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Jection or compression molding a plastic preform (10) having a body (12) and a finish (14) with at least one external thread (16),

ng the body of the preform to form the body of the container, and either prior to, subsequent to or both prior and
t to blow molding the container body, expanding the injection or compression molded preform finish to form a container
g at least one injection or compression molded external thread. In the preferred embodiments of the invention, the finish
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(57) Abstract: A method of making a plastic
container (40) having a body (24) and a finish
(36) with at least one external thread (38)
includes injection or compression molding a
plastic preform (10) having a body (12) and
a finish (14) with at least one external thread
(16), blow molding the body of the preform to
form the body of the container, and either prior
to, subsequent to or both prior and subsequent
to blow molding the container body, expanding
the injection or compression molded preform
finish to form a container finish having at
least one injection or compression molded
external thread. In the preferred embodiments
of the invention, the finish is expanded after the
container body is blow-molded. The invention
can be implemented to expand a narrow-neck
preform or container finish to a wide-mouth
preform or container finish.
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STRETCHED CONTAINER THREADS AND METHOD OF MANUFACTURE

The present invention is directed to molded plastic containers, and to methods

of manufacturing such containers.

Background and Summary of the Invention

In the manufacture of plastic containers, such as monolayer or multilayer PET
containers, it is conventional to mold a container preform having a body and a finish with
one or more external threads. The finish is typically molded to its final geometry, while the
body of the preform is subsequently blow molded to the desired geometry of the container
body. Although this manufacturing technique is satisfactory for fabrication of containers of
differing finish diameters, the throughput of the process is greatly reduced when employed
for fabricating preforms and containers of increased finish diameter. For example, a
preform mold cavity block having ninety-six mold cavities for preforms with a 28 mm finish
diameter would typically accommodate only forty-eight cavities having a 43 mm finish
diameter for the same overall cavity block size. This throughput is even further reduced for
wide-mouth preforms having a finish diameter greater than about 2.0 inches or 50 mm.

To address this manufacturing throughput problem, it has been proposed to
fabricate a wide-mouth container by molding a narrow-neck preform, and then biow molding
the preform body within a cavity that forms the container body, the container finish with

threads, and a trim moil or dome that must be removed from the container body and finish,
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along with the preform finish, after the container is removed from the mold. Although this
technique permits use of narrow-neck preforms, and thus maintains high throthput during
the preform molding stage, the technique has the disadvantage that the moil and preform
finish constitute trim scrap that must be recycled or discarded. Furthermore, when
fabricating multilayer contains having an intermediate layer of barrier resin for example, this
technique presents the disadvantage that an edge of the barrier layer is exposed at the moil
trim plane, which can result in substantial water vapor absorption and loss of barrier
properties for many hydrophilic barrier resins such as ethylene vinyl alcohol (EVOH).
Moreover, and perhaps most importantly, the external threads on the container finish are
blow molded in this technique, and are not as sharply defined and detailed as are external
threads formed by direct molding.

It is therefore a general object of the present invention to provide a method
of making a plastic container, and/or a plastic container formed by such methoq, iIn which
the container threads are formed by pressure molding (compression or injection molding)
rather than blow molding, and which maintains high throughput in the preform molding
stage.

A method of making a plastic container having a body and a finish with at
least one external thread, in accordance with a first aspect of the present invent’ion,
Includes pressure molding (i.e., injection or compression molding) a plastic preform having
a body and a finish with at least one external thread, blow molding the body of the preform
to form the body of the container, and either prior to, subsequent to or both prior and
subsequent to blow molding the container body, expanding the pressure molded preform

finish to form a container finish having at least one pressure molded external thread. In the

2
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preferred embodiments of the invention, the finish is expanded after the container body is

blow molded. The invention can be employed to expand the preform or container finish

- from a small narrow-neck diameter such as 28 mm to a larger narrow-neck diameter such

as 43 mm. The invention can also be implemented to expand a narrow-neck preform or
container finish to a wide-mouth preform or container finish, such as 28 mm to 63 mm or
438 mm to 63 mm. The invention can also be implemented o expand a wide-mouth finish

into a larger wide-mouth finish, such as 63 mm to 83 mm.

Brief Description of the Drawings

The invention, together with additional objects, features and advantages
thereof, will be best understood from the following description, the appended claims and the
accompanying drawings in which:

FIG. 1 is a schematic diagram of a preform and a blow mold for molding an
intermediate container product in accordance with one presently preferred implementation
of the invention;

FIG. 2 is a schematic elevational view of an intermediate container after biow
molding in FIG. 1;

FIG. 3 is a schematic diagram of apparatus for expanding the finish of the
infermediate container illustrated in FIG. 2; and

FIG. 4 is a schematic elevation view of a container having an expanded finish

following the process of FIG. 3.
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Detailed Description of Preferred Embodiments

The terms “narrow-neck” finish and “wide-mouth” finish are employed in their
conventional senses in the present application, in that a “wide-mouth” finish has an outside
diameter (E diameter) greater than about 2.0 inches or 50 mm, while a narrow-neck finish
has an outside diameter equal to or less than about 2.0 inches or 50 mm. 28 mm and 43
mm finishes are typical narrow-neck finishes in the plastic container industry, although the
present invention is by no means limited to these particular finish diameters. A 63 mm
finish is a conventional relatively small wide-mouth finish in the plastic container industry,
although the present invention again is not limited to wide-mouth finishes of this particular
size. An 83 mm finish is a larger conventional wide-mouth finish size.

FIG. 1 illustrates a preform 10 as comprising a body 12 and an integrally
moided finish 14. Finish 14 has one or more external threads 16 integrally molded on the
finish. Preform 10 can be fabricated in a pressure molding operation, and can be of
monolayer or multilayer construction. (For purposes of this application, the term “pressure
molding” encompasses and is limited to injection and compression molding. See U.S.
4,690,633.) A typical preform 10 can have multiple layers, including internal and external
layers, of polyethylene terephthalate (PET) construction, and one or more intermediate
layers of barrier material such as EVOH ora nylon. The intermediate layer or layers are
disposed in preform body 12, and may or may not extend into preform finish 14. It will be

understood that the present invention is by no means limited to these exemplary materials,
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although the present invention does enjoy a particular advantage in connection with PET
finishes, as will be described.

Preform 10 is positioned in a blow mold 18, with preform body 12 being
disposed within a cavity 20 formed by mold 18. Application of air under pressure to the
interior of preform 10 expands preform body 12 to the confines of mold cavity 20. The
resulting intermediate container 22 is illustrated in FIG. 2, having a blow molded body 24
formed by expansion of preform body 12, and an integrally molded finish 14 with external
threads 16. Container 22 is then directed to a finish expansion apparatus 26 illustrated in
FIG. 3. Aplug 28 is inserfed at 29 into container finish 14 and rotated at 30 about its axis.
Plug 28 has a conical end, with a minimum diameter 32 less than the inside diameter of
preform finish 14 as initially molded, and a larger diameter 34 equal to or slightly greater
than (to allow for relaxation) the desired final finish inside diameter. Plug 28 also has a
cylindrical portion 35 to fit into and spin within the expanded container finish. A lip 37
frictionally engages the axial edge or top sealing surface of the finish to keep it flat. Plug
28 can be heated so as to heat container finish 14 by conduction and thereby facilitate
plastic expansion of the container finish. As an alternative, the container finish can be
heated prior to insertion of the expansion plug. As another alternative, plug 37 can be
s’éationary, and the bottle rotated during insertion. Air could be fed through plug 28 to stiffen
the container sidewall. Other means of expansion could be used, such as an air bladder,
In place of plug 28.

Plug 28 is subsequently withdrawn at 42, leaving a container 40 with an
expanded finish 36 (FIGS. 3 and 4). Finish 36 has external threads 38 that are similar in

geometry to preform threads 16, but radially and circumferentially expanded along with the

5
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finish. Thus, threads 38 are expanded or stretched as compared with preform threads 16,
but otherwise have a geometry determined by the geometry of threads 16 as molded, which
are more sharply defined and detailed than threads that can be obtained by blow molding.
Thus, FIG. 4 illustrates a container 40 having a body 24 and an integral finish 36 with
expanded threads 38.

In one implementation of the present invention, a finish having an initial
diameter of 28 mm can be expanded to a 43 mm finish diameter, or a diametric expansion
of about 53.6%. In another implementation of the invention, a 43 mm finish diameter can
be expanded to a 63 mm finish diameter, or an expansion of about 46.5%. In a third
implementation of the invention, a 28 mm finish diameter can be expanded to a 63 mm
finish diameter, with an expansion of about 125%. In yet another implementation of the
invention, a 63 mm finish diameter can be expanded to 83 mm, or an expansion of about
32%. A finish may be subjected to multiple expansions, if desired, such as an expansion
from 43 mm to 63 mm, followed by an expansion from 63 mm to 83 mm. The preform
threads and finish will need to be larger and thicker than the final desired size to arrive at
the proper dimensions after stretching. As noted above, the finish can be heated prior to
or during stretching, such as by conduction from the expansion plug and/or by other means
such as radiant heating. Stretching of the finish and threads achieves an advantageous
molecular orienting in the finish and threads. Stretching also strengthens the neck area of
the final container. It is also envisioned that the container finish can be wholly or partially
crystallized during or after expansion to prevent substantial relaxation and shrinkage,
particularly when the container is to be employed in hot-fill applications. Such crystallization

can be on the exterior surface of the finish including the threads, or may extend entirely

6
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through the thickness of the container finish. Such crystallization can be carried out either
simultaneously with or subsequent to expanding the finish and stretching the finish threads.

Expansion of the container finish is carried out in a single step in the
embodiments thus far discussed. On the othér hand, the finish expansion could be in
sequential stages before and after blow molding. For example, an initial 28 mm finish could
be expanded to 43 mm prior to blow molding the container body, for example where the
blow molds are set to accept 43 mm preforms. After blow molding, the finish could then be
further expanded to 63 mm. As another modification, the finish could be slightly over-
expanded, and then allowed to shrink and relax. For example, the finish could be expanded
from 43 mm to 63.5 mm, and then allowed to shrink, perhaps onto a plug, to 63 mm. This
would have the advantage of allowing stress relief after expansion. Shrinkage could be
iInduced by exposure to heat, such as during a crystallization operation.

There have thus been disclosed a method of making a plastic container and
a plastic container that fully aChieve all of the objects and aims previously set forth. The
invention has been disclosed in conjunction with presently preferred embodiments thereof,

and a number of modifications and variations have been discussed. Other modifications

~and variations will readily suggest themselves to persons of ordinary skill in the art. The

invention is intended to embrace all such modifications and variations as fall within the spirit

and broad scope of the appended claims.
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CLAIMS

1.
A method of making a plastic container (40) having a body (24) and a finish
(36) with at least one external thread (38), which comprises the steps of:
(@) pressure molding a plastic preform (10) having a body (12) and a finish
(14) with at least one external thread (16),
(b) blow molding the body of said preform to form the body (24) of the

container, and

() expanding said injection molded preform finish (14) radially outwardly

to form a container finish (36) having at least one pressure molded external thread (38).

2.

The method set forth in claim 1 wherein said finish (36) formed in said step

(c) is a wide-mouth finish having a diameter of at least 50 mm.

3.
The method set forth in claim 1 or 2 including the additional step of:

(d) crystallizing said finish (36) either simultaneously with or subsequent

to said step (c).
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4.

The method set forth in claim 1 or 2 comprising the additional step of: (d)

heating said finish (14) prior o or during said step (c).

S.

The method set forth in claim 4 wherein said stép (C) is car”ried out by inserting

a plug (28) into said finish (14).

6.

- The method set forth in claim 5 comprising the additional step of rotating said

plug (28) or said finish (14) during insertion of said plug into said finish.

/.

The method set forth in any preceding claim wherein said finish (14) is

expanded at least 32% In said step (c).

8

The method set forth in claim 7 wherein said finish (14) is expanded at least

125% in said step (c).
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9.

The method set forth in any preceding claim wherein said step (c) is carried

out prior to said step (b).

10.

The method set forth in any preceding claim 1 to 8 wherein said step (c) is

carried out subsequent to said step (b).

11.
The method set forth in any preceding claim 1 to 8 wherein said step (c) is
carried out in at least two stages, one stage prior to said step (b) and a second stage

supbsequent to said step (b).

12.

A plastic container made in accordance with the method set forth in claim 1,

20r7.

10
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13.
A plastic container (40) that includes:
a blow molded container body (24) and a finish (36) integrally molded with
said body,
said finish having at least one external thread (38) in which there is molecular
orientation due to circumferential stretching énd radial expanding said finish after molding

said finish.

14,
The container set forth in claim 13 wherein at least a portion of said finish (36)

s crystallized.

11
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