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The present disclosure describes articles that include decom-
position products from biodegradable compounds, and
related methods.
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BIODEGRADABLE ARTICLES COMPRISING
DECOMPOSITION PRODUCTS FROM
BIODEGRADABLE MATERIALS AND

RELATED METHODS

TECHNICAL FIELD

[0001] Articles comprising a biodegradable material and
an intrinsic binder comprising a decomposition product of
the biodegradable material, and methods for producing the
same, are generally described.

BACKGROUND

[0002] In a pristine, natural, non-human impacted world,
“waste” would be non-existent, where all things generated
as an output would be a useful input into another system,
serving as an essential component of nutrients to be recir-
culated and be participants in multiple ecosystems. Of
course, in a human-impacted world, the quantity alone of
waste streams generated worldwide is sufficient to nega-
tively impact the planet.

[0003] One third of all food produced globally today is
wasted; agricultural and food systems produce a staggering
1.3 billion tonnes that goes uneaten. Contributing to this
waste, the construction industry is one of the largest con-
tributors to the climate crisis. The World Economic Forum
has highlighted the industry’s waste as a major sustainability
challenge with annual waste figures expected to rise to 2.2
billion tonnes per year by 2025. Accordingly, articles and
methods for reducing and/or recycling waste and repurpos-
ing the waste into useful articles would be beneficial.

SUMMARY

[0004] The present disclosure describes articles that
include a biodegradable material held together, at least in
part, by an intrinsic binder that is derived from the biode-
gradable material itself (e.g., comprising a decomposition
product of the biodegradable product). Decomposition prod-
ucts derived from various waste feedstocks such as dis-
carded orange peels, coffee chaff, and other common organic
waste from households and various industries can be gen-
erated and used. These decomposition products may form an
intrinsic binder that binds portions of the remaining biode-
gradable material (e.g., a degraded material) of the article.
This disclosure also describes methods of producing articles
comprising the intrinsic binder. The subject matter of the
present disclosure involves, in some cases, interrelated prod-
ucts, alternative solutions to a particular problem, and/or a
plurality of different uses of one or more systems and/or
articles.

[0005] In one aspect, an article is described, the article
comprising a biodegradable material comprising a wt % of
lignin of greater than or equal to 17 wt % and/or less than
or equal to 31 wt % and having a first portion and a second
portion; and an intrinsic binder comprising a decomposition
product of the biodegradable material, wherein: a thickness
of'the article is greater than or equal to 1 mm and/or less than
or equal to 25 mm; a porosity of the article is greater than
or equal to 25% and less than or equal to 80%; a density of
the biodegradable material and/or the intrinsic binder is
greater than or equal to 0.8 g/cm® and less than or equal to
1.5 g/cm?®; and an amount of glucan in the article is less than
or equal to 47 wt %.
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[0006] Inanother aspect, an article is described, the article
comprising a biodegradable material comprising a wt % of
lignin of greater than or equal to 17 wt % and/or less than
or equal to 31 wt % and having a first portion and a second
portion; and an intrinsic binder comprising a decomposition
product of the biodegradable material, wherein: a thickness
of'the article is greater than or equal to 1 mm and/or less than
or equal to 25 mmy; a porosity of the article is greater than
or equal to 25% and less than or equal to 80%; a density of
the biodegradable material and/or the intrinsic binder is
greater than or equal to 0.8 g/cm® and less than or equal to
1.5 g/cm®; and an amount of glucan in the article is greater
than or equal to 54 wt %.

[0007] Inanother aspect, an article is described, the article
comprising a biodegradable material comprising a wt % of
lignin of greater than or equal 0.05 wt % and/or less than or
equal to 7 wt % and having a first portion and a second
portion; and an intrinsic binder comprising a decomposition
product of the biodegradable material, wherein the intrinsic
binder is bound to the first portion and the second portion of
the biodegradable material, wherein: a thickness of the
article is greater than or equal to 1 mm and/or less than or
equal to 25 mm; a porosity of the article is greater than or
equal to 25% and less than or equal to 80%; a density of the
article is greater than or equal to 0.3 g/cm® and less than or
equal to 1.8 g/cm?; and an amount of glucan in the article is
not between 47 wt % and 54 wt %.

[0008] Inanother aspect, an article is described, the article
comprising a biodegradable material comprising a wt % of
lignin of greater than or equal 0.05 wt % and/or less than or
equal to 7 wt % and having a first portion and a second
portion; and an intrinsic binder comprising a decomposition
product of the biodegradable material, wherein the intrinsic
binder is bound to the first portion and the second portion of
the biodegradable material, wherein: a thickness of the
article is greater than or equal to 1 mm and/or less than or
equal to 25 mm; a porosity of the article is greater than or
equal to 25% and less than or equal to 80%; a density of the
article is greater than or equal to 0.3 g/cm® and less than or
equal to 1.8 g/cm?; and an amount of glucan in the article is
less than or equal to 47 wt %.

[0009] In another aspect, an article is described, the article
comprising a biodegradable material comprising a wt % of
lignin of greater than or equal 0.05 wt % and/or less than or
equal to 7 wt % and having a first portion and a second
portion; and an intrinsic binder comprising a decomposition
product of the biodegradable material, wherein the intrinsic
binder is bound to the first portion and the second portion of
the biodegradable material, wherein: a thickness of the
article is greater than or equal to 1 mm and/or less than or
equal to 25 mm; a porosity of the article is greater than or
equal to 25% and less than or equal to 80%; a density of the
article is greater than or equal to 0.3 g/cm> and less than or
equal to 1.8 g/cm>; and an amount of glucan in the article is
greater than or equal to 54 wt %.

[0010] Inanother aspect, an article is described, the article
comprising a biodegradable material comprising a wt % of
lignin of greater than or equal 0.05 wt % and/or less than or
equal to 7 wt % and having a first portion and a second
portion; and an intrinsic binder comprising a decomposition
product of the biodegradable material, wherein the intrinsic
binder is bound to the first portion and the second portion of
the biodegradable material, wherein: a thickness of the
article is greater than or equal to 1 mm and/or less than or
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equal to 25 mm; a porosity of the article is greater than or
equal to 25% and less than or equal to 80%; a density of the
article is greater than or equal to 0.3 g/cm® and less than or
equal to 1.8 g/cm>; and an amount of glucan in the article is
not between 47 wt % and 54 wt %.

[0011] In a different aspect, a method is described, the
method comprising, with a biodegradable material compris-
ing a wt % of lignin of greater than or equal 0.05 wt % and/or
less than or equal to 7 wt % and having a first portion and
a second portion, performing the steps of: reducing a particle
size of the biodegradable material to an average diameter of
less than or equal to 10 mm and/or greater than or equal to
1 mm; degrading at least a portion of the biodegradable
material into a decomposition product of the biodegradable
material and a degraded material; forming an intrinsic binder
comprising the decomposition product of the biodegradable
material, wherein the intrinsic binder is bound to the first
portion and the second portion of the biodegradable mate-
rial, wherein an amount of glucan in the article is less than
or equal to 47 wt %.

[0012] In a another aspect, a method is described, the
method comprising, with a biodegradable material compris-
ing a wt % of lignin of greater than or equal 0.05 wt % and/or
less than or equal to 7 wt % and having a first portion and
a second portion, performing the steps of: reducing a particle
size of the biodegradable material to an average diameter of
less than or equal to 10 mm and/or greater than or equal to
1 mm; degrading at least a portion of the biodegradable
material into a decomposition product of the biodegradable
material and a degraded material; forming an intrinsic binder
comprising the decomposition product of the biodegradable
material, wherein the intrinsic binder is bound to the first
portion and the second portion of the biodegradable mate-
rial, wherein an amount of glucan in the article is greater
than or equal to 54 wt %.

[0013] In yet another aspect, a method is described, the
method comprising, with a biodegradable material compris-
ing a wt % of lignin greater than or equal to 17 wt % and/or
less than or equal to 31 wt % and having a first portion and
a second portion, performing the steps of: reducing a particle
size of the biodegradable material to an average diameter of
less than or equal to 0.005 mm and/or greater than or equal
to 15 mm; degrading at least a portion of the biodegradable
material into a decomposition product of the biodegradable
material and a degrade material; forming an intrinsic binder
comprising the decomposition product of the biodegradable
material, wherein the intrinsic binder is bound to the first
portion and the second portion of the biodegradable mate-
rial, wherein an amount of glucan in the article is not
between 47 wt % and 54 wt %.

[0014] In a different aspect, a method is described, the
method comprising, with a biodegradable material compris-
ing a wt % of lignin of greater than or equal 0.05 wt % and/or
less than or equal to 7 wt % and having a first portion and
a second portion, performing the steps of: reducing a particle
size of the biodegradable material to an average diameter of
less than or equal to 10 mm and/or greater than or equal to
1 mm; degrading at least a portion of the biodegradable
material into a decomposition product of the biodegradable
material and a degraded material; forming an intrinsic binder
comprising the decomposition product of the biodegradable
material, wherein the intrinsic binder is bound to the first
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portion and the second portion of the biodegradable mate-
rial, wherein an amount of glucan in the article is less than
or equal to 47 wt %.

[0015] In a different aspect, a method is described, the
method comprising, with a biodegradable material compris-
ing a wt % of lignin of greater than or equal 0.05 wt % and/or
less than or equal to 7 wt % and having a first portion and
a second portion, performing the steps of: reducing a particle
size of the biodegradable material to an average diameter of
less than or equal to 10 mm and/or greater than or equal to
1 mm; degrading at least a portion of the biodegradable
material into a decomposition product of the biodegradable
material and a degraded material; forming an intrinsic binder
comprising the decomposition product of the biodegradable
material, wherein the intrinsic binder is bound to the first
portion and the second portion of the biodegradable mate-
rial, wherein an amount of glucan in the article is greater
than or equal to 54 wt %.

[0016] In yet another aspect, a method is described, the
method comprising, with a biodegradable material compris-
ing a wt % of lignin greater than or equal to 17 wt % and/or
less than or equal to 31 wt % and having a first portion and
a second portion, performing the steps of: reducing a particle
size of the biodegradable material to an average diameter of
less than or equal to 0.005 mm and/or greater than or equal
to 15 mm; degrading at least a portion of the biodegradable
material into a decomposition product of the biodegradable
material and a degrade material; forming an intrinsic binder
comprising the decomposition product of the biodegradable
material, wherein the intrinsic binder is bound to the first
portion and the second portion of the biodegradable mate-
rial, wherein an amount of glucan in the article is not
between 47 wt % and 54 wt %.

[0017] Other advantages and novel features of the present
disclosure will become apparent from the following detailed
description of various non-limiting embodiments of the
invention when considered in conjunction with the accom-
panying figures. In cases where the present specification and
a document incorporated by reference include conflicting
and/or inconsistent disclosure, the present specification shall
control.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Non-limiting embodiments of the present invention
will be described by way of example with reference to the
accompanying figures, which are schematic and are not
intended to be drawn to scale. In the figures, each identical
or nearly identical component illustrated is typically repre-
sented by a single numeral. For purposes of clarity, not every
component is labeled in every figure, nor is every compo-
nent of each embodiment of the invention shown where
illustration is not necessary to allow those of ordinary skill
in the art to understand the invention. In the figures:
[0019] FIGS. 1A-1C show methods for forming an article
from a biodegradable material, according to some embodi-
ments; and

[0020] FIG. 2 is an illustrative example showing a surface
finish on an article, according to some embodiments.

DETAILED DESCRIPTION

[0021] Described by the disclosure below are articles (e.g.,
mats) that reduce the amount of common organic waste by
recycling this waste into useable and recyclable articles
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suitable for a variety of purposes, including construction,
packaging, and insulation. These applications and other
applications are described in more detail below. Derived
from waste materials, the articles described herein find a
balance between biodegradability, so as not to create future
waste products, and robustness, so as to meet the demands
of the user (e.g., flexibility, rigidity, water resistance).
Adopting this philosophy of waste, this “waste” can be
transformed into a valuable articles (e.g., a mat) that can be
recirculated and recycled. A broad range of waste streams
can be used as a feedstock to make articles (e.g., mats,
composite materials) with tunable properties, for example,
tunable mechanical properties (e.g., flexible, rigid, thermo-
plastic behavior) and/or tunable chemical properties (e.g.,
water resistant).

[0022] Also described are methods that convert waste
(e.g., excess resources, by-products from existing industries)
into articles with desirable properties suitable for high-
demand applications and products. These methods include a
variety of processing techniques including grinding, shred-
ding, milling (e.g., hammermilling, ball milling), acid treat-
ments, pressing and/or steam treatments (e.g., steam explod-
ing). Other techniques may also be included and are
described in more detail below.

[0023] Various embodiments describe biodegradable
articles comprising an intrinsic binder, wherein the intrinsic
binder comprise a decomposition product of a biodegradable
material of the article, and methods for processing these
biodegradable materials (e.g., waste feedstocks, such as
discarded orange peels, coffee chaff) to produce decompo-
sition products of the biodegradable that can reduce or
eliminate the need for additional additives (e.g., external
binders) to the article. In some embodiments, one or more
decomposition products may form (at least a part) the
intrinsic binder, which can bind the remaining biodegradable
material (e.g., particles of the biodegradable material and/or
the degraded biodegradable material) to itself, thereby form-
ing an article comprising the biodegradable material and the
remaining biodegradable material and the intrinsic binder.

[0024] By way of comparison, many existing materials
produced from biodegradable waste feedstocks require the
inclusion of an external binding agent in order to hold the
feedstock (i.e., remaining particles of the feedstock) together
into one, cohesive unit. For example, one existing material
can be prepared from waste wood pulp derived from an
industrial process. The wood pulp can be processed by
shredding the wood pulp into smaller pieces, and the smaller
pieces can be held together by an external binder that
adheres the pieces of shredded wood pulp to one another.
However, these external binders can negatively affect the
resultant properties of the material, for example, by making
the material too stiff or lowering the recyclability or reus-
ability of the material.

[0025] Ithas been appreciated in the context of the present
disclosure that the amount of external binder (and/or other
additives) can be dramatically reduced, and in some cases,
eliminated, using the articles and methods provided herein.
By processing the biodegradable waste feedstock (e.g., a
biodegradable material) to release certain decomposition
products, these decomposition products can form a binder
derived directly from the biodegradable material that can act
as a binding agent (i.e., an intrinsic binder). That is, in some
embodiments, the biodegradable material (e.g., biodegrad-
able material from a waste feedstock) is processed such that
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at least a portion of the biodegradable material produces an
intrinsic binder that comprise a decomposition product of
the biodegradable material. This intrinsic binder can be used
to hold together remaining portions of the biodegradable
material (e.g., portions of the biodegradable material,
degraded material) and/or additional components of the
article comprising the intrinsic binder.

[0026] In some cases, an external binder can be added, but
the amount of this external binder required to hold the
remaining feedstock material together is less than would be
required in the absence of the intrinsic binder, thereby
mitigating or eliminating the negative properties imparted to
a comparable existing material with the external binder but
no intrinsic binder. In other cases, however, no external
binder is added at all, and the article is held together (at least
in part) by the intrinsic binder.

[0027] As described above, in some embodiments, a bio-
degradable material is processed to produce a decomposition
product. In some embodiments, the decomposition product
comprises organic polymers (e.g., cellulose, lignin, hemi-
cellulose). In some such embodiments, an intrinsic binder is
formed, at least in part, from the decomposition product. In
some such embodiments, a plurality of decomposition prod-
ucts of the biodegradable material can be produced, and at
least some of these decomposition products forms the intrin-
sic binder. The biodegradable material need not be com-
pletely decomposed in order to form a decomposition prod-
uct. For many embodiments, the biodegradable material is
only partially degraded such that it forms a decomposition
product and a degraded material, the degraded material
comprising decomposed portions of the biodegradable mate-
rial. The intrinsic binder can then bind remaining portions of
the biodegradable material with the degraded material to
form a cohesive unit binding portions of the biodegradable
material with one another and/or with portions of the
degraded material.

[0028] It should be understood, however, that for some
embodiments, the biodegradable material is processed such
that most or all of the biodegradable material is converted
into one or more decomposition products, such that an
article (e.g., a mat) comprises portions of biodegradable
material held together by an intrinsic binder comprising the
one or more decomposition products, with little to no
degraded material present within the article. That is, in some
embodiments, an article comprises portions of the biode-
gradable material held together by the intrinsic binder, with
little or no degraded material within the article.

[0029] In some embodiments, an article includes a biode-
gradable material and a relatively high amount of degraded
material. In some embodiments, an amount of degraded
material in the article is greater than or equal to 20 wt %,
greater than or equal to 30 wt %, greater than or equal to 40
wt %, greater than or equal to 45 wt %, greater than or equal
to 50 wt %, greater than or equal to 55 wt %, greater than
or equal to 60 wt %, greater than or equal to 65 wt %, greater
than or equal to 70 wt %, greater than or equal to 75 wt %,
greater than or equal to 80 wt %, greater than or equal to 85
wt %, or greater than or equal to 90 wt %, with respect to the
total weight of the article. In some embodiments, the amount
of degraded material in the article is less than or equal to 90
wt %, less than or equal to 85 wt %, less than or equal to 80
wt %, less than or equal to 75 wt %, less than or equal to 70
wt %, less than or equal to 65 wt %, less than or equal to 60
wt %, less than or equal to 55 wt %, less than or equal to 50
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wt %, less than or equal to 45 wt %, less than or equal to 40
wt %, less than or equal to 30 wt %, or less than or equal to
20 wt %, with respect to the total weight of the article.
Combinations of the above-referenced ranges are also pos-
sible (e.g., greater than or equal to 40 wt % and less than or
equal to 90 wt %). Other ranges are possible. The remaining
weight percentage (e.g., to total 100 wt %) of the article can
be the biodegradable material, the intrinsic binder, and/or
other additives (e.g., an external binder, antimicrobial
agents).

[0030] In some embodiments, an article includes a biode-
gradable material and a relatively low amount of degraded
material. In some embodiments, the amount of degraded
material in the article is less than or equal to 20 wt %, less
than or equal to 15 wt %, less than or equal to 12 wt %, less
than or equal to 10 wt %, less than or equal to 9 wt %, less
than or equal to 7 wt %, less than or equal to 5 wt %, less
than or equal to 3 wt %, less than or equal to 2 wt %, less
than or equal to 1 wt %, or less than or equal to 0.1 wt %,
with respect to the total weight of the article. In some
embodiments, an amount of degraded material in the article
is greater than or equal to 0.1 wt %, greater than or equal to
1 wt %, greater than or equal to 2 wt %, greater than or equal
to 3 wt %, greater than or equal to 5 wt %, greater than or
equal to 7 wt %, greater than or equal to 9 wt %, greater than
or equal to 10 wt %, greater than or equal to 12 wt %, greater
than or equal to 15 wt %, or greater than or equal to 20 wt
%, with respect to the total weight of the article. Combina-
tions of the above-referenced ranges are also possible (e.g.,
greater than or equal to 0.1 wt % and less than or equal to
20 wt %). Other ranges are possible. In some embodiments,
the article comprises no degraded material. The remaining
weight percentage (e.g., to total 100 wt %) of the article can
be the biodegradable material, the intrinsic binder, and/or
other additives (e.g., an external binder, antimicrobial
agents).

[0031] As was mentioned above, the articles described
herein comprise a biodegradable material, which can be
decomposed (or at least partially decomposed) to form a
degraded material and a decomposition product of the
biodegradable material. The decomposition product, at least
a portion of the decomposition product, and/or a further
decomposition product of the decomposition product may
form an intrinsic binder, wherein the intrinsic binder is
bound to portions (e.g., a first portion, a second portion) of
the biodegradable material. That is, in some embodiments,
the intrinsic binder comprises a decomposition product of
the biodegradable material, wherein the intrinsic binder is
bound to the first portion and the second portion of the
biodegradable material. In some embodiments, one or more
decomposition compounds comprise one or more functional
groups (e.g., —OH, —NH,, —NH—) that facilitate cross-
linking to adjacent species (e.g., crosslinking between por-
tions of biodegradable portion with one another, portions of
the degraded material with one another, portions of the
biodegradable material and the degraded material with one
another). Without wishing to be bound by any particular
theory, the biodegradable material can be disrupted (e.g., to
produce a decomposition product of the biodegradable mate-
rial) and comprises structures (e.g., pockets, crevices) com-
prising hydroxyl groups, which can hydrogen bond (e.g.,
hydrogen bond donor and/or hydrogen bond acceptor) with
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other hydroxyl groups of the biodegradable material (e.g., a
first portion of the biodegradable material) and/or other
decomposition products.

[0032] In some embodiments, the biodegradable material
is processed (e.g., ground, shredded) such that particles of
the biodegradable material are formed. Details on process-
ing are described in more details below, but, in brief, various
embodiments may comprise the biodegradable material as
particles of the biodegradable material. In some such
embodiments, the intrinsic binder (e.g., comprising one or
more decomposition products of the biodegradable material)
may crosslink at least a portion of the particles of the
biodegradable material and/or degraded material (e.g., par-
ticles of degraded material). In some such embodiments, the
intrinsic binder forms a network of' bonds (e.g., crosslinking)
throughout the article. In some such embodiments, the
article can then be formed into a sheet or a mat.

[0033] In some embodiments, at least a portion of the
biodegradable material is crosslinked such that there are
bonds connecting two or more components (e.g., two or
more portions of the biodegradable to one another, two or
more portions of the degraded material, two more portions
of the biodegradable material and/or the degraded material)
through at least one position of the intrinsic binder. For
instance, an article may have a particular percentage of
crosslinked material (e.g., by weight), wherein a portion
(e.g., a first portion) of the biodegradable material may be
linked to at least one position of the intrinsic binder and
another portion (e.g., a second portion) of the biodegradable
material. In some embodiments, crosslinking bonds are
covalent bonds. In some embodiments, crosslinking bonds
are non-covalent (e.g., ionic bonds, hydrogen bonds, dipole-
dipole interactions, London dispersion forces). In some
embodiments, crosslinking comprises a combination of
covalent and/or non-covalent interactions.

[0034] In some embodiments, an article is greater than or
equal to 20% crosslinked, by weight. That is, greater than or
equal to 20% of the biodegradable material (e.g., portions of
the biodegradable material, particles of the biodegradable
material) that makes up the article, by weight, are cross-
linked (e.g., through the intrinsic binder). In some embodi-
ments, greater than or equal to 20 wt %, greater than or equal
to 30 wt %, greater than or equal to 40 wt %, greater than
or equal to 50 wt %, greater than or equal to 60 wt %, greater
than or equal to 70 wt %, greater than or equal to 80 wt %,
greater than or equal to 90 wt %, greater than or equal to 95
wt %, greater than or equal to 99 wt %, greater than or equal
t0 99.9 wt %, or greater than or equal to 99.99 wt % of the
article is crosslinked by the intrinsic binder. In some
embodiments, less than or equal to 99.99 wt %, less than or
equal to 99.9 wt %, less than or equal to 99 wt %, less than
or equal to 95 wt %, less than or equal to 90 wt %, less than
or equal to 80 wt %, less than or equal to 70 wt %, less than
or equal to 60 wt %, less than or equal to 50 wt %, less or
equal to 40 wt %, less than or equal to 30 wt %, or less than
or equal to 20 wt % of the article is crosslinked. Combina-
tions of the above-referenced ranges are also possible (e.g.,
greater than or equal to 20 wt % and less than or equal to
99.99 wt %). Other ranges are possible.

[0035] In some embodiments, a biodegradable material is
used to form an article. For example, FIG. 1A shows a
method 100 for forming an article comprising a feedstock
material that is or includes a. In FIG. 1A, reactor 110 is filled
a biodegradable material comprising a of a first dimension
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120A. As is described in more detail below, in some embodi-
ments, the biodegradable material can be reduced in size.
For example, in FIG. 1A the biodegradable material of the
first dimension 120 is processed (process 140) to smaller
size of the biodegradable material of a second dimension
125. During and/or after processing step 140, an intrinsic
binder 130 may form from a decomposition product of a
biodegradable material and may crosslink (e.g., via a bind-
ing step 142) or otherwise bind together the portions of the
biodegradable material of the second size 120B. In some
embodiments, the intrinsic binder also binds portions of
degraded material (e.g., partially decomposed biodegradable
material). For example, in FIG. 1A, the intrinsic binder 130
binds a degraded material 122 to other portions of the
degraded material 122 and the biodegradable material of the
second size 120B.

[0036] In some embodiments, in addition to an intrinsic
binder, an external binder is added to the biodegradable
material. For example, FIG. 1B includes a process 144 in
which an external binder 135 has been added, and both
intrinsic binder 130 and external binder 135 crosslink or
otherwise bind together the biodegradable material of a
second dimension 120B. In some such embodiments, both
the intrinsic binder and the external binder hold the biode-
gradable material together (e.g., bind particles of the biode-
gradable material to one another), shown as crosslinked
material 139 in FIG. 1B.

[0037] The methods described in FIGS. 1A-1B can be
used to form an article. For example, in FIG. 1C, crosslinked
material 139 is compressed (compression 149) to form an
article 160, article 160 comprising crosslinked portions of
the biodegradable material and the degraded material.
[0038] The articles described herein may have one or more
advantageous properties as described herein. In one particu-
lar embodiment, the article comprises a biodegradable hav-
ing a wt % of lignin of greater than or equal 0.05 wt % and/or
less than or equal to 7 wt %, and an intrinsic binder
comprising a decomposition product of the biodegradable
material, wherein at least a portion of the intrinsic binder is
bound to at least a portion of the biodegradable material
(e.g., a first portion, a second portion) by the intrinsic binder.
The thickness of the article is greater than or equal to 1 mm
and/or less than or equal to 25 mm, a porosity of the article
is greater than or equal to 25% and less than or equal to 80%,
and a density of the article is greater than or equal to 0.3
g/cm® and less than or equal to 1.8 g/cm>. In some cases, an
amount of glucan in the article not between 47 wt % and 54
wt %.

[0039] As mentioned elsewhere herein, an article may
comprise a biodegradable material, an intrinsic binder, and/
or an external binder. The biodegradable material may
comprise a variety of suitable materials. Non-limiting
examples of biodegradable materials include orange peels,
coffee chaff, grass clippings, coconut waste (e.g., coconut
husk and/or shell), food waste, vegetation, and/or biode-
gradable polymers (e.g., polyhydroxyalkanoate). In some
embodiments, the biodegradable material comprises hair
(e.g., human hair). In some embodiments, the biodegradable
material comprises lignin, cellulose, and/or hemicellulose.
In some embodiments, the biodegradable material is
selected to impart beneficial properties to the resulting
article, such as bioresistence. For example, in some embodi-
ments, the biodegradable material comprises an antimicro-
bial agent (e.g., limonene), and the resulting article may also
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have antimicrobial properties. Of course, other properties
are possible, as this disclosure is not so limited, and addi-
tional properties are described elsewhere herein.

[0040] In some embodiments, the biodegradable material
comprises a protein (e.g., keratin). In some embodiments, a
wt % of a protein in the biodegradable material is greater
than or equal to 15 wt %, greater than or equal to 20 wt %,
greater than or equal to 30 wt %, greater than or equal to 40
wt %, greater than or equal to 50 wt %, greater than or equal
to 60 wt %, greater than or equal to 70 wt %, greater than
or equal to 80 wt %, greater than or equal to 90 wt %, or
greater than or equal to 95 wt %, with respect to a total
weight of the biodegradable material. In some embodiments,
awt % of a protein in the biodegradable material is less than
or equal to 95 wt %, less than or equal to 90 wt %, less than
or equal to 80 wt %, less than or equal to 70 wt %, less than
or equal to 60 wt %, less than or equal to 50 wt %, less than
or equal to 40 wt %, less than or equal to 30 wt %, less than
or equal to 20 wt %, or less than or equal to 15 wt %, with
respect to a total weight of the biodegradable material.
Combinations of the above-referenced ranges are also pos-
sible (e.g., greater than or equal to 15 wt % and less than or
equal to 95 wt %). Other ranges are possible.

[0041] In some cases, a biodegradable material (e.g., a
biodegradable material of the article) comprises lignin. In
some embodiments, the wt % of lignin in the biodegradable
material is greater than or equal to 0.05 wt %, greater than
or equal to 0.06 wt %, greater than or equal to 0.01 wt %,
greater than or equal to 0.25 wt %, greater than or equal to
0.5 wt %, greater than or equal to 1 wt %, greater than or
equal to 2 wt %, greater than or equal to 5 wt %, greater than
or equal to 10 wt %, greater than or equal to 15 wt %, greater
than or equal to 20 wt %, greater than or equal to 25 wt %,
greater than or equal to 30 wt %, greater than or equal to 34
wt %, greater than or equal to 35 wt %, greater than or equal
to 40 wt %, greater than or equal 45 wt %, or greater than
or equal to 50 wt %, with respect to a total weight of the
biodegradable material. In some embodiments, the wt % of
lignin in the biodegradable material is less than or equal to
50 wt %, less than or equal to 45 wt %, less than or equal
40 wt %, less than or equal to 35 wt %, less than or equal
to 34 wt %, less than or equal to 30 wt %, less than or equal
to 25 wt %, less than or equal to 20 wt %, less than or equal
to 15 wt % less than or equal to 10 wt %, less than or equal
to 5 wt %, less than or equal to 2 wt %, less than or equal
to 1 wt %, less than or equal to 0.5 wt %, less than or equal
to 0.25 wt %, less than or equal to 0.01 wt %, less than or
equal to 0.06 wt %, or less than or equal to 0.05 wt %, with
respect to a total weight of the biodegradable material.
Combinations of the above-referenced ranges are also pos-
sible (e.g., greater than or equal to 0.06 wt % and less than
or equal to 34 wt %, greater than or equal to 0.05 wt % and
less than or equal to 7 wt %). Other ranges are possible.

[0042] Various amounts of cellulose in the biodegradable
material are also possible. In some cases, an amount of
cellulose in the biodegradable material is greater than or
equal to 6 wt %, greater than or equal to 7 wt %, greater than
or equal to 8 wt %, greater than or equal to 10 wt %, greater
than or equal to 12 wt %, greater than or equal to 14 wt %,
greater than or equal to 16 wt %, or greater than or equal to
17 wt %, with respect to a total weight of the biodegradable
material. In some embodiments, the amount of cellulose in
the biodegradable material is less than or equal to 17 wt %,
less than or equal to 16 wt %, less than or equal to 15 wt %,
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less than or equal to 13 wt %, less than or equal to 11 wt %,
less than or equal to 9 wt %, less than or equal to 7 wt %,
or less than or equal to 6 wt %, with respect to a total weight
of the biodegradable material. Combinations of the above-
referenced ranges are also possible (e.g., greater than or
equal to 6 wt % and less than or equal to 17 wt %). Other
ranges are also possible.

[0043] Various amounts of hemicellulose in the biode-
gradable material are also possible. In some cases, an
amount of hemicellulose in the biodegradable material is
greater than or equal to 6 wt %, greater than or equal to 7 wt
%, greater than or equal to 8 wt %, greater than or equal to
10 wt %, greater than or equal to 12 wt %, greater than or
equal to 14 wt %, greater than or equal to 16 wt %, or greater
than or equal to 17 wt %, with respect to a total weight of
the biodegradable material. In some embodiments, the
amount of hemicellulose in the biodegradable material is
less than or equal to 17 wt %, less than or equal to 16 wt %,
less than or equal to 15 wt %, less than or equal to 13 wt %,
less than or equal to 11 wt %, less than or equal to 9 wt %,
less than or equal to 7 wt %, or less than or equal to 6 wt %,
with respect to a total weight of the biodegradable material.
Combinations of the above-referenced ranges are also pos-
sible (e.g., greater than or equal to 6 wt % and less than or
equal to 17 wt %). Other ranges are also possible.

[0044] In some cases, the biodegradable material is pro-
cessed (e.g., mechanically treated, chemically treated). Pro-
cessing may comprise one or more steps (e.g., multiple
steps), as described elsewhere herein. In some embodiments,
the is processed such that a biodegradable material of a first
size or dimension (e.g., a first average diameter) is reduced
in a size or dimension to a second size or dimension of the
biodegradable material.

[0045] In some cases, after processing (e.g., grinding,
milling), the biodegradable material (e.g., of a first size, of
a second size) may have an average diameter of less than or
equal to 10 mm, less than or equal to 9 mm, less than or
equal to 8 mm, less than or equal to 7 mm, less than or equal
to 6 mm, less than or equal to 5 mm, less than or equal to
4 mm, less than or equal to 3 mm, less than or equal to 2 mm,
or less than or equal to 1 mm. In some cases, the biode-
gradable material may have an average diameter of greater
than or equal to 1 mm, greater than or equal to 2 mm, greater
than or equal to 3 mm, greater than or equal to 4 mm, greater
than or equal to 5 mm, greater than or equal to 6 mm, greater
than or equal to 7 mm, greater than or equal to 8 mm, greater
than or equal to 9 mm, or greater than or equal to 10 mm.
Combinations of the above-referenced ranges are also pos-
sible (e.g., greater than or equal to 2 mm and less than or
equal to 10 mm). Other ranges are possible.

[0046] As was described in some detail about, an article as
described herein may comprises a biodegradable material
and an intrinsic binder. In some cases, the intrinsic binder
comprises a decomposition product of a biodegradable
material. In some such cases, at least a portion of the
decomposition product forms the intrinsic binder as
described elsewhere herein. In some embodiments, the
decomposition product forms the entirety of the intrinsic
binder. In some embodiments, the decomposition product is
configured to undergo one or more further reactions to form
additional decomposition products of the biodegradable
material, and these additional decomposition products may
also form, in part, or the entirety, of the intrinsic binder.
Mixtures of the decomposition product and/or additional
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decomposition products of the biodegradable material are
possible. Accordingly, in some such cases, at least a portion
of the intrinsic binder comprises the intrinsic binder.

[0047] In some embodiments, the biodegradable material
and/or the intrinsic binder comprises species (e.g., lignin,
hemicellulose, or the like) such that processing the species
exposes functional groups (e.g., —OH, —NH-—). Func-
tional groups, once exposed, can bond with a portion of the
biodegradable material, degraded material, and/or other por-
tions of the intrinsic binder in order to form a network of
bonds between the biodegradable material, the intrinsic
binder, and/or an external binder.

[0048] In some cases, the intrinsic binder crosslinks the
biodegradable material and/or the intrinsic binder. Accord-
ing to some embodiments, at least a portion of the intrinsic
binder is bound to at least a portion of the biodegradable
material (e.g., a first portion, a second portion) by the
intrinsic binder. In some embodiments, crosslinking the
portions of the biodegradable material and/or other portions
of the intrinsic binder using the intrinsic binder forms an
article (e.g., a mat, sheet, layer, composite).

[0049] In some embodiments, a particular amount of an
intrinsic binder (e.g., comprising a decomposition product of
the biodegradable material) is present in the article. In some
embodiments, the intrinsic binder is present in the article at
amount greater than or equal to 0.01 wt %, greater than or
equal to 0.02 wt %, greater than or equal to 0.03 wt %,
greater than or equal to 0.05 wt %, greater than or equal to
0.1 wt %, greater than or equal to 0.15 wt %, greater than or
equal to 0.2 wt %, greater than or equal to 0.3 wt %, greater
than or equal to 0.5 wt %, greater than or equal to 1 wt %,
greater than or equal to 1.5 wt %, greater than or equal to 2
wt %, greater than or equal to 2.5 wt %, greater than or equal
to 3 wt %, greater than or equal to 5 wt %, greater than or
equal to 10 wt %, greater than or equal to 15 wt %, greater
than or equal to 20 wt %, greater than or equal to 25 wt %,
or greater than or equal to 30 wt % with respect to the total
weight of the article. In some cases, the intrinsic binder is
present at less than or equal to 30 wt %, less than or equal
to 25 wt %, less than or equal to 20 wt %, less than or equal
to 15 wt %, less than or equal to 10 wt %, less than or equal
to 5 wt %, less than or equal to 3 wt %, less than or equal
to 2.5 wt %, less than or equal to 2 wt %, less than or equal
to 1.5 wt %, less than or equal to 1 wt %, less than or equal
t0 0.5 wt %, less than or equal to 0.3 wt %, less than or equal
to 0.2 wt %, less than or equal to 0.15 wt %, less than or
equal to 0.1 wt %, less than or equal to 0.05 wt %, less than
or equal to 0.03 wt %, less than or equal to 0.02 wt %, or less
than 0.01 wt % with respect to the total weight of the article.
Combinations of the above-referenced ranges are possible
(e.g., greater than or equal to 0.01 wt % and less than or
equal to 20 wt %, greater than or equal to 0.01 wt % and less
than or equal to 30 wt %). Other ranges are also possible.

[0050] According to some embodiments, an article com-
prising a biodegradable material, a degraded material, and/or
an intrinsic binder may further comprise an external binder.
In some cases, the external binder comprises tapioca starch,
water, and/or a base. In some embodiments, the external
binder comprises starch, thermoplastic starch, pectin, cellu-
lose, chitin, chitosan, lignin, tannins, pine resin, and or a
polyhydroxyalkanoate (PHA). In some cases, wherein the
external binder comprises a starch, the starch may originate
from a variety of sources. For example, suitable sources for
starches include, cassava, potato, corn, barley, sorghum,
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and/or wheat. Combinations of these starches are also pos-
sible (for example, tapioca starch and potato starch). Addi-
tionally, combinations of external binders other than differ-
ent types of starches are also contemplated (for example,
starches and cellulose). Other combinations of external
binders are also possible, as this disclosure is not so limited.

[0051] An external binder, in some cases, acts similarly to
an intrinsic binder, in that it may crosslink a biodegradable
material (e.g., portions of the biodegradable material),
degraded material and/or the intrinsic binder (e.g., portions
of the intrinsic binder). That is, the external binder may
portions of the biodegradable material, portions of the
degraded material, and/or portions of the intrinsic binder via
covalent and/or non-covalent bonding. It is noted, however,
that the crosslinking performed by the external binder can
be, or need not be the same (e.g., chemically the same,
having the same composition as the external binder) as the
crosslinking performed by the intrinsic linker. As a non-
limiting example, the external binder may crosslink a bio-
degradable material, degraded material, and/or the intrinsic
binder using covalent bonds, whereas the intrinsic binder
may crosslink the biodegradable material, degraded material
and/or portions of the intrinsic binder using non-covalent
bonds (e.g., ionic bonds, London dispersion forces). In some
cases, the external binder binds at least a portion of the
biodegradable material, at least a portion of the degraded
material, and/or the intrinsic binder. Advantageously, in
some embodiments, the presence of an external binder may
not be necessary, as the intrinsic binder may crosslink the
biodegradable material, the degraded material, and/or other
portions of the intrinsic binder to form an article without the
need for an external binder. However, a relatively small
amount of external binder may be added to enhance prop-
erties of the article (e.g., increase stiffness, increase hydro-
phobicity).

[0052] In some embodiments, a particular amount of an
external binder is present in the article. In some embodi-
ments, the external binder is present in the article at amount
greater than or equal to 0.01 wt %, greater than or equal to
0.02 wt %, greater than or equal to 0.03 wt %, greater than
or equal to 0.05 wt %, greater than or equal to 0.1 wt %,
greater than or equal to 0.15 wt %, greater than or equal to
0.2 wt %, greater than or equal to 0.3 wt %, greater than or
equal to 0.5 wt %, greater than or equal to 1 wt %, greater
than or equal to 1.5 wt %, greater than or equal to 2 wt %,
greater than or equal to 2.5 wt %, greater than or equal to 3
wt %, greater than or equal to 5 wt %, greater than or equal
to 10 wt %, greater than or equal to 15 wt %, greater than
or equal to 20 wt %, greater than or equal to 25 wt %, greater
than or equal to 30 wt %, greater than or equal to 35 wt %,
greater than or equal to 40 wt %, or greater than or equal to
45 wt %, with respect to the total weight of the article. In
some cases, the external binder is present at less than or
equal to 45 wt %, less than or equal to 40 wt %, less than or
equal to 35 wt %, less than or equal to 30 wt %, less than or
equal to 25 wt %, less than or equal to 20 wt %, less than or
equal to 15 wt %, less than or equal to 10 wt %, less than or
equal to 5 wt %, less than or equal to 3 wt %, less than or
equal to 2.5 wt %, less than or equal to 2 wt %, less than or
equal to 1.5 wt %, less than or equal to 1 wt %, less than or
equal to 0.5 wt %, less than or equal to 0.3 wt %, less than
or equal to 0.2 wt %, less than or equal to 0.15 wt %, less
than or equal to 0.1 wt %, less than or equal to 0.05 wt %,
less than or equal to 0.03 wt %, less than or equal to 0.02 wt
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%, or less than 0.01 wt % with respect to the total weight of
the article. Combinations of the above-referenced ranges are
possible (e.g., greater than or equal to 0.01 wt % and less
than or equal to 20 wt %, greater than or equal to 0.01 wt %
and less than or equal to 30 wt %). Other ranges are also
possible.

[0053] In some cases, the amount of external binder
needed to form the article depends on the amount of intrinsic
binder (e.g., comprising a decomposition product of a bio-
degradable material) formed from the decomposition of the
biodegradable material, the intrinsic binder, or from another
material in the article (e.g., degraded material, antimicrobial
additives) and those skilled in the art, in view of the present
disclosure, will be capable of selecting appropriate amounts
of external binder (e.g., relative to the intrinsic binder). That
is to say, in accordance with some embodiments, less
external binder may be included in cases where there is
relatively more intrinsic binder (relative to cases with less
intrinsic binder).

[0054] In some embodiments, the article has a glucan
content different than some existing materials. For example,
in some embodiments, an amount of glucan in the article is
not between 47 wt % and 54 wt % with respect to the total
weight of the article. However, in other embodiments, an
amount of glucan is between 47 wt % and 54 wt % with
respect to the total weight of the article.

[0055] In some embodiments, an article has a relatively
low amount of glucan (e.g., less than 47 wt %). In some
embodiments, an amount of glucan in the article is greater
than or equal to 0.1 wt %, greater than or equal to 1 wt %,
greater than or equal to 5 wt %, greater than or equal to 10
wt %, greater than or equal to 20 wt %, greater than or equal
to 30 wt %, greater than or equal to 40 wt %, or greater than
or equal to 46 wt % with respect to the total weight of the
article. In some embodiments, an amount of glucan in the
article is less than 47 wt %, less than or equal to 46 wt %,
less than or equal to 40 wt %, less than or equal to 30 wt %,
less than or equal to 20 wt %, less than or equal to 10 wt %,
less than or equal to 5 wt %, less than or equal to 1 wt %,
or less than or equal to 0.1 wt % with respect to the total
weight of the article. Combinations of the above-referenced
ranges are also possible (e.g., greater than or equal to 1 wt
% and less than or equal to 46 wt %). Other ranges are
possible.

[0056] In other embodiments, an article has a relatively
high amount of glucan (e.g., great than or equal to 55 wt %).
In some embodiments, an amount of glucan in the article is
greater than 54 wt %, greater than or equal to 55 wt %,
greater than or equal to 60 wt %, greater than or equal to 65
wt %, or greater than or equal to 70 wt % with respect to the
total weight of the article. In some embodiments, an amount
of glucan in the article is less than 100 wt %, less than or
equal to 90 wt %, less than or equal to 80 wt %, less than or
equal to 70 wt %, or less than or equal to 60 wt % with
respect to the total weight of the article. Combinations of the
above-referenced ranges are also possible (e.g., greater than
or equal to 55 wt % and less than or equal to 90 wt %). Other
ranges are possible.

[0057] As discussed above, in some embodiments an
article comprises a biodegradable material, an intrinsic
binder, a degraded material, and/or an external binder. In
some cases, the article comprises the biodegradable material
at greater than or equal to 40 wt %, greater than or equal to
50 wt %, greater than or equal to 55 wt %, greater than or
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equal to 65 wt %, greater than or equal to 75 wt %, greater
than or equal to 85 wt %, greater than or equal to 95 wt %,
greater than or equal to 99 wt %, greater than or equal to 99.9
wt %, or greater than 99.99 wt % with respect to the total
weight of the article. In some embodiments, the article
comprises the biodegradable material at 100%, less than or
equal to 99.99 wt %, less than or equal to 99.9 wt %, less
than or equal to 99 wt %, less than or equal to 95 wt %, less
than or equal to 85 wt %, less than or equal to 75 wt %, less
than an equal to 65 wt %, less than an equal to 60 wt % of
the biodegradable material, or less than or equal to 55 wt %
with respect to the total weight of the article. Combinations
of the above-referenced ranges are possible (greater than or
equal to 55 wt % and less than or equal to 99 wt %). Other
ranges are also possible.

[0058] In some cases, the article comprises lignin (e.g.,
from or derived from the biodegradable material). In some
embodiments, the wt % of lignin in the article is greater than
or equal to 0.05 wt %, greater than or equal to 0.06 wt %,
greater than or equal to 0.01 wt %, greater than or equal to
0.25 wt %, greater than or equal to 0.5 wt %, greater than or
equal to 1 wt %, greater than or equal to 2 wt %, greater than
or equal to 5 wt %, greater than or equal to 10 wt %, greater
than or equal to 15 wt %, greater than or equal to 20 wt %,
greater than or equal to 25 wt %, greater than or equal to 30
wt %, or greater than or equal to 34 wt % with respect to a
total weight of the article. In some embodiments, the wt %
of lignin in the article is less than or equal to 34 wt %, less
than or equal to 30 wt %, less than or equal to 25 wt %, less
than or equal to 20 wt %, less than or equal to 15 wt % less
than or equal to 10 wt %, less than or equal to 5 wt %, less
than or equal to 2 wt %, less than or equal to 1 wt %, less
than or equal to 0.5 wt %, less than or equal to 0.25 wt %,
less than or equal to 0.01 wt %, less than or equal to 0.06 wt
%, or less than or equal to 0.05 wt % with respect to a total
weight of the article. Combinations of the above-referenced
ranges are also possible (e.g., greater than or equal to 0.06
wt % and less than or equal to 34 wt %, greater than or equal
to 0.05 wt % and less than or equal to 7 wt %). Other ranges
are possible.

[0059] Various amounts of cellulose in the article (e.g.,
from or derived from the biodegradable material) are also
possible. In some cases, an amount of cellulose in the article
is greater than or equal to 6 wt %, greater than or equal to
7 wt %, greater than or equal to 8 wt %, greater than or equal
to 10 wt %, greater than or equal to 12 wt %, greater than
or equal to 14 wt %, greater than or equal to 16 wt %, or
greater than or equal to 17 wt %, with respect to a total
weight of the article. In some cases, an amount of cellulose
in the article is greater than or equal to 20 wt %, greater than
or equal to 30 wt %, greater than or equal to 40 wt %, or
greater than or equal to 45 wt %, with respect to a total
weight of the article. In some embodiments, the amount of
cellulose in the article is less than or equal to 17 wt %, less
than or equal to 16 wt %, less than or equal to 15 wt %, less
than or equal to 13 wt %, less than or equal to 11 wt %, less
than or equal to 9 wt %, less than or equal to 7 wt %, or less
than or equal to 6 wt %, with respect to a total weight of the
article. In some embodiments, the amount of cellulose in the
article is less than or equal to 45 wt %, less than or equal to
40 wt %, less than or equal to 30 wt %, or less than or equal
to 20 wt %, with respect to a total weight of the article.
Combinations of the above-referenced ranges are also pos-
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sible (e.g., greater than or equal to 6 wt % and less than or
equal to 17 wt %). Other ranges are also possible.

[0060] Various amounts of hemicellulose in article (e.g.,
from or derived from the biodegradable material) are also
possible. In some cases, an amount of hemicellulose in the
article is greater than or equal to 6 wt %, greater than or
equal to 7 wt %, greater than or equal to 8 wt %, greater than
or equal to 10 wt %, greater than or equal to 12 wt %, greater
than or equal to 14 wt %, greater than or equal to 16 wt %,
or greater than or equal to 17 wt %, with respect to a total
weight of the article. In some cases, an amount of hemicel-
Iulose in the article is greater than or equal to 19 wt %,
greater than or equal to 20 wt %, or greater than or equal to
30 wt %, with respect to a total weight of the article. In some
embodiments, the amount of hemicellulose in the article is
less than or equal to 17 wt %, less than or equal to 16 wt %,
less than or equal to 15 wt %, less than or equal to 13 wt %,
less than or equal to 11 wt %, less than or equal to 9 wt %,
less than or equal to 7 wt %, or less than or equal to 6 wt %,
with respect to a total weight of the article. In some
embodiments, the amount of hemicellulose in the article is
less than or equal to 30 wt %, less than or equal to 20 wt %,
or less than or equal to 19 wt %. Combinations of the
above-referenced ranges are also possible (e.g., greater than
or equal to 6 wt % and less than or equal to 17 wt %). Other
ranges are also possible.

[0061] As noted above, the articles described comprise an
intrinsic binder, and the intrinsic binder may be present
within a variety of suitable ranges. In accordance with some
embodiments, an article has an amount of the a intrinsic
binder of less than or equal to 45 wt %, less than or equal
to 42 wt %, less than or equal to 40 wt %, less than or equal
to 35 wt %, less than or equal to 25 wt %, less than or equal
to 15 wt %, less than or equal to 5 wt %, less than or equal
to 2 wt %, less than or equal to 1.5 wt %, or less than or equal
to 1 wt %, with respect to the total weight of the article. In
some cases, the article comprises the intrinsic binder at
greater than or equal to 1 wt %, greater than or equal to 1.5
wt %, greater than or equal to 2 wt %, greater than or equal
to 5 wt %, greater than or equal to 15 wt %, greater than or
equal to 25 wt %, greater than or equal to 35 wt % of the
intrinsic binder, greater than or equal to 40 wt %, greater
than or equal to 42 wt %, or greater than or equal to 45 wt
%, with respect to the total weight of the article. Combina-
tions of the above-referenced ranges are possible (e.g.,
greater than or equal to 5% and less than or equal to 25%).
Other ranges are also possible.

[0062] In some embodiments, the article has a particular
thickness. In some embodiments, the article may have a
thickness of greater than or equal to 1 mm, greater than or
equal to 1.25 mm, greater than or equal to 1.5 mm, greater
than or equal to 2 mm, greater than or equal to 5 mm, greater
than or equal to 10 mm, greater than or equal to 15 mm, or
greater than or equal to 20 mm. According to some embodi-
ments, the thickness of the article may be less than or equal
to 25 mm, less than or equal to 20 mm, less than or equal to
15 mm, less than or equal to 10 mm, less than or equal to 5
mm, less than or equal to 2 mm, less than or equal to 1.5 mm,
or less than or equal to 1.25 mm. Combinations of the
above-referenced ranges as also possible (greater than or
equal to 1 mm and less than or equal to 25 mm). Other
ranges are possible.

[0063] Additionally, an article may have many suitable
ranges for porosity. In some embodiments, the article may
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have a porosity of greater than or equal to 25%, greater than
or equal to 28%, greater than or equal to 30%, greater than
or equal to 35%, greater than or equal to 45%, greater than
or equal to 55%, greater than or equal to 65%, greater than
or equal to 75%, greater than or equal to 78%, or greater than
or equal to 80%. In accordance with some embodiments, the
article may have a porosity of less than or equal to 80%, less
than or equal to 78%, less than or equal to 75%, less than or
equal to 70%, less than or equal to 60%, less than or equal
to 50%, less than or equal to 40%, less than or equal to 30%,
or less than or equal to 28%. Combinations of the above-
referenced ranges are also possible (e.g., greater than or
equal to 25% and less than or equal to 80%). Other ranges
are possible. Porosity can as measured by using x-ray
tomography.

[0064] A density of an article may have a variety of
suitable ranges. In some cases, the density of the article is
greater than or equal to 0.3 g/cm>, greater than or equal to
0.35 g/cm?®, greater than or equal to 0.4 g/cm®, greater than
or equal to 0.5 g/cm®, greater than or equal to 0.75 g/cm®,
greater than or equal to 1 g/cm®, greater than or equal to 1.25
g/em?®, greater than or equal to 1.50 g/cm®, greater than or
equal to 1.75 g/cm>, or greater than or equal to 1.8 g/cm®. In
accordance with some embodiments, the density of an
article is less than or equal to 1.8 g/cm?, less than or equal
to 1.75 g/em?, less than or equal to 1.5 g/cm?, less than or
equal to 1.25 g/cm?, less than or equal to 1 g/cm®, less than
or equal to 0.75 g/cm?, less than or equal to 0.5 g/cm?, less
than or equal to 0.4 g/cm?, less than or equal to 0.35 g/cm®,
or less than or equal to 0.3 g/cm®. Combinations of the
above-referenced ranges are possible (greater than or equal
to 0.3 g/cm® and less than or equal to 1.8 g/cm?). Other
ranges are also possible.

[0065] A density of each component of the article (e.g., a
biodegradable material, a degraded material, an intrinsic
binder, and/or an external binder) may have a variety of
suitable ranges. In some cases, the density of a particular
component of the article is greater than or equal to 0.3
g/em?®, greater than or equal to 0.35 g/cm®, greater than or
equal to 0.4 g/cm®, greater than or equal to 0.5 g/cm?, greater
than or equal to 0.75 g/cm?, greater than or equal to 1 g/cm®,
greater than or equal to 1.25 g/cm?, greater than or equal to
1.50 g/em?®, greater than or equal to 1.75 g/cm>, or greater
than or equal to 1.8 g/cm>. In accordance with some embodi-
ments, the density of a particular component of the article is
less than or equal to 1.8 g/cm?®, less than or equal to 1.75
g/cm®, less than or equal to 1.5 g/cm?, less than or equal to
1.25 g/em?, less than or equal to 1 g/cm?>, less than or equal
to 0.75 g/em?, less than or equal to 0.5 g/cm?, less than or
equal to 0.4 g/cm?>, less than or equal to 0.35 g/cm’, or less
than or equal to 0.3 g/cm®. Combinations of the above-
referenced ranges are possible (greater than or equal to 0.3
g/cm® and less than or equal to 1.8 g/cm®). Other ranges are
also possible. A density of an article may have a variety of
suitable ranges. In some cases, the density of the article is
greater than or equal to 0.3 g/cm®, greater than or equal to
0.35 g/cm®, greater than or equal to 0.4 g/cm>, greater than
or equal to 0.5 g/cm?, greater than or equal to 0.75 g/cm®,
greater than or equal to 1 g/cm®, greater than or equal to 1.25
g/em?®, greater than or equal to 1.50 g/cm®, greater than or
equal to 1.75 g/cm>, or greater than or equal to 1.8 g/cm®. In
accordance with some embodiments, the density of an
article is less than or equal to 1.8 g/cm?, less than or equal
to 1.75 g/em?, less than or equal to 1.5 g/cm?’, less than or
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equal to 1.25 g/cm?>, less than or equal to 1 g/cm®, less than
or equal to 0.75 g/cm?, less than or equal to 0.5 g/cm?, less
than or equal to 0.4 g/cm?>, less than or equal to 0.35 g/cm®,
or less than or equal to 0.3 g/cm’®. Combinations of the
above-referenced ranges are possible (greater than or equal
to 0.3 g/cm® and less than or equal to 1.8 g/cm?). Other
ranges are also possible.

[0066] A flexural strength of an article may also vary. The
flexural strength can be measured by the standard test BS EN
12089:2013. In some embodiments, a flexural strength of the
article is greater than or equal to 1 MPa, greater than or equal
to 5 MPa, greater than or equal to 5.5 MPa greater than or
equal to 6 MPa, greater than or equal to 7 MPa, greater than
or equal to 8 MPa, greater than or equal to 9 MPa, greater
than or equal to 10 MPa, greater than or equal to 11 MPa,
greater than or equal to 12 MPa, greater than or equal to 13
MPa, greater than or equal to 14 MPa, greater than or equal
to 14.5 MPa, or greater than or equal to 15 MPa. In some
embodiments, a flexural strength of the article is greater than
or equal to 20 MPa, greater than or equal to 30 MPa, or
greater than or equal to 70 MPa. In some cases, the flexural
strength of the article may be less than or equal to 15 MPa,
less than or equal to 14.5 MPa less than or equal to 14 MPa,
less than or equal to 13 MPa, less than or equal to 12 MPa,
less than or equal to 11 MPa, less than or equal to 10 MPa,
less than or equal to 9 MPa, less than or equal to 8 MPa, less
than or equal to 7 MPa, less than or equal to 6 MPa, less than
or equal to 5.5 MPa, less than or equal to 5 MPa, or less than
or equal to 1 MPa. In some embodiments, a flexural strength
of the article may be less than or equal to 70 MPa, less than
or equal to 30 MPa, or less than or equal to 15 MPa.
Combinations of the above-referenced ranges are possible
(greater than or equal to 5 MPa and less than or equal to 15
MPa). Other ranges are also possible.

[0067] A tensile strength of an article may be of a suitable
range. The tensile strength of an article can be measured by
BS EN 1607:2013. In some embodiments, the tensile
strength of the article is greater than or equal to 0.5 MPa,
greater than or equal to 1 MPa, greater than or equal to 3
MPa, greater than or equal to 3.25 MPa greater than or equal
to 3.5 MPa, greater than or equal to 3.75 MPa greater than
or equal to 4 MPa, greater than or equal to 4.5 MPa, greater
than or equal to 5 MPa, greater than or equal to 5.25 MPa,
greater than or equal to 5.5 MPa, greater than or equal to
5.75 MPa, or greater than or equal to 6 MPa. In some
embodiments, the tensile strength of the article is greater
than or equal to 10 MPa, greater than or equal to 25 MPa,
greater than or equal to 30 MPa, greater than or equal to 50
MPa, or greater than or equal to 65 MPa. In some cases, the
tensile strength of the article was less than or equal to 6 MPa,
less than or equal to 5.75 MPa, less than or equal to 5.5 MPa,
less than or equal to 5.25 MPa, less than or equal to 5 MPa,
less than or equal to 4.5 MPa, less than or equal to 4 MPa,
less than or equal to 3.75 MPa, less than or equal to 3.5 MPa,
less than or equal to 3.25 MPa, less than or equal to 3 MPa,
less than or equal to 1 MPa, or less than or equal to 0.5 MPa.
In some embodiments, the tensile strength of the article is
less than or equal to 65 MPa, less than or equal to 50 MPa,
less than or equal to 30 MPa, less than or equal to 25 MPa,
or less than or equal to 10 MPa. Combinations of the
above-referenced ranges are possible (greater than or equal
to 0.5 MPa and less than or equal to 6 MPa). Other ranges
are also possible.
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[0068] Internal bond strength of the article may also be
within a particular range. An internal bond strength of the
article can be as measured using the BS EN 1607:2013
standard test. In some embodiments, an internal bond
strength of the article is greater than or equal to 0.5 N/mm?,
greater than or equal to 0.55 N/mm?, greater than or equal
to 0.6 N/mm?, greater than or equal to 0.7 N/mm?, greater
than or equal to 0.8 N/mm?, greater than or equal to 0.9
N/mm?, greater than or equal to 1.0 N/mm?, greater than or
equal to 1.1 N/mm?, greater than or equal to 1.2 N/mm?,
greater than or equal to 1.3 N/mm?, greater than or equal to
1.4 N/mm?, greater than or equal to 1.5 N/mm?, greater than
or equal to 1.55 N/mm?> or greater than or equal to 1.6
N/mm?. In some embodiments, an internal bond strength of
the article is less than or equal to 1.6 N/mm?, less than or
equal to 1.55 N/mm?, less than or equal to 1.5 N/mm?, less
than or equal to 1.4 N/mm?, less than or equal to 1.3 N/mm?,
less than or equal to 1.2 N/mm?, less than or equal to 1.1
N/mm?, less than or equal to 1.0 N/mm?, less than or equal
to 0.9 N/mm?, less than or equal to 0.8 N/mm?, less than or
equal to 0.7 N/mm?, less than or equal to 0.6 N/mm?, less
than or equal to 0.55 N/mm?, or less than or equal to 0.5
N/mm?. Combinations of the above-referenced ranges are
also possible (e.g., greater than or equal to 0.5 N/mm? and
less than or equal to 1.6 N/mm?). Other ranges are possible.

[0069] In some embodiments, an article may swell when
exposed to water. In some cases, the swelling of the article
can be determined by a standard test, such as by the standard
test EN 317-1993. In some cases, the swelling may be
determined as a change in thickness of the article (e.g.,
swelled thickness relative to an original thickness) and the
change in thickness may be O mm. In some cases, the change
in thickness is greater than 0 mm, greater than or equal to
0.05 mm, greater than or equal to 0.10 mm, greater than or
equal to 0.15 mm, greater than or equal to 0.2 mm, greater
than or equal to 0.25 mm, greater than or equal to 0.3 mm,
greater than or equal to 0.35 mm, greater than or equal to 0.5
mm, greater than or equal to 1 mm, greater than or equal to
1.5 mm, greater than or equal to 2 mm, greater than or equal
to 2.5 mm, or greater than or equal to 3 mm. In some cases,
the change in thickness of the article when exposed to water
is less than or equal to 3 mm, less than or equal to 2.5 mm,
less than or equal to 2 mm, less than or equal to 1.5 mm, less
than or equal to 1 mm, less than or equal to 0.5 mm, less than
or equal to 0.35 mm, less than or equal to 0.3 mm, less than
or equal to 0.25 mm, less than or equal to 0.2 mm, less than
or equal to 0.15 mm, or less than or equal to 0.1 mm.
Combinations of the above-referenced ranges are possible
(e.g., greater than or equal to 0.1 mm less than or equal to
3 mm). Other ranges are possible.

[0070] Insome embodiments, the swelling of the article is
determined by a percent change (e.g., the percent change in
thickness from the initial thickness, e.g., (((swelled thick-
ness relative to an original thickness) divided by original
thickness)*100). In some embodiments, the swelling of the
article when exposed to water is greater than or equal to 30%
greater than or equal to 35%, greater than or equal to 40%,
greater than or equal to 45%, greater than or equal to 50%,
greater than or equal to 55%, or greater than 60%. In some
cases, the swelling of the article when exposed to water is
less than or equal to 60%, less than or equal to 55%, less than
or equal to 50%, less than or equal to 45%, less than or equal
to 40%, less than or equal to 35%, or less than or equal to
30%. Combinations of the above-referenced ranges are also
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possible (e.g., greater than or equal to 30% and less than or
equal to 60%). Other ranges are possible.

[0071] Insome embodiments, an article exhibits a particu-
lar hardness. The article may have a D-shore hardness of
greater than or equal to 15, greater than or equal to 20,
greater than or equal to 25, greater than or equal to 30,
greater than or equal to 35, greater than or equal to 40,
greater than or equal to 45, greater than or equal to 50,
greater than or equal to 55, greater than or equal to 60,
greater than or equal to 65, greater than or equal to 70, or
greater than or equal to 75. In some cases, the surface finish
has a D-shore hardness of less than or equal to 80, less than
or equal to 75, less than or equal to 70, less than or equal to
65, less than or equal to 60, less than equal to 55, less than
or equal to 50, less than or equal to 45, less than or equal to
40, less than or equal to 35, less than or equal to 30, less than
or equal to 25, or less than or equal to 20. Combinations of
the above-referenced ranges are possible (e.g., greater than
or equal to 15 and less than or equal to 80). Other ranges are
also possible. A D-shore hardness of the article can be
determined by the ASTM D2240 standard test.

[0072] In some embodiments, the biodegradable material
(and/or a decomposition product of the biodegradable mate-
rial) imparts advantageous properties (e.g., resistance to
microbial growth, stiffness, water resistance) to the article.
In some such embodiments, a compound of the biodegrad-
able material (e.g., limonene) may persist in an article even
after one or more processing techniques, such that the
compound from the biodegradable material imparts proper-
ties to the article. By contrast, many existing articles per-
form processing steps that significantly alter or destroy
compounds used as feedstock biodegradable materials.
However, it has been advantageously discovered, within the
context of this disclosure, that processing techniques can be
selected that preserve beneficial compounds from the bio-
degradable material (e.g., by selecting a temperature during
heat treatments that preserves one or more compounds from
the biodegradable material). In some embodiments, an
amount of a compound from the biodegradable compound is
present in an article. In some embodiments, the article has
greater than or equal to 0.05 wt %, greater than or equal to
0.1 wt %, greater than or equal to 0.5 wt %, greater than or
equal to 1 wt %, greater than or equal to 3 wt %, greater than
or equal to 5 wt %, greater than or equal to 7 wt %, or greater
than or equal to 10 wt % of the compound from the
biodegradable material, with respect to the total weight of
the article. In some embodiments, the article has less than or
equal to 10 wt %, less than or equal to 7 wt %, less than or
equal to 5 wt %, less than or equal to 3 wt %, less than or
equal to 1 wt %, less than or equal to 0.5 wt %, less than or
equal to 0.1 wt %, or less than or equal to 0.05 wt % of the
compound from the biodegradable material, with respect to
the total weight of the article. Combinations of the above-
referenced ranges are also possible (e.g., greater than or
equal to 0.1 wt % and less than or equal to 10 wt %). Other
ranges are possible.

[0073] As noted above, the articles described herein may
be resistant to microbial growth. The bioresistance (e.g., a
measure of a susceptibility of growing fungal spores on a
material) of an article and/or its components (e.g., a biode-
gradable material comprising a, a intrinsic binder, an intrin-
sic binder) can be a variety of suitable values and can be
measured via a number of methods, according to some
embodiments. In some cases, as determined by an ASTM
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(1338 standard test, the article has a bioresistance of less
than or equal to 3, less than or equal to 2, less than or equal
to 1, or 0.

[0074] An article as described herein may further com-
prise a surface finish. In some embodiments, the surface
finish is a coating on the article, wherein it coats at least a
portion of the biodegradable material and/or the intrinsic
binder or the article. For instance, FIG. 2 is an illustrative
example showing an article 220 (e.g., comprising a biode-
gradable material, the intrinsic binder, the intrinsic binder,
and/or the external binder), wherein a surface finish is
applied as a coating 210 on the article. In this non-limiting
example, the surface finish is shown as applied to only one
side of the article. However, the surface finish may coat a
portion of the article or the entirety of the article.

[0075] The surface finish may comprise a variety of suit-
able materials in order to obtain various properties of the
article (e.g., water content, flame resistance). For example,
the surface finish may impart a variety or properties to the
article. Non-limiting examples of properties provided to the
article by the surface finish include flame resistance, water
resistance, and/or resistance from biological degradation.
For example, in some embodiments, the surface finish is
hydrophobic. In some embodiments, the surface finish of the
article reduces a swelling of the article relative the article
with no surface finish.

[0076] To impart such properties, the surface finish may
comprise a variety of suitable compounds or materials, in
accordance with some embodiments. For example, as noted
above, in some cases, the surface finish comprises a hydro-
phobic material. In some such embodiments, the hydropho-
bic material comprises pine resin. In some cases, the surface
finish comprises shellac, rapeseed wax, linseed oil, limonene
oil, fibers comprising sugar cane and/or grass, flower petals,
coffee beans, orange peel, glycerol, and/or naturally occur-
ring dyes. In some such cases, wherein the surface finish
comprises naturally occurring dyes, the naturally occurring
dyes comprise beetroot powder, blue pea powder, and/or
charcoal, as non-limiting examples. Other compounds
which are suitable for being a surface finish include sodium
tetraborate decahydrate, boric acid, and/or diammonium
hydrogen phosphate. In some embodiments, the surface
finish comprises a naturally derived compound. Other sur-
face finishes are also possible. Combinations of the above-
referenced compounds and materials as surface finishes are
possible (e.g., limonene oil and coffee beans). Other such
combinations are also possible.

[0077] A surface finish, in some embodiments, may impart
a hydrophobicity to an article (e.g., a surface finish com-
prising pine resin). The hydrophobicity may be measured by
measuring a water contact angle of the article. In some
embodiments, the water contact angle is greater than 90°,
greater than or equal to 95°, greater than or equal to 100°,
greater than or equal to 105°, greater than or equal to 110°,
greater than or equal to 115°, greater than or equal to 120°,
greater than or equal to 125°, greater than or equal to 130°,
greater than or equal to 135°, or greater than or equal to
140°. In some embodiments, the water contact angle of the
article is less than or equal to 140°, less than or equal to
135°, less than or equal to 130°, less than or equal to 125°,
less than or equal to 120°, less than or equal to 115°, less
than or equal to 110°, less than or equal to 105°, less than or
equal to 100°, less than or equal to 95°, or less than or equal
to is greater than 90°. Combinations of the above-referenced
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ranges are also possible (e.g., greater than or equal to 95°
and less than or equal to 125°). Other ranges are possible.
[0078] In some embodiments, the surface finish has a
D-shore hardness of greater than or equal to 40, greater than
or equal to 45, greater than or equal to 50, greater than or
equal to 55, greater than or equal to 60, greater than or equal
to 65, greater than or equal to 70, greater than or equal to 75,
or greater than or equal to 80. In some cases, the surface
finish has a D-shore hardness of less than or equal to 80, less
than or equal to 75, Less than or equal to 70, less than or
equal to 65, less than or equal to 60, center equal to 55, less
than or equal to 50, less than or equal to 45, or less than or
equal to 40. Combinations of the above-referenced ranges
are also possible (e.g., greater than or equal to 40 and less
than or equal to 80). Other ranges are possible.

[0079] In some embodiments, the thickness of the surface
finish may change when immersed in water. In some
embodiments, a change in thickness of the surface finish
when immersed in water is less than or equal to 3 mm, less
than or equal to 2.5 mm, less than or equal to 2 mm, less than
or equal to 1.5 mm, less than or equal to 1 mm, less than or
equal to 0.75 mm, less than or equal to 0.5 mm, or less than
or equal to 0.25 mm. In some cases, the change in thickness
of the surface finish when immersed in water is greater than
0 mm, greater than or equal to 0.25 mm, greater than or
equal to 0.5 mm, greater than or equal to 0.75 mm, greater
than or equal to 1 mm, greater than or equal to 1.5 mm,
greater than or equal to 2 mm, greater than or equal to 2.5
mm, or greater. Combinations of the above-referenced
ranges are also possible (e.g., greater than or equal to 2 mm
and less than or equal to 3 mm). Other ranges are possible.
A change in thickness of the surface finish can be determined
by the standard test BS EN 317-1993.

[0080] As was mentioned above, methods described
herein may be suitable for producing articles with a variety
of suitable properties. In some cases, a biodegradable mate-
rial comprising is processed (e.g., pre-processed, pre-
treated, processed before generating a decomposition prod-
uct of a biodegradable material, processing after generating
a decomposition product of the biodegradable material).
Processing the biodegradable material may comprise a num-
ber of various techniques (e.g., mechanical processing,
chemical processing, hydrothermal processing).

[0081] Processing the biodegradable material may com-
prise reducing the size of particles of the. Reducing the size
of particles in the may comprise cutting, grinding, chipping,
blending, chopping, and/or other suitable technique for
modulating the size of particles within the. In some such
embodiments, reducing the particle size of the biodegrad-
able material comprises reducing the average particle size of
the particles such that the average diameter of the biode-
gradable material (e.g., particles comprising the biodegrad-
able material, a first portion of the biodegradable material, a
second portion of the biodegradable material) is less than or
equal to 15 mm and/or greater than or equal to 0.005 mm.
In some embodiments, an average diameter of the biode-
gradable material is less than or equal to 0.005 nm, less than
or equal to 10 mm, less than or equal to 8 mm, less than or
equal to 5 mm, less than or equal to 3 mm, or less than or
equal to 1 mm. In some embodiments, an average diameter
of the biodegraded material is greater than or equal to 1 mm,
greater than or equal to 3 mm, greater than or equal to 5 mm,
greater than or equal to 8 mm, greater than or equal to 10
mm, or greater than or equal to 15 mm. Suitable sizes for
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particles comprising the biodegradable material (e.g., com-
prising a decomposition product of the biodegradable mate-
rial) after reducing the size of particles is discussed else-
where herein.

[0082] Insome cases, processing a biodegradable material
comprises heating the biodegradable material to a first
temperature. The first temperature may be greater than or
equal to 100° C., greater than or equal to 110° C., greater
than or equal to 120° C., greater than or equal to 130° C.,
greater than or equal to 140° C., greater than or equal to 150°
C., greater than or equal to 160° C., greater than or equal to
170° C., greater than or equal to 180° C., greater than or
equal to 190° C., greater than or equal to 200° C., greater
than or equal to 210° C., or greater than or equal to 220° C.
In some cases, the first temperature may be less than or equal
220° C., less than or equal 210° C., less than or equal 200°
C., less than or equal 190° C., less than or equal 180° C., less
than or equal 170° C., less than or equal 160° C., less than
or equal 150° C., less than or equal 140° C., less than or
equal 130° C., less than or equal 120° C., less than or equal
110° C., or less than or equal to 100° C. Combinations of the
above-referenced ranges are also possible (e.g., greater than
or equal to 100° C. and less than or equal to 220° C.). Other
ranges are possible. Heating the biodegradable material may
comprise placing the biodegradable material in an oven,
exposing the biodegradable material to a heat source (e.g., a
flame, the sun, a heat lamp), or other suitable methods
known to those skilled in the art.

[0083] In some embodiments, processing a biodegradable
material may comprise cooling the from a first temperature
to a second temperature. In some such cases, the second
temperature is less than or equal to 5° C., less than or equal
to 10° C., less than or equal to 20° C., less than or equal to
30° C., less than or equal to 40° C., less than or equal to 50°
C., less than or equal to 60° C., less than or equal to 70° C.,
less than or equal to 80° C., less than or equal to 90° C., or
less than or equal to 100° C. less than the first temperature.
Cooling may proceed ambiently, by removing the heat
source from the vicinity of the biodegradable material, or by
other methods known to those skilled in the art.

[0084] Processing a biodegradable material may comprise
adjusting the water content within the biodegradable mate-
rial or an article (e.g., an article comprising a biodegradable
material, a degraded material, an intrinsic binder, and/or an
external binder). In some cases, adjusting the water content
may comprise removing water from the biodegradable mate-
rial. Removing water from the biodegradable material may
comprise, evaporating the water, compressing the biode-
gradable material to extricate the water from a lattice and/or
matrix of the biodegradable material, placing the biodegrad-
able material in a low-humidity environment, or other meth-
ods known to those skilled in the art. In some embodiments,
greater than or equal to 1 wt %, greater than or equal 10 wt
%, greater than or equal 20 wt %, greater than or equal 30
wt %, greater than or equal 40 wt %, greater than or equal
50 wt %, or greater than or equal 60 wt % of the water
content is removed from the biodegradable material (relative
to a hydrated state of the biodegradable material). In some
cases, less than or equal to 60 wt %, less than or equal to 50
wt %, less than or equal to 40 wt %, less than or equal to 30
wt %, less than or equal to 20 wt %, or less than or equal to
10 wt % of the water content of the biodegradable material
is removed. Combinations of the above-referenced ranges
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are possible (greater than or equal to 1 wt % and less than
or equal to 60 wt %). Other ranges are possible.

[0085] In some cases, adjusting the water content within a
biodegradable material comprises hydrating the biodegrad-
able material from a first moisture content to a second
moisture content. Hydrating the biodegradable material may
comprise directly adding water to the biodegradable mate-
rial, placing the biodegradable material in a high-humidity
environment, or other suitable methods known to those
skilled in the art. In some cases, hydrating the biodegradable
material comprises increasing the moisture content within
the biodegradable material by less than or equal to 80 wt %,
less than or equal to 70 wt %, less than or equal to 60 wt %,
less than or equal to 50 wt %, less than or equal to 40 wt %,
less than or equal to 30 wt %, less than or equal to 20 wt %,
less than or equal to 10 wt %, or less than or equal to 1 wt
%. In accordance with some embodiments, hydrating the
biodegradable material comprises increasing the moisture
content within the biodegradable material by greater than or
equal to 1 wt %, greater than or equal to 10 wt %, greater
than or equal to 20 wt %, greater than or equal to 30 wt %,
greater than or equal to 40 wt %, greater than or equal to 50
wt %, greater than or equal to 60 wt %, greater than or equal
to 70 wt %, or greater than or equal to 80 wt %. Combina-
tions of the above-referenced ranges are also possible (e.g.,
greater than or equal to 1 wt % and less than or equal to 80
wt %). Other ranges are possible.

[0086] In some embodiments, a biodegradable material
and/or an article may be treated with steam. Advantageously,
steam treatment may allow for the formation of at least some
decomposition products of the biodegradable material with-
out significantly damaging the biodegradable material (e.g.,
so that the degraded material formed from the biodegradable
material maintains at least some structure). Providing steam
may comprise, in some embodiments, exposing the biode-
gradable material to steam at a temperature of greater than
or equal to 100° C., greater than or equal to 110° C., greater
than or equal to 120° C., greater than or equal to 130° C.,
greater than or equal to 140° C., greater than or equal to 150°
C., greater than or equal to 160° C., greater than or equal to
170° C., greater than or equal to 180° C., greater than or
equal to 190° C., greater than or equal to 200° C., or greater
than or equal to 210° C. In some cases, the providing steam
may comprise exposing the biodegradable material to steam
at a temperature of less than or equal to 220° C., less than
or equal to 210° C., less than or equal to 200° C., less than
or equal to 190° C., less than or equal to 180° C., less than
or equal to 170° C., less than or equal to 160° C., less than
or equal to 150° C., less than or equal to 140° C., less than
or equal to 130° C., less than or equal to 120° C., or less than
or equal to 110° C. Combinations of the above-referenced
ranges are possible (e.g., greater than or equal to 100° C. and
less than or equal to 220° C.). Other ranges are also possible.

[0087] In some cases, when providing steam, the steam
may be present at a variety of pressures when exposing a
biodegradable material and/or the article to the steam. In
some cases, the steam is present at a pressure of greater than
or equal to 2 MPa, greater than or equal to 3 MPa, greater
than or equal to 4 MPa, greater than or equal to 5 MPa,
greater than or equal to 6 MPa, greater than or equal to 7
MPa, greater than or equal to 8 MPa, greater than or equal
to 9 MPa, greater than or equal to 10 MPa, greater than or
equal to 11 MPa, or greater than or equal to 12 MPa. In some
embodiments, the steam is present at a pressure of less than
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or equal to 12 MPa, less than or equal to 11 MPa, less than
or equal to 10 MPa, less than or equal to 9 MPa, less than
or equal to 8 MPa, less than or equal to 7 MPa, less than or
equal to 6 MPa, less than or equal to 5 MPa, less than or
equal to 4 MPa, less than or equal to 3 MPa, less than or
equal to 2 MPa, or less than or equal to 1 MPa. Combina-
tions of the above-referenced ranges are also possible (e.g.,
greater than or equal to 2 MPA and less than or equal to 12
MPa). Other ranges are possible.

[0088] Other methods for adjusting the water content
within a biodegradable material and/or an article are pos-
sible and are known to those skilled in the art. Non-limiting
examples of other methods for adjusting the water content
within the biodegradable material include evaporating, lyo-
philizing, and/or exposing the biodegradable material to
hygroscopic materials. Of course, further methods for
adjusting the water content within the biodegradable mate-
rial are possible, as this disclosure is not so limiting.
Combinations of these methods are also contemplated.

[0089] Further steps for processing a biodegradable mate-
rial (e.g., an article comprising the biodegradable material)
possible. For example, the biodegradable material may be
treated with acid and/or base. During acid treatment of a
biodegradable material, the acid may comprise sulfuric acid,
hydrochloric acid, sulfuric acid, acetic acid, citric acid,
and/or sorbic acid. In some cases, during base treatment of
the biodegradable material, the base may comprise sodium
hydroxide, potassium hydroxide, calcium hydroxide, and/or
ammonium hydroxide. Of course, other acids and/or bases
for the acid and/or base treatment of the biodegradable
material are possible, as this disclosure is not so limiting.

[0090] In some cases, a biodegradable material (e.g., an
article comprising the biodegradable material) is soaked in
an acid for a period of time of greater than or equal to 1
minute, greater than or equal to 5 minutes, greater than or
equal to 1 hour, greater than or equal to 2 hours, greater than
or equal to 5 hours, greater than or equal to 10 hours, greater
than or equal to 15 hours, greater than or equal to 20 hours,
greater than or equal to 25 hours, greater than or equal to 30
hours, greater than or equal to 35 hours, greater than or equal
to 40 hours, greater than or equal to 45 hours, or greater than
or equal to 48 hours. Soaking the biodegradable material in
an acid may proceed for a period of time of less than or equal
to 48 hours, less than or equal to 45 hours, less than or equal
to 40 hours, less than or equal to 35 hours, less than or equal
to 30 hours, less than or equal to 25 hours, less than or equal
to 20 hours, less than or equal to 15 hours, less than or equal
to 10 hours, less than or equal to 5 hours, less than or equal
to 2 hours, less than or equal to 1 hour, less than or equal to
5 minutes, or less than or equal to 1 minute. Combinations
of the above-referenced ranges are also possible (e.g.,
greater than or equal to 1 hour and less than or equal to 48
hours). Other ranges are possible. In some cases, the pH of
the acid may be less than 7, less than or equal to 6, less than
or equal to 5, less than or equal to 4, less than or equal to 3,
less than or equal to 2, less than or equal to 1, or less than
or equal to 0. In some embodiments, the pH of the acid may
be greater than or equal to 0, greater than or equal to 1,
greater than or equal to 2, greater than or equal to 3, greater
than or equal to 4, greater than or equal to 5, or greater than
or equal to 6. Combinations of the above-referenced ranges
are possible (e.g., pH greater than or equal to 0 and less than
or equal to 6). Other ranges are also possible.
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[0091] In some embodiments, a biodegradable material
(e.g., an article comprising the biodegradable material) is
soaked in a base for a period of time of greater than or equal
to 1 minute, greater than or equal to 5 minutes, greater than
or equal to 1 hour, greater than or equal to 2 hours, greater
than or equal to 5 hours, greater than or equal to 10 hours,
greater than or equal to 15 hours, greater than or equal to 20
hours, greater than or equal to 25 hours, greater than or equal
to 30 hours, greater than or equal to 35 hours, greater than
or equal to 40 hours, greater than or equal to 45 hours, or
greater than or equal to 48 hours. Soaking the biodegradable
material in an acid may proceed for a period of time of less
than or equal to 48 hours, less than or equal to 45 hours, less
than or equal to 40 hours, less than or equal to 35 hours, less
than or equal to 30 hours, less than or equal to 25 hours, less
than or equal to 20 hours, less than or equal to 15 hours, less
than or equal to 10 hours, less than or equal to 5 hours, less
than or equal to 2 hours, less than or equal to 1 hour, less
than or equal to 5 minutes, or less than or equal to 1 minute.
Combinations of the above-referenced ranges are also pos-
sible (e.g., greater than or equal to 1 hour and less than or
equal to 48 hours). Other ranges are possible. In some cases,
the pH of the base may be less than or equal to 14, less than
or equal to 13, less than or equal to 12, less than or equal to
11, less than or equal to 10, less than or equal to 9, or less
than or equal to 8. In some embodiments, the pH of the base
may be greater than 7, greater than or equal to 8, greater than
or equal to 9, greater than or equal to 10, greater than or
equal to 11, greater than or equal to 12, or greater than or
equal to 13. Combinations of the above-referenced ranges
are also possible (e.g., pH greater than or equal to 8 and less
than or equal to 14). Other ranges are possible.

[0092] Processing a biodegradable material may comprise
compressing the biodegradable material, wherein the com-
pressing comprises applying a pressure of greater than or
equal to 2 MPa, greater than or equal to 3 MPa, greater than
or equal to 4 MPa, greater than or equal to 5 MPa, greater
than or equal to 6 MPa, greater than or equal to 7 MPa,
greater than or equal to 8 MPa, greater than or equal to 9
MPa, greater than or equal to 10 MPa, greater than or equal
to 11 MPa, or greater than or equal to 12 MPa. In some
cases, compressing may comprise applying a pressure of
less than or equal to 12 MPa, less than or equal to 11 MPa,
less than or equal to 10 MPa, less than or equal to 9 MPa,
less than or equal to 8 MPa, less than or equal to 7 MPa, less
than or equal to 6 MPa, less than or equal to 5 MPa, less than
or equal to 4 MPa, less than or equal to 3 MPa, or less than
or equal to 2 MPa.

[0093] Processing a biodegradable material (e.g., an
article comprising the biodegradable material) by compress-
ing it (e.g., by applying a pressure) may be performed in a
number of suitable methods known to those skilled in the art.
In some cases, applying a pressure may comprise applying
a pressure uniformly. In other cases, applying the pressure
may comprise applying the pressure non-uniformly. In some
cases, when pressure is applied to the biodegradable mate-
rial, heat may be applied concurrently with the pressure
(e.g., heat pressing the biodegradable material). Applying
heat may occur during only a portion or throughout the
entirety of the compression process. In some cases, applying
heat to the biodegradable material may comprise changing
the temperature as disclosed elsewhere herein (e.g., increase
the temperature of the biodegradable material to greater than
or equal to 100° C. and less than or equal to 220° C.). In
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some embodiments, compressing and/or heating the biode-
gradable material may result in no changes to the weight of
the biodegradable material. In other cases, a change in
weight (measured as a percent change) in the biodegradable
material of greater than 0%, greater than or equal to 2%,
greater than or equal to 4%, greater than or equal to 6%,
greater than or equal to 8%, greater than or equal to 10%,
greater than or equal to 12%, greater than or equal to 14%,
greater than or equal to 16%, or greater than or equal to 18%
is measured. In some cases, the change in weight of the
biodegradable material is less than or equal to 20%, less than
or equal to 18%, less than or equal to 16%, less than or equal
to 14%, less than or equal to 12%, less than or equal to 10%,
less than or equal to 8%, less than or equal to 6%, less than
or equal to 4%, or less than or equal to 2%. Combinations
of the above-referenced ranges are also possible (greater
than or equal to 10% and less than or equal to 12%). Other
ranges are possible.

[0094] Insome cases, processing a biodegradable material
comprises pretreating the biodegradable material in any
number of suitable methods. Such pretreating steps may
comprise mechanical (e.g., compression), chemical (e.g.,
acid/base treatment), biological (e.g., decomposition), and
or hydrothermal pretreatment (e.g., exposure to steam), as
described elsewhere herein.

[0095] In some embodiments, processing a biodegradable
material may form an intrinsic binder (e.g., an intrinsic
binder comprising one or more decomposition products of
the biodegradable material). In some such cases, only a
portion of the biodegradable material may form the intrinsic
binder. In some cases, processing the biodegradable material
forms the intrinsic binder, wherein further processing steps
may be performed to further process the biodegradable
material and the intrinsic binder.

[0096] A method may further comprise adding an addi-
tional binder (e.g. an external binder) to a biodegradable
material. For example, the method may comprise adding an
external binder to the biodegradable material and the intrin-
sic binder (e.g., comprising a decomposition product of the
biodegradable material). In some cases, the method further
comprises adding and/or mixing the external binder with the
biodegradable material and/or the intrinsic binder. Accord-
ing to some embodiments, the external binder is only added
to a portion of the biodegradable material and/or the intrinsic
binder. However, according to other embodiments, the exter-
nal binder is added to the entirety of the biodegradable
material and/or the intrinsic binder. In some embodiments,
an external binder is added to the biodegradable material, a
degraded material, and/or an intrinsic binder to form an
article with a first set of properties. After the addition of the
external binder and formation of the article with the first set
of properties, the article may be further processed through
any of the steps disclosed elsewhere herein to obtain an
article with a second set of properties wherein the second set
of properties and first set of properties are different.

[0097] In some embodiments, a biodegradable material
(e.g., an article comprising the biodegradable material)
comprising a first configuration may be molded to a second
configuration. In some cases, the first configuration may be
randomly oriented material (e.g., a stochastic stack and/or
matrix of the biodegradable material comprising a such as
coffee grounds and/or orange peels). In some embodiments,
the first configuration, which may or may not comprise
randomly oriented biodegradable material, may be molded
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into the second configuration. In some cases, the second
configuration comprises a mat. In some cases, the mat may
be a rectangular prism, a cube, a sphere, a triangular prism,
or any other regular or irregular shape. A variety of con-
tainers for molding are known in the art and those skilled in
the art in view of the present disclosure will be capable of
selecting an appropriate container to mold the article.

[0098] The method may also further comprise applying a
surface finish and/or coating to a biodegradable material
(e.g., an article comprising the biodegradable material). The
surface finish and/or coating may comprise any suitable
compound or material as disclosed elsewhere herein.
Depending on the surface finish and/or coating, applying a
suitable compound and/or material may plasticize the bio-
degradable material or an article comprising the biodegrad-
able material.

[0099] Note that while the above processing steps have
been primarily described in the context of a biodegradable
material (e.g., comprising a), the processing steps may be
performed in the presence of the biodegradable material, a
intrinsic binder, an intrinsic binder, an external binder,
and/or any other suitable materials (e.g., plasticizing addi-
tives, antimicrobial agents). Furthermore, while listed in the
present disclosure in a particular order, the steps are not
limited to being performed in the listed order. That is, the
processing steps may be performed in any order, as well as
independently and/or in combination with each other. Fur-
thermore, the listed processing steps may occur multiple
times independently of each other. As a non-limiting
example, the biodegradable material may be compressed a
first time, then heated, and then compressed a second time.
Of course, other exemplary processing steps and orders of
the processing steps have been contemplated, as this disclo-
sure is not so limited.

[0100] The articles described herein are suitable for a
variety of purposes. For example, in one embodiment, the
article is an insulation material. In another embodiment the
article may be used as a wall covering or drylining. In some
embodiments, the article can be a component of flooring,
sheet building material, furniture, ceiling tiling, product
designs, interior designs, automatic and/or aerospace inte-
riors. Of course, other applications are possible as this
disclosure is not so limited, and those skilled in the art in
view of this disclosure will be able to provide other appli-
cations for the articles described herein.

[0101] The following examples are intended to illustrate
certain embodiments of the present invention, but do not
exemplify the full scope of the invention.

Example 1

[0102] The following example describes the preparation
of a composite board where the biodegradable material
comprises the biodegradable orange peels (OPs).

Pre-Treatment

[0103] Raw OP rinds were dehydrated to adjust water
content to ~10% by a flow of hot air.

[0104] Dried OP is then hammermilled to reduce par-
ticle size to between 1-3 mm

[0105] The pre-treated OP composition is analyzed
showing 7-11 w/w % cellulose and 4-8% lignin
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Composite Forming

[0106]

[0107]
and

[0108] particle size

[0109] OP was then weighed and distributed into the
heated compression mold (sample thickness/depth=12
mm)

[0110] The powder is compressed with an applied pres-
sure of 8 MPa at a heat of 145° C.

[0111] After a heating duration, the sample is left to cool
before the composite sample is released from the mold.

[0112] The composite sample was then subjected to a
final curing step within a dehydrator.

The powdered OP was analyzed for:
moisture content and adjusted appropriately;

Material Testing

[0113] The final sample was then characterized by a
series of tests to determine values within a specified
range. For OP the sample was checked for at least the
following properties:

[0114] Porosity=30%

[0115] Density=1.5 g/cm'

[0116] Flexural Strength=15 MPa

[0117] Tensile Strength=10 MPa

[0118] Water Adsorption: Weight Gain=-12.5% (BS
EN 317, a negative mass indicating no water was
lost)

[0119] Hardness (D-Shore Scale)=80 D

[0120] Bioresistance=3 (ASTM C1338)

Post-Treatment

[0121] To enhance water and bio-resistance the surfaces
of the final composite are coated with linseed oil/wax
mixture and allowed to dry

[0122] Optionally, limonene-oil can be added topically,
in the form of oil, or infused wax, to improve biore-
sistance performance of the final article.

[0123] While several embodiments of the present disclo-
sure have been described and illustrated herein, those of
ordinary skill in the art will readily envision a variety of
other means and/or structures for performing the functions
and/or obtaining the results and/or one or more of the
advantages described herein, and each of such variations
and/or modifications is deemed to be within the scope of the
present disclosure. More generally, those skilled in the art
will readily appreciate that all parameters, dimensions,
materials, and configurations described herein are meant to
be exemplary and that the actual parameters, dimensions,
materials, and/or configurations will depend upon the spe-
cific application or applications for which the teachings of
the present disclosure is/are used. Those skilled in the art
will recognize or be able to ascertain using no more than
routine experimentation, many equivalents to the specific
embodiments of the invention described herein. It is, there-
fore, to be understood that the above-referenced embodi-
ments are presented by way of example only and that, within
the scope of the appended claims and equivalents thereto,
the invention may be practiced otherwise than as specifically
described and claimed. The present disclosure is directed to
each individual feature, system, article, material, and/or
method described herein. In addition, any combination of
two or more such features, systems, articles, materials,
and/or methods, if such features, systems, articles, materials,
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and/or methods are not mutually inconsistent, is included
within the scope of the present disclosure.

[0124] The indefinite articles “a” and “an,” as used herein
in the specification and in the claims, unless clearly indi-
cated to the contrary, should be understood to mean “at least
one.”

[0125] The phrase “and/or,” as used herein in the speci-
fication and in the claims, should be understood to mean
“either or both” of the elements so conjoined, i.e., elements
that are conjunctively present in some cases and disjunc-
tively present in other cases. Other elements may optionally
be present other than the elements specifically identified by
the “and/or” clause, whether related or unrelated to those
elements specifically identified unless clearly indicated to
the contrary. Thus, as a non-limiting example, a reference to
“A and/or B,” when used in conjunction with open-ended
language such as “comprising” can refer, in one embodi-
ment, to A without B (optionally including elements other
than B); in another embodiment, to B without A (optionally
including elements other than A); in yet another embodi-
ment, to both A and B (optionally including other elements);
etc.

[0126] As used herein in the specification and in the
claims, “or” should be understood to have the same meaning
as “and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly
indicated to the contrary, such as “only one of” or “exactly
one of,” or, when used in the claims, “consisting of,” will
refer to the inclusion of exactly one element of a number or
list of elements. In general, the term “or” as used herein shall
only be interpreted as indicating exclusive alternatives (i.e.
“one or the other but not both™) when preceded by terms of
exclusivity, such as “either,” “one of,” “only one of,” or
“exactly one of.” “Consisting essentially of,” when used in
the claims, shall have its ordinary meaning as used in the
field of patent law.

[0127] As used herein in the specification and in the
claims, the phrase “at least one,” in reference to a list of one
or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the
list of elements, but not necessarily including at least one of
each and every element specifically listed within the list of
elements and not excluding any combinations of elements in
the list of elements. This definition also allows that elements
may optionally be present other than the elements specifi-
cally identified within the list of elements to which the
phrase “at least one” refers, whether related or unrelated to
those elements specifically identified. Thus, as a non-limit-
ing example, “at least one of A and B” (or, equivalently, “at
least one of A or B,” or, equivalently “at least one of A and/or
B”) can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and option-
ally including elements other than B); in another embodi-
ment, to at least one, optionally including more than one, B,
with no A present (and optionally including elements other
than A); in yet another embodiment, to at least one, option-
ally including more than one, A, and at least one, optionally
including more than one, B (and optionally including other
elements); etc.

[0128] Some embodiments may be embodied as a method,
of which various examples have been described. The acts
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performed as part of the methods may be ordered in any
suitable way. Accordingly, embodiments may be constructed
in which acts are performed in an order different than
illustrated, which may include different (e.g., more or less)
acts than those that are described, and/or that may involve
performing some acts simultaneously, even though the acts
are shown as being performed sequentially in the embodi-
ments specifically described above.

[0129] Use of ordinal terms such as “first,” “second,”
“third,” etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order of
one claim element over another or the temporal order in
which acts of a method are performed, but are used merely
as labels to distinguish one claim element having a certain
name from another element having a same name (but for use
of the ordinal term) to distinguish the claim elements.
[0130] In the claims, as well as in the specification above,
all transitional phrases such as “comprising,” “including,”
“carrying,” “having,” “containing,” “involving,” “holding,”
and the like are to be understood to be open-ended, i.e., to
mean including but not limited to. Only the transitional
phrases “consisting of” and “consisting essentially of” shall
be closed or semi-closed transitional phrases, respectively,
as set forth in the United States Patent Office Manual of
Patent Examining Procedures, Section 2111.03.

1. An article, comprising:

a biodegradable material comprising a wt % of lignin of
greater than or equal 0.05 wt % and/or less than or
equal to 7 wt % and having a first portion and a second
portion; and

an intrinsic binder comprising a decomposition product of
the biodegradable material, wherein the intrinsic binder
is bound to the first portion and the second portion of
the biodegradable material,

wherein:

a thickness of the article is greater than or equal to 1 mm
and/or less than or equal to 25 mm;

aporosity of the article is greater than or equal to 25% and
less than or equal to 80%;

a density of the article is greater than or equal to 0.3 g/cm®
and less than or equal to 1.8 g/cm?; and

an amount of glucan in the article is less than or equal to
47 wt %.

2. An article, comprising:

a biodegradable material comprising a wt % of lignin of
greater than or equal 0.05 wt % and/or less than or
equal to 7 wt % and having a first portion and a second
portion; and

an intrinsic binder comprising a decomposition product of
the biodegradable material, wherein the intrinsic binder
is bound to the first portion and the second portion of
the biodegradable material,

wherein:

a thickness of the article is greater than or equal to 1 mm
and/or less than or equal to 25 mm;

aporosity of the article is greater than or equal to 25% and
less than or equal to 80%;

a density of the article is greater than or equal to 0.3 g/cm>
and less than or equal to 1.8 g/cm?; and

an amount of glucan in the article is greater than or equal
to 54 wt %.

3-4. (canceled)

5. The article of claim 1, further comprising an external

binder, wherein the external binder is bound to at least a

2 <
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portion of the intrinsic binder and the first portion or the
second portion of the biodegradable material, and wherein
the external binder is greater than or equal to 0.01 wt % with
respect to a total weight of the article.

6. The article of claim 1, wherein an amount of glucan in
the article is greater than or equal to 0.1 wt % and less than
47 wt % with respect to a total weight of the article.

7. The article of claim 1, wherein an amount of glucan in
the article is greater than 54 wt % and less than or equal to
90 wt % with respect to a total weight of the article.

8. The article of claim 1, wherein the intrinsic binder is
formed, at least in part, from the biodegradable material.

9. The article of claim 1, wherein greater than or equal to
20% of article is crosslinked and/or less than or equal to
99.99 wt % of the article is crosslinked.

10. The article of claim 1, wherein a flexural strength of
the article is greater than or equal to 1 MPa and/or less than
or equal to 70 MPa.

11. The article of claim 1, wherein a tensile strength of the
article is greater than or equal to 0.5 MPa and/or less 65
MPa.

12. The article of claim 1, wherein an internal bond
strength of the article is greater than or equal to 0.5 N/mm?>
and/or less than or equal to 1.6 N/mm?.

13. The article of claim 1, wherein a swelling thickness of
the article after immersion in water is greater than or equal
to 0 mm and/or less than or equal to 3 mm.

14. The article of claim 1, wherein a hardness of the article
is greater than or equal to 15 D and/or less than or equal to
80 D.

15. The article of claim 1, wherein the article has a
bioresistence of 3, as determined by an ASTM-C1338 stan-
dard test.

16. The article of claim 1, wherein the biodegradable
material is greater than or equal to 55 wt % of the article.

17. The article of claim 1, wherein the intrinsic binder is
less than or equal to 45 wt % of the article.

18. The article of claim 1, wherein the biodegradable
material comprises orange peels and/or coffee chaff.

19-25. (canceled)

26. A method, comprising:

with a biodegradable material comprising a wt % of lignin

of greater than or equal 0.05 wt % and/or less than or
equal to 7 wt % and having a first portion and a second
portion, performing the steps of:
reducing a particle size of the biodegradable material to
an average diameter of less than or equal to 10 mm
and/or greater than or equal to 1 mm;

degrading at least a portion of the biodegradable material
into a decomposition product of the biodegradable
material and a degraded material; and
forming an intrinsic binder comprising the decomposition
product of the biodegradable material, wherein the
intrinsic binder is bound to the first portion and the
second portion of the biodegradable material,

wherein an amount of glucan in the article is less than or
equal to 47 wt %.

27-53. (canceled)

54. The method of claim 26, further comprising applying
a surface finish and/or a coating to the intrinsic binder, the
first portion and the second portion of the biodegradable
material.

55-56. (canceled)



