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EP 1 885 602 B9
Description

[0001] This invention relates to preform designs and preforms made therefrom, as well as making such preforms. The
present invention also relates to stretch blow molded containers and methods of making the same.

[0002] Poly(ethylene terephthalate) resins are commonly referred to in the industry as "PET" even through they may
and often do contain minor amounts of additional components. PET is widely used to manufacture containers for juice,
water, carbonated soft drinks ("CSD") and the like. PET is used for these purposes due to its generally excellent com-
bination of mechanical and gas barrier properties.

[0003] The PET containers referred to herein are stretch blow molded containers. As would bo recognized by one of
ordinary skill in the art, stretch blow molded PET containers are manufactured by first preparing an injection molded
preform from PET resin. The PET resin is injected into the preform mold that is of a certain configuration. In prior art
methods of container manufacturer, configuration of the preform is dictated by tha final bottle size and the properties of
the polymer being used to prepare the container. After preparation of the preform, the preforms is blow molded to provide
a stretch blow molded container.

[0004] PET containers must conform to fairly rigid specifications, especially when used to contain and store carbonated
beverages in warm climates and/or in the summer months. Under such conditions, the containers often undergo thermal
expansion, commonly referred to in the industry as "creep", caused by the high pressure in the container at high tem-
perature. The expansion increases the space between the PET molecules in the side wall of the container thus allowing
for CO2 to escape through the side wall faster than under normal conditions. Expansion also increases the head space
of the container, which allows carbonation to escape from the beverage into the headspace area. Regardless of how
carbonation is released from the beverage while enclosed in a container, loss of carbonation is undesirable because
the beverage will taste "flat" when this occurs. Creep increases the interior space in the container which, in turn, reduces
the height of the beverage in the container. This reduced height can translate into a perception by the consumer that
the container is not completely full and, as such, perception of product quality is reduced.

[0005] PET container performance is also relevant in regards to sidewall strength. In storage and transport, filed PET
containers are normally stacked with several layers of filled containers on top of each other. This causes significant
vertical stress on the container which is manifested in large part against the sidewalls. If there is not sufficient sidewall
strength or top load in the PET container, the bottle can collapse in storage or in use.

[0006] Moreover, consumer perception of container quality is manifested in the feel of the container when it is being
held. When consumers hold a container and squeeze the container, the container sidewall will deform. If sidewall
deflection is too high, the container will feel too soft; and consumers relate this to a poor quality of products, even though
the products are of the same quality as compared with products packed in a stiffer package.

[0007] One of ordinary skill in the art would recognize that it is desirable to reduce the amount of PET used in the
preparation of PET containers for cost reduction. Lower weight PET containers result in lower material costs, less energy
usage during the manufacturing process and lower transport costs. Lighter weighted containers also provide less solid
waste and have less negative environmental impact. However, with reducing the amount of PET per container the desired
properties mentioned above are also sacrifice, thus achieving a balance between source reduction and performance is
difficult to achieve.

[0008] Prior art methods of reducing the weight of PET containers generally focus on reduction of the amount of
polymer used to prepare the container. The weight of the container can be reduced to an amount that is shown through
performance testing to not dramatically sacrifice performance of the containers in use, although some deteriorations in
container performance are seen with prior art methods of lightweighting where no barrier coating is used. Generally, the
above-described container properties are directly related to the amount of PET resin used to prepare the container. In
prior art methods of light weighting containers, lower amounts of PET resin used will result in thinner-walled finished
containers and will consequently resultin lower barrier and strength properties in the finished container. Thus, the tension
between maximizing the performance of PET containers while attempting to reduce the weight of PET containers remains
a concern, especially in warmer climates.

[0009] Energy consumption during the container manufacturing process is directly related to the thickness of the
preform, because in a thicker preform there is more polymer mass present to heat and cool. Therefore, one method to
reduce energy costs associated with preparation of PET containers is to lightweight the preform by reducing the thickness
of the preforms. Prior art methods for doing so involve making a core change or a cavity change to the preform design.
A core change increases the inside diameter of the preform by hollowing out a portion of the inner wall of the preform.
A cavity change does not affect the inner diameter but rather removes a portion of the outer wall of the preform. However,
the thickness of the preform is related to, in part, the natural stretch ratio of the polymer being used to prepare the
preform. That is, the natural stretch ratio of the polymer determines the stretch ratio of the preform, which is a function
of the preform inner diameter correlating to thickness of the preform and height of the preform below the finish. The
preform is designed to have a preform stretch ratio that is somewhat higher than the natural stretch ratio of the polymer,
thus maximizing the performance of the PET resin by stretching the PET resin beyond its strain hardening point optimizing
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crystallization and orientation to create haze-free or substantially haze-free containers with acceptable mechanical
performance. Increasing the inner diameter of a preform lowers the preform stretch ratio, which affects the final container
properties by not maximizing the stretch of the PET resin. Therefore, it has been understood in the prior art that use of
PET resin which has a natural stretch ratio typically in the range of about 13 to 16 has limitations in reducing energy
costs in the container manufacturing process because the thickness of the preform cannot be effectively reduced.
[0010] One prior art method, which has been used to improve container quality, improve the productivity through
reduced cycle time by using thinner walled preforms, and lessen energy consumption in manufacture, is to lower the
stretch ratio of the polymer allowing for a reduced stretch ratio of the preform. Attempts have been made to lower the
stretch ratio of the polymer by modification of the PET resin itself. This has been achieved by increasing the molecular
weight or intrinsic viscosity (IV) of the PET resin because higher IV PET resins result in polymers with lower natural
stretch ratios. However, when the IV of the PET resin is increased, the polymer will have higher melt viscosity. When
higher melt viscosity is present, a higher melt temperature must be used to process the polymer, This results in more
energy usage and also more potential for polymer degradation during processing. The higher melt temperature also
requires longer cycle time during injection molding. These negative properties resulting from this method to lower the
stretch ratio of the polymer thus outweigh any benefits described above in reducing the preform wall thickness.

[0011] Lowering of the polymer stretch ratio can also be accomplished by addition of long chain branching. However,
like modifying the PET resin IV, this method also increases the melt viscosity of PET and causes the same problem of
the high IV polymer. Thus, this method is not desirable.

[0012] In view of the above, it would be desirable to develop a preform design that does not result in higher energy
consumption during processing. Still further, it would be desirable to develop a preform design that provides good
mechanical properties in a finished stretch blow molded container such as, low thermal expansion, good sidewall rigidity
and haze-free or substantially haze free containers. Still further, it would be desirable to reduce the energy consumption
during injection molding the preform and, therefore, the container manufacturing process. The present invention meets
these objectives.

[0013] According to a first aspect, the present invention provides a stretch blow molded container prepared from an
injection molded preform having an overall stretch ratio of from about 12 to about 16, wherein the overall stretch ratio
is a product of a hoop stretch ratio and an axial stretch ratio, wherein the hoop stretch ratio, is from about 5.6 to about
6.5, wherein the hoop stretch ratio is the ratio of the maximum internal container diameter to the maximum internal
preform diameter, wherein the axial stretch ratio is from about 2.4 to about 2.7, wherein the axial stretch ratio is the ratio
of the height of the container below the finish to the height of the preform below the finish, and wherein the preform
comprises a CG PET Copolymer having a free blow volume related to its natural stretch ratio of from about 650 to about
800 ml measured at 100°C and 6,2 bar (90 psi) using a 25 gram weight preform designed for a 500 ml container with a
maximum diameter of 65 mm and a height of 200 mm from below the container finish and having a hoop stretch ratio
of 5.5 and an axial stretch ratio of 2.6.

[0014] According to a second aspect, the present invention provides an injection molded preform for making a stretch
blow molded container having an overall stretch ratio of from about 12 to about 16, wherein the overall stretch ratio is
a product of a hoop stretch ratio and an axial stretch ratio, wherein the hoop stretch ratio is from about 5.6 to about 6.5,
wherein the hoop stretch ratio is the ratio of the maximum internal container diameter to the maximum internal preform
diameter, wherein the axial stretch ratio is from about 2.4 to about 2.7, wherein the axial stretch ratio is the ratio of the
height of the container below the finish to the height of the preform below the finish, and wherein the preform comprises
a CG PET Copolymer having a free blow volume related to its natural stretch ratio of from about 650 to about 800 ml
measured at 100°C and 6,2 bar (90 psi) using a 25 gram weight preform designed for a 500 ml container with a maximum
diameter of 65 nun and a height of 200 mm from below the container finish and having a hoop stretch ratio of 5.5 and
an axial stretch ratio of 2.6.

[0015] Furthermore, this invention encompasses a container made by blow molding such a preform. In a preferred
embodiment, the preform comprises an open ended mouth forming portion, an intermediate body forming portion, and
a closed base forming portion.

[0016] In one embodiment, the present invention provides preforms for preparing lightweight stretch blow molded
containers that have mechanical and thermal properties that are comparable to those of prior art stretch blow molded
containers. Yet further, an embodiment of the present invention provides methods of designing preforms to optimize the
stresses placed on a finished container in use.

[0017] The present invention provides a preform design with certain hoop ratio and axial ratio limitations that allows
the production of a lightweight stretch blow molded container with thermal and mechanical properties comparable or
superior to standard weight stretch blow molded containers made from the same material where such container uses
PET resins available in the prior art. This invention also encompasses a method of making such preforms and stretch
blow molded containers and methods of making the same.

[0018] According to this invention, by increasing stretching in the hoop direction a container can be made with con-
ventional container grade PET copolymer (hereinafter "CG PET copolymer or conventional PET") to have higher me-
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chanical strength. The inventors have discovered that by increasing the hoop stretch ratio without a significant change
in the axial stretch ratio, a preforms can be made that is lighter weight with comparable strength or in some instances
increased mechanical strength. In a further aspect, the inventors have identified a novel preform design that can be
used to prepare conventional PET stretch blow molded containers with excellent properties using a reduced amount of
polymer in the preparation thereof as compared to a preform with a conventional design.

[0019] Additional advantages of the invention will be set forth in part in the detailed description, which follows, and in
part will be obvious from the description, or may be learned by practice of the invention. The advantages of the invention
will be realized and attained by means of the elements and combinations particularly pointed out in the appended claims.
It is to be understood that both the foregoing general description and the following detailed description are exemplary
and explanatory aspects of the invention, and are not restrictive of the invention, as claimed.

[0020] Preferred embodiments of the presentinvention will now be described by way of example only and with reference
to the accompanying drawings, in which:

Fig. 1 is a sectional elevation view of an injection molded preform made with the conventional container grade PET
Copolymer in accordance with a preferred embodiment of this invention; and

Fig. 2 is a sectional elevation view of a blow molded container made from the preform of Fig. 1 in accordance with
a preferred embodiment of this invention.

[0021] The presentinvention may be understood more readily by reference to the following detailed description of the
invention and the examples provided herein and the Figures discussed herein. It is to be understood that this invention
is not limited to the specific methods, formulations, and conditions described, as such may, of course, vary. It is also to
be understood that the terminology used herein is for the purpose of describing particular aspects only and is not intended
to be limiting.

[0022] In this specification and in the claims that follow, reference will be made to a number of terms, which shall be
defined to have the following meanings.

[0023] The singular forms "a," "an," and "the" include plural referents unless the context clearly dictates otherwise.
[0024] Ranges may be expressed herein as from "about" one particular value and/or to "about" or another particular
value. When such a range is expressed, another aspect includes from the one particular value and/or to the other
particular value. Similarly, when values are expressed as approximations, by use of the antecedent "about," it will be
understood that the particular value forms another aspect.

[0025] "Optional" or "optionally" means that the subsequently described event or circumstance may or may not occur,
and that the description includes instances where said event or circumstance occurs and instances where it does not.
For example, the phrase "optionally comprising an ingredient" means that the composition may comprise that ingredient
and that the description includes both compositions comprising that ingredient and compositions without that ingredient.
[0026] The present invention provides a preform design with certain hoop ratio and axial ratio limitations that allows
the production of a lightweight stretch blow molded container with thermal and mechanical properties comparable or
superior to standard weight stretch blow molded containers made from the same material where such container uses
PET resins available in the prior art. This invention also encompasses a method of making such preforms and stretch
blow molded containers and methods of making the same.

[0027] According to this invention, by increasing stretching in the hoop direction, a container can be made with con-
ventional container grade PET copolymer to have higher mechanical strength. The inventors have discovered that by
increasing the hoop stretch ratio without a significant change in the axial stretch ratio, a preform can be made that is
lighter weight with comparable strength or in some instances increased mechanical strength. In a further aspect, the
inventors have identified a novel preform design that can be used to prepare conventional PET stretch blow molded
containers with excellent properties using a reduced amount of polymer in the preparation thereof as compared to a
preform with a conventional design.

[0028] In describing an embodiment of the present invention, a container grade PET copolymer (hereinafter "CG PET
copolymer") is defined as having a free blow volume of from about 650 to about 800 milliliters (ml) measured at 100°C
and 6,2 bar (90 psi) using a 25 gram weight preform designed for a 500 ml container with a maximum diameter of 65
mm and a height of 200 mm from below the container finish and having a hoop stretch ratio of 5.5 and an axial stretch
ratio of 2.6. This CG PET copolymer will also be referred to herein as conventional PET.

[0029] CG PET copolymer is contrasted with low natural stretch ratio copolymer (hereinafter "LNSR PET copolymer")
which is defined as having a free blow volume of from about 400 to less than about 650 ml measured at 100°C and 6,2
bar (90 psi) using a 25 gram weight preform designed for a 500 ml container with a maximum diameter of 65 mm and
a height of 200 mm from below the container finish and having a hoop stretch ratio of 5.5 and an axial stretch ratio of
2.6. A copending patent application titled "Preform For Low Natural Stretch Ratio PET Copolymer, Container Made
Therewith and Methods" and filed on May 11, 2005, discloses a preform having a reduced stretch ratio with certain hoop
ratio and axial ratio limitations made from an LNSR polymer having a lower natural stretch ratio over preforms made
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from PET resin available in the prior art. This reference also discloses a stretch blow molded container having excellent
mechanical properties, in particular a beverage container, made from this preform design. Also, this reference discloses
a clear container or substantially clear, haze-free or substantially haze free stretch blow molded containers. Furthermore,
The LNSR polymer is separately disclosed and claimed in copending U.S. Patent Application Serial No. 10/967,803 filed
in the U.S. Patent and Trademark Office on October 18, 2004, which is a continuation of U.S. Patent Application Serial
No. 10/696,858 filed in the U.S. Patent and Trademark Office on October 30, 2003, which claims priority under 35 U.S.C.
§119 to United States provisional patent application serial number 60/423,221 filed on November 1, 2002.

[0030] The free blow volume has a relational value to the natural stretch ratio of the polymer, which is more difficult
to measure and requires special instrumentation. The free blow volume measurement of a neat polymer, as shown in
the Examples herein, provides a method to measure the natural stretch ratio of a polymer. The natural stretch ratio of
a polymer influences the preform design by determining the minimum stretch ratio limitations imparted to the preform
by the polymer properties in the blow molding process. Thus, the free blow volume is the method chosen herein to
describe the natural stretch ratio of the polymer. A standard 25 gram weight preform designed for a 500 ml container
with maximum diameter of 65 mm and height of 200 mm below the container finish and having a hoop stretch ratio of
5.5 and an axial stretch ratio of 2.6 was chosen as the base measurement and standard test conditions of 100°C and
6,2 bar (90 psi) were used, as shown in Example 1. For the container grade PET copolymer with the free blow volume
in the range described above, the natural stretch ratio of such copolymer is from about 12 to 16. For the LNSR PET
copolymer with the free blow volume in the range described above, the natural stretch ratio for such copolymer is from
about 8 to about 12.

[0031] The preform stretch ratio is another valued used to describe the invention herein. The preform stretch ratio
refers to the nomenclature that is well known in the art and is defined according to the following formulas:

(1) Overall stretch ratio = [(maximum internal container diameter/internal preform diameter)] x [height of container
below finish)/(height of preform below fmish)]

(2) Hoop stretch ratio = (maximum internal container diameter/internal preform diameter)

(3) Axial stretch ratio = (height of container below finish/height of preform below finish)

(4) Or, in an alternate presentation, overall stretch ratio = hoop stretch ratio x axial stretch ratio

[0032] To maximize the performance characteristics of a particular polymer the preform design must be such that the
preform overall stretch ratio is greater than the natural stretch ratio of the PET copolymer. Using the above calculations,
it would be recognized that there are virtually unlimited ways to obtain or design a specified preform stretch ratio for use
with a particular PET copolymer. However, the inventors herein have determined that, although one can modify both
axial and hoop stretch ratios to provide a specified preform overall stretch ratio, in accordance with the present invention
there is a relationship that must be followed to achieve the optimum mechanical properties and barrier performance in
the resulting container.

[0033] According to one aspect of this invention, the injection molded preforms of the present invention for making a
stretch blow molded container for use with a CG PET copolymer are designed to have overall stretch ratios of from about
12 to about 16, or from 12 to 16. In particular, within these specified overall stretch ratios, the hoop stretch ratio is from
about 5.6 to about 6.5, or from 5.6 to 6.5, or from about 5.7 to about 6.5. The axial stretch ratio is from about 2.4 to about
2.7, orfrom 2.4 to 2.7. The CG PET copolymer has a free blow volume of from about 650 to about 800 ml measured at
100°C and 6,2 bar (90 psi) using a 25 gram weight preform designed for a 500 ml container with a maximum diameter
of 65 mm and a height of 200 mm from below the container finish and having a hoop stretch ratio of 5.5 and an axial
stretch ratio of 2.6. In another aspect, the CG PET has a free blow volume of from about 650 to about 750 ml.

[0034] By varying the hoop and axial stretch ratios within these ranges to provide the specified overall stretch ratios
formula, it has been found by the inventors herein that stretch blow molded containers having improved properties, such
as greater thermal stability, lighter in weight, and lower energy consumption, can be provided. These property improve-
ments result in a number of benefits to a beverage product contained within the container such as, for example, im-
provements in beverage shelf life. Clear or substantially clear preforms and stretch blow molded containers are also
found with this invention.

[0035] In a stretch blow molded container, the container generally conforms to the shape of a cylinder. As a result of
this generally cylindrical shape, stresses placed on the structure during use, especially during the use of the carbonated
soft drink are different in the hoop direction as in the axial direction. Generally speaking, the stress on the hoop direction
is about twice as much as that on the axial direction. For carbonated soft drink, the stresses on the container sidewall
caused by the internal pressure can cause the container to stretch. This phenomenon is also known as creep to those
skilled in the art. Creep is bad for the product quality as well as the container quality. In particular, creep increases the
volume of the container which, in turn, reduces the apparent fill level of the container. This can cause the false perception
to the consumers that there is less product in the container. Creep can cause container deformation changing the
container shape, which in many cases is representative of a brand. Creep also increases the head space volume of the
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CSD. This causes the CO2 to go from the beverage to the head space, and therefore reduce the amount of the CO2 in
the beverage. Since the shelf life of the CSD is determined by the amount of CO2 in the beverage, the increased head
space volume dramatically reduce the shelf life of the CSD product. Heat exacerbates this phenomenon causing even
more thermal expansion or creep.

[0036] A conventional preform designed for a CG PET copolymer typically has an overall stretch ratio of about 12 to
about 16, a hoop stretch ratio in the range of 4.3 to 5.5 and the axial stretch ratio in the range of 2.4 to 2.8. The inventors
found that it is possible to increase the hoop stretch of the preform to achieve higher orientation in this direction, while
reducing the axial stretch to reduce the orientation in this direction. By doing so, a higher degree of hoop orientation is
achieved. Since the orientation of the container is related to the preform stretch ratio, the higher hoop stretch canincrease
the orientation in the hoop direction, and thus reduce the deformation in the hoop direction. From this discovery, it has
been found that it can be beneficial to stretch the preform in the hoop direction to a greater degree than in the axial
direction. In so doing, it has been found that a greater stretching in the hoop direction improves the orientation of the
resulting beverage container, thus resulting in improved properties in the container.

[0037] This lightweight container made from the preform design of an embodiment of the present invention surprisingly
exhibits properties, such as higher sidewall rigidity, that are equal to or better than those exhibited in beverage containers
made from preforms with conventional designs at heavier weight. In particular, the stretch blow molded containers of
embodiments of the present invention are at least by weight lighter than stretch blow molded containers prepared from
CG PET copolymer (i.e. conventional PET) and using conventional designs of preforms. That is, a container made from
a present invention embodiment preform design has at least 5% reduction in weight as compared to a second container
having the same volume made from a preform having an overall stretch ratio of about 12 to about 16, an axial stretch
ratio of from about 2.4 to about 2.8, and a hoop stretch ratio of from about 4.3 to about 5.5 (hereinafter "conventional
design"). In another aspect, the preform design has at least 10% reduction in weight. Such inventive lightweight containers
exhibit mechanical and thermal properties that are equal to or better than prior art stretch blow molded containers.
Moreover, haze free or substantially haze free containers are obtained.

[0038] It has been found that the physical dimensions of the preform can be altered so as to make a lighter weight
preform than is normally possible in the prior art to make the same container with the similar physical properties. Although
this preform is lighter weight, it has been surprisingly found that the resulting container exhibits an acceptable level of
strength and also provides comparable container sidewall rigidity in comparison to containers made from conventional
PET using the conventional design of a preform with conventional weight. This design of an embodiment of the present
invention is not recommended for use with conventional weight preforms, but is specifically designed for light weight
purpose. Otherwise, if used with conventional weight preforms the sidewall thickness is too thick resulting in cycle time
penalties.

[0039] Using the present invention embodiment preform design methodology discussed herein, a container can be
produced with reduced amount of polymer present and still obtain comparable properties in the finished container
properties as compared to prior art lightweighting procedures. Such containers are lightweight, but nonetheless exhibit
improved mechanical and thermal properties having enhanced mechanical properties, higher crystallinity, and improved
shelf-life can be made utilizing preforms having stretch ratios of from about 12 to about 16.

[0040] This present invention embodiment preform design differs from prior art preform design techniques because
the preform conforming to the specified formula varies the hoop stretch ratio and axial stretch ratio in a non-proportional
manner. This provides a finished stretch blow molded container with a hoop and an axial stretch ratio that enhances the
sidewall rigidity of the finished stretch blow molded container.

[0041] Turning to the FIG. 1, a preform 10 having a conventional design is illustrated in FIG. 1. The dimensions in
FIG. 1 are not drawn to scale.

[0042] The preform 10 is made by injection molding a CG PET copolymer in one embodiment of the present invention.
Such preforms comprise a threaded neck finish 12 which terminates at its lower end in a capping flange 14. Below the
capping flange 14, there is a generally cylindrical section 16 which terminates in a section 18 of gradually decreasing
external diameter so as to provide for an increasing wall thickness. Below the section 18 there is an elongated body
section 20. The height of the preform is measured from the capping flange 14 to a closed end 21 of the elongated body
section 20.

[0043] The preform 10 illustrated in FIG. 1 is blow molded to form a container 22 illustrated in FIG. 2. The container
22 comprises a shell 24 comprising a threaded neck finish 26 defining a mouth 28, a capping flange 30 below the
threaded neck finish, a tapered section 32 extending from the capping flange, a body section 34 extending below the
tapered section, and a base 36 at the bottom of the container. The height of the container is measured from the capping
flange 30 to a closed end at the base 36.

[0044] The container 22 is suitably used to make a packaged beverage 38, as illustrated in FIG. 2. The packaged
beverage 38 includes a beverage such as a carbonated soft drink beverage disposed in the container 22 and a closure
40 sealing the mouth 28 of the container.

[0045] In one embodiment of the present invention, the intermediate body forming portion of the inventive preforms
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can have a wall thickness from about 1.5 to about 8 mm. The intermediate body forming portion of the preform can also
have an inside diameter from about 10 to about 30 mm, and the height of the preform, which extends from the closed
end of the preform opposite the finish to the finish, is from 50 to 150 mm. In one aspect, containers made in accordance
with some aspects of this invention can have a volume within the range from about 0.25 to about 3 liters and a wall
thickness of about 0.25 to about 0.65 mm. However, it is important to note that in relation to the preform design of the
present invention embodiment, the overall stretch ratio and the axial and hoop stretch ratios must vary in accordance
with the formulas stated herein.

[0046] In this specification, reference is made to dimensions of the preform 10 and the resulting containers 22. The
height H of the preform is the distance from the closed end 21 of the preform opposite the finish 12 to the capping flange
14 of the finish. The internal diameter ID of the preform 10 is the distance between the interior walls of the elongated
body section 20 of the preforms. The wall thickness T of the preform 10 is measured at the elongated body section 20
of the preforms also. The height H’ of the container 22 is the distance from the closed end of the base 36 of the container
opposite the finish 26 to the capping flange 30 of the finish. The maximum internal container diameter MD is the diameter
of the container at its widest point along the height of the container 22. The hoop stretch ratio of the preforms equals
the maximum internal container diameter divided by the internal preform diameter and the axial stretch ratio equals the
height of container below the finish divided by the height of preform below the finish. The overall stretch ratio of the
preforms equals the product of the hoop stretch ratio and the axial stretch ratio.

[0047] The preform 10, container 22, and packaged beverage 38 are but exemplary embodiments of the present
invention. It should be understood that the CG PET copolymer that comprises one embodiment of the present invention
can be used to make a variety of preforms and containers having a variety of configurations.

[0048] The inventors have surprisingly determined that the novel method of preform design can bo used to prepare
improved preform designs using CG PET copolymers, which is PET having stretch ratios higher than the LNSR PET
polymer described hereinabove and in the copending patent application. The inventive preform design methodology can
be used to prepare lightweight stretch blow molded containers from CG PET copolymer. Examples of CG PET copolymers
useful for the present invention preform design include PET copolymers having modification from about 1 to about 5
mole %, or from 1 to about 3 mole % 1,4 cyclohexane dimethanol modification, or alternatively, from about 1 to about
5 mole %, or from 1 to about 3 mole % isophthalic acid or naphthalene dicarboxylic acid modification. In a further aspect,
CG PET copolymer means PET in which DEG is a natural by-product of the PET manufacturing process and this DEG
is not removed prior to use thereof. Such DEG content is greater than about 2.4 mole % DEG, or greater than about 3
mole % DEG. As discussed previously, DEG is thought by those of ordinary skill in the art to be a harmless by-product
of the PET manufacturing process. As such, PET commonly used to prepare beverage containers necessarily contains
DEG. Until the invention described herein, it has not been possible to prepare commercially acceptable lightweight
stretch blow molded containers from such conventional PET because the thinner walls that resulted from reduced polymer
content did not provide suitable performance in the finished container.

[0049] A method for making a container is also provided, wherein the method comprises blow molding an injection
molded preform having the relationships of hoop, axial and overall stretch ratios of the preform design of the present
invention for use with CG PET copolymer as described elsewhere herein.

[0050] To understand the significance of this method, a summary of the conventional process of making stretch blow
molded containers is provided. First, PET pellets obtained from a conventional polyester esterification/polycondensation
process are melted and subsequently formed into preforms through an injection molding process using known processes.
Second, the preforms are heated in an oven to a temperature above the polymer Tg, and then formed into containers
viaaknown blow molding process. The desired end resultis clear preforms and clear containers with sufficient mechanical
and barrier properties to provide appropriate protection for the contained beverage or food product stored within the
container.

[0051] As would be understood by one of ordinary skill in the art, an important consideration in producing clear or
transparent containers is to first produce clear or transparent preforms. During the injection molding step, thermally
induced crystallization can occur during the conversion of the polymer to a preform. Thermally induced crystallization
can result in the formation of large crystallites in the polymer, along with a concomitant formation of haze. In order to
minimize the formation of crystallites and thus provide clear preform, the rate of thermal crystallization should be slow
enough so that preforms with few or no crystallites can be produced. However, if the rate of thermal crystallization is too
low, the production rates of PET resin can be adversely affected, since PET must be thermally crystallized prior to solid-
state polymerization, a process used to increase the molecular weight of PET and simultaneously remove unwanted
acetaldehyde. Solid state polymerization increases the molecular weight of the polymer so that a container made from
the polymer will have the requisite strength.

[0052] Prior art techniques for reducing thermal crystallization rate include the use of PET containing a certain amount
of co-monomers. The most commonly used comonomer modifiers are isophthalic acid or 1,4-cyclohexanedimethanol,
which are added at levels ranging from 1.5 to 3.0 mole %.

[0053] Counterbalancing the need to reduce the rate of thermal crystallization during injection molding is the need to
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increase the rate of strain-induced crystallinity that occurs during blow molding. Strain-induced crystallization results
from the rapid mechanical deformation of PET, and generates extremely small, transparent crystallites. The amount of
crystallites present in the container sidewall correlates generally with the strength and barrier performance of the con-
tainer.

[0054] In particular, prior art methods of preform design have been based upon either core change or cavity change,
or a redesign of preform with similar hoop and axial stretch ratio in the conventional preform designs. These prior art
designs do not account for the differing stresses exerted in the hoop and axial directions in a finished container. The
inventors herein have determined that due to the differing stresses exerted in a finished container, there need be more
hoop stretch than axial stretch.

[0055] With the balance between axial stretch and hoop stretch ratios provided with the present design when varied
within the specified overall stretch ratio, the preforms are easily stretched.

[0056] Additionally, using the present invention embodiment preform design with CG PET copolymer, it has been
found that lightweight containers can be made having the same or similar sidewall rigidity and thermal expansion char-
acterizations as prior art conventional containers of higher weight.

[0057] The light weighting potential for a container using the inventive preform design can be illustrated with two tests;
thermal expansion and sidewall deflection as described in the Examples presented herein below. Both tests demonstrate
the mechanical properties of the containers. Thermal expansion is a reflection of thermal stability, and sidewall detection
is a reflection of sidewall rigidity, respectively. Regardless of preform design, for the same resin composition, a lighter
weight bottle generally exhibits lower mechanical strength, poorer thermal stability (and concomitantly grater thermal
expansion), and less sidewall rigidity (or greater sidewall deflection). Improved performance in both thermal stability and
sidewall rigidity can substantially decrease creep, which is the dimensional change under stress of a container measured
by the change in diameter and height. This can be an important factor in use, especially for carbonated soft drink,
because most containers undergo some stress during and after the filling process, in particular mechanical stress and
stress from heating. Also, excessive temperatures during storage and transport can put mechanical stresses on the
container. Therefore, thermal expansion and sidewall deflection tests are used herein to compare the performance of
containers, and especially the performance of pressurized containers.

[0058] The preform designs of embodiments of the present invention can be used to make stretch blow molded
containers. Such containers include, but are not limited to, bottles, drums, carafes, and coolers, and the like. As is well
known to those skilled in the art, such containers can be made by blow molding an injection molded preform. Examples
of suitable preform and container structures and methods for making the same are disclosed in U.S. Pat. No. 5,888,598.
Other preform and stretch blow molded container structures known to one of skill in the art can also be prepared in
accordance with the present invention.

[0059] Preferred embodiments of the present invention are described above and further illustrated below by way of
examples, which are not to be construed in any way as imposing limitations upon the scope of the invention. To the
contrary, itis to be clearly understood that resort may be had to various other embodiments, modifications, and equivalents
thereof which, after reading the description herein, may suggest themselves to those skilled in the art without departing
from the scope of the appended claims.

EXAMPLES

[0060] The following Examples are put forth so as to provide those of ordinary skill in the art with a complete disclosure
and description of preform design of the present invention for light weighting of a PET bottle using conventional PET,
and are intended to be purely exemplary of the invention and are not intended to limit the scope of what the inventors
regard as their invention. Efforts have been made to ensure accuracy with respect to numbers (e.g., amounts, temper-
ature, etc.) but some errors and deviations should be accounted for. Unless indicated otherwise, parts are parts by
weight, temperature is in °C or is at room temperature, and pressure is at or near atmospheric.

EXAMPLE 1

[0061] Different PET resins were dried overnight at 135°C in a vacuum oven to achieve a moisture level below 50
ppm prior to injection molding. The injection molding was performed with a lab-scale Arburg unit cavity injection machine
into conventional perform molds using a 25 gram weight preform designed for a 500 ml container with a maximum
diameter of 65 mm and a height of 200 mm from below the container finish and having a hoop stretch ratio of 5.5 and
an axial stretch ratio of 2.6. The preforms were then free blown to bubbles to determine the stretch ratio of each polymer.
Free blow was performed on each preform variable and the bubbles were blown at temperatures of 100°C and 6,2 bar
(90 psi). The free blow volume is an indication of the natural stretch ratio of the PET, and is recorded for each bubble.
The higher the free blow volume, the higher the natural stretch ratio of the PET.
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Table 1: Free blow results of the LNSR PET copolymer and the CG PET Copolymer

Resin Composition Free blow volume (ml)
mole% IPA mole% DEG mole% NDC
3 2.80 0 713
0 1.60 0.25 542
0 1.60 0.50 520
0 1.60 1.00 560
0.50 1.60 0 529

[0062] Thefirstresin with 3 mole % IPA and 2.8 mole % of DEG is a CG PET copolymer or conventional PET copolymer.
It is seen from Table 1 that the other resins have reduced free blow volume and thus exhibit a lower natural stretch ratio
than that of the conventional PET copolymer.

EXAMPLE 2

[0063] A 26.5g preform and a 23-g preform were designed for 600 ml PET bottle. The stretch ratios of the two preform
designs are shown in Table 2. The 26.5 g preform was obtained through a core change from a 28-g preform used to
produce the 600 ml bottles.

Table 2
26.5 g preform core change design | 23 g preform invention design
(comparative)
Hoop stretch ratio 4.67 5.98
Axial stretch ratio 2.80 2.60
Overall stretchratio 13.1 15.5

EXAMPLE 3

[0064] A commercially available grade PET suitable for use in preparing a CSD container with an IV of 0.84 was dried
overnight at 135°C in a vacuum oven to achieve a moisture level below 50 ppm prior to injection molding. This resin is
considered to be "conventional" according to the present disclosure because this resin is not treated to remove residual
DEG derived from the manufacturing process. The injection molding was performed with a lab-scale Arburg unit cavity
injection machine into both 26.5 g and 23 g preform molds. The preforms were then blow molded into 600 ml contour
bottles with a Sidel SBO 1 machine.

EXAMPLE 4

[0065] A thermal stability test was performed on the bottles from Example 3 as follows:

[0066] The "as received" test bottle dimensions and thickness are measured. Bottles are then filled with water car-
bonated to 4.1+/- 0.1 volumes and capped. The filled bottles are exposed to ambient temperature overnight, and the
dimensions are measured to determine percent change. The bottles are exposed at 38°C, and the dimensions are
measured to determine percent change.

[0067] The critical dimensional change is listed in Table 3.

Table 3: Thermal stability of bottles made with conventional PET

Bottle description

Label diameter change%

Filling pointdrop (in)

Height change %

26.5 g bottle w/ core change preform

2.72%

1.115

1.6%

23 g bottle with invention preform

1.50%

1.069

2.5%
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[0068] The above results demonstrate that the 23-g bottles passed had fewer dimensional changes during stability
testing. In particular, the 26.5-g bottles are much heavier (i.e. thicker walled) than the 23 g bottles and are therefore
were expected to perform much better in the thermal stability test. Surprisingly, the lighter PET container prepared using
the inventive preform design exhibited significantly better thermal stability than this heavier container. This result shows
that the inventive preform design methodology can be used to prepare lightweight stretch blow molded containers with
surprisingly good thermal stability.

EXAMPLE 5 -- Environmental stress cracking resistance

[0069] The bottles of Example 4 were subjected to the accelerated stress cracking test as described below. For the
accelerated stress crack resistance testing, twenty-five (25) samples of each variable were randomly selected and
carbonated to 4.1-4.5 volumes of CO,. The samples were stored for 24 hours at 22,2°C (72°F) and 50% RH. The base
area of each of these bottles was then immersed in a dilute sodium hydroxide (0.1 %) solution. Each bottle was then
carefully examined over the course of 3 hours in order to detect carbon dioxide leakage through base cracks or for
catastrophic base failure. If any carbonation leakage or base breakage is detected, the time to this failure point is recorded.

Table 4: Accelerated stress cracking

Bottle description Average timeto failure (hour) | % of bottles passedthe 3hr. test
26.5-g bottle with core change design | 3.23 56%
23-g bottle with invention design 3.23 80%

[0070] As can be seen from Table 4, the 23-g bottles outperformed 26.5-g bottles even though the 26.5-g bottles are
much heavier, and expected to last longer in the caustic stress cracking test. This test result shows that stretch blow
molded containers prepared from conventional PET using the inventive preform design methodology exhibit improved
mechanical properties over containers prepared from prior art preform designs. This result is surprising because it would
be expected that the thicker 26.5 g containers would perform better. This result further confirms the excellent results
seen with the inventive preform design methodology.

[0071] It will be apparent to those skilled in the art that various modifications and variations can be made in the present
invention without departing from the scope of the invention as claimed. Other aspects of the invention will be apparent
to those skilled in the art from consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only.

Claims

1. A stretch blow molded container (22) prepared from an injection molded preform (10) having an overall stretch ratio
of from about 12 to about 16, wherein the overall stretch ratio is a product of a hoop stretch ratio and an axial stretch
ratio,
wherein the hoop stretch ratio is from about 5.6 to about 6.5, wherein the hoop stretch ratio is the ratio of the
maximum internal container diameter to the maximum internal preform diameter,
wherein the axial stretch ratio is from about 2.4 to about 2.7, wherein the axial stretch ratio is the ratio of the height
of the container below the finish to the height of the preform below the finish, and
wherein the preform comprises a CG PET Copolymer having a free blow volume related to its natural stretch ratio
of from about 650 to about 800 ml measured at 100°C and 6,2 bar (90 psi) using a 25 gram weight preform designed
for a 500 ml container with a maximum diameter of 65 mm and a height of 200 mm from below the container finish
and having a hoop stretch ratio of 5.5 and an axial stretch ratio of 2.6.

2. The stretch blow molded container (22) of claim 1, wherein the hoop stretch ratio of the injection molded preform is
from about 5.7 to about 6.5.

3. The stretch blow molded container (22) of claim 1, wherein the free blow volume of the CG PET Copolymer is from
about 650 to about 750 ml.

4. The stretch blow molded container (22) of claim 1, comprising from about 23 to about 25 g of the CG PET Copolymer,
wherein the volume of the stretch blow molded container is from about 450 to about 650 ml.
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5. The stretch blow molded container (22) of claim 1, having at least a 5% reduction in weight as compared to a second
container having the same volume made from a preform having an overall stretch ratio of about 12 to about 16, an
axial stretch ratio of from about 2.4 to about 2.8, and a hoop stretch ratio of from about 4.3 to about 5,5.

6. The stretch blow molded container (22) of claim 5, having at least 10% reduction in weight.

7. Aninjection molded preform (10) for making a stretch blow molded container (22) having an overall stretch ratio of
from about 12 to about 16, wherein the overall stretch ratio is a product of a hoop stretch ratio and an axial stretch ratio,
wherein the hoop stretch ratio is from about 5.6 to about 6.5, wherein the hoop stretch ratio is the ratio of the
maximum internal container diameter to the maximum internal preform diameter,
wherein the axial stretch ratio is from about 2.4 to about 2.7, wherein the axial stretch ratio is the ratio of the height
of the container below the finish to the height of the preform below the finnish, and
wherein the preform comprises a CG PET Copolymer having a free blow volume related to its natural stretch ratio
of from about 650 to about 800 ml measured at 100°C and 6,2 bar (90 psi) using a 25 gram weight preform designed
for a 500 ml container with a maximum diameter of 65 mm and a height of 200 mm from below the container finish
and having a hoop stretch ratio of 5.5 and an axial stretch ratio of 2.6.

8. The injection molded preform (10) of claim 7, wherein the hoop stretch ratio of the preform is from about 5.7 to about
6.5.

9. The injection molded preform (10) of claim 7, wherein the free blow volume of the CO PET Copolymer is from about
650 to about 750 ml.

Patentanspriiche

1. Streckblasgeformter Behalter (22), der aus einem Spritzguss-Vorformling (10) mit einem Gesamtstreckverhaltnis
von etwa 12 bis etwa 16 hergestellt ist, wobei:

- das Gesamtstreckverhaltnis ein Produkt aus einem Umfangs-Streckverhaltnis und einem Axial-Streckverhalt-
nis ist,

- das Umfangs-Streckverhaltnis das Verhaltnis des maximalen Innendruchmessers des Behalters zum maxi-
malen Innendurchmesser des Vorformlings ist und etwa 5,6 bis etwa 6,5 betragt,

- das Axial-Streckverhaltnis das Verhaltnis der Hohe des Behalters unterhalb des Abschlusses zur Hohe des
Vorformlings unterhalb des Abschlusses ist und etwa 2,4 bis etwa 2,7 betragt, und

- der Vorformling ein CG PET Copolymer enthalt, welches bei Verwendung eines 25 g schweren Vorformlings,
der flr einen 500 ml Behalter mit einem maximalem Durchmesser von 65 mm und einer Hohe von 200 mm
unterhalb des Behalterabschlusses konfiguriert ist, in Bezug auf sein natlirliches Streckverhaltnis ein frei blas-
bares Volumen zwischen etwa 650 und etwa 800 ml bei einer Messung bei 100°C und 6,2 bar (90 psi) aufweist,
und welches ein Umfangs-Streckverhaltnis von 5,5 und ein Axial-Streckverhaltnis von 2,6 aufweist.

2. Streckblasgeformter Behalter (22) nach Anspruch 1, wobei der Spritzguss-Vorformling ein Umfangs-Streckverhaltnis
zwischen etwa 5,7 und etwa 6,5 aufweist.

3. Streckblasgeformter Behalter (22) nach Anspruch 1, wobei das CG PET Copolymer ein frei blasbares Volumen
zwischen etwa 650 und etwa 750 ml aufweist.

4. Streckblasgeformter Behalter (22) nach Anspruch 1, der etwa 23 bis 25 g CG PET Copolymer enthalt, wobei der
streckblasgeformte Behalter ein Volumen zwischen etwa 450 und etwa 650 ml aufweist.

5. Streckblasgeformter Behalter (22) nach Anspruch 1, der im Vergleich zu einem zweiten Behalter ein um wenigstens
5 % vermindertes Gewicht aufweist, wobei der zweite Behalter das gleiche Volumen aufweist, welches aus einem
Vorformling mit einem Gesamtsteckverhaltnis zwischen etwa 12 und etwa 16, einem Axial-Streckverhaltnis zwischen
etwa 2,4 und etwa 2,8 und einem Umfangs-Streckverhaltnis zwischen etwa 4,3 und etwa 5,5 hergestellt ist.

6. Streckblasgeformter Behalter (22) nach Anspruch 5, der ein um wenigstens 10 % vermindertes Gewicht aufweist.

7. Spritzguss-Vorformling (10) zum Herstellen eines streckblasgeformten Behélters (22) mit einem Gesamtstreckver-
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haltnis von etwa 12 bis etwa 16, wobei

- das Gesamtstreckverhaltnis ein Produkt aus einem Umfangs-Streckverhaltnis und einem Axial-Streckverhalt-
nis ist,

- das Umfangs-Streckverhaltnis das Verhaltnis des maximalen Innendruchmessers des Behalters zum maxi-
malen Innendurchmesser des Vorformlings ist und etwa 5,6 bis etwa 6,5 betragt,

- das Axial-Streckverhaltnis das Verhaltnis der Héhe des Behélters unterhalb des Abschlusses zur Hohe des
Vorformlings unterhalb des Abschlusses ist und etwa 2,4 bis etwa 2,7 betragt, und

- der Vorformling ein CG PET Copolymer enthalt, welches bei Verwendung eines 25 g schweren Vorformlings,
der fur einen 500 ml Behalter mit einem maximalem Durchmesser von 65 mm und einer Héhe von 200 mm
unterhalb des Behalterabschlusses konfiguriert ist, in Bezug auf sein natiirliches Streckverhaltnis ein frei blas-
bares Volumen zwischen etwa 650 und etwa 800 ml bei einer Messung bei 100°C und 6,2 bar (90 psi) aufweist,
und welches ein Umfangs-Streckverhaltnis von 5,5 und ein Axial-Streckverhaltnis von 2,6 aufweist.

8. Spritzguss-Vorformling (10) nach Anspruch 7, wobei der Vorformling ein Umfangs-Streckverhaltnis zwischen etwa
5,7 und etwa 6,5 aufweist.

9. Spritzguss-Vorformling (10) nach Anspruch 7, wobei das CG PET Copolymer ein frei blasbares Volumen zwischen
etwa 650 und etwa 750 ml aufweist.

Revendications

1. Récipient moulé par étirage-soufflage (22) préparé a partir d’une préforme moulée par injection (10) ayant un rapport
d’étirage global d’environ 12 a environ 16, dans lequel le rapport d’étirage global est un produit d’un rapport d’étirage
tangentiel et d'un rapport d’étirage axial,
dans lequel le rapport d’étirage tangentiel va d’environ 5,6 a environ 6,5, le rapport d’étirage tangentiel étant le
rapport entre le diameétre de récipient interne maximal et le diamétre de préforme interne maximal,
dans lequel le rapport d’étirage axial va d’environ 2,4 a environ 2,7, le rapport d’étirage axial étant le rapport entre
la hauteur du récipient sous la bague et la hauteur de la préforme sous la bague, et
dans lequel la préforme comprend un copolymére CG-PET ayant un volume de soufflage libre d’environ 650 a
environ 800 mL mesuré a 100 °C et 6,2 bars (90 psi) en utilisant une préforme d’un poids de 25 grammes congue
pour un récipient de 500 mL avec un diamétre maximal de 65 mm et une hauteur de 200 mm depuis le dessous de
la bague du récipient et présentant un rapport d’étirage tangentiel de 5,5 et un rapport d’étirage axial de 2,6.

2. Récipient moulé par étirage-soufflage (22) selon la revendication 1, dans lequel le rapport d’étirage tangentiel de
la préforme moulée par injection va d’environ 5,7 a environ 6,5.

3. Récipient moulé par étirage-soufflage (22) selon la revendication 1, dans lequel le volume de soufflage libre du
copolymére CG-PET va d’environ 650 a environ 750 mL.

4. Récipient moulé par étirage-soufflage (22) selon la revendication 1, comprenant environ 23 a environ 25 g du
copolymere CG-PET, dans lequel le volume du récipient moulé par étirage-soufflage va d’environ 450 a environ
650 mL.

5. Récipient moulé par étirage-soufflage (22) selon la revendication 1, ayant au moins une réduction de poids de 5 %
en comparaison avec un second récipient ayant le méme volume fabriqué a partir d’'une préforme présentant un
rapport d’étirage global d’environ 12 a environ 16, un rapport d’étirage axial d’environ 2,4 a environ 2,8, et un rapport
d’étirage tangentiel d’environ 4,3 a environ 5,5.

6. Récipient moulé par étirage-soufflage (22) selon la revendication 5, ayant au moins une réduction de poids de 10 %.

7. Préforme moulée parinjection (10) pour fabriquer un récipient moulé par étirage-soufflage (22) présentant un rapport
d’étirage global d’environ 12 a environ 16, dans lequel le rapport d’étirage global est un produit d’un rapport d’étirage
tangentiel et d’'un rapport d’étirage axial,
dans lequel le rapport d’étirage tangentiel va d’environ 5,6 a environ 6,5, le rapport d’étirage tangentiel étant le
rapport entre le diamétre de récipient interne maximal et le diametre de préforme interne maximal,
dans lequel le rapport d’étirage axial va d’environ 2,4 a environ 2,7, le rapport d’étirage axial étant le rapport entre
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la hauteur du récipient sous la bague et la hauteur de la préforme sous la bague, et

dans lequel la préforme comprend un copolymére CG-PET ayant un volume de soufflage libre d’environ 650 a
environ 800 mL mesuré a 100 °C et 6,2 bars (90 psi) en utilisant une préforme d’'un poids de 25 grammes congue
pour un récipient de 500 mL avec un diamétre maximal de 65 mm et une hauteur de 200 mm depuis le dessous de
la bague du récipient et présentant un rapport d’étirage tangentiel de 5,5 et un rapport d’'étirage axial de 2,6.

Préforme moulée par injection (10) selon la revendication 7, dans laquelle le rapport d’étirage tangentiel de la
préforme va d’environ 5,7 a environ 6,5.

Préforme moulée par injection (10) selon la revendication 7, dans laquelle le volume de soufflage libre du copolymére
CG-PET va d’environ 650 a environ 750 mL.
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