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BIODEGRADABLE MULTILAYER POLYMERIC FILMS AND PACKAGES
PRODUCED THEREFROM

This 1invention concerns polymeric films, for example for use in
packaging, and especially for packaging fresh plant materials,

for example under controlled atmosphere conditions.

The packaging of fresh plant materials under controlled
atmosphere conditions has been widely used hitherto to extend
the shelf life of a wide range of fresh produce, for example

potatoes, mushrooms, strawberries, sweetcorn, grapes, bananas
etcC.

Although hand made packs of biodegradable polyvinyl alcohol have
successfully been used to extend the shelf lives of such plant

materials, problems have been encountered when packs made from

polyvinyl alcohol are made in high speed packaging machines.

One proposal for reducing these problems with high speed
packaging machines has been to use films in the form of
coextrudates of a polyvinyl alcohol having a relatively high
solubility in water and relatively high melting temperature with
a polyvinyl alcohol having a relatively low éolubility in water
and a relatively low melting temperaturé.‘ By suitably selecting

the difference in melting temperatures between the polyvinyl
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alcohols forming the inner and outer surfaces of the polyvinyl
alcohols such coextrudates can enable such films to be used on
conventional high speed packaging machinery. However, the low
temperature solubility of the inner surface of such films can

lead to their breakdown when they are exposed to high humidity

and wetness within packs when the packs contain fresh produce.

Another problem with films produced from polyvinyl alcohols
alone is their almost zero moisture barrier properties. Whilst
this can be advantageous in some instances, for example where 1t
is important to keep the contents of a package dry, it can also
lead to unacceptable weight loss of the packaged product. It 1s
therefore desirable to be able to provide films with different
water vapor transmission rates for use in different end uses of
the films, for example high water vapor transmission rates for
packs of products with high respiration rates and lower water
vapor transmission rates for products with lower water vapor

transmission rates.

Unlike commercially available eco-friendly films such as
cellophane (or regenerated cellulose) and those made from
polylactic acid, blown polyvinyl alcohol films are relatively
tough and flexible, and currently such polyvinyl alcohol films
are probably the only eco-friendly option. for making films with
high gloss and clarity for packaging heaQy weight products, for
example potatoes, onions, parsnips,'etCQ‘ It 1s therefore
desirable that films for use in packaging fresh plant materials
have a substantial polyvinyl alcohol content. However, they

also generally need to be heat sealable.

- The problem with providing polyvinyl alcohol films with heat
sealability 1s that sealing is desirably achieved using
commercially available materials that are biodegradable and
compostable, that are thermoplastic and suitable for food
contact use, that have a low melting temperature, and that are
able to withstand high humidity such as is encountered within

packages made from the films.
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Polylactic acid has properties which make it suitable as a heat
sealable layer for polyvinyl alcohol films except that
polylactic acid generally has relatively poor compatibility with
polyvinyl alcohol. It has, therefore, beeh proposed hitherto to
use tie layers to improve bonding of polylaetic acid leyers to
layers of polyvinyl alcohol to form multi-layered packaging
films. However,.materlals which have been prOposed as being
suitable for -forming tie layers between polylactlc acid and
polyvinyl alcohol are in general not eco- frlendly Furthermore,
the use of such hltherto proposed tie layers complicates the i
'process for produc1ng the packaging fllms themselves; for °

example the need to use extrusaon coatlng technlques to form the
t1e layers, thereby addlng to the cost of the resultlng fllms. !

In addltlon, conventlonal polyolefin based tie layers generally
present high barriers to water vapor.

- @AM cawe an e

AT 410 079 and WO '98/098 12 .disclose flexible biodegreda-ijle paékaging ﬁhhs
with a cenufal polyvinyl sicohol gas barrier layer and two outer polylactic acid
layers that serve to protect the polyvinyl layer against moisture.
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According to the present invention there are provided polymeric
films comprising a first layer consisting substantially of
polylactic acid, a second layer consisting substantially of
polyvinyl alcohol and at least one intermediate layer
therebetween, the intermediate layer or layers consisting

substantially of a blend of polylactic acid with polyvinyl

alcohol.

The polylactic acid, or first, layer generally enables the
molsture barrier properties of films of the present invention to

be varied, and particularly the moisture breathability of the

films, for example by varying the thicknesses of the polylactic

aclid layer.

Films in accordance with the present invention can be used as
environmentally friendly packaging materials having good impact
strengths combined with high gloss and clarity, and they can be

F

used to package relatively heavy loads of fresh vegetable

produce.

*

The use of polylactic acid to form one surface of the films,

combined with the presence of a layer of polyvinyl alcohol as an

internal layer within the films, can serve to increase the
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resistance of the internal surfaces of packages made from the
films to resist the effects of high humidity and wet produce,

for example potatoes, carrots etc, within the packs.

The intermediate layer or layers between the layer of polylactic
acid and the layer of polyvinyl alcohol serve to provide a tie
between the layer of polylactic acid and the layer of polyvinyl
alcohol. They can be formed separately from the layers ot
polylactic acid and polyvinyl alcohol, but they are preferably
formed simultaneously with the layers of polylactic acid and

polyvinyl alcohol, for example by simultaneous extrusion.

Films in accordance with the present ihvention can consist of
one outer layer formed substantially from polylactic acid and
the other outer layer formed substantially of polyvinyl alcohol,
with the intermediate layer or layers made of the blend, the
layer of the blend serving as tie layers between the first and
second outer layers. However, the layer of polyvinyl alcohol
preferably has one or more further layers thereon, whereby the .
polyvinyl alcohol layer becomes an internal layer of the films..
In general, the intermediate layer or layers formed from
mixtures of polylactic acid and polyvinyl alcohol then serve as
tie layers between outer layers of polylactic and internal

- layers of polyvinyl alcohol.

The blends can also be used as tie layers between the second
-layers, made from polyvinyl alcohol, and further layers of the

films on the polyvinyl alcohol layers.

The polylactic acld used for films of the present invention
preferably has a seal 1nitiating température of at least 80°C.
This can enable outer layers made from polylactic acid to be
heat sealed to suitable surfaces. Polylactic acid can be used
on 1ts own to produce heat sealable surfaces but it can also be
used 1n admixture with other polymeric materials, for example

polyvinyl alcohol.
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The polyvinyl alcohol used for films of the present invention
preferably has a degree of hydrolysis of from 79 to 92%, more
preferably from 80 to 88%. It also preferably has a viscosity
of from 3 to 32, and more preferably from 5 to 1l0mPa.S

(DINS3015).

The polyvinyl alcohol layer, or second layer, of films of the
present invention can contain polylactic acid. However, they
are preferably substantially devoid thereof. When mixtures of
polyvinyl alcohol and polylactic acid are used, these layers
preferably contain not more than 20%, more preferably not more
than 10%, by weight of polylactic acid. The inclusion of
polylactic acid to the polyvinyl alcohol layer can provide such
layers with peelability. However, peelability can also be
achieved by the inclusion of layers made from blends of

cellulose derivatives and polylactic acid.

The amount of polylactic acid 1n the intermediate layer 1is
preferably reduced to a maximum of 90% by weight when polylactic
acid is included in the said second layer.

‘Intermediate layers of films 1n accordance with the present
invention can consist of blends of polylactic acid with
polyvinyl alcohol, blends of polylactic acid with starch, or
blends of polylactic acid with polyvinyl alcohol and starch.

The polylactic acid for the intermediate layers 1s preferably as
hereinbefore described for use in said first layers of the
films, and the polyvinyl alcohol 1s preferably as hereinbefore
described for use 1n said second layers of the films. The
starch can be derived, for example, from potatoes, mai:ze,
tapioca or chick peas. Preferably in the form of thermoplastic

pelletised starch.

The intermediate layers preferably consist of blends of from 2
to 90% by weight of polylactic acid, and from 98 to 10% by
weight of polyvinyl alcohol and/or starch. |
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When a single intermediate layer 1s used between the polylactic

acid and polyvinyl alcohol layers, it preferably contains at

least 20% by weight, more preferably from 40 to 95% by weight,
of polyvinyl alcohol or starch, and at least 2% by weight, more
preferably from 60 to 5% by weight, of polylactic acid, the
welight of polylactic acid preferably being reduced to a maximum
of 90% by weight when the said second layer contains polylactic

acid.

When two or more intermediate layers of blends of polylactic
acid and polyvinyl alcohol are present bétween the polylactic
acid layer and the polyvinyl alcohol layéf, the relative amounts
of polylactic acid and polyvinyl alcohol in the respective
intermediate layers are preferably selected so that the amount
of polylactic acid therein decreases from layer to adjacent
layer and the amount of polyvinyl alcohol increases from layer

to adjacent layer starting with the layer of polylactic acid.

The use of differing amounts of polylactic acid and polyvinyl
-alcohol 1n the various intermediate layers between the
polylactic acid layer and the polyvinyl alcohol layer can serve.
to reduce curl, cockling and general film distortion of the

films.

When three intermediate layers are present between the said
first layer of polylactic acid and the said second. layer of
polyvinyl alcohol, the intermediate layer nearest to the
polyvinyl alcohol layer preferably contains from 45 to 90% of
polyvinyl alcohol and from 10 to 55% of polylactic acid, the
layer nearest to the polylactic acid layer preferably contains
from 90 to 45% of polylactic acid and from 10 to 55% of
polyvinyl alcohol, and the intermediate layer between these two
intermediate layers preferably contains intermediate amounts of

polylactic acid and polyvinyl alcohol, for example approximately
50% of both.

Although films in accordance with the present invention can have

one outer layer of polylactic acid and a second outer layer of
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polyvinyl alcohol, optionally containing polylactic acid, with
one or more 1intermediate layers, 1t 1s generally preferred to
include one or more further layers on Oné or other of the said
outer layers, and particularly on the said second layer. Such
further layers are preferably included to protect the polyvinyl
alcohol layers by sandwiching the polyvinyl alcohol layers
between the polylactic acid/polyvinyl alcohol tie layer and the
sald further layer or layers. This can be used with advantage
when films of the present invention are used to package plant

materials.

When present, the further polymeric layer or layers are
preferably biodegradable, thereby contributing to the
biodegradability of the films themselves resulting from the
presence of the polylactic acid and poiyvinyl alcohol layers.

Examples of further polymeric layers which can be used include ..
layers of polylactic acid or of cellulose or its derivatives,

for example cellulose esters, preferably cellulose acetate.

When such further layer or layers are present they are
preferably tied to the polyvinyl alcohol layer by a blend of
polylactic acid and polyvinyl alcohol, for example as
‘hereinbefore described between the polylactic acid and polyvinyl

alcohol layers.

FFilms 1n accordance with the present invention can contain one
or more additives in one or more of their layers, for example
processing alds, antistatic agents, slip agents or antiblock
agents. Starch, for example as described for use in the
intermediate layers can be included in other layers of the
films. Furthermore, plasticisers can be included in one or more
of the layers, for example to provide a difference in sealing
temperature between opposite surfaces of the films. It is
particularly preferred that when present, starch is included in

the i1ntermediate layer or layers.
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Films in accordance with the present invention can be of various
thicknesses, for example they can have a total thickness of from
15 to 250um for use as packaging films, or much thicker, for
example from 200 to 2000pm thick for use as packaging trays.

The various layers of films 1n accordance with the present
invention will in general be of different thicknesses. Outer
layers formed from polylactic acid, preferably have thicknesses
of from 3 to 50pm, layers made from of blends of polylactic acid
and polyvinyl alcohol preferably have thicknesses of from 3 to
50pm, and layers of polyvinyl alcohol in films of the present

invention preferably are from 5 to 150um thick.

Films in accordance with the present invention can be produced
‘using known methods, for example extrﬁéion, preferably including
blowing, casting or sheeting. It 1s geherally preferred to
compound mixtures of polylactic acid and polyvinyl alcohol, and,
where present, starch prior to extruding them to form individual

layers of films of the present invention.

Films in accordance with the present invention can in general be
used in direct contact between the polylactic containing outer
layers and foodstuffs, and problems with undesirable migration
which occurs from direct contact with polyvinyl alcohol can as a

- result be reduced to acceptable limits or avoided.

‘The moisture vapor barrier properties of films of the present
invention can be altered by varying the thickness of polylactic
acid containing layers which are present in the films. The
results shown in the following Table indicate that increasing
the amount of polyvinyl alcohol i1n the blends serves to improve
bonding of the outer layers of the films to the intermediate
layers. They also 1ndicate that i1ncreasing the amount of
polyvinyl alcohol in the intermediate layer improved the bond to
the polyvinyl alcohol layer and that increasing the polyvinyl
alcohol content of the intermediate layer decreased bonding to

the polylactic acid lavyer.
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Packages in accordance with the present invention can take
conventional forms, for example packages formed by sealing the
films to themselves or in the form of contalners of other
materials, which are preferably themselves biodegradable, with

films of the present invention then acting as lids or sealing
membranes for the containers.

Packages in accordance with the present invention can be used to

store fresh plant materials, for example in a controlled
atmosphere.

The following Examples are given by way of illustration only.

Example 1

Blends of polylactic acid (referred to as PLA i1n the following
‘Table) and polyvinyl alcohol (referred to as PVOH 1n the
following Table) were extruded to form individual films which
were heat sealed to films made either from polylactic acid with
a seal initiation temperature of at least 80°C or from polyvinyl
alcohol having high, medium or low water solubility

temperatures. The peelability of these films from trays made-

from polylactic acid was also investigated.
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Table
Blend PVA water Bond to PVA Bond to PLA
solubility
temp. (°C)
103PVA/903PLA 70 slight good
20%PVA/80%PLA 70 ~ slight good
50%PVA/50%PLA | 70 B  slight good
603PVA/40%PLA 10 good good
65%PVA/35%PLA <5 good good
705PVA/30%PLA 20 good slight
80%PVA/20%PLA 20 - good slight
Example 2

‘A three layer polymeric £ilm was pfoducéd by coextruding a first
outer layer of polyléctic acid, a core layer of a blend of 80%
by weight of polylactic acid and 20% by weight of polyvinyl
alcohol, and a second outer layer of polyvinyl alcohol, the
polyvinyl alcohol of the core and the second outer layers were

‘less than 5°C and 10°C respectively.

The first outer layer was 15um thick, the core layer was 5Sum

thick, and the second outer layer was 15um thick.
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Example 3

A five layered film was produced by extruding through a five
layered die, a first outer layer of polylactic acid, a first
intermediate layer of the blend of 80% by weight of polyvinyl
alcohol and 20% by weight of polylactic acid, a second

intermediate layer, or central layer, of polyvinyl alcohol, a

third intermediate layer of the blend used for the first
lntermediate layer, and a second outer layer of 92% by weight of
polylactic acid and 8% by weight of an impact modifier which

acted as a processing aid.

The first outer layer and the second outef layer were both 10um

thick, the second intermediate layer,-or central layer, was 1l5um
thick, and the first and third intermediate layers were both 5um
thick, the total thickness of the film being 45pm.

The coextruded film had a haze of 4 and a gloss of 78 according
to (ASTM D1003), an oxygen transmission rate of 9cm3/m¢/day (ASTM
F'1927-98). The moisture vapor transmission rate of the film was

about 250g/m¢/day tropical.

The film was used to produce packs of 2.5kg of potatoes made by

vertical form fill sealing the film using a crimped heat seal to
heat seal the second outer layers of the films to themselves,
the packs having a 20% headspace.

The packs satisfactorily survived a drop test in which they were

dropped on to a hard surface from a distance of 1m.

Example 4

A five layered film was produced by extruding through a five
layered die, a first outer layer of polylactic aclid, a first
intérmediate layer of the blend of 55% by weight of polyvinyl
alcohol and 45% by weight of polylactic acid, a second
intermediate layer of a blend of 65% by weight of polylactic
acid and 35% by weight of polyvinyl alcohol, a third
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intermediate layer of polyvinyl alcohol, and a second outer

layer of regenerated cellulose.

The first outer layer and the second outer layer were both 10um
thick, the second intermediate layer was 15pm thick, and the
first and third intermediate layers were both 5um thick, the

total thickness of the film being 45um.
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Claims

1. Polymeric films comprising a first layer consisting

ﬁ

substantially of polylactic acid, a second layer consisting

Jr—

substantially of polyvinyl alcohol and at least one

intermediate layer therebetween, the intermediate layer or

F

layers consisting substantially of a blend of polvylactic

acid with polyvinyl alcohol.

2. Polymeric films according to claim 1, having a single

intermediate layer between the said first layer and the

sald second layer.

3. Polymeric films according to claim 1, having at least

two 1ntermediate layers between the said first layer and

the said second lavyer.

4, Polymeric films according to claim 3, wherein the

relative amounts of polylactic acid with polyvinyl alcohol
1n the said intermediate layers are selected so that the
proportion of polylactic acid decreases 1n successive

intermedlate layers starting with the intermediate layer

adjacent the said first layer.

5. Polymeric films according to claim 3 or 4 wherein the

intermediate layers each consist of blends of from 2 to 90%

ﬁ

by weight of polylactic acid, and from 98 to 10% by weight

of polyvinyl alcohol.

6. Polymeric films according to claim 2, wherein the said

pl—

blend contains from 40 to 95% by weight of polyviny.

F

alcohol and from 60 to 5% by weight of polylactic acid.

H

7. Polymeric films according to any one of claims 1 to

0, wherein the said second layer contains polylactic acid.

3 . Polymeric films according to any one of claims 1 to 7,

wherein the said first layer forms an outer surface of the
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films.

pr—

9. Polymeric films according to any one of claims 1 to 8,

whereln the saild first and second layers together form the

Pv

outer surfaces of the films.

ﬁ

10. Polymeric films according to any one of claims 1 to 8,

having at least one further layer on the said second laver.

11. Polymeric films according to claim 10, wherein the

sald at least one further layer on the second layer

—

consists substantially of polylactic acid.

12. Polymeric films according to claim 10, wherein the

sald at least one further layer on the second layer

comprises a blend of cellulose derivatives and polylactic

acid.

13. Polymeric films according to claim 11 or 12, wherein

an intermediate layer consisting substantially of a blend
of polylactic acid and polyvinyl alcohol is provided

petween the said second layer and said at least one further

layer.

14. Packages comprising an article packaged 1n a film

according to any of claims 1 to 13.

1>. Packages according to claim 14, wherein the packaged

article comprises fresh plant material.

lo. Packages according to claim 14 or 15, wherein the

article 1s packaged in a controlled atmosphere.
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