
EP 0 357 376 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention This invention relates to coloring fine particles and toners for
developing electrostatic images using said particles. More specifically, it
relates to coloring fine particles wherein a coloring agent is uniformly
dispersed throughout and the particle surface is modified, so rendering the
particles suitable for use as toners, paints, 10  inks, resinous coloring
materials and the like, and whereby the use of said coloring fine particles
as toners in laser printers, liquid crystal printers and other printing
devices to develop an electrostatic image permits a clear image to be
obtained. Description of the Prior Art 15 In electronic photography, a
latent electrical image Is formed on a photosensitive support comprising a
photoconducting material such as selenium, lead oxide or cadmium sulfide,
developed by a powder developer, transferred to paper or another support,
and then fixed. In the prior art, the toners used for developing
electrostatic images were generally manufactured by adding 20  coloring
agents and other additives (charge control agents, offset inhibitors and
lubricants, etc.) to a thermo- plastic resin, melting the mixture to
disperse these agents in the resin, microgrinding the solid obtained, and
classifying the resulting particles so as to obtain coloring fine particles
with the desired particle diameter. There were, however, several
disadvantages associated with the manufacture of toner by this grinding
method. Firstly, the method necessarily involved a large number of
processes including manufacture of the 25  resin, kneading the resin
together with coloring agents and other additives, grinding the solid
obtained, and classifying the ground particles to obtain coloring fine
particles with the desired particle diameter. A consider- able amount of
equipment was consequently Involved, and the toner manufactured by this
method was nec- essarily expensive. In particular, the classification
process was an essential step to obtain toner with the op- timum range of
particle diameters to produce a clear image with very little fogging, but
there were problems 30  as regards productivity and yield. Secondly, in the
kneading process, it was extremely difficult to distribute the coloring
agent and other additives uniformly in the resin. As a result, the coloring
agent and charge control agents were poorly distributed In the toner, the
frictional charge of individual particles was different, and the degree of
resolution of the resulting image was poor. Moreover, there is a tendency
to wake toner particles smalleras this Is a necessary condition to achieve
higherquality images, so such problems are liable to worsen 35  in future.
There is a limit to the ability of present grinding machines to produce
toners with small particles, but even if small particles can be obtained,
the coloring agents and charge control agents are poorly distributed so
there is considerable scattering of the electrostatic charge. In order to
resolve these various problems associated with toners produced by grinding
methods, other methods of manufacturing toners have been proposed such as
emulsification polymerization and suspension 40  polymerization (Patent
Publications Nos. SHO 36(1961)-10231, SHO 43(1968)-10799, SHO
47(1972)-518305, and SHO 51(1976)-14895). In one such method, coloring
materials such as carbon black and other additives are added to a
polymerizable monomer, and emulsification or suspension polymerization is
carried out so as to synthesize a toner containing coloring material in one
step. This provides a considerable improvement on conventional grinding
methods, and as no grinding process is involved whatsoever, there is no
need to improve 45  the brittleness of the product Moreover, as the
particles formed are spheroidal, they have excellent fluidity and their
frictional charge is uniform. 



There are, however, some problems even with the manufacture of toners by
polymerization. Firstly, as the hydrophilic substances such as dispersing
agents and surfactants used in the polymerization, cannot be com- pletely
removed even by washing and remain on the surface of the toner, the
electrostatic properties of the 50  toner are easily affected by the
environment. Secondly, as the toner particles obtained by polymerization
are spheroidal and have a very smooth surface, toner which adheres to the
photosensitive support is difficult to remove and cleaning is ineffective.
Various methods have been proposed to resolve these problems, for example
as disclosed in Japanese Patent Laid-Open Nos. SHO 61(1986)-255354, SHO
53(1978)-17736, SHO 63(1988)-17460, and SHO 55  61(1986)-167956,
buteithertheywere not completely effective orthey led to increased cost.
JP-A-60-21055 discloses the features of the preamble of Claim 1. An object
of the present invention is, therefore, to provide a new type of coloring
fine particles, a method for manufacturing them, and a toner for developing
electrostatic images using these particles. 2    EP 0 357 376 B1 Another
object of the present invention is to provide coloring particles wherein a
coloring agent is uniformly distributed throughout and the particle surface
Is modified, a method for manufacturing the particles, and a toner using
the particles for developing a clear, electrostatic image. According to the
present invention a method for manufacturing fine colouring particles is
characterised by 5   the features of the characterising portion of Claim 1.
SUMMARY OF THE INVENTION The objects of the present invention are achieved
by coloring fine particles, produced by heating spheroidal 10  coloring
fine particles obtained by suspension polymerization with an average
particle diameter of 1 to 100 [err] toatemperatureof 30 to 200[err]C,
thereby causing the particles tofuse together in a blockwithoutcompletely
destroying the particle interfaces, and then crushing the block to a
substantially the same average particle diameter of the spheroidal coloring
particle before melting. The objects ofthe present invention are achieved
also by a method of manufacturing coloring fine particles, 15  produced by
heating spheroidal coloring fine particles obtained by suspension
polymerization with an average particle diameterof 1 to 100 [err] to a
temperature of 30[err to200[err]C, thereby causing the particles to fuse
together in a block without completely destroying the particle interfaces,
and then crushing the block to a substantially the same average particle
diameter of the spheroidal coloring particle before melting. The objects of
the present invention are achieved also bya tonerfordeveloping
electrostatic images using 20  coloring fine particles, produced by heating
spheroidal fine coloring particles obtained by suspension polymer- ization
with an average particle diameter of 1 to 100 [err] to a temperature of
30[err] to 200[err]C, thereby causing the particles to fuse together in a
block without completely destroying the particle interfaces, and then
crushing the block to a substantially the same average particle diameter of
the spheroidal coloring particle. The coloring fine particles of this
invention are produced by heating, under certain conditions, the spher- 25
oidal fine particles obtained by suspension polymerization, and then
crushing the product. The shape of the coloring agent thus obtained is not
specifically limited, but for example it is macroscopically spheroidal and
it may be a particle having unevenness on the surface or non-spheroidal
particle. Therefore, the dispersing agent such as polyvinyl alcohol and the
like used in the suspension polymerization is extremely decreased from the 



surface of the particles, and variation of the properties based on the
change of humidity is almost eliminated. 30   Further, after mixing other
fine particles with the spheroidal fine particles, when the mixture thus
obtained is heat treated, the surfactant used in the suspension
polymerization is extremely decreased from the surface of the particles.
The fine coloring particle of this invention are therefore very suitable
for use as a toner for developing electrostatic images, as paints and inks,
and as pigments or property modifiers for resin compo- sitions. 35      The
toner of this invention uses said coloring fine particles, so it has good
cleaning properties compared to the spheroidal coloring fine particles, and
it always provides a high-quality Image without fogging which is unaffected
by humidity under any environmental conditions. The toner for developing
electrostatic images In accordance with the present invention can therefore
be used in a wide range of electronic photographic de- velopers. 40 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is an electron micrograph of the
fractured surface of the block obtained in Example 1. 45  EXPLANATION OF
THE PREFERRED EMBODIMENTS The spheroidal coloring fine particles in this
invention are obtained by suspension polymerization, by known procedures,
of a polymerizable monomer with coloring agents. The spheroidal coloring
particles thus obtained should have an average diameter of 1 to 100 [err],
but preferably of 3 to 50 [err], and more preferably 50  of 3.5 to 20
[err]. This particle diameter is extremely important in order to obtain the
coloring fine particles of this invention after heat treatment and crushing
of the partly fused product. The average diameter of the spher- oidal
polymer particles produced by other polymerization techniques, for example
emulsion polymerization, is normally of the order of 0.1 [err]. After heat
treatment and crushing, the particles have very different shapes and
distributions to the coloring fine particles produced by the method of this
Invention, and even if they are 55   used as a toner, an image of
satisfactory quality cannot be obtained. The following substances may be
used as typical polymerizable monomers in the suspension polymeri- zation.
They may either be used alone, or two or more of them may be used in
combination: styrene type mono- mers such as styrene, o-methylstyrene,
m-methylstyrene, p-methylstyrene, [err]-methylstyrene, p-methoxystyr- 3
EP 0 357 376 B1 ene, p-tert-butylstyrene, p-phenylstyrene, o-chlorostyrene,
m-chlorostyrene and p-chlorostyrene; acrlylic acid ormethacrylic acid type
monomers such as methyl acrylate, ethyl acrylate, n-butyl acrylate,
Isobutyl acrlylate, dodecyl acrylats, stearyl acrylate, 2-ethylhexyl
acrylate, methyl methacrylate, ethyl methacrylate, propyl me- thacrylate,
n-butyl methacrylate, isobutyl methacrylate, n-octyl methacrylate,
2-ethylhexyl methacrylate and 5   stearyl metahorylate; or ethylene,
propylene, butylene, vinyl chloride, vinyl acetate and acrylonitrile. When
said polymerizable monomers are made to undergo suspension polymerization,
it is desirable to add a suitable cross-linking agent because, by
conferring a suitable degree of cross-linking on the spheroidal col- oring
fine particles obtained, workability during the processes from heat
treatment to crushing is improved. If inter-particle fusion proceeds too
far in the heat treatment, the efficiency of the crushing process declines;
if 10  on the other hand the fusion is inadequate, the full effects of
particle surface treatment are not obtained. To ensure that Inter-particle
fusion proceeds to the proper extent, therefore, it is desirable to add
said cross-linking 



agent to the polymerizable monomer in the proportion of 0.001 to 30 parts
by weight, and more preferably in the proportion of 0.002 to 5 parts by
weight. The following substances are typical examples of cross-linking
agents: 15     (A) Compounds with at least 2 unsaturated groups in the
molecule which are capable of polymerization, (B) Compounds with at least 1
unsaturated group in the molecule capable of polymerization, and at least
one functional group chosen from among carboxyl, sulfonyl and phenyl, (C)
Compounds with at least 2 functional groups which can undergo cross-linking
by addition or conden- sation reactions induced by heating, an active
energy beam or other suitable means, 20     (D) Polyvalent metal compounds
which can undergo ionic cross-linking, (E) Compounds wherein, during the
polymerization of the polymerizable monomer component, at least 2 radicals
are generated In the molecule by means of heating, an active energy beam or
other suitable means. Examples of type (A) compounds are aromatic divinyl
compounds such as divinyl benzene, divinyl naph- 25 thalene, and their
derivatives, diethylenically unsaturated carboxylic acid esters such as
ethylene glycol dime- thacrylate, diethylene glycol dimethacrylate,
triethylene glycol dimethacrylate, trimethylolpropane triacrylate, alkyl
methacrylate, t-butyl aminoethyl methacrylate, tetraethylene glycol
dimethacrylate and 1,3-butadiol di- methacrylate; all divinyl compounds
including N,N-divinyl aniline, divinyl ether, divinyl sulfide and divinyl
sul- fonic acid; and all compounds with 3 or more vinyl groups. 30
Other examples are polybutadiene, polyisoprene, unsaturated polyesters and
reactive polymers listed in Patent Publications No. SHO 57(1982)-56,507,
Japanese Patent Laid-Open NQS. SHO 59(1984)-221,304, SHO 59(1984)-221,305,
SHO 59(1984)-221,306 and SHO 59(1984)-221,307. Examples of type (B)
compounds are compounds which, during polymerization of the monomer compo-
nent, confer a cross-linked structure on the spheroidal coloring fine
particles by reacting with reactive groups 35  remaining in the polymer
part of the carbon black graft polymer, e.g. aziridine, oxazoline or epoxy.
In order to the cross-linking reaction proceeds more efficiently, monomers
with functional groups such as aziridine, ox- azoline, epoxy,
N-hydroxyalkylamide and thioepoxy (B-i) may be incorporated in the
polymerizable monomer component. The following are typical example of
monomers (B-i): 40    EP 0 357 376 B1 [err] Example of type (C) compounds
are low molecular weight or high molecular weight compounds with at 25
least 2 epoxy or oxazoline groups in the molecule, e.g. polyepoxy compounds
(Denakol EX-2 11, Denakol EX- 313, Denakol EX-314 and Denakol Ex-321,
Nagase Kasel Kogyo K.K.), 2-(p-phenylene)-bis-2-oxazoline, 2,2'- (1
,3-phenylene) bis (2-oxazoline), 2-(1-aziridinyl)-2-oxazoline, and RPS (Dow
Chemical: reactive polystyrene). RPS has the following general formula: 30
[err] [err] 40 where x is 99, and n is the integer 4 or 5. If type (C)
compounds are used as cross-linking agents, however, 



monomers with groups that can react with the functional groups In the type
(C) compounds (C-i) must be in- cluded in the polymerizable monomer
component. Typical examples of said monomers (C-i) are type (B) com-
pounds. 45      Examples of type (D) compounds are ZnO, [err] sodium
methoxide and sodium ethoxide. If type (D) compounds are used for
cross-linking, however, type (B) compounds must be included in the
polymerizable monomer component Examples of type (E) compounds are
chlorosulfonated polyolefins represented by the formula: 50 [err] 5    EP 0
357 376 B1 where R is H or [err], x is an integer from 3 to 400 and n is an
integer no less than 2. The coloring agents used to obtain the spheroidal
coloring fine particles are dyes and pigments known to those skilled in the
art, and may be either organic or Inorganic. Specific examples are carbon
black, nigrosine dye, aniline blue, Kalco oil blue, chrome yellow,
ultramarine blue, Dupont oil red, quinoline yellow, methylene 5   blue
chloride, phthalocyanine blue, malachite green oxalate, lamp black, oil
black, azo oil black, and Rose Ben- gal. If necessary, 2 or more of these
may be used in combination. Magnetic substances and materials may also be
used as coloring agents. These magnetic materials may for example be
powders of strongly magnetic metals such as iron, cobalt or nickel, or
metal compounds such as magnetites, hematite and ferrite, and may be used
as coloring agents either alone or in combination with 10  said dyes or
pigments. These coloring agents may be used without modification. If,
however, they are to be used as a toner, for example, it is preferable to
carry out a surface treatment by a convenient method to distribute the
coloring agent uniformly throughout the particles as this gives a high
quality image. If carbon black is to be sued as the coloring agent, the
carbon black graft polymer described in U.S. Application Serial No. 134,319
is suitable. 15  Further, if coloring agents other than carbon black are to
be used, the surface-treated agents obtained by the method described in
Japanese Patent Laid-Open No. HEI 1(1989)-118573 are suitable. The amount
of coloring agent to be added can be varied within wide limits depending on
the its type and the purposeforwhich the coloring fine particles obtained
are to be used, but it is preferable that theirproportion is 1 to 200 parts
by weight, and more preferably I to 100 parts byweightto 100 parts
byweightof polymerizable 20  monomer. In order to obtain spheroidal
coloring fine particles from the coloring agent, it is usually most con-
venlent to carry out a suspension polymerization of a polymerizable monomer
in which said coloring agent has been dissolved or dispersed. In some
cases, however, the coloring agent may be caused to be absorbed by
spheroidal polymer particles after polymerization by means of a suitable
solvent. The stabilizers used in the suspension polymerization may be
water-soluble, high molecular weight com- 25  pounds such as polyvinyl
alcohol, starch, methyl cellulose, carboxymethyl cellulose, hydroxyethyl
cellulose, sodium polyacrylate and sodium polymethacrylate; surfactants
such as anionic surfactants, cationic surfac- tants, amphoteric surfactants
and nonionic surfactants; and barium sulfate, calcium sulfate, barium
carbonate, magnesium carbonate, calcium phosphate, talc, clay, diatomaceous
earth or metal oxide powders. The anionic surfactants specified here may
for example be salts or fatty acids such as sodium oleate and 



30 castor oil potash, salts of alkyl sulfate esters such as lauryl sodium
sulfate and lauryl ammonium sulfate, salts of alkyl benzene sulfonic acids
such as dodecyl benzene sodium sulfonate, salts of alkyl naphthalene
sulfonic acids, salts of dialkyl sulfosuccinic acids, salts of alkyl
phosphate esters, condensation products of naphtha- lene sulfonic acid and
formalis, or salts of polyoxyethylene alkyl sulfate esters. The
nonionicsurfactants specified here may forexample be polyoxyethylene alkyl
ethers, polyoxyethylene 35  alkyl phenol ethers, polyoxyethylene fatty acid
esters, sorbitan fattyacid esters, polyoxysorbitan fatty acid es- ters,
polyoxyethylene alkyl amines, glycerol fatty acid esters, and block
polymers of oxyethylene and oxypro- pylene. The cationic surfactants
specified here mayforexample be salts of alkyl amines such as laurylamine
acet- ate and stearylamine acetate, or tertiary ammonium salts such as
lauryl trimethylammonium chloride. 40      An example of an amphoteric
surfactant is lauryl dimethylamine oxide. The composition and quantity of
these stabilizers should be suitably adjusted such that the diameter of the
spheroidal coloring particles obtained is 1 to 200 [err], preferably 3 to 5
[err], most preferably 3.5 to 20 [err]. If for example water-soluble
compounds of high molecular weight are used as stabilizers, the quantity
added should be 0.01 to 20 % by weight, and more preferably 0.1 to 10 % by
weight, with respect to the quantity of 45  polymerizable monomer
components. If surfactants are used, the quantity added should be 0.01 to
10 % by weight, and more preferably 0.1 to 5 % by weight, with respect to
the quantity of polymerizable monomer com- ponent. As polymerization
initiators, any ofthe oil-soluble peroxides or azo initiators commonly used
for suspension polymerizations may be used here. Examples are peroxide
initiators such as benzoyl peroxide, lauroyl perox- 50  ide, octanoyl
peroxide, orthochlorobenzoyl peroxide, orthomethoxybenzoyl peroxide, methyl
ethyl ketone per- oxide, di-isopropyl peroxydicarbonate, cumene
hydroperoxide, cyclohexanone peroxide, t-butyl hydroperox- ide, and
diisopropylbenzene hydroperoxide, or 2,2'-azobis-isobutylonitrile,
2,2'-azobis-(2,4-dimethylvaleroni- trile),
2,2'-azobis-2,3'-dimethylbutylonitrile,
2,2'-azobis-(2-methylbutylonitrile), 2,2'-azobis-2,3,3-trimethylbu-
tylonitrile, 2,2'-azobis-2-isopropylbutylonitrile,
1,1'-azobis-(cyclohexane-1-carbonitrile), 2,2'-azobis-(4-me- 55
thoxy-2,4-dimethylvaleronitrile), 2-(carbamoylazo) isobutylonitrile,
4,4'-azobis-4-cyanovaleric acid, and dime- thyl-2,2'-azobis isobutylate. It
is preferable that these initiators are added in a proportion of 0.01 to 20
% by weight, and more preferably 0.1 to 10 % by weight, with respect to the
quantity of polymerizable monomer. When the polymerizable monomer
components are made to undergo suspension polymerization to give 6    EP 0
357 376 B1 spheroidal coloring fine particles, other polymers such as
polyesters may be added to the monomers, and fur- ther, known additives
such as chain transfer agents may also be mixed in a suitable proportion to
control the degree of polymerizaiton. Further, if the coloring fine
particles of this invention are used as a toner for devel- oping
electrostatic Images, magnetic materials or charge control agents may be
mixed with the polymerizable 5   monomer so as to give coloring fine
particles which also contain said magnetic materials or charge control
agents. The properties of the spheroidal coloring fine particles thus
obtained have 1 to 100 pm, preferably 3 to 50 pm, most preferably 3.5 to 20
[err] of average particle size, and the distubution of the particle
diameter 0 to 80 %, preferably 1 to 50 % of variation coefficient. The
spheroidal coloring fine particles obtained by the above procedure are
heated to 30[err] to 200[err]C to fuse 



10  them together, and then crushed to a substantially the same average
particle diameter of the spheroidal col- oring fine particle before melting
to give the coloring fine particles of this invention. The ideal form of
the crush- ing to a substantially the same average particle diameter of the
spheroidal coloring particle before melting throughout the specification Is
the form that the block obtained by fusing the spheroidal coloring fine
particles together without completely destroying the particle interfaces is
crushed so as to peel throughout the whole 15  interface to separate
individual particles at a degree of the unit as the spheroidal coloring
fine particle before melting and is restored to a similar shape except that
the surface state of the spheroidal coloring fine particle before melting
is changed. However, it is actually difficult to control the fused state of
the whole fused surface, so the coloring fine particles actually obtained
is a mixture of particles wherein the spheroidal coloring fine particles
before fusing and crushing is deformed or partially defected and particles
wherein the defected por- 20  tion Is adhered to the particles. Such
mixture is substantially the same property compared to the ideal form, if
it has substantially the same average particle diameteras that of the
spheroidal coloring fine particles before melting. In such case, If the
average particle diameter of the colored fine particle is generally within
20 %, pre- ferably within 10 %, more preferablywithin 5 % to the average
diameterof the spheroidal coloring fine particles, the average particle
diameter of the coloring fine particles of the present invention can be
deemed is substan- 25  tially the same as that of the spheroidal coloring
fine particles. This heat treatment is an extremely important and necessary
process to modify the surface of the spheroidal coloring fine particles. If
the heating temper- ature is less than 30[err]C, either Inter-particle
fusion does not occur at all or if it does it is incomplete, and as a
result there is no clear modification of the particle surface. If on the
other hand the temperature exceeds 200[err]C, fusion proceeds too far and
this not only renders the subsequent crushing process difficult, but also
30  causes the coloring fine particles obtained to have a very large
particle size distribution. It is preferable that the temperature Is within
the range 50[err] to 150[err]C. The spheroidal coloring fine particles fuse
together in this heating process, but the fusion should be controlled
depending on the effect it is desired to obtain. In order to obtain a
uniform particle distribution in the subsequent crushing process, and
therefore particles which have superlative physical properties for use as a
tonerfordeveloping electrostatic images, it is preferable thatfusion 35
does not completely destroy the particle interfaces, or in otherwords,
thatthe particle boundaries remain. The state of the fused material with
remaining particle boundaries can easily be verified by breaking the block
so obtained, and examining the fractured surface with the aid of an
electron micrograph (see Fig. 1). The fusion should also be such that the
bulkdensity of the block so obtained is 0.1 to 0.9 g/[err] preferably 0.2
to 0.7 g/[err]. This heat treatment can be carried out on the spheroidal
coloring fine particles after drying, or in some cases 40  at the same time
as the drying process. It may also be carried out under normal pressure,
reduced pressure or increased pressure. Further, suitable organic solvents
may also be used freely during the heat treatment to promote the fusion.
The coloring fine particles of this invention may be obtained by mixing the
spheroidal coloring fine particles obtained by the above procedure with
inorganic and/or organic particles, subjecting them to heat treatment at 45
30 to 200[err]C to cause inter-particle fusion, and crushing the product.
Said inorganic and/or organicfine particles maintain the inter-particle
fusion at an optimum level, remark- ably improve the crushability of the
product, and confer good physical properties on the coloring particles ob-
tained after crushing. Said inorganic and/ororganicfine particles must,
therefore, be smallerthan the coloring fine particles, and 50  should
preferably be chosen such that their diameter is no greater than 1/2 of
that of the latter. Examples of inorganic fine particles are powders or
particles of alumina, titanium dioxide, barium titanate, magnesium
titanate, strontium titanate, lead oxide, quartz sand, day, mica,
wollastonite, diatomaceous earth, 



inorganic oxide pigments, chromium oxide, cerium oxide, red oxide, antimony
trioxide, magnesium oxide, zir- conium oxide, barium sulfate, barium
carbonate, calcium carbonate, silica fines, silicon carbide, silicon
nitride, 55   boron carbide, tungsten carbide, titanium carbide and cesium
carbide, or particles of yellow pigments such as chrome yellow, zinc
yellow, cadmium yellow, yellow iron oxide, mineral fast yellow and nickel
titanium yellow; orange pigments; red pigments such as red iron oxide,
cadmium red, red lead and mercury cadmium sulfide; violet pigments such as
manganese violet; blue pigments such as Milori blue and cobalt blue; and
green pig- 7    EP 0 357 376 B1 ments such as chrome green or chromium
oxide. These may either be used alone, or 2 or more of them may be used in
conjunction. These inorganic fine particles may also be treated by known
hydrophobic processing techniques such as titanium coupling agents, silane
coupling agents or metal salts of higher fatty acids. 5      Example of
organic fine particles are cross-linked or non cross-linked polymer
particles, organic pigments, charge control agents and waxes. Typical
cross-linked or non-cross-linked resin fine particles are those of resins
which contain copolymers such as styrene resin, acrylic resins, methacrylic
resins, polyethylene resins, polypropylene resins, silicon res- ins,
polyester resins, polyurethane resins, polyamide resins, epoxy resins,
polyvinyl butyral resins, rosin resins, 10  terpene resins, phenol resins,
melamine resins, and guanamine resins. These may either be used alone, or 2
or more may be used in combination. Typical organic pigments are black
pigments such as carbon black, acetylene black, lamp black and aniline
black yellow pigments such as nobles yellow, naphthol yellow-S, Hansa
yellow-G, Hansa-yellow-10G, benzi- dine yellow-G, benzidine yellow-GR,
yellow-GR, quinoline yellow lake, permanent yellow-NCG and tartrazine 15
lake; orange pigments such as molybdenum orange, permanent orange-GTR,
pyrazolone orange, vulcan or- ange, indanthrene brilliant orange-RK,
benzidine orange-G and indanthrene brilliant orange-GK; red pigments such
as permanent red-4R, lithol red, pyrazolone red-4R, calcium salt of
Watchung red, lake red-D, brilliant carmine-6B, eosin lake, rodamine
lake-B, arizarine lake and brilliant carmine-B; violet pigments such as
fast violet-B and methyl violet lake; blue pigments such as alkali blue
lake, victoria blue lake, phthalocyanine blue, 20  non-metal phthalocyanine
blue, the partial chloride of phthalocyanine blue, fast sky blue and
indanthrene blue- BC; and green pigments such as pigment green-B, malachite
green lake and fanal yellow green. These may either be used alone, or 2 or
more may be sued in conjunction. Typical charge control agents are
particles of substances known to have this action in the field of
electronic photography such as nigrosine, monoazo dyes, zinc hexadecyl
succinate, alkyl esters or alkyl amines of naph- 25  thoic acid, nitrohunic
acid, N-N'-tetramethyl diamine benzophenone, triazine and metal complexes
of salicylic acid. These may either be used alone, or 2 or more may be used
in combination Typical waxes are polymers with a cylcic method softening
point of 80[err] to 180[err]C, high melting paraffin waxes with a melting
point of 60[err] to 70[err]C, fatty acid esters and their partial
saponification products, high fatty acids, metal salts of fatty acids and
high alcohols. These may either be used alone, or 2 or more may be used 30
in conjunction. There are no particular restrictions on the method of
adding these inorganic and/or organic fine particles, and various methods
can be used. Examples are prior addition to an aqueous medium when the
polymerizable 



monomer component is polymerized, addition to the suspension of spheroidal
coloring fine particles obtained after polymerization, addition to the wet
spheroidal coloring fine particles obtained by filtering and washing 35
after polymerization, or dry blending with the spheroidal coloring fine
particle powder obtained after drying. From these methods, a suitable
method can be chosen and in some cases several methods may be sued con-
currently. For these purposes, the inorganic and/ororganic fine particles
should preferably have an average particle diameter of 0.001 to 10 [err],
preferably 0.005 to 5 pm. If the average particle diameter is smaller than
0.001 40  [err], the addition of the particles may produce no clear
improvement, for example as regards crushability or fluidity when they are
used as a toner for developing electrostatic images, or as regards cleaning
properties and heat offset properties. If the particle diameter is greater
than 10 [err], the effect due to the addition of the particles Is less, and
may lead to a lower degree of resolution when they are used as a toner for
developing electrostatic images. 45      The quantity of said particles to
be added may be varied within wide limits depending on their type and
diameter. If the quantity is too small, however, the effect of the addition
may be difficult to obtain, conversely if the quantity is too large, there
may be adverse effects as regards electrostatic charge and environmental
stability when they are used as a toner. If it therefore preferable that
their proportion is 0.01 to 100 parts by weight, and more preferably 0.1 to
50 parts by weight, with respect to 100 parts by weight of spheroidal
coloring 50  fine particles. In applying this invention, said organic
particles may be used in conjunction with said inorganic particles. The
heat treatment is an extremely important and necessary process to modify
the surface of the spher- oidal coloring particles. If the heating
temperature is less than 30[err]C, either Inter-particle fusion does not
occur at all or if it does it is Incomplete, and as a result, there is no
clear modification of the particle surface. If on 55  the other hand the
temperature exceeds 2000C, fusion proceeds too far and this not only
renders the subse- quent crushing process difficult, but also causes the
coloring particles obtained to have a very large particle size
distribution. It is preferable that the temperature is within the range 50
to 150[err]C. The spheroidal coloring fine particles fuse together in this
heating process, but the fusion should be controlled depending on the
effect 8    EP 0 357 376 B1 it is desired to obtain. In order to obtain a
uniform particle distribution in the subsequent crushing process, therefore
and particles which have superlative physical properties for use as a toner
for developing electro- static images, it is preferable that fusion does
not completely destroy the particle interfaces, or in other words, that the
particle boundaries remain. In this regard, the addition of said inorganic
and organic particles has a 5   profound effect in achieving this fusion
state, because if these particles are added, the particle boundaries are
not so easily destroyed even if the heating temperature and time are
somewhat excessive. Further, the fusion should be such that the bulk
density of the block obtained is 0.1 to 0.9 g/[err], preferably 0.2 to 0.7
g/[err]. This heat treatment can be carried out after drying the spheroidal
coloring particles, or in some cases at the same time as the heat treatment
It can also be carried out under normal pressure, reduced pressure or in-
10  creased pressure. Further, suitable organic solvents may be used freely
during the heat treatment in order to promote the fusion. Crushing of the
product may be carried out by means of any crusher used industrially to
produce powders 



and particles. The average particle size and particle size distribution of
the coloring fine particles so obtained may be 15  freely controlled. The
average particle diameter should however, preferably be 1 to 100 [err],
more preferably 3 to 50 [err], and most preferably 3.5 to 20 [err]. The
variation coefficient of the average particle size in the dis- tribution
should also preferably be 0 to 80 % and more preferably 1 to 50 %, this
variation coefficient being the percentage value obtained by dividing the
standard deviation by the average particle diameter and multi- plying by
100. 20      The toner for developing electrostatic images of this
invention is obtained by using said coloring particles, but the average
diameter is preferably 3 to 50 [err], more preferably 3.5 to 20 [err] in
order to obtain an appropriate state of the charging property. The
particles may be used without modification as a toner, or additives usually
added to toners such as charge regulators to adjust the charge on the
particles orfluidizers may also be added in suitable proportions if
desired. 25      There is no particular restriction on the method used to
add charge regulators, and any of the known meth- ods may be selected. The
charge regulator may, for example, first be included in the monomer before
the mono- mer containing a dispersion of coloring agent is polymerized, or
the coloring fine particles of the invention can subsequently be treated
with the charge regulator so that the latter adheres to their surface. We
shall now describe this invention In more detail by means of the following
embodiments, but it should 30  be understood that they are not exhaustive
and the invention is not limited to them in anyway. All proportions
specified are proportions by weight. Synthesis 1 35      200 parts of
deionizedwatercontaining 0.1 parts of polyvinyl alcohol in solution was
introduced intoaflask equipped with a stirrer, inert has supply tubing, a
reflux condenser and a thermometer. A mixture of a poly- merizable monomer
containing 97.5 parts of styrene and 2.5 parts of glycidyl methacrylate
which had been prepared beforehand, and 8 parts of benzoyl peroxide
dissolved in the monomer, was introduced into the flask and then stirred at
high speed so as to obtain a uniform suspension. The mixture was heated to
80C while 40  blowing in nitrogen gas, and stirring contained for 5 hours
at this temperature. After carrying out the polymer- ization reaction,
water was removed, and a polymer with reactive epoxy groups was thus
obtained. 40 parts of the polymer having reactive epoxy groups was kneaded
together and reacted with 15 parts of the carbon black MA-1OOR (Mitsubishi
Kasei Kogyo KK) and 1 part of a charge control agent (Aizen Spilon Black
TRH, Hodogaya Kagaku Kogyo K.K.) in a Labo Plastomill at 160[err]C at 100
rpm. The product was then 45  cooled and crushed to obtain a carbon black
graft polymer to be used as coloring agent 897 parts of deionized water
containing 3 parts of dissolved polyvinyl alcohol (PVA 205 Kuraray K.K.)
was introduced into a similar flask to the above. A mixture of a
polymerizable monomer component containing 80 parts of styrene, 20 parts of
n-butyl acrylate and 0.3 parts of divinyl benzene, which had been prepared
be- forehand, together with 50 parts of said carbon black graft polymer as
coloring agent, 3 parts of azobisisobu- 50  tylonitrile and 3 parts of
2,2'-azobis (2,4-dimethylvaleronitrile) was then Introduced, and the
resulting mixture stirred at 8000 rpm by a T.K Homomixer (Tokushuki Kika
Kogyo K.K.) for 5 min so as to obtain a uniform sus- pension. The mixture
was heated to 60C while blowing in nitrogen, and stirring was continued at
this temper- ature for 5 hours. After carrying out the suspension
polymerization reaction, the mixture was them cooled, and the suspension of
spheroidal coloring fine particles (1) was obtained. The suspension (1) was
examined in a 55   Coulter Counter (aperture 100 [err]), and found to have
an average particle diameter of 7.01 [err] and variation coefficient of the
average particle size of 18.5 %.  



EP 0 357 376 B1 Synthesis 2 897 parts of deionized water containing 3 parts
of dissolved polyvinyl alcohol (PVA205, Kuraray KK.) was introduced Into a
similar flask to that used in Synthesis 1. A mixture of a polymerizable
monomer component 5   containing 80 parts of styrene, 20 parts of n-butyl
acrylate and 0.3 part of divinyl benzene, which had been prepared
beforehand, together with 5 parts of brilliant carmine 6B (Noma Kagaku K.K)
as coloring agent, 3 parts of azobisisobutylonitrile and 3 parts of
2,2-azobis (2,4-dimethylvaleronitrile) was then introduced, and the
resulting mixture stirred at 8000 rpm by a T.K. Homomixer (Tokushuki
Kakogyo KK.) for 5 minutes so as to obtain a uniform suspension. The
mixture was heated to 60[err]C while blowing in nitrogen, and stirring was
10  continued at this temperature for 5 hours. After carrying out the
suspension polymerization reaction, the mix- ture was then cooled to room
temperature, and the suspension of spheroidal coloring fine particles (2)
was obtained. The suspension (2) was examined in a Coulter Counter
(aperture 100 [err]), and found to have an average particle diameter of
5.55 [err] and variation coefficient of the average particle size of 19.8
%. 15  Synthesis 3 The procedure was the same as in Synthesis 1, except
that In place of 50 parts of carbon black graft poly- mer, 45 parts of a
powdered magnetic material, Mapico BL-200 (Titan Kogyo K.K.) were used
instead, and the suspension of spheroidal coloring fine particles (3) was
obtained. The suspension (3) was found to have an 20  average particle
diameter of 9.05 [err] and variation coefficient of the average particle
size of 19.1 % Synthesis 4 The procedure was the same as in Synthesis 1,
except that in place of 3 parts of polyvinyl alcohol 1 part 25  of a
nonionic surfactant, Nonipol 200 (Sanyo Kasei K.K.) was used instead, and
the mixture was stirred at 6000 rpm by a T.K. Homomixer. The suspension of
spheroidal coloring fine particles (4) was obtained and when ex- amined in
a Coulter Counter (aperture 100 pm.), it was found to have an average
particle diameter of 5.82 [err] and variation coefficient of the average
particle size of 21.5 %. 30  Synthesis 5 Carbon black graft polymer was
obtained by a similar method to Synthesis 1, and 897 parts of deionized
water containing 1 parts of dissolved anionic surfactant (Hytenol N-08,
product of Dailchi Kogyo Seiyaku K.K.) was introduced into a similar flask
to that used in Synthesis 1. A mixture of a polymerizable monomer compo- 35
nentcontaining 80 parts of styrene, 15 parts of n-butyl acrylate and 5
parts of polybutadiene (NISSO-PB-3000, product of Nippon Soda K.K) which
had been prepared beforehand, together with 50 parts of carbon black graft
polymer, 2 parts of azobisisobutylonitrile and 1 part of 2,2'-azobis
(2,4-dimethylvaleronitrile) was then introduced and a similar operation to
synthesis 1 was carried out to obtain suspension (5) of the spheroidal
coloring fine particle. The suspension (5) of spheroidal coloring fine
particles (5) was examined in a Coulter 40  Counter (aperture 100 [err]) to
find that an average particle diameter is 6.30 [err] and variation
coefficient of the average particle size is 19.3 %. Synthesis 6 45      The
procedure In Synthesis 5, except that in place of 5 parts of polybutadiene
5 parts of HYPALON 20 (product of E.l. duPont de Nemors & Co.) and in place
of 2 parts of azobisisobutylonitrile and 1 part of 2,2'- azobis
(2,4-dimethylvaleronitrile) 3 parts of benzoyl peroxide were used to obtain
suspension (6) of spheroidal coloring fine particles. The suspension (6)
was examined in a Coulter Counter (aperture 100 [err] to find that an
average particle diameter is 5.91 [err]and variation coefficient of the
average diameter is 21.5 %. 



50 Example 1 1050 parts of the suspension (1) ofspheroidal coloring fine
particles obtained by Synthesis 1 were filtered, washed, then dried and
heat-treated by a hot air dryer at 90[err]C for 5 hours so as to obtain 150
parts of a fused 55   block like material with the particle boundaries
remaining that had a bulk density 0.30 g/cm[err]. Fig. 1 is an eleo- tron
micrograph of the fractured surface obtained by breaking this block
(magnification x5,000). After breaking up the block, It was crushed by a
Labo Jet UltrasonicJet Pulverizer(Nippon Pneumatic Mfg. Co., Ltd.) to
obtain the coloring fine articles having fine unevenness on the surface.
(1). 10    EP 0 357 376 B1 When these particles (1) were examined in a
Coulter Counter (aperture 100 [err]), the average particle di- ameter was
found to be 6.98 [err], and the variation coefficient of particle diameter
was 18.1 %. Table 1 shows the results of using these particles (1) without
modification as a toner (1) for developing electrostatic images in an
electrostatic photocopier (Type 4060, Ricoh K.K.). 5 Example 2 1005 parts
of the suspension (2) of spheroidal coloring fine particles (2) obtained in
Synthesis 2, were fil- tered and washed to give a paste of the particles.
1.3 parts of a colorless charge control agent (Bontron E- 10  84, Orient
Kagaku Kogyo K.K.) were then mixed uniformly with this paste. The resulting
mixture was dried and simultaneously heat-treated at 120[err]C for 2 hours
by a hot air dryer so as to obtain 106 parts of a fused block like material
with the particle boundaries remaining that had a bulk density 0.35
g/cm[err]. This blockwas crushed by the same method as in Example 1 to
obtain the red colored fine particles (2). Table 1 shows the properties of
these particles (2), and the results of using them without modification as
a toner (2) for developing electro- 15  static Images in an electrostatic
photocopier (Type 4060, Ricoh KK.). Example 3 1050 parts of the suspension
(1) of spheroidal coloring fine particles obtained in Synthesis 4 were
filtered, 20  washed, and then dried at 50[err] under reduced pressure to
give 150 parts of spheroidal coloring fine particles. These spheroidal
coloring fine particles were heat-treated at 110[err]C for 1 hour so as to
obtain a fused block like material with the particle boundaries remaining
that had a bulk density of 0.28 g/[err]. This block was crush- ed by the
same method as in Example 1 to obtain the coloring fine particles (3).
Table 1 shows the properties of these particles (3), and the results of
using them without modification as a toner (3) for developing electro- 25
static images in an electrostatic photocopier (Type 4060, Ricoh KK.).
Example 4. 1045 parts of the suspension (3) of spheroidal coloringfine
particles containing magnetic material obtained 30  in Synthesis 3 were
filtered and washed to give a paste of the particles. 4.1 parts of a water
paste charge control agent (Bontron S-34, Orient Kagaku Kogyo K.K.)
containing 35% of active constituent was mixed uniformly with the paster of
spheroidal particles containing the magnetic material, and the mixture
dried and simultane- ously heat-treatd at 80[err]C under a reduced pressure
of 40 mmHg for 5 hours so as to obtain 146 parts of a fused block like
material with the particles boundaries remaining that had a bulk density of
0.52 g/[err]. This 35  block was crushed by the same method as in
Embodiment 1 to obtain the irregularly-shaped coloring fine par- 



ticles (4). Table 1 shows the properties of these particles (4), and the
results of using them without modification as a toner (4) for developing
electrostatic images in an electrostatic photocopier (NP-5000, Canon KK).
40   Example 5 1048 parts of the suspension (5) of spheroidal coloring fine
particles obtained in Synthesis 5 were filtered, washed, and then dried at
50[err]C under reduced pressure to give 150 parts of spheroidal coloring
fine particles. These spheroidal coloring fine particles were heat-treated
at 90[err]C for 1 hour so as to obtain a fused block like 45   material
with the particle boundaries remaining that had a bulk density of 0.30
g/[err]. This block was crushed by the same method as in Example 1 to
obtain the coloring fine particles (5). Table 1 shows the properties of
these particles (5), and the results of using them without modification as
a toner(5) for developing electrostatic images in an electrostatic
photocopier (Type 4060, Ricoh K.K.). 50   Example 6 1048 parts of the
suspension (6) of spheroidal coloring fine particles obtained in Synthesis
6 were filtered, washed, and then dried at 50[err]C under reduced pressure
to give 150 parts of spheroidal coloring fine particles. These spheroidal
coloring fine particles were heat-treated at 80[err]C for 1 hour so as to
obtain a fused block like 55   material with the particle boundaries
remaining that had a bulk density of 0.35 g/[err] This block was crushed by
the same method as in Example 1 to obtain the coloring fine particles (6).
Table 1 shows the properties of these particles (6), and the results of
using them without modification as a toner (6) for developing electrostatic
images in an electrostatic photocopier (Type 4060, Ricoh KK).    EP 0 357
376 B1 Control 1 1050 parts of the suspension (1) of spheroidal coloring
fine particles obtained in Synthesis 1 were filtered, washed, and dried at
50[err]C under a reduced pressure of 40 mmHg for24 hours to obtain 150
parts of the com- 5   parison coloring fine particles (1). Table 1 shows
the properties of these comparison particles (1), and the results of using
them without mod- ificaton as a comparison toner (1) for developing
electrostatic images in an electrostatic photocopier (Type 4060, ricoh
KK.). 10   Control 2 228.8 parts of styrene-acrylic resin (TB-1 OOOF, Sanyo
Kasei KK), 18.7 parts of carbon black (MA-1 OOR, Mitsubishi Kasei K.K.) and
2.5 parts of a charge control agent (Aizen Spilon Black TRH) were first
mixed by a Henschel mixer, fusion-kneaded at 150[err]C for 30 min by a
pressure kneader, and cooled to give a lump of 15  toner. This lump of
toner was broken up to a powder of 0.1 mm-2 mm particle size by a crusher,
reduced to fine powder by an ultrasonic crusher (Labo Jet, Nippon Pneumatic
Mfg. Co., Ltd.), and the powder classified by a pneumatic classifier (MDS,
Nippon Pneumatic Mfg. Co., Ltd.) to obtain 150 parts of the comparison col-
oring fine particles (2). Table 1 shows the properties of these comparison
particles (2), and the results of using themwithoutmodification as a
comparison toner(2)fordeveloping electrostatic images in an electrostatic
pho- 20  tocopier (Type 4060, Ricoh K.K.). 25 30 35 



40 45 50 55 12    EP 0 357 376 B1 [err] [err] [err]    EP 0 357 376 B1
(N.B.1) Particle properties: 5               Particle  diameter:  It  was
examined  in  a  Coulter Counter (TA-II type, Coulter Electronics, Inc.).
Variation coefficient: It was examined in a Coulter Counter (TA-II type
Coulter Electronics, Inc.). 10               Frictional  charge:  It  was
examined  in  a  blow-off powder  charge  tester  (Model  TB-200, Toshiba
Chemical  K.K.) using a mixture (toner concentration : 5 % by weight) with
iron carier (DSP-128, Dowa Tetsufun K.K.). 15 (N.B.2) Image evaluation: It
was examined by copying the facsimile test chart No. 1 by an electrostatic
copying image tester (Typ 4060 of Ricoh K.K. or NP-5000 of Cannon K.K.)
Fogging:   It  was  examined   in   the   existence   of phenomenon the
ground is stained in spot by the toner. Fine line producibility: It was
evaluated by reading 25    degree  of  the  image  obtained  by  copying
the  facsimile  test chart No. 1. Cleaning properties: It was evaluated
from the image obtained by copying the facsimile test chart No. 1. 30
Example 7 35      30 parts of Aerosil 200 (silica fine particle produced by
Nippon Aerosil K.K.) was added to 10503 parts of suspension (1) of the
coloring fine particles obtained in Synthesis 1, and mixed thoroughly. The
mixture was filtered, washed, dried and heat-treated by a hot air dryer at
90-[err]C for 5 hours so as to obtain 1533 parts of a fused block like
material with the particle boundaries remaining that had a bulk density of
0.45 g/cm[err]. This 



block was broken up, and then crushed by Ultrasonic Jet Pulverizer IDS2
(Nippon Pneumatic Mfg. Co., Ltd.) 40  at a rate of 13 Kg/hr to obtain
coloring fine particles having fine unevenness on the surface (7). When the
particles (7) were examined in a Coulter Counter (aperture 100 [err], they
were found to have an average diameter of 8.95 [err] and a variation
coefficient of 17.8 %. Table 2 shows the results of using them without
modification as a toner (7) for developing electrostatic images in an
electrostatic photocopier (Type 4060, Ricoh KK). 45 Example 8 10033 parts
of the suspension (4) ofspheroidal coloring fine particles obtained in
Synthesis 4 were filtered and washed to obtain a paste of the particles. 13
parts of a colorless charge control agent (Bontron E-84, Orient 50  Kagaku
Kogyo K.K.) and 20 parts of hyperfine calcium carbonate of average particle
diameter 0.1 [err] (inor- ganic pigment C.1.77220) were then mixed
uniformly with this paste. The resulting mixture was dried and si-
multaneously heat-treated at 135[err]C for 2 hours by a hot air dryer so as
to obtain 1086 parts of a fused block like material with the particle
boundaries remaining that had a bulkdensity of 0.35 g/[err]. This blockwas
crush- ed by the same machine as in Example 7 at a rate of 8 kg/hr to
obtain the red colored fine particles (8). Table 55   2 shows the
properties of these particles (8), and the results of using them without
modification as a toner (8) for developing electrostatic images in an
electrostatic photocopier (Type 4060, Ricoh KK). 14    EP 0 357 376 B1
Example 9 10503 parts of the suspension (1) of spheroidal coloring fine
particles obtained in Synthesis 1 were filtered, washed and dried at
50[err]C under reduced pressure for 5 hours to obtain 1503 parts of the
particles. 30 parts 5   of Aerosil R-972 (hydrophobic silica, Nippon
Aerosil) was added to and mixed uniformly with the particles. The resulting
mixture was then heat-treated at 110[err]C for 1 hour by a hot air dryer so
as to obtain a fused block like material with the particle boundaries
remaining that had a bulk density of 0.38 g/[err]. This block was crush- ed
by the same machine as in Example 7 at a rate of 15 kg/hr to obtain the
coloring fine particles (9). Table 2 shows the properties of these
particles (9), and the results of using them without modification as 10  a
toner (9) for developing electrostatic images in an electrostatic
photocopier (Type 4060, Ricoh K.K.). Example 10 10453 parts of the
suspension (3) of spheroidal coloring fine particles containing a magnetic
material ob- 15  tained in synthesis (3) were filtered and washed to give a
paste of the particles. 41 parts of a water paste charge control agent
(Bontron S-34, Orient Kagaku Kogyo K.K.) containing 35 % of active
constituent, and 29 parts of SEAHOSTER-KE-P30(spherical silica particles of
average particle diameter 0.3[err], Nippon Shokubai Ka- gaku Kogyo Co.,
Ltd.) were mixed uniformly with the paste of spheroidal particles
containing the magnetic ma- terial, and the mixture dried and
simultaneously heat-treated at 80[err]C under a reduced pressure of 40 mmHg
20  for 5 hours so as to obtain 1496 parts of a fused block like material
with the particle boundaries remaining that had a bulk density of 0.52
g/[err]. This block was crushed by the same machine as in Example 7 at a
rate of 35 kg/hr to obtain the coloring fine particles (10). Table 2 shows
the properties of these particles (10), and the results of using them
without modification as a toner (10) for developing electrostatic images in
an electrostatic photocopier (NP-5000, Canon K.K.). 



25 Control 3 10503 parts ofsuspension (1) of the coloring particles
obtained in synthesis 1 were filtered, washed, dried and heat-treated by a
hot air dryer at 90[err]Cfor5 hours so as to obtain 1503 parts of a fused
block like material 30  with the particle boundaries remaining that had a
bulk density of 0.30 g/[err]. This block was broke up, and then crushed by
Ultrasonic Jet Pulverizer IDS2 (Nippon Pneumatic Mfg. Co., Ltd.) to obtain
the comparison coloring fine particles (3). 35 40 45 50 55    EP 0357 376
B1 [err] 55    EP 0 357 376 B1 (N.B.1)Crushing  (pulverizing)  rate: 5
The  crushing  (pulverizing)  rate  was  taken  to  be  the feed rate using
an Ultrasonic Jet Pulverizer IDS2 (Nippon Pneumatic Mfg. Co., Ltd.) (N.B.2)
Particle properties: 10                 Particle  diameters and variation
coefficients  are as shown in Table 1. Frictional charge: This was measured
by a Blow-Off Powder Charge Meter 15      (Toshiba Chemical K.K.:  Model
TB-200)  using a mixture of  the toner with an iron carrier (Dowa Teppun
K.K.: DSP-128) (toner concentration 5 % by weight) Fluidity: The fluidity
of the toner was judged  by eye. [err]The toner particles appeared
separate, and flowed smoothly. 25               OThe   toner   particles
appeared   to   stick   together somewhat, but flowed normally. (N.B.3.)
Image evaluations are as shown in Table 1. 30 Example 11 



86 parts of a polyolefin fine particle emulsion of average particle
diameter of 0.5 [err] (active constituent 35%) (Chemipearl S-300 (Mitsui
Skiyu Kagaku Kogyo K.K.) was added to 10503 parts of suspension (1) of 35
the spheroidal coloring fine particles obtained in synthesis 1, and mixed
throughly. The mixture was filtered, washed, dried and heat-treated by a
hot air dryer at 90[err]C for 5 hours so as to obtain 1533 parts of a fused
block like material with the particle boundaries remaining that had a bulk
density of 0.45 g/[err]. This block was broken up, and then crushed by
Ultrasonic Jet Pulversizer 1DS2 (Nippon Pneumatic Mfg. Co., Ltd.) at a rate
of 11 kg/hr to obtain coloring fine particles (11). 40      When the
particles (11) were examined in a Coulter Counter (aperture 100 [err]),
they were found to have an average diameter of 6.95 pm and a variation
coefficient of 18.0 %. Table 3 shows the result of using them without
modification as a toner (11) for developing electrostatic images in an
electrostatic photocopier (Type 4060, Ricoh K.K.). 45   Example 12 10033
parts of the suspension (4) of spheroidal coloring fine particles obtained
in synthesis 4 were filtered and washed to obtain a paste of the particles.
13 parts of a colorless charge control agent (Bontron P-51, Orient Kagaku
Kogyo K.K.) and 20 parts of melamine formaldehyde resin fine particles of
average particle diameter 50   0.3 [err], Epostar-S (Nippon Shokubai Kagaku
Kogyo Co., Ltd.) were then mixed uniformly with this paste. The resulting
mixture was dried and simultaneously heat-treated at 135Cfor2 hours by
hotairdryerso as to obtain 1086 parts of a fused block like material with
the particle boundaries remaining that had a bulk density 0.35 g/cm[err].
This block was crushed by the same machine as in Example 7 at a rate of 12
kg/hr to obtain red colored particles (12). Table 3 shows the properties of
these particles (12), and the results of using them without mod- 55  if
ication as a toner (12) for developing electrostatic images in an
electrostatic photocopier (Type SF-7750, Sharp K.K.). 17    EP 0 357 376 B1
Example 13 10503 parts of the suspension (1) of spheroidal coloring fine
particles obtained in Synthesis I werefiltered, washed and dried at
50[err]C under reduced pressure for 5 hours to obtain 1503 parts of the
particles. 30 parts 5   of hyperfine particles of acrylic cross-linking
material MP-31 00 (Soken Kagaku K.K.) was added to and mixed uniformly with
the particles. The resulting mixture was then heat-treated at 110[err]C for
1 hour by a hot air dryer so as to obtain as fused block like material with
the particles boundaries remaining that had a bulk density of 0.38
g/cm[err]. This block was crushed by the same machine as in Example 1 at a
rate of 15kg/hr to obtain coloring fine particles (13). 10      Table 3
shows the properties of these particles (13) and the results of using them
without modification as a toner (13) for developing electrostatic images in
an electrostatic photocopier (Type 4060, Ricoh K.K). Example 14 15
10453 parts of the suspension (3) of spheroidal coloring fine particles
containing a magnetic material ob- tained in Synthesis 3 were fltered and
washed to give a paste of the particles. 41 parts of a water paste charge
control agent (Bontron S-34, Orient Kagaku Kogyo KK.) containing 35% of
active constituent, and 29 parts of fine particles of styrene-acrylic
material of average particle diameter 0.3 [err] (glass transition
temperature 60[err]C), were mixed uniformly with the paste of spheroidal
fine particles containing the magnetic material, and 



20 the mixture dried and simultaneously heat-treated at 80[err]C under a
reduced pressure of 40 mmHg for 5 hours so as to obtain 1467 parts of a
fused block like material with the particle boundaries remaining that had a
bulk density of 0.52 g/[err]. This block was crushed by the same machine as
in Example 1 at a rate of 20 kg/hr to obtain coloring fine particles (14).
Table 3 shows the properties of these particles (14), and the results of
using them without modification 25  as a toner (14) for developing
electrostatic images in an electrostatic photocopier (NP-5000, Canon K.K.).
(N.B.1.) Particle properties: Particle diameter: This was measured in a
Coulter Counter (Coulter Electronics Inc. : TA-II). Variation coefficient:
30      This was measured in a Coulter Counter (Coulter Electronics Inc.:
TA-II). Frictional charge: This was measured by a Blow-Off Powder Charge
Meter (Toshiba Chemical K.K.: Model TB-200) using a mixture of the toner
with an iron carrier (Dowa Teppun KK. : DSP-128) (toner concentration 5% by
weight). (N.B.2.) Image evaluation: 35      This was performed by copying
facsimile test chart No. 1 using electrostatic copier Type 4060, Ricoh
K.K., SF-7750, Sharp K.K., or NP-5000, Canon K.K. Fogging: The presence or
absence of spots in the background due to the toner was investigated. Fine
line reproducibility: 40      This was evaluated from the ease of reading a
copy of facsimile test chart No. 1. Cleaning properties: These were
evaluated by making a copy of facsimile test chart No. 1. 45 50 55    EP
0357 376 B1    EP 0 357 376 B1 Claims 1. A method for manufacturing fine
colouring particles comprising causing fine colouring particles to fuse
together into a block and then crushing the block to fine particles having
substantially the same average 5       dimension as the particles prior to
fusion, characterised by the particles to be fused being obtained, by
suspension polymerisation, in the form of spheroids with an average
particle diameter of 1 to 100 [err], and by heating the spheroidal
particles to a temperature of 30[err] to 200[err]C thereby causing the
fusion into the block without completely destroying the particle
interfaces. 10  2. A method as claimed in Claim 1, characterised in thatthe
fused block has bulk density of 0.1 to 0.9 g/cm3, preferably 0.2 to 0.7
g/[err]. 



3. A method as claimed in Claim 1 or claim 2, characterised in that the
variation coefficient of particle di- ameter is 0 to 80%, preferably 0 to
50%. 15 4. A method as claimed in any preceding claim, characterised in
that the average particle diameter of the fine colouring particles is 1 to
100 [err], preferably 3 to 50 [err]. 5. A method as claimed in any
preceding claim, characterised in that the spheroidal particles are
obtained 20      by suspension polymerisation of a polymerisable monomer
component containing 0.001 to 30% by weight preferably 0.002 to 5% of a
cross-linking agent. 6. A method as claimed in any preceding claim,
characterised by incorporating small diameter inorganic and/or organic
particles with the spheroidal particles. 25 7. Amethod as claimed in Claim
6, characterised in thatthe average diameterof the inorganic and/ororganic
particles is within the range of 0.001 to 10 pm. 8. A method as claimed in
Claim 6 or Claim 7, characterised in that the mixing ratio of the inorganic
and/or 30      organic particles is within the range of 0.01 to 100 parts
by weight with respect to 100 parts by weight of the spheroidal particles.
9. A method as claimed in any preceding claim, characterised in that the
suspension polymerisation of the spheroidal particles is carried out using
a carbon black graft polymer as a colouring agent. 35 10. Fine colouring
particles produced by a method as claimed in any preceding claim. 11. A
toner for developing electrostatic images using fine colouring particles as
claimed in Claim 10. 40  12. A toner as claimed in Claim 11, characterised
in that the average diameter of the fine colouring particles is 3.5 to 20
[err]. Patentansprfiche 45 1. Ein Verfahren zur Herstellung feiner
Farbteilchen, beinhaltend, dal feine Farbtellchen zum Zusammen- schmelzen
zu einem Block veranlaSt werden und dann der Block in feine Tellchen mit im
wesentlichen gleichen mittleren Abmessungen wie bei den Teilchen vor der
Fusion zerkleinert wird, dadurch gekenn- zeichnet, daB die Teilchen, die
zusammengeschmolzen warden sollen, durch Suspensionspolymerisation 50
in Form von SphAroiden mit einem mittleren Teilchendurchmesser von 1 bis
100 nm und durch Erwarmen der spharoidischen Tellchen auf eine Temperatur
von 30 bis 2000C erhalten werden, wobel das Zusam- menschmelzen zu einem
Block ohne volletindige Zerstorung der Teilchenoberfllchen bewirkt wird. 2.
Ein Verfahren gemail Anspruch 1, dadurch gekennzeichnot, daB der
zusammengeschmolzene Block 55      eine Dichte von 0,1 bis 0,9 g/cm3,
bevorzugt 0,2 bis 0,7 g/cmS hat. 3.  Ein Verfahren gemiS Anspruch 1 oder 2,
dadurch gekennzelchnet, dal der Variationskoeffizient des
Teilchendurchmessers 0 bis 80 %, bevorzugt 0 bis 50 % betrlgt. 20 l 11111!
1111111 11 11111111111    EP 0 357 376 B1 4.  Ein Verfahren gemrileinem
dervorhergehenden Ansprflche, dadurch gekennzelchnet, daM dermittlere 



Teilchendurchmesser der feinen Farbteilchen I bis 100 prm, bevorzugt 3 bis
50 pm betrfigt. 5.  Ein Verfahren gemfil3 elnem der vorhergehenden
Anspruche, dadurch gekennzelchnet, dal die spha- 5       roidiachen
Teilchen durch Suspensionspolymerisation einer polymerislerbaren
Monomerkomponente, enthaltend 0,001 bis 30 Gew.-%, bevorzugt 0,002 bis 5
Gew.-% eines Vernetzungsmittels, erhalten wer- den. 6.  Ein Verfahren
gemalr einem der vorhergehenden AnsprOche, dadurch gekennzelchnot, daB
anorgani- *o      sche und/oder organische Telichen mit kielnem Durchmesser
in die spharoidischen Telichen integriert wer- den. 7.  Ein Verfahren
gemfiBAnspruch 6, dadurch gekennzelchnet, daB der mittlere Durchmesserder
anorga- nischen und/oder organischen Teilchen Im Bereich von 0,001 bis 10
gm liegt. 15 8.  Ein Verfahren gemril Anspruch 6 oder 7, dadurch
gekennzelchnet, daB das Mischungsverhaltnis der anorganischen und/oder
organischen Telichen im Bereich von 0,01 bis 100 Gewichtsanteile bezogen
auf 100 Gewichtsanteile der sphfroidischen Teilchen liegt. 20  9.  Ein
Verfahren gemiS elnem der vorhergehenden Ansprflche, dadurch
gekennzelchnet, daB die Sus- pensionspolymerisation der sphfroidischen
Tellchen unter Verwendung sines ru~gepfropften Polymers als Farbemittbl
ausgeffhrt wird. 10. Feine Farbteilchen, hergestelit nach einer Methode wie
in einem der vorhergehenden Anspruche bean- 25      sprucht. 11. Ein
Tonerzur Entwicldung elektrostatischer BilderuntbrVerwendungfeiner
Farbteilchen, wie in Anspruch 10 beansprucht. 30  12. Ein Tonerwie in
Anspruch 11 beansprucht, dadurch gekennzelchnet, daB der mittlere
Durchmesserder feinen Farbteilchen 3,5 bis 20 pm betragt. Revendlcatlons 35
1. Un proc6d6 de fabrication de fines particules colorantbs consistant A
provoquer la fusion de fines parti- cules colorantbs en un bloc et A broyer
ensuite le bloc en de fines particules ayant sensiblement la mOme dimension
moyenne que les particules avant fusion, caracterise en ci que lea
particules devant etre fon- dues sont obtenues par polymerisathon en
suspension sous la forme de sphdroldes avec un diametre 40      moyen de
particule de I A 100 pm et chauffage des particules sph6roddales A une
timperature de 30 A 2000C, ce qui a pour effet de provoquer la fusion en le
bloc sans detruire entierement lea interfaces des particules. 2.  Un
proc6de selon la revendication 1, caracterise en ce que le bloc fondu
possade une masse volumique 45      apparent. de 0,1 A 0,9 g/cm3, de
pr~f6rence de 0,2 A 0,7 g/cm3. 3. Un procede selon la revendication 1 ou la
revendication 2, caracterise en ce quo Is coefficient de variation du
diametre de particule eat de 0 A 80%, de preference de 0 A 50%. 50 4. Un
procede selon l'une des revendications pr6cedentes, caracteise en ce que le
diametre moyen de par- ticule des fines particules colorantbs eat de 1 A
100 pm, de pr6f6rence de 3 A 50 pm. 5. Un procode selon l'une des
revendicatbons pr6cedentbs, caracterlse en ci que lea particules
sphero~dales sont obtbnues par polymerisation en suspension d'un composant
monomere polymerisable contbnant 55      0,001 A 30% en poids, de
preference 0,002 A 5% d'un agent de reticulation. 6. Un proced6 selon l'une
des revendications precedentes, caracterise par l'incorporation de
particules Inor- ganiques et/ou organiques de falble diambtre aux
particules sph6roddales. 
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Un procede solon la revendication 6, caracterise on co quo le diametre
moyen des particules inorganiques et/ou organiques so situe dans la gamme
do 0,001 a 10 pm. 8. Un procede solon la revendication 6 ou la
revendication 7, caract6rise on ce quo le rapport de melange 5       des
particulos inorganiques et/ou organiquos so situe dans la plage de 0,01 A
100 parties en poids par rapport a 100 parties en poids dos particules
spheroTdales. 9. Un procede solon l'une des revendications prdc6dentes,
caracterse en co quo la polym6risation on sus- pension dos particules
sphdroTdales s'effoctue par amploi d'un polymero greff6 sur du noir de
carbono 10      en tant qu'agent colorant 10. Fines particules colorantes
produibts par un proc6d6 solon l'une des revendications pr6c6dentes. 11. Un
toner pour le dsveloppement d'lmages electrostatiques A I'aide de finos
particulss colorantes solon 15      la revendication 10. 12. Un toner solon
la revendication 11, caracterise en co quo le diametre moyen des fines
particules colo- rantes s'6tend de 3,5 a 20 jum. 20 25 30 35 40 45 50 55 22
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