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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A method of fabricating an anode for a lithium-ion battery, comprising the steps
of:

milling a mixture of nano-silicon, one or more carbonaceous materials
and one or more solvents, wherein the mixture is retained as a wet slurry during
milling;

carbonising the mixture at a carbonisation temperature to produce a
silicon thinly coated with carbon (S1@C) material;

milling a second mixture of the Si@C material, graphite, one or more
second carbonaceous materials and one or more second solvents, wherein the
second mixture is retained as a second wet slurry during milling;

carbonising the second mixture at a second carbonisation temperature to
produce a Si@C/graphite/carbon material; and

forming the anode from the Si@C/graphite/carbon material.

A method according to claim 1, further comprising the step of drying the wet

slurry at a drying temperature prior to carbonising the mixture.

A method according to claim 1 or 2, further comprising the step of drying the
second wet slurry at a second drying temperature prior to carbonising the second

mixture.

A method according to any one of claims 1 to 3, wherein the mixture is milled

by wet ball milling.

A method according to any one of claims 1 to 4, wherein the nano-silicon and
the one or more carbonaceous materials are mixed in a mass ratio (nano-silicon :

carbonaceous material) of equal to or between about 40:60 to about 70:30.

A method according to any one of claims 1 to 5, wherein the average particle

size of the nano-silicon is equal to or between about 50 nm and about 500 nm.



WO 2021/113919 PCT/AU2020/051356

10

15

20

25

30

10.

11.

12.

13.

-38 -

A method according to any one of claims 1 to 6, wherein the one or more
solvents are selected from the group consisting of toluene, xylenes, quinoline,
pyridine, tetrahydrofuran (THF),diethyl ether, di-isopropyl ether, methylethyl
ether, dioxane, methanol, ethanol, 1-propanol, isopropanol, n-butanol, t-butanol,
ethyl acetate, dimethylacetamide (DMA), dimethylformamide (DMF),
dimethylsulfoxide (DMSQO), pentane, n-hexanes, cyclohexane, acetonitrile,
acetone, chloroform, dichloromethane carbon tetrachloride, ethylene glycol

(EG), propylene glycol, polyacrylic acid, or mixtures thereof.

A method according to any one of claims 1 to 7, wherein the one or more
carbonaceous materials are selected from the group consisting of functionalised
graphene platelets, carbon nanotubes (CNTs), reduced graphene oxide (rGO),
pyrolysed carbon derived from precursors of glucose, sucrose or critic acid
(CA), pitch, polyacrylonitrile (PAN), polyvinyl chloride (PVC),
poly(diallyldimethylammonium chloride) (PDDA), poly(sodium 4-
styrenesulfonate) (PSS)), polydopamine (PDA), polypyrrole (PPy) and phenolic

resin.

A method according to any one of claims 1 to 8, wherein the graphite is

synthetic flake graphite or graphite microspheres.

A method according to claim 9, wherein the graphite microspheres have an

average size of equal to or between about 1 pm and about 20 um.

A method according to any one of claims 1 to 10, wherein the wet slurry is

vacuum dried in an oven.

A method according to any one of claims 1 to 11, wherein carbonising the

mixture occurs in a tube furnace under a flowing inert gas.

A method according to any one of claims 1 to 12, wherein the carbonisation

temperature is equal to or between about 900 °C to about 1200 °C.
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A method according to any one of claims 1 to 13, wherein the mixture is
carbonised at the carbonisation temperature for a time of equal to or between

about 3 hours to about 8 hours.

A method according to any one of claims 1 to 14, wherein before the
carbonisation temperature is reached, the mixture is held at a holding

temperature that is less than the carbonisation temperature.

A method according to any one of claims 1 to 15, wherein the Si@C material,
the graphite and the one or more second carbonaceous materials are mixed in a
mass ratio (Si@C material : graphite : second carbonaceous material) of equal to

or between about 10-30:40-80:10-30.

A method according to any one of claims 1 to 16, wherein the one or more
second solvents are selected from the group consisting of toluene, xylenes,
quinoline, pyridine, tetrahydrofuran (THF), diethyl ether, di-isopropyl ether,
methylethyl ether, dioxane, methanol, ethanol, 1-propanol, isopropanol, n-
butanol, t-butanol, ethyl acetate, dimethylacetamide (DMA), dimethylformamide
(DMF), dimethylsulfoxide (DMSQ), pentane, n-hexanes, cyclohexane,
acetonitrile, acetone, chloroform, dichloromethane carbon tetrachloride, ethylene

glycol (EG), propylene glycol, polyacrylic acid, or mixtures thereof.

A method according to any one of claims 1 to 17, wherein carbonising the

second mixture occurs in a tube furnace under a flowing inert gas.

A method according to any one of claims 1 to 18, wherein the second

carbonisation temperature is equal to or between about 900 °C to about 1200 °C.

A method according to any one of claims 1 to 19, wherein the second mixture is
carbonised at the second carbonisation temperature for a time of equal to or

between about 3 hours to about 8 hours.

A method according to any one of claims 1 to 20, wherein before the second

carbonisation temperature is reached, the second mixture is held at a second
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holding temperature that is less than the second carbonisation temperature.

A method according to any one of claims 1 to 21, further comprising milling the

Si@C/graphite/carbon material.

A method according to any one of claims 1 to 22, further comprising mixing the

Si@C/graphite/carbon material with one or more polymer binders.

A method according to claim 23, wherein the one or more polymer binders
include one or more linear polymers, one or more conductive polymers, one or

more self-healing polymers, and one or more rubber polymers.

A method according to claim 23 or claim 24, wherein the anode is formed by:
mixing the Si@C/graphite/carbon material and the one or more polymer

binders to produce a slurry;

coating the slurry onto a metallic member; and

drying the metallic member with coated slurry to form the anode.

A method of fabricating an anode for a lithium-ion battery, comprising the steps
of:

mixing micro-silicon and one or more inert solvents to produce a wet
slurry mixture; and

milling the wet slurry mixture of the micro-silicon and the one or more
inert solvents to obtain nano-silicon, wherein the mixture is retained as a wet
slurry mixture during milling;

milling a mixture of the nano-silicon, one or more carbonaceous
materials and one or more solvents, wherein the mixture is retained as a wet
slurry during milling;

carbonising the mixture at a carbonisation temperature to produce a
silicon coated with carbon (Si@C) material,

milling a second mixture of the Si@C material, graphite, one or more
second carbonaceous materials and one or more second solvents, wherein the
second mixture is retained as a second wet slurry during milling;

carbonising the second mixture at a second carbonisation temperature to
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produce a Si@C/graphite/carbon material,

mixing the Si@C/graphite/carbon material, one or more linear polymers,
one or more conductive polymers, one or more self-healing polymers, and one
or more rubber polymers to produce a slurry;

coating the slurry onto a metallic member; and

drying the metallic member with coated slurry to form the anode.

An anode for a lithium-ion battery, produced by a method according to any one

of claims 1 to 26.

An anode for a lithium-ion battery, comprising a Si@C/graphite/carbon material.

A lithium-ion battery, comprising:
an anode according to claim 27 or claim 28;
a cathode; and
an electrolyte and/or a separator positioned between the anode and the

cathode.



