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n~veloper for Doveloping Electrostatic I•agc, 

Image Forming Method, Blec;;trophotog1;&pb.ic 

Apparatus, Apoaratus Unit, and Facsimile 

Apparatus 

~ACKGHUUNU O~ THE INVENTION 

Field of the invontion 

The present invent1on relates to a developer 

for devoloping an electrostatic image, thet is ueod 

10 for converting en electrostatic letent image tu tl 

visible 1maQe in image forming processes such BS 

olectrophotography, electrostatic recording and 

electrostatic printing. It also z·elttte~ to e.n 1mage 

forming method, an electrophotographie ~pparatus, an 

15 apparatus unit end a facsimile cpporatus that make use 

of the de.,,elopei:·. 

20 

MorA pA:r"t i r.11 la,.1 y, the present invention 

rolatco to o developer for developing an elect1·oslalic 

image, that 1s used in electrophotographic processes 

comprising a charging step of bringing e charging 

rne.111ber to which a voltage ho~ been externally SDI>lied, 

into contact with an electrost~tir. imagQ bearing 

mAmbQ.r ~o ~ffect elQct:roetatic chor9ing, and a 

developing step of dev~loping an electrostatic i11l::l0~ 

by usinQ a developer: and Rn ;magg forming method, en 

c:ilP.ctr.ophotographic apparatus, en apparatu$ uuit and a 

------·--------------
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l facsimile apparatus that make use of the developer. 

Related Background Art 

Corona dischargers are hitherto known as 

charging means in electrophotographic apparatus and so 

5 forth. The corona dischargers, however, have the 

problems that a high voltage must be applied thereto 

and ozone ie produced in a large quantity. 

It is recently studied to use no corona 

disch~~ger and use a contact charging means. Stated 

10 specifically1 this is e means in which a voltage is 

applied to a conductive roller serving as a charging 

member, and then the roller is brought into contact 

with a photosensitive member which is a member being 

cherged1 so that the surface of the photosensitive 

15 member is electrostatically charged ~o a given 

potential. Use of such a contact charging means makes 

it possible to apply a lower voltage than the use of 

the corona dischargers and to decrease the generation 

of ozone. 

20 For example, Japanese Patent Publication No. 

50-13661 proposes to use a roller comprising a mandrel 

covered with a dielectric material such as nylon or 

polyurethane rubber so that a photosensitive sheet can 

be electrostatically charged at a low voltage. 

25 The roller comprising a mandrel covered with 

nylon, however, has no elasticity such as rubber, and 

--- ----···---· 
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1 hence the roller can not be kept in sufficient contact 

with the member being charged, so that faulty charging 

tends to occur. On the other band. covering the 

mandrel with polyurethane rubber may cause exudation 

5 of a softening agent with which the polyurethane 

rubber is impregnated, and bas involved the problem 

that, when a photosensitive member is used as the 

member being charged, the roller tends to stick to the 

pbotos~nsitive member et the former's portion coming 

10 into contact with the latter when the photosensitive 

member is stopped, or that the region corresponding to 

the part where the both had been stickingly in contact 

causes unfocused images. Once the soft~ning agent in 

the rubber material of the roller bas exuded and stuck 

15 to the surface of the photosensitive •ember, the 

photosensitive member comes to have a low resistivity 

to cause smeared images (i.e., a leak of charges of an 

electrostatic image1 on the surface of the 

photosensitive member) and, in an extreme instance, it 

20 becomes impossible to use the apparatus or the toner 

remaining on the surface of the photosensitive member 

sticks to the roller surface to cause a filming 

phenomenon. In the event that the toner has stuck to 

the roller surface in a large quantity, the roller 

25 surface turns insulative, resulting in a loss of the 

charging ability of the roller and a non-uniform 
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l charge on tho surface of the photoecnoitive member, to 

adversely effect images. 

This is due to thP. f ~r.t that the charging 

member (the roller) 3trongly press ~he developer 

5 against the surface of the ohotosensitive member and 

hene~ ~he remaining developer sticks to the charging 

meiaber or the surface of the member b1'ing c;be.,·y~d c:snd 

also the surface ot the charging member and the 

surface of the member being charged tend to be damcged 

10 or scraped. 

In the con~ect charoing means. a dirP.ct 

current or a direct curront overlaid with on 

al te1·nat ing cu1·1·ent is appl led t<J tbe charging member. 

ln such.an instance. abnormAl ch~~9Q. or flying 

15 aove•ent of the remaining developer perticularly 

baving a small particle diameter and e lioht-weight 1~ 

rApP.~t9d in t.he surrounding ar~a of the part at which 

the oho.rging member and e. photosensitive ckum <;ume 

loto contact each ot:her. Hence. this area is in ~u~h 

20 

25 

a state thAt the remaining developer is electro-

etaticclly attracted to, or enibeddeu in, the surface 

of the charging member or photosensitive drum. This 

is quitP. d;ffer9nt from thg case where o noncontac:t 

charging means comprised or lhe convent1onal corona 

tli~charger is used. 

Mroia.nwhile, in recent ycoro, copiers, la:::;~r· 
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l printors, etc. which arc cmoll-oi~ed, inexpen51ve and 

of pe1·sonal use lu:ive co•e into use. In these small­

Sized machines, a CArt~ido~ syst~m in which a 

photoccncitivc member, a developing device and o 

5 cleaning d~vice are assembled into a unit is used from 

~hA Atandpoint of making them free from maintenanco, 

and it ie desired to uee 0$ the developer e one­

component magne~1o 4eveloPer since ~he structure of B 

developing assembly can be aimplif ied. 

10 ln order_'t~ form e. visible image wllb ~good 

imaae quality in the method •akino use of such ;:,. one­

coaponent magnetic dovoloper, the developer must have 

e high fluidity and a unifora chargeab111ty. For this 

ourpose, a tine inorganic powdAr haa be~n hitherto 

15 added and mi~ed to a toner powder. It hae been 

p1·oposed lo use u=:r the tine inorganic powder a tine 

silica powder hAvina b~en subjected to hydrophobic 

treatmont, ac dioolo3ed in Japanese Patent 

Applict1.tioi1s Laid-open No. 46-5182. No. 48-47345, No. 

20 48-41346. etr.. Fo~ ~vemple, a treated fine eilico 

powder ic uocd which is obtained by reacliuy i:ll fine 

slllcH powder wi~h en organic sl!icon compound such as 

dimethyldjr.hlorosilane to substitute oilanol groups on 

the particle surfaces of th~ !iue s111ca powder with 

organic groups so that the pownPr is made hydrophobic. 

'l'h~ dev9lopor having ouch a fine ino1·gaulc.; 
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powder. however, tends to causA scrA~r.hes particularly 

on the contact charging mombor ond photosen~itive 

member end to causv melt adhesion or t1lm1na of the 

toner to tne contact cha~gino ae~be~ and 

5 photoeeneitive acmbcr, in en i~Qge forming step at 

wblch lb~ aeveloper is pressed a~a1nst the 

10 

15 

'0 

25 

photosanAitivP- me•~r by contact charging. In an 

cx.treae inotance 1 feul~y imoges tend to be {Q1·mt:tu. 

With regar~ ~o ad6ition of fine resin 

particles to a developer, Japanese Patent Application 

Leid·· open No. 60-18<16$-' propoaes la udd to a 

developer. spherical or substantially $pherieel 

polymer.particlee smaller then toner particles. 

A developer prepared in the same manner es 

disclosed therP.in h8s b9~n examined to reveal that the 

developer io le33 effective for preventing the rut:!ll 

adhesion of toner onto the photosensitive member And. 

in ~ha ~pparetus making use of contact charging, the 

contoet charging device is conta111in&lt:!tl to i:end ~o 

cause charge non-uniformity. 

Japanese Patent Application Laid-open No. 1-

121861 proposes a developet· prepared bv add.in~ tine 

organic particles to toner ~Art;cles con~aining an 

ionically cx-oss-linked vinyl polymer as a lJluuer 

resin. It is nol~~ therein that thls dev~loper may 

prererably compris~ ~phP.~ical fine organic particles. 
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As methods ot tixing a toner imAQA. a contact 

heating method ae typif icd by a heat roller fixing 

111e I.bod lti c;ummu11l y used, and there 1s a Cemand tor a 

toner capable of being fix~d A~ a low temperature so 

5 that power oonoumption oon be decrea~ed. Fo• thi6 

reu~un, it 1~ proposed to incorporate a resin with a 

}(')w-mol4=lcm1Ar t".omponen~ and a high-molecular co111poncmt 

oo thot ~he low-temperature fixing perfo~man~e and 

ant1-ottset properties can be improved. 

10 When, however, a devoloper ~ontaining the 

15 

7.0 

25 

binder i-esin .in "hich the low-moleculaL· cumpuuent has 

been increased tor the purpose of low-t~mp~rature 

fixing ie ueed in an image forming oppa~atus having a 

conlac~ charging device or a contact transter means, 

the following probl~m~ t~nd to ar~e9. 

Prcsoncc of o lorgc quantity of the low· 

m<>lecula.r component 1n a binder resin llringe about so 

good B grindAhility of toner particles that thg toner 

partiolco tond to be broken to give ultt·afJ.ne 

particles because ot shear produced auring prApRra~ion 

~nd in a dQvQloping devicG, and the ultrofine 

particles slip through & cleauiug member ane2 adhere to 

the contact charging member or contact transfer maans 

to tend t.o eauc:a faulty charging or faulty trans!!;!t" .iu 

en environment of low temperature and low humidity. 

end cause tne melt aahesion of too~r to the surface of 
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the photocencitivc member in en environment of high 

lemperut.ure ttud bigh hum1d1'ty. 

ThA ultr~fina particles produced es e result 

of brcok of toner particles have the ~ame char9eabiity 

as the toner particles, end hence inhibit the chero1ng 

of ton4r particles to cause a lowering of image 

density. 

In the contact heatino aetbod. it is required 

for the tonor to be surely softened and fixed at the 

heating temperatare, and &lso r~quired ~o prevent 

occurrence ot what is called ~he offRAt phenomA.non. 

which is a phenomenon in which port of softened toner 

adhere to a heating member and the adhere<1 toner is 

tranAfe~~ed to .e transfer sheet to contaminate an 

i•age. In order to better prevent thia offaet 

phenomenon, 1t is known to incorporate ~oner particles 

wi~h ~ polyolef ~n such as a low-~olecular polyethylene 

or polypropylene, ae disclosed in Japanese Patent. 

Applications La1d-open No. 49-6523 and No. SU-27546. 

Japanese Patent Application Laid-open No. 1-

11376 proposes a developei· compd~ing wax-contaln1ng 

toner particles mixed with fin~ rP.~in particles 

smallgr than the toner po.rtiole3. It is noted the1·elu 

that this develop~r mtiy preferablv comprise spherical 

fine oroanic partic!P.~. 

When , however, ouch a developer comp1· l:oluy tlle 
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toner containing e polvolet1n is used in en imaoe 

foT"ming apparatus having the contect charging device·, 

the following problems tend to ariGe. 

The golyoletin hes so poor a compatibility 

5 with tho binder resin in the toner particles that a 

10 

15 

20 

25 

polyolefin hoving a larger disperse die11eleL· ltmd~ to 

come to be a free polyolefin when toner is pulv~ri7.Ad. 

Thus, the freo polyolofin with a higher rooiotonce, 

hoving been developed ~l ~n image portion or non-1mage 

portion, is transferrP.d from an el@ctrostatic imege 

bearing member to c contact charging •ember to 

increase surface resistance, tending to cause faulty 

chArgina. 

The free polyolefin hoe o high resistance end 

is negatively chargeable with resoect ~o 1ron Dowder. 

and hAn~A it makes fogging moro sorious becau~e of ~he 

faulty ohorging in the case of e negatively cbcs:i:gee.bl~ 

developer and causes a poor fluidity 1n the ca~P. of ~ 

positivQly chargeable devolopor, tending to bring 

about blcnk areas in images e.11d is 11un-un1form1tv 1 n 

image density. 

ln the meantime, in recent yecr$, with wide 

spread of in1age rormiuy apparatus such as 

elec~rophotooraphic copying m~chin@s, their uses have 

becomo wider in a grc~t voriety, end demands ru1· their 

image quality heve be~ome ~everer. In the copying of 
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images as in usual documontc and book3 1 it is sought 

t:o rep1·oduce ittttiges lu C:S very tine and fa1 thtul state 

without causing any crushed linP. jm~gP.$ or broken line 

images even in the copying of fine choracters. In 

pa,·Ucular, lu ttn 111~te.r1ce in which a le tent image 

form~d nn A ~hotosensitiv• membor provided in the 

imogc forming apparatus ie a line iaage with o line 

wid~b ot 100 µm or less, the fine-line reproauction is 

commonly poor and no satisfactory sharpness of the 

line image bas been achieved. Receat.ly, in an image 

forming apparatus such as an e!ectrophotoarAphir. 

printer making use of digital image eignale, a lotent 

imag~ is formed of the essemblage or dut~ having a 

given potential, and its soiid portion. half-tnne 

portion·and light portion are expreeeed according to 

changes in dot density. Tllere, buwever, is a problem 

that in the state whArA the toner particles are not 

faithfully applied to the dots and hence t:he toner 

parllcle~ ~re out of place from the dots. no oradation 

of th~ tnnP.r imaoe can be obtained corresponding with 

tho ratio of dot density at e black a1·eca to lhc.tt of a 

whil~ are of the digital image. 1n the cas~ when th~ 

rei::=olutinn is h1proved by making dot size omaller, in 

order to improve image quality, il u~cumes more 

ui!ficult to achieve the reproduction of a latent 

image formAd of m;nw..tte dots, tending t:o give on image 
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having a poor resolution and gradation and aloo 

locking sharpness. 

For the purpose ot 1mprov1ng image q11Ality, 

sever el developers havo been hi~herto propooed. 

Japaneee Pe.tent Appllcallu11~ Leid-open No. 1-

11225~ and No. 2-284158 propn~A A ~on&r with a small 

particle diameter having o apecif ic particle aize 

di~tribution. ~he smaller particle diameter a toner 

bas, 1:hQ morA unifor111ly charged the toner particle 

curfeoco auot be mode. Hence, in order to a~hieve 

both a stable charge Quant1tV and a superior tluldity, 

;t ie p~$f•rred to add as a charge control agent a dye 

or s derivative of .the dye tho.t can give e. pi·ope.i.· 

charge quantity with 1ts use in a small amount. 

-On the other hand. the smaller particle 

diometer o toner h4s, the more tends to be produced a 

tree charge control eqent in the step of it~ 

pulveri%ation and the more tende to cauoc the 

inhibition of flu.Ldlly or the contaminauon of members 

due to a developer. In partir.ul~r. th• charge non­

uniformity tends to occur when o member coming in~o 

contact with a ph(ll<lt;tm~it:ive member has been 

contant1nate<1 • 

.1apa.neco Patent Application Laid-optm Nu. 1-

113762 proposes ~ tl~veloper comprising a mixturP. nf 

t1ne acrylic resin parti~lP.~ and toner particles 
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l containing tl chts.rye t;uul.rol agtm1.. It is noted 

thArain thAt thi~ dP.vAlnpAr mAy ~r~fP.rably comprise 

aphorioal tine orgonio particles. 

When, however, such a developer containino a 

5 dye or a derivative of the dye as a charge control 

agent is used in the iaoge forming apporatus having 

the contact charging device. the following problem~ 

tend to arise. 

Since the c;horge conti·ol agenl uf u. dye t:ype 

10 1s soft and viscous •. the charge eontrnl agent may be 

roloaeed from tone~ particlcc o.nd ~ron3ferred to the 

contact: charging meabei·, ~·esul liuy in en increase 1n 

surface resistance. which tends to caUAA faulty 

charging or faulty transfer. 

15 

20 

25 

·Since the Teleased charge control agent has a 

high chArQAAhili~y. it may inhibit the toner particles 

from being eleotroateticelly ehc~9ed and at the s~m~ 

"time make their tlu1c1it:y poor. tending to cau~P. blank 

a~qas in images and an uneven image denoity. 

SUMMARY OF TH~ INVENTION 

An object of the preecnt invention is to 

provide a develope1· foi· developing an electrostatic: 

lmaye. "that has solved the abovP. problems involved in 

the prior' art, and an i1na9c forming method, tm 

elcctrophotographic apporatus, an apDaratuF> unit and a 
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l facsimile apparatus which make use of such a 

developer. 

5 

Another object of the present invention is to 

provide a developer for developing an electrostatic 

image, th~t does not cause, or not ~end to cause, the 

melt adhesion of toner to a photosensitive member. 

Still another object of the present invention 

is to provide a developer for developing an 

elect~ostatic image, that does not cause no charge non-

10 uniformity even when copies are taken on a large 

15 

20 

25 

number of sheets, in an image forming method having 

the step of contact charging. 

A further object of the present invention is 

to provide a developer for developing an electrostatic 

image, having e high fluidity and also a uniform 

chargeability. 

A still further object of the presen~ 

invention is to provide a developer for developing an 

electros~etic image, having a good fixing performance 

end· also a good anti-offset when heat roller fixing is 

carried out. 

A still further object of the present 

invention is to provide a developer for developing an 

electrostatic image, that can achieve a high image 

density and may cause no fogging and no filming onto a 

photosensitive member, and an image forming 

() 
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1 method, an electrophotogrephic apparatus, an apparatus 

unit and a facsimile apparatus which make use of such 

a developer. 

A still further object of the present 

5 · invention is to provide a developer for developing an 

electrostatic image, that can be free from 

contamination of a contact charging member when a 

developing system in which an electrostatic image 

bearing member is eleetrostatically charged using a 

10 contact charging member is used, and hence is free 

from occurrence of faulty charging because of no 

increase in surface resistance; and en image forming 

method, an electrophotograpbic apparatus, an appara~us 

unit and a facsimile apparatus which make use of such 

lS a developer. 

A still further object of the present 

invention is to provide a developer for developing an 

electrostatic image, that can achieve good charging of 

toner particles, can well maintain fluidity and may 

20 cause ne!ther blank area in images by poor development 

nor image density non-uniformity; and an image forming 

method, an electrophotographic apparatus1 an apparatus 

unit and a facsimile apparatus which make use of such 

a developer. 

25 A still further object of the present 

invention is to provide a developer for developing an 

...... 

. J '·· 
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1 electrostatic image, that does not ~end to give 

formation of ultrafine particles, does not tend to 

cause adhesion of such ultrafilne particles even when 

a developing system in which an electrostatic image 

5 bearing member is electrostatically charged using a 

contact charging member is used, and hence does not 

tend to cause faluty charging in en environment of low 

temperature and low humidity and not tend to cause 

mel~ adhesion of toner to the surface of a 

10 electrostatic image bearing member in an environment 

of high temperature and high humidity; and an image 

forming method, an electrophotographic apparatus; an 

apparatus unit end a facsimile apparatus which make 

use of such a developer. 

15 A still further object of the present 

invention is to provide a developer for developing an 

electrostatic image, that does not tend to give 

formation of ultrafine particles, and hence does not 

inhibit charging of toner particles end can yield 

20 stable image density; and en image forming method. an 

electrophotographic apparatus, an apparatus unit and a 

facsimile apparatus using such a developer. 

25 

A still further object of the present 

invention is to provide a developer tor developing an 

electrostatic image, that mey cause no faulty charging 

even when a developing system in which an elec~ro-
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l static image bearing member is electrostatically 

charged using a contact charging.member is used, and 

prevents fogging from becoming more serious because of 

faulty charging in the case of a negatively chargeable 

S developer and does not bring about the blank areas in 

images and non-uniformity in image density caused by 

poor fluidity, in the case of a positively chargeable 

developer; and and ~n image forming method, an 

electr~photographic apparatus, an apparatus unit and a 

10 facsim~le apparatus which make use of such a 

developer. 

The present invention provides a developer for 

developing an electrostatic image. comprising a toner. 

f ihe resin particles with a surface shape sphericity ~ 

15 of from 0.90 to 0.50, and fine inorganic particles. 

The present invention also provides a method 

of forming an image by a process comprising the steps 

of; 

bringing a charging member to which a voltage 

20 has been externally applied, into contact with en 

electros~atic image bearing member to effect 

electrostatic charging; 

forming an electrostatic image on the charged 

electrostatic image bearing member; 

25 developing the electrostatic image formed on 

said electrostatic image bearing member, using a 

c 
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1 developer to form a toner image: said devAlnpAr 

s 

10 

15 

20 

25 

comprieing a toner, "fine reein.particlcc with o 

1:5urfu.ce ubape upbericity r/I of fro• 0.90 ~o 0.50, and 

fine innrgAnic partiel~s: end 

tranaf erring the toner image formed on aaid 

electrostatic image bearing member ~o a ~ransfer 

medium to fora a ·transferred image. 

The present invention also provides an 

electrophotooraphio apparatus comprising: 

an electrostatic image bearing member; 

a coulact cbt1rgi11g· member to wbicb a voltage 

is extArnally applied. which &lectrostatically charges 

oaid electrostatic image bearing aeaber while being 

brought 1nto contact with it: 

an electrostatic i~aga forming means for 

forming an electrostatic image on \.be chtt.ryed 

elec~ros~atic image bear1no member: 

a d~veloping moans for developing the 

electrostatic; image lhu~ formed; said developing means 

comprising a developAr carrying member and a developer 

container th3t holda therein a develop~r; said 

developer cumpr1s1n9 a toner. tine r~~in particlos 

Wlth a surfar:e. shape sphericity IP of from 0.90 to 

0.50, 3nd fine inorgani~ p~rticles; and 

a transfer means to~ transfe~ring the toner 

imaoe tormP.rl on said glectroototic image o~aring 
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l member ~o a transfer medium. 

5 

10 

15 

20 

25 

Tho prGaont invontion still alao provides an 

appa£·atus unit compi·ising; 

an electrostatic image bearing member: 

a contact charging member to which a voltage 

iu extermtlly tapplieu, whicb_.eleclroe:;tutic~lly charges 

f!\a;d AlP.etrnf!ltAt!e i111AgA hAAring 111A111Mr whi1e being 

brought into contect with it; and 

a developino means tor develooino an 

electrostatic imagG thus formed; said developing means 

co1up1·lsing a developer ca1•1·ying member a.ml ta developer 

container that holds therein a developer; a~id 

developer comprieing a toner, fine rc3in particles 

with a surface shape sphericity ~ of from 0.90 ~o 

0.50. and fine inorganic particles; 

said contact charging m~mber and said 

developing means being helC as one unit tooether with 

said electrostatic image bearing member, and said unit 

forming a single unit detach&bly provided 1n the body 

ot en electropnotographi~ A~par~tus. 

The proccnt invention further prov!d~~ ~ 

facsimile app~r~tus comprising an electropho~ographic 

apparatus and A ~eceiver means for receiving image 

informat:ion from a remote te1:mluetl; 

said electrophotooraphjr. ~pparatus comprising; 

an ~lAr.~rcstatic image boorir:ig meml.J~r; 
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a contact charging· member to ~hich a vul~age 

i~ externally applied, which electrostatically ehargos 

said electrostatic iznage bearing member while being 

brought into contact with it; 

au electrostatic imaoe forming means for 

foraino en electrostatic image on the cherged 

electrostatic image bearing aeaber; 

a developing •eans for developing the 

electroetatio iaa9e thws formed, &aid d~v~lop1ng means 

ou~pr1sing a developer carrying memb~r end a developer 

con+einer that holds therein a developer; said 

developer oomprieing a loner, fine resin particles 

w1tb a surface sbape sphericity ~ of from 0.90 to 

0.50, and fine inorgc.nic particles; and 

a ti·an:;tfer means tor transterring the toner 

1mage formed on $aid electrostatic image bearing 

member to c transfer mediuw. 

BRIEF DF.SCRIPTION OF THE DRAWINGS 

Fig. l i~ a schematic illustration of an 

example·ot the Appearance of fine resin part1cleR osed 

in the pl"eeent inventiou. 

Fig. 2 is a schematic illustration of the 

appearance of e fine recin perticle having a surface 

sh~p~ sphericity ~ o! about l. 

Fig~. 3 and 4 Are sche~atic illus~ration of 
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rollP.r-Rhap9d contact chargi~g devieoc. 

Fig. 5 is a schematic illuslrution ot a blade-

shaped contact charging aevica. 

Fig. 6 ie a echcmatio illustration of en 

example or lh~ upperatus for carrying out the imagA 

forming 11lP.thC'.\d of the prosen~ invention. 

Fig. '1 is a schematic; illuslrtttion ot an 

example Of the apparatus unit of thP. pT.'esent 

invention. 

Fig. 8 le u block diagram to illustrate the 

tacsim!le A~pAretus of the preeept invention. 

Fig. 9 ehows a GPC cbromatogr~m. 

·Fig. 10 is a schematic illuAtretion of an 

apparatus for measuring the quantity of 

triboelectricity of a powder sample. 

Fia. 11 is a ~eh~mat.ic illustration of a 

moldor for tableting a powder materi8l. 

Fig. 12 illustrates a cher.kP.r pattern. 

DESC~IPTION OF PREFERRED EMBODIMENTS 

In the followino. tho reason why the fine 

resin particles are effective aga1n~t t:be melt 

adhesion of tone1· to the electro~tatic image bearing 

m~mber such as a photosensitive member can lJe 

consirlerQd as follow3: 

The causes uf the melt adhesion of toner to 
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l tho photosensitivo member is for uue thing the 

scratGhes produced when ~he surfac~ of the 

photosensi ti vA •Eimber is rubbed by a contaet cha1·y ing 

member to which fine inoi:gauic powder has been 

5 ~dbered. In order to pr~vP-nt the scratches fro• being 

produced, it ie preferred to reaove lhe free, fine 

inorganlc powder from the pert at whir.h the contact 

charging me~b~r and the photoeonoitive •ember come 

into contact. Thi& can be consequently effective fnr 

lO preven~ing the melt adhesion of toner to tho 

photosensitive member. Tho fine resin particle~ wi~h 

l~ 

20 

25 

a aurfoce shape upher1c1~Y ~ of from 0.90 ~o 0.50, 

used in· the prP.AElnt invention oach have an uneven 01· 

irregular c~rfQce to o certain exlent as 

d1ag1·tu11mat1call y shown in Fig. 1. as compared wi 1:h 

partir:les with tho shape of true spheres, tmd hence 

they have the act.ion of adsorbing to th~ surface a 

grea~ number of ~Articles of the fine inorganic puwder 

present in a frco state. 

Spherical polymer particles obtained by 

emulsion polymerization or 3oep·free polymerizAtion 

A~ch have, 3o diagra1111111::1tically shown in Fig. 2, ver~ 

little ii·regular. surfiitcte, and hence the ::surtace shap~ 

spher1city ~ of the polymer port1cle is more than 

0.90. In general, its surfAr.~ shape 3pheric1ty ~ is 

a.bout 1. 
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l Fine resin particlP.~ obtained from a bulk 

r~Rin by mechanical pulverization or by pulver1zation 

using a jet sti·eam have surfaces wbosR rupture c:rose-

sec~ions assumA A great nulJlbar of minute 

< 
'' 

5 irrogu.lari~ico, end hence the su.d'ace shape spnericit'y · 

~ of lb~ fine res1n particle is lAss than o.so. In 

ganP-rAl. the surface shape ephcricity r'1 of the !lue 

resin particle is appi:·uxill'lately from O.~ to 0.4. 

lt 18 presumed ~hat, in the image forming 

10 apparatue having o contact eh~rging mem~~r, the r1ne 

resin particles having slipped through ~ cl~aning 

blade arA adsorbed to the contact charging member, and 

thcrccfter ~he fine resin p~rticles present on thA 

~urface ot the contact chArg;ng membQr adsorb the 

15 f'l"49, fine inorganic powder slipping \h1·cugh the 

20 

cleaning blade, ~u that the surface of the 

photosensitive mAmber can be prevented from beiny 

damagod. Herc, if the fine r~s1n par-c1c1es ~lipping 

through the cleanlng blade Are 1n a very large 

quantity, tha f~ee, fine inorgani~ powder becomP.~ 

RTnall in quantity and htmce "Che melt adhesion of tone.c· 

to the phutoeenaitiv~ member can be more ~ffectiVP.ly 

prevented. but on the ot.her ha.no a thir.k layQr of the 

fino rccin parti~les 1s torm~d on the contacl charging 

membe;i:· and hence this can be one u! the causes of 

taultv chl'lrging of the phvtosensitive member. The 
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l fine resin purt1cles used 1n the present invention 

each have an irr~guler surfaco to a certain extent as 

diagrammatically shown lll Fig. l. and nenr.P. they can 

be appropriately controllAd in the quantity of the 

S par~iclCO's slipping through the cleen1ug blade. 

compared with par\lcles w1th ~he shape of true 

~pheres. so that thA faulty charging of the 

photosensitive aember can be prevented trom oc~urring. 

It ~he surface shapP. sphericity ~ of the fine 

10 rAR;n particles is more than 0.90, the faulty Charging 

of the photosensitive member may coma ~o occur when 

copies are taken on a large number of sheets (e.g., 

10.000 eheeto or more). Ir tbe surface shape 

sphericlly ~ is less tban 0.50, the fine resin 

15 

20 

25 

particlRs may have a great number o! irregularitiP-S on 

their ourfaces to leut'I to increase moisture abcorption 

and lower develooment pA.rformance of the developer in 

en envi~onment of high temperature and high humidity. 

Moreover, the pt·utruded portions on the surfaces ot 

fim:! resin particles tend to be b.c·olcen oft on the 

ocr.as.ion of their mixing With tnn9r particles oi· in 

the course of development, so thet a lar~e numh~r of 

fragments of the fino resin particle~ may become 

PrA$ent in the dev~loper to tend to adver$~lv affA~t 

tho development. 

Th~ fine rc3in p6rt1cles nsed in the present 
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l invention aay preferably hav¥ a primary averAoe 

pertlcle diame~er ot from 0.03 to 1.0 ~·· It is more 

prefP.~eble to uee thoae of from o.o~ to 0.6 µm. 

Particles with & primary averagA particle diometer 

5 larger ~han 1.0 pm have so small a specif!~ surface 

area that they can not be ~u1ted for ads~rption of tho 

free, !i11e 1noraan1c powdAr and can give only e small 

eftect of preven_t~_ng the melt adhesion of toner to th~ 

photosensitive member. On ~he oth~r hand. those with 

· 10 a primary aver11ge particle diameter smaller than 0.03 

µm may make the triboelect1·iuity ot t:he developer 

exoesslvely high to tend to causQ a lowering of 

density because of charge-up. 

The fine resin particleA may havo a specific 

15 resistance of from 106 to 1013 O·c•, which can be 

20 

25 

r>r~ferably \leed. Use of 1.bu::ie having a watQr-specific 

resistance lower than io6 O·cm tends to cause a 

lowering of th~ charge quantity o! the Oevelop@r, 

r.nnsoquQntly ~ending ~o br1no shout a loMcring of 

image den~ity. Use nf fine rooin par1.lcles having a 

specitic resistance higher lhan 2013 O·cm tends to 

causo a lowet"ing of ~he fluidity of the d~veloper. and 

tends lo g1ve an image with much fogoing. 

The fine resiu particles may pt-efei·ebly hav~ 8 

triboolectric charoe quantity of not more than +50 

µc/g ln the ca~e of poaitive char"'1nl"T and t ... ,.,. no more 
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l. tho.n 200 µc/g as tb~ ubsolute value in the eas• of 

uega'tive charoing. Th•y may more preferably buve a 

trihoelectric charge qu.onti~y lu the ranoe nf from +30 

µc/g to -100 µc/g. If the trih~qloctric charge 

S quantity ot thA fine resin particles is higher than 

+SO pc/g, the triboeleclricitV ot the dAveloper tendo 

to become unstable, and fogging tends to occur when 

cof)i~s are taken _on o large numbe1· uf sheets. If 1"he 

triboeleetric charge Quantity of th~ fine raein 

10 particles i~ smaller than -200 µc/g, the fluiditV 

tende to become poor and density unevenQs~ tends· to 

15 

20 

25 

occur on the image. 

The fine reoin portioles shoula be used in an 

OJaount of from 0.01 to 1.0 part by ~oight, and 

pretel'ablY trom 0.03 to O.S7 parts by weight based on 

100 perts by weight of the toner. Tna fin~ inorganic 

powder sucb as hvdrophohic fina silica po,,dec may 

preferably bq used in on emount of from 0.1 part by 

weight to 3.0 parts by weioht h~sed on 100 parts by 

weight of the ~oner. "The fino inorgauic powdP.l" may 

preferably be used in a larger amount than the fine 

resin particles. 

Use of the fine re:sin partiCJP.i;: in an 41110u,H 

more than 1.0 part by weight t~nds to c8 use a lowP.ring 

of image den::>ity. On the other haud, use thQreof in 

on aniount or lei::s 'than 0.01 pt1rt by weight can be les~ 
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l effective against th• melt adhesion of toner to the 

photosensitive acaber. Use or the tine resin 

particles in the same amount ~~, or in a lorger amoual 

than, that of tho fine inorganic; powde1· tends to make 

5 tho fluidity of the developer POOr and also tonde to 

cause fog~inq. 

10 

The surface ohepe spherlcity ~ of the fin~ 

reein particle~ 1a det1ned as follows: 

surface A~ee {m2
/g) measured assuming 

fine resin particles as true Aph~res 

a~T specif;e surfaco area (e2 /9) actually 

measured on !lne resin particlP.$ 

~he BET specific surface a~ea can be aotually 

measured. when, for example, a ~pecif ie sur!i;tce area 

lS moter AUTOSORB-1, ev&ilable from OUantachrnm& Co. is 

20 

2S 

used. by the method as exP.mplified below. 

About 0.3 g of fine resin partlcles arP. 

woighod and pu~ in ~ cell, end dARP.ration ic carried 

out tJ.t a temperature of 40"C and a deg1·ee ot vacuu111 of 

-3 
1.0 ~ 10 mmHg for ct lea~t l hour. Thereafter, 

nitrogen 9es is adsorben on thg particles in the state 

\.hey are cooled using liquid nltrooen. ~nd the value 

ii=; '.\btained by t.he 111ul t1Polnt m.;;ithod. 

The surface ar&a ~gasured as~um1n~ th~ f inc 

resin particl~s as true spheres can hP. determined, for 

examplA, in the folluwinQ way: From particles in an 
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l electron m1croscop~ ~hotograph (xl0,000} of the fine 

~~sin particles, 100 fine resin particle images are 

collec1:ed al r~udom, and 'their major exes arc 

measure<.1. A VAlue obteined by overaging lhe measured. 

S major axeo io regarded a~ a d1aae~er (~J m~asured 

essuming 1:he fine resin particles ae 'tu.re spheres. On 

thA be.sie of the dicmeter HU, e t•a.<lius 7 (i.e., 111. 

2 
~>- is deter•ined and a surface er~~ (4rr ) of tho fine 

resin particlP.S is further determined. then a volume 

10 {4/3irr3 ) of the fine 1·esl11 particles is turThQr 

obtained. The weight of the fine resin portielee is 

d9.t~~•inod from a dcnoity of the fin~ resin part1cleR 

and the volume thu.=:t ob1:a1nec1. 1'he Rtrrface area (m2 tg} 

measureo assuming th• f ina reein particles as true 

15 spheres ic determined from the ~urrace area prP.viously 

7.0 

25 

obtained aud the weight tbus nbtained. 

ThA triboeloctrio value of th~ f 1ne resin 

partielcG used in tbe present invent;on can be 

measured by the tollnwing method: 0.2 g or the fine 

resin p::irticles having been le!t for 12 hours or more 

in an environ1ueut ot z3.~·r. and 60 % RH and 20.0 g of 

ca.c·rier iron powd9r whose partic;l~::; are not coated 

With r~sin, ha"'•ing a n1etin partiClP. si2e at 200 to 300 

meeho3 (e.g., tl"'V200/300, available from N1hon TP.ppun 

K.K.) are precis4ly weighed in the above anvironment, 

Which ar4;1 them thoroughly mixed in a "'ide mou thea 

- . --- ------ -­
·--·-------- ---
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1 h<>~~l• with a stopper, aado of polyethylene and having 

a volume of ebout 50 cc (the bottle lS upw~rd and 

duwnward shaken in henrl ebout 125 timco for SO 

!lflt:onds ) . 

Rext, ~~ shown in fig. 10. about 2.0 g of the 

mixture is put in a aQasuring container 32 made of a 

metal ct the bottom or which 1S providP.d e screen 33 

o~ 400 meshes, and thAn tha container is covered ~1th 

A plate 34 made of a metal. The lutal weight ot the 

10 measuring cuuta1ner 32 in this Rtete i9 weighed ond is 

expressed hy w1 (g). Next, in o auction device (made 

of en inouleting material ut least at thQ pArt coming 

into cuntact W1th the measuring container 32), air is 

sucked fT'ORl a suction opening 37 emd an air-flow 

15 control volve 36 1s operated to conTrol the precoure 

20 

iudicated by a vacuu111 indicator 35 1:0 be 250 mmHg. In 

t-his etato. cuotion is ~e.1·1·led out tor 5 minutes to 

remove tbe fine resin part-icles by suction. The 

po~ential indicated by a potentiometer 39 at this time 

is. exprea3ed by V {volt) . 'l'he n11m~ral 38 denotes <1 

capaci t.or, whose capAcitance io expressed by c (JJF) . 

The total weight of the measuring container after 

completion of tbt! suction :f ~ also weighed e:mc'I 1s 

expres~ed bv w2 Co). The quantity (UC/gJ of 

tr1boeler.tricity of this f1ne re~in particles i~ 

c:~1culatod ae ehvwn r-.r tlle (o', --·· 
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c xv Quantity of triboelectricily = ~-=--~~-
Wl - W2 

The epooific resi6tanc~ (volume specifjc 

resi&tivily} referred to in th~ prQsent invention can 

S be measurAn, for example, in the followiny way: us1no 

-· 10 

15 
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an apparatus shown iu Fig. 11. ~he samplP. is molded 

into a tablet. First. ebout 0.3 g of a sample 40 is 

pu1: in a tablet 111olding cbamlJer 41. Next. a p1.1sb bar 

42 is iu~erted to the tablet mo1ding chamber, ond the 

samp1e iA pt'essed by means of an oil pressu1·e pump 45 

at 250 kg/c1112 for S m.iuutes. Thus. a pellAt-shaped 

tablet ot about 13 mm fn diameter and about 2 to 3 mm 

in height ic molded. In the di·awluy, reterence 

numeral 4G de1lutes a pressure gauge. 

The t~blet thus obtained is optionally coated 

with e conducting agent on i~s both Side~, and tho 

resislivity under applir.Rtion of a voltage of 1,000 V 

1s mP.iqsured in en environment: or a temperature of 

23.s•c and a humidity ot 65 % RH. using, for example, 

16008A RESJ.STIVI'l'V CELL, avai leble f1·om Hewlett Pakard 

Co .• or 4329A HIGH RESISTANCE METER. ~vailablc from 

Yokogawa Hewl~ti: Pakard Co. A specific resistance p 

is <letermined from the following calculat:ion. 
? 

P(Q·cm) = R{O) x S(cm~)/~(cm} 

whi:re1n ~ is R sectional ;u·eC:l or thP. sample, 

and O :l.s a height o! the sample. 



~-.-· 

l 

, ( 

- 30 -

t. 

. ~ 
' 

'l'he tine rARi.n particles can be prepared 

by emulsion polymeriz8tion or tspL·ay dryinq. 

they •av preferably hA fine resin particles with a 

gl~SS trensition point of 00"C ur above. preparAd by 

5 subjecting cumponents used in hinder resins for toner, 

such as styrene, ecryli~ acid, metylmetb&crylate. 

butyl ocrylete and 2-etbylbexvl acrylat~. to 

copolvmerization according to emulsion polymerizatlun. 

~ueh fino resin porticle$ can bav~ a gooO effect. 

10 The fine resin particles may be those croo3-

linked with A cross-linking agent such as 

divinylbcnzene, end also lh~ir surtaces may hc:ii treated 

with ~ me~al, a metal oxidA. a pigment, a dye or a 

surfAt::9 active agent to make adjustB1e11t ot specitic 

15 resistance and lriboelectric Charo~ quantity. 

20 

25 

Tne fine resin particlco ueed in th~ present 

invention mo.y pe.rticulcu·ly preterablV be c<'\111prised of 

a block ar-ranOom copolymP.r of e styrene type, 

containing 51 % by weight or more of styrene monomers. 

Such e'tyrene type !iue resin particlQs are uouelly in 

the triboelectr1c s~r;es approxi~ate to styrene­

acrylate ro.sins or polyester resins used in binder 

resine of developers, so thAt t.hoy can be less 

mutu~lly electrif;ed with respect to toner particlec 

·and thRir fluidity does 1wt tena tn becomo poor. 

Thus1 ctyrene n~s.1ns are prqferred as the binder resin 
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1 of tlte ~oner. 

If the styrene 111onome1·s cum:a1neC1 in the fine 

resin pa1·llcles are less than 51 ' by weight, the 

developer may come to have otrong a99lome~aling 

5 propcrt iea end poor fl ui<li ~Y, tendinQ' to c:Anse blank 

ttreas 1n 1mages and imaQ'F.l densit:y non-uniformity. 

In the prcporation methods such as emulsion 

polymerization, the styrene type fine resin particles 

have a tP.ndency thet tho value l/J becomes smalle1· with 

10 en inoreaee in the contenl of styrene monomers. 

lS 

20 

The styrene type finA resin particles with a 
I 

Rurface shape sphericity ~ of from o.,o Lu 0.,0 according 

to the preeent invention can b~ obtained by controlling 

monomer cosposition, compositional ratios of monomers 

and polymorization condition~. 

The tine inorganir. powder used in the present 

invention can give good re3ult~ when ll~ particles 

ha"o a specifie surfttce area of from 70 to 300 m2 !g o3 

met&=:>ured by the BET mP.thod, utili:dng to nitroyen 

Arlsorption. Tho fine inoi.·gat&ic oow<ler shm1ld be used 

in an emount of from 0.1 pArt by weight to 3.0 p~rts 

by weigh~. and pr~fQrably from 0.2 p~rt by weight to 

2.0 parts by weight; besed on 100 p::irts by weight of 

the toner. 

ThP. fine inorganic puwder may pr~ferably be 

thnse having been subjectea to hydrophobic tt·eatment. 
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l Thoy may particularly pr~!erablV De neoativP.ly 

chargeable, hydrODhObie fin@ silica powder. 

The fine inorganic powder u~~d in the presen~ 

invention may have a triboelectric ~harge quantity of 

S from -100 \lC/O to -300 µc/g, which can be prefe1·ably 

used. Powder with o triboeleclric charQe quantity 

less than -100 µc/g •av 1ower the triboeleetric charge 

quAnt;ty of th• developer itoelf, tending to bring 
-

about a lowering-or hum1d1tY cbaracteristicA. Use of 

10 DOwOer with a trihoel9ctric charge quantity more than 

· -300 µc/g aoy promote the develop~r carrv1na member 

me111ory, so that the developer cArrying member tends to 

be afffl'cted by the deterioration of the·t'ine inorgan1c 

powder, tending to have ditticul~ies 1n durability. 

l5 Powder finer than 300 m2/g in specific surface area 

20 

25 

may give leee effect cf its addition to ~he devP.loper, 

end powdei: coarser than 10 m
2 
/g 111ay give a larger 

probability that it is present ee a free matter, 

tending to cause black duts due ~o locAllization of 

the fine inorganic powdP.r or agglomerated matlt:trs. 

ThA triboolec~ric value of the tine inorganic 

powdor con be measured by tne following ~ethod; 0.2 o. 
of the fine inorganic powder having been lett 

overnight in an cnvironmeut or a tampQraturc of 23.5"C 

and a humidity 60 % RH ann 9.8 g of carri~r 1ron 

powdei: whose part kl es arc not coat:eCl With res· in, 
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buvinQ' a main particle size at 200 to 300 meshe~ 

(e.9., EF\1200/300, evcilable !rom N1bon teppun K.K.) 

are p1·ecisely weighed in thA above environment, which 

.ara th~n thoroughly mixed in a wide-aouth~d bottle 

5 with a stopper, made of polvetbylene and having a 

volume of about 50 cc (the bottle is upward and 

downward ahaken in band ebout 50 tim~~ tor about 20 

aeeonds). 

NAxt, th~ .~riboeloctric chcirge ~ontity or lbe 

10 fine inorg&nic powder way be measured in the same way 

as in the measuremAnt of the triboelect~ic chorge 

quantity of the fine resin particles a~ previously 

described. 

Of thEJ f ino inorganic powder used in lit~ 

15 present invention, portlculurly preterred arA what is 

20 

called drv silica, or dry silica called fumed silica, 

prnrluced by vapor phaoe oxidetion or a s111con haljde, 

and what is called wet silica produ<":ed from water 

glass or the like, both of which cQn be used. In 

particular, the dry silica l~ preterred, which has 

leas silanol groups Dresent on thG eurfeces an~ the 

insides ot the silica fine powder particle~ and may 

rroduco no residues ln the manufacturo, ouch .. 5 N o ... ti.,. 
(. 

Tn the dry ailice, other met~l halide es 

ex~111pl.ificd by aluminum cnlod.de or titanium chlori.de 

.......•.. -·--·-· .... 



.. ·····--··-·:--:::=====-------· 

l 

- ~4 -

. ( 

' . , 

may be used together w1~h the silicon halide in the 

manufacturing proc~~e so that a composite fine powder 

of. silica with other metal o&lde can be ObtainAn. In 

the present invention. the fine jnorganic powder 

S includes Ruch a powder. 

The fine ino1·gauic powder may prefAr0bly have 

e particle diameter ranging from 0.001 to 2 µ es the 

primary average partiole diemeter. ll is part1cu1ar1y 

preferred to us~. fine silica powaer having a pri~ary 

10 average pBrtiele diameter ranging from 0.002 to 0.2 µ. 

The fine inorganic powder used in the prP.~~nt 

invention may preferably be hydrophobic. 

The powder con be mode hyd1·opbubic using 

co~ventionally known hydrophobic tre~tments and 

lS methods. As thA hydrophobic trcet~ents, it is 

2U 

25 

preferable to u3e eilicon compuunds having 

organosiloxane unit:s, such AS silicone oil or silicone 

varni~h. 

The silicone uil used in the treatment of the 

fine luurganlc powder ns(ld in the present inven~1on 

can·h~ o.xemplified bye. compound represent~d by the 

formula: 

l1liiii i[i ittf 

--



l 

- 35 -

R R R 
I I I 

R•-(-Si-0-) -(-Si-0-) -Si-R« 
I n I m I 
R' R R 

' ' 

wherein R represents an alkyl group having l to 3 

S carbon atoms; R' represent:R a silicone oil modifying 

grnup such as an alkyl group, o halogen-muditied. alkyl 

group, a phenyl group or a modified ph~nyl group; and 

R" represents an al~yl group or elkoxyl group having 1 

to- 3 carbon etomo. For example, the compound may 

10 include dimethyls1l1cone oil, alkyl-modified silicone 

15 

20 

25 

oil, n-m~thylatyrene-modified silicone oil, 

ohlorophenylsilicone oil, fluorlne-moditied silicone 

oil. Examples of the silicone oil are by no rocnns 

limitod to thooc. 

The above silicone oil ml!'y preferably be 'those 

hav1no a vi~cosity of fro~ 50 to 1,000 cs~ at a 

tomperature of 2s•c. Sllicone 011 with A viscosity 

less lhan 50 est may b*' t'Elrtially evaporated as a 

result of the application of heal, 'ending to r.ause a 

dcn:erioration of chC;trge characteristics. Tho3e with a 

viscuf:ii'tV more thAn 1.000 cSt 111ay becon1t! d1tficult to 

handlA in tho trcotment. A~ methoas for the eilicone 

oil treetmen\, anv known ~~chniqueo can be used. For 

e~ample, they include a niethod ln which fine silica 

11 
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l powde1· tmd silicone Oil arfl mixed using a •ixer; a 

method in whieh silicone oil is sprayed into tine 

ei)ica potfder by lbe use ot a sprayer. and a method in 

which silicone oil 1A dissolved in a Golvent and then 

5 fine silica powder is mixed in 1.bt.! ~olut1on. ~amples 

of the lrvutment methOd are by no means limited to 

theRA. 

As for the sillcgne varnish usea tor the. 

trea~ment of the.tine silica powder used in the 

10 present invention, ony known materials cun be usea. 

Fur example, 1t may include KR-251 and KP-112, 

availahlA f~om Shin-Etsu Silicone Co., L~d. Bxamples 

are by no means limited lO these. 

As methods tor the silicone varnioh treatment, 

15 thA same known techniques as in the silicone oil 

treatment oan be u~ed. The treated fine silica powder 

as described ahnve (hereinafter "treated silica•) can 

bo offectivc when it is added in an amount of f~om 0.1 

pert by weight to l.6 parts hy weight based on 100 

20 

25 

parts by wejght of the toner. It can prov1<1e an 

excollent otability wbtm added in an amount of from 

O. 3 pe1·l by weiqht to 1. 6 parts by weight. 1Jasec1 on 100 

oarts by weight of the tone1·. 1 ts add it ion in en 

amount le.ss thau 0.1 part hy weight based or. 100 parts 

by. w~ight of th~ ~oner may give le8s ettect of its 

a~dition. ~nd addition in an amount more than 1.6 
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l parts by wA;gh~ tends to cauae probleias .lu development 

end fixing, which a1·e thus not preterablA. 

Part ot the Rjlicon compound having on 

organosiloxane unit, which has treated the particle 

5 surfaces of \htt fine inorganic oowder is transferred 

on~o the electr~Rtetic imag• bearing member, and is 

effoctive for making easier the ~leaning ot powder 

such as free polyoletin. 

To detor~i~e tho hydrophobicity (llt~ degree 'tO 

.. a.a"'~" vv .. u.:,· .ms::s oeen maoe nyaropnob1C) of t"he fine 

inorganic powdAr jn the present invention, a value 

measured by the following lllelbud may be used. Ot 

course, other method for measurement can also be used 

while mAk!ng reference to the method for •e~~uremen~ 

15 according to the present invention. 

20 

In a 200 ml SP.paratory funnel with a s~opper, 

100 ml of ion-exchanged water ond 0.1 got a sample 

are put. followed by shaking tor 10 minutes using a 

shaker (a tumhlAr shaker mixer, T2C type) under 

conditions of 90 rpm. After the shaking, the mixture 

is lef\ lu stanc1 for 10 minui:es. After the 1uorganic 

powder layP.r and the squeou5 layer have been 

separated, the lo~er layer, thA aqueous layer, is 

co1 lect.ed 1n e quAnt i ty of 20 to JO 1111, Whicn is then 

put in A 10 mm coll to mee!:)ure its transmittonce us.Luy 

l;ght with e kavelength ot 500 nm, on the b1;1.sis ot 

-- --- --- -- - -- --------- - - -------
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thal of a blank, ion-exchano@d water in which no fine 

silicA powdor is contained. The value ut the 

transmittance is regarded as ~he bydrnphobicity of the 

tine inorganic ~nwder. 

In the present .f.nventicm. tbe hY4'ropho1'ic f]ne 

inorganlc puwder mev preferably hAve a hyd~ophobicity 

ot not Je~s than 60 ,, and more prefe~ably not less 

then 90 -· A hydrophoblcity less than 60 % mA~As it 

d1ft1cult to obt~i~ images with a high quality level 

10 because of adsorption of water to lb~ tine inorganic 

lS 

7.0 

25 

pottdet· iu an environment of h10h humidity. 

Th~ develop~r may prefcrobly oontain \h~ f 1ne . 

rosin particles h~ving o surface shape SDbericity ~ of 

trum 0.90 to 0.50 and an Bve~age particle diameter of 

f~om 0.03 to 1.0 µm and the hydrophobic fine 1norganic 

powder; eaid hydruphob1c tine inoroanic: powdor being 

contained in a largAr quantity than the fine resin 

powder. 

The luner according to th@ present invention 

should havP. an average particle diamel~r ot from ~-S 

to 20 µm, preferably from 3.5 to 14 11m, and more 

prefe1·i:s1'ly from 4 to 8 111n. as weight aveN1.ge oarticJ,:o 

6ierneter, and from 2.8 to 18 µm, preterahly from 2.8 

to 13 µm, and n'oL·~ preferably from 3 to 1 µm, 0 ::; 

numbe1· ttverage particle diameter. 

Tn particular, a '-uuer naving a weight ave:·ifqe 
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particle diAme~•r (D4J of from 4 to 0 ~m 1u preferred 

bocauec of its excellenl Une-llne reprodue"tion and 

l'esulu,tion. 

Particle ei:.:c diGtribution o! lbe toner can be 

5 measu.red by vaL·luus 11.ethods. 1n the J)r~s&nt 

1nvent1on, it is measur9d using.a Coulter counter. 

A Coulter counter Type TA-II (manutactured by 

Coul~er Electronics. Inc.) is used as a measuring 

device. An interface (manufactured b~ Nikkak1 k.k.) 

10 that outpu\.s uwaber d1etr1t>ution and vohune 

Cistr1bution And a personal computer CX-1 

(manufactured by Ce.non Inc.) e.z:e cunnecte<1. As an 

electi.·olylic solution. an aqueou~ 1 % NeCl solution ie 

prepar~d using first-gr•de eodiwa chloride. 

15 Meaoure•ent is earri~d uut by 8Qdin9 as a dispersant 

0.1 ml 'to 5 ml ot a AurfecQ ac:tive agont, preferably 

An elkylbenzone sulfonate, to 100 ml to 150 ml ot the 

sboYe aqueo~6 electrolytic soluti~n. and further 

adding 2 mg to ?.0 mg {as the number of particles. 
20 about 30,000 to about 300,000 partiClAS} of a sample 

to be 1ut:itssurec1. l'he Al9ctrolytic 3olution in which 

the samplP. has boen su3pended l~ sunjecten to 

disporsion for aboul 1 minute tn about 3 minute~ in an 

ultrasonic dispersion machine. The particle ~i7.e 

d1stribut-ion of par~icles wlth a sizP. of from 2 to 40 

11 is meaoured by means ot the above Coulter countP.r 

T 
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l Type TA-TI, using an aperture of 100 µas 1tS 

aperture. Then t.be value according 'to the present 

invention 1s datArmined. 

The toner used in the developer of the pr~sent 

5 invention,·when 1t has a negat1vP. triboeloctricity, 

may prP.fAri:tbly contain ee a ohar9e control agent an 

organic ocid metol complex salt sucb as a ~Rlicylic 

acid metal complex salt, an alkylealicylic ecid aetal 

co~plex ealt, o dialkylsalicylic ~cid metal complex 

10 salt or ~ naphtho1c acid metal complex salt, a dye 

such AR A monoe20 dye, and a monoozo dye derivatlve 

such o~ a metel complex aHlt or a monoazo dye. 

The negative chArge control agent oomprising a 

dyP. compound may include az:o type 111eliSl complex salts 

1~ represented by tbe follow1na Formula ( T). 

20 

Formula (J.) e 
Ar-N - N-Ar ,, / 

X l Y' 
...... / 

M 

/ ' Y 1 X' 
/ ' 0 AC" N = N-A l A 

' 

wherein M represento e coo1·d1uat1on centr;:tl metal, 

including Cr, Co, Ni, Mn and F~ having the 

coordinatlon numhAr of 6; Ar represents an Rryl group, 

1ncludino a phenyl group and a naphthyl group, whl~h 

may have e. sub:Hl~utent, which subotituent may 1nr:tude 

.. ·----·· ········ - ---~----r-

iliiiU1ii1i~1f 
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a nllru group. a halogen Atom, a carbo~yl group, an 

anilida group and an alkyl group or alkoxyl group 

having 1 to 1 e ca1·bcm atoms: X. X' • Y Rnd Y' each 

represent -u-. -co-. -NH- or -NR-, where R represent~ 
5 an alkyl group having 1 to 4 c~rbun atoms; and Ae 

i·epresentS 8 hy(1roqen ion, A sodiwn ion, S potaoaium 

10 

15 

20 

25 

ion, an ammonium ion or on eliphctic ouuuuuium ion. 

Examples uf the complex salt arP. shown below. 

complex UJ-1 

Complex (I)-2 

Cl @ Q- N=N -<p> 
0 ! 0 
"c r / 

/i\. 0 0 

<ci- N = N -Im 
~ ~I 

e 

© 
NH, 

e 

1 
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l Complex (I)-3 

O.N~N-N~ 
e 

0 \ 0 s . ' / Co -

/ \' 0 0 t N•N-@-No, 

~ 

10 complex (J)-4 

{<?{-- N-= N -'fJ e 

0 \ s 
'Fe/ 

/ \' 15 s 0 

@-N=N ~ 
® 

HaN-{C.H.) • 

GomplP.x (T)-5 

20 CH, A 

©.ax;;- N-N -fl 
I 'o \ o ·o 'c r/ 

/ \' 0 0 

25 ~ N-N~ 
C.H, C Ha .fJ 

------------ ------

1 
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l Co~plex (I)-6 

5 

10 

Cl ~ e 
~N-N 0 

0 \ 0 COOH 'Mn/ 
/ ' HOOC 0 \ 0 

iN=N~ 
H® C I 

Aa for a positive oheu:gt:i cuntrol egen1:. it is 
pussible to use. for example. A Nigrosine dye and a 
dqrfvative thereof. 

The cburge con~rol agent may preferably be 
lS contained in An amount of from 0.1 part by weight tu 5 

partc by weight, and porticul~rly prererably trom 0.2 
pal·l by weight to 3 parts by w~ight based on 100 part~ 

20 

25 

by weight of the binder re~in for the toner. Use ot 
the charge control agtmt 1n an excessively large 
amuunt: may make poor 'the t htidi ty ot the toneL·, 
tenrlino to cause fogging. On the otller nano, use 
thereof in an excessively small amou~t may make it 
dif!icult to obtAin a sufficient charge quantity. 

As a preferred emlJodlment of the devclopet' fo1· 

developing au electrosti=itic image accordiuy to the 
pn~:>ent invention, it may includt; a <leveloper fol' 
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l deveJopina an aleetroetatic i~age, compr1s1ng 1) R 

toner containing ~ charge control Agent and having a 

welgbt average particle diama~er (D4 ) of from 4 to 8 

11m. ii) styronc type fine 01·9au.ic particles hRvi ng a 

5 smalle1· 1:1verage particle diamP.1"er than said toner and 

b.aving A surface shape ephcrici ty "1 of t 1·0111 o. 90 to 

0.50 and iii) fine iourgan1c particles havina a 

smeller average par1"icle diameter than said fine 

organic powder. 

10 The binder resin for tbe tonAr according to 

the prA~ent invantion may includa ho•opolymers or 
styrene or derivatives lhereof such as polystyrene and 

polvv1nyltoluene: styt-P.ne copolymers such Q3 e 

styrene/propylene copolymer, a sty.t·tme/v1nvl toluene 

15 copolymer, a atyrene/v1nylnaphthalAne copolymer, a 

s~yrene/methyl eerylate copolymer, e styrene/ethyl 

acrylate oopolymer, a s\.yrene/bUt:Vl acrylatA 

copolymer, a styrene/octyl acrylate copolymer, e 

styrAnP./dimethylaminocthyl ecryla~e copolymer. a 

20 

25 

styrcno/me~hyl me\.hc:scrylate COD01ymP.r. a styrene/ethyl 

methacrylate cooolymAr, a styrene/butyl melhacrylate 

copolymP.r, a ctyrcnc/dimethylam1noethy1 mAthacrylatc 

copolymer, a s\.yrene/methyl vjnyl other copolym~r. a 

styrene/ethyl vinyl ether copolymcc, a styrP.n~/methyl 

vinyl ketone copolymeL·, a s~yrenP./hutadienc copolymer, 

a styrene/isoprene copolym'i?r. a styrene/Jua.le1c ac;r.1 

----.:.-·--·----···-
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copolymer and a slyrtme/maleate copolymer: polymethy1 

methacryl~tA, pQlybutyl methecrylate, polyvinyl 

acctato, polyethylene,_polypropylene, vulyv1nyl 

bu'tyral, po1vacrv11c acid res1n, rosin. mnrlified 

5 rosin, terpene resin, phonol resin, aliphatic or 

e.licyclic hydroc~rbon i·eslos, t1.ruma't1c pe'troleum 

resins. paraftln wax. and t::ArnAnhl!I wax. These 111.ay be 

usod alone or in the form of a mixture. 

TbEt toner in the present invention. may 

10 p~AfArably contain a binder resin contsining not leas 

than 15 - of a component with a molecular weight ot 

not more ~han 5.000 in molecular weight distribution 

as; moasu·red by gel pcrsnec.tion chromatogr~phy {GPC). 

15 

20 

25 

Th~ content of the compcnent with a mnlACltlar 

weight of not mn~e. than 5,000 in the binder reain is c. 

nwnerical vo.luc calculated by dete1;1dulny area 

pruport1on of tbat component in a chromatogram showing 

mnlo.eular weight distribution in the mea~urement by 

GPC. Using the ch1·or11atogrem showing molecular wf:dght 

cl1str1but1on in the me~ic:;urement by GPC, aa shown in 

Fi o. 9. thG area of the whole pe:ak jucl1ca'C1ng tne 

molecular weight distrlbution is d~termined and also 

the area ot thP. rP.-gion correcponding to the component 

with a molecular weight v{ not more th~n 5,000 io 

dete1·mineu. On the ba~i~ of the two areas, the 

con~ent ot thP. component with a mol~cular wsight of 
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1 •h 5 000 in the binder resin is calculated. not more , an , 

If the component with a molecular weight ot 

not less than 5,000 i~ la~~ thAn 15 t. fixing 

performance tcnda become poor in heat fixing de~~ce~ 

5 u! 4 relatively low pressure as in ~m~ll-sized 

10 

lS 

20 

25 

machinA~ as typified by de&k top LDPs. 

Tlle cumponent with a molecular wP.iaht of not 

more than ~.000 may more preferably be in an amount or 
leso than 35 %. 

The component with a molecular weight of not 

more than 5,000 tend~ to exhibit molecul~r weight 

dependen~e o! glass transltion point {TQ) and hence 

the 70 of thP. ~oner, measured over o long period or 
time, ie presumed to tend to become a little low. 

Thu~, if the amount ot thi~ component is moro than 35 

%. A thermal bohavior not higher than tb~ Tg usually 

moa3ured mey come lo be exhlbit:ed to tAnd to cauce the 

melt adhesion or film;na. 

This component ccn pa~tl~ularly improvA tho 

grinde.bility o! toners. ir. ho~ever, its content is 

more than 35 %. th@ grindability may become more than 

is necossary in the lm:suufacture of toners having a 

weight average partic:J,,. diameter of from 4 to 8 um. 

result1ng jn an incrcc3e in tb~ formation of ultrafine 

po~der, which make~ classiti~~ticn efficiency poor. 

Mureover. thP. ultrafino powdet· having been not 
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l completely clooGified may gradually increase in its 

c<.mttmt with repetition ot the supply ot the toner, 

And mAy ~nhe~e t.o a toner triboelectrieity-providing 

~ember such ae a developing sleeve u~cause ot 

S elec~rostat1c force to impede trihoel@ctric charging 

of tho toner, tending to cauoe c poor developmeul 

performance such as ~ low image densil:y ana togging. 

In tbe p~P.~Ant ;nvention. the molecular woi9ht 

dietribution on the chromatogram obta!a~d by GPC (gel 

10 p~rmeat1on chromatography) are measurP-d under the 

following conditions. 

l~ 

20 

25 

Columns ere stabilized 1n a heat chamber of 

4o·c. To ~he columns kept ~t this temporsture, THF 

(tetrahydrofuran) ao a solvent is flowed ut a flow 

rate ot 1 ml per m1nute. and 10 ~l of ~ THF sample 

solution iA injected thereinto 'to make measurement. 

In moaouring the 11.oleculaL· wt=ight or the sample, the 

molecular weight distrihutinn e.scrib~d 'to ~he ao.mple 

1~ calculated from the relationship between tne 

logarithmic value and count number of a calibration 

curve orepered u~ing several kindo of monodisperse 

polystyrone ctandard sampl~~. As the stRndard 

po.lysty1·ene tsamples used for the preparation of the 

calibration curve. it is ouitable tu use, tor example, 

!=.:=nnples with moleculaL' we1Qhts ot ~pproximately fi·vrn 

10
2 

to 10
1

# wh1c~ are av~ilable from Toso Co .• Ltd. or 

111 iilffii~1r 
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l Showa Denko K.K •• end to use at lea~t about 10 

atandQrd polyGtyrene SQIQplcc. An RI (refroc~ive 

index) deteoto1· is uttt#d es a de~ector. Columns should 

be used in combinatinn of ~ plurality of commercially 

5 available pol yetyrcne gel colWDns. For example. lbey 

mey preferably comprise a combination ot ShodAx·aPC KF-

901, 802, 803. 804. 805, 806, 807 end SOOP, CYQile..blo 

10 

15 

20 

2!) 

from Showa Donko K.K.; or e co111bJ.1l&llu11 of TSKgel 

GlOOOH{HxL>' GZOOOH(HXL}, G3000H(Hxr..>. G4000H(Hxr.>. 

GSOOOH(HxL>' G60pOH(Hxt>' G7000H(Hxt> end TSKguard­

co·lwun, avallablt1 from Toso Co.. 1Jte1. 

The samplA iA prepared in the following way: 

A sample ie put in THF, which is left to stand !ur 

sev$rel hours, followeo by ~borough shaking so that 

thA $ampl• is well mixed with THF (until the aeunple 

bcoome free of coole:scence), wllJ.cb i::J fur'ther lef't ~o 

s'tan~ tor 12 hours or more. HAr~. the sample is so 

•ado as to bo loft in THF for 24 hours or more. 

Thereof~er, the sampl~ i~ passed tnrough a samplA 

~resting filter {por~ ~;7.e: 0.45 to 0.5 pm; for 

~xample, Maiehoridi3k H 25 5, avallQ~le trom Toso Co .• 

Ltd., or Ekikurod1sk ZSCR, availAhl~ from GGrman 

Science Japan I,td. can be used), ond the resullinQ 

sample is used 03 the sample !or GPC. GoncP.n~ration 

of the sample is so controllArl ~s to give o resin 

component ot from 0.S to S mg/ml. 

-·--- ···-··-·---· ····· ------·-··-·····---·.--·--- . 
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l Th~ developer of the present invention may 

preferably eompriee i) e. t.oner cuntein1ng ~he binder 

resin containinq not less than 15 % of a ecmponent 

with a molecular woi9ht of not more thon 5,000 in 

~ molecular weight dietr:1but.lou ti~ measured bV GPC. ii} 

s~yrene tYl>e tine organic ~owdP.r hAving a smaller 

avorago particle diameter thon 3oid toner and iii} 

tine lnurgtmic particles hav1n~ a smaller average 

partir.lA diameter than said fine organic particlec; 

10 the eurfece ehope sphericity ~ of sald tityrene ~ype 

fine organic powder being in ~he ranoe of from o.~O to 

o.so. 

The developer of the p1·esent. luvention may 

preterablv be a one-component maonetic devAlnper 

15 comprising a magnetic toner containing c ~ognetic 

material in the toner p~u·t.i<.;l~. In this 1ns~ance. t:he 

maqnetic material serves also A~ a colorant. The 

magnetic material contained in the magnetic toneL· way 

include .1'·ou uxi<les such as ma~:me't i t:e. hematite and 

20 territe: and m~tAls such as iron, cobalt and nickel. 

I ' 

o~ alloyc of ony of these metals ~llh ~metal or 

metals tiuc;h as aluminum. cobalt, copper, lP.<:1d, 

maonesium. tin. ?.inc, antimony, beryllium, bismuth, 

cadmium, ca.lcium, mangcnese, :seleuium, 'titanium. 

25 tungslEm aucl/or vanad.ium. and mixtur~i:; of any of 

t:hese. 
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Tho magnetic material ohould preferobly be e 

magnetic me.te1·lal lusviuy u BET surtace soecific area 

2 ot from 1 to 20 m /g, ana pArt;cularly preferably from 

2 2.5 1:0 12 Ill /g, ac mcaourcd by the nitrogen adso1·plloo 

5 melbod. It •av also preferably be a ma9netie powder 

hAvino a M~hs hardn~ss of from 5 to 1. Thie magnetic 

powder should be contoined in an amounl or !rum 10 'to 

10 % by we1gh't based on the toner weight. 

Any of those magnetic matcrialo moy preferably. 

10 be those having an e.ve1·ege pe:u:Ucle diame'ter or trom 

0.1 ~o 2 ~m. and more preferably frnm 0.1 to 0.5 µm. 

and should bo contained in tho toner in Qn amount of 

from 20 to 200 pe.1·ls by weight based on 100 par'ts by 

Weicht of the resin eompnnAn~, and particularly 

15 preferably froin 40 to 150 parts by weight based on 100 

20 

7.S 

parta by weight ot the res1n component. 

ThA. magnetic matarial may preferably be those 

having e. coercive force (He) of h·om 20 tu 150 Oe, a 

saturation meQnetization (Os) ot tram 50 ~o ?.00 emu/g 

Ann ~ ~~sidual magnetization (~r) of from 2 to 20 

C!llU/g. 

The colorant usable in th~ Toner may include 

Any suitable pigments or dye~. 

The pigments mt1y include, for example. r.;:irbon 

black, aniline black. acetylAne black, Naphthol 

Yellow, Hansa Yellow, Rhodaminc Loke, alizarin Loke, 
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1 ,-ed lrun uxide, Phthalocvanine Hlue and IndanthrP.ne 

Bluc:ia. Any of th-ese rney be usod in en amount large 

enough to maintain ~he optical deo8lly of fixed 

images. The P1Qment may preterably be u~P.rl in an 

5 amount of from 0.1 part by weight to 20 port3 by 

weight, and more pi·ehu:ably !roJ11 1 part bV weight to 

10 parts by weight. hA~P.ri nn 100 parts by weight of 

the resin. The dyco mcy oloo be used for the same 

purpose. They mcsy include, for example, azo dyes. 

10 anthraquinone dyes, xAnthP.ne dy•s and methine dyes. 

15 

4!0 

25 

The dye may prcfcrsbly be u~ed in an omount of frow 

0.1 p~rt by weight ~o ZO parts by weight. and more 

prAfArably fr.om 0.3 part by weight to 10 parts by 

weight, baeed on 100 parts by weight or lbtf resin. 

.The toner used in the present invAntJon may 

preferably con~ain a wax in the toner partiole. 

The wax may include, £01.· example, polyolefin 

waxes. solid Darart1n wax. mier.n w~x. rice wax, amide 

waxes, fatty acid waxoo, fatty acid metal 5alt waxe~, 

par~ially eaponlCl~d fatty ac1~ ester waxes. siliconA 

wax. higher alcohols. 8nd ~Arnauba wax. The wax may 

preferably be contained in an amount of !1.·usu 0.5 part 

by weight to 20 ~arts by we1aht. and more prP.f~rably 

from l part by weiaht to 12 parts by weight, based on 

100 parts by weight of the binder reslu !or tb.e t:oner. 

Wax in an ~x~e~sivelv large content may result 
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l in an increaco in free wsx, making it impossible to 

prevent the problems oC c~ulty cleaning, contamination 

of tixino rollers. a lnwArino of devoloping 

porformance, etc., even in the developer containing 

s 

10 

15 

20 

25 

the sty,·eo.e lype fine resin particles of the oresent 

invention. On thA other hand, wax in an excessively 

s•all content moy re3ult in a lowe~ing of fi~ing 

performance and an~1-ottset. The wax may preterably 

have a broad molecular weight distribution. From the 

vi_ewpoint of improving c:leening pe,-Cormtmce of OPCi 

photosens1t1ve members. it may oreterably hA nnt 1~ss 

than S, and more preferably from 5 to 10, in weight 

everage moleculor weight/nwubei· e.vere.ge molecular 

weioht CMw/Mn}. 

·In tho proocnt invention, polyolefin waxes ai·e 

par\icul~rly preferred. or these, oolypropylene wax 

an~ polyethylP.nP. wAx arq preforred. Use of such wax 

enablco oohicvement of better fixing peJ:Cot·ml:Sm;t:t, 

t.:lt:u::ming performance and ~evelopino performanr.P.. 

~s the olefin monomers constituting the 

polyolefin waxes, it is posslbl~ to use, tor example, 

e\.hyleue, propylene, butene-1, pentenA-1, hexene-1, 

heptQnA-1, oc~one-1, nonene-1 and dcccne-1, or isomers 

of any of theee, having un~alurated bonos at d1rterent 

po~itions, ano also oletin mnnom~rs having branched 

chajn~ comprising an alkyl group, such a~ 

------·-·---------
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1 3-methyl-l-butene, 3-methyl-2-pentene and 3-propyl-5-

methyl-2-hexene. 

The molecular weight distribution of the wax 

according to the present invention can be measured, 

5 for example, in the following way. 

10 

Measurment conditions: 

A. Apparatus: 

B. Column: 

C. Solvent: 

Waters Associates GPC-150C 

Shodex A-SOM 

o-Diohlorobenzene (0.1 wt/vol % ionol 

added), 135·c, 1.0 ml/min 

D. Preparation of sample: 

Concentration: 0.1 wt/vol % 

Solubility: Entirely soluble when used at 

high temperatures. 

15 Filtration: None 

20 
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E .. Pour: 400 ~l 

F. Detector: RI (differential refractometer) 32 x 

50 % 

G. Molecular weight calibration: 

On the basis of monodisperse polystyrene 

molecular weight. 

The developer of the present invention may 

preferably comprise i) a toner containing a wax wi~h a 

weight average molecular weight/number average 

molecular weight {Mw/Mn) of not less than 5, ii} 

styrene type fine organic particles having a smaller 

0 
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1 average particle diameter than said toner, and iii) 

fine inorganic particles having a smaller average 

particle diameter than said styrene type tine organic 

particles: the surface shape sphericity ~ of said 

5 styrene type fine organic powder being in the range of 

10 
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from 0.90 to 0.50. 

To the developer of the present invention, 

other additives as exemplified by a lubricant such as 

Teflon or zinc s~earete or, es a conductivity-

providing agent, e·metal oxide such as tin oxide may 

be added so long as the developer is substantially not 

adversely affected. 

Methods for the preparation of the toner may 

include a method in which component materials are well 

kneaded using a heat kneader such as a heat roll, a 

kneader or an extruder, followed by pulverization and 

classification to obtain the toner; a method in which 

other materials are dispersed in a binder resin 

solution, followed by spray drying to obtain the 

toner; end a method in which given materials are mixed 

in monomers that constitute the binder resin, to form 

an emulsified suspension, followed by polymerization 

to obtain the toner. 

The developer of the present invention can be 

prepared by dry-mixing the toner, the organic fine 

resin par~icles and the fine inorganic powder by means 



1 of a mixing machine eueh ac Hcnoohel mixer. 

A contact cherg1ng orocess that can be 

prP.fP.r6bly US9d in the present invention will be 

opecif ically described below. 

5 F1~. 3 schematically illustrates thP. 

conctitution of an example of the oontact charging 

deyice or assembly. Reference numeral l denotes a 

photosensitive drum whir.:h :is e chargeable member 

ocrving ao the electrostatic imege bearing me111beL·, ttml 

10 1s comprised ot a conductive substrate comprising a 

drum substrate 1a made of alu~inum, on tho external 

eurfece'of which an org~nic pbotoconductor {OPCl lb 

serving as a phntn~An$itive lay@r is formed. Tho 

photooenoitive drum is rototed e.t e. given speed .in lht1 

15 direction of an arrow. In this example, the 

photosensitivo drum 1 ig 30 mm in outer diameter. 

Reference numercl 2 denote6 e. cha:i:glng ruller which is 

a charging member brouoht into contact wi~h th~ 

photosensitive drum 1 at a givon prco3ure, and is 

20 

25 

comprised of a metal 111e.u<lr~l 2es, a conductive ru.bber 

layer 2b prov1aea thereon, Ann further provided on its 

extornal surface a curfoce layer 2c, a release !ilm. 

The conducl..i.v~ .t·ulJber layer may preterably hAve a 

thickness of from 0.5 to 10 mm, and preferably from 1 

to· S min. The 3urface loyer in 1.h.b:; example compr1ses 

a release film. It is preferred to p~ovid~ this 
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1 release film so that the developer end image forming 

method according to the present invention may ma~ch 

each other. However, a release film with en 

excessively large resistivity may give no 

5 electrostatic charges on the photosensi~ive drum 1 and 

on the other band a release film with an excessively 

small resistivity may cause an excessively large 

voltage applied to the photosensitive drum 1 to tend 

to damage the drum or produce pinholes. and hence the 

10 release film should .. have en appropriate resist:ivity. 

15 
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The release film should have a volume resistivity of 

f 109 t 1014 ~-cm. H h l f "l rom o ~' ere, t e re ease 1 m may 

preferably have a thickness of not more than 30 µm. 

The lower limi~ of ~he thickness of the film may be 

smaller so long as no peel or turn-up may occur 1 and 

can be considered to be about S µm. Preferably the 

release f ilM should have a thickness of from 10 to 30 

µm. 

In this example, the charging roller 2 hes an 

outer diameter of 12 mm. The conductive rubber layer 

2b, having a thickness of 3.5 mm, is composed of ~n 

ethylene-propylene-diene terpolymer (EPDM), and the 

surface layer 2c is formed of a nylon resin in a 

t:h.ickness of 10 µm. The charging roller 2 is made to 

have a hardness of 54.s• {ASKER-CJ. Letter symbol E 

denotes a power source that applies a voltage to the 

-··------ ---r- ··- ········· 



- &? -

1 charging roller 2. It oupplie3 a given voltage to the· 

mtmdrel 2a (diameter: 5 mm) of the cbargino roller 2. 

Jn Fig. 3, tho lotter symbol E indicates a DC voltage. 

It inay preferably be a dii·ecl cuL·r~ut. overlaid w1 t:h an 

S AC voltaoe as shown in Fig. 4. 

10 

Preferable conditiono uocd bore for contact 

oharwiuy pruc¥:.:J::> are shown below. 

Contact pressure: · S to SOO g I cm 

AC voltage: 0.5 to 5 KVpp 

AC frequency: ~o to J.uuu Hz 

DC voltage: -200 to -900 V 

Fig. 5 schematically illustrates the 

con~titution of ~noth~r •xamplo of the contact 

ohorging member according to the present invention. 

15 Tbe members common to those in the device sho"1r1 in 

Figs. 3 and 4 havo tho samo reference number, ond 

repetitive description thereon is omlt.t.ed. 

1.0 

25 

ln this example, a cont~~t ~h~rging member 3 

i£ blade-shaped, which ic brought into contact with 

\.he pholotj~u~itive drum 1 in the normal direction 

undP.r A Given pressuro. This bladQ 3 is compri3ed of 

Q holding metal member 3a to whl~~ a voltage 1S 

applied, a conauctive rul:>ber 3b ~uppnrt9d by 1:he 

mAmhAr ~~. and a surfaco layer Jc ~erving as the 

roloo:le film, provided et llt~ pt!rt com1no into contRC":t 

wi\h lhe photosens1tive drum 1. The surface layer Jc 
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i~ formed of nylon in a thickness ot 10 ~m. Acr.ording 

to this oxample. diftieultios such as sticking of the 

blade to the photosensitive di-uiu du nut: occur, anel the 

same ooeration and ef tect as in the prP.vious examples 

5 can bo achieved. 

10 

In the examples described above, the roller­

sheped or blade-shaped member is used as the charging 

me"mbe1·. Without l .lutl Lat. iorl thereto, the present 

invention can also hP. r.arTi~d out using a member with 

a ~ifforcnt ohope. · 

In the above examples. the charoing memhAr is 

constitute~ of e conductive rubber layer and o release 

film. Ite constitution is by nu means l1m1'ted to it. 

For example. in some instances. a high-r~sistance 

15 layer (e.g., a hydrin rubber layer with ·lees 

20 

environmental va.c·latiou~) may preferably be formed. 

between thA condu~tiv4'! rubber layer and the release 

film aurfoee layer so the.t leakage to 1.be 

phQtosens1t:Jve member can be prevented. 

As the material for the rolco3e film, PVDF 

(polyvinylidene fluo1·.1de) i:!nd PVOC (polyvinyJ.l<lene 

chloride) may also be used in place of the nylon 

rc;asin. As for the photoccn3itive member, aJJ1vrphous 

silicon, selenium, ZuO, etc. can also be ul=:P.d. In the 

case when amorohous ~ilicon is used in the 

photmums:i.tive mc:imber, emc3.red image:s may ::H::!riously 
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occur. comparea with the case whP.n oth$r material is 

used, if the eoftoning ogent in the conductive rubbe1· 

layer adhere~ to the photosenslt1ve member even in a 

Rm#.\11 quemtHy. Honco. it can be more effective to 

S provide euch an insule.tive eoating on \he out.er side 
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ot the conductive rubber layer. 

The present invention is particulorly 

ef·fective foi.· an_ i~ag\it !urmiug apparatus comprising an 

electrostatic imAgA bearing member (a photosensitive 

drum) whooc :3urface is formed of en org<:tnic co1upouml. 

Thi~ is because, in the case when an organic compound 

form~ A Rurfece lE'yer, the binder resin containing tho 

toner tends 1:0 adhere to the surface laye.1.· e.n.d beuce 

the aelt adhesion of toner tends to occur at thA 

contact point particularly when the came materials are 

used. 

~urface materials for th~ the. ~lectrostatic 

imago bearing member according to the present 

invenl.ion may include $il1cone resin, vinylidene 

chJorida, ~thylAne-v;nyl chloride, styrene­

e.crylonitrile, styrene methyl methaci:yli:1Le, s"tyrene, 

polyethyhme terephtha.le.te, and polycarbonAtP.. 1'h~ 

materials ar~ by nn m~~ns limited to these, and other 

monolllcro or their copolymers oL· blenu~ with anv ot the 

exe111pli!i~d resins can also be used. 
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The pres~ul invention is particularly 

ettective for an im~o~ forming apparatus comprising an 

clcotroototio image bearing member with a diamel~r u! 

50 mm or less. This is because. in the case of drnmf:: 

with a small diameter. pressuro tends to be loealli:ed 

ct the eontaet part be~euse or & l&ry~ curvature even 

under the same linear pressur~. 

Tho eamc"phcnomcnon iQ conaidered to occur in 

belt type photosens1t1ve members, an6 the present 

invention is particularly ef fectivo for ~n image 

forming apparatus whe1·ein the cu.r:va.lure red1us at the 

transfer portion 1s '~ mm or less. 

Tho developer for developing on clectroatatio 

image accordiug Lu the present invention can be 

preferably USAd pBrtir.ulArly ;n e hEoat roller fixing 

eyctcm. A heat roller f~xing device i~ usually 

comprised of a heat roller, a pressure roller provided 

opposingly thereto, and a heat source built in the 

heating roller. A cleaning i·olle1· is uplionally 

provide~ opposingly to tne heating roller. In the 

fixing of the developer, a tronofer medium with a 

toner imege haviuy been transterred thereto is p;jssed 

throuon between thP. h~8~ing roller and the prc33ure 

roller while keeping the temperature or lh~ heating 

roller to e. g.i.vt:iu temperature bV means of thA h4;1at 

source, whereby the tnnAr ;mag9 is brought in~o direct 
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l contact w1th the heating roller so thAt the ton4r 

image can bo fixod by heat ond pre33ure to the 

~r~n~fer medium. the hea~ing roller mav oreferably be 

msdA nf A flunrinP. type material or a silicone type 

5 moteriol, which can remarkably improve lhe uuriibiljty 

of ~he beating roller because ot the coo~rAtivA 

action of the material and tho developer of the 

p1·eseut luveut.ion. 

The imeae forming method and electro-

lO photographic cpparatus of the present inveuliuu will 

be Oescribed below with reference to Fig. 6. 

15 
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i ~he ourfaee of a photosensitive member 501 

serving as the electrostatic image bearing member is 

negatively charged by tho operation of a contact 

cho1·ging assembly 502, the co1H.at.:l c;lJarginy means 

S previously described. having a vnaAgA applylng means 

616, ond o. digitol lotent image is formed by imo.ge 

scanning through exposure SOS usina a laser beam. The 

latQnt imago thu~. _formed is reversely developed using 

a negatively c;hargeable one-component wag11elit.: 
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developer 510 held in e develOPino assembly 509 

equipped with a dovoloping sleeve so~ in which 0 

magnetic blade 511 and a magne~ are provided. In ~be 

devalnpino zone, Rn Al. h111a1;. ti' pulse bias and/or a DC 

bias is/are applied between e conductive subatrate o! 

the photosensitive arum 501 and ~he deveiooing sleeve 

S04 through a bias applying moans 512. A transfer 

pape1· P is fed end dellve1·ed Lo a t.ransfer zone, where 

the transter paper Pis electrn~t~tica11y eharged from 

ite back eurf3co (the ourfooc oppo3ite to the 

pholoi:;t:mt;i tive drum) t:hrough a transfer means 503. ~o 

that the developP.n imAg~ (toner image) on the surface 

of the photoconoitive drum is electrostatlc~lly 

transte1·1·ed lu the transfer paper f'. ·.rne tran~f~r 

paper P sP.pRrRted from the photosensitive drum 501 is 

subjected to fixing using a hee.l-pre::;sure roller 

!l~lng unit: (thermal platen) 507 ~o that the toner 
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l i•eoe. on ~he transfer papor P can be fixed. 

The one-colllponent magnetic tonel: .r:emaiuiug on 

the photosensitive drum 501 after thP. trRnsfer step is 

removed by the operation of a olconing aasembly SOO 

S havlny tt cleauiug blttde (or e cleaning roller). After 

the clP-aninq. thA rAt:;idual charges on the 

photoaensitive drum 501 is eliminated by era5e 

exoosure 506 if necessary. end thus tbe procedure 

again starting from tho charging step using the 

10 contect c;herging assembly 502 ls 1:·epet1.ted. The erase 

exposure may be omitted when an AC hiA~ is epplied to 

the contact charging aoccmbly 502. 

The electrostatic image bearing member (the 

photosensitive drum) comprisos a photosensitive layer 

l~ and a c;onductive subst1:e.te EIS pL·ev.i.uutoly described, 

and is rotated in the direction ot an arrow. Tn th4 

developing zone, the developing clccvc 504, e. non 

magf1.ellc.; c.;ylimlf:lr, wbic;b is the developer carryinq 

mP.mb~r. ;s ~ot.at4d so as to move in the same direction 
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ao the direction in which the elec;troslall~ image 

!.J~ariuy member 1s rotated. In tbe inside of thA non-

magnA~ir. cylindrical sleeve 504, a multi-poler 

permanent magnet (mcgnet roll) SE:L'ving as a maQnetic 

!ield generating means ls providAn in an unrotatable 

stat~. ThG onQ-componcnt insulating magnetl~ Loner 

510 held in the developing assemblv 509 is coAt"f;!d on 
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l the surface of tho non-magnetic cylindricol oleeve 

G04, and, fo·&· eAample, miuuts triboelectric cherileS are 

imparted to th~ dAvAln~~r beeaus9 of tho friction 

between the 3urfe.ee of the sleeve 504 and the 1.he 

5 developer. A doctor blade 511 made ot iron is 

disposed opposingly to one of the magnetic pole 

positions of the multi-polar permenenl mayuet, in 

proximity {with a soace ot trom so \lJD tn soo µm) to 

the eurface of the cylinder. Thu~, the thickness of a 

l.O 
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toner luyer ctm be controlled to be small (from 30 µm 

tn 300 µm) and uniform so that a tone~ layer smaller 

in thickness than the gap between the electi·ostalit.; 

1maQe ?>ear1na member 50.l and developer carrying 1nemhAr 

504 !n the developing zone can be foraed in a non­

conte.ct =state. Tlle ,·otaticmal ~peed of ~his developer 

carrying member 504 is ragul~tArl so t'hat thQ 

peripheral epeed of tho clccvc oon be subetentiolly 

equal 01· clos~ lu the ~peed of 'the peripheral speed of 

the electrostatir. imAg~ bearing member. As the 

magnetic doctor blo.de 511, a permanent megnet 1uay u~ 

u~ed in place ot 1ron ~o form an opposing mAgnetic 

polP.. Tn th~ developing 2one, the AC bio3 or pulse 

bio3 snay be applied th1·ough th~ l.Jios means 512, across 

the developer carrying member 504 ann the surfacg of 

thP. q]9ctrostatic image bearing member 501. This AC 

bio.o may have a frequency u! from 200 to 4,UOO H7., and 
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l a Vpp of from 500 to 3.000 v. 

When the toner partiolco ore ~oved in the 

develupluy "'um~, the toner particles are moved to the 

side of an electro~t~tir. im~oe by the electrostatic 

~ force of the clcotroototic image bearing member 

surface and the act1on ot the AC bias or oulse bias. 

Tn pJee~ of tho magnetic doctor blade 511, an 

eleetic blade formed of an elastic mete,·lal ~uc.;b tl~ 

silicone rubber may be used so that thP. layer 

10 thickness of the developer layer oon be controlled by 

p~·essurti uml the developer can be t:herebv coated on 

thA developer carrying member. 
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The cleoning step may be sin1ullaneuutily 

carried out in the charo1no step. devP.lopina step or 

tran£for stop. 

The electrophotog:i·eiph.1c appartttus may be 

constituted ot a combination of plurAl components 

intogrally joined ae one spparatuo unit from among the 

constituents such as lhtl ttbove electrostat:ic image 

bearing member. rlAv~1npino m~ans and cleaning meane eo 

that the unit oor:i be freely mounted on 0.1: ut:ilcsc;h~cl 

from the body ot the apparatus. For exRmp1e. at least 

onA of thA. contact charging means, developing means 

::ind cleaning means may be ltH~yrel l y supported 

together with the electrostatir. image bearing member 

to form nn'll unit that can be freely mounted on 01· 
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delached !rom the body of the apparatus, anc1 the unit 

can be fr~u~ly mnuntP.~ nr det-ach~d using a guide means 

ouch oo a roil provided in the body of the epparatus •• 

In the case when the electrophotographic 

5 apparatus of tho present invention is usQd as a 
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printer of a facsimile machine, optical imaye exposing 

liobt bO~ serves as exposing light uic;P.rl for th9 

printing of receivod data. Fig. S illu3tretea en 

example thereof 1n· lhe !orm u! H block diagram. 

A controller 611 control~ An image reading 

part 610 and a printer 619. Tho whole of the 

conlroller 611 i~ controlled by CPU 611. Image data 

outputted from the imAgA rP.Ading part is sent to the 

othor faccimilc ototion through o transmitting circuit 

613. Data received from the other station is sent to 

a print.er 619 through a receiving circuit 612. Given 

image data are :stored in an image memo1;y 616. A 

printer controller 618 controls the printP.r 61~. Th~ 

numeral 614 dgnotos a telephone. 

An image received f,·om a (;ircuit: 615 (1mage 

1ntormation from a remote terminal connA~te.d through 

th~ circuit} is domodulated in the receiving circuit 

612, and then successively ~lured in an 1ma~e memory 

616 arter the ima9e 1ntormation j~ n~coded by the CPU 

611. ThGn, when images for Qt leoat one page have 

been stored in the me111or:y 616, the 1maqe recording tor 
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l. 1:hat oage is carried out. l'he <;PU 611 reAd:c: nut thq 

image information for one page from the memory 616 end 

sende the ooded .11uesge .lu!urmtttiou tor one page to the 

printer controller 618. ThA printP.r controller 618. 

5 having rocoivcd the imogc information for one page 

from the CPU 611, controls the printer 619 so that the 

;•age information for one page is recorded. 

10 

The CPU c;n receives i111age .iu!ormtttion for 

next page in the course ot the rAcnrrlino by the 

printer 619. 

Fundamental const1 ~uuon an<l characteristic 

feat11rAR of tha p,.esel'\t: invention are es described 

obove. In t:he following, the pre!Sent invention will 

be spec1f1callV descr1bea by giving ~xamples. It 

15 should be noted thet the working embodimente of the 

present invention are by no means limit.eel by these. 

In the following examples, "part(i:;)" r~f@rs to 

"par~(e) by woight". 

20 
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P.1:·epa.t·al_luu of toners: 

PreparAtjnn F.wempl~ 1 

Styrcnc/n-butyl methacrylate/divinylbeu~~I1e copolvrner 

(~opolymer1zat1on ratio:70:29:1: Mw: 280,000) 

100 parts 

Fine magnetic powder (DET value; 7.5 m2 /g) 

100 partc 

Ne9ative chArOA control agent (e~cmplory complex (I)-3) 

o.:; part 
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The ebove •u!Lterlals we1·"' 111~ll-kneaded using a 

twin-screw extruder heated tn 14o•r.. After cooled, 

the kncodcd product wo3 cru3hed using a hammer mill to 

give coarse particles, which were ~hen finely 

pl1lveT"h!ed using e j9t mill. The resulting finely 

pulverized product wee subjected to air classif~co~lo1l 

to aive a classifieO magne~ic powder (magnetic toner 

l) with a weight·average particle diameter (D4 ) of 6.8 

µm (number average particle dien1euu·;5.2 µm) (Ty: 

6U.C). The magnetic toner obtained hBn nP.gRtive 

triboeloetric ehsrge3bility and aloo hod electrical 

insulat~ug proptirties. 

Preparation Example 2 

A classified magnetic powder (magnetic tone1· 

21 having the same average par~icle diameter as that 

in Preparation Example 1 was obtained in the eamc 

manne1· as in Prepa1·ation Example 1 eACE:pl lhat. a~ the 

charoe control aoent the exemolarv complex {I)-3 w~~ 

roplacQd with oxomplary complex (I)-2. 

Preperat ioa EAa1112l~ 3 

A classitied magnP.tj~ pownP.r (~agnetic toner 

3) having the same avcr~gc particle diamete4 as that 

in Prepa1·allon Exa.mvle l was obta1nea in the same 

manner as in PrAp~r~tion Example 1 except that a~ the 

charge control agent the exemplary co111.1,.1lex {I }-3 was 

.... ····---------··----··---···---· 
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l replaced with cKcmplQry complex (I) G. 

Preparation Example 4 

A classif i~d magnotic powder (magnctio toner 

4} having the same o.verege p&,·ll.cl~ dits.meter as that 

S in Preparation Example 1 was obtained in thA s~m~ 

manner ac in Praparation Example l except ~hat no 

negative charge conlrul ugent was used. 

Preparation £xAmplP- ~ 

A claeeificd magnetic powder (magnetic toner 

10 5) with a weight average particle Oiameter of 12.!> llm. 

havina thA AAm~ avereg~ particle diameter as that in 

Preparation Example 1 was obtained in the se.uae 1nl!l1mt=.t· 

as in Preparation Example l except that thff finA 

magnetic powder wae uecd in an omount of 60 parts. 
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Examplt:!t> .!. tu 5 8: Comparative Examples..!_ to ~ 

Fine resin particles and hynrnphobic fine 

silica powder as ehown in the. following Table~ 1 and 

2, 1·espectlvely, wi::r~ ttdded to 100 par~s of the above 

magnetic tonAr~ in th~ combjnetion as shown in Table 

3, end mixed uoing o Henschel mixer to give ou~­

ccmcpomm l muguet 1 c deve lepers. 

NP.xt. thesq respective onG-component magnetic 

devclopcrc thu3 prepared were ea~h lo~u~u in the 

~l~ctropho~oQrapnic apparatus as ~hown in Fig. 6 {a 

mnrl;fiqd machine of LBP-SII, mo.nufo.ctured by Ca.non 

Inc.) hoving a contact chaq,;.iuy assembly and a 
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l cleaning blade made of polyurethane. While applying a 

DC voltage (-100 V) 011d ~u AC voltage ( 500 Hz, Z • 000 

Vpp) to the r.nntAr.t r.harging essombly. practical copy 

te3t3 to form toner image3 continuously on A4-sl~ti 

5 paper at a printing speed of 16 sheets/min according 

10 
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to the reversal devolopmont system were carried out in 

an environment of low lemptir~ture and low hum1d1~y 

(1s·c, 10 % RH), A~d print-ou~ jmages were evaluated. 

At the oo.me ti111e, the state of the $urface of tbe 

charQ1nQ member (roller type) was examined. 

The pbotosoncitive member uecd woo on OPC 

photo5en5i tive 1nembe1· comp~·lsiuy ts drum. substrate on 

the external surface of whieh A phot~sensitive layer 

compriccd of o chorgc generation layer ond a ch4rge 

trtmsport layer (comprising e charae transporting 

compound disper~P.d in rmlyc~rbonat~ resin), and the 

photo3en3i tive member hed a :surface wi tll &b1·a:siuu 

charac~eris~ics of 2.~ x 10-2 cm3 as AhrA~ion w~ar 
measured using a Taber's abrasion rc~i~tonce tes~er. 

As previously d~~cribed, the charging roller 2 

has a diameter of 12 mm, thP. mandrel has a diameter of 

5 mm, tho conductive rubber layer 2b has o thickness 

of about 3.5 mm, and the release tilm form~d of 

methoxymQthyl~t~d nylon has a thickncc~ of 20 µm. Tbe 

rol lcr woo brought into prf:ssun:! (.;Ontact with the OPC 

photosen$.lliv~ member et: a total pres~nrP. of 1. 2 kg 

This Sheet Has Been Replaced 

1111111111111111111111111 
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1 Clineer pressure: ss g/r.m). 

In the image forming opparatus, the tuner 

layer on the sleeve WSS made to h8Ve a thir.knP.SS of 

130 pm, and the gap where the elccvc ond the ore 

S photosensitive me111be1· be(.;ume closest was set to De 300 

um. lmaoe reproductinn tes~s w9re carried out while 

applying a DC bioa (-500 V) and on AC bies (l,800 Hz, 

1,~00 Vpp) to the developinQ sleeve. 

Tablos 1 and 2 show physical propcrtie3 of the 

10 fine re~in portieles (A) and thos~ uf the tine s1l1ca 

powder (8). resoectively. TablA 3 Rhows th~ 

composition of each developer and the resul~s of 

evalue.tion. As tl1e ch~rying device. the blade type 

charging ass~mh1y AS shown in Fig. 4 was used in 

15 

20 

25 

Exo.mple S, and the roller type a.s 6hown. lu Fly. 4 was 

used 1n Examples l to 4 and ComparativP. F.x~mples 1 to 

5. 

Cha1·ge noC1·uul!urmi ty due to the cont:amination 

ot the charging memhAr WR~ ~veluat&d by observing 

lateral line imagco of o.bout 100 µ in line iult:!rvals 

end about 100 µ in 11ne width. 

Dot rP.production was evaluated by observing 

with a micro~cope the reproducUou uf 1ma~es tormea, 

afte1· 10,000 sheet running. by devP.lnping a chGcker 

pattern R~ 1::hown in Fig. 12, compri3ed of squet·~s each 

onG side of which we.3 100 µ111 UL" 50 µm. 
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1 Table l 

Fin• resin particlo£ A 

Number 
Sur av. 

5 face par-
Fine shape tic le Volume:. Ch8rae 
resin sphei.·- di EL- res is- quan- Composition and 
part- icity meter tivity ti1:y mono111e1· un.i. l 
ici.es 'd1 (llllll (O·c111) (l.tc/g) (wt.%) 

A-1 0.86 o.s 3x1010 -10 Sl/MMA/BA 

(53/35/12) 

10 A-2 0.69 0.6 3xio12 -26 St:/MHA/BHA 

(65/20/15} 

A-3 0.78 o.o~ 6Xl0
8 -2R St/MMA/2EHA 

(G0/20/20) 

A-4* 0.99 0. !S 5Xl0ll +so MMA 

15 

h-6* 0. !)$ 0.6 ?x1016 -10 MMA/BA (85/15) 

* Comparative Examplo 

St: Sty1·ene 

20 MMA: Metbyl methacrylAte., 

BA: Butyl ac~ylotc 

OMA. Butyl uielhecrylate 

2EHA: 2-~thylhexyl Acrylate 

25 
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1 Table 2 

Fine silica powder B 

BET 
Sur- Number 
fece av. dia-

5 i'ino spe- meter of Charge 
Silica Citic r>rim::.ry quan- Treatment agent 
P'?!fder csrtsu 12articles titv 

{N2 /g) (1tm) (µc/g) 

B--1 200 0.012 -175 Hexam~tbyldisilazane 

~dimothylsilicono oil 

10 B-2 300 o.ooa -240 Dimethylsilicone oil 

13-3 200 0.012 -30 Cont.rol 

15 

20 
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Table 3 
Results of EvalustJon 

Fine Fine 
roner resin silica Ini-

earticles ~owder tial 
~xample: 

1 1 A-1 0.2 B-1 0.8 1. 4 
2 2 A-1 0.2 B-1 0.8 1. 4 
3 3 A-1 0.2 B-1 o.e 1.4 
4 1 A-2 0.15 B-2 0.5 l. ~ 
5 l A-3 0.05 B-1 1.2 l.4 
6 4 A-1 0.2 B-1 l. 5 l. 4 
7 5 A-1 0.2 B-1 C.3 1. 4 

Comparative Example: 
l 1 None 
2 1 A-4 0.2 
3 3 A-5 0.2 

B-2 C.E l.l 
B-2 1. 2 l. 2 
B-3 C.6 l.2 

*1: Occurred on 5,000 sheets 
ft2: ~ccurred on 8,000 sheet$ 
ft3: Occurred on 9,000 sheets 
Rem~rks: 

Imeg~ .Qer.e it)· 

JC>c 
lCC 
e~. 

J. 4 
1. 4 
l.4 
1. 35 
l.4 
l. 3 

]. " 
1. 2 
l. 2 
1.: 

EO>: 
lC•O 
.sh. 

l.4 
1. 4 
3. 4 
]. 4 
1. 4 
1. 2 
l. 35 

: • 2 
1. 3 
1.1 

After 
lOOx 
100 
sh. 

1 • 4 
:.4 
:. • 4 
: • 4 
L-4 
1.1 
1. 3 

l. 3 
1. -4 
l. 0 

(1) Amounts of the fine resin partic:ee and ~lne silica 
parts by weight based on 100 parts by weight of the 

(2) Evaluation of dot reproduction (reproduction of 100 
A: rwo or less dots lacked, B: ~hree or ~ore dots 

.... 
0 

cnarge non-
unJform~ty due to 
contam!nation 
of contac-: 
char9in2 member 

30X 
100 
sh. 

A (11o; 
A(No! 
A(Ho~ 
A Oto) 
A~ lfo) 
A[No) 
A(Nol 

A(No) 
A(No) 
.\(No) 

60X 
1·00 
sh. 
A(No) 
A(No) 
A(No) 
A(No) 
A(No) 
A(~o) 
A(~O) 

A(N:>) 
.&.(No) 
C(*l) 

100:< 
10•) 
s:'l . 

A(,,o) 
A(No) 
A(No) 
A(No) 
A(No) 
A(Mo) 
A(No} 

0(*2) 
C(*3) 

I.II 

:>ot 
re:;:>ro-
d·.ietion 
x= 
1 =>!> 

}! 

A 
A 
A 
A 
A 
A 
A 

A 
A 
A 

x= 
50 

I:! 

A 
A 
A 
A 
A 
A 
B 

A 
A 
A 

powdel" added 
to:-.er. 

are indicated es 

blacl<. do'\:s): 
lacked. 

~ 

Image 
den-
sity 
nonuni-
form.-
it~ 

A 
A 
A 
A 
A 
A 
A 

A 
c 
c 

oJ 
w 



1. 

s 

10 

lS 

iu 

- 14 -

rreparation ExamP.le 6 

s~yrene/n-butyl me~hacrylate/divinylbenzAnP. r.npolymer 

(copolymorization ratio: 70:29:1; Mw: 280,000) 

100 parts 

~ine magnetic powd@r (BET v~lu~· 7.5 m2/g) 

80 p~rts 

Negative charQe control agent: J,5-di-tert-

bu.tylsalicylic acid chromium complex 2 parts 

Low··molecular weight polypi·opyltme (Mw/Mn = 5.8) 

8 parts 

The above matcricla were melt kneaded u5ing a 

twin-screw exl:ruder heated to 14o·c. Atter cooled, 

the kneFiderl proih.ar.:t we$ crushed using a hammer mill to 

give coarac particles, which were then finely 

pulverized using a jet mill. 'J"he resulting f:f m:~ly 

pulverized product was subjected to air cla3sif ication 

to give a clesslLi.~d mttgnt!tic powder (magnetic toner 

~) with a w~ight averegq particle diameter (04 ) of 1.8 

µm (number average particle diameter:G.1 µm) (Tg: 

Go·c>. 

Prepar~~ion Example 1 

1\ clao3ified mognetic powde.t· (magnetic 1:oner 

7) hi::tving the same average particlA diameter as that 

in Prep;1r<=11" ion Examplg 6 WEle obtained in the sa111e 

manner os in rreparation EA~mple 6 except that a 

polyp,·uµylene ot Mw/Mn = ti.S was m::;ed as 1:ha low-
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1 molecular weight polypropylene. 

P.i~epar~liun Example 8 

1 classif iod magnetic powdor (magnetic toner 

8) having the same average pa.i· U<.:le diameter as 'that 

5 in Preparation ~xample 6 was ohtAinP.rl ;n tho same 

10 

15 

20 

25 

mannor as in Preparation Ex~mple 6 except that the low­

n1olecula1· wt:!.iyhl polypropylene was reolaced with a 

blend of a low-mnlP.r.ula,. we~ght polyethylene and a low­

=olocular weight polypropylene (Mw/Hn = 0.2). 

Preparation Example 9 

A classified magnetic powder (•agnotic tonor 

9} hoving the same average particle ul~meter as ~ha~ 

in Preparation ~xamole 6 was obtainP.d in the same 

aanner ae in Proparation Example 6 except that no low­

mol~cultt.r weight polypropylene was used. 

~x~mpl~s 8 to 12 & Comparative £xamples ~ to 1 

Fine re:;,in perticles and byd.i·o.,hubic fine 

s111ca powder as shown in the above TablP.~ 1 ~nd i, 

rQ.sp~ctively, were addgd to the above magnetic ~oners 

in the c::ombination as shown lu Teble 4, an<1 mixed 

US1n~ a Henschel mixer to givP. n~v9lopers. 

Using the rocpccti•.re developers 'thu$ olJ·ltsined, 

images 14ei-e i.·ep1·oducet.l 1:m<.l evaluated in the samA 

manner as in example 1 nr 5. R2sults obtained are 

shown in Table 1. 
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ZKemple: 
8 6 

9 ? 

10 e 

l: 6 

:z 6 

?'i:'le 
res i :'\ 
Earticles 

A-1 o. 2 

A-1 0.2 

A-l 0. 2 

A-2 0.15 

1'-3 o.os 

N 
0 

Fine 
silica 

_ooitt~ar 

3-1 o.a 

B-1 :l. e 

B-1 •). 8 

B-2 0.5 

B-1 l. 2 

...... 
UI 

Table 4 

,_. 
0 

Results of Eveluation 
-~ --

Charge non-uniformity 
due tc contamination 
of ccntect charging 

Image member (after 10,000 Anti-
density sheeLrur..r,._.ing) -~ oUse~ 

1.4 A (Not cccur) A 

1.4 A (Not occur) A 

1.4 A (Not occur) A 

1.3 A (Not occur) A 

l. 4 A ( No"t occur) A 

V' .... 

Image 
deneitv :-:>ntei~t 

non-uni- ·::!'l.at-;ii n'1 
:or•it•1 :ne:n::,et' 

A Roller 

A Roller 

A Roll&:-

A Roll et-

A Blade 

------------------------------------------------------------------------------------------Conparative Examp:e: Occur on 
4 E None B-2 0.5 1. :> C (/ 6,000 sheets) A I. 

s 6 P.-4 <L2 8-2 l. 2 1. 3 c (" 8,000 sheets) A c 

6 8 A-E C•. Z B-3 0.8 l. 4 ~ (" 4,000 sheets) A c 

7 9 A-4 c. 2 B-l 0.8 1. 3 c (" 9,000 sheets) c c 

Amounts of the fine resJn particles and fine silica powder added are indicatec es 

parts by weight based on 100 parts by weioht of the toner. 

Ro::er 

Ro.::er 

Roller 

Roller 

""" ~ 
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Yreparation of tnnAr p~rticles: 

Prcporotion Example 10 

Cupolynter I 

~inP. ~agnetic powder (BET value: 7.5 m2 /g) 

Negative chsroe control agent: 3.fi-di-tert­

butyl~alicylic acid chromium complex 

100 parts 

80 parts 

2 pa1·ts 

Thti uuove materials were m.elt-kneadeel using a 

twin-screw P.xf"ruciP.r heet~d to 140•c. After cooled, 

10 t:hc knco.dcd product was crushed using a ha11uu~L· 11lill to 

15 

20 

25 

give coarse part1cles. which were then tinely 

pulverized using a jot mill. The rcculting finely 

pulverized producl_wa~ ~uujected to air classification 

to oive a classitied magnAtir. powd9r (magnetic toner 

10.) with a weight ovorcge particle diamete,· ( D 
4

) of 

7 .8 µm (number ave.rage particle diameter:6. l um) (Tg: 

rrn·c:). 

Preearetion ExamP-le 11 lO 13 

Class1fied maQnetic powder~ (maonetic toners 

11 t:o 1~) h~ving the same average particle diameter as 

that in Pre>p~ration Example 10 were obt:aJnt:1tl in the 

:5ame manne1· as iu Preparation ExamDle 10 P.X'C.::?pt that 

the copolymP.r T w~s replaced with copolymer II to IV, 

respoctivoly. 

Table 5 shows the c:ompo$ition of each 

copolymer. To. and weight fraction of the i·egion wlth 
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l a molecular weight ot not more than S,000 in the 

moasurement by GPC after the tonerc hove been for•ed. 

TC21Jl~ 5 

Compo~ition nf copolymer 

5 

Magnetic Copoly- We1gbt 

tnnAr mer Composition Tg fraction: .. {_:-t}* 

10 I Gt/DA/MD 6o·c 18.5 

('L!l/15/10) 

10 11 II St/BA/BMA/MB 59·c 25.4 

(10/10/15/Sl 

''- III St/2EH.A./MB Go·c 20.1 

(GS/2517) 

13 IV St/~A (8U/20J s1 ·c 10.3 

15 

* Weight h·e&ction or n~yiou wi t:h molecular wei<;rh't of 

~ ~.UUO in the measurAmP.nt hy GPC after toner 

formation 

St: SLynm~ 

20 BA: Butyl ~r.rylRte 

BMA: Butyl methacrylote 

2EHA: 2-Ethvlhexyl acrviate 

MR· Monobutyl maleate 

Examples 13~17 & Co~arative examplP.~ 8-11 . -
Fine resin partir.lP.s and hydrophobic fine 

siljr.A powd9r as shown in the above Tables 1 and z, 
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reRpP.~tivAly. w~re added to the above magnetic toners 

in the combination es shown in Taul~ 6, and mixed 

using a Henschel mixer to givA developers. 

Uoing tho re3pec:;tive developers tbus obl~lm:!d, 

5 J.mi:f.yeto were reproduced and evalua'ted in the same 

manner as in ExAmplA 1 or 5. Results obtained are 

ohown in Table 6. 

Similar 'tests were also carried out in An 

onvironment of high tQ•perature and high humidity 

10 (:>2.s•c, OG % RH). P.r:loL-uut lmcsge~ were evaluatea. 

and the state of thP. ~urf Ar:P. nf ~h'? charging menber 

was examined. 

15 

20 

25 

Charge non-un1torm1ty due to the contamination 

of the charging member was examined on latcrol line 

images of about 100 µ .in .int~rvcsl~ and about 100 ll in 

line wid~h (in an environment of low ~~mperature and 

low humidity) . 

Hell. adh~~iou uf toner to the surface ot the 

photosensitive membP-r w~~ Avaluated on the basi& of 

thg number of whi tc do to in solid black .i.11u:syi;:~. 

{Since l L Ltmtl~ to occur in an environ1n~nt of high 

temperat11rP. ;md high humidity, te~to were carried oul 

in a onvironrnent of high temµ~r1:1ture ano hign 

bumidi't:y.) 

Criterions fo'&' the avaluotion en~ C:J:S shown 

below. 



- eo 

1 M9lt adhesion of tonQr to the photoccnoitive member 

surface: 

A: No melt ~rlhP.~ion e~ 811. 

AB: Molt adbcoion giving l ~o J white do ls lH c:m 

S A4 solid black image. 

B~ M9lt adhesion giving 3 to 10 white doto in an 

A4 solid black image. 

C: Melt adnesion giving 10 or mnre whjte dots in 

sn A4 colid bl3ck image. 

10 Fixing performance was evaluated in the 

lS 

20 

25 

following way: In an environment of normal temperature 

and normol humidity (23.~·c, 60 % RH), ~power source 

was switched on atter the evAhs~tion rnachine became 

accuetomed to that environment. Immediately ette1· 

wall-up, lateral line patterns of 200 ~ in line width 

(width: 200 µ; intP.rva1s: 200 µm) were printed (on A4 

p3pcr oct lengthwiae). A printed image uu lht! first 

sheet was used fo-r the evaluation of fixing 

pArform~n~~- For the evaluation of fixing 

performance, the image "'e.s rubl>ed to and fro five 

times with Silbon oaper undAr ~ load of 100 g, and 

.image come-off was examined on the basis or lht:i 

averoge of imag~ <l~u~ity tall rates (%}. 

Jn the Gv;l l 11;:it .ion. bond paper with a surface 

sm·oothnecc of 10 (3ec) or le~~ wo8 usea. Cr1 terion~ 

of the evaluolion are as shown below. 
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Fixing pArformance: 

A: Cood (density fell rate: les~ lh~n 10 %) 

B: A little poor, but tolerable fo~ pr~r.tical use 

(d9nsity fall rate: not less than 10 % ond 

Iese than 20 %) 

C: UntolerabJe tor practical u~A {d~nsity fall 

ra~Q: not leec than 20 %). 
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F.:.ne 
res:.n 

N 
0 

Fine 
silica 

..... 
Vl 

fable 6 
~esults of Evaluation 

Charge non-
uniformi·ty 
in loN temp. 
low humidity 
environment 

rmage ( 10, ooo sh. 

~ 
0 

*l 
Melt ad-
hesicn 
of toner 
(after 
10,000 

P.ix-
j r." 
per-
fc·rrr.-

tJI ..... 

lmage 
den-
sity 
non-
uni- Contac':: 
form- charging 

part :._q_:~~---- po~!~~~--__A~_rlS i !Y runnin'11__ running)_ ~r.c~.~- .J!Jty __ l;\~nt:>._e_r 

Example: 
:3 :o A-1 0.2 B-1 0.8 1. 4 A(N::>t ::>::our) AB A A Ro.:.ler 

H ll A-1 o.~ B-1 0.8 1. 4 A(N:>t ~=~ur) AB A /,. Ro::er 

15 1( ,6.- 1 Ct • 2 B-: 0.8 1. 4 A(Not o~!:ur) AB A A Ro.:. I er 

H lC A-2 c .. 15 8-2 0.5 1. 3 A( Mot OC·::ur) A A A Roller 

17 lO A-3 C, C-E B-1 : • 2 1. 4 A(~Ot OCCUC') B B A Blade 

---------------------------------------------------·--------------------------------------Ccnparative Exatt~l~: Occ•.ir O:l 

8 10 None B-2 0.5 l .2 c (/ l 0 I 00•) Sh• ) c A A 

9 10 A-4 0.2 B-2 l • 2 :.4 c ( ., 7, 00•) sh. ) B B c 

10 12 A-5 0.2 E-~ 0.8 :.o C( ., 5 I 000 s:'l, ) AB A c 

11 13 A-4 0.2 e-1 0.8 l '4 C(" 7,000 sh.) AB c A 

ftl: In a environment of higt.. fenperature- and high hu11idit·{. 

Amounts ~f the fine resin particles and fine silica powder addej are indicated as 

?arts by weight based on lCC perts by we!ght of :he :oner. 

Rollel' 

Roller 

Reller 

l\cller 

I 

C» 
IV 

; - .... ~..,, 

~ 
0 
~ 
::r: 
~ 
C;:I 
0 g 
?:I --......;; 0 

'E. 
~ 
8.. 
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1 Preparation Exeaple 14 

Styrene/n-butvl acrylate copolymer (copolymP.rj?.ation 

r~tio: 8:2; Mw: 210,000) 

100 parts 

S Fine magnetic powder (BET vAlue: A..S m
2Jg) 60 parts 

10 

15 

20 

Negative ohorge control agent (a monoazo dyt:: <.:hrom1um 

COJDPlex) 0.6 part 

r.ow-molecular weight pol_ypropylene (Hw: 6,000) 

3 parts 

The above materials war~ mP.lt-kn~ad9d using a 

twin-screw extruder hosted to 14o•c. After ~ooled, 

the kneaded produ~t wG~ crushed using a hammer m1ll to 

aive coarse partir.1P.~. which wer9 then finely 

pulverized uoing a jet mill. The resulting C.iu~ly 

pulverized product was subjected to air cla~~ifir.~t)on 

to give a classified magnetic powder (magnetic toner 

14) with a volume averay~ p~rticle d1ameter of 12 um 

Prepsration Example 15 

Styi·ene/2-ethylh~xyl acrylate/maleic acid n-butyl half 

ester copolymer (r.npo1ym9rization ratio: 7:2:1; Mw: 

200,000) 100 parts 

Fine m~yae~ic powder (EsET value: 7.5 m2 /g) 60 parts 

Negative r.hAroe control agen~ (a oalicylic acid 

chromium complex) 2 [ll!'IT'tS 
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l Lnw-molo.cvl~r weight polypropylene (Mw: 6,000) 

5 

10 

15 

20 

25 

3 parts 

The above materials WP.rP. tr~at9d in the samo 

manner ae in Example 14 to give o classified magnel...h; 

powder (mt1gnetic toner 15) (TQ: ss·c). 

F.xamplos 18-22 & Comparative Example~ 12-14 

Fine resin particles as showo lu lhe following 

Table 1 and tine silica powders as shown in TAhlP. ?. 

previously set out and the above clae6ificd magnetic 

tonei.·e were mixed uas.i.ny ts Hem:Jchel mixer ln the 

combination as shown in TAhlP. a. ~o give one-component 

magnetic dovclopcro having the toner to ~hich the fine 

re~iu par'ticles and tine s1l1ca powder had been 

P.XtA~nAlly add~d. 

Next, these respective or1e-cumponeut: magnet le 

aevelopers thus prepared were each lnRrlAd ;n ~he image 

fo~ming &pparatuc ac chown in Fig. 6 (e modified 

ntechine or LBP-8I I, menutactured by canon lnc.) bavina 

a contact charging A~~Amhly. While applying a DC 

voltage o.nd nn AC voltage {500 Ilz, 2,000 Vj.Jµ), 

pr~~lical copy tests to form toner imAgA~ continuously 

on A4-size p~pP.r ~~ a printing speed of 16 sheets/min 

according to the rever3ol develupmt!nt system were 

carrlt!d out 1n an environment of nnrmal temperature 

and norm~l humidity (2S•C, 60 % RH), and p1·io.L-out 

imagec were evaluated. Al lhe same time. the st~te of 
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l. the ~urfaces of the c;heu:giuy member (roller 'type} and 

OPC photosensitive drum was examined. 

Table 7 cbowo phy3icel properties or lht! Cine 

.t·t:i~iu par~icles (A). Table 8 shows the compol'lhion of 

5 A~r.h dav~lop~r and the results of evaluation. 

10 

15 

20 

25 

!"ogginQ: 

A: 

D: 

Criterions foi.· the evalu<"iliou ere shown below. 

Almost no fogging. 

Fogging occu.t·s, lJu l tolerable tor practical 

USA. 

C: Untoleroble for practic~l use. 

Melt adhesion of toner to OPC photosensitive memhP.r: 

A: 

AIL 

No melt adhesion at all. 

Melt adbesioti givluy 1 to 3 white dots in an 

A4 solid black imAgA. 

B; Melt adhoeion gi•.ling 3 to 10 ~hite dot~ lu <:m 

A4 ~ulid black image. 

C: Melt adhA~inn o;ving 10 or morg white doto in 

an A~ solid block image. 

Charge non-uul!urmil:y: 

A: No r.har.g9 non-uniformity at all. 

B: Charg non-unifo1·111lly 6 l1ttle occurs. but 

tolerable tor pr~~tic~l use. 

C· Chargo non-uniformity clea~ly u~~urs. 

Untole1·aul~ for practiceJ. usP.. 
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·l Table 1 

Fine Res1n Particles (A) 

Spe- "fribo- Monf.\.m9r 
Sp he I'or cif ic elec- composi-
ric- tic le rosist- trio- tion of 

s 1tV size a nee ity 'l'g fine resin 

"' (µml._ (Q·cm) (µc/g) < ·c1 carticles 

A-6 0.88 0.6 2x108 -'-40 110 St/MMA/2EHA 

(70/?.nno} 

10 
A-'1 0.65 0.6 3x101 -20 101 St/MMA/8MA 

{75/15/10) 

A-8 0.!>2 0. !> 5Xl06 -60 90 St/MMA/2EHA 

{60/~/15) 

A-9 0.75 0.9 5x1012 -5 105 St/MMA 

15 
(55/'15) 

A-10 0.80 o.os Sx1011 200 98 St/MMA/2EHA 

(7Q/l0/20) 

A-11* 1.00 0.3 2xio10 '4-90 95 MMA/EA 

(90/10) 

20 
A-12"' o. 91 1.2 1x10

14 -30 102 St/MM1\ 

(20/80) 

* Compara\.lv~ Exttmple 

25 

This Sheet Has Been Replaced 

1111111111111\ 11111111111 
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Table B 

Results of ~valuation 

Fine 
Mag- Fine rec in inorgonic 
netic eartit:lA~-A f!OWd'!'r-B (1) Fogg- (2) (3) 
Tuuer Type Amt. Type Allt • ing 

F.xAm~lA: 

18 14 A-6 0.1 B 1 0.5 A A A 1.4 

19 14 A-7 o.os B-1 o.s A A A l.4 

20 14 A-8 0.2 B-2 0.6 A A A 1.4 

21 15 A-9 0.9 B-2 l. 2 A A A l.35 

22 lb A-10 0.02 B-2 0.4 ,.. A A 1.4 

----------------------------------------w -----
Compa.1.-a l iv~ Exampl~: 

12 14 A-11 0.1 B-1 0.5 A c c 1.4 

13 15 A 12 o.s B-2 o.s c c c l. 35 

1:4 15 H-3 0.5 r. A. A 0.9 

( 1) : Helt odhesion of tooe1· lu photosensitive member 

after 12,0UO sheets running 

( 2) : Charge non-uniformity {after 12,000 sbe~lti 

l"Ullfduy) 

C3l: lmaoe densjty. 

··-··--·-- ... ------· -· .. ---·---·-····- -
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l As h$ving boon doscribed above, use of the 

specific fine resin pe1·l.iclt!~ iu combination wi t:h the 

fine inorQanic gowder such A~ hyrlrophobic fine silica 

powdor is effectivo for removing the free fine 

5 inocganlv powuer to protect the surface of the 

photo~~n~itivP. memb~r. and honce the developer of the 

prcoent invention can give o ~onei· image Lh1:1l l~ free 

from toner cont.amination or fogging and has a high 

quality. 

Hl A dovolopcr for developing an electro~tatic 

lmesyt! lus=:; u toner, fine resln particles with a surtace 

~h.::lpA i:;phP.rici1'y IP of from 0.90 to 0.50, and fine 

ino~ganic particles. 

20 

25 

•.. 
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1 CLAIMS: 

1. A developer tor developing Rn electrostatic 

im~oA.. comprising a tonor, fine rcoin particles wi~h a 

surface shape sphericjly ~ uf from 0.90 to O.~o. and 

5 tine inorganic oarticles. 

2. The d~v~lup~r accord1ns:l to claim 1. wherein 

said finA r~~in p~rtjcles have en average particle 

diometer smaller then the ave1·6ge l-'~rt:icle diameter of 

10 said ~oner and larger than th@ AvP.rRge particle 

diametor of said fino inorganic powder. 

;j. '!"he developar ~r.~nrd i ng to cla·im 1, wherein 

said fine recin particle3 have a primary av~nsyt= 

l~ pa~llcl~ diameter ot trom 0.03 ~ to 1.0 µ. 

20 

25 

4. Tho developer according lo ~laim l, ~herein 

~~l<l fine resin particles nave a primary average 

pArtir.1~ diameter of from 0.05 µ to 0.6 µ. 

5. l'he devP.lnpP.r e.ccording to claim l, wherein 

said fino resin pQrticles have a Lrlboelectric charge 

quantity of ! ,·um -zoo µc/Q to +SO µr./o. 

6. Tho dcvelopei- acco.nllug to claim 1, wherein 

aaid fjne reslu part1cles nave R rriboglectric chQr9e 
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1 
quantity of from -100 µc/g to +30 µc/g. 

·1. The davAlnpAr ar.cording to claim 1, wherein 

eaid fine rcoin porticlea have o :speeif ic re~i:Slttm.:tt 

5 6 1 ~i ot from 10 O·cm ~o 10 · Q·cm. 

8. The developEu· at;curcling 'to claim l , wherein 

said tine resin partir.lP.~ r.omp~isP. a styrene resin. 

10 
9. The dev~luper ~ccording ~o claim 1. wherein 

said tine resin pArtir.lA~ hAv~ not. l~ss than 51 % by 

weight of otyrcnc monomer units. 

10. The developer according to claim l, wherein 

said fine resin particles hev~ a ylH~~ 'trans1t1on 

ooin't ot ao·c or anove. 

11. The developer according to claim 1. whP.rP. in 

said toner hR~ A WP.ight average particle diameter of 
20 

from 3.5 µm to 20 µm, said fine ~e~lu v~r~icles have a 

primary av~rage particle diameter of from 0.03 µ to 

l.U U, and ~Aid fin4'! inorganic-powder ha5 a primaL·y 

avG!rsgo particle diameter oC Crom 0.002 p to 0.2 µ; 

th~ 1,JL"imary averaoe particle di:=nneter of said fine 
25 

inoroanfr: powder being sn1allcr then the p1·lmt!ry 

av4'lre.go po:r:ticle diamelt:ff of sa10 fine resin p.articl.es. 
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12. The developer occording to cl~im ll, wherein 

said tonor has a weight average particle diameter of 

from 3. 5 µ111 \O 14 µ1n. 

13. The developer according to claim 11, 

wber~in :1aid toner has a weight averag-e particle 

dil:':lmE1ter of from 4 11m t:o 8 µm. 

14. The developer according to claim 13, 

wherein said toner comprisos toner particlee 

containing a chai.·ge control egen I.. 

16. The developer ocoording to claim 1, ffherein 

$aid toner comprises toner particles containing a 

nAgat;v~ charge control agent represented by the 

fo.llowing Formula {I) . 

Formula U l 

Ar-N - N-Ar ,, / 
X + Y' ' / M 

/ '· y r x· 
/ ,, 

Ar-N N-Ar 

e 

© 
/\. 

Wherein M represent~ r.r. C~. Ni, Mn or Fe having the 

coordination number of 6; Ar repn=st:!ut.~ an aryl group 

which m1:1y bave a substituent: X. X'. Y .e:ind y• may be 

the same o~ diffP.r9nt and each rcprcoent o , -co-, 
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-NH- or -NR-. whore R represents an alkyl group having 

f> 1 1:0 4 carbon otoa3; and A rep1.-e5er1 ts a byuroyeu ion, 

a sodium ion. a po1:assium ion. an ammonium ion ,,,. an 

aliphatic ammonium ion. 

16. ThQ devP.ln~Ar Ar.r.nrd;na to claim 1. wherein 

caid toner oomprioeo toner particles contoining a wa~ 

having a ratio (Mw/Mn) ot we1ght avera(Je molecular 

w~iah~ (Mw} ~o number avqrag9 molecular weight (Mn) of 

not less then S. 

17·. The developer according to claim 1, wherein 

sttitl tuuttr compri::ses toner particles having a binder 

r.P.~in r.ontAinina no~ lP.ss than 15 % of a componont 

with Q moleculor weight of not more than !i,000 in a 

GPC chr.omatogram. 

18. The developer according to ~laim 1, wherein 

said toner comprises toner particles hRvino a binder 

r~sin containing from 15 % to 35 % of a component with 

a molecula1· weight or uot more ~ban 5,000 in a GPG 

chromat:ogram. 

19. Th1:1 developer accoraina to r.l;::iim 1. when~in 

said toner cornpri~P.S magnetic toner particles. 
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1 
20. The developAr Br.r.orrlino ~o elaim 1, wherein 

caid toner comprioco inouloting magnetic toner 

pttrticl~~ buving a nega't1ve triboelectric 

c-:h~rOA~hi l i t"y. 

21. The developer according to claim 18. 

whoroin caid toner comprises toner particlco hoving o 

bindei.· i.·esin comp1.·.i.sln9 a slyi:·t:iuti polymer, a s'tyrene 

copolymer. or a mixture of thA~~. 
10 

22. A method of torm1na an image by a process 

eomp~ising thG stops of; 

bringing o cheu:giog 111en1be1· tu which a voltage 

has been externally applied, into contAr.t w;th an 
15 

electrostatic image bearing member to effect 

el~ctru~t~tic charging; 

fnrming An ~l9etr¢Static image on the charged 

olcctroatatic imoge bearing member, 

developing the electrostatic image formP.o on 
20 

said P.lP.r.trostatic image bQaring member, uoing a 

developer to form a toner irn~g~; ~~id developer 

compr1s1nQ a ~oner. tine rP.~in particles with a 

surfac~ shapg sphcricity ~ of from 0.90 lu 0.50, anrt 

fine inorgenl~ pt:irt: icl_es; and 
25 

transterrina thP. Ton~r imagG formed on 3aid 

~ lP.r.t:rostatic image bearing member to a l.c-cmsfer 
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medium to form e transferred image. 

2~. The image formjng mAthnd ~ceording to claim 

22. ~horoin eaid clcctroototie image bearing member 

has an OPC photosensitive member and is neqativeJ.v 

eharaqd by m98ns of a charging memb~r; an 

electroetatio image having a negative cba1·y~ l::; !urmed 

on said electrostatic imaae bearing niembf!r; ;:mrl i:::a;a 

electrostatic image ic rovcrccly developed by the 

loue:rr lltlviug a uegtttive tr1boelectr1c charQ"e. 

· 24 ·• The image forming method according \.O clcsim 

22, wherein a direct current voltage is applied to 

said charging membgr. 

25. The image :tormj.nq method accorrli ng to claim 

22. wbgroin an alternating current voltage is applied 

to said cha1·g.in9 memutH". 

26. The imoge forming method a:ccon.ling to clalm 

22, whert!in a direct current voltage ovP.rl;iid wit:h an 

altArn~ting curren~ voltage is applied to said 

charging member. 

27. Th..- i.mage forming 111.cthod according l.v <.:laim 

22, wherein ooid electrostbli~ image bearino membP.r is 
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cleanAd hy ~ r.lARnina blade after the transfer step. 

28. The 111a!1e form.inq method according to cl11im 

21, wherein part of tho fine resin particlco contained 

in the develope1· is ool cleau~u by said cleaninSJ blade 

Dut transterred to the charging mP.mh~~. so that said 

fino rocin particlce adhere to the aurface of ~cid 

c;hargiug member. 

29. The image forming met.hod i:l.\;\;Urcliug t.o claim 

22. wherein said charoino member is brought into 

contact -with said olectrostatic image bearing member 

at a contact pressure of from 5 g/cm lu 500 g/cm, and 

from -200 v to -900 v ot direct currP.nt voltaae and 

from O.S kVpp to S kVpp of alternating current voltage 

e.1·e appll~u t.u ~ttid charging member. 

30. The imoge forming method ac.conliuy l<J claim 

29, wherein sa1d alternating current volh~ge. has an 

Al_tP.rnat:ing current frgquency of from 50 H% to 3,000 

!fa. 

31. Tho image forming method ac.c..onlluy to claim 

22, wherein said c.her:ylng member is roller-~h:::iped. has 

~ r~lease t1lm surtace leyP.r. Ano electrostaticolly 

ChargG~ 1"ht? 9lect!"ostat ic imoge bearing 111e1111Jt!r whl le 
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being ro~ot:ed. 

32. The imago forming method according to claim 

22, wherein the electro~t.ot.ic image ls developed by 

the developer according to any onA nf claims 2 to 21. 

33. An electrophotograpb1c apparatus 

an electrostatic image beoring member; 

a contact charaing member to which a voltage i~ 

Qxternally applied, which oloetrostatically chsrgoc 

ssid elc~tro::statie image bearing 1uembe1· ·vdille being 

brouaht into contact with 1t: 

an electrostatic imago forming meon3 for forming 

an ele~tru~t~~ic image on the charQed electrostatic 

o. developin9 means for developing \.he 

electrostatic 1maQe thus formed: said devP.lnpina means 

compr.i~ina ~ d9veloper carrying member and o developer 

container that holds therein a u~v~loper; said 

developer comprising a toner. finP. rF.!sin particles 

wi~h a surface shape sphericity ¢ of from 0.90 to 

0.50, and fine inorgault; particles; and 

a ~ransfer means f~r ~r~nsferring the toner 

jm~o~ formed on said electrostatic image ueering 

member to a trans!e1· meclium. 

1iiliiU1ii1imf 
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1 
34. The electrophotog1·e.pbic ~ppttretus according 

to claia 33. wherein said el~r.trn~~at;c image bea~ing 

momber hes an OPC·pbotoccnoitive layer. 

s 
35. ThA AlAr.trophot.ographic apparatus according 

to cloilft 33, wherein said contact c;ha1·giog mesulJ~r is 

connected with a voltage applying means tor epplyino a 

direct current voltago. 

10 
36. "J.'he electrophotooraphic: appRr::itm:: Aceording 

to claim 33, wherein said contact charging member i~ 

connected wilh & vollaye t1.pplying means tor applying 

an BltArnAting r.nrrent voltage. 

15 
31. The electrophotographic apparatus acr.ordino 

~o claim 33. wherein said contact charging member i~ 

connected with a voltage applying means tor eoolying a 

Qirect current voitaoe overl~irl with an alternating 

curront voltage. 

38. The electrnphn~ographic eppare~uc according 

t-o claim 33, wherein caid contect chcu·gluy member is 

rol ler···shapecl. 

2S 
39. The electrophoto91:ovhli.; epparatus accordi no 

to claim 33. wherein said contact r.h:::irging nu;imber ic 
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blade-shaped. 

40. The electrophotograph1c apparatus accordino 

tn r.lR;m ~R. wh~re;n sajd contact charging member has 

o release film surface layer. 

41. The electropho~ographic apparatus according 

to cloi111 33, whe~ein .-soid electrostatic iuacge Lt:iariny 

member is provided with a cleanino means tor cleaning 

a tonor romaining aftor transfer. 

42; The electrophotographJr: Aflp~r.;itu!;: according 

to claim 41, wherein oeid cleaning means is provided 

with a cleanin~ blade. 

43. The electrophotographic appe.r:alu:s c::tt,;t,;urding 

to cla1m 33, wherein said develooer container hnlo~ 

th9 d~veloper according to any one of cloimo 2 to 21. 

44. An aoparatus unit ~omprising; 

an electrostatic imo.gc bearing membe.r. 

a contact chc:l·giug member to which a voltRGP. is 

ex~ernally aoolied. wh;r.h ~l~ctrostatically charges 

said Glectro&tatic image bee.ring 1ne1ri.lJ~r while being 

brou9h1. lut:o contact with lt: and 

a develop;no m~ans for developing an 
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elecu·oslalic i1nay~ lhu~ formed; sa1d developing means 

comprising a develnpAr. r.~r~y;ng ••mber and a developer 

container that holdo therein o developer; $&id 

dev~lOIJt:!.l' t,;uJllp.l·lt:tiuy t:t t.011er, fine resin particles 

0.50, and fine inorganic particle~; 

sa1~ con~act. cbarQinQ means and said developing 

means being held·as one unit together with said 

electrostatic image bea1·ing n1e1ubet·, and l:ii:!.ld unit 

rorm1no a s1no1e unit detachebly provirl~rl ;n ~hP. body 

of an electrophotographic apparotuo. 

45. Tho apparatus unit according to clai• ~~. 

wherein said electrostatic image bearing member h~s ~n 

OPC photosensitive lever. 

46. The apparatus unit accv1·dluy tu claim 44, 

wnerein said contact charoing member i~ roller-shaped. 

47. The appaL·e.1.us unit. l:lCcording to claim 44, 

wherein sald contact ch~rgina m•mber is blade-shaped. 

48. Th~ t1pparatus unit according to claim 46, 

wh~rein s~]rl r.ont.act charging member has a release 

film eurfaoc layer. 
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l 
UJ. The apparatus unit" ;:ir.r.nro i na to claim 44, 

whorein said electroetatic image bcoring member is 

provldad wllh ~ cleaning means tor cleanina a toner 

remaining on it~ ~11rf:tr.P._ 

5 

50. The apparatus unit according to claim 4~, 

wh9r9in said cleaning means has a cloaning blade. 

51. The apparatus unit according to clAim 44. 
10 

wherein said developer container holdo the developer 

a.cc;o~·d.l.ug Lu e:my 011"' u! cleims 2 to 21. 

52. A foc3imile apparatus compri~ing an 

electrophotographic apparatus ano a receiver means for 
15 

ooid eleet:rophotographic cppa1·atus cv1ulJ1·J.::iiny; 

an electrostatic image bearino member; 

a contact charging member to which a voltage is 

.externally applied, which ~lt:it.;lro~tat1callv charges 

{ 20 
saiO electrostatic imagP. hAArino m~mber while being 

brough~ into contact with it; 

an ~le~trostatlc 1maqe forming m~~ns for forming 

an electrostatjr. im~09 on the charged clcctro~tatic 

imagQ bearing member; 
25 

ea d~v~loping means tor developing the 

electrostatic imagA thu9 formed; said dc· .. eloping means 
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1 
comprisino a developer carrying mAmhAr ~nd a develop•r 

con~ainor that holds therein a developer; 3aid 

developei· compr isir.9 ei l¢ut:l.t', ! iue re::. in part 1cles 

w1tn a surtace shape sphericity ~of from 0.90 to 
5 

0.50, ~nd fine inorgonic particles; ond 

a transfer means tor transferring the toner 

imag9 formed on said electrostatic image bearing 

melllber to a transfer mediu1n. 

10 
53. The facsimile appar3tuc according to claim 

52, whe1·e.in sahl t:ilt:i\;Lt·o~La\.ic image bearing member 

has an OPC photosensitive lay~r. 

54. The tecs1m1le apparatus according to c.laim 
15 

52. whArAin ~Rirl c~n~act charging member is connected 

with o voltage applying means for apply.in\:# i::l direct 

current voltage. 

SS. The facsimll~ ~pp~r~tus according to claim 
20 

52. wherein said conta~t r.h~roing m9mber is connected 

with a voltage applying meona for- applyiny 1:111 

&l~ernatin9 curr~nt volta9e. 

56. The facsimile apparatu~ accord1na to claim 
25 

52. wh~~eiu ~~id contact chargino memh~r is connQcted 

w1th a voltaae apply;na means for applying e direct 
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l 
current volt~gA nvArlA;d wjt.h an alternating current · 

vol~agc. 

57. Th9 facsimile apparatus according to claim 

s 
S2, wherein ~eid contact charging 111e1ube1· lt:> ruller-

shape<l. 

58. Th~ !t..c;~.imilt:! apparatus according to claim 

~i. wnerein said contact chArging mP.mb~r is blade-
10 

shaped. 

59. Th9 faesimll9 apparatus ecco~ding to claim 

57, wherein said contact charging membe1· h€:1S o .t·~l~ts::;e 

film surface layer. 
15 

60. The facsimile appa~a\uS a~c;urding to claim 

52, wherein said electrostatic imAgP- b~aring member is 

provided with e cleaning mcon3 for cleaning a toner 

re~aining afl~r tr~nsfer. 

20 

61. The f~c3imile apparatus €:1CCuroing to claim 

GO, whe1·elu ~ts id clean1nq means is prC'>vic:'IC?d with a 

cleanino bl~rlA. 

62. The facsimile apparatus ~~cording to claim 

52. wherein ~~irl dQveloper container holds the 

developer according lu auy one of cla~ms 2 to ~1. 
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