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PROCESS FOR PRODUCING POLYESTER ARTICLE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application
No. 62/326,969 filed April 25, 2016, which Is incorporated herein by

reference In its entirety.

FIELD OF THE DISCLOSURE
The present disclosure Is directed towards processes for forming
polyester shaped articles, for example, articles used for packaging such as
thermoformed articles, flexible or rigid films or sheets, containers such as
bottles, and preforms that can be used to make the bottles. In particular,
the disclosure relates to the formation of polyesters comprising a mixture
of both polyethylene terephthalate and polytrimethylene

furandicarboxylate.

BACKGROUND OF THE DISCLOSURE

Barrier properties can be a desired property for polymers used In
packaging applications to protect the contents and provide desired shelf-
ife. Such packaging applications where barrier properties may be desired
Include for example packaging for food products, personal care products,
pharmaceutical products, household products, and/or industrial products.
The prevention of oxygen permeation into the product (e.g., oxygen from
outside the packaging), for example inhibits oxidation and microbial
growth, whereas prevention of permeation of gases contained inside a
product such as carbon dioxide used In carbonated beverages can
lengthen the shelf-life of a product. Many polymers have emerged for
these applications such as poly(ethylene terephthalate) (PET),
polyethylene (PE), poly(vinyl alcohol) (PVOH), ethylene vinyl alcohol
polymer (EvOH), poly(acrylonitrile) (PAN), poly(ethylene naphthalene)
(PEN), polyamide derived from adipic acid and meta xylylene diamine

(MXD6) and poly(vinylidene chloride) (PVDC), and may include additives
1
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{0 enhance barrier properties. However, most of these polymers suffer

from various drawbacks. For example, both high density polyethylene

(HDPE) and low density polyethylene (LDPE) have fair water vapor
barrier, but poor oxygen barrier. EVOH exhibits good oxygen barrier at
low humidity levels but fails at high levels of humidity. PET has relatively
high tensile strength but 1s [imited by low gas barrier properties.

Hence, there Is a need for polymer containing articles with improved
or comparable gas barrier properties for gases (such as oxygen, and/or
carbon dioxide) and/or moisture barrier properties where such polymer
containing articles have one or more benefits such as having 1) reduced
weight, 11) environmental sustainability, 111) reduced material consumption,

and/or 1Iv) materials promoting recyclability.

SUMMARY OF THE DISCLOSURE

The present disclosure relates to a process for reducing the weight

of a polyethylene terephthalate (PET) article comprising:

a) replacing in the range of from 1% to 40% by weight of the
polyethylene terephthalate with polytrimethylene
furandicarboxylate (P TF);

wherein the PET/PTF article has an oxygen permeation rate, a carbon
dioxide permeation rate and/or a water permeation rate that is less than or
equal to an identically shaped article consisting of polyethylene
terephthalate polymer and weighing 1.05 to 2.00 times or in some
embodiments 1.05 to 1.54 times the weight of the PET/PTF article; where
the degree of transesterification of the polyethylene terephthalate and the
polytrimethylene furandicarboxylate 1s in the range of from 0.1 to 99.9%.
In some embodiments, the PET article I1s used for packaging.
Examples of packaging articles include but are not limited to, a container,
such as a bottle, a preform used to make a bottle, or a thermoformed
article formed from a sheet. Other examples of packaging articles include
a film or sheet, such as for example 1) a single flexible film layer consisting
of, or comprising the transesterified PET/PTF composition or a
multilayered flexible film where at least one layer of the multilayered

flexible film consists of, or comprises the transesterified PET/PTF
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composition or I1) a single rigid sheet layer consisting of, or comprising the
transesterified PET/P TF composition or a multilayered rigid sheet where at
least one layer of the multilayered sheet consists of, or comprises the
transesterified PET/PTF composition.

The disclosure also relates to a process for reducing the weight of a

polyethylene terephthalate (PET) bottle comprising:

b) replacing in the range of from 1% to 40% by weight of the
polyethylene terephthalate with polytrimethylene
furandicarboxylate (P TF);

wherein the PET/PTF bottle has an oxygen permeation rate, a carbon
dioxide permeation rate and/or a water permeation rate that is less than or
equal to an identically shaped bottle consisting of polyethylene
terephthalate polymer and weighing 1.05 to 2.00 times, or in some
embodiments 1.05 to 1.54 times, the weight of the PET/PTF bottle;
wherein the degree of transesterification of the polyethylene terephthalate
and the polytrimethylene furandicarboxylate Is in the range of from 0.1 to
99.9%:; and wherein the bottle has an areal stretch ratio in the range of
from 5 to 30, or In some embodiments from 5 to 25.

In some embodiments, the PET/PTF bottle 1s used to contain food
(such as a beverage), a personal care product, a pharmaceutical product,
a household product or an industrial product, or is a preform which Is used
to make the aforementioned bottle.

The disclosure also relates to a process for reducing the weight of a

polyethylene terephthalate (PET) bottle comprising:

a) blowing a preform to form a bottle;

wherein the preform comprises In the range of 60% to 99% by weight of
polyethylene terephthalate and 1% to 40% by weight of polytrimethylene
furandicarboxylate and wherein the bottle has a degree of
transesterification between the polyethylene terephthalate and the
polytrimethylene furandicarboxylate that is in the range of from 0.1 to
99.9%: wherein the oxygen permeation rate, the carbon dioxide
permeation rate and/or the water vapor permeation rate is less than or

equal to an identically shaped bottle consisting of PET polymer and having
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a weight that 1s 1.05 to 2.00 times, or in some embodiments 1.05 to 1.54
times, the weight of the PET/PTF bottle; and

wherein the areal stretch ratio of the bottle is in the range of from 5 to 30,
or In some embodiments from 5 to 295.

The present disclosure also relates to a process comprising:

a) heating a mixture comprising 1% to 40% by weight of
polytrimethylene furandicarboxylate and 60% to 99% by weight
of polyethylene terephthalate to form a polymer melt, wherein
the percentages by weight are based on the total weight of the
polymer melt; and

b) forming a preform from the melt, wherein:

the degree of transesterification between the polyethylene terephthalate

and the polytrimethylene furandicarboxylate Is in the range of from 0.1 to
99.9%.

DETAILED DESCRIPTION OF THE DISCLOSURE

The disclosures of all cited patent and non-patent literature are
Incorporated herein by reference In their entirety.

As used herein, the term "embodiment” or “disclosure” Is not meant
to be Iimiting, but applies generally to any of the embodiments defined In
the claims or described herein. These terms are used interchangeably
herein.

Unless otherwise disclosed, the terms "a” and "an” as used herein
are Intended to encompass one or more (I.e., at least one) of a referenced
feature.

When an amount, concentration, value or parameter Is given as
either a range or a list of upper values and lower values, this Is to be
understood as specifically disclosing all ranges formed from any pair of
any upper and lower values within the range, regardless of whether the
ranges are separately disclosed. For example, when arange of "1 to 5" Is
recited, the recited range should be construed as including any single
value within the range or as any values encompassed between the
ranges, for example, "1 to 4", "1 to 3", "M to 2" "Mto2&4to 5" "1to3 &

4
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S". Where a range of numerical values Is recited herein, unless otherwise
stated, the range Is intended to include the endpoints thereof, and all
Integers and fractions within the range.

The features and advantages of the present disclosure will be more
readily understood, by those of ordinary skill in the art from reading the
following detailed description. It Is to be appreciated that certain features
of the disclosure, which are, for clarity, described above and below In the
context of separate embodiments, may also be provided in combination In
a single element. Conversely, various features of the disclosure that are,
for brevity, described in the context of a single embodiment, may also be
provided separately or in any sub-combination. In addition, references to
the singular may also include the plural (for example, “a” and "an”™ may
refer to one or more) unless the context specifically states otherwise.

The use of numerical values In the various ranges specified In this
application, unless expressly indicated otherwise, are stated as
approximations as though the minimum and maximum values within the
stated ranges were both proceeded by the word “about”. In this manner,
slight variations above and below the stated ranges can be used to
achleve substantially the same results as values within the ranges. Also,
the disclosure of these ranges is intended as a continuous range including
each and every value between the minimum and maximum values.

As used herein:

"Polyethylene terephthalate™ or "PET" means a polymer comprising
repeat units derived from ethylene glycol and terephthalic acid. In some
embodiments, the polyethylene terephthalate comprises greater than or
equal to 90 mole% of repeat units derived from ethylene glycol and
terephthalic acid. In still further embodiments, the mole% of the ethylene
glycol and terephthalic acid repeat units I1s greater than or equal to 95 or
96 or 97 or 98 or 99 mole%, wherein the mole percentages are based on
the total amount of monomers that form the polyethylene terephthalate.

"Polytrimethylene furandicarboxylate” or "PTF" means a polymer
comprising repeat units derived from 1,3-propane diol and furan

dicarboxylic acid. In some embodiments, the polytrimethylene
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furandicarboxylate comprises greater than or equal to 90 mole% of repeat

units derived from 1,3-propane diol and furandicarboxylic acid. In still
further embodiments, the mole% of the 1,3-propane diol and
furandicarboxylic acid repeat units I1s greater than or equal to 95 or 96 or
97 or 98 or 99 mole%, wherein the mole percentages are based on the
total amount of monomers that form the polytrimethylene
furandicarboxylate. In some embodiments, the furandicarboxylic acid
repeat units are derived from 2,3-furandicarboxylic acid, 2,4-
furandicarboxylic acid, 2,5-furandicarboxylic acid or a combination thereof.
In other embodiments, the furandicarboxylic acid repeat unit is derived
from 2,5-furandicarboxylic acid or an ester derivative thereof such as the
dimethyl ester of 2,5-furandicarboxylic acid.

The phrase “repeat units derived from” refer to the monomeric units
that form a part of the polymer chain. For example, a repeat unit derived
from terephthalic acid means terephthalic acid dicarboxylate regardless of
the actual monomer used to make the polymer. The actual monomer that
can be used to make the polymer are any of those that are known, for
example, terephthalic acid, dimethyl terephthalate, bis(2-hydroxyethyl)
terephthalate or others.

Unless the context otherwise indicates (such as in connection with
a preform for a film or sheet), the term “preform” means an article having a
fully formed bottle neck and a fully formed threaded portion, and a
relatively thick tube of polymer that Is closed at the end of the thick tube.
The neck and threaded portion are sometimes called the “finish”. The
thick tube of polymer can be uniform in shape and cross section when
viewing the tube from top (neck area) to bottom (closed portion) or can
have a variable cross section top to bottom.

The phrase "areal stretch ratio” means the product of the axial
stretch ratio times the hoop stretch ratio of a bottle blown from the preform.
The phrase "axial stretch ratio”™ means the (bottle working height)/(preform
working length). The phrase "hoop stretch ratio”™ means the (maximum
bottle external diameter)/(preform internal diameter). The bottle working

height Is defined as the overall bottle height minus the finish height. The
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preform working length is defined as the overall preform length minus the
finish length. The preform inner diameter means the diameter of the cavity
of the preform.

The term “stretch ratio” (similar in concept to “areal stretch ratio”) Is
used to describe the amount of stretching to form an article such as a
sheet and/or film, and means the product of a first dimension stretch ratio
multiplied by a second dimension stretch ratio for an article. The first
dimension (such as length) stretch ratio Is the final stretched first
dimension divided by the unstretched (i.e., starting) first dimension of the
article, and the second dimension (such as width) stretch ratio 1s the final
stretched second dimension divided by the unstretched (i.e., starting)
second dimension of the article. For example, in the case of an extruded
film which Is subsequently bi-axially oriented, the stretch ratio would be the
product of the length stretch ratio multiplied by the width stretch ratio,
where the length stretch ratio Is the final stretched length of the film
divided by the starting length of the film obtained from the extruder, and
the width stretch ratio 1s the final stretched width of the film divided by the
starting width of the film as obtained from the extruder.

The phrase “identically shaped bottle” means that a mold having the
same dimensions Is used to make two different bottles. The two bottles
will have the same exterior dimensions, for example, bottle height, width
and circumference. The weights of the identically shaped bottles may be
different.

The phrase “degree of transesterification” means the amount of
transesterification between two polyesters in a polyester blend. The
degree of transesterification can be measured by Interaction Polymer
Chromatography (IPC).

The phrases such as “transesterified PET/PTF composition™ or
‘PET/PTEF", "PET/PTF layer(s)” or "made from PET/PTF" or similar
language refers to a mixture comprising, or consisting essentially of, or
consisting of polytrimethylene furandicarboxylate (P TF) and polyethylene
terephthalate (PET) which has been processed under suitable conditions

(such as heat and mixing) to produce a composition where the degree of
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transesterification between the PTF and PET Is at least 1%. In some
embodiments the PTF Is dispersed In a continuous phase of PET as
described In more detall herein.

The term "haze” as used herein refers to the scattering of light as it
passes through a transparent article, resulting in poor visibility, reduced
transparency, and/or glare. Haze is measured according to the description
IN the Examples. A greater percent value of haze indicates less clarity and
reduced transparency.

Many plastic containers, for example, bottles consisting of PET
polymer, are made by first producing a preform followed by stretch blow
molding the preform into the bottle. The preform can have a variety of
dimensions, depending upon the final size of the bottle. The preform can
vary with respect to, for example, body length, body thickness, Inside
diameter, outside diameter, neck height and base height. As i1s known In
the art, the stretch ratio of a bottle i1s generally measured by the axial
stretch ratio which is the (bottle working height)/(preform working length)
and the hoop stretch ratio, which is (maximum bottle internal
diameter)/(preform internal diameter). The product of these two ratios,
that Is, the product of the axial stretch ratio times the hoop stretch ratio iIs
called the areal stretch ratio.

Plastic bottles that are used for containing and/or are in contact with
food (e.qg., beverage bottles), personal care products, pharmaceutical
products, household products and/or industrial products, have certain
permeation rate requirements for various gases or vapors to, for example,
maintain a desired shelf life for the product, maintain product
quality/specifications, or prevent unwanted contamination or undesired
degradation of the product. For example, the permeation rates of oxygen,
carbon dioxide and/or water vapor must be below certain levels In order to
prevent spoilage, reduction In active ingredients, loss of carbonation
and/or loss of liquid volume. The acceptable gas permeation rates will
vary depending upon the type of product (such as beverage) in the bottle

and the requirements In the industry.
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Permeation properties are especially an important factor in bottles
consisting of PET. Because PET bottles are relatively permeable to both
oxygen and carbon dioxide, they must have relatively thick walls in order
to provide the desired permeation rates which adds weight to the bottles.

It has been found that the weight of a bottle consisting of polyethylene
terephthalate polymer, especially a drink bottle, can be reduced by about 5
to 50% by weight, and In other embodiments reduced by about 5 to 35%
by weight, by the use of at least 1% by weight to less than or equal to 40%
by weight of polytrimethylene furandicarboxylate. For example, If a bottle
consisting of polyethylene terephthalate polymer has a weight of 20 grams
and has an acceptable rate of permeation to water vapor, oxygen and/or
carbon dioxide, then by controlling the transesterification of a melt of a
mixture of 89% by weight polyethylene terephthalate and 11% by weight of
polytrimethylene furandicarboxylate and the areal stretch ratio, a bottle can
be made weighing, for example, 15 grams and the bottle can still retain
rates of permeation to oxygen, carbon dioxide and/or water vapor that are
equal to or less than the identically shaped bottle consisting of PET.

The amount of polytrimethylene furandicarboxylate in the PET/PTF
bottle can have an effect on the percentage of weight that can be reduced
when compared to a bottle consisting of PET and still retain the desired
barrier properties. For example, If a relatively low amount of PTF Is used,
for example, 2% by weight, then the weight of the bottle can be reduced
by only a relatively small amount. However, If a relatively larger amount of
polytrimethylene furandicarboxylate 1s used, for example, 15% by weight,
then the weight of the bottle can be reduced by a relatively larger amount.

In some embodiments, the disclosure relates to a process for
reducing the weight of a polyethylene terephthalate bottle comprising:

a) replacing in the range of from 1% to 40% by weight of the
polyethylene terephthalate with polytrimethylene
furandicarboxylate;

wherein the PET/PTF bottle has an oxygen permeation rate, a carbon
dioxide permeation rate and/or a water vapor permeation rate that is less

than or equal to an identically shaped bottle consisting of polyethylene
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terephthalate polymer and weighing 1.05 to 2.00 times or in some

embodiments 1.05 to 1.54 times the weight of the PET/PTF bottle;
wherein the degree of transesterification of the polyethylene terephthalate
and the polytrimethylene furandicarboxylate Is in the range of from 0.1 to
99.9%: and

wherein the bottle has an areal stretch ratio in the range of from 5 to 30 or
In other embodiments from 5 to 25.

The process of “reducing the weight of a polyethylene terephthalate
bottle” means forming a PET/PTF bottle wherein the PET/PTF bottle
weighs 5 to 50% less, or In some embodiments, weighs S to 35% less than
an identically shaped bottle consisting of PET and the PET/P TF bottle still
retains gas permeation rates that are equal to or less than the PET bottle.
Replacing the PET with PTF means forming a bottle from a relatively
lightweight preform, wherein the preform iIs produced from a blend of both
polyethylene terephthalate and polytrimethylene furandicarboxylate. The
preform can be produced by first mixing the desired weight percentages of
both polyethylene terephthalate and polytrimethylene furandicarboxylate
polymers. In some embodiments, the weight percentages can be In the
range of from 60% to 99% by weight of PET and from 1% to 40% by
weight of PTF. The percentages by weight are based on the total amount
of the PET and PTF. In other embodiments, the amounts of
polytrimethylene furandicarboxylate can be in the range of from 3 to 35%
or from 5 to 30% or from 5 to 25% or from 5 to 20% or from 5 to 15% by
weight and the amounts of polyethylene terephthalate can be In the range
of from 65 to 97% or from 70 to 95% or from 75 to 95% or from 80 to 95%
or from 85 to 95% by weight, respectively, wherein the percentages by
weight are based on the total amount of the polyethylene terephthalate
and the polytrimethylene furandicarboxylate. In still further embodiments,
the amount polytrimethylene furandicarboxylate can be 3, 4, 5, 6, 7, 8, 9,
10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40% and the amount of
polyethylene terephthalate can be 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70, 71,72, 73,74,75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,

10
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89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99% by weight, wherein the
percentages by weight are based on the total amount of the polyethylene
terephthalate and the polytrimethylene furandicarboxylate.

The mixture can then be thoroughly mixed, for example, melted as
a mixture In an extruder, a single screw extruder or a twin screw extruder.
The extruder allows contact between the two polymers in the melt which
results In a degree of transesterification in the range of from 0.1 to 99.9%.
This replacement or substitution of 1 to 40% by weight of the PET with
PTF can allow a relatively lower weight preform to be produced that, when
blown Into a bottle, has an oxygen, carbon dioxide and/or water vapor
permeation rate that Is less than or equal to the higher weight bottle
consisting of PET.

It Is well known that the measurement of permeation rates for
various gases through polymers has a measure of inherent variability.
Therefore, due to the known variability In measuring the various
permeation rates for oxygen, carbon dioxide and/or water vapor, the
relatively lightweight PET/PTF bottle will be considered to have a
permeation rate that I1s “equal to or less than” an identically shaped bottle
consisting of PET and weighing 1.05 to 2.00 times, or in other
embodiments weighing 1.05 to 1.54 times the weight of the PET/PTF
bottle, if the permeation rates, when measured using the ASTM methods
given In the examples, of the PET/PTF bottle i1s at most 10% greater. For
example, If the average of three oxygen permeation rate measurements
for a 100% PET bottle weighing 25 grams is 0.2 cc/package.day.atm in a
100% O2 atmosphere, then the permeation rate for an identically shaped
PET/PTF bottle containing 20% P TF weighing 20 grams 1s considered to
be equal to or less than the 100% PET bottle if the average of three
oxygen permeation rate measurements for the PET/PTF bottle Is at most
0.22 cc/package.day.atm in a 100% O2 atmosphere. |n other
embodiments, when the permeation rate of the PET/PTF bottle Is at most
9% greater than the rates of the 100% PET bottle, the permeation rate will
be considered to be equal to or less than the 100% PET bottle. In still

further embodiments, when the permeation rate of the PET/PTF bottle Is at
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most 8% or 7% or 6% or 5% greater than the permeation rate of the 100%
PET bottle, the permeation rate will be considered to be equal to or less
than the 100% PET bottle. In other embodiments, the PET/PTF bottle can
weigh 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50% less than an identically shaped bottle
consisting of PET and have a rate of permeation to oxygen, carbon
dioxide and/or water vapor that is equal to or less than the PET bottle.

It can be important to control the amount of transesterification in the
mixture of the polyethylene terephthalate and the polytrimethylene
furandicarboxylate. In some embodiments, the degree of
transesterification can be in the range of from 0.1 to 99.9%. In other
embodiments, the degree of transesterification between the PET and the
PTF can be In the range of from at least 1%, or from 10 to 100%, or from
50 to 100%, or from 60 to 100%, or from 70 to 100% or from 80 to 100%.
In other embodiments the degree of transesterification can be in the range
of from 10 to 90% or from 20 to 80% or from 30 to 80% or from 40 to 80%
or from 50 to 70% or from 40 to 65%. In other embodiments, the degree
of transesterification canbe 1,2, 3,4 5 6, 7/, 8, 9, 10, 11, 12, 13, 14, 15
16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75, 76,77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99% or 100%.

Controlling the degree of transesterification can improve or alter
certain properties of the articles described herein containing PET/PTF.
For example, it has been found that barrier properties and/or the amount
of haze can be controlled and/or improved through adjusting the degree of
transesterification.

For example, with respect to the barrier properties of a bottle, it Is
believed that the degree of transesterification necessary to improve the
barrier properties Is variable, depending at least on the amounts of

polyethylene terephthalate and the polytrimethylene furandicarboxylate In
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the article. For example, the maximum improvement in the barrier
properties for a bottle comprising 90% by weight of polyethylene
terephthalate and 10% amorphous polytrimethylene furandicarboxylate
occurs when the degree of transesterification is Iin the range of from 50 to
/0%. In another example, the maximum improvement in the barrier
properties for bottle comprising 80% by weight of polyethylene
terephthalate and 20% amorphous polytrimethylene furandicarboxylate
occurs when the degree of transesterification is in the range of from 40 to
65%.

With respect to the amount of haze of a bottle made from PET/PTF,
it Is believed that the amount of haze Is related to the amount by weight of
the PTF that Is replacing the PET, and degree of transesterification, where
lower amounts by weight of PTF replacing the PET, and/or higher degrees
of transesterification can result in lower amounts of haze. It has been
found that for bottles comprising from 80 to 95% by weight PET and from 5
to 20% by weight P TF based on the total weight of the bottle, that the
amount of haze, as measured as described In the Examples, Is decreased
when the degree of transesterification Is increased. VWhere it Is desired to
have little or no amount of haze, the degree of transesterification may be
IN the range of from 50 to 100%, or from 60 to 100%, or from 70 to 100%,
or from 80 to 100%.

In embodiments where little or no amount of haze Is desired for a
PET/PTF containing article (such as a bottle for beverages or flexible
plastic wrap for food), the haze may range for example from 0 to 10%, or
from O to 5%, or from O to 3% or from 0.5 to 2%.

The degree of transesterification can be a function of both the
processing temperature and the length of time the mixture spends at or
above the melt temperature. Therefore, controlling the time and
temperature I1s an important factor in obtaining the desired degree of
transesterification. The melting temperature of crystalline PET I1s generally
about 230 to 265°C and the melting point of PTF is about 175 to 180°C.
Therefore, the processing temperature to produce the preform can be In

the range of from 230°C to 325°C. In other embodiments, the temperature
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can be in the range of from 240°C to 320°C or from 250°C to 310°C or

from 260°C to 300°C. In general, the processing times, that is, the length
of time at which the mixture of the PET and PTF spends In the extruder,
can be In the range of from 30 seconds to 10 minutes. In other
embodiments, the time can be In the range of from 1 minute to 9 minutes
or from 1 minute to 8 minutes. In general, with transit times through the
extruder being equal, higher temperatures favor higher degrees of
transesterification, while shorter times favor lower degrees of
transesterification. Additionally, with the extruder temperatures being
constant, longer processing times favor a higher degree of
transesterification, while shorter processing times favor lower amounts of
transesterification. It should also be noted that herein the “temperature”
refers to the barrel temperature which iIs controlled by the operator. The
true temperature experienced by the melt typically varies from this value
and will be Influenced from machine to machine, extruder design, wear,
Instrinsic viscosity (IV) of the polymer grade, screw configuration, and
other Injection parameters.

The areal stretch ratio can also have an influence on the barrier
properties of the bottle. The areal stretch ratio of the bottle can be any
number In the range of from 5to 30, or 51029, or5to 28, or 5to 27, or 5
to 26. In other embodiments, the areal stretch ratio can be any number In
the range of from 510 25, or6to 25, or 7 to 25, or 8 t0 25, or 9to 25, or 10
t0 25 or11to25 or12to025 or13to 25, or14to 25 or 15to 25, or 16 to
25, or 17 to 25. In other embodiments, the areal stretch ratio can be any
number from 12 10 30, 12t0 29, or12to28o0r12to 27 or12to 26 or 12 to
25 or12to24 or12to023 or12to21, or12t020, or12to 19, or 12 to
18. In other embodiments, the areal stretch ratio can be any number In
the range of from 6to 24, or 7 t0 23, or 8to 22, or 9to 21, or 10 to 20. In
still further embodiments, the areal stretch ratio can be in the range of from
12 to 20, or from 13 to 19, or from 14 to 18.

In other embodiments, the disclosure relates to a process for
reducing the weight of a polyethylene terephthalate bottle comprising:

a) blowing a preform to form a bottle;
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wherein the preform comprises in the range of from 60% to 99% by weight

of polyethylene terephthalate and in the range of from 1% to 40% by
weight of polytrimethylene furandicarboxylate having a degree of
transesterification between the polyethylene terephthalate and the
polytrimethylene furandicarboxylate in the range of from 0.1 to 99.9%;
wherein the oxygen permeation rate, the carbon dioxide permeation rate
and/or the water vapor permeation rate Is less than or equal to a bottle
consisting of PET polymer and having a weight that i1s 1.05 to 2.00 times
or iIn some embodiments 1.05 to 1.54 times the weight of the PET/PTF
bottle; and

wherein the areal stretch ratio of the bottle Is in the range of from 5 to 30
or In some embodiments 5 to 295.

The process of “reducing the weight of the polyethylene
terephthalate bottle” by blowing a preform to form the bottle refers to the
weight of a preform comprising polyethylene terephthalate and
polytrimethylene furandicarboxylate relative to the weight of a preform
consisting of polyethylene terephthalate. In order to reduce the weight of
the bottle, a preform Is produced wherein the preform comprises in the
range of from 60% to 99% by weight of polyethylene terephthalate and 1%
to 40% by weight of polytrimethylene furandicarboxylate and the PET/PTF
preform weighs 5 to 50% less and In other embodiments from 5 to 35%
less than the PET preform, yet the bottle produced from the preform has a
gas permeation rate that 1s less than or equal to an identically shaped
bottle consisting of PET.

In other embodiments, the disclosure relates to a process
comprising:

a) heating a mixture comprising in the range of from 1% to 40% by
weight of polytrimethylene furandicarboxylate and in the range
of from 60% to 99% by weight of polyethylene terephthalate to
form a polymer melt, wherein the percentages by weight are
pbased on the total weight of the polymer melt; and

pb) forming a preform from the polymer melt, wherein:
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the degree of transesterification between the polytrimethylene

furandicarboxylate and the polyethylene terephthalate is in the

range of from 0.1% to 99.9%.

The process can further comprise the step of:

c) Dblowing the preform to form a bottle, wherein the areal stretch
ratio of the bottle Is In the range of from 5 to 30 or In some
embodiments from S to 25.

Any of the above disclosed processes can result in a bottle having
acceptable visual properties as well as the desired gas barrier layers.

The process comprises a first step:

1) heating a mixture comprising in the range of from 1% to 40% by
welight of polytrimethylene furandicarboxylate and in the range of from
60% to 99% by weight of polyethylene terephthalate to form a polymer
melt, wherein the percentages by weight are based on the total weight of
the polymer melt.

The heating of the mixture can be accomplished using any of the
known heating techniques. In general, the heating step can take place In
an apparatus that can also be used to produce the preform, for example,
using an extruder and/or injection molding machine. In some
embodiments, the mixture comprises or consists essentially of 2, 3, 4, 5, 6,
7,8,9 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40% by weight of
polytrimethylene furandicarboxylate, based on the total weight of
polyethylene terephthalate and polytrimethylene furandicarboxylate. The
PET and PTF can be blended as particles in the desired weight ratio to
form the mixture prior to heating the mixture. In other embodiments, the
desired weight percentages of PET and PTF can be fed separately to the
same or different heating zones of the extruder. The particles can be In
the form of, for example, powders, flakes, pellets or a combination thereof.

The mixture of particles can be fed to the extruder where the
mixture enters one or more heating zones and I1s conveyed along at least
a portion of the length of the extruder to form the polymer melt. In the

extruder, the polymer melt may be subject to one or more heating zones
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each Independently operating at the same or different temperatures. The
heating zones typically operate at a temperature in the range of from
230°C to 325°C and the extruder provides at least some mixing to the
polymer melt. In other embodiments, the temperature can be In the range
of from 240°C to 320°C or from 250°C to 310°C or from 260°C to 300°C.
The Iintimate contact of the polyethylene terephthalate and the
polytrimethylene furandicarboxylate in the polymer melt can result in a
degree of transesterification between the two polymers, thereby forming a
blend comprising or consisting essentially of PET, PTF and a copolymer
comprising repeat units from both polymers. The degree of
transesterification can be In the range of from 0.1% to 99.9%. In some
embodiments, the degree of transesterification between the PET and the
PTF can be In the range of from 10 to 100%, or from 50 to 100%, or from
60 to 100%, or from 70 to 100%. In other embodiments, the degree of
transesterification between the PET and the PTF can be In the range of
from 10 to 90% or from 20 to 80% or from 30 to 80% or from 40 to 80% or
from 50 to 70% or from 40 to 65%. In other embodiments, the degree of
transesterification canbe 1, 2. 3, 4. 5,6, 7,8, 9 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98 or 99%. Dependent upon the degree of
transesterification, the final product can form a substantially continuous
phase product of PET/PTF. By "substantially continuous phase’ it is
meant that the degree of transesterification i1s from 80 to 100% or from 90
to 100% or from 95 to 100%. In other embodiments, the preform or the
bottle comprises a continuous phase of polyethylene terephthalate and a
discontinuous phase of polytrimethylene furandicarboxylate. The products
wherein the PTF forms a discrete phase within the continuous PET phase
can be referred to as a salt-and-pepper blend or a masterbatch.

The process also comprises the step of 1) forming a preform from

the polymer melt. The polymer melt from step 1) can be injection molded
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INto a mold having the shape of the preform. Typically, the mold is defined
by a female mold cavity mounted to a cavity plate and a male mold core
mounted to a core plate. The <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>