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APPARATUS AND METHOD FOR CONTROLLING TEMPERATURE
GRADIENT THROUGH WALL THICKNESS OF CONTAINER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001 ] This application claims priority to U.S. Utility Application No.
13/721 ,361, filed December 20, 2012, and the benefit of U.S. Provisional
Application No. 61/579,1 50, filed on December 22, 201 1. The entire disclosures

of the above applications are incorporated herein by reference.

FIELD
[0002] The present disclosure relates to a container and, more
particularly, relates to an apparatus and method for controlling the temperature

gradient through the wall thickness of a container.

BACKGROUND

[0003] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0004] As a result of environmental and other concerns, plastic
containers (more specifically polyester and even more specifically polyethylene
terephthalate (PET) containers) are now being used more than ever to package
numerous commodities previously supplied in glass containers. Manufacturers
and fillers, as well as consumers, have recognized that PET containers are
lightweight, inexpensive, recyclable and manufacturable in large quantities.

[0005] Blow-molded plastic containers have become commonplace in
packaging numerous commodities. PET is a crystallizable polymer, meaning
that it is available in an amorphous form or a semi-crystalline form. The ability of
a PET container to maintain its material integrity relates to the percentage of the
PET container in crystalline form, also known as the "crystallinity" of the PET
container. The following equation defines the percentage of crystallinity as a
volume fraction:

)
£ — P

% Crystalli nity = ( )X100
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where p is the density of the PET material, p, is the density of pure amorphous
PET material (1.333 gl/cc), and p, is the density of pure crystalline material
(1.455 g/cc). Once a container has been blown, a commodity may be filled into
the container. Also, in some cases, a preform of the container is formed (e.g., by
injection molding), and the commodity is introduced into the preform to expand

the preform and simultaneously form and fill the container.

SUMMARY

[0006] This section provides a general summary of the disclosure, and
is not a comprehensive disclosure of its full scope or all of its features.

[0007] A method of forming a container is disclosed. The method
includes providing a preform of the container. The preform has a wall with an
interior region and an exterior region. The method also includes disposing the
preform in a mold cavity wherein the mold cavity has a mold surface.
Furthermore, the method includes introducing a substance into the preform to
expand the preform toward the mold surface. The interior region of the wall has a
first interior temperature prior to the introduction of the substance and a second
interior temperature after the introduction of the substance. The exterior region
of the wall has a first exterior temperature prior to the introduction of the
substance and a second exterior temperature after the introduction of the
substance. The method further includes controlling the first interior temperature
to be greater than the first exterior temperature prior to the introduction of the
substance.

[0008] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.

DRAWINGS
[0009] The drawings described herein are for illustrative purposes only
of selected embodiments and not all possible implementations, and are not

intended to limit the scope of the present disclosure.
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[0010] FIG. 1 is a schematic illustration of an apparatus for forming
and filling a container from a preform according to exemplary embodiments of
the present disclosure;

[001 1] FIG. 2 is a schematic illustration of an apparatus for forming
and filling the container from the preform according to additional exemplary
embodiments of the present disclosure;

[0012] FIG. 3A is a graphical representation of the temperature
gradient through a wall of a container, wherein the top graph represents a prior
art container preform wall before being blow molded and filled, wherein the
second graph from the top represents the prior art container preform wall after
being filled, wherein the third graph from the top represents a preform container
wall according to the present teachings before being blow molded and filled, and
wherein the bottom graph represents the preform container wall of the present
teachings after being filled;

[0013] FIG. 3B is a graph representing typical stress versus stretch
curves for PET at various temperatures;

[0014] FIG. 3C is a cross sectional view of a wall of a container of the
prior art;

[0015] FIG. 4 is a graph showing temperature versus filling time for the
exterior and interior regions of the container wall;

[0016] FIG. 5 is a graph showing temperature versus filling time for the
exterior and interior regions of the container wall according to additional
embodiments;

[0017] FIG. 6 is a graph showing temperature versus filling time for the
exterior and interior regions of the container wall according to additional
embodiments; and

[0018] FIG. 7 is graph showing the cold necking behavior of PET
material.

[0019] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.
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DETAILED DESCRIPTION

[0020] Example embodiments will now be described more fully with
reference to the accompanying drawings.

[0021] Referring initially to FIG. 1, an apparatus 10 for forming and
filling a container 12 is schematically illustrated. As shown, the container 12 can
be formed from a preform 14 (i.e., a parison) in some embodiments.

[0022] The container 12 can be a bottle, a jar, or any other suitable
type of container, and the container 12 can be made from any suitable polymeric
material, such as polyethylene terephthalate (PET). Also, the preform 14 and
the container 12 can have any suitable shape, dimensions, and internal volume
without departing from the scope of the present disclosure. Furthermore,
although FIG. 1 illustrates the apparatus 10 as forming only one container 12
from a single preform 14, it will be appreciated that the apparatus 10 can be
used for forming any number of containers 12 from respective preforms 14.

[0023] As shown in FIG. 1, the preform 14 can be provided in a
gaylord 16 or other suitable handling container. For instance, the preform 14
can be injection molded in a standard injection molding machine and then stored
and/or transported within the gaylord 16.

[0024] Then, the preform 14 can be fed into and positioned within an
oven 18 via an infeed device 20. The oven 18 can heat the preform 14, as will
be discussed before the preform 14 is blow molded. Also, the infeed device 20
can be a conveyor, a movable spindle, or another type.

[0025] Next, the preform 14 can be automatically or manually disposed
within a blow mold 22. The blow mold 22 can include an interior mold surface 24
therein.

[0026] Then, a fluid 26 can be introduced into the preform 14. The
flow of fluid 26 can cause the preform 14 to expand toward the mold surface 24
to form the container 12. In some embodiments, the fluid 26 is a liquid
commodity (e.g., water, carbonated beverage, incompressible fluid, etc.) that is
ultimately sealed, stored, shipped, and marketed inside the container 12. Thus,
the container 12 can be formed from the preform 14 and filled with the fluid 26 in

a substantially simultaneous fashion. In additional embodiments, the fluid 26 is
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air or another gas that forms the container 12 but that escapes from the
container 12 before the container 12 is subsequently filled and sealed.

[0027] In additional embodiments shown in FIG. 2, the apparatus 10
can include an injection molding apparatus 28’ that is used to form the preform
14" via injection molding. Then, the preform 14" can be disposed within the blow
mold 22'. Next, the fluid 26" can be introduced into the preform 14’ to form the
container 12" as explained above.

[0028] It will be appreciated that the embodiments illustrated in FIGS.
1 and 2 can share many of the same features, and the containers 12, 12" can be
formed and filled in similar ways. For purposes of simplicity, the following
discussion will primarily refer back to the embodiments of FIG. 1 except as
specifically noted below. However, it will be appreciated that the following
discussion can apply to both the embodiments of FIG. 1 and FIG. 2.

[0029] As shown in FIGS. 3A and 3C, the preform 14 (and, thus, the
container 12) can include a wall 30 with an exterior region 32 and an interior
region 34. The interior region 34 can define the interior volume of the preform 14
and container 12. The exterior region 32 can be opposite the interior region 34.
The interior region 34 can have an interior temperature, and the exterior region
32 can have an exterior temperature.

[0030] As will be discussed in greater detail, the apparatus 10 can be
used to control the interior temperature to be within a predetermined range of the
exterior temperature. This can reduce the likelihood of the interior region 34
delaminating from the exterior region 32. More specifically, as shown in the top
graph of FIG. 3A representing the prior art, once a preform exits the oven and is
ready to be filled to form the container, the interior and exterior temperatures can
be substantially equal. However, during filling, the interior temperature can
decrease at a significantly faster rate than the exterior temperature. This can
cause a delamination 36 to form as shown in FIG. 3C.

[0031] It should be noted that wall 30 can comprise a monolithic
structure or can comprise a multi-layer structure. It should be understood that
although the present disclosure employs the terms exterior region 32 and interior
region 34 in connection with wall 30, each of these regions can represent merely

a general portion or section of a monolithic wall structure or each of these
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regions can represent separate distinct layers in a multi-layer wall structure.
Therefore, it is important to recognize that the discussion, drawings, and claims
of the present application are not to be limited to any particular wall structure
unless otherwise noted and thus the use of the term region in the specification or
a demarcation line in the drawings are used in a positionally-relative context
rather than a distinct-layer context.

[0032] The above technical challenge results from the fact that liquids,
such as water and juice, are denser than air and therefore act as a much greater
heat sink than air at a given temperature. Additionally, liquid filling temperatures
have traditionally been much lower (as low as 10 degrees C) than that of
traditional air in blow molding applications which is generally ambient. Therefore,
it has been determined that the following relationship is generally required to
fulfill both technical and commercial considerations: the Internal Preform
Temperature is greater than the External Preform Temperature which is greater
than the Liquid Temperature.

[0033] However, the present teachings can be employed for controlling
the interior temperature such that delaminations 36 are unlikely to form. For
instance, in some embodiments of the present teachings (represented in the
graph third from the top in FIG. 3A), the interior temperature of the preform 14
can be significantly greater than the exterior temperature. Then, once the
container 12 is formed and filled with the liquid, the interior temperature will not
fall significantly below the outer temperature which may result in variation of
stretching characteristics. ~ As such, the interior region 34 is less likely to
delaminate from the exterior region 32.

[0034] More specifically, FIGS. 4, 5, and 6 illustrate the change in
exterior temperature (represented by line 38) and the change in interior
temperature (represented by line 40) while the container 12 is formed and filled
with the fluid 26. (In the embodiments shown, it can take approximately 0.50
seconds or less to fill the container 12 with the fluid 26, and additional cooling of
the container 12 occurs after filling.) As shown in the embodiments of FIGS. 4
and 5, the interior temperature can be initially greater than the exterior
temperature, but the interior temperature can rapidly reduce, and by the time

filling is completed, the interior temperature can be less than the exterior
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temperature. In the embodiments of FIG. 6, the interior temperature is below the
exterior temperature initially and gradually reduces during filling. However, in all
embodiments, it is preferred that for as long as possible during the forming
process that the interior temperature remains above the glass transition
temperature Tg of PET or other materials used for forming the preform 14.
Therefore, delaminations 36 are unlikely to form.

[0035] Also, the change in temperature gradient between the interior
and exterior temperatures during filling can be controlled. For instance, in the
embodiments of FIGS. 4 and 5, a predetermined amount of the fluid 26 can be
introduced into the container 12 before the internal temperature drops below the
exterior temperature (i.e., point 50 in FIGS. 4 and 5). For instance, in some
embodiments, at least approximately 10% of the final amount of the fluid 26 can
be introduced before the internal temperature drops below the exterior
temperature. Also, in some embodiments, at least approximately 25% of the
final amount of the fluid 26 can be introduced before the internal temperature
drops below the exterior temperature and more preferably at least 50% to
100%.. Otherwise, in the embodiments of FIG. 6, the interior temperature can
be below the exterior temperature even before filling with the fluid 26, and yet the
interior temperature does not drop below the glass transition temperature Tg. In
still other embodiments, the interior temperature can remain at or above the
exterior temperature during filling and thereafter. Therefore, for any chosen
polymer material, the preferred working range for preform temperature is from
about the glass transition temperature Tg of the material to about 90 degrees
(Celsius) above the glass transition temperature Tg of the material.

[0036] In some embodiments, the interior and exterior temperatures
can remain between approximately 105 and 140 degrees Celsius when the
preform 14 exits the oven 18 and/or once the container 12 filling forming process
is initiated. Also, in some embodiments, the interior temperature can be zero to
twenty degrees Celsius greater than the exterior temperature after the preform
14 exits the oven 18 and/or once the container 12 is filled. Also, in some
embodiments, the interior temperature can be five to ten degrees Celsius greater
than the exterior temperature after the preform 14 exits the oven 18 and/or once

the preform14 is placed into the blow mold. It will be appreciated, however, that
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the interior temperature can begin at, or fall below, the exterior temperature in
some embodiments, and yet the temperature gradient can be within a
predetermined range so that delaminations 36 are unlikely to form. By creating
the desired preform temperature gradient prior to liquid injection it is then
possible to ensure that at least 10% of the predetermined volume of liquid is
introduced into the preform prior to the internal preform temperature dropping
below the preform external temperature, preferably at least 25%, and more
preferably at least 50% to 100%. It is further desired that at least 80% of the
predetermined volume of liquid is introduced into the preform prior to the preform
internal temperature dropping below the material glass transition temperature
Tg, preferably at least 90%, and more preferably 100%.

[0037] Also, delaminations 36 can be reduced by controlling the
temperature of the fluid 26 to be with a predetermined range as the fluid 26
expands the preform 14 and the container 12 is formed. In some embodiments,
the temperature range of the fluid 26 can be between 0 and 100 degrees
Celsius. If the temperature of the fluid 26 is closer to the interior temperature of
the preform, heat transfer from the interior region 34 to the fluid 26 is less
pronounced.  Therefore, the preform may be heated so that the interior
temperature can be closer to the exterior temperature (FIG. 3A, bottom graph),
and delaminations 36 are less likely to form.

[0038] Furthermore, FIG. 7 graphically illustrates the relationship
between the temperature of the fluid 26 and the fill rate/time of the container 12.
As shown, a higher temperature fluid 26 can be used to fill the container 12 at a
lower fill rate, and vice versa. Thus, delaminations 36 can be reduced during
formation of the container 12 by relying on data of the type shown in FIG. 7 and
choosing an appropriate fill rate and temperature of the fluid 26.

[0039] It will also be appreciated that certain regions of the container
12 may be prone to the formation of delaminations 36. For instance, areas of
the container 12 (e.g., the foot of the container 12) that are stretched more
and/or stretched after other areas of the container 12 may be more prone to
delaminations 36. Thus, the design of the mold surfaces 24 of the blow mold 22
and the fill rate of the fluid 26 can also be designed to reduce delaminations 36

in these areas of the container 12.
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[0040]  Various embodiments for controlling the interior temperature of
the preform 14 relative to the exterior temperature will now be discussed. For
instance, the preform 14 can be heated before the preform 14 enters the oven
18. Specifically, heated air can be blown into the preform 14 before being
placed and additionally heated in the oven 18. Also, a heating element (e.g., a
resistive heater) can be operably coupled to the infeed device 20 to preheat the
preform 14 before being placed in the oven 18. Moreover, the gaylord 16 can be
heated to preheat the preform 14 therein before the preform 14 is removed and
fed into the oven 18. In each of these embodiments, the interior temperature of
the preform 14 can be highly controlled to be within the predetermined range of
the exterior temperature 14, and delaminations 36 are less likely to form.

[0041] Also, in the embodiments illustrated in FIG. 2, the preform 14°
can be formed inside the injection molding apparatus 28, and the preform 14'
can be removed before cooling significantly. Soon after, while the preform 14'
still has residual heat from the injection molding process, the preform 14" can be
blow molded with the within the blow mold 22" to form the container 12'. As
such, the preform 14" can be at an elevated temperature with the interior and
exterior temperatures at the predetermined temperature gradient, and the
container 12" can be formed therefrom.

[0042] Referring back to the apparatus 10 of FIG. 1, the preform 14
can also be heated to a predetermined temperature via X-ray, microwave, and/or
near infrared (NIR) beam technology before being blow molded within the blow
mold 22. The X-ray, microwave, or NIR beam can be focused on the interior
region 34 to focus heat thereon.

[0043] Still further, the preform 14 can be heated in a predetermined
manner inside the oven 18 such that the interior temperature is within the
predetermined range of the exterior temperature. For instance, in some
embodiments, heat can be focused on the interior region 34 of the preform by
directing hot air onto the interior region 34. More specifically, a spindle (not
particularly shown) can be received in the preform 14 to support the preform 14
within the oven 18, and hot air can be directed through the spindle to be
delivered to the interior region 34 of the preform 14. The hot air can be supplied

from an external source and/or the hot air can be circulated from within the oven
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18 and through the spindle to the interior region 34. Also, in some embodiments,
a heating element (e.g., a resistive heating element) can be operably coupled to
the spindle to thereby heat the interior region 34 of the preform 14.

[0044] In still additional embodiments, a heat sink (such as air
ventilation) can be operably coupled to the exterior region 32 of the preform 14
while in the oven 18 such that the exterior temperature of the preform 14 is
reduced while in the oven 18. As such, the temperature gradient between the
interior region 34 and the exterior region 32 can be controlled.

[0045] In still additional embodiments, the interior region 34 can be
initially formed to include a predetermined surface texture with a predetermined
surface roughness for controlling the interior temperature during formation and/or
filling of the container 12. For instance, the surface texture can affect heat
transfer to the fluid 26 in a predetermined manner such that the interior
temperature remains within the predetermined range of the exterior temperature
to reduce the formation of delaminations 36. Likewise, in some embodiments, a
surface coating can be applied to the interior region 34 to affect heat transfer and
to reduce the formation of delaminations 36. Additionally, the material used to
form the preform 14 can be specifically chosen to have a particular density that
controls heat transfer to keep the interior temperature within the predetermined
range of the exterior temperature.

[0046] Thus, delaminations 36 of the interior region 34 from the
exterior region 32 can be reduced during formation and filling of the container 12.
The temperature gradient between the interior region 34 and exterior region 32
can be controlled in a variety of ways. Also, the temperature and filling rate of
the fluid 26 used for filling the container 12 can be controlled for reducing
delaminations 36. It will be appreciated that these and other variables can be
controlled according to the particular material used to form the preform 14, the
dimensions of the preform 14 and/or container 12, the type of fluid 26 that fills
the container 12, etc. Thus, because the container 12 is less likely to include
delaminations 36, the appearance of the container 12 can be improved; the
structural strength and rigidity of the container 12 can be improved, etc.

[0047]  According to some embodiments, the teachings of the present

disclosure provide a method of forming a container that is operable to hold a
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substance, wherein the container is made from a polymeric material. The
method includes providing a preform of the container, the preform having a wall
with an interior region and an exterior region; disposing the preform in a mold
cavity, the mold cavity having a mold surface; introducing the substance into
the preform to expand the preform toward the mold surface, the substance
having a substance temperature, the interior region of the wall having a first
interior temperature prior to the introduction of the substance and a second
interior temperature after the introduction of the substance, the exterior region of
the wall having a first exterior temperature prior to the introduction of the
substance and a second exterior temperature after the introduction of the
substance; and controlling the first interior temperature to be greater than the
first exterior temperature prior to the introduction of the substance.

[0048] In some embodiments, the first interior temperature and the first
exterior temperature are each within the range of about the glass transition
temperature Tg of the polymeric material to about the glass transition
temperature Tg of the polymeric material plus 90 degrees Celsius.

[0049] In some embodiments, controlling the first interior temperature
includes controlling the first interior temperature to be between approximately
five to twenty degrees Celsius greater than the first exterior temperature. In
some embodiments, controlling the first interior temperature includes controlling
the first interior temperature to be between approximately ten to twenty degrees
Celsius greater than the first exterior temperature.

[0050] In some embodiments, controlling the first interior temperature
to be greater than the first exterior temperature includes controlling the first
interior temperature to be greater than the first exterior temperature and the first
exterior temperature to be greater than a temperature of the substance.

[0051] In some embodiments, the polymeric material is polyethylene
terephthalate (PET) and the first interior temperature is in the range of about 115
degrees Celsius to about 140 degrees Celsius and the first exterior temperature
is in the range of about 105 degrees Celsius to about 130 degrees Celsius. In
some embodiments, the substance is a liquid having a temperature in the range

of zero to 100 degrees Celsius.
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[0052] In some embodiments, the polymeric material is polyethylene
terephthalate (PET) and wherein controlling the first interior temperature includes
controlling the first interior temperature to be between approximately five to
twenty degrees Celsius greater than the first exterior temperature. In some
embodiments, controlling the first interior temperature includes controlling the
first interior temperature to be between approximately ten to twenty degrees
Celsius greater than the first exterior temperature.

[0053] In some embodiments, introducing the substance includes
introducing a substantially incompressible fluid into the preform. In some
embodiments, introducing a substantially incompressible fluid into the preform
includes introducing a predetermined volume of the substantially incompressible
fluid into the preform, wherein at least 10% of the predetermined volume of fluid
is introduced prior to the second interior temperature being less than the second
exterior temperature. In some embodiments, introducing a substantially
incompressible fluid into the preform includes introducing a predetermined
volume of the substantially incompressible fluid into the preform, wherein at least
25% of the predetermined volume of fluid is introduced prior to the second
interior temperature being less than the second exterior temperature.

[0054] In  some  embodiments, introducing a  substantially
incompressible fluid into the preform includes introducing a predetermined
volume of the substantially incompressible fluid into the preform, wherein at least
50% of the predetermined volume of fluid is introduced prior to the second
interior temperature being less than the second exterior temperature. In some
embodiments, the predetermined volume of the substantially incompressible fluid
is equal to the volume of the substantially incompressible fluid that will be sealed
and stored within the container.

[0055] In  some  embodiments, introducing a  substantially
incompressible fluid into the preform includes introducing a predetermined
volume of the substantially incompressible fluid into the preform, wherein at least
80% of the predetermined volume of fluid is introduced prior to the second
interior temperature being less than the glass transition temperature of the
polymeric material. In some embodiments, at least 90% of the predetermined

volume of fluid is introduced prior to the second interior temperature being less
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than the glass transition temperature of the polymeric material. In some
embodiments, at least 100% of the predetermined volume of fluid is introduced
prior to the second interior temperature being less than the glass transition
temperature of the polymeric material.

[0056] In some embodiments, the method can comprise heating the
preform in an oven before disposing the preform in the mold cavity, and wherein
controlling the first interior temperature includes introducing a quantity of heated
air into the preform before heating the preform in the oven.

[0057] In some embodiments, the method can comprise heating the
preform in an oven before disposing the preform in the mold cavity, wherein
controlling the first interior temperature includes preheating the preform with a
heating element that is coupled to an infeed device that feeds the preform into
the oven.

[0058] In some embodiments, the method can comprise injection
molding the preform to produce the preform at an elevated temperature, and
wherein controlling the first interior temperature includes transferring the preform
substantially at the elevated temperature to the mold cavity for subsequent
introduction of the substance into the preform.

[0059] In some embodiments, the method can comprise transporting
the preform in a gaylord, and wherein controlling the first interior temperature
includes heating the preform within the gaylord.

[0060] In some embodiments, controlling the first interior temperature
includes heating the interior region by applying at least one of an X-ray, a
microwave, and a near infrared beam to the interior region.

[0061] In some embodiments, the method can comprise disposing the
preform in an oven before disposing the preform in the mold cavity, and focusing
heat on the interior region while the preform is in the oven. In some
embodiments, focusing heat on the interior region includes directing hot air onto
the interior region. In some embodiments, the hot air is provided by circulating
the hot air from within the oven. In some embodiments, the hot air is provided by

providing the hot air from outside the oven.
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[0062] In some embodiments, the method can comprise supporting the
preform on a spindle inside the oven, and wherein focusing heat on the interior
region includes heating the spindle to heat the interior region.

[0063] In some embodiments, the method can comprise heating the
preform in an oven before disposing the preform in the mold cavity, and wherein
controlling the interior temperature includes cooling the exterior region while in
the oven.

[0064] In some embodiments, controlling the interior temperature
includes controlling the substance temperature to be within a predetermined
substance temperature range, wherein heat transfers between the interior region
and the substance to keep the second interior temperature within a
predetermined range of the second exterior temperature. In some embodiments,
the predetermined substance temperature range is between approximately 32
and 210 degrees Fahrenheit.

[0065] In some embodiments, the method can comprise controlling an
expansion rate for expanding the preform toward the mold surface to within a
predetermined rate.

[0066] In some embodiments, providing the preform includes providing
the preform to have an interior region with a predetermined surface texture that
allows heat transfer sufficient for keeping the first interior temperature greater
than the first exterior temperature prior to the introduction of the substance .

[0067] In some embodiments, providing the preform includes providing
a coating on the interior region that allows heat transfer sufficient for keeping the
first interior temperature greater than the first exterior temperature prior to the
introduction of the substance.

[0068] In some embodiments, providing the preform includes providing
the preform to have a density that allows heat transfer sufficient for keeping first
interior temperature greater than the first exterior temperature prior to the
introduction of the substance.

[0069] According to some embodiments, the teachings of the present
disclosure provide a method of forming a container that is operable to hold a
substance, wherein the container is made from a polymeric material. The

method can include providing a preform of the container, the preform having a
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wall with an interior region and an exterior region; disposing the preform of
the container in a mold cavity, the mold cavity having a mold surface; introducing
the substance into the preform to expand the preform toward the mold surface,
the substance having a substance temperature, the interior region of the wall
having a first interior temperature prior to the introduction of the substance and a
second interior temperature after the introduction of the substance, the exterior
region of the wall having a first exterior temperature prior to the introduction of
the substance and a second exterior temperature after the introduction of the
substance; and controlling at least one of heat transfer away from the interior
region, a fill rate of the substance into the preform, and a substance temperature
of the substance to maintain the first interior temperature greater than the first
exterior temperature prior to the introduction of the substance.

[0070] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the disclosure. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from
the disclosure, and all such modifications are intended to be included within the

scope of the disclosure.
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CLAIMS

What is claimed is:

1. A method of forming a container that is operable to hold a
substance, the container made from a polymeric material, the method
comprising:

providing a preform of the container, the preform having a wall with an
interior region and an exterior region;

disposing the preform in a mold cavity, the mold cavity having a mold
surface;

introducing the substance into the preform to expand the preform toward
the mold surface, the substance having a substance temperature, the interior
region of the wall having a first interior temperature prior to the introduction of the
substance and a second interior temperature after the introduction of the
substance, the exterior region of the wall having a first exterior temperature prior
to the introduction of the substance and a second exterior temperature after the
introduction of the substance; and

controlling the first interior temperature to be greater than the first exterior

temperature prior to the introduction of the substance.

2. The method of claim 1, wherein the first interior temperature and
the first exterior temperature are each within the range of about the glass
transition temperature Tg of the polymeric material to about the glass transition

temperature Tg of the polymeric material plus 90 degrees Celsius.

3. The method of claim 1, wherein controlling the first interior
temperature includes controlling the first interior temperature to be between
approximately five to twenty degrees Celsius greater than the first exterior

temperature.

4. The method of claim 3, wherein controlling the first interior
temperature includes controlling the first interior temperature to be between
approximately ten to twenty degrees Celsius greater than the first exterior

temperature.
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5. The method of claim 1, wherein controlling the first interior
temperature to be greater than the first exterior temperature includes controlling
the first interior temperature to be greater than the first exterior temperature and

the first exterior temperature to be greater than a temperature of the substance.

6. The method of claim 1, wherein the polymeric material is
polyethylene terephthalate (PET) and the first interior temperature is in the range
of about 115 degrees Celsius to about 140 degrees Celsius and the first exterior
temperature is in the range of about 105 degrees Celsius to about 130 degrees

Celsius.

7. The method of claim 6, wherein the substance is a liquid having a

temperature in the range of zero to 100 degrees Celsius.

8. The method of claim 1, wherein the polymeric material is
polyethylene terephthalate (PET) and wherein controlling the first interior
temperature includes controlling the first interior temperature to be between
approximately five to twenty degrees Celsius greater than the first exterior

temperature.

9. The method of claim 8, wherein controlling the first interior
temperature includes controlling the first interior temperature to be between
approximately ten to twenty degrees Celsius greater than the first exterior

temperature.

10. The method of claim 1 wherein introducing the substance includes

introducing a substantially incompressible fluid into the preform.
11. The method of claim 10 wherein introducing a substantially

incompressible fluid into the preform includes introducing a predetermined

volume of the substantially incompressible fluid into the preform, wherein at least
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10% of the predetermined volume of fluid is introduced prior to the second

interior temperature being less than the second exterior temperature.

12. The method of claim 10 wherein introducing a substantially
incompressible fluid into the preform includes introducing a predetermined
volume of the substantially incompressible fluid into the preform, wherein at least
25% of the predetermined volume of fluid is introduced prior to the second

interior temperature being less than the second exterior temperature.

13. The method of claim 10 wherein introducing a substantially
incompressible fluid into the preform includes introducing a predetermined
volume of the substantially incompressible fluid into the preform, wherein at least
50% of the predetermined volume of fluid is introduced prior to the second

interior temperature being less than the second exterior temperature.

14. The method of claim 13 wherein the predetermined volume of the
substantially incompressible fluid is equal to the volume of the substantially

incompressible fluid that will be sealed and stored within the container.

15. The method of claim 10 wherein introducing a substantially
incompressible fluid into the preform includes introducing a predetermined
volume of the substantially incompressible fluid into the preform, wherein at least
80% of the predetermined volume of fluid is introduced prior to the second
interior temperature being less than the glass transition temperature of the

polymeric material.

16. The method of claim 15 wherein at least 90% of the predetermined
volume of fluid is introduced prior to the second interior temperature being less
than the glass transition temperature of the polymeric material.

17. The method of claim 15 wherein at least 100% of the
predetermined volume of fluid is introduced prior to the second interior
temperature being less than the glass transition temperature of the polymeric

material.
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18. The method of claim 1, further comprising heating the preform in
an oven before disposing the preform in the mold cavity, and wherein controlling
the first interior temperature includes introducing a quantity of heated air into the

preform before heating the preform in the oven.

19. The method of claim 1, further comprising heating the preform in
an oven before disposing the preform in the mold cavity, wherein controlling the
first interior temperature includes preheating the preform with a heating element

that is coupled to an infeed device that feeds the preform into the oven.

20. The method of claim 1, further comprising injection molding the
preform to produce the preform at an elevated temperature, and wherein
controlling the first interior temperature includes transferring the preform
substantially at the elevated temperature to the mold cavity for subsequent

introduction of the substance into the preform.

21. The method of claim 1, further comprising transporting the preform
in a gaylord, and wherein controlling the first interior temperature includes

heating the preform within the gaylord.

22.  The method of claim 1, wherein controlling the first interior
temperature includes heating the interior region by applying at least one of an X-

ray, a microwave, and a near infrared beam to the interior region.
23. The method of claim 1, further comprising disposing the preform in
an oven before disposing the preform in the mold cavity, and focusing heat on

the interior region while the preform is in the oven.

24.  The method of claim 23, wherein focusing heat on the interior

region includes directing hot air onto the interior region.
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25. The method of claim 24, wherein the hot air is provided by

circulating the hot air from within the oven.

26. The method of claim 24, wherein the hot air is provided by

providing the hot air from outside the oven.

27.  The method of claim 23, further comprising supporting the preform
on a spindle inside the oven, and wherein focusing heat on the interior region

includes heating the spindle to heat the interior region.

28.  The method of claim 1, further comprising heating the preform in
an oven before disposing the preform in the mold cavity, and wherein controlling

the interior temperature includes cooling the exterior region while in the oven.

29.  The method of claim 1, wherein controlling the interior temperature
includes controlling the substance temperature to be within a predetermined
substance temperature range, wherein heat transfers between the interior region
and the substance to keep the second interior temperature within a

predetermined range of the second exterior temperature.

30. The method of claim 29, wherein the predetermined substance

temperature range is between approximately 32 and 210 degrees Fahrenheit.

31. The method of claim 1, further comprising controlling an expansion
rate for expanding the preform toward the mold surface to within a

predetermined rate.

32. The method of claim 1, wherein providing the preform includes
providing the preform to have an interior region with a predetermined surface
texture that allows heat transfer sufficient for keeping the first interior
temperature greater than the first exterior temperature prior to the introduction of

the substance .
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33. The method of claim 1, wherein providing the preform includes
providing a coating on the interior region that allows heat transfer sufficient for
keeping the first interior temperature greater than the first exterior temperature

prior to the introduction of the substance.

34. The method of claim 1, wherein providing the preform includes
providing the preform to have a density that allows heat transfer sufficient for
keeping first interior temperature greater than the first exterior temperature prior

to the introduction of the substance.

35. A method of forming a container that is operable to hold a
substance, the container made from a polymeric material, the method
comprising:

providing a preform of the container, the preform having a wall with an
interior region and an exterior region;

disposing the preform of the container in a mold cavity, the mold cavity
having a mold surface;

introducing the substance into the preform to expand the preform toward
the mold surface, the substance having a substance temperature, the interior
region of the wall having a first interior temperature prior to the introduction of the
substance and a second interior temperature after the introduction of the
substance, the exterior region of the wall having a first exterior temperature prior
to the introduction of the substance and a second exterior temperature after the
introduction of the substance; and

controlling at least one of heat transfer away from the interior region, a fill
rate of the substance into the preform, and a substance temperature of the
substance to maintain the first interior temperature greater than the first exterior

temperature prior to the introduction of the substance.
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