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A bottle is made of biodegradable material and has a plurality
of collapsible pleats, adjacent pleats having regions of weak-
ness which are circumferentially staggered along a helical
line, to promote collapse of the bottle in a controlled and
pre-determined way.
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COLLAPSIBLE BOTTLE

[0001] The present invention relates to a collapsible con-
tainer, in particular a collapsible bottle.

[0002] Efficient disposal of water bottles, used in ever
increasing numbers, has become a major environmental con-
cern. Many currently used water bottles are not biodegradable
and contribute significantly to the amount of waste disposed
of'in land fill sites, a limited resource which is rapidly being
depleted. Full bottles contain water or other liquids but when
disposed of are empty. Hence, their disposal can be particu-
larly inefficient in that they may be transported to waste
disposal sites in an empty state. Thus, both in transport and in
eventual storage, the empty bottle takes up a large volume,
mainly composed of air, and this is highly inefficient.

[0003] A number of known bottles are designed to be col-
lapsible. These have the advantage of taking up less space
after use, whilst being transported or in eventual storage.
[0004] Examples of bottles which can be compressed are
set out in US 2001/0006164, US 2003/0121881 and JP
3289447. These bottles are designed to be compressible and
are designed to remain compressed and not spring back into
their original conformation.

[0005] U.S. Pat. No. 5,632,397 discloses a bottle having a
partly cylindrical, partly pleated body, the pleated section
having four fold starters offset by a small angle from one pleat
to the next. It is collapsible but designed nevertheless to resist
axial forces, e.g. when in a stack. As a result a lot of force is
needed to collapse it and collapse does not propagate easily
from one pleat to the next.

[0006] Further known bottles are described in U.S. Pat. No.
5,584,413 and WO 88/05014, these bottles comprising
mechanisms which lock the bottles in a compressed state.
[0007] A problem with known bottles is that the mecha-
nism to lock them in compressed positions requires extra
tooling and material which is expensive. Some bottles are not
biodegradable, which is nowadays undesirable. A further
problem, common to the known bottles, is that collapse of the
bottles is random and can occur or commence at unpredict-
able locations on the bottle. As a result, the crushing or col-
lapsing may be incomplete or may require a particularly large
amount of force or may require force directed very carefully
and squarely along the axis of the bottle. These issues com-
promise the ease and completeness of collapsing of the
bottles, and thus compromise the efficiency of the collapse.
[0008] An object of the present invention is to provide an
alternative, collapsible bottle. An object of particular embodi-
ments of the invention is to provide a bottle which collapses
more easily and/or in a more controlled manner.

[0009] Accordingly, the present invention provides, in a
first embodiment, a bottle comprising a wall or walls which
are shaped to facilitate crushing of the bottle, said wall or
walls having regions of weakness to assist collapse of the
bottle. The bottle is characterized in that regions of weakness
are circumferentially spaced in or around the wall or walls so
as to promote axial collapse of the bottle.

[0010] Preferably, regions of different weakness are cir-
cumferentially spaced in or around the wall or walls so as to
promote axial collapse of the bottle. The region of greatest
weakness around the circumference at a given point, referred
to also as the region of weakness at that point, collapses first
and propagates collapse in response to an axial crushing
force.
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[0011] A bottle of a second embodiment of the invention
comprises a plurality of collapsible pleats, adjacent pleats
having circumferentially staggered regions of weakness, to
promote axial collapse of the bottle. Adjacent pleats thus start
to collapse at positions which are staggered around the bottle
circumference. The region of greatest weakness of a first pleat
is thus spaced from the region of greatest weakness of a
second pleat, adjacent the first, when viewed from above,
along the bottle axis.

[0012] Preferred bottles of the invention combine the first
and second embodiments of the invention, that is to say, in
preferred bottles regions of weakness are circumferentially
spaced in or around the wall or walls so as to promote axial
collapse of the bottle and the regions of weakness which in
adjacent pleats promote collapse of the bottle are staggered
when viewed from above.

[0013] The regions of weakness act as collapse initiators
and are typically points of highest stress or greatest weakness
in a bottle wall, e.g. in a given bottle pleat, and designed to
collapse first in response to axial collapsing forces and before
other points on the same pleat or ring collapse or start to
collapse, such as after being emptied and when it is desired to
crush the bottle prior to disposal.

[0014] The bottle preferably comprises three or more col-
lapsible pleats, all of which have such collapse initiators
which, when viewed along the axis of the bottle, are staggered
with respect to each other and not parallel with the bottle axis.
The regions of weakness are hence circumferentially (or radi-
ally) staggered or spaced, generally in an even manner. More
preferred bottles comprise four or more collapsible pleats.
Particular bottles, illustrated below, have seven or more col-
lapsible pleats.

[0015] In use, the bottle is adapted to hold liquid. Once
emptied it can be collapsed to a reduced volume. Application
of force along the bottle axis initiates collapse beginning at
the collapse initiators at their respective positions on the
bottle pleats. This reduces the force needed to collapse the
bottle, as the collapse once started is readily propagated. This
also leads to a more controlled collapse than would otherwise
be the case. Collapse of a bottle of the invention begins at
predetermined locations and generally in a predetermined
order. Known bottles can be particularly stiff and difficult to
collapse; the present invention reduces this problem. Known
bottles may crumple suddenly at random locations; the
present invention reduces this problem or even avoids it alto-
gether.

[0016] The bottles generally are collapsible to a volume
approximately '3 or less of the original volume, preferably to
a volume approximately ¥4 or less of its original volume. In
the collapsed form the bottles are more efficiently stored or
transported to waste locations, e.g. land fill sites.

[0017] The bottle pleats are typically formed by successive
folds in the bottle wall, resulting in a series of concertina-like
pleats around the circumference and down the sides of the
bottle. The pleats are defined by folds in the wall at the apices
of'the pleats (being outer folds) and the troughs of the pleats
(being inner folds). The apices define the outer dimensions of
the bottle and, apart from at its top and bottom, the bottle as
thus defined or a major portion of the bottle may be generally
cylindrical in appearance. The pleats can also be of different
diameters, optionally varying along the bottle axis. Two or
more adjacent pleats can be successively larger and larger, or
smaller and smaller, so that in a collapsed state the folds more
easily fit into each other, yielding a collapsed bottle of more
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significantly reduced volume. A preferred embodiment of the
invention comprises three pleats in a row having troughs with
diameters that progressively increase. The diameters of at
least two of the pleat apices in a row progressively increase.
When collapsed, these nest tightly inside each other.

[0018] A collapsible bottle of the invention may in certain
embodiments comprise substantially concentric wall por-
tions of a concertina construction, said wall proportions
defining troughs between adjacent ridges and having regions
of'weakness to initiate collapse when the bottle is subjected to
a compressive axial force, characterized in that regions of
weakness on adjacent troughs are circumferentially and axi-
ally displaced. In said bottle, the regions of weakens may be
located along a helix. Preferably, the wall portions have cir-
cumferentially alternate regions of greater and lesser weak-
nesses, and axially alternate regions of greater and lesser
weakness, regions of similar weakness being aligned in a
helical direction.

[0019] The collapse initiators on a series of adjacent pleats
are optionally helically located, that is to say a helical line can
be drawn through them, around the bottle circumference.
They thus are sequentially staggered around the circumfer-
ence. If staggered by approximately 90 degrees then each
fourth collapse initiator is located approximately above each
other.

[0020] Preferred bottles of the invention comprise at least
one pleat or fold or ring of reduced diameter, i.e. having
reduced apex and trough diameter positioned towards the top
of the bottle and adapted to collapse before larger diameter
pleats towards the bottom of the bottle.

[0021] Particular bottles of the invention, one of which is
shown in the accompanying drawings, comprise two pleats of
reduced diameter, located towards the top of the bottle. These
provide a conveniently narrowed section to the bottle, facili-
tating location in the hand and making the bottle easier to
hold. These reduced diameter pleats preferably also comprise
collapse initiators and may be designed to collapse first,
before pleats lower down or, if present, higher up the bottle.
[0022] Bottles of the invention, one of which is shown in the
drawings, may additionally or separately comprise four or
more pleats of substantially the same diameter, located
towards the bottom of the bottle. These may form the main
body of the body and may have pleat apex diameters larger
than the reduced diameter upper pleats mentioned immedi-
ately above.

[0023] In further embodiments of the invention, described
in more detail below, a bottle comprises a plurality of pleats or
folds adapted to collapse into a collapsed form of signifi-
cantly reduced volume. The diameter of the pleats is reduced
towards the top of the bottle. Hence, the bottle typically
comprises two pleats of reduced diameter towards the top of
the bottle and five pleats of larger diameter, all of'these larger
pleats having substantially the same diameter. When a col-
lapsing force is applied to the bottle, the smaller diameter
pleats, being closer to the top of the bottle, collapse first and
the larger diameter pleats collapse afterwards. The first pleats
collapse hence at positions closer to the top of the bottle and
closer to the point at which the collapsing force is applied.
This is found to result in a controlled collapse of the bottle
with reduced risk of buckling if the force is not squarely
applied.

[0024] A bottle according to a further embodiment has an
upper, a middle and a lower portion and said regions of
weakness are weakest in the middle portion and of least
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weakness in the upper portion, whereby the middle portion
collapses before the lower portion and the lower portion col-
lapses before the upper portion.

[0025] Bottles of the invention can be of various axial
cross-sectional configurations. They can be approximately
circular, elliptical, square, square with rounded corners, rect-
angular, rectangular with rounded corners or combinations of
these, though preferred bottles are substantially circular in
cross-section. Reference to being substantially circular, etc.,
is intended to describe the approximate shape of the bottle
ignoring the many folds or pleats over the bottle’s surface.

[0026] There are a number of different ways of introducing
the regions of weakness or collapse initiators into the side of
the bottle. As will be appreciated by a person of skill in the art,
thicker material is generally more resistant to collapse and
thinner material is generally less resistant to collapsing.
Hence, a collapse initiator can be a region of reduced bottle
wall thickness, generally at or around the apex or trough of a
pleat. An alternative collapse initiator is created by use of
varying the fold angle of a pleat around the circumference of
the bottle. A region of decreased fold angle is less resistant to
collapse that a larger angle. Hence a collapse initiator can also
be reduced fold angle at the apex or trough of a fold. A
reduced fillet radius, that is to say a tighter curvature at the
fold, is also less resistant to collapse. A further collapse ini-
tiator comprises reduced fillet radius at the fold. Collapse
initiators can also combine two or three of these features, e.g.
be a fold having reduced wall thickness and reduced fold
angle, a fold having reduced wall thickness and reduced fillet
radius, a fold having reduced fold angle and reduced fillet
radius or a fold having reduced wall thickness, reduced fold
angle and reduced fillet radius.

[0027] In embodiments of the invention, set out in more
detail below, a pleat has a fold angle at its trough that varies
around the circumference of the bottle. In a specific embodi-
ment the trough angle is about 60 degrees at its smallest and
about 80 degrees at its largest, the collapse initiator being
located where the angle is smallest, namely about 60 degrees.
Generally, the trough angle may vary by at least 5 degrees, or
by atleast 10 degrees between the collapse initiator, designed
to collapse first, and other portions of the trough around the
circumference. Viewed from the side, with the collapse ini-
tiator of a given pleat at, say, the extreme right hand side, such
bottles of the invention are noticeably asymmetric: the por-
tion of the trough with increased angle is not as deep as the
portion of the trough with decreased angle, i.e. the collapse
initiator can be seen as a deeper or more pronounced inden-
tation into the side wall of the bottle.

[0028] In further embodiments of the invention, the radius
of curvature of the fold at the trough varies around the cir-
cumference of the bottle. Viewed from the side, with the
collapse initiator of a given pleat at, say, the extreme right
hand side, such bottles are also seen to be asymmetric: the
portion of the trough with decreased radius of curvature, i.e.
the collapse initiator, is seen to have a sharper fold than other
portions of the trough; in this case sharper on the right than on
the left. As already described, collapse initiators may com-
bine two or more features to introduce relative weakness into
the bottle wall, and hence particular further embodiments
comprise a portion of a trough in which the collapse initiator
has reduced trough angle and decreased radius of curvature
and can be seen as a more pronounced indentation having a
sharper fold at the trough.



US 2011/0036806 Al

[0029] A bottle of the invention thus comprises points of
weakness around its circumference which preferentially col-
lapse in response to the collapsing or crushing force applied,
the collapse then propagating around the pleat. These points
of weakness are staggered around the outside of the bottle,
hence staggered around the circumference of the bottle when
viewed from above.

[0030] The locations of points of weakness can simply be
alternated from one ring to another. Alternatively, the points
of weakness are sequentially or successively staggered, e.g.
in a stepwise manner, in the same direction around the cir-
cumference of the bottle, hence forming a roughly helical line
of weak points along the bottle axis.

[0031] In a preferred embodiment of the invention, points
of weakness which are on adjacent rings are staggered by an
angle of at least 30 degrees when viewed from above and
along the axis of the bottle, preferably at least 45 degrees,
more preferably at least 60 degrees. The stagger is less than
180 degrees and preferably 135 degrees or less, more prefer-
ably 120 degrees or less. In a particularly preferred embodi-
ment of the invention, set out in more detail in the examples,
the points of weakness are staggered by approximately 90
degrees from one ring to the next in a helix around the outside
of the bottle.

[0032] Itis further preferred that for each ring or pleat there
are two or fewer points of weakness, more preferably just one
point of weakness.

[0033] Itis particularly preferred that for each ring or pleat
there are two or fewer points of weakness, more preferably
just one point of weakness, and the point or points of weak-
ness on adjacent rings or pleats are successively staggered by
angles which are each independently at least 30 degrees, at
least 45 degrees or at least 60 degrees. A line drawn through
the points is approximately helical. Such embodiments of the
invention are found to be axially strong as there are few (only
one or two) weak points per pleat. In addition, the flat helical
nature of the weak points means that in response to a combi-
nation of an axial force and a twisting or turning motion the
bottle can be easily collapsed, as weak points initiate collapse
successively along a helical line corresponding to the twisting
or turning force.

[0034] The bottle is hence strong but surprisingly easily
collapsed. To do so, the points of weakness or “fold starters”
are helped by being given a twist to start the collapse, using an
eccentric motion to promote the collapse and wind the bottle
down.

[0035] The points of weakness on adjacent rings are stag-
gered approximately 90° in an example set out below. In
twisting the bottle during collapse there are 4 per revolution.
In another embodiment the points of weakness on adjacent
rings are staggered approximately 120° and there are 3 per
revolution. In these embodiments there are relatively few
points of weakness spaced around the bottle and hence the
locations of anticipated material fatigue are limited; these
locations can be adapted to be weak but be both collapsible
and restorable so the bottle can be used, and collapsed then
restored and refilled.

[0036] Hence, in preferred embodiments of the invention,
the bottle is asymmetric and this enables and promotes the
controlled collapsing: collapse begins more readily at certain
predefined points on the circumference of the bottle and is
then propagated throughout that pleat to other pleats and parts
of the bottle. It is preferred that the diameter of the pleat
apices or outer rings is substantially the same and that the
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asymmetry is due to varying diameter of troughs, i.e. the
internal dimensions. This improves the bottles appearance
and facilitates labeling and handling of the bottle during
production.

[0037] The bottle may have a cap provided with a one-way
valve, several designs of which are available commercially.
This may assist slightly in holding the bottle in its collapsed
state: the valve is opened, the bottle collapsed and then the
valve closed.

[0038] Bottles of the invention are preferably made of bio-
degradable material, and a variety of different biodegradable
materials are available and known in the art. Particularly
preferred bottles of the invention comprise or are made of
polylactic acid (PLA). In an embodiment of the invention,
described in more detail below, a collapsible bottle has been
made from PLA and was found to have good properties. The
material was stable and clear. In use, the PLA exhibited less
memory than a known polymer extensively used for bottle
manufacture, namely polyethylene terephthalate (PET), with
the consequence that the PLA bottles collapsed well and
remained in a collapsed position, tending not to spring back
into an open or partially open form. The PLA bottle was,
additionally, found to be less brittle in use than the PET
known bottles.

[0039] It is also an option for bottles of the invention to be
made out of metal. These do not have the biodegradable
properties of, for example, PLA but crush easily and are
hence preferable to non-collapsible bottles or cans made of
metal.

[0040] Bottles of the invention are made in a number of
different sizes and can have different numbers of pleats along
their length. Preferred bottle of the invention can hold up to 2
litres of liquid, more preferably up to 1.5 L, up to 1 L, about
250 mL and in a specific embodiment, illustrated below,
about 500 mL. Different combinations of pleats and apex and
trough diameters, and different selection of the manner of
incorporating the collapse initiators may be appropriate for
different bottle sizes and materials. A bigger volume bottle,
for example five litres, may require more pronounced asym-
metry in order to control the crushing.

[0041] Bottles of the invention are conveniently made by
moulding processes, especially by blow-moulding. Refer-
ence to folds or pleats in the bottle thus refer not to the result
of a folding or pleating process but to the appearance of the
finished bottle, e.g. after moulding to a particular shape. In a
specific embodiment of the invention, the bottle is made by
one such blowing process and to make a 500 ml bottle a
pre-form containing about 19 g of PLA was used. This
yielded a bottle that was sufficiently strong to contain water
but nevertheless collapsed easily and in a controlled manner.
[0042] The invention further provides a method of collaps-
ing a bottle, comprising applying to a bottle according to the
invention both an axial compressive force and an axial rota-
tion, promoting collapse of the regions of weakness and thus
collapse of the bottle. Hence the bottle can be collapsed by
twisting and pushing the bottle along its axis.

[0043] Theinventionis now illustrated with reference to the
accompanying drawings, in which:—

[0044] FIG. 1 shows a schematic front view of a bottle of
the invention;
[0045] FIG. 2 shows a schematic view from in front and

above of the bottle of FIG. 1;
[0046] FIG. 3 shows a schematic view of the bottle of FIG.
1 from the front and above and at an angle;
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[0047] FIG. 4 shows a schematic side view of the bottle of
FIG. 1, including details of variation of fillet radius and angle
throughout the bottle;

[0048] FIGS. 5a, 56 and 5¢ show schematic side and cut-
away views of a pleat in the wall of the bottle of FIG. 1;
[0049] FIGS. 6a and 65 show schematic views of the bottle
of FIG. 1 in various stages of collapse; and

[0050] FIGS. 7a, 76 and 7c¢ show schematic views of a
bottle of a further embodiment of the invention, in various
stages of collapse.

[0051] Referring to FIGS. 1-5, a 500 ml bottle 10 is blow-
moulded from poly-lactic acid (PLA) and comprises a neck
11 and a body 12. A screw thread 13 is provided on the neck
for attachment of a cap (not shown). The bottle is substan-
tially circular in cross section.

[0052] The bottle has nine pleats along its axis, including a
succession of pleats 15 of approximately similar outer diam-
eter, each pleat comprising outer fold or apex 154 and inner
fold or trough 1564.

[0053] Towards the top of the bottle, there is first pleat 19,
second pleat 20 and third pleat 21 and corresponding folds
195, 206 and 21b. The diameter of inner fold 1954 is the
narrowest and the diameter of adjacent inner folds 205 and
21b steadily increase. The bottle ends in base 14 at the bottom
17 of the bottle.

[0054] Referring specifically to FIG. 4, fold angles and
radius of fold curvatures, i.e. fillet radius, are shown along the
axis of the bottle. Referring to the right hand side of FIG. 4,
the fold angle for the bottom-most fold is approximately 69°,
the angle of the next fold on that side is approximately 60°,
that of the next fold approximately 69° and that of the next
fold 80°, and so on. The reduced inner fold or trough angle is
the region of weakness or collapse initiator for that pleat, so
the collapse initiator for the second pleat up from the bottom
is on the right hand side in FIG. 4, for the third pleatup it is at
the back of the bottle, for the fourth pleat up it is on the left
hand side, for the fifth pleat up it is on the front of the bottle,
and so on.

[0055] The regions of weakness identified in the FIG. 4
bottle are further appreciated by reference to the following
table:

TABLE 1

Ring Radial Trough Trough Fillet
Number Position Angle Depth Radius

1-2 0 80 Small 1.50

90 69 Medium 1.50

180%* 60 Large 1.50

270 69 Medium 1.50

2-3 0 69 Medium 1.50

90* 60 Large 1.50

180 69 Medium 1.50

270 80 Small 1.50

3-4 0* 60 Large 1.50

90 69 Medium 1.50

180 80 Small 1.50

270 69 Medium 1.50

4-5 0 69 Medium 1.50

90 80 Small 1.50

180 69 Medium 1.50

270* 60 Large 1.50

5-6 0 80 Small 1.50

90 69 Medium 1.50

180%* 60 Large 1.50

270 69 Medium 1.50
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TABLE 1-continued

Ring Radial Trough Trough Fillet
Number Position Angle Depth Radius
6-7 0 80 Small 1.70
90%* 80 Small 1.00
180 80 Small 1.70
270 80 Small 2.38
7-8 0* 80 Small 1.00
90 80 Small 1.70
180 80 Small 2.38
270 80 Small 1.70
8-9 0 80 Small 1.70
90 80 Small 2.38
180 80 Small 1.70
270%* 80 Small 1.00
In the table:

ring 1 refers to the bottom-most outer ring or fold, the bottom-most trough being located
between ring 1 and the next ring up, namely ring 2, and hence being referred to as 1-2, etc
radial position refers to the position on the circumference when viewed from above, radial
position 0 being the back of the bottle in FIG. 4, radial position 90 being the right hand side
of'the bottle, radial position 180 being at the front of the bottle and radial position 270 being
on the left hand side.

*weak point, collapse initiator

[0056] Thus, referring again to FIG. 4, the lower section of
the bottle has 5 troughs with variable fillet angle between
about 60 degrees and about 80 degrees. The fillet radius is
constant around the circumference of these troughs. Weakest
points are where the angle is least (i.e. 60 degrees). The upper
section ofthe bottle has 3 troughs all with circumferences that
narrow towards the top of the bottle and all with a constant
fillet angle of about 80 degrees. Here the fillet radius varies,
between about 1.00 and about 2.38, to introduce the regions
of' weakness. The fillet is deeper where the radius is least and
shallower where greatest. The weakest points are where the
radius is least. The fillet depth is eccentric, causing the weak
points, which promote collapse initiation, to rotate with that
eccentricity. The bottle thus has some weakness introduced
by fillet angle and some by fillet radius.

[0057] Referring to FIG. 2 the regions of weakness are
marked as a series of collapse initiators 22-29 located at
different positions on the bottle wall. In the inner fold 22 of
the lower pleat, the collapse initiator is located at the front of
the bottle. Successive collapse initiators 23 onwards are
located in a helix which rises up around the circumference of
the bottle. Hence, the next collapse initiator 23 on the adjacent
fold is on the right hand side of the bottle, the next collapse
initiator 24 is on the back of the bottle, not visible in the
drawing but illustrated by 24. The next collapse initiator 25 is
onthe left hand side of the bottle, the next collapse initiator 26
is at the front of the bottle and the subsequent collapse initia-
tors 27, 28 and 29 are on the right hand side, at the back and
on the left hand side of the bottle respectively.

[0058] Referring to FIGS. 5a, 56 and 5¢, detail of one
so-called pleat are provided, showing how the trough depth
and trough angle vary around the circumference of that pleat
and thus determine the location of a region of weakness. FIG.
5ais a schematic side view of the pleat, FIG. 55 is a schematic
view from above of the pleat and FIG. 5¢ is a schematic view
from above and in front, with the pleat at an angle. The pleats
generally have each an apex 154 and trough 155. Viewed from
directly in front, as in FIG. Sa, the right hand trough angle
185(R) is 80 degrees whereas the left hand side trough angle
185(L) is 60 degrees. Though not measurable easily from the
figures, the trough angle varies smoothly and continuously
between these two extremes, and hence is about 69 or 70
degrees at both the front and also at the back of the pleat.
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When seen from above, the trough is narrowest or shallowest
at the right hand side—see 18(R) in FIG. 55—and widest or
deepest at the left hand side—see 18(L.). The region of weak-
ness is located at 185(L), i.e. the least trough angle. This
eccentricity is substantially the same, though offset 90°, for
each of the five fold/troughs from the bottom upwards.
[0059] The bottle is designed with a specific order of col-
lapsing of its various parts. In response to an axial crushing
force, first the upper, narrowest rings just below the top sec-
tions (19, 20, 21) crush, then the lower, similarly—dimen-
sioned rings (15) collapse, then the top section, also referred
to as the top diamond because of its appearance from the side,
collapses and cups the collapsed upper rings (which are of
reduced diameter) which locks the whole collapsed bottle
together. Another feature of the top of the bottle is that it is
easy to grip. It generally does not have a collapse initiator and
so it tends not to buckle or collapse until the very end. An
advantage is that water can be drunk and then the bottle can be
partially collapsed and the cap screwed on. When partially
collapsed the top has not collapsed fully and the central waist
portion remains and the bottle remains easy to hold.

[0060] FIGS. 6a and 65 show the bottle in different stages
of collapse. The bottle is subjected to an axial crushing force.
Upper sections collapse first, the bottle reaching the position
shown in FIG. 6a. After further crushing, the upper sections
complete their collapse and lower sections collapse, the bottle
reaching the position shown in FIG. 65.

[0061] Referring to FIGS. 7a, 76 and 7¢, a further bottle of
the invention 30 having body 31 and cap 32 is shown in which
aplurality of pleats 33 having staggered collapse initiators are
arranged on the outer wall of the bottle. Below the top pleat,
the pleat apex diameters increase for the first five to a central
pleat then decrease for the next four pleats. The bottle is
shown in fully open (6a), half-collapsed (65) and collapsed
(6¢) forms.

[0062] The invention thus provides a collapsible bottle.

1. A bottle, comprising a plurality of collapsible pleats and
regions of weakness on the pleats to promote axial collapse of
the bottle, wherein each pleat has two or fewer regions of
weakness and the regions of weakness on adjacent pleats are
circumferentially staggered by at least 30 degrees.

2. The bottle of claim 1, wherein the regions of weakness
on adjacent pleats are located on a helix running around the
bottle circumference.

3. The bottle of claim 1, wherein each pleat has only one
region of weakness.

4. The bottle of claim 1, wherein regions of weakness on
adjacent pleats are each independently staggered by at least
45 degrees.

5. The bottle of claim 4, wherein regions of weakness on
adjacent pleats are each independently staggered by at least
60 degrees.

6. The bottle of claim 1, comprising three or more collaps-
ible pleats, all of which have regions of weakness which are
circumferentially staggered with respect to each other.
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7. (canceled)

8. The bottle of claim 1, comprising two pleats of reduced
diameter, located towards the top of the bottle.

9. (canceled)

10. The bottle of claim 1, being substantially circular in
cross-section.

11. The bottle of claim 1, wherein the regions of weakness
comprise a region of reduced wall thickness.

12. The bottle of claim 1, wherein the regions of weakness
comprise a fold in the bottle wall having reduced fillet angle
or radius of curvature.

13. The bottle of claim 1, wherein the regions of weakness
comprise a pleat having reduced fold angle.

14. The bottle of claim 1, wherein the regions are weakness
are troughs, the depth of the trough varying around the cir-
cumference of the bottle.

15. The bottle of claim 1, comprising seven or more col-
lapsible pleats.

16. (canceled)

17. The bottle of claim 1, wherein the bottle has an upper,
amiddle and a lower portion and said regions of weakness are
weakest in the middle portion and of least weakness in the
upper portion, whereby the middle portion collapses before
the lower portion and the lower portion collapses before the
upper portion.

18. (canceled)

19. The bottle of claim 1, having a volume of up to 1 Litre.

20. The bottle claim 19, having a volume of about 500 ml.

21. (canceled)

22. The bottle of claim 1, comprising polylactic acid.

23. The bottle of claim 1, collapsible to a volume approxi-
mately Y5 or less of its original volume.

24. The bottle of claim 1, collapsible to a volume approxi-
mately Y4 or less of its original volume.

25. A collapsible bottle, comprising substantially concen-
tric wall portions of a concertina construction, said wall pro-
portions defining troughs between adjacent ridges and having
regions of weakness to initiate collapse when the bottle is
subjected to a compressive axial force, characterized in that
there is one region of weakness per trough and regions of
weakness on adjacent troughs are circumferentially displaced
at least 30 degrees and located along a helix.

26. The bottle of claim 25, wherein the regions of weakness
onadjacent troughs are circumferentially displaced atleast 45
degrees.

27. (canceled)

28. (canceled)

29. A method of collapsing the bottle of claim 1, compris-
ing applying to the bottle both an axial compressive force and
an axial rotation, promoting collapse of the regions of weak-
ness and thus collapse of the bottle.

30. (canceled)

31. (canceled)

32. (canceled)



