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@ Container closure having an improved liner.

@ A container closure comprising a shell (4) having a circu-
lar top panel (6) and a substantially cylindrical skirt {8)
extending downwardly from the peripheral edge of the circu-
lar top panel, and a plastic liner (10) disposed in the inside of
- the top panel of the shell. The liner has at least two annular
protrusions. A first annular protrusion (12} located outwardly
includes an inner circumferential surface (12a) to be brought
into contact with the peripheral surface of an opening end of
& container to be sealed. A second annular protrusion (14)
located inwardly is disposed such that it faces the top surface
of the opening end of the container, and is adapted to be

brought into close contact with the top surface of the open-
ingend.

T~ P, A

Croydon Printing Company Ltd.



10

15

20

25

0029729

-1 -

CONTAINER CLOSURE HAVING AN IMPROVED LINER

Field of the Invention

This invention relates to a container closure,
and more specifically, to a container closure of the type
comprising a shell having a circular top panel and a
substantially cylindrical skirt extending downwardly from
the peripheral edge of the circular top panel, and a
plastic liner disposed in the inside of the top panel of
the shell.
Description of the Prior Art

In container closures of the aforesaid type,
the form of the plastic liner disposed in the inside of
the top panel of the shell is very important to the seal-
ing properties of the closure for an opening portion of
a container., Japanese Laid-Open Patent Publication
No. 65184/78 discloses that in order to provide improved

'sealing properties for an opening portion of a container,

a liner having an outside annular protrusion including
an inner circumferential surface to be brought into close
contact with the peripherel surface of the opening end
of a container to be sealed, and an inside annular
protrusion including a peripheral surface to be brought
into close contact with the inner circumferential edge

of the opening end is molded in the inside of a top
panel of a shell, The container closure including a
liner of such a form has improved sealing properties

over container closures having & liner of the previously
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proposed forms, as can be understood from a working
example given in the above-cited Japanese Patent
Publication. Experiments of the present inventors,
however, have shown that the sealing properties of a
container closure having a liner of the aforesaid form
are degraded when a considerably large impact is exerted
on it, and it is desired to solve this problem.

Summary of the Invention ,

It is an object of this invention to improve
the form of a liner in the aforesaid type of container
closure so as to maintain sufficient sealing properties
even wvhen a considerably large impact is exerted.

Extensive investigations'and experiments of
the present inventors have led to the discovery that
sufficient sealing properties can be maintained in a
closure container under a considerably high impact force
exerted thereon if a liner to be disposed in the inside
of a top panel of its shell has a first annular protru-
sion including an inner circumferential surface to be
brought into close contact with the peripheral surface
of an opening end of a container to be closed and a
second ammular protrusion being disposed inwardly of the
first annular protrusion such that it faces the top
surface of the opening end of the container, and being
adapted to be brought close into contact with the top -
surface of the opening end of the container,

Thus, according to this invention, there is
provided a container closure comprising a shell having
& circular top panel and a substantially cylindrical
skirt extending downwardly from the peripheral edge of
the circular top panel and a plastic liner disposed in
the inside of the top panel of the shell, said liner
having at least two concentrically arranged annular pro-
trusions with a first annular protrusion located outward
having an inner circumferential surface to be brought
into close contact with the peripheral surface of an
opening end of a container to be sealed, characterized
in that a second annular protrusion located inward is
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disposed such that it faces the top surface of the open-~
ing end, and is adapted to be brought into close contact
with the top surface of the opening end.

In a preferred embodiment of the container
closure of the present invention, the protruding height
H2 of the second annular protrusion is larger than the
protruding height Hl of the first annular protrusion.
According to this structure, the impact resistance of the
sealing properties of the closure is further increased,
and a reduction in sealing properties, which is due to
a so-called doming phenomenon (the phenomenon exhibited
by the top panel of a container closure deformed upwardly
in convex form by the pressure present within a container),
can be more surely prevented.

Brief Description of the Drawings

Figure 1 is a cross-sectional view showing one
embodiment of the container closure constructed in
accordance with this invention;

-Figure 2 is a partial cross-sectional view on

an enlarged scale showing the form of a liner of the
closure shown in Figure 1;

Figure 3 is a partial cross-sectional view,
similar to Figure 2, showing a2 modified example of the
liner;

Figure 4 is a partial cross-sectional view
showing on an enlarged scale the relative positions of
a container closure and a container mouth portion before
sealing the container mouth portion with the container
closure shown in Figure 1;

Figure 5 is a partial cross-sectional view
showing on an enlarged scale the state of the container
closure in Figure 1 after it has been tightly fitted
over the mouth portion of a container;

Figure 6 is a partial cross-sectional view,
similar to Figure 2, showing another embodiment of the
container closure constructed in accordance with this
invention;

Figure 7 is a partial cross-sectional view,
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similar to Figure 4, showing the relative positions of
the container closure shown in Figure 6 and the mouth
portion of a container before the container closure has
been tightly fitted over the container mouth portion;

Figure 8 is a partial cross-sectional view,
similar to Figure 5, showing the state of the container
closure shown in Figure 6 after it has been tightly
fitted over the mouth portion of a container;

Figure 9 is a partial perspective view showing
a modified example of the container closure constructed
in accordance with this invention, in which a thin
bulging bottom portion is provided in a liner;

Figure 10 is a partial cross-sectional view of
the container closure shown in Figure 9;

Figure 11 is a partial cross-sectional view,
similar to Figure 10, showing a modified example of the
thin bulging bottom portion; '

Figure 12 is a partial perspective view,
similar to Figure 9, showing still another modified
example of the thin bulging bottom portion;

Figure 13 is a simplified view for illustrating
an impact test performed in Experimental Example A; and

Figure 14 is a partial cross-sectional view
for illustrating the degree of peeling in Experimental
Example B.

Detailed Description of Preferred Embodiments

The container closure of this invention is des-
cribed below in greater detail with reference to the
accompanying drawings showing preferred embodiments.

Referring to Figure 1, the container closure
generally shown at 2 is constructed of a shell 4 having
a circular top panel 6 and a substantially cylindrical
skirt 8 extending from the peripheral edge of the top panel
6 and a plastic liner 10 disposed in the inside of the top
panel 6 of the shell 4., The shell 4 can be produced from
an easily deformable metallic blank by methods known to
those skilled in the art. Aluminum-base alloy plates,
tin plates, and chromium-treated steel plates can be cited
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as suitable metallic blanks. The aluminum-base alloy
plates are especially preferred. The plastic liner 10
can be formed by molding a synthetic resin, for example,
a polyolefin resin such as polyethylene, and polyvinyl
chloride by methods known per se (for example, the
methods disclosed in Japanese Patent Publications

Nos. 13156/65, 5588/66, 5706/73 and 19886/73, Japanese
Leid~Open Patent Publication No. 105689/74, and U. S.
Patents Nos. 3135019, 3212131 and 3278985).

Referring to Figures 1 and 2, the form of the
liner 10 improved in accordance with this invention is
described.

The illustrated liner 10 improved in accordance
with this invention has concentrically arranged two
annular protrusions 12 and 14, The annular protrusion
12 which is located outward may be of any desired shape
so long as it has an inner circumferential surface 12a
which is to be brought into close contact with the peri-
pheral surface of an opening end of a container when the
closure 2 is tightly fitted over the opening portion of
the container to be sealed, as will be described herein-
below, Advantageously, as shown clearly in Figure 2,
the first annular protrusion 12 is provided substantially
perpendiculzsr to the top panel 6 of the shell 4 spaced
some distance from the inner surface of the skirt 8 of
the shell 4, and both of its immer circumferential
surface 12a and peripheral surface 12b are substantially
perpendicular to the top panel 6 of the shell 4,
Desirably, the end 12c of the inner circumferential
surface 12a is inclined radially outwardly in view of
the ease of engagement with the opening end of a container,
especially in such a manner that it forms a curved surface
having & suitable curvature. Preferably, the base
portion 12d of the inner circumferential surface 1l2a is
inclined radially inwardly to form & thick bottom
portion for the purpose of reinforcing the first annular
protrusion 12 and for fecilitating molding. When a
very high impact is likely to be exerted on the shoulder
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portion (the boundary between the top panel 6 and the
skirt 8) of the shell, the peripheral surface 12b of a
first annular protrusion 12 can be contacted with the
inmer surface of the skirt 8 of the shell, as illust-
rated in Figure 3. The second annular protrusion 14
which is located inwardly is disposed such that it faces
the top surface of the opening end of a container to be
sealed, and as illustrated hereinbelow, it is adapted to
be brought into close contact with the top surface of
the opening end of the container when the closure 2 is
tightly mounted on the opening portion of the container
to be sealed. Preferably, the second annular protrusion
14 projects further downwardly beyond the forward end
of the first annular protrusion 12, and the protruding
height H2 of the second annular protrusion 14 is larger
than the protruding height H1 of the first annular pro-
trusion 12. Moreover, in view of various feactors such
as the strength of contact to the top surface of the
opening end of the container (which affects the sealing
properties) and the ease of molding, the second annular
protrusion 14 preferably has a shape illustrated clearly
in Figure 2, i.e. a shape which meets the following
requirements (a) and (b).

(a) It progressively decreases in thickness
toward its protruding end.

(b) In meeting the requirement (a), the inner
circumferential surface l4a is substantially perpendicu-
lar to the top panel 6 of the shell 4, whereas the
peripheral surface 14b is inclined radially inwardly
toward the protruding end and thus, as will be described
hereinbelow, bends radially inwardly when closely
contacted with the top surface of the opening end of the
container,

The dimensions of the various parts of the liner
10 of the above-described form can be properly set on the
basis of the dimensions of the various parts of the
opening end of a container to be sealed. Referring to
Figure 4 also, suitable examples of the dimensions of
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the various parts of the liner 10 with regard to the
outside diameter D1 and the inside diameter D2 of
the opening end of the container are shown in Table 1,

Table 1

Dimension Preferred range | Especially pre;
ferred range

Outside diameter 4y of the
first annular prot%usion 12 (1-03D; - 1.10D; | 1.05D; - 1.08Dy

Inside diameter d» of the
first annular protrusion 12 0'96D1 - 1-02D1 0.98D1 - 1.01D1

Outside diameter dz of the
second annular pro%rusion 14|0-90D; - 0.97D; {0.92D; - 0.94D1

Inside diameter dj of the _ _—
second annular protrusion 14 1'02D2 1’15D2 1'05D2 1‘12D2

Protruding height Hq of the _
first annular protr%sion 12 O.4mm -1.0mn {0.6 mm - 0.8 mn

1Protruding height Ho of the _
second annular prot%usion 14|02 mm 1.6 mn | 0.85mm - 1.2 my

Thickness Hp of the base
portion between the first

annular protrusion 12 and O4tym - 1.8 mm {0.5 mm - 1.2 mm
the second annular protru-
sion 14

Now, referring to Figures 4 and 5, there will
be described the behaviors of the first annular protru-
sion 12 and the second annular protrusion 14 of the
liner 10 which are exhibited when tightly mounting the
closure 2 on the opening portion 18 (only a part thereof
is shown in Figurss 4 and 5) of a container to be
sealed,

In order to mount the container closure 2
tightly on the opening portion 18, it is the practice,
as well known to those skilled in the art, to put the
closure 2 over the opening 18 of the container, exert a
pressing force on the outside surface of the top panel 6
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of the shell 4 to push the closure 2 against the opening
portion 18, and in such a condition, to deform the skirt
8 of the shell along a screw thread 20 formed on the
peripheral surface of the opening portion 18 thereby to
form a screw thread 22 on the skirt 8 (roll-on operation)
and simultaneously to deform the shoulder portion of the
shell 4 radially inwardly, This results in engagement
of the screw thread 20 of the opening portion 18 with
the screw thread 22 formed in the skirt 8 to hold the
closure 2 surely over the opening portion 18 and thus

to seal the opening portion 18.

When the container closure 2 is tightly
mounted on the opening portion 18 of the container in
this manner, the first annular protrusion 12 of the
liner 10 is elastically deformed in the shape shown in
Figure 5 and its inside circumferential surface 12a is
brought into close contact with the end of the opening
portion 18 of the container, i.,e. the peripherél surface
24a of the opening end 24, because in Figures 4 and 5,
the closure 2 is pushed dowrwardly and the shoulder
portion of the shell 4 is deformed radially inwardly.

On the other hand, because the closure 2 is pushed down-
wardly in Figures 4 and 5, the second annular protrusion
14 of the liner 10 is caused to abut against a top
surface 24b of the opening end 24 whereby it is bent
elastically inwardly in the radial direction and is
brought into close contact with the top surface 24b of
the opening end 24, Accordingly, the opening portion
18 of the container is exactly sealed as a result of
the close contact. of the inner circumferential surface
12a of the first annular protrusion 12 with the periphe-
ral surface 24a of the opening end 24 and the close
contact of the second annular protrusion 14 with the

top surface 24b of the opening end 24,

Preferably, there should be some space 25
between the liner 10 and the opening end 24, as shown in
Figure 5, at a site between an area of close contact of
the inner circumferential surface 12a of the first annular

et v e
L

&
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protrusion 12 with the peripheral surface 24a of the
opening end 24 and an area of close contact of the second
annular protrusion 14 with the top surface 24b of the
opening end 24, When impact is exerted on the shoulder
portion, for example, of the shell 4 of the closure 2,
the liner 10 is elastically deformed into a shape which
causes reduction or disappearance of the space 25, and
by this elastic deformetion, at least a part of the
impact is absorbed, thereby making it possible to
effectively prevent the occurrence of cracks or the like
in the liner 10 which is due to the impact.

The protruding height H2 of the second annular
protrusion 14 needs not always to be larger than the pro-
truding height H1 of the first annular protrusion 12, and
may be equal to, or smaller than, the protruding height H1
of the first annular protrusion 12. But when the protrud-
ing height H, of the second annular protrusion 14 is made
larger than the protruding height H; of the first annular
protrusion as in 12 as in the illustrated embodiment, the
following advantages can be obtained. Specifically, when
the protruding height H2 of the second annular protrusion 14
is made larger than the protruding height Hq of the first
annular protrusion 12, the pressure of close contact between
the inner circumferential surface of the first annular pro-
trusion 12 and the peripheral surface 24a of the opening
end 24 decreases relatively, but the pressure of close con-
tact between the second annular protrusion 14 and the top
surface 24b of the opening end 24 increases relatively.
Consequently, as will also be seen from an impact test to be
described hereinbelow, the impact resistance of the sealing
properties increases. Moreover, a reduction in sealing
properties owing to the so-called doming phenomenon of the
closure 2 can be more exactly prevented. When the
container contains a carbonated beverage for example,
the top panel 4 of the closure 2 is deformed upwardly
in convex form by the pressure generated within the
container as shown exaggeratedly by the two-dot chain
line in Figure 5. As a result, the pressure of close
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contact between the second annular protrusion 14 and the
top surface 24b of the opening end 24 is reduced, and

the sealing properties of the closure are likely to be
destroyed. However, in the illustrated container closure
2 in which the protruding height H, of the second annular
protrusion 14 is larger than the protruding height Hl of
the first annular protrusion 12, the pressuré of close
contact between the second annular protrusion 14 and the
top surface 24b of the opening end 24 is increased
relatively, and therefore any tendency of the sealing
properties of the closure to be destroyed can be more
exactly avoided even when the top panel 4 of the closure
2 is deformed.

Figure 6 shows a modified example of the liner
improved in accordance with this invention.

The liner 110 shown in Figure 6 includes a
first annular protrusion 112 similar to the first annular
protrusion 12 and a second annular protrusion 114 similar
to the annular protrusion 14, and a third annular pro-
trusion 126 located inwardly of the second annular
protrusion 114. As clearly shown in Figure 7, the
third annular protrusion 126 has a peripheral surface
126a which is located opposite to an inner circumferen-
tial surface 124c of an opening end 124 of a container
to be sealed or to an inner circumferential edge 1244 of
the top surface thereof.

As can be raadily appreciated from Figure 7,
in the container closure 102 having the liner 110 having
the form illustrated in Figure 6, when the container
closure 102 is put over an opening portion 118 of the
container and pushed downwardly in Figure 7, the inner
circumferential surface 126a of the third annular pro-
trusion 126 abuts against the peripheral surface 124c of
the opening end 124 of the container or the inner
circumferential edge 1244 of the top surface thereof,
whereby the container closure is accurately guided to,
and positioned at, the desired site with respect to the
opening portion 118 of the container. Accordingly,
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mounting imperfections such as oblique capping, top
cracking or poor drawing can be removed z2lmost com-
pletely.

When the container closure 102 is fully pushed
against the opening portion 118 of the container and
mounted tightly as desired, the third annular protrusion
126 is deformed elastically as illustrated in Figure 8,
and moves away from the opening end 124 of the container,
It is of course possible to provide the third ennular
protrusion 126 such that when the container closure 102
is mounted tightly on the opening portion 118 of the
container as desired, the peripheral surface 126a of
the third annular protrusion 126 is brought into close
contact with the inner circumferential surface 124c
of the opening end 124 of the container or with the
inner circumferential edge 124d of the top surface
thereof, However, in this structure, a part of the
pressure of contact between the liner 110 and the
opening end 124 of the container takes part in the close
contact of the peripheral surface 126a of the third
annular protrusion 126 with the inner circumferential
surface 124a of the orening end 124 or the inner circum-
ferential edge 124d of the top surface. Hence, the
pressure of close contact between the inner circumferen-
tial surface 112a of the first annular protrusion 112
and the peripheral surface 124a of the opening end 124
and the pressure of close contact of the second annular
protrusion 114 to the top surface 124b of the opening
end 124 are decreased correspondingly, This may tend
to reduce the sealing properties of the container closure
102 slightly when impact is exerted on it,

Figures 9 and 10.show a modified example of a
liner improved in accordance with this‘invention which
results from modifying of the liner 10 shown in Figures
1 and 2 in the following manner.

As already stated hereinabove with reference
to Figure 3, the peripheral surface 12b of the first
annular protrusion 12 of the liner 10 may be contacted
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with the inner surface of the skirt 8 of the shell 4.
But in order to minimize the total volume of the liner
and the amount of plastic material required for molding
of the liner, it is desirable that as shown in Figures
1 and 2, the peripheral surface 12b of the first annular
protrusion 12 in the liner 10 should be spaced away from
the inner surface of the skirt 8 of the shell 4 radislly
inwardly to leave a space between the peripheral surface
12b and the inner surface of the skirt 8. Experiments
of the present inventors have shown however that this
structure tends to pose the following problem,
Specifically, it has been found that when the liner 10
of the form shown in Figures 1 and 2 is molded in the
inside of the top panel 6 of the shell 4, the liner 10
is bonded as required to the inside of the top panel 6
of the shell 4 during or immediately after the molding,
but that as the time elapses from the molding, the out-
side edge portion of the liner 10 tends to peel off
gradually from the inside of the top panel 6 of the shell
4, The cause of this peeling is not entirely clear, but
the present inventors presume that because the liner
material is caused to flow during its molding, a residual
stress acting radially inwardly as shown by the arrow
15 in Figure 2 exists in the molded liner 10, and the
residual stress which acts concentratingly on the first
annular protrusion 12 and the second annular protrusion
14 causes the outside edge portion of the liner 10 to
peel off from the top panel 6 of the shell 4,

On the other hand, when the closure container
2 having the liner 10 of the form shown in Figures 1 and
2 is mounted on the opening portion 18 (Figures 4 and 5)
of a container to be sealed, a relatively high stress is
exerted on the first annular protrusion 12 and thus on
the second annular protrusion 14 of the liner 10 owing
to various factors as well known to those skilled in the
art, and it is not infrequent that cracks occur in the
first and second annular protrusions 12 and 14 of the
liner 10 because of the presence of this stress. If the
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liner 10 is bonded as required to the top panel 6 of the
shell 4, no problem arises even when the cracks occur,
But when the liner 10 peels off from the top panel 6,
the inside of the container will communicate with the
outside of the container through the cracks and the area
where peeling of the liner occurs, and this is likely to
destroy the sealing of the opening portion 18 of the
container.

The modified example shown in Figures 9 and
10 has been provided to solve the aforesaid problem
residing with the liner 10 of the form illustrated in
Figures 1 and 2. In the modified embodiment shown in
Figures 9 and 10, too, the liner 210 has concentrically
arranged first and second annular protrusions 212 and
214 as in the liner shown in Figures 1 and 2. The
peripheral surface 212b of the first annular protrusion
212 is spaced radially inwardly from the inner surface
of the rising part of skirt 208 of shell 202 leaving a
space between them., When the distance between the
peripheral surface 212b of the first annular protrusion
212 of the liner 210 and the inner surface of the rising
part of the skirt 208 is increased, the amount of plastic
material required for molding the liner 210 can be
correspondingly decreased, But if the distance is made
excessively large, the radial thickness of the first
annular protrusion 212 necessarily becomes excessively
small and the strength of the first annular protrusion
212 decreases excessively. Consequently, when the
container closure 202 is mounted on the opening portion
of the container, a load which is exerted on it at the
time of mounting the closure 202 on the opening portion
of a container will damage the first annular protrusion
212, 1In view of this, the distance Xq in the radial
direction between the peripheral surface 212b of the
first annular protrusion 212 and the inner surface of
the rising part of the skirt 208 is generally about

0.50 mm to about 5.00 mm, preferably about 0.70 mm to
about 3.50 mm,
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The following improvements are achieved in the
liner 210 illustrated in Figures 9 and 10. Specifically,
a thin bulging bottom portion 217 which extends radially
outwardly from 2 base portion of the peripheral surface
212b of the first annular protrusion 212 is provided in
the liner 210. The thin buiging bottom portion 217 in
the illustrated embodiment extends radially outwardly
over the entire periphery from the base portion of the
peripheral surface 212b of the first annular protrusion
212, and therefore, the general shape of the thin
bulging bottom portion 217 is extending continuously in
the circumferential direction. .

When the thin bulging bottom portion 217 is
provided in the liner 210, the strength of bonding of
the thin bulging bottom portion 217 to the inside of the
top panel 206 of the shell 204 fully prevents the
peeling phenomenon of the outside edge portion of the
liner 210 which is presumed to be due to the residual
stress that acts concentratingly on the first and second
annular protrusions 212 and 214 of the liner 210 as
stated hereinabove.

In order to prevent the peeling phenomenon of
the outside edge portion of the liner 210 mentioned
above, it may be possible to provide a considerably
thick bulging bottom portion which extends radially
outwardly from the base portion of the peripheral sur-
face 212b of the first annular protrusion 212 to the
inside surface of the skirt 208 of the shell 204 or its
vicinity. However, this naturally leads to an increase
in the amount of the plastic material required for mold-
ing the liner 210, and the cost of producing the container
closure increases considerably. In addition, it is
especially noteworthy that when the thickness of the
bulging bottom portion increases, a considerably large
residual stress of the type mentioned above also exists
in the bulging bottom portion itself, and causes the
bulging bottom portion to undergo the peeling phenomenon,
with the result that the peeling phenomenon of the
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outside edge of the liner 210 cannot be fully prevented.
Furthermore, in the container closure 202 of the form
illustrated in Figures 9 and 10, the shoulder portion
(i.e., the boundary between the top panel 206 and the
skirt 208) of the shell 204 is deformed radially inward-
ly when the closure 202 is mounted on the opening portion
of a container as mentioned hereinsbove. When the pro-
truding bottom portion becomes thick, there is an
increased resistance to the application of such deforma-
tion,

For this reason, it is important that the
bulging bottom portion projecting radially from the
base portion of the peripheral surface 212b of the
first annular protrusion 212 of the liner 210 should be
the thin bulging bottom portion 217. Preferably, the
thin bulging bottom portion 217 gradually decreases in
thickness radially outwardly, and the thickness tmax
of the radial inward end (having a maximum thickness)
of the thin bulging bottom portion 217 following the
base portion of the peripheral surface 212b of the
first annular protrusion 212 is 0.10 to 1.00 mm,
preferably 0.15 to O0.40 mm. In the embodiment shown in
Figures 9 and 10, the surface (the under surface in
Figures 9 and 10) of the thin bulging bottom portion
217 is defined by a curved surface having a suitable
curvature conforming to the inside of the top panel 206
of the shell 204 at the protruding end of the thin bul-
ging bottom portion 217, and the thickness of the thin
bulging bottom portion 217 gradually decreases from the
maximum thickness tmax at the radial inward end thereof
as it extends radially outwardly.

In order to achieve the desired effect of
inhibiting the increases of the amount of the plastic
material required for molding the liner 210 and to fully
prevent the peeling phenomenon mentioned above, the
bulging length of the thin bulging bottom portion 217,
i.e., the radial bulging length X5 of the bottom portion
217 from the base portion of the peripheral surface
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212b of the first annular protrusion 212 is preferably
smaller than the distance Xx,; in the radial direction
between the base portion of the peripheral surface 212b
of the first annular protrusion 212 and the inside sur-
face of the rising part of the skirt 208 (x1 is preferab-
ly 0.50 to 5,00 mm, especially 0.70 to 3.50 mm, as
stated hereinabove), and is about 0.10 to 3.00 mm,
especially about 0.20 to ebout 1,00 mm,

Figure 11 shows a modified example of the
thin bulging bottom portion 217. In the modified
example shown in Figure 11, the surface of the thin
bulging bottom portion 217 of the liner 210 (i.e., the
under surface in Figure 11) is defined not by a curved
surface but by a flat surface extending inclinedly and
radially outwardly from the base portion of the periphe-
ral surface 212b of the first annular protrusion 212
toward the inside of the top panel 206 of the shell
204 and conforming to the inside of the top panel 206
of the shell 204 at the bulging end of the thin bulging
bottom portion 217, and the thickness of the thin bulg-
ing bottom portion 217 is gradually decreased from the
maximum thickness tmax et the radial inside end of the
bottom portion 217 as it extends radially outwardly.

Figure 12 shows still another modified example
of the thin bulging bottom portion 217. In the modi-
fied example shown in Figure 12, the thin bulging bottom
portion 217 of the liner 210 is composed of a plurality
of sections extending radially outwardly from the base
portion of the outer circumferential surface 212b of
the first annular protrusion 210 at a plurality of
positions spaced from each other in the circumferential
direction. Preferably, each of the sections constituting
the thin bulging bottom portion 217 is gradually
decreased in thickness not only radially outwardly -
but also toward both sides in the circumferential
direction. The width in the circumferential direction
of each of the sections constituting the thin bulging
bottom portion 217 cen also be progressively decreased

'
o e o —
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radially outwardly, as shown in Figure 12.
Experimental Example A

One surface of an aluminum-base alloy plate
having a thickness of 0,25 mm was printed and coated
with a vinyltype protective lacquer, and its other sur-
face was coated with an epoxy paint containing oxidized
polyethylene. The coated metal plate was pressed so
thet the surface coated with the epoxy paint was located
inwardly. Thus, a metallic shell of the form illustrated
in Figure 1 was obtained. The shell weas heated to.
about 180°C, and high-pressure polyethylene (density
0.92 g/cm>, melt index 4.0 g/10 min.) melted at 220°C
was put into the shell and molded to form a liner having
the profile shown in Figures 1 and 2. Thus, a container
closure (Example 1) of the present invention was
produced. The dimensions of the various parts of its
liner were as follows:

Outside diameter d1 of the first

annular protrusion ...cceeeeeee.. 26.0 mm

Inside diameter d2 of the first

annular protrusion s.eeececececcees 25.0 mm

Outside diameter d3 of the second

annular profrusion ..ceeeeceecesss 22.4 mm

Inside diameter d4 of the second

annular protrusion ...seseceecces. 21,5 mm -

Protruding height Hy of the first

annular protrusion ..cceceeeesess 1.1 mm

Protruding height H2 of the second

annular protrusion ...eveececeese. 0.8 mm

Thickness HO of the base portion

between the first and second

annular protrusions s.eseeceseses 0.55 mm

A container closure having the same specifica-
tion as above except that the protruding height H2 of
the second annular protrusion was larger than the
protruding height Hq of the first annular protrusion
(i.e., H,=0.8 mm, H,y=1.1 mm) was produced in the same way
as sbove (Example 2).
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For comparison, a container closure having the
same specification as in Example 1 was produced in the
same way as above except that the form of the liner was
as illustreted in Figure 4 of Japanese Laid-Open Patent
Publication No. 65184/78 cited hereinabove (Comparative
Example). _
Bach of the container closures of Examples 1
and 2 and Comparative Example was mounted on an opening
portion of a container in which the opening end had an
outside diameter D; of 24.1 mm and an inside diameter D,
of 19.3 mm, and the sealed containers were subjected to
en impact test as shown below.

Sulfuric acid and sodium hydrogen carbonate
were filled in an smount of 120 ml into a 120 ml con-
tainer so that the gas volume after sealing was 4
volumes (1 volume of gas denotes a condition in which
1 cc of carbon dioxide gas is dissolved in 1 cc of water
at 15.5°C under a pressure of 1 atmosphere), and then
each of the container closures to be tested was mounted
on the container to seal it. The sealed containers were
each allowed to stand upright for a day in a constant-
temperature chamber kept at 40°c. Then, as shown in
Figure 13, the sealed container was positioned within a
vertically disposed cylinder with its opening end facing
downward so that the falling distance would be 300 and
400 mm respectively. The container was then allowed to
fall spontaneously onto a mass of steel having a top
surface with an inclination angle © of 10° which was
disposed at the bottom of the cylinder. The containers
so subjected to impact were then allowed to stand up-
right at room temperature for one week. Then, the
pressure inside the container was measured. When the
pressure was decreased to 3.7 volumes or less than that
from the original pressure of 4 volumes, it was assumed
that leakage occurred in the container. '

The above impact test was performed on fifty
closure samples for each of the closures obtained in
Examples 1 and 2 and Comparative Example. The number of
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sample closures which developed leakage was counted, and
the results are shown in Table 2.

Table 2
Falling Comparative Example 1 Example 2
distance Example
300 mm 16 4 0
400 mm L3 6 1

Experimental Example B

A container closure was produced in the same
way as in Example 1 of Experimental Example A except
that the liner had a thin bulging bottom portion of the
form shown in Figure 9 (Example 3).

The dimensions of the various parts in relation
to the thin bulging bottom portion were as follows:

Distance X in the radial direction

between the base portion of the outer

circumferential surface of the outside

annular protrusion and the inside surface

of the rising part of the skirt .......... 0.90 mm

Bulging length X5 in the radial direc-

tion of the thin bulging bottom

portion casesesesss 0.25 mm

Maximum thickness tmax of the thin

bulging bottom portion at its inside

end in the radial direction ceessssess 0,25 mm

A container closure in accordance with this
invention (Example 4) was produced in the same way as in
Example 1 of Experimental Example A except that the liner
had a thin bulging bottom portion of the form shown in
Figure 12, The thin bulging bottom portion was composed
of 16 sections disposed at equal intervals in the
circumferential direction., The width in the circum-
ferential direction of each of the 16 sections of the
thin bulging bottom portion at.its radially inside end
was 0.23 mm,
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In order to determine the degree of peeling
of the liner with time in the closures of Examples 1,

3 and 4, these closures were each subjected to the
following test.

One hundred samples were used for each of the
closures of Examples 1, 3 and 4, and the degree of
peeling of the liner was examined during a period of 1
week and 1 month respectively after production of the
samples in the wintertime. A mixture of ethanol and a
dyed paint was poured into the space between the inside
surface of the skirt of the shell and the outer circum-
ferential surface of the outside amnular protrusion by
a syringe. After the ethanol mixture was dried, the
degree of peeling of the liner was determined by the
dimension of an area of adhesion of the dyed paint to
that surface of the liner which faced the inside of the
top panel of the shell (normally, this surface of the
liner adheres to the inside of the top panel and does
not permit adhesion of the dyed paint). The degree of
peeling was evaluated by S which shows that the dyed
paint adhered to a region shown by S in Figure 14
starting at the outer circumferential surface of the
outside annular protrusion, and M which shows that the
dyed pzint adhered to 2 region shown by M in Figure 14,
The results are shown in Table 3.

Table 3

\\~\\\‘\““T“-~ Example 1 Example 3 Example 4
Degree o
Period

—~—

1 week 18 62 0 0 3 0

1 month 20 | 63 0 0 T L 0

The numerals shown in Table 3 show the number
of container closures out of 100 samples in each of
Examples 1, 3 and 4 which developed peeling of the
liner., For example, in Example 1, 18 samples developed
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liner peeling to a degree of S and 62 samples developed
liner peeling to a degree of M after one week, and
therefore, 20 samples did not develop liner peeling,

While some specific embodiments of the con-
tainer closure constructed in accordance with this
invention have been described hereinabove with reference
to the accompanying drawings, it should be understood
that the present invention is in no way limited to these
specific embodiments, and various changes and modifica-
tions ere possible without departing from the spirit and
scope of the invention.

In particular, the foregoing description has
been directed to 2 roll-on type closure which is adapted
to be mounted tightly on an opening portion of a container
having a2 screw thread formed on the outer circumferential
surface of its opening portion by deforming the shell
skirt along the aforesaid screw thread, and in which the
shoulder portion of the shell is deformed radially
inwardly at the time of sealing the opening portion of
the container. However, the present invention is not
limited to this specified type of container closure,
and can be applied to various types of container closures,
such as an ordinary roll-on type closure in which no
deformation is exerted on the shoulder portion of the
shell, and a screw-type closure having a screw thread
formed in the skirt before sealing the opening portion
of a container.
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1. In a container closure comprising a shell

having e circular top panel and a substantially cylin-
drical skirt extending downwardly from the peripheral
edge of the circular tép panel and a plastic liner dis-
posed in the inside of the top panel of the shell, said
liner having at least two concentrically arranged annular
protrusions with a first annular protrusion located out-
ward having an inner circumferential surface to be
brought into close contact with the peripheral surface

of an opening end of a container to be sealed, the
improvement wherein a second annular protrusion located
inwardly is disposed such that it faces the top surface
of the opening end of the container, and is adapted to

be brought into close contact with the top surface of

the opening end of the container.

2. The closure of claim 1 wherein the protruding
height H, of the second annulear protrusion is'larger

than the protruding height H1 of the first annular
protrusion.

3. The closure of claim 2 wherein the protruding
height H; of the first annular protrusion is 0.4 to 1.0
mm,and the protruding height H2 of the second annular
protrusion is 0.5 to 1.6 mm.

4. The closure of claim 3 wherein the protruding
height Hy of the first annular protrusion is 0.6 mm to
0.8 mm, and the protruding height Hy of the second annular
protrusion is 0.85 mm to 1.2 mm,

5. The closure of any one of claims 1 to 4 wherein
the second annular protrusion progressively decreases

in thickness as it extends toward its protruding end.

6. The closure of claim 5 wherein the outer
circumferential surface of the second annular protrusion
is inclined radially inwardly as it extends toward its
protruding end, and when it is brought into close contact
with the top surface of the opening end of the
container, it is bent radially inwardly.

7. The closure of any one of claims 1 to 6 wherein
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the liner has a third annular protrusion located inwardly
of the second annular protrusion, and the third annular
protrusion has an outer circumferential surface which is
adapted to face the inner circumferential surface of the
opening end of the container or the inner circumferential
edge of the top surface of the opening end.

8. The closure of any one of claims 1 to 7 wherein
the peripheral surface of the first annular protrusion

is spaced a distance from the inner surface of the

skirt of the shell radially inwardly, and has provided
therein a thin bulging bottom portion extending radially
outwardly from the base portion of the peripheral surface
of the first annular protrusion.

9. The closure of claim 8 wherein the distance Xq
in the radial direction between the base portion of the
peripheral surface of the first annular projection and
the inner surface of the rising part of the skirt is

from 0.50 mm to 5.00 mm, and the protruding length Xo

of the thin bulging bottom portion in the radial direc-
tion from the base portion of the peripheral surface of
the first annular protrusion is from 0.10 mm to 3.0 mm,
10, The closure of claim 9 wherein the distance

xq is from 0.70 mm to 3.50 mm, and the protruding length
X, is from 0.20 mm to 1.00 mm.

11, The closure of any one of claims 8 to 10 wherein
the thin bulging bottom portion progressively decreases
in thickness at it extends radially outwardly, and the
thickness tmax of the radielly inside end of the bottom
portion extending from the base portion of the peripheral
surfece of the first annular protrusion is from 0,10 mm
to 1.00 mm,

12, The closure of claim 11 wherein the thickness
tmax is from 0.15 mm to 0.40 mm.
13. The closure of any one of claims 8 to 12

wherein the thin bulging bottom portion is annular and
extends continuously in the circumferential direction.
14, The closure of any one of claims 8 to 12

wherein the thin bulging bottom portion is composed of
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a plurality of sections extending radially outwardly
from the base portion of the peripheral surface of the
first annular protrusion at a plurality of spaced-apart
positions in the circumferential direction.
15, The closure of any one of claims 1 to 14
which is of a roll-on type which is adapted to be
tightly mounted on an opening portion of a container
to be sealed having a screw thread formed on the peri-
pheral surface of the opening portion by putting it
over the opening portion and deforming the skirt of
the shell along said screw thread.
16, The closure of claim 15 wherein when the
closure is to be mounted on the opening portion of the
container, the shoulder portion of the shell is deformed
radially inwardly, whereby the inner circumferential
surface of the first annular protrusion of the liner is

brought into close contact with the opening end of the
container,
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