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(57) Abstract: The present invention relates to an essentially biobased and optionally biodegradable, thermoformable composition
containing a) as thermoformable resin at least one poly-L-lactide with less than 1 mol% of D-lactoyl units (PLLA) or at least one
poly-L-lactide with from 1 mol% to 5 mol% of D-lactoyl units (PLA) and b) a nucleating combination consisting of a) 1 to 10 % by
weight, based on the total amount of the thermoformable resin a), of at least one poly-D-lactide with less than 1 mol% of L-lactoyl-
units (PDLA) as component a 1 ) or of 0.5 to 5% by weight, based on the total amount of the thermoformable resin a), of
PLLA/PDLA or PLA/PDLA stereocomplex crystallites, preferably with a molar ratio of 1:1, as component a 2), B) 0.1 to 25% by
weight, based on the total amount of the thermoformable resin a), of an inorganic nucleating agent, preferably talc, and y) 0.1 to 30
% by weight, based on the total amount of the thermoformable resin a), of at least an inorganic filler with lamellar structure, prefer -
ably a lamellar clay mineral, and to thermoformed, essentially biobased and optionally biodegradable containers formed of the in-
ventive compositions.
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An essentially biobased, thermoformable composition

and containers formed thereof

The present invention relates to a preferably essentially biobased and optionally
biodegradable, thermoformable composition containing
a) as thermoformable, biodegradable resin at least one poly-L-lactide with less
than 1 mol% of D-lactoyl units (PLLA) or at least one poly-L-lactide with from 1
mol% to 5 mol% of D-lactoyl units (PLA) and
b) a nucleating combination consisting of
a) 1 to 10 % by weight, based on the total amount of the
thermoformable resin a), of at least one poly-D-lactide with less than 1
mol% of L-lactoyl-units (PDLA) as component a 1) or of 0.5 to 5% by
weight, based on the total amount of the thermoformable resin a), of
PLLA/PDLA or PLA/PDLA stereacomplex crystallites, preferably with a
molar ratio of 1:1, as component a 2),
B) 0.1 to 25% by weight, based on the total amount of the
thermoformable resin a), of an inorganic nucleating agent, preferably
talc, and
y) 0.1 to 30 % by weight, based on the total amount of the
thermoformable resin a), of at least an inorganic filler with lamellar
structure, preferably a lamellar clay mineral, |
and to thermoformed, essentially biobased and optionally biodegradable containers

formed of the inventive compositions.

CONFIRMATION COPY
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Food containers like cups, which have to withstand temperatures around the boiling
point of water, because they are used for hot drinks like tea, coffee or soup, are
usually not manufactured of polylactides, although it is known that polylactides are
biodegradable polymers which are decomposed by the action of microbes and

enzymes into lactide acid, carbon dioxide and water.

One of the main reasons that polylactides are not suitable for the manufacturing of
such cups is the low glas transition temperature of these polymers, which causes
softening of the material already about 50°C, which is more than 40°C below the

application temperature of these polymers.

Another important disadvantage of polylactides are the crystallization properties of
these polymers. Although homopolymers, PDLA respectively PLLA, are crystalline,
the crystallization rate of these polymers is relatively slow and the polymers exhibit a

behavior particularly similar to that of a non-crystalline resin.

In view of this relatively long time for crystallization, compositions containing PLA,
even homopolymers, do not crystallize sufficiently during the usual short cycle times
for the production of thermoformed articles, e.g. by thermoforming with moulding.

Therefore, the use of these biodegradable polymers is rather disadvantageous.

Consequently, a considerable portion of food containers, especially cups for hot
beverages and predominantly cups for a single use, are still manufactured of plastic
resins produced from fossil sources, and not of plastic resin produced from

renewable raw material, although the thermoformable PLA, PLLA and PDLA, are
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produced from renewable raw materials and therefore are biobased as well as

biodegradable.

In order to be able to provide containers for hot beverages, especially cups for single
use, manufactured of biobased and biodegradable polymers like PLLA or PLA, the
above identified disadvantages of these polymers have to be overcome. Especially
the need for the production of such containers, especially cups, in short cycle times
has to be satisfied by increasing the rate of crystallization and the resistance against
deformation at elevated temperatures, especially if such containers, especially cups,

are used for hot beverages like hot coffee or tea.

Therefore, an object of the present invention was to provide thermoformable
compositions containing as biobased polymers poly-L-lactide with less than 1 mol%
of D-lactoyl-units (PLLA) or poly-L-lactide with from 1 mol% to 5 mol% of D-lactoyl-
units (PLA), which guarantee a rate of crystallization allowing to usual short cycle
times in the production of thermoformed food containers, especially cups, and the
provision of such containers having excellent mechanical properties up to

temperatures of 100 °C.

This object is solved by providing a preferably essentially biobased and optionally
biodegradable, thermoformable composition containing
a) as thermoformable, biodegradable resin at least one poly-L-lactide with
less than 1 mol% of D-lactoyl units (PLLA) or at least one poly-L-lactide
with from 1 mol% to 5 mol% of D-lactoyl units (PLA) and

b) a nucleating combination consisting of
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a) 1 to 10 % by weight, based on the total amount of the
thermoformable resin a), of at least one poly-D-lactide with less than 1
mol% of L-lactoyl-units (PDLA) as component a 1) or of 0.5 to 5% by
weight, based on the total amount of the thermoformable resin a), of
PLLA/PDLA or PLA/PDLA stereocomplex crystallites, preferably with a
molar ratio of 1:1, as component a 2),

B) 0.1 to 25% by weight, based on the total amount of the
thermoformable resin a), of an inorganic nucleating agent, preferably
talc, and

y) 0.1 to 30 % by weight, based on the total amount of the
thermoformable resin a), of at least an inorganic filler with lamellar

structure, preferably a lamellar clay mineral.

A further object of the present invention is a thermoformed, essentially biobased and
optionally biodegradable container formed of an inventive thermoformable
composition containing
a) as thermoformable, biodegradable resin at least one PLLA or PLA and
b) a nucleating combination consisting of
a) 1 to 10 % by weight, based on the total amount of the
thermoformable resin 'a), of at least one poly-D-lactide with less than 1
mol% of L-lactoyl-units (PDLA) as component a 1) or of 0.5 to 6% by
weight, based on the total amount of the thermoformable resin a), of
PLLA/PDLA or PLA/PDLA stereocomplex crystallites, preferably with a

molar ratio of 1:1, as component a 2),
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B) 0.1 to 25% by weight, based on the total amount of the
thermoformable resin a), of an inorganic nucleating agent, preferably
talc, and

y) 0.1 to 30 % by weight, based on the total amount of the
thermoformable resin a), of at least an inorganic filler with lamellar

structure, preferably a lamellar clay mineral.

According to the present invention the term “PLLA” means a poly-L-lactide with less

than 1 mol% of D-lactoyl-units.

According to the present invention the term “PLA” means a poly-L-lactide with from 1

mol% to 5 mol% of D-lactoyl! units.

According to the present invention the term “PDLA” means a poly-D-lactide with less

than 1 mol% of L-lactoyl units.

The term “biodegradable” means according to the present invention that such a
biodegradable polymer, copolymer or plastic resin complies with European standard
EN 13432 on the compostability. This means that at least 90% of the organic carbon
in the material (polymer, copolymer, plastic resin) has been converted in a test period

of maximum 180 days to CO,, water, energy and biomass.

The term “essentially biodegradable” means according to the present invention that
at least 70% by weight of such an article (container, cups) complies with European

standard EN 13432 on the compostability.
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The term “biobased” means according to the present invention that an article
(container, cups) is manufactured of compounds produced from renewable raw
materials completely.

The term “essentially biobased” means according to the present invention that an
article (cup, container) is manufactured of at least 60% by weight of the components

produced from renewable materials.

The inventive thermoformable composition of which the inventive essentially
biobased, thermoformed container is formed, comprises, besides the nucleating
composition b), as thermoformable, biobased resin a) at least one PLLA or PLA,
which PLA is preferably a copolymer consisting of L-lactoyl units and from 1 to 2,5

mol% D-lactoyl units.

Such biobased and biodegradable PLLA respectively PLA or PDLA can be produced
by ring-opening polymerization of the dimers of corresponding lactic acid, which is

well known in the art.

Preferably, these biobased and biodegradable polymers, PLLA or PLA, have a
weight-average molecular weight of at least 30.000, more preferably at least 60.000,
most preferably at least 90.000 g/mol. The weight-average molecular weight of the
biodegradable polymers PLLA is preferably at most 300.000 g/mol. With the weight-
average molecular weight of less than the lower limit the mechanical properties such
as stiffness and elastic modulus of inventive containers formed of inventive
compositions become insufficient and by contrast by exceeding the upper limit the
molding processability of the inventive thermoformable composition becomes

insufficient.
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The inventive, thermoformable compositions used for the production of the inventive
thermoformed, essentially biobased and optionally biodegradable containers
comprise a nucleating composition b) consisting of three components a), B) and y)
which guarantees not only a sufficient high rate of crystallization combined with a
thereof independent, broad window for thermoforming and consequently a sufficient
high thermoforming speed with short cycle times, but also a sufficiently high
resistance against deformation up to a temperature of 100 °C by maintaining
sufficient stiffness for the use of the inventive containers, preferably of cups, which
are produced by thermoforming the inventive thermoformable composition containing

the nucleating combination b).

As component a 1) the biobased and biodegradable polymer PDLA, that is
incorporated in the inventive thermoformable composition in an amount of 1 to 10%,
preferably 1 to 6% by weight, based on the total amount of the thermoformable resin
a), is a poly-D-lactide, which is a copolymer consisting of D-lactoyl units and less
than 1 mol% of L-lactoyl units as already defined. The weight-average molecular
weight of the PDLA is preferably in the range disclosed already before for the
thermoformable resin PLLA. However, preferably, the weight-average molecular
weight of the PDLA used is different to the weight-average molecular weight of PLLA

used.

As component a 2), instead of the component a 1), stereocomplex crystallites of
PLLA/PDLA or of PLA/PDLA with a molar ratio of 1:1 in an amount of 0.5 to 5% by
weight, preferably 1 to 3% by weight, based on the total weight of the

thermoformable resin a), can be incorporated into the inventive thermoformable
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compositions. These stereocomplex crystallites can be produced separately before
adding into the inventive thermoformable composition by melting a mixture of
preferably equal amounts of PLLA and PDLA respectively PLA and PDLA above
180°C up to 230°C, preferably up to 190 °C, and then cooling the melted mixture
under crystallization or by heating the thermoformable composition containing the
nucleating composition b) comprising as component a) the component a 1) above the
melting point of PLLA, PLA respectively PDLA and cooling the mixture under

crystallization.

As further component ) of the nucleating combination b) a known inorganic
nucleating agent, preferably in particulated form, especially with an aspect ratio of 1
to 150 (median particle size preferably from 0,5 to 15 ym as determined by
Sedigraph technique according to 1ISO 13317-3), preferably in form of compacted
particles, in an amount of 0.1 to 25%, preferably 1 to 20% by weight, based on the
total amount of the thermoformable resin a), is present. Such agent is preferably talc
used preferably in an amount of 1 to 20%, based on the total amount of the
thermoformable resin a). This talc has preferably an aspect ratio of 2 to 150 (median
particle size can vary from 0,5 to 15 ym determined by the before mentioned
Sedigraph technique). The inorganic nucleating agent, preferably talc, is preferably

provided as masterbatch in PDLA, PLLA or PLA.

This component B) of the nucleating composition has to be present if as the
biobased, biodegradable, thermoformable resin a) is PLA, and is preferably present if

PLLA is used, in order to achieve the necessary high crystallization velocity.
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The nucleating combination b) contains also at least one inorganic filler with lamellar
structure, preferably a lamellar clay, more preferably lamellar aluminum silicate, in an
amount of 0.1 to 30% by weight, preferably 10 to 25% by weight, based on the total
amount of the thermoformable resin a) as component y). Preferably as lamellar
aluminum silicate kaolin in a multiparticulated form, preferably in form of flakes, is
incorporated into the thermoformable resin a) preferably as masterbatch in PDLA,
PLLA or PLA. The component y) is always a different compound to any inorganic

nucleating compound used as component ).

The component vy), especially kaolin, surprisingly does not influence the
crystallization rate, however improves the demolding velocity and the mechanical

properties like stiffness at high temperatures.

A preferred embodiment of the present invention is a thermoformable, essentially
biobased and optionally biodegradable composition containing
a) as thermoformable, biodegradable resin at least one PLLA and
b) a nucleating combination consisting of
a) 1 to 10 % by weight, preferably 1 to 6% by weight, based on the total
amount of the thermoformable resin a), of at least one PDLA as
component a 1) or 0.5 to 5% by weight, preferably 0,5 to 3% by weight,
based on the total amount of the thermoformable resin a), of
PLLA/PDLA or PLA/PDLA stereocomplex crystallites in a molar ratio of
1:1 as component a 2),
B) 0.1 to 25% by weight, preferably 1 to 20% by weight, based on the
total amount of the thermoformable resin a) of an inorganic nucleating

agent, preferably talc, and
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y) 0.1 to 30 % by weight, preferably 5 to 25% by weight, based on the
total amount of the thermoformable resin a), of at least an inorganic
filler with lamellar structure, preferably a lamellar clay mineral, more

preferably kaolin.

A further preferred embodiment of the present invention is a thermoformed,
essentially biobased and optionally biodegradable container formed of an inventive
thermoformable composition containing
a) as thermoformable, biodegradable resin at least one PLLA or PLA and
b) a nucleating combination consisting of
a) 1 to 10 % by weight, preferably 1 to 6% by weight, based on the total
amount of the thermoformable resin a), of at least one PDLA as
component a 1) or 0.5 to 5% by weight, preferably 0,5 to 3% by weight,
based on the total amount of the thermoformable resin a), of
PLLA/PDLA or PLA/PDLA stereocomplex crystallites in a molar ratio of
1:1, as component a 2),
B) 0,1 to 25% by weight, preferably 1 to 20% by weight, based on the
total amount of the thermoformable resin a), of an inorganic nucleating
agent, preferably talc and
y) 0.1 to 30 % by weight, preferably 5 to 25% by weight, based on the
total amount of the thermoformable resin a), of at least an inorganic
filler with lamellar structure, preferably a lamellar clay mineral, more

preferably kaolin.

The inventive, thermoformable composition can, if desired, contain additional

additives, as long as the properties of the composition are not impaired to a
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significant extent or not at all. Accordingly, the inventive, thermoformable composition
may content UV stabilizers, heat stabilizers, anti-oxidants, flame retardants, impact
modifiers, plasticizers, rheology modifiers, antistatic agents, mold release agents,

lubricants or degassing agents.

The inventive, thermoformable composition containing the thermoformable resin a)
and the nucleating combination b) is used for manufacturing containers, especially
food containers like cups.

It is known in the art that polylactides — like all polyesters - are very sensitive to
moisture. Therefore, these polymers have to be stored in packages having a barrier
against moisture and, if necessary, handled under very dry conditions. Accordingly,
all the components that are mixed with the polylactide resin have to be dried in order
to avoid any degradation of the polylactide during the melting process of the

thermoformable mixture, for example in an extruder.

In detail, for providing the inventive thermoformable compositions and for
manufacturing an inventive container thereof, the thermoformable resin a) and the
nucleating combination b) have to be mixed and melted under dry conditions before
the molten material can be shaped into a sheet or film which solidifies. In this
plasticising steps, the melting temperature should be at least 170°C, preferably 180
to 200°C, which means above the melting temperature of PDLA, PLA respectively
PLLA, but below the melting temperature of stereocomplex crystallites. Therefore the
upper limit of the melting temperature should not be exceeded, since stereocomplex
crystallites melt about 2 230°C and the polylactide can be impaired at higher

temperatures.
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As mentioned before, these stereocomplex crystallites can be formed separately by
mixing equivalent amounts of PLLA and PDLA or PLA and PDLA, heating this
mixture up to 190 °C, above the melting temperature of these polylactide polymers,

and cooling the mixture under crystallization.

It is also possible to produce the stereocomplex crystallites already distributed in the
inventive composition by heating the composition containing as thermoplastic resin a)
either PLLA or PLA and of the nucleating combination b) only the component a 1)
and optionally the components B) and y) up to a temperature of 190 °C, cooling the

composition for crystallization, admixing the components ) and y), if necessary.

It is known that the use of the stereocomplex crystallites speeds up the crystallization
rate of the thermoformable resin a) and results in shorter cycle times in the

production of shaped containers.

The reasonable mould time at the thermoforming temperature of about 95°C of the
sheet should be preferably 2 1 to 5 sec., preferably < 5 sec., at mould temperatures
respectively tool temperatures of about 100°C. With a mould time for the
thermoformed container of less than the lower limit the crystallization of the
thermoformed sheet or film containing the PLLA or PLA and the nucleating
composition tends to be insufficient and by contrast by exceeding the upper limit the

cycle times are not sufficient short.

In detail, the inventive thermoformed, essentially biobased and optionally

biodegradable containers, especially food containers like cups or lids used as
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closures, preferably for the complementary lids for the inventive containers,

preferably for the cups, are produced in the following way preferably:

The inventive thermoformable composition containing the thermoformable resin a),
PLLA or PLA, and the nucleating combination b), stored under dry conditions and
mixed in an extruder, is extrusion molded through a flat dye into a sheet or optionally
multilayered film according to cast extrusion preferably at a temperature of 180 °C at
maximum. Such sheet or film is either stored intermediately and then thermoformed
or in line thermoformed into containers, preferably cups, preferably by deep drawing,
according to known methods like vacuum deep drawing or pressure deep drawing,

optionally by means of a plug.

As far as such a multilayered film is used to manufacture inventive food containers,
especially cups, the multilayered film, preferably a two-layered film, is prepared by
cast extruding the inventive thermoformable composition containing a
thermoformable resin a) and the nucleating composition b) as one layer and
preferably as second layer a layer of a thermoformable resin consisting of PLLA or
PLA, which becomes after the thermoforming into the containers, preferably into
cups, the inside surface of the inventive containers, preferable of the cups,
respectively the inner surface of lids being thermoformed of said film. After
thermoforming by means of deep drawing, the containers or lids are separated,
preferably cut out from the remaining sheet or film to obtain the single products,

namely containers, like cups, or lids.

According to the thermoforming process by preferably cast extrusion, the extruded

sheet respectively film is cooled to preferably at least 100°C, more preferably to a
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temperature in a range of about 65°C to about 50°C, preferably by quenching, before
it is thermoformed by deep drawing into the inventive containers, preferably cups,

which are separated from the remaining sheet by cutting, preferably continuously.

The inventive thermoformed, essentially biodegradable containers, preferably the
cups or lids, preferably thermoformed complementary lids, are not only essentially
biobased and optionally biodegradable, but also have an excellent resistance against
deformation up to a temperature of at least 93 °C and therefore can be used for

providing hot liquid beverages without losing their shape.

In order to improve the handling of the inventive container, especially the inventive
cup when filled with hot or cold liquids, especially beverages, at least part of the
outside surface of the sidewall, preferably at least the area for gripping the container,
especially the cup, are thermoformed circumferentially as corrugated surface with
wavepeaks, extending in straight lines vertically to the bottom area of the container,
preferably of the cup, for easier gripping and to improve hoop strength. Preferably,
the height of each of these wavepeaks declines continuously from the gripping area

to the bottom area of the container, especially the cup.

It is also possible to provide the inventive container, especially the inventive cup, with
a handling help by arranging an external sleeve with such corrugated surface
circumferentially around at least such part of the sidewall of an inventive container,
especially inventive cup as described before. The corrugated surface of such sleeve
functions as the outside surface of the container, respectively cup, after combining
the sleeve with the container. Such sleeve can be thermoformed of an inventive

composition as described before, of PLLA or PLA only or of cardboard.
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Quite unexpected, the inventive thermoformed containers produced from the
inventive compositions can be produced with a considerable, e.g. up to 20%
improved yield especially at a temperature of about 100°C of the tool since the
inventive thermoformable composition containing a thermoformable resin a) and the
nucleating composition b) provides not only an increased rate of crystallization, but
also provides an at least about 20% to 30% broader window for thermoforming in
comparison to a thermoformable resin a) without any nucleating combination, which

broader window for thermoforming allow improved short cycle times.
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Examples

a) Container production

Each of the thermoformable compositions set forth in the following tables 1 and 2
were mixed and molded in an extruder at a temperature of about 190°C from the
feed-in to the flat dye through which each molded composition was extruded as a
sheet and cooled to about 50°C by means of calanders to a sheet with a
thickness of 900 um. Each sheet was converted into cups by means of a
horizontally working deep drawing machine. Thereby, the sheet was
thermoformed at a temperature of about 95°C into cups by means of a deep

drawing equipment having a tool temperature of 100°C.

The thermoformed cups were cut out of the remaining sheet by conventional

equipment continuously.

b) Physical properties of the containers produced

Of each thermoformable composition set forth in the tables 1 and 2 the E-
modulus was determined.

Accordingly the E-modulus was measured according to 1SO 294-1. Therefore,
flexural bars (4*10*80 mm) of each composition were produced by injection
moulding with help of a DEMAG Ergotech NC IV 25-80 compact machine.
Processing parameters were as usual. Samples were conditioned at least 1 week
at 20°C, 50%RH prior to annealing the samples for 4 hours at 110 °C (between
iron plates). Thereafter, the samples were inserted in a 93 °C test chamber to
acclimatize for least 1 hour prior to testing. The E-modulus (3 pnt. bending) was
determined using a Zwick Allround line 10kN mechical testing machine according

to ISO 178 with the specifications:
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e Temperature: 93°C
e E-Modulus speed: 1 mm/min

e Test speed for strength: 10 mm/min

The corresponding results are also set forth in the tables 1 and 2.

c) Polymers used

A PLLA with less than 1% D-lactoyl-units has a M, of 152 - 10® g/mol (relative to
PS standards measured by GPC [gel permeation chromatography] in chloroform)
and a MFI of 4.5 +/- 0.3 [g/10 min] (190 °C/2.16kg) according to ASTM-D 1238

was used.

A PDLA was less than 1% of L-lactoyl-units and a M, of 120 - 10° g/mol (relative
to PS standards measured by GPC in chloroform) and a MFI of 7.5 +/- 0.2 [g/10

min] (190°C/2.16kg) according to ASTM-D 1238 was used.

The PLA used is defined in table 2.
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1. A thermoformable composition containing

a) as thermoformable, biodegradable resin at least one poly-L-lactide with

less than 1 mol% of D-lactoyl units (PLLA) or at least one poly-L-lactide

with from 1 mol% to 5 mol% of D-lactoyl units (PLA) and

b) a nucleating combination consisting of

a) 1 to 10 % by weight, based on the total amount of the
thermoformable resin a), of at least one poly-D-lactide with less than 1
mol% of L-lactoyl-units (PDLA) as component a 1) or of 0.5 to 5% by
weight, based on the total amount of the thermoformable resin a), of
PLLA/PDLA or PLA/PDLA stereocomplex crystallites, preferably with a
molar ratio of 1:1, as component a 2),

B) 0.1 to 25% by weight, based on the total amount of the
thermoformable resin a), of an inorganic nucleating agent, preferably
talc, and

y) 0.1 to 30 % by weight, based on the total amount of the
thermoformable resin a), of at least an inorganic filler with lamellar

structure, preferably a lamellar clay mineral.

2. A thermoformable composition as claimed in claim 1 wherein the

thermoformable resin PLA is a copolymer of L-lactide units with up to 2,5

mol% D-lactoyl-units.
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3. A thermoformable composition as claimed in claim 1 or 2 wherein the
nucleating combination b) consists of 1 to 6% by weight of PDLA as
component a 1) or of 0.5 to 3% by weight of stereocomplex crystallites
PLLA/PDLA or of PLA/PDLA in a molar ratio of 1:1 as component a 2), of 1 to
20% by weight of talc as component ) and of 10 to 25% by weight of at least
one lamellar clay mineral as component y), each based on the total amount of

the thermoforming resin a).

4. A thermoformable composition as claimed in anyone of the preceding claims

wherein the talc has an aspect ratio of 2 to 150.

5. A thermoformable composition as claimed in claim 1 or 2, wherein the
nucleating combination b) consists of 0.5 to 3% by weight of stereocomplex
crystallites of PLLA/PDLA or PLA/PDLA in a molar ratio of 1:1 as component
a2), of 1 to 20% by weight of talc as component ) and of 10 to 25% by
weight of at least one lamellar clay mineral as component y), each based on

the total amount of the thermoformable resin a).

6. A thermoformable composition as claimed in anyone of the preceding claims,
wherein the lamellar clay mineral is a lamellar aluminum mineral, preferably

kaolin.

7. A thermoformed, essentially biobased and optionally biodegradable container
formed of a thermoformable composition as claimed in anyone of claims 1 to

6.
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8. A thermoformed container as claimed in claim 7, wherein the container has a

resistance against deformation up to a temperature of 100 °C.

9. A thermoformed container as claimed in claim 7 or 8, obtained by heating the
composition containing as thermoplastic resin a) either PLLA or PLA and of
the nucleating combination b) only the component a 1) and optionally the
components ) and y) up to a temperature of 190 °C, cooling the composition
for crystallization, admixing the components ) and y), if necessary, and
optionally reheating it up to a temperature of 190 °C at maximum for

thermoforming.

10. A thermoformed container, preferably a cup, as claimed in anyone of the
claims 7 to 9 obtained by molding, preferably by cast extrusion, the
thermoformable composition as claimed in anyone of the claims 1 to 6 at a
temperature of 180 °C at maximum into a sheet or optionally into a
multilayered film, and by thermoforming said sheet or fiim by means of
vacuum deep drawing or pressure deep drawing into containers, preferably
into food containers, most preferably into cups, and optionally into

complementary lids as closures of the containers.

11.A thermoformed container as claimed in anyone of the claims 7 to 10 wherein
the container is an essentially biobased and optionally biodegradable
container, preferably an essentially biobased and optionally biodegradable

cup.
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12. A thermoformed container according to anyone of claims 7 to 11 wherein the
plastic container is a cup, preferably for hot beverages like coffee, tea or
soups, preferably with a shape of its outside surface or means on its outside
surface for easier gripping and improved hoop strength, optionally in

combination with a complementary lid as closure.

13.A thermoformed, essentially biobased and optionally biodegradable lid formed

of a thermoformable composition as claimed in anyone of claims 1 to 6.

14.Use of a thermoformed lid as claimed in claim 13 as closure for a

thermoformed container, preferably a cup, as claimed in anyone of claims 7 to

12.



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/000665

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO8K3/34 Co8L67/04
ADD.

B65D81/38

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Co8L CO8K B65D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DATABASE WPI 1-14
Week 200576
Thomson Scientific, London, GB;
AN 2005-737816
XP002680613,
-& JP 2005 281331 A (TOYOTA CHUO KENKYUSHO
KK) 13 October 2005 (2005-10-13)
abstract
paragraph [0019]
paragraph [0030] - paragraph [0036]
paragraph [0056] - paragraph [0057]
examples 1-5; table 1
X US 2009/186178 Al (ITO TAKUROU [JP] ET AL) 1-14
23 July 2009 (2009-07-23)
paragraph [0045] - paragraph [0046]
paragraph [0071]
examples 1,2,4,9,10; table 1
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

28 May 2013

Date of mailing of the international search report

07/06/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Russell, Graham

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/000665

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2007/032631 Al (OUCHI MAKOTO [JP] ET
AL) 8 February 2007 (2007-02-08)
paragraph [0053] - paragraph [0054]
examples 1-7; table 1

comparative examples 7 & 8

paragraph [0105]

US 2009/035585 Al (WAKAKI HIROYUKI [JP] ET
AL) 5 February 2009 (2009-02-05)
paragraph [0076] - paragraph [0077]
paragraph [0113] - paragraph [0117]
comparative examples 22 & 23;;

table 7

1-14

1-14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/000665
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2005281331 A 13-10-2005 JP 4470550 B2 02-06-2010
JP 2005281331 A 13-10-2005

US 2009186178 Al 23-07-2009  EP 2025703 Al 18-02-2009
JP 5157094 B2 06-03-2013
JP 2008007736 A 17-01-2008
US 2009186178 Al 23-07-2009
WO 2007138842 Al 06-12-2007

US 2007032631 Al 08-02-2007  CN 1860178 A 08-11-2006
EP 1681316 Al 19-07-2006
JP 4358603 B2 04-11-2009
JP 2005139270 A 02-06-2005
US 2007032631 Al 08-02-2007
WO 2005044918 Al 19-05-2005

US 2009035585 Al 05-02-2009  CN 101180362 A 14-05-2008
EP 1867679 Al 19-12-2007
KR 20070110535 A 19-11-2007
US 2009035585 Al 05-02-2009
WO 2006095923 Al 14-09-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

