Office de la Propriete Canadian CA 2367076 A1 2002/07/10

Intellectuelle Intellectual Property
du Canada Office (21) 2 367 076
v organisime An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(22) Date de depdot/Filing Date: 2002/01/09 (51) CL.Int.//Int.CI.* C09D 5/03, G03G 9/08
(41) Mise a la disp. pub./Open to Public Insp.: 2002/07/10 (71) Demandeur/Applicant:
(30) Priorité/Priority: 2001/01/10 (2497/2001) JP DA'T'TCDH'E;'KA COLOR & CHEMICALS MFG. CO.,

(72) Inventeurs/Inventors:
NAKAMURA, MICHIEI, JP;
TAKARADA, SHIGE ?U JP
SHIMANAKA, HIROYUKI JP
OHSHIMA, KOTARO, JP
TUCHIDA, SHINYA, JP

(74) Agent: MARKS & CLERK

(54) Titre : PROCEDE DE FABRICATION DE RESINES DE FINES PARTICULES COLOREES, FINES PARTICULES
COLOREES ET PROCEDE DE COLORATION D'ARTICLES

(54) Title: PRODUCTION PROCESS OF COLORED FINE PARTICULATE RESINS, COLORED FINE PARTICULATE
RESINS, AND COLORING PROCESS OF ARTICLES

(57) Abrége/Abstract:

Colored fine particulate resins can each be produced by bringing a colored resin, which comprises a thermally fusible resin and
a colorant evenly distributed in the thermally fusible resin, into a molten state; forming the colored resin, which Is in the molten
state, 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. The colored fine particulate resins are useful In Image recording materials,
printing materials and paints. Articles can be colored with the image recording materials, printing materials or paints.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02367076 2002-01-09

ABSTRACT
Colored fine particulate resins can _each be produced by

bringing a colored resin, which comprises a thermally fusible

resin and a colorant evenly distributed in: the thermally fusible

O resin, into a molten staté; forming the colored resin, which
~is in the molten state, 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. The colored fine particulate resins are useful in

10 image recording materials, printing materials and paints.
Articles can be colored with the image recording materials,

printing materials or paints.
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PRODUCTION PROCESS OF COLORED FINE
PARTICULATE RESINS, COLORED FINE PARTICULATE

RESINS, AND COLORING PROCESS OF ARTICLES

BACLCKGROUND ()

a) Fieldiof the Invention

This invention relates to a process for producing colored
fine particulate resins, colored fine particulate resins, and
a process for coloring articles by using the coior_ed fine
particulate resins. More specifically, the present invention
is concerned with the provision of a process for economically
producing colored fine particulate resins, especlally colered
fine particulate resins useful as colorants for image recording
materlials such as developers for electrophotography and ink-jet
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
be produced' by so-called crush granulation, that is, by coarsely
erinding a colored resin with a crusher or the like, finely
grinding the coarsely-ground, colored.resin.with.afmill auch
as a Jjetmill, and then removing coarse I:iarticles and dust with

an air classifier. The colored resin can be obtained by-_'

metering, mixing and kneading a resin for the developer, a
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colorant and optional internal additives'such as a charge
control agent such that the colorant and eptional;internal
additives are dissolved or dispersed in the resin.

It‘is proposed 1n JP 11-49864 A,that in the above-
described production process, production steps such as grinding
of the resin, metering of the'materials for each batch,'and
mixing in a tumbler or Henschel mixer can be improved by feeding
the resin into an extruder, feeding the colorant and inte:nal
additives through automatic metering devices, and kneading the
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
alr classifier are very expensive. On the other hand,
developers have been finding increasing utility 1n 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 havin'g a
higher glass transition point as an anti-blocking measnre-and
the like for improved storability; and changes of,production
conditions to meet the move toward developers of finer particle
slze, and more precise control of production conditions from
the standpoint of a desire for image quality of highei

definition.
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This, however, has made it more difficult to produce a
target product efficiently at low cost, beeause the need for
feeding of the required components at controlled rates into a
grinder and the need for providing the product with a smaller
particle size and narrower particle size distribution have led
to a reduction in productivity. Moreover, 1f these production
conditions cannot be met by the existing equipment, an
economical problem also arises 1n that a change te or
introduction of new production machine or machines 1s needed.
In addition, a developer produced by crush granulation ie 1n
the form of crushed particles of.irregular shapes, and the
distribution of surface charges is uneven. Compared with a
spherical developer produced by suspension polymeri.zation or
the like, the production of a developer by crush granulation

results in occurrence of residual dust in a greater amount, said

resildual dust being insufficient in performance as a developer,

and 1s not economical.

IMMARY OF THE 1 NT O]

The present inventors have proceeded with an extensive
investigatien 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 colereé res-in‘:{

can be obtained in the form of fine spherical particles by
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forming a colored resin, which is in a molten state, into

droplets in a non-dissolving medium, cooliﬁgand solidiinng
the droplets to form the colored resin into fine particles,
collecting the fine particles by filtration, and then washing

and drying the fine particles. It was also found that this

- process does not require milling and classifying steps unlike

the above~described varlious conventional processes, permits
mass production of a colored fine particulate resin of uniform
spherical shape (for eXample, a dry developer forlelectro—
photography) through rationalized productiori steps, and 1s also
excellent in economy. Based on such findings, the present
lnventors proceeded further with the investigation to provide
a colored particulate resin, especlally a developer for:

electrophotography, resulting in the completion of the present

-

invention. ‘Incidentally, the term “non-disso

ving 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 invehtion, there 1s thus
provided a process for producing a colored fine particulate
resin (which may hereinafter,be called simply‘“colored fine
particles”), which comprises the following steps:

bringing a colored resin, which comprises a thermally
fusible resin (binder reslin) and a colorant evenly distributed

in the thermally fusible resin, into a molten state;

forming the colored resin, which is in the molten state,
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into droplet-shaped fine particles in a non-—dissol\;ring me:dium
which doés not dissolve the colored resin;‘and then -

cooling and solidifying the droplet-shaped fine
particles.

In another aspect of the present invention, there is 'als'o
provided a colored fine particulate resin produced by the
process. The 1s useful, for example, in an image recording
material, printiﬁg material or paint.-

In a further aspect of the present invention, there is
also provided a process for coloringanarticle, which comprises
coloring the article with the 1mage recordingmatérial,:
printing-material or palnt. \

Upon production of a colored fine particulate resin, for
example, a dry developer for electrophotography, it has
conventionally been the main stream to use sQ~called crush
granulation, that. 1s, to perform fine grinding by a mill such
as a jetlmill and to remove coarse particles and dust by a
classifier. However, this conventional production process
requires very expensive production machines, and is
experiencing increasing difficulties in producing the target
product efficiently at low cost due td severer prdduction
conditions'fdr the formation of a dry developer into finer

particles, a decrease in processed amount, a reduction in

S § . ol

productivity, and the like, which are required or have arisen °

to meet the recent requirement for copy quality of higher
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definition. Moreover, a developer produced by crush
granulation is in the form of crushed particles of irregular

shapes, and the distribution of surface charges is uneven.

Cru.sh granulation 1s accompanled by occurrence of reéidual dust
in a greater amount, sald residual dust being insufficient in
performancé as a developer, and is not economical.
According to the present invention, on the other hand,
colored fine particles which are uniform in both shépe and
properties and are useful especially as a developer for
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 pdor solvent
or non-solvent liquid, coolihg and solidifying the fine
particles and, if necessary, collecting the fine particle_s by
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 for various coloring applications, f.:or example,
for image recordingmaterials, different colored resins, paints,
printing inks and the llke by forming it into particle sizes
guitably predetermined corresponding to the respective
coloring applications. In particular, the colored resin 1s
useful for the production of dry developers for electro-
photography, image reCOrding'materials\as a color Sucﬂ-as\;ﬁ:f

ink-jet printing ink, printing inks, electrostatic powder
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coatings, fluidized bed powder coatings, and slurry paste

palints.

B, INVEN

AN PREFERRED BMBOD MBI

- L /oo

The present invention will next be described in further
detalil 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
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
unliformly distributing, specifically dispersing or dissolving
the colorant and optionel 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 wili'
hereinafter be called Colleetively “colorant and the like”.
The process for forming the colored resin iﬁto 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

requires nelther a crushing step nor a classification step as
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an essential step unlike the conventional technology.
Examples of such a process can include the fo\l‘lowing:proces_ses:

(1) A colored resin, which is in a molten féorm, 1S
emulsified or dispersed in the form of droplet-shaped fine
particles in a non-dissolving liguid medium, and is then cooled
such that the colored fine particles, which are in the molten
state, are:solidified (hereinafter called “the emulsion-
dependent, fine-particle-forming process”);

(2) A colored resin, which 1s 1n a molten state, is
injected, disperséd or sprayed into a cooled, inert liquid or
gaseous medium such that the resulting fine particulate
droplets are cooled and Solidifiéd (hereinafter called “the
dispersed-cooling, fine—particlemforming process”) ; and.

(3): A' process making combined use of the above proceéses
(1) and (2). .

In th:e step in which the fused, colored resirﬁ 1s formed
into droplets, it is necessary to keep the fused coliored résin
at as low a viscosity as possible. For this purpose, it is
desired to Iﬁake crystals of the resin completelymelt by setting
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 t:he cooling

and solidifying step, on the other hand, it is desir:ed to Cool

: ! T~
.\

the resulting fine particulate droplets at as low a temperature

as possible so that the droplets are cooled and sdlidified
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without gathering together. For example, the temperature of

the non—-dissolving medium may be set at about 80°C to 200°%C,
preferably about 100°C to 160°C in the droplet-forming step of
the colored resin, and at about -10°C to 207, preferably about

0°C to 10°C in the solidifying step.

Upon formation of the colored resin into droplets;
addition of colloidal silica, an inorganic salt, a high-
molecular protective colloid or the liks as an antiegath'eq:ing
agent into the non-dissolving medium 1is preferredjfor
preventing the resulting droplets from Qathering together.
The colored fine particles so formed are collected by filtration,
washed and then dried. Ifl coarse particles or aqglomerated fine
particles are formed, it is also preferred to crush themby using
a crushing or grinding machine in the course of the production
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
and the like will also be commonly applied to processes to be
elescribed: subsequently herein. The melting of the colored
resin may be effected under either environmental pressure or
elevated pressure. .

The,non—dissolving,medium employed 1in each_qf the

above-described processes is a poor solvent or a non-solvent
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ligquid, which practically does not dissolve the colored resin.
Described specifically, particularly prefetred eXamples of
liquid media can include glycols such as ethylene glycol,
propylene glycol, diethylene glycol, dipropylene glycol,
polyethylene glycol and polypropylene glycol; derivatives of
these gly:cols, such as their mono and dialkyl ethers, their mono
or dicarboxylic acid esters, and their monoalkyl ether
monocarboxylic aclid esters; glycerin, diglycerin and
polyglycerins; silicone oils; mineral terpene, kerosine, and
1lluminating kerosine, and hydrocarbon solvents aﬁailable
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 .
vegetable oils; 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, end alr cooled by mixing oas cooled
with liquid nitrogen or dry 1ice. .

The above-described individual processes will
hereinafter-be described 1n detail.

The “emulsion—dependent, fine—particle-forming :
process” (1) includes embodiments as will be described[neXt.'f

(a) A colored resin in a molten state is dispersed in the
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form of droplet-shaped fine particles in a non-dissolving

ligquid medium under high-speed stirring of‘with impact?or
impulsive force, followed by coolling and solidifi{:ation into
fine particles. Accordihg to this process, strong shearing
stress 1s applied to break and disperse the colored resin. As
equipment, a conventiohally used emulsifier such as a high-
speed agitation emulsifier, a high-pressure impact é‘mulsiftier,
a pressure-resistant high-speed agitator or an extruder can be
mentioned.

The fotational speed of agitating blades in:these\
equipment varies dependilng upon the particle size réquired for
the colored fine particles to be obtaingad, the melt viscosity
of the colored resin, the viscosity of the non~dissol\fing liquid
medium, and the like, and therefore, cannot be'specified in a

wholesale manner. It is hence necessary to conduct a

preliminary i1nvestigation beforehand. For example, when the
particle size required for the colored fine particles is in the

range of from 7 pmto 10 uym, it is preferred to set the rotational

speed at about 6,000 to 20.;000 rpm, preferably'at about 7,000
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. L
(b) A colored resin in a molten state is injected into

a non-dissolving medium through small openings of a porous or
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multi-openingmaterial to disperse the colored resin in the form
of droplet-shaped fine particles, followed.by cooling and
solidification. Usable examples of the porous or multi-
opening material include a varlety of porous or mulfci-—opening
sheets, each of which 1s provided with openings small eriough
to prepare fine particles of desired partiele -size. "As the
physical properties, etrength and chemical fastness of the
material of the porous or multi-opening sheet, it izs required
for the material that, when heated under environmental pressure
or elevated pressure upon production, it does notfundergo
deformation or.breakage and remains chemicaily stable and inert
with the used non-dissolving liquid medium or the fused, colored
resin. Speeific examples can include a perforated sheet of
stalnless steel, a perfo\rated sheet of brass, a stainéless steel
net, a brass net, a porous glass film, a shirasu porous glass,
and a porous ceramic.

No barticular limitation is imposed on the size of the
openings of_the porous or multi-opening sheet, and the size of
1ts openings varies depending upon the melt viscosity and:
injection speed of the colored resin and the viscosity of the
hon-dissolving liquid medium. As the droplet particfl'es 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 smal'ler '

than the particle size required for the eolored fine particles
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1s used. For the example, the openings approximately have a
size as small as from 1/2 to 1/5, preferab‘lvy from 1/3 to 1/4
of the particle size of the colored fine particles to be obtained.
Assuming that the average particles size of colored fine
5 particles to be obtalined is in the range of from 7 to 10; um,
a dlameter of from approximately 1.5 to 2 ym is desired. Uein_g
the above-described process (a) in combination, a high-speed
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 disbersion in
advance by using a high-speed agitation emulsifier er 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 ligquid medium (water), .the W/0 di'spersion 1s
converted 1nto a reversed phase such that the dropiet-~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/O
- emulsion iszfirst prepared, and water 1is fed further_to.the
emulsion to convert the W/O emulsion into an O/.W emnlsion.
Examples of equipment for use in this process can inclqde the
‘high-speed agitation‘emulsifier, the extruder and‘the like,yf

25 which were described above under (a).
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The “dispersed-cooling, fine-particle-forming process”
(2) includes embodiments as will be described next.

- (a) Using an injector similar to an injection unit of a
head of a hot melt ink-jet printer, a colored resin in a molten
state 1is inﬁected through a nozzle under action of a pressﬁre,
electrical:force,magnetic force or gas generation such that
sub-divided droplets are injected into a cooled non-—dissolving
medium. The droplets are hence solidified into fine particles.
In this process, a nozzle head making use of pulsation, for
example, under the 'actio'n of a piezoelectric element is used.
As the cooled non-disSolving medium, alr, nitrogen gas, cold
gas from dry ice, or the abdve—described\non—dissolving liquid
medium, or the like can be used.

(b) A production system similar to a spray ¢ooling
granulation system\is used. dAccording to this process, a
colored resin in a molten state is fed to a spray nozzle of the

rotating di:sk,' pressure nozzle or two-fluid nozzle type. The

fused, colored resin is dispersed or sprayed into a cooled,

non—dissdlving medium either directly or after erpletsfare
caused td hit the disk rotating at a high speed, and thé
&dropletwshapedfine 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.

In the above-described “emulsion-dependent, fine-
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particle-forming process” and “dispersedwcooling; fine-
particle-forming process”, a high boiling—pb-int sQIVent having
miscibility with the non-dissolving liquid medium c'an be added
to lower the viscosity of the colored resin 1n the molten étate
or tomake the droplets sxﬁaller . Thehighboiling-point solvent
can be either a solvent capable of dissolving the colored resin
or a solvent incapable of dissolving the colored resin. The
use of the;non—dissolving liguid medium in the process (1)
results in\multi—stage emulsification.

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
moliten droplet of the colored resin in the non—dissolying m-eédium,
each molten droplet takes a spherical or prolate:spheroidal
shape and its particle size can also be controlled by setting
conditlons in advance.and in the course of the production.
Comparéd-with colored fine particles of irregular shapes
obtained by crush granulation as conventional art, the colored
fine part-ic'les obtained by the process of the present :invention,
therefore, have superior electrical properties such as
chargeability in applications such as developers for
electrophotography and powder coatings or super;ior properties
in applications such as imag‘\e recording materials and paints.

Usable as the thermally fusible resin for use in thé {J

present 1invention are condensation polymerization resins,
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addition polymerization resins and mixtures thereof, all of
which have conventionally been used iﬂ sueh various
applications as described above. Especially, condensation
polymerization resins having hydrocarbon rings are very
preferred because, even if they have relatively low molecular
welghts, they show high glass transition points owing to the
crystalinity aVailable from the hydrocarbon rings-and have low

melt viscosities for their relatively low molecular weights.

Examples of the above-described condensation
polymerization resins - the glass transition pointe and melt
viscositlies of which are high and low, respectively - can
include especially polyester resilns, epoxXy resins -and the like,
each which contains hydrocarbon rings, for example, aromatic
rings such es benzene rings or naphthalene rings or alicyclic
rings such es cyclohexane rings. Polyester 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
or alicyclic rings are (C,-C,)alkylene oxide adducts of
Eisphenols euch.as bisphenol A; bisphencl F and.biephenol S,
and their hydrOgenation products; p-xvlene glycol{
bis(hydroXyethoxy)benzene; l,4-cyclohexanediol; 1,4- .

cyclohexanedimethanol.

- Illustrative of the dicarboxylic acid having one or more
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aromatic rings or alicyclic rings are terephthalic acid,
1sophthalic acid, 1,4~cyclohexanedicarboxyiic acid,
cyclohexene-1,2-dicarboxylic acid, and methylnadic acid; and
their lower alkyl esters, acid halides, and acid anhydrides.

Examples of the alicyclic dicarboxylic acid usable
Cogether with these diols, each of which has one or more arordatic
rings or alicyclic rings,' can includemaleic acid, fumaric acid,
adlpic acld, sebasic acild and azelaic acid. .Examples of the
aliphatic diol usable together with these dicarboxylic acids,
each of which has one or Iﬁore aromatic rings or alicyclic rings,
can include ethylehe glycol, propylene giycol, butylén‘e glycol,
hexylene glycol, neopentyl glycol, diethylene glyéol, and
dipropylene glycol. .

Each bf these polyester resins each of which has one or
more aromatic rings or alicyclic rings has a glass transition
point of about 50C or higher, particularly preferably of from
50C to 65°C, a softening point of from about 100°C to ISO%L
preferably from 100 to 130°%C, has sharp melt property of a narrow
melting temperature width, and is solid at room temperature.
The preferred weight average molecular weight of the resin 1s
krom about i,OOO to 50,000, preferably°from.3,000 to lO,QOO.

Examples of the epoxy resin can include polyglycidyl—
ether—typé epoxy resins of bisphenols such as bisphenol A,
bisphenol F and bisphenolt--S; and their ester derivati-ves:. The -

preferred weight average molecular weight of the ep'oxy resin
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is from about 1,000 to 50, 000, preferably from 3,000 to 10, 000. '

Illustrative of the addition polymeriazationresins are
(co)polymers each of which has a high glass-—transition point
and a relatively low molecular weight. Illustrative are
styrene—~ (meth)acrylate copolymers, styrene—maleaté
copolymers, methacrylate. cbpolymers, methacrylate—-acrylate
copolymers, and styrene—butadiene copolymers. Usable as the-se
addition polymerization resins are copolymers, whiCh are used
in the cpushing-classification process for the production of
conventional dry developers and are relatively low ',in average
molecular weight. Incidentally, conventional spherical dry
developers making use of addlition polymerization fesinstcan
include so-called bolymerization process toners which are
obtained using suspension polymerization. Because of
characteristics of suspénsion polymerization, however, the
resulting addition polymerization resins ha\}e higher molecﬁlar
weights.

In the above-described processes of the present invenﬁion
for the pfoduction of coloréd fine particles, it is'import‘:ant
that the colored resin melts ahd has a molten viscéus state,
in other words, a melt viscosity suited for its fine-
part.icle-—forming process. Although the melt viscosity of "the |
colored resin and that of the resin used for the preparation
of the coloréd resin vary.in data depending upon the m\ea'sur;iﬁg: .

me.thod, eachmelt viscosity referred to in the present ?invention
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is a melt viscosity (Pa-'s) as measured-Under theifollowing
measuring conditilions by using “Capillograpﬁ 1C” (trade name;
manufactured by Toyo Seikl Seisaku-Sho, Ltd.).deSigned and
manufactured in accordance with the “Testing Method of Flow
Characteristics of Thermoplastic Plastics by Capiilary
Rheometer” (JIS K7199) 1n which melt characteristics of a

thermally fusible resin are measured by allowling the resin to

flow down through a capillary.
Capillary: 1.0 mm 1n diameter (D), 10.0mm in length
(L), L/D = 10.
Barrel: 9.55 mmiﬁ diameter.

Retention time: 3 minutes.

A relationship between piston speeds and thc-

corresponding shear rates in the “Capillograph 1C” 1s presented

in Table 1.

Table 1

Relationship between Piston Speed and Shear Rate in Viscometer

Piston speed Shear rate f Piston 'speed
(mm/min) ; (mm/min)
10 - E 100
20 ? 200

50 500

Monomers, welght averadge molecular weight (Mw) as

meas-_ured by GPC and converted based on that of polystyrene, and
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thermal properties (glass transition points Tg and melting
points Tm) of thermally fusible polystyrene \fesins _(R--l to R-6)
as examplés of resins usable in dry developers for

electrophofography'in thejpresent invention are presented in

O Table 2.
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Table 2 Compositions and Properties of Resins

Monomer components of resin Properties of resin

Dicarboxylic acid
oonODmsﬁ

100
100
R—3 amwmvwnwmwpo _
acid/fumaric acid 92
R-5 Fumaric acid 104
| Telephthalic acid 115
(Note) BPA-EO: Bisphenol A-ethylene oxide adduct
BPA-PO: Bisphenol A-propylene oxide adduct
CHDM: Cylohexanedimethanol
Mw: Weight average molecular weight
Tg: Glass transition point measured by a differential scanning calorimeter

Tm: Melting point measured by a differential scanning calorimeter
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To: investi§ate thé. relationship between the ::omposition
of each resin and its physical properties and \fusing temperature,
the melt viscosities of the above-described 'thermally fusible
polyester resiné (R-1 to R-6) at 120%C fo 160°C were measured.

The results are presented below in Table 3.
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From the measurement data described above, lt has been
found that 1t 1s the temperature conditiou‘that affects most
significantly the melt viscosity of a resin, that at a low
temperature close to a loWer limit of t-he fusing temperature,
the melt has a high viscosity and exhibits extraordinary
viscosity properties, and that a temperature -highet than such

a low temperature 1s needed to impart normal melt;viscosity.

It has also been found that the melt viscosity dreps
substantially and stabilizes as the fusing temperature is
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 iu softening point is low 1n viscosity and stabilizes at
lower temperatures. At high temperatures, glass transition
polnt considerably af-fect-s the viscosity. Aresin high in glass
transition point requires a higher temperature to lower its melt
viscoslity.

Further, the melt viscosity of a colored resin at a given'
temperature 1s dependent significantly;on the melt viscosity
ef 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 1like. The value of melt viscosity,

therefore, varies from one colored resin to another.

Accordingly,ﬁ upon forming a colored resin into fine particles,
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the colored resin is prepared, and by the above-described
“Capillograph 1C”, its melt wviscosity .is ﬁeasured_at Varied
fusing temperatures and piston speeds. Themelt vis-{cosityn also
differs depending upon the fine-particle~-forming procéss, and
cannot be specified in a wholesale manner. It is, however,
preferred to set the fusing temperature such that the melt
viscoslity falls within a viscosity range of from about 1 to 300
Pa-s, preferably from1l to 100 Pa-s, and to form the fuaed colored
resin into fine rarticles under the thus-set temperature .
condition in accordanee-with the above-described procedare.
The temperature conditioh may range, for example frorﬁ a'bout‘ 80°C
to 180°C, with a range of from 90°C to 160°C being preferred.
The colored resin 1s produced by adding the co'lorant and
the like to the above-described resin, and no particular
limitation is imposed on its production process. For example,
the color resin can be produced as proposed 1n 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 colora'nt
and the like with the molten resin in the extruder.
* Especially when the resin 1is a resin obtained by a
condensation,polymerization reaction like ajpolyester resin,
a rationalized production process can be used, for example, as

proposed in JP 11-46894 A. According to this process, the

colorant and the like are either dissoclved or dispersed in
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indlividual lstages of synthesis of the resin, that is, into raw
material-components,-thé resin in the courée of the
polymerization reaction, the resin in a molten staté after the
completion of the polymerization, and/or the resiri‘ taken out
in amolten state from a reaction vessel. . If the polymerization
reaction is still on the way, the reaction is allowed to proceed
further to completion. Colored resins obtalned by these
processes can each be formed into fine particles in a non-
dissolving medium by éuch a procedure as described above.

As the process of the present invention for the production
of colored f\ine particles\, 1t is particularly preferred to feed
a polyester resin, which has been obtained by a condensation
polmerization reaction, dire\ctly in a molten staté or in the
form of fine particles into an extruder via an auﬁOmatic
metering device, feeding a colorant and the like into the
extruder {ria their corresponding automatic metering d-evices,
and adding the colorant and the like into the resin. From the
standpoint of production steps, it is most rationgl and
economical to subsequently form the thus-obtained colored resin
into fine particles 1in the above—described non-dissolving
;nediUm.

The colorant and the like for usé in the present invention
can 1nclude, in addition to the col.orant, internal additives

such as a charge control agent, a ferromagnetic material, a wax,

a crosslinking agent, a light stabilizer and an ultraviolet
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absorber. No particular limitations are imposedon their kKinds
and amounts. The colorant may comprise one ;or more colorants
selected from oil-soluble dyes of chromatic or black colors,
dispersible dyee, organic pigments, carbon.black,pigment'and
inorganic pigments, fine ferromagnetic materials,:and wnite
organic pigments and inorganic pigments. IExamplee of the
colorant can 1nclude orgenic plgments such as azo pigments, high
molecular weight azo pigments, azomethine-containing azo
pigments, azomethine pigments, anthraquinone pigments,
phthalocyanine pigments, perynone/perylene pigments,
indigo/thioindigojpigments,dioxazinejpigments, quinacridone
pigments, isoindolinone pigments, isoindoline pigments,\
diketopyrrolopryrrole pigments, quinophthelone pigments,
metal complex pigments, and aniline black; and inorganie
pigments such as iron oxide pigments, composite oxidepigments,
and titanium oxide pigments.

ITllustrative of the charge control agent as an internal
additive to developers~for electrophotography‘are‘salicylic
acid-metal complexes, azo dye-metal complexes, and cationic
compounds. Illustrative of the ferromagnetic material are
conventionally-known fine ferromagnetic materials such as
black, brown or reddish brown magnetic iron oxides and magnetic
metals. Examples of the wax can inclnde conventionally+known
waxes, for example, highfatty acld esters suchasstearyi

palmitate, stearyl stearate, behenyl behenate, behenyl
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stearate, Stearyl behenate, and hydroxystearic acid glyceride;
paraffin waxes; polyéthylene oligomers, ethylene copolymer
oligomers, and propylene oligomers. Interﬁal additives usable
in applications such as powder coatings can include, {for example,
crosslinkipg agents, light stabilizers, ultraviolet absofbers
and fluidizing agents.

When the colored resin 1is used for the production of a
dry’developer, a charge control agent, a fluidiziﬁg ageﬁt, a
wax and/or a ferromagnetic material are added, as neéded, along
with a colorant. The contents of the colorant and internal
additives, such as the charge control agent, 1in the resin are
similar to the corresponding contents irn the develdpers khown
to date. When the colorant is a pigment, for ex_arﬁple, the
content df the.pigment may range from about 1 to 20 wt.%,
preferabiyifrom.about 2 to 8 wt.% based on the resin. The
content of é charge control agent, on the other hand,:i may range
from about 1l Lo 10 wt.%, preferably from about 2 to 6 wt.$ bésed
on the resin. The content of a {vax, on the other hand, may range
from about 3 to 20%, with a range of from about 5 to; 15% belng
preferred, both based on the resin.

The colorant and internal additives such as the charge
control agerit, which are added to the resin as described abo\ve,

can also be used as high-concentration products (master

batches). For example, it is also very preferred to use the |

colorant or charge control agent iri the form of a master batch
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with the- colorant or c_hérge control agent -finely dﬁissolvﬁed or
dispersed'in the polyester resin or a resiﬁ readily“mis¢ible
with the resin, that 1s, 1n the form.of a high~concentration
pigment—-resin compOSition or a high—concentration charge
control 'agent—resin'composition. The content of tzhe colorant
or the like in the:mastér\batch:may range from about 10 to 70
wt.%, preferably from about 20 to 50 wt.%.

As the resin for use in the present invention has a low
melt viscosity, a dry developer, powder coating or the like
which 1s obtained using-the colored fine particles exhibits
superb properties such as excellent fixability, color-
developing' property, vividness and coat smoothness when 1mages
or coatihgs are formed on base materials such as paper sheets,
films, metal sheets or plates of iron, alumlinum orimagnesimn,
or molded products.

The colored fine particles according to thé present
invention are useful in conventionally-known coloring -
applications in which cblored fine particles are used. ,As'
mentioned above, they can be used as a colcrant in dry developers
for electrophotography, image recording materials such as
ink-jet printing inks, printing inks, electrostatic powder
coatings, fluidized bed powder ceoatings, and slurry\paste
palints; and can alsé be used for coloring articles with such
productszby methods such.as image recording, printing aﬁd

coatiling.
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The present inventionwill next be described s.peci fically
based on Examples, in which all designatidns of “parts” or
“part” and “%” are on a weight basis.

Example 1

[1] Production of high-concentration products _(master batches)

of pigment and charge control agent

Master batches of pigments and a charge control agent were
each prepared by provisionally mixing fine particles (70 parts)
of a polYester resin.(Resin R-1), which had been bbtained.by
the below-described process, and the corresponding one(é) of
the below-describéd_pigments, pigment derivatives and charge
control agent in a high—'speed mixer, suf'ficient\ly kneading the
resulting mass in a twin-screw extruder, cooling the resulting
pellets, and then coarsely grinding the thus-cooled pel1ets.

Resin R-1 used as described above was a polyester resin
of the bisphenol A type, which had been obtailned byjsubjec'ting
terephthalic acid and a propylene oxide adduct of bisphenol A
(hydroxyl value: 321) to condensation polymerization at amolar
ratio of 1:1 in the presence of tetrabutyl titanéte as a-
condensing catalyst. The properties of the resin are shown
above in Table 2, and themelt viscosities of the resin at varied
fusing temperatures are presented above 1n Table 3.

Inqidentally, the~pigments, pigment derivativeg and

charge control agent used in the above procedure were as

follows:
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- Yellow pigment: A mixture of C.I. Pigment Yellow 128 (27

parts) and phthalimidomethylated disanthraduinonyl—

monophenylamino-s-triazine (3 parts).

- Red pigment: A‘mixture of C.I. Piginent Red 122 (27 pérts)
and phthalimidomethylated dimethylquinacridone (3 parts).

- Blue pigment: Amixtur-e of C.I. Pigment Blue 15:3 (27

parts) and phthalimidometlhylated copper 'phthalocyanine (3

parts) .

- Black pigment: A mixture of C.I. Pigment Black 6 (27

parts) and phthalimidomethylated copper phthalocyanine (3

parts) .

- Charge control agent: Negative charge control agent of
the Chromium complex type (30 parts).
[2]\Prodﬁction of colored resins

The feed rate of a.resin at an automatic metering device

of a twin-s¢rew extruder and the feed rate of one o_f%the master
batches at an autométic metering unit of a side feeder arranged
at an intermediate part of a cylinder of the extruder were set
beforehand to give the prbportions shown below in Table 4. . The
polyester resin (Resin R-1) was fed into a hopper of thé
twin--screw molder Via_ the automatic metering devicé, while a
crushed powder of the one‘ of the master batches was
automatically met;er'ed and fed by the automatic metérir;g unit
and was then injected and added into the cylinder of thé ex‘trujdér..";"‘

Within the extruder, the crushed powder was kneaded with the
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polyester resin which had been brought into amolten state. The
colored resin was then discharged in the form of aé thin film,

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

o e — e — i W S S -

Colored resin

- —_ e Rt

Yellow Red Blue

- . — e ——-

76.7 12.4 718 .3

Formulation (parts)

" Resin R-1

Blue master batch _ o . - . 12 .4
Black master batch .\ I | —
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Melt viscosities of the thus—-obtained, respective
colored-résins of yellow, ied, blue and biéck~colors afe
presented below in Table 5. The piston speeds in thé table.. were
piston speeds in a viscometer (“Capillograph 1C”). The coiored
resins were not sufficie'ntly lowered in melt viéco’sity at 130°C,

and showed stable low viscosities at approximately 140C to

150°C.
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Table 5

Relationship between Fusing Temperatures
“and Melt Viscosities of Colored Resin

Colored
resin

. S—— e s e

1307C | 140°C | 150C

- 85 | 40 19
i

Red resin p— -

| 200 37 -
500 3 -
50 360 -

Blue resin.

!

Black resinz

[3] Production of colored fine particles (developérs for
electrophotography) (“emulsion~dependent, fine-
particlé-forming process”)

(1) Blue developer for electrophotography
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Ethylene'glycol was chosen as a non-dissol?ing liquid
medium for forming the blue resinlintoparticles. In view of
the measurement results of melt viscosities of the: blue resin
at varied fusing temperatures presented in Table 5, the
temperature of ethylene glycol as the liquid medium was set at
150°C. Into a stainless steel vessel fitted with a:- heatef and
an agitator, ethylene glycol (300 parts) and a 20% \gdisper_sion
(100 parts) of silica in ethylene glycol were charged. - The
contents were agitated to disperse the silica. : '

Into the dispersion, blue resin flakes (500 parts) which
had been obtalned as described above was added. After Ehe
resulting mixture was agitated to ’disperse the blue resin, the
resulting dispersion was heated to about 150°C so thet the blue
resin flakes was caused te melt. On the side, ethylene glycol
(100 parts) and a 20% dispersion (100 parts) of silica in
ethylene glycol were charged into a stainless steel vessel
fitted with a heater and a high-speed agitator, fellowed by
heeting to 150%:to;provide an outer bath. N

Through a porous glass plate the ave-rage openihg size'Of '
which wasi2.7 um, the abeve—prepared dispersion of\the fused
blue resin in ethylene glycol was injected under preésure into
the outer batch maintained under agitation at high epeed. By
the porousﬁ glass plete, the fused blue resin was dispersed in
the form of droplet—shaped.fineparticles. While continuieg

the high-speed agitation of the outer bath, the pregress of
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formation into fine particles was observed periodically under
a microscope. After confirming that most f:'rne particles: fell
in the partic_le size range of from 5 to 10 um, the;- outer bath
was cooled. After the temperature of the outer bzatch was
lowered to room temperature, solidified fine blue particles
were colleéted by _filtration, thoroughly washed with water, and
then dried to obtain uniform fine blue particles of the présent
invention 1in a Spherical form h\aving an average particle size
of about 8 um.

To the fine particles, colloidal silica wasiadded as a
fluidizihg agent 1n a manner known per se in the art, followed
by the mixing with'mag'netic iroh powder as a carrier to afford
a blue developer for electrophotography. Using the blué
developer, copying was performed by a copying machine fér
negativel.y'—charging two-—'-component color development. As a
result, a vivid blue image was obtalned.

(2) Red, vellow and bléck dry developers for el-ectrophotography

Following the above-described fine-particle-forming
process for the blue resin, uniform fine spherical particles
of thé red, S/ellow and black resins were obtained, sé_paratefly.
bry developers of those colors for electrophotography were
prepared in a simila_r rﬁanner as described above. S;eparat:ely
using those dry developers, copying was performed by -tk;e cqapying
machine for negatively-charging two-component color | o

development. As a result,. vivid images of red, yellow andblack
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colors were obtained, respectively.

Using the blue dry develeper for eleetrophotography
obtained above in the procedure (1) and the above-described red,
yellow andblack developers for electrophotography, copying was
performed by the'copyingmachine for negatively~charging
two—component color deﬁelopment. As a result, a vivid

full-color image of the four colors was obtained.

In a similar manner as in the above-described procedures

[1] to [3] except that Resin R-1 in the formulation shown 1n

Table 4 were feplaced by Reeins R-2 te R-6, respectgively,% dry

developer for electrophotography mlaking\use of the colored fine

particles of the four colors were prepared. Full-color copj;ing

was performed in a siﬁilar manner as described above. As a

result, a vivid full-color image of the four colors was

obtalined. .

Example 2

(1] Production of colored fine particles (dry developers for
electrophotography) (“dispersed-cooling, fine-particle~ ,
forming procees”)

Provided was a molten—-resin 1njecting, fine—particle-
forming apparatus on which a heated injection head:of the
on-demand type making use of a piezoelectrie element in a
similar way as in an injectionunit of a head of a hot mel't' ink-jet
printer was mounted. Theinjection temperature of the heafed |

injection head was set at 150°C. The molten-resin injecting,
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fine—parti;cle--forming a'pparatus was also set in such a way that
cold air cooled to.'5\°C would be caused to flow es a cool ing medium
countercurrently against injected colored fine particles.

One of the colored resins of the yellow, red, blue and
black colors, which had been obtained in Example 1[2], was
heated to 150C and fil-_led in the injection unit of the
fine-particle-forming apparatus. While applying afvoltage to
drive the piezoelectric e‘lemeht, the colored resin was
continuously injected and dispersed. In this manner, uniform
colored fine particles of the yellow, red, blue and biack colors
were separatelyobtained in a spherical form of approximately
7 um in everage particle size. Colloidal silica wa:s added as
a fluidizing agent to the colored fine particles of the
individual colors, respectively, in a manner known per se in
the art, followed by the mixing of magnetic iron. powder as a
carrier to prepare dry developers.

Using the developers as dry developers for eiectror
photography; copylng was performed by the copying mechine .\for
negatively-charging two-;component full-color development. ' As
a result, \vi'-vid images of yellow, red, blue and blaok 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 man—nerias

described above except that Resins R-2 to R-6 presented iﬁ‘Table

2 were used in place of Resin R-1 employed in Example'l[ZJ.
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Using thb.s_e developers, copying was performed by thé_ copying
machine for negatively-charging two--compohént full-color
developmént. As aresult, vivid single%:—olor images and a vivid
full-color image of the four colors were obtalned. -
Example 3
[1] Productioh-of colored resins

In a similar manner as in the production of colored re:.sins
in Example 1[2], c'olored:_'resins with waxes of yellow, red, blue
and black colors contained therein, respectively, wefe produced
by adding‘components in accordance with the formulations of the
correspoﬁdi’ng colors for: the production of the colored resins
presented in Table 4 of Example 1[2] except that behenyl
behenate as a highér fatty acid ester was added in piacé of
10-part portions of Resin R-1 in the individual formulations
and fully miied with the remaining portions of Resin R-1, namély,
66.7 parts of Resin R-1 in the case of the yellow resin, 62.4
parts of Res\in 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. .
[2] Production of colored fine particles (dry developers for
‘ electrophotography) (“dispersed-cooling, fine-particie-

forming process”)

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

black colors; whic;h had been obtained in the above pro‘cedu're

[1], was heated to 150C and filled in the in7 e,ction unit of
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the fine~particle-forming apparatus employed 1n Ex;ample 2[1] .
While applying a voltage to drive thejpiezoelectricelement,
the colored resin was continuously injected and'dispersed. In
this manper,'uniform colored fine particles conteining~the
vellow, fed, blue and black waxes, respectively, were
sep.arately'obtained in a spherical form of approxixhatelyi'? um
1n average particle size. Colloidal silica was'added as a
fluidizing egent to the colored fine particles of the z,indivipiual
colors, reepectively, in a manner knowh,per se 1in the art,
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 wasperformed by the copying machine for
negatively-charging two-component full--celor development. : As
a result, vivid images of yellow, red, blue and black colors
and a vivid full-color lmage of the four colors were obtained.

Further, colored fine particles (developers for
electrophotography) were also produced in a similar '_manner: as
described abeve except that Resins R-2 to R-6 presented in Table
2 were usedin place of Resin R-1 employed 1in Example 1{2]).
Using those developers, copying was perfermed.by the copying
machine fo? negatiVely-charging two~component full~color;
deveiopment . Asa result, vividsingle-color images aed a: viv#d

full-color image of the four colors were obtained.
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CLAIMS:

1. A process for producing a colored fine particulate

resin, which comprises the following steps:

bringing a colored resin, which comprises a thermally
fusible resin and a colorant evenly distributed in said

thermally fusible resin, into a molten state;

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

cooling and solidifying said droplet-shaped fine
particles.
2. A process according to claim 1, wherein said colored

resin has amelt viscosity of from 1l to 500 Pa*s at a temperature

of from 80C to 180<C.

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 160°C.

4. A process according to claim.1l, wherein in said

forming step of said droplet-shaped fine particles, said -

non-dissolving medium is set at a temperature of from 80°C to

-

200C; and said cooling and solidifying step 1s conducted at

a temperature of from -10 to 20°%C.

S>. A process according to claim 1, wherein in said

forming step of said droplet-shaped fine particles, said |

non-dissolving medium is set at a temperature of from 100°C to
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160°C; and said cooling and solidifying step is conducted at

a temperature of from 0 to 10C.

6. A process according to claim 1, wherein said colored
resin in sald molten state 1s dispersed 1n an emulsified form
in a non-dissolving liquid medium.

7. A process according to claim 1, wherein said colored

resin in sald molten state is formed by injecting, dispersing
or spraying 'the same into a non-dissolving 1iquid Or gaseous
medium.

8. Aprocess according toclaiml, wherein said thermally
fusible resin 1is a polyester resin having aromatic rings or
alicyclic rings, or an epoxy resin having aromatié rings or
alicyclic rings.

9. Aprocess according toclaiml, wherein said thermally
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 50%TC.

10. Aprocess according toclaim 9, wherein said polyeSter
resin has a weight average molecular weight of from.l,OOO'to
50, 000.

. 11. Aprocess according toclaiml, wherein said thermally

fusible resin 1s an epoxy resin of a bisphenol polyglycidyl

ether type,'or an ester derivative thereof. :
12. A process according to claim 11, wherein said epoxXy

resin or said ester derivative thereof has a weight average
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| molécular weight of from 1,000 to 50,000.

13. A process according to claim 1, whéi”ein said colorant
is at least one colorant selected from the group consisting of
a yvellow 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. Pigmenthed 122 and phthalimidomethylated
dimethquuinacridone, a blue pigment: a 27:3 by weight parts

mixture of C.I. Pigment Blue 15:3 and phthalimidomethylated

10 copper phthalocyanine, and a black pigment: a 27:3 by weight

parts mixture of C.I. Pigment Black 6 and 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 1s 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.
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