Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

CA 2914315 C 2023/04/25

N 2 914 315

12 BREVET CANADIEN
CANADIAN PATENT
13 C

(22) Date de dépébt/Filing Date: 2015/12/09
(41) Mise a la disp. pub./Open to Public Insp.: 2017/06/09
(45) Date de délivrance/lssue Date: 2023/04/25

(51) CLInt./Int.Cl. B67C 3/74(2006.01)

(72) Inventeurs/Inventors:
WANG, XIAOCHUAN, CA,
REJMAN, MARK, CA;
LEWONIUK, RONALD WILLIAM, CA;
GIBBONS, IAN ROBERT, CA;
BRUSSET, ERIC PAUL, CA

(73) Propriétaire/Owner:
NOVA CHEMICALS CORP., CA

(74) Agent: BAAR, CLIFF

(54) Titre : PROCEDE DE REMPLISSAGE A CHAUD COMPORTANT DES FERMETURES FAITES DE POLYETHYLENE

UNIMODAL HAUTE DENSITE

(54) Title: HOT FILL PROCESS WITH CLOSURES MADE FROM HIGH DENSITY UNIMODAL POLYETHYLENE

35.0%

+Comparative Example 1, one closure, tested
32.5%

ompatative Exampie-tonetiosurefitted

+ Inventive Example 3, one closure, tested
30.0%

DOlinventive Example 3, one cicsure, fitted

27.5%

T e

25.0% ==

225% - .

20.0%

17.8% ai
8% "y

Strain

15.0% ;:

12.5%

13.0%

75%

2.5%

0.0%
[

25 50 i 100 128

(57) Abrégé/Abstract:

160 176 200 225 250 s 300

Time (s}

Provided is a process to fill a container, the process comprising: adding a hot liquid to the container through a container opening,
sealing the container opening with a closure comprising a unimodal polyethylene composition, and bringing the hot liquid into
contact with an interior surface of the closure; wherein the unimodal polyethylene composition is made using a Ziegler-Natta
catalyst and has a density from 0.945 to 0.967 g/cm®; a melt index, I, of from 2.5 to 20.0 g/10min; a weight average molecular

weight (Mw) from 25,000 to 85,000 g/mol; and a molecular weight distribution M, /M, of from 2.2 to 4.2.

C ana dg http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - http:/cipo.ge.ca

OPIC - CIPO 191

OPIC




HOT FILL PROCESS WITH CLOSURES MADE FROM HIGH DENSITY
UNIMODAL POLYETHYLENE

ABSTRACT OF THE DISCLOSURE

Provided is a process to fill a container, the process comprising: adding a hot
liquid to the container through a container opening, sealing the container opening
with a closure comprising a unimodal polyethylene composition, and bringing the hot
liquid into contact with an interior surface of the closure; wherein the unimodal
polyethylene composition is made using a Ziegler-Natta catalyst and has a density
from 0.945 to 0.967 g/cm?3; a melt index, |2 of from 2.5 to 20.0 g/10min; a weight
average molecular weight (Mw) from 25,000 to 85,000 g/mol; and a molecular weight
distribution Mw/Mn of from 2.2 to 4.2.
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HOT FILL PROCESS WITH CLOSURES MADE FROM HIGH DENSITY UNIMODAL
POLYETHYLENE

FIELD OF THE INVENTION

The present disclosure relates to a hot filling process which employs closures
made from high density (density 20.945 g/cm®) unimodal polyethylene compositions.

BACKGROUND OF THE INVENTION

Hot filling techniques are commonly used in the bottling of beverages such as,
for example, drinks, fruit juices, milk, tea, sports drinks and flavored water. Typically,
the material employed to package these materials in a hot fill application is
polyethylene terephthalate (PET). PET bottles are light weight and tough.

A typical hot fill process involves the foliowing steps. A hot liquid beverage is
added to a plastic bottle while at an elevated temperature, typically from about 70 to
about 93°C under a positive pressure and over a 15 to 30 second time interval. The
bottle or container is then immediately sealed with a plastic closure and tilted on its
side or inverted. Contact of the hot liquid with the closure sterilizes the closure.
Inversion may last for example, about 15 seconds, or a time sufficient for sterilization
of the closure interior. Following sterilization of the closure interior, the bottle may be
cooled to for example about 40°C.

In order to be properly applicable to a hot filling process the closure should be
made of a material that imparts heat resistance (e.g. resistance to deformation during
hot/cold cycles occurring in a hot filling process), good sealing properties to prevent
leaking, and resistance to the development of cracks.

As discussed in a recent ANTEC® publication, “Deformation Measurement,
Modeling and Morphology Study for HDPE Caps and Closures”, by XiaoChuan (Alan)
Wang, March 23-25, 2015, Orlando, FL, USA, it is difficult to directly study the

deformation properties of plastic closures due to their complex geometries and
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relatively small dimensions. Standard tests for creep properties (e.g. tensile creep,
flexural creep, and compressive creep) such as those described in ASTM D-2990
employ standard compression molded specimens or plaques, not caps or closures per
se. Further, the final polymer morpholagy, as it exists in a molded closure formed
from injection molding or continuous compression molding techniques, may not be
represented when using standardized testing which employ standardized plaques. As
such, a method which informs about the deformation properties of a finished closure
was developed. The method employed a model to evaluate the deformation of an ‘as
is closure” at different instantaneous stresses, times and temperatures. To properly
model the closure deformation, any tamper evidence ring attached to the closure was
removed.

We have now found that application of the methodology and model to closures
comprising high density unimodal polyethylene compositions allows one to select for
polymer compositions which are particularly suitable for application in hot fill closures
and processes.

SUMMARY OF THE INVENTION

The present disclosure shows that certain high density unimodal polyethylene
compositions are suitable for making closures used in hot fill processes.

The preset disclosure also contemplates the use of high density unimodal
polyethylene compositions for use in aseptic fill processes.

A recently developed model and a series of tests are used to demonstrate
those closure characteristics which are suitable for hot fill, or aseptic fill applications.

Provided is a process to fill a container, the process comprising: adding a hot
liquid to the container through a container opening, sealing the container opening with
a closure comprising a unimodal polyethylene composition, and bringing the hot liquid
into contact with an interior surface of the closure; wherein the unimodat polyethylene

2
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composition has a density from 0.945 to 0.967 g/cm?; a melt index, Iz of from 2.5 to
20.0 g/10min; a weight average molecular weight (Mw) from 25,000 to 85,000 g/mol;
and a molecular weight distribution Mw/Mn of from 2.2 to 4.2.

Provided is.a use of a closure in a hot fill process, wherein the closure
comprises a unimodal polyethylene composition having a density from 0.945 to 0.967
g/cms; a melt index, Iz of from 2.5 to 20.0 g/10min; a weight average molecular weight
(Mw) from 25,000 to 85,000 g/mol; and a molecular weight distribution Mw/Mn of from
2.2104.2.

Provided is a process to fill a container, the process comprising: adding a hot
liquid to the container through a container opening; sealing the container opening with
a closure comprising a unimodal polyethylene composition having a density from
0.945 to 0.967 g/cm?; a melt index, |2 of from 2.5 to 20.0 g/10min; a weight average
molecular weight (Mw) from 25,000 to 85,000 g/mol; and a molecular weight
distribution Mw/Mn of from 2.2 to 4.2; and bringing the hot liquid into contact with an
interior surface of the closure; wherein the closure has a time exponent, m of 0.114 or
less where m is determined using a compressive strain model represented by the

equation:

e=Axag" <"
where ¢is the compressive strain; o is the stress in N/cm2, t is the loading time in
seconds, A is the model coefficient, n is the deformation stress exponent and m is the
time exponent.
Provided is a use of a closure in a hot fill process, wherein the closure
comprises a unimodal polyethylene composition having a density from 0.945 to 0.967
g/cm?3; a melt index, |2 of from 2.5 to 20.0 g/10min; a weight average molecular weight

(Mw) from 25,000 to 85,000 g/mol; a molecular weight distribution Mw/Mn of from 2.2
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determined using a compressive strain model represented by the equation:

8=AXOnXtm

where ¢ is the compressive strain; o is the stress in N/cmZ, t is the loading time in
seconds, A is the model coefficient, n is the deformation stress exponent and m is the
time exponent.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1E. Figures 1A through 1E show gel permeation chromatographs
for the unimodal polyethylene compositions used in Examples 1 through 5
respectively.

Figure 2A. Figure 2A shows an overhead cross sectional view of the probe
used in the closure deformation testing. The view shows the bottom side of the probe
which contacts the upper surface of the closure. D1 =10.8 mm; D2 =6.4 mm.

Figure 2B. Figure 2B shows a partial cross section perspective view of the
probe used in the closure deformation testing.

Figure 3. Figure 3 shows an overhead view (with screw locations indicated) of
the closure holder used in deformation stress testing. The view shows the upper
surface of the holder which receives the lower annular edge of the closure.

Figure 4. Figure 4 shows actual and fitted compressive deformation data for

the closures of Example 1 and Example 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Filling Process
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The present disclosure is concerned with the use of closures in filling/sealing
processes which have at least one step in which the closure interior (and optionally
the container, bottle and the like) is (are) contacted with a liquid at elevated
temperatures, or temperatures above ambient, or above room temperature or above
about 20°C, or any temperature high enough to destroy microorganisms which may
lead to illness when consumed (e.g. temperatures high enough to sterilize the closure
and/or pasteurize the liquid). Processes which involve steps in which a closure is
used to seal a container, bottle and the like containing a liquid at an elevated
temperature include for example hot fill processes and in some cases aseptic fill
processes. The disclosure is not limited to any particular end use or process so long
as a closure is contacted with a liquid at elevated temperatures for the end use or
during the process and is used to seal a container, bottle and the like.

In the present disclosure the terms “hot liquid” and “hot beverage” are used
interchangeably, and connote that a liquid that has been heated to above ambient
temperature or room temperature or above about 20°C, or any temperature high
enough to destroy microorganisms which may lead to illness when consumed (e.g.
temperatures high enough to pasteurize the liquid or beverage).

In embodiments of the disclosure, a hot liquid is a liquid that has been heated
to from about 21°C to about 150°C, and further including all numbers and narrower
ranges within this range such as for example from about 70°C to about 150°C, or from
about 70°C to about 145°C, or from about 80°C to about 150°C, or from about 80°C to
about 145°C, or from about 21°C to about 100°C, or from about 30°C to about 100°C,
or from about 30°C to about 98°C, or from about 30°C to about 95°C, or from about
30°C to about 93°C, or from about 50°C to about 100°C, or from about 50°C to about
98°C, or from about 50°C to about 95°C, or from about 50°C to about 93°C, or from
about 60°C to about 100°C, or from about 60°C to about 98°C, or from about 60°C to

5
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about 95°C, or from about 60°C to about 93°C, or from about 70°C to about 100°C, or
from about 70°C to about 98°C, or from about 70°C to about 95°C, or from about 70°C
to about 93°C.

The term “interior surface” as it is applied to a cap or closure is any part of the
closure interior that may come into contact with a hot liquid during a filling process.

An embodiment of the disclosure is a process to fill a container, the process
comprising: adding a hot liquid to the container through a container opening, sealing
the container opening with a closure comprising a high density polyethylene
composition, and bringing the hot liquid into contact with an interior surface of the
closure.

An embodiment of the present disclosure is a process to fill a container, the
process comprising: adding a hot liquid to the container through a container opening,
sealing the container opening with a closure comprising a unimodal polyethylene
composition having a density from 0.945 to 0.967 g/cm3, a melt index, |2 of from 2.5 to
20.0 g/10min, a weight average molecular weight (Mw) from 25,000 to 85,000 g/mol,
and a molecular weight distribution Mw/Mn of from 2.2 to 4.2; and bringing the hot
liquid into contact with an interior surface of the closure.

Hot Fill Process

A hot fill process is often used in an automated container filling line. Use of the
hot fill process is often the process of choice for juices, beverages and the like since it
eliminates the need for the addition of chemicals and preservatives while maintaining
the same shelf life and nutritional properties of the beverage. Consumers are often
wary of the presence of preservatives and chemicals, and so hot filling processes

provide a useful alternative.
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The hot filling process can be used in combination with any suitable beverages,
including vegetable and fruit juice, dairy products such as milk, flavored waters, sports
drinks and the like.

A hot fill process comprises a series of steps. ldeally the steps are optimized to
provide shorter container fill times while still providing acceptable beverage shelf life in
the absence of added chemicals or preservatives. The steps are generally
incorporated into a container or bottle fill line and generally comprise:

Step 1) A beverage is heated to the desired hot filling temperature. The
temperatures employed are not specifically defined herein, but by way of non-limiting
example only, can be from about 70°C to about 95°C. Suitable temperatures include
those which are known to kill microorganisms which may cause illness (e.g.
temperatures at which the beverage or liquid is pasteurized). The beverage may be
heated using any known device, such as but not limited to a heat exchanger, and may
be heated in a continuous or batch manner. The beverage may be heated for any
suitable time which is known to kill the microorganisms which may be present in the
liquid. By way of a non-limiting examples, the beverage may be heated by passage
through a heat exchanger for at least 10, or at least 15, or at least 20 seconds.

Step 2) A container is filled with the hot beverage using a suitable filling
apparatus, followed by the addition of a closure. By hot filling the container, the
container interior is sterilized by the hot beverage. Although the closure should be
added immediately once the container is hot filled, nitrogen may be introduced into the
head space to displace unwanted oxygen prior to the addition of the closure.
Optionally, and before the container is filled with the hot beverage, the temperature of
the liquid may be reduced slightly. By way of providing a non-limiting example only,

the temperature of the beverage may be reduced to from about 80°C to about less

than 90°C.

H:ACIIfACBSpec\2015010Canada.docx



10

15

20

25

CA 02914315 2015-12-09

Step 3) The container is tilted or inverted, or the bottle/closure system moved
somehow, so as to bring the hot beverage into contact with the interior surface of the
closure. Bringing the hot beverage into contact with the closure interior sterilizes the
container interior surfaces.

Step 4) The sealed beverage container and closure may be cooled using a
suitable cooling station or apparatus, such as but limited to a shower station or a
cooling bath. In embodiments of the disclosure, the container-closure-beverage
system is cooled to ambient temperatures or below. In order to preserve the
beverage freshness and/or taste, it may be preferable to rapidly cool the container-
closure-beverage system. When cooling the sealed container, a vacuum may be
created inside the container, further minimizing bacterial growth. Step 4 may also be
considered as optional.

Other container fill line process steps known in the art may be used in
combination with the above hot fill process steps. For example, the above hot fill
process steps may be followed by further cooling, drying and labeling steps.

In an embodiment of the disclosure, the polymer compositions described below
are used in the formation of molded articles. For example, articles formed by
continuous compression molding and injection molding are contemplated. Such
articles include, for example, caps, screw caps, and closures for bottles.

In an embodiment of the disclosure a closure is used in a hot fill process,
wherein the closure comprises a unimodal polyethylene composition having a density
from 0.945 to 0.967 g/cm?, a melt index, |2 of from 2.5 to 20.0 g/10min, a weight
average molecular weight (Mw) from 25,000 to 85,000 g/mol, and a molecular weight
distribution Mw/Mn of from 2.2 t0 4.2.

Container (e.g. Bottle)

H:\ClifRCBSpec\2015010Canada.docx
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The material used for the container (or bottle and the like) is not specifically
defined, but by way of providing a non-limiting example only, the material may be
polyethylene terephthalate (PET). In another embodiment the container (e.g. bottle)
may be made of glass. It should be understood that by use of the word “container”
that any suitably shaped vessel, bottle, pouch and the like, may be used in the present
invention, so long as they can store a liquid, and have a suitable aperture or structure
which allows escape of the liquid and which can be sealed with a closure, cap or the
like.

Closures

A closure as described in the present disclosure is a closure suitable for use in
a container sealing process comprising one or more steps in which the closure comes
into contact with a liquid at elevated temperatures, such as a hot fill processes, and in
some cases aseptic fill processes.

In an embodiment of the disclosure a closure is used in a hot fill process,
wherein the closure comprises a unimodal polyethylene composition having a density
from 0.945 to 0.967 g/cm?; a melt index, Iz of from 2.5 to 20.0 g/10min; a weight
average molecular weight (Mw) from 25,000 to 85,000 g/mol; and a molecular weight
distribution Mw/Mn of from 2.2 to 4.2.

The terms “cap” and “closure” are used interchangeably in the current
disclosure, and both connote any suitably shaped molded article for enclosing,
sealing, closing or covering etc., a suitably shaped opening, a suitably molded
aperture, an open necked structure or the like used in combination with a container, a
bottle, a jar, a pouch and the like.

Without wishing to be bound by theory, the instantaneous compressive
deformation of an “as-is” closure is a function of both instantaneous force (e.g. stress)

and time in a non-linear relationship at a given temperature and modeling is required

9
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to elucidate the underlying structure-property relationships. The instantaneous
compressive deformation model employed in the current disclosure is a compressive

strain model represented by the following equation:

e=Ax g x4

where ¢is the compressive strain; ¢ is the stress in N/cm? and t is the loading time in
seconds. A is the model coefficient; parameter n is termed the “deformation stress
exponent” and m is termed the “time exponent”. Any software capable of performing
non-linear regressions can be used to estimate the model parameters. Such a
compressive deformation model was recently disclosed at an ANTEC™ meeting as
“Deformation Measurement, Modeling and Morphology Study for HDPE Caps and
Closures”, XiaoChuan (Alan) Wang, March 23-25, 2015, Orlando, FL, USA.

In an embodiment of the present disclosure, the closure has a time exponent,
m of 0.114 or less where m is determined using a compressive st.rain model

represented by the equation:

g=Ax O_I’l X fm
where gis the compressive strain; o is the stress in N/cm?, t is the loading time in

seconds, A is the model coefficient, n is the deformation stress exponent and m is the
time exponent.

In further embodiments of the present disclosure, the closure has a time
exponent, m of 0.111 or less, or<0.110, or = 0.108, or < 0.105, or<0.100, or <
0.0950, or < 0.0925, or < 0.0925, or < 0.0920, where m is determined using a

compressive strain model represented by the equation:

ngxo_nXtm
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where ¢is the compressive strain; o is the stress in N/cm?, t is the loading time in
seconds, A is the model coefficient, n is the deformation stress exponent and m is the
time exponent.

In an embodiment of the present disclosure, the closure comprises a unimodal
polyethylene composition having a density from 0.945 to 0.967 g/cm?; a melt index, |2
of from 2.5 to 20.0 g/10min; a weight average molecular weight (Mw) from 25,000 to
85,000 g/mol; and a molecular weight distribution Mw/Mn of from 2.2 to 4.2,

In an embodiment of the present disclosure, the closure comprises a unimodal
polyethylene composition having a density from 0.945 to 0.967 g/cm?; a melt index, 2
of from 2.5 to 20.0 g/10min; a weight average molecular weight (Mw) from 25,000 to
85,000 g/mol; a molecular weight distribution Mw/Mn of from 2.2 to 4.2, and an ESCR
Condition B (10% IGEPAL) of at least 1 hour.

In an embodiment of the present disclosure, the closure comprises a unimodal
polyethylene composition having a density from 0.945 to 0.967 g/cm?3; a melt index, 2
of from 2.5 to 20.0 g/10min; a weight average molecular weight (Mw) from 25,000 to
85,000 g/mol; a molecular weight distribution Mw/Mn of from 2.2 t0 4.2, and an ESCR
Condition B (10% IGEPAL) of from 1 to 10 hours.

In an embodiment of the disclosure, a high density polymer composition is used
in the formation of any closure, of any suitable design and dimensions for use in any
hot filling process for filling any suitable bottle, container or the like.

In an embodiment of the disclosure, the high density polyethylene compositions
described below are used in the formation of a closure for bottles, containers, pouches
and the like. For example, closures for bottles formed by continuous compression
molding, or injection molding are contemplated. Such closures include, for example,
hinged caps, hinged screw caps, hinged snap-top caps, and hinged closures for

bottles, containers, pouches, stand-up pouches and the like.
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In an embodiment of the disclosure, a closure (or cap) is a screw cap for a
bottle, container, pouches and the like.

In an embodiment of the disclosure, a closure (or cap) is a snap closure for a
bottle, container, pouches and the like.

In an embodiment of the disclosure, a closure (or cap) comprises a hinge made
of the same material as the rest of the closure (or cap).

In an embodiment of the disclosure, a closure (or cap) is hinged closure.

In an embodiment of the disclosure, a closure (or cap) is a hinged closure for
bottles, containers, pouches and the like.

In an embodiment of the disclosure, a closure (or cap) is a flip-top hinge
closure, such as a flip-top hinge closure for use on a plastic ketchup bottle or similar
containers containing foodstuffs.

When a closure is a hinged closure, it comprises a hinged component and
generally consists of at least two bodies which are connected by a thinner section that
acts as a hinge allowing the at least two bodies to bend from an initially molded
position. The thinner section may be continuous or web-like, wide or narrow.

A useful closure (for bottles, containers and the like) is a hinged closure and
may consist of two bodies joined to each other by at least one thinner bendable
portion (e.g. the two bodies can be joined by a single bridging portion, or more than
one bridging portion, or by a webbed portion, etc.). A first body may contain a
dispensing hole and which may snap onto or screw onto a container to cover a
container opening (e.g. a bottle opening) while a second body may serve as a snap on
lid which may mate with the first body.

The caps and closures, of which hinged caps and closures and screw caps are
a subset, can bé made according to any known method, including for example
injection molding and continuous compression molding techniques that are well known

12
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to persons skilled in the art. Hence, in an embodiment of the disclosure a closure (or
cap) comprising the high density polyethylene composition (defined below) is
prepared with a process comprising at least one compression molding step and/or at
least one injection molding step.

In one embodiment, the closures (including single piece or multi-piece variants
and hinged variants) are well suited for sealing bottles, containers and the like, for
examples bottles that may contain drinkable water, and other foodstuffs, including but
not limited to liquids that are under an appropriate pressure (i.e. carbonated
beverages or appropriately pressurized drinkable liquids).

The closures and caps may also be used for sealing bottles containing
drinkable water or non-carbonated beverages (e.g. juice). Other appli’cations, include
caps and closures for bottles, containers and pouches containing foodstuffs, such as
for example ketchup bottles and the like.

The closures and caps may be one-piece closures or two piece closures
comprising a closure and a liner.

The closures and caps may also be of mulitilayer design, wherein the closure or
cap comprises at least two layers at least one of which is made of the high density
polyethylene compositions described herein.

In an embodiment of the disclosure the closure is made by continuous
compression molding.

In an embodiment of the disclosure the closure is made by injection molding.

Unimodal Polyethylene Compositions

In the present disclosure, the polyethylene compositions suitable foruse ina
filling process such as a hot fill process (or any other filling process which comprises
at least one step carried out at elevated temperature, such as is the case in some

13
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aseptic fill processes) may be chosen based on their tendency to give closures having
a combination of good resistance to cracking, sealability and good compressive
deformation properties. Direct methods which measure the properties of the closure
itself may provide a more accurate representation of the real word performance ot a
given polyethylene composition for various end use applications.

The term “unimodal’ is herein defined to mean there will be only one significant
peak or maximum evident in the GPC-curve. A unimodal profile includes a broad
unimodal profile. Alternatively, the term “unimodal” connotes the presence of a single
maxima in a molecular weight distribution curve generated according to the method of
ASTM D6474-99. In contrast, by the term “bimodal” it is meant that there will be a
secondary peak or shoulder evident in a GPC-curve which represents a higher or
lower molecular weight component (i.e. the molecular weight distribution, can be said
to have two maxima in a molecular weight distribution curve). Alternatively, the term
“bimodal” connotes the presence of two maxima in a molecular weight distribution
curve generated according to the method of ASTM D6474-99. The term “multi-modal’
denotes the presence of two or more maxima in a molecular weight distribution curve
generated according to the method of ASTM D6474-99.

In an embodiment of the present disclosure, the unimodal polyethylene
composition has a density from 0.945 to 0.967 g/cm?; a melt index, I2 of from 2.5 to
20.0 g/10min; a weight average molecular weight (Mw) from 25,000 to 85,000 g/mol;
and a molecular weight distribution Mw/Mn of from 2.2 10 4.2.

In an embodiment of the present disclosure, the unimodal polyethylene
composition has a density from 0.945 to 0.967 g/cm?; a meltindex, Iz of from 2.5 to
20.0 g/10min; a weight average molecular weight (Mw) from 25,000 to 85,000 g/mol; a
molecular weight distribution Mw/Mn of from 2.2 to 4.2, and an ESCR Condition B
(10% IGEPAL) of at least 1 hour.

14
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in an embodiment of the present disclosure, the unimodal polyethylene

composition has a density from 0.945 to 0.967 g/cm?; a melt index, |2 of from 2.5 to

20.0 g/10min; a weight average molecular weight (Mw) from 25,000 to 85,000 g/mol; a

molecular weight distribution Mw/Mn of from 2.2 to 4.2, and an ESCR Condition B
(10% 1GEPAL) of from 1 to 10 hours.

In an embodiment of the present disclosure, the unimodal polyethylene
composition has a density from 0.945 to 0.967 g/cm?.

In an embodiment of the disclosure, the unimodal polyethylene composition
has a melt index, |2 as determined according to ASTM D1238 (2.16 kg/190° C.) of
from about 2.0 to about 25.0 g/10min, or from about 2.5 to about 20.0 g/10min, or
from about 3.0 to about 20.0 g/10 mi.n, or from about 2.0 to about 20.0 g/10min. In
other embodiments of the disclosure, the unimodal polyethylene composition has a

melt index, |2 as determined according to ASTM D1238 (2.16 kg/190° C.) of from

about 4.0 to about 20.0, or from about 4.0 to about 18.0 g/10 min, or from about 3.0 to

about 12.0 g/10min, or from about 3.0 to about 10.0 g/10min, or from about 7.0 to
about 13.0 g/10min, or from about 14.0 to about 21.0 g/10min.

In an embodiment of the present disclosure, the unimodal polyethyiene
composition has a density from 0.945 to 0.967 g/cm?.

In an embodiment of the disclosure, the unimodal polyethylene composition
has a density of from about 0.945 to about 0.960 g/cm?® as determined according to
ASTM D 792. In other embodiments of the disclosure the unimodal polyethylene
composition has a density of from about 0.948 to about 0.958 g/cm?®, or from about
0.949 g/cm? to about 0.955 g/cm®.

In an embodiment of the disclosure, the unimodal polyethylene composition
has a density from about 0.955 to about 0.967 g/cm?®as determined according to
ASTM D 792. In other embodiments of the disclosure the unimodal polyethylene
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composition has a density of from about 0.958 to about 0.965 g/cm?, or from about
0.958 to about 0.963 g/cm?, or from about 0.959 to 0.963 g/cm?3.

In an embodiment of the present disclosure, the unimodal polyethylene
composition has an ESCR Condition B (10% IGEPAL) of at least 1 hour.

in an embodiment of the present disclosure, the unimodal polyethylene
composition has an ESCR Condition B (10% IGEPAL) of from 1 to 10 hours.

In an embodiment of the disclosure, the unimodal polyethylene composition
has a weight average molecular weight (Mw) from about 20,000 to about 100,000. In
other embodiments of the disclosure the unimodal polyethylene composition has a
weight average molecular weight (Mw) from about 25,000, to about 85,000, or from
about 30,000 to about 85,000, or from about 35,000 to about 80,000, or from about
40,000 to about 80,000, or from about 40,000 to about 75,000.

In an embodiment of the disclosure, the unimodal polyethylene composition
has a molecular weight distribution (Mw/Mn) of from about 2.2 to about 4.2. In other
embodiments of the disclosure, the unimodal polyethylene copolymer has a molecular
weight distribution (Mw/Mn) of from about 2.5 to about 4.0, or about 2.5 to about 3.5,
or from about 2.5 to about 3.0, or from about from about 2.7 to about 3.5, or from
about 2.7 to about 3.0.

In an embodiment of the disclosure, the unimodal polyethylene composition
has a stress exponent, defined as Logiole/I2]/Log10[6.48/2.16], which is = 1.45. In
further embodiments of the disclosure the polyethylene composition has a stress
exponent, Logio[le/l2}/Log10[6.48/2.16] of less than 1.40, or less than 1.37, or less than
1.35.

In an embodiment of the present disclosure, the unimodal polyethylene

composition is a unimodal ethylene homopolymer.
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As used herein, the term “homopolymer” is meant to convey its conventional
meaning, that the polymer is prepared using only ethylene as a polymerizable
monomer (although it will be recognized by those skilled in the art that very minor
amounts, less than 1%, of higher alpha olefins may be present in a conventional
“homopolymer” as a result of contamination of the ethylene stream and/or the
polymerization medium).

In an embodiment of the present disclosure, the unimodal polyethylene
composition is a unimodal ethylene copolymer.

In an embodiment of the disclosure the unimodal polyethylene composition is a
copolymer of ethylene and an alpha olefin.

Suitable comonomers for polymerization with ethylene to make a unimodal
ethylene copolymer include 1-butene, 1-hexene and 1-octene.

Examples of unimodal polyethylene homopolymers which are useful in the
present disclosure are SCLAIR® 2908 and SCLAIR® 2907 which are commercially
available from NOVA Chemicals Corporation. Examples of unimodal polyethylene
copolymers which are useful in the present disclosure are SCLAIR® 2710 and
SCLAIR® 2807 which are commercially available from NOVA Chemicals Corporation.

In an embodiment of the disclosure the unimodal polyethylene copolymer
comprises from about 0.1 to about 5 weight %, in some cases less than about 3
weight %, in other instances less than about 1.5 weight % of an alpha olefin selected
from the group consisting of 1-butene, 1-hexene, 1-octene and mixtures thereof.

In an embodiment of the disclosure, the unimodal polyethylene copolymer
comprises 1-butene.

in an embodiment of the disclosure, the unimodal polyethylene copolymer has
a density of from about 0.945 to about 0.960 g/cm®as determined according to ASTM
D 792. In other embodiments of the disclosure the unimodal polyethylehe copolymer
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has a density of from about 0.948 to about 0.958 g/cm?, or from about 0.949 g/cm? to
about 0.955 g/cm3.

In an embodiment of the disclosure, the unimodal polyethylene copolymer has
a melt index, |2 as determined according to ASTM D1238 (2.16 kg/190°C) from about
2.0 to about 25.0 g/10min, or from about 2.5 to about 20.0 g/10min, or from about 3.0
to about 20.0 g/10 min, or from about 2.0 to about 20.0 g/10min. In other
embodiments of the disclosure, the unimodal polyethylene copolymer has a melt
index, |2 as determined according to ASTM D1238 (2.16 kg/190°C) of from about 4.0
to about 20.0, or from about 4.0 to about 18.0 g/10 min, or from about 3.0 to about
10.0 g/10min, or from about 7.0 to about 13.0 g/10min, or from about 14.0 to about
21.0 g/10min.

In an embodiment of the disclosure, the unimodal polyethylene copolymer has
a weight average molecular weight (Mw) from about 20,000 to about 100,000. in
other embodiments of the disclosure the unimodal polyethylene copolymer has a
weight average molecular weight (Mw) from about 25,000, to about 85,000, or from
about 30,000 to about 85,000, or from about 35,000 to about 80,000, or from about
40,000 to about 80,000, or from about 40,000 to about 75,000.

In embodiments of the disciosure, the unimodal polyethylene copolymer has a
molecular weight distribution (Mw/Mn) of from about 2.2 to about 4.2, or from about 2.5
to about 4.0. In other embodiments of the disclosure, the unimodal polyethylene
copolymer has a molecular weight distribution (Mw/Mn) of from about 2.5 to about 3.5,
or from about 2.5 to about 3.0, or from about from about 2.7 to about 3.5, or from
about 2.7 to about 3.0.

Examples of unimodal polyethylene copolymers which are useful in the present
disclosure include by way of non-limiting example, SCLAIR® 2710, and SCLAIR®
2807, each of which is commercially available from NOVA Chemicals Corporation.
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In an embodiment of the disclosure, the unimodal polyethylene homopolymer
has a density from about 0.955 to about 0.967 g/cm?®as determined according to
ASTM D 792. In other embodiments of the disclosure the unimodal polyethylene
homopolymer has a density of from about 0.958 to about 0.965 g/cm?, or from about
0.958 to about 0.963 g/om?, or from about 0.959 to 0.963 g/cm3.

In an embodiment of the disclosure, the unimodal polyethylene homopolymer
has a melt index, |2 as determined according to ASTM D1238 (2.16 kg/190° C.) of
from about 2.0 to about 25.0 g/10min, or from about 2.5 to about 20.0 g/10min, or
from about 3.0 to about 20.0 g/10 min, or from about 2.0 to about 20.0 g/10min. In
other embodiments of the disclosure, the unimodal polyethylene homopolymer has a
melt index, |2 as determined according to ASTM D1238 (2.16 kg/190° C.) of from
about 4.0 to about 18.0 g/10 min, or from about 3.0 to about 12.0 g/10min, or from
about 3.0 to about 10.0 g/10min, or from about 7.0 to about 13.0 g/10min, or from
about 14.0 to about 21.0 g/10min.

In an embodiment of the disclosure, the unimodal polyethylene homopolymer
has a weight average molecular weiéht (Mw) from about 20,000 to about 100,000. In
other embodiments of the disclosure the unimodal polyethylene homopolymer has a
weight average molecular weight (Mw) from about 25,000, to about 85,000, or from
about 30,000 to about 85,000, or from about 35,000 to about 80,000, or from about
40,000 to about 80,000, or from about 40,000 to about 75,000.

In an embodiment of the disclosure, the unimodal polyethylene homopolymer
has a molecular weight distribution (Mw/Mn) of from about 2.2 to about 4.2. In other
embodiments of the disclosure, the unimodal polyethylene homopolymer has a
molecular weight distribution (Mw/Mn) of from about 2.5 to about 4.0, or from about 2.5

to about 3.5, or from about 2.5 to about 3.25.
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Examples of unimodal polyethylene homopolymers which are useful in the
present disclosure include by way of non-limiting example, SCLAIR® 2907, and
SCLAIR® 2908, each of which is commercially available from NOVA Chemicals
Corporation.

In an embodiment of the disclosure, the unimodal polyethylene copolymers or
homopolymers suitable for use in the present disclosure may be prepared using
conventional polymerization processes, non-limiting examples of which include gas
phase, slurry and solution phase polymerization processes. Such processes are well
known to those skilled in the art.

In an embodiment of the disclosure, the polyethylenes may be prepared using
conventional catalysts. Some non-limiting examples of conventional catalysts include
chrome based catalysts and Ziegler-Natta catalysts. Such catalysts are well known to
those skilled in the art.

Solution and slurry polymerization processes are generally conducted in the
presence of an inert hydrocarbon solvent/diluent, such for example, a Cs-12
hydrocarbon which may be unsubstituted or substituted by a C1-4 alkyl group, such as,
butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane or
hydrogenated naphtha. A non-limiting example of a commercial solvent is Isopar E
(Cs-12 aliphatic solvent, Exxon Chemical Co.). The monomers are dissolved in the
solvent/diluent.

A slurry polymerization process may be conducted at temperatures from about
20°C to about 180°C, or from 80°C to about 150°C, and the polyethylene polymer
being made is insoluble in the liquid hydrocarbon diluent.

A solution polymerization process may be conducted at temperatures of from

about 180°C to about 250°C, or from about 180°C to about 230°C, and the
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polyethylene polymer being made is soluble in the liquid hydrocarbon phase (e.g the
solvent).

A gas phase polymerization process can be carried out in either a fluidized bed
or a stirred bed reactor. A gas phase polymerization typically involves a gaseous
mixture comprising from about 0 to about 15 mole % of hydrogen, from about 0 to
about 30 mole % of one or more Ca.g alpha-olefins, from about 15 to about 100 mole
% of ethylene, and from about 0 to about 75 mole % of an inert gas at a temperature
from about 50°C to about 120°C, or from about 75°C to about 110°C.

Suitable alpha olefins which may be polymerized with ethylene in the case of a
polyethylene copolymer are Ca-salpha olefins such as one or more of 1-butene, 1-
hexene, and 1-octene.

In an embodiment of the disclosure the unimodal polyethylene composition is
prepared by contacting ethylene and optionally an alpha-olefin with a polymerization
catalyst under solution polymerization conditions.

In an embodiment of the disclosure the unimodal polyethylene composition is
made with a Ziegler-Natta catalyst.

In an embodiment of the disclosure, the unimodal polyethylene copolymer or
homopolymer are made in a solution polymerization process using a Ziegler-Natta
catalyst.

The term "Ziegler-Natta” catalyst is well known to those skilled in the art and is
used herein to convey its conventional meaning. Ziegler-Natta catalysts comprise at
least one transition metal compound of a transition metal selected from groups 3, 4, or
5 of the Periodic Table (using IUPAC nomenclature) and an organoaluminum
component that is defined by the formula:

Al(X)a (OR)b (R)c
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wherein: X' is a halide (preferably chlorine); OR is an alkoxy or aryloxy group; Ris a
hydrocarby! (preferably an alkyl having from 1 to 10 carbon atoms); and a, b, or c are
each 0, 1, 2, or 3 with the provisos, a+b+c=3 and b+c21. As will be appreciated by
those skilled in the art of ethylene polymerization, conventional Ziegler Natta catalysts
may also incorporate additional components such as an electron donor. For example,
an amine or a magnesium compound or a magnesium alkyl such as butyl ethyl
magnesium and a halide source (which is typically a chloride such as tertiary butyl
chloride). Such components, if employed, may be added to the other catalyst
components prior to introduction to the reactor or may be added directly to the reactor.
The Ziegler-Natta catalyst may also be "tempered" (i.e. heat treated) prior to being
introduced to the reactor (again, using techniques which are well known to those
skilled in the art and published in the literature).

In an embodiment of the disclosure, the unimodal polyethylene composition
has less than 1.5 ppm, or less than 1.3 ppm, or < 1.0 ppm, or < 0.9 ppm, or < 0.8, or
less than 0.8 ppm, or < 0.75 ppm of titanium (Ti) present.

In an embodiment of the disclosure, the unimodal polyethylene composition
has less than 1.5 ppm, or less than 1.3 ppm, or < 1.0 ppm, or < 0.9 ppm, or < 0.8 ppm,
or £ 0.75, or £ 0.60 ppm of aluminum (Al) present.

In an embodiment of the disclosure, the unimodal polyethylene composition
has less than 0.5 ppm, or less than 0.4 pbm, or < 0.3 ppm, or £ 0.2 ppm of chlorine
(Cl) present.

In an embodiment of the disclosure, the unimodal polyethylene composition
has less than 4.0 ppm, or less than 3.0 ppm, or < 2.5 ppm, or < 2.0 ppm, of
magnesium (Mg) present.

In an embodiment of the disclosure the unimodal polyethylene composition
comprises one or more nucleating agents.
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In an embodiment of the disclosure the unimodal polyethylene composition
comprises a nucleating agent or a mixture of nucleating agents.

The unimodal polyethylene composition may be compounded or dry-blended
either by a manufacturer or a converter (e.g., the company converting the resin pellets
into the final product). The compounded or dry-blended polyethylene polymers may
contain fillers, pigments and other additives. Typically, fillers are inert additives, such
as, clay, talc, TiOzand calcium carbonate, which may be added to the polyolefin in
amounts from about 0 weight % up to about 50 weight %, in some cases, less than 30
weight % of fillers are added. The compounded or dry-blended polyethylene polymers
may contain antioxidants, heat and light stabilizers, such as, combinations of one or
more of hindered phenols, phosphates, phosphites and phosphonites, typically, in
amounts of less than about 0.5 weight % based on the weight of the polyethylene
polymer. Pigments may also be added to the polyethylene polymers in small
amounts. Non-limiting examples of pigments include carbon black, phthalocyanine
blue, Congo red, titanium yellow, etc.

The unimodal polyethylene compositions may contain a nucleating agent or a
mixture of nucleating agents in amounts of from about 5 parts per million {ppm) to
about 10,000 ppm based on the weight of the polyethylene polymer. The nucleating
agent may be selected from the group consisting of dibenzylidene sorbitol, di(p-methyl
benzylidene) sorbitol, di(o-methyl benzylidene) sorbitol, di(p-ethylbenzylidene)
sorbitol, bis(3,4-dimethyl benzylidene) sorbitol, bis(é,4-diethylbenzylidene) sorbitol and
bis(trimethyl-benzylidene) sorbitol. One commercially available nucleating agent is
bis(3,4-dimethyl benzylidene) sorbitol.

Optionally, additives can be added to the high density polyethylene
composition. Additives can be added to the high density polyethylene composition
during an extrusion or compounding step, but other suitable known methods will be
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apparent to a person skilled in the art. The additives can be added as is or as part of
a separate polymer component (i.e., not the first or second ethylene polymers
described above) added during an extrusion or compounding step. Suitable additives
are known in the art and include but are not-limited to antioxidants, phosphites and
phosphonites, nitrones, antacids, UV light stabilizers, UV absorbers, metal
deactivators, dyes, fillers and reinforcing agents, nano-scale organic or inorganic
materials, antistatic agents, lubricating agents such as calcium stearates, slip
additives such as erucimide, and nucleating agents (including nucleators, pigments or
any other chemicals which may provide a nucleating effect to the high density
polyethylene composition). The additives that can be optionally added are typically
added in amount of up to 20 weight percent (Wi%).

One or more nucleating agent(s) may be introduced into the unimodal
polyethylene composition by kneading a mixture of the polymer, usually in powder or
pellet form, with the nucleating agent, which may be utilized alone or in the form of a
concentrate containing further additives such as stabilizers, pigments, antistatics, UV
stabilizers and fillers. It should be a material which is wetted or absorbed by the
polymer, which is insoluble in the polymer and of melting point higher than that of the
polymer, and it should be homogeneously dispersible in the polymer melt in as fine a
form as possible (1 to 10 ym). Compounds known to have a nucleating capacity for
polyolefins include salts of aliphatic monobasic or dibasic acids or arylalkyl acids, such
as sodium succinate, or aluminum phenylacetate; and alkali metal or aluminum salts
of aromatic or alicyclic carboxylic acids such as sodium B-naphthoate, or sodium
benzoate.

Examples of nucleating agents which are commercially available and which
may be added to the high density polyethylene composition are dibenzylidene sorbital
esters (such as the products sold under the trademark Millad 3988™ by Milliken
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Chemical and Irgaclear™ by Ciba Specialty Chemicals). Further examples of
nucleating agents which may added to the high density polyethylene composition
include the cyclic organic structures disclosed in U.S. Patent No. 5,981,636 (and salts
thereof, such as disodium bicyclo [2.2.1] heptene dicarboxylate); the saturated
versions of the structures disclosed in U.S. Patent No. 5,981,636 (as disclosed in U.S.
Patent No. 6,465,551; Zhao et al., o Milliken); the salts of certain cyclic dicarboxylic
acids having a hexahydrophtalic acid structure (or "HHPA" structure) as disclosed in
U.S. Patent No. 6,599,971 (Dotson et al., to Milliken); and phosphate esters, such as
those disclosed in U.S. Patent No. 5,342,868 and those sold under the trade names
NA-11 and NA-21 by Asahi Denka Kogyo, cyclic dicarboxylates and the saits thereof,
such as the divalent metal or metalloid salts, (particularly, calcium salts) of the HHPA
structures disclosed in U.S. Patent No. 6,599,971. For clarity, the HHPA structure
generally comprises a ring structure with six carbon atoms in the ring and two
carboxylic acid groups which are substituents on adjacent atoms of the ring structure.
The other four carbon atoms in the ring may be substituted, as disclosed in U.S.
Patent No. 6,599,971. An example is 1,2-cyclohexanedicarboxylicacid, calcium salt
(CAS registry number 491589-22-1). Still further examples of nucleating agents which
may added to the polyethylene composition inciude those disclosed in
WQ02015042561, W02015042563, W0O2015042562 and WO 2011050042.

Many of the above described nucleating agents may be difficult to mix with the
unimodal polyethylene composition that is being nucleated and it is known to use
dispersion aids, such as, for example, zinc stearate, to mitigate this problem.

In an embodiment of the disclosure, the nucleating agents are well dispersed in
the unimodal polyethylene composition.

In an embodiment of the disclosure, the amount of nucleating agent used is

comparatively small--from 5 to 3000 parts by million per weight (based on the weight
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of the polyethylene composition) so it will be appreciated by those skilled in the art
that some care must be taken to ensure that the nucleating agent is well dispersed. In
an embodiment of the disclosure, the nucleating agent is added in finely divided form
(less than 50 microns, especially less than 10 microns) to the polyethyiene
composition to facilitate mixing. This type of "physical blend" (i.e., a mixture of the
nucleating agent and the resin in solid form) is generally preferable to the use of a
"masterbatch” of the nucleator (where the term "masterbatch” refers to the practice of
first melt mixing the additive--the nucleator, in this case--with a small amount of the
unimodal polyethylene composition resin--then melt mixing the "masterbatch” with the
remaining bulk of the unimodal polyethylene composition resin).

In an embodiment of the disclosure, an additive such as nucleating agent may
be added to the unimodal polyethylene composition by way of a “masterbatch”, where
the term "masterbatch” refers to the practice of first melt mixing the additive (e.g., a
nucleator) with a small amount of the polyethylene composition, followed by melt
mixing the "masterbatch" with the remaining bulk of the unimodal polyethylene
composition.

In an embodiment of the disclosure, the unimodal polyethylene composition
further comprises a nucleating agent or a mixture of nucleating agents.

Since the unimodal polyethylene copolymer or homopolymer is used in
closures typically used for food contact applications, the additive package must meet
the appropriate food regulations, such as, the FDA regulations in the United States.

In an embodiment of the disclosure, the unimodal polyethylene compositions
described above are used in the formation of molded articles. For example, articles
formed by continuous compression molding and injection molding are contemplated.

Such articles include, for example, caps, screw caps, and closures for bottles.
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In an embodiment of the disclosure, the closure made is a PCO 1881 CSD
closure, having a weight of about 2.15 grams and having the following dimensions:
Closure height (not including Tamper Ring) = about 10.7 mm; Closure height with
Tamper Ring = about 15.4 mm; Outside diameter @ 4mm = about 28.6 mm; Thread
diameter = about 25.5 mm; Bump seal diameter = about 24.5 mm; Bump seal
thickness = about 0.7 mm; Bump seal height to center of olive = about 1.5 mm; Bore
seal diameter = about 22.5 mm; Bore seal thickness = about 0.9 mm; Bore height to
center of olive = about 1.6 mm; Top panel thickness = about 1.2 mm; Tamper band
undercut diameter = about 26.3 mm; Thread depth = about 1.1 mm; Thread pitch =
about 2.5 mm: Thread Root @ 4 mm = 27.4 mm.

In an embodiment of the disclosure, the closure is made using an injection
molding process to prepare a PCO 1881 CSD closure, having a weight of about 2.15
grams and having the following dimensions: Closure height (not including Tamper
Ring) = about 10.7 mm; Closure height with Tamper Ring = about 15.4 mm; Outside
diameter @ 4mm = about 29.6 mm; Thread diameter = about 25.5 mm; Bump seal
diameter = about 24.5 mm; Bump seal thickness = about 0.7 mm; Bump seal height to
center of olive = about 1.5 mm; Bore seal diameter = about 22.5 mm; Bore seal
thickness = about 0.9 mm; Bore height to center of olive = about 1.6 mm; Top panel
thickness = about 1.2 mm; Tamper band undercut diameter = about 26.3 mm; Thread
depth = about 1.1 mm; Thread pitch = about 2.5 mm; Thread Root @ 4 mm = 27.4
mm.

In an embodiment of the disclosure, the closure is made using a continuous
compression molding process to prepare a PCO 1881 CSD closure, having a weight
of about 2.15 grams and having the following dimensions: Closure height (not
including Tamper Ring) = about 10.7 mm; Closure height with Tamper Ring = about
15.4 mm: Outside diameter @ 4mm = about 29.6 mm; Thread diameter = about 25.5
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mm; Bump seal diameter = about 24.5 mm; Bump seal thickness = about 0.7 mm;
Bump seal height to center of olive = about 1.5 mm; Bore seal diameter = about 22.5
mm; Bore seal thickness = about 0.9 mm; Bore height to center of olive = about 1.6
mm; Top panel thickness = about 1.2 mm; Tamper band undercut diameter = about
26.3 mm; Thread depth = about 1.1 mm; Thread pitch = about 2.5 mm; Thread Root
@ 4 mm = 27.4 mm.

The disclosure is further illustrated by the following non-limiting examples.

EXAMPLES

General Polymer Characterization Methods

Mn, Mw, and Mz (g/mol) were determined by high temperature Gel Permeation
Chromatography (GPC) with differential refractive index (DRI) detection using
universal calibration (e.g. ASTM -D6474-99). ‘GPC data was obtained using an
instrument sold under the trade name "Waters 150¢", with 1,2,4-trichlorobenzene as
the mobile phase at 140°C. The samples were prepared by dissolving the polymer in
this solvent and were run without filtration. Molecular weights are expressed as
polyethylene equivalents with a relative standard deviation of 2.9% for the number
average molecular weight ("Mn") and 5.0% for the weight average molecular weight
("Mw"). The molecular weight distribution (MWD) is the weight average molecular
weight divided by the number average molecular weight, Mw/Mn. The z-average
molecular weight distribution is Mz/Ma. Polymer sample solutions (1 to 2 mg/mL) were
prepared by heating the polymer in 1,2,4-trichlorobenzene (TCB) and rotating on a
wheel for 4 hours at 150°C in an oven. The antioxidant 2,6-di-tert-butyl-4-
methylphenol (BHT) was added to the mixture in order to stabilize the polymer against
oxidative degradation. The BHT concentration was 250 ppm. Sample solutions were
chromatographed at 140°C on a PL 220 high-temperature chromatography unit
equipped with four Shodex columns (HT803, HT804, HT805 and HT806) using TCB
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as the mobile phase with a flow rate of 1.0 mL/minute, with a differential refractive
index (DRI) as the concentration detector. BHT was added to the mobile phase at a
concentration of 250 ppm to protect the columns from oxidative degradation. The
sample injection volume was 200 mL. The raw data were processed with Cirrus GPC
software. The columns were calibrated with narrow distribution polystyrene
standards. The polystyrene molecular weights were converted to polyethylene
molecular weights using the Mark-Houwink equation, as described in the ASTM
standard test method D6474.

Primary melting peak (°C), heat of fusion (J/g) and crystallinity (%) was
determined using differential scanning calorimetry (DSC) as follows: the instrument
was first calibrated with indium; after the calibration, a polymer specimen is
equilibrated at 0°C and then the temperature was increased to 200°C at a heating rate
of 10°C/min; the melt was then kept isothermally at 200°C for five minutes; the meit
was then cooled to 0°C at a cooling rate of 10°C/min and kept at 0°C for five minutes;
the specimen was then heated to 200°C at a heating rate of 10°C/min. The DSC Tm,
heat of fusion and crystallinity are reported from the 2™ heating cycle.

The short chain branch frequency (SCB per 1000 carbon atoms) of copolymer
samples was determined by Fourier Transform Infrared Spectroscopy (FTIR) as per
the ASTM D6645-01 method. A Thermo-Nicolet 750 Magna-IR Spectrophotometer
equipped with OMNIC version 7.2a software was used for the measurements.

Comonomer content can also be measured using *C NMR techniques as
discussed in Randall, Rev. Macromol. Chem. Phys., C29 (2&3), p 285; U.S. Pat. No.
5,292,845 and WO 2005/121239.

Polyethylene composition density (g/cm?) was measured according to ASTM
D792.

Hexane extractables were determined according to ASTM D5227.
29
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Melt indexes, l2, le and l21 for the polyethylene composition were measured
according to ASTM D1238 (when conducted at 190°C, using a 2.16 kg, a 6.48 kg and
a 21 kg weight respectively).

To determine CDBlso, a solubility distribution curve is first generated for the
polyethylene composition. This is accomplished using data acquired from the TREF
technique. This solubility distribution curve is a plot of the weight fraction of the
copolymer that is solubilized as a function of temperature. This is converted to a
cumulative distribution curve of weight fraction versus comonomer content, from which
the CDBI=o is determined by establishing the weight percentage of a copolymer
sample that has a comonomer content within 50% of the median comonomer content
on each side of the median (See WO 93/03093 and U.S. Patent No. 5,376,439). The
CDBI2s is determined by establishing the weight percentage of a copolymer sample
that has a comonomer content within 25% of the median comonomer content on each
side of the median.

The specific temperature rising elution fractionation (TREF) method used
herein was as follows. Polymer samples (50 to 150 mg) were introduced into the
reactor vessel of a crystallization-TREF unit (Polymer ChAR™). The reactor vessel
was filled with 20 to 40 ml 1,2,4-trichlorobenzene (TCB), and heated to the desired
dissolution temperature (e.g., 150°C) for 1 to 3 hours. The solution (0.5 to 1.5 ml) was
then loaded into the TREF column filled with stainless steel beads. After equilibration
at a given stabilization temperature (e.g., 110°C) for 30 to 45 minutes, the polymer
solution was allowed to crystallize with a temperature drop from the stabilization
temperature to 30°C (0.1 or 0.2°C/minute). After equilibrating at 30°C for 30 minutes,
the crystallized sample was eluted with TCB (0.5 or 0.75 mL/minute) with a

temperature ramp from 30°C to the stabilization temperature (0.25 or 1.0°C/minute).
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The TREF column was cleaned at the end of the run for 30 minutes at the dissolution
temperature. The data were processed using Polymer ChAR software, Excel
spreadsheet and TREF software developed in-house.

Plaques molded from the polyethylene compositions were tested according to
the following ASTM methods: Bent Strip Environmental Stress Crack Resistance
(ESCR) at Condition B at 10% IGEPAL at 50°C, ASTM D1693; notched |zod impact
properties, ASTM D256; Flexural Properties, ASTM D 790; Vicat softening point,
ASTM D 1525; Heat deflection temperature, ASTM D 648.

Closures

Generally, the mechanically sealing surfaces between a polyethylene closure
and PET bottle neck finish have very complex geometries. As such it is difficult to
perform a systematic study using general experimental methods. For example,
numerical éimulations (e.g. Finite Element Analysis) may be useful for this purpose,
but the inputs of the material properties for this type of analysis generally use those
from compression-molded plaques made in a laboratory environment. Compression
molded plaques however, may have very different material morphologies and
properties than those of a closure manufactured with industrial injection molding or
continuous compression molding processes. A methodology which can be used to
obtain closure strain model parameters on closures that have been made according to
commercial practices provides an alternative. One such methodology, also used in
the present disclosure, was recently disclosed at an ANTEC™ meeting as
“Deformation Measurement, Modeling and Morphology Study for HDPE Caps and
Closures”, XiaoChuan (Alan) Wang, March 23-25, 2015, Orlando, FL, USA.

The methodology used in the present disclosure is to use the deformation (e.g.
creep) of the top panel of an as-is closure to approximate that between the

mechanically sealing surfaces of the plastic closure and PET bottle neck finish after a
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closure is put or screwed onto a PET bottle (see Figures 1-5 in “Deformation
Measurement, Modeling and Morphology Study for HDPE Caps and Closures”,
XiaoChuan (Alan) Wang, March 23-25, 2015, Orlando, FL, USA, ANTEC meeting).
The use of a closure, instead of a standardized plaque, reflects the true molded
material morphology and includes the contribution of the closure design. The
deformation of the top panel of the closure can be well defined for the purpose of
comparing closures made from different materials. By examining the top panel of the
closure, one avoids dealing with the complex geometries of the sealing sun‘aées.

The following measurements and modeling can be used for any “as-is” closure
design, provided that the closures being compared are prepared using substantially
the same method under substantially similar conditions to provide closures having
substantially similar design and dimensions. By way of non-limiting example only, the
following method of preparing closures, closures which can then be compared using

the methods described herein, is provided.

Method of Making a Closure by Injection Molding

A Sumitomo injection molding machine and 2.15-gram PCO (plastic closure
only) 1881 carbonated soft drink (CSD) closure mold was used to prepare the
closures herein. A Sumitomo injection molding machine (model SE75EV C250M)
having a 28 mm screw diameter was used. The 4-cavity CSD closure mold was
manufactured by Z-moulds (Austria). The 2.15-gram PCO 1881 CSD closure design
was developed by Universal Closures Ltd. (United Kingdom). During the closure
manufacturing, four closure parameters, the diameter of the top of the cap, the bore
seal diameter, the tamper band diameter and the overall cap height, were measured

and ensured to be within quality-control specifications.
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For red pigmented closures, resins are dry-blended with 2% slip (erucamide)
master batch (Ampacet slip 101797 with the 5 wt% slip; 1000 ppm slip additive in the
final resin) and 1% of red masterbatch (Ampacet PE red masterbatch LJ-206971 with
1.5 wt.% red pigment; 150 ppm red pigment in the final resin) prior to injection
molding.

An International Society of Beverage Technologists (ISBT) voluntary standard
test method was used to determine the closure dimensions. The test used involves
the selection of a mola cavity and the measurements on at least 5 closures made from
that particular cavity. At least 14 dimensional measurements were obtained from
closures that were aged for at least 1 week from the date of production. The closure
dimension measurements was performed using a Vision Engineering, Swift Duo dual
optical and video measuring system. All measurements were taken using 10x
magnification and utilizing Metlogix M video measuring system software (see
MetLogix M3: Digital Comparator Field of View Software, User's Guide).

Example 1 (Comparative) is a closure made from a unimodal polyethylene
copolymer having a melt index |2 of 32 g/10min, a density of 0.951 g/cm?®, and a
weight average molecular weight Mw/Mn of 2.88, and which is made using a Ziegler-
Natta catalyst in a solution olefin polymerization process. This resin is commercially
available from NOVA Chemicals Corporation aé SCLAIR® 2712. A GPC profile for the
resin is given in Figure 1A.

Example 2 is a closure made from a unimodal polyethylene copolymer and has
a melt index 12 of 17 g/10min, a density of 0.951 g/cm?, and a weight average
molecular weight Mw/Mn of 2.72. The unimodal polyethylene copolymer used in
Example 2, was made using a Ziegler-Natta catalyst in a solution olefin polymerization
process. This resin is commercially available from NOVA Chemicals Corporation as

SCLAIR 2710. A GPC profile for the resin is given in Figure 1B.
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Example 3 is a closure made from a unimodal polyethylene copolymer and has
a melt index |2 of 6.7 g/10min, a density of 0.954 g/cm?®, and a weight average
molecular weight Mw/Mn of 2.72. The unimodal polyethylene copolymer used in
Example 3, was made using a Ziegler-Natta catalyst in a solution olefin polymerization
process. This resin is commercially avaitable from NOVA Chemicals Corporation as
SCLAIR 2807. A GPC profile for the resin is given in Figure 1C.

Example 4 is a closure made from a unimodal polyethylene homopolymer and
has a melt index |2 of 10 g/10min, a density of 0.961 g/cm?, and a weight average
molecular weight Mw/Mn of 2.99. The unimodal polyethylene homopolymer used in
Example 4, was made using a Ziegler-Natta catalyst in a solution olefin polymerization
process. This resin is commercially available from NOVA Chemicals Corporation as
SCLAIR 2908. A GPC profile for the resin is given in Figure 1D.

Example 5 is a closure made from a unimodal polyethylene homopolymer and
has a melt index |2 of 5 g/10min, a density of 0.960 g/cm?, and a weight average
molecular weight Mw/Mn of 2.67. The unimodal polyethylene homopolymer used in
Example 5, was made using a Ziegler-Natta catalyst in a solution olefin polymerization
process. This resin is commercially available from NOVA Chemicals Corporation as
SCLAIR 2907. A GPC profile for the resin is given in Figure 1E.

The polymers used to make closures in Examples 1-5 are shown in Table 1,
along with their plaque data. The closures were formed by injection moiding, and the
injection-molding processing conditions are given in Table 2. Closure dimensions are
provided in Table 3.

A person skilled in the art will recognize that, if analogous closures are made
using continuous compression molding (instead of injection molding), the present
methodology, models and model parameters would be expected to generate similar

data, provided one uses an analogous mold.
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Deformation Analysis of Solid-State Closures

A DHR-3 rotational rheometer testing bar was modified by attaching an annular
probe (see Figures 2A and 2B) to its end. This set up was used for the compressive
deformation tests. The rheometer has a temperature chamber (oven) that allows one to
measure the deformation responses at different temperatures. The annular probe made
had an inner diameter of 6.4 mm and an outer diameter of 10.8 mm. The annular
structure is designed to avoid contact of the probe with the center of the top panel of a
closure since sometimes the gate mark (due to the nature of the injection molding
process) is not completely flat (note: closures made by continuous compression molding
processes will normally not have such marks at the center of the top panel of the
closure). A closure holder (see Figure 3) was also designed to hold the closure. This
holder has a ledge, A to receive a closure bottom circular edge, and four setting screws,
B to fix the position of the closure inside the holder. The probe is glued to the testing
bar using high temperature resistant silicone grease. The projected or contact area of
the closure surface to be put under stress was 0.5944 cm?. Tamper-evident rings were
removed from the closures prior to testing, so that only the deformation of the top panel
at the projected area was induced. The closure without tamper-evident ring is fixed in
the stainless steel secure ring closure holder (see Figure 3) and placed on the bottom
plate of the rheometer. The point where the probe first touches the closure is set as the
zero position. For the time sweep test, the sample was conditioned in the oven for 15
minutes at 93°C before the testing started. A person skilled in the art will recognize that
the present testing can be carried out at any suitable temperature for obtaining results,
and especially any temperature above ambient to obtain results applicable to use of
closures in hot fill or aseptic fill processes. An initial 2.5 N compression force was
applied and then the time sweep was carried out with 1 rad/s frequency and 0.0001%

radial strain for 300 seconds at 93°C (which at such a low value does not
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affect axial responses; if higher radial strain were used, the solid samples might
induce distortions in the axial force and deformation, AL data obtained). During this
process, the instantaneous compressive force and deformation measured as AL vs.
time were recorded. The compressive strain ¢ (taken as a positive value for modeling
purposes, see below) is calculated by taking the ratio of AL/thickness (in mm) of the
closure top panel. The stress undergone at the contact area is calculated by using the
recorded force divided by the actual contact area (i.e., 0.5944 cm?). The data
provided in Table 4 is an example data set obtained for each closure, and came from
the modified solid-state deformation analysis carried out on each closure (Time in

seconds, Axial Force in Newtons, Deformation or AL in mm, Temperature in °C and

Angular Frequency, in radians per second). The data from each closure was modeled
to obtain the strain model parameters (A, n and m). The data reported in Tables 4A-
4E show one set of values for the raw data obtained by the above described
deformation test for each closure made of a specific resin. In practice, data were
collected for 4 to 6 closures made from each resin. The data from the 4-6 closures
measured for each resin type was used as the basis for modeling after converting the
axial force to stress and the deformation to strain. The numbers obtained with the
model (on the closure/resin systems) were then averaged and are provided below in
Table 5. Without wishing to be bound by theory, it is believed that the compressive
deformation resistance evaluated using the current methodology aiso reflects the
deformation resistance under any other deformation modes, such as tensile
deformation: it is further believed that the deformation of the top panel of an as-is
closure approximates that which occurs between the mechanically sealing surfaces of
a plastic closure and a PET bottle neck finish after a closure is secured to a PET

bottle..
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A person skilled in the art will recognize that any resin which is capable of
being formed into a closure may be subjected to similar testing to provide inputs for
use in the compressive strain model, so that two or more closures made of different
polymeric material may be directly compared and contrasted with respect to their
respective deformation behavior.

The Compressive Strain Model

Without wishing to be bound by any single theory, the responses collected for
each closure reflect the characteristics of the resin used in each closure. However,
since the instantaneous compressive deformation information is a function of both
time and stress, which is a non-linear relationship or typical multivariate phenomeﬁon,
a model is employed to provide a better understanding of the polymer structure-
closure property relationship. The model used here is a model that can adequately
describe the closure deformation as a function of stress and time at a given
temperature for each polymer-closure pairing.

The compressive strain data obtained as described above are modeled using a
compressive strain model! in order to compare the tendency of a polymer-closure
system to deform under stress. Together with the compressive strain data, the model
is a useful method to provide rapid and cost effective manner by which to predict
polymer-closure pairing deformation propetties.

The compressive strain is assumed to follow the mathematical form at a given

temperature as shown below:

ngXo'nXtm

where ¢is the compressive strain; o is the stress in N/cm?, tis the loading time in

seconds, A is the model coefficient, n is the deformation stress exponentand m is the
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time exponent. Any software capable of performing non-linear regressions can be
used to estimate the model parameters.

Figure 4 shows the actual and fitted compressive strains (deformations) using
the compressive strain model for Examples 1 and 3. Generally, the model fits very
well with the actual deformation obtained from the closures made from the different
polymer types. The average values of the fitted model parameters, A, n and m, are

summarized in Table 5.
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Predicted creep strain (also shown in Table 5) is the deformation of a material
at a specific time under a constant stress. Since the model described above for
compressive strain fits the actual raw data very well, the model may be further used to
predict the deformations under different conditions, such as increased stress levels, or
predicting compressive strain at various stress values at a constant loading time.

The data provided in Table 5 clearly shows that Examples 2-5 have lower time
exponent (m) vaiues and better creep or deformation resistance when compared to
Example 1. The time exponent values for Examples 2-5 are all lower than 0.114. The
lower the time exponent value with A and n parameters being essentially the same,
the better the closure/polymer system resists deformation. As the deformation at
elevated temperature is believed to be important to whether a particular
polymer/closure system is suitable for a use in a hot-filling or aseptic filling process,
the present model helps to establish which polyethylene resins are suitable in such
end use applications.

Preparation of a Liquid Containing 4.2 volume% CQO> Sealed in a PET Container with

a Closure
To prepare 4.2 vol% of carbon dioxide, COz (4.2 Gas Volume or “GV") in

purified water, 10.13 grams of sodium bicarbonate (NaHCOs) and 7.72 grams of citric
acid (CsHsO7) were packed into two water-soluble EVOH (ethylene vinyl alcohol)
bags. Next, 600 mL of purified water was added to a PET bottle filling the bottle.
Each bottle had a PCO 1881 neck finish. The bag with sodium bicarbonate and the
bag with citric acid were then added to the PET bottle filled with purified water. A
closure was immediately placed on the PET bottle with manual force and turned at an
application angle 360°. Next the bottle-closure system was placed in a Steinfurth

torque measuring machine with a proper chuck to further turn the closure at an
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application angle of 380° at a speed of 0.8 rpm/minute. The bottle was then shaken to
ensure complete dissolution of the chemicals in water.

Elevated Temperature Cycle Test (ETCT)

This is an International Society of Beverage Technologists (ISBT) voluntary
standard test. As closures may experience wide temperature swings in hot weather
markets, it is essential that the closure remain on the neck finish during these
temperature swings and throughout the shelf life of the product. The elevated
temperature cycle test evaluates such closure performance.

After filling and capping a PET bottle with 4.2 GV of CO2 as described above,
the PET bottle-closure system was placed in a temperature controlled chamber. The
bottle-closure system was then exposed to the following temperature program: Cycle
1; A) hold at 60°C for 6 hours, then B) at 32°C for 18 hours; Cycle 2; C) hold at 60°C
for six 6 hours, then D) at 32°C for 18 hours; Cycle 3; E) hold at 60°C for 6 hours, then
F) at 32°C for 18 hours. After each cycle component, the PET bottle-closure samples
were observed for closure releases, cocked and deformed closures and leakers. A
total of 24 bottle-closure systems were tested in each example. The results are

shown in Table 6.
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Examination of the data in Table 6, shows that Examples 1-5 have variable
heat cycling performance but where Example 4, a unimodal homopolymer of ethylene,
was the best performer. For Example 4 a closure pass rate of about 37.5% was
achieved.

Secure Seal Test (SST)

As PET (or glass) is more rigid than polyethylene, the deformation at the
mechanically sealing surfaces of a bottle and closure package likely occurs more with
the plastic closure than the bottle. Hence, it is important that the plastic closure has an
appropriate deformation. Without wishing to be bound by theory, it is expected that an
excessive deformation of the closure at the mechanically sealing surfaces may lead to
the loss of the intimate engagement of the sealing surfaces at some point. Insufficient
deformation of the closure at the mechanically sealing surfaces may not provide
sufficient conformability to the shapes of the sealing surfaces on the rigid PET bottle
neck finish. Appropriate deformation at the mechanically sealing surfaces can provide
the intimate engagement between the sealing surfaces of the bottle (neck finish) and
closure. Hence, a closure exhibiting excessive compressive strain or excessive
deformation may lead to poorer sealing properties (e.g. decreased tightness) when
the closure is fitted to a PET container, bottle and the like; alternatively, a closure
exhibiting appropriate compressive strain or deformation may lead to improved sealing
properties (e.g. improved tightness) when the closure is fitted to a PET container,
bottle and the like.

The SST is an International Society of Beverage Technologists (ISBT)
voluntary standard test. This test is to determine the plastic closure seal and thread
integrity while under an internal pressure. A detailed description of the test follows.
After filling and capping a PET bottle with 4.2 GV of CO2 as described above, the PET

bottle-closure system was conditioned at room temperature (22°C +/- 1°C) for 24
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hours. Next, the PET bottle neck finish including the closure, was cut out using a
Secure-Pak™ neck finish cutting tool. The combined neck finish/closure system was
attached in a sealed fit with a pressure tubing and gas pressure was introduced. The
PET neck finish/closure system was placed into a testing fixture and the entire
assembly was placed into a water tank of a Secure Seal Tester, model SST,
manufactured by Secure Pak (Maumee, Ohio). The test was carried out in water at
room temperature (22°C). The pressure was slowly applied to the interior of the
closure to 100 Psi and held for a period of 1 minute. The PET bottle neck finish-
closure sample was observed for signs of air bubbles. A failure is indicated when a
steady stream of bubbles emitting from the closure can be observed. In a next step,
the pressure was increased to 175 psi and held for one 1 minute to again look for
evidence of air bubbles. In a final step, the pressure was increased to 200 psi and
held for 1 minute, and evidence of air bubbles was looked for. The pressures at which
observable air leakage events occurred were recorded as well as the percentage of
air passage.

A total of twenty Secure Seal tests were carried out for each of Examples 1-5

and the results are provided in Table 7.
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Examination of the data in Table 7, shows that Example 1, where the closure is
made from SCLAIR 2712 has inferior sealing properties when compared to Examples
2, 3, 4, and 5, where the closure is made from SCLAIR 2710, SCLAIR 2807, SCLAIR
2908, SCLAIR 2907 respectively. For Example 1, only 10% of the closures passed
the secure seal test at a pressure of more than 175 psi for more than 1 minute, while
the pass rate for Examples 2-5 ranged between 50% and 90%.

Removal Torque Test

This is an International Society of Beverage Technologists (ISBT) voluntary

standard test. Itis used to determine the torque required to remove a closure from a

container.

After filling and capping a PET bottle with 4.2 GV of COz2 as described above,
the bottle was conditioned for 24 hours at room temperature (22°C +/- 1°C) prior to
conducting the removal torque test. The total application angle used for testing was
740°, The maximum removal torque was tested using a Steinfurth automated torque
measuring machine with a proper chuck at the speed of 0.8 rpm/minute. A total of

twelve tests were carried out for each of Examples 1 to 3 and the average results are

provided in Table 8.

TABLE 8.

Removal Torque of a PET bottle — PE closure System (closure has additives for

color, 1% red, and slip, 1000 ppm by way of 2% masterbatch).

Example Average Std. Dev. Minimum Maximum
(in-Ib) (in-Ib) (in-lb) (in-1b)
1, Comp. 12.6 0.88 1.7 14.4
2 131 1.40 11.4 15.4
3 12.3 0.81 11.4 13.5
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4 12.1 1.47 10.4 15.6

5 14.4 0.69 13.2 15.9

Note 1: PET bottle used: CSD, PCO 1881 neck finish, 591 ml.

Examination of the data in Table 8, shows that Examples 1-5 have variable
removal torque values, but where, Examples 5, which is a unimodal homopolymer of
ethylene was slightly better than the rest with an average removal torque values of
14.4 inches per pound, which is indicative of improved sealing properties.

Ball Impact Test

This is an International Society of Beverage Technologists (ISBT) voluntary
standard test. During transportation and use by the consumer, a beverage closure
can experience impact forces. The ball impact test evaluates the tendency of the
closure to remain on a container opening without release. The test was carried out as
follows. After filling and capping a PET bottie-closure system with 4.2 GV of COz as
described above, the bottle-closure system was conditioned for 24 hours in a
temperature controlled chamber at 4°C. Ball impact testing was conducted using
Steinfurth Ball impact tester which holds the bottle-closure system against movement
with the bottle-closure system held in a desired orientation. A steel ball (286.7 g,
41.27 mm in diameter) was used as the impacting object. The steel ball was dropped
ffom a height of 762 mm (30 inches) at four different orientations; at 0° to the top
center of the closure, at 90° to the top edge of the closure, at 45° to top edge of the
closure, and at 90° to the sidewall edge of the closure. After the impact test, the
bottle-closure system was removed from the impact tester and the closure was
checked for damage and/or leakage. A total of ten ball impact tests were carried out

at each angle for each of Examples 1 to 5 and the results are provided in Table 9.
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The data in Table 9 show that there are relatively minor differences between
Examples 1, 3, 4 and 5, but with Example 1 having the poorest overall performance.
Example 2 seems to have a marked improvement over the others with respect to
when the ball impact test is carried out at 90° to the top edge of the closure, passing
that particular test 90 percent of the time.

Neutron Activation Analysis (NAA)

Neutron Activation Analysis, hereafter NAA, was used to determine catalyst
residues in ethylene polymers and was performed as follows. A radiation vial
(composed of ultrapure polyethylene, 7 mL internal volume) was filled with an
ethylene polymer product sample and the sample weight was recorded. Using a
pneumatic transfer system the sample was placed inside a SLOWPOKE™ nuclear
reactor (Atomic Energy of Canada Limited, Ottawa, Ontario, Canada) and irradiated
for 30 to 600 seconds for short half-life elements (e.g., Ti, V, Al, Mg, and Cl) or 3t0 5
hours for long half-life elements (e.g. Zr, Hf, Cr, Fe and Ni). The average thermal
neutron flux within the reactor was 5x10''/cm?/s. After irradiation, samples were
withdrawn from the reactor and aged, allowing the radioactivity to decay; short half-life
elements were aged for 300 seconds or long half-life elements were aged for several
days. After aging, the gamma-ray spectrum of the sample was recorded using a
germanium semiconductor gamma-ray detector (Ortec model GEM55185, Advanced
Measurement Technology inc., Oak Ridge, TN, USA) and a multichannel analyzer
(Ortec model DSPEC Pro). The amount of each element in the sample was
calculated from the gamma-ray spectrum and recorded in parts per million relative to
the total weight of the ethylene polymer sample. The N.A.A. system was calibrated
with Specpure standards (1000 ppm solutions of the desired element (greater than
99% pure)). One mL of solutions (elements of interest) were pipetted onto a 15 mm x

800 mm rectangular paper filter and air dried. The filter paper was then placed in a
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1.4 mL polyethylene irradiation vial and analyzed by the N.A.A. system. Standards
are used to determine the sensitivity of the N.A.A. procedure (in counts/ug).
Examples 1-5 employ the unimodal polymers as described above.
Comparative examples 6-9 are commercially available polymers having a melt index,
l2ranging from about 1.5 to about 11.0 g/10min and densities ranging from about
0.951 g/cm? to about 0.955 g/cm?, and which may be used to make closures and

which were similarly subjected to NAA analysis.

TABLE 10
NAA of Polyethylene Polymers

Example Al (ppm) Cl (ppm) Mg (ppm) Ti (ppm)
1, Comp. 0.1 0.05 <1 0.133

2 0.19 0.11 <1 0.16

3 0.58 0.1 <2 0.69

4 0.511 0.074 <1 0.288

5 0.96 0.14 <2 0.19
6, Comp. 66.3 20.2 3.61 7.27
7, Comp. 65.2 32.6 4.05 12.19
8, Comp. 25.1 9.54 2.89 0.923
9, Comp. 26.2 11.3 3.97 1.01

The data provided in Table 10, shows that the resins employed in Examples 1-
5 have much reduced residual catalyst component levels (e.g. aluminum, chlorine,
magnesium and titanium) when compared to several other commercially available
products (Examples 6 through 9). Compare for example, Examples 2-5 which have
less than 1 ppm of aluminum (Al), and less than 0.7 ppm of titanium (Ti) present

(where “ppm” is parts per million of element per mass of polymer, e.g. milligrams of
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element/ kilograms of polymer) with Examples 6-10 which have Al levels of from about
25 ppm to about 66 ppm, and Ti levels of from about 1 to about 11 ppm. Examples 2-
5 also have much lower levels of chlorine (Cl) and magnesium (Mg), which don’t
exceed about 0.15 ppm and 2 ppm respectively.

For end use applications, especially those that are used at elevated
temperatures and which may come in contact with foodstuff it may be desirable to
employ products having lower levels of catalyst component residues. Lower catalyst
residues may lead to better organoleptic properties and help preserve the original
taste and odor of the packaged contents.

Non-limiting embodiments of the present disclosure include the following:

Embodiment A. A process to fill a container, the process comprising: adding a
hot liquid to the container through a container opening, sealing the container opening
with a closure comprising a unimodal polyethylene composition, and bringing the hot
liquid into contact with an interior surface of the closure; wherein the unimodal
polyethylene composition has a density from 0.945 to 0.967 g/cm?; a melt index, Iz of
from 2.5 to 20.0 g/10min; a weight average molecular weight (Mw) from 25,000 to
85,000 g/mol; and a molecular weight distribution Mw/Mn of from 2.2 to 4.2.

Embodiment B. The process of Embodiment A wherein the unimodal
polyethylene composition is an ethylene homopolymer.

Embodiment C. The process of Embodiment A or B wherein the unimodal
polyethylene composition has a density of from 0.958 to 0.963 g/cm?.

Embodiment D. The process of Embodiment A, B or C wherein the unimodal
polyethylene composition has a melt index, iz of from 3.0 to 12.0 g/10min.

Embodiment E. The process of Embodiment A wherein the unimodal

polyethylene composition is a copolymer of ethylene and an alpha olefin.
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Embodiment F. The process of Embodiment A or E wherein the unimodal
polyethylene composition has a density of from 0.948 to 0.958 g/cm®.

Embodiment G. The process of Embodiment A, E or F wherein the unimodal
polyethylene composition has a melt index, |2 of from 4.0 to 20.0 g/10min.

Embodiment H. The process of Embodiment A, E, F or G wherein the
unimodal polyethylene composition is a copolymer of ethylene and an alpha olefin
selected from the group consisting of 1-butene, 1-hexene and 1-octene.

Embodiment |. The process of Embodiment A, B, C, D, E, F, G, or H wherein
the unimodal polyethylene composition further comprises a nucleating agent or a
mixture of nucleating agents.

Embodiment J. The process of Embodiment A wherein the unimodal
polyethylene composition is prepared by contacting ethylene and optionally an alpha-
olefin with a polymerization catalyst under solution polymerization conditions.

Embodiment K. The process of Embodiment A, B,C,D,E, F, G, H, lorJ
wherein the closure is made by continuous compression molding or injection molding.

Embodiment L. The process of EmbodimentA, B, C, D, E, F, G, H, I, JorK
wherein the unimodal polyethylene composition is made with a Ziegler-Natta catalyst.

Embodiment M. The process of Embodiment A, B, C,D,E, F, G, H, 1, J,KorL
wherein the unimodal polyethylene composition has less than 0.8 ppm of titanium

present.

Embodiment N. The process of Embodiment A, B, C, D, E, F, G HILJ KL,
or M wherein the unimodal polyethylene composition has an ESCR Condition B (10%
IGEPAL) of at least 1 hour.

Embodiment O. Use of a closure in a hot fill process, wherein the closure

comprises a unimodal polyethylene composition having a density from 0.945 10 0.967
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g/cm?3; a melt index, 2 of from 2.5 to 20.0 g/10min; a weight average molecular weight

(Mw) from 25,000 to 85,000 g/mol; and a molecular weight distribution Mw/Mn of from

221042

Embodiment P. The use according to Embodiment O wherein the unimodal
polyethylene composition is an ethylene homopolymer.

Embodiment Q. The use according to Embodiment O or P wherein the
unimodal polyethylene composition has a density of from 0.958 to 0.963 g/em?.

Embodiment R. The use according to Embodiment O, P or Q wherein the
unimodal polyethylene composition has a melt index, |2 of from 3.0 to 12.0 g/10min.

Embodiment S. The use according to Embodiment O wherein the unimodal
polyethylene composition is a copolymer of ethylene and an alpha olefin.

Embodiment T. The use according to Embodiment O or & wherein the
unimodal polyethylene composition has a density of from 0.948 to 0.958 g/cm3.

Embodiment U. The use according to Embodiment O, S or T wherein the
unimodal polyethylene composition has a melt index, |2 of from 4.0 to 20.0 g/1 Omin.

Embodiment V. The use according to Embodiment O, S, Tor U wherein the
unimodal polyethylene composition is a copolymer of ethylene and an alpha olefin
selected from the group consisting of 1-butene, 1-hexene and 1-octene.

Embodiment W. The use according to Embodiments O, P, Q, R, S, T, UorV
wherein the unimodal polyethylene composition further comprises a nucleating agent
or a mixture of nucleating agents.

Embodiment X. The use according to claim O wherein the unimodal
polyethylene composition is prepared by contacting ethylene and optionally an alpha-

olefin with a polymerization catalyst under solution polymerization conditions.
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Embodiment Y. The use according to Embodiments O, P, Q, R, S, T, U, V, W
or X wherein the closure is made by continuous compression molding or injection

molding.

Embodiment Z. The use according to Embodiments O, P, Q, R, §, T, U, V, W,
X or Y wherein the unimodal polyethylene composition is made with a Ziegler-Natta
catalyst.

Embodiment AA. The use according to Embodiments O, P, Q, R, S, T, U, V,
W, X,'Y or Z wherein the unimodal polyethylene composition has less than 0.8 ppm of
titanium present.

Embodiment BB. The use according to Embodiments O, P, Q, R, S, T, UV,
W, X, Y, Z or AA wherein the unimodal polyethylene composition has an ESCR
Condition B (10% IGEPAL) of at least 1 hour.

Embodiment CC. A process to fill a container, the process comprising: adding
a hot liquid to the container through a container opening; sealing the container
opening with a closure comprising a unimodal polyethylene composition having a
density from 0.945 to 0.967 g/cm?, a melt index, Iz of from 2.5 t0 20.0 g/10min; a
weight average molecular weight (Mw) from 25,000 to 85,000 g/mol; and a molecular
weight distribution Mw/Mn of from 2.2 to 4.2; and bringing the hot liquid into contact
with an interior surface of the closure; wherein the closure has a time exponent, m of
0.114 or less where m is determined using a compressive strain model represented by

the equation:

e=Axg"x"
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where ¢is the compressive strain; ¢ is the stress in N/cm?, t is the loading time in
seconds, A is the model coefficient, n is the deformation stress exponent and m is the
time exponent.

Embodiment DD. Use of a closure in a hot fill process, wherein the closure
comprises a unimodal polyethylene composition having a density from 0.945 to 0.967
g/cm?; a melt index, |2 of from 2.5 to 20.0 g/10min; a weight average molecular weight
(Mw) from 25,000 to 85,000 g/mol; a molecular weight distribution Mw/Mn of from 2.2
to 4.2; wherein the closure has a time exponent, m of 0.114 or less, where m is

determined using a compressive strain model represented by the equation:

SZAXGnXtm

where ¢is the compressive strain; ¢ is the stress in N/cm2, t is the loading time in
seconds, A is the model coefficient, n is the deformation stress exponent and m is the

time exponent.
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:

1. A process to fill a container, the process comprising: adding a hot liquid
to the container through a container opening, sealing the container opening
with a closure comprising a unimodal polyethylene composition, and bringing
the hot liquid into contact with an interior surface of the closure; wherein the
unimodal polyethylene composition has a density from 0.945 to 0.967 g/cm?3;
a melt index, I2 of from 2.5 to 20.0 g/10min; a weight average molecular
weight (Mw) from 25,000 to 85,000 g/mol; and a molecular weight distribution
Mw/Mn of from 2.2 to 4.2; and wherein the unimodal polyethylene composition
is made with a Ziegler-Natta catalyst.

2. The process of claim 1 wherein the unimodal polyethylene composition

is an ethylene homopolymer.

3. The process of claim 2 wherein the unimodal polyethylene composition
has the density of from 0.958 to 0.963 g/cm3.

4. The process of claim 2 or 3 wherein the unimodal polyethylene

composition has the melt index, 12 of from 3.0 to 12.0 g/10min.

5. The process of claim 1 wherein the unimodal polyethylene composition

is a copolymer of ethylene and an alpha olefin.

6. The process of claim 5 wherein the unimodal polyethylene composition
has the density of from 0.948 to 0.958 g/cm?.

7. The process of claim 5 or 6 wherein the unimodal polyethylene

composition has the melt index, 12 of from 4.0 to 20.0 g/10min.
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8. The process of claim 5, 6 or 7 wherein the unimodal polyethylene
composition is a copolymer of ethylene and an alpha olefin selected from the

group consisting of 1-butene, 1-hexene and 1-octene.

9. The process of claim 1 wherein the unimodal polyethylene composition

further comprises a nucleating agent or a mixture of nucleating agents.

10.  The process of claim 1 wherein the unimodal polyethylene composition
is prepared by contacting ethylene or ethylene and an alpha-olefin with a
polymerization catalyst under solution polymerization conditions.

11.  The process of claim 1 wherein the closure is made by continuous

compression molding or injection molding.

12.  The process of claim 1 wherein the unimodal polyethylene composition

has less than 0.8 ppm of titanium present.

13.  The process of claim 1 wherein the unimodal polyethylene composition
has an ESCR Condition B (10% IGEPAL) of at least 1 hour.

14. Use of a closure in a hot fill process, wherein the closure comprises a
unimodal polyethylene composition having a density from 0.945 to 0.967
g/cm?3; a melt index, |2 of from 2.5 to 20.0 g/10min; a weight average
molecular weight (Mw) from 25,000 to 85,000 g/mol; and a molecular weight
distribution Mw/Mn of from 2.2 to 4.2; and wherein the unimodal polyethylene

composition is made with a Ziegler-Natta catalyst.

15.  The use according to claim 14 wherein the unimodal polyethylene

composition is a homopolymer.
16. The use according to claim 15 wherein the unimodal polyethylene

composition has the density of from 0.958 to 0.963 g/cm?.
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17.  The use according to claim 15 or 16 wherein the unimodal polyethylene

composition has the melt index, |2 of from 3.0 to 12.0 g/10min.

18.  The use according to claim 14 wherein the unimodal polyethylene

composition is a copolymer of ethylene and an alpha olefin.

19.  The use according to claim 18 wherein the unimodal polyethylene

composition has the density of from 0.948 to 0.958 g/cm?.

20. The use according to claim 18 or 19 wherein the unimodal polyethylene

composition has the melt index, |2 of from 4.0 to 20.0 g/10min.

21.  The use according to claim 18, 19 or 20 wherein the unimodal
polyethylene composition is a copolymer of ethylene and an alpha olefin

selected from the group consisting of 1-butene, 1-hexene and 1-octene.

22. The use according to claim 14 wherein the unimodal polyethylene
composition further comprises a nucleating agent or a mixture of nucleating

agents.
23.  The use according to claim 14 wherein the unimodal polyethylene
composition is prepared by contacting ethylene or ethylene and an alpha-

olefin with a polymerization catalyst under solution polymerization conditions.

24. The use according to claim 14 wherein the closure is made by
continuous compression molding or injection molding.

25. The use according to claim 14 wherein the unimodal polyethylene
composition has less than 0.8 ppm of titanium present.

26. The use according to claim 14 wherein the unimodal polyethylene

composition has an ESCR Condition B (10% IGEPAL) of at least 1 hour.
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27. The process of claim 1, wherein the closure has a time exponent, m of
0.114 or less where m is determined using a compressive strain model

represented by the equation:

E = A X O-n X l‘m
where ¢is a compressive strain; ¢ is a stress in N/cm?, t is a loading time in

seconds, A is a model coefficient, n is a deformation stress exponent and m is

the time exponent.

28. The use of claim 14, wherein the closure has a time exponent, m of
0.114 orless, where m is determined using a compressive strain model

represented by the equation:
E = A X O-n X l‘m
where ¢is a compressive strain; ¢ is a stress in N/cmZ, tis a loading time in

seconds, A is a model coefficient, n is a deformation stress exponent and m

the time exponent.
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FIG. 2A

FIG. 2B
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FIG. 3
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