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(57) ABSTRACT 

A closure device for a plastic container includes a liner and 
a plastic closure. The liner is sealed to the neck of the bottle 
at the end face of the neck and along a portion of the outer 
Surface of the neck. The plastic closure engages the liner to 
retain the liner against the neck during Sealing and to Seal the 
area between the liner and the closure top from liquids 
present during cooling of the container. The closure includes 
a top wall, an annular closure skirt depending from the top 
wall, an annular outer flexible Seal depending from the top 
wall, and at least one annular preSSure ring. The outer 
flexible Seal retains an Outer edge of the liner against the 
outer Surface of the container neck and prevents ingress of 
liquids. The annular pressure ring engages the liner to retain 
the liner against the end face of the neck during Sealing. 
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CLOSURE AND CONTAINER SYSTEM FOR HOT 
FILLED CONTAINERS 

FIELD OF THE INVENTION 

0001. The present invention relates to container closures, 
and in particular to closures for use with containers which 
are hot filled, Sealed, and exposed to moisture. 

BACKGROUND INFORMATION 

0002 Many containers or packages, for example those 
filled with certain foods, are filled at elevated temperatures, 
or “hot filled.” In the hot filling process, the product is 
introduced to the container at a temperature which can kill 
bacteria in the product as well as bacteria on the interior 
Surface of the container. In this manner, the food inside the 
container is Sterilized without any pretreatment of the con 
tainer, increasing manufacturing efficiency. After hot filling, 
containers may be capped and passed through a cooling bath 
to drop the temperature of the product. The cooling bath can 
be, for example, a Submersion tank filled with water or a 
cooling tunnel housing a water spray. 
0.003 Glass containers and metal closures have been 
employed in the hot filling of a variety of products. When 
these are used, the interior top Surface of the metal closure 
may be coated with a closure lining compound Such as 
plastisol. The process of cooling the heated product tends to 
reduce the pressure inside the container, creating a partial 
Vacuum effect. This vacuum retains the metal closure tightly 
against the glass container neck, and the lining compound 
then effectively seals the contents of the container from 
Spoilage. The lining compound also prevents water from 
migrating into the container, which may be drawn into the 
container from the cooling bath due to the vacuum created 
as the container and contents are cooled. While glass con 
tainers are effective, however, they are much more expen 
Sive than equivalent plastic containers, and are of course 
relatively fragile. Similarly, metal closures are relatively 
expensive and can rust or otherwise degrade. 
0004. Accordingly, it is desirable to employ plastic con 
tainers and closures that may be hot-filled. However, when 
plastic containers and closures are employed, it is difficult to 
utilize a closure lining compound, because curing these 
compounds typically requires exposure to temperatures 
which would melt or otherwise degrade the plastics. AS a 
result, a different method of Sealing the product must be 
used. One alternative Sealing mechanism is a liner, Such as 
a foil liner, which is Sealed to the face of a container neck. 
Sealing liners are especially advantageous when contents 
may be Stored for long terms, for example while food 
products are shipped, Stored, and displayed on shelves. 
0005. As noted above, the process of filling at elevated 
temperatures, Sealing the container, and cooling the con 
tainer tends to draw water under the closure top. Unlike the 
liner compound of a metal closure, however, which is 
bonded to the top wall of the closure, a foil liner is generally 
bonded to the container neck. As a result, the area between 
the foil liner and the top wall of the closure may be 
accessible to moisture. This arrangement may promote 
water migration between the inner Surface of the top wall 
and the outer Surface of the liner. The presence of water in 
this area is undesirable due to potential growth of bacteria 
and molds, which may occur over time as the product is 
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Shipped and Stored. This growth may be particularly signifi 
cant given that the cooling bath water is normally not 
purified. 
0006. In order to prevent water migration, some known 
closure Systems provide a Secondary liner to obstruct water, 
for example a liner of polyolefin foam or a compression 
molded gasket made from thermoplastic rubber. These types 
of closures rely on compression of the Secondary System to 
prevent water ingreSS. The addition and compression of the 
Secondary liner, however, require additional closure ele 
ments and additional manufacturing Steps, adding to the cost 
of the closure. Moreover, to the extent that these materials 
are porous or absorbent, bacterial growth may nevertheless 
occur. The prior art has therefore not provided a plastic 
closure for use with hot-filled plastic containers that effec 
tively prevents water migration and bacterial growth 
between a container liner and the inside Surface of the 
closure. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a closure system for 
a plastic container, which includes a liner and a plastic 
closure. The liner can be, for example, induction Sealed to 
the neck of a container at the end face of the neck and, for 
example, along an outer Surface of the neck. The plastic 
closure may engage the liner to retain the liner against the 
neck during induction Sealing and to Seal the area between 
the liner and the closure top against migration of liquids. The 
closure preferably includes a closure top wall, an annular 
closure skirt depending from the top wall, an annular outer 
flexible Seal depending from the top wall, and at least one 
annular preSSure ring. The Outer flexible Seal can optionally 
retain an Outer edge of the liner against the outer Surface of 
the container neck and minimize ingreSS of liquids. The 
annular pressure ring may engage the liner to retain the liner 
against the end face of the neck during induction Sealing and 
prior to removal of the closure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a cross-sectional view of an exemplary 
embodiment of a closure System according to the present 
invention. 

0009 FIG. 2 is a cross-sectional view of a second 
exemplary embodiment of a closure System according to the 
present invention. 
0010 FIG. 3 is another cross-sectional view of a con 
tainer and closure System according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0011 FIG. 1 illustrates an exemplary embodiment of a 
closure System according to the present invention. In gen 
eral, the closure System may include, for example, a plastic 
container with a plastic container neck 10, a plastic closure 
20, and a liner 40. Preferably the container neck 10 includes 
at least one external thread 12, but any Suitable type of 
engagement formation may be employed to retain the clo 
Sure 20 on the container neck 10. The container neck 10 is 
also preferably cylindrical, but any Suitable shape may be 
employed. In the exemplary embodiment of FIG. 1, the 
container neck 10 includes an inner neck Surface 14, a neck 



US 2003/0057176A1 

end face 16, and an Outer neck Surface 18. In accordance 
with the present invention, the container neck 10 (and 
preferably the entire container) is advantageously made of 
plastic. While any Suitable plastic may be used, the container 
is preferably made of polyethylene terephthalate (commonly 
referred to as “PET) or a high-density polyethylene. 
Another advantageous container construction is a multilayer 
barrier, which may include Several layers of materials. 
Preferred materials for this type of container include those 
materials above and, for example, nylon or polypropylene. 
Preferably such containers are produced by either extrusion 
blow molding or injection Stretch blow molding, although 
any Suitable proceSS may be used. The provision of a plastic 
container provides advantageous manufacturing and han 
dling benefits, allowing for effective Storage of the product 
with improved benefits over a glass container. 

0012. The closure system of the present invention 
includes a liner 40, which is capable of being induction 
sealed to the container neck 10. The liner 40 may be 
constructed of any Suitable material, but preferably is a 
metal foil Such as aluminum with a heat Sealant facing, along 
with a backing. The backing may be, for example, polyester 
or polyolefin foam, but may also be the same material used 
for the container. The latter arrangement is particularly 
Suitable for the induction Sealing process, as induction 
Sealing of like materials can form an excellent bond. 

0013. In the embodiment illustrated in FIG. 1, liner 40 is 
primarily Sealed, for example, to neck end face 16. In 
addition, however, an annular outer ring 42 of the liner 40 is 
sealed to the outer neck surface 18. This phrasing ("sealed 
to the outer neck Surface 18') includes configurations (like 
that of FIG. 1) in which the outer ring 42 is sealed, for 
example, to just an upper portion of outer neck Surface 18. 
In addition, an annular inner ring 44 of the liner 40 may 
engage and, for example, be sealed to the inner neck Surface 
14. This phrasing likewise includes configurations in which 
the inner ring 44 engages only an upper portion of the inner 
neck Surface 14. It should also be understood that Outer ring 
42 and inner ring 44 need not include any Special construc 
tion or physical demarcation. Rather, outer and inner rings 
42 and 44 are preferably of unitary construction with the 
remainder of liner 40, the rings 42 and 44 being designated 
and numbered herein for purposes of clarity only. Where 
Sealing on the inner or Outer neck Surfaces 14 and 18 is 
desired, the liner 40 is preferably circular in shape with a 
diameter slightly greater than the diameter of the container 
neck. 

0.014 FIG. 1 also illustrates a plastic closure 20 accord 
ing to a first exemplary embodiment of a closure System 
according to the present invention. In this embodiment the 
closure 20 includes a closure top wall 22 and a closure Skirt 
24. The closure skirt 24 depends, for example, from the outer 
edge of top wall 22. Preferably top wall 22 is circular in 
shape and the closure skirt 24 is annular (i.e., Substantially 
cylindrical) in shape. The skirt 24 includes, for example, one 
or more internal threads 26 that cooperate with the external 
thread 12 of the container neck 10. As noted above, any 
suitable formation may be provided to retain the closure 20 
on the container neck 10, and the term “internal thread”26 
should be read to include these other formations. 

0.015 Closure 20 includes at least two other formations 
which depend, for example, from closure top wall 22: an 
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outer flexible seal 30 and at least one pressure ring 34. 
Annular pressure ring 34 may have a triangular or trapezoi 
dal cross-section, and may assist the induction Sealing of 
liner 40 to container neck 10. Generally, it is advantageous 
to maintain contact between the liner 40 and neck 10 during 
Sealing. It is often difficult to achieve Satisfactory contact, 
however, by engaging the liner 40 with the flat closure top 
wall 22, because the force from the top wall 22 is spread 
over the entire Surface of, for example, neck end face 16. 
When heat is applied during induction Sealing, the top wall 
22 may deform upward and allow the liner 40 to shift 
upward. By including one or more annular pressure rings 34, 
the force applied by the top wall 22 may be concentrated 
over a much Smaller Surface area, thereby increasing the 
preSSure applied to the liner 40. By applying Such concen 
trated preSSure, contact between the liner 40 and the con 
tainer neck 10 is maintained, so that the liner 40 may not 
shift upward. Also, because the melting temperature of a 
Solid decreases as the pressure applied to the Solid increases, 
the concentrated pressure applied by pressure ring 34 lowers 
the melting point of the backing and the neck end face 16. 
Induction Sealing of these elements therefore occurs at lower 
temperatures, providing manufacturing advantages. 

0016 While annular pressure ring 34 improves sealing, 
for example induction Sealing, it often does not form an 
adequate seal between the closure 20 and the liner 40 after 
induction Sealing. This inadequacy can result from the high 
temperatures associated with the induction Sealing process. 
AS the liner 40 and Surrounding areas, including preSSure 
ring 34, are heated, the pressure ring 34 can deform. Given 
the high upward preSSure exerted on the lower edge of the 
pressure ring 34 by the neck end face 16 (through liner 40), 
the pressure ring 34 can deform upward and flatten out. AS 
a result, pressure ring 34 can engage liner 40 imperfectly 
after induction Sealing, and even Small imperfections could 
permit water to penetrate the area between the liner 40 and 
the closure top wall 22 during cooling. 

0017. In accordance with the present invention, outer 
flexible seal 30 is provided to enhance the seal between the 
closure top 22 and the liner 40. Annular outer flexible seal 
30 can assist during induction sealing of the liner 40 by 
retaining the outer ring 42 against the Outer neck Surface 18. 
However, outer flexible seal 30 does not unduly plastically 
deform during the Sealing process. Rather, the tensile 
strength (i.e., "hoop strength”) of the outer flexible seal 30 
and its flexibility allow the outer flexible seal 30 to maintain 
a Seal against Outer ring 42 and outer neck Surface 18. This 
Seal exists even after induction Sealing and during cooling. 
Accordingly, outer flexible seal 30 prevents the migration of 
water into the area between the closure top 22 and the liner 
40. 

0018. An annular inner flexible seal 32 may also be 
provided, as illustrated in FIG. 1. Inner flexible seal 32 
contacts inner ring 44 to provide an additional Seal against 
water migration. In one embodiment, inner flexible Seal 32 
may force the inner ring 44 against the inner neck Surface So 
that the inner ring 44 may be sealed to inner neck Surface, 
while in another embodiment the inner flexible seal 32 may 
simply contact the liner 40 to form a resilient seal between 
the two. 

0019 Preferably outer flexible seal 30 extends radially 
outwardly at an angle as it extends down from top wall 22. 
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This outward angle helps, for example, in centering the 
closure 20 on the neck 10 as the closure 20 is applied. The 
outward angle also ensures, for example, a tight Seal 
between the closure 20 and liner 40 and neck 10. Similarly, 
inner flexible seal 32 may extend radially inwardly at an 
angle as it extends down from top wall 22. This inward 
orientation provides the same advantages as the outward 
orientation of outer flexible seal 30. Preferably outer flexible 
seal 30 and inner flexible seal 32 are constructed at an angle 
approximately 10 to 45° from the vertical. Both seals 30 and 
32 are preferably thin in cross-section as illustrated in FIG. 
1, for example rectangular or otherwise oblong. Other 
configurations may be employed, however. For example, 
each could have a more triangular cross-section if greater 
rigidity were desired, or each could be constructed in the 
form of one or more annular "crab's claws.” 

0020) Closure 20 may be constructed from any suitable 
type of plastic and may be produced using any Suitable 
process. Preferably, however, closure 20 is constructed of 
polypropylene or high-density polyethylene. Normally it is 
not possible to construct both the backing of liner 40 and the 
closure 20 from the same type of material, because the two 
elements might then be sealed together during an induction 
Sealing process. In this context, however, the closure 20 
according to the present invention provides an additional 
advantage. Because the outer ring 42 of the liner 40 is 
depressed by outer flexible seal 30, outer ring 42 may not 
fold upward or otherwise errantly contact closure 20. The 
risk of accidental sealing of the liner 40 to the closure 20 is 
therefore minimized. Accordingly, a closure 20 according to 
the present invention is not limited in the type of materials 
used as are prior art closures, a feature that may provide 
particular advantages depending on the Specifications 
required by a particular application. 

0021 FIG. 2 illustrates a second exemplary embodiment 
of a closure System according to the present invention. In 
this embodiment, a plurality of pressure rings 34 are, for 
example, provided for Sealing. The multiple pressure rings 
34 allow high pressures to be applied to the liner 40 by the 
top wall 22, and at the same time apply the preSSure to 
multiple areas of the liner 40 where it engages the neck end 
face 16. The exemplary embodiment illustrated in FIG. 2 
does not include an inner flexible Seal 32, although Such a 
Seal optionally may be present. 

0022 FIG. 3 illustrates an embodiment of a container 
and closure 20 according to the present invention, the 
container including container neck 10. AS noted above, a 
container according to the present invention may be con 
Structed in any Suitable manner and include any Suitable 
materials. 

0023. A method of filling a package according to the 
present invention includes providing a plastic container, 
which preferably includes a neck 10 as described above. The 
container may then be filled with desired contents, the 
contents being at an elevated temperature, preferably high 
enough to Sufficiently eliminate or kill bacteria on the inner 
Surface of the container. A liner, Such as liner 40 described 
above, may be provided on the end face 16 of the container 
neck 10. A plastic closure, such as closure 20 described 
above, may be placed over the liner 40 and neck 10. The 
liner 40 may then be Sealed, for example induction Sealed, 
to the container neck 10. Then, the container and contents 

Mar. 27, 2003 

may be cooled. Preferably, the cooling includes placing the 
container in a water bath or exposing the container to a 
cooling shower. 
0024. While not shown in the Figures, any suitable 
tamper indicating mechanism may be employed in conjunc 
tion with the present invention. For example, the tamper 
indicating mechanism described in U.S. Pat. No. 4,595,547 
or co-pending U.S. patent application Ser. No. 09/078,646, 
entitled “Tamper Indicating Closure” (both of which are 
expressly incorporated herein by reference) may be pro 
vided. Similarly, any suitable child-resistant feature may be 
included, Such as the child-resistant mechanism described in 
U.S. Pat. Nos. 5,280.842, U.S. Pat. No. 5,671,853, or 
co-pending U.S. patent application Ser. No. 09/078,643, 
entitled “Child-Resistant Closure and Container with 
Tamper Indication' (all of which are expressly incorporated 
herein by reference). 
0025 The device according to the present invention has 
been described with respect to Several exemplary embodi 
ments. It can be understood, however, that there are other 
variations of the above-described embodiments which will 
be apparent to those skilled in the art, even where elements 
have not explicitly been designated as exemplary. For 
example, a plurality of pressure rings 34 may be provided 
with the embodiment of FIG. 1, rather than a single pressure 
ring 34. In addition, the closure 20 may include other 
formations, Such as external ridges on the skirt 24 that 
facilitate gripping of the closure 20 by the user. It is 
understood that these and other modifications are within the 
teaching of the present invention, which is to be defined by 
the claims appended hereto. 

What is claimed is: 

1. A closure for a plastic container and liner, the container 
having a cylindrical neck, the neck having an inner neck 
Surface, a neck end face, and an outer neck Surface, com 
prising: 

(a) a top wall; 
(b) an annular closure skirt depending from the top wall, 

the closure skirt having at least one internal thread 
constructed to cooperate with an external thread on the 
Outer neck Surface to retain the closure on the con 
tainer; 

(c) an annular outer flexible Seal depending from the top 
wall, the outer flexible Seal constructed to engage the 
Outer neck Surface; and 

(d) at least one annular pressure ring depending from the 
top wall, constructed to engage a liner to retain the liner 
against the neck end face during Sealing. 

2. The closure according to claim 1, wherein the outer 
flexible Seal extends at an outward angle from the top wall. 

3. The closure according to claim 1, wherein the closure 
includes a plurality of preSSure rings depending from the top 
wall. 

4. The closure according to claim 3, wherein the outer 
flexible Seal extends at an outward angle from the top wall. 

5. The closure according to claim 1, further comprising an 
annular inner flexible Seal depending from the top wall, 
constructed to engage an inner ring of a liner. 
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6. The closure according to claim 5, wherein the outer 
flexible Seal extends at an outward angle from the top wall 
and the inner flexible Seal extends at an inward angle from 
the top wall. 

7. The closure device according to claim 5, wherein the 
inner ring is constructed to Seal against the inner neck 
Surface. 

8. The closure device according to claim 5, wherein the 
closure contains a plurality of pressure rings depending from 
the top wall. 

9. The closure according to claim 8, wherein the outer 
flexible Seal extends at an outward angle from the top wall 
and the inner flexible Seal extends at an inward angle from 
the top wall. 

10. The closure device according to claim 8, wherein the 
inner ring is constructed to Seal against the inner neck 
Surface. 

11. A closure System, comprising: 
(a) a plastic container including a cylindrical neck, the 

neck having an inner neck Surface, a neck end face, and 
an outer neck Surface, the outer neck Surface including 
at least one external thread; 

(b) a liner being sealed to the neck end face and having an 
outer ring Sealed to the container outer neck Surface; 
and 

(c) a plastic closure, comprising: 
(i) a top wall; 
(ii) an annular closure skirt depending from the closure 

top, the closure Skirt having at least one internal 
thread cooperating with the external thread on the 
outer neck Surface to retain the closure on the 
container; 

(iii) an annular outer flexible Seal depending from the 
closure top engaging the liner outer ring; and 

(iv) at least one annular pressure ring depending from 
the closure top, engaging the liner to retain the liner 
against the neck end face during Sealing. 

12. The closure according to claim 11, wherein the outer 
flexible Seal extends at an outward angle from the top wall. 

13. The closure according to claim 11, wherein the closure 
includes a plurality of pressure rings depending from the top 
wall. 

14. The closure according to claim 13, wherein the outer 
flexible Seal extends at an outward angle from the top wall. 

15. The closure according to claim 11, further comprising 
an annular inner flexible Seal depending from the top wall, 
constructed to engage an inner ring of a liner. 

16. The closure according to claim 15, wherein the outer 
flexible Seal extends at an outward angle from the top wall 
and the inner flexible Seal extends at an inward angle from 
the top wall. 
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17. The closure device according to claim 15, wherein the 
inner ring is constructed to Seal against the inner neck 
Surface. 

18. The closure device according to claim 15, wherein the 
closure contains a plurality of pressure rings depending from 
the top wall. 

19. The closure according to claim 18, wherein the outer 
flexible Seal extends at an outward angle from the top wall 
and the inner flexible Seal extends at an inward angle from 
the top wall. 

20. The closure device according to claim 18, wherein the 
inner ring is constructed to Seal against the inner neck 
Surface. 

21. A method of filling a package, the method comprising: 
(a) providing a plastic container including a cylindrical 

neck, the neck having an inner neck Surface, a neck end 
face, and an outer neck Surface, the outer neck Surface 
including at least one external thread; 

(b) providing the container with contents, the contents 
being at an elevated temperature; 

(c) providing a liner on a neck of the container; 
(d) providing a plastic closure on the liner and container 

a plastic closure, the plastic closure comprising: 
(i) a top wall; 
(ii) an annular closure skirt depending from the closure 

top, the closure Skirt having at least one internal 
thread cooperating with the external thread on the 
outer neck Surface to retain the closure on the 
container; 

(iii) an annular outer flexible Seal depending from the 
closure top engaging the liner; and 

(iv) at least one annular pressure ring depending from 
the closure top, engaging the liner to retain the liner 
against the neck end face; 

(e) Sealing the liner to the container neck; and 
(f) cooling the container and contents. 
22. The method according to claim 21, wherein the Step 

of Sealing comprises induction Sealing the liner to the 
container neck. 

23. The method according to claim 21, wherein the Step 
of cooling includes exposing the container to water. 

24. The method according to claim 22, wherein the Step 
of exposing to water includes Submersing the container in a 
water bath. 

25. The method according to claim 22, wherein the step 
of exposing to water includes exposing the container to a 
water shower. 


