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GRAPHENIC CARBON PARTICLE DISPERSIONS
AND METHODS OF MAKING SAME

FIELD OF THE INVENTION
[0001] The present invention rclates to graphenic carbon particle dispersions

and methods of making such dispersions.

BACKGROUND OF THE INVENTION

[0002] Graphenic carbon particles have many potential uses such as in inks
and coatings. However, graphenic carbon particles have been found to be difficult to
disperse in various media such as organic solvents and water. Ethyl ccllulose has
been uscd as a dispersion aid in attempts to improve the dispersion of graphcnic
carbon particles. However, the nced exists for improved dispersions of graphenic
carbon particles in order to improve the properties of inks and coatings and other
materials containing such particles. For cxample, elcctrical conductivity properties
may be improved with improved dispersions of graphenic carbon particles in various
types of inks and coatings, such as clear coatings, colored coatings, primer coatings,
static dissipative coatings and printed clectronics, batterics, capacitors, electric traces,

antcnnas, clectrical heating coatings and the like.

SUMMARY OF THE INVENTION

[0003] An aspect of the invention provides a dispersion comprising a solvent,
graphenic carbon particles dispersed in the solvent, and a polymeric dispersant. The
polymecric dispersant compriscs a) an anchor block comprising glycidyl
(mcth)acrylate, 3,4-cpoxycyclohcexylmethyl(meth)acrylate, 2-(3,4-
cpoxycyclohexyl)cthyl(meth)acrylate, allyl glycidyl ether and mixtures thereof,
reacted with a carboxylic acid comprising 3-hydroxy-2-naphthoic acid, para-
nitrobenzoic acid, hexanoic acid, 2-ethyl hexanoic acid, decanoic acid and/or
undccanoic acid, and b) at least one tail block comprising at least onc (meth)acrylic
acid alkyl cster.

[0004] Another aspect of the invention provides an elcctrically conductive
coating produced from a dispersion comprising a solvent, graphcenic carbon particles

disperscd in the solvent, and a polymeric dispersant. The polymeric dispersant
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comprises a) an anchor block comprising glycidyl (mcth)acrylate, 3,4-
epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-epoxycyclohexyl)ethyl(meth)acrylate,
allyl glycidyl ether and mixtures thereof, reacted with a carboxylic acid comprising 3-
hydroxy-2-naphthoic acid, para-nitrobenzoic acid, hexanoic acid, 2-ethyl hexanoic
acid, decanoic acid and/or undecanoic acid, and b) at least one tail block comprising at
least one (meth)acrylic acid alkyl ester.

[0005] A further aspect of the invention provides a method of dispersing
graphenic carbon particles in a solvent comprising mixing the graphenic carbon
particles in the solvent in the presence of a polymeric dispersant comprising a) an
anchor block comprising glycidyl (meth)acrylate, 3,4-
epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-epoxycyclohexyl)ethyl(meth)acrylate,
allyl glycidyl ether and mixtures thereof, reacted with a carboxylic acid comprising 3-
hydroxy-2-naphthoic acid, para-nitrobenzoic acid, hexanoic acid, 2-ethyl hexanoic
acid, decanoic acid and/or undecanoic acid, and b) at least one tail block comprising at

least one (meth)acrylic acid alkyl ester.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figs. 1 and 2 are TEM images showing non-uniform and uniform
dispersions of graphenic carbon particles, respectively.

[0007] Fig. 3 is a graph illustrating electrical conductivity properties of
coatings containing graphenic carbon particles in accordance with embodiments of the

invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0008] In accordance with embodiments of the present invention, graphenic
carbon particles are dispersed in inks and coatings and other materials through the use
of polymeric dispersants to provide desirable properties such as increased electrical
conductivity. Although embodiments in which graphenic carbon particles are
dispersed within inks and coatings are primarily described herein, it is to be
understood that other types of materials having such dispersions are within the scope

of the present invention, such as batteries, capacitors, electric traces and the like.
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[0009]  Asused hercin, the term “dispersed” means that the graphenic carbon
particles are dispersed throughout a matcrial without substantial agglomeration of the
particles. The presence of agglomerations may be determined by standard mcthods
such as visual analysis of TEM micrograph images. Figs. 1 and 2 arc examples of
TEM 1mages showing agglomerated and non-agglomerated graphenic carbon
particles, respectively, in a conventional automotive grind resin and a multi-block
copolymer dispersant. Agglomerations may also be detected by standard particle size
measurement techniques, as well as measurcments of electrical conductivity or
mcasurements of optical characteristics of matcrials containing the graphenic carbon
particles such as color, haze, jetness, reflectance and transmission properties.

[0010] Asuscd herein, the term “clectrically conductive”, when referring to an
ink or coating containing graphcnic carbon particles, means that the ink or coating has
an clectrical conductivity of at lcast 0.001 S/m. For example, the coating may have a
conductivity of at least 0.01, or at least 10 S/m. Typically the conductivity may be
from 100 to 100,000 S/m, or higher. In certain embodiments, the conductivity may be
at Icast 1,000 S/m or at least 10,000 S/m. For example, the conductivity may be at
least 20,000 S/m, or at least 30,000 S/m, or at least 40,000 S/m.

[0011] In accordance with certain embodiments, the inks or coatings do not
exhibit significant electrical conductivity absent the addition of graphenic carbon
particles. For cxample, a cured or dried polymeric resin may have a conductivity that
is not measureable, while cured or dried polymeric resins of the present invention
including graphenic carbon particles may exhibit conductivitics as noted above.

[0012] In certain embodiments, the graphenic carbon particles may be
dispersed within a matrix material such as a film-forming resin in amounts of from 0.1
to 95 weight pereent based on the total solids of the material. For example, the
graphenic carbon particles may comprise from 1 to 90 weight percent, or from 5 to 85
weight percent of the material. In certain embodiments, the amount of graphenic
carbon particles contained in the materials may be relatively large, such as from 40 or
50 weight percent up to 90 or 95 weight percent. For example, the graphenic carbon
particles may comprise from 60 to 85 weight percent, or from 70 to 80 weight percent.
In certain embodiments, conductivity properties of ink or coating may be significantly

incrcascd with rclatively minor additions of the graphenic carbon particles, for
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cxample, less than 50 weight pereent, or less than 30 weight pereent. In certain
embodiments, the coatings or other materials have sufficiently high clectrical
conductivities at relatively low loadings of the graphenic carbon particles. For
example, the above-noted electrical conductivities may be achieved at graphenic
carbon particle loadings of less than 20 or 15 weight percent. In certain embodiments,
the particle loadings may be less than 10 or 8 weight percent, or less than 6 or S
weight percent. For example, for coatings comprising film-forming polymers or
resins that by themselves are non-conductive, the dispersion of from 3 to 5 weight
percent of graphenic carbon particles may provide an clectrical conductivity of at least
0.1 S/m, e.g., or at least 10 S/m.

[0013] The compositions can comprise any of a variety of thermoplastic
and/or thermosetting compositions known in the art. For example, the coating
compositions can comprise film-forming resins selected from epoxy resins, acrylic
polymers, polyester polymers, polyurethane polymers, polyamide polymers, polycther
polymers, bisphenol A based epoxy polymers, polysiloxane polymers, styrenes,
ethylenes, butylenes, copolymers thereof, and mixtures thereof. Generally, these
polymers can be any polymers of these types made by any method known to thosc
skilled in the art. Such polymers may be solvent borne, water soluble or water
dispersible, emulsifiable, or of limited water solubility. Furthermore, the polymers
may be provided in sol gel systems, may be provided in core-shell polymer systems,
or may be provided in powder form. In certain embodiments, the polymers are
dispersions in a continuous phase comprising water and/or organic solvent, for
cxample cmulsion polymers or non-aqueous dispersions.

[0014] In addition to the resin and graphenic carbon particle components, the
coatings or other materials in accordance with certain embodiments of the present
invention may include additional components conventionally added to coating or ink
compositions, such as cross-linkers, pigments, tints, flow aids, defoamers, dispersants,
solvents, UV absorbers, catalysts and surface active agents.

[0015] Thermosetting or curable coating compositions typically comprise film
forming polymers or resins having functional groups that are reactive with either
themselves or a crosslinking agent. The functional groups on the film-forming resin
may be selected from any of a variety of reactive functional groups including, for

example, carboxylic acid groups, amine groups, epoxide groups, hydroxyl groups,
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thiol groups, carbamatc groups, amidc groups, urca groups, 1socyanatc groups
(including blocked isocyanate groups and tris-alkylcarbamoyltriazine) mercaptan
groups, styrenic groups, anhydride groups, acctoacetatc acrylates, urctidione and
combinations thercof.

[0016] Thermosctting coating compositions typically comprisc a crosslinking
agent that may be sclccted from, for example, aminoplasts, polyisocyanates including
blocked isocyanates, polyepoxides, beta-hydroxyalkylamides, polyacids, anhydrides,
organometallic acid-functional materials, polyamines, polyamides, and mixturcs of
any of the forcgoing. Suitable polyisocyanates include multifunctional isocyanatcs.
Examples of multifunctional polyisocyanates include aliphatic diisocyanates like
hexamethylcne diisocyanate and isophorone diisocyanate, and aromatic diisocyanates
like toluene diisocyanate and 4,4'-diphenylmethane diisocyanate. The polyisocyanates
can be blocked or unblocked. Examples of other suitable polyisocyanates include
isocyanurate trimers, allophanates, and uretdiones of diisocyanates. Examples of
commercially available polyisocyanates include DESMODUR N3390, which is sold
by Bayer Corporation, and TOLONATE HDT90, which is sold by Rhodia Inc.
Suitable aminoplasts includc condensates of aminces and or amidces with aldechyde. For
example, the condensate of melamince with formaldchyde is a suitable aminoplast.
Suitable aminoplasts are well known in the art. A suitable aminoplast is discloscd, for
example, in U.S. Pat. No. 6,316,119 at column 5, lines 45-55, incorporated by
reference herein. In certain embodiments, the resin can be self crosslinking. Self
crosslinking means that the rcsin contains functional groups that are capable of
rcacting with themselves, such as alkoxysilane groups, or that the reaction product

-contains functional groups that arc coreactive, for example hydroxyl groups and
blocked isocyanate groups.

[0017] The dry film thickness of the cured coatings may typically range from
less than 0.5 microns to 100 microns or more, for example, from 1 to 50 microns. As
a particular cxample, the cured coating thickncess may range from 1 to 15 microns.
However, significantly greater coating thicknesscs, and significantly greater matcrial
dimensions for non-coating materials, are within the scope of the invention.

[0018] Asuscd herein, the term “graphenic carbon particles” means carbon
particles having structures comprising one or more layers of onc-atom-thick planar

sheets of sp’-bonded carbon atoms that arc densely packed in a honeycomb crystal
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lattice. The average number of stacked layers may be less than 100, for example, lcss
than 50. In certain embodiments, the average number of stacked layers is 30 or less,
such as 20 or less, 10 or less, or, in some cases, 5 or less. The graphenic carbon
particles may be substantially flat, however, at least a portion of the planar sheets may
be substantially curved, curled, creased or buckled.

[0019] The graphenic carbon particles to be dispersed in the compositions of
the present invention are may be made by thermal processes. In accordance with
embodiments of the invention, thermally produced graphenic carbon particles are
made from carbon-containing precursor materials that are heated to high temperatures
in a thermal zone such as a plasma. As more fully described below, the carbon-
containing precursor materials are heated to a sufficiently high temperature, e.g.,
above 3,500°C, to produce graphenic carbon particles having characteristics as
described above. The carbon-containing precursor, such as a hydrocarbon provided in
gaseous or liquid form, is heated in the thermal zone to produce the graphenic carbon
particles in the thermal zone or downstream therefrom. For example, thermally
produced graphenic carbon particles may be made by the systems and methods
disclosed in U.S. Patent Nos. 8,486,363 and 8,486,364.

[0020] In certain embodiments, the thermally produced graphenic carbon
particles may be made by using the apparatus and method described in U.S. Patent
No. 8,486,363 at [0022] to [0048] in which (1) one or more hydrocarbon precursor
materials capable of forming a two-carbon fragment species (such as n-propanol,
cthane, cthylene, acetylene, vinyl chloride, 1,2-dichloroethane, allyl alcohol,
propionaldchyde, and/or vinyl bromidc) is introduccd into a thermal zone (such as a
plasma), and (ii) the hydrocarbon is heated in the thermal zone to form the graphenic
carbon particles. In other embodiments, the thermally produced graphenic carbon
particles may be made by using the apparatus and method described in U.S. Patent
No. 8,486,364 at [0015] to [0042] in which (i) a methane precursor material (such as a
material comprising at least 50 percent methane, or, in some cases, gaseous or liquid
methane of at least 95 or 99 percent purity or higher) is introduced into a thermal zone
(such as a plasma), and (ii) the methane precursor is heated in the thermal zone to
form the graphenic carbon particles. Such methods can produce graphenic carbon
particles having at least some, in some cases all, of the characteristics described

above.
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[0021] During production of the graphenic carbon particles by the thermal
production methods described above, a carbon-containing precursor is provided as a
feed material that may be contacted with an inert carrier gas. The carbon-containing
precursor material may be heated in a thermal zone, for example, by a plasma system.
In certain embodiments, the precursor material 18 heated to a temperature of at least
3,500°C, for example, from a temperature of greater than 3,500°C or 4,000°C up to
10,000°C or 20,000°C. Although the thermal zone may be generated by a plasma
system, it is to be understood that any other suitablc heating system may be used to
creatc the thermal zone, such as various types of furnaces including clectrically heated
tube furnaces and thce like.

[0022] The gascous stream may be contacted with one or more quench strcams
that arc injected into the plasma chamber through at least one quench stream injection
port. The quench stream may cool the gascous strcam to facilitate the formation or
control the particle size or morphology of the graphenic carbon particles. In certain
embodiments of the invention, after contacting thc gascous product stream with the
quench streams, the ultrafine particles may be passed through a converging member.
After the graphenic carbon particles exit the plasma system, they may be collected.
Any suitable means may be used 1o separate the graphenic carbon particles from the
gas flow, such as, for example, a bag filter, cyclone scparator or deposition on a
substrate.

[0023] In certain embodiments, the graphenic carbon particles may be
obtained from commercial sources, for example, from Angstron, XG Sciences and
other commercial sources. In such embodiments, the commercially available
graphenic carbon particles may comprise exfoliated graphite and have different
characteristics in comparison with the thermally produced graphenic carbon particles,
such as different size distributions, thicknesses, aspect ratios, structural morphologies,
oxygen content, and chemical functionality at the basal planes/cdges.

[0024] In certain embodiments, different types of graphenic carbon particles
may be dispersed in the composition. For example, when thermally produced
graphenic carbon particles are combined with commercially available graphenic
carbon particles in accordance with embodiments of the invention, a bi-modal

distribution, tri-modal distribution, etc. of graphenic carbon particle characteristics
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may be achieved. The graphenic carbon particles contained in the compositions may
have multi-modal particle size distributions, aspect ratio distributions, structural
morphologics, edge functionality differences, oxygen content, and the like.

[0025] In an embodiment of the present invention in which both thermally
produced graphenic carbon particles and commercially available graphenic carbon
particles, e.g., from exfoliated graphite, arc added to a coating composition to produce
a bi-modal graphenic particle size distribution, the relative amounts of the different
types of graphenic carbon particles are controlled to produce desired conductivity
properties of the coatings. For example, the thermally produced graphenic particles
may comprise from 1 to 50 weight percent, and the commercially available graphenic
carbon particles may comprise from 50 to 99 weight percent, based on the total weight
of the graphenic carbon particles. In certain embodiments, the thermally produced
graphenic carbon particles may comprise from 2 to 20 weight percent, or from 5 to 10
or 12 weight percent.

[0026] In certain embodiments, the coating compositions or other materials
produced with the present dispersions are substantially free of certain components
such as polyalkyleneiminges, graphite, or other components. For example, the term
“substantially free of polyalkyleneimines” means that polyalkylencimines are not
purposefully added, or are present as impurities or in trace amounts, e.g., less than 1
weight percent or less than 0.1 weight percent. The term “substantially free of
graphite” means that graphite is not purposefully added, or is present as an impurity or
in trace amounts, ¢.g., less than 1 weight percent or less than 0.1 weight percent. In
certain ecmbodiments, graphitc in minor amounts may be present in the materials, ¢.g.,
less than 5 weight percent or less than 1 weight percent of the material. If graphite is
present, it is typically in an amount less than the graphenic carbon particles, ¢.g., less
than 30 weight percent based on the combined weight of the graphite and graphenic
carbon particles, for example, less than 20 or 10 weight percent.

[0027] In certain embodiments, the compositions of the present invention are
prepared from a dispersion comprising: (a) graphenic carbon particles such as any of
those described above; (b) a carrier that may be sclected from water, at least one
organic solvent, or combinations of water and at least one organic solvent; (¢) a
polymeric dispersant, such as the copolymer described generally below; and,

optionally, (d) at least one resin as described above or other additives.

s



WO 2015/089026 PCT/US2014/069272

[0028] Certain compositions of the present invention comprise a polymeric
dispersant. In certain embodiments, such a polymeric dispersant comprises a tri-block
copolymer comprising: (1) a first segment comprising graphenic carbon affinic
groups, such as hydrophobic aromatic groups; (ii) a second scgment comprising polar
groups, such as hydroxyl groups, amince groups, ether groups, and/or acid groups; and
(i11) a third segment which is diffcrent from the first segment and the second segment,
such as a segment that is substantially non-polar, 1.e., substantially frcc of polar
groups. As used hercin, term “substantially free” when uscd with reference to the
absence of groups in a polymeric segment, mcans that no more than 5% by weight of
thc monomer used to form the third scgment compriscs polar groups.

[0029] Suitable polymeric dispersants includc acrylic copolymers produced
from atom transfer radical polymerization. In ccrtain cmbodiments, such copolymers
have a weight average molecular weight of 1,000 to 20,000.

[0030] In certain cmbodiments, the polymeric pigment dispersant has a

polymer chain structure represented by the following general formula (I),

D-(G)p-(W)a-(Y)sT )

wherein G is a rcsidue of at least one radically polymerizable cthylenically unsaturated
monomer; W and Y are residues of at Icast onc radically polymerizable cthylenically
unsaturaicd monomer with W and Y being different from one another; Y is optional;
® is a hydrophobic residue of or derived from an initiator and is free of the radically
transferable group; T is or is derived from the radically transferable group of the
initiator; p, q and s represent average numbers of residues occurring in a block of
residues; p, q and s are each individually selected such that the polymeric dispersant
has a number average molecular weight of at least 250.

[0031] The polymeric dispersant may be described generally as having a head
and tail structure, i.c., as having a polymeric head portion and a polymeric tail portion.
The polymeric tail portion may have a hydrophilic portion and a hydrophobic portion,
particularly at the terminus thercof. While not intending to be bound by any theory, it
1s believed that the polymeric head portion of the polymeric dispersant can be

associated with the graphenic carbon particles, while the polymeric tail portion aids in
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dispersing the graphenic carbon particles and can be associated with other components
of an ink or coating composition. As used herein, the terms “hydrophobic” and
“hydrophilic” are relative to each other.

[0032] In certain embodiments, the polymeric dispersant is prepared by atom
transfer radical polymerization (ATRP). 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. In certain embodiments, the initiation system comprises: a
monomeric initiator having a single 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 No.
WO 98/40415 and U.S. Pat. Nos. 5,807,937, 5,763,548 and 5,789,487.

[0033] Catalysts that may be used in the ATRP preparation of the polymeric
dispersant include any transition metal compound that can participate in a redox cycle
with the initiator and the growing polymer chain. It may be 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 (11),

M™'X, (I

wherein M is the transition metal; n is the formal charge on the transition mectal
having a value of from 0 to 7; and X is a counterion or covalently bonded component.
Examples of the transition metal M 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, C;-Ces-alkoxy, cyano, cyanato, thiocyanato and azido. In
one specific example, the transition metal is Cu(l) and X is halide, for example,
chloride. Accordingly, one specific class of transition metal catalysts is the copper
halides, for example, Cu(I)Cl. In certain embodiments, the transition metal catalyst
may contain a small amount, for example, 1 mole percent, of a redox conjugate, for
example, Cu(Il)Cl, when Cu(I)Cl is used. Additional catalysts useful in preparing the
polymeric dispersant arc described in U.S. Pat. No. 5,807,937 at column 18, lincs 29

-10 -
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through 56. Redox conjugates arc described in further detail in U.S, Pat. No.
5,807,937 at column 11, line 1 through column 13, linc 38.

[0034] I.igands that may be used in the ATRP preparation of the polymcric
dispersant include, but arc not limited to, compounds having one or more nitrogen,
oxygen, phosphorus and/or sulfur atoms, which can coordinate to the transition metal
catalyst compound, for example, through sigma and/or pi bonds. Classes of useful
ligands include, but are not limited to, unsubstituted and substituted pyridines and
bipyridines; porphyrins; cryptands; crown ethers; for example, 18-crown-6;
polyamincs, for example, cthylenediamine; glycols, for example, alkylene glycols,
such as ethylenc glycol; carbon monoxide; and coordinating monomers, for example,
styrene, acrylonitrilc and hydroxyalkyl (meth)acrylates. As used herein, the term
“(meth)acrylate” and similar terms refer to acrylates, methacrylates and mixtures of
acrylates and methacrylates. One specific class of ligands are the substituted
bipyridines, for example, 4,4'-dialkyl-bipyridyls. Additional ligands that may be used
n preparing polymeric dispersant are described in U.S. Pat. No. 5,807,937 at column
18, linc 57 through column 21, line 43.

[0035] Classes of monomeric initiators that may be used in the ATRP
preparation of the polymeric dispersant include, but are not limited to, aliphatic
compounds, cycloaliphatic compounds, aromatic compounds, polycyclic aromatic
compounds, heterocyclic compounds, sulfonyl compounds, sulfenyl compounds,
esters of carboxylic acids, nitrites, ketones, phosphonates and mixturcs thereof, each
having a radically transfcrable group, and preferably a single radically transferable
group. The radically transferable group of the monomeric initiator may be sclected
from, for example, cyano, cyanato, thiocyanato, azido and halide groups. The
monomeric initiator may also be substituted with functional groups, for cxample,
oxyranyl groups, such as glycidyl groups. Additional uscful initiators are described in
U.S. Pat. No. 5,807,937 at column 17, line 4 through column 18, line 28.

[0036] In certain embodiments, the monomcric initiator is selected from 1-
halo-2,3-epoxypropane, p-toluenesulfonyl halide, p-toluencsulfenyl halide, Cs-Cao-
alkyl cster of alpha-halo-C,-Cs-carboxylic acid, halomethylbenzene, (1-
haloethyl)benzene, halomethylnaphthalene, halomethylanthracene and mixtures
thereof. Examples of Ca-Cg-alkyl ester of alpha-halo-C»-Ce-carboxylic acids include,

hexyl alpha-bromopropionate, 2-cthylhexyl alpha-bromopropionate, 2-cthylhexyl
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alpha-bromohcxionate and icosanyl alpha-bromopropionate. As uscd hercin, the term
“monomcric initiator” is meant to be distinguishable from polymeric initiators, such
as polycthers, polyurcthancs, polyesters and acrylic polymers having radically
transferable groups.

[0037] Inthe ATRP preparation, the polymeric dispersant and the amounts
and relative proportions of monomeric initiator, transition metal compound and ligand
may be thosc for which ATRP 1s 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 moles/liter (M) to 3 M, for example, from 10 M to 10!
M. As the molecular weight of the polymeric dispersant 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 polymer preparation. The molar ratio of initiator to
monomer is typically within the range of 101 to 0.5:1, for example, 107:1 to
5Sx 101,

|0038] In preparing the polymeric dispersant by ATRP methods, the molar
ratio of transition metal compound to initiator is typically in the range of 10:1 to
10:1, for example, 0.1:1 to 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.

[0039] The polymeric dispersant may be preparcd in the absence of solvent,
1.c., by means of a bulk polymerization process. Often, the polymeric dispersant is
prepared in the presence of a solvent, typically water and/or an organic solvent.
Classcs of useful organic solvents include, but arc not limited to, csters of carboxylic
acids, ethers, cyclic ethers, Cs-Cio alkanes, Cs-Cg cycloalkancs, aromatic hydrocarbon

- solvents, halogenated hydrocarbon solvents, amides, nitrites, sulfoxides, sulfones and
mixtures thereof. Supercritical solvents, such as CO2, C1-C4 alkanes and
fluorocarbons, may also be cmployed. One class of solvents is the aromatic
hydrocarbon solvents, such as xylene, toluene, and mixcd aromatic solvents such as
those commercially available from Exxon Chemical America under the trademark
SOLVESSO. Additional solvents are described in further detail in U.S. Pat. No.
5,807,937, at column 21, line 44 through column 22, linc 54.

[0040] The ATRP preparation of the polymeric dispersant is typically

conducted at a reaction temperaturc within the range of 25°C to 140°C, for cxample,
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from 50°C to 100°C, and a prcssurc within the range of 1 to 100 atmospheres, usually
at ambient pressure.

]0041] The ATRP transition metal catalyst and its associated ligand are
typically scparated or removed from the polymeric dispersant prior to its use in the
polymeric dispersants of the present invention. Removal of the ATRP catalyst may be
achicved using known methods, including, for example, adding a catalyst binding
agent to the mixture of the polymeric dispersant, solvent and catalyst, followed by
filtering. Lxamples of suitable catalyst binding agents include, for cxample, alumina,
silica, clay or a combination thercof. A mixturc of the polymeric dispersant, 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 in the polymeric dispersant.

10042]  With reference to general formula (1), G may be a residuc of at least
one radically polymerizable cthylenically unsaturated monomer, such as a monomer
selected from an oxirane functional monomer rcacted with a carboxylic acid which
may be an aromatic carboxylic acid or polycyclic aromatic carboxylic acid.

[0043] The oxirane functional monomer or its residue that is reacted with a
carboxylic acid may be selected from, for example, glycidyl (meth)acrylate, 3,4-
cpoxycyclohexylmethyl(mceth)acrylate, 2-(3,4-epoxycyclohexyl)ethyl(mcth)acrylate,
allyl glycidyl ether and mixtures thercof. Examples of carboxylic acids that may be
rcacted with the oxiranc functional monomer or its residuc include, but arc not Hmited
to, napthoic acid, hydroxy napthoic acids, para-nitrobenzoic acid and mixtures
thereof.

|0044] With continued reference to gencral formula (1), in certain
embodiments, W and Y may each independently be residues of, include, but arc not
limited to, mecthyl (meth)acrylate, cthyl (meth)acrylate, propyl (mcth)acrylate,
isopropyl (meth)acrylate, n-butyl (meth)acrylate, iso-butyl (meth)acrylate, tert-butyl
(meth)acrylate, 2-cthylhexyl (mcth)acrylate, lauryl (meth)acrylate, isobornyl
(ineth)acrylate, cyclohexyl (mcth)acrylate, 3,3,5 trimethylcyclohexyl (meth)acrylate,
1socane (mcth)acrylate, hydroxycthyl (meth)acrylate, hydroxypropyl (meth)acrylate,
hydroxybutyl (mcth)acrylate, butyl (mcth)acrylate, methoxy poly(ethylenc glycol)

mono(mcth)acrylate, poly(cthylenc glycol) mono(mcth)acrylate, methoxy
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poly(propylene glycol) mono (meth)acrylate, poly(propylene glycol) mono
(meth)acrylate, methoxy copoly(cthylene glycol/propylene glycol) mono
(meth)acrylate, copoly(ethylenc glycol/propylene glycol) mono (meth)acrylate.

[0045] In gencral formula (1), in certain embodiments, W and Y may each
independently be residues of monomers having more than one (meth)acryloyl group,
such as (meth)acrylic anhydride, diethyleneglycol bis(meth)acrylate, 1,4 —butanediol
diacrylate, 1,6-hcxanediol diacrylate, 4,4'-isopropylidenediphenol bis(meth)acrylate
(Bisphenol A di(meth)acrylate), alkoxylated 4,4'-isopropylidencdiphenol
bis(mneth)acrylate, trimethyloipropane tris(meth)acrylate, alkoxylated
trimcthylolpropanc tris(meth)acrylate, polycthylene glycol di(meth)acrylate,
polypropylene glycol di(meth)acrylate, and copoly(cthylene glycol/propylene glycol)
di(meth)acrylate.

[0046] The numerals p, g and s represent the average total number of G, W
and Y residucs, respectively, occurring per block or segment of G residues (G-block
or G-segment), W residues (W-block or W-segment) and Y residues (Y-block G or Y-
scgment), respectively. When containing morc than one typc or species of monomer
residuc, the W- and Y-blocks may cach have at least one of random block (e.g., di-
block and tri-block), alternating, and gradient architectures. Gradient architecture
refers 10 a scquence of different monomer residues that change gradually in a
systematic and predictable manner along the polymer backbone. For purposes of
illustration, a W-block containing 6 residues of butyl methacrylate (B MA) and 6
residucs of hydroxy propyl mcthacrylate (HPMA), for which q is 12, may have di-
block, tetra-block, altcrnating and gradient architecturcs as described in U.S. Pat, No.
6,642,301, col. 10, lines 5-25. In certain embodiments, the G-block may include
about 5-15 residues of glycidyl(meth)acrylate) rcacted with an aromatic carboxylic
acid (such as 3-hydroxy-2-napthoic acid), the W-block may be a random block of
about 20-30 BMA and HPMA residucs and the Y-block may be a uniform block of
about 5-15 butyl acrylate (BA) residues.

[0047] The order in which monomer residucs occur along the polymer
backbone of the polymeric dispersant is typically dctermined by the order in which the
corresponding monomers arc fed into the vesscl in which the controlled radical
polymerization is conducted. For example, thc monomers that are incorporated as

residucs in the G-block of the polymeric dispersant are gencrally fed into the rcaction
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vesscel prior to those monomers that arc mncorporated as residucs in the W-block,
followed by the residucs of the Y-block.

[0048] During formation of the W- and Y-blocks, if more than one monomer
1s 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
chain. Gradient sequences of monomer residues within the W- and Y-blocks can be
preparcd 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 diffcrent
rates of polymerization, or (¢) a combination of (a) and (b). Copolymers containing
gradient architecturc are described in further detail in U.S. Pat. No. 5,807,937, at
column 29, line 29 through column 31, line 35.

[0049] In certain cmbodiments, subscripts q and s each have a value of at least
1, such as at lcast 5 for general formula (I). Also, subscript s often has a value of less
than 300, such as Icss than 100, or less than 50 (for example 20 or lcss) for gencral
formula (I). The values of subscripts q and s may range between any combination of
these values, inclusive of the recited values, for example, s may be a number from 1 to
100. Subscript p may have a value of at least 1, such as at lcast 5. Subscript p also
ofien has a valuc of less than 300, such as less than 100 or less than 50 (e.g., 20 or
less). The value of subscript p may range between any combination of these values,
inclusive of the recited values, for example, p may be a number up to 50. The
polymcric dispersant often has a number average molccular weight (Mn) of from 250
to 40,000, for cxample, from 1000 to 30,000 or from 2000 to 20,000, as detcrmined
by gel permeation chromatography using polystyrenc standards.

[0050] - Symbol @ of general formula (I) is, or is derived from, the residue of
the initiator used in the preparation of the polymeric dispersant by controlled radical
polymcrization, and is free of the radically transferable group of the initiator. For
cxample, when the polymeric dispersant is initiated in the presence of toluene sulfonyl

chloride, the symbol &, more spccifically @- is the residue,
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The symbol @ may also represent a derivative of the residuc of the initiator.

[0051] In general formula (I), T is or is derived from the radically transferable
group of the ATRP initiator. The residue of the radically transferable group may be
(a) left on the polymeric dispersant, (b) removed or (¢) chemically converted to
another moicty. The radically transferable group may be removed by substitution with
a nucleophilic compound, for example, an alkali metal alkoxylate. When the residue
of the radically transferable group is, for example, a cyano group (—CN), it can be
converted to an amide group or carboxylic acid group by methods known in the art.

[0052] The polymeric dispersant is typically present in the graphenic carbon
particle dispersion described above in an amount of at Ieast 0.1 pereent by weight,
such as at lcast 0.5 percent by weight, or, in some cascs, at least 1 percent by weight,
based on the total weight of the graphenic carbon particle dispersion. The polymeric
dispersant may typically be present in the graphenic carbon particle dispersion in an
amount of less than 75 percent by weight, or less than 50 percent by weight, based on
the total weight of the graphenic carbon particle dispersion. In certain embodiments,
the polymeric dispersant may be present in the graphenic carbon particle dispersion in
an amount of less than 30 percent by weight, or less than 15 percent by weight, based
on the total weight of the graphenic carbon particle dispersion.

[0053] The graphenic carbon particle dispersion often also comprises at least
water and/or at least onc organic solvent. Classes of organic solvents that may be
present include, but are not limited to, xylene, toluene, alcohols, for example,
methanol, cthanol, n-propanol, iso-propanol, n-butanol, sec-butyl alcohol, tert-butyl
alcohol, iso-butyl alcohol, furfuryl alcohol and tetrahydrofurfuryl alcohol; ketones or

ketoalcohols, for example, acetone, methyl ethyl ketone, and diacetone alcohol;
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cthers, for cxample, dimcthyl cther and mcthyl ethyl cther; cyclic cthers, for cxample,
tetrahydrofuran and dioxane; csters, for cxample, ethyl acctate, ethyl lactate, ethylene
carbonate and propylene carbonatce; polyhydric alcohols, for example, cthylene glycol,
dicthylene glycol, triethylenc glycol, propylenc glycol, tetracthylene glycol,
polyethylene glycol, glycerol, 2-methyl-2.4-pentanediol and 1,2,6-hcexantriol; hydroxy
functional cthers of alkylenc glycols, for example, butyl 2-hydroxyethyl cther, hexyl
2-hydroxyecthyl ether, methyl 2-hydroxypropy! cther and phenyl 2-hydroxypropyl
cther; nitrogen containing cyclic compounds, for example, pyrrolidone, N-methyl-2-
pyrrolidone and 1,3-dimethyl-2-imidazolidinonc; and sulfur containing compounds
such as thioglycol, dimethy! sulfoxide and tetramethylene sulfone. When the solvent
comprises watcr, it can be used alone or in combination with organic solvents such as
propylenc glycol monometheylether, cthanol and the like.

[0054] The graphcnic carbon particle dispersion may be prepared by methods
that are known to those of ordinary skill in the art. Such known mcthods typically
involve the use of energy intensive mixing or grinding means, such as ball mills or
media mills (e.g., sand mills).

[0055] The graphenic carbon particles may be mixed with film-forming resins
and other components of the compositions. For example, for two-part coating
systems, the graphenic carbon particles may be disperscd into part A and/or part B. In
certain embodiments, the graphenic carbon particles are dispersed into part A by
various mixing techniques such as sonication, high speed mixing, media milling and
the like. In certain embodiments, the graphenic carbon particles may be mixed into
the coating compositions using high-cnergy and/or high-shear techniques such as
sonication, 3-roll milling, ball milling, attritor milling, rotor/stator mixcrs, and the
like.

[0056] The following examples are intended to illustrate various aspects of the

invention, and arc not intended to limit the scope of the invention.

Example ]
[0057] Compositions A, B, C, and D listed in Table 1 were dispersed by
adding 70g of each into 8 oz. glass jars with 220g of SEPR Ermil 1.0-1.25 mm milling

media. The samplces in the jars were shaken for 4 hours using a Lau disperser (Modcl
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DAS 200, Lau, GmbH). The milling mcdia was then filtered off from the dispersions.
Compositions E, F and G listed in Table 1 were dispersed at 12.5 weight percent
based on total solids by sonicating for 2 hours in a bath sonicator in (E) n-methly-2-
pyrrolidone, (F) methyl ether propylene glycol (Dowanol PM Acetate, Dow

Chemical), and (G) n, n-dimethylacetimide.

Table 1
Solvent-Borne Dispersions
e Samples (Weight %)
Ingredients A 5 C D E P G
Acrylic grind vehicle 3432 | 3432
Polyester resin solution 1543 15.43
Polycthylene cut 0.48 0.48
n-butyl acetate 36.70 | 36.70 | 48.72 | 62.21
Diisobutyl ketone 7.53 7.53
n-methly-2-pyrrolidone 87.5
Mecthyl ether propylene 875
glycol
n, n-dimethylacctimide 87.5
Solvent- block
g i 4273 | 31.49
copolymer dispersant
xGnP C-300° 5.56 8.55
Thermally produ
antally psiuged 5.56 630 | 125 | 12.5 | 125
graphenic carbon

1 43 weight % n-butyl acetate and 57 weight % block copolymer as disclosed in US

2008/0188610

2 exfoliated graphenic carbon particles from XG Sciences

3 thermally produced graphenic carbon produced in accordance with the method disclosed
in U.S. Patent No. 8,486,364 having a measured BET surface area of 280 m?/g

Example 2
[0058] The dispersed formulations from Example 1 (Samples 1A, 1B, 1C, 1D,

1E, 1F and 1G) were added to a commercial solvent-borne black basecoat available
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from PPG Industrics, Inc., at a level such that cach basccoat formulation contained
2.36% graphenic carbon particles on a total solids basis, resulting in Samples 2A, 2B,
2C, 2D, 2E, 2F and 2G, respectively. In each paint formulation, the graphenic carbon
replaced the same weight of black pigment that is normally contained in this solvent-
borne black basecoat. Samples 2, 2F and 2G werc gritty, showing the poor

dispersion resulting from sonicating the graphenic carbon particles in solvents.

Examplc 3

[0059] Samples 2A, 2B, 2C and 2D from Examplc 2 were reduced with n-
butyl acetate to spray viscosity, and then sprayed onto c-coated 4 x 12 inch steel
pancls. These pancls received a standard ambient flash and were then clcar coated
with a commercial carbamaie clear coat available from PPG Industrics, Inc. and cured
in an oven to produce Samples 3A, 3B, 3C and 3D.

|0060] To quantify the goodncess of dispersion of the graphenic carbon
particles in Samplcs 3A, 3B, 3C and 3D, the color of cach panel was mcasured using a
BYKmac multi-angle spectrophotometer (BYK-Gardner) and the black jetness was
calculated using the 110° angle color data. Jetness was calculated using the equation
Jetness = [log1o(Xw/X) + logio(Yn/Y) - logio(Z+/Z)] (Equation 12 from K. Lippok-
Lohmer, "Praxisnahce Scharzmessungen", Farbe + Lack, 92 (1986) 1024-1029.) If the
graphenic carbon particles are well dispersed in the paint film, then the resulting light
scattering will be reduced and this results in a larger black jetness value.

[0061] The resultant test data is shown in Table 2. For each type of graphenic
carbon particle the dispersion of the particles was improved by using the tri-block
copolyrier dispersant, as shown by an increasc in jetness. The paints from the
sonicated dispersions (Examples 2E, 2F and 2G) were not sprayed, but would
necessarily have displayed extremely poor (low) jetness, due to the state of
agglomcration of the graphenic carbon particles in these paints. The usc of the tri-
block copolymer dispersant results in significant improvement in dispersing graphenic
carbon particles comparcd with conventional solvent sonication methods and

conventional grind resin technology.
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WO 2015/089026
Tablc 2
Color Mcasurements
Sample Panel | L* 110° | a* 110° | b* 110° [ Jetness
3A 6.03 0.07 0.15 217
3B 1.89 0.02 -0.11 269
3C 5.32 0.14 0.32 221
3D 1.63 -0.04 -0.26 279
Example 4

[0062] Compositions listed in Table 3 were dispersed by adding 70g of each
into 8 oz. glass jars with 220g of SEPR Ermil 1.0-1.25mm milling media. The
samplcs in the jars were shaken for 4 hours using a Lau disperser (Model DAS 200,
Lau, GmbH). The milling media was then filtered off from the dispersions. Samples
4], 4K and 4L were made by mixing, respectively, Samples 4A and 4E, Samples 4B
and 4G, and Samples 4C and 41, to form compositions containing two types of
graphenic carbon particles where 92 weight % of the total graphenic carbon consisted
of xGnP M-25 from XG Sciences and 8 weight % of the total graphenic carbon was
that produced in accordance with the method disclosed in U.S. Patent No. 8,486,364

having a measured BET surface arca of 280 m?/g.
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Table 3

Dispersions

Weight %

Ingredients
A B = D E F G H I

Ethyl cellulose 1.67 1.67 | 1.67

Solvent-borne
block copolymer 292 292 | 292

dispersant’

Waterborne block
copolymer 1.71 1,71 | 1,71
dispersant

n-butyl acetate 87.08

Ethanol 88.33

n-methyl-2- 88.33 | 87.08 88.33 87.08
pyrrolidone

De-1onized water 44.15 88.29 | 44.15

Propylene glycol

44.1 _
monometheylether? ? 44.15

xGnP M-253 10.00 | 10.00 | 10.00

Thermally
produced 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00

graphenic carbon®

1 solvent-borne block copolymer dispersant as disclosed in U.S. Pat. No. 8,129,466

2 propylene glycol monometheylether (Dowanol PM, Dow Chemical Co)

3 xGnP M-25 (XG Sciences)

4 thermally produced graphenic carbon particles produced in accordance with the method
disclosed in U.S. Patent No. 8,486,364 having a measurcd BET surface area of 280 m%g

[0063] The waterborne block copolymer dispersant listed in Table 4 was made

from a mixture of the following ingredients in weight ratios listed in Table 4.
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Tablc 4

Charge 1

2,2"-Bipyridyl 2.7

Copper (0) powder 1.0

para-Tolunencsulfonyl chloride 85.4

Aromatic 100 459.0
0.0

Charge 2

Glycidyl Methacrylate 576.0

Charge 3

Methoxy polycthylene glycol 350 Methacrylate 2499.0

Aromatic 100 300.0

Charge 4

acetic acid 5.0

ion exchange resin (Amberlite IRC 7480) 120.0

Charge 5

3-hydroxy-2-Napthoic acid 535.0

tricthyl amine 34

[0064] Charge 1 was mixed in a 5 Liter round-bottom flask fitted with an air
motor stirrer, a thermocouple, nitrogen adapter, and a condenser. The mixture was
sparged with nitrogen for 15 minutes, and then heated to 80°C. Charge 2 was added
over 5 minutes, and then held for 3.5 hrs. After holding, charge 3 was charged over 5
minutes, and then held for 2.5 hrs. The reaction mixture was then filtered though
paper filter to remove bulk copper. Charge 4 was then added at 80°C, and allowed to
stir for 3 hrs while exposed to air. The ion exchange resin was then filtered off.

Charge S was then added, and held at 150°C for 3 hrs. After that, solvent in the resin
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was removed by vacuum. The resulting material was found to be 98% solid with a
number average molecular weight of 2,986 g/mol, a weight average molecular weight

of 6159 g/mol and Mn/Mw of 2.1.

Example 5

[0065] Each of the samples from Example 4 (4A, 4B, 4C, 4D, 4E, 4F, 4G, 4H,
41, 4], 4K and 4L) were applied as 1-2 mm wide lines in a serpentine circuit pattern to
a 2 x 3 inch glass slide (Fisherbrand, Plain, Precleaned) using a dispensing jet (PICO
valve, MV-100, Nordson, EFD) and a desktop robot (2504 N, Janome) and then dried
in an oven at 212°F for 30 minutes to produce, respectively, Samples SA, 5B, 5C, 5D,
SE, 5F, 5G, 5H, 51, 5J, 5K and SL. For each of the coated samples that provided
robust-enough circuit lines, the clectrical conductivity was determined by first
measuring the resistance of the serpentine circuit vs. the length of the circuit line.
Then, the cross-sectional area of the serpentine lines was measured using a stylus
profilometer (Dektak). Using the measured values for the cross sectional area (A) and
the resistance (R) for a given length (L) of the circuit, the resistivity (p) was calculated
using the equation p = RA/L. The conductivity (c) was then calculated by taking the
reciprocal of the resistivity, o = 1/p. Conductivity results are shown in Table 5. The

conductivity results listed in Table 5 are shown graphically in Fig, 3.

Table 5
Sample | Conductivity (S/m) | Resin | Solvent | GCP
SA - EC nmp TPG
5B - SB nmp TPG
5C - WB | DIW/DPM | TPG
5D 400 EC EtOH M-25
5E 2600 EC nmp M-25
5F 1600 SB nba M-25
5G 8900 SB nmp M-25
5H 5900 WB DIW M-25
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51 13300 WB | DIW/DPM | M-25
5] 7000 EC nmp Mix
5K 12800 SB nmp Mix
5L 14900 WB | DIW/DPM | Mix

[0066] In Table 5, the “~” symbol indicates samples in which the circuit lines
were not robust, so the resistance could not be measured. The abbreviations in Table
5 are: EC = ethyl cellulose; nmp = n-methyl-2-pyrrolidone; GCP = graphenic carbon
particles; DIW = deionized water; DIW/DPM = 50/50 mixture of deionized water and
Dowanol PM; EtOH = ethanol; nba = n-butyl acetate; TPG = thermally produced
graphenic carbon produced in accordance with the method disclosed in U.S. Patent
No. 8,486,364 having a measured BET surface area of 280 mz/g; M-25 = xGnP M-25;
and Mix = mixture where 92 weight % of the total graphenic carbon consisted of
xGnP M-25 and 8 weight % of the total graphenic carbon was that produced in
accordance with the method disclosed in U.S. Patent No. 8,486,364 having a
measured BET surface area of 280 m%/g.

[0067] For purposes of this detailed description, it is to be understood that the
invention may assume various alternative variations and step sequences, except where
cxpressly specified to the contrary. Morcover, other than in any opcrating examples,
or where otherwise indicated, all numbers expressing, for example, quantitics of
ingredients used in the specification and claims are to be understood as being
modified in all instances by the term “about”. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and
attached claims are approximations that may vary depending upon the desired
properties to be obtained by the present invention. At the very least, and not as an
attempt to limit the application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed in light of the number
of reported significant digits and by applying ordinary rounding techniques.

[0068] Notwithstanding that the numerical ranges and parameters sctting forth
the broad scope of the invention are approximations, the numerical values set forth in

the specific examples are reported as precisely as possible. Any numerical value,
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however, inherently contains certain crrors nccessarily resulting from the standard
variation found in their respective testing measurcments,

[0069] Also, it should be understood that any numerical range recited hercin is
intended to include all sub-ranges subsumed therein. For example, a range of “1 to
107 1s intended to include all sub-ranges between (and including) the recited minimum
value of 1 and the recited maximum value of 10, that is, having a minimum valuc
cqual to or greater than 1 and a maximum value of equal to or less than 10.

[0070] In this application, the usc of the singular includes the plural and plural
encompasses singular, unless specifically stated otherwise. In addition, in this
application, the usc of “or” means “and/or” unless specifically stated otherwise, cven
though “and/or” may be cxplicitly uscd in certain instances.

[0071] It will be readily appreciated by those skilled in the art that
modifications may be made to the invention without departing from the concepts
disclosed in the foregoing description. Such modifications arc to be considered as
included within the following claims unless the claims, by their language, expressly
statc otherwise. Accordingly, the particular embodiments described in detail herein
are illustrative only and are not limiting to thc scope of the invention which is to be

given the full breadth of the appended claims and any and all equivalents thereof.
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WE CLAIM:

1. A dispersion comprising:
a solvent;
graphenic carbon particles dispersed in the solvent; and
a polymeric dispersant comprising;

a) an anchor block comprising glycidyl (meth)acrylate,
3,4-cpoxycyclohexylmethyl(meth)acrylate, 2-(3,4-
cpoxycyclohexyl)ethyl(meth)acrylate, allyl glycidyl cther or mixtures thercof,
reacted with a carboxylic acid comprising 3-hydroxy-2-naphthoic acid, para-
nitrobenzoic acid, hexanoic acid, 2-ethyl hexanoic acid, decanoic acid and/or
undccanoic acid; and

b) at lcast onc tail block comprising at least onc

(meth)acrylic acid alkyl cster.

2. The dispersion of Claim 1, wherein the solvent comprises an
organic solvent comprising n-methyl-2-pyrrolidone, n-butyl acctate, propylene glycol
monometheylether, 4-hydroxybutyric acid gamma-lactone, cthanol, 2-butoxyethanol,
acetone, toluene, xylene, aromatic solvent 100, methyl ether propylenc glycol acetate

and/or methyl amyl ketone or a combination thercof.

3. The dispersion of Claim 1, wherein the solvent comprises an
organic solvent comprising n-methyl-2-pyrrolidone, n-butyl acetate, propylene glycol

monomctheylether or a combination thercof.

4. The dispersion of Claim 1, wherein the solvent comprises

water.

5. The dispersion of Claim 4, wherein the solvent further

comprises an organic solvent.

6. The dispersion of Claim 5, wherein the organic solvent

comprises propylene glycol monomectheylether and/or ethanol.
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7. The dispersion of Claim 1, wherein the graphenic carbon

particles arc thermally produced.

8. The dispersion of Claim 1, wherein the anchor block comprises

glycidyl (meth)acrylate.

9. The dispersion of Claim §, wherein the at least one tail block

compriscs at least two (meth)acrylic acid alkyl esters.

10.  The dispersion of Claim 8, wherein the at least onc tail block

compriscs methoxy poly(propylene glycol) mono (mcth)acrylate.

11.  The dispersion of Claim 1, whercin the weight ratio of

graphenic carbon particles to the polymeric dispersant is from 1:10 to 10:1.

12. The dispersion of Claim 1, further comprising at lcast one film-

forming resin.

13.  The dispersion of Claim 12, wherein the at least one film
forming resin comprises cpoxy resins, acrylic polymers, polyester polymers,
polyurethane polymers, polyamide polymers, polyether polymers, bisphenol A based
cpoxy polymers, polysiloxane polymers, styrencs, ethylenes, butylenes, copolymers

thereof, or combinations thereof.

14.  The dispersion of Claim 12, wherein a cured coating deposited

from the dispersion has an electrical conductivity of at least 1 S/m.

15. The dispersion of Claim 14, wherein the clectrical conductivity

is at least 10,000 S/m.

16.  The dispersion of Claim 12, wherein the weight ratio of

graphenic carbon particles to film-forming resin is from 0.1:100 to 10:1.

[
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17. The dispersion of Claim 12, wherein the weight ratio of

graphenic carbon particles to film-forming resin is from 1:100 to 7:1.

18. An electrically conductive coating produced from a dispersion
comprising:
a solvent;
graphenic carbon particles dispersed in the solvent; and
a polymeric dispersant comprising:

a) an anchor block comprising glycidyl (meth)acrylate,
3,4-epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-
epoxycyclohexyl)ethyl(meth)acrylate, allyl glycidyl ether and mixtures thereof,
rcacted with a carboxylic acid comprising 3-hydroxy-2-naphthoic acid, para-
nitrobenzoic acid, hexanoic acid, 2-cthyl hexanoic acid, decanoic acid and/or
undecanoic acid; and

b) at lcast one tail block comprising at lcast one

(meth)acrylic acid alkyl cster.

19.  The electrically conductive coating of Claim 18, further

comprising a film-forming resin.

20. A method of dispersing graphenic carbon particles in a solvent
comprising mixing the graphenic carbon particles in the solvent in the presence of a
polymeric dispersant comprising:

a) an anchor block comprising glycidyl (meth)acrylate, 3,4-
epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-
epoxycyclohexyl)ethyl(meth)acrylate, allyl glycidyl cther and mixturcs thereof,
rcacted with a carboxylic acid comprising 3-hydroxy-2-naphthoic acid, para-
nitrobenzoic acid, hexanoic acid, 2-ethyl hexanoic acid, decanoic acid and/or
undccanoic acid; and

b) at lcast one tail block comprising at least one (meth)acrylic

acid alkyl ester.
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