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EP 1 265 968 B9
Description
FIELD OF THE INVENTION

[0001] The present invention relates to pigment dispersions containing pigment, an aqueous carrier, and a pigment
dispersant prepared by polymerizing (i) a prepolymer having a radically polymerizable group and (ii) a radically polym-
erizable monomer. The prepolymer is prepared by controlled radical polymerization, and has well defined polymer chain
structure, molecular weight and molecular weight distribution. Monomer (ii) forms the polymeric backbone of the disper-
sant, and prepolymer (i) forms polymeric segments pendent to the backbone of the dispersant. The backbone of the
pigment dispersant is hydrophobic, and at least a portion of each pendent polymeric segment is hydrophilic.

BACKGROUND OF THE INVENTION

[0002] Pigmented coating compositions are used in a wide variety of applications including, for example, corrosion
resistant primers and decorative topcoats in the automotive, industrial and appliance markets. The preparation of pig-
mented coating compositions generally involves mixing binder resin(s), crosslinker(s), additives, e.g., flow additives,
and solvents with a compatible pigment dispersion. Pigment dispersions are typically prepared by mixing dry pigment
with a pigment dispersant in the presence of a carrier medium, e.g., an aqueous carrier medium.

[0003] Dry pigments are available commercially in the form of agglomerated pigment particles. Pigment agglomerates
are more likely to settle out of pigment dispersions and/or pigmented coating compositions, and are accordingly unde-
sirable. To break the pigment agglomerates down into smaller agglomerates and/or individual particles generally requires
the use of energy intensive mixing means (commonly referred to as grinding), e.g., sand mills and ball mills. During the
grinding process the pigment agglomerates are broken down into smaller agglomerates and/or individual particles the
surfaces of which are wetted by the pigment dispersant. The pigment dispersant suspends or disperses the pigment
particles in the carrier medium and prevents their re-agglomeration on storage. It is desirable that the pigment dispersion
remain substantially stable, e.g., showing minimal pigment settling and viscosity change with time, prior to its use in the
preparation of a pigmented coating composition.

[0004] Reducing the environmental impact of pigmented coatings compositions, in particular that associated with
emissions into the air of volatile organics during their use, has been an area of ongoing investigation and development
in recent years. Accordingly, interest in aqueous pigment dispersions has been increasing due, in part, to the inherently
low volatile organic content (VOC) of the aqueous pigmented coatings prepared therefrom, which can significantly reduce
air emissions during the application process.

[0005] Pigment dispersants used in aqueous pigment dispersions are preferably compatible with both the aqueous
carrier medium and the hydrophobic surfaces of the pigment particles. Such a combination of disparate properties can
be achieved with a pigment dispersant having distinct hydrophobic and hydrophilic polymeric segments, i.e., having well
defined polymer chain architecture. A wide variety of radically polymerizable monomers, such as methacrylate and
acrylate monomers, are commercially available and can provide a wide range of properties including, for example,
hydrophilic and hydrophobic properties. The use of conventional, i.e., non-living or free, radical polymerization methods
to synthesize pigment dispersants provides little control over molecular weight, molecular weight distribution and, in
particular, polymer chain structure. Aqueous pigment dispersions containing pigment dispersants prepared by conven-
tional non-living radical polymerizations, typically have poor stability, e.g., the pigments re-agglomerate and/or settle out
of the dispersion, and are unsuitable for the preparation of aqueous pigmented coatings compositions.

[0006] US Patent No. 5,770,648 discloses a waterbased dispersion useful for forming aqueous coating composition
containing dispersed pigment, an aqueous carrier and a branched polymer dispersant. The branched polymer contains
a hydrophilic backbone and hydrophobic side chains. The branched polymer is prepared by first polymerizing the mon-
omers constituting the side chain macromonomers using-ordinary radical polymerization and then radically polymerizing
the monomers forming the hydrophilic backbone in presence of the hydrophobic macromonomers forming the side chain.
[0007] The continued development of aqueous pigment dispersions that are stable and suitable for the preparation
of aqueous pigmented coating compositions is desirable. In particular, it would be desirable to develop aqueous pigment
dispersions that comprise pigment dispersants having well defined polymer chain architecture in which distinct hydrophilic
and hydrophobic polymer segments are present.

[0008] United States Patent No.’s 5,807,937, 5,789,487 and 5,763,598, and International Patent Publication No.’'s Wo
98/40415, WO 98/01480, WO 97/18247 and WO 96/30421 describe a radical polymerization process referred to as
atom transfer radical polymerization (ATRP). The ATRP process is described as being a living radical polymerization
that results in the formation of (co)polymers having predictable molecular weight and molecular weight distribution. The
ATRP process is also described as providing highly uniform products having controlled structure (i.e., controllable to-
pology, composition, etc.). The 937 and '548 patents also describe (co)polymers prepared by ATRP, which are useful
in a wide variety of applications including, for example, dispersants and surfactants.
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SUMMARY OF THE INVENTION
[0009] In accordance with the present invention, there is provided a pigment dispersion comprising:

(a) pigment;
(b) an aqueous carrier selected from water and a mixture of water and at least one organic solvent; and
(c) a pigment dispersant prepared by polymerizing a composition comprising,

(i) at least one prepolymer having a radically polymerizable group, said prepolymer being prepared by controlled
radical polymerization of at least one radically polymerizable ethylenically unsaturated first monomer, said
prepolymer having a polydispersity index of less than 2.0; and

(i) at least one radically polymerizable ethylenically unsaturated second monomer to produce a polymeric
backbone segment in said pigment dispersant;

wherein said prepolymer after polymerization with (c)(ii) is in the form of polymeric segments pendent to said
polymeric backbone segment, at least a portion of each pendent polymeric segment is hydrophilic, and the
polymeric backbone segment is hydrophobic.

[0010] The features that characterize the present invention are pointed out with particularity in the claims which are
annexed to and form a part of this disclosure. These and other features of the invention, its operating advantages and
the specific objects obtained by its use will be more fully understood from the following detailed description and the
accompanying drawings in which pigment dispersants useful in embodiments of the invention are illustrated and de-
scribed.

[0011] Other than in the operating examples, or where otherwise indicated, all numbers or expressions referring to
quantities of ingredients, reaction conditions, etc, used in the specification and claims are to be understood as modified
in all instances by the term "about."

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 is a diagrammatic representation of a pigment dispersant useful in the pigment dispersions of the present
invention; and

Figure 2 is a diagrammatic representation of a pigment dispersant similar to that depicted in Figure 1 in which the
polymer chain architecture of the polymeric segments pendent to the polymeric backbone segment are shown in
further detail.

[0013] In Figures 1 and 2, like reference numerals represent the same structural segments.
DETAILED DESCRIPTION OF THE INVENTION

[0014] Pigment dispersions according to the present invention comprise one or more pigment dispersants which can
be described generally as having a comb-like architecture, i.e., having a polymeric backbone segment with at least one
polymer segment or tooth pendent therefrom. The polymeric backbone segment of the pigment dispersant is hydrophobic
and at least a portion of each pendent polymeric segment is hydrophilic. Preferably, at least the terminal portion of each
pendent polymeric segment, i.e., that portion which is furthest from the backbone, is hydrophilic. While not intending to
be bound by any theory, it is believed that the hydrophobic backbone of the pigment dispersant is associated with the
pigment, while the hydrophilic teeth are associated with the aqueous carrier of the pigment dispersion.

[0015] As used herein and in the claims, the terms "hydrophobic" and "hydrophilic" are relative to each other. The
backbone segment of the pigment dispersant is hydrophobic, i.e., it is more hydrophobic than the pendent polymeric
segments. Correspondingly, at least a portion of each pendent polymeric segment is hydrophilic, i.e., that portion is more
hydrophilic than the backbone segment.

[0016] A more quantitative measure of the hydrophobic or hydrophilic nature of a nonionic monomer residue can be
obtained by using the following Formula-A: 100 x (oxygen weight + nitrogen weight)/(carbon weight). Monomer residues
having calculated Formula-A values of greater magnitude are generally considered to be more hydrophilic than monomer
residues having calculated Formula-A values of lesser magnitude. For example, the calculated Formula-A value is 67
for 2-hydroxyethyl methacrylate; 63 for methacrylamide; 53 for methyl methacrylate; 33 for butyl methacrylate; and 22
for 2-ethylhexyl methacrylate. Accordingly, an average Formula-A value can be calculated for a polymer chain segment
by averaging the calculated Formula-A values for the monomer residues within that segment. In an embodiment of the
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present invention, the hydrophobic polymeric backbone segment of the pigment dispersant has a calculated average
Formula-A value of from 10 to less than 55, e.g., from 10 to 40 or from 10 to 33, while the hydrophilic portion of each
pendent polymeric segment has a calculated average Formula-A value of from 55 to 133. The difference between the
calculated Formula-A values of the hydrophilic portion of each pendant polymeric segment and the hydrophobic polymeric
backbone segment of the pigment dispersant is typically at least 10, e.g., at least 25, and typically within the range of
10 to 40, inclusive of the recited values.

[0017] The hydrophobic polymeric backbone segment of the pigment dispersant typically does not contain ionic mon-
omer residues. The hydrophilic portion of each pendent polymeric segment of the pigment dispersant may contain ionic
monomer residues, nonionic monomer residues (e.g., having calculated Formula-A values of from 55 to 133) or a
combination of ionic and nonionic monomer residues.

[0018] Preparation of the pigment dispersant involves the polymerization, e.g., non-living free radical polymerization,
of at least one prepolymer having a radically polymerizable group, and at least one radically polymerizable ethylenically
unsaturated second monomer. The prepolymer is prepared from the controlled radical polymerization of at least one
first monomer. The second monomer forms the polymeric backbone segment of the pigment dispersant while the pre-
polymer forms polymeric segments pendent from the backbone, i.e., the teeth of the comb-like pigment dispersant.
[0019] The first and second monomers may each be independently selected from vinyl monomers, allylic monomers,
olefins and mixtures thereof. Classes of vinyl monomers from which each of the first and second monomers may be
independently selected include, but are not limited to, (meth)acrylic acid, (meth)acrylates, (meth)acrylamide, N- and N,
N-disubstituted (meth)acrylamides, vinyl aromatic monomers, vinyl halides and vinyl esters of carboxylic acids. As used
herein and in the claims, by "(meth)acrylate" and like terms is meant methacrylates, acrylates and mixtures of methacr-
ylates and acrylates.

[0020] Examples of C4-C, alkyl (meth)acrylates (including linear or branched alkyls and cycloalkyls) from which each
of the first and second monomers may be independently selected include, but are not limited to, methyl (meth)acrylate,
ethyl (meth)acrylate, propyl (meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, iso-butyl (meth)acrylate,
tert-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, isobornyl (meth)acrylate, cyclohexyl (meth)
acrylate, 3,3,5-trimethylcyclohexyl (meth)acrylate and isocane (meth)acrylate. Examples of oxirane functional (meth)
acrylates from which each of the first and second monomers may be independently selected include, but are not limited
to, glycidyl (meth)acrylate, 3,4-epoxycyclohexylmethyl(meth)acrylate, and 2-(3,4-epoxycyclohexyl)ethyl(meth)acrylate.
Hydroxy alkyl (meth)acrylates having from 2 to 4 carbon atoms in the alkyl group from which each of the first and second
monomers may be independently selected include, but are not limited to, hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate and hydroxybutyl (meth)acrylate. Examples of monomers having more than one (meth)acryloyl group,
from which each of the first and second monomers may be independently selected, include, but are not limited to (meth)
acrylic anhydride, diethyleneglycol bis(meth)acrylate, 4,4’-isopropylidenediphenol bis(meth)acrylate (Bisphenol A di
(meth)acrylate), alkoxylated 9,4’-isopropylidenediphenol bis(meth)acrylate, trimethylolpropane tris(meth)acrylate and
alkoxylated trimethylolpropane tris(meth)acrylate.

[0021] Specific examples of vinyl aromatic monomers from which each of the first and second monomers may be
selected include, but are not limited to, styrene, p-chloromethylstyrene, divinyl benzene, vinyl naphthalene and divinyl
naphthalene. Vinyl halides from which each of the first and second monomers may be independently selected include,
but are not limited to, vinyl chloride and vinylidene fluoride. Vinyl esters of carboxylic acids from which each of the first
and second monomers may be independently selected include, but are not limited to, vinyl acetate, vinyl butyrate, vinyl
3,4-dimethoxybenzoate and vinyl benzoate.

[0022] As used herein and in the claims, by "olefin" and like terms is meant unsaturated aliphatic hydrocarbons having
one or more double bonds, such as obtained by cracking petroleum fractions. Specific examples of olefins from which
each of the first and second monomers may be independently selected include, but are not limited to, propylene, 1-
butene, 1,3-butadiene, isobutylene and diisobutylene.

[0023] As used herein and in the claims, by "allylic monomer(s)" is meant monomers containing substituted and/or
unsubstituted allylic functionality, i.e., one or more radicals represented by the following general formula |,

| H2C=C(R1)-CH2-

wherein R; is hydrogen, halogen or a C, to C, alkyl group. Most commonly, R, is hydrogen or methyl and consequently
general formula | represents the (meth)allyl radical (i.e., the methallyl or allyl radical). Examples of allylic monomers
from which each of the first and second monomers may be independently selected include, but are not limited to: (meth)
allyl ethers, such as methyl (meth)allyl ether and (meth)allyl glycidyl ether; allyl esters of carboxylic acids, such as (meth)
allyl acetate, (meth)allyl butyrate, (meth)allyl 3,4-dimethoxybenzoate and (meth)allyl benzoate.

[0024] Other ethylenically unsaturated radically polymerizable monomers from which each of the first and second
monomers may be independently selected include, but are not limited to: cyclic anhydrides, e.g., maleic anhydride, 1-
cyclopentene-1,2-dicarboxylic anhydride and itaconic anhydride; esters of acids that are unsaturated but do not have
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o, B-ethylenic unsaturation, e.g., methyl ester of undecylenic acid; diesters of ethylenically unsaturated dibasic acids,
e.g., di(C4-C, alkyl)ethyl maleates; maleimide and N-substituted maleimides.

[0025] In an embodiment of the present invention, the hydrophobic polymeric backbone segment of the pigment
dispersant contains residues of monomers selected independently from oxirane functional monomer reacted with a
carboxylic acid selected from the group consisting of aromatic carboxylic acids, polycyclic aromatic carboxylic acids,
aliphatic carboxylic acids having from 6 to 20 carbon atoms and mixtures thereof; C4-C,q alkyl (meth)acrylates, e.qg.,
including those as previously recited herein; aromatic (meth)acrylates, e.g., phenyl (meth)acrylate, p-nitrophenyl (meth)
acrylate and benzyl (meth)acrylate; polycyclicaromatic (meth)acrylates, e.g., 2-naphthyl (meth)acrylate; vinyl esters of
carboxylic acids, e.g., hexanoic acid vinyl ester and decanoic acid vinyl ester; N,N-di(C4-Cg alkyl) (meth)acrylamides,
e.g., N,N-dimethyl (meth)acrylamide, N,N-diethyl (meth)acrylamide and N,N-dioctyl (meth)acrylamide; maleimide; N-
substituted maleimides; and mixtures thereof. Examples of N-substituted maleimides include, but are not limited to,
N-(C4-Cy linear or branched alkyl) maleimides, e.g., N-methyl maleimide, N-tertiary-butyl maleimide, N-octyl maleimide
and N-icosane maleimide; N-(C5-Cg cycloalkyl) maleimides, e.g., N-cyclohexyl maleimide; and N-(aryl) maleimides, e.g.,
N-phenyl maleimide, N-(C4-Cg linear or branched alkyl substituted phenyl) maleimide, N-benzyl maleimide and N-(C4-Cq
linear or branched alkyl substituted benzyl) maleimide.

[0026] The oxirane functional monomer residue of the polymeric backbone segment that is reacted with a carboxylic
acid, may be selected from, for example, glycidyl (meth)acrylate, 3,4-epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-
epoxycyclohexyl)ethyl(meth)acrylate, allyl glycidyl ether and mixtures thereof. Examples of carboxylic acids that may
be reacted with the oxirane functional monomer or its residue include, but are not limited to, para-nitrobenzoic acid,
hexanoic acid, 2-ethyl hexanoic acid, decanoic acid, undecanoic acid and mixtures thereof.

[0027] Each pendent hydrophilic polymeric segment of the pigment dispersant may contain nonionic moieties, ionic
moieties and combinations thereof. In an embodiment of the present invention, each pendent polymeric segment contains
residues of monomers selected from, for example, poly(alkylene glycol) (meth)acrylates; C4-C, alkoxy poly(alkylene
glycol) (meth)acrylates; hydroxyalkyl (meth)acrylates having from 2 to 4 carbon atoms in the alkyl group; N-(hydroxy
C4-C4 alkyl) (meth)acrylamides (e.g., N-hydroxymethyl (meth)acrylamide and N-(2-hydroxyethyl) (meth)acrylamide); N,
N-di-(hydroxy C4-C, alkyl) (meth)acrylamides (e.g., N,N-di(2-hydroxyethyl) (meth)acrylamide); carboxylic acid functional
monomers; salts of carboxylic acid functional monomers, amine functional monomers; salts of amine functional mono-
mers; and mixtures thereof.

[0028] Poly(alkylene glycol) (meth)acrylates and C4-C, alkoxy poly(alkylene glycol) (meth)acrylates that may be used
to prepare the pendent hydrophilic polymeric segments of the pigment dispersant are prepared by known methods. For
example, (meth)acrylic acid or hydroxyalkyl (meth)acrylate, e.g., 2-hydroxyethyl (meth)acrylate, may be reacted with
one or more alkylene oxides, e.g., ethylene oxide, propylene oxide and butylene oxide. Alternatively, an alkyl (meth)
acrylate may be transesterified with a C4-C, alkoxy poly(alkylene glycol), e.g., methoxy poly(ethylene glycol). Examples
of preferred poly(alkylene glycol) (meth)acrylates and C4-C, alkoxy poly(alkylene glycol) (math)acrylates include, poly
(ethylene glycol) (meth)acrylate and methoxy poly(ethylene glycol) (meth)acrylate, the poly(ethylene glycol) moiety of
each having a molecular weight of from 100 to 800. An example of a commercially available C4-C, alkoxy poly(alkylene
glycol) (meth)acrylate is methoxy poly(ethylene glycol) 550 methacrylate monomer from Sartomer Company, Inc.
[0029] Examples of carboxylic acid functional monomers that may be present as monomer residues in the hydrophilic
pendent polymeric segments of the pigment dispersant include, but are not limited to, (meth)acrylic acid, maleic acid,
fumeric acid and undecylenic acid. The hydrophilic pendent polymeric segments may contain precursors of carboxylic
acid functional monomer residues that are converted to carboxylic acid residues after completion of the polymerization,
e.g., maleic anhydride and di(C4-C, alkyl) maleates. For example, residues of maleic anhydride can be converted to
ester/acid residues or amide/acid residues by art-recognized reactions with alcohols or primary amines, respectively.
Salts of carboxylic acid functional monomers that may be present as monomer residues in the hydrophilic pendent
polymeric segments include, for example, salts of (meth)acrylic acid and primary, secondary or tertiary amines, such
as, butyl amine, dimethyl amine and triethyl amine.

[0030] Amine functional monomers that may be present as monomer residues in the hydrophilic pendent polymeric
segments of the pigment dispersant include, for example, amino(C,-C, alkyl) (meth)acrylates, e.g., 2-aminoethyl (meth)
acrylate, 3-aminopropyl (meth)acrylate and 4-aminobutyl (meth)acrylate; N-(C4-C, alkyl)amino(C,-C, alkyl) (meth)acr-
ylates, e.g., N-methyl-2-aminoethyl (meth)acrylate; and N,N-di(C4-C, alkyl) amino (C,-C, alkyl) (meth)acrylates, e.g.,
N,N-dimethyl-2-aminoethyl (meth)acrylate. The hydrophilic pendent polymeric segments of the pigment dispersant may
also contain residues of salts of amine functional monomers, e.g., salts of those amine functional monomers as recited
previously herein. Salts of the amine functional monomer residues may be formed by mixing a carboxylic acid, e.g.,
lactic acid, with the pigment dispersant after completion of polymerization.

[0031] In an embodiment of the present invention, the hydrophilic pendent polymeric segments of the pigment disper-
sant each independently contain residues of carboxylic acid functional monomers selected from (meth)acrylic acid,
maleic anhydride, maleic acid, di(C4-C, alkyl) maleates, and mixtures thereof. In a still further embodiment of the present
invention, the hydrophilic pendent polymeric segments of the pigment dispersant each independently contain residues



10

15

20

25

30

35

40

45

50

55

EP 1 265 968 B9

of amine functional monomers selected from amino(C,-C, alkyl) (meth)acrylates, N-(C4-C, alkyl)amino(C,-C, alkyl)
(meth)acrylates, N,N-di(C4-C, alkyl)amino(C,-C, alkyl) (meth)acrylates and mixtures thereof.

[0032] The hydrophilic pendent polymeric segments of the pigment dispersant may also contain cationic moieties
selected from ammonium, sulphonium and phosphonium. Ammonium, sulphonium and phosphonium moieties may be
introduced into the pendent polymeric segments of the pigment dispersant by means known to the skilled artisan. For
example, when the pendent segments contain residues of N,N-dimethyl-2-aminoethyl (meth)acrylate, the N,N-dimeth-
ylamino moieties may be converted to ammonium moieties by mixing an acid, e.g., lactic acid, with the pigment dispersant.
[0033] When the pendent polymeric segments contain residues of oxirane functional monomers, such as glycidyl
(meth)acrylate, the oxirane groups may be used to introduce sulphonium or phosphonium moieties into the pendent
polymeric segments. Sulphonium moieties may be introduced into the pendent segments by reaction of the oxirane
groups with thiodiethanol in the presence of an acid, such as lactic acid. Reaction of the oxirane groups with a phosphine,
e.g., triphenyl phosphine or tributyl phosphine, in the presence of an acid, such as lactic acid, results in the introduction
of phosphonium moieties into the pendent segments.

[0034] The prepolymer that forms the pendent polymeric segments of the pigment dispersant is prepared by controlled
or living radical polymerization of at least one radically polymerizable ethylenically unsaturated first monomer, and has
a polydispersity index of less than 2.0, e.g., less than 1.8 or less than 1.5. As used herein and in the claims, the term
"controlled radical polymerization," and related terms, e.g., "living radical polymerization," refers to those methods of
radical polymerization that provide control over the molecular weight, polymer chain architecture and polydispersity of
the resulting polymer. A controlled or living radical polymerization is also described as a chain-growth polymerization
that propagates with essentially no chain transfer and essentially no chain termination. The number of polymer chains
formed during a controlled radical polymerization is often nearly equal to the number of initiators present at the beginning
of the reaction, and each polymer chain typically contains a residue of the initiator.

[0035] Inan embodiment of the present invention, the prepolymer is prepared by atom transfer radical polymerization
(ATRP) of the first monomer in the presence of an initiator having a radically transferable group, e.g., a radically trans-
ferable halide. The ATRP prepared prepolymer contains a residue of or derived from the initiator.

[0036] The ATRP process can be described generally as comprising: polymerizing one or more radically polymerizable
monomers in the presence of an initiation system; forming a polymer; and isolating the formed polymer. The initiation
system comprises: an initiator having a radically transferable atom or group; a transition metal compound, i.e., a catalyst,
which participates in a reversible redox cycle with the initiator; and a ligand, which coordinates with the transition metal
compound. The ATRP process is described in further detail in international patent publication WO 98/40415 and United
States Patent No.’s 5, 807, 937, 5, 763, 548 and 5,789,487.

[0037] In preparing the prepolymer by ATRP, the initiator may be selected from the group consisting of linear or
branched aliphatic compounds, cycloaliphatic compounds, aromatic compounds, polycyclic aromatic compounds, het-
erocyclic compounds, sulfonyl compounds, sulfenyl compounds, esters of carboxylic acids, nitriles, ketones, phospho-
nates and mixtures thereof, each having at least one radically transferable group, which is typically a halide. The initiator
may also be substituted with functional groups, e.g., oxyranyl groups, such as glycidyl groups. Additional useful initiators
and the various radically transferable groups that may be associated with them (e.g., cyano, cyanato, thiocyanato and
azido groups) are described in United States Patent No. 5,807,937 at column 17, line 4 through column 18, line 28.
[0038] Preferably, the ATRP initiator may be selected from the group consisting of halomethane, 1-halo-2,3-epoxy-
propane, methanesulfonyl halide, methanesulfenyl halide, C4-Cg-alkyl ester of 2-halo-C,-Cg-carboxylic acid, di
(C4-Cg-alkeyl)-2-halo-2-methyl malonate and mixtures thereof. A preferred ATRP initiator is diethyl-2-bromo-2-methyl
malonate.

[0039] Catalysts that may be used in the ATRP preparation of the prepolymer, include any transition metal compound
that can participate in a redox cycle with the initiator and the growing polymer chain. It is preferred that the transition
metal compound not form direct carbon-metal bonds with the polymer chain. Transition metal catalysts useful in the
present invention may be represented by the following general formula I,

I TMM*X,,

wherein TM is the transition metal, n is the formal charge on the transition metal having a value of from 0 to 7, and X is
a counterion or covalently bonded component. Examples of the transition metal (TM) include, but are not limited to, Cu,
Fe, Au, Ag, Hg, Pd, Pt, Co, Mn, Ru, Mo, Nb and Zn. Examples of X include, but are not limited to, halide, hydroxy,
oxygen, C4-Cg-alkoxy, cyano, cyanato, thiocyanato and azido. A preferred transition metal is Cu(l) and X is preferably
halide, e.g., chloride. Accordingly, a preferred class of transition metal catalysts are the copper halides, e.g., Cu(l)CI. It
is also preferred that the transition metal catalyst contain a small amount, e.g., 1 mole percent, of a redox conjugate,
for example, Cu(Il)Cl, when Cu(l)Cl is used. Additional catalysts useful in preparing the prepolymer are described in
United States Patent No. 5,807,937 at column 18, lines 29 through 56. Redox conjugates are described in further detail
in United States Patent No. 5,807,937 at column 11, line 1 through column 13, line 38.
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[0040] Ligands that may be used in the ATRP preparation of the prepolymer, include, but are not limited to compounds
having one or more nitrogen, oxygen, phosphorus and/or sulfur atoms, which can coordinate to the transition metal
catalyst compound, e.g., through sigma and/or pi bonds. Classes of useful ligands, include but are not limited to: un-
substituted and substituted pyridines and bipyridines; porphyrins; cryptands; crown ethers; e.g., 18-crown-6; polyamines,
e.g., ethylenediamine; glycols, e.g., alkylene glycols, such as ethylene glycol; carbon monoxide; and coordinating mon-
omers, e.g., styrene, acrylonitrile and hydroxyalkyl (meth)acrylates. A preferred class of ligands are the substituted
bipyridines, e.g., 4,4’-dialkyl-bipyridyls. Additional ligands that may be used in preparing prepolymer are described in
United States Patent No. 5,807,937 at column 18, line 57 through column 21, line 43.

[0041] In the ATRP preparation of the prepolymer, the amounts and relative proportions of initiator, transition metal
compound and ligand are those for which ATRP is most effectively performed. The amount of initiator used can vary
widely and is typically present in the reaction medium in a concentration of from 10-4 moles / liter (M) to 3 M, for example,
from 10-3 M to 10-1 M. As the molecular weight of the prepolymer can be directly related to the relative concentrations
of initiator and monomer(s), the molar ratio of initiator to monomer is an important factor in prepolymer preparation. The
molar ratio of initiator to monomer is typically within the range of 104 : 1to 0.5 : 1, for example, 102:1t0 5x 102 : 1.
[0042] In preparing the prepolymer by ATRP methods, the molar ratio of transition metal compound to initiator is
typically in the range of 10-4 : 1t0 10 : 1, forexample, 0.1 : 1to 5 . 1. The molar ratio of ligand to transition metal compound
is typically within the range of 0.1 : 1 to 100 : 1, for example, 0.2 : 1 to 10 : 1.

[0043] The prepolymer may be prepared in the absence of solvent, i.e., by means of a bulk polymerization process.
Generally, the prepolymer is prepared in the presence of a solvent, typically water and/or an organic solvent. Classes
of useful organic solvents include, but are not limited to, esters of carboxylic acids, ethers, cyclic ethers, C5-C, alkanes,
Cs-Cg cycloalkanes, aromatic hydrocarbon solvents, halogenated hydrocarbon solvents, amides, nitriles, sulfoxides,
sulfones and mixtures thereof. Supercritical solvents, such as CO,, C4-C, alkanes and fluorocarbons, may also be
employed. A preferred class of solvents are the aromatic hydrocarbon solvents, particularly preferred examples of which
are xylene, and mixed aromatic solvents such as those commercially available from Exxon Chemical America under the
trademark SOLVESSO. Additional solvents are described in further detail in United States Patent No. 5,807,937 at
column 21, line 44 through column 22, line 54.

[0044] The ATRP preparation of the prepolymer is typically conducted at a reaction temperature within the range of
25°C to 140°C, e.g., from 50°C to 100°C, and a pressure within the range of 1 to 100 atmospheres, usually at ambient
pressure. The atom transfer radical polymerization is typically completed in less than 24 hours, e.g., between 1 and 8
hours.

[0045] The ATRP ftransition metal catalyst and its associated ligand are typically separated or removed from the
prepolymer prior to its polymerization with the second monomer. Removal of the ATRP catalyst is achieved using known
methods, including, for example, adding a catalyst binding agent to the a mixture of the prepolymer, solvent and catalyst,
followed by filtering. Examples of suitable catalyst binding agents include, for example, alumina, silica, clay or a combi-
nation thereof. A mixture of the prepolymer, solvent and ATRP catalyst may be passed through a bed of catalyst binding
agent. Alternatively, the ATRP catalyst may be oxidized in situ, the oxidized residue of the catalyst being retained with
the prepolymer.

[0046] The prepolymer used in the preparation of the pigment dispersant typically has a number average molecular
weight (Mn) of at least 250, preferably at least 1000, and more preferably at least 2000. The number average molecular
weight of the prepolymer is typically less than 25,000, preferably less than 15,000 and more preferably less than 10,000.
The number average molecular weight of the prepolymer may range between any combination of these values, inclusive
of the recited values.

[0047] The radically polymerizable group of the prepolymer may be selected from (meth)acryloyl, allyl, substituted
allyl, vinyl and thiol (-SH). The prepolymer may contain more than one radically polymerizable group, e.g., 2, 3,4 or 5
radically polymerizable groups. When the prepolymer contains more than one radically polymerizable group, the radically
polymerizable groups are preferably together present in a block of radically polymerizable groups.

[0048] The radically polymerizable group of the prepolymer is typically pendent from and may be located at any point
along the polymer chain of the prepolymer. Preferably, the radically polymerizable group is located at a terminal or near
terminal polymer chain position that is furthest from the position of the initiator residue of the prepolymer. That part of
the prepolymer chain containing a residue of the initiator is generally referred to as the tail of the prepolymer, and the
terminal position furthest from the tail is referred to as the head. The radically polymerizable group may be incorporated
into the polymer chain of the prepolymer either (i) during the course of the controlled radical polymerization or (ii) by
means of a post-reaction performed on the prepolymer.

[0049] Monomers having more than one radically polymerizable group (preferably having two such groups) are typically
used to incorporate the radically polymerizable group into the prepolymer during the course of its preparation by controlled
radical polymerization. Under the conditions of the controlled radical polymerization process used to prepare the pre-
polymer, the polyfunctional monomer preferably has (a) an ethylenically unsaturated group that is readily polymerizable,
and (b) a second ethylenically unsaturated group that is not readily polymerizable. Allyl groups and vinyl groups, for
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example, are not readily polymerizable in atom transfer radical polymerizations relative to (meth)acryloyl groups. When
the prepolymer is prepared by means of ATRP, preferred polyfunctional monomers include, for example, allyl or substi-
tuted allyl (meth)acrylate and vinyl (meth)acrylate. When allyl (meth)acrylate is used in the ATRP preparation of the
prepolymer, the radically polymerizable group of the prepolymer is an allyl group. When vinyl (meth)acrylate is used in
the ATRP preparation of the prepolymer, the radically polymerizable group of the prepolymer is a vinyl group.

[0050] A particularly desirable aspect of controlled radical polymerization is the control it provides over the polymer
chain architecture of the prepolymer. The polymer chain architecture of a polymer refers to the position of different
monomer residues within the polymer chain or a segment of the polymer chain. Examples of polymer chain architectures
includerandom, gradient, alternating and block polymer chain architectures, which will be discussed in further detail below.
[0051] The position or location of monomer residues along the polymer chain is typically determined by the order in
which the monomers are fed into the reaction vessel during the preparation of the prepolymer by controlled radical
polymerization. When more than one monomer species is fed into the reaction vessel at the same time, the order in
which they are incorporated into the living polymer chain is determined by the relative reactivities of the monomer species.
For example, when the radically polymerizable group is introduced into the prepolymer by means of a polyfunctional
monomer, such as allyl (meth)acrylate, the polyfunctional monomer is preferably the last monomer fed into the reaction
vessel. The prepolymer preferably contains a single radically polymerizable group, but may also contain more than one
such group, e.g., a terminal block containing 2, 3, 4 or 5 radically polymerizable groups.

[0052] The radically polymerizable group may also be incorporated into the prepolymer by means of a post-reaction.
In an embodiment of the present invention, the prepolymer is prepared with a terminal head block containing from, for
example, 1 to 5 residues of tert-butyl methacrylate, the tert-butyl carboxylate portions of which are then converted to
carboxylic acid groups by methods known to the skilled artisan. The terminal carboxylic acid groups may then be reacted
with glycidyl (meth)acrylate, thus introducing radically polymerizable (meth)acryloyl groups into the prepolymer.
[0053] When prepared by ATRP, the terminal head portion of the prepolymer typically contains a residue of the radically
transferable group of the initiator, e.g., a halide or cyano group. This terminal residue of the radically transferable group
can be substituted with or converted into a radically polymerizable group. In an embodiment of the present invention,
the prepolymer contains a halide residue at the terminal head position, which can be substituted with an allyl group by
means of an art recognized reaction involving allyl trialkylsilane, e.g., allyl trimethylsilane, under acidic conditions, e.g.,
in the presence of a titanium tetrahalide such as titanium tetrachloride. The terminal halide residue of the prepolymer
may alternatively be substituted with a thiol group by reaction with sodium hydrosulfide (NaHS). In another embodiment
of the present invention, the prepolymer contains a cyano group at the terminal head position, which can be converted
to a carboxylic acid group by means known in the art. The terminal carboxylic acid group may then be reacted with
glycidyl (meth)acrylate, thus introducing a (meth)acryloyal group at the terminal head position of the prepolymer.
[0054] When prepared by atom transfer radical polymerization, the prepolymer may be described with reference to
the following representative general formula Ill,

i 0-(E)s~(G)p-(T)q

in which E is a hydrophilic residue of at least one radically polymerizable ethylenically unsaturated monomer. The residue
E has nonionic moieties, ionic moieties and combinations thereof. In general formula lll, E and G are different, and G is
a residue of at least one radically polymerizable ethylenically unsaturated monomer. Also in general formula lll, the
symbol ¢ is a residue of or derived from the ATRP initiator; T is the radically polymerizable group of the prepolymer or
aresidue of atleast one radically polymerizable ethylenically unsaturated monomer containing the radically polymerizable
group of the prepolymer; s, p and q represent average numbers of residues occurring in a block of residues; q is from
1to 5; and s, p and q are each individually selected such that said prepolymer has a number average molecular weight
of at least 250.

[0055] With reference to general formula lll, E may be a residue of at least one monomer selected from poly(alkylene
glycol) (meth)acrylates, C4-C, alkoxy poly(alkylene glycol) (meth)acrylates, hydroxyalkyl (meth)acrylates having from 2
to 4 carbon atoms in the alkyl group, N-(hydroxy C,-C, alkyl) (meth)acrylamides, N,N-di-(hydroxy C4-C, alkyl) (meth)
acrylamides, carboxylic acid functional monomers, salts of carboxylic acid functional monomers, amine functional mon-
omers, salts of amine functional monomers and mixtures thereof. Specific examples within these classes of monomers,
of which E may be a residue, include those as recited previously herein. With further reference to general formula lll, G
may be a residue of a monomer selected from the group consisting of methyl (meth)acrylate, ethyl (meth)acrylate, propyl
(meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, tert-butyl (meth)acrylate and
mixtures thereof.

[0056] In an embodiment of the present invention, E is a hydrophilic residue containing cationic moieties selected
from ammonium, sulphonium and phosphonium. The ammonium, sulphonium and phosphonium residues that E may
contain include those as recited previously herein. For example, E may be the residue of the carboxylic acid salt of N,
N-dimethyl-2-aminoethyl (meth)acrylate, the reaction product of a residue of glycidyl (meth)acrylate and thiodiethanol
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in the presence of lactic acid, or the reaction product of a residue of glycidyl (meth)acrylate and a phosphine, such as
tributyl phosphine, in the presence of lactic acid.

[0057] Each of E, G and T in general formula Ill may represent one or more types of monomer residues, while s, p
and q represent the average total number of E, G and T residues occurring per block of E residues (E-Block), G residues
(G-block) and T residues (T-block) respectively. When containing more than one type or species of monomer residue,
the E, G and T blocks may each have at least one of random, block (e.g., di-block and tri-block), alternating and gradient
architectures. For purposes of illustration, a G-block containing 6 residues of methyl methacrylate (MMA) and 6 residues
of ethyl methacrylate (EMA), for which p is 12, may have di-block, tetra-block, alternating and gradient architectures as
represented in general formulas IV, V, VI and VILI.

IV Di-Block Architecture  -(MMA-MMA-MMA-MMA-MMA-MMA-EMA-EMA-EMA-EMA-
EMA-EMA)-

Vv Tetra-Block Architecture -(MMA-MMA-MMA-EMA-EMA-EMA-MMA-MMA-MMA-EMA-
EMA-EMA)-

Vi Alternating Architecture -(MMA-EMA-MMA-EMA-MMA-EMA-MMA-EMA-MMA-EMA-
MMA-EMA)-

Vii Gradient Architecture -(MMA-MMA-MMA-EMA-MMA-MMA-EMA-EMA-MMA-EMA-
EMA-EMA)-

The E-block and T-block may each be described in a manner similar to that of the G-block. However, gradient architecture
is not particularly applicative to the T-block, as it typically contains only 1 to 5 monomer residues.

[0058] The orderin which monomerresidues occur along a polymeric segment of the prepolymer is typically determined
by the order in which the corresponding monomers are fed into the vessel in which the controlled radical polymerization
is conducted. For example, the monomers that are incorporated as residues in the E-blocks of the prepolymer represented
by general formula I are generally fed into the reaction vessel prior to those monomers that are incorporated as residues
in the G-blocks.

[0059] During formation of the E- and G-blocks, if more than one monomer is fed into the reaction vessel at a time,
the relative reactivities of the monomers typically determines the order in which they are incorporated into the living
polymer arms of the pigment dispersant. Gradient sequences of monomer residues within the E- and G-blocks can be
prepared by controlled radical polymerization, and in particular by ATRP methods by (a) varying the ratio of monomers
fed to the reaction medium during the course of the polymerization, (b) using a monomer feed containing monomers
having different rates of polymerization, or (c) a combination of (a) and (b). Copolymers containing gradient architecture
are described in further detail in United States Patent No. 5,807,937 at column 29, line 29 through column 31, line 35.
[0060] Subscripts s and p represent average total number of residues occurring in the respective E and G blocks.
Typically, subscript s has a value of at least 1, and preferably at least 5 for general formula Ill. Also, subscript s has a
value of typically less than 300, preferably less than 100, and more preferably less than 50 (e.g., 20) for general formula
IIl. The value of subscript s may range between any combination of these values, inclusive of the recited values. Subscript
p may be 0, or may have a value of at least 1, and preferably at least 5. Subscript p also typically has a value of less
than 300, preferably less than 100, and more preferably less than 50 (e.g., 20). The value of subscript p may range
between any combination of these values, inclusive of the recited values.

[0061] Symbol ¢ of general formula Il is or is derived from the residue of the initiator used in the ATRP preparation
of the prepolymer, and is free of the radically transferable group of the initiator. For example, when the prepolymer is
initiated in the presence of diethyl-2-bromo-2-methyl malonate, the symbol ¢, more specifically ¢-, is the residue repre-
sented by the following general formula VI,

VIII
P S
H3C—CH,—0—C—C——C—0-—CH,—CHj

[0062] The symbol d may also be derived from the residue of the initiator. For example, when the prepolymer is initiated
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using epichlorohydrin the symbol ¢, more specifically ¢-, is the 2,3-epoxy-propyl residue,

CHy——

The 2,3-epoxy-propyl residue can then be hydrolyzed to, for example, a 2,3-dihydroxypropyl residue.

[0063] In the course of its preparation by ATRP, the prepolymer will contain a residue of the radically transferable
group of the initiator at its head (not shown in general formula Ill). The residue of the radically transferable group, e.g.,
a halide residue, can be substituted with or converted to a radically polymerizable group, e.g., a thiol or allyl group, as
described previously herein, in which case symbol T of general formula Ill is the radically polymerizable group, and q is
1. When T is a residue of at least one radically polymerizable ethylenically unsaturated monomer containing the radically
polymerizable group (e.g., allyl (meth)acrylate, vinyl (meth)acrylate or the adduct of glycidyl (meth)acrylate and 2-hy-
droxyethyl (meth)acrylate) g may be from 1 to 5, preferably 1 to 3, and more preferably 1 or 2.

[0064] When T is a residue of at least one radically polymerizable ethylenically unsaturated monomer containing the
radically polymerizable group, such as allyl (meth)acrylate, the prepolymer will typically still contain a residue of the
radically transferable group of the ATRP initiator at its head (not shown in general formula lll). The residue of the radically
transferable group may be (a) left on the prepolymer, (b) removed or (c) chemically converted to another moiety. The
radically transferable group may be removed by substitution with a nucleophilic compound, e.g., an alkali metal alkoxylate.
When the residue of the radically transferable group is a cyano group (-CN), it can be converted to an amide group or
carboxylic acid group by methods known in the art.

[0065] In an embodiment of the present invention, when the radically transferable group is a halogen, the halogen
can be removed from the prepolymer by means of a mild dehalogenation reaction. The reaction is typically performed
as a post-reaction after the prepolymer has been formed, and in the presence of at least an ATRP catalyst. Preferably,
the dehalogenation post-reaction is performed in the presence of both an ATRP catalyst and its associated ligand.
[0066] The mild dehalogenation reaction is performed by contacting the halogen terminated prepolymer with one or
more ethylenically unsaturated compounds, which are not readily radically polymerizable under at least a portion of the
spectrum of conditions under which atom transfer radical polymerizations are performed, hereinafter referred to as
"limited radically polymerizable ethylenically unsaturated compounds" (LRPEU compound).

[0067] Notintending to be bound by any theory, itis believed, based on the evidence at hand, that the reaction between
the halogen terminated prepolymer and one or more LRPEU compounds results in (1) removal of the terminal halogen
group, and (2) the addition of at least one carbon-carbon double bond where the terminal carbon-halogen bond is broken.
The dehalogenation reaction is typically conducted at a temperature in the range of 0°C to 200°C, e.g., from 0°C to
160°C, a pressure in the range of 0.1 to 100 atmospheres, e.g., from 0.1 to 50 atmospheres. The reaction is also typically
performed in less than 24 hours, e.g., between 1 and 8 hours. While the LRPEU compound may be added in less than
a stoichiometric amount, itis preferably added in at least a stoichiometric amount relative to the moles of terminal halogen
present in the prepolymer. When added in excess of a stoichiometric amount, the LRPEU compound is typically present
in an amount of no greater than 5 mole percent, e.g., 1 to 3 mole percent, in excess of the total moles of terminal halogen.
[0068] Limited radically polymerizable ethylenically unsaturated compounds useful for dehalogenating the prepolymer
under mild conditions include those represented by the following general formula 1X.

IX

In general formula IX, Rg and R; can be the same or different organic groups such as: alkyl groups having from 1 to 4
carbon atoms; aryl groups; alkoxy groups; ester groups; alkyl sulfur groups; acyloxy groups; and nitrogen-containing
alkyl groups where at least one of the Rg and R; groups is an organo group while the other can be an organo group or
hydrogen. For instance when one of Rg or Ry is an alkyl group, the other can be an alkyl, aryl, acyloxy, alkoxy, arenes,
sulfur-containing alkyl group, or nitrogen-containing alkyl and/or nitrogen-containing aryl groups. The Rg groups can be
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the same or different groups selected from hydrogen or lower alkyl selected such that the reaction between the terminal
halogen of the prepolymer and the LRPEU compound is not prevented. Also an Rq group can be joined to the Rg and/or
the R, groups to form a cyclic compound.

[0069] Itis preferred that the LRPEU compound be free of halogen groups. Examples of suitable LRPEU compounds
include, but are not limited to, 1,1-dimethylethylene, 1,1-diphenylethylene, isopropenyl acetate, alpha-methyl styrene,
1,1-dialkoxy olefin and mixtures thereof. Additional examples include dimethyl itaconate and diisobutene (2,4,4-trimethyl-
1-pentene).

[0070] For purposes of illustration, the reaction between halogen terminated prepolymer and LRPEU compound, e.g.,
alpha-methyl styrene, is summarized in the following general scheme 1.

General Scheme 1

CHj CH,

I
—_ = l

In general scheme 1, P-X represents the halogen terminated prepolymer.

[0071] The prepolymer having a radically polymerizable group and the second monomer are typically together polym-
erized by means of conventional non-living free radical polymerization techniques that are known to those of ordinary
skill in the art. Such known non-living free radical polymerization methods typically make use of suitable initiators, which
include organic peroxides, e.g., di(t-butyl) peroxide, and azo type compounds, e.g., 1,1’-azobis(isobutylnitrile). The free
radical polymerization may optionally be performed in the presence of chain transfer agents, such as alpha-methyl
styrene dimer and tertiary dodecyl mercaptan. In the non-living free radical polymerization, the total weight ratio of the
prepolymer (c)(i) to the second monomer (c)(ii) is typically from 1 :10to 10 : 1, e.g.,from1 :5to5:1orfrom1:3t0 3 : 1.
[0072] The polymerization of the prepolymer and second monomer is typically performed in the presence of a suitable
solvent, which may be selected from those solvents as recited previously herein with regards to ATRP methods, e.g.,
toluene. If the polymerization of the prepolymer and second monomer is performed in the presence of a water insoluble
solvent, such as toluene, the solvent is generally removed, e.g., by vacuum distillation, prior to incorporating the pigment
dispersant into the pigment dispersion of the present invention. Upon removal of the water insoluble solvent from the
pigment dispersant, it may be replaced with a water soluble organic solvent (e.g., 2-(butoxyethoxy)ethanol), water or a
combination of water and a water soluble organic solvent.

[0073] Upon completion of the polymerization of the prepolymer and second monomer, the pigment dispersant has
a comb-like architecture, which can be described in further detail with reference to drawing Figures 1 and 2. In Figure
1, the pigment dispersant 3 has a hydrophobic polymeric backbone segment 11, and pendent polymeric segments 16,
19 and 22 (at least a portion of each being hydrophilic). As the polymerization of the prepolymer and the second monomer
is non-living, the pigment dispersant will typically be composed of a mixture of comb-like polymers having polymeric
backbone segments of varying molecular weights and varying numbers of pendent polymeric segments. In addition, the
second monomer residues and the pendent prepolymer residues will be distributed randomly along the hydrophobic
polymeric backbone segment, of the pigment dispersant.

[0074] InFigure 2, the pendentpolymeric segments 16, 19 and 22 (which are residues of the prepolymer as represented
in general formula Ill) of pigment dispersant 5 are shown in further detail. The symbol ¢ and letters E, G, s and p have
the same meanings as described previously herein with reference to general formula Ill. Each of E, G, ¢, s and p of
pendent polymeric segments 16, 19 and 22 of pigment dispersant 5 may be the same or different. The radically polym-
erizable group T of general formula Il or residues thereof are not shown in Figure 2.

[0075] Pigment dispersants useful in the pigment dispersions of the present invention can be described in further
detail with reference to Figure 2. In an embodiment of the present invention, the polymeric backbone segment 11 of
pigment dispersant 5 contains residues of an adduct of glycidyl methacrylate and para-nitrobenzoic acid, the symbol ¢
represents a residue of the ATRP initiator diethyl-2-bromo-2-methyl malonate, G is a residue of iso-butyl methacrylate,
E is a residue of methoxy poly(ethylene glycol) methacrylate, and s and p are each independently from 1 to 20. In another
embodiment of the present invention, the polymeric backbone segment 11 of pigment dispersant 5 contains residues
of an adduct of glycidyl methacrylate and para-nitrobenzoic acid, the symbol ¢ represents a residue of the ATRP initiator
diethyl-2-bromo-2-methyl malonate, E is a residue of methoxy poly(ethylene glycol) methacrylate, s is from 1 to 20, and
pis 0.

[0076] The pigment dispersant (c) is typically present in the pigment dispersion of the present invention in an amount
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of at least 0.1 percent by weight, preferably at least 0.5 percent by weight, and more preferably at least 1 percent by
weight, based on the total weight of the pigment dispersion. The pigment dispersant is also typically present in the
pigment dispersion in an amount of less than 65 percent by weight, preferably less than 40 percent by weight, and more
preferably less than 25 percent by weight, based on the total weight of the pigment dispersion. The amount of pigment
dispersant (c) present in the pigment dispersion of the present invention may range between any combination of these
values, inclusive of the recited values.

[0077] The pigment of the pigment dispersion of the present invention may be selected from inorganic pigments, such
as carbon black pigments, e.g., furnace blacks, electrically conductive carbon black pigments, extender pigments and
corrosion inhibitive pigments; organic pigments; and mixtures thereof. Examples of organic pigments that may be present
in the pigment dispersion include, but are not limited to, perylenes, phthalo green, phthalo blue, nitroso pigments,
manoazo pigments, diazo pigments, diazo condensation pigments, basic dye pigments, alkali blue pigments, blue lake
pigments, phloxin pigments, quinacridone pigments, lake pigments of acid yellow 1 and 3, carbazole dioxazine violet
pigments, alizarine lake pigments, vat pigments, phthaloxy amine pigments, carmine lake pigments, tetrachloroisoin-
dolinone pigments and mixtures thereof. Inorganic pigments that may be present in the pigment dispersion, include, for
example, titanium dioxide, electrically conductive titanium dioxide, and iron oxides, e.g., red iron oxide, yellow iron oxide,
black iron oxide and transparent iron oxides. Extender pigments that may be present in the pigment dispersion include,
but are not limited to, silicas, clays, and alkaline earth metal sulfates, such as calcium sulfate and barium sulfate. The
pigment dispersion may contain corrosion inhibitive pigments, such as aluminum phosphate and calcium modified silica.
[0078] The pigment (a) is typically present in the pigment dispersion of the present invention in an amount of at least
0.5 percent by weight, preferably at least 5 percent by weight, and more preferably at least 20 percent by weight, based
on the total weight of the pigment dispersion. The pigment is also typically present in the pigment dispersion in an amount
of less than 90 percent by weight, preferably less than 80 percent by weight, and more preferably less than 75 percent
by weight, based on the total weight of the pigment dispersion. The amount of pigment present in the pigment dispersion
may range between any combination of these values, inclusive of the recited values.

[0079] The pigment (a) and pigment dispersant (c) are typically together presentin the pigment dispersion in an amount
totaling from 20 percent by weight to 80 percent by weight, e.g., from 30 percent by weight to 70 percent by weight or
from 40 percent by weight to 60 percent by weight. The percent weights are based on the total combined weight of the
pigment and pigment dispersant. The weight ratio of pigment (a) to pigment dispersant (c) is typically from 0.1: 1 to
100:1,e9.,from0.2:1to5:1orfrom0.5:1t02: 1.

[0080] The pigment dispersion of the present invention also comprises an aqueous carrier selected from water and
a mixture of water and at least one organic solvent (preferably a water soluble organic solvent). Classes of organic
solvents that may be present in the aqueous carrier include, but are not limited to, alcohols, e.g., methanol, ethanol, n-
propanol, iso-propanol, n-butanol, sec-butyl alcohol, tert-butyl alcohol, iso-butyl alcohol, furfuryl alcohol and tetrahydro-
furfuryl alcohol; ketones or ketoalcohols, e.g., acetone, methyl ethyl ketone, and diacetone alcohol; ethers, e.g., dimethyl
ether and methyl ethyl ether; cyclic ethers, e.g., tetrahydrofuran and dioxane; esters, e.g., ethyl acetate, ethyl lactate,
ethylene carbonate and propylene carbonate; polyhydric alcohols, e.g., ethylene glycol, diethylene glycol, triethylene
glycol, propylene glycol, tetraethylene glycol, polyethylene glycol, glycerol, 2-methyl-2,4-pentanediol and 1,2,6-hexan-
triol; hydroxy functional ethers of alkylene glycols, e.g., butyl 2-hydroxyethyl ether, hexyl 2-hydroxyethyl ether, methyl
2-hydroxypropyl ether and phenyl 2-hydroxypropyl ether; nitrogen containing cyclic compounds, e.g., pyrrolidone, N-
methyl-2-pyrrolidone and 1,3-dimethyl-2-imidazolidinone; and sulfur containing compounds such as thioglycol, dimethyl
sulfoxide and tetramethylene sulfone.

[0081] When the aqueous carrier comprises a mixture of water and organic solvent, the aqueous carrier typically
contains from 30 to 95 percent by weight of water, and from 5 to 70 percent by weight of organic solvent, e.g., from 60
to 95 percent by weight of water, and from 5 to 40 percent by weight of organic solvent. The percent weights are based
on the total weight of the aqueous carrier.

[0082] The aqueous carrier (b) is typically present in the pigment dispersion of the present invention, in an amount of
at least 5 percent by weight, preferably at least 15 percent by weight, and more preferably at least 30 percent by weight,
based on the total weight of the pigment dispersion. The aqueous carrier is also typically present in the pigment dispersion
in an amount of less than 99.4 percent by weight, preferably less than 80 percent by weight, and more preferably less
than 60 percent by weight, based on the total weight of the pigment dispersion. The amount of aqueous carrier present
in the pigment dispersion may range between any combination of these values, inclusive of the recited values.

[0083] The pigment dispersion may be prepared by methods that are known to those of ordinary skill in the art. Such
known methods typically involve the use of energy intensive mixing or grinding means, such as ball mills or media mills
(e.g., sand mills), as described previously herein.

[0084] The pigment dispersion of the present invention is useful in the preparation of, for example, coatings compo-
sitions and inks. To form a pigmented coating composition, the pigment dispersion is typically mixed together with resins,
crosslinkers, additives, such as flow control agents, and additional solvents. Coating compositions into which the pigment
dispersion of the present invention may be incorporated include, for example, liquid spray-, dip- and curtain-applied
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primer, basecoat (i.e., the basecoat in a color-plus-clear basecoat/clearcoat system) and topcoat compositions, and
electrodepositable coating compositions.

[0085] The present invention is more particularly described in the following examples, which are intended to be illus-
trative only, since numerous modifications and variations therein will be apparent to those skilled in the art. Unless
otherwise specified, all parts and percentages are by weight.

Synthesis Examples A- C

[0086] Synthesis Examples A through C describe the preparation of a pigment dispersant that is used to prepare a
pigment dispersion according to the present invention as described in the pigment dispersion Example.

Example A
[0087] A prepolymer having a radically polymerizable allyl group was prepared by controlled radical polymerization

from the ingredients enumerated in Table A. This prepolymer was copolymerized with methacrylate monomers to form
a precursor of a pigment dispersant used in the present invention, as described in Example B.

Table A

Ingredients ‘ ‘ Parts by weight
Charge 1

toluene 200

magnesium silicate (a) 15
Charge 2

2,2’-dipyridyl 1.9

copper powder (b) 1.5

p-toluenesulfonyl chloride 25.2

toluene 40
Charge 3

MPEG 550 MA monomer (c) | | 583
Charge 4

allyl methacrylate monomer 95

toluene 70
Charge 5

magnesium silicate (a) ‘ ‘ 50

(a) MAGNESOL synthetic magnesium silicate obtained

commercially from The Dallas Group of America.

(b) The copper powder had an average particle size of

25 microns, a density of 1 gram/cm3, and was obtained

commercially from OMG Americas.

(c) MPEG 550 MA monomer is a methoxy poly(ethylene

glycol) methacrylate monomer from Sartomer Company,

Inc.

[0088] Charge 1 was added to a 2 liter 4-necked flask equipped with a Dean Stark trap, motor driven stainless steel
stir blade, water cooled condenser, and a heating mantle and thermometer connected through a temperature feed-back
control device. A dry nitrogen sweep was passed continuously through the flask throughout the course of the reaction.
The contents of the flask were heated to 100°C and held for 1 hour. The contents of the flask were cooled to 80°C,
Charge 2 was added, and the solution was held for 1.25 hours at 80°C. Charge 3 was then added over a 30 minute time
period and the reaction was held for 4.0 hours at 80°C. The reaction was then cooled to 70°C, Charge 4 was added
dropwise over 30 minutes followed by a 1.5 hour hold at 70°C. The reaction solution was then cooled to room temperature
and Charge 5 was added followed by filtration through a cake of MAGNESOL synthetic magnesium silicate. The solvent

13



10

15

20

25

30

35

40

45

50

55

EP 1 265 968 B9
was removed under vacuum and 2-butoxyethanol was added to a total solids level of 59.5 percent by weight.
[0089] The prepolymer of Example A was found to have: Mn = 2575; Mw = 3960; z average molecular weight (Mz) =
5340; and a polydispersity index (PDI) (i.e., Mw/Mn) = 1.54.
Example B

[0090] A precursor of a pigment dispersant useful in the pigment dispersions of the present invention was prepared
from the ingredients enumerated in Table B.

Table B
Ingredients l l Parts by weight
Charge 1
glycidyl methacrylate monomer 49
isobutyl methacrylate monomer 128
methyl isobutyl ketone 125
t-amylperoxy(2-ethylhexanoate) (d) 14.3
Charge 2
prepolymer of Example A (e) 175
methyl isobutyl ketone 30
Charge 3
t-amylperoxy(2-ethylhexanoate) (d) 1.4
methyl isobutyl ketone l 20
(d) LUPEROX® 575 is a free radical initiator obtained
commercially from EIf Atochem.
(e) Having a resin solids content of 59.5 percent by weight,
based on total weight.

[0091] Charge 1 was added to an addition funnel. Charge 2 was added to a 2 liter 4-necked flask equipped with a
motor driven stainless steel stir blade, water cooled condenser, and a heating mantle and thermometer connected
through a temperature feed-back control device. A dry nitrogen sweep was passed continuously through the flask
throughout the course of the reaction. The contents of the flask were heated to 110°C, and Charge 1 was added over
a period of 3 hours, followed by an additional 1 hour hold at 110°C. The reaction was then cooled to 80°C and Charge
3 was dumped into the flask, followed by a 2 hour hold at 80°C. The contents of the flask were cooled, methyl isobutyl
ketone was removed by vacuum distillation, and the resin was dissolved in 2-butoxyethanol to a resin solids of 49 percent
by weight, based on total weight. The epoxy equivalent weight was measured to be 1845.

[0092] The polymer of Example B was found to have: Mn = 2377; Mw = 7358; z average molecular weight (Mz) =
18,150; and a polydispersity index (PDI) (i.e., Mw/Mn) = 3.10.

Example C

[0093] The precursor pigment dispersant of Example B was modified to form a pigment dispersant useful in the present
invention as summarized in Table C.

Table C
Ingredients Parts by weight
precursor pigment dispersant of Example B (f) 500
para-nitrobenzoic acid 45
ethyltriphenylphosphonium iodide catalyst 0.8
(f) Having a resin solids content of 49 percent by weight, based
on total weight.
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[0094] The ingredients listed in Table C were added to a 1 liter round bottom flask equipped with a motor driven
stainless steel stir blade, water cooled reflux condenser, and a heating mantle and thermometer connected through a
temperature feed-back control device. The contents of the flask were heated to and held at 110°C for 11 hours under a
dry nitrogen sweep. The reaction was cooled and the pH of the solution was adjusted to 8.1 with 10.6 grams of dimeth-
ylethanolamine.

Pigment Dispersion Example

[0095] A pigment dispersion according to the present invention, was prepared using the ingredients enumerated in
Table 1.

Table 1
Ingredients Parts by weight
pigment dispersant of Example C 194
defoamer (g) 3.1
2-butoxyethanol solvent 60
chlorinated copper phthalocyanine blue pigment (h) 49
aqueous dimethylethanolamine (i) 0.5
deionized water 66
(g) BYK 031 defoamer from Byk-Chemie.
(h) B-4816 Palomar Blue chlorinated copper phthalocyanine blue
pigment obtained from Bayer.
(i) 50 percent by weight dimethylethanolamine in deionized water.

[0096] The pigmentdispersantof Example C, defoamer, 2-butoxyethanol and deionized water were mixed in a stainless
steal beaker using a cowles blade for approximately 10 minutes. The chlorinated copper phthalocyanine blue pigment
was added to the stainless steal beaker with agitation from the cowles blade. The pH of the contents of the stainless
steal beaker was adjusted to a value of 9 by addition of the aqueous dimethylethanolamine, followed by 15 minutes of
additional mixing with the cowles blade to form a pre-paste. The pre-paste was then transferred to and ground in an
Eiger Mini Motormill 100 (from Eiger Machine, Inc. of Chicago, IL). During the grinding process, the temperature of the
contents of mill did not rise above 30°C. The pigment dispersion was removed from the mill and had a pigment to pigment
dispersant weight ratio of 0.5, and a solids weight of 39 percent by weight, based on the total weight of the pigment
dispersion.

[0097] The pigment dispersion was found to have a mean particle size of 0.800 microns (as determined using a Coulter
LS 230 Particle Size Analyzer from Beckman Coulter Corporation), and a haze value of 9.40 percent (as determined
using a TCS Plus Spectrophotometer Model 8870 from Byk-Gardner). Mean particle sizes of less than 2 microns and
haze values of less than 25 percent are considered generally to be desirable for aqueous pigment dispersions of chlo-
rinated copper phthalocyanine blue pigment having a pigment to pigment dispersant weight ratio of 0.5 and a solids
content of approximately 40 percent by weight, based on total weight.

[0098] The presentinvention has been described with reference to specific details of particular embodiments thereof.
It is not intended that such details be regarded as limitations upon the scope of the invention except insofar as and to
the extent that they are included in the accompanying claims.

Claims
1. A pigment dispersion comprising:
(a) pigment;
(b) an aqueous carrier selected from water and a mixture of water and at least one organic solvent; and
(c) a pigment dispersant prepared by polymerizing a composition comprising,
(i) at least one prepolymer having a radically polymerizable group, said prepolymer being prepared by

controlled radical polymerization of at least one radically polymerizable ethylenically unsaturated first mon-
omer, said prepolymer having a polydispersity index of less than 2.0; and
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(i) at least one radically polymerizable ethylenically unsaturated second monomer to produce a polymeric
backbone segment in said pigment dispersant;

wherein said prepolymer after polymerization with (c)(ii) is in the form of polymeric segments pendent to said
polymeric backbone segment, at least a portion of each pendent polymeric segment is hydrophilic, and the
polymeric backbone segment is hydrophobic.

The pigment dispersion of claim 1 wherein said prepolymer is prepared by atom transfer radical polymerization of
said first monomer in the presence of an initiator having a radically transferable group, said prepolymer containing
a residue of or derived from said initiator.

The pigment dispersion of claim 2 wherein said initiator is selected from the group consisting of linear or branched
aliphatic compounds, cycloaliphatic compounds, aromatic compounds, polycyclic aromatic compounds, heterocyclic
compounds, sulfonyl compounds, sulfenyl compounds, esters of carboxylic acids, nitriles, ketones, phosphonates
and mixtures thereof, each having a radically transferable halide.

The pigment dispersion of claim 3 wherein said initiator is selected from the group consisting of halomethane, 1-
halo-2,3-epoxypropane, methanesulfonyl halide, methanesulfenyl halide, C4-Cg-alkyl ester of 2-halo-C,-Cg-carbox-
ylic acid, di(C4-Cg-alkyl)-2-halo-2-methyl malonate and mixtures thereof.

The pigment dispersion of claim 1 wherein said pigment dispersant is prepared by non-living free radical polymer-
ization.

The pigment dispersion of claim 1 wherein each of said first and second monomers are independently selected from
vinyl monomers, allylic monomers, olefins and mixtures thereof.

The pigment dispersion of claim 6 wherein each pendent polymeric segment contains nonionic moieties, ionic
moieties and combinations thereof.

The pigment dispersion of claim 7 wherein each pendent polymeric segment contains residues of monomers selected
independently from the group consisting of poly(alkylene glycol) (meth) acrylates, C4-C, alkoxy poly(alkylene glycol)
(meth)acrylates, hydroxyalkyl (meth)acrylates having from 2 to 4 carbon atoms in the alkyl group, N-(hydroxy C4-C,
alkyl) (meth)acrylamides, N,N-di-(hydroxy C4-C, alkyl) (meth)acrylamides, carboxylic acid functional monomers,
salts of carboxylic acid functional monomers, amine functional monomers, salts of amine functional monomers and
mixtures thereof.

The pigment dispersion of claim 8 wherein the carboxylic acid functional monomers are selected from the group
consisting of (meth)acrylic acid, maleic anhydride, maleic acid, di(C4-C, alkyl) maleates and mixtures thereof; and
the amine functional monomers are selected from the group consisting of amino(C,-C, alkyl) (meth)acrylates,
N-(C4-C4 alkyl) amino (C,-C, alkyl) (meth) acrylates, N, N-di (C4-C, alkyl)amino(C,-C, alkyl) (meth)acrylates and
mixtures thereof.

The pigment dispersion of claim 7 wherein each pendent polymeric segment contains cationic moieties selected
independently from ammonium, sulphonium and phosphonium.

The pigment dispersion of claim 6 wherein said hydrophobic polymeric backbone segment contains residues of
monomers selected from the group consisting of: oxirane functional monomer reacted with a carboxylic acid selected
from the group consisting of aromatic carboxylic acids, polycyclic aromatic carboxylic acids, aliphatic carboxylic
acids having from 6 to 20 carbon atoms and mixtures thereof; C4-C,q alkyl (meth)acrylates; aromatic (meth)acrylates;
polycyclicaromatic (meth)acrylates; vinyl esters of carboxylic acids; N, N-di (C4-Cg alkyl) (meth)acrylamides; male-
imide; N- (C4-C, alkyl) maleimides; N-(C3-Cg cycloalkyl) maleimides; N-(aryl) maleimides; and mixtures thereof.

The pigment dispersion of claim 11 wherein said oxirane functional monomer is selected from the group consisting
of glycidyl (meth)acrylate, 3,4-epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-epoxycyclohexyl)ethyl(meth)acrylate,
allyl glycidyl ether and mixtures thereof; and said carboxylic acid is selected from the group consisting of para-
nitrobenzoic acid, hexanoic acid, 2-ethyl hexanoic acid, decanoic acid, undecanoic acid and mixtures thereof.

The pigment dispersion of claim 1 wherein the radically polymerizable group of said prepolymer c(i) is selected from
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the group consisting of (meth)acryloyl, allyl, substituted allyl, vinyl and thiol.
The pigment dispersion of claim 2 wherein said prepolymer has a polydispersity of less than 1.8.

The pigment dispersion of claim 1 wherein the hydrophilic portion of each pendent polymeric segment of said pigment
dispersant has a calculated average value of 100 x (oxygen weight + nitrogen weight) / carbon weight of from 55
to 133; and the hydrophobic polymeric backbone segment of said pigment dispersant has a calculated average
value of 100 x (oxygen weight + nitrogen weight) / carbon weight of from 10 to less than 55.

The pigment dispersion of claim 1 wherein the weight ratio of (c) (i) to (c) (ii) is from 0.1:1t0 10 : 1.

The pigment dispersion of claim 1 wherein pigment (a) is selected from inorganic pigments, organic pigments and
combinations thereof.

The pigment dispersion of claim 1 wherein pigment (a) and said pigment dispersant (c) are together present in an
amount totaling from 20 percent by weight to 80 percent by weight, based the total weight of said pigment dispersion.

The pigment dispersion of claim 18 wherein the weight ratio of pigment (a) to said pigment dispersant (c) is from
0.1:1to100: 1.

The pigment dispersion of claim 1 wherein pigment (a) is present in an amount of from 0.5 percent to 90 percent
by weight, based on total weight of said pigment dispersion, said aqueous carrier (b) is present in an amount of
from 5 percent to 99.4 percent by weight, based on total weight of said pigment dispersion, and said pigment
dispersant (c) is present in an amount of from 0.1 percent to 65 percent by weight, based on total weight of said
pigment dispersion.

The pigment dispersion of claim 2 wherein said prepolymer c(i) has the following representative polymer chain
structure,

q)'(E)S'(G)p'(T)q

wherein E is a hydrophilic residue of at least one radically polymerizable ethylenically unsaturated monomer, E
having nonionic moieties, ionic moieties or combinations thereof; G is a residue of at least one radically polymerizable
ethylenically unsaturated monomer; E and G being different; ¢ is a residue of or derived from said initiator, and is
free of said radically transferable group; T is said radically polymerizable group or a residue of at least one radically
polymerizable ethylenically unsaturated monomer containing said radically polymerizable group; s, p and g represent
average numbers of residues occurring in a block of residues; q is from 1 to 5; and s, p and q are each individually
selected such that said prepolymer has a number average molecular weight of at least 250.

The pigment dispersion of claim 21 wherein s and p are each independently from 1 to 300, E is a residue of at least
one monomer selected from the group consisting of poly(alkylene glycol) (meth)acrylates, C4-C, alkoxy poly(alkylene
glycol) (meth)acrylates, hydroxyalkyl (meth)acrylates having from 2 to 4 carbon atoms in the alkyl group, N-(hydroxy
C4-C4 alkyl) (meth)acrylamides, N,N-di-(hydroxy C4-C, alkyl) (meth)acrylamides, carboxylic acid functional mono-
mers, salts of carboxylic acid functional monomers, amine functional monomers, salts of amine functional monomers
and mixtures thereof; and G is a residue of a monomer selected from the group consisting of methyl (meth)acrylate,
ethyl (meth)acrylate, propyl (meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate,
tert-butyl (meth)acrylate and mixtures thereof.

The pigment dispersion of claim 22 wherein E has cationic moieties selected from ammonium, sulphonium and
phosphonium.

The pigment dispersion of claim 23 wherein said initiator is selected from the group consisting of 1-halo-2,3-epox-
ypropane, methanesulfonyl halide, methanesulfenyl halide, C4-Cg-alkyl ester of 2-halo-C,-Cg-carboxylic acid, di
(C4-Cg-alkyl)-2-halo-2-methyl malonate and mixtures thereof.

The pigment dispersion of claim 24 wherein s is from 1 to 20, and p is from 0 to 20.

The pigment dispersion of claim 21 wherein T is selected from the group consisting of (meth)acryloyl, allyl, substituted
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allyl, vinyl and thiol.

The pigment dispersion of claim 21 wherein G is a residue of at least one monomer selected from the group consisting
of: (i) oxirane functional monomer reacted with a carboxylic acid selected from the group consisting of aromatic
carboxylic acids, polycyclic aromatic carboxylic acids, aliphatic carboxylic acids having from 6 to 20 carbon atoms
and mixtures thereof, (ii) alkyl (meth)acrylates having from 6 to 20 carbon atoms in the alkyl group and (iii) mixtures
of (i) and (ii).

The pigment dispersion of claim 27 wherein said oxirane functional monomer is selected from the group consisting
of glycidyl (meth)acrylate, 3,4-epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-epoxycyclohexyl)ethyl(meth)acrylate,
allyl glycidyl ether and mixtures thereof; and said carboxylic acid is selected from the group consisting of para-
nitrobenzoic acid, hexanoic acid, 2-ethyl hexanoic acid, decanoic acid, undecanoic acid and mixtures thereof.

Patentanspriiche

1.

Pigmentdispersion, enthaltend:

(a) Pigment,

(b) einen wassrigen Trager, ausgewahlt aus Wasser und einer Mischung von Wasser und wenigstens einem
organischen Lésungsmittel, und

(c) ein Pigmentdispergierungsmittel, das durch Polymerisieren einer Zusammensetzung hergestellt worden ist,
die

(i) wenigstens ein Prapolymer mit einer radikalisch polymerisierbaren Gruppe, wobei dieses Prapolymer
durch kontrollierte radikalische Polymerisation von wenigstens einem ersten radikalisch polymerisierbaren
ethylenisch ungesattigten Monomer hergestellt worden ist und dieses Prapolymer einen Polydispersitatsin-
dex von weniger als 2,0 aufweist, und

(i) wenigstens ein zweites radikalisch polymerisierbares ethylenisch ungeséattigtes Monomer, um ein po-
lymeres Gerlistsegment in diesem Pigmentdispergierungsmittel herzustellen, enthalt,

wobei dieses Prapolymer nach Polymerisation mit (c)(ii) die Form polymerer Segmente hat, die seitensténdig
zu diesem polymeren Geriistsegment angeordnet sind, und wenigstens ein Teil jedes seitenstandigen polyme-
ren Segments hydrophil ist und das polymere Gerustsegment hydrophob ist.

Pigmentdispersion nach Anspruch 1, wobei dieses Prapolymer durch radikalische Atomtransferpolymerisation die-
ses ersten Monomers in Gegenwart eines Initiators mit einer radikalisch Ubertragbaren Gruppe hergestellt worden
ist und dieses Prapolymer einen Rest dieses Initiators oder einen Rest, der sich von diesem Initiator ableitet, enthalt.

Pigmentdispersion nach Anspruch 2, wobei dieser Initiator ausgewahlt ist aus der Gruppe bestehend aus linearen
oder verzweigten aliphatischen Verbindungen, cycloaliphatischen Verbindungen, aromatischen Verbindungen, po-
lycyclischen aromatischen Verbindungen, heterocyclischen Verbindungen, Sulfonylverbindungen, Sulfenylverbin-
dungen, Estern von Carbonsauren, Nitrilen, Ketonen, Phosphonaten und Mischungen davon, wobei jede ein radi-
kalisch Ubertragbares Halogenid aufweist.

Pigmentdispersion nach Anspruch 3, wobei dieser Initiator ausgewahlt ist aus der Gruppe bestehend aus Halogen-
methan, 1-Halogen-2,3-epoxypropan, Methansulfonylhalogenid, Methansulfenylhalogenid, C4-Cg-Alkylester von 2-
Halogen-C,-Cg-carbonséure, Di(C4-Cg-alkyl)-2-halogen-2-methylmalonat und Mischungen davon.

Pigmentdispersion nach Anspruch 1, wobei dieses Pigmentdispergierungsmittel durch nichtlebende radikalische
Polymerisation hergestellt worden ist.

Pigmentdispersion nach Anspruch 1, wobei jedes dieser ersten und zweiten Monomere unabhangig voneinander
ausgewahlt ist aus Vinylmonomeren, Allyimonomeren, Olefinen und Mischungen davon.

Pigmentdispersion nach Anspruch 6, wobei jedes seitenstandige polymere Segment nichtionische Einheiten, ioni-
sche Einheiten und Kombinationen davon enthalt.
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Pigmentdispersion nach Anspruch 7, wobei jedes seitenstandige polymere Segment Reste von Monomeren enthalt,
die unabhangig voneinander ausgewahlt sind aus der Gruppe bestehend aus Poly(alkylenglykol)(meth)-acrylaten,
C4-C4-Alkoxypoly(alkylenglykol)(meth)acrylaten, Hydroxyalkyl-(meth)acrylaten mit 2 bis 4 Kohlenstoffatomen in der
Alkylgruppe, N-(Hydroxy-C4-C,-alkyl)(meth)acrylamiden, N,N-Di-(hydroxy-C,-C,-alkyl)-(meth)acrylamiden, car-
bonsaurefunktionellen Monomeren, Salzen von carbonsaurefunktionellen Monomeren, aminfunktionellen Monome-
ren, Salzen von aminfunktionellen Monomeren und Mischungen davon.

Pigmentdispersion nach Anspruch 8, wobei die carbonsaurefunktionellen Monomere ausgewabhlt sind aus der Grup-
pe bestehend aus (Meth)acryls&ure, Maleinsureanhydrid, Maleins&ure, Di(C,-C,-alkyl)maleaten und Mischungen
davon und die aminfunkfionellen Monomere ausgewahlt sind aus der Gruppe bestehend aus Amino(C,-C,-alkyl)
(meth)acrylaten, N-(C-C4-Alkyl)amino(C,-C,-alkyl)(meth)acrylaten, N,N-Di(C4-C,-alkyl)amino(C,-C,-alkyl)(meth)
acrylaten und Mischungen davon.

Pigmentdispersion nach Anspruch 7, wobei jedes seitenstéandige polymere Segment kationische Einheiten, unab-
hangig voneinander ausgewahlt aus Ammonium, Sulfonium und Phosphonium, enthalt.

Pigmentdispersion nach Anspruch 6, wobei dieses hydrophobe polymere Gerlistsegment Reste von Monomeren
enthalt, die ausgewahlt sind aus der Gruppe bestehend aus: oxiranfunktionellem Monomer, das mit einer Carbon-
sdure, ausgewahlt aus der Gruppe bestehend aus aromatischen Carbonsauren, polycyclischen aromatischen Car-
bonsauren, aliphatischen Carbonsauren mit 6 bis 20 Kohlenstoffatomen und Mischungen davon, umgesetzt wurde;
C4-Cyg-Alkyl(meth)acrylaten; aromatischen (Meth)acrylaten; polycyclischen aromatischen (Meth)acrylaten; Vinyle-
stern von Carbonsauren; N,N-Di(C4-Cg-alkyl)(meth)acrylamiden; Maleinimid; N-(C4-C,o-Alkyl)maleinimiden;
N-(C3-Cg-Cycloalkyl)maleinimiden; N-(Aryl)maleinimiden; und Mischungen davon.

Pigmentdispersion nach Anspruch 11, wobei dieses oxiranfunktionelle Monomer ausgewahlt ist aus der Gruppe
bestehend aus Glycidyl(meth)-acrylat, 3,4-Epoxycyclohexylmethyl(meth)acrylat, 2-(3,4-Epoxycyclohexyl)ethyl(me-
th)acrylat, Allylglycidylether und Mischungen davon und diese Carbonsaure ausgewahlt ist aus der Gruppe beste-
hend aus para-Nitrobenzoesaure, Hexansaure, 2-Ethylhexanséure, Decansaure, Undecansaure und Mischungen
davon.

Pigmentdispersion nach Anspruch 1, wobei die radikalisch polymerisierbare Gruppe dieses Prapolymers (c)(i) aus-
gewahlt ist aus der Gruppe bestehend aus (Meth)acryloyl, Allyl, substituiertem Allyl, Vinyl und Thiol.

Pigmentdispersion nach Anspruch 2, wobei dieses Prapolymer eine Polydispersitat von weniger als 1,8 aufweist.

Pigmentdispersion nach Anspruch 1, wobei der hydrophile Anteil jedes seitenstédndigen polymeren Segments dieses
Pigmentdispergierungsmittels einen berechneten Mittelwert von 100 x (Sauerstoffgewicht + Stickstoffgewicht) /
Kohlenstoffgewicht von 55 bis 133 aufweist und das hydrophobe polymere Geriistsegment dieses Pigmentdisper-
gierungsmittels einen berechneten Mittelwert von 100 x (Sauerstoffgewicht + Stickstoffgewicht)/Kohlenstoffgewicht
von 10 bis weniger als 55 aufweist.

Pigmentdispersion nach Anspruch 1, wobei das Gewichtsverhaltnis von (c)(i) zu (c)(ii) 0,1:1 bis 10:1 betragt.

Pigmentdispersion nach Anspruch 1, wobei Pigment (a) ausgewahlt ist aus anorganischen Pigmenten, organischen
Pigmenten und Kombinationen davon.

Pigmentdispersion nach Anspruch 1, wobei Pigment (a) und dieses Pigmentdispergierungsmittel (c) zusammen
genommen in einer Gesamtmenge von 20 Gew.% bis 80 Gew.-%, bezogen auf das Gesamtgewicht dieser Pig-
mentdispersion, vorhanden sind.

Pigmentdispersion nach Anspruch 18, wobei das Gewichtsverhaltnis von Pigment (a) zu diesem Pigmentdispergie-
rungsmittel (c) 0,1:1 bis 100:1 betragt.

Pigmentdispersion nach Anspruch 1, wobei Pigment (a) in einer Menge von 0,5 bis 90 Gew.-%, bezogen auf das
Gesamtgewicht dieser Pigmentdispersion, vorhanden ist, dieser wassrige Trager (b) in einer Menge von 5 bis 99,4
Gew.-%, bezogen auf das Gesamtgewicht dieser Pigmentdispersion, vorhanden ist und dieses Pigmentdispergie-
rungsmittel (c) in einer Menge von 0,1 bis 65 Gew.-%, bezogen auf das Gesamtgewicht dieser Pigmentdispersion,
vorhanden ist.
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Pigmentdispersion nach Anspruch 2, wobei dieses Prapolymer (c)(i) die folgende reprasentative Polymerketten-
struktur

0-(E)s(G)p(Tq

aufweist, worin E ein hydrophiler Rest von wenigstens einem radikalisch polymerisierbaren ethylenisch ungesattigten
Monomer ist, wobei E nichtionische Einheiten, ionische Einheiten oder Kombinationen davon enthalt, G ein Rest
von wenigstens einem radikalisch polymerisierbaren ethylenisch ungesattigten Monomer ist, wobei E und G unter-
schiedlich sind, ¢ ein Rest dieses Initiators ist oder sich davon ableitet und frei von dieser radikalisch tGbertragbaren
Gruppe ist, T diese radikalisch polymerisierbare Gruppe oder ein Rest wenigstens eines radikalisch polymerisier-
baren ethylenisch ungesattigten Monomers, das diese radikalisch polymerisierbare Gruppe enthalt, ist, s, p und q
fur mittlere Anzahlen der Reste stehen, die in einem Block von Resten auftreten, q gleich 1 bis 5istund s, p und q
jeweils individuell ausgewahlt sind, so dass dieses Prépolymer ein zahlenmittleres Molekulargewicht von wenigstens
250 hat.

Pigmentdispersion nach Anspruch 21, worin s und p jeweils unabhangig 1 bis 300 betragen, E ein Rest von wenig-
stens einem Monomer ist, ausgewahlt aus der Gruppe bestehend aus Poly(alkylenglykol)(meth)acrylaten, C4-C,-Alk-
oxypoly(alkylenglykol)(meth)acrylaten, Hydroxyalkyl(meth)acrylaten mit 2 bis 4 Kohlenstoffatomen in der Alkylgrup-
pe, N-(Hydroxy-C4-C,-alkyl)(meth)acrylamiden, N,N-Di-(hydroxy-C,-C,-alkyl)(meth)acrylamiden, carbonsaure-
funktionellen Monomeren, Salzen von carbonsaurefunktionellen Monomeren, aminfunktionellen Monomeren, Sal-
zen von aminfunktionellen Monomeren und Mischungen davon, und G ein Rest eines Monomers, ausgewahlt aus
der Gruppe bestehend aus Methyl(meth)acrylat, Ethyl(meth)acrylat, Propyl(meth)acrylat, Isopropyl(meth)acrylat, n-
Butyl-(meth)acrylat, Isobutyl(meth)acrylat, tert.-Butyl(meth)acrylat und Mischungen davon, ist.

Pigmentdispersion nach Anspruch 22, worin E kationische Einheiten, ausgewahlt aus Ammonium, Sulfonium und
Phosphonium, aufweist.

Pigmentdispersion nach Anspruch 23, wobei dieser Initiator ausgewahlt ist aus der Gruppe bestehend aus 1-Halo-
gen-2,3-epoxypropan, Methansulfonylhalogenid, Methansulfenylhalogenid, C;-Cg-Alkylester von 2-Halogen-
C,-Cg-carbonséure, Di(C4-Cg-alkyl)-2-halogen-2-methylmalonat und Mischungen davon.

Pigmentdispersion nach Anspruch 24, worin s gleich 1 bis 20 ist und p gleich 0 bis 20 ist.

Pigmentdispersion nach Anspruch 21, worin T ausgewahlt ist aus der Gruppe bestehend aus (Meth)acryloyl, Allyl,
substituiertem Allyl, Vinyl und Thiol.

Pigmentdispersion nach Anspruch 21, worin G ein Rest von wenigstens einem Monomer ist, ausgewahlt aus der
Gruppe bestehend aus: (i) oxiranfunktionellem Monomer, das mit einer Carbonsdure umgesetzt wurde, ausgewahlt
aus der Gruppe bestehend aus aromatischen Carbonséauren, polycyclischen aromatischen Carbonsauren, alipha-
tischen Carbonsauren mit 6 bis 20 Kohlenstoffatomen und Mischungen davon, (ii) Alkyl-(meth)acrylaten mit 6 bis
20 Kohlenstoffatomen in der Alkylgruppe und (iii) Mischungen von (i) und (ii).

Pigmentdispersion nach Anspruch 27, wobei dieses oxiranfunktionelle Monomer ausgewahlt ist aus der Gruppe
bestehend aus Glycidyl(meth)-acrylat, 3,4-Epoxycyclohexylmethyl(meth)acrylat, 2-(3,4-Epoxycyclohexyl)ethyl(me-
th)acrylat, Allylglycidylether und Mischungen davon und diese Carbonsaure ausgewahlt ist aus der Gruppe beste-
hend aus para-Nitrobenzoesaure, Hexansaure, 2-Ethylhexansdure, Decansaure, Undecansdure und Mischungen
davon.

Revendications

1.

Dispersion de pigment comprenant :
(a) un pigment;
(b) un véhicule aqueux choisi parmi I'eau et un mélange d’eau et d’au moins un solvant organique; et

(c) un dispersant de pigment préparé par polymérisation d’'une composition comprenant :

(i) au moins un prépolymére ayant un groupe polymérisable par voie radicalaire, ledit prépolymére étant
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préparé par polymérisation radicalaire réglée d’au moins un premier monomere a insaturation éthylénique
polymérisable par voie radicalaire, ledit prépolymere ayant un indice de polydispersité de moins de 2,0; et
(i) au moins un second monomeére a insaturation éthylénique polymérisable par voie radicalaire pour pro-
duire un segment d’ossature polymere dans ledit dispersant de pigment; dans lequel ledit prépolymeére
aprés polymérisation avec (c)(ii) a la forme de segments polyméres pendants dudit segment d’ossature
polymeére, au moins une partie de chaque segment polymére pendant est hydrophile et le segment d’os-
sature polymére est hydrophobe.

Dispersion de pigment selon la revendication 1, dans laquelle ledit prépolymére est préparé par polymérisation
radicalaire par transfert d’atomes dudit premier monomere en présence d’un initiateur ayant un groupe transférable
par voie radicalaire, ledit prépolymeére contenant un résidu dudit initiateur ou étant dérivé de celui-ci.

Dispersion de pigment selon la revendication 2, dans laquelle ledit initiateur est choisi dans le groupe constitué de
composeés aliphatiques linéaires ou ramifiés, de composés cycloaliphatiques, de composés aromatiques, de com-
posés polycycliques aromatiques, de composés hétérocycliques, de composés de sulfonyle, de composés de sul-
fényle, d’esters d’acides carboxyliques, de nitriles, de cétones, de phosphonates et de leurs mélanges, chacun
ayant un halogénure transférable par voie radicalaire.

Dispersion de pigment selon la revendication 3, dans laquelle ledit initiateur est choisi dans le groupe constitué d’'un
halométhane, d'un 1-halo-2,3-époxypropane, d’'un halogénure de méthanesulfonyle, d’'un halogénure de méthane-
sulfényle, d’esters d’alkyle en C4 & C4 d’acide 2-halo-carboxylique en C, a Cg, du malonate de di(alkyl en C; & Cg)
-2-halo-2-méthyle et de leurs mélanges.

Dispersion de pigment selon la revendication 1, dans laquelle ledit dispersant de pigment est préparé par polymé-
risation radicalaire libre non vivante.

Dispersion de pigment selon la revendication 1, dans laquelle chacun desdits premier et second monomeres est
indépendamment choisi parmi les monomeéres de vinyle, les monomeéres allyliques, les oléfines et leurs mélanges.

Dispersion de pigment selon la revendication 6, dans laquelle chaque segment polymere pendant contient des
radicaux non ioniques, des radicaux ioniques et leurs combinaisons.

Dispersion de pigment selon la revendication 7, dans laquelle chaque segment polymére pendant contient des
résidus de monomeres choisis indépendamment dans le groupe constitué des (méth)acrylates de poly(alkyléne-
glycol), des (méth)acrylates d’alcoxy(C4 a C,)poly(alkyléneglycol), des (méth)acrylates d’hydroxyalkyle ayant 2 a
4 atomes de carbone dans le groupe alkyle, des N-(hydroxyalkyl (C, a C,))(méth)acrylamides, des N, N-di-(hy-
droxyalkyl (C4 a Cg)) (méth) acrylamides, des monomeéres a fonction acide carboxylique, des sels monoméres a
fonction acide carboxylique, des monomeéres a fonction amine, des sels monoméres a fonction amine et de leurs
mélanges.

Dispersion de pigment selon la revendication 8, dans laquelle les monoméres a fonction acide carboxylique sont
choisis dans le groupe constitué de I'acide (méth)acrylique, de I'anhydride maléique, de I'acide maléique, des
maléates de di(alkyle en C; & Cy) et de leurs mélanges; et les monomeéres a fonction amine sont choisis dans le
groupe constitué de (méth)acrylates d’amino(alkyle en C, & C,), de (méth)acrylates de N-(alkyle en C,; & Cg) amino
(alkyle en C, a C,), des (méth)acrylates de N,N-di- (alkyle en C; & C4) amino(alkyle en C, & Cy) et de leurs mélanges.

Dispersion de pigment selon la revendication 7, dans laquelle chaque segment polymeére contient des radicaux
cationiques choisis indépendamment parmi 'ammonium, le sulfonium et le phosphonium.

Dispersion de pigment selon la revendication 6, danslaquelle ledit sesgment d’ossature polymére hydrophobe contient
des résidus de monoméres choisis dans le groupe constitué du monomeére a fonction oxirane qui a réagi avec un
acide carboxylique choisi dans le groupe constitué des acides carboxyliques aromatiques, des acides carboxyliques
aromatiques polycycliques, des acides carboxyliques aliphatiques ayant 6 a 20 atomes de carbone et de leurs
mélanges; des (méth)acrylates d’alkyle en C, & C,(; des (méth)acrylates aromatiques; des (méth)acrylates poly-
cyclicaromatiques; des esters vinyliques d’acides carboxyliques; des (méth)acrylamides de N,N-di(alkyle en C; a
Csg); du maléimide; des maléimides de N-(alkyle en C4 & C,() ; des maléimides de N-(cycloalkyle en C5 & Cg); des
maléimidies de N-(aryle); et de leurs mélanges.
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Dispersion de pigment selon la revendication 11, dans laquelle ledit monomére a fonction oxirane est choisi dans
le groupe constitué du (méth)acrylate de glycidyle, du (méth)acrylate de 3,4-époxycyclohexylméthyle, du (méth)
acrylate de 2-(3,4-époxycyclohexyl)éthyle, de I'éther d’allylglycidyle et de leurs mélanges; et ledit acide carboxylique
est choisi dans le groupe constitué de 'acide para-nitrobenzoique, de I'acide hexanoique, de I'acide 2-éthyl hexa-
noique, de I'acide décanoique, de I'acide undécanoique et de leurs mélanges.

Dispersion de pigment selon la revendication 1, dans laquelle le groupe polymérisable par voie radicalaire dudit
prépolymeére c(i) est choisi dans le groupe constitué des groupements (méth)acryloyle, allyle, allyle substitué, vinyle
et thiol.

Dispersion de pigment selon la revendication 2, dans laquelle ledit prépolymére a une polydispersité de moins de 1,8.

Dispersion de pigment selon la revendication 1, dans laquelle la partie hydrophile de chaque segment polymére
dudit dispersant de pigment a une valeur moyenne calculée de 100 x (poids d’oxygéne + poids d’azote) / poids de
carbone de 55 a 133; et le segment d’ossature polymere hydrophobe dudit dispersant de pigment a une valeur
moyenne calculée de 100 x (poids d’oxygéne + poids d’azote) / poids de carbone de 10 a moins de 55.

Dispersion de pigment selon la revendication 1, dans laquelle le rapport pondéral de (c) (i) a (c) (i) estde 0,1:1a10: 1 .

Dispersion de pigment selon la revendication 1, dans laquelle le pigment (a) est choisi parmi les pigments inorga-
niques, les pigments organiques et leurs combinaisons.

Dispersion de pigment selon la revendication 1, dans laquelle ledit pigment (a) et ledit dispersant de pigment (c)
sont présents ensemble en quantité totalisant 20 pour-cent en poids a 80 pour-cent en poids, par rapport au poids
total de ladite dispersion de pigment.

Dispersion de pigment selon la revendication 18, dans laquelle le rapport pondéral du pigment (a) audit dispersant
de pigment (c) est de 0,1:1 a 100:1.

Dispersion de pigment selon la revendication 1, dans laquelle le pigment (a) est présent en quantité de 0,5 pour-
cent a 90 pour-cent en poids, par rapport au poids total de ladite dispersion de pigment, ledit véhicule aqueux (b)
est présent en quantité de 5 pour-cent a 99,4 pour-cent en poids, par rapport au poids total de ladite dispersion de
pigment, et ledit dispersant de pigment (c) est renvoyé en quantité de 0,1 pour-cent a 65 pour-cent en poids, par
rapport au poids total de ladite dispersion de pigment.

Dispersion de pigment selon la revendication 2, dans laquelle ledit prépolymere c(i) a la structure de chaine polymere
représentative qui suit :

0-(E)s(G)p(Tq

dans laquelle E est un résidu hydrophile d’au moins un monomeére a insaturation éthylénique polymérisable par
voie radicalaire, E ayant des radicaux non ioniques, des radicaux ioniques ou des combinaisons de ceux-ci; G est
un résidu d’au moins un monomere a insaturation éthylénique polymérisable par voie radicalaire; E et G étant
différents; ¢ est un résidu dudit initiateur ou un dérivé de celui-ci, et est exempt dudit groupe transférable par voie
radicalaire; T est ledit groupe polymérisable par voie radicalaire ou un résidu d’au moins un monomere a insaturation
éthylénique polymérisable par voie radicalaire contenant ledit groupe polymérisable par voie radicalaire; s, p et q
représentent des nombres moyens de résidus se présentant en un bloc de résidus; q est 1 a 5; et s, p et q are sont
chacun choisis individuellement de sorte que ledit prépolymére ait un poids moléculaire moyen en nombre d’au
moins 250.

Dispersion de pigment selon la revendication 21, dans laquelle s et p sont chacun indépendamment 1 & 300, E est
un résidu d’au moins un monomeére choisi dans le groupe constitué de (méth)acrylates de poly(alkyléneglycol),
(méth)acrylates de d’'alcoxy(C4 en C,4)poly(alkyléneglycol), des (méth)acrylates d’hydroxyalkyle ayant 2 a 4 atomes
de carbone dans le groupement alkyle, de (méth)acrylamides de N-(hydroxyalkyle en C4-C,), de (méth)acrylamides
de N,N-di-(hydroxyalkyle en C4-C,), de monoméres a fonction acide carboxylique, de sels monoméres a fonction
acide carboxylique, de monomeéres a fonction amine, de sels monomeéres a fonction amine et de leurs mélanges;
et G est un résidu d’'un monomeére choisi dans le groupe constitué du (méth)acrylate de méthyle, du (méth)acrylate
d’éthyle, du (méth)acrylate de propyle, du (méth)acrylate d’isopropyle, du (méth)acrylate de n-butyle, du méth)

22



10

15

20

25

30

35

40

45

50

55

23.

24,

25.

26.

27.

28.

EP 1 265 968 B9
acrylate d’'isobutyle, du (méth)acrylate de tert-butyle et de leurs mélanges.

Dispersion de pigment selon la revendication 22, dans laquelle E a des radicaux cationiques choisis parmi 'ammo-
nium, le sulfonium et le phosphonium.

Dispersion de pigment selon la revendication 23, dans laquelle ledit initiateur est choisi dans le groupe constitué
du 1-halo-2,3-époxypropane, de I'halogénure de méthanesulfonyle, de I'halogénure de méthanesulfényle, de I'ester
d’alkyle en C; & Cq de I'acide 2-halo-carboxylique en C, a Cg, du malonate de di(alkyl en C, & Cg) -2-halo-2-méthyle
et de leurs mélanges.

Dispersion de pigment selon la revendication 24, dans laquelle s est 1 a 20 et p est 0 a 20.

Dispersion de pigment selon larevendication 21, dans laquelle T est choisi dans le groupe constitué des groupements
(méth)acryloyle, allyle, allyle substitué, vinyle et thiol.

Dispersion de pigment selon la revendication 21, dans laquelle G est un résidu d’au moins un monomere choisi
dans le groupe constitué par (i) un monomére a fonction oxirane que I'on a fait réagir avec un acide carboxylique
choisi dans le groupe constitué des acides carboxyliques aromatiques, des acides carboxyliques aromatiques po-
lycycliques, des acides carboxyliques aliphatiques ayant 6 a 20 atomes de carbone et leurs mélanges, (ii) des (méth)
acrylates d’alkyle ayant 6 a 20 atomes de carbone dans le groupement alkyle et (iii) des mélanges de (i) et de (ii) .

Dispersion de pigment selon la revendication 27, dans laquelle ledit monomére a fonction oxirane est choisi dans
le groupe constitué du (méth)acrylate de glycidyle, du (méth)acrylate de 3,4-époxycyclohexylméthyle, du (méth)
acrylate de 2-(3,4-époxycyclohexyl)éthyle, de I'éther d’allylglycidyle et de leurs mélanges; et ledit acide carboxylique
est choisi dans le groupe constitué de I'acide para-nitrobenzoique, de I'acide hexanoique, de 'acide 2-éthyl hexa-
noique, de I'acide décanoique, de I'acide undécanoique et de leurs mélanges.
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