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container is too high to be borne by the membrane closure head
alone.
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One-way valve for a compressible container

and container with such a valve

Technical Field

The invention relates to a one-way valve
adapted for controlling liquid flow out of a collapsible
container upon compression of said container and for
blocking the entrance of air into said container when
dispensing pressure is relieved. The invention relates
further to a compressible container and in particular a

tube with such a one-way valve.

Background Art

One-way valves for dispensing fluids from
compressible containers, such as tubes, are known. For
example W02011/127610 Al describes a one-way valve for a
tube. The construction of this valve with a flat disc-
shaped valve member and a particularly dimensioned head
space above the flat disc results in a rather strict lim-
itation of the flow of the product to be dispensed, which
is a desired effect of this valve, but may not be advan-
tageous for other containers for which a less restricted
flow may be desirable. An essential effect of a one-way
valve is to avoid the sucking in of air into the con-
tainer or tube, respectively, when compression of the
container is released and dispensing is stopped. Thus the
one-way valve will minimize reactions of air and in par-
ticular oxygen with the contents of the container. Fur-
ther, when air is not allowed to enter the container by
the one-way valve it is avoided that the container re-
gains its original shape and thus the increasing defor-
mation of the container gives an indication of the con-

tents remaining in the container. EP 850 177 Bl shows a
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self-closing closure with a closure membrane having a
concave shaped, slitted closure head, which bursts open
upon pressure on the container and which is designed to
allow air to enter the container after dispensing and
which is thus not a one-way valve for preventing the en-
trance of air into the container. Thus, known one-way
valves do permit only low flow rates - which can be very
well suited for small tubes in particular in the pharma-
ceutical field or such closures - if suited for larger
amounts of liquid to be dispensed - do not prevent the

entrance of air into the container.

Disclosure of the Invention

Hence, it is a general object of the inven-
tion to provide a one-way valve that provides for large
amounts of liquid flow and is thus suitable for large
containers or large tubes, respectively, such as in use
for cosmetics but as well for pharmaceuticals. On the
other hand the one-way valve shall have good closing
properties preventing the entrance of air into the con-
tainer or tube, respectively.

Now, in order to implement these and still
further objects of the invention, which will become more
readily apparent as the description proceeds, a one-way
valve adapted for controlling liquid flow is manifested
by the features that it comprises an annular closure mem-
brane holder, a closure membrane mounted within said clo-
sure membrane holder and extending therein in a generally
convex shape as seen in dispensing liquid flow direction
and having a closure head with several closure tongues
being arranged to contact each other and to form a closed
cupola shaped head at rest and to elastically deform and
to partly separate from each other to provide a dispens-

ing opening under liquid pressure, and further comprising
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an adapter having an upper annular part adapted for tak-
ing up and securing said closure membrane holder and hav-
ing a lower part including a column extending into the
upper annular part and towards the closure head, said
adapter providing at least one flow channel extending
from its lower part to its upper part and said adapter
being shaped on its outside to be adapted to sealingly
fit the inside of the container.

The membrane closure head of the one-way
valve allows on the one hand a large and very smooth lig-
uld flow so that dosing and dispensing of considerable
amounts of liquid become possible. On the other hand the
membrane will be supported by the column when air pres-
sure is from the outside of the container is becoming too
large to be supported by the membrane alone. This makes
the one-way valve according to the invention suitable
even for rather large containers.

In a preferred embodiment the adapter is pro-
vided with an annular shaped lower outer wall structure,
an annular shaped lower inner wall structure and an annu-
lar recess separating the outer and inner wall struc-
tures, which will allow for a tight fitting of the valve
within a container neck since the recess will allow that
the outer wall structure adapts well to the inside of a
container neck.

In a further preferred embodiment at least a
part of the flow channel is arranged in the column which
is for example provided with vertical grooves. This re-
sults in a compact arrangement allowing a good amount of
flow directed straight at the membrane closure head.
There may be at least two flow channels and in particular
four flow channels in said column.

It is preferred that the column does not
touch the membrane closure head at its closed rest posi-
tion. To this end it is preferred that the distance be-
tween the top of the column and the inside of the closure

head at the rest position is about 0.5 to 3 times the
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thickness of the closure head. Since the closure head
thickness may not be equal over the area of the closure
head the mean thickness of the closure head will be con-
sidered for this range.

The invention relates further to a collapsi-
ble container such as a tube or bottle. It is an object
of the invention to provide such containers with good
dispensing properties even for large amounts of liquid
and with high sealing quality against the entrance of air
into the container after dispensing in order to protect
the contents of the container and to ensure that the con-
tainer keeps its more and more collapsed form during the
time in which the contents are used.

This goal is met by a collapsible container
provided with a one-way valve and wherein the one-way
valve of the container comprises or consists of an annu-
lar closure membrane holder, a closure membrane mounted
within said closure membrane holder and extending therein
in a generally convex shape as seen in dispensing liquid
flow direction and having a closure head with several
closure tongues being arranged to contact each other and
to form a closed cupola shaped head at rest and to elas-
tically deform and to partly separate from each other to
provide a dispensing opening under ligquid pressure, and
further comprising an adapter having an upper annular
part adapted for taking up and securing said closure mem-
brane holder and having a lower part including a column
extending into the upper annular part and towards the
closure head, said adapter providing at least one flow
channel extending from its lower part to its upper part
and said adapter being sealingly fitted to the inside of
the container.

The collapsible container allows on the one
hand a large and very smooth liquid flow so that dosing
and dispensing of considerable amounts of liquid become

possible. On the other hand the membrane will be sup-

PCT/CH2014/000033
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ported by the column when air pressure is from the out-
side of the container is becoming too large to be sup-
ported by the membrane alone.

In a preferred embodiment of the collapsible
container the adapter comprises an annular shaped lower
outer wall structure, an annular shaped lower inner wall
structure and an annular recess separating the outer and
inner wall structures, which provides for a tight fit of
the valve within the container. A compact construction
and a large flow become possible if the column forms part
of the at least one flow channel. In particular four flow
channels are provided giving a good flow characteristic.
It is preferred that the distance between the top of the
column and the inside of the closure head in the range of
1s 0.5 to 3 times the thickness of the closure head and
here the mean thickness of the closure head can be taken
when the closure head thickness is varying over the clo-
sure head diameter.

Preferably the container is a tube with a
body part, a head part with a neck and a shoulder and the
one-way valve is fitted by a press-fit within the neck.

Thus in general a collapsible container and a
one-way valve 1s provided with the present invention. The
valve comprises a cupola shaped slitted membrane forming
a closure head to allow dispensing of a liguid contained
in the container by opening the membrane under liquid
pressure. When pressure is reduced the membrane will
close and prevent the entrance of air into the container.
To avoid a deformation of the membrane in counter dis-
pensing direction a supporting column is arranged within
the valve ending in a distance from the lower side of the
membrane. This column will prevent an opening of the mem-
brane closure head towards the container storage room
when air pressure in direction into the container is too

high to be borne by the membrane closure head alone.
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Brief Description of the Drawings

The invention will be better understood and
objects other than those set forth above will become ap-
parent when consideration is given to the following de-
tailed description thereof. This description makes refer-
ence to the annexed drawings, wherein:

Figure 1 shows a partially sectional perspec-
tive view of a container head and separated parts of a
one-way valve shown outside of the container head;

Figure 2 shows the view of Figure 1 wherein
the two parts of the one-way valve are united to form the
functional one-way valve which is still shown outside of
the container head;

Figure 3 shows a view according to Figures 1
and 2 but with the one-way valve mounted and in its final
position within the container head;

Figure 4 shows a vertical sectional view of
the container according to Figure 3; and

Figure 5 shows a partial sectional perspec-

tive view of the membrane holder and the membrane alone.

Modes for Carrying Out the Invention

A preferred embodiment of the invention will
now be described in detail. A one-way valve is shown in
the drawings and a container containing a substance to be
dispensed is partly shown. Such a container can be a col-
lapsible bottle or can be a tube. The substance can be
any liquid of a low to medium viscosity that is suitable
to be dispensed from a collapsible container, and can for
example be a product with a viscosity similar to water or
with a viscosity of an o0il or of a low-viscosity cream.
The product can for example be a cosmetic product or a
pharmaceutical product. The container is shown having a

flat top with a round opening for the liquid to be dis-
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pensed. The container may as well be equipped with a dis-
pensing cannula or other means for dispensing the product
that has passed the one-way valve arranged in the con-
tainer. The terms up/upwards and down/downwards are used
with regard to the upright container or the one-way valve
shown in the drawings and up/upwards shall denote a di-
rection or position that lies the direction of the liquid
flow when the container is pressed or in other words in
the direction in which the one-way valve opens, respec-
tively. Accordingly, down/downwards means the opposite
direction in which the one-way valve closes or the direc-
tion into the liquid storage area of the container, re-
spectively. The terms horizontal and vertical are as well
used with regard to the valve and container as shown in
the drawing. The Figures show the rest position of the
opening/closing membrane. This membrane is deformed into
an opening position as will be explained below. The shown
rest position is a closing position. Air pressure from
outside after dispensing will be borne by the membrane in
this rest position or the membrane may bend towards the
column as will be explained. In the rest position shown
or when bent towards the column, the membrane will seal
tight and will prevent the entering of air into the stor-
age room of the container.

The container of the example of the drawings
is only shown by the container head 2, being the head of
a collapsible bottle or of a tube, and by only a small
part of the body 5 which is shown in Figure 1 only. The
container head 2 has a shoulder 3 connecting a neck 4 of
the container with the body 5. In this example the neck 4
is cylindrical and in particular has a cylindrical inner
wall 4' to which the one-way valve is sealingly con-
nected, so that the valve fits into the neck and the lig-
ulid has to pass through the one-way valve and will not
pass between the inner wall 4' and the one-way valve. The
sealing fit of the one-way valve within the neck is pro-
vided by a tight form fit of valve and neck as shown in
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the Figures. Other ways of sealing by using a glue or
plastic welding may be used. Sealing ribs 21 may be ar-
ranged on the outside of the valve as shown. An inside
rim 22 within the neck limits the upward movement of the
valve, when the one-way valve is mounted into the neck by
a movement in upward direction in the drawing but this
rim will also improve sealing. Of course, the actual
movement to introduce the one-way valve into the neck by
the still open back of the container or tube, respec-
tively, on a production line may as well be downward, if
the container is held head down in the production line
during this step, but for the sake of this description
the term upward refers to the container as shown in the
present drawings.

The one-way valve 1 comprises - and in par-
ticular only consists of - three parts. One the one hand
there is a membrane holder 6 of annular shape. A membrane
7 is fitted by its annular edge 17 to this holder and is
thus fixed within this holder 6. The membrane holder is
made of a hard plastic material such as polypropylene or
polyethylene. Membrane 7 on the other hand is made by a
comparably soft elastomer, for example from a silicone
material. The rim or edge 17 of this membrane extends
ocutside of the connection with the holder 6 into a short
essentially horizontal section 18 and then the membrane
extends upwards by an essentially vertical section 19 and
then forms a closure head 8, which is slightly convex in
upward direction and thus exhibits the shape of a cupola.
This closure head 8 is slitted, the slits 28 meeting in
the center 29 of the head, so that several tongues 9 are
provided. In the rest state of the membrane closure head
8 as shown in the drawings, these tongues 9 abut with
their slit edges to each other and this contact provides
a seal that defines the closed state of the one-way
valve. Due to the upward convex cupola shape air pressure
acting in downward direction on the closure head 8 and

thus on the tongues 9 tends to press the tongues tighter
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together and thus to close the slits even better. In this
closed state the passage of air from the outside of the
container into the storage room 31 of the container is
blocked by the valve.

The one-way valve further comprises or con-
sists of a third part other than the membrane 7 and the
membrane holder 6. This third part is an adapter 10. The
adapter is made of a plastic material such as polypropyl-
ene and provided with an outside shape that allows for a
form fit of the outside 10' of the adapter to the inside
wall 4' of the container neck 4. The outside 10' of the
adapter 10 will be provided with the sealing ribs 21 as
mentioned above, when such ribs are present. An annular
space 16 may be provided which separates an outer section
14 of the adapter wall from an inside structure 25 of the
adapter for allowing elastically deformation of the
adapter 10 when the adapter is press fitted into the neck
of the container.

On its upper side the adapter 10 is provided
with an annular holding section 11 which is shaped at its
inside to receive membrane holder 6. Preferably, and as
shown, the holding section 11 and the membrane holder 6
are shaped so as to provide for a snap-fit of the mem-
brane holder within holding section 11. This allows upon
production of the one-way valve to introduce the membrane
with its holder 6 by a press~fit step into the adapter to
provide the fully functional one-way valve which then can
be press-fitted into the container neck as mentioned
above.

The adapter 10 further comprises an inner
structure providing for a column 20 that extends up to
the membrane closure head 8. This column 20 preferably is
centered within the adapter 10 as shown and it is pre-
ferred that the column is in one piece with the other el-
ements of the adapter 10, as shown. The column may be
connected to the annular parts of the adapter at the bot-
tom thereof as shown or may be connected thereto further
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upwards, so that the column would be shorter than shown
in the example of the Figures. There will be at least one
flow space allowing for the liquid flow from container
storage room 31 to the closure head 8 passing column 20.
In the shown example there are four ribs 23 that connect
column 20 with the inner structure 25 and in particular
with wall 25 of the adapter which forms four passages 15
for the liquid to enter the adapter 10 and thus to enter
the one-way valve 1. In the preferred embodiment flow
passages 15 are arranged in the column 20 as well in the
form of grooves. In this case there are four such flow
passages 15 which at the same time are aligned with ribs
23. There may be more or less than four such flow pas-
sages and their number must not be identical to the num-
ber of ribs. It may as well be possible to have a column
without flow passages provided in the column itself, so
that liquid flow occurs around the column only, which
then is for example a cylindrical column or a column with
a square section.

The column extends up to the closure head 8.
In view of mounting tolerances it even may be that the
column touches closure head 8, but this is not preferred.
It is preferred that the top of the column ends at a
slight distance below the underside of the membrane or
closure head 8, respectively. With the term "slight dis-
tance" it is meant that the value of the distance is
about equal than the thickness of the membrane where it
forms the closure head. The distance may be in the range
of 0.5 to 3 times the thickness of the closure head or
may preferably be in the range of 1 to 2 times the thick-
ness of the closure head. The function of the column is
to stabilize the closure head 8 or its tongues 9, respec-
tively, when dispensing pressure on the collapsible con-
tainer is released.

This can be explained in more detail as fol-

lows. When dispensing pressure 1s exerted on the body of
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the container and in particular on the tube body, pres-
sure within the body rises and the tongues 9 of the one-
way valve are bent upwards, opening a passage from stor-
age space into room 26 above the closure head so that
liquid can be dispensed out of the container through port
27. This position of the membrane and its tongues is not
shown in the drawings but is easily understandable by
shown views from above on the elastically deformable
tongues. These tongues will bend upward when pressure of
the liquid raises and by bending upwardly a through pas-
sage for the liquid is formed. It is as well clear that
the amount of bending will be greater the greater the
liquid pressure but of course within the limits of the
geometry and the elasticity of the tongues, which limits
bending. The general behavior of a membrane valve is
known to the skilled person and needs not to be elabo-
rated further for the purpose of the present invention.
When, on the other hand, pressure on the container body
is released, liquid pressure on the tongues stops and the
tongues 9 will bend downwards to the closed rest state of
the closure head 8, on the one hand due to the inherent
property of the membrane to regain its given shape. On
the other hand the container body itself wants to expand
to its original shape due to the characteristics of the
plastic material from which the body is made. Air under
atmospheric pressure would thus want to fill the storage
room allowing the container body to expand. It is the
function of the one~way valve to prevent the entrance of
ailr within the storage room 31 under this condition and
thus to avoid expanding of the container body. There may
be a considerable expanding force of the container and
air may be sucked in into the container despite the clo-
sure head 8 with tongues 9 closing and abutting to each
other. Under such conditions column 20 can form a stop
against downward bending of the tongues that may - with-
out the column - be so large that the tongues do not seal

enough against each other so that air may leak in. This
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is avoided by the column which prevents after the initial
closing of the closure head 8 that the tongues may be
bent too far downwardly. So the column 20 allows for the
use of the membrane one-way valve even with rather soft
membrane material with good dispensing properties in com-
bination with very large tubes or bottles, respectively,
which may tend to produce large forces in order to re-
cover their original shape after dispensing. The good
sealing properties against air entering the container due
to the membrane downward bending limiting properties of
the one-way valve according to the invention thus allows
a use of such valves in a broader range of container
sizes and container properties.

In the shown example the column is cross
shaped in a horizontal sectional view and in the drawings
it is shown that the arms of this cross-shape align with
the slits of the membrane. This may occur accidentally
but the mounting of the membrane holder in the adapter is
usually done in such a way that the membrane slits are
not aligned on purpose with the shape of the column. The
beneficial effect of the column is present nevertheless
since the bending stop against downward bending of the
tongues within the one-way valve occurs mainly by the
center of the column forming a support when needed for
the tips of the tongues.

Thus a collapsible container and a one-way
valve is provided with the present invention. The valve
comprises a cupola shaped slitted membrane forming a clo-
sure head to allow dispensing of a liquid contained in
the container by opening the membrane under liquid pres-
sure. When pressure i1s reduced the membrane will close
and prevent the entrance of air into the container. To
avoid a deformation of the membrane in counter dispensing
direction a supporting column is arranged within the
valve ending in a distance from the lower side of the
membrane. This column will prevent an opening of the mem-

brane closure head towards the container storage room
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when air pressure in direction into the container is too
high to be borne by the membrane closure head alone.
While there are shown and described presently
preferred embodiments of the invention, it is to be dis-
tinctly understood that the invention is not limited
thereto but may be otherwise variously embodied and prac-

ticed within the scope of the following claims.
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Claims

1. A One-way valve (1) adapted for control-
ling liquid flow out of a collapsible container (2) upon
compression of said container and for blocking the en-
trance of air into the container when dispensing pressure
on the container is relieved, characterized in that the
one-way valve (1) comprises an annular closure membrane
holder (6), a closure membrane (7) mounted within said
closure membrane holder (6) and extending therein in a
generally convex shape as seen in dispensing liquid flow
direction and having a closure head (8) with several clo-
sure tongues (9) being arranged to contact each other and
to form a closed cupola shaped head at rest and to elas-
tically deform and to partly separate from each other to
provide a dispensing opening under liquid pressure, and
further comprising an adapter (10) having an upper annu-
lar part (11) adapted for taking up and securing said
closure membrane holder (6) and having a lower part (12)
including a column (20) extending into the upper annular
part (11) and towards the closure head (8), said adapter
providing at least one flow channel extending from its
lower part to its upper part and said adapter being
shaped on its outside to sealingly fitting the inside of

the container.

2. The one-way valve according to claim 1
wherein the adapter comprises an annular shaped lower
outer wall structure (14), an annular shaped lower inner
wall structure (17) and an annular recess (16) separating

the outer and inner wall structures (14, 17).

3. The one-way valve according to claim 1 or
2, wherein the column (20) forms part of the at least one
flow channel (15).
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4. The one-way valve according to claim 3
wherein at least two flow channels and in particular four

flow channels (15) are provided by said column.

5. The one-way valve according to one of
claims 1 to 4 wherein the distance between the top of the
column and the inside of the closure head (8) is 0.5 to 3

times the thickness of the closure head.

6. A collapsible container provided with a
one-way valve (1) adapted for controlling ligquid flow out
of the collapsible container (2) upon compression of said
container and for blocking the entrance of air into the
container when dispensing pressure on the container is
relieved, characterized in that the one-way valve (1) of
the container comprises an annular closure membrane
holder (6), a closure membrane (7) mounted within said
closure membrane holder (6) and extending therein in a
generally convex shape as seen in dispensing liquid flow
direction and having a closure head (8) with several clo-
sure tongues (9) being arranged to contact each other and
to form a closed cupola shaped head at rest and to elas-
tically deform and to partly separate from each other to
provide a dispensing opening under liquid pressure, and
further comprising an adapter (10) having an upper annu-
lar part (11) adapted for taking up and securing said
closure membrane holder (6) and having a lower part (12)
including a column (20) extending into the upper annular
part (11) and towards the closure head (8), said adapter
providing at least one flow channel extending from its
lower part to its upper part and said adapter being seal-

ingly fitted to the inside of the container.

7. The collapsible container according to
claim 6 wherein the adapter comprises an annular shaped

lower outer wall structure (14), an annular shaped lower
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inner wall structure (17) and an annular recess (16) sep-

arating the outer and inner wall structures (14, 17).

8. The collapsible container according to
claim 6 or 7, wherein the column (20) forms part of the

at least one flow channel (15).

9. The collapsible container according to
claim 8 wherein at least two flow channels and in partic-

ular four flow channels (15) are provided by said column.

10. The collapsible container according to
one of claims 6 to 9 wherein the distance between the top
of the column and the inside of the closure head (8) is
0.5 to 3 times the thickness of the closure head.

11. The collapsible container according to
one of claims 6 to 10 comprising a body part (5), a head
part (2) with a neck (4) and a shoulder (3) wherein the

one-way valve 1is fitted by a press-fit within the neck.

12. The collapsible container according to

one of claims 6 to 11 wherein the container is a tube.

PCT/CH2014/000033
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