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= OF ARTI CLES 5 BACKGROUND OF THE I NVENTIOY a) Field of the Invention This
|nve£\t|on relates to a process for producing colored fine particulate
resins, colored fine particulate resins, and a process for coloring
articles by using the colored fine 10 parti culate resins. Mire
specifically, the present invention is concerned with the provision of a

brocess. for _econom cal | YprEhOEYEORIPROLESS of | BGLARES | B1ERL © Tesins,

espeC|aIIy colpred fine particulate resins useful as colorants for inage

recording naterial pagi¢ Bﬁﬁﬁ%&ﬁmﬁésd’%@% % GXwg and i nk-j et

15 printing inks, printing i coat1 ngs an urry paints by

~production steps rati ed r tion of the
Rel ated Art A dry devﬁﬁ%l#é% onlPBe W%@%%#ﬁég%yopmg herei nafter
be called sinply "a devel oper”, has conventionally 20 be produced by
so-cal l ed crush granul ati on, that i s, by coarsely grinding a colored resin
with a gcrusher or the |ike, finel gri ndi ng the coarsely-ground, col ored
resin Wth a nmill such as 24&¥RHUN gRatRE AN

heR lhatng coarse particl es

and dust with an air classifier. The coI ored resin can be obtained by
a) Field of the Invention

This invention felates'to a process for producing colored
fine particulate resins, colored fine particulate resins, and
a process for coloring articles by using the colored fine
10 particulate resins. More specifically, the present invention
is concerned with the provision of a process for economically
producing colored fine particulate resips, especially colored
fine particulate resins useful as colorants for image recording
materials such as developers for electrophotography and ink-jet
15 printing inks, printing inks, powder coatings and slurry paints
by production steps rationalized for mass production.
b) Description of the Related Art
A dry developer for electrophotography, which may
hereinafter be called simply “a developer”, has conventionally
20 be produced by so-called crush granulation, that is, by coarsely
grinding a colored resin with a crusher or the like, finely
grinding the coarsely-ground, colored resin with a mill such
as a jet mill, and then removing coarse I;articles and dust with
an air classifier. The colored resin can be obtained by

25 - metering, mixing and kneading a resin for the developer, a



"25 - _metering, mixing and kneading a resin for the developer, af P cf 2
colorant and optional internal additives such as a charge control agent
-such that the colorant and optional interpnal additives are dissolved or
di spgrsed in the resin. It is proposed in JP 11-49864 A that in the above 5
descri bed production process, production steps such as grinding of the
resin, nmetering of the materials for each batch, and mxing in a tunbler
or Henschel m xer can be inproved by feeding the resin into an extruder,

feedi ng: the sotorant Ay dgtimal i Addidd) euditivesh sahomR!l iaC JrBLkek Ng
devi ces, and kpeading the 10 colorant and internal additives with the

mol ten resi ndrbddie agetly Wieh cHhi ARy GICRDEACEIE ARaNYheLARLI S,
by a drawbac nmac 0

however, acconpani e I n that productio I nés enpl oyed
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classifier are very expensiVve. _ rhand, evel'opérs have been
of of {1 ce. aut omet 3h L LRTBSBRT Hodh Ag 1o Sheh SeR LA ShRosBctRaw
0Ll SN S I AL PSR PLOABIE OB Sop L G o AR SRR D 2
o o TP ovedh SUALAbLLL o A Glandes 0L RLadustion c condit gus ko Tegt the
production (ﬁ)lr;:dllx;[g} grqsa ];:{Jganler or Henschel mixer can be improved by feeding
the resin into an extruder, feeding the colorant and internal
additives through automatic metering devices, and kneading the
10 colorant and internal additives with the molten resin in the
extruder.
The above-described crush granulation is, however,
accompanied by a drawback in that production machines employed
in the process, for example, a mill such as a jet mill and an
15 air classifier are very expensive. On.the other handg,
developers have been finding increasing utility in various
environments owing to popularization of office automation
equipment. Keeping in step with this move, new requirements
have arisen for developers, including use of a resin having a
20 higher glass transition point as an anti-blocking measure and
the like for improved storability; and changes of production
conditions to meet the move toward developers of finer particle
size, and more precise control of production conditions from
the standpoint of a desire for image quality of higher

25 . definition.
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the standpoint of a desire for image quality of higher 25 - definition. 3
This, however, has nmade it nore difficult to produce a target product
efficiently at | ow cost, because the neeg for feeding of the required
conponents at controlled rates into a grinder and the need for providing
the product with a smaller 5 particle size and narrower particle size
distribution have led to a reduction in productivity. Mreover, if these
production conditions cannot be net by the existing equipnent, an

econoni:cal. probl erhaksonawkses, i Has hdde HDaRER WA £ cull M £8dPebEARe0f new
producti on machi ne or machines is needed. 10 In addition, a devel oper
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irregul ar shapés, and the distributton surface charges I's uneven.
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or the like, the production oper by crus granulation
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properties. As a.result s found that a ¢olored resin 25 can be

. I t b ¥
obt ai ned inCpﬁglF&PHPoFaPPﬁgmgﬁhBFFcQY bRet p¥Leklpg equipment, an

economical problem also arises in that a change to or
introduction of new production machine or machines is needed.
10 In addition, a developer produced by crush granulation is in
the form of crushed particles of irregular shapes, and the
distribution of surface charges is uneven. Compared with a
spherical developer produced by suspension polymerization or
the like, the production of a developer by crush granulation
15 results in occurrence of residual dust in a greater amount, said
residual dust being insufficient in performance as a developer,

and is not economical.

SUMMARY OF THE INVENTION

20 The present inventors have proceeded with an extensive
investigation to solve the above-described problems and to
.develop an economical and rational process for the mass
production of a colored fine particulate resin of uniform shape
and properties. As a result, it was found that a celored resin

25 = can be obtained in the form of fine spherical particles by



t e4 ..f.;-.forming a colored resin, which is in a nolten state, into
droplets in a non-dissolving nedium cooling and solidifying the droplets
.to formthe colored resin into fine partigles, collecting the fine
particcles by filtration, and then washing 5 and drying the fine particles.
It was also found that this process does not require mlling and
classifying steps unli ke the above-described various conventi onal
processes, pernmits nmass production of a colored fine particulate resin of

uni formy . sphesigahg Shape (e LA & Jtﬁ:ﬂjrl)é devel %qft fn°fst§]lt%<>t 5840

photography) through rational i zed production steps, excel | ent
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further with e I nvestigation a col ore I cu
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present |nvent o] ther t hus rovi ded a process for duci ng a
col ored®fi ne ‘bi %m%\t Zfomreeﬁar’rR( MHish mhl H@Feﬁ’iﬁ‘f’tgﬁ’glﬁg Ebat eth s npl y

"colored fine rtrcles whi ch conpr.ises the follow ng steps: bringing a
col ored resi®E® O(?S'r’rBP#s’é%q‘él’f‘hé‘rerIJtn;g apgdsehrest bing (Stﬁ%tfermrlégﬁn)
and a coIorant evenly distributed in the thermally fusible resin, into a
mol ten st at e-N©RROYEARSRF MRS FRXHOMS COBVIentARNER PEOCRSERE  NBELBALSt at e,

mass production of a colored fine particulate resin of uniform
spherical shape (for example, a dry developer for electro-
10 photography) through rationalized production steps, and is also
excellent in economy. Based on such findings, the present
inventors proceeded further with the investigation to provide
a colored particulate resin, especially a developer for
electrophotography, resulting in the completion of the present
15 invention. Incidentally, the term “non-dissolving liquid
medium” or “non-dissolving medium” as used herein means a liquid
or gas which practically does not dissolve a colored resin.
In one aspect of the present invention, there is thus
provided a process for producing a col.ored fine particulate
20 resin {which may hereirtafter be called simply “colored fine
particles”), which comprises the following steps:
bringing a colored resin, which comprises a thermally
fusible resin {binder resin)} and a colorant evenly distributed
in the thermally fusible resin, into a molten state;

25 - forming the colored resin, which is in the molten state,



1 4

"y 5 ,into droplet-shaped fine particles in a non-dissolving medium which
does not dissolve the colored resin; and then cooling and solidifying the

. droplet-shaped fine particles. 5 In anogher aspect of the present
inveption, there is also provided a colored fine particulate resin
produced by the process. The is useful, for exanple, in an inmage recording
material, printing material or paint. In a further aspect of the present
invention, there is 10 also provided a process for coloring an article,

whi ch Gonpr iise® de6pLetAghapedafidd b%r\&"lbllefshfn'%&ﬁ—ﬁ@%@b@b’iﬁg%@iﬁx@'
printing material or paint. Upon production of a colored fine partlculate

resin, for v&&%moh%esan@wdqgﬁgheee&hteoeo%eear9§F9.3095ﬁ@% eht has 15

conventlonally been the main streamto use Sso-ca crush granul ation,

that is, to perfOE:HbFL!LHG d ”Qbﬁlgggi‘gﬁng‘ theS é?léﬁo&%}?édr%% eand to

renove coarse particles”and dus | assi
conventiona% %ggggglon process requires very expensi ve productlon
machi nes experlenC|ng i ncreasi ng dlfflcultles |n producing the
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decrease I rossesed amut, g, teELon 0 prodie iy, and e 1 1e
copy quallt¥rof ggghe%he is useful, for example, in an image recording
material, printing material or paint.
In a further aspect of the'present invention, there is
10 also provided a process for coloring an article, which comprises
coloring the article with the image recording material,
printing material or paint.
Upon production of a colored fine particulate resin, for
example, a dry developer for electrophotography, it has
15 conventionally been the main stream to use so-called crush
granulation, that is, to perform fine grinding by a mill such
as a jet mill and to remove coarse particles and dust by a
classifier. However, this conventional production process
requires very expensive production machines, and is
20 experiencing increasing difficulties in producing the target
product efficiently at low cost due t& severer production
conditions for the formation of a dry developer into finer
particles, a decrease in processed amount, a reduction in
productivity, and the like, which are required or have arisen

26 - to meet the recent requirement for copy quality of higher
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a 6 _definition. Mreover, a developer produced by crush granulation is in
the formof crushed particles of irregular shapes, and the distribution of
. surface charges is uneven. Crush granulgtion is acconpanied by occurrence
of residual dust 5 in a greater anount, said residual dust being
insufficient in performance as a devel oper, and is not econom cal .
According to the present invention, on the other hand, colored fine
particles which are uniformin both shape and properties and are useful

espect a1 v, B eAndexehoroiofrydp ol seLionlialogaplicErt peRss- pr oduced

econon?cafly tihrough ratronal iz pro 1 on’s _ ormng a col ored
Soi vent | or SrSASIRRIERT 1F; i Hte CEB o Sn R B 4P et RePBRl T ol es
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The col or ed CHEH Fr e BELURAd FGrOMRRH IR G oD f Rmioial et
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pregeterniged corresponding to the respective coloring applications. Iny
particul ar, PEREOEBRBLRd 23] AeVelonsts upndoist Ret peeemerienl of dry
devel opers for el ectro- photography, inmage. recording naterials as a col or
such as an 25 - i ARCPEEipgi hei Hee ipHesent duivieg tioks, onl Eberotharikapduder
colored fine particles which are uniform in both shape and
properties and are useful especially as a developer for
10 electrophotography can be mass-produced economically through
rationalized production steps by forming a colored resin into
fine particles in a non-dissolving medium such as a poor solvent
or non-solvent liquid, cooling and solidifying the fine
particles and, if necessary, collecting the fine particles by
15 ~filtration and then drying the same, without requiring fine
grinding and classification steps as essential steps unlike the
various conventional processes. In addition, the colored
resin can be used fof various coloring applications, for example,
for image recordingmaterials, different colored resins, paints,
20 printing inks and the like by forming it into particle sizes
suitably predetermined corresponding to the respective
coloring applications. In particular, the colored resin is
useful for the production of dry developers for electro-

photography, image recording materials as a color such as an

25 - ink-jet printing ink, printing inks, electrostatic powder
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" 7 goatings, fluidized bed powder coatings, and slurry paste i paints.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 AND PREFERRED EMBODI MENTS The

. present invention will next be describedsin further detail based on
preferred enbodi nents. The colored resin wuseful in the practice of the
present invention conprises a conventionally-known resin, which has been
used specifically 10 in an inmage recording material, powder coating or
slurry paint, and a colorant. Described nore specifically, the colored
resin .cusef sl e 6840fkh eat, 5 ti c '

her mai 1y 1 oo mg s P g o et G AR o] P2 T orm
distributin?aiﬁgﬁqifically di spersing or dissolving 15 the col orant and
optional infernal additives - such as a charge control agent, wax,
crosslinking agent, light stabilizer and/or ultraviolet absorber - in the
thermally fusible resin. The <colorant or the colorant and internal
additives will hereina C cLlve . and the |ike"
20 The process for for pap e #@é#ﬁé%ﬁﬁié&ticles In the
presen%_invention features formng the colored resin, which is in a nolten
state, "Into droplet-shaped f ARE pa ?%E%3E¥%93l¥§¥1§issolving medi um and

then cooling and _solidifying them and is a fine-particle-form ng process
whi ch 25 requi r esThei RReFeRt dnyemtignséplipexth Re desicribed dp Suddies 8

detail based on preferred embodiments. The colored resin

useful in the practice of the present invention comprises a
conventionally-known resin, which has been used Specifically
10 in an image recording material, powder coating or slurry paint,
and a colorant. Describedmore specifically, the colored resin
useful in the practice of the present invention comprises a
thermally fusible resin as its resin, and has been obtained by
uniformly distributing, specifically dispersing or dissolving
15 the colorant and optional internal addit.ives - such as a charge
control agent, wax, crosslinking agent, light stabilizer and/or
ultraviolet absorber - in the thermally fusible resin. The
colorant or the colorant and internal additives will
hereinafter be called collectively “colorant and the like”.
20 The process for forming the colored resin into fine
particles in the present invention features forming the colored
resin, which is in a molten state, into droplet-shaped fine
particles in a non-dissolving medium and then cooling and
solidifying them, and is a fine-particle-forming process which

25 - requires neither a crushing step nor a classification step as



“an-essential step unlike the conventional technology. Exanmples of such a
process can include the foll ow ng processes: (1) A colored resin, which is
.inanmlten form is enmulsified or dispgsed in the formof droplet-shaped
fine, 5 particles in a non-dissolving liquid nedium and is then cool ed
such that the colored fine particles, which are in the nolten state, are
solidified (hereinafter called "the emul si on- dependent,
fine-particle-form ng process”); (2) A colored resin, which is in a nolten

state, Fs;. 1bh idgierth] deERenasd 1 (HY WA drtliona 1Ceetdo10ne.t i quid or

gaseous nedi um such that the resulting fine particulate dropléts are

cool ed and S@E%ﬂfésegf(%éﬁia 68%%%%%§$9%5%@&e t‘ﬂe@@{(?ﬁ%ﬁ%@%@o@g ses:

fine-particle-formng process"); rocess nma I'ned use of
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colored resin is formed ~1nto dropie s, Tt 1§ nécessary 1 eep tgg’fus_ed
desi red o raR il HE R N BRI $ oy S ePAPRY S5oPhe
e
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at as low a tenperature 25 as possible so that the droplets are cool ed and
sol i dified Ftakhdfe RN P dfenedmalter Seddde, thre emEASéPRTUr e of
dependent, fine-particle-forming process”};
{2) A colored resin, which is in a molten state, is
10 injected, dispersed or sprayed into a cooled, inert liquid or
gaseous medium such that the resulting fine particulate
droplets are cooled and solidified {(hereinafter called “the
dispersed-cooling, fine-particle-forming process”); and
(3) A process making combined use of the above processes
15 (1) and (2).
In the step in which the fused, colored resin is formed
into droplets, it is necessary to keep the fused colored resin
at as low a viscosity as possible. For this purpose, it is
desired to make crystals of the resin completely melt by setting
20 the temperature of the non-dissolving medium at a level which
falls within a range, in which the resin is not decomposed, and
is higher than the softening point of the resin. In the cooling
and solidifying step, on the other hand, it is desired to cool

the resulting fine particulate droplets at as low a temperature

25 - as possible so that the droplets are cooled and solidified



t he non-di ssol ving -nmedi um may be set at about 800C to 200C, preferably
about 10000 to 1600C in the droplet-formng step of the colored resin, and
.at about -1000 to 200, preferably about 5 Q0" to 10C in the solidifying
step.. Upon formation of the colored resin into droplets, addition of
colloidal silica, an inorganic salt, a high- nolecular protective colloid
or the like as an anti-gathering agent into the non-dissolving nediumis
preferred for 10 preventing the resulting droplets from gathering together.

The col or ed i fgoPerdd CASS &P toRetnar ercp! Lemhgtle PYd 'ﬁ%@%ﬁlygnréﬂwed

and then dried, If coarse particles or aggl fine es are
formed, it i I §o) C J by, ysi r i i ndi ng
machine int egc%%F s&eﬂofé{‘ﬁ%%?%%lgﬁ]oﬁna%?easseneea(r}g&b%luf% ?@?F‘sqg) p 0r i'tl es
or dust is f it is als ferr t.0 arate. o emove themb
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producti on s needed.. The. above:descri bed f tion . of the fysed,  colored
resin into drpls Plé’,re?oFF‘d%Pr c%?#&%, a@?ﬁﬁm%@&ﬁ%&@?n%ﬁ%@d akgUthe
like will al e nly applied.,to, processes to be described

subsequent |y eE@i ﬁ8%mé‘ %Pietisﬁélﬁfyhggcﬁ%?ed .resin may be effected
under either environnmental pressure or elevated pressure. The

non- di ssol vi ng mediRfAf MREPR Pledde Srloredresipy dnteserrBeater ocesses
is a poor solvent or a non-solvent 10 |iquid, which practically does not

di ssol ve t he2d&H kR ool Llodmasle sigdEaspad fneagapicpsedite urakighpr ef er r ed

exanpl es of
molecular protective colloid or the like as an anti-gathering

agent into the non-dissolving medium is preferred for

10 preventing the resulting droplets from gathering together.
The colored fine particles so formed are collected by filtration,
washed and thendried. If coarse particlesor agglomerated fine
particles are formed, it is also preferred to crush thembyusing
a crushing or grinding machine in the course of the production

156 as needed. If coarse particles or dust is formed, it is also
preferred to separate or remove them by using an automatic
sifter or classifier or the like in the course of the production
as needed. The above-described formation of the fused, colored
resin into droplets, solidification, crushing, classification

20 and the like will also be commonly applied to proces:ses to be
described subsequently herein. The melting of the colored
resin may be effected ﬁnder either environmental pressure or
elevated pressure.

The non-dissolving medium employed in each of the

256 - above-described processes is a poor solvent or a non-solvent



“liquid nedia can include glycols such as ethylene glycol, propylene

gl ycol, diethylene glycol, dipropylene egcoI,. 5 pol yet hyl ene gl ycol and

. pol ypropyl ene glycol; derivatives of ?§e glycols, such as their nono and
di al kyl ethers, their nono or dlcarboxy c acid esters, and their

monoal kyl ether nonocarboxylic acid esters; glycerin, dlglycerin and

pol ygl ycerins; silicone oils; mneral terpene, kerosine, and 10

il lum nating kerosine, and hydrocarbon- solvents available under trade

names such, Y " f a t HELL SOL"
(product of a%hﬁﬁjgrhéﬁﬁﬁ;%%g?f%c lfﬁé%%_%?pro uc]I e?ﬁﬁléblqn)ed §5§k

Pet rocheni c t . i r fat i_d ester er fatt i d
triglyceri dgésessca%ril(yel% 33%:&%61%3% i1 \t)_vﬁ'tc arr]nyxgae F’Wﬂ?é}ﬁaﬂg
wat er - sol ubl g, an| sol vent s such as ter Icohol t er-ketope and
wat er - gl ycoIlJe Cﬁ%s‘iarnatﬁ%uﬁlte §aye6ds ﬁé’@%aasoﬁt{w engt He¥“Rand, are
air of environme taI te erature ai.r cooled with water or a_cool ant, and
air cool ed BRFH%G é&gp & exbvilens SLyGPd  nPLPE§BN LERedFYYFR A, The
above- q§scr|bed |nd|V|duaI processes will hereinafter. be described in

det ai | . The PR GRRfe gduEoht and; pel pRreprlent (iRl / gesd@asives) of

I ncl udes embodi nents as will be described next. 25 (a) A colored resin in
a nol ten st ANEISIUVSPFsetiamas ihelr monp pndodiaklop) ethenspddeimaono
particles in a non-dissolving I|iquid nediumunder high-speed stirring or
W th inpact @&t digarlodidd arade estklrsweandy thedli mgnaadkydl ethércat i on

into
monocarboxylic acid esters; glycerin, diglycerin and

polyglycerins; silicone oils; mineral terpene, kerosine, and
10 illuminating kerosine, and hydrocarbon solvents available
under trade names such as “Isopar” {product of Exxon Chemical
Japan Ltd.), “SHELL SOL” (product of Shell Japan Ltd.) and
“HYSOL” (product of Nippon Petrochemicals Co., Ltd.); higher
fatty acid esters, higher fatty acid triglycerides, and
16 vegetable olls; water; mixed media of water and water-soluble
organic solvents, such as water-alcohol, water-ketone and
water-glycol ether. Illustrative of gaseous media, on the
other hand, are air of environmental temperature, air cooled
with water or a coolant, and air cooled by mixing gas cooled
20 with liquid nitrogen or dry ice.
The above-described individual processes will
hereinafter be described in detail.
The “emulsion-dependent, fine-particle-forming
process” (1) includes embodiments as will be described next.

25 - {a) A colored resin in a molten state is dispersed in the



“fine,particles. According to this process, strong shearing 5 stress is

applied to break and disperse the colored resin. As equipnent, a
conventional ly used enulsifier such as ajifi gh- speed agitation enulsifier,
a high-pressure inpact enulsifier, a pressure-resistant high-speed
agitator or an extruder can be nentioned. 10 The rotational speed of
agitating blades in these equipnment varies depending upon the particle
size required for the colored fine particles to be obtained, the nelt

Vi sCosi by ;- ofodiCo£ ARSIkt ftidbed it $5AN 101 iHhG BRR-diSseLViRg || qui d

medi um and the Irke and therefore cannot be specified in a 15 whol esal e
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dropl et-shaped fine particles, followed by cooling and solidification.
Usabl e exan‘p?rle%e%ﬁgtl gtﬁ,gpcﬁj@ﬂtﬁlﬁﬁﬁq,l a high-pressure impact emulsifier,

a pressure-resistant high-speed agitator or an extruder can be

mentioned.

10 The rotational speed of agitating blades in these
equipment varies depending upon the particle size required for
the colored fine particles to be obtained, the melt viscosity
of the colored resin, the viscosity of the non-dissolving liquid
medium, and the like, and therefore, cannot be specified in a

15 wholesale manner. It is hence necessary to conduct a
preliminary investigation beforehand. For example, when the
particle size required for the colored fine particles is in the
range of from 7 yum to 10 ym, it is preferred to set the rotational
speed at about 6,000 to 20,000 rpm, preferably at about 7,000

20 to 15,000 rpm as a standard and to proceed with the dispersing
processing while checking the particle size of the resulting
colored fine particles by an optical microscope or a particle
size distribution analyzer.

(b} A colored resin in a molten state is inj‘ected into

25 - 'a non-dissolving medium through small openings of a porous or
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opening material include a variety of porous or nulti-opening 5 sheets,
each of which is provided with openings small enough to prepare fine

. particles of desired particle size. As tye¢ physical properties, strength
and chem cal fastness of the material of the porous or mnulti-opening
sheet, it is required for the material that, when heated under

envi ronnental pressure 10 or el evated pressure upon production, it does not
undergo deformation or breakage and remains chemcally stable and inert

nerae ol ! ge ! _ e !
Wi e ,us%mﬁao%a%a'gw?ﬂgeﬂgptéfdﬁeg?es hd Eslg&léa%esﬁ]q{ PheGhe £65H N

Speci fic exanpl es Can include a per eet o stainless steel, a

perforated %*afe;ﬁ%io?sflelér—%ﬁﬁ ed g'gggb&?g%gigg' %élfS&ed%rfgéé%ﬁg%’r?ﬁdpomus

glass film asu porou X orous cera i cul ar
limtation iS i t h lze. of th penings of the por .or

mul ti - openi r?g%ls:,L @é%\ti,%ggggnt‘hgug?}%ge o?xal?gelsesgpoeﬁi%%s RARGYes oneﬂgﬂgﬁ g upon
the nelt viscosi.ty and 20 injection speed of the colored resin and the
Vi'scosi 1y oPPEREnt BRaF el AT auPahely it DRSO bR b~ SRR B s of
t he t of .the colored resin generally beco greater than e dianmeter
of t hg%openisﬁﬁ?%éf’ ?ﬁgngFo‘ﬁgl ]rﬁllﬁlﬁo-‘y Wg&‘hggfef‘mgspﬁ?‘ﬁ%g %rpugah

mul ti-openi gg sheet with openings_sonewhat smaller 25 thap the particle

si ze requir &8 PEEPERE EdR8r RaTTLRéepapti epesred PRELISERY. SHeR- t B &B&npl e,
t he openi ngs_approximately have a size as small as from1l/2 to 1/5,

preferably PRYSLIERI Psopertigs,t pErpagihcprdsehamnbeal ntagenesef e

particles to be obtained. Assuming that the average particles size of
col ored finmaterial of the porous or multi-opening sheet, it is required

for the material that, when heated under environmental pressure

10 or elevated pressure upon production, it does not undergo
deformation or breakage and remains chemically stable and inert
with the used non-dissolving ligquid medium or the fused, colored
resin., Specific examples can include a perforated sheet of
stainless steel, a perforated sheet of brass, a stainless steel

15 net, a brass net, a porous glass film, a shirasu porous glass,
and a porous ceramic.

No particular limitation is imposed on the size of the
openings of the porous or multi-opening sheet, and the size of
its openings varies depending upon the melt viscosity and

20 injection speed of the colored resin and the viscosity of the
non-dissolving liquid medium. As the droplet particles of the
melt of the colored resin generally become greater than the
diameter of the openings of the porous or multi-opening sheet,
a porous or multi-opening sheet with openings somewhat smaller

25 - than the particle size required for the colored fine particles



“5 particles to be obtained is in the range of from7 to 10 pm a dianeter
of fromapproximately 1.5 to 3 pmis desired. Using the above-descri bed
. process (a) 'in conbination, a high-speedjgagitation emulsifier equipped

W th, perforated stainless steel cylinders around rotating bl ades may be
used, or a colored resin 10 may be subjected to coarse enulsification and
dispersion in advance by using a high-speed agitation emulsifier or a
hi gh-pressure inmpact enulsifier. (c) AWOdispersion is prepared with a

non- di S50l vi 119 udddlui dFBRILMN dUBLATS, e éﬁgnﬂpgfé@%éﬂrﬁ%x?élwmeefas in

a 15 col ored re5|n ina nolten state.

non- di ssol vi 0z suéﬂMﬂﬁzt%?ﬁg tf/% thﬁ gégbp¢§é§gsﬂ 99?%§§H§q into

a reversed p rople I ne tIC ar e dispersed

h di he dro .
par 16l os ar RSO O Eh2 % Wl Fé}f’a?f?a lA}Iecﬁ?ﬁ#hﬁi §EBIERE A a
Lo convert CREWOERE TS e Bolrarhs L%‘if”rf"n%ﬁéé%&?h Jaloment

for usein this cess can incl.ude the eed agitatiqon emylsifier,
the oxtPuderPSEET RS 1 5a e CHEAMEEn AoiB BESor PRed o‘%/"émbr?d&o( by 4
The "di spersed-,cool.ing, fine-particle- fonﬂlébprocess 2) |ncludes

embodi ment s ASiAMeteFeOfdsan BERTARLEately &g amm if cteirad ni Ugdbgo an

injection unit of a head of a hot nelt ink-jet printer, a colored resin in
a molten 5 HadPaeidgsdided BreG§ESa (AbziR ccombitataican om High-pPessur e,

agitation emulsifier equipped with perforated stainless steel
cylinders around rotating blades may be used, or a colored resin
10 may be subjected to coarse emulsification and dispersion in
advance by using a high-speed agitation emulsifier or a
high-pressure impact emulsifier.
{c) A W/O dispersion is prepared with a non-dissolving
liquid medium (water) dispersed in the form of droplets in a
15 colored resin in a molten state. By further feeding the
non-dissolving liquid medium (water), ﬁhe W/O.dispeision is
converted'into a reversed phase such that the droplet-shaped
fine particles are dispersed in the non-dissolving liquid
medium (water). The droplet—-shaped fine particles are then
20 cooled and solidified. According to this process, a W/0
emulsion is first prepared, and water is fed further to the
emulsion to convert the W/0O emulsion into an O/W emulsion.
Examples of equipment for use in this process can include the
high-speed agitation emulsifier, the extruder and the like,

25 which were described above under (a).



“electrical force, magnetic force or gas generation such that sub-divided
droplets are injected into a cool ed non-dissolving nedium The droplets
.are hence solidified into fine particles.j4 In this process, a nozzle head
maki ng use of pul sation, for 10 exanple, under the action of a

pi ezoel ectric elenment is used. As the cooled non-dissolving nmedium air,
nitrogen gas, cold gas fromdry ice, or the above-described non-di ssol vi ng
liquid medium or the like can be used. (b) A production systemsimlar to

a spray.-cqQol ing 1BharedidsdF u4-Sysd Bag,s ﬁ%@dpaé%ﬁe&eteerﬁl@nygﬁo@é@yess,
a colored resi:tn in a nolten state is fed to a spray nozzle of the

rotating di sho)psaesunesnazBbaiAbnt0sk! with NZ2bEslyRted Mgt f USE

colored resin is dispersed or sprayed into a coo non- di ssol vi ng medi um

eiither directly or (@l (8gilhapl Gy o2e:20563u88Cd QDb sdioknt otatino

a high speed, and frne particles are coo

sol i dified. adtQf.acB?lgrqgeflo@?.ﬁ%ﬂd-ij%z:g#iqﬂgﬁpmg Wil @ §?10%%1;198.§22 rgo;ltgesna_

di ssol ving nmedium si'm ronéd above un

25 - Inghe e-descrd bed ! | si on- dependent ,. fine .15 rticle-formn
pr ocess® andgEg?éngégs%ﬁl-eccg-‘cﬂq ﬁg‘,’é"P? e n;ﬁjp 'ec}lﬁg%r&?ﬁ'ei}fgorbpgiﬁﬁefss&qﬁ’gh )
boi | i ng- poi nt lso(Ljvent hgvi n m scibjli wi th the non-di ssolving |.iquid
modi um can bElBGUEACAorPERE PHRNGFLCIGRSF OF GRS SOPGFERLPRSTHCR ke
nolten state 5 or, .to rTgk the droplets, smal|ler. The hi gh boi | i ng- poi nt

sol vent canSBREivher éf%‘?ﬂ]\ﬁé'rﬁ agﬁp’arkﬂeé:fcﬁd dr§eqt FrR$CEmPR S Tl Widd n

medium. The droplets are hence solidified into fine particles.
In this process, a nozzle head making use of pulsation, for

10 example, under the action of a piezoelectric element is used.
As the cooled non-dissolving medium, air, nitrogen gas, cold
gas from dry ice, or the above—-described non-dissolving liquid
medium, or the like can be used.

(b) A prodﬁction system similar to a spray cooling

15 granulation system is used. According to this process, a
colored resin in a molten state is fed to a spray nozzle of the
rotating disk, pressure nozzlé or two-fluid nozzle type. The
fused, colored resin is dispersed or sprayed into a cooled,
non-dissolving medium either directly or after droplets are

20 caused to hit the disk rotating at a high speed, and the
droplet-shaped fine particles are cooled and solidified. As
the cooled, non-dissolving medium, a cooling gas or non-
dissolving medium similar to that mentioned above under (a) can
be used.

25 - In the above-described “emulsion-dependent, fine-



" or a.sol vent I ncapabl e of dissolving the colored resin. The use of the
non-di ssolving liquid mediumin the process (1) results in nulti-stage
;emul sification. 10 The colored fine partijgl es obtained by any one of the
above-descri bed processes have relatively uniformand even shapes, because
under the action of surface tension of each nolten droplet of the col ored
resin in the non-dissolving nmedium each nolten droplet takes a spherical
or prolate spheroidal 15 shape and its particle size can also be controlled

by settkng. ﬁﬁﬂdibl@niokﬂiﬁéVﬁf‘_ﬁéeégd 4l @1 SEBIF $83-Qod i) OFiyed-i on.
Conmpared with colored fine particles of irregul ar shapes obtained by crush

granul ation ggre9BYE0ELLRRhg Hrlocdsd® ,COMAIRdo {1 115y it €583 veRt H R PY

the process of the present invention, 20 therefore, "have superior

clectrical PRORETbA escIUpatnechRtaeabidivind 13RRY FALI B30 Aflea

. devel opers for ect rophot ogr ap I ngs or superi or

PLOEL Lo, b8, ROPLL EAY PECVERy 35 LIRSS Faner ety Sy o0 Sl =
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various, SPPLLSHL 205uas Sostiched  00MF SSECL LY SNISIIALLN coun

Do R M S Y dooRles R U gty LSy, shaw

hydrocar bon ngggfaggehggg—égggolving liquid medium in the process (1)
results in multi-stage emulsification.

10 The colored fine particles obtained by any one of the
above-described processes have relatively uniform and even
shapes, because under the action of surface tension of each
molten droplet of the colored resin in the non-dissolving medium,
each molten droplet takes a spherical or prolate spheroidal

15 shape and its particle size can also be controlled by setting
conditions in advance and in the course of the production.
Compared with colored fine particles of irregular shapes
obtained by crush granulation as conventional art, the colored
fine particles obtained by the process of the present invention,

20 therefore, have superior electrical properties such as
chargeability in applications such as developers for
electrophotography and powder coatings or superior properties
in applications such as image recording materials and paints.

Usable as the thermally fusible resin for use in the

26 - present invention are condensation polymerization resins,
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nmelt viscosities for their relatively | ow nolecular weights. Exanples of
t he "above-descri bed condensation 10 pol ynerization resins - the gl ass

_transition points and nelt -viscosities @§ which are high and |ow,

respectively - can include especially polyester resins, epoxy resins and
the like, each which contains hydrocarbon rings, for exanple, aromatic
rings such as benzene rings or naphthal ene rings or alicyclic 15 rings such
as cycl ohexane rings. Polyester resins having aromatic rings or alicyclic

rings can eaglidDeiowt s NEek st 4t orf rAinNANhidHQrRls Fheedif, SHIN bifngs
and/or a dicarboxylic dcid having one or nore of.such rings. I lustrative

of the diol PRYERTLRE | | G¥S rings are
(C2-4) al kyl ene oxi de a%%%igt}gﬁoc?{aﬁ[%e%doqg’%gu%% gbrsuct;hl spherlcl)ll)lfé A, bi sphenol

F and bi Sph %% Pé%té?'&eéyﬁq%ﬁ%d@ nggl_"[Egﬁllgcl OJﬁﬁ&SnQ%ﬁ’f&’l

bi s( hydr oxyet enzene, 4-cycl ohexanedi o exanedr nmet hanol.

25 . 111 ust L%éi%rﬁeﬁzé@f i carh ”%a{v(‘int%g hgzcﬂ-%hé 191210055 R Gebl [ d

aromatic ri I CyCcllIC rlngs ar e I C aCI ISOpht

TSR e YEER AR SR
ey s S FORE ) i, BB ch g o Hibains ?qsvﬁé’ige&fv et

alicyclic rin j ncl ud eic acjd, fumaric_acid,
y rgyst ffnlty ava?.lggg.e from the hydrocarbon rings and have low

melt viscosities for their relatively low molecular weights.
Examples of the above—described condensation
10 polymerization resins - the glass transition points and melt
viscosities of which are high and low, respectively - can
include especially polyester resins, epoxy resins and the like,
each which contains hydrocarbon rings, for example, aromatic
rings such as benzene rings or naphthalene rings or alicyclic
156 rings such as cyclohexane rings. Polyeéter resins having
aromatic rings or alicyclic rings can each be obtained using
a diol having one or more of such rings and/or a dicarboxylic
acid having one or more of such rings.
Illustrative of the diol having one or more aromatic rings
20 or alicyclic rings are (C,-C,)alkylene oxide adducts of
bisphenols such as bisphenol A, bisphenol F and bisphenol S,
and their hydrogenation products; p-xylene glycol;
bis (hydroxyethoxy)benzene; 1,4-cyclohexanediol; 1,4-
cyclohexanedimethanol.

25 . Illustrative of the dicarboxylic acid having one or more



° adipic acid, sebasic acid and azel aic acid. Exanples of the aliphatic diol
usabl e together with these dicarboxylic acids, 10 each of which has one or
nore aromatic rings or alicyclic rings, jgan include ethylene glycol,

" propyl ene glycol, butylene glycol, hexylene glycol, neopentyl glycol,

di et hyl ene glycol, and dipropyl ene glycol. Each of these pol yester resins
each of which has one or 15 nore aromatic rings or alicyclic rings has a
glass transition point of about 50C or higher, particularly preferably of

from 50C 1t cakdfatfc SUfiENiIdW Daidycifc oAk t:QRphenkI9c aRLAf erably
from 100 to 130C, has sharp nelt property of a narrow nelting tenperature

w dth, and i | fo I t r red l,ght average
nmol ecul ar me?%ﬁ#H%§%%%53ééggqnquﬁj ré%ﬁ%ﬁ%%%ég?ﬁggg%%gﬁég,ngbgpreferably
from 3,000 t 100 e : e resi j.nclu l.yal yci dyl
et her-type e%g%'gcremnnes@c(h?ﬂtﬁlsp rg)fr%{@%scu%%éﬁé %ﬁép%eg%il‘%dlcg%s?gﬁléngP&F and
bi sphenol S; t.helr. ester derivatives. .The. .25 -preferred I.ght, average
nmol ecul ar Weii']'g%tqC olf%%{eﬁ:e aegtg%yeﬁggf:ﬁ' 1§C1‘flsh? Jo%%(b(ﬁ%}&f,c(}@oa gﬁ’gglgﬁﬁ
referably from 3,000 to 10, . Ill.ustrative of the_ additiqn
Bolyne??zgtion r e SHTEPIES fpggﬁbﬁﬁﬁ§wglé§cHISFrRﬁﬁgﬁlﬁagcéghPﬁﬂble
glass-transitio oi nt nd a relatively | ow o] ecular weight. Illustrative
o oS5 oyr i Fhen el a6yBry rark oLPhiehearsRalE BHBFIREELE
met hacryl ate copol rs, methacrylate-acrylate copolyners, and ‘
st yr ene- but dﬁ‘i’&ﬁ%"\é fEiS T1RGH Sansindaxde malel ¢ eGidaotyharicacion

resins are copol ynmers, which are used ) )
adipic acid, sebasic acid and azelaic acid. Examples of the

aliphatic diol usable together with these dicarboxylic acids,
10 each of which has one or more aromatic rings or alicyclic rings,
canincludeethyleneglycol,propylenegiycol,butyleneglycol,
hexylene glycol, neopentyl glycol, diethylene glycol, and
dipropylene glycol.
Each of these polyester resins each of which has one or
15 more aromatic rings or alicyclic rings has a glass transition
point of about 50°C or higher, particularly preferably of from
50°C to 65°C, a softening point of from about 100C to 1507,
preferably from 100 to 130°C, has sharp melt property of a narrow
melting temperature width, and is solid at room temperature.
20 The preferred weight average molecular weight of the resin ié
from about 1,000 to 50,000, preferably from 3,000 to 10,000.
Examples of the epoxy resin can include polyglycidyl-
ether-type epoxy resins of bisphenols such as bisphenol A,
bisphenol F and bisphenol S; and their ester derivatives. The

25 - preferred weight average molecular weight of the epoxy resin



> in the crushing-classification process for the production of 10
conventional dry developers and are relatively low in average nolecular
~weight. Incidentally, conventional spherijgal dry developers naking use of

addijion polynerization resins can include so-called polynerization
process toners which are obtained using suspension polynerization. Because
of 15 characteristics of suspension polynerization, however, the resulting
addi tion polynerization resins have higher nolecular weights. In the

above- descri DedkiynEBSEESI, 200 kS D SGGN! prB¥eRhb2y) £ 3t beopEodusidoen of
colored fine particles, it is inportant 20 that the colored resin nelts

and has a mol ten vi Aol SIS o hOLARE 18R 501 fndFl o] S SIS Wreed

for its fine particle-formng process. Al t viscosity o
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measured by allowing the resin to flow down through a C%Pillary.
Capi | I ary:  I1COPHYTEE S 2RetThyReye-PulRd eRa FaPP Fs. Usable as these

addition polymerization resins are copolymers, which are used
in the crushing-classification process for the production of

10 conventional dry developers and are relatively low in average
molecular weight. Incidentally, conventional spherical dry
developers making use of addition polymerization resins can
include so-called polymerization process toners which are
obtained using suspension polymerization. Because of

15 characteristics of suspension polymerization, however, the
resulting addition polymerization resins have higher molecular
weights.

In the above-described processes of the present invention

for the production of colored fine particles, it is important

20 that the colored resin melts and has a molten viscous state,
in other words, a melt viscosity suited for its fine-
particle-forming process. Although the melt viscosity of the
colored resin and that of the resin used for the preparation
of the colored resin vary in data depending upon the measuring

25 - method, eachmelt viscosity referred to in the present invention



10 (1),

20

p0|n£§ Tn) of thermally fusible

L/D = 10. Barrel:
A rel ationshi p between piston speeds and the
. the "Capill ograph 1C
bet ween Pi ston Speed and Shear
Pi ston speed Shear
20 243 200 2432 50 608 500 6080 Mbnormers,
(Mw) as_ 20 neasured by GPC and converted based on that of polystyrene,

Retention tine: 3 m nutes.
correspondi ng shear rates in
is presented 15 iggTable 1. Table 1 Relationship
Rate in Visconeter Piston speed Shear rate
(mimn) (sec-') (mMmimn) (sec-") 10 122 100 1216
wei ght average nol ecul ar wei ght
and

9.55 m”Mm in dianeter.

rate
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ystyrene resins

exanpl es_of ﬁé’ééﬁ?aﬁ’%aéﬂrfdlﬂto‘?fgyb&%éh%“éa@ﬂﬂ&%&&%rft?{‘o(tt?%rc?e‘)@ém' )t he

pr esent

10

15

20

i nventi on
~ 7d 7d CD

Rheometer”

presen 7d 7d

manufactured by Toyo Seiki Seisaku-Sho, Ltd.) designed and
manufactured in accordance with the “Testing Method of Flow
Characteristics of Thermoplastic Plastics by Capillary

(JIS K7199) in which melt characteristics of a
thermally fusible resin are measured by allowing the resin to

flow down through a capillary.

Capillary: 1.0mm in diameter (D), 10.0 mm in length
(L}, L/D = 10.
Barrel: 9.55 mm in diameter.

Retention time: 3 minutes.

A relationship between piston speeds and the
corresponding shear rates in the “Capillograph 1C” is presented
in Table 1.

Table 1

Relationship between Piston Speed and Shear Rate in Viscometer

Piston speed Shear rate Piston "speed Shear rate
(mm/min) (sec™) (mm/min) (sec™)
10 122 100 1216
20 243 200 2432
50 608 500 6080

Monomers, weight average molecular weight (Mw) as

measured by GPC and converted based on that of polystyrene, and
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<. ;.. thérmal properties (glass transition points Tg and melting

points Tm} of thermally fusible polystyrene resins (R-1 to R-6)
as examples of resins usable in dry developers for
electrophotography in the present invention are presented in

5 Table 2.



b

©T _ o 21

b(rl

S o i .

. o

o g

OH o Table 2 Compositions and Properties of Resins

o
> 2
= a) Monomer components of resin Properties of resin
— O :

Cu _ Resin . ; .

c = Dicarboxylic acid

MH o component Diol component Mw (x 10,000) Tg (°C) T (°C)

o _.“. m_n R-1 Terephthalic acid BPA-EO 1.2 60 100

o n~l R-2 Telephthalic acid BPA-PO 0.6 55 100

o .d Telephthalic

o 3 R-3 acid/fumaric acid BPA-PO 1.3 46 92

— . Ol

ET 4 R-4 Telephthalic acid BPA~EO/CHDM 1.4 64 108
DI <

ow _9 R-5 Fumaric acid BPA-PO 2,5 55 104

o° TP R-6 Telephthalic acid BPA-PO 2.7 64 115

_ MO_._- (Note) BPA~EQ: Bisphenol A-ethylene oxide adduct

Lot BPA-PO: Bisphenol A-propylene oxide adduct

E o W c CHDM: Cylohexanedimethanol

F,%IM. Mw: Weight average molecular welght

D.R =5 Tg: Glass transition point measured by a differential scanning calorimeter

.URD- - .Tm: Melting point measured by a differential scanning calorimeter

w((w
C

= -2 -

— < .
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investigate the relationship between theggonposition of each resin and its
physj cal properties and fusing tenperature, the nelt viscosities of the
above-described thermally fusible polyester resins (R1to R6) at 1200C
to 160C were neasured. 5 The results are presented below in Table 3. m co
0) OwN t/ w(D b ("") I' B FFAO01 YNOlINtj wOOOOOOI- Ncn

| R | To investigate the relationship between the composition
i

of each resin and its physical properties and fusing temperature,
the melt viscosities of the above-described thermally fusible

polyester resins {R-1 to R-6} at 120°C to 160°C were measured.

5 The results are presented below in Table 3.
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Table 3 Relationship

23

between Fusing Temperatures and Melt Viscosities of Resins

Fusing temperature (C)

Piston speed

Resin (mm/min) 120 130 140 150 160
Melt viscosity (Pa-s)

R-1 20 153 20 7 4 5
R-2 50 2 2 - - -
R-3 20 20 40 - 3 -
R~4 10 ‘21 21 21 15 4
R-5 50 186 77 35 7 4
R-6 10 322 160 40 8 6




CR >JoD 4 Lr, wl ,th. torr o (D Co 0 ffi Bt-A of 1h ,P 1 | U7
au 024 Fromthe measur enent data descri bed above, it has been found
~that it is the tenperature condition thatggaffects nost significantly the
melt:viscosity of a resin, that at a low tenperature close to a | ower
limt of the fusing tenperature, 5 the nelt has a high viscosity and
exhibits extraordinary viscosity properties, and that a tenperature higher
than such a low tenperature is needed to inpart normal nelt viscosity. It

has al s. been foungréhatnd %d&iﬂem‘é‘n%caﬁ*tTaYdQEEPﬁbé&b%&%' ald Mma{ﬂé‘%een

stabilizes as the fusing tenperature is rai sed. Turni ng next to

i nfluence of fé@ﬁd%%“i@rlé’"%h%hEeﬂEeﬂatﬁ‘fé' BoRAi t15n PRRET, fiee%flasnglost

physical properties, a resin [ow 1h average nolecular wei ght -at a

|ow temper at b gn; fy Egstly LAY B0 S ER I P LB 1A 320 LN

stabilizes

temperature close to a lower limit of the fusing temperature,
5 the melt has a high viscosity and exhibits extraordinary
. 'viscosity properties, and that a temperature higher than such
a low temperature is needed to impart normal melt viscosity.
It has also been found that the melt viscosity drops
substantially and stabilizes as the fusing temperature is
10 raised.

Turning next to influence of the molecular weight of a
resin on its properties and physical properties, a resin low
in average molecular weight melts at a low temperature. A resin
low in softening point is low in viscosity and stabilizes at

15 lower temperatures. At high temperatures, glass transition
point considerably affects the viscosity. Aresinhigh inglass
transition point requires a higher temperature to lower itsmelt
viscosity.

Further, the melt viscosity of a colored resin at a given

20 temperature is dependent significantly.on the melt viscosity
of the resin, which was used to prepare the colored resin, at
the same temperature, and is also affected by the added pigment,
charge control agent and the 1ike. The value of melt viscosity,
therefore, wvaries from one colored resin to another.

25 - Accordingly, upon forming a colored resin into fine particles,



15 I_oWer tenperatures. At high tenperatures, glass transition point
considerably affects the viscosity. Aresin high in glass transition point
requires a higher tenperature to |ower itg nelt viscosity. Further, the
mel t, viscosity of a colored resin at a given 20 tenperature is dependent
significantly on the nelt viscosity of the resin, which was used to
prepare the colored resin, at the sane tenperature, and is also affected
by the added pignent, charge control- agent and the |ike. The val ue of
mel t VviScosithe cbhBrehoresiNafsesyd ney 4! bdud EOGURY 25 -
Accordi ngly, upon form ng Fa’tlcol{or EI é%gléérj\')' iarllrg(?) wgéeh%:%%‘% eds, G%Che
col ored resi LS , d t ve-descri ) | Ll agraph 1C",
Ch %@E’Q%ﬁg 182d by Igglébx91$cgsleltg§ Pedan %E%% aca;%(y%lﬁcgn

its melt viscos asuretl at“varred UusSing tenpera

speeds. The. L VI.SCOS| | so | .fers dependi ng,upon the .
fine-particl gﬁ%%?éi%g&;er%%ggﬁs- %\Iﬁg p%sggﬁnﬁg%cgs ’spg eflf‘egot VA SEORASY A%
manner. It | owever referred to set the fusing tenperature such that
the melt vi §%8§FF§ c?%ﬁ‘?ré&)wgt RPRTALRS s%d@‘t%ﬁrrt&ﬁa@'%lorfr% BRBGESE 1¥*%S00
Pa-s, p eferabI% £r0m1 to,100 Pa-s, and to formthe fused colored resin
into fifRe paFftPRPEsPEndRECEAteE ntR-3dthelesrtamanney cdhdisi oRoWgVer,
accordance-with_the above-described procedure. The tenperature condition
may range, fBFeERBRRPHLP oot ablarit Twong ttemmamatung such tdwde tére medih 90C
to 1609C being preferred. The colored resin is produced by adding the

col orant andviffesit¥efalds withhpva visseositadrange of fnemmb et i tal%0 15

limtation is inposed on its production process. For exanple,
Pa-s, preferably from1 to 100 Pa-s, and to form the fused colored

resin into fine particles under the thus-set temperature
10 condition in accordance with thé above-described procedure.
The temperature condition may range, for example from abput 80C
to 180°C, with a range of from 90°C to 160°C being preferred.
The colored resin is produced by adding the colorant and
the like to the above-~described resin, and no particular
15 limitation is imposed on its production process. For example,
the color resin can be produced as proposed in JP 11-49864 A,
namely, by feeding a resin into an extruder, also feeding the
colorant and the like through their respective automatic
metering devices into the extruder, and kneading the colorant
20 and the like with the molten resin in the extruder.
Especially when the resin is a resin obtained by a
condensation polymerization reaction like a polyester resin,
a rationalized production process can be used, for example, as
proposed in JP 11-468%4 A. According to this process, the

256 - colorant and the like are either dissolved or dispersed in



the_color resin can be produced as proposed in JP 11-49864 A, nanely, by
feeding a resin into an extruder, also feeding the colorant and the |ike
through their respective automatic netepgng devices into the extruder, and
kneadi ng the colorant 20 and the like with the nolten resin in the
extruder. Especially when the resin is a resin obtained by a condensation
pol yneri zation reaction |like a polyester resin, a rationalized production
process can be used, for exanple, as proposed in JP 11-46894 A. According

Lo Lhis: brocssyidia28tagel OF Ahndibilieel bke I el LhSE U ssoleveragr
gés -o S 0 that Is,

di spersed in 26 1ndividual sta synt hesi t he resin,

nto raw MLl Ao C QNGRS | R Gl ol RRCAUL3ECODe!

pol ymeri zation reaction, sthe résin in a nolten sta ?ﬁg conpl etion
of the poly i I andlor resin.t N: Qut Ln ate from
o react| on FEkBRl el RCbEge! ] SR IRLLR Y BN TS S ke e

the reaction, s all.owed roceed further to l.etion. .Colored resins
obt ai ned by SRRt 005 208  BREVRSELZRE PR ARIAGR d 19 AESHR ERERBSONE o
non- dibssol Vi ng ium? sych a procedure as described above. 10 t he
process® of tie ﬁ?r%s S %5% PB‘rPESPC AETpY iont eBBfBéﬂ“@HlF? gon
particles, it is particularly preferred to feed, a polyester resin, which
has been obt%fafdd By 18 HdndefRdtioNaYpdiimErpchiPBls 8htpvVed tUPFREREY in a
nolten state or in the formaof fine farticles intg an extruder via an

aut omati ¢ 1FYREREY P ForPdetipsedi Falaredl sesins fhtained e thase t he

extruder via their corresponding automatic netering devices,
processes can each be formed into fine particles in a non-

dissolving medium by such a procedure as described above.

10 As the process of the present invention for the production
of colored fine particles, it is particularly preferred to feed
a polyester resin, which has been obtained by a condensation
polymerization reaction, directly in a molten state or in the
form of fine particles into an extruder via an automatic

15 metering device, feeding a colorant and the like into the
extruder via their corresponding automatic metering devices,
and adding the colorant and the like into the resin. From the
standpoint of production steps, it is most rational and
economical to subsequently form the thus-obtained colored resin

20 into fine particles in the above-described non-dissolving
medium.

The colorant and the like for use in the present invention

can include, in addition to the colorant, internal additives
such as a charge control agent, a ferromagnetic material, a wax,

25 - a crosslinking agent, a light stabilizer and an ultraviolet



and adding the colorant and the like into the resin. Fromthe standpoint
of production steps, it is nost rational and econom cal to subsequently
formthe thus-obtained colored resin 20g9ynto fine particles in the
above-descri bed non-di ssolving nedium The colorant and the |ike for use
in the present invention can include, in addition to the col orant,
~internal additives such as a charge control agent, a ferronmagnetic
material, a wax, 25 a crosslinking agent, a |light stabilizer and an

ul traviol et 2dsodReOr b pdNer PAE1d £ Wh AL tht Tbh 3t NEmBE Sed BROSEL] PRiHASI I
kinds and anmounts. The col orant nmay conprise one or nore colorants

sel ected 11 R @ldhuctelhl erdieso plr £l ) cBmPh 1 Bka6ke G Hobe cBLERGRELD! €

dyes, organic pignents, carbon ment-and 6 | norgani c pignents, fine

fer romagnet | go 1 &Ld ahtm 14 -WahLE1 LYY Ge PLOEOLS AN MIAHARS ors,

pi gnents. Exanpl es of the colorant ¢ clude organi c pignents suc

270 b gront s b B olReRTt RERpEhERT Ceden IR Biphen Rl
PR el O 1 B D LN o, SR RLTER B 2040 e
Gut nopht hal SHESHaT R id CARHAARN GHOEEYSand kM Of A8 and
ol grent's, LT o a DR GBS PLARENES SHE 5 GROTHARARA GebA8ht 1 o

agent as an internal . . , L.
molecular weight azo pigments, azomethine-containing azo

pigments, azomethine pigments, anthraquinone pigments,

10 phthalocyanine pigments, perynone/perylene pigments,
indigo/thioindigo pigments, dioxazine pigments, quinacridone
pigments, isoindolinone pigments, isoindoline pigments,
diketopyrrolopryrrole pigments, quinophthalone pigments,
metal complex pigments, and aniline black; and inorganic

15 pigments such as iron oxide pigments, composite oxide pigments,
and titanium oxide pigments.

Illustrative of the charge control agent as an internal
additive to developers for electrophotography are salicylic
acid-metal complexés, azo dye-metal complexes, and cationic

20 compounds. Illustrative of the ferromagnetic material are
conventionally~known fine ferromagnetic materials such as
black, brown or reddish brown magnetic iron oxides ancli magnetic
metals. Examples of the wax can include conventionally-known
waxes, for example, high fatty acid esters such as stearyl

26 . palmitate, stearyl stearate, behenyl behenate, behenyl
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additive to devel opers for el ectrophotography are salicylic acid-netal
conpl exes, azo dye-netal conplexes, and cationic 20 conpounds. Illustrative
of the ferromagnetic material are conveggionally-known fine ferromagnetic
materials such as black, brown or reddi sh brown magnetic iron oxi des and
magnetic netals. Exanples of the wax can include conventionally-known
waxes, for exanple, high fatty acid esters such as stearyl 25 palmtate,
stearyl stearate, behenyl behenate, behenyl 28 stearate, stearyl behenate,

and hydf oxyséeaaigtafisteghryiasdiiaiat HarabHyHre R el 8614 l@RR e} ldgoNer S,
et hyl ene copol yner oligoners, and propyl ene oligoners. Internal additives

usable i N apRra£alh kY LA AN ALIGRIGAN JLGhudR. cbpbigHaEr! e, 5

crosslinking agents, light stabiliZers, ultraviolet abSorbers

cross.!! 0| f ' f
ui di zi ng ag?f%&%ﬁﬁanhgﬁﬁﬂl%rgeggg?ég%ﬁ : usl%dcegr%glt %‘??P%W J\éj,\gysggé}%oraa

dry devel oper charge ¢ urdi'’zin ge
ferromagneti L1 . e eded,..al.o it col n The
cont enta of TherharsAkiBhE AHECs pRAAITIIR L C0M ICIR, PSP RtoRRl e,
cont rol zagen i . L esi re ,si,ular.tq.the coryespond gntents in
The devT operSoRab eI gRrESe aRa idaprarate” o CPET AR 25R0FBEERnpi o,
the content O‘?’n %Jge.#)j%lnent My, I ange fromabout i to 20 w.% 15
preferably fH0m abdtt 21D 3K based on the resin. The content of a
charge control agept, %the ot her hand, gagsé(%n%eﬁa fromabout 1 to 10 wt.
d

% preferably fro & codog e regiBal thes BYOHIE 108N Pént of a

wax, on the é’t heci halnd, may range .
ry developer, a charge control agent, a fluidizing agent, a

wax and/or a ferromagnetic material are added, as needed, along
10 with a colorant. The contents of the colorant and internal
additives, suéh as the charge control a&ent, in the resin are
similar to the corresponding contents in the developers known
to date. When the colorant is a pigment, for example, the
content of the pigment may range from about 1 to 20 wt.%,
15 .preferably from about 2 to 8 wt.% based on the resin. The
content of a charge control agent, on the other hand, may range
from about 1 to 10 wt.%, preferably from about 2 to 6 wt.% based
on the resin. The content of a wax, on the other hand, may range
from about 3 to 20%, with a range of from about 5 to 15% being
20 preferred, both based on the resin.

The ‘colorant and internal additives such as the charge
control agent, which are added to the resin as described above,
can also be used as high-concentration products (master
batches). For example, it is also very preferred to use the

25 - colorant or charge control agent in the form of a master batch
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fromabout 3 to 20% wth a range of fromabout 5 to 15% being 20
preferred, both based on the resin. The'colorant and internal additives
such as the charge control agent, which 29e added to the resin as

descei bed above, can also be used as high-concentration products (naster
bat ches). For exanple, it is also very preferred to use the 25 colorant or
charge control agent in the formof a nmaster batch 29 wth the colorant or
charge control agent finely dissolved or dispersed in the polyester resin
or a resi:n redadild tha sollbkentvwei tHdveyd edsnfirollhagens, fine Ihalifsaoiveld ar

hi gh- concentrat:i on pigment-resin conposition or a high-concentration

charge 5 contdipeaxgai iethe peNpPestetOfesilfen€ ANty rofrelalle 1§0h@Esanble OF
the like in the master batch may range fromabout 10 to 70 wW. %

preferably fremmpkod 2Q8iho 2HaMide 5 A fdeﬁd e Qr h‘i%ﬁ—anEQﬁtPé@%Ht

I nvention has a |OM/ mel V|5005|ty, a dry devel oper, wder coating or the

like 10 whi gy Iéha j 1%*1%};108'1:0%eﬂléhﬂéoﬁ%hg%%?oﬁXEhQi: e

t
superb propertles suc s excéllent fixabilit evel opi ng pfoperty,

Vi vi dnesy and.¢aal SuRaLhness; ANENSBORRy O 180LLR0SNEI e L9ITEd1 gPaRESe

materlals sucn as pap heet ns, ne ets or p ates or 1ron

2l um num or' TRASA YTkce 1R, 0o TR Rradichay ThegokoneduldiieRattl 5b s

according to e present i nven on are use Tonven ona
o s Sl ) SO Hhrespast g e e Ko

As the resin for use in the present invention has a low

melt viscosity, a dry developer, powder coating or the like
10 which is obtained using the colored fine particles exhibits

superb properties sucﬁ as excellent fixability, color-

developing property, vividness and coat smoothness when images

or coatings are formed on base materials such as paper sheets,

films, metal sheets or plates of iron, aluminum or magnesium,
156 or molded products.

The colored fine particles according to the present
invention are useful in conventionally-known coloring
applications in which colored fine particles are used. As
mentioned above, they can be used as a colorant in dry developers

20 for electrophotography, image recording materials such as
ink-jet printing inks, printing inks, electrostatic powder
coatings, fluidized bed powder coatings, and slurry paste
paints; and can also be used for coloring articles with such
products by methods such as image recording, printing and

25 - coating.
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20 for el ectrophotography, inmge recording materials such as ink-jet
printing inks, printing inks, electrostatic powder coatings, fluidized bed
powder coatings, and slurry paste paintsgg and can also be used for
colotring articles with such products by nmethods such as inage recording,
printing and 25 coating. 30 The present invention will next be described
specifically based on Exanples, in which all designations of "parts" or
"part" and "% are on a weight basis. Exanple 1 5 (1] Production of

hi gh- concent rati onppg %?-‘é%?e%t(ﬂ?&ér%%gﬂfﬁext%e RGIERh e AN 1 G4 1090t 1 O

agent Master batches pignents an arge control agent “were eac
prepared by 1:S] L xing fi | C . Ko " ol yest er
resin (Resi nBé-g}é?) bR\rA)%JI‘ %%p%%’ bg%nw%‘g‘flgﬁén}éid %%ssjl%zaf%le steISC%)fW- eaéf%rslobe
process, andythe. gorrespondi ng one(s) of. . t.he bel ow descri bed pignents,

pi gnent deri vé?lggesaréﬁd gha?‘ﬁ% o%o%t%%*ggﬁe%ﬁsﬁ%’ a hi gh-speed m xer,
sufficiently_kneading the resulting mass in a tw n-screw extruder, cooling
the resultin xaﬁg ?e?s, and then coarsely grinding the thus-cool ed pellets.
15 Resin R1 ed as descri bed above was a pol yester resin of the

bi sphendl A £ pe EARGH bt BasR-SoPEEAsS aby OB T RF 1y (MABFBRRATANGS aci d
and a propyl ene oxi de adduct of bisphenol A_(hydroxyl value: 321) to
condensat i on poldHigmantopng chakgieacontzeiloagert: 17 in the presence of

tetrabutyl titanate as a 20 condensing catal yst. The properties of the
resin are shown Masterbatches of pigments and a charge control agent were

each prepared by provisionally mixing fine parficles {70 parts)
of a polyester resin (Resin R-1), which had been obtained by

10 the below-described process, and the corresponding one{s) of
the below-described pigments, pigment derivatives and charge
control agent in a high-speed mixer, sufficiently kneading the
resulting mass in a twin-screw extruder, cooling the resulting
pellets, and then coarsely grinding the thus-cooled pellets.

15 Resin R~1 used as described above was a polyester resin
of the bisphenol A type, which had been obtained by subjecting
terephthalic acid and a propylene oxide adduct of bisphenol A
(hydroxyl value: 321) to condensation polymerization at a molar
ratio of 1:1 in the presence of tetrabutyl titanate as a

20 condensing catalyst. The properties of the resin are shown
above in Table 2, and the melt viscosities of the resin at iraried
fusing temperatur_es are presented above in Table 3.

Incidentally, the pigments, pigment derivatives and

charge control agent used in the above procedure were as

25 follows:



above in Table 2, and the nelt viscosities of the resin at varied fusing
tenperatures are presented above in Table 3. Incidentally, the pignents,
pi gment derivatives and charge control agent used in the above procedure

were as 25 follows: 31 - Yellow pignent: A mxture of C. 1. Pignent
Yel | ow 128 (27 parts) and phthalim donet hyl at ed di sant hr aqui nonyl -
nonophenyl am no-s-triazine (3 parts). - Red pignent: A mxture of C |I.

Pignent Red 122 (27 parts) 5 and phthal i m donet hyl at ed

di met hyk qui nacri dOlY%l(l%w(Fj{éi ent; BhURtRLEMANE: IA Pl ghdie veh 16w 1281 gnent
Bl ue 15:3 (27 :parts) and phthal i m donet hyl at ed copper phthal ocyani ne (3

parts). - B gkcsl 9SRA oo Xassn ol idco P EMCELARHBAAT 10 par ()

and pht hal i m doret hyl at'ed copper ocyani ne - Charge

control agen?%%aﬁggﬁ%ygmfggl f*g%{%%rggﬁﬁér the chrom um conpl ex type

(30 parts). oduction of colored The feed rate of a resin at
one of the mster "paerdiéfy: AnbehltEor i, Bing AR 0P e  dersduer
bet or endnd 1350 VAL EREER SuBe FRb e Cs Sy hermiasnt  heast o yest er
resin (Resin R D), fed LaLg 2 .N00Rer o oENE 1B ILRS e 4, 31134 e
parts) and phthalimidomethylated copper phthalocyanine (3
parts}).
- Black pigment: A mixture of C.I. Pigment Black 6 (27
10 parts) and phthalimidomethylated copper phthalocyanine (3
parts).
—~ Charge control agent: Negative charge control agent of
the chromium complex type (30 parts).
[2] Production of colored resins
15 The feed rate of a resin at an automatic metering device
of a twin-screw extruder and the feed rate of one of the master
batches at an automatic metering unit of a side feeder arranged
at an intermediate part of a cylinder of the extruder were set
beforehand to give the proportions shown below in Table 4. The
20 polyester resin (Resin R-1) was fed into a hopper of the
twin-screw molder via the automatic metering device, while a
crushed powder of the one of the master batches was
automatically metered and fed by the automatic metering unit

andwastheninjectedandaddedintothecylinderoftheextruder.

25 - Within the extruder, the crushed powder was kneaded with the



cr ushed povvder of the one of the master batches was automatically netered
and fed by the automatic metering unit and was then inj ected and added
into the cylinder of the extruder. 25 Wihin the extruder, the crushed
powder was kneaded with the 32 polyester resin which had been brought into
a nolten state. The colored resin was then discharged in the formof a
thin film cooled, and then coarsely crushed into flakes. n n mwwKw o
CD CD CD HPRHCIotian~I CDWO'CDnO)corat irt CCD O

N orelyfefel vt Balrpsdn bRphing sy Lo g ) i O
colored resin was then discharged in the form of a thin film,

cooled, and then coarsely crushed into flakes.
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Table 4 Formulations for Production of Colored Resins

H1
NI |

Formulation (parts)

Colored resin

CDia

1 CD Fi

Ch Fto

0 CDH-.

YJ O CDI

p
0

t

0

Yellow Red Blue Black
Resin R-1 76.7 72.4 78.3 72.4
Yellow master batch 14.0 - - -
Red master batch - 18.3 - -
Blue master batch - - 12.4 -
Black master batch - - - 18.3
Charge control agent master batch 9.3 9.3 9.3 9.3
Color developed with developer &mwwos Red Blue Black
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bd E, JW Wwl I | NF- Owto O 34 Mt viscosities of the

t hus- obt ai ned, respective colored resins of yellow, red, blue and bl ack
colors are presented below in Table 5. §he piston speeds in the table were
pi stzon speeds in a visconeter ("CapillographlC'). The colored 5 resins were
not sufficiently .lowered in nelt viscosity at 1300C, and showed stable

| ow viscosities at approximately 1400 to 1500C. 35 Table 5 Relationship
bet ween Fusing Tenperatures and Melt Viscosities of Colored Resin Col ored
Pi ston.Mel:t viscosiellt (ResbsitessNofPeRE (RUEAGBEalS8) 2dHPctlbPE 50 85
40 19 Yellowil00 77 37 18 resin 200 69 33 17 500 53 28 15, 50 96 41 -

100 87 39 - RabreRpiresAdR 6F 32110R90r84, 3blue and black colors are

presented below in Table 5. The piston speeds in the table were

piston speeds in a viscometer (“Capillograph 1C”). The colered

b resins were not sufficiently lowered inmelt viscosity at 130%C,
‘and showed stable low viscosities at approximately 140C to

150°C.



50 80 36 100 73 34 - Blue resin 200 66 31 - 500 51 26 - 50 123 53 37 100
239 55 34 Black resin 200 92 49 30 500 67 - - 5 [3] Production of col ored
fine particles (devel opers for el ectrophggography) ("enul sion-dependent,
fine particle-form ng process”) (1) Blue devel oper for el ectrophotography
36 Ethylene glycol was chosen as a non-di ssolving liquid nediumfor
formng the blue resin into particles. In view of the nmeasurenent results
of melt viscosities of the blue resin at varied fusing tenperatures
present.ed,in Table 5, the 5 tenperaturgife & hyl ene glycol as the liquid
medi um was set:at 150CC. Into a stainless steel vessel fitted with a
heater and an agitat @r, ( r % di spersi on
(100 parts) of S|I|ca%i%a§PEXF§E§ g%¥§§%nmggglgﬁaié%%gpgﬁgrg%ontents wer e
agitated to disperse tHhnG |M¢k§1V¥§FQSﬁ§iQ3u9ﬁjQﬂ&9ﬂ§doReSBMUe resin

fl akes(500 parts) which had been obtained as descri bed above was added.

Af ter the reSéJclltolgegd m Xt UL Y8 adi tated trfelq:' S 1%rcsoesittr§fe (lg,lau.%)restn, tihe
resin spegd
{mm/min) 130T 140C 150C
50 85 40 19
Yellow 100 77 37 18
resin 200 69 33 17
500 53 28 15
50 96 41 -
100 87 39 -
Red resin
200 77 37 -
500 57 31 -
50 80 36 -
100 73 34 -
Blue resin
200 66 31 -
500 . 51 26 -
50 123 53 37
100 239 55 34
Black resin
200 92 49 30
500 67 - -
b [3] Production of colored fine particles (developers for

electrophotography} {(“emulsion-dependent, fine-
particle-forming process”)

(1) Blue developer for electrophotography



resul ting dispersion was heated to about 15090 so that the blue resin

fl akes was caused to nelt. On the side, ethylene glycol 15 (100 parts) and
a 20% di spersion (100 parts) of silica igg ethylene glycol were charged
inta a stainless steel vessel fitted with a heater and a hi gh-speed
agitator, followed by heating to 1504C to provide an outer bath. Through a
porous gl ass plate the average opening size of 20 which was 2.7 pm the
above- prepared dispersion of the fused blue resin in ethylene glycol was

i nj ect €d. under : pr esguifReridtdl yddie «2id ehdaainChsmal Rbalaedsundengagitatkon at
hi gh speed. By: the porous glass plate, the fused blue resin was dispersed

in the for rﬁh@&iﬂﬁ%letfo%ﬁﬁﬁ%dtfxEn%aﬁ’ﬁrfé;[ﬁr?ﬁnt@hbhﬁtﬁg%%r.‘uiﬂ'g viRw olfNe

hi gh- speed agitation of the outer e progress o formation into

fine particl fBe "i@r;e;ass‘%ﬂ%‘?r[e‘ﬁ@ Q8L edl 8?L+‘%’1%‘{%§%[<:ﬁ)sit'1ie%?8fcﬂ£)ee b1 $osin

r
confirmng t t fine particles e particle size range of

f 5 10 | ed._ Af 1 h f th
out er batch Ghs TS 1S Loy R st vy Tah i Re bhee |
ticl | l.ect by. filtraty th |y washed with t d
Phen drfed 1+ SoBRear HEh BroPRp YL RBC T LB ke Eree worhBeiraores Hvekt fon
in a spheric % or m havi n anngverageﬁgarticle si.ze of about 8 pm 10 To
the fine parf QUles, IREP 1D PGaLIdeEScat RS YRRRRE 4dthedi ViFRiZihsgtededldin a
Kk se.inth t, foll d_by th I XI ith n ti,
powder as a EArAIRREE aFFBIdChE BYEOHe(DRrtRe SRR R AADASPBEFARRD.

Usi ng the bl ue . .
(100 parts) of silica in ethylene glycol were charged. The

contents were agitated to disperse the silica.

10 Into the dispersion, blue resin flakes {500 parts) which
had been obtained as described above was added. After the
resulting mixture was agitated to disperse the blue resin, the
resulting dispersion was heated to about 150C so that the blue
resin flakes was caused to melt. On the side, ethylene glycol

15 (100 parts) and a 20% dispersion (100 parts) of silica in
ethylene glycol were chargéd into a stainless steel vessel
fitted with a heater and a high-speed agitator, followed by
heating to 150C to provide an outer bath.

Through a porous glass plate the average opening size of

20 which was 2.7 um, the above-prepared dispersion of the fused
blue resin in ethylene glycol was injected under pressure into
the outer batch maintained under agitation at high speed. By
the porous glass plate, the fused blue resin was dispersed in
the form of droplet-shaped fine particles. While continuing

25 - the high-speed agitation of the outer bath, the progress of



devel oper, copying was perfornmed by a copying machine for 15
negati vel y-char gi ng two-conponent col or devel opnent. As a result, a vivid
bl ue image was obtained. (2) Red, yellowgand black dry devel opers for

el ect rophot ography  Fol | owi ng the above- gescrlbed fine-particle-formng
process for the blue resin, uniformfine spherical particles 20 of the red,
yel low and bl ack resins were obtained, separately. Dry developers of those
colors for el ectrophotography were prepared in a simlar manner

descri ed, Abeana (R ¥inE§;}£§¥f@f§§v§tlve xebgaﬁrérl&gﬁm%ﬁ%%ﬁer

perforned by the copylng nmac onent

col or 25 devgl a t vrd el | nd I k 38
col ors were ob alne réispé%?%%e Hﬁfﬁ%@ﬁﬁpﬁgEdfyn% qﬁp@r 2 1

el ect r ophot ogr ai.ned above int (1 dt

above- descr i éﬁlleoﬁ/léﬁdr?)?g%ko é g f% ““%4 331‘?&;5’%&’ §&Bhy,
copyi ng- was 6 erf the, cop machi ne for ativel y-char gi ng

t wo- conponent® ocf%ﬁ?ﬁve%ﬁﬁﬁnftgeée& prafpre gt vﬁ’/?ogu?%ﬂbgp?}&rw ¥rage of
t he fou coI rs me obtalned In a simlar manner as.in the above-descri bed
proced f)ﬁe? [ %Ra% Jemnesa REs n SR11dis lede TABenBILYE BATEAEHASI n

10 Table 4 wer e reglaced by Resins R-2 to R-6, respectively, dry devel oper
for el ectroffRRDEGP éﬁrftﬁﬁm&hélé‘s‘éa‘éwrlheﬂ@;roweéma@ecbafﬁthcw@'sebf apfe

four colors were prepared. Full-color copyi g was performed in a simlar
manner as ddden HEdeshley ©btagnqunitermntfing hive panficles of thmgesesenthe

four colors was .
invention in a spherical form having an average particle size

of about 8 um.

10 To the fine particles, colloidal si;ica was added as a
fluidizing agent in a manner known per se in the art, followed
by the mixing with magnetic iron powder as a carrier to afford
a blue developer for electrophotography. Using the blue
developer, copying was performed by a copying machine for

156 negatively-charging two-component color development. As a
result, a vivid blue image was obtained.

{2) Red, yellow and black dry developers for electrophotography
Following the above-described fine-particle-forming
process for the blue resin, uniform fine spherical particles

20 of the red, yellow and black resins were obtained, separately.
Dry developers of those colors for electrophotography were
prepared in a similar manner as described above. Separately
using those dry developers, copying was performed by the copying
machine for neéatively—charging two-component color

25 - development. Asaresult, vivid images of red, yellow andblack



15 gbtained. Exanple 2 [1] Production of colored fine particles (dry
devel opers for el ectrophotography) ("dispersed-cooling, fine-particle-
form ng process”) 20 Provided was a noltgg-resin injecting, fine-particle-
form ng apparatus on which a heated injection head of the on-demand type
maki ng use of a piezoelectric elenment in a simlar way as in an injection
unit of a head of a hot nelt ink-jet printer was nounted. The injection
tenperature of the heated 25 injection head was set at 150. The

mol t en-¥ esi NncbDbLst wasde SPtain&de-Peddd@t Brd19f M Ng apparatus was al so set
in such a way that cold air cooled to 5C woul d be caused to flow as a

Gne. of “the col or o0 T o e oro e SaF el B R, e kAR Rk

One of the colored resins of the yellow, r a rs,

whi ch had be@BtQ?ﬁ@%?ﬁ@xﬁeﬁ . ﬂ@rﬂr%cjehgrée_ ¥Vf‘)s anﬁel%éegbgg?légsg\ﬁﬁgﬁlrje%ld in

the injection unit the Tine-parti or m ng apparatrus. e appl‘yi ng
conti nuousl y§ Ei S Ao I EHEAERLTERELS 8- ERR oot e obY 188 e
(Lre, Pag o Sec el 08 M LA costhad it ont Yo G s e ot oY
size. Coll oig‘?él_gélbéé:@?%\%s?gg%qu%?e% di zi ng % ggiﬁgoﬂt{}%ﬁﬁgl or.ed fine
particl es of e a or's, i vePry; nfie wn .per se
'noA5 the apk ) 1M SPPfdde (08 R AT TR ek bR Raader as 2
In a similar manner as in the above-described procedures
[1} to [3] except that Resin R-1 in the formulation shown in
10 Table 4 were replaced by Resins R-2 to R-6, respectively, dry
developer for electrophotography making use of the colored fine
particles of the four colors were prepared. Full-color copying
was performed in a similar manner as described above. As a
result, a vivid full-color image of the four colors was
16 obtained.
Example 2
[1] Production of colored fine particles {(dry developers for
electrophotography}) (“dispersed-cooling, fine-particle-
forming process”)
20 Provided was a molten-resin injecting, fine-particle-
forming apparatus on which a heated injection head of the
on-demand type making use of a piezoelectric element in a
similar way as in an injectionunit of a head of a hot melt ink-jet

printer was mounted. The injection temperature of the heated

25 - injection head was set at 150°C. The molten-resin injecting,



carrier to prepare dry. devel opers. Using the devel opers as dry devel opers
for el ectro- photography, copying was performed by the copying machine for
negativel y-chargi ng two-conmponent full-capor devel opnment. As 20 a result,

vivid i mages of yellow, red, blue and black colors and a vivid full-color
i mmge of the four colors were obtained. Further, colored fine particles

(devel opers for el ectrophotography) were also produced in a simlar manner
as described above except that Resins R-2 to R-6 presented in Table 25 -

2 were ysed Eﬂn@!—ﬁ&?t?él@eﬁ%igrrx%% ag,gair%%ﬁ@ dds 'éi%@%g%i%%g %rg‘i% whl5 it3G ¢t hose

devel opers, copying was per e copyl ng

tively- ' t full-col t. . | t,
Urvra oyl oLl L e TRE ot b e S fled B FIRAS B o Ry BERLLH or ¢
wer e obt ai neg Production ,of , col.ored sins In.a.simlar

| 1 r
manner as in ?Wgtgir(%g%%?erf‘%ln‘; O%g%zoz}% Aot e chT?rISfjadL‘fﬁn@ PEEFiCdESor ed
resins with waxes of yellow, red, blue ,and bl ack co]ors contained therein,
respectively, vvere&b? ocbéjctgld3 ﬁﬁ’i&'f'eéida'feﬁénéoﬂ%o ?lt%ehlo"é'c&fr‘%a&lél%apﬁi t he
f or mul aBi onslégf he corres&{) di.ng. col ors for the production_of the col ored
resins °presentel FHOGM & %ﬁiﬁeé’ APt ined g EFaPPIenddyl » Wefenat e
as a higher fatty acid ester was added in place of 10-part portions of

Resin R 1 i nte&ked nkr viMGl argdr il disdbin theadaieatipomndd wift Khehe

remai ning portions of Resin R 1, nanely, 66.7 parts of Resin R-1 in the
case-of the yEP¢RAFeGIe-Bming apparatus. While applying a voltage to

drive the piezoelectric elément, the colored resin was
continuously injected and dispersed. In this manner, uniform

10 colored fine particles éf the yellow, red, blue and black colors

. Were separately obtained in a spherical- form of approximately

7 ym in average particle size. Colloidal silica was added as
a fluidizing agent to the colored fine particles of the
individual colors, respectively, in a manner known per se in

15 the art, followed by the mixing of magnetic iron powder as a
carrier to prepare dry developers.

Using {:he developers as dry developers for electro-
photography, copying was performed by the copying machine for
negatively-charging two—-component full-color development. As

20 a result, vivid images of yellow, red, blue and black colors
and a vivid full-color image of the four colors were obtained.

Further, colored fine particles (developers for
electrophotography) were also produced in a similar manner as
described above except that Resins R-2 to R-6 presented in Table

26 - 2 were used in place of Resin R-1 employed in Example 1(2].



i g

parts of Resin R-1 in the case of the red resin, 68.3 parts of Resin R1
in fhe case of the blue resin, and 62.4 parts of Resin R-1 in the case of
the black resin. 20 [2] Production of cojgred fine particles (dry

devel opers for. el ectrophotography) ("dispersed-cooling, fine-particle-
form ng process”) One of the colored resins of the yellow, red, blue and
bl ack col ors, -which had been obtained in the above procedure 25 [1], was
heated to 150'C and filled in the injection unit of 41 the

1ne- part clsfiaf Mk ARRAIALIR:TPLOYOInk b P fordled oy el EoBRRhY! N0 2

voltage to driyve the piezoeleCtricC e sin wa
cont i nuousl ypJ 4 | +S4 2d.y L. this [ ) ed fine
particles contcg%lﬁrli:éngfé re}pe‘sgcgytg]n)lee(r)lafdcrhg , 4 tghulet%grqgggﬁégﬁﬂaagggr §§!§§£écti vely,

were separ jJned rical: form-.of approximtely .7 pm .i.n
average par ta(% {‘%%iog?&zeg{.&Coﬁsg gggﬁgﬁ :"ggjl\ﬁl/asg”{a%laeec? as ralmggﬁ‘?‘&%{"?ﬁglgbgnt to
the col ored 4jne particles of i ndi vidual colors espegtively, in a
nmanner knowﬁé%gg é§;941ﬁWﬁ9%uq€l£§§ %%I oW b VﬁﬁenPQ%ﬁbgﬁé'nagnefic i ron
powder as a arrier:%o prepare dry devel opers. Using the devel opers as dry
devel opers f ]é%t - phot ography, copying was performed by the copying

machi ne for eqgati vel y-chargi ng tws-conponent full-col or devel opnent. As
15 a result ,“\r}i &ﬁ?q &ffgﬁ@&oé\ﬁ,d F&€&118l ue and bl ack colors and a
vivid full-color image of the four colors were obtained. Further, colored
fine particles (dé¥edidridagopanner as in the production of colored resins
in Example 1[2}, colored resins with waxes of yellow, red, blue
andb&ﬁckcolorséontainedtherein,respectively,wereproduced

10 by adding components in accordance with the formulations of the

correspohding colors for the production of the colored resins
presented in Table 4 of Example 1[2] except that behenyl

behenate as a higher fatty acid ester was added in place of
1l0-part portions of Resin R-1 in the individual formulations

156 and fullymixed with the remaining portions of Resin R-1, namely,

66.7 parts of Resin R-1 in the case.of the yellow resin, 62.4
parts of Resin R-1 in the case of the red resin, 68.3 parts of
Resin R-1 in the case of the blue resin, and 62.4 parts of Resin
R-1 in the case of the black resin.

20 [2] Production of colored fine particles (dry developers for.
electrophotography) {(“dispersed-cooling, fine-particle-
forming process”)

One of the colored resins of the yellow, red, blue and

black colors, which had been obtained in the above procedure

25 - [1], was heated to 150C and filled in the injection unit of



el ect rophot ogr aphy) were al so produced in a simlar manner as described
above except that Resins R-2 to R6 presented in Table 20 2 were used in
pl ace of Resin R-1 enployed in Exanple 1],2]. Using those devel opers,
copying was performed by the copying mnmachine for negatively-charging

t wo- conponent full-color developnent. As a result, vivid single-color

I mages and a vivid full-color imge of the four colors were obtained. 42
11~~1~1111~~111~~1~1~~l1I1li~ CLAIMS : 1. A process for producing a

colored; fing,pacticulate. resin, which comprises the follawng,st '
bri ngi fig 5 CHPoFbReT REF RichRT LR APREE oF UshSPREPF GO 3 FHeRRLE 752) n and
a col orant enly distributed jpn said her b%y tusibie esin, into a
mol ten ot at BRI APREYEREAR CBPLIRIE & iOF LU TR PLEPRELEFEEHEI $LARSREY e,
into droplet-shaged fine particles in anon-dissol ving nedium which does
not di ssol v&PEaFaleses e Me¥as: CUHd RIS 180 18d6FERE 2l ddsPrISEH nglRai d
dropl et-shaped fine particles. 2. A process according to claim1, wherein
sai d col or efbige¥Epngas Anddormyretospdyfipefparticies soonainkngithe
tenperature of from80C to 18090. 15 3. A process according to claiml1,
wher ei # sai §eddbbr edFeds ebiliehandabhark waxessi rgspectived s tweu®0 Pa - s at
a tenperature of from9090 to 160C. 4. A process according to claim1,
wherein in sgpdrately obtained in a spherical form of approximately 7 um
in average particle size. Colloidal silica was added as a
fluidizing agent to the colored fine particles of the individual
colors, respectively, in a manner known per se in the art,
0 followed by the mixing of magnetic iron powder as a carrier to
'prepare dry developers.

Using the developers as dry developers for electro-
photography, copying was performed by the copying machine for
negatively-charging two-component full-color development. As

16 a result, wvivid images of yellow, red, blue and black colors
and a vivid full~-color image of the four colors were obtained.

Further, colored fine particles (developers for
electrophotography) were also produced in a similar manner as
described above except that Resins R-2 to R-6 presented in Table

20 2 were used in place of Resin R-1 employed in Example 1([2].
Using those developers, copying was performed by the copying
machine for negatively-charging two-component full-color

development. As aresult, vividsingle-color images and a vivid

full-color image of the four colors were obtained.



form ng step of said droplet-shaped fine particles, said 20 non-dissolving

mediumis set at a tenperature of from80C to 2009C_ and said cooling and
solidifying step is conducted at a tenpegature of from -

5. A
process according to claiml1, wherein in said form’j : %ﬁ ﬁﬁi@‘!‘
dropl et -shaped fine particles, said 25 non-di ssol vi ng'¥eti =l a
tenperature of from100C to (liltl i1l 2lIEIIThidlllIlT#1 43 CL M160't;
and said cooling and solidifying step is conducted at a tenperature of

fromO fo ,1000x818s:A process according to claim1, wherein said colored
resin in said nolten state is dispersed in an enmulsified form 5 in a

non-di ssol ving i qyid mdggsslf(ﬁ Bﬁf@’%ﬁnﬁfﬁ%ggage&%ﬂéiﬁgﬁﬁié&&ﬁ@ n

said colored resin in said nolten State is forne y i njecting, sper si ng

or spraying ;sa kpto =dLs V} I O aseous nedium 10 8.
Apr ocess accgggﬁﬁénfﬁghg a??nmg?ﬂ\sl\géergl% gggﬁ@ﬂxgégsaﬁgg fusible resinis a

D e onab s POTRLLI S 00% Shan S o105 O ALSROY
cL ol m g, ek pRl SebUR IRhLY ofPoldRhoLAeE B Ry S S
| over £ han S0hCim 309 001 ETLO9 ROl e 0f (ASMA00,( S000 10 A process
forming said colored resin, which is in saidmolten state,
into droplet-shaped fine particles in a non-dissolving medium
which does not dissolve said colored resin; and then

10 cooling and solidifying said droplet-shaped fine
particles.

2. A process according to claim 1, wherein said colored
resin has a melt viscosity of ffom 1 to 500 Pa-s at a temperature
of from 80C to 180<C.

15 3. A process according to claim 1, wherein said colored
resin has amelt viscosity of from 1 to 100 Pa-s at a temperature
of from 90°C to 160TC.

4. BA process according to claim.1l, wherein in said
forming step of said droplet-shaped fine particles, said

20 non-dissolving medium is set at a temperature of from 80C to
200°C; and said cooling and solidifying step is conducted at
a terﬁperature of from -10 to 20°C.

5. A process according to claim 1, wherein in said

forming step of said droplet-shaped fine particles, said

256 - non-dissolving medium is set at a temperature of from 100C to



resin has a wei ght average nol ecul ar weight of from1,000 to 20 50, 000.

11. A process—according to clfaiml, wherein said thermally fusible resin
i's an epoxy reswmpfi “ e pol ygl yggdyl ether type, or an ester
deri,vative theﬂ“i“”“lm ' iss according to claim11l, wherein said epoxy
5 - resin or sa dtester® déri Vative thereof has a weight average I |11l ~~I1
-~ e~ ity f~~~11 44 CL . @, nolecular weight of from1,000 to
50, 000. 13. A process according to claim1l1, wherein said colorant is at

| east ope ¢ nt | gct gd rgp_p. pgﬁ.i i of; igment :
a 27:3 by mgiigcgté'pg?tasg%nigtﬁéégﬁég%@ |grrc£n r@#&l%lpov%/sl g\ﬁgﬂ#&%‘@doag_

ht hal i m donget S ui I nophenyl am no-s-tri azine, a red
Bi gnent: a gg%%&% ad%t(}: g“rqq%t%yurle of ?; I?/ Pi gment Red 122 and

ht hal i m domet hyl gt ed i hyl qui nacri done, ., a blue pignent: a,27:3 b

\a/ei ght parts myxtaéjr ergr?r?‘%s.gﬁ?”‘é:ﬁgﬁﬁnﬂ g G &ndW‘S% ﬁhﬁliﬁﬁ%fﬁ?tlﬁﬂaét ed
10 copper phthal ocyanine, a a bl ack .pignent: a 27:3 by wpll . afrts .
Txture of P e F Rand wpf el SUAKE R AIRPRraBRot BB Sk Forh

pht hal ocyani ne. 14%]gAC\H,TcoI red fine p Pl{?i[cul ate resi nﬂproduced by a process
accor dithg t o-"arfy W BrS %é’ilrﬂ? 11-1%1.1%15‘993-.‘*‘“’;& colored fine particul ate

resin according t&clai m 14, which i,s useful in_an inmage recording
np

material, printind- nBtRFQGHSHACERRENIIEC A Fihdestherein siadd rglaxed

article, which conprises . o )
resin in said molten state is formed by injecting, dispersing

or spraying the same into a non-dissolving liquid or gaseous
medium,

10 8. Aprocessaccordingtoclaiml, wherein said thermally
fusible resin is a polyester resin having aromatic rings or
alicyclic rings, or an epoxy resin having aromatic rings or
alicyclic rings.

8. Aprocess according toclaiml, wherein said thermally

15 fusible resin is a polyester resin having aromatic rings or
alicyclic rings, a glass transition point not lower than 50°C,
and a softening point of from 100 to 50C.

10. Aprocess according toclaim 9, wherein said polyester
resin has a weight average molecular weight of from 1,000 to

20 50, 000.

11. Aprocess according toclaiml, wherein said thermally
fusible resin is an epoxy resin of a bisphenol polyglycidyl
ether type, or an ester derivative thereof.

12. A process according to claim 11, wherein said epoxy

26 - resin or said ester derivative thereof has a weight average



coloring said article with an image recording material, 20 printing
mat érial or paint conp smi olored fine particulate resin according to

AR || IIIlI i “

P mol_'ecular weightj_ of from 1,000 to 50,000.
. 13. A process accordinc_j to claim 1, wherein said colorant
is at least one colorant selected from the group consisting of
a yellow pigment: a 27:3 by weight parts mixture of C.I. Pigment
5 Yellow 128 and phthalimidomethylated disanthraquinonyl-

. monophenylamino-s-triazine, a red pigment: a 27:3 by weight
parts mixture of C.I. Pigment Red 122 and phthalimidomethylated
dimethylquinacridone, a blue pigment: a 27:3 by weight parts
mixture of C.I. Pigment Blue 15:3 and phthalimidomethylated

i0 copper phthalocyanine, and a black pigment: a 27:3 by weight
parts mixture of C.I. Pigment Black 6 é.nd phthalimidomethylated
copper phthalocyanine.

14. Acolored fine particulate resin producedby a process
according to any one of claims 1-13.

15 15. A colored fine particulate resin according to claim
14, which is useful in an image recording material, printing
material or paint.

16. A process for coloring an article, which comprises
coloring said article with an image recording material,

20 printing material or paint comprising a colored fine

particulate resin according to claim 15.



