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COMPOSITE PRODUCTS COMPRISING COFFEE GROUNDS AND THE

MANUFACTURE THEREOF

Field of the invention

[0001] The present invention relates generally to composite products, in particular composite products

comprising coffee grounds, and the manufacture thereof.

Background of the invention

[0002] Any discussion of the prior art throughout this specification should in no way be considered as
an admission that such prior art is widely known or forms part of the common general knowledge in

the field.

[0003] The amount of waste produced by the global population continues to increase at an alarming
rate. In the city of Sydney alone, about 3000 tonnes of coffee grounds are produced by cafes and

coffee shops alone. The majority of these grounds are either sent to landfill or flushed down sinks.

[0004] The present inventors have developed a method for preparing composite products comprising

coffee grounds that allow waste to be converted into useful products.

Summary of the invention

[0005] In a first aspect the present invention provides a composite product comprising a binder and

coffee grounds.

[0006] The binder may be present in an amount between about 5% and about 45% by weight, orin an
amount between about 10% and about 25% by weight, or in an amount between about 15% and about

20% by weight.

[0007] The binder may be obtained from a waste material.

[0008] The binder may be a polymer, such as for example polypropylene or glycol-modified

polyethylene terephthalate.
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[0009] The polymer may be a thermoset polymer.

[0010] The thermoset polymer may be, or may be obtained from, an epoxy resin, polyester resin or

vinyl ester resin. In one embodiment the thermoset polymer is, or is obtained from, a polyester resin.

[0011] The coffee grounds may be present in an amount between about 2% and about 90% by weight,
or in an amount between about 3% and about 80% by weight, or in an amount between about 5% and
about 85% by weight, orin an amount between about 20% and about 80% by weight, or in an amount

between about 20% and about 40% by weight.

[0012] The composite product may further comprise a cellulosic material.

[0013] The cellulosic material may be present in an amount between about 15% and about 75% by

weight, or in an amount between about 40% and about 70% by weight.

[0014] The cellulosic material may be a powder, particulate, dust or fibers.

[0015] The cellulosic material may be obtained from waste.

[0016] The cellulosic material may be jute or timber.

[0017] The jute may be in the form of fibers.

[0018] The jute may be shredded jute.

[0019] The timber may be in the form of saw dust.

[0020] The composite product may be free, or substantially free, of glass.

[0021] The composite product may further comprise a coupling agent.

[0022] The composite product may further comprise a pigment.

[0023] The composite product may be in the form of a panel or a tile.

[0024] The composite product may comprise greater than about 50%, or greater than about 60%, or

greater than about 70%, or greater than about 80%, or greater than about 90%, or greater than about
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95% waste material by weight. In one embodiment, the composite product may be made entirely of

waste material.

[0025] The composite product may further comprise a coating.

[0026] The coating may be a zinc oxide coating.

[0027] The composite may be prepared by hot pressing or casting.

[0028] In a second aspect the present invention provides a method for preparing a composite product

comprising:
(i) forming a mixture comprising coffee grounds and a binder; and
(ii) applying heat and pressure to the mixture to form the composite product.

[0029] In step (ii) the heat applied may be less than about 300 °C, or less than about 250 °C, or less

than about 240 °C.

[0030] In step (i) the heat applied may be between about 120 °C and about 180 °C.

[0031] In step (i) the pressure applied may be between about 5 MPa and about 20 MPa.

[0032] The binder may be present in the mixture in an amount between about 5% and about 45% by
weight, or in an amount between about 10% and about 25% by weight, or in an amount between

about 15% and about 20% by weight.

[0033] The coffee grounds may be present in the mixture in an amount between about 5% and about
85% by weight, or in an amount between about 20% and about 80% by weight, or in an amount

between about 20% and about 40% by weight.

[0034] The mixture may further comprise a cellulosic material.

[0035] The cellulosic material may be present in an amount between about 15% and about 75% by

weight, or in an amount between about 40% and about 70% by weight.

[0036] The binder and the cellulosic material used in the second aspect may be as defined herein in

connection with the composites of the first aspect.
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[0037] The binder, coffee grounds and cellulosic material may be present in the mixture in any of the

amounts recited herein in connection with the composites of the first aspect.

[0038] The coffee grounds may be dried prior to forming the mixture.

[0039] The coffee grounds may be dried at a temperature of at least about 80 °C prior to forming the

mixture.

[0040] The mixture may further comprise a catalyst.

[0041] The catalyst may be present in the mixture in an amount between about 0.1% and about 10%

by weight, or in an amount between about 0.5% and about 5% by weight of the binder.

[0042] The mixture may further comprise a pigment.

[0043] The mixture may further comprise an inhibitor.

[0044] The inhibitor may be present in the mixture in an amount between about 0.01% and about 2%

by weight, or in an amount between about 0.05% and about 0.5% by weight of the binder.

[0045] The mixture may further comprise a coupling agent.

[0046] The coupling agent may be present in an amount between about 0.5% and about 3% by
weight, or in an amount between about 0.5% and about 2% by weight, based on the weight of the

mixture.

[0047] Prior to forming the mixture the coffee grounds may be screened through 1 mm mesh.

[0048] The mixture may be free, or substantially free, of glass.

Definitions

[0049] Throughout this specification, unless the context requires otherwise, the word "comprise”, or
variations such as "comprises" or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps. Thus, in the context of this

specification, the term "comprising”" means "including principally, but not necessarily solely".
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[0050] In the context of this specification the terms "a" and "an" are used herein to refer to one or to
more than one (i.e to at least one) of the grammatical object of the article. By way of example, "an

element" means one element or more than one element.

[0051] The term "about" is understood to refer to a range of numbers that a person of skill in the art

would consider equivalent to the recited value in the context of achieving the same function or result.

[0052] The term "substantially free" as used in reference to glass content means that glass constitutes
less than about 2% by weight, such as less than 1% by weight, preferably less than 0.5% by weight, or

more preferably, less than 0.1% by weight, or even more preferably less than 0.01% by weight.

[0053] The term "cellulosic material" is understood to refer to any material containing cellulose. The
material may be natural or synthetic and may contain additional components, such as for example
hemicellulose, lignin and/or pectin. The material may comprise at least 15%, at least 20%, at least

30%, at least 40%, at least 50%, at least 60%, at least 70%, or at least 80% by weight of cellulose.

Brief Description of Drawings

[0054] Embodiments of the invention will now be described by way of example only with reference to

the accompanying drawings, in which:

Figure 1: Methods for preparation of composite products in accordance with one embodiment

of the invention.

Figure 2. Composite panels in accordance with one embodiment of the invention.

Detailed description

[0055] The present invention broadly relates to composite products comprising coffee grounds. In a
first aspect the present invention relates to a composite product comprising a binder and coffee

grounds.

[0056] The coffee grounds may be present in an amount between about 2% and about 90% by weight,
or in an amount between about 3% and about 80% by weight, or in an amount between about 5% and
about 85% by weight, or in an amount between about 20% and about 80% by weight, or in an amount

between about 20% and about 40% by weight..
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[0057] In other embodiments the coffee grounds may be present in an amount between about 2% and
about 15% by weight, or in an amount between about 3% and about 10% by weight, or in an amount
between about 50% and about 90% by weight, or in an amount between about 50% and about 80% by
weight, or in an amount between about 55% and about 75% by weight, or in an amount between

about 60% and about 70% by weight.

[0058] In one embodiment the coffee grounds may be charred.

[0059] The binder may be present in an amount between about 5% and about 55% by weight, orin an
amount between about 5% and about 45% by weight, or in an amount between about 10% and about
50% by weight, or in an amount between about 5% and about 40% by weight, or in an amount
between about 5% and about 35% by weight, or in an amount between about 5% and about 30% by
weight, or in an amount between about 5% and about 25% by weight, or in an amount between about
10% and about 25% by weight, or in an amount between about 15% and about 20% by weight, or in
an amount between about 15% and about 45% by weight, or in an amount between about 15% and
about 40% by weight, or in an amount between about 20% and about 35% by weight, or in an amount

between about 20% and about 40% by weight.

[0060] In some embodiments, the coffee grounds and the binder may be present in any combinations

of the amounts recited above in paragraphs [0056], [0057] and [0059].

[0061] Typically, the binder is a polymer. Suitable polymers include, but are not limited to, acrylonitrile
butadiene styrene, polylactic acid, styrene acrylonitrile, polypropylene, polyethylene, high density
polyethylene, low density polyethylene, linear low density polyethylene, ultra-high molecular weight
polyethylene, polyvinyl chloride, polyethylene terephthalate, nylon, polystyrene, high impact

polystyrene, polyoxymethylene (acetal), poly(methyl methacrylate), polyester and polycarbonate.

[0062] In some embodiments, the polymer is a thermoset polymer. A thermosetting polymer, resin, or
plastic, also referred to as "a thermoset", is a polymer that is irreversibly hardened by curing from a
soft, solid or viscous liquid prepolymer or resin. Curing may be induced by heat or radiation, promoted
by high pressure, or by mixing with a catalyst. Curing results in extensive cross-linking between
polymer chains to produce an infusible and insoluble polymer network. Examples of thermoset
polymers include, but are not limited to, polyester resin, polyurethanes, polyurea/polyurethane,

vulcanized rubber, bakelite, duroplast, urea-formaldehyde, melamine resin, diallyl phthalate, epoxy
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resin, benzoxazines, polyimides, bismaleimides, cyanate esters, furan resins, silicone resins, thiolyte
and vinyl ester resins. In some embodiments the thermoset polymer may be, or may be obtained
from, an epoxy resin, polyester resin or vinyl ester resin. In other embodiments, the thermoset

polymer may be, or may be obtained from, an unsaturated polyester resin.

[0063] The use of thermoset polymers provides a further advantage in that composites made using

them are able to be recycled.

[0064] Preferably, the polymer/resin has a melting point below about 300 °C, or below about 290 °C,
or below about 280 °C, or below about 270 °C, or below about 260 °C, or below about 250 °C, or

below about 240 °C.

[0065] In some embodiments, the polymer may be obtained from waste materials.

[0066] Depending on the type of thermoset polymer, a catalyst may also be used in the manufacture
of the composites. The catalyst is used to promote cross-linking of the polymer which leads to
hardening, otherwise known as "curing" of the polymer. Appropriate hardeners/catalysts will be known
to those skilled in the art and include radical initiators, such as for example organic peroxides. Non-
limiting examples of organic peroxides include benzoyl peroxide, 2-butanone peroxide, methyl ethyl

ketone peroxide (MEKP) and -butylperoxybenzoate (TBPB).

[0067] When preparing the composites, the catalyst may be added to the mixture in an amount
between about 0.1% and about 10% by weight, or in an amount between about 0.5% and about 5% by
weight, or in an amount between about 0.5% and about 4% by weight, or in an amount between about

0.5% and about 3% by weight, based on the weight of the binder to be included in the composite.

[0068] In some embodiments, an inhibitor is used in the manufacture of the composites. Inhibitors are
antioxidant molecules that act to scavenge free radicals thereby preventing the premature,
spontaneous initiation and propagation of free-radical polymerisation, and hence curing of the
thermoset polymer. The inhibitors can therefore be used to control the curing rate of the polymers.
Suitable inhibitors will be known to those skilled in the art, and include butylated hydroxytoluene (BHT)

and monomethyl ether hydroquinone (MEHQ).

[0069] When preparing the composites, the inhibitor may be added to the mixture in an amount

between about 0.01% and about 2% by weight, or in an amount between about 0.05% and about 1%
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by weight, or in an amount between about 0.05% and about 0.5% by weight, or in an amount between

about 0.1% and about 0.5% based on the weight of the binder to be included in the composite.

[0070] The composites may further comprise a coupling agent. In some embodiments, the coupling
agent is a maleic polyolefin-based coupling agent. Maleic polyolefin-based coupling agents may be
used to enhance bonding between the coffee grounds (and cellulosic material when present) and
polyolefin binders (for example polyethylene (PE), polypropylene (PP), high density polyethylene
(HDPE) or polyvinyl chloride (PVC)). The coupling agent typically comprises two main components,
one of the polyolefin-type polymers (listed above) and maleic anhydride functional groups grafted onto
the polymer backbone. In another embodiment the coupling agent may comprise styrene. In further
embodiments the coupling agent may comprise methyl methacrylate (MMA) or acrylated epoxidized

soybean oil.

[0071] The coupling agent may be present in an amount between about 0.5% and about 3% by
weight, or in an amount between about 0.5% and about 2% by weight, based on the weight of the

compaosite.

[0072] The composite may further comprise a cellulosic material. Examples of cellulosic materials that
may be used include, but are not limited to: timber, cotton, jute, hemp, sisal, flax, coir, ramie, coconut

husk and bamboo. The cellulosic material may be a powder, particulate, dust or fibers.

[0073] The cellulosic material may be obtained from waste. For example, in some embodiments the

cellulosic material is obtained from waste jute bags and/or waste timber.

[0074] The cellulosic material may be present in an amount between about 10% and about 80% by
weight, or in an amount between about 15% and about 75% by weight, or in an amount between
about 40% and about 70% by weight, or in an amount between about 20% and about 75% by weight,
or in an amount between about 20% and about 60% by weight, or in an amount between about 25%
and about 75% by weight, or in an amount between about 30% and about 75% by weight, or in an

amount between about 2% and about 10% by weight.

[0075] In some embodiments, the coffee grounds, binder and cellulosic material may be present in any

combinations of the amounts recited above in paragraphs [0056], [0057], [0059] and [0074].
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[0076] Conveniently, with the exception of drying, coffee grounds can be incorporated into the present
composites without any further processing. However, in some embodiments the coffee grounds may
be screened through 1 mm mesh in order to provide a more consistent particle size. Preferably, the
coffee grounds have a moisture content of less than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or

1%.

[0077] The composites may also comprise one or more pigments. Pigments may be selected
depending on the desired colour of the composites. In one embodiment, a natural pigment such as
TiO2, Fe20s3, carbon or fly ash is added in the form of a powder. In other embodiments, synthetic
powders or liquid pigments can be incorporated into the present composite products to yield diverse

colour palettes.

[0078] The composites may further comprise a coating. The coating provides the composite with
improved wear and water resistance properties, as well as a smooth surface finish. In some
embodiments, the coating may be an epoxy coating, a polyaspartic or a polyurethane coating. The

coating may have a Shore D hardness value between about 70 and 90, or about 80.

[0079] In other embodiments the composites may be coated with zinc oxide. A zinc oxide coating may
provide one or more of the following properties: photocatalytic self-cleaning, anti-microbial, UV

protection, flame retardant, conductive and thermal insulation.

[0080] In some embodiments the composite products may be prepared in the form of panels which
can be used as replacements for medium density fibreboard (MDF) and high-density fibreboard (HDF).
Where the panels are made from waste materials they are cheaper to produce than commercially
available fibreboards. Composites in accordance with the present invention also have a natural insect
repellent property due to the caffeine content in waste coffee grounds being preserved. The
composites are also naturally odour neutralising due to the presence of coffee grounds. In other
embaodiments, composites in the form of acoustic tiles can be prepared using a combination of coffee
grounds and jute. In further embodiments, the composite product may be in the form of; tiles, bench
tops, table tops, shades, panels, seats and splash backs, In a further embodiment, the composite

product may be in the form of a molded composite product.

[0081] By using waste streams to prepare the composite products, waste materials that would

otherwise be disposed of in landfill are used to prepare valuable new products. In some embodiments
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the composites may comprise greater than about 50%, or greater than about 60%, or greater than
about 70%, or greater than about 80%, or greater than about 90%, or greater than about 95% by
weight of waste material. In one embodiment, the composite product may be made entirely of waste

material.

[0082] In some embodiments the composite product may comprise (w/w): about 35% to 50% of a
binder, about 45% to 65% timber and about 3% to 20% coffee grounds. The timber may be in the

form of saw dust. Preferably, the binder is polypropylene.

[0083] In another embodiment the composite product may comprise (w/w): about 35% to 50% of a
binder, about 5% to 25% of a cellulosic material and about 30% to 50% coffee grounds. The timber

may be in the form of saw dust. Preferably, the binder is polypropylene.

[0084] In another embodiment the composite product may comprise (w/w): about 15% to 30% of a

binder and about 70% to 85% coffee grounds.

[0085] In a further embodiment the composite product may comprise (w/w): about 8% to 20% of a
binder which is, or is obtained from, unsaturated polyester resin and about 80% to 92% coffee

grounds.

[0086] In still a further embodiment the composite product may comprise (w/w): about 8% to 20% of a
binder, about 60% to 80% of a cellulosic material and about 5% to 20% coffee grounds. The cellulosic

material may be timber. Preferably, the binder is, or is obtained from, unsaturated polyester resin.

[0087] In yet another embodiment the composite product may comprise (w/w): about 20% to 30% of a
binder, about 50% to 70% of a cellulosic material and about 10% to 20% coffee grounds. The

cellulosic material may be timber.

[0088] Composites in accordance with the invention may be prepared by hot pressing. In one
embodiment, the composites are prepared by the method shown in Figure 1. In this embodiment
cellulosic materials (i.e. jute and saw dust) are included. Coffee grounds are dried in an oven at
100 °C for 24 hours. Optionally, the coffee grounds may first be mixed with a coupling agent in a
mixture of water and ethanol. Jute and/or saw dust are provided, with the jute being obtained from
bags which are shredded to provide a 3 mm fleece. The binder (such as for example a polyester

resin) may be mixed with an inhibitor, a catalyst, a mold releasing agent (calcium stearate for
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example) and, optionally a pigment, to form a premix. The premix, dried coffee grounds and the jute
and/or saw dust are then thoroughly mixed using, for example, a sigma mixer. The resultant mixture is
then laid in a carbon steel die by a vertical loading method or by using a powder applicator. The
mixture is then flattened and sealed with a steel lid. The sealed die is loaded into a hydraulic hot
press which is pre-heated at 145 °C. A pressure of 7 MPa is then applied for a period of 7 minutes.

The sample is then removed from the mold and cooled under pressure (5 kg) to minimize warpage.

Example

Material Preparation

Coffee grounds

[0089] Coffee ground were screened through 1 mm mesh and dried in an oven to achieve a moisture

level of below 5%, or for about 24 hours at 80 °C.

Binder

[0090] The binder used in this example was SPE 44-419 ortho base polyester resin from Allnex

Resins, Australia.

Saw dust

[0091] Saw dust was obtained from a timber CNC mill dust bag and passed through a 3 mm screen
prior to use.

Jute

[0092] Jute bags were shredded through a textile shredder using a 3 mm screen. This resulted in

short strands about 3 mm or less in length.

Method
[0093] The composite panels listed in Table 1 below were prepared by the process described above

and in Figure 1 using the relevant amounts of each component:

Table 1: Composite panels prepared
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2 | C0_T80 76.4 17.5% | 3.5 | 0.23% 2% 3% 0.41 1.2
% % %
3 | C3_T73. 3% 73.4 17.5% | 3.5 | 0.23% 2% 3% 0.41 1.2
4 % % %
4 | C20_T56 20% 56.4 17.5% | 3.5 | 0.23% 2% 3% 0.41 1.2
A4 % % %
5 | C20_T51 20% 514 | 5% | 17.5% | 3.5 | 0.23% 2% 3% 0.41 1.2
4_J5 % % %
6 | CO_T80 80% 175% | 3.5 | 0.23% 2% 0.8
%
7 | C20_T56 20% 56.4 17.5% | 3.5 | 0.23% 2% 3% 0.8
4 % %

Mechanical Testing

[0094] With the objective of comparing the wood-coffee composites with commercial wood panels,
modulus of rupture (MOR) and Modulus of elasticity (MOE) were calculated from the 3-point bending
test. MOR and MOE respectively represent the bending strength and stiffness of the panels produced
and were evaluated according to American Society for Testing and Materials (ASTM) D1037, using an
Instron (model 5566) universal mechanical testing machine. A load of 5 kN was used with the strain

rate, span, width and length set based on the thickness of the corresponding specimens.
o Width = 76 mm if thickness > 6 mm
50 mm if thickness < 6mm
¢ Length = 50 mm + 24* sample thickness (mm)
e Strain rate was calculated based on the formula below:

0.005%*52
6xd

where: S = span (Span = 24* sample thickness(mm))
d = Thickness of sample (mm)

N = Strain rate/ rate of motion of moving head (mm/min)

Water absorption and thickness swelling

[0095] Water absorption and thickness swelling measurements on the wood-coffee composites can be
used to determine the durability of the corresponding products when exposed to high moisture
environmental conditions. The samples were first weighed dry, then immersed in water for 24 h. They
were then surface dried with a damp cloth and weighed to the nearest 0.01 g. By measuring the
weight difference between the dry and wet samples, water absorption can be calculated based on
equation (1). Similarly, thickness swelling measures the change of the thickness prior to and post-

immersion of the composite in water.
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Absorption weight% = @ x 100

where A = weight of the dried specimen, (g) and

B =weight of the specimen after immersion, (g)

[0096] The results of the mechanical testing and water absorption and thickness swelling are shown

below:

1 | C800 12

2 | Co_T80 12 30 min 33.75 + 4518 + 212 - Pass
0.35 0.210 6.56%

3 | C3_T76.4 12 4 days 42.40 + 3.758 + 0.71 - Pass
2.32 0.629 4.12%

4 | C20 T56.4 12 1 days 35.55 + - - -
1.35

5 C20_T514_J5 |12 - - - -
6 C0_T80 0.8 4 days 3414085 |- - Fail
7 C20_T56.4 0.8 4 days - - - -
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Claims
1. A composite product comprising a binder and coffee grounds.
2. The composite product of claim 1, wherein the binder is present in an amount between about

5% and about 45% by weight, or in an amount between about 10% and about 25% by weight, or in an

amount between about 15% and about 20% by weight.

3. The composite product of claim 1 or claim 2, wherein the binder is obtained from a waste
material.

4. The composite product of any one of claims 1 to 3, wherein the binder is a polymer.

5. The composite product of claim 4, wherein the polymer is a thermoset polymer.

6. The composite product of claim 5, wherein the thermoset polymer is an epoxy resin, polyester

resin or vinyl ester resin.

7. The composite product of any one of claims 1 to 6, wherein the coffee grounds are present in
an amount between about 5% and about 85% by weight, or in an amount between about 20% and

about 80% by weight, or in an amount between about 20% and about 40% by weight.

8. The composite product of any one of claims 1 to 7, further comprising a cellulosic material.

9. The composite product of claim 8, wherein the cellulosic material is present in an amount
between about 15% and about 75% by weight, or in an amount between about 40% and about 70% by

weight.

10. The composite product of claim 8 or claim 9, wherein the cellulosic material is a powder,

particulate, dust or fibers.

11. The composite product of any one of claims 8 to 10, wherein the cellulosic material is obtained
from waste.
12. The composite product of any one of claims 8 to 11, wherein the cellulosic material is jute or

timber.
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13. The composite product of claim 12, wherein the jute is in the form of fibers.
14. The composite product of claim 12, wherein the timber is in the form of saw dust.
15. The composite product of any one of claims 1 to 14, wherein the product is free, or
substantially free, of glass.
16. The composite product of any one of claims 1 to 15, further comprising a coupling agent.
17. The composite product of any one of claims 1 to 16, further comprising a pigment.
18. The composite product of any one of claims 1 to 17, which is in the form of a panel or a tile.

19. The composite product of any one of claims 1 to 18, which comprises greater than about 50%,
or greater than about 60%, or greater than about 70%, or greater than about 80% waste material by

weight.

20. The composite product of any one of claims 1 to 19, further comprising a coating.

21. The composite product of claim 20, wherein the coating is a zinc oxide coating.

22. The composite product of any one of claims 1 to 21, which is prepared by hot pressing or

casting.

23. A method for preparing a composite product comprising:

) forming a mixture comprising coffee grounds and a binder; and

(ii) applying heat and pressure to the mixture to form the composite product.

24, The method of claim 23, wherein in step (ii) the heat applied is less than about 300 °C, or less

than about 250 °C, or less than about 240 °C.

25. The method of claim 23 or claim 24, wherein in step (ii) the heat applied is between about

120 °C and about 180 °C.

26. The method of any one of claims 23 to 25, wherein in step (ii) the pressure applied is between

about 5 MPa and about 20 MPa.
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27. The method of any one of claims 23 to 26, wherein the binder is present in an amount between
about 5% and about 45% by weight, or in an amount between about 10% and about 25% by weight, or

in an amount between about 15% and about 20% by weight.

28. The method of any one of claims 23 to 27, wherein the coffee grounds are present in an
amount between about 5% and about 85% by weight, or in an amount between about 20% and about

80% by weight, or in an amount between about 20% and about 40% by weight.

29. The method of any one of claims 23 to 28, wherein the mixture further comprises a cellulosic
material.
30. The method of claim 29, wherein the cellulosic material is present in an amount between about

15% and about 75% by weight, or in an amount between about 40% and about 70% by weight.

31. The method of any one of claims 23 to 30, wherein the coffee grounds are dried prior to

forming the mixture.

32. The method of claim 31, wherein the coffee grounds are dried at a temperature of at least

about 80 °C prior to forming the mixture.

33. The method of any one of claims 23 to 32, wherein the mixture further comprises a catalyst.

34. The method of claim 33, wherein the catalyst is present in the mixture in an amount between
about 0.1% and about 10% by weight, or in an amount between about 0.5% and about 5% by weight

of the binder.

35. The method of any one of claims 23 to 34, wherein the mixture further comprises a pigment.
36. The method of any one of claims 23 to 35, wherein the mixture further comprises an inhibitor.
37. The method of claim 36, wherein the inhibitor is present in the mixture in an amount between

about 0.01% and about 2% by weight, or in an amount between about 0.05% and about 0.5% by

weight of the binder.

38. The method of any one of claims 23 to 37, wherein the mixture further comprises a coupling

agent.



WO 2022/073078 PCT/AU2021/051180

17
39. The method of any one of claims 23 to 39, wherein prior to forming the mixture the coffee
grounds are screened through 1 mm mesh.
40. The method of any one of claims 23 to 39, wherein the mixture is free, or substantially free, of

glass.
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