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A CONTAINER

The present invention relates to containers

formed from polymeric materials.

The present invention relates particularly,
although by no means exclusively, to containers for

beverages.

It is well known in the art to produce rigid
containers, such as bottles, from polymers such as
polyethylene terephthalate (PET). These bottles are used
to contain a large variety of liquid products, such as
beverages, such as carbonated soft drinks, juices, milk
drinks, water and flavoured waters, sports drinks,
isotonic drinks, cordials etc. PET bottles are popular
because of their low weight, low cost, easy
manufacturability, clear walls and design flexibility.
One disadvantage of PET is that it is not readily
biodegradable, although PET bottles can be recycled.

It is known to use more biodegradable polymers
for producing rigid containers. These polymers are often
made from non-petroleum sources and can break down in
waste treatment processes, including landfill and

composting, to carbon dioxide and water.

A suitable known biodegradable polymer is
polylactic acid (also known as polylactide resin),
described by Wikpedia® as follows:

“Polylactic acid or Polylactide (PLA) is a
biodegradable, thermoplastic, aliphatic polyester derived

from lactic acid. It can be easily produced in a high

! As copied from Wikpedia, under the terms of their copyright policy,
on 10 August 2006.
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molecular weight form through ring-opening polymerization
using a stannous octoate catalyst, but for laboratory

demonstrations tin(II) chloride is often employed.

Due to the chiral nature of lactic acid several
distinct forms of polylactide exist: poly-L-lactide (PLLA)
is the product resulting from polymerization of lactic
acid in the L form. PLLA has a crystallinity around 37%, a
glass fransition temperature between 50-80° C and a
melting temperature between 173-178° C. The polymerization
of a mixture of both L and D forms of lactic acid leads to
the synthesis of poly-DL-lactide (PDLLA) which is not
crystalline but amorphous. Polylactic acid can be
processed like most thermoplastics into fiber (for example
using conventional melt-spinning processes) and film. PLA
is currently used in a number of biomedical applications,
such as sutures, dialysis media and drug delivery devices,
but it is also evaluated as a material for tissue
engineering. Being biodegradable it can also be employed
in the preparation of bioplastic, useful for producing
loose-£ill packaging, compost bags, food packaging and
disposable tableware. In form of fibers and non-woven
textiles PLA also has many potential uses, for example as
upholstery, disposable garments, awnings, feminine hygiene

products and nappies.

PLA is particularly attractive as a sustainable
alternative to petrochemical-derived products, since the
lactate from which it is ultimately produced can be
derived from the fermentation of agricultural by-products
such as corn starch or other starch-rich substances like
maize, sugar or wheat. PLA is more expensive than many
petroleum-derived commodity plastics, but its price has
been falling as more production comes online. The degree
to which the price will fall, and the degree to which PILA
will be able to compete with non-sustainable petroleum-

derived polymers, is uncertain.”
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Despite the above stated advantages, PLA and
other biodegradable polymers have only recently been
produced for beverage containers. This is due to these
polymers having different material properties to PET, and
the various process issues in high volume manufacturing

when the properties of the raw material are altered.

There is another issue which has restricted the
use of PLA for rigid beverage containers. Specifically, 25
um PLA film has a moisture vapour transmission rate (MVTR)
of around 325 g/m2.day, which compares to around 16
g/m2.day for PET. In practice, this means that a PLA
bottle filled with a beverage will lose a greater amount
of liquid over time than PET. Given enough time, i.e. the
normal storage of filled containers for consumer products,
the loss of liquid can lead to “panelling”, i.e.
uncontrolled distortion, of the bottles.

In this patent specification MVTR is measured at
38°C and 90% relative humidity using the methodology
described in ASTM F1249. It is noted that the MVTR of a
polymer of thickness differing from 25 um will need to be
corrected to an equivalent MVTR for the same polymer at 25

um.

It is also noted, and will be understood by those
skilled in the art, that the figure of 25um in this patent
specification does not imply a container with this wall
thickness. 25um is selected by persons in the art to
specify intrinsic material properties, and the containers
of the present invention, such as rigid bottles, will have

wall thicknesses more typically around 300um.

The higher MVIR of a PLA bottle compared to a PET
bottle is explained by the chemistry and molecular
structure of the polymers. Although both are polyesters,
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PLA comprises proportionately more polar ester groups,
compared to the non-polar chains between the ester groups,
compared to PET. Further, the density of PLA is lower, and
the free volume higher, than PET. Further, the
crystallinity of PLA is typically lower then PET after the

forming process.

Permeability of a polymer is the product of
solubility and diffusion. Because of the more polar nature
of PLA, solubility of water is higher than PET. Because
the material has higher free volume, and lower
crystallinity, diffusion rates are greater. Together, this

dramatically increases intrinsic permeability.

The same technical issue of high MTVR applies to
other more polar, lower density, lower crystallinity

polymers than PET and is not confined to PLA.

A specific example of such a polymer is a
biodegradable starch based polymer disclosed in
International application PCT/AU99/01101 (publication
no.WO0036006) in the name of Food and Packaging Centre
Management Limited. In fact, many biodegradable or
degradable polymers are likely to be more polar than more
conventional packaging resins such as PET, as a degree of
polarity is required for the polymer breakdown reactions
during the degradation of the polymer, which will include
reactions between the polymer chains and water molecules.
For this reason many biodegradable or degradable polymers
are likely to have a MVTR significantly greater than the
MVTR of PET and other traditional, non-biodegradable
packaging polymers.

The phenomenon of panelling is caused by the loss
of liquid creating a partial vacuum in a bottle. This
vacuum in turn leads to uncontrolled mechanical distortion

of the bottle. This often manifests in a random region of
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the bottle flexing toward the vertical axis of the body of
the bottle.

Panelling is also a recognised phenomenon in
another type of polymeric rigid container. Hot filled
bottles are alsoc known in the art to be prone to

panelling.

The term “hot filled” is understood herein to
mean filling containers with liquid products at

temperatures of at least 60°C, typically at least 80°C.

An important requirement for hot £ill containers
formed from polymeric materials, such as bottles
containing liquid products such as non-carbonated “sports”
drinks, fruit juices and water, is that the containers be
able to accommodate volume contraction that occurs within
the containers as the contents of the containers cool from
a hot fill temperature to an ambient temperature. Such
volume contraction causes vacuum conditions within the
containers that can cause uncontrolled and undesirable

distortion of the containers.

It is known to accommodate volume contraction by
forming hot fill containers, such as bottles, with panels
that can deform inwardly in response to vacuum conditions
created as the contents of hot-filled containers cool from
a hot fill temperature to an ambient temperature.
Generally but not always, the panels are located in the
body sections of the containers. To a lesser extent hot
fill panels are also found in the base and shoulder of the
bottle.

Examples of panels for hot f£fill bottles are found in
Australian patent 720439 in the name of the applicant,
Australian patent application 2004203314 in the name of
ACI Operations Pty Ltd, and Australian patent 652052 in
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the name of Continental PET Technologies, Inc. Australian
patent application 2001270286 in the name of the applicant
protects the concept of a base of a bottle that is
designed to flex inwardly to absorb vacuum contraction due
to hot filling and subsequent cooling to an ambient

temperature.

This above list of prior art for hot fill bottles is
far from extensive. However, all of this prior art shares
a common feature, namely that it is specifically aimed at
hot £fill applications. As far as the applicant is aware,
the use of vacuum contraction panels for other

applications has not been considered.

As far as the applicant is aware, all of the very
limited number of commercially available PLA bottles have
been produced without vacuum panels as they all have been
used for cold fill applications (filling at less than 80°C)
and cold filled bottles do not come with the added and

unnecessary expense of vacuum panels.

The present invention is based on a realisation that
the use of one or more than one panel that is responsive
to vacuum conditions generated in PLA (and other high
MTVR) bottles that are cold filled makes it possible to
avoid altogether or at least substantially minimise

panelling of the bottles.

In general terms, according to the present invention
there is provided a rigid container, such as a bottle, for
liquid products for cold fill applications made from a
polymer with a MVTR of greater than 100 g/m2.day at a 25um
wall thickness that includes one or more than one panel
that is responsive to vacuum conditions generated in the
container and can accommodate in a controlled way any
vacuum contraction caused by the loss of liquid from the

container when the container has been cold filled with a
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liquid product, such as a beverage, and closed.

The term “cold filled” is understood herein to mean

filling containers with liquids at less than 80°C.

The reference to accommodating vacuum contraction in
a “controlled way” is understood herein to mean that the
contraction does not result in panelling, as discussed

above.

Preferably the cold fill applications are
applications in which the container is cold filled with

liquid products at less than 60°C.

Most preferably, the cold fill applications are ones
in which the container is cold filled with liquid product
at a temperature no more than 10°C above ambient
temperature at the time and geographical location where
the product is filled.

The present invention applies to containers made from
polymers with a MVTR of greater than 100 g/m2.day at a
25um wall thickness. The applicant has found that the
present invention is particularly important for containers

made from polymers with a MVTR of greater than 200

" g/m2.day at a 25um wall thickness.

The polymer may be any polymer that is biodegradable
in landfill or compost conditions and has a MVIR of

greater than 100 g/m2.day at a 25um wall thickness.

Preferably the polymer is a polylactic acid based
polymer.

The polymer may be a co-polymer of the polylactic
acid based polymer and another polymer or polymers.
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Preferably the polylactic acid based polymer is a
major constituent, i.e. more than 50% by weight, of the

co-polymer.

Other high MTVR polymers other than polylactic acid
based polymers include the biodegradable polymer disclosed
in International application PCT/AU99/01101 mentioned

above.

Another type of high MTVR polymer, which is not
biodegradable, is the family of polyamides (nylons).

The container may include one or more than one of the
materials provided in the art as colorants, processing
aids, light absorbers, property enhancers or other
additives, to provide further desirable properties to the

finished container

Examples of the vacuum panels include, by way of
example only, vacuum panels in a body of the rigid
container, vacuum panels in a base of the container, and

vacuum panels in a shoulder of the rigid container.

The vacuum panel may be selected from the large range
of vacuum panels that are used and are available for hot
£ill beverage containers, such as bottles, but which have
not been previously used for cold fill applications for
high MVTR polymer bottles.

Preferably the container includes a barrier layer oxr

a coating that reduces the overall MIVR of the container.
According to the present invention there is provided
the above-described container when cold filled with a

liquid product, such as a beverage, and closed.

Preferably the rigid container is cold filled with
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the liquid product at a liquid temperature of less than
80°C

More preferably the rigid container is cold filled
with the liquid product at a liquid temperature of less
than 60°C.

More preferably the rigid container is cold filled
with the liquid product at a temperature not more than
10°C above ambient as defined above.

Preferably the container includes a barrier layer or

a coating that reduces the overall MTVR of the container.

An example of a cold fill rigid container in
accordance with the present invention is shown in the

accompanying drawings, of which:

Figure 1 is a perspective view of the cold fill rigid

container in the form of a bottle; and

Figure 2 is a cross-section along the line 2-2 of

Figure 1.

The bottle shown in Figures 1 and 2 is a bottle that
is disclosed in Australian patent 720439 by the applicant.
The Australian patent relates to bottles for hot fill
applications and the bottle shown in Figures 1 and 2 is

described in this context in the Australian patent.

The bottle shown in Figures 1 and 2 comprises an
opening 1, a generally cylindrical body 2, a shoulder 3,

and a base 4.

The body 2 comprises land areas 6 and 7 and vacuum
contraction panels 1l defined by the land areas. The

vacuum panels 11 are surrounded by an indentation 13.
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The bottle shown in Figures 1 and 2 is made from
polymers, such as PLA, that have considerably higher
MVIRs, i.e. MVTRs greater than 100 g/m2.day at a 25um wall
thickness, than known materials, such as PET, that are

used for bottles for hot £ill applications.

The bottle shown in Figures 1 and 2 is suitable for
use in cold fill applications. In such applications,
vacuum contraction as a consequence of making the bottle
from higher MVTR polymers, such as PLA, is accommodated by

the vacuum panels 11.

The wvacuum panels 11 are formed to be movable
inwardly and outwardly in response to pressure differences
between the interior and the exterior of the bottle after
the bottle has been filled and sealed with a liquid
product, such as a beverage. Specifically, in use, after
the bottle has been cold filled and closed, a vacuum
starts to develop in the sealed bottle as liquid is lost
from the bottle via transmission through the PLA wall of
the bottle. Under such a vacuum, the vacuum panels 1l move
inwards in a controlled way and hence the bottle is not

subject to the above-mentioned panelling problem.

The present invention is based on experimental work

carried out by the applicant.

Cylindrical wall bottles of 355mL nominal capacity
traditionally manufactured from PET were manufactured from
PLA. These bottles were filled with water and capped with
closures suited to the bottle finish, the bottle finish
being the Alcoa 1810 standard understood in the art.

The sample bottles were stored in a controlled

environment of 23+/- 0.1°C and 50+/~ 1% relative humidity
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for 2 weeks. Loss of moisture was measured by weight

change. PLA bottles lost 1.5g per week of water, compared
to less than 0.1g per week for PET bottles.

Samples were prepared to show the effect of loss of
moisture over time as follows. Bottles were filled to
brimful, then calculated weights of water were removed.
For example, to show the effect of 10 weeks storage,
1.5X10=15 g of water was removed. Bottles were then
squeezed until the water reached the top, and capped.
Bottles filled in this way showed the panelling effect
expected for cylindrical bottles.

The same effect has been observed in commercially
filled PET water bottles. However, the necessary water
loss occurs over time periods well in excess of normal

product shelf life.

Many modifications may be made to the embodiment
of the present invention described above without departing

from the spirit and scope of the invention.

By way of example, whilst the embodiment of a PLA
bottle with vacuum panels in the body 2 is an effective
option, the present invention is not so limited and
extends to bottles in which the vacuum contraction panels

are located in another section or sections of the bottle.

By way of further example, whilst the embodiment
of a PLA bottle with vacuum panels includes vacuum panels
of a particular structure and number, the present
invention is not so limited and extends to any suitable

structure, number and arrangement of vacuum panels.

By way of further example, whilst the above
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description is in the context of a 25um wall thickness,
the present invention is not confined top bottles or other

forms of containers having this wall thickness.
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CLAIMS

1. A rigid container for liquid products for cold
fill applications made from a polymer with a moisture
vapour transmission rate (“MVTR”) of greater than 100
g/m2.day at a 25um wall thickness that includes one or
more than one panel that is responsive to vacuum
conditions generated in the container and can accommodate
in a controlled way any vacuum contraction caused by the
loss of liquid from the container when the container has
been cold filled with a 1liquid product, such as a

beverage, and closed.

2. The container defined in claim 1 wherein the
cold fill applications are applications in which the

container is cold filled with products at less than 60°C.

3. The container defined in claim 1 or claim 2 wherein
the cold fill applications are applications in which the
container is cold filled with liquid product at a
temperature no more than 10°C above ambient temperature at
the time and the geographical location where the product
is filled.

4, The container defined in any one of the preceding
claims wherein the polymer has a MVTR of greater than 200
g/m2.day at a 25um wall thickness.

5. The container defined in any one of the preceding
claims wherein the polymer is biodegradable in landfill or

compost conditions.

6. The container defined in any one of the preceding

claims wherein the polymer is a polylactic acid based
polymer.

7. The container defined in any one of the preceding
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claims wherein the polymer is a co-polymer of the
polylactic acid based polymer and another polymer or
polymers.

8. The container defined in claim 7 wherein the
polylactic acid based polymer is a major constituent, i.e.

more than 50% by weight, of the co-polymer.

9. The container defined in any one of the preceding
claims wherein the vacuum panel is in a body of the

container.

10. The container defined in any one of the preceding
claims when cold filled with a liquid product, such as a

beverage, and closed.

11. The container defined in c¢laim 10 when cold
filled with the liquid product at a liquid temperature of
less than 80°C.

12. The container defined in claim 11 when cold
filled with the liquid product at a liquid temperature of
less than 60°C.

13. The container defined in any of claims 10 to 12
when cold filled with the liquid product at a temperature
no more than 10°C above ambient temperature at time and the

geographical location where the product is filled.
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