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CONDUCTIVE PRIMER COMPOSITIONS FOR A NON-AQUEOQUS ELECTROLYTE
ELECTRICAL ENERGY STORAGE DEVICE

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The subject invention relates to a conductive coating composition useful

as a primer and/or as a conductive coating on metal surfaces of current collectors used in
electrical energy storage devices which contain a non-aqueous electrolyte. The subject
invention also relates to an additive for a conductive coating composition, a coated current
collector, electrical energy storage devices containing a non-aqueous electrolyte incorporating
any of the foregoing, and methods of making and using same.

2. Description of the Prior Art

[0002] Electrical energy storage devices containing non-aqueous electrolyte,
such as lithium ion batteries and capacitors, generally include active coatings applied to a
current collector to serve as a coated current collector, for example an electrode.

[0003] Lithium-ion batteries are mainly composed of a cathode and an anode,
each of these electrodes comprising a different active material deposited on a current
collector, in contact with electrolyte and separated by a separator. Generally, conductive
metals are used as the current collector and there are several forms for-current collectors:
mesh, foam, foil, and the like. Metallic foils which are thin and light are preferred to improve
volumedric capacity of cells. Current collectors possess high electrical conductivity to reduce
cell resistance and desirably exhibit chemical stability in contact with electrolyte over the
electricai potential operation window of the electrodes. Metal current collectors, while highly
conductive, are often attacked by electrolyte which tends to shorten battery life.

[0004] Active coatings comprise an active material typically containing lithium,
such as by way of non-limiting example, lithium iron phosphate and/or various lithium metal
oxides, conductive additives and various binders. Cathodes are either oxides or phosphates
containing lithium and first row transition metals, while anodes are commonly based on either
carbon, such as graphite, or lithium titanium oxides.

[0005] Problems found in electrical energy storage devices containing non-
aqueous electrolyte, in particular liguid electrolyte, include corrosion of the metal surface of
the current collector by the electrolyte, as well as unsatisfactory adhesion of the active coating
fo the current collector. Both of these defects reduce efficiency and life of the electrical
energy storage devices. One way to reduce such problems has been to apply a primer coating
onto the metal surfaces of the current collector prior to application of the active coating.

Although conductive primer coatings are commercially available, drawbacks of these products
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include poor electrical conductivity of the primer, i.e. lowered conductivity of the coated current
collector; inadequate adhesion of the primer layer to the current collector and/or the active
coating, as well as electrolyte attack on the primer coating and the underlying current
collector. Another drawback of commercial conductive primers is the use of undesirable
solvent-based carrier.
[0006] To improve electrical energy storage device, e.g. battery and capacitor,
performance, there remains a significant need to reduce electtical resistance of current
collectors having dried conductive coatings deposited thereon. As such a significant need
exists to reduce electrical resistance of these dried coatings, including dried primer layers.
[0007] There remains a significant need fo improve the resistance (e.g.,
insolubility and/or non-reactivity) of conductive coatings, in particular the conductive primer
coatings, to non-aqueous electrolyte. Solving this problem is particularly challenging in the
use envirenment, where the conductive primer coatings are exposed to electrolyte, é.g. liquid
electrolyte, within electrical energy storage devices, under varying electrochemical conditions
during discharge and recharge as well as at temperatures that vary from ambient to elevated
temperatures. In addition, there is a need for conductive ptimer coatings that remain
electrochemically stable over a broad range of cell voltages, that is a conducftive primer
coating that does not swell, deléminate, dissolve and/or react with elec{roiyte'is still needed.
This improved resistance to electrolyte desirably should not be made at the expense of
conductivity and adhesion of the dried layers. There also remains a significant need to
improve the adhesion properties of conductive coatings, in particular the conductive primer
~ coatings, to the current collector. Also desirable is an active coating, having improved

adhesion to the current collector, which can be applied directly to the current collector in the

absence of a primer. 7

[0008] Except in the claims and the operating examples, or where otherwise

expressly indicated, all numerical quantities in this description indicating amounts of material or
conditions of reaction andfor use are to be understood as modified by the word "about” in
describing the broadest scope of the invention. Practice within the numerical limits stated is
 generally preferred; however the scope of the invention includes equivalents which are outside
these limits. Also, throughout the description, unless expressly stated to the contrary: percent,
"parts of", and ratio values are by weight or mass; the term "polymer" includes "oligomer",
"copolymer", "terpolymer" and the like; the description of a group or class of materials as
suitable or preferred for a given purpose in connection with the invention implies that mixtures
of any two or more of the members of the group or class are equally suitable or preferred;
description of constituents in chemical terms refers to the constituents at the time of addition to
any combination specified in the description or of generation in situ within the composition by

chemical reaction(s) noted in the specification between one or more newly added constituents
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and one or more constituents already present in the composition when the other constituents
are added, and does not preclude unspecified chemical interactions among the constituents of
a mixture once mixed; specification of constituents in ionic form additionally implies the
presence of sufficient counterions to produce electrical neutrality for the composition as a whole
and for any substance added to the compaosition; any counterions thus implicitly specified
preferably are selected from among other constituents explicitly specified in ionic form, to the
extent possible; otherwise such counterions may be freely selected, except for avoiding
counterions that act adversely to an object of the invention; the word "mole" means "gram
mole", and the word itself and all of its grammatical variations may be used for any chemical
species defined by all of the types and numbers of atoms present in if, irrespective of whether
the species is ionic, neutral, unstable, hypothetical, or in fact a stable neutral substance with
well defined molecules. For purposes of water-solubility of polymers, the sclubility is that
determined at 1 atmosphere of pressure at 725° C. Generally, water-soluble polymers are those
that will form a homogeneous solution with water, while a water-insoluble polymer will remain
as a separate organic phase, which is detectable by methods known in the art. The terms
"solution”, "soluble", "homogeneous", and the like are to be understood as including not only
true equilibrium solutions or homqgeneity but also dispersions that show no visually detectable
tendency toward ph-ase separation over a period of observation of at least 100, or preferably at
least 1000, hours during which the material is mechanically undisturbed and the temperature of
the material is maintained within the range of 18-25° C.

[0009] A "conductive coating compesition” as used herein includes compaositions
that form coatings, which conduct electricity when the compositions are dried and/or cured
coatings.

[0010] - The term “(meth)acryl-" will be understood by those of skill in the art to
refer to methacryl- and acryl- materials, e.g. (meth)acrylate refers to both acrylate and
methacrylate materials.

SUMMARY OF THE INVENTION

[0011] The invention provides a conductive primer composition that includes an
organic polymeric binder comprising one or more water-soluble polymers, and phosphorus
based acid bound to at least one of these polymers in selected percentages. The invention
also provides an additive, which includes a water-soluble polymer having phosphorus based
acid bound thereto and optionally other polymers and components, for inclusion in a conductive
coating. The conductive coating compositions, i.e. primer or active coating compositions,
according to the invention exhibit improved resistance of the resultant dried primer or active
coating to non-aqueocus electrolyte, in particular liguid non-agueous electrolyte, improved

adhesion of the resultant conductive coating as deposited on a current collector and lowered, or
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at least not increased, electrical resistance of the conductive coating / current collector
combination, having a dried conductive primer layer and/or a dried conductive active coating.

[0012] Non-agueous electrolyte of the electrical energy storage device may
include solid, gel and/or liquid electrolyte, with the laiter being preferred. Non-aqueous liquid
electrolytes are understood in the art to mean aprotic electrolytes that are generally organic
liquids, typically comprising less than 20 ppm water. Since water in the electrolyte will react to
form HF, in extreme cases in which fhe battery production was not kept dry as much as 60ppm
-100 ppm may be present. Desirably the amount of water in a non-aguecus electrolyte is less
than 100, 50, 25, 20 pph‘l. Preferably the amount of water is not more than 1, 2, 3, 4, 5 ppm,
most preferably no water is present in the non-aqueous electrolyte.

[0013] Most compositions of lithium electrolytes are based on solutions of one or
more lithjum salts in mixtures of two or more solvents. In some electrical energy storage
devices, e.g. pouch or prismatic cells, a suitable liquid non-aqueous electrolyte is typically used,
for example liquid organic solvent having salts dissolved therein. Examples of suitable organic
solvents include a fluorinated carbonate, ethylene carbonate, a cyclic ester, a linear ester, a
cyclic ether, a linear ether or the like. Suitable salts useful as a solute in the non-aqueous
electrolyte are those known in the battery and cathode industries and include for example a
lithium salt. By way of hon-linﬁiting example, suitable lithium salts may include one or more of
LiCIOq, LiBF4, LiPFg, LiAsFs, LiCl and LiBr, and organic lithium salts such as LiB(CsHs)s,
LIN(SO2CF3)2, LIC(SO:CF3)s, LIOSO2CF3, LIOSO2C2Fs, LIOSO2CaF7, LIOSO;C4Fs,
LIOSO;CsF+1, LIOSO2CsF 13 and LICSO»CrF .

{0014} I{ is an object of the invention to provide a conductive primer composition
for use on a current collector within an electrical energy storage device containing a non-
aqueous electrolyte, the conductive primer composition comprising:

' (a) an organic polymeric binder comprising one or more water-soluble polymers;

(b) a solvent system comprising water;

(c) phosphorus based acid bound to at least one of the water-soluble polymers and

present in a range of 0.025-10.0% by weight of a total amount of the one or more water-

soluble polymers; and |

(d} conductive particles.

[0015] It is an object of the invention to provide a conductive primer composition
wherein the at least one of the one or more water-soluble polymers having phosphorus acid
bound thereto is made up of at least 70 wi% of one or more monomers selected from the group
consisting of acrylamide, n-methylol acrylamide, methacrylamide, n-methylol methacrylamide,
vinylformamide, n-methylol vinylformamide, acrylic acid and methacrylic acid.

[0016] It is an object of the invention to provide a conductive primer composition
wherein the at least one of the one or more water-soluble polymers having phosphorus acid
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bound thereto is a copolymer, wherein at least a portion of the one or more monomers is
acrylamide.

[0017] It is an object of the invention to provide a conductive primer composition
wherein the organic polymeric binder further comprises one or more water-dispersible polymers
dispersed in the composiﬁon.

_ [0018] It is an object of the invention to provide a conductive primer composition
Wherein a source of the phosphorus based acid comprises at least one of vinyl phosphonic
acid, vinyldiphosphonic acid, and phosphate ester monomer based on (meth)acrylic acid.

[0019] It is an object of the invention to provide a conductive primer composition
further comprising a cross-linker.

[0020] It is an object of the invention fo provide a conductive primer composition
wherein the conductive particles are selected from the group consisting of carbon black,
graphite, graphene and mixtures thereof. It is é further object of the invention to provide a
conductive primer composition wherein the conductive particles comprise carbon black,

- graphite, and graphene, wherein the graphene and the carbon black are present in a weight
ratio of approximately 0.2:1 1o 5:1. 7

[0021] It is another object of the invention to provide a conductive primer
composition for use on a current collector within an electrical energy storage device containing
a non-aqueous electrolyte, the conductive primer composition comprising: water; one or more
organic polymers dissolved and/or dispersed in the water; and conductive pariicles dispersed in
the water; wherein at least one of the one or more organic polymers comprises at least 70 wit%
in total of monomers selected from the group consisting of acrylamidé, n-methylol acrylamide,
methacrylamide, n-methylol methacrylamide, vinylformamide, n-methylol vinylformamide,
acrylic acid and methacrylic acid and comprises phosphorus acid bound to the at least one of
the one or more organic polymers in an amount of 0.025-10.0% by weight_' '

[0022] It is an object of the invention to provide an adhesion promoting additive
for incorporation into a conductive coating composition used within an electrical energy storage
device containing a non-aqueous electrolyte, the additive comprising: an organic polymer
bearing phosphorus based acid, present in a range of 0.05-10.0% by weight of the organic
polymer, wherein the organic polymer comprises at least 70% by weight of one or more
monomers selected from the group consisting of acrylamide, n-methylol acrylamide,
methacrylamide, n-methylol methacrylamide, vinylformamide, n-methylol and vinylformamide;
and water.

[0023] It is an ohject of the invention to provide an additive wherein a source of
the phosphorus acid groups is selected from at least one of vinyl phosphonic acid,

vinyldiphosphonic acid, and phosphate ester monomer based on (meth)acrylic acid.
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[0024] It is an object of the invention to provide an additive wherein the one or
mor'e monomers comprises acrylamide and, and optionally n-methylol acrylamide, and the
source of the phosphorus based acid comprises vinyl phosphonic acid.

[0025] It is yet another object of the invention to provide a conductive coating
composition for electrical energy storage devices containing a non-aqueous electrolyte, the
conductive coating composition comprising: -

an organic binder; '
an active material;
conductive particies dispersed in the organic binder;

an organic polymer bearing phosphorus based acid, present in a range of 0.05-
2.0% by weight of the organic polymer, different from the organic binder,

-wherein the organic polymer comprises at least 70% by weight of one or more
monomers selected from the group consisting of acrylamide, n-methylol acrylamide,
methacrylamide, n-methylol methacrylamide, vinylformamide, n-methylol vinylformamide,
acrylic acid, and methacrylic acid; and present in a range of 0.1-5.0% total dry solids weight
based on the conductive coating composition.

[0026] It is another object of the invention to provide a conductive coating
composition wherein the phosphorus based acid is selected from at [east one of vinyl
phosphonic acid, vinyldiphosphonic acid, and phosphate ester monomer based on
(meth)acrylic acid.

[0027] It is another object of the invention to provide a conductive coating
composition wherein the conductive particles comprise at least one of carbon black, graphite,
and graphene.

[0028] It is an object of the invention to provide a coated current collector for use
within an electrical energy storage device containing a non-agueous electrolyte, the coated
current collector comprising:

A) a conductive metal surface; and
B) a conductive primer layer adhered directly to the conductive metal surface;

[0029] wherein the conductive primer layer comprises conductive particles and
an organic polymeric binder comprising one or more organic polymers wherein at least one of
the one or more organic polymers-comprises 70% by weight or more of monomers selected
from the group consisting of acrylamide, n-methylol acrylamide, methacrylamide, n-methylol
methacrylamide, vinylformamide, n-methylol vinylformamidé, acrylic acid and methacrylic acid
and comprises phosphorus acid bound to the at least one of the one or more organic polymers
in an amount of 0.025-10.0% by weight of a total amount of the one or more organic polymers.
It is a further object of the invention to provide an electrode comprising a coated current
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collector as described herein having deposited on the conductive primer layer, C) an active
conductive coating. ' '

[0030] It is an object of the invention to provide a coated curtent collector
wherein the conductive primer layer and/or the conductive coating is cross-linked.

[0031] [t is an object of the invention to provide a coated current collector
wherein the conductive particles include carbon black, graphite, and/or graphene.

[0032] [t is a further object of the invention to provide a method of manufacturing
a coated current collector for use within an electrical energy storage device containing a non-
aqueous electrolyte, comprising steps of:

a.) providing a current collector comprising a metal conductive surface; and

b.) applying a conductive primer composition according to any one of claims 1-10
directly to the metal conductive surface; and

¢.) drying, and optionally cross-linking, the conductive primer composition on the
metal conductive surface to form an adherent conductive primer layer.

[0033] Optionally, methods of manufacturing a coated current collector may
further comprise steps of: depositing a conductive coating composition comprising an active
material on the adherent conductive primer layer before or after step ¢.); and drying, énd
aptionally cress-linking, ta form an electrode.

[0034] It is an object of the invention to provide an electrical energy storage
device comprising: the coated current collector as described herein; and a non-agueocus

electrolyte; wherein the conductive primer layer is insoluble in the non-aqueous electrolyte.

DETAILED DESCRIPTION OF THE INVENTION

[0035] In a first embodiment, the present invention provides a conductive primer
composition that includes:

(a) an organic polymeric binder comprising one or more water-soluble polymers,

(b) a solvent system comprising water,

(c) phosphorus based acid bound to at least one of the water-soluble polymers and

(d) conductive particles.

[0036] The organic polymeric binder contains one or more water-soluble
polymers and may contain additional polymers which are water-dispersible.

[0037] In one aspect the organic polymeric binder may for the most part be
made up of at least one water-soluble polymer having phosphorus based acid groups bouhd
thereto. At least 50, 60, 70, 80, 90 or 99 wt% of the organic polymeric binder may be made up
of water-soluble polymer(s) having phosphorus based acid groups bound thereto.

[0038] In another aspect of the organic polymeric binder, a second water-soluble
polymer, different from the at least one water-soluble polymer having phosphorus based acid
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groups bound thereto, is also present. This second polymer or pelymers may make up a
majority of the organic polymeric binder, e.g. at least 50, 60, 70, 80, 80, 95 wit% up fo a
remainder of the organic polymeric binder necessary to accommodate the presence of
sufficient water-soluble pelymer having phosphorus based acid groups bound therefo to
achieve the desired amount of phosphorus based acid for the composition, as described herein.

[0039] In another aspect of the organic pelymeric binder, the organic polymeric
binder further comprises one or more water-dispersible polymers in addition to the one or more
water-soluble polymers. The water-dispersible polymers are typically organic polymers which
disperse in water as a separate organic phase, which may be present as micelles in the water-
based compositions of the invention. The water-dispersible polymer may constitute a majority
of the organic polymeric binder, e.g. at least 50, 60, 70, 80, 90, 95 wi% up to a remainder of the
organic polymeric binder necessary to accommodate the presence of sufficient water-soluble
polymer having phosphorus based acid groups bound thereto to achieve the desired amount of
phosphorus based acid for the composition, as described herein.

[0040] In any of the foregoing, cross-linking functional groups may be present on
at least one of the polymers comprising the organic polymeric binder, desirably the cross-linking”
functional groups may be present on the water-soluble polymer having phosphorus based acid
groups bound thereto. Optionally, a suitable crdss—linker may be added as a separate
component to the composition.

| [0041] Examples of suitable sources of water-dispersible polymers include
conventional latex polymers which may be prepared by emulsion polymerization, e.g.
(meth)acrylic polymer emulsions; secondary dispersions of polymers of acrylic acid or
methacrylic acid and/or copolymers prepared from {(meth)acrylic acid and one or more
{meth)acrylate monomers and/ or styrene, as well as dispersions of copolymers of
{meth)acrylic acid and olefinic monomers, such as ethylene and the like. For example, water-
dispersible polymers based on esters of acrylic acid, esters of methacrylic acid, styrene,
aldehydes, and the like. The nature of the water-dispersible polymers is preferred to be such
that the pelymer can be dispersed as an organic phase in aqueous corhpositions according to
the invention. The organic polymeric binder can include water dispersible polymers, as
described above, which do not interfere with the objects of the invention or render the
composition unsuitable for use in the non-aqueous electrolyte.

[0042] The one or more water-soluble polymers are those polymers having
sufficient polarity and / or hydrophilic groups in a quantity such that the polymer can be diluted
in water, to form fransparent solutions, which do not separate on aging for at least in increasing
order of preference 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11 or 12 weeks. Typical hydrophilic groups
include oxygen and/ or nitrogen ~ containing functional groups, for example hydroxyl, carboxylic

acid, sulfonate, phosphate, amino, imino groups and the. like.  Water-soluble polymers as
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described herein are typically present in the agueous phase of compositions according to the
invention. | ‘

[0043] There are various types of polymerization methods known in the art to
achieve watér—soluble polymers such as, by way of non-limiting example, bulk polymerization,
and solution polymerization. In one embodiment, radical polymerization is used to generate
water-soluble polymers according to the invention.

[0044] Desirably polymers selected for use in the organic polymeric binder are
insoluble and non-reactive with the non-aqueous electrolyte in the use environment for a
current collector coated with compaositions of the invention. Alternatively, even if a polymer of
the organic polymeric binder is soluble in the non-aqueous electrolyte, a dried coating of the
compaosition containing this polymer is insoluble in the non-aqueous electrolyte.

[0045] Phosphorus-based acid groups are present on at least one of the water-
soluble polymers in a selected quantity in relation to the total amount of all water-soluble
polymers present in the composition. In this embodiment, the amount of phosphorus based
acid bound to polymer in the organic pelymeric binder is measured as a percent of the fotal
amount of the one or more water soluble polymers present in the binder. The phosphorus
based acid groups can be present in an amount that is at least, with increasing preference in
the order given, 0.03, 0.04, 0.05, 0.07, 0.08, '0.09, 0.1,0.3,05,07,09 1.0,1.25, 1.5, 1.75,
2.0,2.25,25,275,3.0, 3.25, 3.5, 3.75, percent by weight and independently preferably is not
more than, 4.0, 4.25, 4.5, 4.75, 5.0, 5.25, 5.5,5.75,6.0,8.25,6.5,6.75,7.0,7.25, 7.5, 7.75, 8.0,
8.25,8.5, 8.75, 9.0, 9.25, 9.5 wt% of the total amount of one or more water scluble polymers
(solids, meaning in the absence of solveht).

[0046] Non~|ifniting examples of sources of the phosphorus based acid groups
can include monomers, which may be polymerized into the polymer, such as vinylphosphonic
acid, vinyldiphosphonic acid, and phosphate ester monomers based on (meth)acrylic acid. In
one embodiment, the phosphorus based acid group can be vinyl phosphonic acid (VPA).
Alternatively, phosphorus based acid groups can be added to a polymer by chemical reactions
subsequent to polymerization.

[0047] Although phosphorus based acid groups can be bound fo the polymers
by ordered polymerization processes, random polymerization of the polymers with the
phosphorus based acid groups has been found to provide particular benefit toward adhesion of
resultant conductive coating as deposited on a current collector within electrical energy storage
devices in the presence on non-aqueous electrolytes.

[0048] Phosphorus-based acid groups may be imparted to the water-soluble
polymer in a number of ways. For example, a monomer bearing phosphorus-based acid
groups may be polymerized with other monomers directly such as by free-radical

polymerization. One non-iimiting example is a free radical pelymerization of a mixture of
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monomers comprising vinyl phosphonic acid. Alternatively, phosphorus-based acid groups
may be appended tc the polymer after polymerization is complete. In this case, a polymer
bearing precursor functional group X is prepared and is then reacted with a material Y which is
reactive with precursor functional group X and also includes phosphorus—based acid groups.
One non-limiting example of X is a cyclic carbonate functional monomer, such as vinylethylene
carbonate, and one non-iimiting example of reactive material Y is a material bearing amine
groups and phosphorus-based acid groups, such aé 2-aminoethylphosphonic acid.

[0049] The compositions of the invention, unless specifically described
otherwise, are water-based compositions. The solvent system comprises water and optionally
other solvents. Generally, the solvent system according to the invention may comprise at least
50, 60, 70, 80, 90 wt% water and can comprise 100 wt% water. The water-based compositions
of the invention generally avoid added cost associated with the use of organic solvent-based -
systems. Another benefit of the water-based compositions is less environmental concerns in
manufacture and use of the compositions. Less organic solvent in the conductive compositions
tends to reduce the presence of undesirable residual organic solvent in the as-applied
conductive coatings according to the invention. '

[0050] In one embodiment, the sclvent system is made up exclusively of water,
other than small amounts of organié solvents introduced as inclusions in the other components
of the composition. In some embodiments, the solvent system may include water and one or

' more'organic solvents, for example, polar aprotic organic solvents or alcohols. Non-limiting
representative examples of suitable alcchols are methanol, ethanol, propancl, isopropanol, and
~ water-miscible glycol ethers such as propylene glycol-methyl ether. Non-limiting representative
examples of suitable aprotic organic solvents include n-methyl pyrrolidone, tetrahydrofuran,
dimethyiformamide and dimethyl sulfoxide. Other aprotic organic solvents are known but tend
to have drawbacks making them unsuitable for use in the invention. Desirably, the one or more
organic solvents, if present, are included in the solvent system in amounts of less than 20, 15 or
10 wt% of the composition. In embodiments where compositions of the invention are diluted
prior to application, higher amounts of organic solvent may be present as an application diluent.

[0051] The conductive particles are capable of conducting electricity, and may
be solid particles which are dispersed in the composition. Desirably, the conductive particles
are substantially or completely insoluble in the liquid compositions according to the invention.
Desirably, the conductive particles are insoluble in non-aqueous electrolyte. |t is also desirable
that the _cohductive particles be resistant to undesirable electrochemical reaction in the use
environment of the electrical energy storage device, which may include elevated temperatures
of 32, 35, 37, 40, 43, 45, 48, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100° C.

[0052] The conductive particles should be present in an amount sufficient to

increase conductivity of dried conductive coating layers according to the invention without
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unduly interfering with adhesion of the dried coating layers, such that the layers are suitable for
use as coatings for current collectors useful in electrical energy storage devices. Desirably, the
conductive particles may be present in the primer layer in a range-of, independently in
increasing order of preference, at least 45, 46, 47, 48, 48, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68 wt %, and not meore than in increasing order of preference 80,
79,78, 77,76, 75, 74,73, 72, 71, 70 wi%, measured as a percent of dried coating weight.

[0053] The conductive particles may include at least one of carbon black,
graphife, and/or graphene. In one embaodiment, as will be discussed in more detail below, the
conductive particles include two or mere of carbon black, graphite, and graphene. The
conductive particles may have a median particle size of 0.001 to 30 microns. In one
embodiment, the conductive pariicles have a median particle size of at least 0.001, 0.005, 0.01,
0.02, 0.03, 0.04,0.05,0.07,0.08,0.09,0.1,0.3,05,0.7,09,1.0,11,13,15,1.7,1.9 2.0,
225,25,275 30,325 ,35,3.75,4.0,425,45,475,5.0,5.25,5.5,5.75,6.0,6.25,6.5, 6.75,
7.0 725, 75,7.75,8.0,825,85,8.75,9.0,0.25 95,9.75, 10.0, 10.25,10.5, 10.75, 11.0,
11.5, 12.0, 12.5, 13. 13.5 microns, and independently preferably is not more than, 50, 40, 30,
20, 15 microns. [t will be understood by those of skill in the art that certain conductive particles
may have non-spherical morphology, such as platelets, sheets, nano-platelets, nano-fibers,
nano-tubules or the like. Graphene may be shests and;’or platelets. In one embodiment, nano-
graphene platelets are used, which may have thickness of about 0.34 — 100 nm and
length/width of about; 0.5- 25 ym.

[0054] In one embodiment, the organic polymeric binder cross-links with drying,
in particular drying by application of heat. Polymers in the binder'may contain functional groups
capable of self-crosslinking, cross-linking with other polymers in the binder or cross-linking with
an auxiliary cross-linking agent. - Examples suitable auxiliary cross-linking agents include
aminoplast cross-linkers as is known in the art, polycarbodiimides, blocked isocyanates,
preferred among these are those materials which are soluble in the liquid compositions
according to the invention. _

[0055] Other suitable additives which may be used in compositions according to
the invention include catalysts for cross-linking; biocide; wetting agents; dispersing and
processing aids.

[0056] In a second embodiment, the present invention provides an additive
which can be incorporated into a variety of conductive coating compositions used to form
conductive coatings used in electrical energy storage devices where the coatings may be
exposed to a non-aqueous electrolyte. The additive may be incorporated into conductive
primer compositions or active coating compositions. Addition of sufficient amounts of
compositions according to the second embodiment have been shown to improve the conductive

coatings’ resistance to non-agueous electrolyte and/or improve adhesion of conductive coatings
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formed by drying and/er curing these conductive primer compositions or active coating
compositions on metal current collectors.

[0057] The additive of the second embodiment comprises:

{a) a water-soluble polymer;

{b) a sclvent system comprising water;

{c) phosphorus based acid bound to the water-soluble polymer; and

opticnally a pH adjuster and/or conductive pafticles,

wherein the pH of the additive is within a range of 6-9.

[0058] The additive components (a), (b) and (c) have characteristics as
described above for components of the first embodiment, except as otherwise described herein.

[0059] Non-limiting examples of the water-soluble polymer ¢an include one or
more of the following monomers polymerized: acrylamide, n-methylol acrylamide,
'methacrylamide, n-methylol methacrylamide, vinylformamide, n-methylol vinyiformamide,
acrylic acid, methacrylic acid, and acrylate. Desirably, the monomers may be polymerized in
solution. In one example, at least 70 wt% of the water-soluble polymer is made up of one or
more menomers selected from the group consisting of acrylamide, n-methylol acrylamide,
methacrylamide, n-methylol methacrylamide, vinylformamide and n-methylol vinylformamide.

[0060] Other water-soluble polymers can also be used without departing from
the scope of the present invention. For example, the organic polymeric binder can be a
functionalized copalymer prepared with amide monomer which has been reacted with an
aldehyde, n-methylol acrylamide being a preferred example. One means to achieve a polymer
bearing n-methylol groups, such as in this examplé, is to directly polrymer‘ize an n-methylol
bearing monomer, such as n-methyfol acrylamide, with other polymerizable monomers.
Alternatively, n-methylol functional groups can be imparted to the polymer after or during the
polymerization by reaction of an aldehyde such as formaldehyde with amide groups within the
repeating units of the palymer chain.

[0061] As noted above, phosphorus based acid bound to the water-soluble
polymer may be present in a range of 0.025-10.0% by weight of the one or more water soluble
polymers. In a more preferable range, the phosphorus based acid groups can be present in a
range of 0.05-2.0% by weight of the water soluble polymer. Non-limiting examples of the
phosphorus based acid groups can include monomers such as vinylphosphonic acid,
vinyldiphosphonic acid, and phosphate ester monomers based on (meth)acrylic acid.

[0062] Alternatively, phosphorus-based acid groups may be appended to the
polymer after polymerization is complete. In this case, a polymer bearing precursor functional
group X is prepared and is then reacted with a material Y which is reactive with precursor
functional group X and also includes phosphorus-based acid groups. In one example, a

copoelymer is first prepared by radical polymerization of a mixture of acrylamide,
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vinylphosphonic acid and vinylethylene carbonate. In this example, cyclic carbonate groups
constitute precursor functional group X. Subsequently, 2-aminoethylphosphonic acid {material
Y) is reacted with the precursor functional group to provide a polymer comprising phosphorus-
based acid groups.

[0063] In one example of an additive according to the invention, (a) comprises a
copolymer of acrylamide and vinyl phosphonic acid and the additive has a pH adjusted to 8.
Another e‘xamp'le of an additive according to the second embodiment (a) comprises a
copolymer of acrylamide, n-methylol acrylamide and vinyl phosphaonic acid. Another example
of an additive according to the invention, (a) comprises a copolymer of acrylamide
vihylformamide and vinyl phosphonic acid.

[0064] The additive may be added to a conductive coating composition in an
amount that is at least, with increasing preference in the order given, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,0.8,0.9,61.0,1.25,15,1.75, 2.0, 2.25, 2.5, 2.75, 3.0, 3.25, 3.5 weight % and independently
preferably is not more than, in increasing order of preference 5.5, 5.25, 5.0, 4.?5, 45,425 4.0,
3.75 weight %. Desirably, the additive can be used in conjunction with a binder of a conductive
coating compaosition in an amount of additive in a range of 0.1-5.0 weight % based on dry solids
of the conductive coating composition, and preferably in a range of from 0.2-3.5 weight %.

[0065] The conductive coating compositions into which the additive can be
incorporated include compositions having binders comprised of: 1) water-soluble thermoplastic
binders, 2) water-soluble thermosetting binders, 3) thermoplastic organo-soluble binders, 4)
thermosetting organo-soluble binders, and mixtures thereof. Non-limiting examples of these
binders include mixtures of hydroxyethyl cellulose and aminoplast crosslinking agents, oil in
water type emulsions, ammeoniated ethylene acrylic acid copolymer dispersions, and an acrylic
polyol in the form of a latex with a melamine crosslinker. In the second embodiment, at least
one of the additive and the conductive coating composition into which the additive is
incorporated may include (¢) conductive particles.

[0066] In accordance with the foregoing disclosure, ancther embodiment of the
subject invention includes a coated current collector, e.g. an electrode, for use within a non-
aqueous electrolyte in an electrical energy storage device. The coated current collector
includes a current collector, e.g. an aluminum foil substrate, and a conductive primer coating
adhered to the current collector.  In this embodiment, the conductive primer coating which
overlays the current collector can include any of the features of the conductive primer coatings
and the conductive primer compositions, as dried, as described in this disclosure. ‘

[0067] In accordance with the foregoing disclosure, the subject invention also
includes a method of manufacturing a coated current collector, e.g. an electrode, for use
within electrical energy storage devices containing non-aquecus electrolyte. The method
comprises;

13
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providing a current collector, comprising a metal conduétive surface; desirably a thin
metal substrate, preferably an aluminum foil substrate as is conventionally used in electrical
energy storage devices; generally the current collector is bare metal, which may be cleaned
and/or deoxidized; ' |

applying a conductive primer composition as described herein to the current collector;

drying the conductive primer composition to form an adherent conductive primer layer,
and '

optionally depositing a conductive coating composition comprising an active material on
the adherent conductive primer layer before or after drying the conductive primer composition.
If the conductive coating composition comprising an active material is deposited after drying of
the primer composition, a second drying step is used to form aclive conductive coating layer.

- [0068] The conductive primer composition which is applied to the current
collector can include any of the features of the conductive primer c‘omposition as described in
the preceding disclosure. The drying step desirably includes thermal drying at temperatures
of 100, 125, 150, 175 or 200°C for times of at least 10, 15, 20, 30 or 45 seconds and
preferably not more than 120, 90, 60, 50 seconds. In some embodiments, the drying process
includes cross-linking components of the conductive primer composition, the active conductive
coating -composition‘ or both. In one embodiment, the primer layer and active layer are cross-
linked to each other.

[0069] Methods of application of the compositions according to the invention -
include spraying; rolling, e.g. gravure; slot coating; and other methods of coil coating as are
known in the art. For some application methods, the coating compositions may be diluted with
additional water and / or solvent compatible with the composition and the application process
in order to facilitate deposition at desired coating thicknesses / weights. Coating compositions
according to the invention may be applied in amounts in a single coat or serially in multiple
coats, a single coating step being preferred for economy. For primer coatings, the liguid
coating compositions are deposited in an amount such that dried coating weight of the primer
coating ranges from of 0.1 to 5 g/m?, desirably 0.2 to 1 g¢/m?. For conductive coating
compositions used to form an active conductive coating, the conductive coating composition is
applied in an amount such that dried coating weight of the active conductive coating ranges
from 50 to 250 g/m?.

[0070] In accordance with the foregoing disclosure, another embodiment of the
subject invention includes an electrical energy storage device, for example a battery ora
capacitor comprising a non-agueous ¢lectrolyte, a coated current collector comprising a
conductive coating as described herein, said coated current collector being in contact with the
non-agueous electrolyte and the conductive coating being insoluble in said non-aqueocus

electrolyte.
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EXAMPLES:

Example 1: Polv'merization of an organic polymeric binder comprising at least one water-

soluble polymer with phosphorus based acid functional groups

[0071] The following disclosure provides an example of polymerizing an organic
polymeric binder according to the invention. Two-thousand twenty-fi\fe (2255) parts de-ionized
water, two hundred fifty-one (251) parts acrylamide, three (3) parts vinyl phosphonic acid
(VPA), one hundred thirty-three (133} parts n-methylol acrylamide (48% in water} and two
hundred forty-six (246) parts isopropanol were added to a flask equipped with an agitator,
condenser, nitrogen inlet and addition vessel. Five (5) parts ammonium persulfate were then
dissolved in one hundred fifty-nine (159) parts de-ionized water and added fo the addition
vessel. The flask was placed under nitrogen atmosphere and heated to 65°C. The contents of
the addition vessel were then introduced and a temperature of 80°C was maintained. After the
ammonium persulfate solution was fully added to the flask, a temperature of 80°C was
maintained for one hour after which the flask was cooled to ambient temperature.

[0072] The resulting water-soluble polymer comprised an n-methylol
functional'ized acrylamide co-polymer which bears phosphorus based acid groups bound
thereto in an amount of 0.25-10.0% weight percent, based on total amount of water soluble
polymer present. Specifically, phosphorus based acid groups comprised 0.71 wt % of the water
soluble polymer of Example 1.

Example 2: Preparation of Conductive Particle Dispersion #1:

[0073] As noted above, in cne embodiment the conductive primer composition
also‘includes conductive particles which are insoluble in water as well as in the non-aqueous
electrolyte. The conductive particles include at least one of carbon black, graphite, and/or
graphene.’ In one embodiment, as will be discussed in more detail below, the conductive
particles include carbon black, graphite, and graphene. The following disclosure provides two
non—lii’niting examples of the formulation and manufacturing steps for the conductive particles
as incorporated into the conductive primer composition of the first embodiment.

Conductive Particle Dispersion #1

Material Wit {g) Wit%
Part A Deicnized water 27539 68.8

Hydroxyethyl cellulose 14.2 0.4

Biocide 5.9 0.1
Part B Polyvinylpyrrolidone powder 77.0 19

15



CA 02929503 2016-05-02

WO 2015/077519 PCT/US2014/066738
Wetting agent 59 0.1
Part C Conductive carbon black 2843 7.1
Part D Graphite 858.8 215
Total 4000.0 100
[0074] In manufacturing, Part A was loaded to a mixing vessel equipped with a

high speed dispersion blade and then mixed at high speed for fifteen (15) minutes after which
part B was .added. After fiteen (15) additional minutes of mixing part A and part B, part C was
added, followed by addition of part D. High speed mixing was then continued for
approximately two (2) hours to obtain a premix. This premix was then passed through a
media mill to provide a median particle size of 13.7 microns. The resultant conductive particle
dispersion had solids of 34.0% and a pH of 8.5.

Example 3: Preparation of Conductive Particle Dispersion #2:
[0075]
for Example 2, using the components shown in the table below. This premix was then passed

For Example 3, a premix was made according to the procedure described

through a media mill to provide a median particle size of 13.9 microns. The resultant
conductive particle dispersion had solids of 34.0% and a pH = 8.2.

Conductive Particle Dispersion #2
Material Wi Wit%
- Part A Deionized water 2753.9 68.8

Hydroxyethyl cellulose 14.2 0.4

Biocide ) 59 0.1
Part B Polyvinylpyrrolidone powder 77.0 1.9

Wetting agent 59 0.1
Part C Conductive carbon black : 1905 | 4.8
Part D Graphite _ 952.6 23.8

Total 4000.0 100

Example 4 Preparation of a conductive primer composition of the invention:
[0076]
invention was made using an organic polymeric binder made according to Example 1 with the

An example of a conductive primer composiﬁon according to the

components recited below:

Conductive Primer Composition #1 Weight %
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Crganic polymeric binder including water-soluble, phosphorus acid 43.3
functional polymer (See Example 1) (10.5% solids)
Non-phosphorus acid functional polymer 0
Conductive Particle Dispersion #1 (See Example 2) 415
Deionized water . 10.2
Total 100.0
[0077] These components were mixed to form Conductive Primer Composition

#1. As illustrated in the above table, the conductive primer composition included an organic
polymeric binder according to the invention as described above in Example 1. The conductive

primer composition included about 3 wt% carbon black and about 9 wt% graphite.

Example 5: Preparation of a comparative example conductive primer composition:

[0078] The components recited in the table below were mixed to form
Conductive Primer #2 (Comparative Example). The comparative example formulation polymer
provided similar solids content of polymer to the conductive primer as that of Conductive Primer
Composition #1:

Conductive Primer Compostition #2 :(Comparative Example 1) Weight %
Non-water soluble, non-phosphorus acid functional polymer (40% 12.8
solids) 7 ‘ '
Conductive Particle Dispersion #1 (See Example 2) 41.5
Deionized water 457
Total -1 100.0

- [0079] As illustrated in the formulation above, the Conductive Primer #2

{(Comparative Example) does not include an organic polymeric binder that has at least one
water-soluble polymer binder bearing phosphorus based acid groups. Total solids of the
polymeric binder present in both primers were comparable: The Example of the invention was
5.1 wt % polymeric binder solids and the Comparative Example was 5.1 wt % polymeric binder
solids.

Example 6: Polymerization of a water-soluble polymer bearing phosphorus based acid groups:

[0080] In this example, two-thousand three hundred and twenty-five (2325) parts
de-ionized water, three hundred and six (306} parts acrylamide, six (6) parts vinyl phosphonic
acid, and two hundred and fourteen (214} parts isopropanol were added to a flask equipped
with an agitator, a condenser, a nitrogen inlet, and an addition vessel. Five (5) parts
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ammonium persulfate was dissolved in one hundred and fifty (150) parts de-ionized water and
the mixture was then added to the addition véssel. The flask was put under nitrogen
atmosphere and heated to 65°C. The contents of the addition vessel were then introduced and
a temperature of 80°C was maintained. After the ammonium persulfate solution was fully
added td the flask, a temperature of 80°C was maintained for one hour after which the flask
was coocled to ambient temperafure. Phosphorus based acid groups comprised 1.4 wt % of the
water soluble polymer. Ammonium hydroxide was then added such that a solution pH of 8 was
reached.

Example 7: Preparation of conductive primer compositions of the invention:

[0081] Three conductive primer compositions, Conductive Primer Composition
#3 and Conductive Primer Composition #4, were made by combining the water-soluble polymer
bearing phosphorus based acid groups of Example & with a second water-soluble polymer that
did not contain phosphorus based acid groups and other components as listed below. A third
“conductive pr'imer'composition, Conductive Primer Composition #5, was made using a different
water-soluble polymer bearing phosphorus based acid groups (a VPA acrylic acid co-polymer)
as shown below.

_ Conductive Primer Composition

Component #3 (wt. %) | #4 (wt %) #5 (wt. %)
10% aqueous solution of 296 296 31.6
hydroxyethylcellulose |
Urea formaldehyde crosslinking agent 1.8 1.8 1.9
Example 6 ' 7 35 35

| VPA and acrylic acid co-polymer (8.8% 0.5
solution)
Blocked sulfonic acid-based catalyst (25 0.1 0.1 01
wt% solution)
Conductive Particle Dispersion #1 41.5 - 415
(See Example 2) '
Conductive Particle Dispersion #2 - 41.5
(See Example 3) _ '
Deionized water 9.0 9.0 9.6
Isopropancl 14.8 14.8 14.8
Total 100.0 100.0 100.0
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[0082] Prior to addition to the composition, the co-polymer of vinyl phosphonic

acid and acrylic acid was neutralized to a pH of 7 with ammonium hydroxide

Example 8: Preparation and testing of conductive primer coating layers of the invention and a

comparaiive example:

[0083] Each of Conductive Primer Compositions #1 to #5 was individually
applied directly to separate pieces of clean aluminum foil, at a dry coating weight of 0.3g/m2
and dried in a heat forced air oven for thirty (30) seconds at a temperature of 110°C. The
primed foils, each having one of the conductive primer compositions dried thereon to form a
current collector having a dried conductive primer coating, was characterized directly and after
subsequent application of an active coating layer. The non-aqueous electrolyte used in the
testing was 1 M LiPF6 dissolved in a mixture of carbonate solvents. In cases where the primer
coating layer was characterized directly it was first post-heated in conditions similar to those
employed in thermal drying of the active coating. The post-heating condition used to simulate
what would be done during thermal drying of applied active coating was 1 hour @ 120 °C under
vacuum. The adhesion, resistance to electrolyte attack/solvent dissolution, and electrical
contact resistance of the primed foils having the dried conductive primer coating deposited
thereon were compared usin.g the below described tests:

[0084] Adhesion: The conductive primer layer generated by applying and drying
conductive primer compositions, as described above, were tested for adhesion of the
conductive primer layer to the aluminum foil within a2 dry box compartmeni. For purposes of this
fest, adhesion of primer to the foil was characterized by immersing the primed foil (meaning the
foil having the dried conductive primer layer deposited on its surface) in a non-agueous
electrolyte within a sealed container, heating it for a specified time and temperature (i.e., 2
hours at a temperature of 85°C). The primed foil was removed from the electrolyte, excess
solvent was removed by contacting with a clean paper towel and thereafter the adhesion of the
primer layer to the foil was determined by applying Scotch brand adhesive tape #610 to the
primed foil surface, pulling the tape off at an angle of 90° to the primed foil surface, and
observing what percent of the tested area had primer coating loss.

[0085] Electrolyte Resistance; The conductive primer layers were tested for

resistance to exposure fo non-agqueous electrolyte within a dry box compartment. This test is
significant because the conductive primer layers formed from the conductive primer
composition-s will be exposed to or immersed in non-aqueous electrolyte in the elebtrical energy
storage device for the life of the electrical energy storage device. Electrolyte resistance was
characterized by immersing the primed foil in electrolyte as described for the adhesion test. -
The primed foil was removed from the electrolyte, excess solvent was removed by contacting
with a clean paper towel and thereafter the primed foil was rubbed using a cotton swab
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saturated with N-Methyl-2-pyrrolidone (NMP}, and the number of double rubs before primer was
visibly removed was recorded. Rubbing was discontinued if the primer was still intact after 100
deuble rubs was reached.

[0086] Contact Resistance/Electrical Conductivity: The conductive primer layers

Wére tested for electrical conductivity by testing contact resistance of the primed foil as well as

contact resistance of the primed foil having deposited and dried thereon an active ceating. All

samples were tested at a fixed coating weight, fixed contact area and fixéd load. The higher
the tested value of resistance per unit area, the poorer the performance of the coated current
- collector, e.g. electrode. This test is significant because low electrical resistance, is a key
performance feature required of a coated current collector, e.g. primed foil, to be useful in
electrical energy sforage devices.

[0087] The use of a water-soluble polymer which bears phosphorus based acid

groups in an organic polymeric binder of the conductive primer composition imprdves
performance as compared to the comparative example formulation. The following

experimental results provide objective test data to support this conclusion.

Primer used to form | % Adhesion Solvent Contact Contact Resistance

Primer layer tested | Loss (Tape Resistance Resistance | of Primed Foil +
Pull) After After Aging In | of Primed Active Coating

-Aging In Heated - Foil {Lithium Iron

Heated Electrolyte Ohms/Cm? | Phosphate)
Electrolyte Ohms/Cm?

Conductive Primer | 27% 1 .08 0.72

#2 (Comparative

Example)

Conductive Primer | 0% >100 05 0.15

Composition #1

Conductive Primer | 0% >100 03 0.29

Composition #3 |

Conductive Primer | 0% =100 .03 0.24

Composition #4

Conductive Primer | 0% 28 03 : 0.49

Composition #5

[0088] As shown above, use of the conductive primer composition according to

the invention, Conductive Primer Compositions #1 and 3-5, to form a conductive primer layer
resulted in zero adhesion loss of the conductive primer layer from the aluminum foil. A primer
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layer of Conductive Primer #2 (Comparative Example) was subjected to the same adhesion test
with test results of 27% adhesion loss.

[0089] Resistance to exposure to heated non-aqueous electrolyte typically used
* in lithium containing energy storage devices, as determined by assessing resistance to solvent
after aging in heated electrolyte, was at least 25 times better in the conductive primer layers
according to the invention as compared to primer layers made from the comparative example.
Amdng compositions according to the invention, significantly improved resistance to electrolyte
was observed for primers based on Conductive Primer Corhpositions 1, 3 and 4, which were
more than 3 times better than the primer based on Conductive Primer Composition #5 and 100
times better than the comparative example. .

[0090] Finally, conductive primer layers according to the invention showed
markedly decreased electrical contact resistance both in the primed foil and in the primed foil
plus active coating as compared to the primer layer of Conductive Primer #2 (Comparative
Example). Surprisingly, the primed foil contact resistance for the inventive primer layer from
Conductive Primer Composition #1 showed a reduction over the comparative example of more
than 37%, and the improvement was even greater for the primed foil plus active coating layer,

which showed a reduction in contact resistance of about 72%.

Example 9: Testing of an acrylamide-containing water-soluble polymer bearing phosphorus

based acid groups as an additive to conductive primer compositions:
[0091] A water-soluble polymer bearing phosphorus based acid groups made

according to Example 6 was tested as an additive for use in two commercially available
conductive primer compositions comprising non-water soluble binders.

[0092] In all examples, édhesion of the primer to the foil was characterized
before and after modification with the phosphecrus-based acid functional water-soluble polymer
incorporated as an additive. Both th.e unmodified and modified primers as described below
were applied to foil at 0.6g/m? and dried for one (1) minute at 204°C. The primed foils were

tested according to the procedure described in Example 8.
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Primer used to Conductive Primer Additive % adhesion loss
form Primer layer | Formulation (Tape) after heated
tested electrolyte
Conductive Primer | Acrylic / melamine- based Example 6 1%

Composition #6 thermosetting primer added at 2%*

containing graphite and

carbon black

Comparative Acrylic / melamine- based None 30%
Example 2 thermosetiing primer
containing graphite and

carbon black

Conductive Primer | Thermoplastic primer based Example 6 0%

Composition #7 on graphite and carbon black | added at 2%*
Comparative Thermoplastic primer based None 55%
Example 3 on graphite and carbon black

*The primers were modified by addition of Example 6 in an amount to provide the coating with

2 wt% of the water-soluble peclymer measured as a percent of dry coating weight.

[0093] As evidenced by the experimental results, in both situations, the
incorporation of the additive containing acrylamide based polymer into the conductive primer
compositions results in improved adhesion performance when compared to identical conductive

primer compositions which do not include the additive.

Example 10: Preparation of Conductive Particle Dispersion #3:

[0094] As discussed above with regard to the conductive primer composition,
the conductive particles can include carbon black, graphite, and graphene. In accordance with
this disclosure, the following two examples provide medifications of the makeup of the
conductive particle dispersion of Example 2 wherein a portion of the carbon black has been
removed and replaced with an equal weight of nano-graphene. In this preferred embodiment,
the graphene is present in a weight ratio of approximately 0.2:1 to 5:1 with respect to the
carbon black. |

[0095] Conductive Particle Dispersion #3 was made from the below listed
components according to the procedure described in Example 2. (0.5:1 graphene : carbon
black) |
Conductive Particle Dispersion #3
Material Wt Added
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Part A Deiconized water 27539 -
Hydroxyethyl cellulose 14.2
Biocide 59
Part B Paolyvinylpyrrolidone powder 77.0
Wetting agent ' 5.9
Part C Conductive carbon black 189.5
Part D Graphite 858.8
Part E Nano-graphene - 9438
Total | 4000.0
[0096] Conductive Particle Dispersion #3 illustrates the replacement of 1/3 of the

weight of carbon black with nano-graphene.

Example 11: Formulation of Conductive Particles #4.

[0097] Conductive Particle Dispersion #4 was made from the below listed
components according to the procedure described in Example 2. Conductive Particle
Dispersion #4 illustrates the replacement of 2/3 of the weight of carbon black with nano-

graphene. (2.1 graphene : carbon black)
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Material Wt Added
Part A Deionized water 2753.9
Hydroxyethyl cellulose 14.2
Biocide 59
PartB Polyvinylpyrrolidone powder 77.0
Wetting agent 5.9
Part C Conductive carbon black 94.8
Part D Graphite 858.8
Part E Nano-graphene 189.5
Total 4000.0

Example 12: Comparison of Formulations of Conductive Coating Compositions based on

Conductive Particle Content:

[0098] The various conductive particles, i.e., “Conductive Particles #1”,
“Conductive Particles #3", and “Conductive Particles #4”, were incorporated into various

conductive coating compositions as illustrated in the following exemplary formulations.

Conductive Primer Composition No.

Component #8 #9 #10 #11 #12
8.3% aqueous solution of 421 421 421
hydroxyethylcellulose
Water-soluble polymer of 480 | 480

Example 1
Methylated High Imino 1.21 1.21 1.21
Melamine crosslinking agent

Water-soluble polymer of 3.2 3.2 3.2
Example 6
Conductive Particle Dispersion | 39.4 4.7
#1 o
Conductive Particle Dispersion 39.4 a1.7
#3 _
Conductive Particle Dispersion 39.4
#4
Deionized water 10.3 10.3
Methoxy-propanol _ 14.0 14.0 14.0
Blocked acid catalyst 0.1 0.1 0.1

A
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Total 100.0 100.0 100.0 100.0 100.0

[0099] Conductive Primer Compositions #8-12 were applied to aluminum foil
and dried for one minute at 204°C yielding a dry weight of 0.3 g/m2. |

[00100] The resulting dried primer coatings were tested for electrochemical
stability according to the linear sweep voltammetry (LSV) and Change in Onset Voltage
experimental tests, as follows: Electrochemical stability rating was obtained by linear sweep
voltammetry of each primed foil in LiPF; electrolyte. Ratings were based on area under the
curve and onset potential. Area under the curve corresponds to the total oxidation current
occurring as the voltage is swept in a simulation of battery charging, where lower percentages
indicate better performance. Onset voltage increases which are higher indicate better
electrochemical stability. LSV Onset for this test was defined as the voltage at which the
current exceeds 5 x 10® Amps/cm?. LSV and onset voltage was determined for each dried
primer coating. '

[00101]  Asillustrated in the foliowing test results, the electrochemical stability of a
conductive primer coating improves as the level of graphene in the Conductive Primer
Composition formulation increases.. This is particutarly significant because the enhancements
of the electrochemical stability of the primed foil make the conductive primer composition
more suitable for use with a variety of types of active coatings which operate over different
voltage ranges.

Conductive Primer Composition | LSV area (Current/ | Change in Onset
cm2) Voltage
Conductive Primer Composition #8 100% None
Conductive Primer Composition #9 _ 415% Increase 0.2V
Conductive Primer Composition #10 22% Increase 0.3V
Conductive Primer Composition #11 100% : None
Conductive Primer Composition #12 16.8% Increase 0.24V

Example 13: Comparison of Formulations of Conductive Coating Compositions based on

Graphene Conductive Particle Content:

[00102] In ancther example, primer compositions which incorporate a conductive
particle dispersion which substitutes a portion of the carbon black for graphene showed an
improvement in the chemical resistance of the primer composition after heated electrolyte
exposure. Formula preparation is shown below and first includes performing a wetting
operation followed by a grinding operation to obtain the final material.

Material (g) Conductive Conductive Conductive
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Particle Particle Particle
Dispersion #5 Dispersion #6 Dispersion #7
Part A DI water 186.2 186.2 186.2
Hydroxyethyl 1.0 1.0 1.0
cellulose
Biocide 04 0.4 04
Part B Dispersing Agent 52 5.2 52
Wetting Agent 0.4 0.4 04
PartC Conductive carbon | 19.2 12.8 6.4
black particles |
Part D Conductive graphite | 58.0 58.0 58.0
Part E Conductive nano- 0 6.4 12.8
graphene
Total {g) 2704 270.4 2704
[00103] Manufacturing of the conductive barticles, or conductive paste as it is

referred to in the table, first included adding water to a stainless steel vessel that was fixed to

a high-speed disperser using a Cowles blade. Part A components were combined with mixing.

Part B was then added, and then P'arts C, D, and E were added. The entire paste or

conductive particles were then mixed at 1700 rpms for an hour. The wet conductive particles

slurry was then subjected to grinding to reduce particle size. Particle size by light scattering

shows the following D90 (90% of the particles were below this size).

Conductive Particle Dispersion:

#5

#6

#7

D90 (microns)

19.9

37.0

38.3

[00104]

These conductive particles were then used as shown below to prepare

conductive primers with or without conductive particles that include graphene.

Conductive Primer Composition: #13 #14 #15
Material Wit. (9) Wt. (9) Wt. (g9)
5% aqueous solution of '
hydroxyethylcellulose 51.1 51.1 51.1
80% alcohol solution imino melamine
crosslinker 0.9 0.9 0.9
Water soluble additive (see Example 6) 2.4 2.4 2.4
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25% solution blocked sulfonic acid catalyst | 0.1 0.1 0.1
DI Water 6.7 6.7 6.7
Iscpropanal 10.2 10.2 10.2
Conductive Particle Dispersion #5 28.7
Conductive Particle Dispersion #6 28.7
Conductive Particle Dispersion #7 28.7
Total — 100.0 100.0 100.0
[00105] The primer samples were then applied to aluminum foil and dried for one

minute at 204°C yielding a dry weight of 0.3 g/m?. Electrolyte resistance was then determined
as described above in Example 4. Both sides of the foil were coated and ratings were given
for both sideé. - ' |
[00106] As shown in the ensuing results, the incorporation of graphene into the
conductive primer composition improves the electrolyte resistance of the primer composition
after heated electrolyte exposure. In particular, significantly improved results were shown
when two-thirds of the carbon-black of the control conductive particles was reblaced with

graphene, i.e., graphene paste B.

Conductive Primer Conductive Particles Pastes Post Electrolyte
Composition used in Primers ‘Double Rubs
#13 Conductive Particle Dispersion | 3
#5 3
#14 : Conductive Particle Dispersion | o
#5 2
#15 Conductive Particle Dispersion | »10p
# >100
[00107] The foregeing description of the embodiments has been provided for

purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention. Individual elements or features of a particular embodiment are generally not limited
to that particular embodiment, but, where applicable, are interchangeable and can be used in a
selected embodiment, even if not specifically shown or described. The same may also be
varied in my ways. Such variations are not to be regarded as a departure from the invention,

and all such modifications are intended to be included within the scope of the invention.
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CLAIMS
What is claimed is:

1. A conductive primer composition for use on a current collector within an
electrical energy storage device containing a non-aqueous electrolyte, said
conductive primer composition comprising:

(a) an organic polymeric binder comprising one or more water-soluble
polymers;

(b) a solvent system comprising water;

(c) phosphorus based acid bound to at least one of said water-soluble
polymers, said phosphorus based acid present in a range of 0.025-10.0% by weight
based on a total weight of said one or more water-soluble polymers and wherein
said at least one of said one or more water-soluble polymers having phosphorus
acid bound thereto is made up of at least 70 wt % of one or more monomers
selected from the group consisting of acrylamide, n-methylol acrylamide,
methacrylamide, n-methylol methacrylamide, vinylformamide, and n-methylol
vinylformamide; and

(d) conductive particles, said conductive particles present in an amount of
from 45 to 80% by weight based on a total dried primer composition weight.

2. The conductive primer composition as set forth in claim 1 wherein said at
least one of said one or more water-soluble polymers having phosphorus acid

bound thereto is a copolymer comprising the monomer acrylamide.

3. The conductive primer composition as set forth in claim 1 wherein said
organic polymeric binder further comprises one or more water-dispersible polymers

dispersed in the composition.

4, The conductive primer composition as set forth in claim 1 wherein a source
of said phosphorus based acid comprises at least one of vinyl phosphonic acid,
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vinyldiphosphonic acid, and a phosphate ester monomer based on (meth)acrylic
acid.

5. The conductive primer composition as set forth in claim 1 further comprising

a cross-linker.

6. The. conductive primer composition as set forth in claim 1 wherein said
conductive particles are selected from the group consisting of carbon black,

graphite, graphene and mixtures thereof.

7. The conductive primer composition as set forth in claim 6 wherein said
conductive particles comprise carbon black, graphite, and graphene, and wherein
said graphene and said carbon black are present in a weight ratio of approximately
0.2:1 to 5:1.

8. A conductive primer composition for use on a current collector within an
electrical energy storage device containing a non-aqueous electrolyte, said
conductive primer composition comprising:

water,

one or more organic polymers dissolved and/or dispersed in the water; and

conductive particles dispersed in the water, said conductive particles present
in an amount of from 45 to 80% by weight based on a total dried primer composition
weight; and

wherein at least one of said one or more organic polymers comprises at least
70 wt % in total of monomers selected from the group consisting of acrylamide, n-
methylol acrylamide, methacrylamide, n-methylol methacrylamide, vinylformamide,
and n-methylol vinylformamide and further comprises phosphorus acid bound to
said organic polymer in an amount of 0.025-10.0% by weight based on a total

weight of said organic polymer.
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9. A method of manufacturing a coated current collector for use within an
electrical energy storage device containing a non-aqueous electrolyte, comprising
steps of:

a.) providing a current collector comprising a metal conductive surface; and

b.) applying a conductive primer composition according to any one of claims
1 and 3-8 directly to the metal conductive surface; and

c.) drying, and optionally cross-linking, the conductive primer composition on
the metal conductive surface to form an adherent conductive primer layer.

10. The method of manufacturing a coated current collector as set forth in claim
9 further comprising a step of:

depositing a conductive coating composition comprising an active material on
the adherent conductive primer layer before or after step c.); and

drying, and optionally cross-linking, to form an electrode.

11. A conductive coating compaosition for electrical energy storage devices
containing a non-aqueous electrolyte, said conductive coating composition
comprising:

an organic binder,

conductive particles dispersed in said organic binder, said conductive
particles present in an amount of from 45 to 80% by weight based on a total dried
conductive coating composition weight; and

an organic polymer bearing phosphorus based acid, said phosphorus based
acid present in a range of 0.05-2.0% by weight based on a total weight of said
organic polymer, and said organic polymer being different from said organic binder,

wherein said organic polymer comprises at least 70% by weight of one or
more monomers selected from the group consisting of acrylamide, n-methylol
acrylamide, methacrylamide, n-methylol methacrylamide, vinylformamide, and n-
methylol vinylformamide said organic polymer present in a range of 0.1-5.0 weight
% based on total dry solids of said conductive coating composition.
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12. The conductive coating composition as set forth in claim 11 wherein said
phosphorus based acid is selected from at least one of vinyl phosphonic acid,
vinyldiphosphonic acid, and a phosphate ester monomer based on (meth)acrylic

acid.

13.  The conductive composition as set forth in claim 11 wherein said conductive
particles comprise at least one of carbon black, graphite, and graphene.

14.  The conductive composition as set forth in claim 13 wherein said conductive
particles comprise at least carbon black and graphene, and wherein said graphene
and said carbon black are present in a weight ratio of approximately 0.2:1 to 5:1.

15. A coated current collector for use within an electrical energy storage device
containing a non-aqueous electrolyte, said coated current collector comprising:

A) a conductive metal surface; and

B) a conductive primer layer adhered directly to said conductive metal
surface;
wherein said conductive primer layer comprises conductive particles, said
conductive particles present in an amount of from 45 to 80% by weight based on a
total dried conductive primer layer weight, and "an organic polymeric binder
comprising one or more organic polymers wherein at least one of said one or more
organic polymers comprises 70% by weight or more of monomers selected from the
group consisting of acrylamide, n-methylol acrylamide, methacrylamide, n-methylol
methacrylamide, vinylformamide, and n-methylol vinylformamide and further
comprises phosphorus acid bound to said at least one of said one or more organic
polymers in an amount of 0.025-10.0% by weight based on a total weight of said

one or more organic polymers.

16. The coated current collector as set forth in claim 15 wherein said conductive

primer layer is cross-linked.
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17. The coated current collector as set forth in claim 16 wherein said conductive

particles include carbon black, graphite, and graphene.

18. An electrode comprising the coated current collector of claim 15 having

deposited on said conductive primer layer an active conductive coating.

19.  An electrical energy storage device comprising:

the coated current collector as set forth in claim 15; and

a non-aqueous electrolyte;

wherein said conductive primer layer is insoluble in said non-aqueous
electrolyte.
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