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(57) An mjection molding process for making a multiple layer, plastic structure. A plastic sleeve 1s placed and then
enclosed 1n a mold cavity. A flowing heated plastic 1s conducted nto the mold cavity, radially mside the sleeve, and
forced radially outward against the sleeve. The flowing plastic forces the sleeve outward and forms, with the sleeve, an
integrally bonded laminated structure. The mold 1s opened and the plastic structure 1s removed, and this structure may
then be reformed to form a container particularly suitable for containing beverages, foods, cosmetics, pharmaceuticals

and chemaicals.
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Abstract of the Disclosure

Tl

An 1njection molding process for making a multiple
layer, plastic structure. A plastic sleeve is placed and
then enclosed in a mold cavity. & Ilowing heated plastic
1s conducted into the rolg cavity, racdially inside the

sleeve, and forced racrally cutward against the sleeve. The

flowing plastic forces the sleeve outward and forms, with the
sleeve, an integrally bonded laminated structure. The mold
1s opened and the plastic structure is removed, and this
Structure may then be reformed to form a container
particularly suitable for containing beverages, foods,

cosmetics, pharmaceuticals and chemicals.
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A _PROCESS FOR MOLDING A MULTIPLE LAYER STRUCTURE
AND A CONTAINER IMADE THEREFRO!

This invention generally relates to processes for
manulacturing plastic structures and to containers made from
those structures. More specifically, the invention relates
Lo a process for manufacturing laminated plastic structures
via an injection molding process ané to containers,
especially well suited for holding carbonated beverages,
foods and chemicals, made from those plastic structures.

Plastic containers are often used tc hold
carbonated beverages, and in fact, their use for this purpose
has steadily grown over the past few years. While many
plastics may be used for carbonated beverage containers,
polvethylene terephthalate (referred to herein as PET) has
achieved a major role in this area because, when manufactured
propérly,‘it'has many desirable characteristics such as low
cost, light weight, durability and rigﬁdity.

Most of the excellent physical properties of PET
become evident only when the resin is stretch-molded into a
bi-axially oriented condition, and the majority of PET
bottles produced for carbonated beverages are manufactured
by, first, moiding a PET preform via an injection molding
process, and second, reforming the preform into the final
desired shape. With most PET containers a different machine
is employed in each of these two manufacturing steps;
however, a sighificant number of bi-axially oriented PET
bottles are also formed in one apparatus having a plurality
of positions or stations. Some PET containers not reguiring
high mechanical properties are produced via conventional
injection -blow molding and have little or no molecular
orientation.
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The major cost element 1n the manufacture of PET
bottles is the cost of the PET resin itsell. Accordingly,
PLT bottle suppliers are interestec in decreasing the amount
of PET resin in the bottles, and one way oi doing this is to
recuce the thickness of the walls of the bottles. There are

lower limits, though, on the thickness cf the sidewalls of
PET bottles. 1In particular,

kY

ET i1s gas permeable; and when
used to hold a carbonated beverage, the sidewalls of a PET
bottle must be thicker than certain ninimum sizes if the
bottle is to meet industry standards relating to carbon
dioxide retention levels. For example, as defined by the
industry, the term "shelf life" for a carbonated beverage
bottle is the time, in weeks, for the beverage to lose 15
percent of its original carbonation level, when stored at
roomn temperature. The major carbonated soft drink
manufacturers in the United States have established a
reqﬁirement that a PET bottle larger tQan one liter; when
used to package a carbonated soft drink, must have a shelf
life of 16 weeks. Bottles less than one liter generally have
had to compromise on a shelf life of about ten weeks.

One way to reduce the amount of PET in a bottle
and also extend the shelf life thereof, is to use a laminated
structure, where the bottle comprises a first layer formed
from PET and a second layer formed from a material which has

a very low gas permeability (referred to herein as a high gas
barrier material). |

- p

The use of a laminated bottle structure is
advantageous for dther reasons as well. For instance, it 1is
highly desirable to employ used plastic material in beverage
containers. Such a use, first, would provide a'p:oductiye
outlet for the large number of plastic ‘bottles that are

currently simply discarded, and second, would reduce the cost
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of the materials needed to manufacture new bottles,
Government regulations, however, do not allow reprocessed
pléstic to come into contact with products stored in beverage
containers and, instéad, require that only unused plastic
materials come into contact with those products. One way to
meet these regulations while still using reprocessed plastics
1n a beverage container is to form the contziner from a
laminated structure with a first, outer-layer macde £from the
reprocessed material and a second, inner laver made from
unusecd plastic material.

Thile there are several ways to form a bottle with
a laminated structure, it is very desirable to use an
injection molding process. Such a process, first, would

recuire relatively few changes to the present processes used
by many in the industry and thus could be readily adapted

thereby, and second, would have the typical advantéges'
associlated with injection molding processes such as
dimensional precision and high productivity. Heretofore,
however, the art has not been able to develop a practical,
efficient and cost-effective injection molding process for
manufacturing large numbers of laminated PET bottles.

In part, this 1s due to the fact that with typical
injection molding processes used to make plastic preforms, as
a practical matter, it 1s necessary to make the preform with
a slight axial taper. This taper allows the mold to open and
permits the preform to be removed therefrom without breaking
or tearing the preform. For example, with a prior art method
of making a laminated, plastic preform using an injection
molding process, a first plastic material is cut, preshaped
into a tapered form and placed on a mold core rod. Then, a
second, liquid plastic is injected around that rod, and the

Zirst and second plastic materials bond together to form the
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laminated structure. Because of the time and expense

needed to preshape the first material into the desired,
tapered form and to place it over the core rod of the mold,
this general type of method 1S not belived to be a practical
way to manufacture large numbers of plastic preforms. This
process also results in the preshaped material being on the
inside wall of the formed structure.

The present invention is an injection molding
process for making a multiple layer plastic structure
comprising the steps of placing a plastic sleeve in a mold,
and closing the mold to enclose the sleeve in a mold cavity.
A flowing, heated plastic is conducted into the mold cavity,
and forced radially outward against the sleeve. The flowing
plastic forces the sleeve outward and forms, with the sleeve,
an integrally bonded laminated structure. Once that structure
is made, the mold is opened, and the structure is removed
thereform and if desired, reformed to fdrm a container.

The container so made comprises neck, side wall and bottom
portions connected together to form a one-piece bottle.

The side wall portion includes outside and inside 1ayers,
while the neck and bottom portions of the container consist

Oof a single plastic material.
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Figure 1 is a side, cross-sectional view of a
plastic preforrn made in accordance with the present
invention. |

Figure 2 is an axial cross-section through a mold
which may be employed to manufacture the preZorm shown in
Figure 1.

Figure 3 is

a sleeve may be cut and

erspective view of a tube from which

9
rt

hen used to make an outer iraver of
the preform shown in Figure 1.

Figure 4 1s a side view of a bottle made from the
preform illustrated in Figure 1.

Figure 5 is an enlarged view of a portion of the
mold shown in Figure 2. |

Figure 6 1s an enlarged view of another portion of
the mold shown in Figure 2, exaggerating the space between

the sleeve placed therein and the adjacent surfaces of the

mold.

Figure 1 shows laminated'preform 10 havaing a
generally U-shaped cross-section and comprising side portion
12, bottom portion 14 and neck portion 16. Side portion 12
includes outer layer 20 and inner layer 22 that have been
integrally bonded or fused together in the process described
below. Bottom and neck portions 14 and 16, however, are not
laminated and, instead, are each formed or consist of a
single plastic material. As is conventional; neck portion 16
includes one or more threads 24 provided to receive a bottle
cap after preform 10 has been expanded to form a container
and the container has been filled with a beverage.
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Figure 2 illustrates mold 26 for maxing preform 10.

Mold 26 includes male and fenale subassemblies; and, in turn,
the female subassembly comprises outside mold base 30, inside .
cavity block 32, end cap 34, and upper threzd splits 36, and
the male subassembly of mold 26 includes elongated rod 40 and
support piece 92. Thread splits 36, cavity block 32, and end
cap 34 form a cavity 44 in mold 26, and end cap 34 has a gate
46 Ior conducting liquid plastic into that cavity. Figure 2
shows mold 26 in a closed position, wherein rod 40 extends
into mold cavity 44. The shape of mold cavity 44 determines
the shape of preform 10, and the mold cavity includes side,

bottom, and neck portions that are used@ to form side wall 12,
bottom 14, and neck 16 of the preform. As is conventional,

mold 26 may be opened by moving apart the male and female

subassemblies of the mold and rémoving rod 40 from cavity 44
of the nold. | . |

| iold 26 1s provided with sultable cooling fluid
passages to ensure proper temperature control of the mold and
tﬁe preform made therein. To facilitate opening mold 26
after a preform has been made therein, and to assist removing
the preform from mold cavity 44, the substantially axially
extending surface 52 of cavity block 32 and the opposing
surzace 54 of rod 40 slightly taper upwardly outwardly.

Figure 3 shows plastic tube 60 from which a sleeve

62 may be cut and then used to form outer layer 20 of the
preform 10. To manufacture preform 10, sleeve 62 is cut from
tube 60 and placed in the cavity 44 of mold 26, closely
adjacent surface 52 of cavity block 32. This is'done, it
should be noted, when mold 26 is open--that is, prior to
inserting rod 40 into mold cavity 44. Once plastic sleeve 62

is properly located in mold cavity 44, rod 40 is inserted
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1l thereinto and a flowing plastic material is injected into the
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mold cavity, via gate 46, radially inside the plastic sleeve.
The plastic injected into cavity 44 via gate 46 is in a
heated, liquid, pressurized state, andé the hesat and pressure
oZ this plastic heats plastic sleeve 62 and forces that
sleeve outward, into a shapez conforming with the shape of the
adjacent surface 52 of cavity block 32-~that is, into a shape
slightly tapering upwardly outwardly. At the same time, the
heat and pressure of the liguid plastic also causes sleeve 62
to change into a plasticized state whereupon the ligquid
plastic fuses therewith to form an integrally bonded,
lamihated structure. After mold cavity 44 is filled, it is
cooled to solidify preform 10, and mold 26 is'opened ang
preform 10 is removed therefrom.

With an alternate procedure, molten PET may be
flowed into cavity 44, to fill the cavity partially, before
rod 40 is inserted thereinto. This may.be done either prior
to'or after placing sleeve 62 in mold cavity 44, although it
1s believed preferable to conduct the flowing plastic into
the mold cavity after the sleeve 62 is placed therin. In
either case, once mold cavity 44 is partially filled with the
molten PET and sleeve 62 is properly located in the mold
cavity, mold 26 is closed and rod 40 is inserted into the
mold cavity, forcing the molten PET radially outward against
sleeve 62 to push that sleeve into the desired tapered shape
and to make preform 10. ..

Thus, in accordance with the present invention with
eilther of the above-discussed procedures, a laminated preform
10 1s made using a pre-made plastic sleeve 62 to form an
outside layer 20 of that preform, and it is not necessary to
perform any specific, separate steps or operations on that
sleeve to provide it with the desired, tapered shape in mold
26,
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1 After being removed from mold 26, prerorm 10 is

expanced to form bottle 64, shown in Figure 4. The upper and

lower edges of the layer of bottle 64 formed <rom tubular

Secrnent 62 are shown as 62a and 62b respectively, in Figure

> 4. Preform 10 may be expended into bottle 64 in any suitable

way. For exanple, in accordance with one conventional

PLocess, preform 10 is reheated, inserted into a second mold
cavity, which conforms to the shape of the finished bottle
b4, and then expanded outward against the surfaces of the

10 second molgd cavity by means of a pressurized fluid forced
into the preform. This technique and others for expanding
preZorm 10 are very well known in the field.

Also, 1t should be noted that preform 10 is heated

and cooled during different stages of the process in which it

15 is formed and expanded into bottle 64, and sleeve 62 may also
be cooled or heated prior to insertion into mold cavity 44.
Any sultable technigue or technigues may be used to contrél
the temperatures of preform 10 and sleeve.- 62, and numerous
such methods are very well known to those skilled in the art.

20 Preferably, again with reference +o Figure 2,
sleeve 62 is held axially stationary within mold cavity 44 as
~liguid plastic is forced against the sleeve. This may be
aone in several ways. For example, sleeve §2 may be forced
into cavity 44 of mold 26, in a tight pressure fit against

25 surface 52 of cavity block 32, and this pressure fit, by
itself, may be used to hold the sleeve §2. statlonary as the
ligquid plastic is forced against the sleeve. Alternately,
mold 26 may include one or more shoulders (not shown)
projecting slightly into cavity 44 to hold sleeve 62 in

30 place. Such shoulders may extend into mold cavity 44 from
lower portions of thread splits 36, for example. If this

35
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latter arrangecment 1s employed to hold sleeve 62 in place in
mola cavity 44, these snoulders are moved away from preform
10 prior to removing the preform from mold 26.

With reference to Figure 5, as licuid plastic is
injected into mold cavity 44, the plastic tends to move
uowarda, past the bottom o0f sl

(D
(D

ve 62, pelore ccmpletely
filling the space 66 immediat
edge 70 of the sleeve. Pre

ly anc cirectly below bottom

(0

1

erably, means are vrovided in
mold 26 to vent air radially outward, away from mold cavity
44, Zrom space 66 to allow the liguid plastic to f£low into
and eventually £il1l that space. Special apertures may be
formed in mold 26 extending into communication with sﬁace 66
to vent air therefrom. 2Alternately, air in space 66 may be
vented therefrom simply through an interZace formed by two or
more pieces of mold 26, and which 1is in communication with
the space cdirectly below edge 70, |
With refzsrence to Figure 6, as the liguid plastic
is'injected into mold cavity: 44, the plastic may move upward
past the top edge ¢ sleeve 62, before the sleeve expands

outward to lie fully against the adjacent sﬁrface~52 of mold

26. lold 26 mav further include means to vent air radially
outward, away from mold cavity 44, from the space 72 that 1is
radially outside sleeve 62. This venting means allows |
sleeve 62 to expand into space 72 without requiring that the
air therein pass through the liquid plastic material itself.
Here too, special apertures may be formed in mold 26
extending into communication with space 72, or air f£rom that
space may be vented through an interface formed by two or
more of the pieces forming the female subassembly of mold 26,
for instance through the interface formed by thread splits 36
and i1nside cavity block 32.

Sleeve 62, from which outer layer 20 of preform.10 -

is made, may itself be made of various materials or multiple
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materials., For instance, the tube may be made from a
material having a very low gas permeability, for example, a
material comprising a diacid component comprising

|thiobis (p-phenylencoxy) Jdiacetic acid,
lsulfonylbis(p-phenyleneoxy]diacetic acid, and mixtures
therec? or polyesters blended with bisphenols. The use of
such a material for outer laver 20 of prezorm 10 would enable
a plastic bottle to be formed having a low gas permeability
and with a recduced side wall thickness and, hence, a reduced
total amount of material. Also, sleeve 62 may be made or
formed from recycled material such as PET. With the process
of the present invention, the inside surfaces of sleeve §£2
are completely covered by the liguid plastic injected into
mold 26 so that sleeve 62 itself will not come into contact
with any product held in a container made from preform 10.

Sleeve 62 may be made in several wavs and may
comprise one or more lavers of plastic! For example, as
explained above, sleeve 62 may be cut from tube 60 which may
be a mono layer plastic, or a multi-laver coextrusion.
Preferably, tube 60 is formed by extrusion through a die, but
1t can be formed by other techniques such as by winding a
sheet of plastic on a mandrel. Examples of multi-layver
compositions are: reclaimed PET on a high gas barrier
polyester: polypropylene/adhesive/ ethylene vinyl alcohol
co-polymer/adhesive; PET/adhesive/ethylene vinyl alcohol
co-polymer/adhesive; Acrylonitrile co~poiymer/adhesive;
Polycarbonate/high barrier polyester; Polyamides/adhesives:
and Polycarbonate/Polyetherimide.

For applications such as holding carbon dioxide
inside a package, it is advantageous to have the lavyers of
sleeve 62 integrally bonded together. However, in many
applications where sleeve 62 is used to reduce the permeation

of oxygen into a container, such as food packaging, a tight
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1 mechanical fit between layers of the sleeve is adeguate. As
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shown in Figure 3, sleeve 62 has a uniform circular cross
section, but the sleeve mayv have any suitable shape.

In particular, the lower portion oi sleeve 62 may
slant raedially inwardl ~orming a ccnically shaped portion,

Y s
Or the lower portion of the sleeve mav curve racdiallv

3

inwardly. Regardless of +he speclilic shape 0i sleeve 62,

+

when the sleeve is used with a mold where the heated plastic
1s injected into the molé via a gate locatecd below the
sleeve, preferably the sleeve has a lower or bottom opening
tO0 concuct that heated plastic into the interior of the
sleeve. Sleeve 62 may be cut from tube 60 in any acceptable
manner, or the sleeve may be formed with a shape and size
appropriate for use in the present invention, eliminating the
neec Ior further shaping, cutting or reforming to use the
sleeve in this invention. B ‘

Further, sleeve 62 may be used to provide bottle 64
hlth different colors, with specific de51gns, with colored
stripes or with other desirable design features. . For
instance, sleeve 62 may be forméd from a plastic differing in
color Zrom the fiowing plastic conducted into mold cavity 44,
Yet another embodiment could have plastic sleeve 62 formed
with stripes of differing color, printed matter and/or
decorations that are incorporated into the finished container
64, producing a prelabelled or predecorated container.

Sleeve 62 may contain additives such as ultraviolet light
absorbers, antistatic agents, or dye receptors to facilitate
printing material or information on container 64.

While preferably liquid PET is injected into mold
cavity 44 to form preform 10, a large number of other
plastics may be used in the practice of this invention.

Tnese other materials include: polyhexamethylene adipamide,
polycaprolactam, polyhexamethylene sebacamide,
polyethylene~2,6~ and 1,5-naphthalate, .
polytetramethylene-1,2-dioxybenzoate, and copolymers of
ethylene terephthalate, ethylene i1sophthalate,
polycarbonates, polyacrylates, polyolefins, vinyl polymer of

nitriles, chlorine, styrene¢and other similar plastics

colvmers,
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Preferably, the PCT liguid is injected into mold
cavity 44 at a temperature of betwecn 500°F to 575°F, and an
internal coolant at 30°F to 110°F. is passed through the

e b b oA

cooling passages of mold 26. Preform 10 1s ccoled to below
about 245°F before being removed from nold 26.

Container 64 is well suited for nmany purposes. For
instance, as discussed in detail above, container 64 is
especially well adapted for holding carbonated beveragms.

The container may be heat set to improve the thermal
stability of the container and make it suitable for packaging
products, such as fruit juices or ketchup, that are cormmonly
hot £illed, as well as for packaging oxygen sensitive
products such as beer. Moreover, the top portions of
container 64 may be trimmed to yield a completely biaxially
oriented container having a cylindrical shape with a closed
end -- the shape of a conventional metal can. The present
invention is particularly well suited'gor forming such
can-snaped containers because the position of the sleeve £
can be controlled during the molding process so that it is
not later trimmed off the container, maximizing the:
utilization of the material used to make sleeve 62.

-In addition to container 64 and the modifications
thereos previously described, the present invention may be
effectively employed to manufacture other useful products.
For instance, the invention may be used to make a container
suited for packaging foods that can be réheated in the
package using conventional or microwave ovens. Such a
container can be made by using a sleeve formed from a high
gas barrier resin and inserted into a mold cavity having the
shape of a can. A molten polycarbonate is injected into the
mold cavity to form a laminated structure that can be used as
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1l is or subsequently expanded into another final shape. This

lnvention may also be used to mold

structures having windows
that

can function as visual level indicators for procucts

as toothpaste in a pump clspenser,

The method of the present invention has several

clVantages compared tc rprocesses using multiple injections or

Coinjection of ciffering plastics. For instance, the use of

N ey N

< allows for a precise placement of the layer formed

by the sleeve in the body of

the article being molded.
10 Further

and thus can result in increased preductivity.,

The

corm laminate lavers of a wide range of thicknesses, while

15 multiple injection processes are normally limite@ +o fairly

control of
> , ] I
O colnjection systems are usually m

and exopa2nsive than what is needed for

“hick lavers. The tooling reguirements. and
multiple uch more complex

the -present invention.

In acddition, as a practical matter, structures formed by

20 multiple injection or colnjection processes are limited to

having two different plastic materials, while

the process of
.nvention may be used to form structures having more

than two different plastic materials.

While it is apparent that the invention herein
25 Cisclosed is well calculated to fulfill t

previously stated, 3 ' ' '

he objects

35
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The embodiments of the invention in which an exclusive property or
privilege is claimed are defined as follows:

1. An injection molding process for making a
multiple layer, plastic structure comprising the steps of:

placing a plastic sleeve in a mold;

closing the mold to enclose the sleeve in a mold
cavity;

conducting a flowing, heated plastic into the
mold cavity;

against the sleeve to force the sleeve outward and to form,
with the sleeve, an integrally bonded laminated structure;
| opening the mold; and
removing the structure from the mold.

2. A process according to Claim 1 wherein the
conducting step includes the step of conducting the flowing
plastic radially inside the sleeve.

3. A process according to Claims 1 or 2 whereln

the forcing step includes the step of forcing the sleeve
into an outwardly tapered shape.

4. A process according to Claim 3 wherein the
step of forcing the sleeve into the tapered shape includes

the step of forcing the sleeve outward against an outside
surface of the mold cavity.

5. A process according to any of the preceding
claims further comprising the step of holding the sleeve
axially ‘n place in the mold cavity during the forcing
step.

6. A process according to any of the preceding
claims wherein the forcing step includes the step of
venting air away from the mold cavity, from a space
immediately below a bottom edge of the sleeve as the
flowing plastic rises therepast.
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7. A process according to any of the preceding
claims wherein the forcing step further includes the step
of venting air away from the mold cavity, from a space
radially outside the sleeve as the flowing plastic rises
therepast.

8. A process according to any of the preceding
clalms wherein the plastic sleeve has a low gas
permeability.

9. A container made by the process comprising
the steps of:

placing a plastic sléeve in a mold;

closing the mold to enclose the sleeve in a mold
cavity;

conducting a flowing heated plastic intc the mold
cavity, radially inside the sleeve;

forcing the flowing plaStic radially outward
against the sleeve to force the sleeve]outward and to form,
with the sleeve, an integrally bonded laminated preform;

opening the mold; |

removing the preform from the mold: and

removing the preform to form the container.

10. A container according to Claim 9 wherein the
forcing step includes the steps of:

forcing the sleeve outward against an outside
surface of the mold cavity and into an outwardly tapered
shape; and

venting air away from the mold cavity, from a
space radially outside the sleeve, '

11. A container according to Claims 9 or 10
wherein:

the process further includes the step of holding
the sleeve axially in place during the injecting step: and
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outward further includes the step of venting air away from
the mold cavity, from a space immediately below a bottom
edge of the sleeve.

12. A container according to Claims 9, 10 or 11
wherein the reforming step includes the steps of:

biaxially orientating the molecular structure of
the preform; and

heat setting the preform to improve the thermal
stability thereof.

13. A carbonated beverage container made by the

process comprising the steps of:
| placing a plastic sleeve in a mold:

closing the mold to enclose the sleeve in a mold
cavity; . |

injecting heated polyethylene terephthalate into
the mold cavity, radially inside the sleeve, to force the
sleeve outward, against an outside surface of the mold
cavity and into an outwardly tapered shape, and to form
with the sleeve an integrally bonded, laminated preform:

holding the sleeve axially in place in the mold
cavity during the injecting step;

venting air away from the mold cavity, from a
space radially outside the sleeve as the polyethylene tere-
phthalate rises therepast;

opening the mold;

removing the preform from the mold; and

reforming the prefbrm to form the container.

14. A carbonated beverage container according to
Claim 13 wherein the plastic sleeve has a lower
permeability to carbon dioxide than polyethylene
terephthalate.
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