhael en, tRe kindisl oft khemeddplahyi ahensi aagof the
toner may prefer- ably be 1 to 100p, particularly 1 to 50p. Such an
adhering stabe othehbydhnephebdcityombdifder empdbyednedThyg addalg the
charge controller particles to a toner
quantity of the coupling agent and the hydrophobicity
modifier may be preferably 0.1 to 30%, more preferably
0.5 to 20%, of the'fuméd silica particles. |
- The binder resin for the toner of the
iO present invention mnay be-composéd of homopolfmers of
styrene and derivatives thereof such.as palystyrene,
poiy-p—chlorostyrene, pblyvinyltoluene, and_the liké;
styrene copolymers such as styrene-propylene copolymer,
styrene-vinyltoluene copolymer, styrene-vinylnaphtha-
15 .lene copolymer, styrene~-methyl acrylate copolymer,
Styrenefethyl-acrylate copolymer, styrene-butyl
acrylate copolymer, styrene-octyl acrylate copolymer,
styrene-methyl methacrylate copolymer,; styrene-ethyl
Nr methacrylate copolymer; styrene~butyl meﬁhacrylate_.
- 20 copolymer, styrene-a-chloromethyl methacrylate
- : copolymer, styrene-acrylonitrile copolymer, styrene-

vinyl methyl ether éopolymer, styrene-vinyl ethyl

.
¥

ether copolymer, styrene-vinyl ethyl ketone copolymer,
styrene-~-butadiene copolymer, styrene-~isoprene copolymer,

25 styrené-acrylonitrile-indene copolymer, styrene-maleic
acid copolymer, styrene-maleic écid ester copolymer,

and the like; polymethyl methacrylate, polybutyl



xoQprising particles of a binder resin and at least 25 a col orant
igspersed therein and mxing themin a dry powder mixer utilizing a W/
garing force such as a Henschel nixer. The charge controller may be

used
anot her part of the charge control

Ve

- 46 - to adhere onto the toner particles which already contain

inside. In order to use the toner of

the present invention in the forn1ofl%.nagnet|c toner, magnetic 5 powder

may al so be incorporated therein.

t he toner

fromO0. 05
pr ef er abl

35%

| of th

such

base

The magnetic powder to be incorporated in.

may be of strongly magnetic el enents and - all oys or conpounds :
cont ai ni ngretthemryiladiawdipalhionel kholer tde mpekyvinnhtacebatesuch as al loys |
or conpounds 10 of iron, cobalt, nickel,. manganese, etc. as exenplified by

nagnetltePQ%mﬁﬁﬁﬂﬁﬁnqmﬂﬂq%X?rQEﬁﬁ?ﬂ¢mNP%¥Y%ﬁﬁﬁ§5na@%EY?EeEP$%?§' The

magneti c pomder conventlona used. na ne ticle size of
redvamides A3t 1 Ry ey} SubRfahelve -

be .cont aij, n an - édYP ég Zggi gnrgﬁg { Pgﬁfsrlga¥015

(ﬁfltlﬁe &grr? olag‘lf)ﬁ{g} tﬁ Jgnet F 25 1% € ég %her t he toner

carbon resins, aromatic petroleum resin, chlorinated

. paraffin, paraffin wax, etc. These binder resins may-

10

15

20

25

be used either singly or as a mixture.

As the colorant to be used in the toner of
the present invention, pigments or dyes known in the
art such as carbon black, iron black; etc. may be

employed. When the magnetic materials as described

.hereinafter have sufficiently dense color, these

materials can substitute for at least a part of thé
colorant. It is also posSibié and'preferable for
imparting a sfable positive charge controlling effect
to use a dye known as a positive charge controller in
the art in combination with the charge controller as
described above of the present invention. For example,
various dyes such as benzyldimethyl—hexadecylémmonium
chloride, decyl—trimethylammoﬁium chloride, nigrosine
base, nigrosine hydrochloride, safranine ¥y and Erystal
violet, may be used. | |

The developer (toner) of the present inven-
tion can be obtained by fdrmulating the pésitivé
charge controller as prepared above into a toner

comprising binder particles having at least a colorant

& P g5, 'i:‘ff‘éhtdlo'}ecﬁh?e m%mhofaaﬂ@cmtﬁ&afa* i f desired,

QO

*

®



as iron powder, glass beads, nickel powder, ferrite powder; etc. to pe<lN
as a devel oper for electro- static |atent images. The.devel oper of |@

prgké invention is applicable to various devel opi ng nethods adopted in %=

processe§ general ly called conprehensively as el ectro- statographic _

processes. For exanple, it is applicable to4she magnetic brush devel opi ng

nmet hod, the cascade - 47 - devel opi ng net hod, the nethod as disclosed in

U.S. Patent 3,909,258 in which conductive nagnetic toner is used, the

t hod di scl i d- e n Li catl, No.
T1136/ 1678 | whi ChoRegneaneReeclR. b THICAnbahE he MR BBE1REvE chazae

net hods as disclO&eﬁtraliéﬁaﬂﬁgebbaOQqu%B E@Ee Eséﬁ ghcﬂﬁbogﬁ £09S.
42121/ 1979, 18656/ 1980 and 43027/1979, the fur rush evel opi ng fret-hod, the

powder cloud net hedighbeofnphesdeveldpee! Eprnexhebiedngandsoblkepat 10
However, one of the npbst attractive methods for utilizing the devel oper
aecordlng to the pastiaulanignprefierablizad.intohBgehtot ekhiBsedai n the form
of an |nsulat|ng, i.e., electro-nonconductive, magnetic devel oper (junping
devel oper) in3a deesitpvagcherasug gbarahtehisbmprwieh proeildleng an

electrostatic Imagtability. The charge controller may exhibit a
ccnsiderable extent of effect when contained in the -
toner particles, but it is further preferred that
0.01 to 3% based on the developer weight of the

10 treated charge controller particles adhere onto the.
tcner particle eurfaces. For example, while the
charge controller in a quantity of several to 20% ie

. required tc acccmplish the'deSired.effect if it is
contained in the toner particles, the quantity of

15 0.01 to 3% is sufficient when it adhere onto the'tonef
particle surfaces. In this sense, it is preferred
that'the charge confroiler particles have a mean
particle size of 0.001 to 2u, particularly 0.002 to

v 0.2u, similarly as the starting fumed silica particles,
| 20 while the mean particle size of the toner may prefer-
E , ably be 1 to.100p, particularly 1 to 50u. Such an

adhering state of the charge controller can be obtained

.
LA

by adding the charge controller particles to a toner

comprisinq particles of a binder resin and at least
25 a colorant dispersed therein and mixing them in a dry

powder mixer utilizing a shearing force such as a

Henschel mixer. The charge controller may be caused .



beari.ng nmenber for bearing electrostatic inages on its surface and a
=y8| oper carrying nmenber such as a rotating sleeve arranged with a
gdet ermi ned interval therebetween at the devel oping station, 20 havi ng
nsul ati ng magneti c devel qper carried in a thickness thinner than said
i nterval on the devel oper carrying nenber,. and transferring said devel oper
to the aforesaid electrostaticilnﬁﬁﬂ%deing menber at the devel oping.
station thereby to effect devel opnment, 25 as disclosed in Japanese
Lai d- open Patent Application No. 43027/1979 or No. 18656/1980. The reasons
are as foldoowriherellumto tthee atoner dearct iglew) wheidtodrlreadyB- bel onging to
t he one-conponent devel oping nethods is free froma drawback i-nherent to
t he two- cogndadm annther @gttydhetharchargpgonttreblemdinside. particl es .
that the inmage quality or the density may vary due to the 5 . charge in
quantity proportionsth@ugah thage t4e Kkorpr £ pehe iR¥eSenkd al so has an
excellent feature that toner im formation stable and faithful to the =

el ect r ost AAVENTe I thR it s BRENGLLF FORRT o PRFNSELMi f or m and thin
toner Jayer facing the electro- 10 _statig immge bearing nenber, which
enabl uﬁﬂﬂﬁ%ﬁrﬁ%ﬁeii%ﬁf%ﬁ *Wﬁ?ﬁ?ﬁﬁﬁt?%wéhifﬁ *electrostatic i nage.

—~

The magnetic powder to be incorporated in
the toner may be of strongly magnetic elements and -

alloys or compounds containing them, including those

O

known as magnétic materials such és alloYs or compounds

10 of iron, cobalt; nickel, manganése, etc; as exemplified
bv magnetite, hematite, ferrite,.and 6ther-strongly
magnetic alloys. The magnetic powder donvéﬁtionall§

—. used may have'é mean particle size of from 0.05 to 5y,
preferably 0.1 to 1u. The magnetic powder may

15 preferably be contained in an amount of-10 to 70%,
more preferably 15 to 35%, based on the toner includ-
ing the magnetic powder.

Further, the toner of the present invention

)

can be mixed with cérrier particles, if désired, such
20 as iron powder, glass beads, nickel powder, ferrite
powder, etc. to be used as a developer for electro-
- static latent imagés. ' l_ : i
The developer of the present iﬁventioh is

applicable to various developing methods adopted in

Q-

25 processes generally called comprehensively as electro-
.statographic processes. For example, it is applicable

to the majnetic brush developing method, the cascade



According to ny observation, however, when copying is repeated by use of¢

junpi:ng devel oper known in the art, evenness of the devel oper |ayer cayri j_i

on e 15 devel oper -beari ng nenber may sonetines be inpaired, for exa
by formation of toner layer in streaks along the circunferential direct
of the carrying nmenber, |ocal extreme incred3e-in thickness of the
devel oper layer carried as conpared with the initial 20 t hi ckness, which
may result in generation of spot-like irregularities or formation of

ripples. The fi rsaebéiag%ar bXhoRy ReeOhet tsadaésd‘i’%g&%sé riﬁ.k@.gr.‘-the
I-mage when devel oped, i1 é the second nmay be observed as density

irregularities inrPalgentoByO0b,2B6t $naklidh cohl@ctivedmagnkiRB! g8perSuch
irregularities nmay not occur in repeated copying under uSual condition, but

nmay sonetines occiis usédyothél peithodepsatiegclosed An Japaflse 8ak@nog term
particularly under the environnental conditions of extrenely |ow _ .
tenperature and | ORehuRtatieny. Appddcatidar Nbi.gBan 36¢nP@Batinr ehaoH higher 5
hum dity conditions, the thickness of the devel oper |ayer may sonetines

unf avor abl y cRangkesafifiivitygnBagnesier tonenpds vseds, theumethedseas! y

causing | owering disclosed in Japanese Laid-opén Patent Applic;tions'
Nos. 42121/1979, 18656/1980 and 43027/1979, th; fur -
brush developing method, the powder cloud method, the
impression developing method, and others.

10 However, one of the most attractive methods
for utilizing the developer according to the present
invention is that in which it is used in the form of
an insulafing, i.e., electrb-nonconductive, magnetic
developer (jumping developer) in a developing method,

15 which comprises providing an electrostatic image
bearing member for bearing electrostatic images on
its surface and a developer carrying member such as
a rotating sleeve arranged with a predetermined

e _ interval therebetween at the developing station,
20 having an insulating magnetic developer carried in a
: thickness thinner than said interval on the developer
carrying member, and transferring saié developer to
fhe aforesaid electrostatic image holding member at
the developing station thereby to effect development,
. 25 as disclesed in Japanese Laid-open Patent Application
N\ No. 43027/1979 or No. 18656/1980. The reasons are

- as follows. Thus, the above developing method




of -image density. As the result of investigations about this 10 point, it
a>:been found that one reason resides in |lack of stability and rellablllfy
ﬁfﬁe charge controller conponent, and that characteristics of adhesion of’
o/ devel opi ng powder onto the sleeve and transfer of the devel opi ng powder
romthe sleeve may 15 vary due to ghange in triboelectric charge.
Explaining in further detail, such irregu- larities are caused by
generation of ununiform portion in anount of triboelectric charges in the

devel oper .l gyer .carried-on the carrying nenber due to the change 20 in
t he en\ei r(?ﬁﬁ’\éﬁ’tgg'lngc&?di Sifes %;/’ffd?qi idfVelPRing frthed® EHvironnent al

diti Y| rat ure and humdity, a conponent of the i
Sgcei :)L)gp%vz\ﬁeh%% (raelgengéya \%%k:r% B ? i@%%?@%i’?%iﬂ;)ﬁgm hE)Sgg[]o he '
friction Qg ied urld I ANdS I Kbt pdiie; HRVe! OPOL ’

| mage force calsed by the charges, such a conpo mely | arge

L1 boel ecthisC 163e0GRaII tyl W G ARAGH AR Tue €F%ndNe ViCInity

of the carrying nenber and affect influences “on evenness or readiness in

devel 6pi nghatrgehd nuppantitye propdrtibny BdWwalay sl . tdd et £l

of particles and -also has an excellent feature that

-

toner image formation stable and faithful to the -
electrostatic image caﬁ be obtained, due to formation
of a uniform and thin toner layer facing the electro- | LJ

10 static image bearing member, which enables uniform
migration of the toner toward the electrostatic image.
According to my observation, however, when copying is

. repeated by.use of a jumping developer known in the
art, evenness of the developer layer éarried on the

15 developer bearing member may sometimes be impaired,

| for example by formation of tbner layer in streaks
along the circumferential direction of the carrying

member, local extreme increase in thickness of the

@

developer layer carried as compared with the initial

20 thickness, which may result in generation of spot-like
irregularities or formation of ripples. The first
irregularity may be observed as white streaks on the
imagé when developed, while the second may be observed
as density irregularities in the form of spdts and

25 the third as ripples. Suéh irregularities may not

Q

occur in repeated copying under usual condition, but

may sometimes occur uhfavorably in repeated uses in



causing such irre

gularities as white streaks, spot- 5 i ke

i-rregularities, and ripple patterns as nentioned above. The reduction i

t hiNskness of the

devel oper | ayer at higher tenperature and hum dity may

720
)

al so be generated by uneven triboelectrification between the devel oper and.
the carrying nenber, nanmely due to 10 iﬁsﬁgbrlity of thé anount of
triboelectric charges of the devel oper near the surface of the carrying
nenber. As anot her reason for such an instable anount of triboelectric
charges, it may ba tangetiepar phytboudasdyt hnderi bbel envirbhmahtah ef fect on

t he devel oper 15

particles given by the devel oper carrying nenber (sle

roller), is sonmewRaRdhEiRBF PRafxtremedy law tempesatpuet anfielown the

t wo- conponent sys

the 20 devel ope

di stribution of t
hi.gher tenperatur

Len}gevelop- i ng nethod. However, -as described previou
uBtdLk¥-present invention has stably a uniform and sh

he triboel getri d h 1110 f
e and hum BLEY” oRARBRCRLTBR oF APHFE ke AR dhighesn

eve

sly,
arp

. . e g
dovel opi ng method CRESE Y FERGLEIPAE, "bhe Eni kndBE, 47 ritlREVEHERRLS of

this invention w

1ayéhemily esohet PRe8P@Pavorably change, and become

thinner in most cases, thus frequently causing lowering

6f image density. _

As the result of investigations about this
point, it has beén found that one reﬁson resides in
lack of stability and reliability of ﬁhe charge
controller component, and that characteristics.of
adhesion of the developing powder onto the sleeve and
transfer of the developing powder from the sleeve may
vary dﬁé to.dhange in triboelectric charge.

Explaining in further detail, such irregu-

larities are caused by generation of ununiform portion

in amount of triboelectric charges in the developer

layer carried on the'carrying member due to the change
in the environmental conditions. More particularly,
under the environmental conditions of extremely low

temperature and humidity, a component of the developer

-with extremely large triboelectric charges is formed

s 10
15
L
20
25

through friction of the carrying member surface and

the deVeloper. Due to the image force caused

. by the charges, such a component with extremely large

triboelectric charges is liable to be accumulated in



‘devel oper is described. Fig. 1 shows a sectional view of one enbodi - ment
/f‘}ghe devel opi ng systemused in the present invention. In the Figure, an
G(ﬁ rostatic inmage 5 bearing nmenber 1 noves in the direction shown by-tﬁE/
sJi!ML A non-magnetic cylinder or sleeve 4 which is a devel oper carrying
menber rotates so as to be pro- gregged in the same direction as the
novenent of the surface of the electrostatic inmage bearing nenber at 10

t he devel oping section. Inside the non-magnetic cylinder 4 is provided a
mul ti-pol af pernmanent. net 9 so gs not to be rotated. One-conponent
insulatinﬁgﬁeVéFéﬁgﬁylg%g B EREFYAPEMIE MRS Fe PR ATfESSel 12 is coated on
the surface_of the _non-naaneti.c |l inder. 4, 15 a sit. ve ar ges of '
opposite 58F§PFP§eFo°PhSS °8F5Fh§*éF%8§ﬁ&§ﬁ§nﬁ?:a%%% Qﬁ%@gbfﬁgn to the .
toner pariti.: he 1 GAC la 6%?prQ#%H% near the .
surface o?h?hgbgéfiggg% (FEFS%V§|E§%f%$ifE%i§%§ érr and arranged to
confront gpAsTRGN8uUh ArRguIaRAltded) as Whilthe sth@aur]) Yod-he multi-polar =
per mmnent magnef 9, whereby the toner |ayer thickness is evenly regul ated

thin 630] eikk Geragelanilties,Bana@riipPlle patiteenslad imidlioneeed of the
cylinder 4, the surface |ayer speed and preferably the internal speed of
the 25 dboekopeTheayedutdomnda thitkmelssaldfy thgldevied operappr oxi mate to
the surface speed of the electrostatic i mage bearing nmenber 1. As'the
doct or bl ddyerOatahigher temperature and humidity may also be -

generated by uneven triboelectrification between the

developer and the carrying member, namely due to W/

10  instability of the amount of triboelectric charges of

the developer near the surface of the carrying member.
As another réason for such an instable amount of
triboelectric charges, it may be caused partly because
the triboelectrification effect on the deVeloper
15 particles given by the developer carrying member
| (sleeve roller), is somewhat weaker than that by the

carrier particles in the tw04component system develop-

ing method.

@

However, as described previously, the
20 developer of the present invention has.stably a
uniform and sharp distribution of the triboelectric
charges even und;r the conditions of higher temperéture - j
and humidity or lower temperature And humidity, and
therefore it can be a developer most suited fof use

25 in the above developing method.

Next, the developing step according to the

process of this invention with the use of the above



-52 - permanent nmagnet nmay be enployed in place of an iron to forma
counter-pole. -Also, an alternating bias voltage may be applied between {t&8
dewel oper carrying nenber and the electrostatic i mage bearing surface at ~
t he devel oping section. This alternating bias voltage may have a frequency
of 200 to 4000Hz and Vpp (peak to peak vottdge) of 500 to 3000 V. As

descri bed above, in this devel oping step, for the purpose of having a
magneti c devel oper held 10 stably on a devel oper carrying menber, a
non-magneti c cyl iqeRilcpdnclsidaxkmivadti - pol ar permanent nmagnet 9 has been
enpl oyed. Also, for the purpose of formng the devel oper layer thin and
evenly, a doctor blade 10 rmige. of shovegreetsectiionalplaiew af snee remodit-
magnet 15 has been arranged in the vicinity of the surface of the cylinder
4.  Wien such a mforoﬂalfg& Gevelopiqeetavsten arsed in theplppesent here is

formed a counter-pol e agai nst_the 'magneti c pol e of the pernmanent magnet
i ncl uded wit hi n tifvendiQropeIn Fhe/ i HFHREHAN SARGIIRBLAF1q Haadeher

Govel oper | aybr BIRATLAG GATHSTCL MRS o (HE SUVASIAAS GHA BY hoffber
for example, at tar}%o%e.vell-\? %ior}g-ripa%si{ettii%n c"\i&r}fnrcf)er% ior}.g g’lheeeve 4 which is a
developer carrying member rotates so as to.be pro- -
gressed in the same direction as the movement of the
surfacé of the‘electrostatic image bearing member at
the developing section. Ianside the non-magnetic
cylinder 4 is provided a multi-polar permanent magnet
9 so as not to be rotated. One-component insulatiﬁé
developer 11 delivered from a developer vessel 12 is
coated on the surface of the non-magnetic cylinder 4,
15 | and positive charges of opposite polarity to those of
the electrostatic image are given'to the toner parti-
cles. Further, a doctor.blade 10 is brought to near
the surface of tﬁe cylinder (interval 50u to 500u)
. and arranged to confront one magnetic pole (S-pole

20 in the drawing) of the multi-polar permanent'magnet

[ 20

9, whereby the toner layer thickness is evenly

regulated thin (30u to 300u). By controlling the

.
[t

rotatidnal speed of the cylinder 4, the surface layer
speed and preferably the internal speed of the
25 developer layer afe made substantially equal to or
W/ approximate ﬁo the surface speed of the electrbstatic

image.bearing member 1. As the doctor blade 10, a



| ectrostatic i mage surface. Further, by giving such 25 a forced -
girent to the devel oper, the developer | ayer can be nade nore unlforn1\_,
r'eby formation of thin and uniformtoner |layer not realized by a
n- magneti c - 53 - doctor blade can be acconplished. Besides, since the
gap between the doctor blade and the_sl eeve can be set relatively wi der, an
ef fect -of preventing destruc- tion F aggl omeration of the toner particles
is 5 attained. At the developing station, the toner particles may be
transferred through attracting action of the electrostatic inmage or the
acti on of pebmmanentr magned mays beokermpdeoyedidnd plisseelodcanodirsin ¢ i mage si de.
10 As .descri bed above, according to the present invention,
there is ﬁpoﬁpmaacee%%gep Bavi Ad-SOec N @litedmatdagetials cs as .

d I F f G - cl d
wina iﬁasﬁﬁﬁégaaa'x[ Be. 2p% ileﬁaﬁgiw‘%%i%m devetonsy cRREIREA to A
hyd hobi th m3Q.to 8 t I I d =
2t o GovePERRPT 8P FhE FASRILOREATY TIDaASTRing PSR &R ri ¢ thay ges
bet wegn t Bt 4RGE1BRIHC s8Rt 18h. h%hti%n%&tae%atéﬁgca{fa's o1 ¥adiet veen the

t oner 7i n
may have a frequency of 200 to 4000Hz and Vpp. (peak

to peak voltage) of 500 to 3000 V. -
As described above, in thie developing step,
for the purpose of having'a'maéhetic.developer held k}
10 stably on a developer ca:rying mémber, a nOn;magnétic
cylinder 4Iincludihg a'multi-polar'permenent.magnet 9
~ has been empleyed.I'Also, for the pﬁrpoee of forminé
the developer layer thin and'evenly, a doctor blade
10 made of a'magnetic thin plate or a permanent magnet
15 | has been arranged in the vicinity:of.the surface of
the cylinder'4. When such a docfor blade of a magnetic

material is employed, there is formed a counter-pole

against the magnetic pole of the permanent magnet

e

included within the developer carrYing member, whereby
20 the toner particle chains are_erected forcibly to

advantageously regulate'the develbper 1aYer thin at

other portions of the developer carrying member, for ) 5

example, at the developing positioh confronting the

electrostatic image surface. Further, by giving such
25 a forced movement to the developer, the developer layer (:}
can be made more uniform, whereby formatioh of thin

and uniform toner layer not realized by a non-magnetic



20 case of one-conponent system devel oper and a toner carrying nenber @
as a sleeve and the distribution of triboelectric charges are nmade shafpi~/
and-even, and thus it is nmade possible to control the anmount of charging te -
the level suitable for the developing 25 system enpl oyed, whereby

f oggi ngand scattering of- the toner around &dges of the |atent inmage which
could not be sufficiently overcone in the prior art can be - 54 -
obviated to give a high inage density and good re- producibility of half

tone. Further, wdektoieblade @y beS atdimpdlistheldy CBeisiideays siheeOthe a
long term the characteristics 5 at the initial stage can be nmintained and
I mages of hi gh qgalp beteeenbdhs dacted blade lamdg ther mlekwet bah, behere are
i mportant specific features in practical application. One of themis that

t he distributionseft relisddivedyr widerar gas effecte ofepolevpating desdeucthe
environnental conditions of higher tenpera- ture and humdity is sharp and
not substanti al | FiORaRFe @ITLOMSIREAOM QL ther reneXePpEticdes 48d humidity,

W thott fog dhd PORGLIRG-i nMbrdge develgnibi 5 taian e toREn cxoe | ont-
transfer EffiCie%%¥ticles may be transferred through attracting action '
of the electrostatic image or the action of the -
alternating bias voltage toward the electrostatic
image side.
10 As described above, according to the present
_invention; there is'provided a developer having
excellent characteristics as summarized below.
First, due to the use of fine silica parti-
cles treated with a coupling agent as the charge |
15 controller and controlled to a hydrophobicity within
the range from 30 to 80, particularly when employed
as a developer for electrophotography, the amount of
triboelectric charges betweenlthe toner particlés, or
o the.toner aﬁd the carriér, or between the toner in
20 case of one-component system developer and a toner

carrying member such as a sleeve and the distribution

(I

of triboélectric charges are made sharp and even, and
thus it is made possible to conﬁrol the amount of
charging to the level suitable for the developing

25 system employed, whereby fogging, and scattering of

\~) the toner around edges of tﬁe latent image which éould

not be sufficiently overcome in the prior art can be



even when used under |ower tenperature and hum dity conditions, the _
bution of tribo- electric charges i's not substantially changed, W,
Wiy t formation of a devel oper conponent with extrenely 20 gr eat
quantity of charge, and therefore, to be surpris- ing enough, there is
neither lowering in imge density nomggoccurrence of fog, substantially

W t hout coarsening or scattering of the toner during transfer. Another
specific feature resides in the 25 storage stability that the

characteristics,at, the initial ;stage _can be mintained even after storage:
for a Iong°%’¥?‘ﬁ1tea t5 g3ve & e aﬁ@?ﬁﬁ’dgﬂﬁgﬁﬁiénpe Tessides in a wide
vari ety of |.Lcab oner | tions because the treated silica of the
pr esent inggﬁaPSﬁg&ggt%eg%oﬁ%ﬁgggiﬁ%?h any toner-constituting resins, 5 as =

contrasted to the piggg@hegg Q%Ean#%ngﬁkﬂﬁﬁﬁﬁgﬁf @QESQcE%@PQB be conbi ned -

with arbitrary resins but can be co y sel"ected binder resins
dependi ng e8ntRRuBLEMABE Gvedyd ABRLOXRITON theC (Al a@teriS iR

di spersibility. For exanple, the 10 devel oper of the invention can be
f.or medsi nt atneheotihy tdallostagel cahe beeaia intadned) ahdpdmadesalo¥o a pressure

high quality can be attained for a long term.
 Further, there are important specific features_
in practical application. One_of them is that the
distribution of triboelectric charges on the developer | _. v
10 under the environmental conditions of higher tempera- |
ture and humidity is sharp and not substantially
changed from that under normal temperature and humiéity,
and therefore development can be cerried out faithfully
to the latent inage without fog and lowering in imége
15 density, and further with excellent transfer efficiency.
Also, even when used under lower temperature
and humidity conditions, the distribution of tribo-

electric charges is not substantialiy changed, without

O

formation of a developer component with extremely
20 great quantity of charge, and therefore;-to be surpris-
ing enough, there is neither lowering in image density
nor occurrence of'fog;fsubstantially without coarsening - f
or scattering of the toner during transfer.
' Another specific feature resides in the

25 storage stability that the characteristics at the

N

initial stage can be maintained even after storage

for a long term.



fixabl e toner or capsule toner. Particularly, when the treated fine silnga\,
particles are attached on the toner particle surfaces, 15. space charg
cthroIIing on the toner surfaces is primarily effected by the fine si
particles, and therefore the above nentioned effects becone further nmarked.
Al so, according to the devel opi ng met hod=283 ~of the present invention by
use of the above devel oper, the triboelectric charges inparted to the

devel oper | ayer carried on the devel oper carryi ng nmenber can be

uni form zed, permitting exsesilvanobhegespedhfel Zeathirabkesiqefeigenerated
i n successive copying 25 -operations under extrenely |ower tenperature and
“humidity conditiamsideovaeietgkofl apphiigabléentoneki compesitibrs to an
appropriate saturated val ue, and thus - 56 - giving a stabl e devel oper

| ayer. Under hi gpesars@pthat treatied addidat 9fcbhdi preaentt hevenbiion of
triboelectric charges necessary for giving stable coating conditions can
easily be maint a?%d*?etﬁﬂ@b!:nﬁgev&ﬁbi ABY| Bomerngonstikugingenesins, Stil |

anot her specific feature resiides ih ea formati Qn of _a 'stabl e devel oper
Iayer mhgre%y as con£ras eé to tﬂe pigment or dye of the prior art,p

which cannot be combined with arbitrary resins but
can_be_combined with only selected binder resins .
depending on the pigment or dye employed on account
of its poor dispersibility. For example, the
10 developer of the invention can be formed into not only
a toner of fhe heat fixation type but also a pressure
fixable toner or capsule toner.: '
Particularly, when the treated fine silica
particles are attached on the toner particle surfaces,
15 space cha;ge controlling on the toner surfaces is
primarily effected by the fihe silica particles, and
therefore the above mentioned effects become further
marked.
¥s# Also, according to the developing method
20 of the present invention bf use of the above developef,
H the triboeiectric charges imparted to the developer
layer carried on the developer carfying member caA
be uniformized, permitting excessive charges, which
are liable to be geherated in successive copyving
25 operations under extremely lower témperature'and
AN humidity conditions, to be leaked through fine silica

particleé to an appropriate saturated value, and thus



hi gh:i mage density can be obtained with good repro- ducibility of half
e, W thout causing devel opnent 10 fog or scattering of the toner
'und edges of the latent inmage which has not been overcone in the prior
t. Having described about the basic constitu- tion and specific features
of the present invention, 15 the.psgsent invention is now specifically
described by referring to the follow ng Exanpl es. However, the scope of the
present invention are not Iinited at all by these Exanples. In the

14028 AL Bl R B i RN 5
met hacr y| %te Cq:paq:%"' gr%%d Jl'g)\g)mf)cﬂtf C%ﬁ(?]?‘glglllg(:kthe amount of

2 parts 2 I ne 3 parts The -

above mat f Q#ﬁg e t hen kneaded on.
atwn roq{f%é.}tl\é%%ﬁéj éﬁ&’@& %%%Cg tnea ggﬁg ocgjﬁ?tggwas left to cool,
coarsely Qk%&@%ﬁtﬁbﬁaféiéﬁ% éﬁﬁ|ea§&dyeﬁézﬁgiﬁiaﬂﬁéas ehud n1cropu|ver|zer ;
with ajet air ream and furt her |

5 preventing lowering of- image denSLty,

e

Still anbther‘specific feature resideé'in
easy formation of a stable developer iayér,'whéreby -
high image density can be obtained with good repro-
ducibility of half tone, without'causiﬁg deVelopment O

10 fog or scattering of the toner around édées of the
latent image which has not been ovefcome in the prior
art. | .
~— Having described about the basic constitu-
tion and specific featurés of the present invention,
15 the preseﬁt invention is now specifically described
by referring to the following ES&mples. waevet, fhe
scope of the present invention are not limited at all

by these Examples.

In the following Examples, "parts by weight" ~
20 and "% by weight" are written merely as "parts" and _
"%", respectively. | | :
Example 1A
Styrene-butyl methacrylate copolymef- 100 parts
Carbon black | ; 2 parts
25 Nigrosine ' 3'parts | —
. -/

The above materials were sufficiently blended

in a blender and then kneaded on a twin foll heated to



subj ected to classification by use of a wwnd force 5 classifier to obt g
colior,ed fine powder with parti- cle sizes'of 5 to 20[err]. As the next

stepy fine silica particles_Aerosil 200 (produced by N ppon Aerosil Co.
were placed in a sealed type Henschel mixer heated to [err] 10 and stirred
at a high speed, while adding to the silica>ropw se y-amn nopropyl _
triethoxysilane diluted with alcohol to a treated quantity of 2.0% of the
silane coupling agent based on the silica. The fine particles obtained
were dried at [errP0dRd t Mieckhieades proidactd wast def tHews cooll ,MevakrseaRd

di met hyl dichloro- silane was added to the silica under stirring'to a
content of 2.0% Trashed bye aveytsies adildd pulyexigieds byeteanisr bifng at room
tenperature for 2 hours, followed further by stirring at [err] for 24
haurs, and then tRdc¥ePulyerdzef,¥ithededeto adtmssaram angr uzther This

m xture was dried af _.atnospheri ¢ _pressure under further stirring at. a | ow
speed at [err] fof“ Jﬁﬁﬁﬁé.t?hgiﬁﬁéégzﬁaFﬁﬁé Y| M8 Rir & wimd &praened

T ot I AL S,
To 5 parts-of a Npikukg ek b@esanvgoﬁqlored :
As the next step, finé siliéa éarticles -
Aerosil 200 (pfoduced by Nippon Aerosil Cq.) were
Placed in a sealed type Henschel mixer heated to 70°C
10 and stirred at a high speed, while adding to the
silica dropwise y-aminopropyl triethoxysilane diluted
with alcohol to a treated quéntity of 2.0% of the .
silane coupling agent based on the silica. The fine
particles obtained were dried at 120°C and thereafter
15 placed into a Henschel mixeﬁ, and dimethyl.dichloro;
silane was added to the silica under stirring to a
content of 2.0%. The mixture was subjected to a high
spéed stirring at room temperature for 2 hours, followed
s further by stirring at 80°C for 24 hours, and then the
20 mixer was opened to atmospheric pressure. This mixture
% was dried at atmospheric pressure uﬁder further
s;irring ét a low speed at 60°C for 5 hours. The
treated fine silica particles obtained (positive 
charge controlle;) had a hydrophobiﬁity of 50, a meén
25 pfiméry particle size of.12 my, and a mean secondary
(yj ' particle size of 0.2u.

To 5 parts of a mixture of'the_above colored



devel oper.

Then, according to the el ectrophotographic nethod of the prio

- fine powder and 0.6% of -the treated fine silica particles added and
d therewith by a Henshcel nmnixer, 100 parts of iron powder carrier with"
ticle sizes of 50 to 80[err] were added and nixed to prepare a 5

\/
r

art, negative electrostatic i mages were forned on an OPC sensitive materi al
(resinous | am nar coating |ayers c6n§§iﬁing a pht hal ocyanin 10 pi gnent

and a hydrazone conpound, respectively) by subjecting it to

corona-di scharging at -6KV and irradiation with original image |ight and
subj ect ed finempoedercanioprnbht oficthedtrngatedafineventiiegal two- conponent
magneti c brush nethod with the use of 15 t he above devel oper to form _
toner i magRartifmles added; andumixedahbesewdthobroapHenshpeper and fixed by .

heating. The trang&irred inages-obtained were found to be good with high

resol uti o™ ¥&&i n

UPRFEP RE| §rangRoWEnsi erEsigp voth. parbicheut fog at

all, being 20 also,free,fromscatterin f the_toner around the imges
Transferré ??ﬁmﬁé %%répf%$ﬁeﬁefﬁn?éaﬁGugP§ Bixedctef PERRaEBORe devel ope

for exam ' its performances under successive copying operations
gi ve ?ﬁe:égiﬁibé%%t the transferred i nage after 25 copyi ng 30000 shee

was found

10

15

to be tOtafﬂ¥n9°§@ééf&iﬁgteotgﬁeigﬁggérgﬁhégggégﬁﬂigl stage.
method of the prior art,-négative electrostatic images

were formed on an OPC sensitive materiél (resinous

laminar coating layers containing a phthalocyanin

pigment and a hydrazone compéund, respéétively) by
subjecting it to corona¥diSCharging at.-SKV'and

irradiation with original image 1i§ht:and subjected.

to powder development according to a conventional |
two~component magnetic brush meﬁhod with the use of

the above deVeloper to form toner-images, which were

'in turn transferred onto plain paper and fixed by

20

25

heating. .The transferred images obtained were found
to be good with high resolution, having sufficiently
high densities up to 1.5, without fog at all,.being
also free from scattering of the toner around the
images. Transferred images were forméd continuously
by use of the above developeé for examination of its
perférmances under successive copying operations_t§
_ive the result that'the transferred image after
copying 30000 sheets was found to be totally comparable
to the'images at the initial stage.

When the environmental conditions were

r
to
ts

)

-/



When the environnmental conditions were - 59 - changed to 35C and 85
R H., the inage density was 1.39, which was a val ue substantially unchgnged
frem that under normal tenperature and nornal hunmidity (i.e. [err], 60%

R H) conditions, and clear inages 5 could be obtained w thout fog and
scattering of the toner, indicating substa®ieally the sane performances up
to 30000 sheets of copying. Then, when transferred i rages were obtained at
a low tenperature and a low humdity of [err] and 10% the inage densities

were 10 found diadfedi€h 35°¢ Carda 665 Atk ! hernd! imhdb agdn ey ivpas coul d
be devel oped and transferred very snoothly to give excellent 1'mages w t hout

scattering or droB®/f fwinich heas cnevalud\VibstEressl Ve esangedesrapnduct ed
ynder these environnental conditions, 15 both continuously and
intermttently, thet dender yndrinal vbenperatisre. aid mdrkaliphumiSDOH0 sheet s
of copying, thus show ng that the devel oper was satis- factory in practical
appl i cations. Thél+&sB3%Cof6hbaRH ehegprdbtienme, dind r¢lear 2nages ons in
amount of trjboelectric charges on thi.s devel oper are shown in_Fig. 2(a)

through (c),whigeBihde LRt withoup fePmnd ntrattesing 19f thkendi -

toner, indicating substantially the same performﬁnces
up to 30000 sheets of copying.' Then, when transferred
images were obtained at a low temperature and_a low
humidity of 10°C and 10%, the image:densities were

10 found to be high up to 1.60, and the solid black

g : portions could be developed and transferred very

smoothly to give excellent images without scattefiné

or drop-off of the toner. When successive copying

was conducted under these envirdnmental conditions,

15 both continuously.and intérmittently, the density
fluctuation was within 0.2 up to 30000 sheets of
copying, thus showing that the developer was satis-
factory in practical applications. _

-Qal : ' The results of measurements of the distribu-

20 tions in amount of triboelectric charges on this

developer are shown in Fig. 2(a) through (c),'which

'

'~ indicate sharp distributions under respective condi-
tions of normal temperature, normal humidity; high
temperature, high humidity; and low temperature, low

25 humidity.

(A Comparative Example 1A

A developer was prepared in the same manner



tions of normal tenperature, normal humdity; high tenperature, high -
frahty; and | ow tenperature, |ow 25 hum dity. Conparative Exanple 1A Q/
Jper was prepared in the same nanner - 60 - as in Exanple 1A,
that. Aerosil 200 was not treated with y-am nopropyl triethoxysil ane
nor with di nethyl dichlorosilane, and®®evel opnent and transfer were al so
conducted simlarly.  As the result, only 5 reversed i mages coul d be
~obtained, and the anount of triboelectric charges was -3.2 [err]/qg,
exhi bi ti ngas DegRkampele htkgi egcepdr ahaer AerosilC20pavasi nétExanpl e 2A A
devel oper was prepared in the sane manner 10 as in Exanpl e 1A except that
no treat netteaked with metdypiniophopydtriethexyaslapel ned, wabhld i nages were
obtained simlarly. At nornmal tenperature and normal hum dity, fog occurred <
little, bulinefhyldtehleresilangs and| devaiopmentvwand tsaspfedous .

coarsening at the 15 olid_bl ack gortions. . When successive copying test
was condudieke IR RPRFEGLERsSIBILRELY 0 BS4ENBNTR8BYENgOBLY2000 sheet s. :

Uhen | £065, VSIS 801 2hJSS HDUEA RE°oBRRThLEO 3nd" che' Lhodlld 85% the | mage

triboelectric charges was -3.2 uc/g, exhibiting a
negative charging characteristic.

Comparative Example 2A

A developer was prepared in the same manner

e}

10 as in Example 1A except that no treatment with di—_
methyldichlorosilane was applied, and images were
obtained similarly. At normal temperature and normal
humidity, fog occurred little, but-the'image density
was as low as 0.84 with conspicuous coarsening at the
15 solid black portions. When suécessive copying test

was conducted, the density was lowered to 0.46 on

copying of 2000 sheets. Wheﬁ images were obtained

under the conditions of 35°C and 85%, the image density

was lowered to 0.50 with increase of fog, scattering o/
20 of the toner and coarsening of the image, proving to

be p:actically unuseful. The transfer efficiency was’ g

also as low.as 63%. |

When the images were obtained under the

conditions of 10°C and 10% R.H., the image density
25 was as low as 0.70, with excessive scattering, fog Py
and coarsening, and transfer drop-off was markedly

observed. Continuous image formation was effected



was |owered to 0.50 with increase of fog, scattering 20 of the toner apeX\
coarsening of the inage, proving to be practically unuseful. The transf
t

ef¥Cciency was also as Iow as 63% Wen the imges .were obtai ned under
-conditions of [err] and 10% R H.; the inmage density 25 was as | ow as
0.70, with excessive scattering, fog and-céarsening,. and transfer drop-off
was mar kedly observed. Continuous image formation was effected - 61 -
-until about 500 copies were produced, when the density becane 0.40 to nake

copyi ng no '0_”9% R53C hiboal! soboaa kg WZE l-i'uEédOf wﬂgﬁs‘éﬁ‘énagh§6@§ the

tribo- electric c arge |str|but|o on t ve opér are 5 shown

full lines in Fi gecdme) ot.B00RB make: c6§ydﬁ§chbeGnQQQVgrabtichi§r'bUtlon
was broad in any environnent, evidencing a large content of conpdnents

~havi ng del et eri opossfibaet.s Thedeeshlpsent medsurenshes. ofxanpl eiBa~ 5A 10
When Exanple 1A was repeated except that the amobunts of y-am nopropyl .
tri et hoxysil ane edectiriet khhtdigehddstsibatdonscancthds AevelbpezO@reer e
changed to 0. 596 1.0% 2.0% 5.0% 10.0% 5.0% and 10.0% 10.0%
respectivel y? go§bhowasbyt $heofudlpdines in Fig. 3(a) through (c).
“As described above, its distribution was broad in any
environment, evidencing a large content of components-
having deleterious effects on development and transfer.

Examples 2A - 5A

10 o When Example 1A was repeated excepﬁ that
the amounﬁs of y-aminopropyl triethoxysilane and
dimethyldichlorosilane treated on Aerosil 200 were.'
changed to 0.5%, 1.0%; 2.0%; 5.0%; 1d.0%, 5.0%; and
10.0%, 10.0%, respectivély, good results could be
15 obtained.

Example 6A

Styrene-butyl methacrylate copolymer 100 parts
.Carbon black K ' 2 parts
W Nigrosine : : : - 3 parts

20 Fine silica powders prepared in

Example 1 10 parts

gt

The above components were kneaded, pulverized

.
L2}

and classified to obtain fine powder with particle

sizes of 5 to 20u, And further the silica particles

25 prepared in Example 1A'were added to and mixed with

L// ) .the above fine powder in an amount of 0.3% based on

said fine powder. Otherwise, the procedure of Example



15 . obtained. Exanple 6A Styrene-butyl nethacryl ate copol yner 100 parts_
Qon bl ack 2 parts Nigrosine -
ts 20 Fine silica powders prepared in 10 parts Exanple 1 The above
sponent s were kneaded, -pul verized and classified to obtain fine powder
with particle sizes of 5 to 20p, akdepusther the silica particles 25
prepared in Exanple 1A were added to and nmixed with the above fine powder
in an anount of 0.3% based on said fine powder. O herw se, the procedure of

Exanpl e - fallyvfoll .fo_obtain d results.
Exanpl e 7 %u‘%‘g? a%ﬁ%tfﬁgfigﬁn%i%é%%%dﬁé e&\ég h &% F%sgggﬁas r epeat ed
except truﬁxgﬁﬁgéhﬂgthylanino- 5 phenyl triethoxysilane was enployed in

pl ace of [®TTT- propyl triethoxysilane, whereby good results were <

obt ai ned. Exanpl e B%xﬁb@ﬁxﬁﬂiém%%ﬁ@%&ﬁgﬁpﬁé@&&@%eaésiﬁ” 10 Exanple 1A
was repeated except that am noethylam no-
Example 1A was repeated except that N,N-dimethylamino- *

5 phenyl triethoxYSilane was employed in place of

“ y-aminopropyl triethoxysilane, whereby good results

were obtained. ' -
_Example.SA
Substantially the same procedure as in ::
10 Example 1A was repeated except that aminoethylamiho-
methylphenethyl triethoxysilane was employed in place
of y-aminopropyl triethqusilané, whereby good fesuits
.. Were obtained. o
‘Example 92
15 _ Polyethylene 100 parts
Carbon black 1 part
spirit black 2 parts
Except for preparing a toner from the above —~
materials according to the method as described in ~
20_ Example iA, the same procedure as in Example 1A was
followed to give good results. |
— 'Evaluations of fespective Examples and ;
Comparative Examples mentioned above are shown in
Table 1.
25 - o ' | | -



et hyl phenet hyl tri et hoxysil ane was enpl oyed in place of y-am nopropyl -
triethoxysilane, whereby good results were obtained. Exanple 9A 15 Ggs’:
PdLyetherne 100 parts Carbon bl ack ) 1 part
Spirit black 2 parts Except for preparing a toner fromthe
above materials according to the nethod &s &festribed in 20 Exampl e 1A,

t he same procedure as in Exanple 1A was followed to give good results.

Eval uati ons of respective Exanpl es and Conparative Exanples nentioned above

are shown in Table 1. 25 - 63 - [err] - 64 - [err]
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- [err] - 66 - Exanple 1B In Exanple 1A, fine silica particles _
i1 200 were subjected.to the heat treatnent at [err] for one hour ané;
“erwi se the same procedure as in 5 Exanple 1A was followed to obtain
treated fine silica particles with a hydrophobicity of 55. Wth the use of
the treated fine silica particles sigg arly as in Exanple 1A, a devel oper
was prepared, and devel opment of negative electrostatic 10 | mages
according to the magnetic brush nethod and transfer onto plain paper were
performed. The inage densities obtained under various conditions are shown
bel ow. The devel oper characteristics including the results of successive

&

copyi ng t est s—wefe—egua—to—or—15 better—than—thesq obtained i n Exanpl e
1A. [err], 6% R K § 1.53 [err], 85% R H. 1.50 [err], 10% -
RH 1. b@ A sof gs ghe test, er £xgmn tggn of storage 20 ,
stability, tHhe daq;fpper was s stored under the cgndk -
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tions of [err], 90% R H for one nonth, and even after the storage test,
t he i mage obtai ned was cl ear substantially w thout |owering.of iInmage

dendity as conpared with that before storage.. 25 The resul
of neasurenent of the distribu- tions of triboelectric charges on this _
devel oper are shown in Fig. 4(a) through=(@gp, -which exhibit further - 67

- sharper distributions than those in Exanple 1A under the respective
conditions of normal tenperature and normal hum dity, higher tenperature
and higher humdity, and Iovver tenperature and | ower humdity. 5

Conpar ati ve Exanpl e Jqevetrpper was prepared T1m the sane nner as in
Exanpl e 1B, except } hat AP 8si] 200 was not treated with
y-am nopropyl tri et hpoxysi| ghg ahd di - nethyl di chl orosilane, and devel oprment
and transfer 10 weye al@@ gondutédl S B! '1F- R e resB ts gbtained were
unsatisfactory, sinjlar I'g'_gaé' I h Conparative Exanple 1A Conparfati ve Exanpl e
2B A devel oper was repauenlm nf the same manner 15 as in Exanpgl e 1B except:
t hat -no treatnent V\ﬂH". t—rretirytttehtorosttane—was—eappt+ed—and | mages
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® A

ohtained simlarly. The results obtained were un- satisfactory, simlarly
eﬁ%@n Conpar ati ve Exanple 2A. Exanples 2B - 9B 20 . When Exanpl g
S repeated except that the heat "treatnent tenperatures were changed e

430C, [err] respectively, good results could be obtained. Exanple 10B 25
When Exanple 1B was repeated except ghal the anounts of '
[err]-am nopropyltriethoxysilane and di nethyl- dichlorosilane treated on

Aerosil 200 were changed to - 68 - 10% and 5.0% respectively, good
results caq é%£f opéained. Exanpl e 11B. Pol yet hyl ene 100 parts 5
Car bon bl af@mRle 1 part Spirit black 2 parts The

above naterf;ls mereigag§a' 19 ?Atogﬁﬁe-%fffgé 'QgtigléQeAégégagéocedure as

in Exanple 1B, foll ow ng otherw sé € sane edare—as

le 10 1B. .

AS the Tesiig wgg0auBsuksa ooyl ehbonglt ok bgtndile £ESHYScOFoYal ation of -

Exanples 1B to 11B are summarized 1n Ta

5

10

15

20

25

together wth those
one hour and otherwise the same procedure as in *

Example 1A was followed to obtain treated fine silica
particles with a hydrophobicity of 55.

With the use of the treated finé silica =
particles similarly as in Example 1A, a developer was

prepared, and development ' of negative electrostatic

images according to the magnétic brush method and
transfer onto plain paper were performed. The image
densities obtained under various conditions_aré Shoén
below. The developer characteristics including the
results of successive copying tests were equal to or
beﬁter than those obtained in Example 1A.
22°C, 60% R.H. 1.53
35°C, 85% R;H. 1.50
10°C, 10% R.H. - 1.50 - .
Also, as the test for examination of storage N
stability, the developer waé stored under the condi-

.tions of 35°C, 90% R.H. for one month,'and even after :
the storage test, the image obtained was clear S
substantially without lowering of image density as
compared with that before storage.-'. |

The results of measurement of the distribu- ::}

tions of triboelectric charges on this developer are

shown in Fig. 4(a) through (c), which éxhibit further -



of Conparative Exanpl es 1B and 2B. - 69 - [err] -70- Exanple 1C

3- Chlor opropyl trinethoxysil ane 50 g Methyl i odide RN
0. gaé 2- (Di met hyl am no) et hyl- nethacrylate 50 g 5 =

Di met hyl f or mam de 100 g Sul fur i
0.5 g The above mixture was all oned to6feact under refl ux at [err] for

50 hours to obtain a product: [err] 10 Next 100g of fine silica

particles Aerosil 200 (produced by N'ppon Aerosil Co) were imrersed in an
aqueous sol ution sharperdalistedbdgichst BRaabeneser eHUEkamplE ﬁﬂeuﬁgéEUVE
was stirred at [err] for one hour. Then, the m xture was filtered and
dried at 15 100thbfnespéchbuescbndmbiens bfnﬁoﬁmhlcﬁeﬁ?éfhﬁhﬁé hheated
wist h a cation type unsaturated am ne. The silica was placed into a
Henschel mi xer, aﬂ@r@ghehhyidlty, higher temperature and higher

humidity, and lower temperature and lower humidity.

]

5. Comparative Example 1B

A’developer was prepared in the safie manner
as in Example 1B, except that Aerosil 200 was not -
treaﬁed with y-aminopropyltriethoxysilane and di-
methyldichlorosilane, and development and transfer _

10 were also conducted similarly. The results obtained
were unsatisfactory, similarly as in Comparative
Exampie 1a.

Comparative Example 2B

A developer was prepared in the same manner
15 as in Example 1B except that no treatmen£ with di-
methyldichlorosilane.was applied, and images were
. obtained similarly. The results obtained were un-
satisfactory, similarly as in Comparative Example 2A.

o Examples 2B - 9B

20 When Example 1B was repeated except that the
B heat treatmenf temperatures were changed to 430°C, |
480°c, 500°c, &00°c, 700°C, 900°C, 1000°C, 1200°C,
respectively, good results could be obtained.

Example 10B

25 When Example 1B was repeated éxcept that the
-/ j amounts of y-aminopropyltriethoxysilane and dimethyl-

dichlorosilane treated on Aerosil 200 were changed to



dichlorosilane was sprayed onto the silica wunder stirring to a
ool ity of 5% High speed stirring was ‘20 continued at room tenperatur
~:E§Q hours, and the m xture was further stirred at 80 C for 24 hours,
owed by opening of the m xer to atnospheric pressure. The m xture was
further subjected to drying at |OMLsg§eg under atnospheric pressure at 60 C
for 525  hours. The thus prepared treated silica had a hydro- phobicity
of 60. - 71 - Styrene-butadi ene copol ymer (70:30) 100 parts Carbon

bl ack ' parts _N grosine

&

| ) .
3 parts As'Thend,? - Lt erespRretbvey mapepiaresudts souldubeiciently bl ended .

in a bl endfé)rﬁagknr?eéhen kneaded on a twin roll -heated to [err]. The kneaded

product wa b cool, coarsely crushed by a cutter mll, - pulverized

by neans %Xﬁilgérg& | verizer with a jet air stream and further subjected

to cl assi by use of a wind force classifier to obtain colored

[ ron ponder carrier wiih paSEIErerdes bf 5o to'BE BEFEY, S phrts o a
m xturge prepared by addi ngafhé¥black - 1 part
| Spirif black 2 parts -
The above materials were made into a toner -
according to the same procedure as in Example 1B,
following otherwise the same procedure as in Example L)
10 1B. As the result, good reSults.could be obtained.
The results of evaluation of Examples 1B

to 11B are summarized in Table 2 together with those |

_. of Comparative Examples 1B and 2B.

()

@



15 of the above treated silica to the colored fine power. Wth the use
t hi's, devel oper, follow ng otherwi se the same procedure as in Exanple.
_dévdlop- ment of _the negative el ectrostatic imges accordi ng 20 toth
magneti c brush nethod and transfer onto plain paper were performed. The

i.mage densities obtained under various cond%ions are shown bel ow. The

devel oper characteristics including the results of successive copying tests
were found to be substan- 25 tially as good as those obtained in Exanple

1A. [err], 60% R Kt 3T e 859 R 25 —T7Z2—terri7] 10%
R H. 1.35 Comparative £6agpl e 1C A devel oper was prepared in the sanme
manner as in Exanple 1C, Sa(ggﬂt tRals ASIQSi & 200\aS 80tn 5y teated With
the conpound prepared i MIgEXahgl e PCLane & ot Kyl & ¢hl ¥r 8Si ¥ane, and |.
devel opnent and t {ansf erE@rena) so conduct ed simlarly. As the result,
only reversed i mages—cqutd—e - ric
charges was -2.8 err]/gu‘é hibyting a 10 negative charging
o v s _
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parative Exanple 2C A devel oper was prepared in the same manner as in
pl.e 1C except that no treatment with di- methyl dichl orosil ane was

yied, and i mages were 15 obtained simlarly. At nornmal tenperature
and normal hunmidity, fog and scattering occurred frequently, and the image
density was as | ow as 0. 65. Also,,}he | mage exhi bited coarseni ng tendency,
proving to be practically unuseful 79 2o Exanpl es 2C - 4C \Wen Exanple 1C
was repeated under substan- tially the sane conditions except that the
anounts of the conpound prepared in Exanple 1C and di met hyl di- chl orosil ane

treat ed gggﬁﬁigshb 200 were changed to 25 0.3% 1.0% 1.0% 1.0% and

5.0% 1. tively, good results could be obtained. - - 73 - Exanple
5C [err] -Chloropropyl trimethoxysilafled [€rr] 0
5 g Methyliodiag oroPropy y 8595  t-Bith alcoho
50 g Sulfur Methyl iodide ' 0.3 g The abogesngxture was
refluxed at 1000C for. ‘
' 2-(Dimethylamino)ethyl methacrylate 50 g
5 Dimethylformamide ' 100 g
Sulfur : o 0.5 g

The above mixture was allowed to react under

reflux at 90°C for 50 hours tb obtain a product:

(CH30) 3S1CH,CH,CH,N-CH,CH,0-C-C=CH, | C1
(CH3), O CHg

10 - Next 100g of fine silica particles Aerosil 200

_%
&

(produced by Nippon Aerosil Co) were immersed in an
aqueous solution having diluted 2g of the aboﬁe
product, and the mixture was stirred at 60°C for one
hour. Then, the mixture was filtered and dried at
15  100°C for 10 hours to obtain fine silica particles

treated with a cation type unsaturated amine. The

silica was plaéed'iﬁto a Henschel mixer,'and dimethyl-
dichlorosilane was sprayed onto the silica uhder
stirring to.a'quaﬁtity'of 5%. High speed sﬁirring was
20 continued at room temperature for 2 hours,.and the
mixture was further stirred at 80°C for 24 hours,

followed by opening df the mixer to atmospheric

Q.

pressure. The mixture was further subjected to drying
‘at low speed dndef_atmospherié pressure at 60°C for 5

25 hours. The thus prepared treated silicé had a hydro-
phobicity of 60. |



ene hour to obtain a product: [err] Subsequently,

Aerosil 200 were m xed in a Henschel

spxayi ng an aqueous sol ution thereof 15

m xture was dried at [err] for

fine silica particles of

m xer with the above product by
to a content of 5% Then, th
10 hours to obtain fine silica particles

treated with a cation type unsaturated amn&l dhe silica was again thrown
m xer, and di nmet hyl di chl orosi |l ane was sprayed onto said
under stirring to a quantity of

as in Exanple 1C were gpphdaslbdteainhd wo

into a Hensche

silica 20

Pol yet hyl ene oxi de

parts 25

CaPbgr dsl ack

2%

Then,

the sane treatnents

hé L Y7080y OUNfhd Ppdre 0.

100 parts Carbon bl ack

3
3 partz p#ds t he

use of the above materials, the sane procedure as described in Exanpl e 1C

was repeat ed

was prepared by adding 100 parts of

- 74 -Nigragire n fine powder of 5 to 25[err]. 3 mhested oper

i ron powder carrier of particle sizes

of 100 to 200[err] to 10 pah3 sthg next aigp, ptheakeveymatrrial®d Ww%ef t he

above treat ed5 5

w'

10

15

20

25

silica to the fine powder

sufficiently blended in a blender and then'kneaded

on a twin roll heated to 150°C. ‘The kneaded product

was left to cool, coarsely crushed by a cutter mill, -

pulverized by means of a micropulverizer with a jet

air stream and further subjected to classification

by use of a wind force classifier to obtain colored

fine pdwder of 5 to 20y.

A developer was prepared by adding 100 parts

of iron powder carrier with particle sizes of 50 to

80u to 5 parts of a mixture prepared by adding 0.6%

of the above treated silica to the colored fine

powder.

With the use of this developer, following

otherwise the same procedure as in Example 1A, develop-

ment of the negative electrostatic images according

‘to the magnetic brush method and transfer onto plain

'paper were performed. The image densities obtained

under various conditions are shown below. The

developer characteristics including the results of

successive copying tests were found to be substan-

tially as good as those obtained in Example 1A.

22°C, 60% R.H.

35°C, 85% R.H.

1.31
1.25

S
PRI
- A

~



Next, inages were obtained simlarly as. in Exanple 1C, foll owed by pressure -
.ng. The inmage density was found ta be sufficiently high up to 1.53, and
( gggt faithful to the latent image. As the result 10 of successive copying
sts, the images obtained were practically satisfactory until copying of
20000 sheets, and excellent charactejjstics were exhibited under higher
tenperature and higher humdity conditions of 35C and 85% R H., as well as
under | ower tenperature 15 and lower humdity conditions of [err] and 10%
R H Eval uations of e% %F 1C .- SC and nparative Exanples 1C and 2C are
listed in Table 3. ? 75 0% f%# 9 -l - [err] - 77 - Exanple 1D

Comparative Example 1C

A developer was preparéd in the same manner
as in Example 1C, except that Aerosil 200 was not
5 treated with the compound prepared in Example 1C and
dimethyldichlorosilane, and develOpmenﬁ and transfer
were also conducted similarly. As the result, only -
reversed images could be obtained, and the amount 6f
triboelectric charges was -2.8 Qc/g, exhibiting a W
10 negative'charging characteristiec.

Combarative Example 2C

A developer was prepared in the same mannér
as in Example 1C except that no.treatmént with ai-
‘methyldichlorosilane was applied, and images were
15 obtained éimilarly; At normal température and normal

humidity, fog and scattering occurred frequently, and
the image density was as low as 0.65. Also, the

image exhibited coarsening tendency, proving to be

)

practically uvnuseful.

20 Examples 2C - 4C

When Example 1C was repeated under_éubstan-
tially the same conditions except that the amounts of
the compound prépared in Example 1C and dimethyldi-
chlorosilane treated on Aerosil 200 were changed to 7
25 0.3%, 1.0%; 1.0%, 1.0%; and 5.0%, 1.0%, respectively, -~

good results could be obtained.



Styrene-butyl
2 .parts Nigrosine 3 parts 5

The~above materials were well blended in a bl ender and then kneaded on

twin roll

wi nd force classifier to obtain colored fine powder of 5 to 20[err].
next step, fine
Co.) were placed

met hacryl ate copol yner 100 parts Carbon bl ack

heated to 150q. The kneaded product was left to cool, coars
crushed by a cutter mll, pulverized by medBs-of a mcropul verizer wt
jet air streamand further 10 subjected to classification by use of

gkghggepg&ticles Aerosil 200 (produced by N ppon Aeros
e

d
stirredLat a high sgggdc(mhébeoadﬂ'cg Ln(ch.)ﬁilica dropw sg g
t

[err]-am nopropyl tri

t'hoxy3i | ane Qjd{t ed al cohol to a treated

quantity of 5.0% of (CHgO3;BaaB,ClyMDPsCHgeht based on siliBag The fin

h a
a

As the

type Henschel m xer heated to [err] 15 and

e

particles obtained wer& dried at [erT| and thereafter 20 pl aced again
i;nto a Henschel mni xMethyhdodidethyl silicone oil (viscosi®y5. 9100

centi poi se at [err}% was added to_the silica under stirring to a quantity
of 2.0% Thé& nixt uFcBWh¥lsabFebedd to a high speed stirrif8 4t room
tenperature for 2 hguig, followed 25 further by stirring onti nued at
[err] for 15 hours, °#nd%Fhen the nmi xer was opened to atno pfiefi ¢ pressure.

ve m

This m xture was further d&hgdagg roOg&ngBerature

w'

€y

10

15

20

25

one hour to obtain a pfoduct:

' @®
[( CH,0) 3s:.cuzc32-@-cnzn (CH,) 2cnzcnzoc.-

_ S,
-OC(CH3)-CH2 .Cl
Subsequently, fine silica particles of
Aerosil 200 were mixed in a Henschel mixer with the
above produCt by spraying an aqueous solution thereof
to a content of 5%. Then, the mixture was dried at
100°C for 10 hours to obtain fine silica particles

treated with a cation type unsaturated amine. The

.siliéa was again thrown into a Henschel mixer, and

dimethyldichlorosilane was sprayed onto said silica
under stirrihg to a quantity of 2%. Then, the same
treatments as in Example 1C were applied. The hydro-
phobicity_was found to be 50.

Polyethylene oxide 100 parts

Carbon black 3 parts
Nigrosine 3 parts

With the use of the above materials, the

same procedure as described in Example 1C was repeated

was refluxed at 100°C fore.



- 78 - under atnospheric pressure for 5 hours. The degree of hydrophobicity

: ound to be 70. To 10 parts of a mxture of 0.4%of the treated fine_,

a particles added to and mxed with 5 the aforesaid fine powder by a
Snischel m xer, 100 parts of iron powder catrier with particle sizes of 100

to 130[err] were added to prepare a developer. Wth the use of this

devel oper, follow ng otherw se. the e procedure as in Exanple 1A, _

devel op- 10 ment of the negative electrostatic i mges according to the

magneti c brush method and transfer onto plain paper were performed. The

i mage denstid ictstanin of iresl powlder vaf | Duso c2ll t i Hndewe Popdovwadel ow. The

devel oper characteristics were substantially conparable 15 to those

obt ai ned iprebamred o Adding]10@merks.of iron. poyder|casBsier H. 1.30 =
[err], 10% R H 1.45 I n successive cop ing tests, no abnormality 20
was obser R RAFEICkYEIRRS sPEel Q0 ko APk nke EhdPaFEs defiskty fluctuati on

vas practically sai Sl acl o LA 0 333 COPRLE LS, £ ETBLE4D A doVel oper ©
5 silica to the fine powder.
Next, imagee were obtained similarly as
in Example 1c; followed by pressure fixing. The image
density.was found to be sufficiently high up to 1.53,
and also faithful to the latent image. As the result o/
10 of successive copying tests, the images obtained were

practically satisfactory until copYing_of 20000 sheets,

and excellent charaeteristics were exhibited under

_ - higher temperature and higher humidity conditions of ¢
35°C and 85% R.H., as well as under lower temperature
15 and lower humidity conditions of 10°C and 10% R.H.
Evaluations of Examples 1C - 5C and
Comparative Examples 1C and 2C are listed in Table 3.
A
P



25 as in Exanple 1D, except that Aerosil 200 was not treated with
y-am nopropyl tri et hoxysilane and dinethyl silicone oil, and devel opnent
t Narisfer were al so - 79 - conducted simlarly. As the result, only
reversed i mages coul d be obtained, and the amount of tribo- electric
charges was -3,2 [err]/g, exhibiting a negdbi ve charging characteristic.
The hydrophobicity of 5 silica was found to be 0. Conparative Exanple 2D

A devel oper was pr np except no
treatment with di hyl i was applied, and inmages mwere obtained
10 simlarly. 1718 r alqir aoang n@s nal - hyni digy, fog occurred
little, but the i e fehsl W8 & 18w & 84 with c¥hspiuous _
coarsening at the spli dgptp portions.- Wen successive coplying test was
conducted, the densfty ' 2000 sheets,
and i mage flow occurrefl on Bopyi ng 3000 sheets.oWen i mages pwere obtai ned
under the conditio o] gerﬁ] and 85% the iSth density was] | owered to
- 0.50 with increase L ag o Fcpt Ler g Bf t!neg,t ofer and cloarseni ng of the
I mage, thus bel_ng o | B &L calsly unugeful 'o'oTBe t ransflter efficiency was
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alsp as low as 63% The hydrophobicity of silica was 0. \Wen i nmages were .
6033 ned under the condi- tions of [err] and 10% R H., the image density

z/as 25 |l ow as 0.70, with excessive scatfering, fog and coar seni ng, aﬁdﬁ
transfer drop-of f was markedly observed. Continuous inmage formation was
effected - 80 - until about 500_cgpi gs were obtained, when the density

becane 0.40 to make copying no |onger practi- cally possible. Exanple 2D 5
Exanpl e 1D was repeated except for using nethyl hydrogen silicone oi

(trade nane: TSF 484, produced by Toshiba Silicone Co.) in place of

dinmethyl. silicone oil, whereby good results were obtained. Exanple 3D 10

Pol yet hyl ene 100 parts Carbon bl ack .1 part Spirit black

2 parts The above naterials were nade into a toner according to the sane 5
procedure as in Exanple 1D, 15 foll ow ng. ot herwi se the sane procedure as
in Exanple 1D. As the result, good results could be obtained.
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Exanple 4D The experinment was conducted in substantially the sanme manng
QPExanple 1D except for replacing 20 [err]-am nopropyltriethoxysila
N, N- di met hyl am no- phenyl triethoxysilane to obtain good results. :

hydr ophobicity of silane was 75. The results of -eval uation of Exanples 1D
to 4D are sumarized in Table 4 together=w#h=-t hose of Conparative Exanples

25 1D and 2D. - 81 - [err] - 82 - [err] - 83 - Exanmple 1E
St yr ene- but adi ene copol yner (70: 30) 100 parts Car bon bl ack
3 parts Nigrosi nExample 1D 4 parts

Styrene-butyl methacrylate copolymer 100 parts

) Carbon black _ _ 2 parts
Nigrosine'_ _ 3 parts
5 The above materials were well blended in
- a blender and then kneaded on a twin roll heated td

150°Q., The kneaded product was left to coo];‘ coarsely
crushed by a cutter mill, pulverized by means of a
micropulverizer with a jet air stream and further
10 subjected.to.classification by use of a wind force
classifier to obtain colored fine powder of 5 tQ.ZOp.
As the next step, fine silica particles _'
Aerosil 200 (prbduced by'Nippon Aerosil Co.) were
placed in a sealed type Henschel mixer heated to 70°C
15 and stirredfat a high.speed, while adding to the
silicgldropwise Y-aminopropyl triethoxysilane diluted
.with'alcohol to a treated guantity of 5.0% of the
silane coupling agent based on silica. The fine
W particles obtained were dried at 120°C and thereafter
20 placed again into '‘a Henschel mixer, and dimethyl

silicone oil (viscosity: 100 centipoise at 25°C) was

"W

addéd to the silica under stirring to a quantity of
2.0%. The mixture was subjected tb a high_speed
stirfing at room temperature for 2.hours, followed
25 furtﬁer by stirring continued at 160°C for 15 hours,
(,/ and then the mixer was opened to atmospheric pressure.

This mixture was further dried at room temperature



Fh The above materials were well blended in a blender and then _
‘gegﬁded on atwinroll heated to [err]. = The kneaded produce was left to W/
codl, coarsely crushed by a cutter mll, pulverized by neans of a
~mcropulverizer with a jet air streamand further -10 subjected to
classification by use of a wind forLcegclLassifier to obtain colored fine
powder of 5 to 20[err]. As the next step, fine silica particles Aerosil 200
(produced by N ppon Aerosil Co.) were placed in a seal ed type Henschel

m xer heated, to 15 rr].and stirred_at hi gh speed il e adding to the
silica drolFV\cnlesé; af]?%%%@b%/'}lcf PETLTRTBaF OV gt%‘?‘gﬁit e ’gli"? u‘g\g%lr%ﬁt h al cohol to
a treated (g ' _ 0 | | coapling agent based on the
silica. Th%ﬁ*%éﬁﬁ?%%{ﬁ%?%rﬁ%%ﬁé\:?%%i2§f at [err]. 20 - _ A
devel oper was preparggl fy LO0o 200 REEESrOfof IO POYElELpLarrier with
particle sizes of 50 to 80[err] to 5 parts of a mxture prepared by addi ng
0. 6% of thardatead eflirfd |SCRidD pALLPOINE dddEd PEYUSia miedPLFY Of
triboelectric charges was as high as 25 +18.6 [err]/g. Wth the use of
this develtpergfdmasanid nfjime heowder bynea sBems¢liol afiker AS10M Exanpl e 1A,
- 84 - _ .

parts of iron powder carrier with particle sizes of

100 to 1304 were added to prepare a developer. -
With the use of this developer, following
otherwise. the same pfocedure\as in Example 1A, develop- ' ::
10 ment of the negative electrostatic images acéording
to the magnetic brush method and transfer onto_blain
paper were performed. The image densities obtained'
under various conditions are shown below. The

developer characteristics were substantially comparable

15 to those obtained in Example 1A.

22°c, 60% R.H. 1.4
10°C, 10% R.H. 1.45

()

In successive copying tests, no abhormality
26 - was observed until 100,000 sheets of copying, and the
density fluctuation was'practically satisfactory
within 0.3. ' |

Comparative Example 1D

A developer was prepared in'the same manner
25 as in Example 1D, except that Aerosil 200 was not o~
treated with Y-aminopropyltriethoxysilane and dimethyl

silicone o0il, and development and transfer were also



brush nmethod and transfer onto plain paper were perfornmed. The inage N
densfties obtained under various conditions are shown below. 5 The

‘devel oper characteristics were substantiall¥ conparabl e to those obtai ned
in Exanple 1A. [efr], .60% R H. 1.5 tefP]T 85% R H. 1.42 [err],
10% R H. ' 1.40 10 I n successive copying tests, no .
abnormal ity was observed until 100,000 sheets of copying, and the density
fluctuation was premductedysimilafhyt oryswihéi neSult, Abhty r&veérsegel oper
was stored under an 15 environment of 350C and 90% R H. for one nonth,

i tages were al so HmIehceowld be @thhnsddeeeﬂgphﬁ,aphen%bgft?giboage I
density was substaptially unchanged as 1.38 and the inmage quality was al so
ggod. %bnparative@ééﬁﬁﬁﬁ% qarges was -3.2 “¢/@er%§%gb¥tmng @r@g@#?dzen_zﬂe
sanme manner as in,Exanple 1E _except 1hat Aerosj was not treated w

i sopropyl tri-isceeg Ry %??Eﬁﬁﬁ%fgiﬁﬂcdev SpREFroRhePicitEf@f were al so

conducted singl ar . ' t Yo' eversed i mages coul d be obtained,
25 and then%nnd%%i%) té%%o% ec r?% %a?@es was -3.0 [err]/g, exhibiting a

negative chargi NGy Aet £¥d Stkdmple 2D -

A developer was prepared in the same manner -

devel opnent of the negative electrostatic inmages according to the magne«?___
O

as in Example 1D except no treatment with dimethyl
silicon oil was applied, and images were'abtained
_g~’ 10 | similarly. At normal temperature and normal humidity,
fog occurred little, but thé image density was as
low as 0.84 with conspicuoﬁs coarsening at the solié
black portions. When successive copying test was
cohducted, the density was lowered to 0.46 on copying
15 of 2000 sheets, and imagé flow occurfed on copying
3000 sheets. When images were obtained under the
conditions of 35°C and 85%, the image density was
lowered to 0.50 with increase of fog, scattering of
o Lthe toner and coarséning.of the image, thus being
20 practically unuseful. The transfer efficiency was

also as low as 63%f The hydrophobicity of silica

w "

was 0.
When images were obtained under the condi-
tions of 10°C and 10% R.H., the image density was as
25 low as 0.70, with éxcessive scattering, fog and
O/ coarsening, and transfer drop-off was markedly

observed. Continuous image formation was effected



~

- - Exanpl e 2E Exanpl e 1E was repeated except for replacing isopropyl _
§§§>§tearoyl titanate with isopropyl tri(N, N-dinethylethylamno)titanate,
reby there were 5 obtained inages of a high density of 1.31 which are

faithful to |atent inmages having high resolution w thout fog, scattering or
transfer drop-off. After successiyeggopying tests of 100,000 sheets, the

| mges obtai ned were conparable to those 10 at the initial stage. After

st orage under an enV|ron- ment of [err] and 90% R H. for one nonth, this
devel oper was_e ¥ed for |nage fornatlon tq give the result that the

i mage den¥pil SéogscBBFS eweéﬁd iPﬁQgeWﬁﬁE ith® was al so good. \Wen

f 1 85% R.H, qd K
e ot o riBnr EEw, BrgRR; B 4B Bkl Bpabitad ey aE e e AR 00 cheat o of -

copyi ng | The transfer efficiency was al so excellent and as
hi gh as ggéflgoggsg§§§%|e 3E Exanpl e 1E was repeated except that di-

anthréﬁ??g*E%gege?brtanate was used for treating in an anmount of 10% on the -

silicain sopropyl tri-stearoyl titanate. The resultant devel oper
5 Example 1D was repeated except for using

methyl hydrogen silicone oil (trade name: TSF 484,
produced by Toshiba Silicone Co.} in place of dimethyl
silicone o0il, whereby good results were obtained.

Example 3D

@

10 ) Polyethylene 100 parts
Carbon black 1 par£
Spirit black ' 2 parts
The above materials were made into a toﬁer
according to the same procedure as in Example 1D,
15 following otherwise the same procedure as in Exaﬁple
1D. As the result, good results could be obtained.

Example 4D

The experiment was conducted in substantially

@,

the same manner as in Example 1D except for replacing

20 Y-aminopropyltriethoxysildne with N,N-dimethylamino-

e

phenyl triethoxysilane to obtain good results. The
hydrophobicity of silane was 75. The results of
evaluation of Examples 1D to 4D are summarized in
Table 4 together with those of Comparative Examples

25 1D and 2D. s



25 exhi bited excellent image quality and durability under respective :
environnents of |ower tenperature and | ower hum dity, higher tenperatu o
ang~hi gher - 86 - humdity, and normal tenperature and nornmal hum dity.
Exanple 1F A mixture of 100 parts of zinc oxide, 20 parts of

styrene-but adi ene copol yner, 40 parts of =581 m-butyl nethacrylate, 120

parts of toluene and. 4 parts of 1% Rose Rengal solutio t hanol was
di spersed by mixing infa ball rill for 6 hours. This digpersf on was applied
as a coating by a wre{lfam on gn gl uBi n@n pBate,of & H5,am thickness in an
amount to give a 10 diyZ@atirng hi gkns & 40[er § S 38 Bopwed by
evaporation of the |sol yen® by Hot air to prepare a mgc!)@xgd - binder type
phot osensitive mateyiaf,” whi ch |was t hen 1or ned 1 Nt o ams:hgle f drum This
phot osensitive matefrial gaswsul]j ected to corona discl t -6KV 15 to
be charged.evenly over|d} g The [sugfage, sindyt heje- after an priginal inage
i.rradi ati on was ef flect ecggjogf orimAn @ e rdBtatic | ®ent | e. A devel oper
carrying nmenber in |t he|fsormgof |a cylindrical sleeve of stainjess steel with
an 20 outer dianeger rgﬂ;&\ b was-used. A pagnetic flux
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densi-ty on the sleeve surface of 700 Gauss was applied, and a distance
hetyeen the doctor blade and the sleeve surface was set at 0.2 mMm A
@?’/ ry sleeve fixed magnet type devel oping device was set” at a 25

%t ance of 0.25 nm between the aforesaid photosensi- tive drum surface and
the sl eeve surface (the circunf erent%{a\ vel ocity of the sleeve being the
sane - 87 - as that of the drum th rotational directions opposite to
each other), and an alternating vol tage of 400 Hz, 1000 V and a direct bias

vol t age of - 138——yere—appttet—or—ihe—steeve—S One hundred
(100) parts of Prigrjte Sf5A (styrene but adi ene copol ynfer, produced by
Goodyear Chemjcal s 360 par s dg ite and 3, partsjof nigrosine spirit
were mxed well in|adbl endero and neaded onua twin roll heated to
~[err]. The 10 kn Was fuct®wa t to cool coardely crushed by a
cutter mll, pulveli@egy b / means of a m cr o- pulverizer with ajet air
stream and fufther -s-ub;—es--e-d—-t—e—-e-L—a—s—s—#—f+ea-t-|-e-n—by—u-s-e—ef a wnd force
classifier tojobtaijmeol ofed, fi V\%r of 5t 20[err]. 15 As
t he next step finehﬁf?ica Eart cI o.ros“I (-proched by Nippon :
Aerosil Co.) \ere £ S 8 w o
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et hoxysilane diluted with 20 al cohol to a treated quantity of 10%
the silane coupling agent based on the silica. The fine particles obtained
were dried at 1200C and thereafter placed ﬁaarn into a Henschel m xer, and
di met hyl dichloro- silane was sprayed onto the silica under stirring to 25
a content of 10% The m xture was subjected to a high speed stirring at
room t enper at ur eExampPehdBrs, followed further by stirring continued at
[err] for - 88 - 24 hours, and then the m xer was opened to atnospheric
pressure. This m xtur8tysenerbetadienencoppdymerp(@8sdfe undie® partser
stirring at a |l ow speed at 60C for 5 hours. The hydrophobicity of the
tyeated 5 silica was G®*PIMLLIRAEE treated fine silica particléspﬂéFé added
I n an anount of 0.6% 9 t he, above colored fine - powder, follgmed bg m Xi ng
" hy a Henschel mixer tB-PF8%iRE a devel oper. Devel opment was carPREBSout 10

{0 a paper while i1radiati TS aanoYEChRERFHaTe BRPE e R By qAsR BC DLk’

face of the a blender and then kneaded on a twin roll heated to

placed in a seal ed type Henschel m xer heated to [err] and stirred at a &ﬁb-
hi;gh speed, while adding to the silica dropw se [err]-am nopropyl <y,
t 0 a

-~

150°C. The kneaded produce was left to cool, coarsely -
crushed by a cutter mill, pulverized by means of'a
micrqpﬁlverizer with a jet air stream and further
N~ , io subjected to_claSSification by use of a wind force
classifier to obtain colored fine powder of 5 to 20u.
As.the next step, fine silica particles '
Aerosil 200 (produced by Nippon Aerosii Co.) were
placed in a sealed type Henschel mixer heated to
15 - 70°C and stirred at a high speed, while adding to
the silica dropwise isopropyl tri¥isoste§royl titanate
diluted with alcohol to_a.treéted quantity of 2.0% of
.the titanium coupling agent based on_ﬁhe silica. The
fine particles obtained were dried at 120°C.
20 A developér was prepared byladding 100 parts
ofliron powder carrier with particle sizes of 50 to
80p to 5 éarts of a mixture_preparéd by adding 0.6%
of the treated silica tolthe above fine powder. The
amount of triboelectric charges was as high as
25 +18.6 uc/g.
U/ With the use of this developer, following

otherwise the same procedure as in Example 13,



ager to obtain a copied i mage. Fixing was effected by neans of a
‘ss““-rC|ally avai | abl e pl ain paper 15 copyi ng machi ne (trade nane:
\ﬁggooo produced by Canon, Inc.). The transferred i mage obtai ned had a
suffici-ently high density of 1.5, with no fog at all, and it was a good

l:

o’

i.mage Wi th high resolution w thout_2f) _any scattering of the toner around
the image. The weight of the coating toner | ayer formed on the sleeve was

1.5 x 10 3 (g/cnR). When successive copying test was performed by prepari
cont i nuous]| transferred |na es wth the 25 use of the above devel oper,
the transfPEVedPEMeR e %ﬂ? Qﬁﬂ?ﬁﬂﬂﬁi%;%M§%?$arrly conpar ab

ng

e

to those at _th |n|t|a sta Whe V|ron ntal conditions
- were chan§&&° ?:.[ngr P &g g%‘%’ﬁtl-ir ﬁ'}fgtg‘%g %10 whi ch was

subst ant i gllgy g%e ?E&@ t enper d norymmal humdity,
cl ear images re 3% |ng% ?Lo g'orqgghﬁt ?ﬁséﬁé?%oner and
there was obtahaal vildey A rabRR0%dia RS r&% f&'éc%‘g\dm# 199, 000 sheets of
copyi ng during successive copying test. e wel ght the toner |ayer per
unit @ eaThasdeveloper characteristics were substantially
comparable to those obtained in Example 1A
22°C, 60% R.H. 1.5 -
35°C, 85% R.H. 1.42
10°C, 10% R.H. 1.40
10 In successive copying tests, no abnormality'
was observed until 100,000:sheets of copying, and
the density fluctuation was practically satisfactor§
within 0.2,
After this developer was stored under an
15 environment of 35°C and 90% R.H. for one month, images
were also obtained by use 6f this developer, whereby

the image density was substantially unchanged as

.1.38 and the image quality was.also good.

Comparative Example 1E
20 A'develepef.was prepared'ih the same.manner
as in Example 1E, except that Aerosii-ZOO wae not
treated with'isopropyl tri-isostearoyl titanate, and
development aﬁd_transfer were also cohducted'similarly.
As the result, only reversed images could be obtained,
25 and the amount of triboelectric charges was ;3.0 uc/g,

exhibiting'a negative charging characteristic.

)

()



H

.3 x [err] g/[err].Next,when a transferred i mage was 10  obt ai ned a\_

| ower, tenperature and |lower humdity of [err] and 10% R H., the inmage
densfty was as high as 1.47, with the solid black portion being snooth

. devel oped and transferred, thus giving an excellent image w thout
scattering or drop-off of the toner. 15 -=W8h -successive copying tests were
performed under these environnental conditions, continuously and inter-
mttently, the density fluctuation was 0.1 until copy- ing of 100,000
sheets and was pExempde® [2E satisfactory, w thout appearance of white streak
or irregularity. 20 The change in weight of the toner |ayer per unit area
during the tests is shown iBxamiple JEawasvrepeadted edcept Rir reelaciag
substantially no change. Conparative Exanple 1F A devel oper was prepared in
t he same nanner Asoprapyiln tBimgtearoyl didematehati thedsoprop@l wad (ot
treated with y- an1no ro yItrlethoxyS|Iane or di nmethyl- dichlorosil ane, and
devel opment and 4 hetbydamgno) titanateyo whereby $hereamere As the

result, onIy reve es coul be ob ai and t he anmount of tribo-
electric charges %%?qn?q‘gqf'@ﬂﬂsl §* & S"t ‘{?@sétﬁe@ft itvd Ic WRdghngre |

characterlstlc

faithful to latent ifages having high resolution
without fog, scattering or transfer drop-off. -
After successive copying tests of 100,000
sheets, the images obtained were comparable to.those_
10 at the_initial stage. After storage under an environ-
ment of 35°C and 90% R.H. for one month, this developer
~was employed for image formation to giye_the result.
that the imege density was 1.30 as before, and the
1mage quality was also good. When image formation
15 was effected at 35°C, 85% R.H., very good images
could be obtained from the initial stage, and the
images after 100,000 sheets of oopyiné were also good.
The.transfer efficiency was also excellent and as
" high as 92%.
20 Example 3E

Example 1E was repeated except that di-.

anthranylethylene titanate was used for treating in

.
tn

an amount of 10% on the silica in place of lsopropyl
tr1-stearoyl titanate. The resultant developer
25 exhibited excellent image quality and durability
o/ under reepective envirOnments of lower temperature

and lower humidity, higher temperature and higher



Conpar ati ve Exanple 2F A devel oper was prepared in the sane manner as in -
[ ~x3pl e 1F except that no treatment with dinmethyl- dichlorosilane was '

pl4ed, and inmages were obtained simlarly. At nornal tenperature and
normal humidity, 10 fog occurred little, but the inmage density was as | ow
as 0.76 with conspi cuous coarsening _the solid black portions. Wen
successi ve copying test was conducted, the density was |owered to 0.58 on
copyi ng of 5000 sheets. When inmages were obtained under the condi- 15
tions of [err] and 85% the image density was, | owered to 0.63 with increase
of fog, sPaPiditig andt REXMGleteRREradase ANty nerrmade HWRIGE t¥r ovi ng to be
practical ly unyseful. The transfer efficiency was also as |ow as 70% The
wei ght ofgéﬁﬁgisnéﬁ | ayer per unit area -3 2 20 was 0.70 x 10 g/cm. -
When t he i nages wer L ned unde, ongt ti.ons of. 10C.gnd 10% R H., the-

3 LIS OH 1) SR B o

| mage density was aS excessi'v , fog and .

coarsenin dfter - Ak Op- of qa%héggly \§§% Gonti nuous image *
fornationgﬁéggeP?e%?ggg%g Eﬂ%ﬁ?ﬁ%dﬁ??@ a ouf”cggigﬁb o_cggout 5000 sheets,
the densi hyplegaMme@ndCriAateke 1200Ha1E 91 f YMiRlen¥ arid @ldaryaossi ble. The
toner weight per unit areéea .

of 1% Rose Bengal solution in methahol was dispersed

by mixing in a ball mill for 6 hours. This dispersion

was applied as a coating by a wire bar on an aluminum

e

plate of 0.05 mm thickness in an amount.td give“a
10 dry coating thickness of 40y, followed'by evaporation’
of the solvent by hot air to prepare a zinc oxide-
binder type photosensitive material, which was then.
formed into a shape bf drum. This.photosensitivé
material was suqucted to corona discharging at -6KV
15 to be charged evenly over all the surface, and there-

after.an original'image irradiation was effected.to

form an electrostatic latent image.

A developer carrying member in the form of

Q)

.2 cylindrical sleeve of stainless steel with an

20 outer diameter of 50 mm was used. A magnetic fiux

I

density on the éleeve surface of 700 Gauss'was
applied, and a diétance between the dogtor blade and . | f
the sleeve surface was set at 0.2 mﬁ. A rotary sleeve
fixed magnét type developing device was set at a

25 distance of 0.25 mm between the aforesaid photésensi- -

tive drum surface and the sleeve surface (the

circumferential velocity of the sleeve being the same



- 91 - at the initial stage was 1.7.x 10 3 g/cnR, which becane increased
3.5 x 10 g/cn2, with formati on of wave pattern or irregularity.
Co rative Exanple 3F 5 _ Exanpl e 1F was repeated except thd
t he amount of di et hyl di chl orosil ane was cqgfged to 0.1% based on the
silica. The hydrophobicity of the. treated ${ITca was found to be 15. Until
copyi ng 100, 000 sheets under normal tenperature and nornmal 10 hum dity
conditions in successive copying test, good inages could be obtained

wi t hout change ofagHehatref the glrumd with txekational girectionsrea.
However, at [err] and 85% the inmage density_at the initial stage was 1.2,

" whi ch was | ower ePERPHLER & igfher) » d ApoplEeEnaking vRltagrr | ayer

By
i ght, which A ' t.fhe initial st : | dt
0ore x rorr] ol [ ri00 dErolfe’ i Sobteretietanvet s B TS “the”
condi tions of [Eﬁﬁéré”%k§{§@éc§ncgﬁ%r%égéb successive copying test was 20 -
C

conduct ed under the sa ondi U1 ons; ereby the i mage density-at the

initial stagegwas. as good Y ri r ridt£au! y
occurred on gsopyi ng of 5, Oggleslhéler%és%g%vi {ﬂﬂ%’g\gﬁéﬁ %#O%hieéf rragese}rdéeélsi ty to
0.62, and white si{d@akenNNA S ddoRmmer | BESARELE BY | d¥bdfedr 000
sheets. And, the weight of the toner 1ayer was found to be increased to

: Chemicals), 60 parts of magnetite and 3 parts of -

nigrosine spirit were mixed well in a blender and ,
then kneaded on a twin roll heated to 150°C. The
&sf 10 kneaded p;odﬁct was,lefﬁ to cool, coarsely crushed
by a cutter mill, pulverized by means of a micro-
pulverizer with a jet éir stream and further subjgcéed
to classification by use of a wind force classifier
to_Obtain colored fine powder of 5'£o 20, | _
15 . Bs the nex£ step,_fine.siliqa.pa:ticlés )
| Aerosil 200 (prodﬁced by Nippon Aerosil_Cof) weré
placed in a sealed type Henschel mixer_heated to 70°C
and stirred at a high speed, while adding to the
silica dropwise Y-aminopropyl trietho#ysilane@ﬁJuteiwith
20 alcohol to a treatéd'quantity of 10% of the siiane.
coupling agent based on';he silica. .The fine pa:ticles

obtained were driéd at 120°C and thereafter placed f_

.
4

again into a Henschel mixer, and dimethyl dichloro-.
silane was sprayed onto the siiida'under'stir:ing to
25 a éohtent of 10%. The mixture was subjectea to a
\;/ high spéed stirring at room temperaturé for 2 hours,

followed further by stirring continued at 80°C for



.9 x 10 g/cn2. The changes .in the weight of the -92- toner Iayer.ger‘
Nt.~area during this operation are shown in Fig. 5(b). Exanple 2F The
periment was carried out in substan- 5 tially the same manner as in

anpl e 1F, except for using NN-di nethyl am nophenyl triethoxysilane in

pl ace of Y-aninopropyltriethoxysiLagg,_ As the result, the coating was

. stable to give good results. The hydrophobicity of the silica was found to
be 75. 10 Exanple 3F The experinment was carried out in substan- tially the
sane nann as in Exanpple 1F, except for usin o

ani noet hy?eén‘??n%%{ 3RS hERSR hbhe PEEeRoYSE paﬁrgeqint3| gtmogpheric _
[err]-am nopropyl triethoxysilane _As.the.15 result. the coating was

stable tdP® %%Eé%bd ¢§§E|?¥¥LW§% “95r8§ﬁ8§i%Ft?gﬂ?sPh%ré?lica-mas found to -
be 45. E@%ﬂp Ne; i pacryl gtesc I 00 parts ;
Magneti t s8udd ShALE Fubbhds E€£Q§ ¢ g%oapggﬁsgggéd.a% Car bon bl ack

2 parts Ns@*@SfS# 5 hours. The hydrophobicity of tBReP8tbatdfe above
materials were well blended in

5 silica was 60.

The thus treated fine.silica particles were
added in an amount of 0.6% to the above colored fine =
powdér, followed by mixing by a Henschel mixer to

provide a developer. Development was carried out

@

10 with the use of this developer, and thén ﬁhe powder
image was transferred to a paper while irradiating a

- direct current corona of -7 V on the back face of tﬁe
paper to obtain a copied image. Fixinq was effected
by means of a commercially available plain paper

15 copying ﬁachine (trade name: NP-5000; produced by

Canon, Inc.). |
The transferred image obtained had a

sufficiently high density of 1.5, with no fog at all,

()

and it was a good image with high resolution without
20 any scattering of the toner around the image. The
weight of the coating tonef layer formed on the sleeve

3 (g/em?). | . o

was 1.5 x 10
When successive copying tesi_was performed
by preparing continuously transferred images with the

25 use cf the above'developer, ﬁhe transferred images -

after copying 100,000 sheets were fairly comparable

- to those at the initial stage.



pr.oduct was left to cool, coarsely 25 crushed by a cutter mll, .
p§LVerized by means of a mcropulverizer with a jet air streamand fur '
subj ected to classification by use of a wind force - 93 - classifier to
obtain colored fine powder of 5 to 20[err] 89As the next step, fine silica
particles Aerosil 200 were subjected to the heat treatnent at [err] for one
hour,” and the resultant particles were 5 treated sinmlarly as in Exanple 1F
to obtain treated fine silyaanP@hkl €h9irdhBneallydoRBNERbALt Wepk 55. The
thus treated silica-particles were added to the above col ored fine powder

in an anmpbunt of @hafgeBoltbod6dChrndi 86RgRI.H.3 Hhesdhajendersitiyowasovi de 10
a devel oper. Then, an OPC photosensitive nmenber as used in Exanple 1A was
dpplied with -6 Rv48owbdghdiweshsaupstangiadliyetoh&hgédobtaineleatnnormal
surface thereof, and irradiated with an original inmage to form 15

el ectrostatic | atemperaty&s: RBAcBATMBAy BUBAAASY r afdearahBagesweteconduct ed

in the sane nanneg as in Exampl e 1F, except that this Eﬂotosensitive menber
was conbi nedSwit R Fﬁén&avgﬁgbgpt fog or scattering of the toner, and

a bl ender and then kneaded on a twin roll heated to [err]. The kneade?ZE§§>;f

there was substantially no change in performances until
160,000 sheets of copying during successive éopying -
test. The weight of the toner layer per unit area was
1.3 x 10-3 g/cmz. Next, when a transfefred-image_was

10 obtained at lower temperature and lower humidity of

10°C and 10% R.H., the image density was as high as

i.@?, with the solid black portion being smoothly_--

developed and transferred, thus giving an excellent

image withbut scattering or drop-off of the toner.

15 When spccéssive copying tests were performed under
fhesé environmental conditions, continuously and inter-
mittently, the density fluctuation was *0.1 until copy-
ing of.100,000 sheets and_was practically satisfactory,
without apéearance of white streak or irreqularity.

20 The change in weight of the toner layer per unit area
during the tests is shown in Fig. 5(a), which indicates
;hat there was substanéially no change.

Comparative Example 1F

A'developer was prepared in the same manner
25 as in Example 1F, except that Aerosil 200 was not
Y treated with y-aminopropyltriethoxysilane or dimethyl-

dichlorosilane, and development and transfer were also



carrying

I,,IH ed. . age .
s on the sl eeve under various atnospheric conditions are shown bel 0\79;/

menber of Exanple 1F and the devel oper as 20 prepared above mas
The inmage densities of the transferred i mages and the toner

e devel opi ng characteristics including the results of successive

copylng test 25

Exanpl-e 1F - 94 - Density Toner weight [err], 60% R H.
1.5 x 10-3 g/[err] [err], 85%R H. 1 30 1.40 x 10- g/[err] 10C,

10% R H.
hum dity
t here was
35C, 90%
st or age.

Y- am nopr
-5

10

15

20

in weight of the toner

.3 e Th
per unit aFEﬁ%Pﬁ%Eacéé§§#9§l¥Opy#ﬁg sF §Ph§nm9nhﬂaﬁﬁ¥%ﬂﬁﬁ% and | ower

were satisfactory, geing substantially ‘equal to those of

1.38

| ayer

“kma§bheellia Pe, Raipafeh SRR MPILAF SN o1 storage a

Retbotbgc! BaukLEs0RLE 09d 1% Iggua%%&'a' 'av J MRl As before

sanme manner.
as in Exangh8rdingeshaphctBalisfgeQsi| 200 was not 15 treated with

Conparative Exanple 1G A eve er was prepare

opyl triethoxysilane and di -
Comparative Example 2F

A- developer was prepared in the”same manner

as in Example 1F except that no treatment with dimethygl-

dichlorosilane was applied, and images were obtained
similarly. At normal temperature and normai humidity,
fog occurred little, but the image density was as low
as 0.76 with conspicuous coarsening at the solid'black
portions. When successive copying test was conducted,
the density was lowered to 0.58 on copying of 5000
sheets. When images were obtained under the condi-
tions of 35°C and 85%, the image density was lowered
to 0.63 with increase of fog, scattering of the toner
and coarseﬁing of.the image, proving to be practically
unuseful. The transfer'efficiency was also as low |
as 70%. The weight of the toner 1aYer per unit area

was 0.70 x 1073 g/cmz. When the images were obtained

- under the conditions of 10°C and 10% R.H., the image

25

density was as low as 0.70, with excessiﬁe séattefing,
fog and coarsening, and transfer drop-off was markedly
observed. Cohtinuous image formation was effected
until after about copying of about 5000 sheets, the
density became 0.40 to make copying no longer

practlcally p0551b1e. The toner weight per unit area

)

| ()

@



sim/larly. As the result, only reversed i mages.coul d be obtai ned, and
aﬁednt of triboelectric charges was -3.2 [err]/g, exhibiting a 20
negati've charging characteristic. Conparative Exanple 2G A devel oper was
prepared in the sane manner as in Exanple 96 except that no treatnment with
di met hyl di chl orosi | ane was applied, and i mages were 25 obt ai ned
simlarly. At normal tenperature and normal humdity, fog occurred little,
but the inmage deggitieWasiBgaloutageOnls Wi, 4NxCoPSPi agemg,caﬁiéﬁm ng at the
- 95 - solid black portions. Wen Successive copylng est was conduct ed,
the density was heveredih6r€aSddosoCopsi #9107 >5808méheqteh ¥hamatigges were
obt ai ned under the condi- 5 tions .of [err] and 85% the inmage density was

| owered to 0.63 efthavacpatternfotofrregalaeitpg of the toner and.
coarsening of the imge, proving to be practically unuseful. The transfer
efficiency was afempaxativeaExgopdeTBE wei ght of the toner layer 10 per

unit area was 0.70 x 10 8/0n1Vhen t he i mages were obtai ned under the
5 xample 1F was repeated except that the

met hyl di chl orosi | ane, and devel opnent and transfer were al so conduct ed
. 29N

amount of diﬁethyldichloroSilane was changed to 0.1%
based on the silica. The hydrophobicity of the. -
treated silica was found to be 15. Unﬁil copying .
_100;000 sheets undor normal temperature and normal
10 humidity conditions in successive copying test, good
images could be obtained without change of the toner
weight.of the ﬁoner layer per unit area. However, .
at 35°C and‘85%, the image density at the initial
stage was 1.2, which was lowered to 0.78 on copying
15 of 5,060 sheets. The toner layer weight, which was
1.4 x 1(3"3 g/cm2 at the initial stage, was lowered
to 0.75 x 1073 g/cmz, on copying of 5,000 sheets.
| After storage under the conditions of 10°C
W, and 10% for one month, successive copying test was
20 conducted under the same conditions, whereby the
- image density at the initial stage ﬁas as good as
| 1.4, but ripple pattern or irregularity occurred on
copying of 5,000 sheets, with lowering of the image
density to 0.62, and whito'streaks appeared on the
25 image on copying of 7,000 sheets. And, the weight
— of the toner layer was found to be increased to

3.9 x 10"'3 g/cmz. The changes in the weight of the



ordi-tions of [err] and 10% R H., the image density was as |low as 0.68,
ﬂﬂgﬂ§excessive scattering, fog and coarsening, and transfer drop-off was 4
*a’k‘dly 15 observed. Continuous imge fornmation was effected until abomr
50% sheets was obtai ned when the density becane 0.40 to nmake copyi ng no
longer practically possible. The ypﬂgi wei ght per unit area at the initial
stage was ‘1.7 x [err] g/[err], whic ncreased 20 to 3.5 x. [err] g/[err]
on copyi ng of 500 sheets, with formation of wave pattern. Conparative
Exanpl e 3G Exanpl e 1G was repeated except that the amount of
di met hyl ditshiesr daiyemmpemunimeeh tdngingo@bis dpexationtdmeesilica. The
‘hydr ophobicity of the treated silica was found to be 15. Up to 100, 000
sheets of sh&Wn gt Fikry H®hal tenperature and nor nal - 96 - humdity in -
successi ve copyi n est, good inmges could be obtained w thout change of y
t he toner B%¥igi-the toner l-ayer per unit area. However, at [err] and
85% the inmge densi t.the initial stage was 1. 2. which 5 was | owered *
to 0.78 on copying o#y%?%fﬁf %%.wg%h%aﬁg‘g%%$ ?‘é&ejr? Wﬁ%ﬁa\‘ﬁas 1.4 x [err]
o/lerrg, a%ilPas ddhd rahned s 110/ Eeiid1e OfF COMNELGe Ofop: 000 sheets.

using N,N~dimethylaminophenyl triethoxysilane in
‘place of Y-aminopropyltriethoxysilane. As the result,

the coating was stable to'give good results. The

@

hydrophobicity of the silica was found to be 75.

10  Example 3F

The experiment.was carried out in substan-
tially the same manner as in Example 1F, except_fdr.
using aminoethylaminométhylphenethyl triethoxyéilane
in place of'Y-amindpropyl triethoxysilane. As the
15 result, the coating was stable to give good results.

The'hydrophobicity of the silica was found to be 45.

Example 1G

Styrene-butyl methacryléte cbpolymer 100 parts

@

Magnetite 60 parts
20 Carbon black ' 2 parts
Nigrosine _ 3 parts
The above materials'weré well blended in y f

a blender and then kneaded on a twin roll heated to
150°C. The kneaded product was left to cool, éoarsely

25 crushed by a cutter mill, pulverized by means of a

micropulverizer with a jet air stream and further

subjected to classification by use of a wind force



After storage under the conditions of [err] and 10% for one nonth, A\ .
successive copying test was<10 = cpnducted under the same conditions, )ia
mhé%éby the image density at the initial stage was as good as 1.4, but
ripple pattern occurred on copying of 5,000 sheets, with | owering of the
I mage density to 0.62, and white streaks appga~ed on the image on copyi ng
of- 15 7,000 sheets.' At this stage, the weight of the toner |ayer was
found to be increased to 4.0 x [err] g/[err] The changes in wei ght of the

e 656 Poo BhheBieRed EbNERLALA BRFERERORIALHEUALD BY £ fo ?é?hat

Exampl es 2G - was“ re eate excep

t he heat treatnent tenperatngghgfnéﬁgogtgpzogiﬁgrgiihégg grﬁgc%gﬁ ,
[err], respectively, good results could be obt ai ned.” The ydrop icity

wére found to be A@ro@bl 260, webe B8bjé0te@5to68hanHelt, treapmehtvaty. The
storage tests of respective sanples for one nonth at [err] and 90% R H.
al so yi el ded good8oesaql fer one- hidr, &amdmphe tébﬁlﬁhhhrpprbpgles were
trimet hoxysil ane 50 g Met hyl i odide 0.5 ¢
5 treated similarly as in Example 1F to obtain treated

fine silica particles with a hydrophobicity of 55.

The thus treated silica’particles.were added
to the above colored fine powder in an amount of 0.6%,
followed by mixing in a Henschel mixer, to provide

10 a develdper.
Then, an OPC phétosensitive member as used
in Example 1A was applied with -6 KV corona dis¢harg-
-. ing to be charged over the entire surface.thereof,
and irradiated with an original image to form
15 electrostatic latent images thereon.

Development and.transfer_were conducted in
the samé manner as in Example 1F, except that this
 photosensitive membér was combined with the developer

§~, : ' 'carrfing'member of Example 1F and the developer as
20 prepared above was employed. The image densities
P of the transferred images éq@ the toner'weights on
| the sleeve under. various atmospheric conditions are
shown below, and the developing characteristics
including the results of suécessivé copying test
25 were safisfacﬁory, being substantially équal to

those of Example 1F



(Dr=et hyl am no) et hyl nethacryl ate 50 g5 - Di met hyl f or mam de -
SRR I fur ., 0.5 g The above m xture was,
\:{~Psuﬁg to react under reflux at [err], for 50 hours to obtain a product:\Té
rerr] Next, 100 g of fine silica particles Aerosil 200 (produced by N ppon
Aerosil Co.) were imersed in an aqueous solution containing 4 g of the
‘above 15 product, and the mixture & Sstirred at [err] for one hour. Then,
the m xture was filtered and dried at [err] for 10 hours to obtain fine
silica particles treated with a cation type unsaturated am ne. The silica
was placed into a Henschel m xer benigdtdi met hyl ToHer wigHtor osil ane was
sprayed onto the silica under stirring to a quantity of I0%, H gh speed
stirring was cézf’ichué@%aiR.Boom t erfped@at ure flors 2 ol s, ga;hﬂn’t he m xture was :

further stirred at [err] for 24 hours, followed by openin the mxer to
at mospheric 2535°Gne8S% &-Hrhe abdwadQ reat ed f4hek sl ica/emiicles were
added to the cql gred fine powder of Exanple 1F - 98- in an anount of *
0.6% foll ovvedTBycm' >3i°r$g Rrﬁ_l-a Hendlchl : - '

5 ' The changes in weight of the toner layer‘

per unit area in successive copying test at lowér |
' temperature and lower humidity of 10°C and 10% R.H. ~

are shown in Fig. 6(a), which indicates that there

)

was no substantial change. Also, when deveioped
10 after storage at 35°C, 90% R.H. the results obtained
were substantialiy the same as before storage.

Comparative Example 1G

- ' A developer was prepared in the same manner
as in Example 1G, except that Aerosil 200 was.not

15 tréated with Y-aminopropyltriethoxysilane and di-
methyldichloroéilane, and development ‘and transfer
were also conducted similarly. As the resﬁlt,'only

reversed images could be obtained, and the amount

O

of triboelectric charges was -3.2 uc/g, exhibiting a
20 negative charging characteristic. .

Comparative Example 2G

A déveloper was prepared in the same mahner ) | .
as in Example 1G except that no treatment with
dimethyldichlorosilane was appliéd, and images ﬁere.

25 obtained similarly. At normal temperature and normal \,)
humidity, fog occurred little, but the image deﬁsity

was as low as 0.82 with conspicuous coarsening at the



ﬁixer' to provide a devel oper. Then, an OPC photosensitive nenber was
§+éed with -6 KV coraona dbscharg;ng to be charged 5 .over the entire

ce thereof,

and irradiated with an, original image to form

electrostatlc Iatent I mages thereon. Developnent and transfer were
conducted in the same manner as in Exanpke9bF~ except that this 10 -
phot osensitive nenber was conbined with the devel oper carrying nenber of
Exanpl e 1F and the devel oper as prepared above was enpl oyed. The image

densi ties of theobiapobIaEgdobiRIBREININHIR LAMREMILANES YT L R skoov

under various atnospheric-co

Itirons are s

3. ) .
) > N0
2

.1’

devel opi ng char agher cohdueteds! ¢dendende tiewHist 100k rakdc ¢8sdi, ¥9 eapy' ng test

were-satis- factory, being substantially.équal to those of Exanple 1F.

Density Toneeopyiiabt c#05000 shepesl.], 60% R H. 1.29 1.4 x
[err] g/[err] 35C, 85% R H. 1. 25 1.35 x [err] - gl[err] [err],
10% R H. 1. 31 The chahWbesn imageisgkeref obtainedennbeyethpecondit ar ea

i n successive copying test at |ower 25 tenperature and | ower hum dity of
[err] and 10% R HioaseofhdWiCi angi §5%7( &he. hmagk dedsd4yevashdowelede was

no substanti al chan%e

10
15
"
20
N 25
W,

63 with 1ncrease of fog, scatterlng of the
toner and coarsening of the image, provinag to be
practically unuseful. The transfer efficiency was
also as low as 70%. The weight of the toner layer.
per unit area was 0.70 x 103 g/cm?.

When the images were obtained under the

conditions of 10°C and 10% R.H., the image density

was as low as 0.68, with excessive scattering, fog
and coarsening, and transfer drop-off wes markedly

observed. Continuous image formation was effected

until about 500 sheets-was obtained when the density

became 0.40 to make copying no longer practically
possible. The toner weight per unit area at the

initial stage was 1.7 x 107> g/cm2

+ Which increased
to 3.5 x 10*3 g/cm2 on copying of 500 sheete, with

formation of wave pattern.

Comparative Example 3G

‘Example 1G was repeated except that the

amount of dimethyldichlorosilane was changed to 0.1%

based on the silica. The hydrophobicity of the

treated silica was found to be 15. Up to 100,000

sheets of copying under normal temperature and normal



- 99 - Conparative Exanple 1H A devel oper was prepared in the sane nanner
@Z Exanpl e 1H, except that Aerosil 200 was not .treated with the corrpo@
pf.eared in Exanple 1H or 5 dlnethyldlchlor05|lane and devel opnent and
transfer were al so conducted simlarly. As the result, only. reversed
I mges coul d be obtai ned. _ - Conparative Exanple 2H A
devel oper was prepared in the same ﬁgnner 10 as in Exanple 1H except that
no treatment with di- nethyldichlorosilane was applied, and i nmages were
obtained simlarly: At normal tenperature and nornmal humidity, fog occurred
little, bbumifdtymigesyeasss)vaasoryingwtasts. goodsimaaeg soudddency of
coarsenlnge 15 Wen successive copying test was conducted, the density was
0

| overed t BeooB5adRedopithguss chepaehoét SheThenex Medighlerd odhtthef the toner -
| t wh to 4.8 ’
or Lor 1] “ohoBaR, ERY et DRpouBAE.pEe Ry HoRevbr 'C{%ﬁ & oRd Biages were o

obt al ned Hggeémﬁgg ﬁgﬂgiE on% thel & &k;%ﬂd #Qé’  qLBe i gadg density was

as | ow as exce SI ve scat erl ng, coar deni ng, and transfer
drop-gff yag ABikedkyt8bacYeln COBYIRYOLE 5TRED s ones ef fect od
- -3 2

~ toner layer, which was 1.4 x 10 g/cm”, was lowered
to 0.75 x 10-3 g/cmz, on copying of 5,000 sheets. -

After storage under the conditions of 10°C

Q)

and 10% for one month, successive copying test was
10 conducted under the same’conditions, whereby the imagé
density at the initial stage was as good as 1.4, but
ripple pattern occurfed on ¢opying of 5,000 sheets,‘
with lowering of the image density to 0.62, and
white streaks appeared on the image on copying of
15 7,000 sheets. At thié sfage, the:weight of the toner

-3 g/cmz.

layer was found to be increaséd to 4.0 x 10
The changes in weight of the toner layer per unit
area during this operation are shown by.Fig. G(b). —~

Examples 2G - 9G

20 When Example 1G was repeated except.thaﬁ
the heat treatment temperatures of Aerosi; 200 were
changed- to 430°C, 480°C, 500°c,-600°c,' 700°c, 900°c, o _ G
1000°C,. 1200°C, respedtivély, good results could_be.
obtained. The hydrophbbicity were found to be 50,

25 50, 55, 58, 70, 65, 68 and 68, respeétively. The o
storage tests of respective éamples for one mohth

at 30°C and 90% R.H. also yielded good results.



25 -until about 500 copi es were obtained, when, spot-like irregutarity
foynmed. The toner weight per unit area was 4.5 x [err] g/[err]. - 10
Co rative Exanple 3H Exanpl €- 1H was repeated except that the amount o
di et hyl di chl orosi | ane was changed to 0.3% based on the silica. The
hydr ophobicity of the 5 treated silica wasgound to be 18. Up to 50,000
sheets of copying under nornal tenperature and normal humidity in
successi ve copying test, good inmages coul d be obtained w thout change of

t he toner wei ght oﬁ g“gléoqgr | ayer per unit area. However, at 350C 10

and 85% the inmag t the initial stage was 1.0, which was | owered
- to 0.63 on copying of 530 T I r....whi ch 1.4 x [err]
g/[err] at the initial EtggéégﬁggaPﬁ%e?%3&@§ﬁﬁ?€%%§. %r] o/ [ qu on
copying of 5,000 sheetsyefh{er ighiogage under the 15 conditQPQ§éff.[err]
and 10% for one nonth, successive copying test was conducted und t he sane
condi tions, whereby the2+(BgRetRPIhiny nd) eith§l Mdthdlcriiiage WaS,-oa.g{ good as
1.3, but ripple pattern occurred on copy- ing of 5,000 sheets, with
lowering of the inmage 20imetihp3Fbymhmide50, and white streaksgpporeared on

t he '

Sulfur 0.5 g -
The above mixture was allowed to react

under reflux at 95°C for 50 hours to obtain a product:

. - O | Ci,, ©
O i [ (¢h3o)3slcxzcnzcgznc1;2cnzo—c-clz ] cl
(CH3)2_ o) CH3

Next, 100 g of fine silica particles Aerosil
200 (produced by Nippon Aerosil Co.) were immersed
'in an aqueoué solution containing.4 g pf the above
15 product, and the mixture was stirred at 60°C for one
hou;; Then, the mixture was filtered and dried at
100°C for 10 houré to obtain fine silica particles
treated with a cation'type unsatﬁrated amine. The
N silica was placed into a Henschel mixer, and dimethyl-
20 dichlorosilane was sprayed onto the silica under
stirring to a quantity of 10%. High speed stirring
was continued at room temperature for 2 hours, and
the mixture was further stirred at 80°C for 24 hours,
followed by opening of the mixer to atmospheric
25 pressure.
| The above treated fine silica particles

were added to the colored fine powder of Example 1F



|nage on copying of 10,000 sheets. And, the weight of the toner layer was_.
fguind to be increased to 4.3 x [err] g/[err]. The changes in weight of
oner | ayer per unit area during this operation are shown 25 in Fig.
Exanpl es 2H - 4H When Exanple 1H was repeat ed under - 101 -
substantially the same conditions eéﬁgpt that the anmbunts of the. conpound
prepared in Exanple 1H and di net hyl dicthl orosil ane treated on Aerosi| 200
were changed to 0.3% 1.0% 1.0% 1.0% and 5.0% 1.0% 5 respectively,
good results could be obtained. Exanple 5H [err

4 g [err] in an amount of 0.6%, followed bygmiyxngfgm a dgngchel

0.5 g 10 -t - But alcoho 50 g Sul fur

0.3 ¢ The“&B@F@ Skt eA?Yﬁ&RP%ﬁ [err] for one hour to obtain a
product : [err Subseq ine sjlica particles of Aerosil 200
wer e n1xed in a angl 'lﬁggﬁﬁgﬁéhPE?ﬁFnSltlve hember was

applied with. -6 KV corona dlscharglng_to-be éharged
5 over the entife surface thereof, and irradiated with
an original image to form electrostatic latent images”
thereon. . _ : -
Development and transfer ﬁere conducted in
the same manner as in Exampie 1F, except that this
10 §hotosensitive member was combined with the developer
carrying member of Example 1F and the developer as _
prepared above was employed. Thé image densitiés of
the transferred images and the toner weights on the
sleeve under various atmospheric conditions are shown
15 below, and the developing characteristics including
the results of successive copying test were satis-
facfory, being substantially equal to those of

Example 1F.

Density Toner weight
' 20 22°C, 60% R.H. 1.29 1.4 x 1073 g/cm?
35°c, 85% R.H. 1.25 1.35 x 103 g/cm?
10°C, 10% R.H.  1.31 -

The changes in weight of the toner layer

per unit area in successive copying test at lbwer
25 temperature and lower humidity of 10°C and 10% R.H.
are shown in Fig. 7(a), which indicates that there

was no substantial change.



above‘product by spraying an aqueous sol ution thereof 20 to a quanti

the m xture was dried at 100C for

5% Then,
&%(cles treated with 'a cation type unsaturated am ne. The thus treat

S|I|ca was again charged into a Henschel mixer, and di et hyl di chl or osi
was sprayed onto ‘25 the silica under stirggng to a quantity of 5%
the sane treatnents as in Exanple 1H were applied. The hydrophobicity was
- 102 - Pol yet hyl ene oxi de . 100 parts Carbon

found to be 50.

bl ack
Ni gr osi ne

above materi al s,
to obtain fine pomder of 5 to 25p. A d

Comparé%fﬁgték£ﬁgﬁéniée ' 70 parts

ty of

10 hours to obtain fine sili S
1D
[ ila _

Then,

OPaILDJ Wth the use of the

the same P QfSelN eﬁf(}ﬁ%é& Fr o ?%n\yé r{‘g_peat ed

oper was prepare

of the above treajedirsiBiample e dtdspPOoyKieE .Adibsil 200 was MeXt, |
~were obtained simlarly as in Exanple 1H, followed by pressure fixing.

i mage density wastdeatratl twitle thd foaipning pireparsd tin Exbnp R d bl e
faithful to the latent image. As the result of successive copying test

t he i mages

5

10

15

20

25

dimethyldichlorosilane, and development and transfer
were also condﬁcted similarly. As the result, only

reversed. images could be obtained.

Comparative Example 2H

A developer was prepared in the same manner
as in Example 1H except thét no treatment with di-
methyldichlorosilane was applied; and iméges were
obtained similarly. At normal temperature and normél
humidity, fog occurred little, but the image density
was as low as 0.70, showing a tendency of coarsening.
When successive copying test was conducted, the
density was lowered to 0.53 on copying of 500 sheets.
The initial weight of the'toner layer per unit area

was 1.3 x 1073

g/cm?, which increased to 4.8 x 10>
g/cm2 on copying of 500 sheets. |
When the images were obtained undef the

conditions of 10°C and 10% R.H., the image density

was as low as 0.58, with excessive scattering, fog

and coarsening; and transfer drop-off was markedly
observed. 'Cohtinuous image.formation was effected
until about 500 copies were obtained, when, spot-like
irregularity was formed. The toner weight-per_unit

area was 4.5 x 10-_3 g/cmz.

I'ng 0.3%

mages
The

S,



d excel l ent characteristics were exhibited under. the, highet tenperaturg
«d higher hum dity conditions of .[err] and 85% R H., as wel| as under
| ower tenperature and | ower hunidity 20 conditions of 100C and 10% R H
Exanpl e 11 Styrene-butyl nethacrylaggocopolyner 100 parts Magnetite

<:i§§ obt ai ned were practically satisfactory until.copying of 100, 000 sheets,

60 parts N grosine 3 parts 25

The above materials were well blended in a blender and then kneaded on a
twin roll heated to [err]. The kneaded product was left to cool, - 103 -
coarsel y EPERAEAtAYeaExampPde #H |, pul verized by neans of'a mi cropul veri zer
wth ajet air stre nlanq fqrther sug|ectaﬁ to cl as |f|c tion by use of a
wind force classifi &F2PB18bt d WaSofkE EXG6REe* o 20[err]. 5

perosi 1 canpShEl ot AEekhy 83 BTcroR e A} ssﬁé?‘() r°dﬁe§%e3yt o 76¢ and
stirred afy Fanggg %Rgegiigghle §g%:Cgﬁgﬁppgglga%gggfdkggm se Y-am nopropyl *

triethoxysi 'ut'e téd quantity of 10.0% of
the 5 treated silica was found to be 18. Up to 50,000

sheet& of copying under normal temperature and normal
humidity in successive copying test, good images -
could be obtained without change of the toner Weight
of the toner'layer per unit area. 'ﬁowevef; at 35°C | ‘L;
10 and 85%, the image density at the initial stége:was
1.0, which was lowered to 0.63 on copying OfZS;OOO |
sheets. The toner layer, which was 1.4 x 10-3'g/cm2
at the initial stage, was lowered to 0.63 x 10> g/cm?,
on copying of'5,000 sheets. After storage under the
15 conditions of~10°c.and 10% for one month, successive
copying test was conducted under the same conditions,
whereby the image densify at_the initial stage was
as goéd as 1.3, but ripple pattern occurred on copy-
ing of 5,000 sheets, with lowering of the image
20 density to 0.50, and white streaks appeared on the
image on copying of 10;000 sheets. Aﬂd, the weight
of the toner layer was found to be increased to - | . g

-3 g/cmz. The changes in weight of the toner

4.3 x 10
layer per unit area during this opération are shown
25  in Fig. 7(b)

Examples 2H - 4H

When Example 1H was repeated under



were dried at [err] and thereafter placed again into a Henschel m xer, {QQ, v

silane coupling agent based on the silica. The fine particles obtained p .

di hyl silicone oil (Vviscosity: 100 centipoise at 25C) was 15 added _to
the silica under stirring to a quantity of 10.0% The m xture was "subj ect ed
to a high speed stirring at roomtenperatdregqfor 2 hours, followed further
by stirring continued at 160C for 15 hours, and then the m xer was opened
to atnospheric pressure. 20 This m xture was further dried at room

t enper at ur e under herj €., pL,essur.e for urs. The thus treated fine
~si Irripca particles %fé%@faxg%ﬂ_g%if% tfrhéz FHB %$%€€%n$0%§p%fa?§ H®err], in

an anmount of 0.4%.SliOVeE BYe rg'a&h'sﬁ;% %‘%ﬁ%‘s&&]e{n Zé"?“@f\?m{’% héri)%pr ovi de

a_devel oper. Then, an OPC phot osen r-was appl| KV

corona di schar gi nilinetiiel FIeH O8¥bsiland Orea i@ ol e fol 11 Q260 e
thereof, and irradiated with an original image to formelectrostatic |atent

i mages thereon. Rewaigudrers GUBR) recELr1vese TOOBMGERD 5109, theosame
manner as in Exanple 1F, except that this photosensitive nenber was
conbi ned wi t h5t herelpesttuipeely, good results could be obtained.

-

Example 5H

CH2=C(CH3)COOCH2CH2N(CH3)2 4 g . e
(CH;0) 3s1cnzcnz-@-cnzc1 5 g
Methyl iodide _ 0.5 g
10 t-Buty1 alcohol ' 50 g
Sulfur ' : 0.3 g
The above_mixtﬁre was refluxed at 100°C

_. for one hour to obtain a product:

| ®
(tcr0) 351CH,CH,<(O)-CH,N (CH;) ,CH,CH,

15 ) |
_ )]
-OCOC(CH3)-CH2]01

Subsequently, fine silica particléS-of
Aerosil 200 were mixed in a Henschel mixer with the
&;j above product by spraying an aqueous solution thereof
. 200 to a quantity of 5%. Then, the mixture was dried
ﬁ ' _ - at 100°C for 10 hours to obtain fine siiica particles
_treatéd with_a cation type unsaturated amine. The
thus treated silica was again charged into a.Henschel
mixer, and dimethyldichlorosilane was sprayed onto
25 the silica under_stirring to a quantity of 5%. Then,
the sameftreatments as in Example 1H were applied.

The hydrophobicity was found to be 50.



» r'yi ng menber of Exanple 1F and the devel oper as. prepared above was
[loyed. The image densities of the transferred i-mages and the toner
ghts on the 10 sl eeve under varioqus atnospheric conditions are shown
bel ow, and the devel opi ng characteristics including the results of
successive copying test were sati§-1%§pLory, bei ng substantially equal to

P

t hose of Exanple 1F. 15 ~ Density Toner
wei ght [err], 60% R H. 1.35 1.38 X [err] gl[err] [err], 85%
R H 1.30 1.3 X err] o/ [err]. [err], 10% R H 1.40 The

changes in weight of tRelyekdyleageoxide per unit104 @24t successi ve
copying test at |ower tg&ﬁgraiﬂre and | ower humdity of 100C and 10% R H
are shown in Fig. 8(a)CakRrdh iﬁd’lkcat es that there waPafFSubst anti al

change. Conparative Ex le 1l 25 ' A devg| gper, was prepared in
the sane manner as in E?n%ﬁﬁlté‘tﬁ, except that Aero\sﬂ ‘%ﬁ%s not treated

ot 100 cent pof s, and 4ETERIEE  "and transter werd ¥ Eonducted |
simlgrly. As the wgith the use of the above materials, the
same procedure as described in Example 1H was |
_ repeated to obtain fine powder of 5 to 25u. A -
developer was prepared'by adding 0.3% of the above
treated silica to the fine powder. : | ' g)
10 - Next, images were obtained similarly as. |
in Example 1H, followed by pressure fixing. The
image density was found to be sufficiently high up
to 1.41, and.also faithful to the latent image. As
the result of successive copying tests, the images
15 obtained were practically satisfactory until copying
of 100,000 sheets, and excellent_charaéteristics
were exhibited.under the highet temperature and

higher humidity conditions of 35°C and 85% R.H.,

as well as under lower temperature and lower humidity
20 conditions of 10°C and 10% R.H.

Example 1I i
Styrene-butyl methacrylate copolymer 100 parts . :
Magnetite S | ' 60.parts
Nigrosiné _ 3 parts

25 The above materials were well blended in ;:;

a blender and then kneaded on a twin roll heated

to 150°C. The kneaded product was left to cool,



yesult, only reversed i mges coul d be obtained. Conparative Exanple 2
A devel oper was prepared in the sane manner as in Exanple 1I except t
tﬁedtnent with dimethyl silicone oil was applied, and i mages were obt & .
simlarly. At normal tenperature and normal humdity, fog occurred little,
but the image density was as 10 low as G 883 the |ine i mge was scattered
with con- spicuous coarsening at the solid black portion. Wen successive
copying test was conducted, the density was |owered to 0.61 on copying of

5000 sheets. WieRdahediiReeh st P t@'emgtmarnt NouARH S £fm§f]a§ifsog350

and 85% R H., the inmage“density wasS | owere 3™wth increa

scattering and com %€ MikGopullve ridietd witdc e fletblaa ratstiHdam Bnd il
effi- ciency was also as | ow as 70% When the i nages were obtained under .
the conditions ofsubdecitegndtol @kalstifiction by ivsegofiensiing [feraee as | ow
as 0.68 with excessive scattering, fog and coarsening, and transfer
drop-of f was mar Icé@lsﬁi@d@cr\t@dob'ﬁmn wialioged\diigier powaehre aforfertd @par. per
unit area was 1.7 x [err] err] which increased to 3.5 x [err] g/[err]
on copying of5 25 500 shegtﬁs thg miex eé’rpaﬁitn@r B ifldicRe Partdei@sat i ve

Ex I | Ex e h he
sxanpl e 3_ anp Aeros:.v{azo (%?:‘to%clixc% C% '\Itip%tont Aerosil Co.) were

placed in a sealed type Henschel mixer heated-to 70°Ca-
and stirred at a high speed, while adding.to the
silica dropwise Y-aminopropyl triethoxysilane diluted
10 with alcchol to a treated quantity of 10.0% of the
| silane coupling agent based on the silica. The fine
particles obtained were dried at 120°C and thereaftér
placed again into a Henschel mixer,,and.dihethyl
silicone 0il (viscosity: 100 centipoise at 25°C) was
15. added to the silica under stirring to a quantity of
10.0%. The mixture was subjected to a high-speed
stirring at room temperature for 2 hours; followed
further by stirring continued at 160°C for 15 hours,
\,j ' #nd.tben the mixer w&s opened to atmospheric pressure.
20 - This mixture was further dried at room temperature
| under atmospheric pressure for 3 hours.

o .The thus treated fine silica particles wére
added to the above colored powder of 5 to 20y, in an
amount of 0.4%, followed by mixing by a Henschel

25 mixer, to provide a developer.
. K;/ Then, an OPC photosensitive member was

applied with =6 KV corona discharging to be charged



- 206 - amount of dinethyl silicone oil was changed to 0.5% based on the . -
‘35%5?5._Until 100, 000 sheets of copying under nornel tenperature and nornal
{h&rZph ty in successive copying test, good inmages could be obtained 5
wLtlout change of the toner weight of the toner |ayer per unit area.

However, at [err] and 85% the inage1@§n§ity at the initial stage was 1.1,
whi ch was | owered to 0.80 on copying of 7,000 sheets. The toner |ayer,
which was 1.4 x [err] g/[err], was |owered 10 to 0.75 x [err] g/lerr],

on copying of 7,000 sheets. After storage under the_conditions of [err] and
10% f or orff¥etorihe enkirasFuefrepyrherees: apd itoradiae’d ikl the sane _
condi ti ons, wherep %ihe | mge density at the ipitial: stage.was as good as

15 1.4, Huex PPRES 1E0 CERFR S LB EEOBY RS o S6oRROLERRRE S, with | .

| ower i ng cghéggzﬁjnage density to 0.75, and spot irregularities and white

streaks appeare‘> on the image on copying of - 10,000 sheets. And, the weight

of the toner |ayer vgsudpipfiehe bfalLraRaser dlre tonduledalfn o/ cre.  The

changes of the tone ayer- per unit area during this operation are shown in

Fig. &b). triagmhe manyenaEXeAPERarkpl¥sF | CRREESE LHAET tRLHSt an- 25

- tially the sane conditions except that the silicone _
photosensitive member was combined with the developer

carrying member of Example 1F and the developer as. -

prepared above was employed. The image densities of

the transferred images and the toner weights on the Q_)
10 sleeve under various atmbspheric conditions are shown |
below, and the developing characteristics including
the reéults of successive copying test were-satié— .
factory, being substantially equal to those of
‘Example 1F. |

15 o B Density Toner weight

22°C, 60% R.H. 1.35 1.38 x 10~ g/cm?
35°C, 85% R.H. 1.30 1.3 x 1073 g/cm?
10°C, 10% R.H. 1.40 - |
The changes in weight of the toner layer
20 per unit area in successive copying test at lower
temperature and lower humidity of 10°C an& 10% R.H.
are shown in Fig. 8(a), whi;h indicates that there o _ N
was ho substantial change.

Comparative Example 1I

25 ' A developer was prepared in the same manner o
as in Example 1I, except that Rerosil 200 was not

‘treated with Y-aminopropyltriethoxysilane and dimethyl



0i | was changed to methyl hydrogen silicone oil (trade name: TSF 484,
produced by Toshi ba Silicone - 107 - Co.), good results were obtai
l e 31 When Exanple 11 was repeated under substan- tially the sank
conditions except for replacing y- 5 am nopropyltriethoxysilane with
N, N-di et hyl am no- phenyl triethoxysilang, 1g90d results were obtained.
Exanpl e 1J Styrene-butadi ene copol ynmer (70:30) 100 parts Magnetite
60 parts 10 Ni gr osi ne 4 parts The
above naterlals | ender and t$ £ neaded on.a twn
Ve

rol | heated to [¥ fé°nqﬁ%1£n%gdg%bp?%ﬂgteoﬁﬁﬁ'I%?? me%Ba?%%ly

crushed by a cut m L0 verizer with
‘ajet air st rean%lgéﬁurt ? ‘ga’tl assﬁ?l ca%?on %y ﬁtgée of a wind
Force classifieryrdg,pbf aémfofaesﬁséanﬁn&g %oeia%éooeeéﬁaé& As the next
step, fine silica partlcles 20 Aerosi| 200 (produced by N ppon Aer osi

Co.) were pl acedconp@rseivedExamslelepschel m xer heated to .

5 - A developer was prepared in the same manner
as in Example 1I except that no treatment with“dimethyl
silicqne oil was applied, and images werelcbtained -
similerly. At normal temperature and normal humidity,.
fog oceurred little, but the image density was as

10 loﬁ.as 0.82, the line image was scattered with con-
spicuous coarsening at the solid black portion. When

successive copying test was conducted, the density .

was lowered to 0.61 on copying of 5000 sheets. When

the images were obtained unter the conditions of
15 35°C and 85% R.H., the image density was lowered to
0.63 with increase of fog, sCattering_end'coarsening,
thus being unacceptable at all. The transfer effi-
ciency was also as low as 70%. When the images were
i obtained under the conditions of 10°C and 10% R.H.,
20 the image density became as low as 0.68 with
-; ‘excessive scattering, fog and coarsening, and transfer
drop-off was markedly obseived. The initial weight

of the toner layer per unit area was 1.7 x 10'3 g/cm?,

-3 g/cm2 on copying of

which increased to 3.5 x .10
25 500 sheets, with ripple pattern formed.

—/ Comparatlve Example 3I

Example 1I was repeated except that the



ropyl tri-isostearoyl titanate diluted with alcohol to a treated

(E%%é] and stirred at a high speed, while adding to the silica dropw se

atity 25

of 2.0%of the titanjum coupling agent based on silica. The

fine particles obatined were dried at [err]. -- 108 - A devel oper was

prepared by adding the treated fine s
col ored powder

‘mxer. 5

élica particles to the above fine
in an anount of 0.6% '9%ITowed by m xing by a Henschel
Then, an OPC phot osensitive nenber was applied with -6

KV corona discharging to be charged over the entire surface thereof, and

i rradi at ecamount -ofirdimeghyhl sibboene coibrwas| ebangedatocOl dgent
10

t her eon.

| mages

Devel opment and transfer were conducted in the same °

manner as RaFEk Al Eha sibicept ¥mbili hoQ, POt sheatst Ppfecapnbae was

conbined with the devel oper carr

5

10

15

20

25

without éhange of the toner weight of the toner layer

per unit area. However, at 35°C and 85%, the image
densify at the initial stage was 1.1, which was
lowered to 0.80 on copying of 7,000 sheets. The

toner layer, which was 1.4 x 10-3

g/cmz, was lowered
to 0.75 x 1073 g/cmz, on copying of 7,000 sheets.
After storage under the conditions of 10°C

and 10% for one month, successive copying test was

~ conducted under the same conditions, whereby the

image density at the initial stage was as good as
1.4, but'tipple_pattern occurred on copYing of 5,000
sheets, w;thllowering of the image density to 0.75,
and spot irregularities and white streaks appeared
on the image on copying of 10,000 sheets. Ahd, the
wéight of the toner layer was found to be increased
to 4.0 x 1073 g/cmz. The changes of the toner layer
per unit area during this operation are shown in

Fig. 8(b).

-Example 2T

When Example 11 was repeated under substan-
tially the same conditions except that the silicone
oil was changed to methyl hydrogen silicone oil

(trade name: TSF 484, produced by Toshiba Silicone

; i ng nmenber of ‘Exanple 1F and the devel oper
as prepar SRORPTRRL ¢ B?%ﬂ?u%%eg?@aﬁ%r’aéﬁs?‘ﬂ“égl'é? 38 the transferred

i mges and_the toner wei

h he_sl d i -
condit1 onure L Ferdhns Fikt neodlctBarng tairacPer pbkAzae

eric
ncl udi ng

-

<
¥



the results of successive copying test were satis- factory, being

substantially equal to those of 20 Exanpl e 1F. Density . Toner

[eer], 60% R H. 1.40 - 1.5 x. [err] g/[err] [err], 85% R H

1.30 1.43 x [err] g/[err] [err], 10% R H. 1.43

Conpar ative Exanple 1J A devel oper was prega~ed in the sane nanner as in
Exanpl e 1J, except that Aerosil 200 was not - 109 - treated with

i sopropyl tri-isostearoyl titanate, and devel opment and transfer were al so
conducted simlar]y. As the resylt, only reversed i mages coul d be obtai ned.
Exanpl es 2J - 7J¢§+). good res nieEe PPtRdedepeat ed except that, in

pl ace of isoprop%l trgéiggﬁtearoyl titanate, there were enployed as

titanate type co ts, respectively, isopropyl _

di - i sost earoyl tanyl phenyl %%E%D?&?F%Eéaqﬁl?E%;kﬁpgﬁgg?oﬁ ber suthan4

tridodecyl benzene- 10  sultfony anat e I'sopropyltri(di-
octyl phosphat e) t icianage thex aaRlee chnlii tiSRL R¥ept for reE%acing X3,
an nobenzenesul f onyl di (dodecyl benzenesul fonyl )ti'tanate (Exanplé 5J),
i sopropyl tri GN- eahdhopropydtiiediokgsilane with N,N-dimethylamino-
| phenyl triethoxysilane, good results were obtained.

Example 1J _ - _ -

Styrene-butadiene copolymer (70:30) 100 parts
Magnetite . ' 60 parts
10 Nigrosine ) 4 parts
The above materials were well blended in
a blender and then kneaded on a twin roll heated
.. to 150°C. The kneaded produce was left to cool,
coaisely crushed by a cutter mili, pulverized by
15 means of a micropﬁlverizer with a jet air stream
and further subjected to classification by use of
a wiﬂd.force classifier to obtain colored fine
powder of 5 to 20u.
\_/ As the next step, fine silica particles
20 Aerosil 200 (produced by Nippon Aerosil Co.) were
L - placed in a sealeq_type Henschel mixer heated to
70°C and stirred at a high speed, while adding to
~ the silica dropwise isopropyl tri-isostearoyl
ﬁitanate diluted with alcohol to a treated quantity
25 of 2.0% of the titanium coupling agent based on.
— silica. The fine particles obatined were dried at

120°C.



TAt-anate (Exanple 6J) and isostearoyl nethacryloxy- 15 acetate titanate _
arrpl e 7J). Good results were obtained in each case. - 11 CLAI ME: 1'\./
x’devel oper conprising a binder resin, a colorant and a positive charge

controller said positive charge controller conprisi-ng funmed silica 5
particles treated with a coupling agegg having a hydrol yzabl e group and a
- non- hydrol yzabl e organi c group bonded to a tetravalent center atomof Si or
Ti, said positive charge controller having a hydrophobicity within the
range of from30 to 80_10 ., as neasured by the nethanol titration test. 2.
A devel oper accor di rfy @%V%}aPﬁFlwaﬁhEFGPﬁrFﬁebzoEﬁﬂiﬁg thent has Si as the

h I
cgent 15 ramaiah S 51 ARk FREFACLAE L3 EhE' dhove"Bag folofed ™ |
(1) vhereigRds 2 2l Kt e P G283 10ec118pdd £3" RORIALORD &) 2 (M TLne

atont ma n are 1 ntegers SatISf ere Y is an

organi ¢ graH: et ahikeg, at | east one. of amno, 20 Vi nyl, gl yci doxy,
mer capt o, methacryl, and unreido o

5 Then, an OPC photosensitive member was

applied with -6 KV corona” discharging to be charged
over the entire surface thereof, and irradiated with -
an original image to form electroetatic latent images
thereon. e
10 Development and transfer were conducted in
. the same_mannef as in Example 1F, except that this
photosensitive member was combined with the developer
carrying member of Example 1F and the developer as
prepared above was employed. The image densities of
15 the transferred images and the toner weights on the
sleeve under various atmospheric conditions are shown
below, and the developing characteristics including
the results of successive copying test were satis-
factory, being substantially equal to those of -

20 Example 1F.

Densitz ' Toner weight
22°C, 60% R.H.  1.40 1.5 x. 10~3 g/cm?
35°C, 85% R.H. 1.30 1.43 x 1073 g/cm?
10°C, 10% R.H.  1.43 -

25 Comparative Example 13

A developer was prepared in the same manner

as in Example 1J, except that Aerosil 200 was not

oo
-



groups. 4. A devel oper according to Caim2, wherein the coupling agen /j \}
IS a cation type unsaturated am no-functional silane selected fromthe @ )
comggounds 25 represented by the'formula: . - 111 - [err] wherein X i

hydr oxyl group or a hydro- 5 | yzabl e 'group; R is an alkyl having 1 to 6
carbon atons; n irs an integer of 1 to 3~ 1Q9 s a dival ent hydrocarbon
group, or an organic group containing oxygen in the formof -COC,
[err],[err], or [err] 10 or nitrogen in the formof [err]= group; [err]

is a hydr ogen at Qg ,gQg aldli)é qlg &Qo@%\ﬂl 095 L 146553 9‘1h t%t%%t%r %nd

het erocyclic organi'c group havin rogen SO I

25  Zis a dival gale9bphBnt AnAURBNIFRT et AR Wﬂth
[err], and bonded. tﬁr (E))ggh C-N bonding to the m#%%?r%natomlegnjsﬁgniqlgqﬁ

side; [err] is ashydeogesuditgmonlyaredidpgediatiadesl donld & bptagness; and
XY is an acid anion, 20 or a hydrol yzed product of said cation type un-
saturated am no- ExamplesalRJdsH ddJe. 5. A devel oper according to any of

d ai nms

5 . : Example 1J was repeated_except:that, in
. place of isopropyl tri-isostearoyl titanate, there
were employed as titanate type coupling agents, -
respectively, isopropyl di-iséstearoyltamylphenyl
titanate (Example 2J}, isopropyl tridodecylbenzene-
10 sulfonyl titanate (Example 3J), isopropyltri(di-
octylphosphate) titanate (Example 4J), isopropyl-4~
aminobenzenesulfonyldi(dodecylbenzenesulfonjl)titan;te
(Exémple 5J7) , isopropyltri (N~ethylamino-ethylamino)-
Fitanate (Example 6J) and isostearoyl methacryloxy-
15 acetafe titanate (Example 7J). Good results were

obtained in each case.



0 4, wherein the positive charge controller has 25 a hydrophobicityr

e of 30 to-80 by treating the funed silica particles with the coupli 65

.- and thereafter treating said particles with a hydr ophobicity -1
= di fying agent selected fromorganic silicon conpounds and silicone
oils. 6. A devel oper according 1980Caim 1, wherein the coupling agent is

a conpound represented by the 5 formula: [err] wherein mand n are 1 and
2, 1 and SCLbiﬂﬂ and 2, respectively' Ris an al koxy group having 1 to 10

car bon- at ons, erré [err] provi ded that when mis 1 and nis
2, Ris [err] 1or ?%???Per §9m%rf%ﬁ?? akinder (g8$in, [rr]

[err],[err err% % %h% % n?the above fornmulae, [err] is a
saturated BPLOR3 Fu?%? BPThTETE SFP TR TR haidd* 1 to 31 carbon
atonms or 3?g§¥@i\?gtcﬁé?ﬁ@té?n{ygi?é@rg&hfpfsﬂ{&u&me\ﬁ'sslﬁctydr()gen atom or

an am.no oup; and
5 particles treated with a coupling agent having a

hydrolyzable group and a non-hydrolyzable.organic |
group bonded to a tetravalent center atom of Si or
Ti, said positive charge controller having a
hydrophobicity within the range of from 30 to 80

10  as measured by the methanol titration test.

2. A developer according to Claim 1, wherein

the coupling agent has Si as the center atom.

3. A developer according to Claim 2, wherein
the coupling agent is.represénted by thé.formula:
15 R,SiY¥, (1)
wherein R is an alkoxy group having 1 to 10

carbon atoms or a chlorine atom; m and n are

integers satisfying the relation ofm+n=4; Y Y

is an organic group containing at least one of amino,
20 vinyl, glycidoxy, mercapto, methacryl, and qﬁfeido

groups.

4. A developer according to Claim 2, wherein
the coupling agent is a cation type unsaturated -
amino-functional silane selected from the compounds

25 represented by the formula:

T

-



25 X, [err] and Y existing in the same conpound being the sanme or
di-fferent, respectively). - 112a- 7. A devel oper according to apy/
Chavns 1 to 6, wherein the positive charge controller is obtained by
“subjecting the fumed silica particles fo a heat treatnment prior to

treatment with the - 113 - coupling agent118.- A devel oper according to
any of Clains 1 to 7, wherein the devel oper further contains nagnetic 5
mat eri al powder. 9. A devel oper according to any of Clains 1 - to 8§,

wherein the devel oper conprises bind particles haY?ng a col orant

di spersed therein and the paipidsles IR 0f the-pgsi}i¥e charge controller
adhering on said binder paitlcle surfpces. LO. %\developlng process,

whi ch conprises providing ﬁ? %rosnhﬁlc R%age beéaring nmenber for 15

bearing electrostatic inmges o s surface and a devel oper carrylng menber
drranged with a predeter-
- wherein X is a hydroxyl group or a hydro-

5 iYZable group; R is an alkyl having.1 to 6 carbon
atoms; n is an integer of 1 to 3; (Q is a divalent
hydrocarbon group, or an organic group containing
oxygen in the form of -COC-, -%OC-, —?—, or'-%OH

~ 10 or nitrogen in the form of R2N= group; R1 is a
hydrogen atom, an alkyl group having 1 to 6 carbon
atoms or a heterocyclic organic group having é
- nitrogen atom in the ring; 'g is 2; Z is a
divalent organic group having a conjugated double
15 bond with -C=CH,, and bondéd through C-N bonding to

RZ

the nitrogen atom on its left side; Rz-is a hydrogen

atom or an alkyl having 1 to 6 carbon atoms; and Y
\_ '~ is an acid anion,
20 or a hydrolyzed product of said cation type un-

saturated émino-functionél silane.

. .
ey v T

5. | A developer according to any of Claims
2 to 4, wherein the positive charge controller has
25 a hydrophobicity degree of 30 ﬁo 80 by treating the
fumed silica particles with the coupling agent and

thereaftef treating said particles with a hydrophobicity

-—_-’-—_______'—.—
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redy, gap t herebet ween,
':2%?’ 8 to be carried on said devel oper carrying nenber in a thickness
q

permtting an insulating magnetic devel oper of

j>er 20 than said gap, and transferring said devel oper to said
elrectrostatic image bearing nenber thereby to effect devel opnent.
A devel oper for eIectr&statography substantially as descri bed

11.

herein mnth

Exanples)

10

15

20

25

compounds -and silicone oils.

6. A developer according to Claim 1, wherein
the coupling agent is a compound represented by the
formula: |

Rm-Ti-Xn

wherein m and n are 1 and 2, 1 and 3, or 4 and 2,

respectively;

R is an alkoxy group having 1 to 10 carbon atoms,

R o I
CH,- | :z>

provided that when m is 1 and n is 2, R is CH2 Z>> or
o Hy
i .
CH, -
% OiRY
X is -0-CH,-R,Y, -0-CO-R,¥, -0-S0,-R,Y, -O- <
2™ 1 2 0-R,¥

i § o-=ry O-R,Y P
-0-P-0- <0 , -o-p< - or -0-R,Y
-R, ¥ O-R,Y

(in the above formulae, R1 is a saturated or unsaturated

divalent aliphatic group having 1 to 31 carbon atoms or

a divalent aromatic hydrocarbylene group; Y is a

hydrogen atom or an amino group; and a plurality of
X, R, and ¥ existing in the same compound being the

same or different, respectively).

A

Conpar ati ve.
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- 112a-

7. A developer according to any of Claims 1
to 6, wherein the positive charge controller is
obtained by subjecting the fumed silica particles to

a heat treatment prior to the treatment with the

R A R
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15

20

- 113 -

coupling agent.

8. A developer according to any of Claims 1

.) o

to 7, wherein the developer further contains magnetic

material powder.

9. A developer accofding to any of Claims 1 -

to 8, wherein the developer comprises binder particles

‘having a colorant dispersed therein and the particles .

of the positive charge controller adhering on said

binder particle surfaces.

10._ A developing process, which comprises -
providing an electrostaticlimage'bearing member for
bearing electrostatic images on its surface and a
developer carrying member arranged with a predeter-
mined gap therebetween, permitting an insulating'
magnetic developer of Claim 8 to be carried on said
developer carrying member in a thickness thinner ' \,)
than said gap, ahd transferring said developer to
said electrostatic image beéring member thereby to

effect development.

IR

% < L L} S *



g

1. A developer for electrostatography
substantially as described herein with reference to any

one of the Examples (excluding Comparative Examples).

-
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