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Preferably, the filler is in the form of particles, fibers,
and/orrandom or non-random layers. A plant-based filler
may be used, in particular a cellulosic or lignocellulosic
material, more in particular one or more materials select-
ed from wood chips, wood flakes, sawdust, pulp, e.g.,
pulp of (recycled) paper or other fiber pulp, and plant-

derived fibers such as cotton, linen, flax, and hemp. An
animal-derived filler, in particular an animal-derived fiber
such as wool, hair, silk, or feathers may also be used.
Preferably the polyacohol is selected from one or more
of glycerol, sorbitol, xylitol, mannitol, 1,2-propane diol,
1,3-propane diol, and 1,2-ethane diol.

The polyacid preferably is an aliphatic diacid or triacid
with 3-15 carbon atoms.

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 511 326 A1 2

Description

[0001] The present invention pertains to a composite
material comprising a filler and a specific polymer. More
in particular, the present invention pertains to a compos-
ite material comprising a bio-based particulate or fibrous
filler and a specific polymer.

[0002] Composite materials comprising bio-based
particulate orfibrous fillers are well known in the art. They
include, for example, composite materials comprising
plant-based fillers, such as MDF (medium density fiber-
board), HDF (high-density fiberboard), plywood, oriented
standboard (OSB) also indicated as flake or wafer board,
particle board and paper-resin composites like Formi-
ca™. These materials comprise a plant-based particu-
late or fibrous filler in combination with a polymer to keep
the material together.

[0003] Conventional polymers used in the manufac-
ture of these types of composite materials have a number
of disadvantages. Depending on their nature, they may
cause the slow release of formaldehyde, composite ma-
terials containing them cannot be disposed of as organic
waste, and when burned they may cause the release of
undesirable components. The presentinvention now pro-
vides a composite material which solves these problems.
[0004] The present invention pertains to a composite
material comprising 10-98 wt. % of a bio-based particu-
late or fibrous filler and at least 2 wt.% of a polyester
derived from an aliphatic polyalcohol with 2-15 carbon
atoms and polyacid.

[0005] The polyester used in the present invention
does not contain aromatic structures or N or S heter-
oatoms. More in particular, it consists essentially of car-
bon, hydrogen, and oxygen atoms. It therefore shows a
clean burning profile, a good HSE profile, and is also
suitable for disposal as organic waste.

[0006] In contrast with composite materials based on
conventional polymers, the composite material accord-
ing to the invention can therefore be disposed of as or-
ganic waste.

[0007] The polymer slowly hydrolyzes in water. Thus,
when the composite material is used as land-fill, the pol-
ymer will slowly degrade, making the bio-based particu-
late or fibrous filler available for biological degradation.

[0008] Ithas also surprisingly beenfoundthatthe com-
posite materials according to the invention show a high
fire resistance. This makes the composite material ac-
cording to the invention eminently suitable as building
material and in other applications where fire-resistance
is an issue. The composite according to the invention
thus combines good technical properties with good dis-
posal properties.

[0009] Another advantage is that the polymer used in
the composite according to the invention may be derived
in its entirety from renewable vegetable resources. It
does not have to rely on fossil fuels.

[0010] Another advantage is that the composite ac-
cording to the invention may be derived in its entirety
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from renewable bioderived resources, in particular veg-
etable resources, it does not have to rely on fossil fuels.
[0011] The bio-based particulate or fibrous material is
present in the composite material according to the inven-
tion as filler. If the amount of filler is less than 10 wt.%,
a composite material with the desired properties may be
difficult to obtain. If the amount of filler is above 98 wt.%,
the amount of matrix polyester will be too low to provide
the product with adequate properties.

[0012] In one embodiment, the filler is present in an
amount of at least 20 wt.%, in particular at least 40 wt.
%, more in particular atleast 50%. In some embodiments,
the amount offiller may be at most 95%, more in particular
at most 90%. The polyester is present in an amount of
at least 2 wt.%. It may be preferred for the polyester to
be present in an amount of at least 5 wt.%, still more in
particular at least 10 wt.%.

[0013] The amount of polyester will be below 80 wt.%,
because otherwise the amount of filler will be too low.
[0014] The filler is a bio-based particulate or fibrous
filler. Within the context of the present specification the
word bio-based refers to fillers which are derived from
plant- or animal-based materials. Combinations of differ-
ent types and materials of fillers may also be used.
[0015] In one embodiment the filler is a plant-based
particulate or fibrous filler. In this case the filler may be
a cellulosic or lignocellulosic material.

[0016] The filler may be in the form of individual parti-
cles orfibers, but also in the form of an aggregate mate-
rial, e.g., in the form of woven or non-woven layers.
[0017] Within the context of the present specification
the wording fiber encompasses monofilaments, multifil-
ament yarns, threads, tapes, strips, and other elongate
objects having a regular or irregular cross-section and a
length substantially longer than the width and thickness.
[0018] In one embodiment, the fiber-type filler is in the
form of a porous sheet-like material, e.g., in the form of
a sheet wherein the fibers are oriented in a random or
non-random manner.

[0019] In one embodiment the fibers are oriented in
the layerin arandommanner, e.g., in anon-woven sheet.
[0020] In another embodiment the fibers are oriented
in a non-random manner. In the context of the present
specification the wording oriented in a non-random man-
neris intended to refer to all structures wherein fibers are
connectedto each otherinamore orless regularmanner.
Examples include woven layers, knitted layers, layers
wherein the fibers are oriented in parallel, and any other
layers wherein fibers are connected to each other in a
repeating pattern. Examples of suitable materials are wo-
ven or non-woven layers of, e.g., cotton or linen.
[0021] In one embodiment, the layers have a mesh
width in the range of 0.01 to 5 mm.

[0022] In another embodiment, the filler is based on a
particulate material, e.g., in the form of powder, dust,
pulp, broken fibers, flakes, or chips. Examples include
wood chips, wood flakes, and sawdust, and pulp, e.g.,
pulp of (recycled) paper or other fiber pulp.
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[0023] In another embodiment the filler is based on
plant-derived fibers. Examples include cotton, linen, flax,
hemp, etc.

[0024] The filler may also be based on animal-derived
fillers, in particular on animal derived fibers such as wool,
hair, andsilk, andfibers derived fromfeathers, e.g., chick-
en feathers. Suitable, other parts of offal may also be
used.

[0025] Itmay be preferred forthe fillerto have a fibrous
character or platelike character, e.g. as evidenced by the
aspect ratio between the largest dimension, the length,
andthe smallest dimension, the thickness, being at least
3, in particular at least 5. In some embodiments the as-
pect, ratio maybe atleast 10, oreven higher. Itis believed
that the use of material with a fibrous or plate-like char-
acter will lead to a material with improved directional
properties, e.g., increased strength.

[0026] The composite according to the invention may
be obtained by combining the filler with the polymer or
precursor thereof, and subjecting the combination to a
curing step.

[0027] The combining of the filler with the polymer or
precursorthereof may be cartied out in various manners,
depending on the type and amount of filler and polymer,
[0028] In one embodiment the polymer or precursor
thereof is in liquid form.

[0029] In one embodiment, the filler is mixed through
the liquid using conventional mixing apparatus. In anoth-
er embodiment, the filler is brought into a mould and the
liquid is applied onto the filler in the mould. In a further
embodiment the composite material is a laminate which
can be obtained, for example, by coating orimpregnating
the individual layers with a polymer or precursor thereof
in liquid form. In all cases, the resulting combination of
filler and liquid polymer is subjected to a curing step until
a solid composite is obtained.

[0030] Combinations of different methods, e.g., com-
binations of laminates and mixed materials are also en-
visage.

[0031] In one embodiment, the filler is combined with

monomers in the liquid phase, and the combination is
subjected to a curing step until a solid composite is ob-
tained.

[0032] Asindicatedabove,inanotherembodiment,the
polyalcohol and polyacid are combined and subjected to
polymerization conditionstoform apolymerin liquid form.
The liquid polymer is then combined with the filler, and
the combination is subjected to a curing step until a solid
composite is obtained.

[0033] Inthis embodimentthe starting material isapol-
ymer with a degree of polymerization which is such that
the polymer is still liquid. In this specification, the liquid
polymer which will later be combined with the filler may
also be indicated as prepolymer.

[0034] In making the prepolymer the polymerization is
carried out to such an extent that a liquid polymer is
formedthe viscosity of which is such thatthe filler material
can be incorporated therein without miscibility problems.
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Optionally, the polymer may be heated to reduce its vis-
cosity. It is within the scope of the skilled person to de-
termine a suitable viscosity, taking the particular type of
mixing, the nature and amount of filler, and the nature
and amount of polymer into account. If so desired, a sol-
vent may be present in the reaction mixture during the
manufacture of the prepolymerto resultin a less viscous
product. Solvent may be present, for example, in an
amount of 5-50 wt.%, calculated on the total of polymer
and solvent, in particular in an amount of 5-20 wt.%. Al-
though other polar solvents can also be used, the use of
water is preferred for environmental and cost reasons.
[0035] In general, the prepolymerisation may be car-
ried out at a temperature in the range of 20 to 200°C,
preferably in the range of 40 to 150°C, more preferably
in the range of 40 to 130°C. The reaction may be carried
out at atmospheric pressure, but if so desired also at
higher or lower pressures.

[0036] The degree of polymerisation for the prepoly-
mer may be in the range of 20 to 98 wt.% (calculated on
the basis of the weight loss of the mixture), in particular
in the range of 40 to 98 wt.%, or in the range of 20-50
wt.%. The degree of prepolymerisation will depend on
the desired viscosity and on the further polymerization
steps.

[0037] Inanother embodiment, the composite accord-
ing to the invention may be obtained by combining the
filler with a prepolymer in the solid phase, and subjecting
the combination to temperature and pressure to in the
first instance melt the polymer to allow bonding to the
filler, and then allow further polymerization of the polymer
to solidify the material. In this embodiment, the polymer
may be provided, e.g., as particles or as films.

[0038] Inthe following, the polymerization reaction will
be discussed. Except where indicated otherwise the fol-
lowing is applicable both to the polymerization carried
out in the presence of filler and to the polymerization in
the absence of filler, i.e., in the manufacture of the pre-
polymer.

[0039] The starting materials for the present invention
are an aliphatic polyalcohol with 2-15 carbon atoms and
a polyacid.

[0040] The polyalcohol used in the present invention
does not contain aromatic structures or N or S heter-
oatoms. More in particular the polyalcohol is an aliphatic
polyalkanol containing only C, H, and O atoms. The poly-
alcohol used in the present invention comprises at least
two hydroxyl groups, in particular at least thee hydroxyl
groups. In general, the number of hydroxyl groups will
be 10 orless, more inparticular 8 orless, oreven 6 or less.
[0041] The polyalcohol has 2-15 carbon atoms. More
in particular, the polyalcohol has 3-10 carbon atoms.
[0042] It is preferred for the polyalcohol to contain no
other noncarbon groups than hydroxyl groups. It is pre-
ferred forthe alcoholto contain no heteroatoms, including
oxygen, in its backbone.

[0043] Inapreferred embodiment ofthe presentinven-
tion the polyalcohol contains a relatively large number of
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hydroxyl groups in comparison with its number of carbon
atoms. For example, the ratio between the number of
hydroxyl groups and the number of carbon atoms ranges
from 1:4 (i.e. one hydroxyl group per four carbon atoms,
or 8 carbon atoms for a dialcohol) to 1:0.5 (i.e. 2 hydroxyl
groups per carbon atom). In particular, the ratio between
the number of hydroxyl groups and the number of carbon
atoms ranges from 1:3 to 1:0.75, more specifically, from
1:2t0 1:0.75. A group of specifically preferred polyalco-
hols is the group wherein the ratio ranges from 1:1.5 to
1:0.75. Compounds wherein the ratio of hydroxyl groups
to carbon atoms is 1:1 are considered especially pre-
ferred.

[0044] Examples of suitable polyalcohols include glyc-
erol, sorbitol, xylitol, and mannitol, and, from the group
of dialcohols 1,2-propane diol, 1,3-propane diol, and 1,2-
ethane diol. The use of compounds selected from the
group of glycerol, sorbitol, xylitol, and mannitol, is pre-
ferred, with the use of glycerol being particularly pre-
ferred.

[0045] The preference for glycerol is based on the fol-
lowing: In the first place glycerol has a melting point of
20°C, which allows easy processing, in particular as com-
pared to xylitol, sorbitol, and mannitol, which all have
melting points well above 90°C. Further, it hasbeenfound
that glycerol gives coatings of high quality, and thus com-
bines the use of an easily accessible source material with
good processing conditions and a high-quality product.

[0046] Mixtures of different types of alcohol may also
be used.
[0047] Itis preferred, however, for the alcohol to con-

sist for at least 50 mole% of glycerol, xylitol, sorbitol, or
mannitol, in particular of glycerol, preferably at least 70
mole%, more in particular at least 90 mole%, or even at
least 95 mole%. In one embodiment the alcohol consists
essentially of glycerol.

[0048] The use of glycerol which is a side product of
the manufacture of biodiesel by the transesterification
reaction of glycerides with mono-alcohols is a specific
embodiment of the present invention. Suitable monoal-
cohols include C1-C10 monoalcohols, in particular C1-
C5 monoalcohols, more in particular C1-C3 monoalco-
hols, specifically methanol. The glycerides are mono-di-
and esters of glycerol and fatty acids, the fatty acids gen-
erally having 10-18 carbon atoms. Suitable processes
for manufacturing biodiesel with associated glycerol are
known in the art.

[0049] The polyacid does not contain aromatic struc-
tures or N or S heteroatoms. More in particular the poly-
acid is an aliphatic polycarboxylic acid containing only C,
H, and O atoms. It is preferred for the polyacid to contain
no other functional groups than carboxylic acid groups.
It is preferred for the acid to contain no heteroatoms,
including oxygen ,in its backbone.

[0050] In one embodiment the polyacid used in the
present invention is selected from dicarboxylic acids, tri-
carboxylic acids, and mixtures thereof.

[0051] In one embodiment the acid comprises at least
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10 wt.% of tricarboxylic acid, calculated on the total
amount of acid, preferably at least 30 wt.%, more pref-
erably at least 50 wt.%. In one embodiment the amount
of tricarboxylic acid is at least 70 wt.%, more in particular
at least 90 wt.%, or even at least 95 wt.%. In one em-
bodiment the acid consists essentially of tricarboxylic ac-
id, wherein the word essentially means that other acids
may be present in amounts that do not affect the prop-
erties of the material.

[0052] Inone embodiment the acid comprises at least
10 wt.% of dicarboxylic acid, calculated on the total
amount of acid, preferably at least 30 wt.%, more pref-
erably at least 50 wt.%. In one embodiment the amount
of dicarboxylic acid is at least 70 wt.%, more in particular
at least 90 wt.%, or even at least 95 wt.%. In one em-
bodiment the acid consists essentially of dicarboxylic ac-
id, wherein the word essentially means that other acids
may be present in amounts that do not affect the prop-
erties of the material.

[0053] In one embodiment the acid comprises a com-
bination of at least 2 wt. % of tricarboxylic acid and at least
2 wt.% of dicarboxylic acid, more in particular at least 5
wt.% of tricarboxylic acid and at least 5 wt.% of dicarbo-
xylic acid, or at least 10 wt.% of tricarboxylic acid and at
least 10 wt.% of dicarboxylic acid. In this embodiment
the weight ratio between the two types of acid may vary
within wide ranges, depending on the properties of the
desired material. In one embodiment, the dicarboxylic
acid makes up between 2 and 98 wt.% of the total of
dicarboxylic and tricarboxylic acid, in particular between
5 and 95 wt.%, more in particular between 10 and 90 wt.
%, depending on the properties of the desired material.
[0054] The dicarboxylic acid may be any dicarboxylic
acid which has two carboxylic acid groups and, in gen-
eral, at most 15 carbon atoms. Examples of suitable di-
carboxylic acids include itaconic acid, malic acid, succinic
acid, glutaric acid, adipic acid and sebacic acid. Itaconic
acid and succinic acid may be preferred.

[0055] The tricarboxylic acid may be any tricarboxylic
acid which has three carboxylic acid groups and, in gen-
eral, at most 15 carbon atoms. Examples include citric
acid, isocitric acid, aconitic acid (both cis and trans), and
3-carboxy-cis,cismuconic acid. The use of citric acid is
considered preferable, both for reasons of costs and of
availability. The citric acid can be provided in anhydrous
form. However, as the presence of water is not detrimen-
talto the process, itis possible, and preferred to use citric
acid monohydrate as starting material.

[0056] The molar ratio between the polyalcohol and
the polyacid will be governed by the ratio between the
number of reacting groups in the alcohol(s) and acid(s)
used.

[0057] In general, the ratio between the number of OH
groups and the number of acid groups is between 5:1
and 1:5. More in particular, the ratio may between 2:1
and 1:2, more specifically between 1.5:1 and 1:1.5, more
preferably between 1.1:1and 1:1.1. The theoreticalmolar
ratio is 1:1, and no benefit is expected from deviating
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therefrom.

[0058] The alcohol and the acid are combined to form
a liquid phase. Depending on the nature of the com-
pounds this can be done, e.g., by heating the mixture to
atemperature where the acid will dissolve in the alcohol,
in particular in glycerol. Depending on the nature of the
compounds this may be, e.g., at a temperature in the
range of 20-200°C, e.g., 40-200°C, e.g. 60-200°C, or
90-200°C. In one embodiment, the mixture may be heat-
ed and mixed for a period of 5 minutes to 2 hours, more
specifically 10 minutes to 45 minutes, at a temperature
of 100-200°C, in particular 100-150°, more in particular
at a temperature in the range of 100-130°C.

[0059] If a solvent is added, e.g., water, the tempera-
ture may be lower, e.g., in the range of 40°C or higher,
e.g., at a temperature of 40-100°C, in particular
50-100°C, because the water will help to dissolve the
acid in the alcohol, in particular glycerol. In this embod-
iment, the mixture may be heated and mixed for a period
of 5 minutes to 2 hours, more specifically 10 minutes to
45 minutes, at a temperature in the specified range.
[0060] If so desired, a polymerisation catalyst may be
added to the reaction mixture. Suitable catalysts for pol-
yester manufacture are known in the art. They include,
e.g., p-toluene sulphonic ester and tin oxalate, and sul-
phuric acid. It is within the scope of the skilled person to
select a suitable catalyst.

[0061] It has been found, however, that the use of a
catalyst is generally not required.

[0062] The polymer aimed for is the reaction product
of polyalcohol and polyacid. Other components may be
present in the reaction medium, but preferably not to an
extent that they substantially interfere with the nature of
the reaction product. Suitable components that may be
present include catalysts and colorants. In one embodi-
ment less than 20 wt.% of the reaction mixture should be
made up of other components, preferably less than 15
wt.%, more preferably less than 10 wt.%. In some em-
bodiments it may be preferred for the mixture to contain
less than 5 wt.% of additional components, or even less
than 2 wt.%. The above pertains to components which
end up in the final product. For example, water or other
solvents which are evaporated from the final product and
other gaseous components that may be added, if any,
are not included herein. The filler and other solid constit-
uents are also not taken into account in the calculations
in this paragraph.

[0063] The liquid mixture comprising alcohol and acid
is brought to reaction conditions. Reaction conditions in-
clude a temperature of between 20°C and 200°C, in
particular . The reaction temperature will depend on the
desired reaction time and the presence or absence of a
catalyst. In one embodiment the reaction temperature is
between 50 and 150°C, in particular between 80 and
130°C. An increased temperature will result in an de-
creased reaction time. The selection of a higher temper-
ature within the stipulated range will increase reaction
rate, but will also increase the risk of undesirable side
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reactions such as decarboxylation. Taking the above into
accountitis withinthe scope ofthe skilled personto select
a proper reaction temperature.

[0064] In one embodiment, the polymer is a glycerol-
tricarboxylic acid polyester, in particular a glycerol citric
acid polyester, with a carbon content of at most 43.00
wt.% and a hydrogen content of at most 5.40 wt.%.
[0065] In the process according to the invention the
combination of the filler with the polymer or a precursor
thereof is subjected to a treatment at elevated tempera-
ture and pressure until the polymer has solidified.
[0066] The solidification of the polymer generally
means that the mixture has reached a degree of polym-
erization of at least 70%, in particular at least 80%, more
in particular at least 90%, in some embodiments at least
95%.

[0067] It is preferred that the combination of polymer
and filler is subjected to a temperature in the range of
20-200°, in particular 40-150°C, more in particular
80-130°C and a pressure of 1-100 bar, in particular 2-50
bar, more in particular 2-20 bar, for a period of at least 5
minutes, until the polymer has solidified. For further pref-
erence on reaction times and temperatures reference is
made to what is stated elsewhere in this document.
[0068] In one embodiment the temperature of the re-
action mixture is not elevated above 130°C before a con-
version of at least 90% has been obtained. This may be
attractive to prevent decomposition of the acid which may
cause discoloration of the product and may affect the
properties of the polymer. It is preferred that the temper-
ature of the reaction mixture is not elevated above 130°C
before a conversion of at least 95% has been obtained,
more in particular a conversion of at least 98%. It is be-
lieved that when the reaction is complete or substantially
complete, the polymer will tolerate higher temperatures,
because at that point in time the acid has already been
polymerized, reducing the risk of decarboxylation. For
example, it has been found that when the desired degree
of conversion is reached, the polymer can be heated fur-
ther to atemperature of, e.g., 150°C without further prob-
lems. This means that it can be used in many industrial
and technological applications. In one embodiment it is
preferred for the temperature of the reaction mixture to
be not elevated above 125°C before a conversion of at
least 90% has been obtained. A maximum temperature
of 120°C may be more preferred. It is also preferred that
temperatures above these values are not reached before
a conversion of at least 95% has been obtained, more in
particular a conversion of at least 98%.

[0069] In one embodiment it is preferred for the reac-
tion to be carried out for at least part of the time above
the boiling point of water, that is, above the point where
the vapor pressure of the liquid equals the environmental
pressure surrounding the liquid. When the reactionis car-
ried out at atmospheric pressure it is therefore preferred
for the reaction to be carried out at a temperature above
100°C, more in particular at 105°C or higher. When the
reaction is carried at reduced pressure within this em-
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bodiment, the reaction may be carried out at lower tem-
peratures, e.g., a temperature of between 80°C and
100°C at a pressure of 0.10 mbar.

[0070] The polymerization time will depend on the po-
lymerization temperature and desired degree of polym-
erization, and may vary between wide ranges. In one
embodiment, the polymerization time is between 5 min-
utes and 5 days. In the presence of catalyst at elevated
temperatures the polymerization time could, e.g., be in
the range of 5 minutes to 12 hours, more in particular 0.5
hours to 6 hours. The polymerization time may also be
at least 1 hour, or at least 2 hours, or at least 4 hours. In
one embodiment, the polymerization time in the range of
2 hours to 5 days, in particular 2 hours to 24 hours, more
in particular in the range of 4 to 18 hours, still more in
particular in the range of 8-20 hours.

[0071] Combinations of various temperature and pres-
sure regimens may be envisaged.

[0072] Inone embodimentthe reaction mixture is kept
atatemperature of between 100°C and 130°C for at least
part of the period from the start of the reaction until a
conversion of at least 90% is obtained. More specifically,
it may be desirable to keep the reaction mixture at atem-
perature of between 100°C and 130°C for the entire pe-
riod from the start of the reaction until the desired degree
of conversion is obtained.

[0073] In one embodiment, the alcohol and acid are
mixed at a temperature of 50-200°C for a period of 5
minutes to one hour. The filler is added, and the mixture
is then poured into a mould and kept there at a temper-
ature of 50-200°C, in particular 80-150°C, more in par-
ticular 90-150°C for a period of 0.5 hours to 5 days hours,
in particular 2-36 hours.

[0074] In another embodiment, alcohol and acid are
mixed with water in an amount of, say 2-10 wt.%, calcu-
lated on the total of acid at a temperature in the range of
40-100°C, in particular 40-80°C for a period of 5 minutes
to one hour. The filler is added, and the mixture can then
by poured in the mould and processed as described
above.

[0075] Inone embodiment the prepolymer is at elevat-
ed temperature when it is combined with the filler, e.g.,
atatemperature of above 60°C, in particular above 80°C.
In one embodiment the temperature is between 100 and
150°C. The advantage of the prepolymer having a rela-
tively high temperature when it is combined with the filler
is that it allows processing of a polymer with a relatively
high degree of polymerization at acceptable viscosity.
This ensures that the curing step of the final composite
can be relatively short.

[0076] The rate of the polymerization may be in-
creased, by seeding the mixture with pulverized polymer,
e.g., in an amount of 1-20 wt.%. This is believed to result
in a material with a lower density.

[0077] It has been found that the polymers shows
strong adherence to glass and metal. The final stages of
the polymerization reaction, including the heat and pres-
sure treatment of polymer and filler, are therefore pref-
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erably cartied out in a vessel provided with a non-stick
coating. This can be, for example, a Teflon coating, or a
silicone rubber coating. Suitable coating materials are
known in the art.

[0078] It may be preferred for the mixing and reaction
stage to take place in an inert atmosphere, e.g., under
nitrogen or argon, to prevent reaction of the polymer or
the monomers with the oxygen from the air, which may
result in yellowing of the polymer.

[0079] The polymer used in the present invention will
slowly hydrolyze when brought into contact with water.
The hydrolyzation speed will depend in the degree of
polymerization. Accordingly, if a certain degree of de-
gradability is desired, e.g., in packaging applications a
lower degree of polymerization may be selected, e.g.,
between 70 and 90%. However, in cases where a more
stable materialis desired, with a longer degradation time,
a higher degree of polymerization may be more attrac-
tive. In this case, a degree of polymerization of more than
90%, e.g., of at least 93%, at least 96%, or at least 98%
may be aimed for.

[0080] In general, the materials with a lower degree of
conversion will be more flexible than materials with a
higher degree of conversion.

[0081] If so desired, the composite material according
to the invention may encompass additional polymers. In
one embodiment it may be preferred for these polymers
to be degradable and/or based on biomaterials. Exam-
ples of suitable polymers include polymers derived from
lactic acid, glycolic acid, cellulose, and bioethanol.
[0082] It is preferred for the material according to the
invention to be free of epoxyresins and other resins con-
taining N- and S-heteroatoms. In one embodiment, the
composite material according to the invention contains
less than 5 wt.% of epoxyresin, in particular less than 2
wt.% of epoxyresin.

[0083] In one embodiment the polymer used in the
present invention contains less than 10 wt.% of com-
pounds containing other atoms than O, C, or H.

[0084] The composition may contain additional com-
ponents. Examples include inett fillers like ash, carbon,
silica (sand), titania, and other inert materials.

[0085] The composite material may be in the form of
a shaped body. Examples of shaped bodies include
plates, extrudates, and any other three-dimensional
shapes that can be derived from a mould.

[0086] In one embodiment the present invention per-
tains to a panel made from the composite material of the
present invention.

[0087] The panel may have, e.g. a thickness in the
range of 1 mm to 4 cm, in particular of 2 mm to 2.5 cm.
The plate may have a width of 10 cmto 3 m, in particular
20 cm to 2 m. The length of the panel may, e.g., be in
the range of 30 cm to 5 meter, in particular 1 meterto 4
meter. The plates may also have circular or irregular
shapes.

[0088] In another embodiment, the present invention
pertainstoacomplexshapedobject, i.e. and object which
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is not flat. Such complex shaped objects can be used for
numerous applications.

[0089] The composite materials according to the in-
vention have may uses. In one embodiment, they may
for example be used in the invention as described the
patent application in with the same inventors and the
same filing date as the present application with the title
of "Kit of parts comprising part susceptible to degradation
by thermal loads and part comprising specific polymer".
The disclosure of this application, including its various
embodiments is herewith incorporated herein by refer-
ence, in particular as regards the various kits and assem-
blies in which the material may be used, and the uses to
which it may be put.

[0090] The present invention is illustrated by the fol-
lowing nonlimiting examples.

EXAMPLE 1 -composite based on paper pulp

[0091] Glycerol (8 grams) and cittic acid monohydrate
(16 grams) were heated with 20 ml of demineralized wa-
ter in an open beaker at 60°C for 20 minutes. A homo-
geneous solution was obtained.

[0092] Paper pulp was prepared from 8 grams Kim-
berley Clark cellulose wipes in a mechanical blender with
200 ml water for 30 minutes.

[0093] The polymer solution was added to the mush
and blended for 20 minutes. The impregnated mush was
cast in a silicone rubber mould (10*20*5 ¢cm3) and cured
at 120°C for 12 hrs under a flow of nitrogen. A coherent
composite material was obtained (dimensions 10*12*0.5
cm).

EXAMPLE 2 - composite based on sawdust

[0094] Citric acid monohydrate (18 grams) and glyc-
erol (9 grams) were heated to 100°C for 15 minutes with
stirring in an open beaker until a homogeneous solution
was obtained.

[0095] Epoxy-free sawdust (8 grams) was added in
portions with manual stirring/mixing with a steel spatula
until a thick paste was obtained. The sawdust paste was
cured in a silicone rubber cup (5 cm diameter) at 120°C
for 12 hrs. A porous brown fiber board (0.7 cm height)
resulted with density lower than 1 g/ml.

EXAMPLE 3 - composite based on sawdust

[0096] A sawdust paste was prepared as described in
Example 2. The sawdust paste was spread out on a sil-
icone rubber sheet. A second silicone rubber sheet was
placed on top and the paste was cured under pressure
of a 2 kg stone at 120°C for 12 hrs. A porous brown
coherent fiber board (7*8 cm and 0.5 cm thickness) was
obtained with a density above 1 g/ml.
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EXAMPLE 4 -composite based on sawdust

[0097] A sawdust paste was prepared as described in
Example 2. The paste was placed between two silicone
rubber sheet and heated at 120°C under 10 bars pres-
sure. A thin sheet of brown medium density fiber board
was obtained (7*10 cm and 1 mm thickness) with a den-
sity well above 1 g/ml.

EXAMPLE 5 - composite based on non-woven paper lay-
ers

[0098] A stack or 10 cellulose based sheets (7*10 cm
Kleenex or Kimberley Clark) was impregnated with 5
grams of glycerol: citric acid resin (1:1 molar) which was
prepared as described in Example 2. The stack was
cured between two silicone rubber sheets placed be-
tween two ceramic tiles topped with a 2 kg stone weight
for 12 hrs at 110°C. A rigid composite material was ob-
tained.

EXAMPLE 6 — composite based on woven cotton ma-
terial

[0099] A stack of 10*10 cm of woven cotton sheets (5
layers of regular kitchen towel) was impregnated with 12
grams of glycerol:citric acid monohydrate (1:1 resin pre-
pared as in Example 2) at a temperature of 75°C. The
stack was cured at 125°C for 12 hrs between silicone
rubber sheets, the whole being placed between two ce-
ramic tiles under a weight of 2 kg.

[0100] A rigid porous material (0.5 cm thickness) was
obtained with a density below 1 g/ml.

EXAMPLE 7 - composite based on woven cotton material

[0101] A stack of 1010 cm of woven cotton sheets (10
layers of regular kitchen towel) was impregnated with
glycerol/citric acid resin (1:1 molar ratio, 12 grams, pre-
pared as in Example 2), at a temperature of 75°C.
[0102] The stack was cured at 120°C under a pressure
of 10 bars in a heat press between Teflon sheets for 12
hers.

[0103] A stiff material with a thickness of 0.1 ¢cm and
a density above 1 g/ml was obtained.

EXAMPLE 8 - composite based on sawdust

[0104] Glycerol (50 grams) and citric acid monohy-
drate (100 grams) were heated with stirring at 100°C until
a clear solution was obtained after 30 minutes. Epoxy-
free dry sawdust (37 grams) was added in portions with
stirring and the mushy paste was mixed by hand with an
spatula. The paste was laid onto a silicone rubber sheet
(12*12 cm). A second silicone rubber sheet was placed
on top and the whole was cured at 100°C between 2
ceramic tiles with a 2 kg stone weight on top.

[0105] A brown rigid porous density fiber board was
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produced, with a thickness of 0.8 cm.
EXAMPLE 9 - composite material based on hemp

[0106] A 4*4 cm hemp mat of 0.8 cm thickness was
impregnated with glycerol citric acid monohydrate resin
(7 grams, prepared as described in Example 2) and the
sample was cured between silicone rubber sheets placed
between two ceramic tiles under a weight of 2 kg. The
sample was cured at 135°C for 12 hrs.

[0107] A porous rigid brown composite was obtained
with a density below 1 g/ml.

EXAMPLE 10— composite based on regenerated cel-
lulose

[0108] Wet regenerated cellulose (12 grams) was im-
pregnated with glycerol citric acid monohydrate resin
(prepared as in example 2) at 75°C. The sample was
cured between two silicone rubber sheets placed be-
tween two ceramic tiles under a pressure of 2 kg weight.
[0109] A smooth sheet of tanned composite (appr.
10*10 cm and 0.5 mm thickess) was obtained.

Claims

1. A composite material comprising 10-98 wt.% of a
bio-based particulate or fibrous filler and at least 2
wt.% of a polyester derived from an aliphatic polyal-
cohol with 2-15 carbon atoms and a polyacid.

2. Composite material according to claim 1 wherein the
filler is in the form of particles, fibers, and/or random
or non-random layers.

3. Composite material accordingto claim 1 or2wherein
a porous sheet-like material is used as filler.

4. Composite material according to any one of the pre-
ceding claims wherein a particulate material, e.g., in
the form of powder, dust, flakes, or chips, is used as
filler.

5. Composite material according to any one of the pre-
ceding claims wherein a plant-based filler is used, in
particular a cellulosic or lignocellulosic material,
more in particular one or more materials selected
from wood chips, wood flakes, sawdust, pulp, e.g.,
pulp of (recycled) paper or otherfiber pulp, and plant-
derived fibers such as cotton, linen, flax, and hemp.

6. Composite material according to any one of the pre-
ceding claims wherein an animal-derived filler, in
particular an animal-derived fiber such as wool, hair,
silk, or feathers is used as filler.

7. Composite material according to any one of the pre-

10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

15.

ceding claims, wherein the polyalcohol is selected
from one or more of glycerol, sorbitol, xylitol, man-
nitol, 1,2-propane diol, 1,3-propane diol, and
1,2—ethane diol, in particular glycerol.

Composite material according to any one of the pre-
ceding claims, wherein the polyester is a polyester
of an aliphatic polyalcohol with 2-15 carbon atoms
with an acid selected from aliphatic diacids and tri-
acids with 3-15 carbon atoms.

Composite material according to claim 8 wherein the
acid contains at least 10 wt.% of tricarboxylic acid,
calculated on the total amount of acid, preferably at
least 30 wt.%, more preferably at least 50 wt.%, still
more preferably at least 70 wt.%, more in particular
at least 90 wt.%, or even at least 95 wt.%, wherein
the acid may, in particular be citric acid.

Composite material according to claim 8, wherein
the acid contains at least 10 wt.% of dicarboxylic
acid, calculated on the total amount of acid, prefer-
ably at least 30 wt.%, more preferably at least 50 wt.
%, still more preferably at least 70 wt.%, more in
particular at least 90 wt.%, or even at least 95 wt.%,
the acid in particularbeing selected from one or more
of succinic acid and itaconic acid.

Composite material according to any one of the pre-
ceding claims, wherein the filler is present in an
amount of at least 20 wt.%, in particular at least 40
wt.%, more in particular at least 50%, and/or at most
95%, more in particular at most 90%.

Method for manufacturing a composite material ac-
cording to any one of the preceding claims, compris-
ing combining the filler with the polymer or precursor
thereof, and subjecting the combination to a curing
step.

Method for manufacturing a composite matetrial ac-
cording to claim 12 wherein the filler is combined
with alcohol and acid monomers in the liquid phase,
and the combination is subjected to a curing step
until the polymer has solidified.

Method for manufacturing a composite material ac-
cording to claim 12 wherein the alcohol and acid are
combined and subjected to polymerization condi-
tions to form a polymer in liquid form, the liquid pol-
ymer is then combined with the filler, and the com-
bination is subjected to acuringstep untilthe polymer
has solidified.

Method accordingto any one of claims 12-14 where-
inthe curing step encompasses subjecting the com-
bination of filler and polymer to a temperature the
range of 20-120°C, in particular 40-150°C, more in
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particular 80-130°C and a pressure of 1-100 bar, in
particular 2-50 bar, more in particular 2-20 bar, for a
period of at least 5 minutes, until the polymer has
solidified.
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