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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a biocompos-
ite and a method for preparing the same, more specifi-
cally to a biocomposite having superior eco-friendliness,
storage modulus and dimensional stability as well as heat
resistance and flame retardancy, and a method for pre-
paring the same.

BACKGROUND

[0002] Most polymer composites commonly used in
automotive or construction industries employ glass fiber
as reinforcement material. However, they cause many
problems in terms of energy and environment, because
the glass fiber is harmful to the human body and unsuited
to recycling.
[0003] DE 20 2006 018 135 U1 describes a stone car-
rier stabilizing stone rods or stone slabs, which are thin.
A plate to be stabilized may be a stone plate for kitchen
counters.
[0004] DE 10 2007 008 423 A1 relates to composites
and a method of manufacturing a composite for use e.g.
in furniture or floor covering. Making of the composite
involves applying a textile sheet containing a B-stage
binder to one side of a support, applying functional ma-
terial to the textile and then curing the binder.
[0005] Recently, biocomposites using
natural fiber as reinforcement material are studied in or-
der to reduce the use of harmful glass fiber.
[0006] Being lighter than glass fiber-reinforced poly-
mer composites by 30% or more, biocomposites are cut-
ting-edge new material that can lead to energy saving
through improved fuel efficiency (1.6%) when used for
automotive parts. Further, since the natural fiber is lighter
and wears machinery less as compared to the glass fiber,
it can reduce energy consumption by 80% during the
production. Also, the cost of the natural fiber (about 5
won/g) is only about 1/4 that of the glass fiber (20 won/g).
In addition, the natural fiber is lighter (density: 1.3 g/cm3)
than the glass fiber (density: 2.6 g/cm3), while having
superior toughness and specific modulus.
[0007] Until recently, biocomposites including powder
or fiber derived from wood or non-wood natural fibers
were mainly reported as cellulose-based reinforcement
materials. However, the cellulose-based reinforcement
materials have varying properties depending on the par-
ticular tree, the growth condition of the natural fiber, the
particular portion in the tree, the growth period, or the
like. Even a single fiber tends to have different composi-
tion and size in different portions. Thus, when the fiber
is used as the reinforcement material without any
processing, the resulting biocomposite has different
properties in different parts. Further, there are concerns
about the damage to the forests related with the use of
the wood-derived reinforcement materials and the culti-

vation of non-woody plants such as flax or hemp, which
are commonly used as reinforcement material in biocom-
posites recently.
[0008] Accordingly, studies are carried out actively
over the world in order to utilize eco-friendly biomaterials
as high-functional materials.

SUMMARY

[0009] The present disclosure is directed to providing
a biocomposite having superior eco-friendliness, storage
modulus and dimensional stability as well as enhanced
heat resistance and flame retardancy.
[0010] The present disclosure is also directed to pro-
viding a method for preparing the eco-friendly incombus-
tible biocomposite.
[0011] In one general aspect, the present disclosure
provides an eco-friendly incombustible biocomposite in-
cluding: a) a polymer matrix comprising a natural fiber;
and b) a ceramic sheet laminated integrally with the pol-
ymer matrix, wherein the content of the natural fiber is 1
to 70 wt%, the content of the polymer is 1 to 98%, and
the content of the ceramic sheet is 1 to 30 wt%.
[0012] In an embodiment, the ceramic sheet may be
provided on at least one side of the polymer matrix com-
prising the natural fiber or between two sheets of the
polymer matrix.
[0013] The natural fiber may be one or more selected
from a group consisting of wood pulp, non-wood fiber,
microalgae byproduct, seaweed byproduct, silk fiber and
henequen fiber, but is not limited thereto.
[0014] In case wood pulp or non-wood fiber is used,
one having a length of 1 mm to 3 cm may be used, and,
in case microalgae byproduct or seaweed byproduct is
used, one having a length of 0.1 to 1,000 mm may be
used.
[0015] The polymer may be one or more selected from
a group consisting of a biodegradable polymer such as
polylactic acid (PLA), polycaprolactone (PCL), blend of
polylactic acid (PLA) with starch and polybutylene suc-
cinate (PBS), a general-use polymer such as polypropyl-
ene, polyethylene and polycarbonate, and a blend there-
of, but is not limited thereto.
[0016] The ceramic sheet may include a ceramic fiber
including SiO2, Al2O3, CaO, MgO or a mixture thereof.
The content of the ceramic fiber in the ceramic sheet may
be 50 wt% or more. The ceramic sheet may include in-
organic materials including the ceramic fiber in an
amount of 60% or more.
[0017] The ceramic sheet may further include one or
more additive(s) selected from an organic fiber, an inor-
ganic additive, an organic additive, an inorganic floccu-
lant or an organic flocculant. The thickness of the ceramic
sheet may be 0.05 to 5 mm.
[0018] The eco-friendly incombustible biocomposite
according to the present disclosure may have a thickness
of 0.1 mm to 10 cm.
[0019] The eco-friendly incombustible biocomposite
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according to the present disclosure may have various
structures, including a plate structure, a wave structure,
a plate-wave combination structure, a honeycomb struc-
ture, or a multilayer structure thereof.
[0020] In another general aspect, the present disclo-
sure provides a method for preparing an eco-friendly in-
combustible biocomposite, including: 1) dispersing cut
natural fiber and polymer powder on a ceramic sheet; 2)
heating the ceramic sheet with the natural fiber and the
polymer powder dispersed to melt the polymer powder
and then performing compression molding by heating;
and 3) cooling the compression molded sheet. Although
different depending on the polymer used, the melting
temperature may be from 100 to 200 °C and the com-
pression force may be from 0.1 to 10 kgf/cm2.
[0021] After the step 3), the resulting biocomposite
may be heated again to melt the polymer, and, after plac-
ing another ceramic sheet thereon, compression molding
may be performed by heating to prepare an eco-friendly
incombustible biocomposite with the ceramic sheets at-
tached on both sides.
[0022] Also, in accordance with the present disclosure,
an eco-friendly incombustible biocomposite with the ce-
ramic sheet provided therein may be prepare by: 1) dis-
persing cut natural fiber and polymer powder on a ce-
ramic sheet laminated integrally a polymer matrix com-
prising a natural fiber; 2) heating the ceramic sheet with
the natural fiber and the polymer powder dispersed to
melt the polymer powder and then performing compres-
sion molding by heating; and 3) cooling the compression
molded sheet.
[0023] After the biocomposite with the ceramic sheet
attached is prepared, the biocomposite may be heated
again and passed through a wave molding roller to pre-
pare an eco-friendly incombustible biocomposite having
a wave structure.
[0024] Other features and aspects will be apparent
from the following detailed description, the drawings, and
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other objects, features and ad-
vantages of the present disclosure will become apparent
from the following description of certain exemplary em-
bodiments given in conjunction with the accompanying
drawings, in which:

FIG. 1 shows images of biocomposites, using
henequen fiber, kenaf fiber and silk fiber from above
(The images on the left side show biocomposites
without a ceramic sheet, those in the middle show
biocomposites having a ceramic sheet on one side,
and those in the right side show biocomposites hav-
ing ceramic sheets on both sides.);

FIG. 2 shows images of biocomposites (a: plate
structure, b: wave structure, c: combination and hon-

eycomb structures);

FIG. 3 shows cross-sectional views of biocompos-
ites, having a plate structure, a wave structure, a
combination structure and a honeycomb structure;
and

FIG. 4 shows a flow diagram of a process for pre-
paring a biocomposite according to an embodiment
of the present disclosure.

[0026] It should be understood that the appended
drawings are not necessarily to scale, presenting a some-
what simplified representation of various preferred fea-
tures illustrative of the basic principles of the disclosure.
The specific design features of the disclosure as dis-
closed herein, including, for example, specific dimen-
sions, orientations, locations and shapes, will be deter-
mined in part by the particular intended application and
use environment.
[0027] In the figures, reference numerals refer to the
same or equivalent parts of the disclosure throughout the
several figures of the drawings.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] The advantages, features and aspects of the
present disclosure will become apparent from the follow-
ing description of the embodiments with reference to the
accompanying drawings, which is set forth hereinafter.
The present disclosure may, however, be embodied in
different forms and should not be
of ceramic sheet on one or both sides; and
[0029] FIG. 13 shows a result of measuring average
flammability of biocomposite comprising kenaf fiber
(10%) as a natural fiber, depending on the absence or
presence of ceramic sheet on one or both sides.
[0030] It should be understood that the appended
drawings are not necessarily to scale, presenting a some-
what simplified representation of various preferred fea-
tures illustrative of the basic principles of the disclosure.
The specific design features of the disclosure as dis-
closed herein, including, for example, specific dimen-
sions, orientations, locations and shapes, will be deter-
mined in part by the particular intended application and
use environment.
[0031] In the figures, reference numerals refer to the
same or equivalent parts of the disclosure throughout the
several figures of the drawings.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] The advantages, features and aspects of the
present disclosure will become apparent from the follow-
ing description of the embodiments with reference to the
accompanying drawings, which is set forth hereinafter.
The present disclosure may, however, be embodied in
different forms and should not be construed as limited to
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the embodiments set forth herein. Rather, these embod-
iments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the scope of
the present disclosure to those skilled in the art. The ter-
minology used herein is for the purpose of describing
particular embodiments only and is not intended to be
limiting of the example embodiments. As used herein,
the singular forms "a", "an" and "the" are intended to in-
clude the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising", when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.
[0033] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings.
[0034] An eco-friendly incombustible biocomposite ac-
cording to the present disclosure comprises: a) a polymer
matrix comprising a natural fiber; and b) a ceramic sheet
laminated integrally with the polymer matrix, wherein the
content of the natural fiber is 1 to 70 wt%, the content of
the polymer is 1 to 98%, and the content of the ceramic
sheet is 1 to 30 wt%.
[0035] According to an embodiment of the present dis-
closure, the ceramic sheet may be provided on at least
one side of the polymer matrix comprising the natural
fiber or between two sheets of the polymer matrix.
[0036] The natural fiber that may be used in the bio-
composite according to the present disclosure may be,
for example, wood pulp such as softwood pulp or hard-
wood pulp; non-wood fiber such as straw, bagasse, reed,
bamboo, bast fiber, cotton or kenaf fiber; microalgae by-
product; seaweed byproduct such as green algae, brown
algae, red algae or freshwater algae; silk fiber; henequen
fiber; or the like, but is not limited thereto.
[0037] Among them, the microalgae byproduct may be
one remaining after lipid extraction from microalgae for
producing biodiesel, and the seaweed byproduct may be
one prepared by removal of impurities from seaweed fol-
lowed by solvent extraction and bleaching.
[0038] When the wood pulp or non-wood fiber is used
as the natural fiber, the length may be from 0.1 mm to 3
cm. If the length of the wood pulp or non-wood fiber is
shorter than 0.1 mm, mechanical properties of the bio-
composite may be degraded. And, if it exceeds 3 cm,
mechanical properties may be degraded or nonuniform
because uniform dispersing is difficult.
[0039] And, when the microalgae byproduct or sea-
weed byproduct is used, the length may be from 0.1 to
1,000 mm. If the length of the microalgae byproduct or
seaweed byproduct is shorter than 0.1 mm, mechanical
properties of the biocomposite may be degraded. And,
if it exceeds 1,000 mm, mechanical properties may be
degraded or uniform dispersing may be difficult.
[0040] The content of the natural fiber in the biocom-

posite according to the present disclosure may be 1 to
70 wt%. If the content of the natural fiber is less than 1
wt%, the role as the reinforcement material for improving
eco-friendliness or mechanical properties of the biocom-
posite may not be accomplished. And, if it exceeds 70
wt%, interfacial adhesion property may be degraded
since the polymer matrix cannot permeate sufficiently be-
tween the natural fiber, thereby resulting in degraded me-
chanical properties of the biocomposite.
[0041] The polymer used in the biocomposite of the
present disclosure may be any known biodegradable pol-
ymer or general-use polymer, without particular limita-
tion. Specifically, the biodegradable polymer may be one
that may be degraded by microorganisms, such as poly-
lactic acid (PLA), polycaprolactone (PCL), blend of PCL
with starch, polybutylene succinate (PBS), etc., and the
general-use polymer may be polypropylene, polyethyl-
ene, polycarbonate, etc., but are not limited thereto.
[0042] The polymer powder used to prepare the bio-
composite of the present disclosure may be in spherical,
cylindrical, powder or fiber form. The thickness of the
finally prepared biocomposite may be controlled by ad-
justing the amount of the polymer powder. The biocom-
posite according to the present disclosure may have a
thickness from 0.1 mm to 10 cm. If the thickness of the
biocomposite is smaller than 0.1 mm, the natural fiber
may not be sufficiently included in the polymer matrix.
And, if it exceeds 10 cm, it may be difficult to prepare the
biocomposite into a wave or honeycomb structure.
[0043] The ceramic sheet, which provides heat resist-
ance and flame retardancy to the biocomposite according
to the present disclosure, is a sheet comprising ceramic
fiber as main component. The content of the ceramic
fiber in the ceramic sheet may be 50 wt% or more, and
the content of inorganic materials including the ceramic
fiber may be 60 wt% or more. If the content of the ceramic
fiber is less than 50 wt% or if the content of the inorganic
materials is less than 60 wt%, dimensional stability and
heat resistance of the ceramic sheet may be degraded.
[0044] Specifically, the ceramic fiber may comprise
SiO2, Al2O3, CaO, MgO or a mixture thereof. The ceramic
sheet may further comprise, in addition to the ceramic
fiber, an organic fiber, an inorganic additive, an organic
additive, an inorganic flocculant or an organic flocculant.
[0045] The organic fiber serves to improve moldability
during the preparation of the ceramic sheet and to en-
hance tensile strength of the ceramic sheet. Specific ex-
amples may include cellulose (pulp) fiber, silk fiber, poly-
propylene fiber, etc., but are not limited thereto.
[0046] The organic fiber may be added in an amount
of 1 to 30 parts by weight based on 100 parts by weight
of the ceramic fiber. If the content of the organic fiber is
less than 1 part by weight or more than 30 parts by weight
based on 100 parts by weight of the ceramic fiber, the
characteristics of the ceramic sheet such as moldability
and tensile strength may not be fully exerted.
[0047] The inorganic additive may be distributed be-
tween the ceramic fiber and the organic fiber and serve
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to improve binding between the fibers. Specific examples
of the inorganic additive may include sepiolite, silica, alu-
mina, etc., but are not limited thereto. The inorganic ad-
ditive may be added in an amount of 15 to 30 parts by
weight based on 100 parts by weight of the ceramic fiber.
If the content of the inorganic additive is less than 15
parts by weight or more than 30 parts by weight based
on 100 parts by weight of the ceramic fiber, binding be-
tween the ceramic fiber and the organic fiber may not be
enhanced effectively.
[0048] The organic additive may serve to improve dis-
sociation and dispersing properties of fiber in a slurry
during the preparation of the ceramic sheet, as well as
improving moldability and binding between the ceramic
fiber and the organic fiber as being distributed between
the fibers. Specific examples of the organic additive may
include polyethylene glycol, polyethylene oxide, sodium
carboxymethyl cellulose, polyvinyl acetate, etc., but are
not limited thereto. The organic additive may be added
in an amount of 1 to 30 parts by weight based on 100
parts by weight of the ceramic fiber. If the content of the
organic additive is less than 1 part by weight or more
than 30 parts by weight, moldability of the ceramic sheet
and binding between the ceramic fiber and the organic
fiber may not be enhanced effectively.
[0049] The inorganic flocculant and the organic floccu-
lant may serve to improve promote ionic bonding be-
tween the additives included in the slurry for preparing
the ceramic sheet or to improve dispersibility of the ad-
ditives in the slurry. Specific examples of the inorganic
flocculant may include aluminum sulfate, aluminum chlo-
ride, iron chloride, iron sulfate, polyaluminum chloride,
polyaluminum sulfate, etc. and specific examples of the
organic flocculant may include cationic starch, poly(dial-
lyldimethylammonium chloride) (PDADMAC), anionic
polyacrylamide (A-PAM), etc., but are not limited thereto.
They include the substances used to bind the additives
included in the slurry and those added to disperse them.
[0050] The addition amount of the inorganic flocculant
and the organic flocculant may be different depending
on the ionic concentration of the particular flocculant
used. They may be added in such an amount that the
zeta potential of the slurry is between -100 mV and +100
mV. If the zeta potential of the slurry falls outside this
range upon addition of the inorganic flocculant or the or-
ganic flocculant, flocculation and dispersion in the slurry
may not be achieved effectively.
[0051] The ceramic sheet used in the present disclo-
sure may be prepared by a) adding the ceramic fiber, the
organic fiber, the inorganic additive and the organic ad-
ditive to purified water and stirring, and then adding the
inorganic flocculant and the organic flocculant and stir-
ring again to prepare a slurry, b) removing impurities from
the slurry, and c) drying the resulting sheet.
[0052] The thickness of the ceramic sheet may be from
0.05 to 5 mm, but is not limited thereto. If the thickness
of the ceramic sheet is smaller than 0.05 mm, it is difficult
to make the ceramic sheet. And, if it exceeds 5 mm, bind-

ing between the ceramic sheet and the polymer matrix
may be insufficient.
[0053] The ceramic sheet may be provided on one or
both sides of the biocomposite.
[0054] Hereinafter, a method for preparing a biocom-
posite according to the present disclosure will be de-
scribed in detail. FIG. 4 shows a flow diagram of a process
for preparing a biocomposite according to an embodi-
ment of the present disclosure.
[0055] Specifically, the method for preparing a biocom-
posite according to the present disclosure comprises: 1)
dispersing cut natural fiber and polymer powder on a ce-
ramic sheet; 2) heating the ceramic sheet with the natural
fiber and the polymer powder dispersed to melt the pol-
ymer powder and then performing compression molding
by heating; and 3) cooling the compression molded
sheet.
[0056] The compression molding of the step 2) may be
performed using, for example, a compression molding
roller. A compression force of the compression molding
roller may be 0.1 kgf/cm2 or more, more specifically 0.1
to 10 kgf/cm2 or more. If the compression force is less
than 0.1 kgf/cm2, binding between the natural fiber and
the polymer matrix may be weak and smoothness of the
biocomposite may be greatly degraded. And, if it exceeds
10 kgf/cm2, the melt polymer may be squeezed out and,
thus, it may be difficult to prepare the biocomposite with
wanted thickness. When the compression molding is per-
formed using a plurality of compression molding rollers,
a more compact and smoothness sheet may be obtained.
[0057] After the step 2), the composite is cooled to ob-
tain the biocomposite.
[0058] After the step 3), the resulting biocomposite
may be heated again to melt the polymer, and, after plac-
ing another ceramic sheet thereon, compression molding
may be performed by heating to prepare an eco-friendly
incombustible biocomposite with the ceramic sheets at-
tached on both sides.
[0059] Also, in accordance with the present disclosure,
an eco-friendly incombustible biocomposite with the ce-
ramic sheet provided therein may be prepare by: 1) dis-
persing cut natural fiber and polymer powder on a ce-
ramic sheet laminated integrally a polymer matrix com-
prising a natural fiber; 2) heating the ceramic sheet with
the natural fiber and the polymer powder dispersed to
melt the polymer powder and then performing compres-
sion molding by heating; and 3) cooling the compression
molded sheet.
[0060] Since the ceramic sheet, the natural fiber, the
polymer matrix, or the like are the same as described
above, detailed description will be omitted.
[0061] The biocomposite according to the present dis-
closure may be prepared into various shapes and struc-
tures. For example, the biocomposite according to the
present disclosure may be prepared into a plate struc-
ture, a wave structure, a plate-wave combination struc-
ture, a honeycomb structure, or a multilayer structure
thereof. Various types of the biocomposite according to
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the present disclosure are shown in FIG. 1 and FIG. 2.
[0062] Among them, a wave-structure biocomposite
may be prepared as follows. The plate-structure sheet
prepared as described above may be prepared into a
wave-structure composite through a wave rolling process
with the surface temperature of the plate-structure sheet
maintained at 50 to 150 °C. This may be achieved con-
tinuously after the preparation of the biocomposite sheet
by equipping a wave molding roller.
[0063] Further, a combination-structure biocomposite
may be prepared by applying an adhesive on crest por-
tions of at least one side of the wave-structure sheet and
then laminating a plate-structure biocomposite on one or
both sides. The resulting combination-structure biocom-
posite has better strength than two sheets of simply lam-
inated plate-structure biocomposite.
[0064] The biocomposite according to the present dis-
closure may also be prepared into a honeycomb structure
by laminating at least two combination-structure biocom-
posites. The honeycomb-structure biocomposite has
very superior properties including tensile strength and
may be used for packaging or building materials.

EXAMPLES

[0065] The examples and experiments will now be de-
scribed. The following examples and experiments are for
illustrative purposes only and not intended to limit the
scope of this disclosure.

Example 1: Preparation of ceramic sheet

[0066] 100 parts by weight of a ceramic fiber was put
in a slurry tank, and 20,000 parts by weight of purified
water and 20 parts by weight of an organic additive,
based on 100 parts by weight of the ceramic fiber, were
added to the slurry tank. Then, 20 parts by weight of an
organic fiber, based on 100 parts by weight of the ceramic
fiber, was added to the slurry tank. Thereafter, 25 parts
by weight of an inorganic additive, based on 100 parts
by weight of the ceramic fiber, was added to the slurry
tank. Subsequently, the mixture was stirred at 1,500 rpm
for 2 hours, so that the additives could be sufficiently
dispersed in the slurry tank.
[0067] The ceramic fiber was aluminosilicate fiber
(Al2O3-SiO2), the organic fiber was cellulose fiber, the
inorganic additive was sepiolite, a fibrous natural mineral,
and the organic additive was polyethylene glycol.
[0068] After the stirring, 1.85 parts by weight of an in-
organic flocculant and 1.85 parts by weight of an organic
flocculant, based on 100 parts by weight of the ceramic
fiber, were added to the slurry tank so that the fine par-
ticles of the additives might not pass through a wire mesh,
thus preparing a slurry. Then, the slurry was stirred again
at 300 rpm for 30 minutes so that the flocculated additives
might not be suspended.
[0069] The inorganic flocculant was aluminum sulfate,
and the organic flocculant was poly(diallyldimethylam-

monium chloride) (PDADMAC).
[0070] After the second stirring, the slurry was trans-
ferred to a specific gravity separator using a metering
pump in order to remove impurities having larger specific
gravity than the additives, i.e. the ceramic fiber, organic
fiber, inorganic additive, organic additive, inorganic floc-
culant and organic flocculant, and then fed to a sheet
making apparatus.
[0071] After removing the impurities using the specific
gravity separator, the slurry was fed uniformly to a wire
mesh of the sheet making apparatus and prepared into
a ceramic sheet with a water content of 82% through
spontaneous dehydration and suction dehydration. The
ceramic sheet was compression dehydrated by passing
through a 4-stage compression roller with a compression
force of 6 kgf/cm2, thereby obtaining a ceramic sheet with
a water content of 63%. Then, the resulting ceramic sheet
was passed through a drying roller with the surface tem-
perature maintained at 150 °C, thus preparing a ceramic
sheet with a water content of 12%.

Example 2: Preparation of biocomposite with ceram-
ic sheet attached on one side

[0072] A light, eco-friendly biocomposite was prepared
using a natural fiber, i.e. henequen fiber, kenaf fiber or
silk fiber, as a reinforcement material. Polypropylene
(PP, Hanwha Polydreamer), a general-use polymer, was
used as a polymer matrix. A spherical PP with a diameter
from 0.1 to 1 mm was used so that the polymer could be
dispersed well.
[0073] After feeding the natural fiber (henequen, kenaf
or silk) cut to 5 to 10 mm to the ceramic sheet prepared
in Example 1 using a vibrating feeder, the spherical PP
powder was uniformly dispersed on the natural fiber.
[0074] Then, after heating to 150 to 180 °C so that the
spherical PP powder was completely melt, a biocompos-
ite with the ceramic sheet attached was prepared by com-
pression molding using a compression molding roller with
a compression force of 0.2 kgf/cm2 and then cooling to
room temperature using an air cooling apparatus.

Example 3: Preparation of biocomposite with ceram-
ic sheets attached on both sides

[0075] A biocomposite with the ceramic sheets at-
tached on both sides was prepared in the same manner
as Example 2, except that, after heating to melt PP, an-
other ceramic sheet was further provided thereon.
[0076] FIG. 1 shows images of the biocomposites, us-
ing henequen fiber, kenaf fiber and silk fiber from above.
The images on the left side show the biocomposites with-
out a ceramic sheet, those in the middle show the bio-
composites having a ceramic sheet on one side, and
those in the right side show the biocomposites having
ceramic sheets on both sides.
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Example 4: Preparation of biocomposite having 
wave structure

[0077] A wave-structure sheet was prepared from the
biocomposite having the ceramic sheet prepared in Ex-
ample 2 or Example 3 using a wave roller, with the surface
temperature maintained at 50 to 150 °C (FIG. 2b). Also,
a plate-wave combination sheet was prepared by apply-
ing an adhesive on crest portions of the wave-structure
sheet prepared above and then further attaching the
plate-structure biocomposite prepared in Example 2 or
3 (FIG. 2c and FIG. 3 (c) and (d)).

Example 5: Preparation of biocomposite having hon-
eycomb structure

[0078] A honeycomb-structure biocomposite was pre-
pared by laminating a plurality of the plate-wave combi-
nation biocomposites prepared in Example 4 (FIG. 2c
and FIG. 3 (e)). The honeycomb-structure biocomposite
may be used for automotive or building materials be-
cause it has superior strength and impact absorbing abil-
ity.

Test Example 1: Physical properties of biocomposite

A. Physical property measurement

[0079] The physical properties of the biocomposites
were investigated through flexural test, Izod impact test,
dynamic mechanical analysis and thermomechanical
analysis.

(1) Flexural test

[0080] A universal testing machine (UTM, Tinius Olsen
Ltd., H-50K-S T, Redhill, England) was used to measure
flexural properties of the biocomposite. Three point bend-
ing flexural test was carried out according to the ASTM
D 790 Method I (three-point loading) at room temperature
(2362 °C) and 5065% relative humidity. A specimen was
50 mm 3 25 mm 3 2 mm in size. The span-to-depth ratio
of the specimen was 16, a load was 50 kN, and a cross
head speed was set at 1 mm/min.

(2) Dynamic mechanical analysis

[0081] A dynamic mechanical analyzer (DMA Q-800,
TA Instrument) was used to measure storage modulus
and tanδ. The specimen for analysis was 35.0 mm 3
11.0 mm 3 1.7 mm in size. Measurement was made at
from 30 to 150 °C for a BRAF (bleached red algae fib-
er)/PLA (polylactic acid) biocomposite, and in a liquid ni-
trogen atmosphere of from -100 °C to -30 °C for a
BRAF/PP/nanoclay biocomposite. Heating rate was set
at 5 °C/min so that the composite specimen might fully
reach thermal equilibrium in the heating furnace. Meas-
urement was made in a single cantilever mode, with si-

nusoidally oscillating frequency. The frequency was fixed
at 1 Hz and the oscillating amplitude was maintained at
0.2 mm.

(3) Thermomechanical analysis

[0082] A thermomechanical analyzer (TMA Q-400, TA
Instrument) was used to analyze the thermal expansion
behavior of the biocomposite along the thickness direc-
tion. The measured value was converted into the coeffi-
cient of thermal expansion (CTE). The specimen was 7.0
mm 3 7.0 mm 3 1.7 mm in size and had been kept in a
desiccator for over 24 hours before measurement. Heat-
ing was performed up to 100 °C at a rate of 5 °C/min. A
probe for measuring the degree of expansion of the spec-
imen was kept under a nitrogen atmosphere at 100
mL/min.

B. Result

[0083] Density, storage modulus, dimensional stability
and flexural modulus of the biocomposites with respect
to the presence or absence of the ceramic sheet will be
described referring to results5-9. In results 5 to 9, PP
stands for polypropylene, HQ for henequen fiber, KE for
kenaf fiber, SK for silk, and BRAF for bleached red algae
fiber.
[0084] Result. 5 shows the change in density of the
biocomposites depending on the kind of natural fiber and
the presence or absence of ceramic sheet. The use of
the ceramic sheet did not result in significant increase of
the biocomposites. Thus, the eco-friendly biocomposite
according to the disclosure may replace the glass fiber-
reinforced polymer composite, while maintaining light-
weightness.
[0085] Result 6 shows change in storage modulus of
the biocomposites depending on the kind of natural fibers
and the presence or absence of ceramic sheet. The bio-
composites having the ceramic sheet show comparable
or increased storage modulus when compared to the ce-
ramic sheet-free biocomposites. This suggests that the
ceramic sheet, the polymer and the natural fiber were
hybridized well.
[0086] Result 7 shows change in dimensional stability
(coefficient of thermal expansion; CTE) of the biocom-
posites depending on the kind of natural fibers and the
presence or absence of ceramic sheet. The biocompos-
ites having the ceramic sheet show decreased coeffi-
cients of thermal expansion as compared to the ceramic
sheet-free biocomposites. This suggests that the dimen-
sional stability of the biocomposites with temperature
was improved through hybridization with the ceramic
sheet.
[0087] Result 8 shows change in flexural strength and
result 9 shows change in flexural modulus of the biocom-
posites depending on the kind of natural fibers and the
presence or absence of ceramic sheet. The biocompos-
ites having the ceramic sheet show comparable or in-
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creased flexural strength and modulus as compared to
the ceramic sheet-free biocomposites. This suggests
that the ceramic sheet, the polymer and the natural fiber
which were hybridized well resulted in a complementary
effect.

Test Example 2: Flame retardancy of biocomposite

[0088] Flame retardancy of biocomposites was ana-
lyzed. Flame retardancy was analyzed for a ceramic
sheet-free biocomposite, a biocomposite with a ceramic
sheet attached on one side (Example 2) and a biocom-
posite with ceramic sheets attached on both sides (Ex-
ample 3) by measuring the burning speed under the same
conditions. The test was carried out for five specimens
per each, and the result was given as average values.
[0089] Result 10 shows flame retardancy of the bio-
composites using henequen fiber as a reinforcement ma-
terial. (a) shows a biocomposite comprising a natural fib-
er and a polymer matrix only, (b) shows a biocomposite
having a ceramic sheet on one side, and (c) shows a
biocomposite having ceramic sheets on both sides.
[0090] Result 11 shows flame retardancy of the bio-
composites using kenaf fiber as a reinforcement material.
(a) shows a biocomposite comprising a natural fiber and
a polymer matrix only, (b) shows a biocomposite having
a ceramic sheet on one side, and (c) shows a biocom-
posite having ceramic sheets on both sides.
[0091] As seen from the results, the ceramic sheet-free
biocomposites burnt easily, whereas the biocomposites
having the ceramic sheet maintained their sheet struc-
ture.
[0092] Result 12 shows measuring the average flam-
mability of the biocomposites, depending on the absence
or presence of ceramic sheet. In the figure, HQNF+PP
stands for the henequen natural fiber-reinforced polypro-
pylene biocomposite with no ceramic sheet,
HQNF+PP+CEST stands for the henequen natural fiber-
reinforced polypropylene biocomposite having the ce-
ramic sheet on one side, and CEST+HQNF+PP+CEST
stands for the henequen natural fiber-reinforced polypro-
pylene biocomposite having the ceramic sheets on both
sides. The natural fiber content was 5 wt% or less or 10
wt%.
[0093] As seen from the result, the biocomposites hav-
ing the ceramic sheet showed much lower burning rate
than the ceramic sheet-free biocomposites. When the
natural fiber content was 10 wt%, the flame retardancy
was outstanding even when the ceramic sheet was at-
tached only on one side.
[0094] Result 13 shows measuring the average flam-
mability of the biocomposites comprising kenaf fiber
(10%) as a natural fiber. KENF+PP stands for the kenaf
natural fiber-reinforced polypropylene biocomposite with
no ceramic sheet, KENF+PP+CEST stands for the kenaf
natural fiber-reinforced polypropylene biocomposite hav-
ing the ceramic sheet on one side, and
CEST+KENF+PP+CEST stands for the kenaf natural fib-

er-reinforced polypropylene biocomposite having the ce-
ramic sheets on both sides. Similarly to the henequen
case, the biocomposites having the ceramic sheet
showed much lower burning rate than the ceramic sheet-
free biocomposite.
[0095] The biocomposite using a natural fiber as a re-
inforcement material according to the present disclosure
is eco-friendly and light. Further, as a result of integrally
laminating with a ceramic sheet, the biocomposite is in-
combustible. In particular, the biocomposite according to
the present disclosure shows improved storage modulus,
dimensional stability and flexural properties.
[0096] In addition, the biocomposite according to the
present disclosure may be easily processed into various
shapes, including a wave structure or a honeycomb
structure. With improved impact absorbing ability, such
a biocomposite having the 3D structure may be useful
for automotive or building indoor/outdoor materials.

Claims

1. A flame retardant biocomposite comprising:

one polymer matrix comprising a natural fiber;
and
a plurality of ceramic sheets laminated integrally
with the polymer matrix, wherein the content of
the natural fiber is 1 to 70 wt%, the content of
the polymer is 1 to 98%, and the content of the
ceramic sheet is 1 to 30 wt%,.
wherein the ceramic sheets are provided on both
sides of the polymer matrix comprising the nat-
ural fiber,
wherein each ceramic sheet comprises a ce-
ramic fiber comprising SiO2, Al2O3, CaO, MgO
or a mixture thereof in the content of the ceramic
fiber in the ceramic sheet is 50 wt% or more.

2. The flame retardant biocomposite according to claim
1, wherein the natural fiber is one or more selected
from a group consisting of wood pulp, non-wood fib-
er, microalgae byproduct, seaweed byproduct, silk
fiber and henequen fiber.

3. The flame retardant biocomposite according to claim
2, wherein the wood pulp or the non-wood fiber is 1
mm to 3 cm in length.

4. The flame retardant biocomposite according to claim
2, wherein the microalgae byproduct or the seaweed
byproduct is 0.1 to 1,000 mm in length.

5. The flame retardant biocomposite according to claim
1, wherein the polymer is one or more selected from
a group consisting of a biodegradable polymer such
as polylactic acid (PLA), polycaprolactone (PCL),
blend of polylactic acid (PLA) with starch and poly-
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butylene succinate (PBS), a general-use polymer
such as polypropylene, polyethylene and polycar-
bonate, and a blend thereof.

6. The flame retardant biocomposite according to claim
1, wherein the ceramic sheet further comprises one
or more additive(s) selected from an organic fiber,
an inorganic additive, an organic additive, an inor-
ganic flocculant or an organic flocculant.

7. The flame retardant biocomposite according to claim
1, which has a thickness of 0.05 to 5 mm.

8. The flame retardant biocomposite according to claim
1, wherein the biocomposite has a thickness of 0.1
mm to 10 cm.

9. The flame retardant biocomposite according to claim
1, which has a plate structure, a wave structure, a
plate-wave combination structure, a honeycomb
structure, or a multilayer structure thereof.

10. A method for preparing a flame retardant biocom-
posite according to claim 1, comprising:

dispersing cut natural fiber and polymer powder
on a ceramic sheet;
heating the ceramic sheet with the natural fiber
and the polymer powder dispersed to melt the
polymer powder and then performing compres-
sion molding by heating; and

i. cooling the compression molded sheet af-
ter said cooling of the compression molded
sheet, heating again the resulting biocom-
posite to melt the polymer, placing another
ceramic sheet thereon, and then performing
compression molding by heating to prepare
a flame retardant biocomposite with the ce-
ramic sheets attached on both sides; or
ii. cooling the compression molded sheet to
prepare a flame retardant biocomposite
with the ceramic sheet provided therein af-
ter placing another ceramic sheet on the
biocomposite heating the biocomposite
with the ceramic sheets attached on both
sides.

11. The method for preparing a flame retardant biocom-
posite according to claim 10, wherein a melting tem-
perature is from 100 to 200 °C and a compression
force is from 0.1 to 0.5 kgf/cm2.

12. The method for preparing a flame retardant biocom-
posite according to claim 10, which further compris-
es: heating again the resulting biocomposite with the
ceramic sheets attached and passing it through a
wave molding roller to prepare a flame retardant bio-

composite having a wave structure.

Patentansprüche

1. Flammhemmender Bioverbundstoff, aufweisend:

eine Polymermatrix, die eine Naturfaser auf-
weist; und
eine Mehrzahl von Keramikmaterialbahnen, die
integral mit der Polymermatrix laminiert sind,
wobei der Anteil der Naturfaser 1 bis 70 Gew.-
% beträgt, der Anteil an Polymer 1 bis 98 Gew.-
%, und der Anteil der Keramikmaterialbahn 1
bis 30 Gew.-% beträgt,
wobei die Keramikmaterialbahnen auf beiden
Seiten der die Naturfaser aufweisenden Poly-
mermatrix vorgesehen sind,
wobei jede Keramikmaterialbahn eine Keramik-
faser aufweist, die SiO2, Al2O3, CaO, MgO oder
eine Mischung aus diesen aufweist, wobei der
Anteil der Keramikfaser in der Keramikmaterial-
bahn 50 Gew.-% oder mehr beträgt.

2. Flammhemmender Bioverbundstoff nach Anspruch
1, wobei es sich bei der Naturfaser um eines oder
mehrere handelt, die aus der Gruppe gewählt sind,
welche aus Holzpulpe, Nicht-Holz-Faser, einem Mi-
kroalgen-Nebenprodukt, einem Seetang-Nebenpro-
dukt, Seidenfasern und Henequen-Fasern besteht.

3. Flammhemmender Bioverbundstoff nach Anspruch
2, wobei die Holzpulpe oder die Nicht-Holz-Fasern
eine Länge von 1 mm bis 3 cm aufweisen.

4. Flammhemmender Bioverbundstoff nach Anspruch
2, wobei das Mikroalgen-Nebenprodukt oder das
Seetang-Nebenprodukt eine Länge von 0,1 bis 1000
mm aufweisen.

5. Flammhemmender Bioverbundstoff nach Anspruch
1, wobei es sich bei dem Polymer um eines oder
mehrere handelt, die aus einer Gruppe gewählt sind,
welche besteht aus: einem biologisch abbaubaren
Polymer, wie beispielsweise Polymilchsäure (PLA),
Polycaprolacton (PCL), einer Mischung von Poly-
milchsäure (PLA) mit Stärke und Polybutylensucci-
nat (PBS), einem verbreitet verwendeten Polymer,
wie beispielsweise Polypropylen, Polyethylen und
Polycarbonat, und Mischungen aus diesen.

6. Flammhemmender Bioverbundstoff nach Anspruch
1, wobei die Keramikmaterialbahn weiter eines oder
mehrere Additive aufweist, die gewählt sind aus: ei-
ner organischen Faser, einem anorganischen Addi-
tiv, einem organischen Additiv, einem anorgani-
schen Flockungsmittel oder einem organischen Flo-
ckungsmittel.

15 16 



EP 2 380 731 B1

10

5

10

15

20

25

30

35

40

45

50

55

7. Flammhemmender Bioverbundstoff nach Anspruch
1, der eine Dicke von 0,05 bis 5 mm aufweist.

8. Flammhemmender Bioverbundstoff nach Anspruch
1, wobei der Bioverbundstoff eine Dicke von 0,1 mm
bis 10 cm aufweist.

9. Flammhemmender Bioverbundstoff nach Anspruch
1, der eine Plattenstruktur, eine wellenförmige Struk-
tur, eine kombiniert plattenförmige-wellenförmige
Struktur, eine Wabenstruktur, oder eine aus diesen
bestehende mehrlagige Struktur aufweist.

10. Verfahren zur Herstellung eines flammhemmenden
Bio-Verbundmaterials nach Anspruch 1, umfas-
send:

Verteilen von geschnittenen Naturfasern und ei-
nem Polymerpulver auf einer Keramikmaterial-
bahn;
Erhitzen der Keramikmaterialbahn, mit den Na-
turfasern und dem Polymerpulver, die verteilt
wurden, um das Polymerpulver zu schmelzen,
und dann Durchführen eines Formpressens mit-
tels Erhitzen; und

i. Kühlen der formgepressten Materialbahn,
und nach dem Kühlen der formgepressten
Materialbahn, erneutes Erhitzen des ent-
standenen Bioverbundstoffs, um das Poly-
mer zu schmelzen, Platzieren einer weite-
ren Keramikmaterialbahn auf diesem, und
dann Durchführen eines Formpressens mit-
tels Erhitzen, um einen flammhemmenden
Bioverbundstoff herzustellen, bei dem Ke-
ramikmaterialbahnen auf beiden Seiten an-
gebracht sind; oder
ii. Kühlen der formgepressten Material-
bahn, um einen flammhemmenden Biover-
bundstoff mit der in diesem vorgesehenen
Keramikmaterialbahn herzustellen, und
nach Platzieren einer weiteren Keramikma-
terialbahn auf dem Bioverbundstoff, Erhit-
zen des Bio-Verbundmaterials mit den auf
beiden Seiten angebrachten Keramikmate-
rialbahnen.

11. Verfahren zur Herstellung eines flammhemmenden
Bioverbundstoffs nach Anspruch 10, wobei eine
Schmelztemperatur zwischen 100 und 200 °C be-
tragt und eine Presskraft zwischen 0,1 und 0,5
kgf/cm2 beträgt.

12. Verfahren zur Herstellung eines flammhemmenden
Bioverbundstoffs nach Anspruch 10, welches weiter
umfasst: Der entstandene Bioverbundstoff mit den
angebrachten Keramikmaterialbahnen wird erneut
erhitzt und dieser wird durch eine Wellenformungs-

walze hindurchgeführt, um ein flammhemmendes
Bio-Verbundmaterial herzustellen, das eine wellen-
förmige Struktur aufweist.

Revendications

1. Biocomposite ignifuge comprenant :

une matrice polymère comprenant une fibre
naturelle ; et
une pluralité de feuilles de céramique stratifiées
intégralement avec la matrice polymère, dans
lequel la teneur de la fibre naturelle est de 1 à
70 % poids, la teneur du polymère est de 1 à 98
%, et la teneur de la feuille de céramique est de
1 à 30 % en poids,
dans lequel les feuilles de céramique sont four-
nies des deux côtés de la matrice polymère com-
prenant la fibre naturelle,
dans lequel chaque feuille de céramique com-
prend une fibre de céramique comprenant SiO2,
Al2O3, CaO, MgO ou un mélange de ceux-ci, la
teneur de la fibre de céramique dans la feuille
de céramique étant de 50 % en poids ou plus.

2. Biocomposite ignifuge selon la revendication 1, dans
lequel la fibre naturelle est un ou plusieurs sélection-
nés dans un groupe constitué par une pâte de bois,
une fibre non dérivée du bois, un sous-produit de
micro-algue, un sous-produit d’algue marine, une fi-
bre de soie et une fibre de henequen.

3. Biocomposite ignifuge selon la revendication 2, dans
lequel la pâte de bois ou la fibre non dérivée du bois
a une longueur de 1 mm à 3 cm.

4. Biocomposite ignifuge selon la revendication 2, dans
lequel le sous-produit de micro-algue ou le sous-pro-
duit d’algue marine a une longueur de 0,1 à 1000 mm.

5. Biocomposite ignifuge selon la revendication 1, dans
lequel le polymère est un ou plusieurs sélectionnés
dans un groupe constitué par un polymère biodégra-
dable comme un polyacide lactique (PLA), une po-
lycaprolactone (PCL), un mélange d’un polyacide
lactique (PLA) avec un amidon et un polybutylène
succinate (PBS), un polymère à usage général com-
me un polypropylène, un polyéthylène et un polycar-
bonate, et un mélange de ceux-ci.

6. Biocomposite ignifuge selon la revendication 1, dans
lequel la feuille de céramique comprend en outre un
ou plusieurs additifs sélectionnés parmi une fibre or-
ganique, un additif inorganique, un additif organique,
un floculant inorganique ou un floculant organique.

7. Biocomposite ignifuge selon la revendication 1, qui
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a une épaisseur de 0,05 à 5 mm.

8. Biocomposite ignifuge selon la revendication 1, dans
lequel le biocomposite a une épaisseur de 0,1 mm
à 10 cm.

9. Biocomposite ignifuge selon la revendication 1, qui
a une structure de plaque, une structure ondulée,
une structure de plaque et ondulée en combinaison,
une structure en nid d’abeilles, ou une structure mul-
ticouche de celles-ci.

10. Procédé de préparation d’un biocomposite ignifuge
selon la revendication 1, comprenant :

la dispersion d’une fibre naturelle coupée et
d’une poudre de polymère sur une feuille de
céramique ;
le chauffage de la feuille de céramique avec la
fibre naturelle et la poudre de polymère disper-
sées pour faire fondre la poudre de polymère et
ensuite la mise en oeuvre d’un moulage par
compression en chauffant ; et

i. le refroidissement de la feuille moulée par
compression après ledit refroidissement de
la feuille moulée par compression, le chauf-
fage à nouveau du biocomposite résultant
pour faire fondre le polymère, le placement
d’une autre feuille de céramique dessus, et
ensuite la mise en oeuvre d’un moulage par
compression en chauffant pour préparer un
biocomposite ignifuge avec les feuilles de
céramique attachées des deux côtés ; ou
ii. le refroidissement de la feuille moulée par
compression pour préparer un biocomposi-
te ignifuge avec la feuille de céramique four-
nie à l’intérieur après le placement d’une
autre feuille de céramique sur le biocompo-
site en chauffant le biocomposite avec les
feuilles de céramique attachées des deux
côtés.

11. Procédé de préparation d’un biocomposite ignifuge
selon la revendication 10, dans lequel une tempéra-
ture de fusion est de 100 à 200 °C et une force de
compression est de 0,1 à 0,5 kgf/cm2.

12. Procédé de préparation d’un biocomposite ignifuge
selon la revendication 10, qui comprend en outre :
le chauffage à nouveau du biocomposite résultant
avec les feuilles de céramique attachées et son pas-
sage à travers un cylindre de moulage ondulé pour
préparer un biocomposite ignifuge ayant une struc-
ture ondulée.
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