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METHOD FOR PRODUCTION OF
POLYMER-ENCAPSULATED PIGMENTS

[0001] The present invention relates to pigment-contain­
ing aqueous polymer dispersions of finely divided, pigment­
containing addition-polymer particles and to pigment-con­
taining polymer powders produced from them, and also to
their use as colorants in the printing sector and also for use
in varnishes and in plastics, ink-jet inks, color filters, and
toners.

[0002] Colorant-containing polymer dispersions in which
the colorant is a soluble dye are known from EP-A-l 191
041. The dye is present in an amount of only 0.5% to 50%
by weight, based on the polymer matrix. The polymerization
is accomplished by conventional emulsion polymerization,
the dye being present in dissolved form in the polymer.

[0003] DE-A-198 52 784 describes miniemulsions and
microemulsions which are suitable for producing nanohy­
brid particles. In the case of that method the pigment is
dispersed in the monomer, and products are formed which
have a very broad particle species distribution (different
ratio of pigment to polymer in the individual nanohybrid
particles).

[0004] EP-A-O 209 879 describes a method of producing
pigment-containing polymer dispersions by conventional
emulsion polymerization. This method also leads to a broad
particle size distribution and to a considerable fraction of
empty droplets, referred to as homopolymer particles, denot­
ing formation of pure polymer particles without particulate
solids encapsulated therein. In addition it is not possible to
obtain high pigment contents (>70%), since with high pig­
ment fractions the solutions become solid.

[0005] In the article in MacromoI.Chem.Phys. 2001,202,
51-60 there is a description of the encapsulation of carbon
black by a miniemulsion polymerization method. Carbon
black is a highly apolar material, which is encapsulated with
likewise apolar monomers. Encapsulation of polar organic
materials, such as organic pigments, with directed interac­
tions, would not be expected by this process.

[0006] In the article in Polymer International 2003, 52,
542-547 there is a description of the styrene encapsulation of
phthalocyanines by a miniemulsion polymerization method.
That method too leads to materials having a very broad
particle species distribution, since the pigment is dispersed
in the monomer.

[0007] The object was to provide a method of producing
an aqueous, pigment-containing polymer dispersion that
produces an extremely small fraction of empty droplets and
allows a widely varying pigment fraction while nevertheless
producing particles having a narrow particle species distri­
bution.

[0008] It has been found that the combination of the
method steps below surprisingly achieves the stated object.

[0009] The invention provides a method of producing an
aqueous dispersion of polymer-encapsulated pigments,
which comprises

[0010] (a) preparing an aqueous pigment dispersion
comprising at least one organic pigment P from the
group of azo, isoindolinone, isoindoline, anthanthrone,
thioindigo, thiazineindigo, triarylcarbonium, quinoph-
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thalone, anthraquinone, dioxazine, phthalocyanine,
quinacridone, quinacridonequinone, indanthrone,
perylene, perinone, pyranthrone, diketopyrrolopyrrole,
isoviolanthrone, and azomethine pigments, at least one
surfactant T, and water;

[0011] (b) providing a monomer miniemulsion which is
stabilized via hydrophobic organic compound having a
water solubility at 200 C. of not more than 5xlO-5 gil
and which is composed of at least one polymerizable
monomer M and at least one surfactant T, in water;

[0012] (c) producing a pigment-containing monomer
miniemulsion by combining and homogenizing the
aqueous pigment dispersion from (a) and the monomer
miniemulsion from (b), and

[0013] (d) polymerizing the pigment-containing mono­
mer miniemulsion from (c) in the presence of a poly­
merization initiator and/or by heat, accompanied by
encapsulation of the pigment with the polymer that
forms.

Preparation of the Aqueous Pigment Dispersion (a):

[0014] To prepare the aqueous pigment dispersion the
pigment P, generally in the form of a powder, granules or
presscake, is pasted together with the surfactant T in water
and the paste is dispersed with the aid of a grinding or
dispersing assembly. The pigment P used is preferably a
finely divided, e.g. ground and/or finished pigment, as a
powder or presscake. The pigment P is used preferably in an
amount of 0.1% to 50%, preferably 5% to 40%, in particular
10% to 30%, by weight based on the total weight of the
aqueous weight of the aqueous pigment dispersion.

[0015] The surfactants T used to disperse the pigment P
may be nonionic, anionic or cationic in kind. In addition it
is also possible to use amphiphilic polymer surfactants or
else polymerizable surfactants, which then form a constitu­
ent of the polymer capsule. The surfactant T is preferably
selected from the group of phosphates, carboxylates, poly­
meric ethoxylates, alkyl ethoxylates, fatty amines, fatty
amine ethoxylates, fatty alcohol ethoxylates, fatty acid salts,
alkylsulfonates, alkyl sulfates, alkylammonium salts, and
sugar ethoxylates.

[0016] Examples of particularly preferred surfactants are
alkylsulfonates, such as SDS (sodium dodecyl sulfate),
alkylammonium salts, such as CTAB (cetyltrimethylammo­
nium bromide), or alkyl ethoxylates.

[0017] The surfactant T is used preferably in an amount of
0.1 to 50%, preferably 0.5% to 20%, in particular 1% to
10%, by weight based on the total weight of the aqueous
pigment dispersion.

[0018] Appropriately the components water and surfactant
T are first mixed and homogenized, then the pigment P is
incorporated by stirring into the initial mixture, the pigment
being pasted and predispersed. Depending on the harshness
of grain of the pigments used, the next step, with cooling
where appropriate, is to carry out fine dispersion or fine
division using a grinding or dispersing assembly. For this
purpose it is possible to use agitators, dissolvers (sawtooth
stirrers), rotor-stator mills, ball mills, agitator ball mills such
as sand mills and bead mills, high-speed mixers, kneading
apparatus, roll mills or high-performance bead mills. The
fine dispersion and/or grinding of the pigments takes place
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until the desired particle size distribution is reached and can
be accomplished at temperatures in the range from 0 to 100°
c., advantageously at a temperature between 10 and 70° c.,
preferably at 20 to 60° C. Following the fine-dispersing
operation the pigment dispersion can be diluted further with
water, preferably deionized or distilled water.

Production of Stabilized Monomer Miniemulsion (b):

[0019] The monomer miniemulsion is produced by incor­
porating one or more polymerizable monomers M, prefer­
ably at a temperature between 0° C. and 100° c., into an
aqueous solution of a surfactant T and, if appropriate,
carrying out dispersion, producing an oil-in-water emulsion.
Ifelevated pressure is employed, the temperature can also be
up to 120° C.

[0020] The polymerizable monomers M are appropriately
present in an amount of 0.1 % to 80%, preferably 10% to
70%, by weight based on the total weight of said emulsion.

[0021] The surfactant T is appropriately present in an
amount of 0.1 % to 50%, preferably 0.5% to 10%, by weight
based on the total weight of the monomers M.

[0022] In addition a hydrophobic organic compound hav­
ing a water solubility at 20° C. of not more than 5xlO-s gil,
referred to below as ultrahydrophobe, is added.

[0023] The ultrahydrophobe stabilizes the droplets
osmotically against Ostwald ripening, as a result of a very
low water solubility.

[0024] Examples of the ultrahydrophobe are hydrocar­
bons, especially volatile and optionally halogenated hydro­
carbons, examples being fluorohydrocarbons, silanes, orga­
nosilanes, siloxanes, long-chain esters, oils such as
vegetable oils, for instance, an example being olive oil,
masked isocyanates, and hydrophobic oligomeric addition­
polymerization, polycondensation, and polyaddition prod­
ucts, fatty acid alkyl esters, pentaerythritol triacrylate or
trimethacrylate, provided they do not exceed the aforemen­
tioned water solubility.

[0025] The ultrahydrophobe is appropriately present in an
amount of I% to 50%, preferably I% to 10%, by weight
based on the total weight of the monomers M.

[0026] The above-described oil-in-water emulsion gener­
ally has average droplet sizes di (intensity average) of above
1000 nm. These conventional "macroemulsions" are then
converted by homogenization into monomer miniemulsions
having droplet sizes ~ 1000 and preferably ~ 500 nm, appro­
priately at a temperature between 0° C. and 100° C. If
elevated pressure is employed the temperature can even be
up to 120° C.

[0027] The homogenization takes place preferably at a
temperature between 10° C. and 30° C.

[0028] The homogenization is accomplished preferably by
use of ultrasound, high-pressure homogenizers or other
high-energy homogenizing apparatus. The use ofultrasound
has proven particularly advantageous and leads in general to
particularly high-grade monomer miniemulsions.

[0029] In the course of this "miniemulsification" the apo­
lar oil phase of the monomers M is dispersed in water by
means of a surfactant T, using high shearing forces, to form
droplets having an average diameter di of ~ 1000 nm,
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preferably ~ 500 nm, and in particular ~ 400 nm. In general
di will be at least 40 nm and preferably at least 100 nm. The
droplet size of the monomer miniemulsion is determined by
quasi-elastic, dynamic light scattering. The droplets in the
monomer miniemulsion preferably have a largely uniform
size; in other words the ratio (d90-dlO)/d50 has a value ~ I,
preferably ~0.5, in particular ~0.25.

[0030] The Monomers M:

[0031] The polymeric matrix for the pigment encapsula­
tion may be obtained from monomers for polyaddition
reactions. In this case the polymer matrix is formed succes­
sively from monomers M without elimination of by-prod­
ucts. An example of this is the preparation of polyurethanes
from polyfunctional hydroxy compounds and polyfunctional
isocyanates; the preparation of polyureas from polyfunc­
tional amines and polyfunctional isocyanates; the prepara­
tion of polyhydroxycarboxylic acids, polyamino acids,
polyamides, polyesters, polyimides, polycarbonates, amino
resins, phenolic resins, and polysulfides; and the preparation
of polyepoxides from polyfunctional epoxides and poly­
functional amines, thiols and/or hydroxy compounds.
Examples are polyurethanes formed from isophorone diiso­
cyanates or naphthodiisocyanate and alcohols having a
hydricity of two or more, especially octanediol and dode­
canediol. Polyurethanes come about, for example, from
condensation of isophorone diisocyanate or naphthodiiso­
cyanate with divalent amines, particularly with unsubsti­
tuted or substituted phenylenediamines, ethylenediamine,
propylenediamine or 1,6-hexylenediamine. Polyepoxides
are adducts, for example, of diglycidyl ether, butadiene
epoxide or novolak-based polyepoxy resins with polyhydric
alcohols, especially glycols, preferably hexanediol.

[0032] The polymeric matrix can also be synthesized from
the appropriate monomers by means of polycondensation
reactions. Polycondensation reactions take place in stages
with elimination of by-products. Examples include unipoly­
condensations, which take place with the involvement of a
single monomer M, a hydroxycarboxylic acid or an amino
acid, for example, or in which two different monomers are
involved, examples being the preparation of polyamides
from polyfunctional carboxylic acids and polyfunctional
amines or the preparation of polyesters from polyfunctional
carboxylic acids and polyfunctional hydroxy compounds.
Another example of polycondensations are copolyconden­
sations, where more than two different monomers are
involved. Other polymers as well can be prepared by poly­
condensation from the corresponding monomers, examples
being polyimides, polycarbonates, amino resins, phenolic
resins, polysulfides or urea resins.

[0033] The polymeric matrix can be synthesized prefer­
ably from free-radically polymerizable monomers M from
the group of acrylic acid, acrylic esters, acrylonitrile, acry­
lamides, methacrylic acid, methacrylic esters, vinyl alco­
hols, vinyl ethers, vinylamines, vinyl acetates, vinyl esters,
styrenes, maleic esters, maleic anhydride, and maleic acid.

[0034] In the case of the free-radical polymerization the
monomers M may be composed of monomers of class MI,
crosslinking monomers of class M2 and/or hydrophilic
monomers of class M3, it being also possible to use mixtures
oftwo or more monomers from the same classes or mixtures
of two or more monomers from different classes.

[0035] The monomers MI are preferably selected from:
C

j
-C20 alkyl ester and CS-C lO cycloalkyl esters of ethyleni-
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cally unsaturated monocarboxylic and dicarboxylic acids,
especially of acrylic acid and of methacrylic acid. Preferred
esters and methyl methacrylate, ethyl methacrylate, n-butyl
methacrylate, tert-butyl methacrylate, isobutyl methacrylate,
n-hexyl methacrylate, cyclohexyl methacrylate, 2-ethyl­
hexyl methacrylate, methyl acrylate, ethyl acrylate, n-butyl
acrylate, tert-butyl acrylate, isobutyl acrylate, cyclohexyl
acrylate, and 2-ethylhexyl acrylate; vinyl esters of C1-Cg

monocarboxylic acids, examples being vinyl acetate, vinyl
propionate, vinyl butyrate, and vinyl hexanoate; vinylaro­
matic monomers, especially styrene; C2 -C6 olefins, such as
ethylene, propene, I-butene, 2-butene, and isobutene.

[0036] The monomers MI make up in general 20% to
100%, preferably 70% to 99.5%, in particular 80% to 99%,
by weight of the monomer mixture M.

[0037] It has proven advantageous for the monomers M to
include not only the monomers MI but also crosslinking
monomers M2 which contain at least two nonconjugated
ethylenically unsaturated double bonds. Suitable monomers
M2 include, for example, the vinyl, allyl, methallyl, and
tricyclodecenyl esters of the abovementioned ethylenically
unsaturated carboxylic acids, particularly of methacrylic
acid and of acrylic acid; the esters of the abovementioned
ethylenically unsaturated carboxylic acids with polyhydric
alcohols, such as ethylene glycol diacrylate, ethylene glycol
dimethacrylate, butanediol diacrylate, butanediol
dimethacrylate, hexanediol diacrylate, hexanediol
dimethacrylate, triethylene glycol diacrylate, triethylene
glycol trimethacrylate, tris(hydroxymethyl)ethane triacry­
late and trimethacrylate, and pentaerythritol triacrylate and
trimethacrylate; the allyl and methallyl esters of polyfunc­
tional carboxylic acids, such as diallyl maleate, diallyl
fumarate, and diallyl phthalate.

[0038] Examples of monomers M2 are divinylbenzene,
divinylurea, diallylurea, triallyl cyanurate, N,N'-divinyl- and
N,N'-diallylimidazolidin-2-one, and also methylenebisacry­
lamide and methylenebismethacrylamide.

[0039] The monomers M2 make up in general 0% to 30%,
preferably 0.1% to 20%, in particular 0.5% to 10%, by
weight of the total amount of the monomer mixture M.

[0040] The monomers M may further comprise the hydro­
philic monomers M3, which are different than the afore­
mentioned monomers MI and M2. They include monomers
whose homopolymers have a heightened water solubility
(i.e., >80 gil at 25° C.). Such monomers M3 serve as
modifYing monomers. The monomers M3 include monoet­
hylenically unsaturated monomers containing at least one
acid group, such as a COOH, S03H or P03H2 group, which
may also be present in salt form (referred to below as anionic
monomers), and monoethylenically unsaturated neutral
monomers.

[0041] Examples of monoethylenically unsaturated
anionic monomers are the aforementioned monoethyleni­
cally unsaturated monocarboxylic and dicarboxylic acids,
especially acrylic acid and methacrylic acid, monoethyleni­
cally unsaturated sulfonic acids and phosphonic acids,
examples being vinylsulfonic acid, allylsulfonic acid, meth­
allylsulfonic acid, styrenesulfonic acid, vinylnaphthalene­
sulfonic acid, and (meth)acrylamido-2-methylpropane­
sulfonic acid, and vinylphosphonic acid, allylphosphonic
acid, methallylphosphonic acid, styrenephosphonic acid,
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and (meth)acrylamido-2-methylpropanephosphonic acid,
and also their water-soluble salts, examples being their alkali
metal salts or their ammonium salts, particularly their
sodium salts.

[0042] Examples of monoethylenically unsaturated neu­
tral monomers are, in particular, the amides of monoethyl­
enically unsaturated monocarboxylic and dicarboxylic
acids, such as acrylamide, methacrylamide, and also N-vinyl
lactams having 3 to 8 C atoms, such as N-vinylpyrrolidone
and N-vinylcaprolactam. Typical monomers M3 are com­
pounds such as acrylic acid, acrylamide or stryenesulfonic
acid.

[0043] The monomers M3 can make up 0% to 80%,
preferably 0.1% to 40%, and in particular I% to 20%, by
weight of the total weight of the monomers M. Where
water-soluble monomers M3 are used they diffuse in the
course of the polymerization into the oil phase formed from
the hydrophobic monomers MI and, where appropriate, M2.

Preparation of the Pigment-containing Monomer Miniemul­
sion c):

[0044] The aqueous pigment dispersion from (a) and the
monomer miniemulsion from (b) are combined and homog­
enized appropriately in a weight ratio, based on pigment and
monomer M, of 5:95 to 95:5, preferably of 50:50 to 90:10,
in particular of75:25 to 85: 15. Homogenization takes place,
as described above under (b), preferably through the use of
ultrasound.

[0045] In the course of this operation, via the process
known as fission/fusion, there is encapsulation of the pig­
ment P with the monomers M.

Preparation of the Aqueous Dispersion of Polymer-encap­
sulated Pigments (d):

[0046] The aqueous dispersion of polymer-encapsulated
pigments is produced by aqueous miniemulsion polymer­
ization of the homogenized pigment-containing monomer
miniemulsion (c) whose emulsion droplets contain the pig­
ment in dispersed form and which in contradistinction to
convention oil-in-water emulsions have a droplet diameter
<1000 nm, in particular <500 nm.

[0047] In the case of a polyaddition or polycondensation,
the polymerization takes place in general at a temperature of
30° C. to 100° c., preferably 50° C. to 90° C.

[0048] In the case of the free-radical addition polymeriza­
tion the polymerization is carried out in the presence of a
polymerization initiator PI.

[0049] The polymerization temperatures are guided pri­
marily by the particular initiator system employed, in con­
ventional manner. Typically the polymerization tempera­
tures are situated in the range from 0 to 95° c., preferably
in the range from 30 to 90° C. When elevated pressure is
employed the polymerization temperature may even be up to
120° C. Polymerization is carried out typically under atmo­
spheric pressure (1 bar).

[0050] The amount of initiator employed is generally in
the range from 0.1 % to 10%, preferably 0.2% to 8%, and
frequently in the range from 0.3% to 5%, by weight based
on the monomers M.
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[0051] In this context it is possible in the case of water­
soluble polymerization initiators PI to adopt a procedure
wherein the pigment-containing monomer miniemulsion,
following homogenization, is charged to a reactor and the
polymerization initiator PI is added thereto under polymer­
ization conditions, in one portion or in two or more portions
or continuously, in accordance with the rate at which it is
consumed. Another option is first to add some or all of the
polymerization initiator to the emulsion and then to heat it
to polymerization temperature.

[0052] It is also possible to add some or all of the
pigment-containing monomer miniemulsion to the reactor
under polymerization conditions in accordance with the rate
at which the reaction progresses. It is preferred in this case
to supply the polymerization initiator at least partly in
parallel with the addition of the pigment-containing mono­
mer miniemulsion to the reactor.

[0053] In the case of oil-soluble polymerization initiators
PI the polymerization initiator is added preferably prior to
the homogenization described above. The subsequent poly­
merization takes place analogously.

[0054] Suitable free-radical polymerization initiators
include in principle all those capable of triggering a free­
radical addition polymerization. These include peroxides,
hydroperoxides, and azo compounds. The free-radical poly­
merization initiators may both be water-soluble and be
oil-soluble, i.e., soluble in the monomers.

[0055] Examples of water-soluble initiators are peroxo­
disulfuric acid and its ammonium salts and alkali metal salts,
hydrogen peroxide or low molecular mass hydroperoxides,
such as tert-butyl hydroperoxide, or saltlike azo compounds,
an example being 2,2'-azobis-2-amidinopropane dihydroha­
lide.

[0056] Examples of oil-soluble polymerization initiators
are hydrophobic azo initiators, an example being AIBN
(azoisobutyronitrile), and additionally C4 -C12 peroxocar­
boxylic acids and their esters, peroctanoates for example,
and perbenzoates, such as tert-butyl peroctanoate and tert­
butyl perbenzoate, and also diacyl peroxides, such as diben­
zoyl peroxide.

[0057] The aforementioned water-soluble peroxidic poly­
merization initiators can also be combined with a reducing
agent and, where appropriate, with a metal compound which
is soluble in the aqueous medium (the resulting systems then
being referred to as redox initiator systems). These are
sufficiently well known to the skilled worker. Examples of
particularly preferred free-radical polymerization initiators
are AIBN (azoisobutyronitrile) or MCPBA (3-chloroperben­
zoic acid).

The Polymer Matrix:

[0058] In the course of the polymerization, the pigment is
encapsulated with a polymer matrix. The average particle
size (particle diameter) of the polymer-encapsulated pig­
ment particles is situated preferably in the range from 50 to
500 nm and in particular in the range from 70 to 300 nm. The
average particle size corresponds to the intensity average,
which can be determined in conventional manner by
quasielastic light scattering on a dilute aqueous dispersion of
the polymer-encapsulated pigment particles (calculated by
unimodal analysis of the autocorrelation function). The
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measurements are undertaken in general on 0.1 % by weight
samples under standard conditions (1 bar, 25° C.).

[0059] The species homogeneity is determined by means
of ultracentrifugation in a sugar gradient (household sugar,
gradient in 4 steps from 0% sugar up to a saturated aqueous
sugar solution).

Pigment-containing Polymer Powders:

[0060] The present invention also provides pigment par­
ticles encapsulated by a polymer shell, the pigment being an
organic pigment P from the group of azo, isoindolinone,
isoindoline, anthanthrone, thioindigo, thiazineindigo, tri­
arylcarbonium, quinophthalone, anthraquinone, dioxazine,
phthalocyanine, quinacridone, quinacridonequinone, indan­
throne, perylene, perinone, pyranthrone, diketopyrrolopyr­
role, isoviolanthrone, and azomethine pigments; the poly­
mer-encapsulated pigment particles have an average particle
size di (intensity average) between 30 and 600 nm;

[0061] the pigment content of the polymer-encapsulated
pigment particles is 5% to 95% by weight, preferably 50%
to 90% by weight, in particular 75% to 85% by weight, and
the homopolymer particle content is less than 5% by weight,
preferably less than 4% by weight, in particular less than 3%
by weight, based on the total weight of the encapsulated
pigment particles. In general the homopolymer particle
content is between 0.01% and 4.9% by weight, often
between 0.1 % and 3.9% by weight, and mostly between
0.5% and 2.0% by weight. The particle species distribution,
i.e., the deviation of the individual particles from one
another in terms of their size, is usually less than 20%, in
particular less than 10%, and the deviation in terms of their
pigment content is usually less than 5%, preferably less than
3%, in particular less than 2%.

Preferred Pigments are c.l. Pigment Yellow 83, 74, P. Red
122, and P. Blue 15:3.

[0062] The polymer-encapsulated pigment powder can be
obtained by evaporating the volatile constituents of the
aqueous dispersion of polymer-encapsulated pigments. The
volatile constituents are evaporated in the same way as for
known methods of powder production from aqueous poly­
mer dispersions. Surprisingly it is possible to evaporate the
volatile constituents even without the typically required
addition of spraying assistants. In contradistinction to what
is the case for conventional polymer dispersions, the dis­
persions of the invention do not exhibit any unwanted
irreversible aggregation of the polymer-encapsulated pig­
ment particles while the volatile constituents are being
evaporated off. It is therefore easy to redisperse the polymer­
encapsulated pigment powders in an aqueous phase.

[0063] The evaporation of the volatile constituents takes
place for example by spray-drying of the polymer-encapsu­
lated pigment dispersion of the invention in a stream of hot
air, or by freeze-drying. Methods of spray-drying and of
freeze-drying of aqueous dispersions are known to the
skilled worker.

[0064] Nonvolatile constituents, examples being the sur­
factants T, can be separated off by means for example of
ultracentrifugation, dialysis or membrane filtration.

Applications:

[0065] The encapsulated pigment particles of the inven­
tion can be used for pigmenting high molecular mass organic
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materials of natural or synthetic ongm, such as plastics,
resins, varnishes, paints, electrophotographic toners and
developers, electronic materials, color filters, and inks,
including printing inks. Examples of high molecular mass
organic materials which can be pigmented with the colorants
of the invention are cellulose compounds, such as cellulose
ethers and cellulose esters, for example, such as ethylcellu­
lose, nitrocellulose, cellulose acetates or cellulose butyrates,
natural binders, such as fatty acids, fatty oils, resins and their
modification products, or synthetic resins, such as polycon­
densates, polyadducts, addition polymers and addition
copolymers, such as amino resins, especially urea-formal­
dehyde and melamine-formaldehyde resins, alkyd resins,
acrylic resins, phenolic resins, such as novolaks or resoles,
urea resins, polyvinyls, such as polyvinyl alcohols, polyvi­
nylacetals, polyvinyl acetates or polyvinyl ethers, polycar­
bonates, polyolefins, such as polystyrene, polyvinyl chlo­
ride, polyethylene or polypropylene, poly(meth)acrylates
and their copolymers, such as polyacrylic esters or poly­
acrylonitriles, polyamides, polyesters, polyurethanes, cou­
marone-indene resins and hydrocarbon resins, epoxy resins,
unsaturated synthetic resins (polyesters, acrylates) with the
various curing mechanisms, waxes, aldehyde resins and
ketone resins, gum, rubber and its derivatives and latices,
casein, silicones and silicone resins; individually or in
mixtures. It is unimportant whether the aforementioned high
molecular mass organic compounds are in the fonn ofplastic
masses or melts or in the fonn of spinning solutions,
dispersions, varnishes, paints or printing inks. Depending on
the intended use it proves advantageous to utilize the colo­
rants of the invention as a blend or in the form of prepared
products or dispersions. Based on the high molecular mass
organic material to be pigmented, the colorants of the
invention are employed in an amount of 0.05% to 30%,
preferably 0.1% to 15%, by weight.

[0066] The colorants of the invention are also suitable for
coloring electrophotographic toners and developers, such as
one-component or two-component powder toners (also
called one-component or two-component developers), mag­
netic toners, liquid toners, latex toners, polymerization ton­
ers, and specialty toners, for example.

[0067] Typical toner binders are addition-polymerization
resins, polyaddition resins, and polycondensation resins,
such as styrene, styrene-acrylate, styrene-butadiene, acry­
late, polyester, and phenolic-epoxy resins, polysulfones,
polyurethanes, individually or in combination, and also
polyethylene and polypropylene, which may also include
further ingredients, such as charge control agents, waxes or
flow assistants, or may be modified subsequently with these
additions.

[0068] The colorants of the invention are also suitable,
moreover, for coloring powders and powder coating mate­
rials, especially triboelectrically or electrokinetically spray­
able powder coating materials which are employed for
coating the surface of articles made from, for example,
metal, wood, plastic, glass, ceramic, concrete, textile mate­
rial, paper or rubber.

[0069] Resins typically used as powder coating resins are
epoxy resins, carboxyl-containing and hydroxyl-containing
polyester resins, polyurethane resins, and acrylic resins,
together with typical hardeners. Combinations of resins also
find application. For example, epoxy resins are frequently
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used in combination with carboxyl-containing and
hydroxyl-containing polyester resins. Typical hardener com­
ponents (depending on the resin system) are, for example,
acid anhydrides, imidazoles, and dicyandiamide and deriva­
tives thereof, masked isocyanates, bisacylurethanes, phe­
nolic resins and melamine resins, triglycidyl isocyanurates,
oxazolines, and dicarboxylic acids.

[0070] The invention further provides for the use of the
colorants described for coloring printing inks, particularly
for ink-jet inks. By ink-jet inks are meant inks with an
aqueous basis (including microemulsion inks) and with a
nonaqueous basis (solvent-based inks), UV-curable inks,
and those inks which operate in accordance with the hot­
melt process.

[0071] Solvent-based ink-jet inks contain substantially
0.5% to 30%, preferably I% to 15%, by weight of the
colorants of the invention, 70% to 95% by weight of an
organic solvent or solvent mixture and/or of a hydrotropic
compound. Where appropriate the solvent-based ink-jet inks
may include carrier materials and binders which are soluble
in the "solvent", such as polyolefins, natural rubber and
synthetic rubber, polyvinyl chloride, vinyl chloride/vinyl
acetate copolymers, polyvinylbutyrals, wax/latex systems,
or combinations of these compounds. Where appropriate the
solvent-based ink-jet inks may also comprise further addi­
tives, such as wetting agents, degassers/defoamers, preser­
vatives, and antioxidants.

[0072] Microemulsion inks are based on organic solvents,
water, and, where appropriate, an additional substance
which acts as an interface mediator (surfactant).

[0073] Microemulsion inks contain 0.5% to 30%, prefer­
ably 1% to 15%, by weight of the colorants of the invention,
0.5% to 95% by weight ofwater, and 0.5% to 95% by weight
of organic solvents and/or interface mediators.

[0074] UV-curable inks contain substantially 0.5% to 30%
by weight of the colorants of the invention, 0.5% to 95% by
weight of water, 0.5% to 95% by weight of an organic
solvent or solvent mixture, 0.5% to 50% by weight of a
radiation-curable binder, and, if desired, 0% to 10% by
weight of a photoinitiator.

[0075] Hot-melt inks are based usually on waxes, fatty
acids, fatty alcohols or sulfonamides which are solid at room
temperature and liquefY on heating, the preferred melting
range being between about 60° C. and about 140° C.

[0076] Hot-melt ink-jet inks are composed substantially of
20% to 90% by weight of wax and 1% to 10% by weight of
the colorants of the invention. There may also be 0% to 20%
by weight of an additional polymer (as "dye dissolver"), 0%
to 5% by weight of dispersant, 0% to 20% by weight of
viscosity modifier, 0% to 20% by weight of plasticizer, 0%
to 10% by weight of tack additive, 0% to 10% by weight of
transparency stabilizer (which prevents the wax from crys­
tallizing, for example), and 0% to 2% by weight of antioxi­
dant.

[0077] The printing inks of the invention, especially ink­
jet inks, can be prepared by dispersing the colorant into the
microemulsion medium, into the nonaqueous medium or
into the medium for preparing the UV-curable ink or into the
wax for preparing a hot-melt ink-jet ink.
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[0078] Appropriately in this case the pnntmg inks
obtained are subsequently filtered (through a I f.llll filter, for
example) for ink-jet applications.

[0079] The printing inks of the invention can be used in
ink sets composed of cyan, magenta, yellow, and black, in
the set for ink-jet ink sets for covering the color space.

[0080] For the purpose of shading the printing inks of the
invention it is possible to add dyes.

[0081] Furthennore, the colorants of the invention are also
suitable for coloring color filters, both for additive and for
subtractive color generation, and also as colorants for elec­
tronic inks (e-inks) or electronic paper (e-paper).

[0082] In the production of color filters, including both
reflective and transparent color filters, pigments are applied
in the fonn of a paste or as pigmented photoresists in
suitable binders (acrylates, acrylic esters, polyimides, poly­
vinyl alcohols, epoxides, polyesters, melamines, gelatins,
caseins) to the respective LCD components (e.g., TFT­
LCD=Thin Film Transistor Liquid Crystal Displays or, e.g.,
(S) TN-LCD=(Super) Twisted Nematic-LCD). Besides high
thennal stability, high pigment purity is a prerequisite for a
stable paste and/or a pigmented photoresist. Furthennore,
the pigmented color filters can also be applied by ink-jet
printing processes or other suitable printing processes.

[0083] The percentages in the examples below are by
weight.

EXAMPLE I

[0084] a) Producing the aqueous pigment dispersion:

[0085] A glass beaker is charged with 200 ml ofwater and
6 g of SDS (sodium dodecyl sulfate), which are then mixed.
68 g of the pigment powder P.Y. 74 are weighed out into this
mixture and predispersed by means of a dissolver at 3500
rpm for 15 minutes. The mixture is then introduced into a
bead mill loaded to 85-90% with ceramic beads (0.6-0.8
mm). The mixture is ground at 2000 rpm for 2 hours. Then
water (123 ml) is added and grinding is continued for 15
minutes in order to mix in the water homogeneously. The
dispersion is then discharged from the mill.

[0086] b) Producing the stabilized monomer miniemul­
SlOn:

[0087] 6 g of styrene (monomer M), 250 mg of hexade­
cane (ultrahydrophobe), and 100 mg of AIBN (polymeriza­
tion initiator PI) are added to a solution of 72 mg of sodium
dodecyl sulfate (surfactant T) in 24 g of water and the
mixture is emulsified at the highest magnetic stirrer setting
for one hour. This is followed by miniemulsification at 90%
amplitude (Branson Sonifier W450) with ice cooling.

[0088] c) Producing the pigment-containing monomer
miniemulsion:

[0089] 20 g of a water-diluted 10% pigment dispersion of
P.Y. 74 from step a) are admixed with 2.5 g of a 20% styrene
miniemulsion from step b) at room temperature and with
stirring.

[0090] This is followed by further miniemulsification for
a further 2 minutes with ice cooling. In the course of this
procedure, via the process known as fission/fusion, the
pigment is encapsulated with the monomer.
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[0091] d) Polymerization:

[0092] Subsequently the polymerization of the styrene is
brought about with stirring by heating to a temperature of
70° C.

[0093] The homogeneity of the encapsulated pigments
was determined via ultracentrifugation in a sugar gradient
and by way of TEM micrographs. The size distribution
before and after encapsulation was detennined by means of
dynamic light scattering (di=intensity average).

EXAMPLE 2

[0094] The ratio of pigment to styrene was set to 50/50.
Preparation in the same way as in Example I.

EXAMPLE 3

[0095] Production in the same way as in Example I.
Instead of styrene, butyl acrylate was used.

EXAMPLE 4

[0096] Production in the same way as in Example I.
Instead of styrene, a mixture of 90% styrene and 10% acrylic
acid was used.

EXAMPLE 5

[0097] Production in the same way as m Example I.
Instead of PY74, a PY83 was used.

EXAMPLE 6

[0098] Production in the same way as in Example I.
Instead of P.Y. 74, P.R. 122 was used, and the amount of
AIBN was increased from 100 mg to 250 mg.

EXAMPLE 7

[0099] Production in the same way as in Example I.
Instead of P.Y. 74, P.B. 15:3 was used, and the amount of
AIBN was increased from 100 mg to 250 mg.

EXAMPLE 8

[0100] Encapsulation of polyurethane: Production as in
Example I. Instead of styrene, a mixture of isophorone
diisocyanate and dodecanediol in a ratio of I: I and, instead
of AIBN, dibutyltin laurate were used. The polymerization
was carried out at 60° C.

EXAMPLE 9

[0101] Production in the same way as in Example 8.
Isophorone diisocyanate and dodecanediol were used in a
ratio of 1.05:1.

EXAMPLE 10

[0102] Production in the same way as in Example 8.
Isophorone diisocyanate and dodecanediol were used in a
ratio of 1.1: 1.

EXAMPLE II

[0103] Production in the same way as in Example 8.
Instead of dodecanediol, ocatanediol was used.
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EXAMPLE 13

TABLE 1

EXAMPLE 12

Size distribution before and after encapsulation, determined by
dynamic light scattering

pigment dispersion from step (a) and the monomer
miniemulsion from step (b), and

(d) polymerizing the pigment-containing monomer mini­
emulsion from step (c) in the presence of a polymer­
ization initiator by heat or both to form the polymer­
encapsulated pigment.

2. The method as claimed in claim 1, wherein in step (a)
the pigment P is pasted together with the surfactant T in
water and the paste is dispersed with the aid of a grinding or
dispersing assembly.

3. The method as claimed in claim 1, wherein in step (a)
the surfactant T is used in an amount of 0.1 % to 50% by
weight, based on the total weight of the aqueous pigment
dispersion.

4. The method as claimed in claim 1, wherein the surfac­
tant T and Tl are the same or different and are selected from
the group consisting of phosphates, carboxylates, polymeric
ethoxylates, fatty amines, fatty amine ethoxylates, fatty
alcohol ethoxylates, fatty acid salts, alkylsulfonates, alkyl
sulfates, alkylammonium salts, and sugar ethoxylates.

5. The method as claimed in claim 1, wherein in step (a)
the at least one pigment P is used in an amount of 0.1 % to
50% by weight, based on the total weight of the aqueous
pigment dispersion.

6. The method as claimed in claim 1, wherein in step (b)
the at least one polymerizable monomer M is incorporated
by stirring into an aqueous solution of the surfactant Tl, and
the hydrophobic organic compound having a water solubil­
ity at 20° C. of not more than 5xlO-5 gil is added to form a
mixture, and the mixture is homogenized to form the mono­
mer miniemulsion.

7. The method as claimed in claim 1, wherein the at least
one polymerizable monomer M is a free-radically polymer­
izable compound selected from the group consisting of
acrylic acid, acrylic esters, acrylonitrile, acrylamides, meth­
acrylic acid, methacrylic esters, vinyl alcohols, vinyl ethers,
vinylamines, vinyl acetates, vinyl esters, styrenes, maleic
esters, maleic anhydride, and maleic acid.

8. The method as claimed in claim 1, wherein the polymer
of the polymer-encapsulated pigment is selected from the
group consisting of polyhydroxycarboxylic acids,
polyamino acids, polyamides, polyesters, polyimides, poly­
carbonates, amino resins, phenolic resins, polysulfides,
polyepoxides, and urea resins.

9. The method as claimed in claim 1, wherein the polymer
of the polymer-encapsulated pigment is selected from the
group consisting of polyurethanes, polyureas, and polyep­
oxides.

10. The method as claimed in claim 1, wherein in step (b)
the at least one polymerizable monomer M is added in an
amount of 0.1 % to 80% by weight, based on the total weight
of the polymerizable monomer miniemulsion.

11. The method as claimed in claim 1, wherein in step (b)
the surfactant T1 is added in an amount of 0.1 % to 50% by
weight, based on the total weight of the at least one
polymerizable monomer M.

12. The method as claimed in claim 1, wherein in step (b)
the hydrophobic organic compound is added in an amount of
1% to 50% by weight, based on the total weight of the at
least one polymerizable monomer M.

13. The method as claimed in claim 1, wherein in step (c)
the aqueous pigment dispersion from (a) and the monomer
miniemulsion from (b) are combined in a weight ratio of

127
160
190
170
208
162
166

<110
149

<100
115
127
156
138
300
481
499
279

di [nm]
(from dynamic light scattering)

100/0
80/20
50/50
80/20
80/20

100/0
80/20

100/0
80/20

100/0
80/20

100/0
80/20
80/20
80/20
80/20
80/20
80/20

Ratio
pigment/polymer

PY74
Example 1
Example 2
Example 3
Example 4
PY83
Example 5
PR122
Example 6
PB15:3
Example 7
PY74
Example 8
Example 9
Example 10
Example 11
Example 12
Example 13

1. A method of producing an aqueous dispersion of
polymer-encapsulated pigment, comprising the steps of:

(a) preparing an aqueous pigment dispersion comprising
at least one organic pigment P selected from the group
consisting of azo, isoindolinone, isoindoline,
anthanthrone, thioindigo, thiazineindigo, triarylcar­
bonium, quinophthalone, anthraquinone, dioxazine,
phthalocyanine, quinacridone, quinacridonequinone,
indanthrone, perylene, perinone, pyranthrone, diketo­
pyrrolopyrrole, isoviolanthrone, and azomethine pig­
ments, at least one surfactant T, and water;

(b) providing a monomer miniemulsion stabilized by a
hydrophobic organic compound having a water solu­
bility at 20° C. of not more than 5xlO-5 gil and and
wherein the monomer miniemulsion includes at least
one polymerizable monomer M at least one surfactant
Tl and water;

(c) producing a pigment-containing monomer miniemul­
sion by combining and homogenizing the aqueous

[0105] Production in the same way as for Example 12, the
solids content having been set to 7.3% by addition of water
prior to the beginning of the polymerization.

[0106] In all of the examples the polymer-encapsulated
pigment particles obtained were investigated by ultracen­
trifugation in a density gradient and also by TEM micro­
graphs. Virtually no homopolymer particles (empty drop­
lets) were detected.

[0104] Encapsulation with polyesters: Production in the
same way as in Example 1. Instead of styrene, pentadecano­
lide (l-oxacyclohexadecan-2-one) without a catalyst was
used. The polymerization to form poly-o-hydroxypentade­
canoic ester was carried out at 30-40° C. by the addition of
the enzyme lipase PS (0.5% based on the monomer).
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5:95 to 95:5, based on the weight of the at least one
polymerizable monomer M and the weight ofthe at least one
organic pigment P.

14. The method as claimed in claim I, where in step (c)
the homogenization is accomplished by exposure to ultra­
sound.

15. Pigment particles comprising at least one pigment
encapsulated by a polymer shell, the at least one pigment
being an organic pigment P selected from the group con­
sisting of azo, isoindolinone, isoindoline, anthanthrone,
thioindigo, thiazineindigo, triarylcarbonium, quinophtha­
lone, anthraquinone, dioxazine, phthalocyanine, quinacri­
done, quinacridonequinone, indanthrone, perylene,
perinone, pyranthrone, diketopyrrolopyrrole, isoviolan­
throne, and azomethine pigments; wherein

the polymer-encapsulated pigment particles have an aver­
age particle size di (intensity average) between 50 and
600 nm; wherein

the pigment content of the polymer-encapsulated pigment
particles is 50% to 95% by weight; and wherein

the homopolymer particle content is less than 5% by
weight, based on the total weight of the encapsulated
pigment particles.

16. The encapsulated pigment particles as claimed in
claim 15, wherein the deviation of the individual particles
from one another in terms of their particle size is less than
20% and the deviation in terms of their pigment content is
less than 5%.

17. Pigment particles encapsulated by a polymer shell,
made in accordance with the method ofclaim I, and wherein
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the polymer-encapsulated pigment particles have an average
particle size di (intensity average) between 30 and 600 nm;

the pigment content of the polymer-encapsulated pigment
particles is 5% to 95% by weight; and

the homopolymer particle content is less than 5% by
weight, based on the total weight of the encapsulated
pigment particles.

18. Encapsulated pigment particles as claimed in claim
15, wherein the polymer-encapsulated pigment particles
have an average particle size di (intensity average) between
70 and 300 nm and the pigment content of the polymer­
encapsulated pigment particles is 75% to 85% by weight.

19. A pigmented composition pigmented by the encapsu­
lated pigment particles as claimed in claim 15, wherein the
composition is selected from the group consisting of plas­
tics, resins, varnishes, paints, inks, printing inks, ink-jet
inks, electrophotographic toners, electrophotographic devel­
opers, powders, powder coating materials, electronic mate­
rials, and color filters.

20. Pigment particles encapsulated by a polymer shell
made in accordance with the method of claim 1.

21. A pigmented composition pigmented by the encapsu­
lated pigment particles as claimed in claim 20, wherein the
composition is selected from the group consisting of plas­
tics, resins, varnishes, paints, inks, printing inks, ink-jet
inks, electrophotographic toners, electrophotographic devel­
opers, powders, powder coating materials, electronic mate­
rials, and color filters.

* * * * *


