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The invention provides a biodegradable packaging material, a method of manufacturing

the same, as well as products made of the material. There is coextruded onto a fibrous PLA2 + PBS ~4
substrate (1) a multilayer coating comprising innermost and outermost layers (2, 4) of a PLA1 ~3
blend comprising 20-95 wt-% of a higher melt index polylactide and 5-80 wt-% of PLA2 + PBS ~2
another biodegradable polymer such as polybutylene succinate, and a middle layer (3) BOARD .1

containing a lower melt index polylactide alone. The goal is to increase machine speed
in coextrusion while maintaining good adhesiveness to the substrate and good
heat-sealability of the coating. The products include disposable drinking cups and
board trays, as well as sealed carton packages for solids and liquids.

Keksintd koskee biohajoavaa pakkausmateriaalia, menetelméa sen valmistamiseksi
sekd materiaalista valmistettuja tuotteita. Siinad kuitupitoiselle substraatille (1) on
koekstrudoitu monikerrospinnoite, joka kasittda sisimman ja uloimman kerroksen (2, 4),
jotka ovat seosta, joka kasittda 20 — 95 paino-% korkeamman sulaindeksin polylaktidia
ja 5 - 80 paino-% muuta biohajoavaa polymeerid, kuten polybutyleenisukkinaattia, ja
keskikerroksen (3), joka sisdltdd vain matalamman sulaindeksin polylaktidia.
Tavoitteena on kasvattaa konenopeutta koekstruusiossa, samalla kun séilytetdan hyva
kiinnittyminen substraattiin ja pinnoitteen hyva kuumasaumattavuus. Tuotteet ovat
kertakayttdisia juomakuppeja ja kartonkisia vuokia seké suljettuja pahvipakkauksia
kiinteitd ja nestemaisia aineita varten.
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A method for manufacturing biodegradable packaging material, biode-
gradable packaging material and packages and containers made thereof

Background of the invention

The present invention concerns a method of manufacturing a biodegradable
packaging material comprising coextrusion onto a fibrous substrate a multi-
layer polymer coating. The invention also concerns biodegradable packaging
material obtained by said method as well as containers and product packages
comprising the packaging material according to the invention.

The fibre-based packaging material of product packages, such as packing pa-
per or board, is usually provided with a polymeric coating that makes the pack-
age tight and allows closing the package by heat sealing. Similar polymer-
coated paper or board is also used for disposable tableware, such as drinking
cups. Polyolefins, such as low-density polyethylene (LDPE), are widely used
for coating due to their good heat-sealability. A disadvantage of the usual pol-
yolefins is, however, that they are not biodegradable.

Polylactide (PLA), which has reasonably good moisture and gas barrier proper-
ties that are sufficient to many applications, has been used as the coating pol-
ymer of biodegradable packaging material; however, its use involves a number
of problems. Standard low melt index polylactide is stiff and fragile, requiring a
high extrusion temperature and a fairly large layer thickness to stick to the fibre
substrate of the packaging material. Because of the high temperature, such
polylactide runs the risk of deterioration, and in extrusion, the edges of a mol-
ten web tend to tear and pin holes easily remain in the extruded layer. This al-
so results in a low machine speed.

To solve the extrusion problems EP-1094944 B1 discloses an inner adhesion
layer, which is co-extruded together with an outer polylactide layer and which
consists of a biodegradable polymer, examples of which, according to the
specification, include some commercial copolyesters, cellulose esters, and
polyester amides.

Another problem with the use of low melt index polylactide in the outer coating
layer of the packaging material is its fairly high melting point, and the resulting
poor heat-sealability. As an improvement to this US-2002/0065345 A1 disclos-
es a biodegradable aliphatic polyester that is blended with polylactide, its por-
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tion in the mixture being at least 9%, and a tackifier, its portion in the mixture
being at least 1%. As suitable aliphatic polyesters, the publication mentions
polycaprolactone (PLC) and polybutylene succinate adipate (PBSA). Accord-
ing to the reference the mixture can be extruded into a film, which can be axial-
ly or biaxially stretched and which can be attached to the fibre substrate by
lamination.

In general adhesivity to a fibrous base and heat-sealability of PLA may be im-
proved by blending with selected polymeric additives, but these have posed
various problems limiting their use. There are non-biodegradable polymers,
which can only be used in small amounts so as not to spoil the overall biodeg-
radability of the PLA-based coating layer. Other polymers, which are biode-
gradable, may be used in larger amounts, but even then problems with runna-
bility on the extrusion coating machine may limit their use.

Fl1 20115745, still secret at the filing date of the present application, teaches
that a coating containing at least 70 weight-% of polylactide and at least 5
weight-% of polybutylene succinate (PBS) or a derivate thereof has an im-
proved adhesion to the fibrous substrate and reduced raw edge penetration
(REP). The high share of 70% or more of PLA is necessary for runnability of
the extrusion coating process in a coating machine. Therefore there is an up-
per limit of 30 wt-% for the share of PBS, even though increasing the PBS
share would otherwise be desirable for further improving heat-sealability.

PLA used for coating fibrous packaging materials has usually been low melt
index PLA having a melt index at most 25 g/10 min (210 "C; 2.16 kg), due to its
suitability for extrusion coating. High melt index PLA is too viscous for being
extruded as such. Blending high melt index PLA with other stiffer polymers im-
proves extrudability, while the polymeric additive may be selected from such
biodegradable polymers which provide improved adhesion and heat-sealing
properties for the blend. At the same time the share of the added polymer may
be raised considerably higher than with standard low melt index PLA.

In WO 2010/034712 A1 there is disclosed a triple layer coating on a fibrous
base, comprising innermost and outermost layers of PLA blended with biode-
gradable polyester as well as a middle layer of either such a blend or mere
PLA. The polyester of choice is polybutylene adipate terephthalate (PBAT), but
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there may also be an amount of other polyesters such as PBS. The PLA used
for the multilayer structure is NatureWorks 3251 D, which is a high melt index
PLA. This means that the teaching of a middle layer of 100 % PLA is in prac-
tice unworkable. There must be polyester blended with PLA to turn the materi-
al extrudable. In a working example the share of PLA in the middle layer is 80
% and in the inner and outer layers 60 %. The stiffer inner and outer layers
thus serve to support the looser inner layer in coextrusion.

There still remains a need of improving machine speed in coextrusion pro-
cesses, while preserving good adhesion and heat-sealing properties of the re-
sulting polymer coated fibrous packaging materials. These objects should be
achieved with improved economy and without compromising environmental
aspects of the resulting product.

Summary of the invention

The aim of the present inventors was to find a faster method for multilayer pol-
ymer coating of fibrous packaging material. Particularly the aim has been to
improve runnability of the paper or board machinery. Further, the aim was to
find a coated fibrous packaging material, in which the multilayer coating has
good adhesivity to the fibrous substrate, which can be heat-sealed without dif-
ficulty, and which brings in reduced material costs.

The solution according to the invention is coextrusion onto a fibrous substrate
a multilayer coating comprising (i) an innermost layer of a blend comprising
20-95 wt-% of a first polylactide and 5-80 wt-% of another biodegradable pol-
ymer, (i) a middle layer containing a second polylactide, and (iii) an outermost
layer of a blend comprising 20-95 wt-% of a third polylactide and 5-80 wt-% of
another biodegradable polymer, the second polylactide having melt index low-
er than that of the first and the third polylactide.

Preferably said first and third polylactides are one and the same higher melt
index polylactide. Also said other biodegradable polymer in the blends of the
innermost and outermost layers preferably is one and the same polymer. Thus



20126114 pPrH 17 -11- 2014

10

15

20

25

30

the same polymer blend may be used for both the innermost and the outer-
most coating layer, which considerably simplifies the coextrusion process.

The invention may comprise coextrusion onto a fibrous substrate a multilayer
coating comprising (i) an innermost layer of a blend comprising 20—95 wt-% of
polylactide having a higher melt index of more than 35 g/10 min (210 °C; 2.16
kg) and 5-80 wt-% of another biodegradable polymer, (i} a middle layer con-
taining polylactide having a lower melt index of 5-35 g/10 min (210 'C; 2.16
kg), and (iii) an outermost layer of a blend comprising 20-95 wt-% of polylac-
tide having a higher melt index of more than 35 g/10 min (210 °C; 2.16 kg) and
5-80 wt-% of another biodegradable polymer. Once again, the same blend
may advantageously be used for the innermost and the outermost coating lay-
ers.

According to the invention a stiffer layer of lower melt index PLA is incorpo-
rated as a middle layer of the multilayer structure, to support looser higher melt
index PLA blend layers and thereby improve their coextrudability. The solution
allows sufficient machine speed in the coextrusion process. Use of standard
low melt index PLA improves controllability of the extrusion process, while the
criticality of the share of PLA in the inner and outer layers is reduced and there
will be enhanced window for varying the respective blends for optimal adhesiv-
ity and heat-selability. In general, use of higher melt index PLA allows increas-
ing the share of another biodegradable polymer, preferably biodegradable pol-
yester, in the blends, thereby enhancing heat-sealing and adhesion properties
while preserving runnability of the extrusion machinery.

According to the invention the blends comprising 20-95 wt-% of higher melt
index polylactide and 5-80 wt-% of another biodegradable polymer as used for
the inner and outer polymer coating layers may be the same or different. Op-
tionally other components may be included in the blend(s), provided that bio-
degradability of the coating layer is preserved. The coating polymers may be
produced from raw materials obtained from essentially biorenewable natural
sources.

Another aspect of the invention is a biodegradable packaging material. Accord-
ing to the invention said material comprises a fibrous substrate and a coex-
truded multilayer coating comprising (i) an innermost layer of a blend compris-
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ing 20-95 wt-% of a first polylactide and 5-80 wt-% of another biodegradable
polymer, (ii) a middle layer containing a second polylactide, and (iii) an outer-
most layer of a blend comprising 20-95 wt-% of a third polylactide and 5-80
wt-% of another biodegradable polymer, the second polylactide having melt in-
dex lower than that of the first and the third polylactide. Preferably said first
and said third polylactide are one and the same higher melt index polylactide.

Preferably the multilayer coating comprises (i) an innermost layer of a blend
comprising 20—-95 wt-% of polylactide having a higher melt index of more than
35 g/10 min (210 °C; 2.16 kg) and 5-80 wt-% of another biodegradable poly-
mer, (ii) @ middle layer containing polylactide having a lower melt index of 5-35
g/10 min (210 °C; 2.16 kg), and (iii) an outermost layer of a blend comprising
20-95 wt-% of polylactide having a higher melt index of more than 35 g/10 min
(210 °C; 2.16 kg) and 5-80 wt-% of another biodegradable polymer. Said
blending of polymers provides a multilayer structure with good adhesion and
heat-sealing properties.

Further aspects of the invention are a drinking cup, a sealed liquid package, a
sealed carton package, and a tray package for ready-made food. Characteris-
tic to said products is that they are made of a packaging material manufac-
tured by the method of the invention or of a packaging material of the invention
as described above. In case of a disposable drinking cup or a liquid package
the polymer coating is lying at least on the inner liquid-contact side of the cup
or package. In a tray the polymer coating covers at least the upper food-
contact side of the tray. In a carton package for dry products the polymer coat-
ing may cover the outer surface of the package, protecting the fibrous sub-
strate and the product against wetting from the outside. However, in each case
the cup, tray or package may be provided with at least one polymer coating
layer on both sides of the packaging material.

Detailed description

This invention is based on surprising finding that runnability of an extrusion
coating machine producing the material can be improved while heat sealability
of the polymer-coated material may at least be maintained by using PLA hav-
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ing a higher melt index in a polymer blend with another biodegradable polymer
for inner and outer layers and lower melt index PLA as such for a middle layer
of a multilayer coating.

As an overall rule the melt index and the molecular weight (MW) of PLA are in
reverse ratio to each other, i.e. as the melt index increases the MW decreases.
In general the lower melt index PLA as used in the invention has a MW of at
least 160 000 and, accordingly, higher melt index PLA as used in the invention
has a MW of less than 160 000. Preferably the lower melt index PLA as used
has a MW of about 200 000 and the higher melt index PLA has a MW of about
100 000.

A biodegradable packaging material is manufactured by coextruding onto a fi-
brous substrate inner, middle and outer coating layers. According to the inven-
tion the inner and outer layer contain a blend comprising polylactide having a
melt index > 35 g/10 min (210 "C; 2.16 kg) and another biodegradable poly-
mer, preferably a biodegradable polyester. Optionally the blend may comprise
even other components, for instance acrylic copolymers, which shall not de-
stroy the overall biodegradability of the coating layer, however.

The fibrous substrate in the packaging material may be paper or board, paper-
board as well as cardboard.

Amount of said polylactide having a melt index > 35 g/10 min in said blend is
20-95 wt-%, preferably 30-60 wt-%.

Melt index of said polylactide is > 35 g/10 min, preferably > 40 g/10 min, and
more preferably 50-100 g/10 min, still more preferably 60-90 g/10 min and
most preferably even 70-85 g/10 min (210 °C; 2.16 kg). The inventors have
demonstrated that PLA having high melt index allows blending of a higher
share of another biodegradable polymer such as polyester to the coating and
allows using higher machine speeds in the extrusion process.

Up to now the PLA used for coating fibrous substrates has in most cases had
a molecular weight of about 200 000 g/mol and a melt index at most about 25
g/10 min (210 *C; 2.16 kg). In this connection the phrase “high melt index PLA”
refers to PLA with a melting index, which is more than 35 g/10 min (210 °C;
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2.16 kg), and a molecular weight reduced, preferably by at least about 40%,
compared to traditionally used low melt index PLA.

Further, PLA can be produced by using renewable starting material. It is also
biodegradable e.g. in composting and can be burned.

A suitable biodegradable polymer for use in the invention, as a blend with high
melt index PLA, may be selected from polyhydroxyalkanoate (PHA),
poly(butylene succinate adipate) (PBSA), polybutylene succinate (PBS), poly-
caprolactone (PCL), polyglycolic acid (PGA), poly(butyl acrylate) (PBA),
poly(butylene adipate-co-terephthalate) (PBAT), poly(butylene succinate-co-
terephthalate) (PBST) polyhydroxybutyrate co-hydroxyvalerates (PHBV),
poly(vinylalcohol) (PVOH), polycaprolactonee (PCL), polyetylene (PE),
poly(trimethylene terephthalate) (PTT) and polybutylene terephthalate (PBT).
Preferably the polymer is a polyester, most preferably PBS or its derivate.

In this connection the term “biodegradable” means polymers that will decom-
pose in natural aerobic (composting) and anaerobic (landfill) environments. Bi-
odegradation of polymers occurs when microorganisms metabolize the poly-
mer to either assimilable compounds or to humus-like materials that are less
harmful to the environment. They may be derived from renewable raw materi-
als, or petroleum-based plastics which contain additives. Aromatic polyesters
are almost totally resistant to microbial attack, most aliphatic polyesters are bi-
odegradable due to their potentially hydrolysable ester bonds. Examples of bi-
odegradable polyesters are polybutylene succinate (PBS) and polycaprolac-
tone (PCL).

Polyester may be a bio-polyester. In this connection term “bio-polyester” co-
vers any polyester that can be manufactured from renewable natural resources
such as corn, potato, tapioca, cellulose, soy protein, lactic acid etc., or can be
naturally produced (e.g. by microbial fermentation), and which are biodegrada-
ble or compostable. Examples of biopolyesters of natural origin are Polyhy-
droxyalkanoates (PHAs) like the poly-3-hydroxybutyrate (PHB), polyhy-
droxyvalerate (PHV) and polyhydroxyhexanoate (PHH). Biodegradable or
compostable polyesters such as PBS may be bio-polyesters but may even be
of fossil (petroleum) origin.
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Amount of the biodegradable polymer in the blend is 5-80 wt-%, preferably 40-
70 wt-% and most preferably 45-65 wt-%. Preferably the polymer is a biode-
gradable polyester. Polyester improves the adhesion properties of the coating
as well as heat-sealabilility.

In this connection the term “adhesion” means adhesion to any surface includ-
ing fibrous material and polymer coated surface but particularly it means adhe-
sion to raw fibrous material (paper or board) constituting the fibrous substrate.
The aim is to achieve complete adhesion, which means that an attempt to de-
tach the coating results in breaking within the fibrous substrate layer, instead
of the coating peeling off as a whole.

The term “heat-sealability” means that the polymer coating in softened or melt-
ed condition may be attached to an opposite surface of material, which may be
the same or another polymer, raw fibrous material etc. A firm seal between the
surfaces is formed as the heated polymer cools down and solidifies. When a
polymer blend is used in accordance with the invention an acceptable heat-
sealing can be achieved within a broader temperature range than in case PLA
alone is used.

A major advantage of the method according to the invention is improved run-
nability of the coating machinery, i.e. sufficient extrusion and adhesion proper-
ties allow using a high machine speed in spite of use of the high melt index
PLA.

In the method the machine speed in extrusion is at least 100 m/min. Preferably
the machine speed is at least 150 m/min, more preferably at least 200 m/min,
still more preferably at least 250 m/min and most preferably at least 300
m/min. The high machine speed improves the economy of the manufacturing
process.

As a preferable third component the blend may comprise a minor amount, at
most about 5 % by weight, an acrylate copolymer, such as ethylene butyl acry-
late glycidyl methacrylate terpolymer (EBAGMA). The packaging material of
the invention may thus comprise an innermost and/or an outermost coating
layer containing a blend of (i) 30 to 60 weight-% of high melt index polylactide,
(i) 40 to 70 weight-%, of another biodegradable polymer such as polyester,
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and (iii) 0 to 5 weight-% of an acrylate copolymer. Presence of further compo-
nents in the blend is not excluded, provided that the biodegradability of the
coating layer is not compromised.

The acrylate polymer is added to further improve the adhesion of the extruded
polymer coating layer to the fibrous substrate. Acrylate polymers, including
EBAGMA, are as such non-biodegradable, but when used in small amounts of
5 weight-% at most do not prevent disintegration of the coating layer as a
whole.

According to the invention the preferred biodegradable polymer blended with
PLA is polybutylene succinate (PBS). The specific advantage of PBS is supe-
rior blendability with high melt index PLA in the extruder, into which PBS and
PLA granules may be fed separately. Biodegradable derivates of polybutylene
succinate are an alternative, in particular polybutylene succinate adipate
(PBSA).

A polyester blended with PLA improves adhesion of a coating layer consisting
of the blend in extrusion onto a fibrous board substrate. At the same time raw
edge penetration of liquid in drinking cups made of the coated packaging ma-
terial according to the invention is significantly reduced in comparison with PLA
alone, which in case of hot coffee is seen as markedly less, if any, brown col-
ouring along the vertical heat-seal lines in the cup jacket. The improved adhe-
sion is also supposed to increase the ability of the coating to withstand the va-
pour pressure generated within the fibrous substrate by the hot drink, thus pre-
venting the coating from loosening from the substrate layer and opening path-
ways to liquid penetration.

According to the invention another suitable biodegradable polymer blended
with PLA is polybutylene adipate terephtalate (PBAT).

In addition to good adhesion and heat-sealing properties and extrudability as
blends with PLA, preferred polymers PBS, PBSA and PBAT are biodegradable
and PBS in particular can be manufactured from raw materials obtained from
renewable natural sources.

A biodegradable polymer blend as discussed above may advantageously be
extruded as the uppermost surface layer of the coated packaging material. In
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this case the polyester, such as PBS or its derivate, serves to improve the
heat-sealability of the polymer coated packaging material. Addition of a minor
amount of acrylate copolymer, such as EBAGMA, further improves heat-
sealability of the coating layer.

A biodegradable polymer blend as discussed above may advantageously be
extruded into a direct contact with the fibrous substrate of the packaging mate-
rial. Due to good adhesion properties there is no need to use separate adhe-
sion layers between the fibrous substrate and the coating of the invention. This
simplifies the manufacturing process and reduces raw material costs. The pol-
yester, such as PBS or its derivate, serves to improve adhesion of the coating
layer to the underlying fibrous substrate. In the multilayer coating said coating
layer is the lowermost layer.

In the coextruded multilayer coating each layer should substantially consist of
biodegradable polymers, which preferably are based on renewable raw mate-
rials. The material may have a polymer coating on one side or on both sides
thereof. The coatings on the opposite sides of the fibrous substrate may be
similar or differ from each other, for instance a multilayer coating according to
the invention on one side and a monolayer coating, of a blend of high melt in-
dex PLA and PBS for instance, on the opposite side.

Preferably the components of the blend are melted and blended in connection
with the extrusion step, more specifically the components of the polymer blend
are mixed as granules and melted at a single step, immediately followed by ex-
trusion of the melt onto a paper or board substrate. This works especially well
with high melt index PLA and PBS or its derivate. Mixing of the components
first in the extruder allows easy adjustment of the shares of the components
being mixed, an advantage over use of premade compounded blends. Availa-
bility of granulate PLA and polyesters is good and typically also the price is
lower compared to preblended compounds.

The total amount of polymer coating on one side of the fibrous substrate may
be in the range of 10-60 g/m?, typically about 25 g/m?. In the multilayer coating
the amount of polymer per layer may be 4-20 g/m? preferably 6-15 g/m?. A
representative example could be a triple layer coating with a middle layer of
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solely low melt index PLA and coating layer weights of 7, 11 and 7 g/m?, re-
spectively.

A useful embodiment of the invention is a packaging material having coextrud-
ed inner, middle and outer coating layers, the inner and outer layer comprising
a blend of 20-95 wt-% of PLA having a melt index of above 35 g/10 min (210
'C; 2.16 kg), 5-80 wt-% of a biodegradable polyester such as PBS and, op-
tionally, 0-5 wt-% of an acrylic copolymer such as EBAGMA, and the middle
layer comprising polylactide having a melt index of 5-35 g/10 min (210 °C;
2.16 kg). The inner layer would provide superior adhesion in extrusion to the
fibrous substrate and the outer layer would provide superior heat-sealability to
an uncoated fibrous surface or to a polymer layer, similar or dissimilar to said
outer heat-seal layer itself. Middle layer containing PLA with low melting index
supports the polymer layers during extrusion process. PLA is also renewable
and useful material having e.g. good moisture barrier properties as well as low
cost. Multilayered structure allows optimizing the raw material without com-
promising the extrudability or properties of the resulting coating.

In a preferred embodiment said packaging material comprises a fibrous sub-
strate and an extruded multilayer coating including innermost and outermost
layers of a blend of 30—60 wt-% of polylactide having a melt index of 50-100
g/10 min (210 °C; 2.16 kg), 40—70 wt-% of a biodegradable polyester, and 0-5
wt-% of an acrylic copolymer, and a middle layer of polylactide having a melt
index of 5-35 g/10 min (210 "C; 2.16 kg). The same blend is advantageously
used for the innermost and outermost layers.

The invention further provides improved containers made of the packaging ma-
terial as described above. Disposable drinking cups for hot drinks, especially
hot coffee, are a prime example of such containers.

According to the invention a drinking cup made of a packaging material manu-
factured by the method of the invention, or of a packaging material of the in-
vention, has the polymer coating lying on the inner liquid-contact side of the
cup.

According to the invention a sealed liquid package of a packaging material
manufactured by the method of the invention, or of a packaging material of the



20126114 pPrH 17 -11- 2014

10

15

20

25

12

invention, has the polymer coating lying on the inner liquid-contact side of the
package. However, a similar package is even useful as a carton package for
dry products.

According to the invention a sealed carton package of a packaging material
manufactured by the method of the invention, or of a packaging material of the
invention, may have the polymer coating lying on the outside of the package.

According to the invention a tray package for ready-made food, the tray being
made of a packaging material manufactured by the method of the invention, or
of a packaging material of the invention, has the polymer coating lying on the
food-contacting upper side of the tray.

The product packages according to the invention are preferably completely
made of the packaging material as described above. In each case even the re-
verse side of the packaging material may be polymer-coated, e.g. for improv-
ing heat-sealability or for gas or aroma barrier purposes. Preferably the poly-
mer blended with high melt index PLA in said products is a biodegradable pol-
yester.

Brief description of the drawings

Figure 1 is a schematic presentation of coating machine speeds (runnability)
obtained in various comparative materials and embodiments according to the
invention.

Figure 2 is a schematic presentation of adhesion properties obtained in vari-
ous comparative materials and embodiments according to the invention.

Figure 3 is a schematic presentation of heat-sealing properties obtained in
various comparative materials and embodiments according to the invention.

Figure 4 is a schematic summary of properties of three-layered structures ac-
cording to the invention.

Figure 5 compares schematically the properties of comparative monolayered
structures and three layered structures according to the invention.
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Figures 6a — 6b show as examples two structural embodiments of compara-
tive packaging materials.

Figures 6¢c — 6e show as examples three structural embodiments of the pack-
aging material according to the invention.

Examples

Figures 6a — 6¢ show as examples five structural embodiments of comparative
packaging materials (Figs. 6a and 6b) and packaging materials according to
the invention (Figs. 6¢ - 6¢). “PLA1” means low melt index PLA; “PLA2” means
high melt index PLA; “PBS” means polybutylene succinate and “board” indi-
cates the fibrous substrate layer. Instead of PBS even other biodegradable
polymers may be used.

There are extruded or coextruded monolayer or multilayer coatings of a blend
of PLA2 and PBS and mere PLA1 on one side or on both sides of a fibrous
paper or board substrate ("board”). The share of PLA2 in the blend is 20 to 95
weight-%, preferably 30 to 60 weight-%, and the share of PBS may vary from 5
to 80 weight-%, preferably being 40 to 70 weight-%. As an optional third com-
ponent at most 5 weight-% of an acrylate copolymer such as ethylene butyl
acrylate glycidyl methacrylate terpolymer (EBAGMA) may be included in the
blend. The substrate may be paper, paperboard or cardboard of a weight of 40
to 350 g/m? preferably a cupboard or a liquid package board of 170 to 350
g/m?.

It is understood to a skilled reader that if the packaging material has extruded
polymer coatings on both sides, the coatings on the opposite sides need not
be identical. There may be a mono-layer coating on one side and a multilayer
coating on the other side of the fibrous substrate. It is also possible to include
in multilayer coatings layers of other biodegradable polymers suitable for ex-
trusion coating, preferably in blends with high melt index polylactide.

Usefully PBS is available as a commercial product under trade name GsPLA
FZ91PD by Mitsubishi, and EBAGMA is commercially available under trade
name Biomax Strong 120 by DuPont.
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More particularly, Fig. 6a shows the substrate 1 with a single extruded coating
layer 2 of the blend of PLA2 and PBS. The weight of this monolayer 2 may be
from 10 to 30 g/m2. In Fig. 6b there is such a PLA2 + PBS blend layer 2 on
both sides of the substrate 1.

Fig. 6¢ accords with the invention by showing a coextruded multilayer coating
with an innermost PLA2 + PBS blend layer 2, a middle layer 3 of PLA1, and an
outermost PLA2 + PBS blend layer 4. The weight of each of the three layers 2,
3, 4 may be from 4 to 13 g/m®. The total weight of the multilayer coating is thus
12-39 g/m?. Including a middle layer 3 of mere PLA1 serves to add to the total
thickness of the coating while improving its extrudability. Fig. 6d shows similar
multilayer coatings 2, 3, 4 on both sides of the substrate 1.

Fig. 6e shows as a further embodiment of the invention a packaging material
comprising a board substrate 1 and coextruded innermost, middle and outer-
most coating layers 2, 3, 5. Only the innermost layer 2 consists of a PLA2 +
PBS blend as described above. The middle layer 3 consists of mere PLA1.
The outermost heat-sealing layer 5 comprises a blend of about 45 weight-% of
PLA2 and 55 weight-% of polybutylene adipate terephtalate (PBAT). The
weights of the three coating layers 2, 3, 5 may correspond to the respective
layers 2, 3, 4 in the embodiment of Fig. 6¢.

If the packaging material has extruded polymer coatings on both sides, the
coatings on the opposite sides need not be identical. There may be a mono-
layer coating on one side and a multilayer coating on the other side of the fi-
brous substrate. It is also possible to include in multilayer coatings layers of
other biodegradable polymers suitable for extrusion coating, preferably in
blends with PLA2. Fig. 6e is an example of such embodiments. In addition to
PBAT, other examples of useful polymers are PHA (polyhydroxy alkanoate),
PHB (polyhydroxy butyrate), PHBV (polyhydroxybutyrate hydroxyvalerate),
PGA (polyglycolic acid), PEG (polyethylene glycol), PCL (polycaprolactane),
and starch based biopolymers. The innermost layer of the multilayer structure
shall be of the blend containing PLA and PBS or its derivate, however.
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Tests

In the following the invention is illustrated by means of laboratory tests. Extru-
sion grade polylactides having “low”or “high” melt indexes (see Table 1 below)
and polybutylene succinate (PBS) were used as coating polymers as such or
blended as shown in Table 2. The blends as well as pure PLA (used also as a
reference) were then extruded as monolayers or as three layered structures
onto one side of a board substrate having a weight of 280 g/m?. True coating
weights in both monolayer and three layer structures were measured. Due to
the coating techniques they varied slightly, between 24.9 and 27.6 g/m? (about
25 g/m?).

Table 1. Characteristics of the polymers used in experimental part.

Polymer melting index temperature

PLAT 25 ¢/10 min; | 210 <C
“low”

PLA2 75 g/10 min; | 210 C
“high”

PBS 4,5 g/10 min 190 C

For each coated test material the runnability of the coating machine and adhe-
sion and heat-sealing properties of the resulting coating were measured.

Adhesion to the board substrate was determined on a scale from 0 to 5, the
highest figure representing the best adhesion. The polymeric coatings were
thus introduced onto the substrate by extrusion, and their adhesion to the
board surface was defined on said scale, whereby the classification was as fol-
lows:

1 = no adhesion, the polymeric layer peels off;
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2 = poor adhesion, some fibres are stuck to the polymeric layer that peels off;

3 = poor adhesion, when detaching the polymeric layer, less than 50% of the
paper board breaks in the area of coating;

4 = moderate adhesion, when detaching the polymeric layer, over 50% of the
paper board breaks in the area of coating;

5 = perfect adhesion, when detaching the polymeric layer, the paper board
breaks throughout the area of coating.

Heat-sealability is given as the lowest sealing temperature providing success-
ful sealing between the heat-seal layer and a countersurface, in the tests the
heat-seal layer itself. The criterium is that an attempt to tear open the seal re-
sults in a break in the fibrous board substrate instead of opening of the seal.

Runnability is given as the lowest operable machine speed in extrusion or co-
extrusion.

Table 2. The adhesion, heat-sealablity and runnability (coating machine
speed) results of monolayer and three layer coatings applied on board sub-
strate. PLA1 is conventionally used PLA having melt index (about 25 g/10min)
and PLA2 has high melt index (about 75 g/10 min). Column at right, when ap-
plicable, refers to the general structure as shown in Fig. 6.

Adhesion Heat- Runnabil- | Fig
sealability ity
("C) (m/min)
Board/10%PBS+PLA1 4 440 290
Board/15%PBS+PLA1 - - -
Board/20%PBS+PLA1 - - -
Board/20%PBS+PLA2 4,5 380 100 6a
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Board/40%PBS+PLA2 45 400 240 6a
Board/60%PBS+PLA2 4 410 100 6a
Board/20%PBS+PLA1/PLA1/20%PBS+

PLA1 5 460 250
Board/40%PBS+PLA1/PLA1/40%PBS+

PLA1 - - -
Board/60%PBS+PLA1/PLA1/60%PBS+

PLA1 - - -
Board/80%PBS+PLA1/PLA1/80%PBS+

PLA1 - - -
Board/20%PBS+PLA2/PLA1/20%PBS+

PLA2( 5 410 270 6c
Board/40%PBS+PLA2/PLA1/40%PBS+

PLA2M 5 410 320 6c
Board/60%PBS+PLA2/PLA1/60%PBS+

PLA2™M 5 380 300htd | 6¢
Board/80%PBS+PLA2/PLA1/80%PBS+

PLA2M 4 360 300 6c
Board/PLA2/PLA1/PLA2 4 390 220
Board/PBS/PLA1/PBS 4 350 200
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Board/PBS 4 350 180

Board/PLA2 3 390 poor

(1) signifies examples according to the invention, the other examples are
comparative.

Lack of result implies failure in testing and thus unworkability.

The runnability results (coating machine speed) are shown in Figure 1. It was
proved that the machinery was unable to handle high (>40%) PBS concentra-
tions by using conventional PLA (PLA1) whereas replacing conventional PLA
(PLA1) with high melt index PLA (PLA2) and/or 3-layer structure (PLA1 layer in
the middle and PLA2+PBS in inner and outer layer) resulted in superior runna-
bility. Also monolayered structure using PLA2 blended with 40% PBS had
good runnability. Coating could not be successfully done solely with PLA2.

The adhesion results are shown in Figure 2. In each case use of high melt in-
dex PLA in combination with PBS improved the adhesion value. No improve-
ment was detected after 20% PBS concentrations.

Heat-sealability results are shown in Figure 3 and show that using high melt
index PLA the heat-sealability is significantly improved, c.f. the lower heat-
sealing temperatures. In addition it was found that a blend comprising high
melt index PLA and PBS can be heat-sealed in a broad temperature range
thereby providing flexibility to process (data not shown).

The three layered coating structures (Fig. 6¢), where PLA1 is used in the mid-
dle layer and PLAZ2 is blended with PBS in the innermost and outermost layers,
were found to be especially beneficial by enabling the highest coating machine
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speed (runnability) and excellent heat-sealing and adhesion properties. It is
believed that PLA1 in the middle layer gives rigidity to film.
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Claims

1. A method of manufacturing a biodegradable packaging material, compris-
ing coextrusion onto a fibrous substrate a multilayer coating comprising (i) an
innermost layer of a blend comprising 20-95 wt-% of a first polylactide and 5-
80 wt-% of another biodegradable polymer, (i) a middle layer containing a
second polylactide, and (iii) an outermost layer of a blend comprising 20-95
wt-% of a third polylactide and 5-80 wt-% of another biodegradable polymer,
the innermost, middle and outermost coating layers being extrudable, and the
second polylactide having melt index lower than that of the first and the third
polylactide.

2. A method of claim 1, characterized in that the first polylactide has a
higher melt index of more than 35 g/10 min (210 "C; 2.16 kg), the second pol-
ylactide has a lower melt index of 5-35 g/10 min (210 "C; 2.16 kg), and the
third polylactide has a higher melt index of more than 35 g/10 min (210 "C;
2.16 kg), the first and third polylactides preferably being the same.

3. The method of claim 1 or 2, characterized in that the blend of the inner-
most and/or outermost layer comprises 30 - 60 wt-% of higher melt index pol-
ylactide, 40 - 70 wi-% of another biodegradable polymer, and 0-5 wt-% of an
acrylic copolymer.

4. The method of any one of the preceding claims, characterized in that said
another biodegradable polymer of the innermost and/or outermost layer is a
polyester.

5. The method of claim 4, characterized in that said another biodegradable
polymer is polybutylene succinate (PBS) or a derivate thereof.

6. The method of any one of the preceding claims, characterized in that said
higher melt index polylactide of the innermost and/or outermost layer has a
melt index of 50-100, preferably 70-85 g/10 min (210 "C; 2.16 kg).
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7. The method of any one of the preceding claims, characterized in that the
same blend is extruded as the innermost and the outermost layer of the multi-
layer coating.

8. The method of any one of the preceding claims, characterized in that the
components of the blends are melted and blended in connection with the ex-
trusion step.

9. The method of any one of the preceding claims, characterized in that the
machine speed in coextrusion is at least 100 m/min, preferably at least 150
m/min, more preferably at least 200 m/min and most preferably at least 250
m/min.

10. A biodegradable packaging material obtainable by a method of any one
of the preceding claims, comprising a fibrous substrate and a coextruded muilti-
layer coating comprising (i) an innermost layer of a blend comprising 20—95 wt-
% of a first polylactide and 5-80 wt-% of another biodegradable polymer, (ii) a
middle layer containing a second polylactide, and (iii) an outermost layer of a
blend comprising 20-95 wt-% of a third polylactide and 5-80 wt-% of another
biodegradable polymer, the second polylactide having melt index lower than
that of the first and the third polylactide.

11. The packaging material of claim 10, characterized in that the first polylac-
tide has a higher melt index of more than 35 g/10 min (210 *C; 2.16 kg), the
second polylactide has a lower melt index of 5-35 g/10 min (210 "C; 2.16 kg),
and the third polylactide has a higher melt index of more than 35 g/10 min (210
"C; 2.16 kg), the first and third polylactides preferably being the same.

12. The packaging material of claim 10 or 11, characterized in that the same
blend has been used for the innermost and the outermost layers of the multi-
layer coating.

13. The packaging material of claim 12, comprising a fibrous substrate and a
coextruded multilayer coating including innermost and outermost layers of a
blend comprising 30—60 wt-% of polylactide having a higher melt index of 50—
100 g/10 min (210 "C; 2.16 kg), 40-70 wt-% of said another biocdegradable
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polymer, and 0-5 wt-% of an acrylic copolymer, and a middle layer of said
lower melt index polylactide.

14. A drinking cup of a packaging material manufactured by the method of
any one of claims 1-9, or of a packaging material of any one of claims 10-13,
the polymer coating lying on the inner liquid-contact side of the cup.

15. A sealed liquid package of a packaging material manufactured by the
method of any one of claims 1-9, or of a packaging material of any one of
claims 10-13, the polymer coating lying on the inner liquid-contact side of the
package.

16. A sealed carton package of a packaging material manufactured by the
method of any one of claims 1-9, or of a packaging material of any one of
claims 10-13, the polymer coating lying on the outside of the package.

17. A tray package for ready-made food, the tray being made of a packaging
material manufactured by the method of any one of claims 1-9, or of a packag-
ing material of any one of claims 10-13.



20126114 pPrH 17 -11- 2014

10

15

20

25

30

35

23

Patenttivaatimukset

1. Menetelma biohajoavan pakkausmateriaalin valmistamiseksi, jossa
kuitupitoiselle substraatille koekstrudoidaan monikerrospinnoite, joka (i)
kasittdd sisimman kerroksen, joka on seosta, joka kasittad 20 - 95 paino-%
ensimmaistd polylaktidia ja 5 - 80 paino-% muuta biohajoavaa polymeeria, (ii)
keskikerroksen, joka sisaltda toista polylaktidia, ja (iii) uloimman kerroksen,
joka on seosta, joka kasittdad 20 - 95 paino-% kolmatta polylaktidia ja 5 - 80
paino-% muuta biohajoavaa polymeeria, jolloin sisin, keskimmainen ja uloin
pinnoitekerros ovat ekstrudoitavissa ja jolloin toisen polylaktidin sulaindeksi on
matalampi kuin ensimmaisen ja kolmannen polylaktidin.

2. Patenttivaatimuksen 1 mukainen menetelmd, tunnettu siita, etta
ensimmaisella polylaktidilla on korkeampi sulaindeksi, joka on suurempi kuin
35 g/10 min (210 °C; 2,16 kg), toisella polylaktidilla on matalampi sulaindeksi 5
- 35 ¢/10 min (210 °C; 2,16 kg) ja kolmannella polylaktidilla on korkeampi
sulaindeksi, joka on suurempi kuin 35 g/10 min (210 °C; 2,16kg), jolloin
ensimmainen ja kolmas polylaktidi ovat mieluiten samat

3. Patenttivaatimuksen 1 tai 2 mukainen menetelmd, tunnettu siita, etta
sisimman ja/tai uloimman kerroksen seos kasittdd 30 - 60 paino-%
korkeamman sulaindeksin polylaktidia, 40 - 70 paino-% muuta biohajoavaa
polymeerid ja 0,5 paino-% akryylikopolymeeria.

4. Jonkin edellda olevan patenttivaatimuksen mukainen menetelma,
tunnettu siitd, ettd sisimméan ja/tai uloimman kerroksen mainittu muu
biohajoava polymeeri on polyesteri.

5. Patenttivaatimuksen 4 mukainen menetelma, tunnettu siita, ettd mainittu
muu biohajoava polymeeri on polybutyleenisukkinaatti (PBS) tai sen
johdannainen.

6. Jonkin edella olevan patenttivaatimuksen mukainen menetelma,
tunnettu siita, ettd sisimman ja/tai uloimman kerroksen mainitun korkeamman
sulaindeksin polylaktidin sulaindeksi on 50 - 100, edullisesti 70 - 85 g/10 min
(210 °C; 2,16 kg).
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7. Jonkin edellda olevan patenttivaatimuksen mukainen menetelm3,
tunnettu siitd, ettd samaa seosta ekstrudoidaan monikerrospinnoitteen
sisimpaan ja uloimpaan kerrokseen.

8. Jonkin edelld olevan patenttivaatimuksen mukainen menetelma,
tunnettu siitd, ettd seosten komponentit sulatetaan ja sekoitetaan
ekstruusiovaiheen yhteydessa.

9. Jonkin edelld olevan vaatimuksen mukainen menetelma, tunnettu siita,
ettd konenopeus koekstruusiossa on ainakin 100 m/min, edullisesti ainakin
150 m/min, edullisemmin ainakin 200 m/min ja edullisimmin ainakin 250 m/min.

10. Jonkin edeltavistd patenttivaatimuksista mukaisella menetelmalla
valmistettavissa oleva biohajoava pakkausmateriaali k&sittden kuitupitoisen
substraatin ja koekstroidun monikerrospinnoitteen, joka kasittda (i) sisimman
kerroksen, joka on seosta, joka kasittaa 20 — 95 paino-% ensimmaista
polylaktidia ja 5 — 80 paino-% muuta biohajoavaa polymeerid, (i)
keskikerroksen, joka sisaltda toista polylaktidia, ja (iii) uloimman kerroksen,
joka on seosta, joka kasittdd 20 — 95 paino-% kolmatta polylaktidia ja 5 — 80
paino-% muuta biohajoavaa polymeerid, jolloin toisen polylaktidin sulaindeksi
on matalampi kuin ensimmaisen ja kolmannen polylaktidin sulaindeksi.

11. Patenttivaatimuksen 10 mukainen pakkausmateriaali, tunnettu siitd, etta
ensimmaisella polylaktidilla on korkeampi sulaindeksi, joka on suurempi kuin
35 g/10 min (210 °C; 2,16 kQ), toisella polylaktidilla on matalampi sulaindeksi 5
- 35 ¢g/10 min (210 °C; 2,16 kg) ja kolmannella polylaktidilla on korkeampi
sulaindeksi, joka on suurempi kuin 35 g/10 min (210 °C; 2,16 kg), jolloin
ensimmainen ja kolmas polylaktidi ovat mieluiten samat.

12. Patenttivaatimuksen 10 tai 11 mukainen pakkausmateriaali, tunnettu
siitd, ettd samaa seosta on kaytetty monikerrospinnoitteen sisimmassa ja
uloimmassa kerroksessa.

13. Patenttivaatimuksen 12 mukainen pakkausmateriaali kasittaen
kuitupitoisen substraatin  ja koekstroidun monikerrospinnoitteen, jonka
sisdltamat sisin ja uloin kerros ovat seosta, jossa on 30 - 60 paino-%
polylaktidia, jonka sulaindeksi on korkeampi, 50 — 100 g/10 min (210 °C; 2,16
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kg), 40 - 70 paino-% mainittua muuta biohajoavaa polymeeria ja 0,5 paino-%
akryylikopolymeeria, ja keskikerros on mainittua alemman sulaindeksin
polylaktidia.

14. Juomakuppi, joka on valmistettu jonkin patenttivaatimuksista 1 — 9
mukaisella menetelmalla valmistetusta pakkausmateriaalista tai jonkin
patenttivaatimuksista 10 - 13 mukaisesta pakkausmateriaalista, jolloin
polymeeripinnoite on kupin sisdsivulla, joka on kosketuksissa nesteen kanssa.

15. Suljettu nestepakkaus, joka on valmistettu jonkin patenttivaatimuksista 1 -
8 mukaisella menetelmallda valmistetusta pakkausmateriaalista tai jonkin
patenttivaatimuksista 10 - 13 mukaisesta pakkausmateriaalista, jolloin
polymeeripinnoite on pakkauksen sisdpuolisella, nesteeseen kosketuksissa
olevalla sivulla.

16. Suljettu kartonkipakkaus, joka on valmistettu jonkin patenttivaatimuksista
1 — 9 mukaisella menetelmalla valmistetusta pakkausmateriaalista tai jonkin
patenttivaatimuksista 10 - 13 mukaisesta pakkausmateriaalista, jolloin
polymeeripinnoite on pakkauksen ulkosivulla.

17. Valmisruokaa varten oleva vuokapakkaus, joka on valmistettu jonkin
patenttivaatimuksista 1 - 9 mukaisella menetelmélla valmistetusta
pakkausmateriaalista tai jonkin patenttivaatimuksista 10 - 13 mukaisesta
pakkausmateriaalista.
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