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(57) ABSTRACT

A three-dimensional, porous anode material suitable for use
in a lithium -ion cell. The three-dimensional, porous anode
material includes active anode particles embedded within a
carbon matrix. The porous structure of this novel anode
material allows for the expansion and contraction of the
anode without the anode delaminating or breaking apart,
thus improving the life -cycle of the lithium -ion cell. An
example of this three-dimensional porous anode material is
a porous silicon -carbon composite formed using a bi-con-
tinuous micro -emulsion (BME) template.
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According to another feature of the aforementioned
lithium -ion cell, the porous anode material may comprise a
composite of active anode particles embedded in a carbon
matrix.

According to another feature of the aforementioned 5

lithium -ion cell, the carbon matrix may comprise amorphous
or crystalline carbon.

According to another feature of the aforementioned
lithium -ion cell, the active anode particles may comprise
carbon -coated silicon, silicon -coated carbon, carbon doped io
with silicon, silicon doped with carbon, alloys of carbon and
silicon, germanium, germanium oxide, carbon -coated ger-
manium, germanium -coated carbon, carbon doped with ger-
manium, germanium doped with carbon, alloys of carbon
and germanium, tin, tin oxide, carbon -coated tin, tin -coated 15

carbon, carbon doped with tin, tin doped with carbon,
tin -silicon alloy, indium, antimony, bismuth, lead, and lead
oxide. According to a further feature of the aforementioned
anode, the active anode particles may have a range of about
1-90% by weight, preferably about 40% or higher by weight 20

(of the anode coating layer total weight). According to a
further feature of the aforementioned anode, the active
anode particles may comprise a range of particle sizes of
about 0.005 to 30 µm, preferably about 0.005 to 0.5 µm.

According to another feature of the aforementioned 25

lithium -ion cell, the conductive additive may comprise
carbon black, acetylene black, natural and synthetic graph-
ite, coke, Ketchen black, channel black, furnace black, lamp
black, carbon fiber, graphene sheets, carbon nanotubes
(single-, double-, and multi-walled-nanotubes), metallic par- 30

ticles (e.g. particles of copper, stainless steel, nickel, or other
inert metals), conductive metal oxides, electronically con-
ductive polymers, or a combination of thereof. According to
a further feature of the aforementioned anode, the conduc-
tive additive may comprise spheres, rods, ellipsoids, bead- 35

like strings, plates, sheets, or branched structures. According
to a further feature of the aforementioned anode, the con-
ductive additive may have length, width, height, thickness,
and diameter ranges of about 0.001 to 30 µm.

According to another feature of the aforementioned 40

lithium -ion cell, the binder may comprise aqueous or non-
aqueous binders. According to a further feature of the
aforementioned anode, the binder may comprise aqueous
binders carboxymethyl cellulose ("CMC"), CMC in combi-
nation with styrene -butadiene copolymer (SBR), -poly 45

(acrylic acid) (PAA), acrylonitrile-butadiene copolymer
latex, polyacrylamide in combination with carboxylated
styrene -butadiene copolymer, polyacrylamide in combina-
tion with carboxylated styrene-acrylate copolymer, or a
combination of thereof. According to a further feature of the 50

aforementioned anode, the binder may comprise non-aque-
ous binders fluorinated polymers and their copolymers, such
as poly(tetrafluoroethylene) (PTFE), poly(vinylidene fluo-
ride) (PVDF), and poly(vinylidene fluoride-co-hexafluoro-
propylene). Other examples of non-aqueous binders may 55

include, but are not limited to, styrene -butadiene copolymer
(SBR), acrylonitrile-butadiene copolymer (NBR), car-
boxymethyl cellulose (CMC), polyacrylic, polyethylene
oxide, polyimide, poly(vinyl pyrrolidone) (PVP), or a com-
bination thereof. According to a further feature of the 60

aforementioned anode, the binder may comprise polyure-
thanes or polyamides.

It is another object of the present invention to provide a
method for fabricating a porous anode material comprising
the steps of forming a bi-continuous micro -emulsion 65

(BME), removing one polymer in the solid BME to form a
porous BME template, impregnating the BME template the

6
anode material precursor, and pyrolyzing the impregnated
BME to form the porous anode material.

According to another feature of the aforementioned
method, the forming of a BME step may comprise blending
the three polymers in a solvent wherein the three polymers
comprise polymer A, polymer B, and di -block polymer A-B.
According to another feature of the aforementioned method,
polymer A and polymer B may be immiscible and may have
comparable molar volumes. According to another feature of
the aforementioned method, di -block polymer A-B may
have a molar volume comparable to polymer A and polymer
B.

According to another feature of the aforementioned
method, polymer A or polymer B may comprise polyiso-
prene (PI), polystyrene (PS), polyethylene (PE), poly(eth-
ylene-alt-propylene) (PEP), poly(ethylene oxide) (PEO),
polypropylene (PP), polyethylethylene (PEE), poly(dimeth-
ylsiloxane) (PDMS), poly(methylmethacrylate) (PMMA),
poly(L-lactide) (PLLA).

According to another feature of the aforementioned
method, di -block polymer A-B may comprise polystyrene-
block-polyisoprene (PS-PI), poly(ethylene-block-ethylene-
alt-propylene) (PE-PEP), polyethylethylene-block-poly(di-
methylsiloxane) (PEE-PDMS), polyethylene -block -poly
(ethylene oxide) (PE-PEO), polystyrene -block -poly
(methylmethacrylate) (PS-PMMA), polystyrene -block -poly
(ethylene oxide) (PS-PEO), or polystyrene-block-poly(L-
lactide) (PS-PLLA).

According to another feature of the aforementioned
method, the composition of the ternary polymer composite
may comprise about 45% polymer A by volume, about 45%
polymer B by volume, and about 10% di -block polymer A-B
by volume.

According to another feature of the aforementioned
method, the forming of a BME step may comprise a solvent
suitable for dissolving all three polymers. According to a
further feature of the aforementioned method, the solvent
may comprise benzene, tetrahydrofuran, hexane, xylene,
chloroform, methylene chloride, water, toluene, cyclo-
hexane, ether, N-2 -methyl pyrolidone, or dimethyl sulfox-
ide.

According to another feature of the aforementioned
method, the removing of polymer A or polymer B step may
comprise selectively removing polymer A or polymer B with
a solvent wherein dissolves only one of polymer A or
polymer B. According to a further feature of the aforemen-
tioned method, the solvent may comprise benzene, tetrahy-
drofuran, hexane, xylene, chloroform, methylene chloride,
water, toluene, N-2 -methyl pyrolidone, dimethyl sulfoxide,
cyclohexane, and ether.

According to another feature of the aforementioned
method, the void volume left from the removal of polymer
A or polymer B may comprise an interconnected network of
pores wherein the interconnected network of pores is sub-
stantially continuous in all three dimensions.

According to another feature of the aforementioned
method, solvent dissolution of polymer A or polymer may be
facilitated by heating to a temperature lower than the solvent
boiling point and lower than the melting and glass transition
temperatures of the three polymers comprising the solid
BME.

According to another feature of the aforementioned
method, the removing of polymer A or polymer B step may
comprise selectively removing polymer A or polymer B by
reactive ion etching, chemical etching, depolymerization,
and UV light etching.
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According to another feature of the aforementioned
method, the impregnating of the porous BME template step
may comprise filling the BME pores with an anode precur-
sor and a solvent. According to a further feature of the
aforementioned method, the anode precursor may comprise 5

active anode particles and a carbon -forming precursor.
According to another feature of the aforementioned

method, the solvent may suspend the active anode particles
and dissolve the carbon -forming precursor. According to
further feature of the aforementioned method, the solvent io
may comprise toluene, benzene, tetrahydrofuran, xylene,
quinoline, naphthalene, acetone, cyclohexane, ether, water,
and N-2 -methyl pyrrolidone.

According to another feature of the aforementioned
method, the active anode particles may comprise carbon- 15

coated silicon, silicon -coated carbon, carbon doped with
silicon, silicon doped with carbon, alloys of carbon and
silicon, germanium, germanium oxide, carbon -coated ger-
manium, germanium -coated carbon, carbon doped with ger-
manium, germanium doped with carbon, alloys of carbon 20

and germanium, tin, tin oxide, carbon -coated tin, tin -coated
carbon, carbon doped with tin, tin doped with carbon,
tin -silicon alloy, indium, antimony, bismuth, lead, and lead
oxide.

According to another feature of the aforementioned 25

method, the carbon -forming precursor may comprise poly-
acrylonitrile, phenolic resins (e.g. resorcinol), carbohydrate
materials, petroleum and coal tar pitches.

According to another feature of the aforementioned
method, the pyrolyzing of the impregnated BME template 30

step may comprise heating the impregnated BME template
wherein the porous anode material may be formed, and
polymer B and di -block polymer A-B may be removed from
the impregnated BME template. According to a further
feature of the aforementioned method, pyrolysis may occur 35

at a temperature in the range of about 300-1500° C.
According to another feature of the aforementioned

method, the void volume left from the removal of polymer
A and di -block polymer A-B may comprise an intercon-
nected network of pores wherein the interconnected network 40

of pores is substantially continuous in all three dimensions.
According to another feature of the aforementioned

method, the porous anode material may comprise a com-
posite of active anode particles embedded in a carbon
matrix. 45

According to another feature of the aforementioned
method, the carbon matrix may comprise amorphous or
crystalline carbon.

According to another feature of the aforementioned
method, the active anode particles may comprise carbon- 50

coated silicon, silicon -coated carbon, carbon doped with
silicon, silicon doped with carbon, alloys of carbon and
silicon, germanium, germanium oxide, carbon -coated ger-
manium, germanium -coated carbon, carbon doped with ger-
manium, germanium doped with carbon, alloys of carbon 55

and germanium, tin, tin oxide, carbon -coated tin, tin -coated
carbon, carbon doped with tin, tin doped with carbon,
tin -silicon alloy, indium, antimony, bismuth, lead, and lead
oxide. According to a further feature of the aforementioned
anode, the active anode particles may have a range of about 60

1-90% by weight, preferably about 40% or higher by weight
(of the anode coating layer total weight). According to a
further feature of the aforementioned anode, the active
anode particles may comprise a range of particle sizes of
about 0.005 to 30 µm, preferably about 0.005 to 0.5 µm. 65

It is another object of the present invention to provide a
porous material suitable for use in an anode.

8
According to one aspect of the invention, a porous mate-

rial suitable for use in an anode is provided, the porous
material being prepared by a method comprising the steps of
(a) forming a bi-continuous microemulsion, the bi-continu-
ous microemulsion comprising a polymer A, a polymer B,
and a di -block polymer A-B; (b) solidifying the bi-continu-
ous microemulsion to form a solid bi-continuous micro -
emulsion; (c) removing either, but not both, of the polymer
A or the polymer B from the solid bi-continuous microemul-
sion, whereby a porous template is produced; (d) impreg-
nating the porous template with a mixture comprising active
anode particles and a carbon -forming precursor; (e) treating
the impregnated porous template so that the carbon -forming
precursor is converted to a carbon matrix, whereby the
active anode particles are embedded in the carbon matrix,
and so that the polymer B and the di -block polymer A-B are
eliminated, leaving voids where the polymer B and the
di -block polymer A-B were previously, the voids creating an
interconnected network of pores that is substantially con-
tinuous in all three dimensions.

It is another object of the invention to provide a novel
anode coating.

According to one aspect of the invention, an anode
coating is provided, the anode coating comprising (a) the
porous material described above; and (b) a binder.

It is another object of the invention to provide a novel
anode.

According to one aspect of the invention, an anode is
provided, the anode comprising (a) the anode coating
described above; and (b) a substrate, the anode coating being
disposed on the substrate.

It is another object of the invention to provide a novel
battery.

According to one aspect of the invention, a battery is
provided, the battery comprising (a) the anode of claim 18;
(b) a cathode; (c) a separator, the separator positioned
between the anode and the cathode; and (d) an electrolyte.

Additional objects, as well as aspects, features and advan-
tages, of the present invention will be set forth in part in the
description which follows, and in part will be obvious from
the description or may be learned by practice of the inven-
tion. In the description, reference is made to the accompa-
nying drawings which form a part thereof and in which is
shown by way of illustration various embodiments for
practicing the invention. The embodiments will be described
in sufficient detail to enable those skilled in the art to
practice the invention, and it is to be understood that other
embodiments may be utilized and that structural changes
may be made without departing from the scope of the
invention. The following detailed description is, therefore,
not to be taken in a limiting sense, and the scope of the
present invention is best defined by the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are hereby incorpo-
rated into and constitute a part of this specification, illustrate
various embodiments of the invention and, together with the
description, serve to explain the principles of the invention.
In the drawings wherein like reference numerals represent
like parts:

FIG. 1 is a schematic side view of one embodiment of an
anode according to the teachings of the present invention;

FIG. 2 is a schematic side view of one embodiment of a
lithium -ion battery according to the teachings of the present
invention;
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FIG. 3 is a top view of one embodiment of the solid

bi-continuous micro-emulsion (BME) according to the
teachings of the present invention;

FIG. 4 is a top view of one embodiment of the porous
BME template according to the teachings of the present
invention;

FIG. 5 is a top view of one embodiment of the impreg-
nated BME template according to the teachings of the
present invention;

FIG. 6 is a top view of one embodiment of the porous
anode material according to the teachings of the present
invention;

FIG. 7a is a magnified cross-sectional image, obtained
with an SEM, of the porous BME PE/PE-PEP template
according to the teachings of the present invention;

FIG. 7b is a magnified cross-sectional image, obtained
with an SEM, of the porous BME PE/PE-PEP template
according to the teachings of the present invention;

FIG. 8a is a graph of the voltage charge and discharge
profiles using a lithium-ion cell with a porous Sim anode
according to the teachings of the present invention;

FIG. 8b is a graph of the voltage charge and discharge
profiles using a lithium-ion cell with conventional carbon
anode according to the teachings of the present invention;

FIG. 9a is a graph of the voltage charge and discharge
profiles at different charge and discharge rates using a
lithium-ion cell with a porous Si—C anode according to the
teachings of the present invention;

FIG. 9b is a graph of the voltage charge and discharge
profiles at different charge and discharge rates using a
lithium-ion cell with a conventional carbon anode according
to the teachings of the present invention;

FIG. 10a is a graph of the voltage discharge profiles and
% efficiency using a lithium-ion cell with a porous Si—C
anode according to the teachings of the present invention;

FIG. 10b is a graph of the voltage charge and discharge
profiles at different cycle numbers using a lithium-ion cell
with a porous Si—C anode according to the teachings of the
present invention; and

FIG. 10c is a graph of the discharge capacity profile at
different cycle numbers using a lithium-ion cell with a
standard non-porous Si—C anode according to the teachings
of the present invention.

DETAILED DESCRIPTION OF INVENTION

To provide improved cycle life of lithium-ion batteries,
the present invention is directed, at least in part, to a
three-dimensional, porous anode material with the capacity
for higher energy density and greater mechanical rigidity, as
the voids in the anode material provide for expansion and
contraction of the without the anode material breaking apart
or becoming delaminated.

Referring now to FIG. 1, there is schematically shown a
side view of one embodiment of an anode constructed
according to the present invention, the anode being repre-
sented generally by reference numeral 100.
Anode 100 may comprise a substrate 101 and an anode

coating layer 102. Anode coating layer 102, in turn, may
comprise a porous anode material 103, a conductive additive
104, and a binder 105. Anode coating layer 102 may have a
thickness in the range of about 10 to 1000 µm, preferably
about 10 to 100 µm, and may be coated onto one or both
sides of substrate 101 using blade-casting, rod-casting,
spraying, or other methods commonly used in roll-to-roll
coating of battery electrodes (e.g., slot-die coating).

10
Porous anode material 103 may comprise a porous carbon

composite material comprising active anode particles
embedded within a carbon matrix. The porous structure of
porous anode material 103 may allow for the expansion and

5 contraction of anode coating layer 102 without having anode
coating layer 102 delaminating or breaking apart. The pores
within porous anode material 103 preferably form an inter-
connected network of pores, wherein the interconnected
network of pores is substantially continuous in all three

io dimensions. The carbon matrix of porous anode material 103
may comprise amorphous or crystalline carbon. Examples of
active anode particles include, but are not limited to, carbon-
coated silicon, silicon-coated carbon, carbon doped with
silicon, silicon doped with carbon, alloys of carbon and

15 silicon, germanium, germanium oxide, carbon-coated ger-
manium, germanium-coated carbon, carbon doped with ger-
manium, germanium doped with carbon, alloys of carbon
and germanium, tin, tin oxide, carbon-coated tin, tin-coated
carbon, carbon doped with tin, tin doped with carbon,

20 tin-silicon alloy, indium, antimony, bismuth, lead, and lead
oxide. The active anode particles of porous anode material
103 may constitute about 1-90% by weight, preferably 40%
or higher by weight, of the total weight of anode coating
layer 102. The range of particles sizes for the active anode

25 particles may be about 0.005 to 30 µm, preferably about
0.005 to 0.5 µm. The particle size range for the porous anode
material may be about 0.01 to 100 µm, preferably range of
about 1 to 10 µm.

Conductive additive 104 may be interspersed among
30 porous anode material 103 within anode coating layer 102 to

enhance electrical conductivity. Examples of materials suit-
able for use as conductive additive 104 may include, but are
not limited to, carbon black, acetylene black, natural and
synthetic graphite, coke, Ketchen black, channel black,

35 furnace black, lamp black, carbon fiber, graphene sheets,
carbon nanotubes (single-, double-, and multi-walled-nano-
tubes), metallic particles (e.g. particles of copper, stainless
steel, nickel, or other inert metals), conductive metal oxides,
electronically conductive polymers, or a combination of

40 thereof. The materials used as conductive additive 104 may
be spheres, rods, ellipsoids, bead-like strings, plates, sheets,
branched structures with dimensions (length, width, height,
and diameter) in the range of about 0.001 to 30 µm.

Binder 105 may function in anode coating layer 102 to
45 promote greater adhesion among porous anode material 103

and conductive additive 104, as well as to promote greater
adhesion of porous anode material 103 and conductive
additive 104 to substrate 101. Material used as binder 105
may be soluble in aqueous or non-aqueous solvents.

5o Examples of suitable aqueous binders may include, but are
not limited to, carboxymethyl cellulose ("CMC"), CMC in
combination with styrene-butadiene copolymer (SBR),
-poly(acrylic acid) (PAA), acrylonitrile-butadiene copoly-
mer latex, polyacrylamide in combination with carboxylated

55 styrene-butadiene copolymer, polyacrylamide in combina-
tion with carboxylated styrene-acrylate copolymer, or a
combination of thereof. Examples of suitable non-aqueous
binders may include, but are not limited to, fluorinated
polymers and their copolymers, such as poly(tetrafluoroeth-

60 ylene) (PTFE), poly(vinylidene fluoride) (PVDF), and poly
(vinylidene fluoride-co-hexafluoropropylene). Other
examples of suitable non-aqueous binders may include, but
are not limited to, styrene-butadiene copolymer (SBR),
acrylonitrile-butadiene copolymer (NBR), carboxymethyl

65 cellulose (CMC), polyacrylic, polyethylene oxide, polyim-
ide, poly(vinyl pyrrolidone) (PVP), or a combination
thereof. Examples of binders that may be prepared with
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During the first step of the aforementioned method for
fabricating a porous anode material, three polymers may be
blended in a solvent wherein the solvent may be removed to
form the solid BME. Alternatively, the three polymers may
be blended in a melt phase and then solidified to form the
solid BME. Referring now to FIG. 3, BME 300 may
comprise a polymer A 301, a polymer B 310, and a di -block
polymer A-B 311. Polymer A and polymer B may be
immiscible and may have comparable molar volumes. Di -
block polymer A-13 may have a molar volume comparable to
polymer A and polymer B. Examples of materials suitable
for use as polymers A and B may include, but are not limited
to, polyisoprene (PI), polystyrene (PS), polyethylene (PE),
poly(ethylene-alt-propylene) (PEP), poly(ethylene oxide)
(PEO), polypropylene (PP), polyethylethylene (PEE), poly
(dimethylsiloxane) (PDMS), poly(methylmethacrylate)
(PMMA), poly(L-lactide) (PLLA). Examples of materials
suitable for use as di -block polymer A-B may include, but
are not limited to, polystyrene-block-polyisoprene (PS-PI),
poly(ethylene-block-ethylene-alt-propylene) (PE-PEP),
polyethylethylene-block-poly(dimethylsiloxane) (PEE-
PDMS), polyethylene-block-poly(ethylene oxide) (PE-
PEO), polystyrene-block-poly(methylmethacrylate) (PS-
PMMA), polystyrene-block-poly(ethylene oxide) (PS-
PEO), and polystyrene-block-poly(L-lactide) (PS-PLLA).
Preferably, the composition of a ternary polymer composite
may comprise 45% polymer A by volume, 45% polymer B
by volume, and 10% di -block polymer A-B by volume.

When the three polymers are blended in a solvent, the
solvent preferably is able to dissolve all three polymers.
Examples of solvents suitable for use in dissolving the three
polymers may include, but are not limited to, benzene,
tetrahydrofuran, hexane, xylene, chloroform, methylene
chloride, water, toluene, cyclohexane, ether, N-2 -methyl
pyrolidone, and dimethyl sulfoxide. Once the three polymers
are blended in the solvent, the solvent may be removed by
evaporation.

During the second step of the above -noted method for
fabricating a porous anode material, polymer A or polymer
B may be removed from the BME by solvent dissolution to
form a porous BME template. Referring now to FIG. 4,
porous BME template may comprise a void volume 401,
polymer B 410, and di -block polymer A-B 411. Polymer B
410 and di -block polymer 411 may be identical or similar to
polymer B 310 and di -block polymer 311, respectively. In
order to create void volume 401, a solvent may be used to
selectively remove polymer A. In an alternative embodi-
ment, a solvent may be used to selectively remove polymer
B while polymer A may remain intact in the BME template.
Examples of suitable solvents that may be used to selec-
tively remove polymer A or polymer B may include, but are
not limited to, benzene, tetrahydrofuran, hexane, xylene,
chloroform, methylene chloride, water, toluene, N-2 -methyl
pyrolidone, dimethyl sulfoxide, cyclohexane, and ether. Sol-
vent dissolution of polymer A or polymer B may be done at
room temperature or by applying heat during solvent disso-
lution. The temperature range used to facilitate solvent
dissolution should be lower than the solvent boiling point
and lower than the melting and glass transition temperatures
of the three polymers comprising the solid BME. Other
methods for removing polymer A or polymer B may include,
but are not limited to, reactive ion etching, chemical etching,
depolymerization, and UV light etching. The void volume
left by the removal of polymer A or polymer B may form an
interconnected network of pores wherein the interconnected
network of pores is substantially continuous in all three
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dimensions. The void volume may be approximately
45-55% by volume (of the total volume of the BME tem-
plate).

During the third step of the above -mentioned method for
5 fabricating a porous anode material, the porous BME tem-

plate may be impregnated with an anode precursor. Refer-
ring now to FIG. 5, impregnated BME template 500 may
comprise an anode precursor 501, a polymer B 510, and a
di -block polymer A-B 511. Polymer B 510 and di -block

10 
polymer A-B 511 may be identical or similar to polymer B
310 and di -block polymer A-B 311, respectively. Anode
precursor 510 may comprise a mixture of active anode
particles and a carbon -forming precursor. Examples of the
active anode particles may include, but are not limited to,
carbon -coated silicon, silicon -coated carbon, carbon doped

15 with silicon, silicon doped with carbon, alloys of carbon and
silicon, germanium, germanium oxide, carbon -coated ger-
manium, germanium -coated carbon, carbon doped with ger-
manium, germanium doped with carbon, alloys of carbon
and germanium, tin, tin oxide, carbon -coated tin, tin -coated

20 carbon, carbon doped with tin, tin doped with carbon,
tin -silicon alloy, indium, antimony, bismuth, lead, and lead
oxide. The carbon -forming precursor preferably will polym-
erize or crosslink during this step to ensure that it stays
solidified during the final pyrolysis step. Examples of mate-

25 rials suitable for use as the carbon -forming precursor may
include, but are not limited to, polyacrylonitrile, phenolic
resins (e.g. resorcinol), carbohydrate materials, petroleum
and coal tar pitches.

A solvent that dissolves the carbon -forming precursor and
suspends the active anode particles, while leaving polymerso B and di -block polymer A-B intact, may be used to impreg-
nate the void volume of the porous BME template.
Examples of suitable solvents may include, but are not
limited to, toluene, benzene, tetrahydrofuran, xylene, qui-
noline, naphthalene, acetone, cyclohexane, ether, water, and

35 N-2 -methyl pyrrolidone. Alternatively, the BME template
may be impregnated with the anode precursor wherein the
anode precursor may be melted and may diffuse into the void
volume of the BME template.

During the final step of the above -mentioned method for
40 fabricating a porous anode material, the impregnated BME

template may be pyrolyzed wherein the porous anode mate-
rial may be formed and polymer B and di -block polymer
A-B may be removed from the impregnated BME template.
Referring now to FIG. 6, there is shown a porous anode

45 material 600. Porous anode material 600 may comprise an
anode material 601 and a void volume 602. During pyroly-
sis, the impregnated BME template may be ramped to a
temperature wherein the carbon -forming precursor may be
converted to carbon, and polymer B and di -block polymer

50 
A-B may be removed from impregnated BME template. The
range of temperatures used for pyrolysis may be about
300-1500° C. Porous anode material 600 formed after
pyrolysis may be identical or similar to porous anode
material 103. The void volume left from the removal of
polymer B and di -block polymer A-B may form an inter -

55 connected network of pores wherein the interconnected
network of pores is substantially continuous in all three
dimensions. The range of porosity in the porous anode
material may be about 40-70% by volume.

The following examples are provided for illustrative
60 purposes only and are in no way intended to limit the scope

of the present invention:

65

Example 1: Synthesizing Si—C without Using a
Porous BME Template

The synthesis of Si —C was first investigated via the
condensation polymerization of resorcinol and formalde-
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wherein the binder constitutes 2-25%, by weight, of the
anode coating, and wherein the electrically -conductive addi-
tive constitutes about 0.1-70%, by weight, of the anode
coating.

19. An anode, the anode comprising:
(a) the anode coating of claim 12; and
(b) a substrate, the anode coating being disposed on the

substrate.
20. The battery of claim 2 wherein the anode coating has

a thickness of about 10 to 1000 µm.
21. The battery of claim 2 wherein the anode coating has

a thickness of about 10 to 100 µm.
22. The battery of claim 2 wherein the anode coating has

a porosity range of about 40-70% by volume.
23. The battery of claim 2 wherein the substrate is at least

one material selected from the group consisting of copper,
copper alloy, aluminum, stainless steel, titanium, nickel,
nickel alloy, chromium, tungsten, metal nitrides, metal car-
bides, metal oxides, carbon, carbon fiber, graphite, gra-
phene, and conductive polymers.

20
24. The battery of claim 2 wherein the substrate has a

structure selected from the group consisting of a film, mesh,
perforated sheet, foam, wires, laminates, tubes, particles, or
multi -layer structures.

5 25. The battery of claim 2 wherein the substrate has a
thickness of about 1 to 50 µm.

26. The battery as claimed in claim 2 wherein the battery
is a lithium -ion battery.

10 
27. The battery as claimed in claim 2 wherein the cathode

comprises a cathode coating and a cathode substrate, the
cathode coating being applied to the cathode substrate.

28. The battery as claimed in claim 27 wherein the
cathode coating further comprises a conductive additive and

15 a binder.
29. The battery as claimed in claim 2 wherein the elec-

trolyte is selected from the group consisting of a liquid
electrolyte, a solid electrolyte, and a gel electrolyte.
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