2174621 PROCESS FOR PRODUCI NG TONER FOR DEVELOPI NG ELECTROSTATI C | MAGES AND
APPARATFUS THEREFOR FI ELD OF THE | NVENTI ON AND RELATED ART 5 The
present invention relates to a process and an apparatus for producing a

t oner havi ng~a-~predeterm ned particle size for developing electro- static

I mges, by effectively pulverizing and classifying solid particles
containing a binder resin. 10 ' t+h-i mage form ng processes such as
el ectro+ phot ography, electrostatic photography and el ectro- st?tja7
printing, a toner is used to develop an electrostatic inmage. Fo 46&15
for producing a final prodygscdSs X PRONEEIRENFORRE pbRSSI fying starting
solidwparticles in the production of a toner for devel oping an el ectro-
static i mge ipewigPNdeefdPRoPrOLct TMAGESQaRDEeAPPARAEBUST TNEREFORNE
particles, in general, a process as shown in a flow chart in Figure 7 is
conventionally 20 adopted.. This process involves nelt kneading starting
materials such as a binder resin and coloring agent (e.g., dye, pignment or
magnet i ¢ mat erFEEDD @O JTH B gIN VN RT@M 0RND nRRLATEBD{ BRTsol i di fi cati on fol | owed
by pul veri- zation, thereby giving a group of pulverized solid 25

particles @s a pul veriPe preskrt invemthensratatag hatarpupPsesFhe

pul veri zed product is continuously or successively fed into first

cl assi fyi ng mesnd ath@pparatus for prqduc1ng a toner having a

predetermined particle size for developing electro-
;; ' static images, by effectively pulverizing and
classifying solid particles containing a binder resin.
10 In image forming processes such as electro-
photography, electrostatic photography and electro-
static priﬁthg, a tonef is use§ to develop an
electrostatic image.
For a process for producing a final product
15 by pulverizing and classifying starting solid particles
in the pfoduction of a toner for developing an electro-
 static image in which the final product is required to
be of very fine particles, in general, a process as
shown in a flow chart in Figure 7 is conventionally
20 adopted. This process®involves melt kneading starting
materials such és a binder resin and coloring agent
(e.g., dye, pigment or magngtic'material), cooliﬁg the
kneaded mixture for solidification followed by pulveri-
zation, theréby giving a group of pulverized solid
25 particles as.a pulverized product from the starting
materials. The pulverized product is continuously or

- successively fed into first classifying means and




-2- ‘classified therein, and the coarse powder consisting primarily.of a
group of the classified particles having a particle size greater than a
defined range of sizes is fed into pul verizing neans and pul veri zed
therein, 5 and then recycled to the firsiyclassifying means. The powder
consisting primarily of other particles having particle sizes respectively
falling within and snmaller than the defined range is passed into second

I i fy- | . and, cl ified di um . jst- 10 i
ot rarily of SIARRAEIAG Tt e a0 hE LAFIT PSNST SHIIFHAFO def | ned
d fi i St ' ily of. a. f td cl havi
L particl o si PRINE) O P P BB clades il e R8E Ay e de o
group of "part 'aleaﬁréiQ:lé‘a%’}oi(}a? %%%%ttﬁgfrgg&egﬁﬁéac}&&z ¥o;.ggsto 15

m crons and containing 1 particles having a”particle size

smal | er than 3 MEgPntd gERLF B £id dhedrds P Y Shh TRe{ Pdq ChRsse{acation in

pul veri zing means, such as an iInpact-type or jet-type pulverizer provided

20 with= C|£§§imm&é@fﬂﬁ&%fﬂier§i@§i@1&s§9§iﬁﬁqm._Un'i'tilé a
predet erm ned average particle size is achieved, and-‘the pulverized product

free of the cquwiiep@uiesigteimy sk ifa PEEP esif t Gttt heert Id BeSiHaeing 0 renove
fine powder, thus giving a desired nedi um 25 powder . .
' particle sizes respectively falling within and smaller
than the defined range is paésed into second cléssify-
gﬁ: ing means and classified into a medium powder consist-
10 ing primarily of a groﬁp of particles having a particle
size within the defined range and a fine powder
cpnsiéting primarily of a group of pértigles having a
particle size smaller than the defined range.
For example, to provide a group of particles
15 having a weight average particle size of 10 to 15
microns and containing 1 % or less of particlés having
a particle size smaller than 5 microns, a feed material
is pulverized for classification in pulverizing means,
such as an impact-type or jet-type pulverizer provided
20 with a classifying mechanism for removing a coarse
powder until a predetermined average particle size is
achieved, and the pulverized product free of the
coarse powder removed is passed to another classifier
to remove fine powder, thus giving'a desired medium
25 powder.

The weight average particle size used herein

is an expression of the results of measurements, for




The wei ght average particle size used herein is an expression of the
results of neasurenents, for -3- exanple, by a Coulter counter avail able
from Coulter Electronics, Inc. (U S A). The weight average particle size
w | kibe sonmetines sinply referred to as an "average particle size"

herei nafter. 5 Such conventi onat3processes are acconpani ed by the
foll ow ng problens. Because the treatnent by the pul verizer provided with

t he cl adsifying mechani smfor renoving the coarse powder and the treatnent

by the classifiexaniple ; 8PVd NGt Nee f | dSuRORE esval EabDedBLoRACAL tern
separate steps, the nunmber of steps increases, and the operation is

conpl4gat ed, aEBldatirenicg Ing, 6UheaA. gene'r]aelmlqhy avevageor nuch
unavoi dabl e deposi- tion and aggregate may be produced in the powder in
sone cases. 15 particle silime wilhdse sdmehimes astmpyynyefrennedf be ahe
renoval of coarse pomder is to pass only the particles having a particle
size greater tlean ‘BRvanags ePicle esE728 hexreolnnEttiiveri zer. Wth the
conventional classifier, because of a very long residence tine for 20 t he
powder as I®ng as sever%%c%crﬂﬂ‘é%“tlao%¥tpﬁ?c%ﬁ%eﬁa‘???c?%mﬁﬁ?med by

nteragoregate sfter he,femual, Pl e S93 S8, PEECL, (QLalhECLPRLLC €S

pulverizer provided with the classifying'mechanism for
removing the coarse powder and the treaﬁment by the
classifier for removing the fine powder are conducted

10 in separate steps, the number of steps increases, and
the operation is cbmplicated, and for a long run, a

" heat generation may occur, or much unavoidable deposi-
tion and aggregate may be prodiced in the powder in
some cases.

15 The purpose of the classifying means for the
removal of coarse powder is to pass only the particles
having a particle size greater than a certain particle

gj size into the pulverizer. With the conventional

| classifier, because of a very long residence time for

20 the powder as long as‘sevéral minutes, a part of the
particles may interaggrégate after the removal of the
coarse powder, or fine particles may deposit onto
coarse particles, and the resultant particles are
again returned -to the pulverizer; resulting in a

25 tendency of overpulverization. This causes a reduc-
tion in pulvefizing efficiency and in yield iq the

classifier for removing fine powder in the subsequent



coarse particles, and the resultant particles are again returned to the

pul veri-zer, resulting in a 25 t endency of overpul verization. This causes
a reduc- tion in pulverizing efficiency and in yield in the classifier for
rennging fine powder in the subsequent  -4;_step. In the second )
classifying nmeans for renoving fie powder, t%e aggregate constituted of
extrenely fine particles may be produced in sone cases and are difficult to
renove as fine powder. In such a case, 5 the aggregate nay be

i ncorporated in & 15hal 1P ctRRtSeFRY| ¢1agsifying  neans | f9r i ¥emevinge a

produce having an.gexquisite distribution of particle sizes, while the,
FEEIISE 1 T ATHTSHRES RS HEFER: O ($utEeme 1y nkine

aggregdte nay be bro
particles, causi &F@géq@§%lﬁrodi@%§ualit of i nmage. dln t he
conventional processes, evenf a desiTed prd erﬁﬁﬁ%% A Sfui site
di stribu- tion ofgpeFidel€ & 46 ng)efﬁf)é VNG r UNAYVOIT G2 e% case

[ re, tction

di sadvant ages are encountered such as conpli | 'on” of procedu

n classifylmg yigid afkddhdd nayiid cirihisdpdta Qdhif!d PundNbiasiease in

cost. The snaller the predetermned particle size, the nore entlency
will be remarkabl@es@ting in a difficuBdy Y §5fodlicd N PFEHEY RAVERNET on

to provide a process for producing a toner for devel oping _
an exquisite distribution of particle sizes, while the
aggregate may be broken in the resultant toner to
Nt form extremely fine particles, causing a degradation

10 in quality of image. In the conventional processes,
even if a desired product having an exquisite distribu-
tion of particle size could be obtained, unavoidable
disadvantages are encountered such as complication of
procedure, reduction in classifying yield and in

15 efficiency of production, and increase in cost. The

~smaller the predetermined particle size, the more such

tendency will be remarkable.

20 It is an object of the present invention to
provide a process fo} producing a tonér for developing
electrostatic images, wherein the above mentioned
various.problems found in the prior art processes are
overcome .

25 It is another object of the present invention
to provide a procesé for-effectively produéing an

‘electrostatic image-developing Eoner having an accurate



el ectrostatic i nages, wherein the above nentioned various problens found in

the pri.or art processes are overcone. 25 It is another object of
the present invention to provide a process for effectively producing an
el egtrostati c i mage-devel opi ng toner . having an accurate di stri but'i on of

particle sizes. It is further object of thedresent invention to provide a
process for effectively producing an el ectrostatic inage-devel opi ng toner
having & good 5 quality and smaller particle size (e.g., of 2 to 8
mcrons). It is aipsribuattilosr ofbjpestticfle s zsesent i nvention to provide a
process for effectively produc- ing a product of fine particles (for use as
a tongr) 10 having an acd@r&tsef@irglﬁrbMMtofoﬁoama @ressnte dnpent iengood
yield fromsolid particles produced by nelt kneading a m xture conprising a
bi nder resin, a &8 BFOViF§ SgBFOCETF FAN QELerddivia e Prad®¥iing amhe kneaded
m xture, and then_pulverizing it. 15 . The present invention
provi des a proce?&gf:&rroﬁltﬁ&& i ﬁ@‘atggn'gievﬁé‘ﬂﬂlageé:cfrlf& Bghien Food
el ectrostati ¢ | atent .images, .coARri.sing.t.he steps c{ i ntroqg ' | oured .
sol i d partic%es 883? FXi%S%angﬁggf F@%F’q FHS T Lo A %gﬁg%ﬁgssifying
zone di vi ded intQicrons). ‘
It is a yet further object of the present
invention to provide a process for effectively produc-
Aot ing a product of fine particles (for use as a toner)

10 having an accurate distribution of particle sizes with
a good yield from solid particles produced by melt
kneading a mixture comprising a binder resin, a color-
ing agent and various additiwves, cooling the kneaded
mixture, and then pulverizing it.

15 The present invention provides a process for
producing toner particles for developing electrostatic
latent images, comprising the steps of introducing

L coloured solid particles containing a binder resin
s
into a multi-division classifying zone divided into

20 at least three sections by partitioning means, in such
a manner that the particles fall along curved lines
under the influence of the Coanda effect, collecting
a coarse powder consisting primarily of coarse
particles in a first divided section, a medium powder

25 for use as toner particles, consisting primarily of:
particles having a particle size within a defined range, in a second
divided sxxiay and a fine powder consisting primarily of particles
having a T '




20 at least three sections by partitioning neans, in such a manner that the
particles fall along curved |ines under the influence of the Coanda effect,
collecting a coarse powder consisting primarily of coarse particles in a
first divided section, a mediumpowder 25 for use as toner parti‘cles,
consisting primarily of particles having a particle size within a defined
range, ip a second divided section, and a fine powder consisting primarily
of particles having a particle sizeésAaller than the defined range in a
third divided section, pulveri-zing the classified coarse powder, and

i ntroduci ng t he paRticlie sizmanallien thare the i -dafingdn vangsi fimng zone.
5 Acco%ﬂing to the present, invention, there is further provided an

apparatus for p ndividad, se5tiptee AP HAG osthe | clagshtiednges,
conprising: nmultj-qdi s c% ' .Qﬂ ns ﬂ%v' éi? O%y
partitioning rretgr?sa(gsn ?oﬁhﬁre'as r@?#{e%'l sec‘fil%s, Sredhy eoiffifn r u‘é%%ﬁ
coloured solid gatd FHS st Al dEvik o s { By iZ8Me [ he cl assifying
means in such a manner that the particles fall "along curved |ines under the
i nfluenc® of the Coanda effect, whereby the 15 particles are
classified into fractions of particles including a coarse powder, a nedi um
powder for use &¢cording to the present invention, there is further
provided an apparatus for producing' a toner for
gﬁ developing electrostatic 1latent images, comprising:
multi-division classifying means divided by
10 partitioning means into at least three éections, means
for introducing coloured solid particles containing a
binder resin into the classifying means in such a
manner that the particles -fall along curved lines
under the influence of the Coanda effect, whereby the
15 particles are classified into fractions of particles
including a coarse powder, 'a medium powder for use as
toner particles, and a fine powder, means for
xﬁf" pulverizihg the coafse powder obtained from the
multi-division classifying means, and communicating
20 means for recycling the pulverized product of the

coarse powder into the multi-division classifying

means.




t oner particles, and a fine powder, neans for pulverizing the
coarse. powder obtained from the multi-division classifying nmeans, and
communi cating 20 means for recycling the pulverized product ,Lof the
coarse powder into the nulti-division classifying neans. -6a- Reference
is made to the drawings, in which: Figure 1 is a flow chart of a process
according to the present invention; 5 . Figures 2, 3.and 4 are
respecti'vely a partial sectional view—omaa-device as an enbodi nent in

whi ch -7- solid particle multi-division classifying means in the present

i nvention is broughtReferermeeris imade Figuthes dcawihds arin rsieltt i vely a
schemalsi c view of a classifying systemi-n which the process of 5 t he
present invention is carried out; and Figure 7 is a flow chart of a prior

art process. 10 process according to the present inyention uses
a pul verized materi eﬂigégealfeiﬁjﬂbr Joyy Ghaxt (@f a process according to the

present invention;

[ 4

5 Figures 2, 3 and 4 are respectively a partial

sectional view of a device as an embodiment in which

Y
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and Figure 1 is a flow chart illustrating the sequences of the process. The
process of the present invention conprises feeding the feed material into a

mul ti -

15

di vision cl assifying zone to classify it into at |east three

particle size fractions: a larger particle size fraction (coarse powder
02gsisting primarily of coarse particlesj,7a mediumparticle size fraction
(nedi um powder consisting primarily of particles 20 having a particle
size fallling within a defined range) and a smaller particle size fraction

i wd i.sti imarily .of . particl es havi ticle si
Sl ep than ¢ B YA FRES A B ARAAd S AR Ay WA’ i Ut

tiglhe size £ion . . or, i 7 d ling th
D verT seq oar Brarert ahuditsor (P Hedibn® e d bR B TEOVE L1 A0 108

the nmulti-division cla%QJHQ

e are sl RRILY REBdHR e Si i | ar

i ti-dl ¥ .
classification. The parti™ é#%s of nedium particle siZe fraction having a
particle size yibhi e ke AQId NG, i) B, Sikh He WAIdH UHRS grloddys il | er
particle size fraction having a'particle 5 size smaller than the defined
range, aresw thfieaWreldedit tilttrafid idm diy/icd mied ansif Wn®@ zone by proper
take-of f neans, respectively. The particles of the mediumparticle size
fraction has a suitabl Fidjute iburs a flow chart of a prior art

10
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25

process.

A process according to the present invention
uses a pulverized material as a feed or raw material,
and Figure 1 is a flow chart illustrating the sequences
of the process. The process of the present invention
comprises feeding the feed material into a multi-
division classifying zone to classify it into at
least three éarticle size fractions: a larger particle
size fraction (coarse powder consisting priﬁarily of
coarse particles), a medium particle size fraction
(medium powder consisting primarily of particles
haQing a particle Sizq falling within a def;ned range)
and é smaller particle size fraction (fine powder
consisting primarily of particles having a particle
size smaller than the defined range; pulverizing
particles of the larger particle size fraction by
proper pulverizing means and regycling_thé pulverized
particles togethér with the newly ingroduced feed

material into the multi-division classifying zone to



tion ,of particle sizes and can be used as a toner as 10 they are. On the
ot her hand, the particles of the snmaller particle size fraction nay be
reutilized by recycling themto a nelting step. It is preferred that the
true specific gravity of the powder to be classified is about 0.5 - 2,

particularly 0.6 - 1.7. 15 Means %or providing the nulti-diwvision
classi- fying zone include an apparatus and°nmeans as described in U S.
Pat ent No. 4, 132,634, in the formshown in Figures 2, 3 and 4. In

t hese Figures, the 20 side walls are of shapes in section indicated by
the reference nusabgest3ghemdtdlthendimidaporiessilfdcesfions sFhet partix |y
rectaigul ar and divided into three sections by classifying fences such as
kni fe edge- shapekescPhigediynngakédgds sizeofragrigndhagipgr agpprigclephich
are longitudinally secured to or fitted at their bohtons in Ehe bat t om of
the classifier ifAlgarYiEBENathE, S8ELBPH RERIEHEREd thPsPEREESIeR Pled
mat eri al supply nozz 26_opened into a_classifying.chanber js provided
in that portion BPeaSWEhiFEaPa%gﬁFq§zSWHFcﬁrF§%6880§§§1P8 Fh@aggbggﬁntially
upri ght. extepding;sta int . fr _Cur . A n k 30 is
proj ect ed- 5§Iy %6§%t%§a§§e_h%ﬁﬁgr?ﬁgaﬁe§§ gﬁagkpg§2'a§%3aﬁgﬁggg%gd in an
elliptic arc forppgnbynfoldieg-dovavand! 1%t 48888 ¢bnkObyNBrpkensi on of
the tangential |ine at the :

take-off means, respectively. The particles of the

\ medium particle size fraction has a suitable distribu-
tion of particle sizes and can be used as a toner as
10 they are. On the other hand, the particles of the

smaller particle size fraction may be reutilized by

recycling them to a melting step. It is preferred

that the true specific gravity of the powder to be

classified is about 0.5 - 2, particularly 0.6 - 1.7.

15 Means for providing the multi-division classi-

fying zone include an apparatus and means as described

in U.S. Patent No. 4,132,634, in the form

shown in Figures 2, 3 and 4. 1In these Figures, the

20 side walls are of shapes in section indicated by the
reference numerals 32 and 51, and the bottom thereof
is substantially rectangular and divided into three
sections by classifying fences such as knife edge-
shaped classifying wedges 27 (or 39) and 28 (or 40)

25 which are longitudinally secured to or fitted at their

bottoms in the bottom of the classifier in parallel at '’

predetermined spaced distances. A feed material supply




botft om of the nozzle. The upper portion of the classifying chanber is of

upri ght *square cylindrical 10 configuration. An air intake wedge 29 (or
41) of a longitudinal knife edge shape is provided at the central portion
of :a"top wall, and further, air intake conduits 24 and 25 opened into the
cl assi fyi ng chanber are provided on the%p wall. The locations of ‘the 15
classifying wedges 27 (or 39) and 28 (or 40) depend on the scale of the

chanber of the nulti-division classi- fying zone and vary dependi ng on the

type of feed gBLSRkabet @dRteld GkeH- %gg Hgﬂg fo AR nber,
there are discharge con ﬁ)igts(,e 21, _22aang(}a3 ngﬁ_tnt(‘g?ene ﬁ%ﬁtel_cicptphrte chanvper,

corr espondi ng; o thle Poritdet S/Ch UWHEi RIS Y whlith diss JpdieLonduits
21, 22 and 23 may be provided with opening and cl osi ng neans such as val ve -

means, respectbvVehg stibetendiailfly Apradeers ektdn@in)strt Hoi(y 25 40) are
di sposed with their edge portions faced up- wardly to protrude into the
space w t hi n gremcharievedlivalilinttake Redpandd (bdlock))30 sis@rejdatedi-sposed
W th t he edge portion faced downwardly to extend fromthe top wall into -
t he space 5w t Aiyn mbha tekawine theWvenr ttilva lgrsdde ofaldarid’ dres icf shedheadn '
particle size fraction is intended to be classified into particles having a
5 limted ramgenoflidptic ars fermedhdyc|falgdimg dpwnwardly with
respect to the extension of the tangentiai line at the
bottom of the nozzle. The upper portion of the-
classifying chamber is of upright square cylindrical
10  configuration. An air intake wedge 29 (or 41) of a
longitudinal knifé edge shape is provided at the
central portion of a top wall, and further, air intake
" conduits 24 and 25 opened into the classifying chamber
are provided on the top.wall. The locations of the
‘15 classifying wedges 27 (or 39) and 28 (or 40) depend on
the scale of the chamber of the multi-division classi-
fying zone aﬁd vary depending on the type of feed
material to be treated. On the bottom surface of the
chamber, there are discharge conduits 21, 22 and 23
20 opened into the chamber, corresponding to the divided
sections, respectively. The discharge conduits 21, 22
and 23 may be provided with opening and ciosing means
such as valﬁe means, respectively.
The classifying edges 27 (or 39) and 28 (or
25 40) are disposed with their edge portions faced up-

wardly to protrude into the space within the chamber.

The intake wedge 29 (or 40) is normally disposed with




wedge 28 and the intake wedge 29 may be inclined at the rising portion of
the fornmer and at the descending portion of the latter as shown by the
reference nunmerals 40 and 41 in Figure 4 w thout 10 changi ng the fixing
position, respectively. The supplying of the feed material into the : _
clasdi fying chamber through the feed mateyjal supply nozzle 26 is conducted i
follomﬁng a calibration curve depending on the type of the feed-material.
15 The operation of classifying a feed material in the
mul ti-division classjfying zone éﬁqgéj%uted i p,the above nmanner is

? .

conduct ed, for EfH%E RIFGIRP ¢ OWRERTREY B0 pRX YeRe L BROR cBRe nateri a
ouiar e, o R AT T ke SHPBYERS ' Shdlref ! ke okt e

Feed materi al Sronh JF Har T O RaPrl I RbECrE s it EFafidE "and the
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i.e., to agdivided ddd HargRed O {bfe sit&l! &ké_ec'ﬁs;bﬁ,g]ﬁ?ssi fying

wedge 28, the mediumparticles (having a particle size wt he defi ned
range) is to awdiajeded HPhe ettt Hie BedIFE™S NRay be inclined

at the rising portion of the former and at the

o descending portion of the latter as shown by the
reference numerals 40 and 41 in Figure 4 without

10 changing the fixing position, resPectiyely. The
supplying of the feed material into the classifying
chamber through the feed material supply nozzle 26
is conducted following a calibration curve depending
on the t§pe of the feed material.

15. The operation of classifying a feed material
in tﬁe multi-division classifying zone constituted
in the above manner is éoﬁducted, for example, in the
following manner. A pulverized feed material is
supplied through the feed material supply nozzle 26,

20 so that the powder moves drawing a curved 1line 35 or
38 under the influence of the Coanda block 30 and
under the action. of a gas such as air entering with
the feed material supplied and is thus classified by
the particle sizes and the weights of the particles.

25 If the particles have an equal specific gravity, the

| largér particles (coarse) are directed outside the

gas stream, i.e., to a divided first section on the



clgssifying wedges 28 and 27, and the smaller 5 particles (having a
pajticle size less than the defined range) is to a third section on the
ripht side of the classifying wedge 27, thus achieving the classification
of .t he particles. The classified Iarger pgrtlcles are di scharged thraqugh a
diptharge 10 port 21,the nedium particlés‘are discharged through port 22,
and the smal |l er partlcles are-di scharged through the discharge port 23. It

i sl prefierred to adjust the classification conditions so that the average
particle size olefhespdet o€l thectisssifydngnwellgel28,sébhendesidam on will be
i ni the range of about 1 - 15 microns. In carrying out the above process, it
i sj ugual to usepaﬁtiﬁﬂégrdhaﬁhng ayparticiel gdeagwithin thecdedimest ed by
conmufi cation neans such as pi pes,- .and a preferred exanple thereof is shown
in Figure 5. 20Fangge Fﬁté@rald&ﬁi@egy§?€ﬁP§h§ﬁﬁt#ﬁ“FP&GW€eQ &B8prises a

t hree-division ¢ I er gure_2, 3 or 4), a

pul verizer 3, a° E%EEEEYFﬁg 8%3%8 Sﬁ ng égveEPthEEyéﬂﬁﬁ& 5 a

oupntl oL vy SURRLXORE WA 8 ABEELARSR88USEAT pRaSTEREC DO 20

¢ nication ngapsnehnNrhfibs)SyYst €8 a2tf9rG2LLEH i BY YA thedAigRe - 12
side of the classifying weage 27, thus achieving the
classification of the particles. The classifiéd

St larger particles are'discharged through a discharge

10 port 21,the medium particles are.discharged through

port 22, and the smaller particles are discharged |
through thé discharge port 23. It is preferred to
adjust the classification conditions so that the
awazge;mmthﬂesﬁzécﬁ the particles classified in the

15  second section will be in the range of about 1 - 15 microns.

In carrying out the above process, it is
usual to use an integral unit system including units
interconnected by communication means such as pipes,
and a preferted example thereof is shown in Figure 5.

20 The integral unit system shown in Figure 5 comprises
a three-division claséifier 2 (of the type shown in
Figure 2, 3 or 4j, a pulverizer 3, a collecting
cyclone 4, a collecﬁing cyclone 5, a qpantitatively
supplying unit 6, a vibration feéder_7, a collecting

25  cyclone 8 and a collecting cyclone 9, which are
connected to one another by cqmmunication means.

In Ehis_s&sﬁam a so-called pulverized feed



material 100 is passed through a feed material supply line 31 provided with
a shutter valve 1 to the collect- ing cyclone 5 and then into the.
gquantitatively supply- ing unit 6, and then introduced via the vibration 5
feeder 7 through the feed material supply nozzle 26 into the three-division
classifier 2. In order to effect the introduction of the feed material, the
pul veri zéd feed material may be sucked int$-the three- division cIaSS|f|er
2 by utilizing the suction force(s) 10 of the collecting cyclones 4, 8
ang/or 9. The suction introduction is suitable because the sealing of the

uni't systemis mHeSidi Cidy i£Ppasssdt fivrohdiitai Peébemptassili gagply

I ntrodettion. In the suction introduction, the introduction of the powdered
material into thind31 ploeried wihtlona cslmsstér evalvastaktbythe eofllestspeed
of 50 to 200 m sec which varies depending on the specific gravity and
particle size dfng heyqkone 3 emd i them eirto ethérguanhitatsvpdiynsspply-
classifying accuracy and efficiency. The dinmensions of the * 20

cl assifier constrig wnify & heand dthen yingrodueedr eigsthe| yibration- 50 cr‘r) X
(10 - 50 cg%, so that the pulverized material may be «classified into three
or more gr psﬁﬂEQﬁﬁtxcﬁ&%PWQheﬁhﬁr@ﬂ%ﬁtm%Fe¥é§ SHER1Y. 20£31le. 8% second.
The three-division classifier 2 allows the Eu verized terlal to be

classified intdnbs f%ﬁd'et?'r?%d%{’r‘é’eﬁl%r?}%?%éfl? e? med FBnPPaREi tOc| es

(having a par“é%f%ctzgie A%roéué%fgﬁlggdtﬁgn d material, the

S pulverized feed material may be sucked into the three-
division classifier 2 by utilizing the suction force(s)
10 of the collecting cyclones 4, 8 and/or 9. The suction
introduction is suitable because the sealing of the
unit system is not strictly required than that in the
pressurized introduction. 1In éhe suction introduction,
the introduction of ﬁhe powdered material into the
15 three-division classifier 2 usually at a flow speed
of 50 to 200 m/sec which varies depending on the
g; specific gravity and pafticle siie of the particles,
| is preferred from the viewpoints of classifying
'accuraéy and efficiency. The dimensions of the
20 classifier constituting the classifying zone are
usually of (10 - 50 ecm) x (10 - 50 cm), so that the
pulverized material may be classified into three ér
more groups of particles in an instant of less than
0.1 to 0.01 second. The three-division classifier
25 2 allows the pulverized materiél to be classified
into the larger (coarse) particles, the medium parti-

cles (having a particle size within the defined range)




-13- and the smaller particles (having a particle size less than the
defined range). Then, the larger particles are passed through the discharge
line 21 to the collecting cyclone 4 and 5 then into the pulverizer 3

fjere it is pulverized. The resulting material is passed, together with the
pul-veri zed feed -material 100 newl y int?3duced through the feed materi al
supply line 31, into the collecting cyclone 5 and then into the
guantitatively supplying 10 wunit. Thus, they are subjected to the

cl assi fyi ng dri@atHeenémd M éPepSA0EC 1BENGha #Sngeacphpedcaboxeze Thesgedi um
particles are discharged outside the systemithrough the discharge |ine 22

and Gol | ect ethdm tHe deofimedi AgnggElone 9 for recovery to provide a toner
15 product 91. The smaller particles are discharged outside the system
and coll ected in theTho ) ecthe nhacyet oper8iched &henpassedetbdoaghsnal | er
powder 81 out of the defined range. The collecting cyclones 4, 8 and 9 al so
serve as sudtheodigcharderlime ZlctdobheOcollectbndceiohone f#hangul veri zed
feed material into the classifying zone through the nozzle 26. The

pul veri Zer Fham PEofths Pebee¥itgped vhere-iypeks phdverhgefnpact -type

pul verizers include a turbo-m || available from Turbo Kogyo K K. The 25

pul veri zer s The e ing dtateriadels PIpEedonFegepey with the

pulverized feed material 100 newly introducéd through
the feed material supply line 31, into the collecting
cyclone 5 and then into the quantitatively supplying.
10 unit. éhus, they are subjected to the classifying
treatment in the same manner as described above. The
mediﬁm particles are discharged outside the system
through the discharge line 22 and collected in the
collecting cyélone 9 for recovery to provide a toner
15 produc£ 91. The smaller particles are discharged
outside the system and collected in the collecting
cyclone 8, and then recbvered as smallér powder 81
\s out of the defined range. The collecting cyclones
4, 8 and 9 also serve as suction means for the.suction
20 introduction of the pulvefized feed material into the
classifying 2zone through the nozzle 26. |
The pulverizer 3 can be of an impact-type,
a jet-type, etc. The impact-type pulverizers include
a turbo-mill available from Turbo Kogyo K.K. The
25 pulverizers utilizing a jet include a hypersonic speed
'jet-mill PIJM-I available from Nippon fneumatic Kogyo

K.K., and Micron Jet available from Hosokawa'Micron-




jet mll PIMI1 available from N ppon Pneunmatic Kogyo K K., and M cron Jet
avai |l abte from Hosokawa M cron -14- K K I[l'lustrative of the

mul ti-division classifier used in the process of the present invention are
classification means havi ng a Coanda bl ock and utilizing the Coanda effect,
e.g., ‘El bow Jet available 5 fromN tetsuikegyo K K It is preferred to
pulverize t he coarse powder sent fromthe first section into a size in the
range of*fromthe size of the medium powder to the size of the medi um

powdler plus 20 Wl ons £¥£§%XE165tQE Qﬂévﬁuiéﬁddgﬁ r fr eﬁ%glemp0|nt

10 of yield. |gure ere s shown an~exanpl e 13 sys I'n which

a pressurized g%sé@(gm Seddpogused 6Pr9H8h8}QSeﬁ9“Eh% eabkealol Nt o the

nozzl e 26. Conpressed air used as th ressur i zed gas In

case the pr essurdfﬁ%ﬂ@&é@ﬂoﬁ%n@&'ﬂ&%é@;hatéoéaﬁﬂdkhﬁleh‘kvﬁhazed rrat erial

through the vibration feeder 7 into the thiee-division classifier 2, the
hermeti- cally gasisefindichd eoahast €prase,oé .§he e0BBRCTERIaBANGLAGS
connecting individual steps, is required. 20 Under nor nal

operating condi tfiryms Nftdten (Kbyesi REK. andtt be phéeerﬁedl gboputhagieki er,
it is preferred in respect of yield to adjust the quantity
: the coarse powder sent from the first section into a
size in the range of from the size of tﬁe medium
U powder to the size of the medium powder plus 20 microns
- and_recyéle the pulverized powder from the viewpoint
10 of yield. |
In Figure 6, there is shown an example of a
system in which a pressurized gas 101 is introduced
through the shutter valve 1 into the nozzle 26.
Compresséd air can be used as the pressurized gas 101.

15 In case the pressurized gas 101 is added to introduce
the pulverized material through the vibration feeder
7 into the three-division classifier 2, the hermeti-
cally gas—sealing in each step and of the connecting
meéns for connecting individual steps, is required.

20 Under normal operating conditions of the
pulverizerland the three-division classifiér, it is
preferred in respect of yield to adjust the quantity
of the coarse powder passing the first séction in the
range of 0.01 to 100 parts by weight, particularly 0.1

25 to 20 parts by weight and the quantity of the fine

powder passing through the third section in the range

of 0.001 to 0.2 part by weight, particularly 0.001 to




of the coarse powder passing the first section in the range of 0.01 to 100
parts by weight, particularly 0.1 25 to 20 parts by weight and the
gquantity of the fine powder passing through the third section in the range
of 0.001 to 0.2 part by weight, particularly 0.001 to - -15- 0.1 part by
wel ght with respect to 1 part by wei ghfgof the medi um powder passing

t hrough the second section, respectively in a unit period of tinme. As

di scusséd above, according to the present 5 i nvention, the groups of
coarse particles and fine,p%{ticl S are concurr ntI%treaned by t he

schi fi eddcloagsiplaﬁtnlgj’ygé‘?rféj, CaTH e GRS of© chaPRBE po¥ t Vet RS s

pul vexi;zed a recyc . Th f ) f & Cl havi

gxqui §i 'é”e dlo_gjrtiht?u_ egﬁm& pﬁ’g{ eler%sefée% %@oe‘gér\?\n%%nsgﬁéeﬁ%gf ?ﬁeda\rliaﬂgeagan
e rapidly qi t | G i al .

Further, t h%e\ér%rc}co\(g{s'sr}cﬁasq%he ;ﬁl e%fﬁz%%{eﬁéﬁf%gg&ggﬁg‘ﬁ?[srgtsegl ?educed

number of steps, thuyg rzﬁg'aﬁggéq RAsSSY) eadoiechsags the ppesent product 15
as conpared with that in the prior art. Mreover; in the process of the

present g NVehyydritdibn ! NGl drodpd td® dasistensert ideesnahdefchassi fier and )

hence, -the aggregate found 1n the conventional classifier for renmoving the

coarse powdgyartSidi¥s are concurrently removed by the specified
classifying means, and the group of coarse particles
is pulverized and recycled. Therefore, even the group
of particles having an exquisite distr_ibutibn of parti-

10 cle sizes within the defined range can be rapidly
given with a good efficiency from the powdered
ﬁaterial. Further, the process of the present inven-
tion can comprises a reduced numbe;' of steps, thus |
making it possible to decrease thé cost of product

15 as compared with that in the prior art.

Moreover, in the process of the present inven-

v tion, there is little residence time in the classifier
and hence, the aggregate found in the conventional
classifier for removing the coarse powder is not

20 readily produces, and only the coarse particles larger
than a certain defined range are passed into the
pulverizer. This leads to a less load on the pulveri-
zer, a very good pulverizing efficiency and a reducéd
.tendency_to cause the over-pulverization. Consequedt—

25 ly, the removal of the fine powder can be conducted:

‘with a very good efficiency as well, thus affording:

a satisfactory increase in classification yield. With




20 readily produces, and only the coarse particles larger than a certain
def.i ned~range are passed into the pulverizer. This leads to a.less | oad on
the pulveri- zer, a very good pulverizing efficiency and a reduced tendency

to cause the over-pulverization. Consequent- 25 ly, the renoval of .the
fine\pomder can be conducted with a very goetiéefficiency as well, thus’
affording a satisfactory increase in classification yield. Wth -16- the

prior art classifying systemfor fractionating the nediumand fine powdlers,

the aggregate of fiae Nafdy -2 &S 485F P& O éaeﬂeféfo%ém%émg thabl e

to be easily produced, and in the case Whefe 1he aggregate 5 I S produced,

it isifficult tcehelcaiw Gardd of B8 B@MdEY & | Obhé NeghPedbare POFUEL ne Patbe-
contrary, with the process of the present invention, even if the aggregate

I's incorporated i riled aysinpricedinedeve bbped t imsgds okenl tabldet&obada
effect and/or an inpact 10 wth the high speed novenent and renoved as
fine powder. Furt learsiloy@radunesh, sond fgotlsgatese swipees ethe vaddoegate
disintegration, it can be sinultaneous- |y renoved into the coarse powder.
Thus, the aggregati® amedycead i d&t ibfedyjififdemldd tojrembve the aggrggate g
toner for devel oping electrostatic inmages is produced by nelt kneadi ng as
starting from the medium powder. On the contrary, with the

procéSs of the present invention, eveA if the

aggregate is incorporated into the pulverized material,

it is broken by the Coanda effect and/or an impact

10 with the high speed movement and removed as fipe
powder. Further, even though some aggregate is
present without disintegration, it can be simultaneous-
ly removed into the coarse powder. Thus, the aggregate
can be effectively removed.

15 . Usually, a toner for developing electrostatic
images is produced by melt kneading as starting
materials a binder resin, e.g., a styrene-based resin,

Mt a styrene-acrylic acid ester resih and a styrene-

methacrylic acid ester resin, or a polyester resin, and a
20 colouring agent hﬁﬂch}mw'am@ri&aatmxmetﬂ:ma&uﬁalh with
optionally an anti-offset agent and a charge control agent, and
then subjecting the kneaded mixture to cooling,
pulverization, and classification. In this case,
because it is difficult to render a melted material,
25 containing the respective sgarting'materiéls uniform-

iy dispersed in the kneading step, particles unsuitable

, :
-as toner particles (e.g., those free of a coloring




magerials a binder resin, e.g., a styrene-based resin, a styrene-acrylic
acjd ester resin and a styrene- nethacrylic acid ester resin, or a

po] yester resin, and a 20 col ouring agent (which nay conprise a nagnetic
maferial), with optionally an anti-offset agent and a charge control agent,
angd -t hen subjecting the kneaded ni xture tol¢€ooling, pulverization, ard
classification. In this case, because it is difficult to render a nelted
mat eri al®, 25 containing the respective starting materials uniform |y

di spersed in t hagkneadi.gg mabsgticppdrticles, wisthose ©f @admmedparticl es
(el. g., those free of a coloring agent, e.g. magnetic particles, or those
of| each feed muinteatial caine) earecingmrporated ihetliesoeésabtanhtner. Wth
the prior art pulverizing and classifying processes, the residence tinme of
thie particles istdner| orifeth i the lerind \art zpuhveniiz thasand y¢ bgyssi Eping For
thy s reason, unsuitable particles were apt to easily aggregate and it was
difficult to rerRRECaIREIr dhR P BipneRitbine c2f)| thegpant Helgadis)
prpperties of the toner, In the_process_of the present

i nvention, the clongs® |’C’h%‘?‘lf‘n BUlYeFARANS ARG GHRFFLERHRT| $8€Pt hrBRT or nore
fractions after the pulverization and hence,. such aggregate is not_ readily
produced.'Eveni%hﬁﬁuf%ﬁﬁﬁQﬁﬁﬂﬂfqEF%EiﬁhRﬁﬁﬁl?tg%éﬂg%% BrotR L8 Y ne
: | aggfegate and it was difficult to remové the produced
aggregate, resulting in degraded properties of the
toner.
10 In the process of the present invention, the
classification is conducted in an instant into three
or more fractions after ihe pulverization and hence,
such aggregate is not readily produced. Even if the
aggregate is produced, it can be removed as fine
j5 powder, thus making it possible to provide a toner
product containing uniform component particles and
having an accurate distribution of particle sizes.
ZKJJI A toner produced by the process of the present
invention has a stable triboelectric charge provided
20 by friction between tpe toner particles, or between

the toner and a toner carrying member such as a sleeve

or carrier. DeVelopment fog and scattering of toner
arcund the edge of a latent image are extremely
_ reduced,‘and a high'density of image is achieved,
25 leading to a good reproducibility of half tone. Even
in the continuous use of a developer including the

toner over a léng period, an initial performance can



15  powder, thus meking it possible to provide a toner product containing
uni form conponent particles and having an accurate distribution of particle
sizes. A toner produced by the process of the present invention has a
stable triboelectric charge provided 20 by friction between the toner
particles, or between the toner and a taQjgr carrying nmenber such as-a

sl eeve or carrier. Devel opnent fog and scattering of toner around the edge
of a lat'ent image are extrenely reduced, and a high density of image is

achi eved, 25 Ieadln to oqd, r.eproduci.bi li.ty of half .t th
conti nuous usePBf “‘318 88 g ?‘néﬁﬁﬁ a‘tiﬂ‘g’ IS &R l103? ovelr%:/gig Ign ©
I ni timl; perfornance % | I.he d Sy j

Jiges can i
be prOV|ded ovgyeﬁ FogﬁnﬂePFOSOdFur rQh%rGe%v%%'tng%§QQE+gQ%e toner under’

environrent al  68di RS, Obnd1biAhenSly RBRAIBIANGEA il wEl (Y, the

triboelectric c evel oper iIs sta e and e vary as

conpared w th EE?EtW@@naHEeQ HRdR" hamliagrly ! e rdicR 1t A icr ge
hum dity, becalise of the presence of extrenely fine partlcles and the

aggregate Bhef gef tAbeqeeduepdr Thesehoe ande Ified RNAaiesrpasoigadansi ty
of image 1 are reduced, enabling the devel opnent of images faithful to
| at ent Inages wwbheehﬁt,whbﬁ ueed und@r ambient temperature and

ambient humidity, because of the presence of extremely
fine particles and the aggregate thereof are reduced.

Therefore, the fog and decrease in density of image

10 are reduced, enabling the developmént of images
faithful to latent images. Moreover, the resulting
toner images have an excellent transfer efficiency
to a transfer material such as-a paper. Even in the -
use of the toner under the conditions of a low tem-

15 perature and a low humidity, a distribution of
triboelectric charge is little different from that in
the use at ambient température and ambient humidity,
and because the extremely fine particle component
having an extremely large charge has been removed,

20 the toner produced by .the process of the present inven-
tion has_such characteristics that there occur little

reduction in density of image and little fog, and

roughening  and scattering during transfer hardly occur.
In producing a medium powdér having a smaller

25 particle size (e.g., an average particle size of 3 to 7}

7 microns), the process of the present invention can.

be carried out more effectively than the prior'art -



tonqgr i mages have an excellent transfer efficiency to a transfer materi al
sucll as a paper. Even in the use of the toner under the conditions of a | ow
temj 15 perature and a low humdity, a distribution of triboelectric
chaﬁqe is little different fromthat in Lhg use at anbient tenperature and
anbi'ent hum dity, and because the extrenelg fine particle conmponent having
an extrenely | arge charge has been renoved, 20 the toner produced by the
process of the present inven- tion has such characteristics that there
occur little recRRREeDH iB.density of inage and little fog, and roughening
and:scattering during transfer hardly occur. In_producing a nmedi um powder
havi ig=a smaller 25  par¢ieresenteipeeptionnwaldr age par desceidede of 3 to
7 mcrons), the process_of the present invention can be carried out nore
effectively thdHEt tatl PY ¥y of _E¥ampleSess is. The present invention

wi |k now be desgribed in detail by way of Exanples. Exanple 1 5
Styﬁene-acryliéﬁggm%ﬂ%s?er resin 100 wt.parts (weight ratio of

stytene to g e aciylycogelete]ife AE1G"LSRUET 2IBLAD! COU! 26 08eL8Nbagk 200U

(weight ratio of styrene to the
acrylic ester 7:3, weiaht-average

molecular weight of about 300}000)

d Magnetite ' 60 "
10 (particle size: about 0.2 micron)
Low molecular weight polyethylene 2 "

(weight-average molecular weight
of about 3,000)
Negatively chargeable control agent 2 "

15 (Bontrone E81)

A toner feed materi&l of a mixture having the
above prescription was melt-kneaded at 180°C for about
'@z 1.0 hour, and cooled for solidification. The result-

ihg mixture was roughly pulverized into particles of
20 100 to 1,000 microns in a hammer mill and then
pulverized in ACM pulverizer available from Hosokawa

Micron K.K. to provide a pulverized material. The

specific gravity of the pulverized material was about
1.4. It was fed through the shutter valve to the feed

25 material sdpply line 31 and introduced at a rate of
1.0 kg/ﬁin., utilizing a Coanda effect, via the

collecting cyclone 5, the quantitatively supply unit 6




Magnetite 60 10 (particle size:
about 0.2 mcron) Low nol ecul ar wei ght pol yet hyl ene ' 2

(wei ght - average nol ecul ar wei ght of about 3,000) Negatively chargeabl e
contrjol agent 2-15 (Bontrone E8L) A toner feed nmaterial of a
m xture having the above prescription was mélt-kneaded at [err] for about
1.0 hour, and cooled for solidification. The result- ing m xture was
roughl y *pul veri zed i_nt panLicIes of_ 20 100 to 1,000 microns in a hanmer
ml1 and then pul #8f 588 VAPESeR Feededy Taiatioathe mudkimddyiisi@nM cron
K. K to provide a ﬁulve%Lzed HaterLaIF.The specific gravity of the

pul vexi-zed nat eri SFERE3ABEUFTEVE. T TRV -t hIBGyMulitd -diyisdonval ve to
the feed 25 mat gk L ak ;s suppl My 1_and.intr c rate of 1.0
kg/min., utilizi néiég LEibt é?#écf’?i\,ﬁg Z’°c¥’of3’(|‘j*- c?sg’ﬁg%c-?mtaﬁ& 5, the

quantitatively Su995¥89?55r6(avaiigklgnQrEgﬁNﬁkgiﬁhi gS%?S%S%oE‘LP& t he

mul ti-division classifier shown 1 n Fguré 1 fier

‘ésﬁd)waih‘g‘“fbbo debeElzda Aatypgat! dasi ihErcavall ahks ELQ%%&&SU Kogyo
. K). pul veri zed material was introduced 1nto the supp
nozzle 26 at a flow speed of about 100 m/sec by a '
suction forée developed from the reduced pressure
within the system due to the evacuation of the-
P’ collecting cyclones 8, 9 and 4 which were in communi-

10 cation with the corresponding discharge ports 21; 22
and 23, respectively. The pulverized material thus
introduced was classified in an instant of 0.01
second or less. A médiﬁm powder suitable as a toner
was collected in a yield of 85 % by weight in the

15 collecting cyclone 9 for collecting the classified
medium powder, and had a-weight-average particle size
of 12 microns (contaiging 0.5 % by weight of particles

&/_ having a particle size of 5.04 microns or less and

0.1 % by weight or less, i.e., a substantially negli-

20 gible amount, of particles having a particle size of
20.2 microns or moare). As used herein, the term
"yield" refers to a percentage of the amount of the
medium powder finally obtained based on the total
weight of the powdered material fed. Substantially

25 no aggregate of about 5 microns or larger resulting
from the aggregation-of extremely fine particles was

_found by the observation of the obtained.medium-powdef




nogzle 26 at a flow speed of about 100 msec by a suction force devel oped
frpmthe reduced pressure within the systemdue to the evacuation of the
collecting cyclones 8, 9tand 4 which were in comuni- 10 cation with the

cor respondi ng dischaﬁge’borts 21, 22 and, 23, respectively. The pulverized

mat'eri al thus introduced was cl assified2ilm an instant of 0.01 second or

| ess. A medi um powder suitable as a toner was collected in a yield of 85 %
by: wei ght in the 15° collecting cyclone 9 for collecting the classified
medi um powderthssughagh ce Vet ebdn amee 2escppet.i cl e size of 12 nicrons
(containing 0.5 % by weight of particles having a particle size of 5.04
mcrons or |ess and (THe %darseighassifliedspowder, wasse¢batasteadl iy negli -
20 gi bl e amobunt, of particles having a particle size of 20.2 nmicrons or
nmore). As useihehaalilecting teyelone el dandetbes tiatzofecedntiage ahet he
amount of the nedi um powder finally obtained based on the total weight of
t he powder ed Rk iger oY, (lyprrsenial speed jehomaddr @gur-&~00 about 5
mcrons or larger resulting fromthe aggregation of extrenely fine
particl e wa ok 18 o Jhisrpent PoausetiacKobyai Kol - dedwherpodder

-21- through an electron njcroscope. The coarse classified powder was
col | ected | nWas pulverized so as to provide a weight-average

: particle size of about.20 microns. The pulverized
§ o powder was fed to the feed material supply line 31
; > for the classification in the multi-division classi-
| 10 fier.
y During the normal operation, the coarse powder
passing through the first section at a rate of about
8 - 9 parts by weight and the'fiﬁe'powder passed
through the third section at a rate of 0.05 part by
15 weight with respect to 1 part by weight of the medium
- powder passing through the second section, respectively
.in a unit period.
&wj The obtained medium powder was used as a toner,
| and 0.3 % by weight of hydrophobic silica was mixed
20 with the toner to prepéqe a developef. The prepared
develope; was supplied to a copier NP-270 (available
from Canon K.K.) to effect a copying test. The results
showed that copied images having no fog and a good

developing property for thin lines were provided.

25 Comparative Example 1

A pulverized material produced in the same

manneér as in Example 1 was classified in a classifying



the collecting cyclohe 4 and then introduced into the pul verizer 3
(hypersonic-speed jet mll PIMI-10 5 available from N ppon Pneunatic Kogyo
K.K), where it was pulverized so as to provide a wei ght-average particle
si ze of about 20 m crons. The pul veri zed wder was fed to the feed

mater'ial supply line 31 for the classificdtdon in the multi-division

classi- 10 fier. During the nornmal operation, the coarse powder passing
through'the first section at a rate of about 8 - 9 parts by weight and the
fine powder passgdtehr cogistiltatedi e¢ shovrodmtFigure e of Th®5 part by 15
wei ght with respect to 1 part by weight of the nmedi um powder passing

t hrough t he secpndverdrziednmatesiad: hasting @ aeight reREe PR b 3 ned
medi um powder was used as a toner, and 0.3 % by wei ght of hydrophobic
silica was ni xegize ofy108 Mmieromsemas igtemraduiced Jdi? pekirSThe prepared

devel oper s SUppL LD 8 S 20 (Sl ae (A Sueli ) Lo
SRR g B g SN I R b S I
'n Bxanple 1 “aélﬁk%ﬁikkhF%éé‘f%é?éﬁﬁééé”fﬁko a pulverizer (hyper-
sonic speed jet mill PIM-I-10 available from Nippon
Pneumatic Kogyo K.K.), where it was pulverized, and
the pulveriied powder was thén recycled to the first
10 classifier. The medium and fine powder'classified in
the first classifier were introduced into a second
classifier (DS-10UR) and separated from each other.
The resultant medium powder had a weight-average
particle size of 12 microns and wés obtained in a
15 yield of 70 % by weight. !The observation of the
medium powder through an electron microscope showed
that aggregate of about 5 microns or more was present
\ in dots, resulting from the aggregation of the extreme-
ly fine particles.
/ 20 The resultanE medium powdér was used as a
| toner, and 0.3 % by weight of hydrophobic silica was
mixed with the toner to prepare a developer. The
prepared developef was supplied to a copier NP-270
(available from Canon K.K.) to effect a copying test.
25 The results showed that the duplicated images had
increased fog as compared with those obtained in

Example 1.



-2#- system constitut*ed as shown in Figure 7. The pulverized materia

havi ng & wei ght-average particle size of 100 mcrons was introduced into a
fifst classifier (gas streamclassifier DS-10UR available 5 from N ppon
Pneymati c Kogyo K. K. )® The coarse powder classified was introduced into a
pul veri zer (hyper- sonic speed jet ml1-234 1 - 10 avail abl e from N ppon
Pneumati ¢ Kogyo K K. ), where it was pulverized, and the pul verized powder
was then recycled to the first 10 classifier. -The nedium and fine powder
classified i ngklRphbssh ¢bagsifier were introduced into a second classifier
(DS- 10UR) and‘§Ep§TaTEd‘TTUﬁ1each ot her. The resultant nmedi um powder had a
wei ght~average particbhglvezezed hAtErd/035 adnpa aRiajHedvdraygeld yield
of 70 % by wei ght. The observation of the nedi um powder through an

el ectron m crpacepeleheied bifablagdicagnss G0 adivitorts MY @0 milcrBHsL, Was
present in dots, resulting fromthe aggregation of the extrene- ly fine
particles. 20respectivel¥hewessupraparneediimmybevdamesasmrusad &5 in t oner,
and 0.3 % by wei ght of hydrophobic silica was m xed with the toner to
prepare aSdevBkappile The Fhepsiessddigiadion was dlysplpuelvearizattiopi er NP- 270
(avail able from Canon K K.) to effect a copying test. 25 - The results
showed that t@é §hel puaved izrdyda tiead alsc Wedse Fomsie & dipditedl s@Meh t hose

obtained in Exanple 1. } )
manner as in Example 1. The results are given in the

: following Table.
N .
10 | Table
Example Particle size* Partiéle size* Yield
No. of powdered of medium powder
material (u) (v) | (wt.%)
15 2 about 50 about 12 85
3 about 30 about 7 82
4 about 20 ‘| about 5 81
A

* Weight-average particle size
20

Comparative Example 2

A pulverized material having a weight-average
particle size of about 20 microns was prepared in the
same manner as in Example 1. A_ﬁggfuﬂi§6§§gf having

25 a weight-average particle size:§£?ébout75ﬂmféipns was
produced from the powdered matééial‘iﬁftﬁéfs%;% |

manner as in Comparative Example 1. As a result,




Exanples 2 to 4 Pulvetizéd materials having a wei ght-average particle size
of 50 mrcrons, 30 mcrons and 20 mcrons, respectively, were prepared in
the sane manner as in 5 ‘*Exanple 1. The classification and the

pul vérization of the pulverized materials, were conducted in the same nmanner

as 1 ng Exanple 1. The results are given m&@efollowng Table. 10 .
Tabl e Exanple Particle size* Particle stze* Yield No. of
powder ed of medi um powder material [err]

(w:. % 15 2 about 50 _ about 12 . .85 3

about 30 a yigsliiwasy of 50 % bygweight whichp¥as ppferior about

5. s 81 * Wi ght - averaa_en particle size 20 Conparative Exanple 2 A
pul veri zed mat erSOMPAREA HheineEragelate cT’éesiiiEfBFeHB%ut 20

m crons was pr epar ed the sane nne um powder
having 25 a ea?xﬂer%?g*é""pﬂ?t Mo ?§e°!f_>f tg%ogFegeﬂFcfﬁ'ﬁgngé Rhroduced

fom §ggulpgwo'ef Sl 0l W SAEE RS "oREBRL 2 YRcRamE! e 1

5 as the particle size of the medium powder become

smaller.



-24- a yield was of 30 % by wei ght which was inferior conpared with that in
Exanpl e<4. The difference in yield between Exanples of the present
i nvention and Conparative« Exanpl es tended to gradually increase 5 as the

partjcle size of the fedi um powder becone small er. -25- CLAIMS 1t A
procéss for producing toner particles for devel oping electrostatic |atent

i mages, conprising the 5 steps of I ntroduci ng col oured solid
particles containing” a binder resin_ pBtQ 'a multi-division classifying
zone divided into at |east three sections by partitioning neans, in
such a manner thatcrLAgMsarticles fall along curved |ines under the

i nfluépce 10 of the Coanda effect, collecting a coarse powder

consisting primarily of coarse particles in a first divided section, a
medi um powder for use as_toner particles, consisting primarily of particles
having a particle stze wht hPROSegS: | 0 r RRQBUCings §emsrd Psrticlgs,; foF

secti on, and a fLne wder ansisti.ng.peimarily of particles _haying
a particle size Sna#?g?loggng elec%rosta%ic lgteg% iTXges, comprising %he

5 steps of introducing coloured solid particles
containing a binder resin into a multi-division
classifying zone divided into at least three seétions
by partitioning means, in such a manner that the
particles fall along curved lines under the influence

10 of the Coanda effect, collecting a coarse powder
consisting primarily of coarse particles in a first
divided section, _é medium powder for use as toner
particles, consisting primarily of particles having a
particle size within a defined range, in a second

15 divided section, and a fine powder consisting
primarily of particles having a particle size smaller
than the defined range in a third divided section,
pulverizing the classified coarse powder, and
introducing the pulverized powder into the

20 multi-division classifying zone.

2. A process according to Claim 1, wherein said
coloured. solid particles are introduced into the
multi-division classifying zone at a velocity of 50 -

25 200 m/sec. |




than the defined range i’n a third divided section, pulverizing the

cl assified coarse powder,. and introducing the - pulverized powder
into t he 20 mul ti <di vi sion cl assifying zone. 2. A process
according to Claim1,x wherein said coloured solid particles are
introduced into the nulti-division classifying zone at a vel ocity of 50 -

25 200 ni sec. - 26 - 3. A process according to Claiml or 2, wherein
t he coar'se powder is pulverized by an i nmp gt pul verizer or a jet _
pul verizer. 5 4. A process accordlng to Claim1, 2, or 3, wherein

the coarse powder. tde MRdpELERUIEECERE1RGC LD B8 RIS ra5e " GRBECNY Clehe

col | eered by a. col I ecting cyclone process accérdi ng

daim 1, wherein coatsecpbeaesdisopulivepiteal by ahcimpheedpatderizer e
mul ti-division classifying zone by a suction force of a collecting cycl one.

15 - 6. A proceasjeticpulvengzero any preceding claim wherein said
coloured solid particles have a true specific gravity of about 0.5 to 2. 7.
A process according to any preceding claim 20, wherein said

coarse powdergis p“'X?r'Kegré8e§Q §¢862dTng to Claim 1, 2, or 3, wherein

the coarse .powder, the medium powder and the fine

powder are respectively collected by a collecting

cyclone.
—

10 5. A process according to Claim 1, wherein said
coloured solid particles are introduced into the
multi-division classifying zone by a suction force of
a collecting cyclone. )

15 6. A process according to any preceding claim,
wherein said coloured so0lid particles have a true
specific gravity of about 0.5 to 2.

) )
—/

7. A process according to any precediné claim,
20 wherein said coarse powder is pulverized to an average
particle size in the range between the average
particle size of the medium powder and the average

particle size plus 20 microns.

[

|




pafticle size in the’ range between the average particle size of the
medi um,powder and the average particle size plus 20 m crons. - 27 - 8.

A _process according te any preceding claim wherein the coarse powder
is cglassified into an anount of 100 to 0.01 part by weight with respect to
1 part by weight of the medium powder. 5'9. . A process according to

any preceding claim wherein the nmedium powder has a weight
average *particle size of 1 to 15 mcronetres. 10 10. An apparatus for
producing a toner for devel oping el ectrogatic | mages, ~ conpri sing:

mul ti-division classifying neans divided by partitioning neans into at

|l eastx_thrée secti®ns, A nproGessOracéBaLAYCi 86 CohPUr pHe68BLAgPAELEENES
contai ning a binder resin-15 into the <classifying nmeans in such a
manner that the parwhereinfatheal cogrser vpowdenesisndelasstfiedl uénte ah

the Coanda effect, mherebi the particles are classified into
fractions of part3RPURt 0£:10Qi 9 0:0tomaxt byoweight witherespectokgel

for wuse as toner : art'c% S agg a fi.pe powder, neans for
pul veri zing the coé&%ﬁtpggd%?i% Ea?ﬁe ®r ﬁb?ﬁ@ HﬁV&?Fdivision cl assi fying
means, ands communicating nmeans @ for
9. A process according to any preceding claim,
wherein the medium powder has a weight average

o/ particle size of 1 to 15 micrometres.

10 10. An apparatus for producing a toner for developing
electrostatic images, comprising: mulfi-division
classifying means divided by partitioning means into
at least three sections, means for introducing
coloured solid particles containing a binder resin

15 into the classifying means in such a manner that the
particles fall along curved lines under the influence
of the Coanda effect, whereby the particles are

/ classified into fractions of particles including a
| coarse powder, a medium powder for use as toner

20 particles, and a g}ne powder, means for pulverizing
the coarse powder obtained from the multi-division
classifying means,-. and communicating means for
recycling the pulverized product of the coarse powder
ihto the multi-division classifying means.

25

11. A method of producing toner particles,

* € L M § x



recyc)ing the pul verirezed product of the coarse powder into the

mul ti-dfvision classifying neans. 25 11. A et hod of pr oduci ng
tongr particles, - 28 - substantially as described with reference to
Figs. 1 to 6 of the drawings. 12. Apparatus for producing toner,
constriucted and 5 arranged to operate substantially as described
with reference to Figs. 1; 2, 3 or 4; and 5 or 6 of the drawings. 13. A
met hod bf producing toner, substantially as 10 described in the
Exanpl es. - 28 -

'\ substantially as described with reference to Figs. 1

to 6 of the drawings.

12. Apparatus for producing toner, constructed and
5 arranged to operate substantially as described with

reference to Figs. 1; 2, 3 or 4; and 5 or 6 of the

drawings.
o/ |
13. A method of producing toner, substantially as
10 described in the Examples.
N\,
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