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Description
Background

[0001] Theinvention relates to a method for manufac-
turing a plastic composition.

[0002] Itisagrowingtendencyin the worldtouse more
and more polymer materials as such or plastic composi-
tions filled with filler material or reinforcing fibres in pro-
duction of all kind of industrial and consumer products.
Together with this tendency also the amount of polymer
materials and compositions withdrawn form primary use
is substantially growing.

[0003] Accordingtothe Composites UK Ltd report pub-
lished 7thJuly 2016 the use of composites is expected to
reach $95bn globally by 2020, an increase of 40% from
2014. The report states" Inevitably this results in more
waste from manufacturing, and an increasing challenge
fo develop economically sustainable recycling routes for
end-of-life.”

[0004] A problem with this is that recycling of thermo-
sets and thermoset compositions, such as fibre rein-
forced plastic (FRP), is more than difficult i.e. practically
not existing, and a stumbling block in large industrial sec-
tors where the pressure to offer environmental friendly
solutions to save earth resources and thus to recycle is
high, particularly in aerospace, marine, wind energy, con-
struction and automotive. Document EP 0 401 885 A1
discloses a process for the reuse of solid waste by means
of conglobation in thermoplastic resins. Document US 5
861 117 A discloses a process for extruding a mixture of
thermoplastic and ground whole tire waste. Document
US 2003/125399 A1 discloses composite plastic mate-
rials produced from waste materials and method of pro-
ducing same. DocumentUS 6 497 956 B1 discloses plas-
tic lumber composed of a thermoplastic polymer and a
thermosetting polymer cured with reinforcing fibers. Doc-
ument WO 01/08862 A1 discloses high intensity mixing
cured rubber particles with a resinous material. Dis-
charge occurs at a temperature ensuring a substantially
uniform mix of the rubber material in a matrix of resinous
material to produce a rubber-based composition.

Brief description

[0005] Viewed from afirst aspect, there can be provid-
ed a method for manufacturing a plastic composition,
comprising: mixing thermoplastic polymer material par-
ticles and thermoset composition particles comprising
cured thermoset polymer, the mixing comprising rising
the temperature of the composition and at least partly
melting the surface of thermoplastic polymer material
particles, and simultaneously mixing the particles allow-
ing thermoset composition particles adhere to the ther-
moplastic polymer material particles, and cooling the
composition.

[0006] Thereby a method that offers economically vi-
able route for re-manufacturing in particular thermosets
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and thermoset compositions and consequently expands
global recycling volumes may be achieved.

[0007] The invention is characterized by the features
of claim 1. Some other embodiments are characterised
by what is stated in the other claims.

[0008] Inone embodiment, the melting temperature of
the thermoplastic polymer material is not more than 200
°C, preferably not more than 170 °C.

[0009] An advantage isthatnaturalfibres do allow high
processing temperatures without degradation and the
same applies also to most of the thermoset polymers.
[0010] In one embodiment, the thermoplastic polymer
material is chosen from a group consisting of TPE, PVC
and polyolefins, such as PB, PE and PP, PS, ABS, PM-
MA, PBA, PLA, PHA, PHB, and a combination thereof.
[0011] An advantage is that those materials of crude
oil origin are commonly available in volumes within recy-
cled thermoplastics and those materials of biobased or-
igin are becoming popular in future and replacing the
crude oil origin polymers. Furthermore, all the materials
are suitable for processing at temperatures below 200
°C andin existing processing equipmenttodayin the mar-
ket place.

[0012] Inoneembodiment, the method comprises add-
ing filler material that is included in the thermoplastic pol-
ymer material particles and/or thermoset composition
particles, or as an addition of a separate batch of filler
material.

[0013] An advantage is that, without wishing to be
bound by any theory, the filler material may serve as a
bonding medium between the thermoplastic and thermo-
set materials. Said bonding effect may be intensified by
adding coupling agent(s), such as maleic anhydride acid
(MAH), in the composition.

[0014] Another advantage is that a lower cost material
may be achieved.

[0015] In one embodiment, the filler material compris-
es natural fibres derived and chosen from a group con-
sisting of wood, straw, abaca, cotton, cork, bamboo, pa-
per, cardboard, hemp, jute, kenaf, sisal, rice hull, flax,
cellulose, coir and a combination thereof.

[0016] In one embodiment, the thermoplastic polymer
material comprises wood-plastic composite (WPC), com-
prising thermoplastic material and wood fibres.

[0017] An advantage is that a composition having bet-
ter physical properties, such as higher strength and stiff-
ness, may be achieved. The compasition is recyclable
and promotes the use of biobased materials widely found
at marginal costs in forestry and agricultural side streams
as well as construction & demolition waste.

[0018] [n one embodiment, the thermoplastic polymer
material comprises wood-plastic composite (WPC), com-
prising thermoplastic material and wood fibres, and the
thermoset composition is recycled material comprising
thermoset matrix and reinforcing fibres.

[0019] Anadvantageisthatthe use of thermoset matrix
with reinforcing (nowadays typically inorganic) fibres in
the WPCs increases the physical properties, such as
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strength and stiffness, water absorption, dimensional
stability, surface hardness, of the WPC-composite and
allows it being used in new expanded application areas
such as many of those where much stiffer materials than
WPC e.g. plywood is commonly used.

[0020] In one embodiment, the thermoplastic polymer
material particles are derived from waste hybrid materi-
als, such as plastic coated cardboard, cellulose, and met-
al foil.

[0021] Anadvantageisthatthe hybrid materials, where
the different material layers cannot be easily and eco-
nomically separated, may be recycled without said sep-
aration as they are in a sustainable way. Furthermore,
costs of the composition are low.

[0022] In one embodiment, the filler comprises miner-
als chosen from a group consisting of calcium carbonate,
talc, wollastonite, mica, kaolin clay, silica, and a combi-
nation thereof.

[0023] Anadvantageisthatthe mineral promotes prod-
uct surface smoothness, stiffness, dimensional stability
and higher output in processing. Additionally, material
cost of the composition may be lowered.

[0024] In one embodiment, the fibre filler comprises
synthetic fibres chosen from a group consisting of glass,
carbon, aramid, PE, boron, silicon carbide, and a com-
bination thereof.

[0025] An advantage is that a composition having bet-
ter physical properties, such as higher strength and stiff-
ness, may be achieved.

[0026] Inone embodiment,the method comprises add-
ing one or more coupling agent(s), such as maleic anhy-
dride acid (MAH), a crosslinking media, such as peroxide
or silane, in the composition.

[0027] An advantage of the coupling agent(s) is that
the properties of the filler-thermoplastic polymer compo-
sition may be significantly improved by creating a chem-
ical bonding between the materials of the composition.
This is especially beneficial if the composition comprises
polar and inpolar materials. Further by crosslinking the
composition promotes higher impact strength which can
be a weak point of high filled composites. Also crosslink-
ing is found reducing greatly edge tearing in extrusion of
compositions with low viscous polymers.

[0028] In one embodiment, the amount of the thermo-
set composition is between 5 % and 85 %, preferably
between 10 % and 75 %, by weight of the compaosition.
[0029] An advantage is thatit allows wide tailoring and
optimising of product properties per application criteria
e.g. between stiffness and flexibility and impact. In a mul-
tilayered product construction the inner layer may be stiff
at high filling rate of the thermoset composition while the
outer layer having low filling rate for appropriate impact
properties and surface smoothness and low friction when
applicable.

[0030] Inone embodiment, the composition comprises
thermoplastic polymer material, thermoset composition
and added filler material each at least roughly equal
amounts in weight, and additional substances. For in-
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stance, the composition may comprise 31 % - 32 % ther-
moplastic polymer material, 31 % - 32 % thermoset com-
position, 31 % - 32 % added filler material, such as wood
fibre and/or mineral filler, and 4 % - 7 % additional sub-
stances, all expressed by weight of the total weight of
the composition.

[0631] An advantage is that wearing of processing
equipment may be reduced.

[0032] In one embodiment, the size of the thermoset
composition particles fed in the mixing may be as large
as 100 mm, though preferably smaller than 50 mm.
[0033] An advantage is that there is no need for grind-
ing and/or milling the thermoset composition in small par-
ticles, and therefore the method is inexpensive and op-
timally made in one step in single equipment, and its en-
ergy consumptionislow. Furthermore, evading the grind-
ing and/or milling process saves long reinforcing fibres,
if any, included in the thermoset compaosition.

[0034] In an embodiment, the size of the thermoset
composition particles is about 1 mm or more.

[0035] This applies e.g. to post-industrial shavings of
thermoset compositions which do not need any down-
sizing for feeding in the mixing. An advantage is that the
material can be used as it is without any pre-treatments
at minimum costs and yet it, or at least part of the fibres,
has a certain minimum fibre length to promote the wanted
fibre reinforcement effect in physical properties of e.g. in
an extruded or rotation moulded product.

[0036] Inanembodiment, there is no limit for minimum
size of the thermoset composition particles.

[0037] An advantage is that extremely fine-sized ther-
moset dust directly obtainable from sanding of a thermo-
set composite product may be exploited and recycled in
optimal way if the composition becomes used in e.g. in-
jection moulding machines in pellet form.

[0038] In one embodiment, the cured thermoset poly-
mer is chosen from a group consisting of epoxy, polyes-
ter, vinyl ester, phenolic, amino, furan, polyurethane, vul-
canised rubber, cross-linked thermoplastic, such as
PEX, and a combination thereof.

[0039] A common advantage for all of them is that as
they have very few viable recycling solutions if any, the
method provides for all of them the route for re-manufac-
turing in thermoplastic compositions and marketable
products and made in conventional existing equipment.
The purpose and reasoning may be different; while e.g.
rigid fibre reinforced thermoplastics (FRP) bring the com-
position primarily wanted higher strength and stiffness -
flexible materials e.g. rubber and polyurethanes bring
ductility and high impact - and when mixing crosslinked
PEX in polyethylene based compositions it creates mo-
lecular bonding to the polymer without a need of using
relatively expensive coupling agents and promotes low
cost basis.

[0040] Inone embodiment, the thermoset composition
particles are derived from thermosetting post-industrial
and/or post-consumer side streams, waste or shavings.
[0041] An advantage is that the cost of such material
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is low, or even zero, and they may be recycled in a sus-
tainable way. Notable is also that as of beginning the
year 2016 the valid EU-legislation denies such materials
from becoming landfilled but due the lack of recycling
solution national governments in EU have allowed with
annually extensions the former practice to continue.
[0042] The mixing comprises: adding a batch of the
thermoplastic polymer material particles and a batch of
the thermoset composition particles in a high intensity
mixer, the mixer comprising a vessel establishing an in-
terior space environmentally separable from an exterior
space outside of said vessel, an agitation system com-
prising mixing and shear heating means arranged in said
interior space, and drive means adapted to rotate said
mixing means, agitating the particles by the mixing and
shear heating means means, resulting rising the temper-
ature of the composition above the glass transition tem-
perature (Tg) of the thermoset composition particles and
thereby allowing the thermoset composition particles to
soften and get downsized into fines (excluding cured TPE
and crosslinked thermoplastics) by mechanical forces in
said vessel, allowing the surface of thermoplastic poly-
mer material particles melting at least partly, allowing
thermoset composition particles adhere to the thermo-
plastic polymer material particles, thus forming agglom-
erates comprising the thermoplastic polymer material
and the thermoset composition and optional fillers and
additives, and cooling the agglomerates by lowering the
energy of the agitation.

[0043] Anadvantage isthatthe method may be carried
out in simple and commonly in industry existing equip-
ment since decades (ref. "PVC-mixer") at low cost basis
and minimum energy use.

[0044] In one embodiment, the plastic composition is
processed into pellets for use in processing methods of
thermoplastic materials.

[0045] An advantage is that the composition may be
used as a compound and dosed gravimetrically in dry
blending equipment and handled as sellable dust free
homogenised material for any commonly used thermo-
plastic processes and equipment.

Brief description of figures

[0046] Some embodimentsillustrating the present dis-
closure are described in more detailin the attached draw-
ings, in which

Figure 1is aflow chart of a method for manufacturing
a plastic composition, and

Figure 2 is a flow chart of another method for man-
ufacturing a plastic composition.

[0047] In the figures, some embodiments are shown
simplified for the sake of clarity. Similar parts are marked
with the same reference humbers in the figures.

10

15

20

25

30

35

40

45

50

55

Detailed description

[0048] Figure 1 is a flow chart of a method for manu-
facturing a plastic composition. According to an aspect,
the method 100 comprises mixing thermoplastic polymer
material 1 in form of particles and thermoset composition
2 comprising cured thermoset polymer in form of parti-
cles.

[0049] Accordingtoanidea, the thermoplastic polymer
material 1 is chosen from a group consisting of thermo-
plastic elastomers (TPE), polyvinyl chloride (PVC) and
polyolefins, such as polybutylene (PB), polyethylene
(PE) and polypropylene (PP), polystyrene (PS), acrylo-
nitrile-butadiene-styrene (ABS), poly(methyl methacr-
ylate) (PMMA), poly(butyl acrylate) (PBA), polylactic acid
(PLA), polyhydroxyalkanoate (PHA), polyhydroxybu-
tyrate (PHB), and a combination thereof. However, the
thermoplastic polymer material 1 may also comprise
some other material not listed above.

[0650] In an embodiment, the thermoplastic polymer
material 1 is virgin material. In another embodiment, the
thermoplastic polymer material 1 is recycled material. In
still further embodiment, the thermoplastic polymer ma-
terial 1 comprises both virgin and recycled material.
[0051] According to an aspect, the thermoplastic pol-
ymer material 1 may comprise filler material. In an em-
bodiment, the filler material comprises fibres. The fibres
may comprise synthetic fibres chosen e.g. from a group
consisting of glass, carbon, aramid, polyethylene, boron,
silicon carbide, and a combination thereof, and/or natural
fibres derived and chosen e.g. from a group consisting
of wood, straw, abaca, cotton, cork, bamboo, paper,
cardboard, hemp, jute, kenaf, sisal, rice hull, flax, cellu-
lose, coir and a combination thereof.

[0052] In an embodiment, the thermoplastic polymer
material 1 comprises mineral fillers chosen from e.g. a
group consisting of calcium carbonate, talc, wollastonite,
mica, kaolin clay, silica, and a combination thereof.
[0053] In an embodiment the thermoplastic polymer
material 1 is recycled material derived from hybrid ma-
terials, such as plastic coated cardboard, cellulose, and
metal foil.

[0054] The particles of the thermoplastic polymer ma-
terial 1 may be in form of pellets, shreds, crush, flakes,
powder etc. The particle size is preferably not more than
30 mm.

[0055] According to an idea, the cured thermoset pol-
ymer of the thermoset composition 2 is chosen from a
group consisting of epoxy, polyester, vinyl ester, phenol-
ic, amino, furan, polyurethane, vulcanised rubber, cross-
linked thermoplastic, such as crosslinked polyethylene
(PEX), and a combination thereof. However, the cured
thermoset polymer may also comprise some other ther-
moset material not listed above.

[0056] In an embodiment, the thermoset composition
2 is derived from thermosetting post-industrial and/or
post-consumer side streams, waste or shavings. The
thermoset composition 2 may be derived e.g. from fi-
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brereinforced boats and yachts, vessels, tanks, contain-
ers, sport and leisure goods, wind turbine blades, pipes
& tubes, construction profiles, various parts in transpor-
tation and automotive and aerospace vehicles, lami-
nates, and other consumer goods and including hybrid
praducts where fibre reinforced thermosets are coupled
to other materials e.g. wood.

[0057] The thermoset composition 2 comprises fi-
brereinforced plastic (FRP), i.e. composite material
made of a thermoset polymer matrix reinforced with fi-
bres. The fibres may comprise synthetic fibres chosen
e.g. from a group consisting of glass, carbon, aramid,
polyethylene, boron, silicon carbide, and a combination
thereof, and/or natural fibres derived and chosen e.g.
from a group consisting of wood, straw, abaca, cotton,
cork, bamboo, paper, cardboard, hemp, jute, kenaf, sisal,
rice hull, flax, cellulose, coir and a combination thereof.
[0058] In an embodiment, the thermoset composition
2 comprises mineral fillers chosen from e.g. a group con-
sisting of calcium carbonate, talc, wollastonite, mica, ka-
olin clay, silica, and a combination thereof.

[0059] There s a limit for the maximum size of the ther-
moset composition particles fed in the mixing. In an em-
bodiment, the limit is 100 mm, in another embodiment
the limit is 50 mm. Thus it is possible to feed quite large
particles in the mixing, and there is no need for chopping
or grinding the material in small particle size.

[0060] Also one or more additional substances 4 may
be mixed with the thermoplastic and thermoset. The ad-
ditional substances 4 may comprise e.g. coupling
agent(s), such as maleic anhydride acid (MAH), a
crosslinking media, such as peroxide or silane, process-
ing aids, pigments etc. Inan embodiment, where the ther-
moplastic polymer material comprises polyolefin, the
coupling agent(s), such as maleic anhydride acid (MAH),
are preferably used for enhancing adhesion of the poly-
olefin molecules to e.g. filler material.

[0061] The mixing 3 takes place in a high intensity mix-
er as a batch process. The mixer comprises a vessel that
establishes an interior space environmentally separated
from an exterior space outside of said vessel, an agitation
system comprising mixing and shear heating means ar-
ranged in said interior space, and drive means, such as
electric motor or pressure medium driven motor, adapted
to rotate said mixing means.

[0062] In an embodiment, the high intensity mixeris a
mixer commonly known as "PVC-mixer" or "hot-cold-mix-
er'. This type of mixer typically comprises two mixing
vessels: a hot vessel and a cold vessel. The hot vessel
comprises mixing and shear heating means that heat up
the composition. Additionally, the casing ofthe hotvessel
may be heated by e.g. hot oil or electric heating device.
The cold vessel can be cooled e.g. by water in order to
lower the temperature of the composition.

[0063] The thermoplastic polymer material 1, the ther-
moset composition 2, and additional substances 4, if any,
are weighed and introduced in the mixer.

[0064] Inanembodiment, the amount of the thermoset
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composition is between 5% and 85%, preferably between
10% and 75%, by weight of the total weight of the com-
position.

[0065] Duringthe mixing 3, the temperature of the com-
position rises. First the moisture released from materials
is allowed to evaporate and is conducted out of the mixer
resulting sufficiently dry composition (e.g. <1% water).
The rotational speed of the rotating blades may be con-
trolled such that an even temperature distribution in the
composition is achieved.

[0066] As the temperature further rises, the surface of
thermoplastic polymer material particles meltleast partly.
In an embodiment, coupling agent(s), if any, and FRP
are metered to the mixer not till the thermoplastic polymer
material has partly melted. An advantage is that this way
stresses directed to FRP fibres and resultanting break-
ings thereof may be limited and excessive thermal de-
composition of thermoset material may be avoided.
[0067] The temperature tobe pursued dependsone.g.
the materials of the particles. According to an aspect, the
temperature of the composition is allowed to rise above
the glass transition temperature (Tg) of the thermoset
composition particles. An advantage is that the thermoset
polymer starts becoming somewhat soft, like in jelly form,
and gets downsized into fines by mechanical forces in-
duced by the rotating blades in the vessel.

[0668] In an embodiment, the melting temperature of
the thermoplastic polymer material is not more than 200
°C, preferably not more than 170 °C.

[0069] The particles are simultaneously mixed so that
the thermoset composition particles adhere to the ther-
moplastic polymer material particles, thus forming ag-
glomerates comprising the thermoplastic polymer mate-
rial and the thermoset composition and optional addition-
al substances 4.

[0070] Finally, the agglomerates are cooled by lower-
ing the energy of the agitation, and optionally cooling the
agglomerates by cooling means. In some cases, some
of the agglomerates may create large lumps of agglom-
erates. The lumps can be broken by lump breaking
means.

[0671] The cooled agglomerates form an intermediate
agglomerate product 5 that may be utilized in a product
manufacturing 6 using various processing methods and
apparatuses of thermoplastic materials. In an embodi-
ment, the methods and apparatuses are extruder meth-
ods and apparatuses. In another embodiment, the meth-
ods and apparatuses are moulding methods and appa-
ratuses, e.g. injection moulding, pressure moulding or
rotational casting methods and apparatuses.

[0072] According to an aspect, the intermediate ag-
glomerate product 5 may be processed 7 into pellets prior
to be utilized in the product manufacturing 6.

[0073] According to an aspect, the agglomerates or
pellets may be used in multilayer extrusion process. In
said process at least one of the layers is manufactured
form the composition described in this description. In an
embodiment, it is extruded products comprising surface
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layers and a core layer therebetween. The surface layers
may be manufactured from composition comprising first
thermoplastic polymer material, PE for instance, having
good impact strength, whereas the core layer is manu-
factured from composition comprising second thermo-
plastic polymer material, PP for instance, giving high stiff-
ness for the product. In another embodiment, it is man-
ufactured multilayer product having first surface layer that
is easy to be glued in surface of another product, whereas
another layer(s) of said multilayer product may be opti-
mized for another objectives, such as stiffness, strength,
and low cost.

[0074] Figure 2 is a flow chart of another method for
manufacturing a plastic composition. Basically, the meth-
ods 100 shown in Figures 1 and 2 are identical. However,
in the method shown in Figure 2, additional filler 8, such
as natural and/or mineral filler particles and/or natural or
synthetic fibres, are added in the mixing step 3 as an
addition of a separate batch of filler material. The addi-
tional filler 8 may be similar to or differ from the fillers, if
any, included in the thermoplastic polymer material 1
and/or the thermoset composition 2. The additional filler
8 adheres to the thermoplastic and thermoset materials
in the mixing.

[0075] The additional filler 8 makesit possible to adjust
the physical properties of the composition, especially
when fibres are added, and/or lower the costs of the com-
position by using low-cost filler material.

[0076] Inan embodiment, the amount of the additional
filler 8 is selected so that the total filler content of the
composition is not more than 85 wt%.

Example 1

[0077] It was mixed recycled HDPE mixed colors ther-
moplastic polymer material in flake form originated from
post-consumer bottles like cosmetics etc., and thermoset
composition consisting of extremely fine-sized
epoxy/glassfibre dust, directly obtained from sanding of
a thermoset composite product, and about 6 weight-%
additional substances, i.e. coupling agent MAH plus a
processing aid.. The composition was also slightly cross-
linked by peroxide.

[0078] Two compositions were made:

FRC1 that comprised 60 weight-% of the thermoset
composition and no other filler; and

FRC2 that comprised 40 weight-% of the thermoset
composition and 20 weight-% plastic coated liquid
packaging board (type TetraPak), downsized into
flakes in about 5 mm size, as an additional fibre filler.

[0079] Mixing took place in a high intensity mixer type
Herfeld heating 100 / cooling 200 litre size. Batch weight
was 30 kg and cycle time about 30 minutes.

[0080] Extrusion of test specimens was made in a ro-
tary extruder CONEX® size 380 mm into a hollow profile
in size 60 x 40 mm with 8 mm wall thickness.
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[0081] The resulting extruded compositions were test-
ed for flexural properties in 3-point bending device by
using EN ISO 178 -method by testinstitute Muovipoli Oy,
Nastola, Finland.

[0082] Results obtained:

FRC1 flexural strength: 36.2 MPa and bending mod-
ulus: 2410 MPa;
FRC2 flexural strength: 33.6 MPa and bending mod-
ulus: 2970 MPa.

[0083] Typical values of a blow moulding -grade HDPE
and tested atinjection moulded test specimens are: flex-
ural strength about 26 MPa and bending modulus about
1300 MPa. It can be readily seen that both flexural
strength and bending modulus are substantially higher
in FRC1 and FRC2. The flexural strength is about 30 -
40 % higher and the bending modulus about 85 - 130 %
higher. And if the compositions FRC1 and FRC2 would
have been manufactured into test specimens by injection
moulding, the difference would have been even higher.

Example 2

[0084] It was an extruded panel (A) in size 400 x 10
mm from virgin biobased HDPE thermoplastic polymer
material in pellet form (Braskem grade SGD4960), con-
struction and demolition waste wood, talc, and additional
substances, i.e. coupling agent MAH and a processing
aid. The composition was also slightly cross-linked by
peroxide.

[0085] Furthermore, itwas extruded biobased thermo-
set composition in various profile forms (B) consisting of
60 weight-% bioepoxy/glass and 40 weight-%, hemp-fi-
bres.

[0086] Both products A and B were first crushed me-
chanically in a Rapid 300 re-granulator with a 16 mm
diameter slot screen and then mixed together in 50/50
ratios, and finally re-manufactured into extruded panels
having width 400 mm and thickness 10 mm by rotory
extruder CONEX® size 280 mm.

[0087] The final composition was consisting of (as
weight-%):

¢ biobased HDPE thermoplastic 27.5 %

¢ construction & demolition waste wood 44 %
o fibrereinforced bioepoxy 13.5 %

e talc8%

¢ additional substances 7 %

[0088] The resulting extruded panels were tested for
flexural properties in 3-point bending device by using EN
|ISO 178 -method by test institute AIM-PLAS Instituto
Tecnologico del Plastico, Valencia, Spain.

[0089] Results obtained:

flexural strength: 26,7 MPa
bending modulus: 3290 MPa



1 EP 3 159 127 B1 12

[0090] The manufacturer Braskem informs the bio-
based HDPE thermoplastic polymer material grade
SGD4960 having flexural bending modulus 1600 MPa
and thus the re-manufactured panel has bending modu-
lus, i.e. material stiffness, twice as high as the thermo-
plastic polymer material used, thanks to the combined
reinforcement effect of construction and demalition
waste wood 44 % and recycled fibre reinforced bioepoxy
13,5 % and talc 8 %.

[0091] The invention is notlimited solely to the embod-
iments described above, butinstead many variations are
possible within the scope ofthe inventive concept defined
by the claims below. Within the scope of the inventive
concept the attributes of different embodiments and ap-
plications can be used in conjunction with or replace the
attributes of another embodiment or application.

[0092] The drawings and the related description are
only intended to illustrate the idea of the invention. The
invention may vary in detail within the scope of the in-
ventive idea defined in the following claims.

[0093] The project leading to this application has re-
ceived funding from the European Union’s Horizon 2020
research and innovation programme under grant agree-
ments Nos. 642085 and 730456.

Reference symbols
[0094]

thermoplastic polymer material
thermoset composition

mixing step

additional substances
intermediate agglomerate product
product manufacturing

pelletizing

additional filler
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100 method

Claims

1. A method for manufacturing a plastic composition,
comprising: mixing

- thermoplastic polymer material particles and
- thermoset composition particles comprising
cured thermoset polymer reinforced with fibres,
the mixing comprising

- rising the temperature of the composition and
at least partly melting the surface of thermoplas-
tic polymer material particles, and

- simultaneously mixing the particles allowing
thermoset composition particles adhere to the
thermoplastic polymer material particles, and

- cooling the composition, wherein the mixing
comprises:
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- mixing in a high intensity mixer as a batch proc-
ess,

- adding a batch of the thermoplastic polymer
material particles and a batch of the thermoset
composition particles in the high intensity mixer,
the mixer comprising

« a vessel establishing an interior space en-
vironmentally separable from an exterior
space outside of said vessel,

« an agitation system comprising mixing and
shear heating means arranged in said inte-
rior space, and

« drive means adapted to rotate said mixing
means,

- agitating the particles by the mixing and shear
heating means, resulting

- rising the temperature of the composition
above the glass transition temperature (Tg) of
the thermoset composition particles and thereby
- allowing the thermoset compasition particles
to soften and get downsized into fines by me-
chanical forces in said vessel,

- allowing the surface of thermoplastic polymer
material particles melting at least partly,

- allowing thermoset composition particles ad-
here to the thermoplastic polymer material par-
ticles, thus forming agglomerates comprising
the thermoplastic polymer material and the ther-
moset composition and optional fillers and ad-
ditives, and

- cooling the agglomerates by lowering the en-
ergy of the agitation.

The method as claimed in claim 1, wherein the melt-
ing temperature of the thermoplastic polymer mate-
rialis not more than 200 °C, preferably not more than
170 °C.

The method as claimed in claim 1 or 2, wherein the
thermoplastic polymer material is chosen from a
group consisting of TPE, PVC and polyolefins, such
as PB, PE and PP, PS, ABS, PMMA, PBA, PLA,
PHA, PHB, and a combination thereof.

The method as claimed in any of the preceding
claims, comprising adding filler material that is in-
cluded in the thermoplastic polymer material parti-
cles and/or thermoset composition particles, or as
an addition of a separate batch of filler material.

The method as claimed in claim 4, wherein the filler
material comprises natural fibres derived and cho-
sen from a group consisting of wood, straw, abaca,
cotton, cork, bamboo, paper, cardboard, hemp, jute,
kenaf, sisal, rice hull, flax, cellulose, coir and a com-
bination thereof.
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The method as claimed in claim 4, wherein the ther-
moplastic polymer material particles are derived
from hybrid materials, such as plastic coated card-
board, cellulose, and metal fail.

The method as claimed in claim 4, wherein the filler
comprises minerals chosen from a group consisting
of calcium carbonate, talc, wollastonite, mica, kaolin
clay, silica, and a combination thereof.

The method as claimed in claim 4, wherein the filler
comprises synthetic fibres chosen from a group con-
sisting of glass, carbon, aramid, PE, boron, silicon
carbide, and a combination thereof.

The method as claimed in any of the preceding
claims, comprising adding one or more coupling
agent(s), such as maleic anhydride acid (MAH), a
crosslinking media, such as peroxide or silane, in
the composition.

The method as claimed in any of the preceding
claims, wherein the amount of the thermoset com-
positionis between 5% and 85%, preferably between
10% and 75%, by weight of the composition.

The method as claimed in any of the preceding
claims, wherein the maximum size of the thermoset
composition particles fed in the mixing is 100 mm,
preferably below 50 mm.

The method as claimed in any of the preceding
claims, wherein the cured thermoset polymer is cho-
sen froma group consisting of epoxy, polyester, vinyl
ester, phenolic, amino, furan, polyurethane, vulcan-
ised rubber, cross-linked thermoplastic, such as
PEX, and a combination thereof.

The method as claimed in any of the preceding
claims, wherein the thermoset composition particles
are derived from thermosetting post-industrialand/or
post-consumer side streams, waste or shavings.

The method as claimed in any of the preceding
claims, comprising processing the plastic composi-
tion into pellets for use in processing methods ofther-
moplastic materials.

Patentanspriiche

1.

Verfahren zur Herstellung einer Kunststoffzusam-
mensetzung, umfassend:
Mischen von

- Teilchen von thermoplastischem Polymerma-
terial und
- Teilchen einerduroplastischen Zusammenset-
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zung, umfassend gehartetes duroplastisches
Polymer, das mit Fasern verstarkt ist, wobei das
Mischen umfasst:

- Erhdhen der Temperatur der Zusammenset-
zung und zumindest teilweise Schmelzen der
Oberflache der Teilchen des thermoplastischen
Polymermaterials, und

- gleichzeitiges Mischen der Teilchen, sodass
die Teilchen der duroplastischen Zusammen-
setzung anden Teilchen des thermoplastischen
Polymermaterials haften kénnen, und

- Abkiihlen der Zusammensetzung, wobei das
Mischen umfasst:

- Mischen in einem Hochleistungsmischer als
Chargenprozess,

- Zugeben einer Charge der Teilchen des ther-
moplastischen Polymermaterials und einer
Charge der Teilchen der duroplastischen Zu-
sammensetzung in den Hochleistungsmischer,
wobei der Mischer umfasst:

« ein Gefal mit einem Innenraum, der sich
umgebungsbedingt von einem AuRenraum
auBerhalb des Gefalles trennen lasst,

* ein RUhrsystem mit Mitteln zum Mischen
und zur Schererwarmung, welches in dem
Innenraum angeordnet ist, und

* Antriebsmittel zum Drehen der Mittel zum
Mischen,

- Ruhren der Teilchen durch die Mittel zum Mi-
schen und zur Schererwd&rmung, mit dem Er-
gebnis:

- Erhéhen der Temperatur der Zusammen-
setzung auf oberhalb der Glaslibergangs-
temperatur (Tg) der Teilchen der duroplas-
tischen Zusammensetzung, wodurch

- die Teilchen der duroplastischen Zusam-
mensetzung in dem GefaR durch mechani-
sche Krafte erweichen und in Feinteile ver-
kleinert werden kénnen,

- die Oberflache der Teilchen des thermo-
plastischen Polymermaterials zumindest
teilweise schmelzen kann,

- Teilchen der duroplastischen Zusammen-
setzung an den Teilchen des thermoplasti-
schen Polymermaterials haften kdnnen und
somit Agglomerate bilden, die das thermo-
plastische Polymermaterial und die duro-
plastische Zusammensetzung und optiona-
le Flllstoffe und Additive umfassen, und

- Abkuhlen der Agglomerate durch Verrin-
gern der Energie der Rihrbewegung.

2. Verfahren nach Anspruch 1, wobei die Schmelztem-

peratur des thermoplastischen Polymermaterials
nicht mehr als 200°C, vorzugsweise nicht mehr als
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170°C, betragt.

Verfahren nach Anspruch 1 oder 2, wobei das ther-
moplastische Polymermaterial aus einer Gruppe
ausgewahlt wird bestehend aus TPE, PVC und Po-
lyolefinen, wie etwa PB, PE und PP, PS, ABS, PM-
MA, PBA, PLA, PHA, PHB und eine Kombination
davon.

Verfahren nach einem der vorstehenden Anspriiche
umfassend die Zugabe von Fillstoff, derin den Teil-
chen des thermoplastischen Polymermaterials
und/oder den Teilchen der duroplastischen Zusam-
mensetzung enthalten ist, oder als Zusatz einer se-
paraten Charge mit Fillstoff.

Verfahren nach Anspruch 4, wobei der Fillstoff Na-
turfasern umfasst, die stammen von und ausgewahlt
werden aus einer Gruppe bestehend aus Holz,
Stroh, Abaka, Baumwolle, Kork, Bambus, Papier,
Pappe, Hanf, Jute, Kenaf, Sisal, Reishillse, Flachs,
Zellulose, Kokosfaser und einer Kombination davon.

Verfahren nach Anspruch 4, wobei die Teilchen des
thermoplastischen Polymermaterials von Hybridma-
terialien stammen, wie etwa mit Kunststoff beschich-
teter Pappe, Zellulose und Metallfolie.

Verfahren nach Anspruch 4, wobei der Fllstoff Mi-
neralien umfasst, die ausgewahlt werden aus einer
Gruppe bestehend aus Calciumkarbonat, Talk, Wol-
lastonit, Glimmer, Kaolin, Siliziumdioxid und einer
Kombination davon.

Verfahren nach Anspruch 4, wobei der Fillstoff syn-
thetische Fasern umfasst, die ausgewahlt werden
aus einer Gruppe bestehend aus Glas, Kohlenstoff,
Aramid, PE, Bor, Siliziumcarbid und einer Kombina-
tion davon.

Verfahren nach einem der vorstehenden Anspriiche
umfassend die Zugabe eines oder mehrerer Haft-
vermittler, wie etwa Maleinsdureanhydrid (MAH), ei-
nes Vernetzers, wie etwa Peroxid oder Silan, zu der
Zusammensetzung.

Verfahren nach einemdervorstehenden Anspriiche,
wobei der Anteil der duroplastischen Zusammenset-
zung zwischen 5% und 85%, vorzugsweise zwi-
schen 10% und 75%, auf das Gewicht der Zusam-
mensetzung betragt.

Verfahren nach einemder vorstehenden Anspriiche,
wobei die maximale GroRe der Teilchen der duro-
plastischen Zusammensetzung, die der Mischung
zugefuhrt werden, 100 mm, vorzugsweise unter 50
mm, betrégt.
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Verfahrennach einem dervorstehenden Anspriiche,
wobei das gehartete duroplastische Polymer ausge-
wahlt wird aus einer Gruppe bestehend aus Epoxid,
Polyester, Vinylester, Phenol, Amino, Furan, Polyu-
rethan, vulkanisiertem Kautschuk, vernetztem Ther-
moplast, wie etwa PEX, und einer Kombination da-
von.

Verfahren nach einem dervorstehenden Anspriiche,
wobei die Teilchen der duroplastischen Zusammen-
setzung aus duroplastischen postindustriellen
und/oder "Post-Consumer"-Strdmen, Abfallen oder
Spénen stammen.

Verfahren nach einem der vorstehenden Anspriiche
umfassend die Verarbeitung der Kunststoffzusam-
mensetzung zu Pellets fir die Verwendung in Ver-
fahren zur Verarbeitung von thermoplastischen Ma-
terialien.

Revendications

1.

Procédé pour fabriquer une composition plastique,
comprenant le mélange

- de particules de matériau polymére thermo-
plastique et

- de particules de composition thermodurcie
comprenant un polymeére thermodurci renforcé
par des fibres, le mélange comprenant

- 'élévation de la température de la composition
et la fusion au moins partielle de la surface des
particules de matériau polymére thermoplasti-
que, et

- simultanément le mélange des particules per-
mettant aux particules de composition thermo-
durcie d’adhérer aux particules de matériau po-
lymére thermoplastique, et

- le refroidissement de la composition, dans le-
guel le mélange comprend :

- le mélange dans un mélangeur haute intensité
sous la forme d’un traitement par lots,

- 'addition d’un lot des particules de matériau
polymére thermoplastique et d’'un lot des parti-
cules de composition thermodurcie dans le mé-
langeur haute intensité, le mélangeur compre-
nant

* un récipient établissant un espace inté-
rieur séparable du point de vue environne-
mental d’'un espace extérieur en-dehors du-
dit récipient,

» un systéme d’agitation comprenant des
moyens de mélange et de chauffage avec
cisaillement, disposé dans ledit espace in-
térieur, et

« des moyens d'entrainement adaptés pour
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faire tourner lesdits moyens de mélange,

- l'agitation des particules par les moyens de
mélange et de chauffage avec cisaillement,
ayant pour résultat

- 'élévation de la température de la composition
au-dela de la température de transition vitreuse
(Tg) des particules de composition thermodur-
cie et ainsi

- permettant aux particules de composition ther-
modurcie de se ramollir et de se réduire en taille
jusqu’a des particules fines par des forces mé-
caniques dans ledit récipient,

- permettant a la surface des particules de ma-
tériau polymere thermoplastique de fondre au
moins partiellement,

- permettant aux particules de composition ther-
modurcie d’adhérer aux particules de matériau
polymére thermoplastique, formant ainsi des
agglomérats comprenant le matériau polymeére
thermoplastique et la composition thermodurcie
et des charges et additifs optionnels, et

- le refroidissement des agglomérats en dimi-
nuant I'énergie de I'agitation.

Procédé selon la revendication 1, dans lequel le
point de fusion du matériau polymére thermoplasti-
gue n'est pas supérieur a 200 °C, de préférence pas
supérieur a 170 °C.

Procédé selon la revendication 1 ou 2, dans lequel
le matériau polymere thermoplastique est choisi
dans le groupe constitué par le TPE, le PVC et les
polyoléfines, telles que les PB, PE et PP, PS, ABS,
PMMA, PBA, PLA, PHA, PHB, et une de leurs com-
binaisons.

Procédé selon I'une quelconque des revendications
précédentes, comprenant l'addition d’'un matériau
de charge qui est inclus dans les particules de ma-
tériau polymeére thermoplastique et/ou les particules
de composition thermodurcie, ou sous laforme d’une
addition d’un lot séparé de matériau de charge.

Procédé selon la revendication 4, dans lequel le ma-
tériau de charge comprend des fibres naturelles dé-
rivées et choisies dans le groupe constitué par le
bois, la paille, 'abaca, le coton, le liege, le bambou,
le papier, le carton, le chanvre, le jute, le kénaf, le
sisal, les balles deriz, le lin, la cellulose, la coco, et
une de leurs combinaisons.

Procédé selon la revendication 4, dans lequel les
particules de matériau polymére thermaoplastique
dérivent de matériaux hybrides, tels que le carton
plastifié, la cellulose, et une feuille métallique.

Procédé selon la revendication 4, dans lequel la

10

15

20

25

30

35

40

45

55

10

10.

1.

12.

13.

14.

charge comprend des minéraux choisis dans le grou-
pe constitué par le carbonate de calcium, le talc, la
wollastonite, le mica, 'argile kaolin, la silice, et une
de leurs combinaisons.

Procédé selon la revendication 4, dans lequel la
charge comprend des fibres synthétiques choisies
dans le groupe constitué par le verre, le carbone,
I’aramide, le PE, le bore, le carbure de silicium, et
une de leurs combinaisons.

Procédé selon I'une quelconque des revendications
précédentes, comprenant I'addition d’'un ou plu-
sieurs agents de couplage, tels que I'anhydride ma-
léique (MAH), un milieu de réticulation, tel qu’un pe-
roxyde ou le silane, dans la composition.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la quantité de la composi-
tion thermodurcie est comprise entre 5 % et 85 %,
de préférence entre 10 % et 75 %, en poids de la
composition.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la taille maximale des par-
ticules de composition thermodurcie introduites
dans le mélange est de 100 mm, de préférence in-
férieure a 50 mm.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le polymeére thermadurci
est choisi dans le groupe constitué par un époxy, un
polyester, un ester vinylique, un phénclique, un ami-
no, un furane, un polyuréthane, un caoutchouc vul-
canisé, un thermoplastique réticulé, tel que le PEX,
et une de leurs combinaisons.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel les particules de compo-
sition thermodurcie dérivent du thermodurcissement
de copeaux, déchets ou courants secondaires post-
industrie et/ou post-consommateur.

Procédé selon I'une quelconque des revendications
précédentes, comprenant la transformation de la
composition plastique en pastilles destinée a étre
utilisée dans des méthodes de transformation de
matériaux thermoplastiques.
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