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by cutting an end seal, and the blotters removed. The blotterless pouches are rinsed with distilled
water to remove any liquid nicotine that might be present on the surface of the scalant and excess
water is removed from the pouches by shaking. Next, 5 ml of isopropanol spiked with an internal
standard (propylene glycol n-propyl ether) is placed in each pouch which is then resealed with
heat seals. The rescaled pouches are placed on a shaker table for 90 minutes to facilitate nicotine
extraction from the sealant. Finally, the pouch extracts are analyzed by gas chromatography and

thc amount of clutcd nicotine is calculated for cach pouch.
Nicotine Vapor Test

Ten pouches are made with each test film by heat sealing together two pieces of the sample film
each measuring 3 x 3.5 inches on three sides with the same article contact surface facing each
other. Next, 50 pl of pure nicotine is placed on a 1 x 1.25 inch piece of blotter paper. The blotter
paper is then wrapped in perforated foil having approximately 20 needle perforations per side.
The foil wrapped blotter paper is placed inside the pouch which is then hermetically sealed. The
perforated foil wrapper prevents direct contact of the blotter absorbed nicotine with the sealant

layer of the film.

The blotter containing pouches are stored at 100°F and 20% Relative Humidity (RH). Two
pouches of each film structure are tested at recorded intervals e.g. days 1, 2, 8, 15 and 31 as
follows. After the allotted time, two pouches are opened by cutting an end scal, and the foil
covered blotters are removed. Next, 5 ml of isopropanol, spiked with an internal standard
(propylene glycol n-propyl ether), 1s placed in each pouch and each blotterless pouch is resealed
with heat seals. The resealed pouches are then placed on a shaker table for 90 minutes to
facilitate nicotine extraction from the sealant. Finally, the pouch extracts are analyzed by gas

chromatography and the amount of eluted nicotine is calculated for each pouch.

Eluted nicotine values are measured by the methods described above or tests similar thereto,

unlcss othcrwisc specificd.
Drug uptake test

Ten pouches are made with each test film by heat sealing together two pieces of the sample film

each measuring 3 x 3. 5 inches on three sides with the same article contact surface facing each
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other. Next, a standard amount of the drug being tested is placed on a 1 x 1.25 inch piece of

blotter paper and the blotter paper is placed inside the pouch which is then heat scaled.

The pouches are stored at 100° F and 20% RH and three pouches of each film structure are tested
at reported intervals e.g. days 1, 7, 15 and 31. After the allotted time, three pouches are opened
by cutting an end seal, and the blotters removed. The blotterless pouches are rinsed with distilled
water to remove any drug residue that might be present on the surface of the sealant and excess
water is removed from the pouches by shaking. Next, 5 ml of isopropanol spiked with an internal
standard (propylene glycol n-propyl ether) is placed in each pouch which is then resealed with
heat seals. The resealed pouches are placed on a shaker table for 90 minutes to facilitate drug
extraction from the sealant. Finally, the pouch extracts are analyzed by gas chromatography and

the amount of eluted drug is calculated for each pouch.
Drug Vapor Test

Ten pouches are made with each test film by heat sealing together two pieces of the sample film
cach measuring 3 x 3.5 inches on three sides with the same article contact surface facing each
other. Next, a standard amount of the drug being tested is placed on a 1 x 1.25 inch piece of
blotter paper. The blotter paper is then wrapped in perforated foil having approximately 20
needle perforations per side. The foil wrapped blotter paper is placed inside the pouch which is
then hermetically sealed. The perforated foil wrapper prevents direct contact of the blotter

absorbed drug with the sealant layer of the film.

The blotter containing pouches are stored at 100°F and 20% Relative Humidity (RH). Three
pouches of each film structure are tested at recorded intervals e.g. days 1, 7, 15 and 31 as
follows. After the allotted time, three pouches are opened by cutting an end seal, and the foil
covered blotters are removed. Next, 5 ml of isopropanol, spiked with an internal standard
(propylene glycol n-propyl ether), is placed in each pouch and each blotterless pouch is resealed
with heat seals. The resealed pouches are then placed on a shaker table for 90 minutes to
facilitate drug extraction from the secalant. Finally, the pouch extracts are analyzed by gas

chromatography and the amount of eluted drug is calculated for each pouch.
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Eluted drug values are measured by the methods described above or tests similar thereto, unless

otherwise specified.
Raman Spectroscopy

For purposcs of illustration, a Raman Spcctroscopy mcthod for samplcs in dircct contact with a
nicotine composition is now described. One will understand that the method can be readily

modified for use with indirect drug contact or for use with other drugs.

Film Samples in direct contact with nicotine for a specified time were analyzed using a Confocal
Raman microscope (Thermo Fisher DXRxi) using a 100x (numerical aperture: 0.90) objective, a
laser wavelength of 532 nm (10 mW of power at sampling point) and an exposure time of 0.04
seconds per spectrum. The estimated spot size on the sample was 0.2 um and the confocal
aperture used was 25 um. Spectra between wavenumbers 500-3500 cm ™ were collected. Spectra
were collected in the form of a depth profile from a section of the film (100x100 um) with a
Raman image pixel size specified as 2 um and the total number of scans was 10. As a result,
cach Raman image is a composite of results from 25,000 spectra. The Raman image was
generated using proprietary software (Thermo Fisher Scientific) included with the Raman
microscope used. Arca under the peaks (wavenumber range: 1004-1064 cm™) was used to
indicate relative nicotine concentration at cach point on the generated Raman image on a

rainbow scale (low: blue, high: red). Pure nicotine liquid has peaks at 1026 cm™ and 1042 cm''.

Following are examples given to illustrate the invention, but these examples should not be taken

as limiting the scope. All percentages are by weight unless indicated otherwise.

Films of 6, 7, 8, 9 or more layers are contemplated. The inventive multilayer films may include
additional layers or polymers to add or modify various properties of the desired film such as heat
sealability, interlayer adhesion, wrinkle resistance, puncture resistance, printability, toughness,
gas and/or water barrier properties, abrasion resistance, printability, and optical properties such
as gloss, haze, freedom from lines, streaks or gels. These layers may be formed by any suitable

method including coextrusion, extrusion coating and lamination.

Unlcss othcrwisc noted, the thermoplastic resins utilized in the present invention arc gencrally

commecrcially available in pcllct form and, as gencrally recognized in the art, may bc mclt
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blended or mechanically mixed by well-known methods using commercially available equipment
including tumblers, mixers or blenders. Also, if desired, well known additives such as processing
aids, slip agents, anti-blocking agents and pigments, and mixtures thereof may be incorporated
into the film or applied to one or more surfaces thereof, ¢.g. by blending prior to extrusion,
powdering, spraying, contact roller application, etc. Typically the resins and any desired
additives are mixed and introduced to an extruder where the resins are melt plastified by heating
and then transferred to an cxtrusion (or cocxtrusion) dic. Extruder and dic tempceraturcs will
generally depend upon the particular resin or resin containing mixtures being processed and
suitable temperature ranges for commercially available resins are generally known in the art, or
are provided in technical bulletins made available by resin manufacturers. Processing

temperatures may vary depending upon other processing parameters chosen.
EXAMPLES 1-5

Examples 1-4 are comparative examples (not of the invention). Example 5 is an example
according to the present invention. In all of the examples, a multilayer film is provided having a
base film and connected sealant film. The sealant film has a surface layer which is designed to
contact the article to be packaged e.g. a transdermal patch article, and to permit heat sealing of
the multilayer film to form a container such as a pouch. The CAAILDPL/COC sealant layer of
the invention and the comparative sealant layers were either extrusion coated or adhesively
laminated. In all of the examples 1-5, a multilayer base film having the following structure:

OPET / Primer / PE [ EAA | Foil was made and only the connected sealant film was varied.
Base film

The base film was comprised of five layers having an ordered structure of:

/Layer 11 Layer 2/ Layer 3/Layer 4/Layer 5/ corresponding to:

/exterior layer 11 primer layer 2/bulk layer 3/adhesive layer 4/ 0 2layer 5/; or more particularly,

/OPET/PEI/LDPLE/EVA/AI TFoil/.
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Layer 1 was a commercially available 0.92 mil, biaxially oriented polyethylene terephthalate
(OPET) film corona treated on one side. The treated OPET film received a second corona
treatment on the previously treated side prior to receiving an anchor coating of a water-based
polyethyleneimine (PEI) primer (Layer 2) that was contact coated onto the corona treated side of
the OPET film and dried just prior to lamination of the OPET film to 0.35 mil aluminum foil
(Layer 5) using a coextrusion of LDPE (Layer 3) and EAA (Layer 4). Layers 3 and 4 were
produccd by the two-laycr cocxtrusion of LDPE and EAA. The anchor coated side of the OPE'T
film was laminated to 0.35 mil aluminum foil with a coextrusion of LDPE and EAA. The LDPE
was a blend of 87.5 wt.% LDPE laminate resin and 12.5 wt.% of a white colorant in a carrier

resin. The oxygen and moisture barrier was provided by a commercially available aluminum foil.
Comparative Example 1

In example 1, a sealant film of ionomer was extrusion coated onto a five layer base film made as
described above. The aluminum foil surface of the multilayer base film having the structure
OPET/primer/LDPE/EAA/foil was corona treated and then extrusion coated with ionomer. The
ionomer used was a zinc salt of ethylene-methacrylate acid copolymer commercially available
under the trademark Surlyn® 1652-1 and having a reported density of 0.940 g/cm® and meh
index of 4.5 g/10 min.

The resultant six layer, multilayer film had the following structure: 0.92 mil OPET [ primer /
coex (0.42 mil LDPE / 0.1 mil EAA) / 0.35 mil foil 1.0 mil ionomer, and had a total nominal

thickness 0f2.8 mils (71 microns).
Comparative Example 2

‘T'he basc film for cxample 2 was produccd in the samc manncr as for cxample 1 cxcept that the
aluminum foil was not corona treated prior to the addition of the sealant film. In comparative
example 2, a three-layer coextrusion of: EAA; LDPE; and an 80:20 wt% blend of
LDPE:mLLDPE was extrusion coated onto the aluminum foil surface of the multilayer base film
with the EAA layer adhered to and in direct contact with the aluminum foil. The resultant

multilayer film had the following structure 0.92 mil OPET / primer / (0.42 mil LDPE / 0.1 mil
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EAA) / 0.35 mil foil / 0.17 mil EAA [/ 0.65 mil LDPEI 0.43 mil LDPE:mLLDPE and a total
thickness of 3.04 mils (77.2 microns).

Comparative Example 3

Thce basc film for cxamplc 3 was produccd in the same manncr as for cxample 2. In comparative
example 3, the sealant film was a commercially available, corona treated, cast APET film. The
APET film received an additional corona treatment prior to adhesive lamination. The base and
sealant films were laminated by coating the aluminum foil surface of the multilayer base film
having the structure OPET/primer/LDPE/EAA/foil with a 2-part urethane adhesive using an
analox roller followed by laminating contact to a corona retreated cast APET film . The resultant
7 layer film had the following structure: 0.92 mil OPET [/ primer / 0.42 mil LDPE / 0.1 mil EAA)
1 0.35 mil foil/ 0.08 mil adhcsive / 2 mil APET (insidc) and a total thickncss of 3.9 mils (99

microns).
Comparative Example 4

The base film for example 4 was produced in the same manner as for example 2 except that the
LDPE/EAA coextrusion was applied slightly thicker. In comparative example 4, the sealant film
was a corona treated polyacrylonitrile film. The polyacrylonitrile film received an additional
corona treatment just prior to lamination. The aluminum foil surface of the multilayer base film
having the structure OPETiprimer/LDPE/EAA/foil was then coated with a 2-part urethane
adhesive using an analox roller and the structure was adhesively laminated to the corona
retreated polyacrylonitrile film. The resultant multilayer film had the following structure
(outside) 0.92 mil OPET [/ primer / 0.56 mil LDPE / 0.1 mil EAA) / 0.35 mil foil / 0.07 mil
Adhesive / 1.5 mil Barex (inside) and a total thickness of 3.5 mil.

Example 5 (Of the Invention)

The film structure in Example 5 is exemplary of a film according to the present invention. The
base film for example 5 was produced in the same manner as for comparative example 2. In this
example, the sealant film was a three-layer coextrusion of EAA, LDPE and Ethylene-norbornene
copolymer (COC) which was extrusion coated onto the aluminum foil surface of the multilayer

base film to produce an cight layer film having the structure: 0.92 mil OPET/primerl0.42 mil
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LDPEIO.1 mil EANO.35 mil foill0.17 mil EAA/0.65 mil LD/PE/0.43 mil COC and a total
thickness of3.0 mils (76 microns). The inventive film is well suited to package articles for
collecting or administering a physiologically active substance such as transdermal drug delivery
patches, or oral dissolvable thin strips and has advantageous moisture barrier, oxygen barrier,
and low scalping propertics as discussed below. The resultant multilayer film was tested for

various properties which are reported below.
Scalping Tests for Examples 1-5

Each of the films made in Examples 1-5 were tested for nicotine scalping by a "Nicotine Direct

Contact Test" and a "Nicotine Vapor Test". Properties are reported in Table 2 below.
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1.26
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0.43
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Example 6 — Testing of additional agents
Tested Structures:

APET: 92ga OPET / 7.5# White PE Coex / 35ga Foil / 1.7# Adh. / 2mil APET
(35680-G)

CXB™:  92ga OPET / 9.6# White PE Coex / 35ga Foil / 1.7# Adh. / 2mil CXB
(LLDPE-COC) (35694-G)

Barex®: 92ga OPET / 9.6%# White PE Coex / 35ga Foil / 1.7# Adh. / 2mil Barex®
(35434-G)

PE: 48ga OPET / 9.6# Whitc PE Cocx / 35ga Foil / 1.7# Adh. / 2mil EVA
(5% VA) (35775-G)

92ga OPET / 7.5# White PE Coex / 35ga Foil / 18%# EAA/LDPE (35417)
Ionomer: 48ga OPET /9.3%# White PE Coex / 28.5ga Foil / 15# lonomer (35698)

When choosing testing materials, PE based secalants were chosen as a negative control
and Barex® was chosen as a positive control. The goal of an anti-scalping sealant is

to perform better than PE and show close (if not matched) performance to Barex®

With Barex® being the gold standard for uptake, a goal of at least 85% of Barex®
performance was set. Though each application will differ in barrier requirements,
those that do require minimal uptake and are currently are in Barex® will require

performance close to that of Barex® to minimize packaging risk.

In the case of Nicotine uptake testing, CXB™ performed at 95.2% Barex®
performance with direct contact and 98% Barex® performance with indirect contact.
In subsequent nicotine uptake studies, CXB™ had greater than 98% of Barex®

performance

Estradiol Uptake, and HSP

[00183] Direct Contact
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day lonomer | Barex APET 35775- PE CXB
1 0.0000 | 0.0000 | 0.0000 0.0000 0.0000
7 0.0000 | 0.0000 | 0.0000 0.0000 0.0000
18 0.0073 0.0000 | 0.0000 0.0048 0.0055
30 0.0051 0.0000 | 0.0137 0.0000 0.0088
60 0.0029 0.0000 | 0.0161 0.0058 0.0132

[00184] Vcery small amounts of cstradiol can be dctected in scveral of the samples.

It 18

unclear at this point if the values are indicative of an accurate trend of uptake.

[00185] Indirect Contact (vapor contact)

day lonomer | Barex APET 35775- PE CXB
1 0.00000 | 0.00000 | 0.00000 0.00000 0.00000
7 0.00000 | 0.00000 | 0.00000 0.00000 0.00000
18 0.00065 | 0.00000 | 0.00000 0.00000 0.00000
30 0.00000 | 0.00000 | 0.00000 0.00000 0.00000
60 0.00000 | 0.00000 | 0.00296 0.01614 0.00000

[00186] In the indirect uptake test, PE and APET show detectable amounts of Estradiol while

the other materials show no uptake. The estradiol values in this case remain very low.

[00187] HSP: (no RED value for Ionomer)

RED Values

CXB

Barex

PE (low Tg)

PET

Estradiol

1.62

0.97

3.12

0.46

[00188] Raman: No penetration of Estradiol could be detected with Raman Spectroscopy in

the uptake samples.
[00189] Lidocaine Uptake, HSP, and Raman

[00190] Direct Contact
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Direct Contact (avg mg of Lidocaine)

day | lonomer | Barex APET 35775- CXB
PE
0 0.0000 0.0000 0.0000 0.0000 0.0000
1 0.3283 0.0467 0.0693 0.1559 0.0124
7 1.8896 0.1055 0.2392 0.5739 0.0214
18 1.9872 0.5642 0.3339 0.6513 0.0473
30 2.7984 0.1328 0.6924 0.8306 0.1347
60 2.85 0.43 1.19 0.72 0.25

[00191] Direct contact shows CXB as the best performance, even exceeding the performance
of Barex®.

[00192] Indirect Contact (Vapor Contact)

Vapor Contact (avg mg of Lidocaine)

day | lonomer | Barex APET 35775- cXB
PE
0 0.0000 0.0000 0.0000 0.0000 0.0000
1 0.0125 0.0090 0.0083 0.0137 0.0055
7 0.0400 0.0199 0.0194 0.0276 0.0075

14 0.0492 0.0352 0.0272 0.0536 0.0107
30 0.0664 0.0719 0.0506 0.0809 0.0209
60 0.3570 0.2999 0.1717 0.2452 0.1389

[00193] Again with vapor contact, CXB™ is the best performer.

[00194] HSP:

RED Values CXB Barex PE (low Tg) PET

Lidocaine 1.32 0.9 2.85 0.23

[00195] Raman: Permeation of Lidocaine could only be seen in Tonomer and PE after 28days
of dircct contact. PE pcrmcation rcsulted in the Lidocainc diffusing all the way

through the sealant layer and settling at the sealant/foil interface.
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Based on the results of the above examples, the inventors now believe that two factors
play a role in permeation characteristics; namely, thermodynamic and kinetic
interactions. Again, based on the results presented herein, the inventors believe that
both of these interactions will, together, provide a more full understanding of the
permeation properties of a sealant film relative to either factor in isolation.
Thermodynamic interactions can be predicted through solubility modeling. Kinetic
interactions are based on the structure of the polymer and the molecular weight of the
active agent in the product. Assuming all transdermal drugs are low molecular
weight, the polymer characteristics can be used to predict the kinetic interaction. In
this case, Tg can be used as a factor for determining the rate at which a drug will
diffuse through a polymer, with a higher Tg resulting in a lower diffusion rate.
However, the Tg should be low enough to allow the polymer to be heat sealable.
Thus the HSP RED value can be factored in, with higher RED values indicating lower
solubilities (thermodynamic factor). The more soluble the drug is in the sealant, the
more permeation will occur. Low permeation anti-scalping heat sealable films or

layers can be obtained by balancing RED (thermodynamic) and Tg (kinetic factors).

Based on the results presented herein, the inventors believe that flms or layers
comprising 90% or more of an cthylene norbornene copolymer and having a glass
transition tcmpceraturc of 50-138°C, an cthylenc-norbornenc comonomer content of
20-40 mole% ethylene and 30-60 mole% norbornene, or a glass transition temperature
of 50-138°C and an ethylene-norbornene comonomer content of 20-40 mole%
ethylene and 30-60 mole% norbornene can provide a heat-sealable film or layer that is
anti-scalping with respect to a number of active pharmaceutical agents, particularly
those having HPS RED values of 0.5 or greater, such as 0.6 or greater, 0.7 or greater,

0.8 or greater, 0.9 or greater, or 1 or greater.

Various embodiments have been described above. Although the invention has been
described with reference to these specific embodiments, the descriptions are intended
to be illustrative and arc not intended to be limiting. Various modifications and
applications may occur to those skilled in the art without departing from the true spirit

and scope of the invention as defined in the appended claims.
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What is claimed is:

1. A film for packaging a product comprising a pharmaccutical active agent, the

film comprising:

a product-contacting scaling layer comprising at least 90 wt. % of an cthylene
norbornene copolymer or having a glass transition temperature in a

range from 50°C to 110°C;

wherein the pharmaccutical active agent compriscs a Hansen Solubility

Parameter for the product-contacting sealing layer of 0.5 or greater.

2. A film according to claim 1, wherein the product-contacting sealing layer
compriscs at lcast 90 wt. % of an cthylenc norbornenc copolymer having a

glass transition temperature in a range from 65°C to 110°C.

3. A film according to claim 1, wherein the pharmaceutical active agent
comprises a Hansen Solubility Parameter for the polymeric sealing layer of 0.7

or greater.

3. A film according to claim 1, wherein the pharmaceutical active agent
comprises a Hansen Solubility Parameter for the polymeric scaling layer of 1

or greatcr.

4. A film according to claim 1, wherein the pharmaceutical active agent is
selected from the group consisting of fentanyl, nicotine, lidocaine, estradiol,
cloniding, cthinyl cstradiol, oxybutynin, buprcnorphing, granisitron,

methylphenidate, and scopolamine.
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A film according to claim 1, wherein the pharmaceutical active agent is
selected from the group consisting of nicotine, lidocaine, estradiol, clonidine,

cthinyl estradiol, buprenorphine, granisitron, and scopolamine.

A film according to any one of claims 1-5, wherein the sealing layer comprises

at least 95 wt. % ethylene norbornene copolymer.

A film according to any one of clams 1-5, wherein the sealing layer consists

essentially of ethylene norbornene copolymer.

A film according to any one of the preceding claims, wherein the product
comprising the pharmaceutical active agent comprises a transdermal patch

comprising the pharmaceutical active agent.

A packaged pharmaceutical product, comprising:

a film according to any one of claims 1-8, wherein the a product-contacting

sealing layer defines a sealed interior volume; and

the product comprising a pharmaceutical active agent disposed in the interior
volume of the sealed package, wherein the pharmaceutical agent is in

contact with thc scaling laycr.

A method for packaging a pharmaceutical product comprising a

pharmaceutical active agent, the method comprising:

sealing the pharmaceutical product in an interior of a packaging film, wherein
the film comprises a sealing layer comprising at least 90 wt. % of an
cthylene norbornenc copolymer having a glass transition tempceraturc

in a range from 65°C to 110°C,
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wherein sealing the pharmaceutical product in the interior of the packaging
film comprises placing the pharmaceutical agent is in contact with the

scaling layer, and

wherein the pharmaceutical active agent comprises a Hansen Solubility

Parameter for the polymeric sealing layer of 0.5 or greater.

A method according to claim 10, wherein the pharmaceutical active agent
comprises a Hansen Solubility Parameter for the polymeric sealing layer of 0.7

or greater.

A method according to claim 10, wherein the pharmaceutical active agent
comprises a Hansen Solubility Parameter for the polymeric sealing layer of 1

or greater.

A method according to claim 10, wherein the pharmaceutical active agent is
selected from the group consisting of fentanyl, nicotine, lidocaine, estradiol,
clonidine, ethinyl estradiol, oxybutynin, buprenorphine, granisitron,

methylphenidate, and scopolamine.

A method according to claim 10, wherein the pharmaceutical active agent is
selected from the group consisting of nicotine, lidocaine, estradiol, clonidine,

ethinyl estradiol, buprenorphine, granisitron, and scopolamine.

A method according to any one of claims 10-14, wherein the sealing layer

comprises at least 95 wt. % ethylene norbornene copolymer.

A method according to any one of clams 10-15, wherein the sealing layer

consists essentially of ethylene norbornene copolymer.
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A method according to any one of claims 10-16, wherein the product
comprising the pharmaceutical active agent comprises a transdermal patch

comprising the pharmaceutical active agent.

A drug resistant, flexible, multilayer packaging film comprising;:

(a) a drug contact laycr having at Icast 90 wt. % of an cthylenc norbornenc
copolymer having a glass transition temperature of from 65°C to
110°C;

(b) a polyolefin bulk layer;
(c) a first intermediate adhesive layer;

(d) an oxygen barrier layer having an oxygen transmission rate of less than

0.01 cm’/100 inches?/24 hours at 1 atmosphere and 23°C;
(e) a second intermediate adhesive layer; and

(D an exterior protective layer comprising a polymer selected from the
group consisting of paper, oriented polyester, amorphous polyester,
polyamide, polyolefin, nylon, polypropylene, or copolymers, or blends
thereof,

wherein said multilayer film has the following properties:

a water vapor transmission rate (WTVR) of less than 0.01 g/ 100

square inches per 24 hours at 23°C and 1 atmosphere.

A multilayer film as defined in claim 1&, wherein said contact layer comprises

at least 95 wt. % ethylene norbornene copolymer,

A multilayer film as defined in claim 18, wherein said contact layer consists

essentially of ethylene norbornene copolymer.
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A packaged pharmaceutical product comprising:

a multilayer film as defined in claim 18, wherein said film is formed into a

flexible container; and

a transdermal patch sealed within the container.

A packaged pharmaceutical product as defined in claim 21, wherein said patch

is a nicotinc or fentanyl drug delivery patch.

A drug resistant, flexible, multilayer packaging film comprising a drug contact
layer having at least 90 wt. % of an ethylene norbornene copolymer having a

glass transition temperature of from 55°C to 110°C.

A film according to claim 23, wherein the film has a water vapor transmission
rate (WTVR) of less than 0.1 g/ 100 square inches per 24 hours at 23°C and 1

atmosphere.

A film according to claim 23 or claim 24, wherein the film has an oxygen
transmission rate of less than 0.01 ¢cm?/100 inches?/24 hours at 1 atmosphere

and 23°C.

A film according to any one of claims 23-25, further comprising an exterior
protective layer comprising a polymer selected from the group consisting of
paper, oriented polyester, amorphous polyester, polyamide, polyolefin, nylon,

polypropylene, or copolymers, or blends thereof.

A film according to any one of claims 23-26, wherein the film further
comprises a polyolefin bulk layer between the drug contact layer and the

exterior protective layer.
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28.

29.

31.

32.

33.

34.

57

A film according to any one of claims 23-27, wherein the contact layer

comprises at least 95 wt. % ethylene norbornene copolymer.

A film according to any one of claims 23-27, wherein the contact layer

consists essentially of ethylene norbornene copolymer.

A packaged pharmaceutical product comprising:

a film according to any one or claims 23-29, wherein the film is formed into a

flexible container; and

a product comprising a pharmaceutical active agent, wherein the
pharmaceutical active agent is in contact with the drug contact layer of

the film.

A packaged pharmaceutical product according to claim 30, wherein the
pharmaceutical active agent comprises a Hansen Solubility Parameter for the

drug contacting layer of 0.5 or greater.

A packaged pharmaceutical product according to claim 30, wherein the
pharmaceutical active agent comprises a Hansen Solubility Parameter for the

drug contacting layer of (.7 or greater.

A packaged pharmaceutical product according to claim 30, wherein the
pharmaceutical active agent comprises a Hansen Solubility Parameter for the

drug contacting layer of 1 or greater.

A packaged pharmaceutical product according to any one of claims 30-33,

wherein the pharmaceutical active agent is selected from the group consisting
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3s.

36.

37.

58

of fentanyl, nicotine, lidocaine, estradiol, clonidine, ethinyl estradiol,

oxybutynin, buprenorphine, granisitron, methylphenidate, and scopolamine.

A packaged pharmaceutical product according to any one of claims 30-33,
wherein the pharmaceutical active agent is selected from the group consisting
of nicotine, lidocaine, estradiol, clonidine, ethinyl estradiol, buprenorphine,

granisitron, and scopolamine.

A packaged pharmaceutical product according to any one of claims 30-35,
wherein the product comprising the pharmaceutical active agent comprises a

transdermal patch comprising the pharmaceutical active agent.

A packaged pharmaceutical product according to claim 36, wherein the patch

is a nicotine or fentanyl drug delivery patch.
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(57) Abstract: The present invention relates to blister components for blister packages formed from multilayer thermoplastic films.
In one preferred embodiment of the present invention, the blister component has a layer sequence configuration of A/B/C/B/A.
Preferably, layer A is a first exterior layer comprising cyclic olefin copolymer (COC), layer B is an interior layer comprising a high
density polyethylene (HDPE), a blend o[ high density polyethylene, a high density polyethylene nucleation additive and optionally, a
hydrocarbon resin (HDPE-Blend), or a bimodal high density polyethylene having a distribution ot a low molecular weight region
and a high molecular weight region (HDPE-Bimodal), or a high density polyethylene having a thickness of between 38.1 pm to
190.5 pm (1.5 mil to 7.5 mil), layer C is a central core layer. Alternatively, the blister component has a layer sequence configuration
of A/B/C/B/D, where layer D is a second exterior layer.

26/300



(013

[02]

[03]

WO 2015/187173 PCT/US2014/041212

BLISTER PACKAGING COMPONENTS
BACKGROUND OF THE INVENTION

The present invention relates generally to blister packaging and more
particularly, to blister components for blister packaging formed from muitilayer

thermoplastic films where a low moisture vapor transmission rate is desired.

Blister packaging is employed widely for commercial packaging of food products,
personal care products, and human health products such as pharmaceuticals,
and medical devices or precision instruments. The use of this type of packaging
has become widespread mainly due 1o the ability in incorporate suitable
moisture, dust, UV and/or gas barriers info the packages when such properties
are desired for maintaining the product contained therein. For example, blister
packaging is extensively used in the pharmaceutical industry for packaging of
medicaments or the like in capsule, lozenge, or pill form because the integrity of
the medicament can be maintained through the proper selection of materials
used to form the packages.

For preparing blister packages or so-called push through packages, generally a
thermoplastic film is first processed by vacuum forming or pneumatic forming so
as to form blisters or cavities thereon, namely portions having a predstermined
contour corresponding to each specific article to be received therein. After the
so-blistered film has been solidified, each blister is charged with each piece of
the article {0 be packaged and a second or lidding film is then covered over each
blister and sealed {o the first fiim. The second lidding film is often a laminate
material which can be ruptured by a simple finger-rupture or peeled off from the
first film 10 allow access to a packaged item. Conventional materials used for
forming the blistered film have included fransparent plastics such as
polyvinyichioride (PVG), polyvinylidene chioride {PVdC) and
polychiorotrifluoroethylene (PCTFE), commonly referred to  as ACLAR®
1
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(Honeywell/Allied Signal). Packaging for pharmaceuticals or other moisture-
sensitive articles require not only low moisture permeability but also other
properties such as chemical inertness, clarity, rigidity, or uniform thickness. The
use of polyvinylchloride (PVC) and polyvinylidene chloride {(PVAJC) have been
shown 1o have poor andfor insufficient moisture-proofing properties required by
the pharmaceutical industry. While ACLAR® exhibits relatively low moisture
vapor transmission, its use in blister packaging is inharently costiy.

There is therefore a need in the art for improved blister packaging materials
which provides sufficient moisture vapor barrier and chemical ineriness
properties and is aesthetically pleasing enough to present the products contained
therein while being cost effective to be manufactured.

SUMMARY OF THE INVENTION

The present invention is directed to blister components for blister packages
formed from a multilayer thermoplastic film. As used throughout this disclosure,
the term “blister component” refers to multilayer thermoplastic film or a rolf of
multilayer thermoplastic film both of which may be thermoformed, partially
thermoformed or not thermoformed at all. In one embodiment of the present
invention, the sequence of layers in the multilayer thermoplastic film of the blister
component is palindromic.  As used throughout this application, the term
‘palindromic” refers to a multilayer film, the layers of which are substantially
symmetrical. Non-limiting examples of palindromic films are film or sheet having
the layer sequence of configurations: A/B/A or A/BIBIA or A/BIC/BIA or
A/B/CIDICIBIA or A/BIC/B/DIB/ICIBIA or A/B/E/D/EMBICIBIEIDIEBIA, etc. An
example of a layer sequence configuration of a non-palindromic film would be
AIBIC or AIBICIA. A palindromic thermoplastic film may be coextruded as a
symmetrical cast or blown film using coextrusion methods generally well known

in the art. An alternative method of producing palindromic films is by the use of
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blown coextrusion of non-symmetrical film or sheet structures followed by

collapsing the blown bubble around a ceniral core layer.

In another embodiment of the present invention, the sequence of layers in the

multilayer thermoplastic film of the blister component is non-palindromic.

In one generic embodiment, the thermoformed blister component of the present
invention may be characterized as a palindromic film formed from a non-
symmetrical film having a generic layer sequence configuration of A/B/C which is
coextruded by blown film coesirusion techniques and collapsed upon itself to
produce a layer sequence configuration of A/B/C/B/A. In this embodiment, the
thermoformed blister component includes a film where layer A is an exterior fayer
comprising a cyclic olsfin copolymer (COC), layer B is an interior laysr
compriging a high density polyethylene (HBPE), a blend of high density
polyethylene, a high density polyethylene nucleation additive and optionally, a
hydrocarbon resin, a bimodal high density polyethylene having a distribution of a
low molecular weight region and a high molecular weight region, or a high
density polyethylene (HDPE)} and has a thickness of between 381 um to 190.5
um {1.5 mil to 7.5 mil), and layer C is a central core layer. The central core layer
C may be any suitable polymeric material which can be blown coextruded and
collapsed upon itself. One non-imiting example of such materials is ethylene

viny! acetate copolymer (EVA).

In ancther generic embodiment, the thermoformed blister component of the
present invention may be characterized as a non-palindromic film having a layer
sequence configuration of A/B/C/B/D which is coextruded by blown film
coextrusion technigues and is not collapsead upon itself. In this embodiment, the
thermoformed blister component includes & film where layer A is an exterior fayer
comprising a matenial selected from the group consisting of cyclic olefin
copolymer (COC}, layer B is an interior layer comprising a high density

polyethyvlene (HDPE), a blend of high density polyethylene, high density
3
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polyethylene nucleation additive and optionally, & hydrocarbon resin (HDPE-
Blend), a bimodal high density polysthylene having a distribution of a low
molecular weight region and a high molecular weight region (HDPE-Bimaodal), or
a high density polyethylene and has a thickness of between 38.1 pym to 180.5 pm
(1.5 mit to 7.5 mil), layer C is a central core layer, and D is an exierior layer
comprising a different material than layer A and is selected from the group
consisting of polypropylene (PP), high impact polysityrene (HIPS), general
purpose polystyrene {GPPS), siyrene block copolymer {SBC), polyethylene
terephthalate {PET), oriented polyethylene terephthalate (OPET), amorphous
polyaethylene terephthalate (APET), glvcol-modified polysthylene terephthalate
PETG) and polylactic acid (PLA). Core layer C may be any thermoplastic
material. In one preferred embodiment, core layer ¢ comprises ethylene vinyl

acetate copolymer (EVA)L

[09]1 It should be understood that in the above-described generic embodiments, the
thermoformed blister component may include additional film layers.

[10] The blister packages of the present invention may aiso include a lidding
component which is heat-sealable to the exterior layer A of the blister
componeant. In one embodiment, the lidding component comprises a

thermoplastic resin heat-sealable to cyclic olefin copolymer.
BRIEF DESCRIPTION OF THE DRAWINGS

[11] Further features and advantages of the present invention will become apparent
from the following detailed description, taken in combination with the appended

drawings, in which:

[12] FIiG. 1 iHlustrates a schematic view of one embodiment of a blister package

according to the present invention.
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[13] FiG. 2 illustrates an exploded view taken along line A-A of FIG. 1 depicting the

blister and lidding components of the present invention.

[14] FIG. 3 illustrates a cross-sectional view of one embodiment of a blister

component according 1o the present invention,

[18] FiG. 4 illustrates a cross-sectional view of ancther embodiment of a blister
component according o the present invention.

[16] FIG. 5 illustrales a cross-sectional view of one embodiment of a lidding

component according to the present invention,
DETAILED DESCRIPTION OF THE INVENTION

[17] In sccordance with the practice of the present invention, a representative blister
package 10 as described herein is shown in FIGS. 1 and 2. Package 10 of the
present invention comprises a thermoformed blister component 11 and a lidding
component 12, the former provided with one or more thermoformed pockets 13
surrounded by sealed flange regions 14, Pocket 13 defines an individual

compartment for receiving a product 18, such as a tablet.

[18] In accordance with an important aspect of the present invention, the
thermoformed blister component 11 comprises a muitilayer thermoplastic film. {#t
will be appreciated that the multilayer thermoplastic fim of the thermoformed
blister component 11 may include any number of film layers and film layer
compositions depending upon both functional and aesthetic requirements of the
blister component. It is desirable that mullilayer thermoplastic film includes one
or more film layers which are barrier materials and substantially chemically insert
when in contact with a product. The term “barrier” refers {0 a material that
controls permeability of one or more elements through a filim structure including
moisture, chemicals, heat, odor and oxygen or other gases. As it relates 1o the
present invention, a barrier material can be provided by a single film layer or

5
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muitiple film layers acting individually or in concert with each other, respectivaly.
The phrase “substantially chemically insert” refers o malerials that generally are
not reactive with the product with which it comes into contact with and does not
leech chemical ingredients info the product with which it comes into contact.
Preferably, thermoformed blister component 11 comprises a multilayer
thermoplastic film which provides an average water vapor transmission rate of
less than 0.500 g/m*day or less than 0.250 g/m%/day or less than 150 g/mZiday
ar about 0.131 or about 0.110 g/m*day at 100° F (37.8° C) and 90% relative
humidity  having a thickness of about 10 mil {254 micron) before being
thermoformed. The aforementioned features of the present invention may be
achieved by a multilayer thermoplastic film comprising at least 3ord orSor 8 or
Tor8orgort1Qor i1t or 12 or 13 or more layers.

In one embodiment as depicted in FIG. 3, thermoformed blister component 11
comprisas a multilayer thermoplastic film 100 compriging a five-layer structure of
a first exterior layer 101, a first interior layer 102, a central core layer 103, a
second interior layer 104, and a second exterior layer 105, In one embodimertt,
first and second exterior layers 101 and 108 comprise the same materials. In
another embodiment, first and second exterior layers 101 and 105 comprise

different materials.

For example, in one preferred embodiment, first and second exterior layers 101
and 105 each comprise the same material of cyclic olefin copolymer (COC), a
first and second interior layers 102 and 104 each comprise high density
polyethviene (HDPE), a blend of a high density polysthylene, a high density
polyethylens nucleation additive and optionally, a hydrocarbon resin {HDPE-
Blend), a high density polyethylene (HDPE) and has a thickness of between 38.1
um to 1905 um (1.5 mil to 7.5 mil), or a bimodal high density polyethylene
having a distribution of a low molecular weight region and a high molecular

weight region (HDPE-Bimodal), and a core {ayer 103 comprising ethylene vinyl

&
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acetate copolymer (EVA). Allernatively, the first exterior layer 101 comprises
cyclic olefin copolymer (COC) and the second externior layer 108 comprises a
different material than first exterior layer 101 which is selected from the group
consisting of polypropylene (PP}, aromatic polyesters such as, but not imited o,
polyethylene terephthalate (PET), oriented polyethylene terephthalate {QOPET),
amorphous polyethylene terephthalate (APET), glvcol-modified polyethylene
terephthalate (PETG), aliphatic polyesters such as, but not limited {o, polylactic
acid (PLA)  polyhydroxyalkonates  including but  not  limied to
polvhydroxypropionate, poly(S-hydroxybutyrate) (PH3B)}, poly(3-hydroxyvalerate)
(PH3V), poly(d-hydroxybulyrate) (PH4B), poly{d-hydroxyvalerate) (PH4V),
poly(5-hydroxyvalerate) (PHOV), poly(6-hydroxydodecancate}y (PHBD), or
polystyrenes such as, but not limited to, high impact polystyrene (HIPS), general
purpose polystyrene (GPPS), and styrene block copolymer (SBC).

As usad herein, the phrase “cyclic olefin copolymer” refers to copolymers having
at least one norbornene structural moiety within the repeating backbone of the
polymer. Suitable COCs for use in the present invention may have a heat
deflection {femperature under load {0.45 MPa) of shout 75° C or 130° C or 150°
C. or 170° C. Exemplary of commercially available cyclic olefin copolymers
inciude, but are not limited to, the TOPAS® family of resins which is supplied by

Celanese Corporation (Irving, TX, USA).

As used throughout this application, the term “polypropylene” refers o a
homopolymer or copolymer having a propyl or C-3 linkage between monomer
units. A non-limiting example of a suitable propylene copolymer is Propylene
4170 available from Total Petrochemicals USA, Inc. {Houston, Tex.}. Other non-
fimiting exampies of polypropylenas include Polypropylene 3287W4Z, which is
available from Total Petrochemicals USA, Inc. {Houston, Tex);, and H0Z2C-00
Polypropylene Homopolymer, which is available from Ineos Olefins & Polymers
USBA {League City, Tex.).
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As used throughout this application, the term “polyester” refers o a homopolymer
or copolymer having an ester linkage between monomer units which may be
formed, for example, by condensation polymerization reactions between a
dicarboxvylic acid and a dicl. The ester linkage can be represented by the general
formuta: [O-R-OC{O-R-C(0O)], where R and R’ are the same or different atky! (or
aryl) group and may be generally formed from the polymaerization of dicarboxylic
acid and diol monomers cortaining both carboxylic acid and hydroxyl moisties.
The dicarboxylic acid {including the carboxylic acid moieties} may be linear or
aliphatic {(e.q., lactic acid, oxalic acid, maleic acid, succinic acid, glutaric acid,
adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, and the fike) or
may be aromatic or altkyl substituted aromatic {e.g., various isomers of phthalic
acid, such as paraphthalic acid {or terephthalic acid), isophthalic acid and
naphthalic acid). Specific examples of a useful diol include but are not imited to
athylene glycol, propylene glycol, trimethylene glycol, 1,4-butane diol, neopentyl
giycol, cyciochexane diol and the like. Polyesters may include a homopolymer or
copolymer of alkylaromatic esters including but not limited to polyethylene
terephthalate (PET), amorphous polyethyiene terephthalate (APET), crystalline
polyethylene {erephthalate (CPET), glycol-modified polyethylene terephthalate
(PETG) and polybutylene tergphthalaie; a copolymer of terephthalate and
isophthalate including but not limited to polyethylene terephthalate/isophthalate
copolymer.  Aliphatic esters include but not limited to polylactic acid {PLA);
polyhydroxyalkonates including but not limited {o polyhydroxypropionate, poly(3-
hydroxybutyrate) {PH3B), poly( 3-hydroxyvalerate) {(PH3V), polv(4-
hydroxybutyrate) {PHAB), poly(4-hydroxyvalerate)} (PH4V), paiy(5-
hydroxyvalerate} {(PH5V), poly(S-hydroxydodecanoate) (PHED), and blends of
any of these materials. A non-limiting example of PETG is Eastar™ Copolyester
6763, which is also available from Eastman Chemical Company (Kingsport,
Tenn.).

34/300



[24]

[25]

WO 2015/187173 PCT/US2014/041212

As used herein, the term “polylactic acid” is used synonymously throughout this
disclosure to describe homopolymers or copolymers having an ester linkage
between monomer units and can be represented by the genersl formula: [~
OCH(R)C{O)-}, where R=CHz. Polylactic acid may be fabricated by polymerizing
factic acid, which is mostly produced from by carbohydrate fermentation of corn.
Polylactic acid may be also produced by polymerization of lactide which obtained
by condensation of two lactic acid molecules. Polylactic acid has a glass
transition temperature of ranges from 50-80° C. while the melting temperature
ranges from 130-180° C. Polylactic acid is known by those skilled in the art and
fully disclosed in U.S. Pat. Nos. 5698322, 5142023, 5780,144,; 5583,778;
5,807,873, and 5,010,145, the entire disclosure of each of which is hereby
incorporated by reference. Examples of commercially available polylactic acid
are soid under the trademark NatureWorks™ PLA Polymer in grades 4031-0,
4032-D, and 4041-D from Cargill Dow LLC, Minneapolis, Minn., US.A.

As used throughout this application, the term “polystyrene” or "PS" refers to a
homopolymer or copolymer having at least one styrene repeating linkage (such
as benzene (i.e., CsHs} having an ethylene substifuent) within the repeating
backbone of the polymer. The styrene linkage can be represented by the general
formula: [CHa-CH» (CeHg )l Polystyrene may be formed by any msthod known to
those skilled in the art. Examples of styrenic polymers include but are not limited
{0 high impact polystyrene {HIPS), general purpose polystyrene {GFPPS) and
styrene block copolymer (SBCY.  HIPS is sometimes called rubber-modified
polystyrene and s normally produced by copolymerization of styrene and a
synthetic rubber. (See Wagner, et al., "Polysiyrene,” The Wiley Encyclopedia of
Packaging Technology, Second Edition, 1897, pp. 768-771 {John Wiley & Sons,
Inc., New York, New York), which is incorporated in its entirety in this application
by this reference.) Examples of HIPS include but are not limited to impact
Polystyrene 825E and Impact Polystyrene 945E, both of which are available from
Total Petrochemicals USA, inc, EBB025 Rubber Modified High Impact
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Polystyrene, which is available from Chevron Phillips Company (The Woadlands,
Texas); and 6210 High Impact Polystyrene, which is available from ineos Nova
LLC {Channahon, Hinois). GPPS is often called crystal polystyrene, as a
reference {o the clarity of the resin. Examples of GPPS include bui are not
fimited to Crystal Polystyrene 524B and Crystal Polystyrene 5258, both of which
are available from Total Petrochemicals USA, Inc. Styrene block copolymers
(SBC) include styrene buladiene copolymers (SB). The stvrene-buladiene
copolymers that are suitable for packaging applications are those rasinous block
copolymers that typically contain a greater proportion of styrene than butadiene
and that are predominantly polymodal with respect to molecular weight
distribution. {See Hartsock, “Styrene-Butadiene Copolymers,” The Wiley
Encyclopedia of Packaging Technology, Second Edition, 1997, pp. 863-864
{John Wiley & Sons, Inc., New York, New York), which is incorporated in its
entirety in this application by this reference.) A non-limiting example of SB is
DK13 K-Resin® Styrene-Butadiene Copolymer, which is available from Chevron
Phillips Chemical Company (The Woodlands, Texas).

In one preferred embaodiment, first and second exterior layers 101 and 105 each
comprise at least 50% or at least 60% or at least 70% or &t least 80% or at least
80% or at least 95% cydlic olefin copolymer {COC) relative o the total weight of
the layer, and first and second interior layers 102 and 104 each comprise high

density polvethylene (HDPE).

As used herein, the phrase "high density polyethylene” or "HDPE" refers to
homopolymers of ethyiene that have densities of about §.860 ge‘cm3 to about
Q.970 gicm3 as well as copolymers of ethylene and an alpha-olefin (such as 1-
butene or 1T-hexene) that have densities of about 0.940 g!cm3 to about 0.858
gz’cms. In contrast, a low density polyethylene (LDPE) generally has a density of
about 0.915 g/em® to about 0.930 g/icm®. HDPE is inclusive of polymers made
with Ziegler or Phillips type catalysts and polymers made with single-site
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metallocene catalysts. A non-limiting example of high density polvethylene
includes Alathon® MS020 from Equistar Chemicals LP (Houston, Tex.). Other
specific non-limiting examples of HDPE include Alathon®™ M6020 available from
Equistar Chemicals LP (Houston, Tex.); Alathon™ L5885 available from Equistar
Chemicals LP {Houston, Tex.); ExxonMoebil™ HDPE HD 7925.30 available from
ExxonMaobil Chemical Company (Houston, Tex.), and ExxonMaebil™ HDPE HD
7845 30 available from ExxonMobil Chemical Company (Houston, Tex.).

In another preferred embodiment, first exterior layer 101 comprises at least 50%,
80%, 70%, 80%, 90%, 85% relative to the total weight of the layer of cyclic olefin
copolymer (COC), second exterior layer 105 comprises at least 50%, 60%, 70%,
80%, 90%, 95% of relative to the tolal weight of the layer of a different material
selected from the group consisting of polypropylene (PP}, high impact
polystyrene (HIPS), general purpose polystyrene {(GPPS), styrene bilock
copolymer (SBC), polyethylene terephthalate (PET), oriented polyethylene
terephthalate (OPET), amorphous polyethylene terephthalate (APET), glycol-
modified polyethylenes terephthalate PETG) or polylactic acid {PLA), and first and
second interior layers 102 and 104 each comprise high density polyethyiene
{HDPE)} and has a thickness of at least 20% or at least 25% or at least 30% or at

least 35% of the total thickness of the multilayer thermoplastic film 100.

in still ancther preferred embodiment, first exterior layer 101 comprises at least
50%, 60%, 70%, B80%, 90%, 95% relative to the total weight of the layer of ¢yclic
olefin copolymer {CQC), second exierior layer 105 comprises at least 50%, 80%,
T0%, 80%, 90%, 95% of relative to the total weight of the layer of a different
material selected from the group consisting of polypropyilene (PP}, high impact
polystyrene (HIPJ), general purpose polystyrene {(GPPS), styrene block
copolymer (8BC), polyethylene terephthalate (PET), oriented polyethylene
terephthalate (OPET), amorphous polyethylene terephthalate {APET), glycol-
modified pelysthylene terephthalate PETG) and polylactic acid (PLA), and first
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and second interior layers 102 and 104 each comprise high density polyvethylene

(HDPE) and has a thickness of between 38.1 um 10 180.5 um (1.5 mil to 7.5 mil).

In ancther preferred embodiment, first and second interior layers 102 and 104
gach comprise a blend of a high density polyethylene and a high density
polvethylens nucleation additive (HDPE-Blend). As used herein, the phrase
“nucleation additive” means a material {that increases high density polyethylene
crystallinity as a result of its incorporation into HDPE. Such nucleation additives
typically provide better control over crystallization rates. Examples of nucleation
additives include mmerals such as chalk, taic, clay, kaohn, silicates and the hke,
and organic agents such as salts of aliphatic or aromatic carboxylic acids,
aromatic salls, metallic salts of aromatic phosphorous compounds, quinaridones,
and aromatic amides. Further examples include zinc glycerolate, calcium
giycerolate, calcium hexahydrophthalate, zinc hexahydrophthalate, salls and the
like, and mixtures thereof. In one embodiment, the nucleation additive comprises
calcium hexahydrophthalate. In one embodiment, the nucleation additive s
present in each interior layer of HDOPE from about 0.2% to about 3.5% by weight
of the layer.

In still another preferred embodiment, first exterior layer 101 comprises at least
50%, 60%, 70%, B0%, 90%, 85% relative to the total weight of the layer of cyclic
olefin copolymer {COC), second extenor layer 108 comprises at least 50%, 60%,
70%, 80%, 90%, 95% of reiative to the total weight of the layer of a different
material selected from the group consisting of polypropytene (PP}, high impact
polystyrene (HIPS), general purpose polystyrene {GPPS), styrene block
copolymer (SBC), polyethylene terephthalate (PET), oriented polyethylense
terephthalate (OPET), amorphous polyethvlene terephthalate {APET), giycol-
modified polyethylene terephthalate PETG) or polylactic acid (PLAY.  In this
embodiment, first and second interwor layers 102 and 104 each comprise a blend
of a high density polyethylene, a high density polyethylens nucleation additive
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andfor a hydrocarbon resin {(HDPE-Blend). The hydrocarbon resin may be
present in first and second interior layers 102 and 104 from about 3% to about
16% by weight of the layer. As used herein, the phrase “hydrocarbon resin”
refers to a product produced by polymerization from coal tar, petroleum, and
turpentine feed stocks, as defined by IS0 Standard 472, "Plastics ~ Vocabulary”
ncorporated by reference herain 10 the extent that it teaches hydrocarbon resins.
A hydrocarbon resin may comprise any of those hydrocarbon resins disclosed in
U.S8. Pat. No. 6,432,496, issued Aug. 13, 2002, or in U.S. Patent Application
2008/0286547, published Nov. 20, 2008, both of which are incorporated in their
entireties in this application by this reference. More specifically, as a non-limiting
example, the hydrocarbon resin may include petroleum resins, terpene resins,
styrene resins, cyclopentadiens resins, salurated alicyclic resins or mixtures of
such resins. Additionally, as a non-limiting example, the hydrocarbon resin may
comprise hydrocarbon resin derived from the polymerization of olefin feeds rich
in dicyclopentadiene (DCPD), from the polymerization of clefin feeds produced in
the petroleum cracking process (such as crude Ce feed streams), from the
polymerization of pure monomers (such as styrens, a-methyistyrene, 4-
methyistyrene, vinyltoluene or any combination of these or similar pure monomer
feedstocks), from the polymerization of ferpene olefing (such as a-pinene, B-
pinene or d-limonene) or from a combination of such. The hydrocarbon resin may
be fully or parliaglly hydrogenated. Specific examples of hydrocarbon resins
include but are not limited to Plastolyn™ R1140 Hydrocarbon Resin available from
Eastman Chemical Company {Kingsport, Tenn.), Rega:fite@ T1140 available from
Eastman Chemical Company (Kingsport, Tenn.), Arkan® P-140 available from
Arakawa Chemical Industries, Limited {Osaka, Japan} and Piccoiyte@ 5135

Polyterpene Resins available from Hercules Incorporated (Wilmington, Del. ).

In yet ancther preferred embodiment, first exterior layer 101 comprises atl least
50%, 60%, 70%, 80%, 90%, 95% relative to the iotal weight of the layer of cyclic
olefin copolymer {CQQC), second exierior layer 105 comprises at least 50%, 60%,
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70%, 80%, 90%, 95% of reiative to the total weight of the layer of a different
material selected from the group consisting of polypropylene (PP}, high impact
polystyrene (HIPS), general purpose polystyrene (GPPS), styrene biock
copolymer (8BC), polyethylene terephthalate (PET), oriented polyethylene
terephthalate (OPET), amorphous polyethylene terephthalate {APET), glycol-
modified polyethylene tersphthalate (PETG) and polylactic acid (PLA), and first
and second interior layers 102 and 104 each comprise high density polyethylene
having a bi-modal molecular weight having a distribution of a low molecular

weight region and a high molecular weight region (HDPE-Bimodal).

In one preferred embodiment, the central core layer 103 comprises an ethylens
vinyl acetate copolymer (EVA) and more preferably, an ethylene vinyl acetate
copolymer (EVA) having a 12% by weight vinyl acelate conient. Non-limiting
examples of EVA include Escorene™ Ultra LD 705MJ  available from
ExxonMobil Chemical Company (Houston, Tex.), Escorene™ Ultra LD 768.MJ
R

available from ExxonMobil Chemical Company (Houston, Tex) and Ateva®
2861AU available from Celanese Corporation (Edmonton, Alberta, Canada).

These five-layer embaodiments described above may include, but are not limited
{o the following layer sequences and general layer compositions: COC / HDPE /
EVA / HDPE 7 COC, COC / HDPE-Blend / EVA / HDPE-Blend 7 COC; COC /
HDPE-Bimodal { EVA / HDPE-Bimodal / COC; COC  HDPE / EVA / HDPE / PP,
COC / HDPE-Blend / EVA / HDPE-Blend / PP, COC / HDPE-Bimedal / EVA /
HDPE-Bimodal / PP, COC / HDPE / EVA / HDPE / PETG; COC 7 HDPE-Blend /
EVA | HDPE-Blend / PETG; COC / HDPE-Bimodal / EVA / HDPE-Bimodal /
PETG, COC / HDPE / EVA/ HDPE / APET, COC / HDPE-Blend 7 EVA 7 HDPE-
Blend /1 APET, COC / HDPE-Bimodal / EVA /7 HDPE-Bimodal /7 APET, GOC /
HDPE / EVA / HDPE / PET, COC / HDPE-Blend / EVA / HDPE-Blend / PET,;
COC / HDPE-Bimodal / EVA F HDPE-Bimodal / PET, COC / HDPE / EVA 1 HDPE
{ QPET, COC / HDPE-Blend 7 EVA / HDPE-Blend / OPET, COC / HDPE-Bimodal
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I EVA/ HDPE-Bimodal / OPET, COC/ HDPE f EVA/ HDPE / PLA, COC F HDPE-
Blend / EVA f HDPE-Blend { PLA; COC / HDPE-Bimodat / EVA f HDPE-Bimodal /
PLA; COC / HDPE / EVA / HDPE / HIPS; COC / HDPE-Blend / EVA / HDPE-
Blend / HIPS;, COC / HDPE-Bimodatl / EVA / HDPE-Bimodal 7 HIPS;, COC /
HDPE / EVA 7 HDPE 1/ GPPS,; COC 7/ HDPE-Blend 7 EVA { HDPE-Blend / GPPS;
COC / HDPE-Bimodal / EVA / HDPE-Bimodal { GPPS; COC / HDPE / EVA /
HDPE / SBC, COC / HDPE-Blend / EVA / HDPE-Bilend f 8BC; and COC / HDPE-
Bimodal  EVA / HDPE-Bimodal / SBC.

It should be understood that the above examples may further include a be layer
comprising a tie layer materal between a high density polysthylene layer and the
second exterior layer comprising polypropylene (PP}, high impact polystyrene
(HIPS), general purpose polystyrene (GPPS8), styrene block copolymer (SBC),
polyethylene terephthalate {(PET), coriented polyethylene terephthalate {OPET),
amorphous polyethylene terephthalate (APET)., ghycol-modified polyethylene
terephthalate (PETG) or polyiactic acid (PLA). The phrase “tie layer material’
may include, but not imited to, unmodified polyolefins such as polyethylenes and
ethylene vinyl acetate copolymers, unmodified ester copolymers such as
ethylene acrylate copolymers and ethyiene methacrylate copolymers and
unmodified ethylene acid copolymers such as sthylene acrylic acid copolymers
and blends thereof. Tie layer materials may also include modified polyolefing
ncluding, but not limited to anhydride modified polyethylenes, anhydride modified
ethylene vinyl acetate copolymers, modified ester copolymers such as anhydride
modified ethylene acrylate copolymers, modified ethylene acid copolymers such
as anhydride modified ethylene acrylic acid copolymers and blends thereof. Tie
layer materials may further include a blend of an unmodified polyolefin or
unmodified ester copolymer or unmodified ethylene acid copolymer and a
modified polyolefin or modified esler copolymer or modified ethylene acid
copolymer. In a preferred embodiment, a tie layer may be present between a
layer comprising high density polyethylene and the second exterior laver
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comprising polypropylene (PP}, high impact polystyrene (HiIPS), general purpose
polystyrene {GPPS), styrene block copolymer (SBC)Y, polysthylene terephthalate
(PET), oriented polyethylene tergphthalate {QPET), amorphous polyethylene
terephthalate {(APET), glycol-modified polyethylene terephthalate (PETG) or
polyiactic acid {PLA).

In ancther preferred embodiment as depicted in FIG. 4, thermoformed blister
componeni 11 comprises a multilayer palindromic thermoplastic film 200 which
comprises a thirteen-layer symmetrical structure of a first exterior layer 201, a
first interior layer 202, a second interior fayer 203, a third interior {ayer 204, a
fourth interior layer 208, a fifth interior layer 208, a sixth interior layer 207, a
central core layer 208, a seventh interior layer 209, an eighth interior {ayer 216,
a ninth interior layer 211, a tenth interior layer 212, an eleventh intenior layer 213,
and a second exterior layer 214, In this embodiment, film 200 comprises two
exterior layers each comprising cyclic olefin copelymer (COC), two discrete
interior fayers each comprising ethylene vinyl alcohol copolymer (EVOH]), and
four discrete interior layers each comprising high density polyethylene {HDPE).
This thirteen-laver embodiment has the following laver sequence and general
layer composition: COC f HDPE / tie / EVOH [ tie f HDPE / EVA / HDPE 7 tie /
EVOH /tie / HDPE / COC.

The total thickness of multilayer thermoplastic films of the thermoformed blister
component 11 of the present invention is generally from about 12.7 pm (0.5 mil)
to about 508 um (20 mil), typically from about 50.8 um (2 mil) {0 abouwt 254 um
(10 mil}, mos{ typically from about 76.2 um {3 mil) to about 203.2 um {8 mil).

In accordance with the practice of the present invention, one embodiment of a
lidding component 12 of the present invention is depicted in FIG. 5. In this
embodiment, hidding component 12 comprises a faminate 300 having a first
exterior layer 301, an interior layer 302 and a second exterior layer 303

Preferably, second exterior layer 303 comprises a thermoplastic resin heat-

16

42/300



[39]

[40]

WO 2015/187173 PCT/US2014/041212

sealable to cyclic olefin copolymer, first exterior layer 301 comprises a metal foil
such as aluminum, and interior layer 302 comprises a tie or adhesive material

bonding exterior layers 301 and 303 {ogether.

The above description and the following examples illustrate certain embodiments
of the present invention and are not 1o be interpreted as limiting. Selsction of
particular embodiments, combinations thereof, modifications, and adaptations of
the various embodiments, conditions and parametlers normally encountered in
the arf will be apparent 1 those skilled in the art and are deemed to be within the

spirit and scope of the present mwvention.
WORKING EXAMPLES
THERMOFORMED BLISTER COMPONENT-PALINDROMIC FILM EXAMPLES

The following example illustrates a ceriain particular embodiment of palindromic
muttilayer thermoplastic film structure suitable for use in the present invention
and is not to be interpreted as limiting. I the following example, polymeric resin
compogition percentages are based on the total weight of each film layer. in the
following exampile, the film structure was produced using a single-bubble
coaxtrusion apparatus and method which are weall known ¢ those skilled in the
arf. The single-bubble blown coextrusion film apparatus included a multi-
manifold circular die head for bubble blown fiim through which a non-palindromic
film compaosition was forced through and formed into a cylindrical bubble. The
film bubble was immediately quenched e.g., via cooled water bath, solid surface
and/or air, and then ultimately collapsed onto itself and formed info a palindromic

film.

Example 1-1
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Exampie 1-1 is ons embodiment of a palindromic thermoplastic film 100 as
dlustrated in FIG. 3 having a structure and layer compositions as described

bealow:

Layer 101 was 100% by weight of a cyclic olefin copolymer (COQC) having density
aof 1010 kg/m3, a heat deflection temperature under load (0.45 MPa) of about 75°
C and a glass transition temperature of 78° C. Exemplary of such a
commercially available COC is TOPAS® 80078-04 supplied by Celanese
Corporation {Irving, TX, USA). This layer had a thickness ¢f approximately 1524
um (0.60 mil).

Layer 102 was a blend of 99% by weight of a high density polyethylene (HDPE)}
having density of 0.968 g/om® and 1% by weight of a high density polyethylene
masterbatch comprising 4% by weight of a high density polysthylene nucleation
additive. Exemplary of a commercially available HDPE is SURPASS™ HP167-AB
supplied by Nova Chemical Company (Joffre, Alberta, Canada). SURPASS®
HP167-AB is believed o be an example of a bimodal high densily polyethylene
having a distribution of a low molecular weight region and a high molecular
weight region. Exemplary of a commercially available high density polyethylene
masterbatch having a 4% high density polyethylene nuclestion additive is
POLYBATCH® CLR 124 supplied by A Schulman {Fairlawn, OH, USA). This
layer had a thickness of approximately 50.8 pm (2 mil}.

Layer 103 was a blend of 50% by weight of an ethylene vinyl acetate copolymer
{(EVA) having a 12% by weight vinyt acetate comonomer content, a density of
0.93 gfom™ and a melt flow rate (190° C/2.16 kg) of 0.35 g/10 min, and 50% by
weight of an ethylene vinyl acetate copolymer (EVA) having a 26.2% by weight
vinyl acetate comonomer content, a density of 0.851 gfcm® and a melt flow rate
(190° C/2.16 kg) of 2.3 g0 min. Exemplary of such EVAs is ELVAX® 3135x
supplied by E.{. du Pont de Nemours and Company, inc. (Wilmington, DE, USA)
and ESCORENE"™ Ultra LD 768 MJ supplied by Exxon Mobil Chemical Company
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(Baytown, TX, USA)}, respectively. This layer had a thickness of approximately
8.13 pym (0.32 mil).

Layer 104 was a blend of 99% by weight of a high density polyethylene (HDPE)
having density of 0.966 g/cm™ and 1% by weight of a high density polyethylene
masterbatch comprising 4% by weight of a high density polyethylene nucleation
additive. Exemplary of a commercially available HDPE is SURPASS® HP167-
AB supplied by Nova Chemical Company (Joffre, Alberta, Canada). Exemplary
of a commercially available high density polyethvlene masterbaich having a 4%
high density polyethylene nucieation additive is POLYBATCH® CLR 124 supplied
by A. Schulman (Fairlawn, OH, USA). This laver had a thickness of
approximately 50.8 um (2 mil).

Layer 1058 was 100% by weight of a cyclic olefin copolymer {COC) having density
of 1010 kgfm®, a heat deflection temperature under load (0.45 MPa) of about 75°
C and a glass fransition temperature of 78° C. Exemplary of such a
commercially available COC is TOPASY 80078-04 supplied by Celanese
Corporation {lrving, TX, USA). This layer had a thickness of approximately 15.24
um {0.80 mil).

The film as described above had a total thicknass of approximately 152.4 ym (6
mil) and an average water vapor transmission rate of 0.131 g:’mzfday at 100° F
{37.8° C) and 80% relative humidity having a thickness of about 10 mil {254

micron} before being thermoformed.
LIDDING COMPONENT

The following examples illustrate certain particular embodiments of a film for use
as a lidding component structure suitable and are not {0 be interpreted as
fimiting. In the following examples, polymeric resin composition percentages are
based on the total weight of each film layer. In the following examples, the film

structures were produced using an extrusion coating apparatus and methods
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which are well known to those skilled in the art. The extrusion coating apparatus
includes a multi-manifold fiat die head through which a two-layer film composition
was forced and extrusion coated onto the shiny surface of a metallic foil. The
metallic foil was pre-treated prior {o extrusion coating by printing a primer coat

onio the matte surface of the foil.

Example 2-1

[49]1 Example 2-1 is one embodiment of a laminate 300 of a lidding component film 12
as illustrated in FIG. 5 having a struciure and layer compositions as described

below:

[50] Layer 301 was an aluminum foil. This layer had a thickness of approximately
254 pm (1 mil).

[51] Layer 302 was 100% by weight of an ethylene acrylic acid copolymer (EAA}
having a density of 0.94 g/cm® a melting point of 78° C, and a melt flow rate
(190° C/2.18 kg) of 10 g/10 min. Exemplary of such a commercially available
EAA is NUCREL® 3990 supplied by E.I. du Pont de Nemours and Company, Inc.
{(Wilmington, DE, USA).

[52] Lavyer 303 (heat-seal layer) was a blend of 96% by weight of a modified ethylene
acrylic acid copolymer (mod-EAA) having a density of 1.02 g/lem”, a melting point
of 87° C, and a melt flow rate {(190° C/2.16 kg) of 13 ¢/10 min, and 4% by weight
of a masterbatch comprising an ethylene methacrylate copolymer {mod-EMA)
having a density of 0.94 glcm®, a melt flow rate (190° C/2.16 kg) of between 3
and 8 g/10 min, and a 1% by weight of a chill roll release additive. Exemplary of
such & commercially available mod-EAA having a density of 1.02 glem®, a
melting point of 87° C, and a melt flow rate (190° C/2.16 kg) of 13 g/10 min is
APPEELY 20D828 supplied by E1. du Pont de Nemours and Company, Inc.
{(Wilmington, DE, USA). Exemplary of such a commercially available mod-EMA
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is Ampacet 100578 Chill Roll Cop MB supplied by Ampacet Corporation, Inc.
(Tarrytown, NY, USA).

Example 2-2

Example 2-2 is another embodiment of a laminate 300 of a hidding component
film 12 as ilustrated in FIG. 5 having a struclure and laver compositions as
described below:

Layer 301 and 302 were equivalent to those described above in Example 2-1.

Layer 303 {heat-seal layer) was a blend of 86% by weight of a modified ethylene
acrylic acid copolymer (mod-EAA) having a density of 1.02 gfem®, a melting point
of §7° C, and a melt flow rate {190° C/2.186 kg) of 13 ¢g/10 miry;, 10% by weaight of
a modified ethylene acrylate copolymer (mod-EMA) having a density of 0.94
glemn3, a melt flow rate {180° C/2.16 kg) of 2.0 ¢/10 min, and a melling point of
81° C; and 4% by weight of & masterbaich comprising an ethylene methacryiate
copolymer {mod-EMA) having a density of 0.94 glem®, a melt flow rate (190°
Ci2.16 kg) of between 3 and 8 g/10 min, and a 1% by waight of a chill roll release
additive, Exempilary of such a commercially available mod-EAA having a density
of 1.02 gfcma, a melting point of 97° C, and a melt flow rate {(190° C/2.16 kqg) of
13 g/10 min is APPEEL® 200828 supplied by E.l du Pont de Nemours and
Company, Inc. {(Wilmington, DE, USA). Exemplary of such a commercially
available mod-EMA having a density of 0.94 g/em3, a melt flow rate {190° Ci2.16
kg) of 2.0 g/10 min, and a meiting point of $1° C is BYNELY 226780 supplied by
E£.1 du Pont de Nemours and Company, Inc. (Wilmington, DE, USA). Exemplary
of such a commercially available masterbatch mod-EMA having a chill roll
release additive is Ampacet 100678 Chill Roli Cop MB supplied by Ampacet
Corporation, Inc. (Tarrytown, NY, USA).

Example 2-3
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Exampie 2-3 is another embodimant of a laminate 300 of a lidding component
film 12 as illustrated in FIG. 5 having a structure and layer compositions as

described below:
Layer 301 and 302 were equivalent to those described above in Example 2-1.

Laver 303 (heat-seal layer) was a blend of 85% by weight of a modified ethylene
acrylic acid copolymer (mod-EAA) having a density of 1.02 g/om®, a melting point
of 97° C, and a melt flow rate (190° G/2.16 kg) of 13 gM0 min; 10% by weight of
a modifiad ethylene acrylate copolymer (mod-EMA) having a density of 0.94
glem3, a melt flow rate (190° C/2.16 kg) of 2.0 g/10 min, and a melting point of
91° C; 4% of a masterbatch comprising an ethylene methacrylate copolymer
{mod-EMA) having a density of 0.94 glcm® a meit flow rate {190° C/2.16 kg) of
between 3 and 8 ¢/10 min, and a 1% by weight of a chill roli release additive; and
1% by weight of a high density polysthylene masterbaich comprising 1% by
weight of a high densily polyethylene nucleation additive. Exemplary of such a
commercially available mod-EAA having a density of 1.02 gfem”, a melting point
of 97° C, and a melt flow rate (190° C/2.16 kg) of 13 g/10 min is APPEEL®
200828 supplied by E.1. du Pont de Nemours and Company, Inc. (Wilmington,
DE, USA). Exemplary of such a commercially available mod-EMA having a
density of 084 g/fom3, a meilt flow rate (180° C/2.16 kg) of 2.0 ¢/10 min, and a
melting point of 91° C is BYNEL® 22E780 supplied by E.l du Pont de Nemours
and Company, Inc. {(Wilmington, DE, USA). Exempilary of such a commercially
available masterbatch mod-EMA having a chill roll release additive is Ampacet
100578 Chill Roll Cop MB supplied by Ampacet Corporation, Inc. {Tamryiown, NY,
LUSA). Exemplary of such a commercially available masterbatch of a high density
polyethylene masterbatch comprising 1% by weight of a high density
polyethylene nucleation additive is POLYBATCHY CLR 122 supplied by A
Schulman (Fairlawn, OH, USA).
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The blister packages of the present invention can be manufactured using
methods known in the art. Generally, the blister cavities are thermoformed from
the blister components of the present invention in-line just prior to filling the
cavities with a product 1o be packaged. The lidding component is then unwound
from a roll and brought into contact with the formed and filled blister component
such that the heat-seal layer of the lidding component contacts the blister
component. The lidding and blister components are heat sealed, typically using
a heated platen. Soms areas of the package may not be sealed to provide a
starting point for peeling off the lidding component prior 1o removing the product.
If the lidding component is not pre-printed, printing is generally done just before
heat sealing. After heat-sealing, the individual blisters may be perforated using

methods known is the art so that they can removed at point of use.
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A blister component for a blister package, comprising:

a multilayer thermoplastic film comprising:

a first exterior layer comprising cyclic olefin copolymer {COCY;

two interiors layers each comprising a high density polyethylene
(HDPE};

a ventral core layer; and

a second exterior layer comprising & material selected from the
group consisting of cyclic olefin copolymer {COC), polypropylene
(PP}, high impact polystyrene (HIPS), general purpose polystyrene
{(GPPS), styrene block copolymer (SBC), polyethylene
{erephthalate (PET), oriented polysthylene terephthalate (OPET),
amorphous polysthylene {erephthalate (APET), glycol-modified
polyethylene terephthalate (PETG) and polylactic acid (PLA).

A componegnt according o claim 1, wherein the mullilayer thermoplastic film is

palindromic.

A component according to claim 1, wherein the two interiors layers gach further

comprise a high density polyethylene nucleation additive.

A component according to claim 3, wherein the two interiors layers sach further

comprise a hydrocarbon rasin.
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A component according to claim 1, wherein the two interiors layers each have a

thickness of between 38.1 um to 180.5 um (1.5 mil to 7.5 mil}.

A component according {0 claim 1, wherein the fwo interiors lavers each
comprise a bimodal high density polyethylene having a distribution of a low

muolecular weight region and a high molecular weight region.

A component according to claim 1, wherein the central core laver comprises an
gthylene vinyl acetate copolymer.

A component according o claim 1, wherein the central core layer comprises an

ethylene vinyl acetate copolymer having a 12% by weight viny! acetate content.

A blister component for a blister package, comprising:
a multilayer thermoplastic film comprising:

i a first exterior layer comprising cyclic olefin copolymer {CQOC);

it two interiors layers each comprising a high density polyethylene;

iit. a central core layer; and

. a second exterior layer comprising a material selected from the
group consisting of polypropylene (PP}, high impact polystyrene
(HIPS), general purpose polystyrene (GPPS), styrene biock
copolymer (SBC), polyethylene terephthalate (PET), oriented
polyethylene terephthalate (OPET), amorphous polyethylene
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11.

12.

13.

14,
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terephthalate (APET), glycol-modified polysthylene terephthalate
(PETG) and polylactic acid (PLA}.

A component according to claim 9, wherein the two interiors layers gach further
comprise a high density polyethylene nucleation additive.

A component according o claim 10, wherein the two interiors layers each further
comprise a hydrocarbon resin.

A component according to claim 9, wherein the central core layer comprises an

ethylene vinyl acetate copolymer.

A component according to claim 11, wherein the cenitral core layer comprises an

ethylene vinyl acetate copolymer having a 12% by weight vinyl acetate content.

A blister component for a blister package, comprising:
a multilayer thermoplastic film comprising:

i a first exterior layer comprising cyclic olefin copolymer (COC);

i two interiors layers each comprising a high density polyethylene
and has a thickness of between 381 pm 01805 um (1.5 milto 7.5
i),

fii. a central core layer,;
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v a second exterior layer comprising a material selected from the
group consisting of polypropylene (PP}, high impact polystyrene
(HIPS), general purpose polystyrene {(GPPS), styrene biock
copolymer {(8SBC), polysthylene tferephthalate (PET), oriented
polysthylene {erephthalate (OPET), amorphous polyethylene
terephthalate (APET), glycol-modified polyethylens terephthalate
(PETG) and polviactic acid (PLA).

A component according to clam 13, wherein each of the two interiors layers has
a thickness of at least 20% of the total thickness of the multilayer thermaoplastic

film.,

A component according {o claim 13, wherein each of the two interiors layers has
a thickness of at least 25% of the total thickness of the muitilayer thermoplastic

fitm.

A component according o claim 13, wherein each of the two interiors layers has
a thickness of at least 30% of the total thickness of the muitilayer thermoplastic

film.

A component according to claim 13, wherein each of the two interiors layers has
a thickness of at least 35% of the total thickness of the muitilayer thermoplastic
fitm.
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19. A component according to claim 13, wherein the central core layer comprises an

ethylene vinyl acetate copolymer.

20. A component according to claim 18, wherein the central core laysr comprises an

gthylene vinyl acelate copolymer having a 12% by weight vinyl acelate content.

21.  Ablister component for a blister package, comprising:
a multilayer thermoplastic fitm comprising:

i a first exterior layer comprising cyclic olefin copolymer (COC),

i two interiors layers each comprising a bimodal high density
polyethylene having a distribution of a low molecular weight region
and a high molecular weight region;

i, a central care layer; and

v a second exterior layer comprising a material selected from the
group consisting of polypropylene (PP}, high impact polystyrene
(HIPS), general puwpose polystyrene (GPPS), stvrene block
copolymer (8BC), polyethylene terephthalate (PET), oriented
polyethylene terephthalate (OPET), amorphous polyethylene
teraphthalate {(APET), glycolmodified polyethylene terephthalate
(PETG) and polylactic acid (PLA).

22. A component according to claims 1 to 21, whereint each of the two interiors layers
comprises a high density polyethylene having a density of at least about 0.96
glom®.
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A component according to claims 1 to 21, wherein the cyclic clefin copolymer is

formed from norbornene and ethylene monomaers.

A component according to claims 1 to 21, wherein the cyclic olefin copolymer has
a heat deflection temperature under load {0.45 MPa) of about 75° C.

A component gccording to claims 1 to 21, wherein the central core layer is in
direct contact with the two interiors layers.

A component according to claims 1 to 21, wherein each of the two interiors layers

is in direct contact with an exterior layer.

A component according to claims 1 to 21, wheregin the muitilayer thermoplastic
film has an average water vapor transmission rate of 0.131 g/m*/day at 100° F
(37.8% €) and 90% relative humidity having a thickness of about 10 mil (254
micron) before being thermoformed.

A component according {o claims 1 to 21, wherein the muitilayer thermoplastic
film has an average water vapor transmission rate of 0.110 g/m“/day at 100° F
(37.8° C) and 90% relative humidity having a thickness of about 10 mil (254

micron) before being thermoformed.

29

55/300



WO 2015/187173 PCT/US2014/041212

175

FIG. 1

56/300



WO 2015/187173 PCT/US2014/041212

2/5
10
”""\X 11
- LA .’/.’/.’//////////
L \
12 FIG. 2 12

57/300



WO 2015/187173 PCT/US2014/041212

3/5

— 11

’;05 : /;‘/;/;,// /;ifiix,//’/’f/f,/,f
R ///’:/f/’:/f/’

T

FIG. 3

58/300



PCT/US2014/041212

WO 2015/187173

200

— 11

N TS
, , , , NN,
. NN, , N, R
& A o, o,
, .I.I.I , , N, Y
, , , , NN,
A N AN A
s, s, o, A,
s, o g, N,
>, N 5 >,
-, s, A A,
-, o, g, o,
s, s, o, A,
s, o, RS o,
s, s, oo, A,
s, o, O, o,
. o A o
AN s, o, A,
., ., S, 5,
S, o, S oo, A,
NS, O, o, SO, o,
WS, N, s, oo, A,
NN S NN 2O NN NN N
O, N, o, o, o,
Rk o R o, o,
s o o, o, o,
ek IR o, N oy
S, om0, o 0 o
O, O s, o O
S Ao, N
0, & o,
N . o
/n,.u . .,
/./,f. N . -
-, g3 s,
O ., ., -,
-, g o,
o, ., ., -
/,.u//. N o -
Y ~ N
S -, ., .
, 3 Ny,
A ., Y AY
,,,/Mu.u 3 u.ux .
e N N .,
A N, , ™,
N, K 0,
S ., ~, .,
~, ~ A
N -, S, .,
~, ~ A
R - o, N
™ DN o D W Qe 3
O O oo 00 o -
I . (R -

FIG. 4

59/300



WO 2015/187173 PCT/US2014/041212

5/5

12

-~

s PPy
i gy
303 : g

v PR A
A A A

FIG. 5

60/300



INTERNATIONAL SEARCH REPORT

ernatrioha t o "

PCT/US2014/041212

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B65D 75/36 (2014.01)
CPC - B65D 75/36 (2014.09)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) - B32B 27/32; B65D 75/327, 75/36 (2014.01)
CPC - B32B 27/32; B65D 75/327, 75/36 (2014.09)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 428/35.7, 35.8, 35.9, 461, 500, 515, 516, 523

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Onrbit, Google Scholar

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 5,783,273 A (YAMAMOTO et al) 21 July 1998 (21.0‘f.1998) entire document 1-20

Y US 2007/0212539 A1 (YAMADA et al) 13 September 2007 (13.09.2007) entire document 1-8, 11

Y WO 2007/104513 A1 (NILSEN et al) 20 September 2007 (20.09.2007) entire d(;cument 6, 21

Y US 2005/0186373 A1 (RHEE et al) 25'August 2005 (25.08.2005) entire document 7,8,12,13,19, 20

Y 9-21

WO 2013/116445 A1 (HAUSMANN et al) 08 August 2013 (08.08.2013) entire document

I:] Further documents are listed in the continuation of Box C.

L]

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date )

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other

means

“P” document published prior to the international filing date but Jater than
the priority date claimed

later document published after the international fil ing date or riority
date and not in conflict with the ap‘flliqation but cited to understand
the principle or theory underlying the invention

“X” ‘document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

T

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

15 September 2014

Date of mailing of the international search report

03 NOV 2014

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 57_1 -272-4300
PCT OSP: 571-272-7774

61/300




INTERNATIONAL SEARCH REPORT LI IAT N T LE
PCT/US2014/041212

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) .

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically: -

N
3. Claims Nos.: 22-28 : . ' _
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. '

2. I:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. :

‘As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: .

4, D No required additional search fees were timely paid by the applicant. Consequently, this internationa! search report is
restricted 1o the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
" fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)

62/300



2015/187174 A1 IV O 00O A

W

(43) International Publication Date
10 December 2015 (10.12.2015)

(19) World Intellectual Property
Organization
International Bureau

\

=

WIPO I PCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2015/187174 A1

(51

2D

(22)

25)
(26)
gy

72)

79

Gy

International Patent Classification:
B65D 75/36 (2006.01)

International Application Number:
PCT/US2014/041223

International Filing Date:
6 June 2014 (06.06.2014)

English
Publication Language: Lnglish
Applicant: PERFECSEAL, INC. [US/US]; 3500 North
Main Street, Oshkosh, WI 54901 (US).

Inventors: PUGUH, Arthya; 1700 Dublin Trail Apt.
#122, Neenah, WI 54956 (US). OSBORN, Christopher
L.; W168 N 10345 Wildrose Lane, Germantown, WI 53022
(US).

Agent:. HALL, Tom J.; Bemis Company, Inc., Office of
Intellectual Property Counsel, P.O. Box 669, Neenah, W1
54957 (US).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

849

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
IIN, IIR, ITU, ID, IL, IN, IR, IS, JP, KL, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: BLISTER PACKAGING COMPONENTS

B

FIG. 1

(57) Abstract: The present invention relates to blister components for blister packages formed from multilayer thermoplastic films.
In one embodiment of the present invention, the blister component includes layer sequence of A/B/A where layer A is an exterior
layer comprising a cyclic olefin copolymer (COC), and layer B is an interior layer comprising a high density polyethylene (HDPE),
O or a blend of a high density polyethylene, a high density polyethylene nucleation additive and optionally, a hydrocarbon resin (HD -
PE-Blend).

63/300



(013

[02]

[03]

WO 2015/187174 PCT/US2014/041223

BLISTER PACKAGING COMPONENTS
BACKGROUND OF THE INVENTION

The present wmvention relates generally to blister packaging and more
particularly, (o blister components for packaging packages formed from multilaver

thermoplastic films where a low moisture vapor transmission rate s desired.

Blister packaging is employed widely for commercial packaging of food products,
personal care products, and human health products such as pharmaceuticals,
and medical devices or precision instruments. The use of this type of packaging
has become widespread mainly due 1o the ability in incorporate suitable
moisture, dust, UV and/or gas barriers info the packages when such properties
are desired for maintaining the product contained therein. For example, blister
packaging is extensively used in the pharmaceutical industry for packaging of
medicaments or the like in capsule, lozenge, or pill form because the integrity of
the medicament can be maintained through the proper selection of materials
used to form the packages.

For prapanng blister packages or so-called push through packages, generally a
thermoplastic film is first processed by vacuum forming or pneumatic forming so
as to form blisters or cavities thereon, namely portions having a predetermined
contour corresponding to sach specific article to be received therein. After the
so-blistered film has been solidified, each blister is charged with sach piece of
the article {0 be packaged and a second or lidding film is then covered over each
blister and sealed 1o the first film. The second lidding film is often a laminate
material which can be ruptured by a simple finger-rupture or peeled off from the
first film to allow access to a packaged item. Conventional materiails used for
forming the blistered film have included transparent plastics such as
polyvinyichioride {PVC), polyvinylidene chioride {PVdC) and
polychiorotriflucroethylene (PCTFE), commonly referred to  as ACLAR®
1
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(Honeywell/Allied Signal). Packaging for pharmaceuticals or other moisture-
sensitive article requires not only low moisture permeability but also other
properties such as chemical inertness, clarity, rigidity, or uniform thickness. The
use of polyvinylchloride (PVC) and polyvinylidene chloride {(PVJC) have been
shown 1o have poor andfor insufficient moisture-proofing properties required by
the pharmaceutical industry. While ACLAR® exhibits relatively low moisture
vapor transmission, its use in blister packaging is inherently costiy.

There is therefore a need in the art for improved blister packaging materiais
which provides sufficient moisture vapor barrier and chemical ineriness
properties and is aesthetically pleasing enough o present the products contained
therein while being cost effective to be manufactured.

SUMMARY OF THE INVENTION

The present invention is directed to blister components for blister packages
formed from a muitilayer film. As used throughout this disclosure, the term
*blister component” refers to multitayer thermoplastic film or a roll of multifayer
thermoplastic film both of which may be thermoformed, partially thermoformed or
not thermoformed at all.  in one embodiment of the present invention, the
sequence of layers in the multilayer thermoplastic film of the blister component is
palindromic. As used throughout this application, the term "palindromic” refers to
a muititayer film, the layers of which are substantially symmetrical. Non-limiting
examples of palindromic films are film or sheet having the layer sequence of
configurations: A/B/A or AB/BIA or AICBICIA or ACIDIBIDICIA or
A/DICIDIBIDICIDIA, etc. An example of a2 layer sequence configuration of a non-
palindromic film would be A/BI/C or AVC/B/A. A palindromic thermoplastic film
may be coexiruded as a symmetrical cast or blown film using cosxtrusion
methods generally well known in the art. An alternative method of producing
palindromic films is by the use of blown coaxirusion of non-symmetrical film or

sheet structures followed by collapsing the blown bubble around a central core

2

65/300



[06]

[07]

[08]

WO 2015/187174 PCT/US2014/041223

layer. in one embodiment of the present invention, a non-symmetrical film
having a layer sequence configuration of A/B is coextruded by blown film

coextrusion technigues and collapsed upon itself.

In another embodiment of the present invention, the sequence of layers in the

mudtilayer thermoplastic film of the blister component is non-palindromic.

In one generic embodiment, the thermoformed blister component of the present
invention may be characterized as a palindromic film formed from a non-
symmeirical film having a layer sequence configuration of A/B which is
coextruded by blown film coextrusion techniques and collapsed upon itseif to
produce a layer sequence configuration of A/B/A.  In this embodiment, the
thermoformed blister component includes a film where layer A is an exierior layer
comprising a cyclic olefin copolymer {CQC) and layer B is a central core layer
comprising high density polyethylene (HDPE}, or a blend of a high density
polyethylene, a high density polysthylene nucleation additive and optionally, a
hydrocarbon resin (HDPE-Blend), a bimodal high density polvethylene having a
molecular weight distribution of a low molecular weight region and a high
molecular weight region (MDPE-Bimodatl), or a high density polyethylene (MDPE)
and has a thickness of between 50 um to 254 pm (2 mii to 10 mil).

In an alternative generic embodiment of the present invention, the thermoformed
blister component a palindromic film formed from a non-symmedtrical film having a
layer sequence configuration of A/C/B which is coexiruded by blown film
coextrusion techniques and collapsed upon ifself to produce a layer sequence
configuration of AJIC/B/C/A.  In this embodiment, layer A is an exterior layer
comprising a cyclic olefin copolymer {COQC), layer B is a central core layer
comprising high density polyethylens (MDPE)} or a blend of a high density
polyethylene, a high density polyethylene nucleation additive and optionally, a
hydrocarbon resin (HDPE-Blend}, a bimodal high density polyethylene having a

molecular weight distribution of a low molecular weight region and a high

3
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molecular weight region (HDPE-Bimodal), or a high density polyethylene (MHDPE)
and has a thickness of between 50 um to 254 pm (2 mil to 10 mil), and C is an
interior fayer comprising a tie or adhesive material bonding layers A and B

together.

In still another generic embodiment, the thermoformed blister component of the
present invention may be characterized as a non-palindromic film having a laver
sequence configuration of A/B/D which is coaxtruded by blown film coextrusion
techniques and is not collapsed upon itself. In this embodiment, the
thermoformed bhister component includes a film where layer A is a first extenor
layer comprising cyclic olefin copolymer (COC), layer B is a central core layer
comprising a blend of a high densily polyethylene, a high density polysthylene
nucieation additive and opticnally, & hydrocarbon resin (HDPE-Blend), a bimodal
high density polyethylene having a molecular weight distribution of a low
molecular weaight region and a high molecular weight region (HDPE-Bimadal), or
a high density polyethviene (HDPE) and has a thickness of between 50 um to
254 um {2 mil to 106 mil), and D is a second exierior layer comprising a different
material than A and is selected from the group consisting of polypropyiene (PP),
high impact polystyrene (HIPS), general purpose polystyrene (GPPS), styrene
block copolymer (SBC), polyethylene terephthalate (PET), oriented polyethylene
terephthalate (OPET), amorphous polyethylene terephthalate {APET), glycol-
modified polyethylene terephthalate (PETG) and polylactic acid (PLA).

It should be understood that in the above-described generic embodiments, the

thermoformed blister component may include additional film layers.,

The bilister packages of the present invention may aiso include a lidding
component which s heat-sealable to the exierior layer A of the blister
component. In one embodiment, the lidding component comprises a

thermoplastic resin heat-seaiable to cyclic olefin copolymer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[12] Further features and advantages of the prasent invention will become apparent
from the following detailed description, taken in combination with the appended

drawings, in which:

[13] FIG. 1 illustrates a schematic view of one embodiment of a blister package
according to the present invention.

[14] FIG. 2 illustrates an exploded view taken along line A-A of FIG. 1 depicting the
blister and hidding components of the present invention.

[158] FIG. 3 illustrates a cross-sectional view of one embodiment of a blister
component according o the present invention.

[16] FIG. 4 illustrates a cross-sectional view of ancther embodiment of a blister

component according to the present invention.

[17] FiG. 5 illustrates a cross-sectional view of one embodiment of a lidding

componant according o the present invention,
DETAILED DESCRIPTION OF THE INVENTION

[18] In accordance with the practice of the present invention, a representative blister
package 10 as described herein is shown in FIGS. 1 and 2. Package 10 of the
present invention comprises a thermoformed blister component 11 and a lidding
component 12, the former provided with one or more thermoformed pockets 13
surounded by sealed flange regions 14 Pocket 13 defines an individual

compartment for receiving a product 15, such as a tablet.

[19] In accordance with an important aspect of the present invention, the
thermoformed blister component 11 compnses a multilayer film. # will be

appreciated that film of thermoformed blister component 11 may include any
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number of film layers and film layer compositions depending upon both functional
and aesthetic requirements of the blister component. I is desirable that the
muititayer thermuopiastic film include one or more film layers which are barrier
materials and substantially chemically insert when in contact with a product. The
term “barrier” refers {o a material that controls permeability of one or more
glements through a film structure including moisture, chemicals, heat, odor and
oxygen or other gases. As it relates (o the present invention, a barrier material
can be provided by a single film layer or multiple film {ayers acting individually or
in concert with each other, respectively. The phrase “substantially chemically
insert” refers to materials that generally are not reactive with the product with
which it comes info contact with and does not leech chemical ingredients into the
product with which it comes into contact. Preferably, thermoformed blister
componert 11 comprises a multilaver film which provides an average water
vapor transmission rate of less than 0.500 g/im*/day or less than 0.250 g/m“/day
or less than 150 g/m~day or about 0.131 g/m%/day at 100° F (37.8° C) and 90%
refative humidity having a thickness of about 10 mil (254 micron) before being
thermoformed. The aforementioned features of the present mvention may be
achieved by a multilayer film 100 comprising atleast3or4orSorGor7or8or 8
or 10 or 11 or 12 or 13 or more layers.

In one embodiment as depicted in FIG. 3, thermoformed blister component 11
comprises a multilayer palindromic film 100 comprises at least a three-layer
structure of a first exterior layer 101, a central core layer 102, and a second
exterior layer 103. In one embodiment, first and second exterior layers 101 and
103 comprise the same materials. In another embodiment, first and second
extarior layers 101 and 103 comprise differant materials.  In every embodiment,

the central core laver 102 comprises high density polyethylene.

For example, i a preferred embodiment, thermoformed blister component 11

comprises a multifayer palindromic film 100 having a first and second exterior
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fayers 101 and 103 each comprising cyclic olefin copolymer {COC). As used
herein, the phrase “cyclic olefin copolymer” refers to copolymers having at least
one norbornene structural moiety within the repeating backbone of the polymer.
Exempilary of commercially available cyclic olefin copolymers include, but are not
fimited to, the TOPASY family of resins which is supplied by Celanese
Carporation {Irving, TX, USA). Suitable COCs for use in the present invention
may have a heat deflection temperature under joad (0.45 MPa) of about 75° C or
130° C or 150° C, or 170° C. First and second exterior layers 101 and 103 may
aach comprises at least 50% or at least 60% or at least 70% or at least 80% or at
least 80% or at least 95% cyclic olefin copolymer (COC) relative to the total
weight of the layer. In this embodiment, the central core laver 102 comprises a
high density polyethylene (HDPE).

As used herein, the phrase “high density polyethylene” or "HDPE" refers to
homopolymers of ethylene that have densities of about 0.860 g/cm3 o ahout
0.970 giom® as well as copolymers of ethylene and an alpha-olefin (such as 1-
butene or 1-hexene) that have densities of about 0.940 g/cm® to about 0.658
glem®. In contrast, a low density polyethylene (LDPE) generally has a density of
about 0.915 g/em” to about 0.930 g/em®. HDPE is inclusive of polymers made
with Ziegler or Phillips type catalysts and polymers made with single-site
metallocene catalysts. A non-limiting example of high density polyethylene
includes Alathon® M6020 from Equistar Chemicals LP (Mouston, Tex.). Other
specific non-limiting examples of HDPE include Alathon™ M8020 available from
Equistar Chemicals LP (Houston, Tex.); Alathon® L5885 available from Equistar
Chemicals LP {Houston, Tex.), ExxonMobil™ HDPE HD 792530 available from
ExxonMobil Chemical Company {(Houston, Tex.); and ExxonMobil™ HDPE HD
7845 30 available from ExxonMaobil Chemical Company (Houston, Tex.).

In another preferred embodiment, thermoformed blister component 11 comprisas
a multilayer palindromic film 100 having first and second exterior layers 101 and
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103 each comprising cyclic olefin copolymer {COC), and a ceniral core layer 102
comprising a high density polyethylene and a high density polyethylene
nucleation additive. As used herein, the phrase "nhucleation additive” means a
material that increases high density polyethylene crystallinity as a result of its
incaorporation into HDPE.  Such nucleation additives typically provide better
confrol over crystallization rates. Examples of nucleation additives include
minerals such as chalk, tale, clay, kaolin, silicates and the like, and organic
agents such as salls of aliphatic or aromatic carboxylic acids, aromatic salls,
metallic salts of aromatic phosphorous compounds, quinaridones, and aromatic
amides. Further examples include zinc giycerolate, calcium glycerolate, calcium
hexahydrophthalate, zinc hexahydrophthalate, salts and the like, and mixtures
thereof. In one embodiment, the nucleation additive comprises calcium
hexahydrophthalate. In one embodiment, the nucleation addiive is present in
each interior layer of HDPE from about 0.2% to about 3.5% by weight of the
laver.

In another preferred embodimant, thermoformead blister component 11 comprisas
a multilayer palindromic film 100 having first and second exterior layers 101 and
103 each comprising cyclic olefin copolymer {COC), and a central core layer 102
comprising a high density polyethylene, a high density polyethylene nucleation

additive and optionally, a hydrocarbon rasin.

As used herein, the phrase “hydrocarbon resin” refers to a product produced by
polymerization from coal tar, petroleum, and turpentine feed stocks, as defined
by 180 Standard 472, "Plastics — Vocabulary' incorporated by reference herein
1o the extent that # teaches hydrocarbon resins. The hydrocarbon resin may be
present in central core fayer 102 from about 3% to about 16% by weight of the
fayer. A hydrocarbon resimy may comprnse any of those hydrocarbon resing
disclosed in U.S. Pat. No. 6,432,496, issusd Aug. 13, 2002, or in US Patent
Application 2008/0286547, published Nov. 20, 2008, both of which are
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incorporated in their entireties in this application by this reference. More
specifically, as a non-limiting example, the hydrocarbon resin may include
petroleum resins, {erpene resins, styrene resins, cyclopentadiene resins,
saturated glicyclic resins or midures of such resins. Additionally, as a non-
fimiting example, the hydrocarbon resin may comprise hydrocarbon resin derived
from the polymerization of olefin feeds rich in dicyclopeniadiens (DCPD), from
the polymerization of olefin feeds produced in the petroleum cracking process
{such as crude Cg feed streams), from the polymerization of pure monomers
{such as styrene, o-methylstyrene, 4-methylistyrene, vinyliocluene or any
combination of these or similar pure monomer feedstocks), from the
palymerization of terpene olefins (such as a-pinene, B-pinene or d-limonene) or
from a combination of such. The hydrocarbon resin may be fully or partially
hydrogenated. Specific examples of hydrocarbon resins include but are not
fimited to P!:astolyn@ R1140 Hydrocarbon Resin available from Eastman
Chemical Company (Kingsport, Tenn.), Regatlite® T1140 available from Eastman
Chemical Company {Kingsport, Tenn.), Arkon™ P-140 available from Arakawa
Chemical Industries, Limited (Osaka, Japan) and Piccolytefg 5135 Polyterpene
Resins available from Hercules Incorporated (Wilmington, Del ). It should be
understood that the central core layer of high density polyethyiene may include a
blend of high density polysthylene and a hydrocarbon resin with no high density

polyethylene nucleation additive present.

In ancther preferred embodiment, thermoformed blister component 11 comprises
a multilayer non-palindromic film 100 having a first exterior layer 101 comprising
cyclic olefin copolymer (COC), a second exterior layer 103 comprising a material
which is different than first exterior layer 101 and 15 a materal selected from the
group consisting of polypropylene (PP), polystyrenes such as, but not timited to,
high impact polystyrene (HIPS), general purpose polystyrene (GPPS), and
styrene block copolymer (SBC), aromatic polyesters such as, but not limited 1o,

polyethylene terephthalate (PET), oriented polyethylene {erephthalaie {OPET),

9
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amorphous polyethylene terephthalate (APET), glycol-modified polyethylene
terephthalate (PETG) and aliphatic polyesters such as, but not limited o,
polylactic acid (PLA), polyhydroxyalkonates including but not limited to
polyhydroxypropionate, poly(3-hydroxybutyrate)} (PH3B), poly{3-hydroxyvalerate)
(PH3V), polyvld-hydroxybutyrate) (PH4B), poly(d-hydroxyvalerate) (PH4V),
poly(S-hydroxyvalerate) (PHS5V), poly{6-hydroxydodecancate) (PHED), and a
central care layer 102 comprising a blend of high density polysthylene, a high
density polysthylene nucleation additive, and optionally, a hydrocarbon resin
(HDPE-Blend).

In anather preferred embodiment, thermoformed blister component 11 comprises
a multilayer non-palindromic film 100 having a first exterior layer 101 comprising
cyclic olefin copolymer (COC), a second exterior layer 103 comprising a material
which is different than first exterior layver 101 and is a material selected from the
group consisting of polypropylene (PP), polystyrenes such as, but not imited o,
high impact polystyrene (HIPS), general purpose polystyrene (GPPS), and
styrene block copolymer (SBC), aromatic polyesters such as, but not limited to,
polyethylene terephthalate (PET), oriented polyethylene terephthalate {OPET),
amorphous polyethylene terephihalate (APET), glycol-maodified polyethylene
terephthalate (PETG) and aliphatic polyesters such as, but not limited to,
poiylactic acid (PLA), polyhydroxyalkenates including but not limited to
polyhydroxypropionate, poly(3-hydroxybutyrate) (PH3B), poly(3-hydroxyvalerate)
{(PH3V), poly{d-hydroxybutyrate) (PHA4B), poly{4-hydroxyvaleratel (PH4V),
poly(5-hydroxyvalerate) (PHSV), poly(B-hydroxydodecancate) (PHBD), and a
central core layer 102 comprising a high densily polyethylene having a bi-modal
molecular weight distnbution of a low molecular weight region and a high
molecular weight region (HDPE-Bimodal).

As used throughout this application, the term “polypropylene” refers o a

homopolymer or copolymer having a propyl or C-3 linkage bstween monaomer

10
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units. A non-limiting example of a suitable propylene copolymer is Propylene
4170 available from Tolal Petrochemicals USA Inc. {Houston, Tex.}. Other non-
limiting examples of polypropylenes include Polypropylene 3287WZ, which is
available from Total Petrochemicals USA, Inc. {Houston, Tex ), and H02C-00
Polypropylene Homopolymer, which is available from Ineos Olefins & Polymers
USA {League City, Tex.).

As used throughout this application, the term “polyester” refers 1o a homopolymer
or copolymer having an ester linkage between monomer units which may be
formed, for example, by condensation polymerization reactions between a
dicarboxylic acid and a diol. The ester linkage can be represented by the general
formuia: [O-R-OC{O-R-C(O)], where R and R’ are the same or different alky! {(or
aryl} group and may be generally formed from the polymerization of dicarboxylic
acid and diol monomers cordaining both carboxylic acid and hydroxyl moisties.
The dicarboxylic acid {(including the carboxylic acid moieties} may be linear or
aliphatic (e.g.. lactic acid, oxalic acid, maleic acid, succinic acid, glutaric acid,
adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, and the fike) or
may be aromatic or alkyl substituted aromatic {e.q.. various isomers of phthalic
acid, such as paraphthalic acid {or terephthalic acid), isophthalic acid and
naphthatic acid). Specific examples of a useful diol include but are not limited to
ethylene glycol, propylene glycol, trimethylene glycol, 1,4-butane diol, neopentyl
glvcol, cyclohexane dicl and the like. Polyesters may include a homopolymer or
copolymer of alkylaromatic esters including but not limited to polyethylene
terephthalate (PET), amorphous polyethylene terephthalate (APET), crystailline
polvethylene terephthalate (CPET), glycol-modified polyethylene terephthalate
(PETG) and polybutylene terephthalate; a copolymer of terephthalate and
isophthalate including but not limited to polyethylene terephthalatefisophthalate
copolymer. Aliphatic polyesters include but not limited 1o polylactic acid {(PLA);
polvhydroxyalkonates including but not limited to polyhydroxypropionate, poly{3-
hydroxybutyrate) {PH3B), poly(3-hydroxyvalerate) (PH3V), poly(4-
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hydroxybutyrate} {(PHA4B), poly(4-hydroxyvalerate) (PH4V), poly(5-
hydroxyvalerate) (PH5V), poly(G-hydroxydodecanoate) {(PHED);, and blends of
any of these materials. A non-limiting example of PETG is Eastar™ Copolyester
8763, which is also available from Eastman Chemical Company (Kingsport,

Tenn. ).

As used herein, the term “polylactic acid” is used synonymously throughout this
disclosure o describe homopolymers or copolymers having an ester linkage
betwgen monomer units and can be represented by the general formula: {—
OCH(R)C{O)-}» where R=CHa;. Polylactic acid may be fabricated by polymenzing
lactic acid, which is mostly produced from by carbohydrate fermentation of com.
Polylactic acid may be also produced by polymerization of lactide which oblained
by condensation of two lactic acid molecules. Polylactic acid has a glass
transition temperature of ranges from 50-80° C. while the melting temperature
ranges from 130-180° C. Polylactic acid is known by those skilled in the art and
fully disclosed in U.S. Pat. Nos. 55698322, 5,142,023, 5,760,144, 5.593.778;
5,807,973, and 5,010,145, the entire disclosure of each of which is hereby
incorporated by reference. Examples of commercially available polylactic acid
are sold under the trademark NatureWorks™ PLA Polymer in grades 4031-D,
4032-D, and 4041-D from Cargill Dow LLC, Minneapolis, Minn., U S A

As used throughout this application, the term “polystyrene” or “P3" refers {o a
homopolymer or copolymer having al least one styrene repeating linkage {(such
as benzene (i.e., CesHs) having an ethylene substituent) within the repeating
backbone of the polymer. The styrene linkage can be represented by the general
formula: [CHz-CH» (CsHs)ln.  Polystyrene may be formed by any method known
o those skilled in the art. Examples of styrenic polymers include but are not
fimited to high impact polystyrene (HIPS), general purpose polystyrene (GPPS)
and styrene block copolymer (SBC). HIPS is sometimes called rubber-modified
polystyrene and is normally produced by copolymerization of styrene and a
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synthetic rubber. {See Wagner, et al., “Polystyrene” The Wiley Encyclopedia of
Packaging Technology, Second Edition, 1897, pp. 768-771 {John Wiley & Sons,
Inc., New York, New York), which is incorporated in its entirety in this application
by this reference.) Examples of HIPS include but are not limited to impact
Polystyrene 825E and impact Polystyrene 845E, both of which are available from
Total Petrochemicals USA, Inc;, EB60O25 Rubber Modified High Impact
Polystyrene, which is available from Cheavron Phillips Company (The Woodlands,
Texas); and 6210 High Impact Polyslyrene, which is available from ineos Nova
LLC {(Channahon, Hiinois). GPPS is often called crystal polystyrene, as a
reference to the clarity of the resin. Examples of GPPS include but are not
fimited {o Crystal Polystyrene 524B and Crystal Polystyrene 5258, both of which
are available from Total Petrochemicals USA, Inc. Styrene block copolymers
(SBC) include styrene butadiene copolymers (SB). The styrene-butadiense
copolymers that are suitable for packaging applications are those resinous block
copolymaers that typically contain a greater proportion of styrene than butadiene
and that are predominantly polymodal with respect 1o molecular weight
distribution. {See Hartsock, "Styrene-Butadiene Copolymers,” The Wiley
Encyciopedia of Packaging Technology, Second Edition, 1897, pp. 863-864
(John Wiley & Sons, Inc., New York, New York), which is incorporated in ils
entiretly in this application by this reference.) A non-limiling example of SB is
DK13 K-Resin® Styrene-Buladiene Copolymer, which is available from Chevron

Phillips Chemical Company {The Woodlands, Texas).

In still another preferred embodiment, thermoformed blister component 11
comprises a multilayer non-palindromic film 100 having a first exterior layer 101
compriging cyclic olefin copolymer (COC), a sescond exterior layer 103
comprising & material which is different than first exterior layer 101 and is
selected from the group consisting of polypropylene (PP}, high impact
polystyrene (HIPS), general purpose polystyrene (GPPS), styrene block
copolymer (SBC), polyethylene lerephthalate (PET), oriented polyethylene
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terephthalate {(OPET), amorphous polyethylene terephthalate {APET), glycol-
modified polyethylene terephthalate (PETG) and polylactic acid (PLA}, and a
central core layer 102 comprising a high density polyethylene having a thickness
of between 50 ym o 254 pum (2 mil o 10 mil}.

These three-layer embodiments described above may include, but are not limited
{0 the following laver sequences and general layer compositions; COC / HDPE /
COC; COC / HDPE-Blend 7 COC; COC / HDPE-Bimodal / COC, COC / HDPE /
PP, COC / HDPE-Blend / PP; COC / HDPE-Bimodatl / PP, COC F HDPE / PETG;
COC 7 HDPE-Blend [/ PETG; COC / HDPE-Bimodal 1 PETG; COC / HDPE /
APET; COC / HDPE-Blend / APET, COC / HDPE-Bimodal 7/ APET; COC / HDPE
! PET, COC 7 HDPE-Blend / PET; COC / HDPE-Bimodal / PET, COC / HDPE /
OPET,; COC f HDPE-Blend / OPET, COC 7 HDPE-Bimodal / OPET; COC / HDPE
/ PLA;, COC / HDPE-Blend / PLA; COC / HDPE-Bimodal / PLA; COC / HDPE /
HIPS; COC / HDPE-Blend f HIPS; COC / HDPE-Bimodal / HIPS, COC / HDPE /
GPPS; COC 7/ HDPE-Blend / GPPS, COC 7 HDPE-Bimodal / GPPS;, COC /
HDPE / SBC, COC /HDPE-Blend / SBC; and COC / HDPE-Bimodat / SBC.

In another generic embodiment as depicted in FIG. 4, thermoformed blister
componeant 11 comprises a mullidlayer film 200 comprises a five-layer symmetrical
structure of a first exterior layer 201, a central core layer 202, a second exterior
layer 203, and two interior layers 204 and 205 each posdioned between an
exterior layer and the central core laver. In this embodiment, first and second
exterior layers 201 and 203 each comprise a cyclic olefin copolymer (COC) as
described above for layver 101 and 103 for film 100, Ceniral core layer 202
comprisas a high density polyethylene (HDPE) or a blend of a high density
polysthylene, a high density polyethylene nucleation additive and optionally, a
hydrocarbon resin {HDPE-Blend), or a high density polyethylene where the core
laver has a thickness of betweean 50 um 10 2564 um (2 mil to 10 mil), or a high
density polyethylene having a bi-modal molecular weight distribution of a low
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molecular weight region and a high molecular weight region as described above
for central core layer 102 for film 100, Interior layers 204 and 205 each comprise

a tie layer material (tie) which bonds the exterior layers to the central core layer.

It should be understood that the phrase “tie layer material” may include, but not
imited to, unmodified polyolefins such as polyethylenes and ethylene vinyl
acelate copolymers, unmodified ester copolymers such as ethylene acrylate
copolymers and ethylene methacrylate copolymers and unmodified ethylene acid
copolymers such as ethylene acryiic acid copolymers and blends thereof. Tie
layer materials may also mciude modified polyolefing including, but not imited to
anhydride modified polyaethylenes, anhydride modified ethylene vinyl acelate
copolymers, madified ester copolymers such as anhydride modified ethylene
acrylate copolymers, modified ethylene acid copolymers such as anhydride
modified ethylene acrylic acid copolymers and blends thereof. Tie iayer
materials may further include a blend of an unmodified polyolefin or unmodified
ester copolymer or unmadified ethylene acid copolymer and a modified polyolefin

or modified ester copolymer or medified ethylene acid copolymer.

In another generic embodiment as depicted in FIG 4, thermoformed blister
compoenent 11 comprises a multilayer film 200 comprises a five-layer non-
symmetrical structure of a first exterior layer 201, a central core layer 202, a
second exterior layer 203, and two inferior layers 204 and 205 each positioned
between an exterior layer and the central core layer. In this embodiment, the first
exterior layer 201 comprises a cyclic olefin copolymer {COC), the second exterior
layer 203 comprising a different material than first exterior layer 201 which is
selected from the group consisting of polypropyvlene (PP} high impact
polystyrene (HIPJ), general purpose polystyrene {(GPPS), styrene block
copolymear (SBC), polyethylene terephthalate (PET), oriented polysthylene
terephthalate (OPET), amorphous polyethylene terephthalate {APET), glycol-
modified polyethyiene terephthalate (PETG) and polylactic acid (PLA), central
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core layer 202 comprises a blend of high density polyethylene, high densily
polyethylene nucleation additive and optionally, a hydrocarbon resin (HDPE-

Blend), and two interior layers 204 and 205 each comprising a tie layer material.

In still ancther generic embodiment as depicted in FIG. 4, thermoformed blister
component 11 comprises a multilayer film 200 comprises a five-layer non-
symmetrical structure of a first exterior fayer 201, a central core fayer 202, a
second exierior layer 203, and two interior layers 204 and 2058 each positioned
between an exterior laver and the central core layer. In this embodiment, first
exterior layer 201 comprises a cyclic olefin copolymer {COC), a second exterior
layer 203 comprising a different material than first exterior layer 201 which is
selected from the group consisting of polypropylene (PP}, high impact
polystyrene (HIPS), general purpose polystyrene (GPPS8), sityrene block
copolymer (SBC}, polyethylene {erephihalate (PET), oriented polyethylene
terephthalate (OPET), amorphous polyethylene terephthalate {APET), giycol-
modified polyethylene terephthalate (PETG) and polylactic acid (PLA), central
core layer 202 comprises a high densily polyethylene having a thickness of
between 50 um o 254 um (2 mil to 10 mil}, and two interior layers 204 and 205

each comprising a tie layer material

In still ancther generic embodiment as depicted in FIG. 4, thermoformed blister
component 11 comprises a mullilayer film 200 comprises a five-layer non-
symmetrical structure of a first exterior fayer 201, a central core fayer 202, a
second exterior layer 203, and two inferior layers 204 and 205 each positioned
between an exterior laver and the central core layer. In this embodiment, first
exterior layer 201 comprises a cyclic olefin copolymer (COC), a second exterior
faver 203 comprising a different material than first exterior layer 201 which s
selected from the group consisting of polypropylene (PP}, high impact
polystyrene (HIPS), general purpose polystyrene (GPPS), styrene block
copolymer (SBC), polyethylene tferephihalate (PET) oriented polyethylene
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terephthalate {(OPET), amorphous polyethylene terephthalate {APET), glycol-
modified polyethylene terephthalate (PETG) and polylactic acid (PLA), central
core layer 202 comprises a bi-modal high density polyethylene having a
molecular weight distribution of a low molecular weight region and a high
molecular weight region (HDPE-Bimodal), and two interior layers 204 and 206
each comprising a tie layer material.

These five-layer embodiments described above may include, but are not limited
to the following layer sequences and general layer compositions: GOC / tie /
HOPE / tie / COC; COC / he [ HOPE-Blend / tie / COC; COC/ tie / HDPE-
Bimodal / tie / COC;, COC / tie / HDPE / tie / PP; COC / tie / HDPE-Blend / tie
PP, COC / tie / HDPE-Bimodal / tie / PP, COC / tie / HDPE / tie / PETG, COC/
tie / HDPE-Blend [ tie / PETG; COC / tie f HDPE-Bimodal / tie / PETG; COC / tie
/ HDPE / tie / APET, COC / tie / HDPE-Blend / tie / APET, COC / tie / HDPE-
Bimodal / tie F APET, COC / tie / HDPE / ie / PET, COC / tie / HDPE-Blend / tie /
PET, COC /tie / HDPE-Bimodal / e / PET, COC / tie / HDPE /tie / OPET, COC/
tie / HDPE-Blend / tie / OPET, COC / tie / HDPE-Bimodal / e f OPET, COC / tie /
HDPE / tie / PLA, COC / tie /f HDPE-Blend / tie / PLA; COC / tie /f HDPE-Bimodal /
tie / PLA; COC / tie s HDPE J tie / HIPS, COC / tie / HDPE-Blend / tie / HIPS;
COC / tie / HDPE-Bimodal / tie / HIPS, COC / tie / HDPE / tie  GPPS; COC / tie/
HDPE-Blend / tie / GPPS; COC / tie / HDPE-Bimodal / tie / GPPS; COC / tie /
HDPE / tie / 8BC; COC / tie | HDPE-Blend / tie / SBC, and COC { tie / HDPE-
Bimodal / tie / SBC.

Those skilled in the art will recognize that a tie layer materiai may not be needed
o bond a cyclic olefin copolymer {COC) t© a high density polyethyiens.
Therefore, while the gbove examples ilustrate symmetrical film structures having
at least five layers, a tie layer between cyclic olefin copolymer (COC) and high
density polyethylene may be omitied and thus, four-layer film siructures can be
formed as well.
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[411 1t should be understood that in the above-described generic embodiments, the

thermoformed blister component may include additional film layers.

[42] While it should be understood that each film layer of films 100 and 200 may each
have any thickness as desired, it is preferable that the thickness of each of the
central core layer layers 102 and 202 is at least 40% or at least 45% or at least
50%, or at least 55%, or at least 60%, or at least 65% of the total thickness of the

palindromic thermoplastic films 100 and 200, respectively.

[431] The fotal thickness of multilayer films of the thermoformed bilister component 11
of the present invention is generally from about 12.7 um (0.5 mil) to about 508
um {20 mil}, typically from about 50.8 um (2 mil) to about 254 ym (10 mil), most
typically from about 76.2 um (3 mil) to about 203.2 pm {8 mil}.

[44] In accordance with the practice of the present invention, one embodiment of a
fidding component 12 of the present invention is depicted in FIG. 5. In this
embodiment, lidding component 12 comprises a laminate 300 having a first
exterior layer 301, an interior fayer 302 and a second exterior layer 303.
Preferably, second exterior layer 303 comprises a thermoplastic resin heat-
sealable {o cyclic olefin copolymer, first exterior layer 301 comprises a metal foil
such as aluminum, and interior layer 302 comprises a tie or adhesive material
bonding exterior layers 301 and 303 togsther.

[45] The above description and the following examples illustrate certain embodiments
of the present invention and are not to be interpreted as limiting. Selection of
particular embodiments, combinations thereof, modifications, and adaptations of
the various embodiments, conditions and parameters normally encountered in
the art will be apparent to those skilled int the art and are deemed t¢ be within the

spirit and scope of the present invention.

WORKING EXAMPLES
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THERMOFORMED BLISTER COMPONENT-PALINDROMIC FILM EXAMPLES

The following example illustrates a cerlain particular embodiment of palindromic
film struciure suitable for use in the present invention and is not to be interpreted
as limiling. In the following example, polymeric resin composition perceniages
are based on the {otal weight of each film layer. In the following example, the
film structure was produced using a single-bubble coextrusion apparatus and
method which are well known to those skilled in the art. The single-bubble blown
coextrusion film apparatus included a multi-manifold circular die head for bubble
blown film through which a non-palindromic fiim composidion was forced through
and formed into a cylindrical bubble. The film bubble was immediately quenched
e.g., via coocled water bath, solid surface andfor air, and then ultimately collapsed

onto itself and formed into a palindromic film.

Example 1-1

Example 1-1 is one embodiment of a palindromic thermoplastic film 200 as
dlustrated in FIG. 4 having a structure and layer compositions as described

below:

Layer 201 was 100% by weight of a cyclic olefin copolymer {CQOC) having density
of 1010 kg/m3, a heat deflection temperature under load (0.45 MPa) of about 75°
C and a glass transition temperature of 130° €. Exemplary of such a
commercially available COC s TOPAS® 8013F-04 supplied by Celanese
Corporation (Irving, TX, USA). This layer had a thickness of approximately 36.2
um (1.4 mif).

Layer 204 was a blend of 80% by weight of a malsic anhydride modified ethylene

elastomer and 20% by weight of a high density polyethylene (HDPE). Exempilary

of a commercially available maleic anhydride modified ethylene elastomer is

ADMER® SEB10 having a density of 0.82 gfem® and a melt flow index (190°

Ci2.18 kg) of 7.2 of 10 min supplied by Mitsui Chemicals America, Inc. (Rye
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Brook, NY, USA). Exemplary of a commercially avaifable HDPE is SURPASS®
HP167-AB supplied by Nova Chemical Company {Joffre, Alberta, Canada).
SURPASS® HP167-AB is believed to be an exampie of a bimodal high density
polyethylene having a distribution of a low molecular weight region and a high
molecular weight region. Exemplary of a commercially available high density
polysthylene is POLYBATCH® CLR 124 supplied by A. Schulman {Fairlawn, OH,
USA). This laver had a thickness of approximately 6.0 um {0.24 mil).

[50] Layer 202 was 100% by weight a high densily polyethyiene (HDPE). This layer
had a thickness of approximately 156.8 um (6.18 mil}.

[511] Layer 205 was a blend of 80% by weight of a maleic anhydride modified ethylene
elastomer and 20% by weight of a high density polyethylene (HDPE). This layer
had a thickness of approximately 6.0 um (0.24 mil).

[52] Layer 203 was 100% by weight of a cyclic clefin copolymer (COC) having density
of 1010 kg/m3, a heat deflection temperature under load (0.45 MPa) of about 75°
C and a glass transition temperature of 130° €. Exemplary of such a
commercially available COC is TOPAS®™ 6013F-04 supplied by Celanese
Corporation (Irving, TX, USA). This layer had a thickness of approximately 36.2
um {1.4 mil).

[53] The film as described above had a total thickness of approamately 2413 ym (8.5

mif).

Example 1-2

[54] Example 1-2 is another embodiment of a palindromic thermoplastic fiim 200 as
lustrated in FIG. 4 having the same structure and same layer compositions as

described above for Example 1-1, except for the following layer thickness:

[65] Layer 201 had a thickness of 28.7 gum (1.13 mil}.
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[56] Layer 204 had a thickness of 4.7 gym {(0.18 mil).
[57] Layer 202 had a thickness of 124 pym (4.88 mil).
[68] Layer 205 had a thickness of 4.7 um (G192 mil}.
[89] Layer 203 had a thickness of 28.7 um {1.13 mil).

[601 The film as described above had a total thickness of approximately 1805 um (7.5

mif).
LIDDING COMPONENT

[611 The following examples illustrate certain particular embodiments of a film for use
as a lidding component structure suitable and are not to be interpreted as
imiting.  In the following examples, polymeric resin compaosition percentages are
based on the total weight of each film layer. In the following examples, the film
structures were produced using an extrusion coating apparatus and methods
which are well known to those skilled in the art. The extrusion coating apparatus
ncludes a multi-manifold fiat die head through which a two-layer film composition
was forced and extrusion coated onto the shiny surface of a metallic foil. The
metallic foil was pre-treated prior 0 extrusion ceating by printing a primer coat

onto the matte surface of the foil.

Example 2-1

[62] Example 2-1 is one embodiment of a laminate 300 of a lidding component film 12
as fllustrated in FIG. 5 having a struciure and layer compositions as described

bhelow:

[63] Layer 301 was an aluminum foil. This layer had a thickness of approximately

25.4 um (1 mil).
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Layer 302 was 100% by weight of an sthylene acrylic acid copolymer (EAA)
having a density of 0.94 g/cm®, a melting point of 78° C, and a melt flow rate
{(190° C/2.16 kg) of 10 g/10 min. Exemplary of such a commercially available
EAA is NUCRELY 3990 supplied by E.I. du Pont de Nemours and Company, Inc.
{(Wilmington, DE, USA).

Layer 303 (heat-seal layer) was a blend of 86% by weight of a modified ethylene
acrylic acid copolymer {mod-EAA) having a density of 1.02 g/cm®, a melting point
of 97° C, and a meit flow rate (180° C/2.16 kg) of 13 g/10 min; 10% by weight of
a modified ethylene acrylate copolymer (mod-EMA)} having a density of 0.94
gfem3, a melt flow rate (180° C/2.16 kg) of 2.0 g/10 min, and a melting point of
91° C; and 4% of a masterbatch comprising an ethylene methacrylate copolymer
{mod-EMAY) having a density of 0.94 g/lcm®, a melt flow rate (190° C/2.18 kg) of
between 3 and 8 ¢/10 min, and a 1% by weight of a chill roll release additive.
Exemplary of such a commercially available mod-EAA having a density of 1.02
giem®, a melting point of 97° C, and a melt flow rate (180° C/2.16 kg) of 13 g/10
min is APPEEL" 20D828 supplied by E.l. du Pont de Nemours and Company,
Inc. (Wilmington, DE, USA). Exemplary of such a commercially available mod-
EMA having a density of .94 g/lcm3, a melt flow rate (190° C/2.16 kg) of 2.0 g/10
min, and a melting point of 91° C is BYNEL® 22F780 supplied by E L. du Pont de
Nemours and Company, Inc. (Wilmington, DE, USA). Exempilary of such a
cormmercially available masterbatch mod-EMA having a chill roll release additive
is Ampacet 100578 Chill Roll Cop MB supphlied by Ampacet Corporation, Inc.
{Tarrytown, NY, USA).

Example 2-2

Exampie 2-2 i another embodiment of a laminate 300 of a lidding component
film 12 as illustrated in FIG. 5 having a struciure and layer compositions as

described below:
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Layer 301 and 302 were equivalent to those described above in Example 2-1.

Layer 303 (heat-seal layer) was a blend of 86% by weight of a modified ethylene
acrylic acid copolymer (mod-EAA) having a density of 1.02 glem®, a melting point
of 97° C, and a melt flow rate (190° C/2.18 k@) of 13 g/10 min; 10% by weight of
a modified sthylene acrylate copolymer (mod-EMA) having a density of 0.94
gicm3, a melt flow rate (190° C/2.16 kg) of 2.0 g/10 min, and a melting point of
91° C; and 4% by weight of a masterbatch comprising an ethylene methacrylate
copolymer (mod-EMA) having a density of 0.94 g/lem®, a melt flow rate (190°
Ci2.18 kg) of between 3 and 8 g/10 min, and a 1% by weight of a chill roll release
additive. Exemplary of such a commaercially available mod-EAA having a density
of 1.02 glcm®, a melting point of 97° C, and a melt flow rate (180° C/2.18 kg) of
13 g/10 min is APPEEL® 20D828 supplied by E.I du Pont de Nemours and
Company, Inc. (Wilmington, DE, USA). Exemplary of such a commercially
available mod-EMA having a density of 0.84 g/ecm3, a melt flow rate (180" C/2.16
kg) of 2.0 g/10 min, and a meiting point of 91° C is BYNEL® 22E780 supplied by
£.1 du Pont de Nemours and Company, Inc. (Wilmington, DE, USA). Exemplary
of such a commercially available masterbatch mod-EMA having a chill roll
release additive is Ampacet 100578 Chill Roli Cop MB supplied by Ampacst
Corporation, Inc. {(Tarrytown, NY, USA).

Example 2-3

Exampie 2-3 s another embodiment of a laminate 300 of a lidding component
film 12 as illustrated in FIG. 5 having a structure and layer compositions as

described below:
Layer 301 and 302 were aquivalent 1o those described above in Example 2-1.

Layer 303 (heat-seal layer) was a blend of 85% by weight of a modified ethylene

acrylic acid copolymer (mod-EAA)Y having a density of 1.02 g/em®, a melting point

of 97° C, and a melt flow rate (180° C/2.16 kg) of 13 g/10 min; 10% by weight of
23
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a modified ethylene acrylate copolymer (mod-EMA)} having a density of 0.94
glem3, a melt flow rate (190° C/2.16 kg) of 2.0 g/10 min, and a melting point of
@1° C; 4% of a masterbatch comprising an ethylene methacrylate copolymer
{mod-EMA) having a density of 0.94 glcm”, a melt flow rate (190° C/2.16 kg) of
between 3 and 8 g/10 min, and a 1% by weight of a chill roll release additive; and
1% by weight of a high density polysthylene masterbatch comprising 1% by
weight of a high density polyethylene nucleation additive. Exemplary of such a
commercially available mod-EAA having a density of 1.02 g/om®, a meiting point
of 97° C, and a melt flow rate (190° C/2.16 kg) of 13 g/10 min is APPEEL®
200828 supplied by E.I. du Pont de Nemours and Company, Inc. (Wilmington,
DE, USA) Exemplary of such a commercially avaiable mod-EMA having a
density of 0.4 g/icm3, a meit flow rate {190° C/2.16 kg) of 2.0 ¢/10 min, and a
melting point of 91° C is BYNEL” 22E780 supplied by E.l du Pont de Nemours
and Company, Inc. (Wilmington, DE, USA). Exemplary of such a commercially
available masterbatch mod-EMA having a chill roll release additive is Ampacet
100578 Chill Roll Cop MB supplied by Ampacet Corporation, Inc. (Tamrytown, NY,
USA). Exemplary of such a commercially available masterbatch of a high density
polyethylens masterbatch comprising 1% by weight of a high density
polyethylene nucleation additive is POLYBATCH® CLR 122 supptlied by A
Schulman (Fairlawn, OH, USA).

The blister packages of the present invention can be manufactured using
rmethods known in the arl. Generally, the blister cavilies are thermoformed from
the blister components of the present invention in-line just prior to filling the
cavities with a product to be packaged. The fidding component is then unwound
from a roll and brought inte contact with the formed and filled blister component
such that the heat-seal layer of the lidding component contacts the blister
component. The lidding and blister components are heat sealed, typically using
a heated platen. Some areas of the package may not be sealed {o provide a
starting point for peeling off the lidding component prior 1o removing the product.
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If the lidding component is not pre-printed, printing is generally done just before
heat sealing. After heat-sealing, the individual blisters may be perforated using

methods known is the art so that they can removed at point of use.
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What is claimed:
1. A blister component for a blister package, comprising:
a multilayer thermoplastic film comprising:

i two exterior layers comprising a cyclic olefin copolymer (COCY;, and

i a central core layer comprising a high density polysthylene (HDPE).

2. A component according to claim 1, wherein the multilayer thermoplastic film is
palindromic.
3. A component according to claim 1, wherein the central core layer comprises a

high density polysthylene nucleation additive.

4. A component according to claim 3, wherein the central corg layer comprises a
hydrocarbon resin.

5. A component according to claim 1, whersin the central core laver has a thickness
of between 50 pm to 254 um (2 mil to 10 mil).

S, A component according to claim 1, wherein the central core iayer comprises a
bimodal high density polyethyiene having a molecular weight distribution of a low

molecuiar weight region and a high molecular weight region.
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A component according to claim 1, wherein the ceniral core layer is in direct

contact with both exterior layers.

A component according to claim 1, wherein the multilayer thermoplastic fim

comprises two interior fayers each comprising a tie layer material.

A component according to claim 8, wherain each of the two interior layers are in
direct contact an exterior layer.

A component according to claim 8, wherein each of the two interior layers are in

direct contact the central core layer.

A component according to claim 8, wherein the two interior layers each comprise
a blend of a maleic anhydride modified ethylene elasiomer and high density
polyethviene.

A componeant according o claim 1, wherain the central core layer has a thicknass
of at least 40% of the total thickness of the multilayver thermoplastic film

A component accarding to claim 1, wherem the central core layer has a thickness

of at least 45% of the total thickness of the multilayer thermoplastic film.
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A component according to claim 1, wherein the central core layer has a thickness

of at least 50% of the total thickness of the multilayer thermoplastic film.

A component according to claim 1, wherein the central core layer has a thickness

of at least 55% of the tolal thickness of the multifayer thermoplastic film.

A component according 1o claim 1, wherein the central core layer has a thicknass
of at least 60% of the total thickness of the multifayer thermoplastic fim.

A component according to claim 1, wherein the central core {ayer has a thickness

of at least 65% of the total thickness of the multilayer thermoplastic film.

A component according to claim 1, wherein the central core layer has a thickneass

of at least 75% of the total thickness of the muiltifayer thermoplastic film.

A blister component for a blister package, comprising:
a multilayer thermoplastic fitm comprising:

i a first exterior layer comprising cyclic olefin copolymer (COCH,

i a second exterior layer comprising a material selected from the
group consisting of polypropyiene (PPY, high impact polysiyrens
(HIPS), general purpose polystyrene (GPPS), styrene bilock
copolymer (8BC), polysthylene terephthalate (PET), oriented
polyethyvlene t{erephthalate (OPET), amorphous polyethylene
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terephthalate (APET), glycol-modified polysthylene terephthalate
(PETG) and polylactic acid (PLA); and
iii. a central core fayer comprising a blend of high density polyethylene

and a high density polyethylene nucleation additive.

20. A component according to claim 198, wherein the central core layer comprises a

hydrocarbon resin.

21. A bhster component for a blister package, comprising:
a multilayer thermoplastic film comprising:

i. a first exterior layer comprising cyclic olefin copolymer {COCY;

i3 a second exterior layer comprising a material selected from the
group consisting of polypropylene (PP}, high impact polystyrene
(HIPS), general purpose polystyrene {GPPS), styrene biock
copolymer (SBC), polyethylene terephthalate (PET), oriented
polysthylens terephthalate (OPET), amorphous polyethylene
terephthalate (APET), glycol-modified polyethylene terephthalate
(PETG) and polylactic acid (PLA); and

i, a central core layer comprising high density polvethylene having a
thickness of between 50 pm to 254 pm (2 mil to 10 mil}.

22. A component according to claims 1 to 21, wherein the central core layer
comprises a high density polyethylene having a density of al {east about 0.98
glem®.
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A component according to claims 1 to 21, wherein the cyclic olefin copolymer is

formed from norbornmene and ethylene monomaers.

A component according to claims 1 to 21, wherein the cyclic olefin copolymer has
a heat deflection temperature under load {0.45 MPa) of about 75° C.

A component according to claims 1 to 21, wherein the cyclic olefin copolymer has
a heat deflection temperature under load (0.45 MPa) of about 130° C.

A component according to claims 1 to 21, wherein the cyclic olefin copolymer has

a heat deflection temperature under load {0.45 MPa) of about 150° C.

A component according to claims 1 to 21, wherein the cyclic olefin copolymer has

a heat deflection temperature under load (0.45 MPa) of abouwt 170° C.

A component according to claims 1 to 21, whergin the thermopiastic resin of the
lidding component comprises a bland of modified ethylene acrylate copolymer

resing.

A component according to claims 1 to 21, wherein the multilayer thermogplastic

film comprises at least 5 layers.
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to blister components for blister packages
formed from multilayer thermoplastic films.
In one embodiment of the present invention,
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interior layer comprising a blend of a high
density polyethylene, high density polyethyl-
ene nucleation additive and optionally, a hy-
drocarbon resin, or a high density polyethyl-
ene and has a thickness of between 50 m to
254 m (2 mil to 10 mil); and a second exteri-
or layer comprising a material selected from
the group comnsisting ol polyvinylchloride,
polyvinylidene chloride, cyclic olefin co-
polymer, polypropylene, high impact poly-
styrene, general purpose polystyrene, styrene
block copolymer, polyethylene terephthalate,
oricnted polycthylenc terephthalate, amorph-
ous polyethylene terephthalate, glycol-modi-
ficd polycthylene terephthalate and polylact-
ic acid.
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BLISTER PACKAGING COMPONENTS
BACKGROUND OF THE INVENTION

The present invention relates generally to blister packaging and more
particularly, to blister components for blister packages formed from muitilayer

thermoplastic films where a low moisture vapor transmission rate is desired.

Blister packaging is employed widely for commercial packaging of food products,
personal care products, and human health products such as pharmaceuticals,
and medical devices or precision instruments. The use of this type of packaging
has become widespread mainly due 1o the ability in incorporate suitable
moisture, dust, UV and/or gas barriers info the packages when such properties
are desired for maintaining the product contained therein. For example, blister
packaging is extensively used in the pharmaceutical industry for packaging of
medicaments or the like in capsule, lozenge, or pill form because the integrity of
the medicament can be maintained through the proper selection of materials
used to form the packages.

For preparing blister packages or so-called push through packages, generally a
thermoplastic film is first processed by vacuum forming or pneumatic forming so
as to form blisters or cavities thereon, namely portions having a predetermined
contour corresponding to each specific article to be received therein. After the
so-blistered film has been solidified, each blister is charged with each piece of
the article {0 be packaged and a second or lidding film is then covered over each
blister and sealed {o the first fiim. The second lidding film is often a laminate
material which can be ruptured by a simple finger-rupture or peeled off from the
first film 10 allow access to a packaged item. Conventional materials used for
forming the blistered film have included fransparent plastics such as
polyvinyichioride (PVG), polyvinylidene chioride {PVdC) and
polychiorotriflucroethylene (PCTFE), commonly referred to  as ACLAR®
1
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(HoneywellfAllied Signal). Packaging for pharmaceuticals or other moisture-
sensitive articles require not only low moisture permeability but also other
properties such as chemical inertness, clarity, rigidity, or uniform thickness. The
use of polyvinylchloride (PVC) and polyvinylidene chloride {(PVdC) have been
shown {0 have poor and/or insufficient moisture-proofing properties required by
the pharmaceutical industry. While ACLAR® exhibits relatively low moisture
vapor transmission, its use in blister packaging is inherently costly.

There is therefore a need in the art for improved blister packaging materials
which provides sufficient moisture vapor barrier and chemical inertness
properties and is aesthetically pleasing enough 1o present the products contained
therein while being cost effective to be manufactured.

SUMMARY OF THE INVENTION

The present invention is directed to blister componenis for blister packages
formed from a multilayer film. As used throughout this disclosure, the term
“blister component” refers t0 multitayer thermoplastic film or a roll of multilayer
thermoplastic film both of which may be thermoformed, partially thermoformed or
not thermoformed at all In one embodiment of the present invention, the
sequence of layers in the multilayer thermoplastic film of the blister component is
palindromic. As used throughout this application, the term “palindromic” refers to
a muititaver film, the layers of which are substantially symmetrical. Non-limiting
examples of palindromic films are film or sheet having the layer sequence of
configurations: A/B/A or AB/BIA o ACBIICIA o AIC/DBIDICIA or
ADICIDMBDICIDIA, etc. An example of a layer sequance configuration of a non-
palindromic film would be A/BIC or A/C/BIA. A palindromic or non-palindromic
thermoplastic film may be formed using extrusion lamination methods generally

well known in the art.
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For example, in one generic embodiment, the thermoformed blister component of
the present invention may be characterized as palindromic which is coextruded
by extrusion lamination technigues 1o produce a layer sequence configuration of
A/BIA, In this embodiment, the thermoformed blister component includes a film
where layer A is an exierior layer comprising a polyvinyichloride (PVC) or a
polyvinylidene chiloride (PVAC), and a layer B which is a central core layer
comprising a blend of high density polyethylene, a high density polyethyiene
nucleation additive and optionally, a hydrocarbon resin {(MDPE-Blend}, or a high
density polyethylene (HDPE) and has a thickness of between 50 um to 406 pm
(2 mil to 18 mil}. in one preferred embodiment, each exterior layer comprising a
polyvinyichioride (PVC) or a polyvinylidene chloride {(PVJC) has a thickness of
less than 127 um {5 mil), and more preferably, between 19 um to 50 ym {0.75 mil
to 4 mil).

In an alternative generic embaodiment of the present invention, the thermoformed
blister component is a palindromic film which is formed by extrusion lamination
andfor extrusion coating technigues to produce a layer seguence configuration of
AICIBICIA.  In this embodiment, layer A is an exierior layer comprising a
polyvinylchioride (PVC) or a polyvinylidene chioride (PVJC), a layer B is a central
core layer comprising a biend of high density polyethylene, a high density
polyethylene nucleation additive and optionally, a hydrocarbon resin (HDPE-
Blend), or a high density polyethylene (HDPE) and has a thickness of between
50 pum to 406 um (2 mil o 18 mil), and C is a tie laysr comprising & tie or an
adhesive material bonding fayers A and B togsther. In one preferred
ambodimeni, each exteror layer comprising a polyvinyichioride (PVC) or a
polyvinylidene chioride (PVdC) has a thickness of less than 127 gm (5 mil), and
more preferably, between 19 um to 50 um {0.75 mil to 4 mil).

In ancther generic embodiment, the thermoformed blister component of the

present invention may be characterized as a palindromic film which is formed by
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extrusion lamination andl/or extrusion coating fechrniques to produce a layer
sequence configuration of A/B/D/B/A.  In this embodiment, the thermoformed
blister component includes a film where layer A is an exterior layer comprising a
polyvinyichloride (PVC) or a polyvinylidene chloride (PVAC), a layer B is an
interior layer comprising a blend of a high density polyethylene, a high density
polyethylene nucleation additive and optionally, a hydrocarbon resin {(HDPE-
Blend), or a high density polyethylene (HDPE) and has a thickness of between
38.1 pm to 190.5 pm (1.5 mii to 7.5 mil), layer D is a central core layer. In one
preferred embodiment, core layer D comprises ethylene vinyl acetate copolymer
(EVA) In one preferred embodiment, each exterior layer comprising a
polyvinyichioride (PVQ) or a polyvinylidene chloride (PVJC) has a thickness of
less than 127 um {5 mil), and more preferably, between 192 um to 50 ym {0.75 mil
to 4 mil)..

In ancther generic embodiment, the thermoformed blister component of the
present invention may be characterized as a palindromic which is formed by
extrusion lamination and/or extrusion coating techniques {0 produce a layer
sequence configuration of A/C/B/D/B/C/A. In this embodiment, the thermoformed
blister component includes a {ayer A which is an exterior layer comprising a
polyvinylchioride (PVC}) or a polyvinylidene chioride (PVdC), a layer B which is an
interior taver comprising a blend of a high density polyethylene, & high density
polyethylene nucleation additive and optionally, a hydrocarbon resin (HDPE-
Blend), or a high density polysethylene (HDPE) and has a thickness of between
38.1 um to 1805 pm (1.5 mil to 7.5 mil), a layer C which is a tie layer comprising
a tie or an adhesive material bonding layers A and B together, and a layer D
which is a central core layer. In one preferred embodiment, core layer D
comprises an ethylene vinyl aceiate copolymer (EVA). In one preferred
embodiment, each exterior layer comprising a polyvinylchioride (PVC) or a
polyvinylidene chioride (PVJC) has a thickness of less than 127 ym (5 mil}, and
more preferably, between 19 pm to 50 um (0.75 mil to 4 mil).

4
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In other embodiments of the present invention, the sequence of layers in the

muttilayer thermaoplastic film of the blister component is non-palindromic.

For example, in one generic embodiment, the thermoformed blisier component of
the present invention may be characlerized as a non-palindromic film which is
formed by extrusion lamination and/or extrusion coating technigues to produce a
layer sequence configuration of A/B/E.  In this embodiment, the thermoformed
blister component includes a layer A which is a first exterior {ayer comprising a
polyvinyichioride (PVC} or a polyvinylidene chioride (PVAC), a layer B which is a
central core {ayer comprising a blend of high density polyethyiene, high density
polyethylene nuclegtion additive and optionally, a hydrocarbon resin {(HDPE-
Blend) or a high densily polyethylene (HDPE) and has a thickness of between 50
um to 408 pm (2 mil to 16 mil), and a layer E which is a second exterior layer
comprising a material selected from the group consisting of cyclic olefin
copolymer (COC), polypropylene (PP}, high impact polystyrene (HIPS), general
purpose polystyrene {(GPPS), styrene block copolymer (SBGC), polyethylene
terephthalate {PET), oriented polyethyiene terephthalate (OPET), amorphous
polyethylene lerephthalate (APET), glycol-modified polyethylene terephthalate
{(PETG) and polylactic acid (PLA). In one preferred embodiment, the first exterior
layer comprising a polyvinylchloride (PVC) or a polyvinylidene chioride (PVJdC)
has a thicknaess of less than 127 gm (5 mil), and more preferably, between 19 pm
{0 50 um (.75 mil to 4 mil).

In an alternative generic embodiment of the present invention, the thermoformed
blister component is a non-palindromic film formed from extrusion lamination
andfor extrusion coating methods to produce layer seguence having a layer
configuration of AIC/B/C/E. In this embodiment, layer A is a first exterior layer
comprising a polyvinylichioride (PVQC) or a polyvinylidene chioride (PVdC), a laver
8 which is a central core layer comprising a blend of high density polysthylene, a
high density polysthylene nucleation additive and/or a hydrocarbon resin (HDPE-
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Blend), or a high density polysthylene (HDPE) and has a thickness of between
50 um to 406 um (2 mil to 16 mil), a layer C which is a tie layer comprising a8 tie
or an adhesive material bonding layers A and B, and layers B and E together,
and a layer £ which is a second exierior layer comprising a material selected
from the group consisting of cyclic olefin copolymer (CQC), polypropylene (PP},
high impact polystyrene (HIPS), general purpose polystyrene (GPPS), styrene
biock copolymer (SBC), polyethylene terephthalate (PET), oriented polyethylene
terephthalate {OPET), amorphous polyethylene terephthalate {APET), giycol-
modified polyethylene terephthalate (PETG) and polylactic acid (PLA).  In one
preferred embodiment, the first exierior layer comprising a polyvinylchloride
(PVC) or a polyvinylidene chloride (PVAC) has a thickness of less than 127 um (5
mif), and more preferably, between 18 um to 50 um (0.75 mil to 4 mil).

In another alternative generic embodiment of the present invention, the
thermaformed blister component a non-palindromic film formed by extrusion
jamination andfor extrusion coating technigues o produce a non-symmetrical fitm
having a layer sequence configuration of A/B/D/B/E. In this embodiment, layer A
s a first exterior layer comprising a polyvinylchioride (PVC) or a polyvinylidene
chioride (PVdC), a layer B is an interior layer compriging a blend of high density
polyethylene, a high density polyethylene nucleation additive and optionally, a
hydrocarbon resin {(HDPE-Blend), or a high density polyethylene (HDPE) and has
a thickness of between 38.1 um to 180.5 um (1.5 mil 6 7.5 mil, a layer D which is
a core layer, and a layer E which is a second exierior layer comprising a material
selected from the group consisting of cyclic olefin copolymer {COC),
polypropylene (PP}, high impact polystyrene (HIPS), general purpose
polystyrene {GPPS3), styrene block copolymer (SBC), polyethyiene terephthalate
(PET). oriented polyethylene terephthalate (OPET), amorphous polyethylene
terephthalate (APET), dglycol-modified polyethylene {erephthalate (PETG) and
polylactic acid (PLA). In one embodiment, core layer D comprises an ethylene

acetate copolymer {(EVA), In one preferred embodiment, the first exterior layer

&

107/300



[14]

[15]

WO 2015/199637 PCT/US2014/041260

comprising a polyvinylchloride (PVC) or a polyvinylidene chioride (PVdC) has a
thickness of less than 127 um (5 mil), and more preferably, between 18 um to 50
um {0.75 mil to 4 mil).

In still another alternative generic embodiment of the present invention, the
thermoformed blister component a non-palindromic film formed by extrusion
lamination and/or extrusion coating methods to produce a non-symmetrical film
having a layer sequence configuration of A/ICB/D/B/C/E. In this embodiment,
laver A 18 a first exterior layver comprising a polyvinyichioride {(PVC) or a
polyvinylidene chionide (PVdC), a layer B which 1s an interior layer comprising a
blend of high density polyethylene, a high density polyethylene nucleation
additive and optionally, a hydrocarbon resin (HDPE-Blend), or a high density
polyethylene (HDPE) and has a thickness of between 38.1 um 1o 1905 pm (1.5
mit to 7.5 mil, C is a tie layer comprising a tie or adhesive material bonding layers
A and B, and lavers B and E {ogsther, a layer D which is a core layer, and a layer
E which is a second exterior layer comprising a matlerial selected from the group
consisting of cyclic olefin copolymer {(COQ), polypropylens (PP}, high impact
polystyrene (HIPS), general purpose polystyrene (GPPS), styrene block
copolymer (SBC), polyethylene t{erephthalate (PET) oriented polyethylene
terephthalate {(OPET), amorphous polyethylene ferephthalate (APET), glycol-
maodified polyethylene terephthalate (PETG) and polylactic acid (PLA).  In one
preferred embodiment, core layer D comprises an sthylene vinyl acelate
copolymer {EVA). In one preferred embodiment, the first exterior {ayer
comprising a polyvinyichioride (PVC) or a polyvinylidene chioride {(PVdC) has a
thickness of less than 127 um (5 mil), and more preferably, between 19 um to 50
um {0.75 mil to 4 mit).

It should be understood that in the above-described generic embodiments, the
thermoformed blister component may include additional fiim layers.
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[18] The blister packages of the present invention also include a lidding component
which is heat-sealable to the first exterior layer A of the blister component. In
one preferred embodiment, the lidding component comprises a thermoplastic

resin heat-sealable o polyvinylchioride {PVC) or polyvinvlidene chioride (PVdC).
BRIEF DESCRIPTION OF THE DRAWINGS

[17]1 Further features and advantages of the present invention will become apparent
from the following detailed description, taken in combination with the appended

drawings, in which:

[18] FIG. 1 iHusirates a schematic view of one embodiment of a blister package

according to the present invention.

[19]1 FIG 2 illustrates an exploded view taken along line A-A of FIG. 1 depicting the
blister and lidding components of the present invention.

[20] FIG. 3a ilustrates a cross-sectional view of one embodiment of a three-layer

blister component according to the present invention.

[21] FIG. 3b illustrates a cross-sectional view of an embodiment of another three-

layer blister compaonent according to the present invention,

[22] FiG. 4a illustrates a cross-sectional view of an embodiment of a five-layer blister
component according to the present invention.

[23] FIG. 4b lllustrates & cross-sectional view of an embodiment of another five-layer
blister componert according to the present invention.

[24] FIG. 4e illustrates a cross-sectional view of an embodiment of ancther five-layer
blister component according to the present invention.

[25] FIG. 4d illustrates a cross-sectional view of an embodiment of ancther five-layer
blister component according to the present invention.

8
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[26] FiG. 5a illustrates a cross-sectional view of an embodiment of a seven-layer

blister component according to the present invention.

[27] FIG. 5b ilustrates a cross-sectional view of an embodiment of ancther seven-

layer blister component according 16 the present invention,

[28] FiG. 6 illustrates a cross-sectional view of one embodiment of a lidding
component according o the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[29]1 In sccordance with the practice of the present invention, a representative blister
package 10 as described herein is shown in FIGS. 1 and 2. Package 10 of the
present invention comprises a thermoformed blister component 11 and a hidding
component 12, the former provided with one or more thermoformed pockets 13
surtounded by sealed flange regions 14, Pocket 13 defines an individual

compartment for receiving a product 15, such as a tablet.

[30] In accordance with an important aspect of the present invention, the
thermoformed blister component 11 comprises a multilayer film. It will be
appreciated that film of thermoformed blisier component 11 may include any
number of film layers and film layer compaositions depending upon both functional
and assthetic requirements of the blister component. It is desirable that the
muitilayer thermoplastic film include one or more film layers which are barnier
materials and substantially chemically insert when in contact with a product. The
term “barrier” refers to a material that controls permeability of one or more
elements through a film structure including moisture, chemicals, heat, odor and
axygen or other gases. As it relates to the present invention, a barrier material
can be provided by a single film layer or multiple film layers acling individually or
i concert with each other, respectively. The phrase “substantially chemically
insert” refers {0 materials that generally are not reactive with the product with
which it comes into contact with and does not ieech chemical ingredients into the

9

110/300



[313

[32]

WO 2015/199637 PCT/US2014/041260

product with which it comes info contact. Preferably, thermoformed blister
component 11 comprises a multilayer film which provides an average water
vapor transmission rate of less than 0.500 g/fm?day or less than 0.250 g/im?/day
or less than 150 g/m¥/day or about 0.131 g/m?/day or about 0.110 g/m?day at
100° F {37.8° C) and 90% relative humidity having a thickness of about 10 mil
(254 micron) before being thermoformed. The aforementioned features of the
present invention may be achieved by a multilayer fiim comprising atieast 3 or 4

crborGor7or8orQor10or 1t or 12 or 13 or more layers.
THERMOFORMED BLISTER COMPONENT

As used hergin, the phrase “high density polysthylene” or "MDPE" refers to
homopolymers of ethylene that have densities of about 0.960 g/om® to about
0.970 gfcm3 as well as copolymers of ethylene and an alpha-clefin {such as 1-
butene or 1-hexene) that have densities of about 0.940 g/cm® to about 0.958
glem®. In contrast, a low density polyethylene (LDPE) generally has a density of
about 0.915 glem® to about 0.930 glem®. HDPE is inclusive of polymers made
with Ziegler or Phillips type calalysts and polymers made with single-site
metallocene catalysts. A non-imiting example of high densily polyethylene
includes Alathon® MB020 from Equistar Chemicals LP (Houston, Tex.). Other
specific non-limiting examples of HDPE include Alathon® L5885 available from
Equistar Chemicals LP (Houston, Tex); BExxonMoebil™ HDPE HD 7928530
available from ExxonMobil Chemical Company {Houston, Tex.); and
ExxonMaobil™ HDPE HD 7845.30 available from ExxonMobit Chemical Company

{Houston, Tex. )

As used herein, the phrase "nucleation additive” means a material that increases
high density polyethylene crystallinity as a resuit of #s incorporation into HDPE.
Such nucleation additives typically provide better control over crystallization
rates. Examples of nucleation additives include minerals such as chalk, talc,

clay, kaolin, silicates and the like, and organic agenis such as saits of aliphatic or
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aromatic carboxylic acids, aromatic salls, metallic salts of aromatic phosphorous
compounds, quinaridones, and aromatic amides. Further examples include zinc
giycerolate, calcium  glycerolate,  calcium hexahydrophthalate, zinc
hexahydrophthalate, salis and the hke, and mixiures thereof In one
embodiment, the nucleation additive comprises calcium hexahydrophthalate. In
one embodiment, the nucleation additive is present in sach interior layer of
HDPE from about 0.2% to about 3.5% by weight of the layer.

As used herein, the phrase "hydrocarbon resin’ refers 10 a product produced by
polymerization from coal tar, petroleum, and turpentine feed stocks, as defined
by 1SO Standard 472, "Plastics — Vocabudary" incorporated by reference herein
to the extent that it teaches hydrocarbon raesins, The hydrocarbon resin may be
present in an intenor or core layer of high density polyethylene from about 3% to
about 18% by weight of the layver. A hydrocarbon resin may comprise any of
those hydrocarbon resins disclosed in U.S. Pat. No. 8,432,496, issued Aug. 13,
2002, or in US Patent Application 2008/0286547, published Nov. 20, 2008, both
of which are incorporated in their entireties in this application by this reference.
More specifically, as a non-limiting example, the hydrocarbon resin may include
petroleum  resing, ferpene resing, styrene resins, cyclopentadiene resins,
saturated alicyclic resins or mixdures of such resins. Additionally, as a non-
fimiting example, the hydrocarbon resin may comprise hydrocarbon resin derived
from the polymerization of olefin feeds rich in dicyclopentadiene (DCPD), from
the polymerization of olefin feeds produced in the peircleum cracking process
{(such as crude Cg feed streams), from the polymenzation of pure monomers
{such as styrene, o-methylstyrene, 4-methyistyrene, vinylioluene or any
combination of these or similar pure monomer feedstocks), from the
polymerization of terpene olefins (such as a-pinene, B-pinene or d-imonene) or
from a combination of such. The hydrocarbon resin may be fully or partially
hydrogenated. Specific examples of hydrocarbon resins include but are not

fimited to Plastolyn™ R1140 Hydrocarbon Resin available from Eastman

11

112/300



[34]

[35]

WO 2015/199637 PCT/US2014/041260

Chemical Company (Kingsport, Tenn ), Regafite® T1140 available from Eastman
Chemical Company {(Kingsport, Tenn.), Arkon®™ P-140 available from Arakawa
Chemical industries, Limited {Osaka, Japan) and Piccolyte® S135 Polyterpene

Resins available from Hercules incorporated (Wilmington, Del.}

As used throughout this application, the term “polypropylene” refers o a
homopolymer or copolymer having a propyl or C-3 linkage between repeating
units. A non-limiting example of a suitable propylene copolymer is Propylene
4170 available from Total Petrochemicals USA, Inc. {(Houston, Tex.). Other non-
imiting examples of polypropylenes include Polypropylene 3287WZ, which s
available from Total Petrochemicals USA, Inc {Houston, Tex ), and HO2C-00
Polypropylene Homopolymer, which is available from Inecs Olefins & Polymers
USA {League City, Tex.)

As used throughout this application, the term "polyester” refers {0 a homopolymer
or copolymer having an ester linkage between repeating units which may be
formed, for example, by condensation polymerization reactions belwaen a
dicarboxylic acid and a diocl. The ester linkage can be represented by the general
formuta: [O-R-OC{C)-R-C{0)], where R and R’ are the same or different alky! (or
aryl} group and may be generally formed from the polymerization of dicarboxylic
acid and diol monomers containing both carboxylic acid and hydroxyl moieties.
The dicarboxylic acid {(including the carboxylic acid moieties} may be linear or
aliphatic {e.g., lactic acid, oxalic acid, maleic acid, succinic acid, glularic acid,
adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, and the like) or
may be aromatic or alkyl substituted aromatic {e.q., various isomers of phthalic
acid, such as paraphthalic acid (or terephthalic acid), isophthalic acid and
naphthalic acid), Specific examples of a useful diol include but are not limited to
ethylene glycol, propyiene glycol, trimethylene glycol, 1,4-butane diol, neopentyl
giveol, cyclohexane diol and the like. Polyesters may include & homopolymer or
copolymer of alkylaromatic esters including but not limited to polyethylene

12
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terephthalate (PET), amorphous polyethylene terephthalate (APET), crystalline
polyethylene terephthalate (CPET), glycol-modified polyethylene terephthalate
(PETG) and polyvbutylene terephthalate; a copolymer of terephthalate and
isophthalate including but not imited to polyethylene terephthalate/isophthalate
copolymer;, a homopolymer or copolymer of aliphatic esters including but not
timited to polylactic acid (PLA); polyhydroxyalkonates including but not limited to
polyhydroxypropionate, poly(S-hydroxybutyrate) (PH3B), poly(3-hydroxyvalerate)
{(PH2V}, poly(4-hydroxybutyrate) (PH4B), poly{4-hydroxyvalerate} (PH4V),
poly(S-hydroxyvalerate) (PH5V), poly(6-hydroxydodecanocate) (PHBD), and
blends of any of these materials. A non-limiting example of PETG is Eastar™
Copolyester 6763, which s also available from Eastman Chemical Company

{Kingsport, Tenn.).

As used herein, the term “polylactic acid” is used synonymously throughout this
disclosurs o describe homopolymers or copolymers having an ester linkage
between monomer units and can be represented by the general formula: [
OCH(R)C{Q)-}, where R=CHa. Polylactic acid may bs fabricated by polymerizing
factic acid, which is mostly produced from by carbchydrate fermentation of cormn.
Polylactic acid may be also produced by polymerization of lactide which oblained
by condensation of two lactic acid molecules. Polylactic acid has a glass
transition temperature of ranges from 50-80° C while the melling temperature
ranges from 130-180° C. Polylactic acid is known by those skilled in the art and
fully disclosed in U.S. Pat. Nos, 5,688,322, 5,142,023, 5,760,144, 5,593,778,
5807.973; and 5,010,145, the entire disclosure of each of which is heraby
incorporated by reference. Examples of commercially available polylactic acid
are sold under the trademark NatureWorks ™ PLA Polymer in grades 4031-D,
4032-D, and 4041-D from Cargill Dow LLC, Minneapolis, Minn., U S A

As used throughout this application, the term “polystyrene” or "PS” refers to a
homopolymer or copolymer having at least one styrene repeating linkage (such
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as benzene (i.e., CsHs) having an ethylene substituent) within the repeating
backbone of the polymer. The styrene linkage can be represented by the general
formula: [CHx-CHy (CeHs)ln.  Polystyrene may be formed by any method known
to those skilled in the art. Examples of styrenic polymers include but are not
fimited to high impact polystyrene (HIP8), general purpose polystyrene (GPPS)
and styrene block copolymer (SBC). HIPS is sometimes called rubber-modified
polystyrene and is normally produced by copolymerization of styrene and a
synthetic rubber. (See Wagner, et al., "Polystyrene.” The Wiley Encyclopedia of
Packaging Technology, Second Edition, 1997, pp. 768-771 {John Wiley & Sons,
Inc., New York, New York), which is incorporated in its entirety in this application
by this reference.) Examples of HIPS include but are not lmited to impact
Polystyrene 825E and Impact Polystyrene 945E, both of which are available from
Total Petrochemicals USA, inc, EB6025 Rubber Modidied High Impact
Polystyrene, which is available from Chevron Phillips Company {The Woodlands,
Texas);, and 6210 High Impact Polystyrene, which is available from ineos Nova
LLC {(Channahon, Hlinois). GPPS is often called crysial polystyrene, as a
referance to the clarty of the resin. Examples of GPPS include but are not
fimited to Crystal Polystyrene 5248 and Crystal Polystyrene 5258, both of which
are available from Total Petrochemicals USA, Inc. Styrene block copolymers
(SBC}Y include styrene butadiene copolymers (SB).  The styrene-butadiene
copolymers that are suitable for packaging applications are those resinous biock
copolymers that typically contain a greater proportion of styrene than butadiene
and that are predominantly polymodal with respect {0 molecular weight
distribution. (See Hartsock, “Styrene-Butadiene Copolymers,” The Wiley
Encyclopedia of Packaging Technology, Second Ekdition, 1987, pp. 3863-864
(John Wiley & Sons, Inc., New York, New York), which is incorporated in its
aentirety in this application by this reference.) A non-limiting example of SB is
DK13 K-Resin® Styrene-Butadiene Copolymer, which is available from Chevron
Phillips Chemical Company (The Woodlands, Texas).

14

115/300



[38]

[39]

WO 2015/199637 PCT/US2014/041260

It should be understood that the phrase “lie layer material” may include, but not
imited to, unmodified polyolefins such as polyethylenes and ethylene vinyl
acetate copolymers, unmodified ester copolymers such as ethylene acryiate
copolymers and ethylene methacrylate copolymers and unmadified ethylene acid
copolymers such as sthylene acrylic acid copolymers and blends thereof. Tie
layer materials may also include modified polyoiefing including, but not limited to
anhydride modified polyethylenes, maleic anhydride modified ethylene
elastomers, anhydride modified ethylene vinyl acetate copolymers, modified
ester copolymers such as anhydride modified ethylene acrylate copolymers,
modiied ethylene acid copolymers such as anhydride modified sthylene acrylic
acid copolymers and blends thereof. Tie layer materials may further include a
blend of an unmodified polyolefin or unmeodified ester copolymer or unmodified
ethylene acid copolymer and a modified polyolefin or maodified ester copolymer or

modified ethylene acid copolymer.

In one embpodiment as depicted in FIG. 3a, thermoformed blister component 11
comprises a multilayer palindromic film 100a comprising at least a three-laver
structure of a first exterior layer 101a, a central core laver 102a and a second
exterior fayer 103a. In this embodiment, first and second exterior layers 101a
and 103a comprise the same materials selected from the group consisting of
polyvinyichioride {(PVC) and polyvinylidene chiloride (PVdC). In another
embodiment represented in FIG. 3b, thermoformed blister component 11b
comprises a multilayer non-palindromic film 100b comprising at least a three-
layer structure of a first exterior layer 101b, a ceniral core layer 102b and a
second exterior layer 103b.  The first and second extierior layers 101b and 103b
comprise different materials where the first exterior layer 101b comprises a
polyvinyichioride (PVC) or a polyvinylideng chloride (PVdC), and the second
exterior laver 103b comprises comprising a material selected from the group
consisting of cyclic olefin copolymer (COC), polypropylene (PF), high impact
polystyrene (HIP3), general purpose polystyrene (GPPS), siyrene block
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copolymer (8BC), polysthylene terephthalate (PET), oriented polyethylene
terephthalate (OPET), amorphous polyethylene terephthalate {APET), glycol-
modified polyethylene terephthalate (PETG) and polylactic acid (PLA). in these
embodiments, the central core layer, 102a and 102b, each comprises a blend of
a high densily polyethylene, a high densily polyethviens nucleation additive
andfor a hydrocarbon resin (HDPE-Blend) or a high density polysthylens (HDPE)
and has a thickness of between 50 um 1o 406 um {2 mil to 16 mil).

These three-fayer embodiments described above may include, but are not limited
to the following layer sequences and general layer compostions: PVC / HDPE-
Bilend / PVC,; PVC / HDPE / PVC; PVdC / HDPE-Blend / PVAC; PVdC 7/ HDPE /
PVAC; PVC / HDPE-Blend 7 COC; PVC / HDPE-Blend / PP, PVC / HDPE-Blend /
HIPS; PVC 7/ HDPE / HIPS; PVdC / HDPE-Blend / HIPS;, PVdC / HDPE /
PVJC . PVC / HDPE-Blend / GPPS,; PVC f HDPE / GPPS,; PVdC / HDPE-Blend /
GPPS; PVdC / HDPE / GPPS; PVC / HDPE-Blend /7 8BC; PVC / HDPE 7 8BC;
PVAC / HDPE-Blend / §BC,; PVAC / HDPE 7 SBC, PVC 7/ HDPE-Blend / PET,;
PVC / HDPE 7 PET, PVdC f HDPE-Blend / PET; PVdC / HDPE 7/ PET,; PVC /
HDPE-Blend / OPET; PVC / HDPE / OPET, PVdC / HDPE-Blend  OPET,; PWVdC /
HDPE / OPET, PVC / HDPE-Blend / APET; PVC / HDPE 7 APET, PVdC f HDPE-
Blend / APET, PVVdC / HDPE / APET,; PVC / HDPE-Blend / PETG; PVC / HDPE-
Blend / PLA; PVdC 7 HDPE-Blend / COC; PVdC / HDPE-Blend 7 PP, PVdC /
HDPE-Blend / PETG; PVdC fF HDPE-Blend / PLA; PVdC / HDPE / COC; PVAC /
HDPE 7 PP, PVAC / HDPE / PETG; and PVdJC / HDPE / PLA

In another preferred embodiment, as depicted in FiG. 4a, thermoformed blister
component 11 comprises a multilayver palindromic film 200a comprising a five-
fayer structure of a first exterior layer 2014, a central core layer 202a, a second
exterior layer 203a and two tie layers 204a and 205a, each positioned between
an exterior layer and the central core layer. In this embodiment, first and second

exterior layers 101a and 103a comprise the same materials selected from the
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group consisting of polyvinylchioride (PVC) and polyvinylidene chioride (PVdC).
The central core layer, 202a, comprises a blend of a high density polysethylene, a
high density polysthylene nucleation additive and/or a hydrocarbon resin (HDPE-
Blend)}, or a high density polyethylene (HDPE)} and has a thickness of between
50 um to 408 um {2 mil to 16 mil). Each lie layer comprises a maleic anhydride
muodified ethylene elastomer. In another embodiment, thermoformed blister
component 11 comprises a multilayer non-palindromic film 200b illustrated in
FIG. 4b. In this embodiment, film 200b comprises the same film sequence and
fayer compositions as described for film 200a in FIG. 4a, except for the second
exterior layer 203b comprises a different material than the first exterior laver
which is selected from the group consisting of cyclic olefin copolymer (COC),
polypropylene {PP), high impact polystyrene (HIPS), general purpose
polystyrene (GPPS8), styrene block copolymer (8BC), polyethylene terephthalate
(PET), oriented polyethylene {erephthalate (OPET), amorphous polyethylene
terephthalate (APET), giveol-modified polyethylene terephthalate (PETG) and
polylactic acid {PLA).

In another preferred embodiment, as depicted in FIG. 4c, thermoformed blister
component 11 comprises a multitayer palindromic film 200c¢ comprising a five-
layer structure of a first exterior layer 201c, a central core layer 202a, a second
exterior layer 203¢c and two interior layers 204c and 205c¢, each positionad
between an exterior layer and the central core layer. In this embodiment, first
and second exterior layers 201¢ and 203¢ comprise the same materials sslected
from the group consisting of polyvinyichioride (PVC) and polyvinylidene chloride
{(PVdC}) The central core layer 202¢c may comprise any thermoplastic material
and preferably, comprises an ethylene vinyl acetate copolymer. The two interior
lavers, 204c¢ and 208¢, each comprises a blend of a high density polyethylene, a
high density polyethyilene nucleation additive and/or hydrocarbon resin (HDPE-
Blend), or a high density polyethylene (HDPE) and has a thickness of between
38.1 pm 1o 1805 um {1.5 mil to 7.5 mil). In another embodiment, thermoformed
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blister component 11 comprises a multilayer non-palindromic film 200d illustrated
in FIG. 4d. In this embodiment, film 200d comprises the same film sequence and
layer compositions as described for film 200¢ in FIG. 4¢, except for the second
exierior layer 203d comprises a different material than the first exterior layer
which is selected from the group consisting of cyclic olefin copolymer {(COC)H,
polypropylene (PP}, high impact polystyrene (HIPS), general purpose
polystyrene (GPPS), styrene block copolymer (SBC), polysthylene terephthalate
(PET), oriented polyethylene terephthalate (OPET), amorphous polyethylene
terephthalate (APET), glycol-modified polyethylene terephthalate (PETG) and
polylactic acid {PLA).

These five-layer embodiments described above may include, but are not limited
to the following laver sequences and general layer compositions: PVC / tie /
HDPE-Blend / tie / PVC,; PVC / tie f HDPE / tie / PVC; PVdC / tie / HDPE-Blend /
tie / PVdC, PVdC / tie/ HDPE / tie / PVAC; PVC / tie / HDPE-Blend / tie / COC;
PVG ftie ! HDPE-Blend / tie 7 PP, PV(C / tie / HDPE-Blend / tie / HIPS; PVC /f tie/
HDPE / tie / HIPS, PVAC / tie / HDPE-Blend [ tie / HIPS, PVdC /tie/ HDPE / tie/
HIPS; PVC / tie / HDPE-Blend / tie / GPPS,; PVC / tie  HDPE / tie f GPPS; PVdC
/ tie / HDPE-Blend / tie / GPPS; PVdC 7/ tie / HDPE / tie / GPPS;, PVC / tie /
HDPE-Blend / tie / SBC,; PVC /tie / HDPE / tie / SBC; PVdC / tie f HDPE-Blend /
tie / SBC; PvdC ftie / HDPE / tie / SBC, PVC / tie / HDPE-Blend / tie f PET; PVC
ftie f HDPE / tie / PET, PVdC / tie / HDPE-Blend / tie / PET, PVdC / tie / HDPE/
tie / PET, PVC / tie / HDPE-Blend / tie / OPET,; PVC / tie {f HDPE / tie / OPET,
PVdC / tie / HDPE-Blend / tie / OPET, PVdC /tie / HDPE / tie / OPET, PVC / tie/
HDPE-Blend 7 tie / APET, PVC [ tie / HDPE / tie / APET, PVdQC ! tie / HDPE-
Blend / tisa ] APET, PVdC ftie / HOPE /tie f APET ; PVC / tie f HDPE-Blend / tie /
PETG; PVC / tie / HDPE-Blend / tie / PLA; PVdC / tie / HDPE-Blend / tie / COC,;
PVdC / tie / HDPE-Blend / tie / PP; PVdC / tie / HDPE-Blend / tie / PETG; PVdC /
tie /f HDPE-Blend / tie / PLA, PVdC / tie / HDPE / tie { COC; PVAC / tie / HDPE /
tie / PP; PVdC / tie  HDPE / tie / PETG; and PVdAC / tie / HDPE / tie / PLA.
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Those skilled in the art will recognize that a tie layer material may not be needed
to bond a cyclic olefin copolymer (COC) to a high density polyethyiene.
Therefore, while the above examples iflusirate symmetrical film structures having
at least five layers, a tie layer between cyclic olefin copolymer (COC) and high
density polyethyilene may be omitted and thus, four-laver film structures can be
formed as well.

In another preferred embodiment, as depicted in FIG. 5a, thermoformed blister
component 11 comprises a multilayer palindromic film 300a comprising a seven-
layer structure of a first exterior layer 301a, a central core layer 302a, a second
axterior laysr 303a and iwo interior layers 304a and 305a, each positioned
between an exterior layer and the central core layer, and twao tie layers 306a and
307a, each positioned between an exterior layer and the central core layer. The
two interior layers 304a and 3058a, sach comprises a blend of a high density
polyethylene, a high density polyethylene nucleation additive and/or hydrocarbon
resin (HDPE-Blend), or a high density polyethylene (HDPE)} and has a thickness
of between 38.1 um 1o 180.5 um (1.5 mil to 7.5 mil). in this embodiment, first
and second exterior lavers 301a and 303a comprise the same materials selected
from the group consisting of polyvinyichioride (PVC) and polyvinylidene chloride
(PVdC}). The central core layer 302¢ comprises any thermoplastic material and
preferably, comprises an ethylene vinyl acstate copolymer. Each tie layer
comprises a maleic anhydride modified ethylene elasiomer. in  ancther
embodiment, thermoformed blister component 11 comprises a multilayer non-
palindromic film 300b illustrated in FIG. 5a. in this embodiment, film 300b
comprises the same film sequence and fayer compositions as described for film
300a in FIG. 5a, except for the second exterior layer 303b comprises a differant
material than the first exterior layer which is selected from the group consisting of
cyclic olefin copolymer {COC), polypropylene {PP), high impact polystyrene
(HIPS), general purpose polystyrene (GPPS), styrene block copolymer (8BC),
polyethylene terephthalate {PET), criented polyethylene terephthalate {OPET),
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amorphous polyethylene terephthalate (APET), glycol-modified polyethylene
terephthalate (PETG) and polylactic acid (PLA).

These seven-layer embodiments described above may include, but are not
limited to the following layer sequences and general layer compositions: PVC /
tie / HDPE-Blend / EVA / HDPE-Blend / tie / PVC; PVC / tie /| HDPE 7/ EVA /
HDPE / tie / PVC; PVJC / tie / HDPE-Blend / EVA / HDPE-Blend / tie / PVdC;
PVdC / tie / HDPE / EVA / HDPE / tie / PVdC, PVC / tie / HDPE-Biend / EVA /
HDPE-Blend / tie / COC, PVC / tie / HDPE-Blend / EVA / HDPE-Blend / tie / PP;
PVC / tie / HDPE-Blend 7 EVA / HDPE-Blend / tie / HIPS,; PVC / tie / HDPE 7 EVA
[ HDPE / tie / HIPS; PVdC / tie / HDPE-Blend / EVA / HDPE-Blend / tie / HIPS;
PVdC / tie f HDPE 7/ EVA / HDPE / tie / HIPS; PVC / tie /f HDPE-Blend / EVA /
HDPE-Blend / tie / GPPS; PVC / tie / HDPE / EVA / HDPE / tie / GPPS; PVdC /
tie / HDPE-Blend / EVA 7/ HDPE-Blend / tie / GPPS; PVdC / tie /f HDPE / EVA/
HDPE / tie / GPPS; PVC / tie / HOPE-Blend / EVA / HDPE-Blend [ tie / SBC;
PVG / tie / HDPE 7 EVA / HDPE [/ tie / 8BC, PVAC / tie / HDPE-Blend / EVA /
HDPE-Biend / tie / SBC; PVdC / tie / HDPE / EVA / HDPE /tie / SBC; PVC /tie /
HDPE-Blend / EVA / HDPE-Blend / tie / PET; PVC / tie / HDPE / EVA / HDPE /
tie { PET: PVdC / tie / HDPE-Blend / EVA / HDPE-Blend 7 tie / PET, PVAC / tie /
HDPE / EVA / HDPE / tie / PET; PVC / tie / HDPE-Blend / EVA / HDPE-Blend /
tie / OPET, PVC / tie /f HDPE / EVA / HDPE / tie 7 OPET,; PVdC / tie / HDPE-
Blend / EVA / HDPE-Blend / tie / OPET; PVdC { tie / HDPE / EVA / HDPE / tie /
OPET, PVC / tie / HDPE-Blend 7 EVA 7 HDPE-Blend / tie / APET, PVC / tie /
HDPE / EVA / HDPE / tie / APET, PVdC / tie / HDPE-Blend / EVA / HDPE-Blend
! tie / APET, PVdC / e / HDPE / EVA | HDPE / tie 7 APET, PVC / tie / HDPE-
Blend / EVA / HDPE-Blend / tie /f PETG: PVC / tie f HDPE-Blend / EVA / HDPE-
Blend / tie / PLA; PVC /tie / HDPE / EVA / HDPE f tie / COC;, PVC { tie / HDPE /
EVA / HDPE / tie 1 PP; PVC / tie / HDPE / EVA / HDPE /tie / PETG; PVC ftie /
HDPE / EVA/ HDPE / tie / PLA; PVAC / tie / HDPE-Blend / EVA / HDPE-Blend /
tie / COC; PVdC / tie / HDPE-Blend / EVA / HDPE-Blend / tie / PP; PVdC / tie /
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HDPE-Blend / EVA / HDPE-Blend / tie / PETG; PVdC / tie / HDPE-Blend F EVA/
HDPE-Blend / tie / PLA, PVdAC / tie / HDPE F EVA /HDPE / tie } COC; PVAC  tie /
HDPE /{ EVA/ HDPE / tie / PP, PVdC / tie /f HDPE / EVA / HDPE / tie / PETG;
PVdC / tie  HDPE / EVA /T HDPE f e / PLA

[47] I should be understood that in the examples described above, when a layer
comprising a blend of a high density polyethylene, a high density polyethylene
nucleation additive andfor hydrocarben resin (HDPE-Blend), or a high density
polyethylene (HDPE) is in direct contact with a layer comprising cyclic olefin
copolymer {COC), the tie layer may not be required to bond these materials

together, and thus structures having fewer tie layers may be created.

[48] it should be understood that in the above-described generic embodiments, the

thermoformed blister component may include additional film layers.

[49]1 The total thickness of multilayer films of the thermoformed Dblister component 11
of the present invention is generally from about 12.7 um (8.5 mil) to about 508
um (20 mit), typically from about 50.8 um (2 mil) to about 254 um (10 mil), most
typically from about 76.2 um {3 mil) to about 203.2 pm {8 mil}.

[50] In accordance with the practice of the present invention, cne embodiment of a
fidding component 12 of the present invention is depicted in FIG. 5. In this
embodiment, lidding component 12 comprises a laminate 400 having a first
exterior layer 401, and a second exterior layer 402 Preferably, first exterior layer
401 comprises a metal foil such as aluminum, and second exterior 402
comprises adhesive material such as an acrylic coating which is heat sealable to

polyvinyichioride (PVC)} and polyvinylidene chioride (PVAC).

[81] The blister packages of the present invention can be manufaciured using
methods known in the art. Generally, the blister cavities are thermoformed from
the blister components of the present invention in-line just prior o filling the
cavities with a product to be packaged. The lidding component is then unwound

21

122/300



[52]

WO 2015/199637 PCT/US2014/041260

from a roll and brought into contact with the formed and filled blister component
such that the heat-seal layer of the lidding component contacts the blister
component. The lidding and blister components are heat sealed, typically using
a heated platen. Some areas of the package may not be sealed to provide a
starting point for peeling off the lidding component prior to removing the product.
If the lidding component is not pre-printed, printing is generally done just before
heat sealing. After heat-sealing, the individual blisiers may be perforated using

methods known is the art so that they can removed at point of use.

The above description and the following examples diustrate certain embodiments
of the present invention and are not 1o be interpreted as limiting. Selection of
particular embodiments, combinations thereof, madifications, and adaptations of
the various embodiments, conditions and parameters normally encountered in
the art will be apparent to those skilled in the art and are deemed to be within the

spirit and scope of the present invention.
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A blister component for a blister package, comprising:

a multilayer thermoplastic film comprising:

iR

first exterior layer comprising a polyvinylchloride (PVC) or a
polyvinylidene chloride (PVdC);

a ceniral core layer comprising a blend of a high density
polyethylene and a high density polyethylene nucleation additive;
and

a second exterior layer comprising & matenal selected from the
group consisting of polyvinyichloride (PVC}, polyvinvlidene chloride
(PVAC), cyclic olefin copolymer {COC), polypropyiene (PP}, high
impact polystyrene (HIFS8), general purpose polystyrene (GPPS),
styrene bilock copolymer (SBQC), polyethylene terephthalate (PET),
griented  polyethylene  terephthalaie (OPET}, amorphous
polvethylene terephthalate (APET), glycol-modified polyethviene
terephthalate (PETG) and polylactic acid (PLA).

A companent according to claim 1, wherein the central core layer comprises a

hydrocarbon resin.

A blister component for a blister package, comprising:

a multilayer thermoplastic film comprising:

a first exterior layer comprising a polyvinyichioride or a

polyvinylidene chloride,;
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a central core layer comprising a high density polyethylens and has
a thickness of between 50 pm {0 406 um (2 mil to 16 mil); and

a second exterior layer comprising a material selected from the
group consisting of polyvinyichloride (PVC), poelyvinylidene chioride
(PVdC), cyclic olefin copolymer {COC), polypropylene (PP}, high
impact polystyrene (HIPS), general purpose polystyreng (GPPS),
styrene block copolymer (SBC), polysthylene terephthalate (PET),
oriented  polyethylene terephthalate {(OPET), amorphous
polyethylene terephthalate (APET), glycolmodified polvethylene
terephthalate (PETG) and polylactic acid (PLA).

A component according to claims 1 to 3, wherein the multilayer thermaoplastic fim

comprises two interior layers each comprising a tie layer material

A component according to claim 4, wherein each of the two interior layers are in

direct contact an exterior laver.

A component according to claim 4, wheregin each of the two interior layers are in

direct contact the central core laver.

A component according to claim 4, wherein the two interior layers each comprise

a maleic anhydride modified ethylene elastomer.
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A component according to claims 1 {o 3, wherein the central core layer has a

thickness of at least 40% of the total thickness of the multilayer thermoplastic film

A component according to claims 1 to 3, wherein the central core layer has a
thickness of at least 45% of the {otal thickness of the mullilayer thermaoplastic
film.

A component according to claims 1 to 3, wherein the central core layer has a
thickness of at least 50% of the total thickness of the multilayer thermoplastic
film.

A component according to claims 1 {o 3, wherein the central core layer has a
thickness of at least 55% of the lotal thickness of the multiayer thermogplastic

fidm.

A component according o claims 1 1o 3, wherein the ceniral core layer has a
thickness of at least 60% of the iotal thickness of the multiltayer thermoplastic

fitmy,

A component according to clams 1 {o 3, wherein the central core layer has a
thickness of at least 65% of the total thickness of the multitaver thermoplastic

film.
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A component according to claims 1 {o 3, wherein the central core layer has a

thickness of at least 75% of the total thickness of the multilayer thermoplastic

fitm.

A component according o claims 1 to 3, wherein each exterior laver has a

thickness of less than 127 um (5 mii).

A component according to claim 15, wheresin each exterior layer has a thickness

of between 19 pum {0 50 um {0.75 mil to 4 mil).

A blister component for a blister package, comprising:

a multilayer thermoplastic fitm comprising:

a first exterior layer comprising a polyvinyichioride (PVC) or a
polyvinylidene chioride (PVAC); and

a first interior layer comprising & blend of a high density
polyethylene and a high density polyethyiene nucleation additive;

a central core layer;

a second interior layer comprising a blend of a high density
polyethwlene and a high density polyethylene nucleation additive;
and

a second exterior layer comprising a material selected from the
group consisting of polyvinyichloride (PV(Q), polyvinylidene chloride
{PVdC), cyclic olefin copolymer (COQG), polypropylene (PP}, high
impact polystyrene (HIPS), general purpose polystyrene (GPPS),
styrene block copolymer (SBC), polyethylene terephthalate (PET),
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oriented  polyethylene  terephthalate (OPET), amorphous
polyethylene terephthalate {(APET), glycol-modified polyethylene
terephthalate (PETG) and polylactic acid (PLA).

A blister component according to claim 17, wherein the first and second interior

layer each comprises a hydrocarbon resin.

A blister component for a blister package, comprising:

a multilayer thermoplastic film comprising:

a first exterior layer comprising a polyvinyichioride (PVC) or a
polyvinylidene chioride (PVAC);

a first interior layer comprising a high density polyethylene and
having a thickness of between 381 um 0 12805 um (1.5 milto 7.5
mi)

a core layer;

a second intenior layer comprigsing a high density polyethylene and
having a thickness of between 381 um 0 1805 um (1.5 miftc 7.5
mily and

a second exterior layer comprising @ material selected from the
group consisting of polyvinyichioride (PVC), polyvinylidene chloride
(PVAC), cyclic olefin copolymer (COC), polypropylene (PP}, high
impact polysiyrene {HIPS), general purpose polysiyrene (GPPS),
styrene block copolymer (SBC), pelyethylene terephthalate (PET),
oriented  polyethylene  terephthalate (OPET), amorphous
polyethylene terephthalate (APET), diycol-moedified polyethylene
terephthalate (PETG) and polylactic acid {PLA).
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A component according to claims 17 to 19, wherein the multilaysr thermoplastic
film comprises a first tie layer and a second tie layer each comprising a tie layer
material, wherein the first tie layer is positionad between the first exterior layer
and the first interior layer, and the second tie layer is positioned between the

second exterior layer and the second interior layer.

A component according fo claims 17 to 19, wherein the first exterior layer has a
thicknass of less than 127 um (5 mil), and more preferably, between 19 um to 80
um {0.75 mil to 4 mul).

A component according o claim 21, wherein the first extenor layer has a

thickness between 19 um 1o 50 pm (0.75 mil {© 4 mil).

A component according to claim 20, wherein the first tie layer is in direct contact
with both the first exterior layer and the first interior layer,

A component according to claim 20, wherein the second tie layer is in direct

contact with both the second exierior layer and the second interior layer.

A component according to claim 20, wherein the first tie layer and the second tie

layer each comprise a maleic anhydride modified ethylene elastomer.
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A component according o claims 1 to 19, wherein the central core laver
comprises a high density polyethylene having a density of at ieast about 0.96

glem”.

A componernt according {o claims 1 {0 18, wherein the cyclic olefin copolymer is
formed from norbornene and ethylene monomers,

A component according to claims 1 to 19, wherein the cyclic olefin copolymer has
a heat deflection temperature under load {0.45 MPa) of about 75° C,

A component according to claims 1 to 18, wherein the cyclic olefin copolymer has

a heat deflection temperature under load {0.45 MPa) of about 130° C.

A component according to claims 1 to 18, wherein the cyclic olefin copolymer has
a heat deflection temperature under load {0.45 MPa) of about 150° C.

A component according to claims 1 to 18, wherein tha cydlic olefin copolymer has
a heat deflection temperature under load (0.45 MPa) of about 170" C.

A component according to claims 1 to 19, wherein the multilayer thermogplastic

film comprises at least 5 layers.
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CHEMICALLY-RESISTANT BARRIER FILM
BACKGROUND OF THE INVENTION

The present invention relates generally o primary packaging and more
particularly, to multilayer high moisture barrier laminates for use as a chemically-

rasistant barrier film.

The food, beverage, and pharmaceutical industries have high demand for
packages with characteristic high barrier to gases, water vapor and flavors, while
maintaining durability. For this reason, flexible multilayer polymeric film is
commonly used in a varnety of packages and decorative applications. Regardless
of the type of product stored in the package, it is necessary that the package be
capable of containing the product without the film degrading due to the type of
product. in some instances where metallic foil or metallized film is used as a
barrier against air and moisture, it can be difficull to maintain the packaging film's
integrity when solvents, halogens or strong acids and bases are present in the
product. For exampie, commonly used topical antiseptic products contain
isopropyl or ethyl alcohol, povidone iodine, poloxamer jodine, benzalkonium
chioride, benzethonium chloride, or chlorhexidine gluconate as a single agent or
in combination with alcohol. Food condiments such as mustard, ketchup, and
horseradish typically include acetic, citric and/or formic acid as an ingredient.
Those skilled in the art recognize that halogens, acids and bases can slowly
destroy the barrier properties of a film by attacking the metal layer directly or by
affecting the adhesion of the metal layer to other film layers. As a resull, there is
a need to develop packaging materials having a layver of metallic foil or metallized
film which provides high oxygen and/or moisture barrier properties and which can
withstand the corrosive effects of products containing solvents, halogens or acids

and bases.

146/300



[03]

[04]

WO 2016/076844 PCT/US2014/065133

Those skilled in the art will recognize that conventional film laminates commonly
used in the healthcare packaging industry require multiple layers of biaxially
oriented polyathylene terephthalate {OPET) which act as & chemical barrier to
aggressive solvents and other chemicals. The metal foil layer and its adjacent
fayers of such laminates need io be protecled against the ingress of these
aggressive chemicals which could minimize or destroy the adheasion between
these lavers and ultimately affect the barrier properiies of the laminate.
Consequently, the method of making these conventional laminates is complex
and costly because the foil layer and gach of the OPET layers require a separate
lamination operation in order o fabricate the final laminate structure. Therefore,
it would be highly desirable to provide high oxygen and/or high moisture barter
film laminates which can withstand the aggressive chemical effects of solvents,
halogens or acids and bases without the need for multiple layers of biaxially

oriented polyethylene terephthalate (OPET).
SUMMARY OF THE INVENTION

The present invention is directed to flexible chemically-resistant bamier laminates
for packaging a product. The product may be a foodstuft, a personal health care
product, a pharmaceutical product, an industrial product or an agricultural
product. The laminate includes a first exterior layer comprising a thermoplastic
film or paper, a second exierior layer comprising a heat sealable material, a first
interior layer comprising metallic foil or metallized polymer material, and a
second ierior iayer positioned between the first interior layer and the second
exterior laver; wherein the second interior layer comprises a cyclic olefin
copolymer. An imporiant aspect of the present invention is relative positioning of
the gyclic olefin copolymer layer with respect {0 other film layvers of the laminate.
The inventors have discovered that the layer of cyclic olefin copolymer can act as
a chemical barmgr to some subsiances that may migrate from the product
through the film to the metallic foil or metallized film layer and cause undesirable

2
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degradation of the barrier properties of the metallic foil or melallized film andior
undesirable delamination to adjacent layers. This in ttrn means that the gyclic
olefin copolymer layer must be positioned between the sealant layer which is
exposed to the product and the layer of metallic foil or metallized film. The cyclic
olefin copolymer (COQC) may be any copolymer having at least one norbornene
structural moiety within the repeating backbone of the polymer. Typical cyclic
olefin copolymers include both norbormnene and olefin structural moisties.
Preferably, the COUC is a copolymer of ethylene and Z-norbornene.  Suitable
COQCs for use in the present invention may have a heat deflection temperature
under load (0.45 MPa) of about 75° C, or 130° C, or 150° C, or 176° C.
Exemplary of commaercially avaiable cyclic olefin copolymers include, but are not
limited to, the TOPAS® family of resins which is supplied by TOPAS Advanced
Polymers, Inc. {Florence, KY, USA}

Another important aspect of the present invention is that the laminates have
sufficient flexibility to permit the fabrication of flexible pouches, bags and the like
on conventional packaging equipment such as for example, but not limited to
vertical form-fill-seal or horizontal form-fill-seal manufacturing equipment. A
precondition for such flexibility is that the laminates should exhibit a bending
resistance (or stiffness) of between 51.4 and 177 Gurley Units {(0.50 and 1.74
miNewlon) in either the machine andf/or transverse direction. Industry standards
for measuring the bending resistance {(or stiffness) adopted by the Technical
Association of the Pulp and Paper Indusiry {TAPPI) can be used to characterize
the bending resistance of the laminates of the present invention. Bending
resistance can be measuwred in accordance with T 543 TAPP! test method. For
example, the Gurley Sliffness value can be measured via a Gurley Stiffness
Tester, manufactured by Gurley Precision instrumaents of Troy, N.Y. The Gurley
Stiffness Tester measures the externally applied moment required to produce a
given deflection of a strip of material of specific dimensions fixed at ong end and

having a concentrated load applied {o the other end. The resulls are obtained as

3
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“Gurley Stiffness Units”, which can be readily converled into force unils,

mNewton {mN} by multiplying the *Gurley Stiffness Units” by 9.807 x 107

Stit another important aspect of the present invention is that the laminates
provide a barrier {0 the oulside environment for products packaged within these
laminates. The term “barner” refers o laminates having an oxygen gas
transmission rate of between 0 to 10.0 cm®/100 in¥/24 hours (0 to 155 cm¥m?124
howrs) at 73° F (23° C) and 0% relative humidity and/or a water vapor
transmission rate of between 0 to 0.1 g/100 in*/24 hours (0 to 1.55 g/m¥/24
hours) at 100° F {38° ) and 90% relative humidity.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention will become apparent
from the following detailed description, taken in combination with the appended

drawings, in which:

FIG. 1 illustrales a schematic view of one preferred embodiment of a lammnate
according to the present invention.

FIG. 2 illustrates a schematic view of another preferred embodiment of a

laminate according to the present invention.

FIG. 3 dlustrates a schematic view of another embodiment of a laminate
according to the present invention.

FHG. 4 ilustrates a schematic view of sl another embodiment of a laminate

acoording to the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Refernng now more particularly to FIG. 1 of the drawings, a preferred

embodiment of laminate 10 embodying the present invention is shown having at

4
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least four layers. The laminate 10 has a first exterior surface 10a and a second
exterior surface 10b, and comprises a first layer 11 comprising a heat sealable
material, a second layer 12 comprising a cyclic olefin copolymer, a third layer 13
comprising metallic foil or metallized polymer material, and a fourth layer 14
comprising a thermoplastic film or paper. As can be seen, the first layer 11 forms
the first exterior surface 10a and the fourth layer 14 forms the second exterior
surface 10b of laminate 10. Second layer 12 is positioned between first layer 11
and third layer 13. In this embodiment, laminate 10 may include more layers
than depicted and may include any number of film layers and fim layer
compositions depending upon hoth functional and aesthetic requirements of the
laminate. For example, the thermoplastic film of fourth layer 14 may itself be a
muttilaver film having 2, 3. 4, 5, 6, 7 or more layers. Alternatively, the first layer
11 may include a multilayer film with the proviso that there s a second layer 12
containing a cyclic olefin copolymer disposed between it and the metallic foil or
metallized polymer film of third fayer 13.

First faver 11 comprising a heat sealable material may be any thermoplastic
material which forms a fusion or peelable fusion seal o itself or a similar material
under pressure and heat. Such material may include, but is not limited to,
homopolymers and copolymers of polyethylena such as low density polyethylene
(LDPE), near low density polyethylene {(LLDPE), very low density polyethylene
(VLDPE), ultra-low density polyethyiene (ULDPE), ionomers and blends thereof.
Fist layer 11 may also include copolymers of ethylene with one or more
comonomers selected from C; 1o Cyy alpha-olefins such as propense, butene-1,
hexene-1, octene-1, etc. in which the molecules of the copolymers comprise long
polymer chains with relatively few side chain branches arising from the alpha-
olefin which was reacted with ethylene. Heat sealable materials may ailso
include ethylene vinyl acetate copolymers, ethylene acrylic acid copolymers,
asthylene methacrylic acid, ethylene methacrylate copolymers and blends thereof.

Heal sealable materials may even further include certain grades of cyclic olefin

5
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copolymers. in one preferred embodiment, first layer 11 has a total thickness of
at least 254 pym {1 mil). In ancther preferred embodiment, first layer 11 has a

total thickness of about 50.8 m {2 mil}.

The second layer 12 comprises a cyclic olefin copolymer. Ethylenemorbornene
copolymers are known commercially as cyclic olefin copolymaers, *COC,” with one
or more different cyclic olefin units randomiy or altemalely altached 1o the
ethylene polymer backbone. in general, COCs exhibit a high glass transition
{emperature (greater than 50° Q), optical clarity, low heat shrinkage, low moisture
absorption and low birefringence. These materials have been produced by a
number of polymerization techniques which include chain polymerization of cyclic
monomers such as 8, 9, 10-trinorbom-2-ene (norbormene) of 1, 2, 3, 4, 43, 5, §,
8a-octa-hydro-1, 4.5, 8-dimethancnaphthalene {{etracyclododecene) with ethane;
or ring-opening  metathesis  of various c¢yclic monomers  followed by
hydrogenation. U is also confempiated that secand layer 12 may comprise g
blend of COC and another thermoplastic material such as, bul not limited o
homopolymers and copolymars of polyethylene.

Third layer 13 may comprise any metallic foll such as, bul not limited fo,
aluminum, tin, copper and the like. These malerials are well known in the art.
Alternatively, third layer 13 may include a metallized polymer layer. Any
conventional metallization technigue known to those skilled in the art can be
used {o form a metallized polymer {ayer. An especially preferred metallization
{echnique is vacuum deposition wherein the metal is vacuum evaporated and
then deposited onto the polymer layer. (See, Willlam Goldie in Mefallic Coaling of
Plastics, Vol. 1, Electrochemical Publications Limited, Chap. 12 {1968}, the
disclosure of which is incorporated herein by reference in its entirety.) A metal
may be preferably deposiled onto a polymer fayer by vapor deposition
techniques, typically by applying the molten metal under vacuum by such

techniques as electron beam evaporation, sputtering, induction heating, or
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thermal svaporation. A particularly specific technique for metallization is by
electron beam vacuum evaporation deposition methods. Preferred values for the
average thickness of the metal are within the range of about 1.0 to 100
nanometers, with the preferred average thickness being within the range of about
3 to 25 nanometers. (1 micron equals 107 meters, and 1 nanometer equals 10°°
maters.) Regardiess, the metal coating preferably has a thickness less than the
polymer substrate on which it is deposited, preferably substantially less than said
substrate. It is contemplated that the metallized polymer layer can also include

a metal oxide such as but not imited to aluminum oxide.

The thermoplastic film of fourth layer 14 may include, but is not limited to,
aromatic polyesters such as, but not limited to, polyethylene terephthalate (PET),
oriented polyethylene terephthalate (OPET), amorphous polyethylene
terephthalale {(APET), glveobmodified polyethviene terephthalate (PETG),
aliphatic polyesters such as, but not limited to, polviactic acid {(PLAY
polvhydroxyalkonates including but not fimited {o polvhydroxypropionate, polv(3-
hydroxybutyrate) {PH3B]), poly{3-hydroxyvalerate) {PH3V}, poly{4-
hydroxybutyrate) {PH4B), poly{4-hydroxyvalerate) {(PH4V}, poly{5-
hydroxyvalerate) (PHSV), poly(6-hydroxydodecanoate) (PHEBD), or polyamides
such as, but not limited to, oriented and unoriented nylon 8, nylon 86, nylon 6/66
and blends thereof, polystyrenes such as, but not limited to, high impadt
polystyrena (HIPS), general purpose polystyrene {(GPPS8), and styreng block
copolymer (SBC). HIPS is sometimes called rubber-modified polysiyrene and is
normally produced by copolymerization of styrene and a synthetic rubber. {See
Wagner, et al,, “Polystyrene,” The Wiley Encyclopedia of Packaging Technology,
Second Edition, 1897, pp. 768-771 (John Wiley & Sons, Inc., New York, New
York), which is incorporated in #s entirety in this gpplication by this reference.)
Examples of HIPS include but are not limited fo Impact Polystyrene 825E and
impact Polystyrene 945E, both of which are available from Tolal Petrochemicals
USA, Inc.; EBGBO25 Rubber Modified High Impact Polystyrene, which is available

7
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from Chevron Phithps Company (The Woodlands, Texas); and 8210 High impact
Polystyrene, which is available from ineos Nova LLC (Channahon, Hlinois).
Alternatively, the thermoplastic film may comprise a polyolefin such as
polyethylene including, but not limited o, high density polyethylene (HDPE],
medium density polyethylene (MDPE), low density polyethylene (LDPE)}, linear
low density polyethylene (LLDPE), very low density polyethylene (VL.LDPE), ultra-
low density polyethylene (ULDPE) and blends thereof, or polypropylene and
blends thereof. A non-limiting example of high density polyethylene includes
Alathon® MB020 from Equistar Chemicals LP (Houston, Tex.). Other specific
non-limiting examples of HDPE include Alathon®™ MB020 available from Equistar
Chemicals LP (Houston, Tex.);, Alathon® L5885 available from Equistar
Chemicals LP {Houston, Tex.);, ExxonMobil™ HDPE HD 7925.30 available from
ExxonMobit Chemical Company {Houston, Tex.); and ExxonMobil™ HDPE HD
7845.30 gvailable from ExxonMobil Chemical Company (Houston, Tex ). In one
preferred embodiment, the thermoplastic film is uniaxially oriented.  In another
preferred embodiment, the thermoplastic film is biaxially oriented.

In contrast to a thermoplastic film, fourth layer 14 may alternatively comprise
paper. Those skilled in the art can differentiate paper from paperboard based on
a variety of different characteristics. For example, generally paper s composed
of a single layer and has an area weight of less than 224 g/m®, preferably less
than 224 g/m’, more preferably, less than 100 g/m”, and most preferably, less
than 50 g!mz. in contrast to paper, paperboard usually consists of two or three
layers and has an area weight of 224 g/m” or more. Typically, most papers have
a thickness of between 2.54 and 254 pm (0.1 and 10 mil), while paperboard is
generally thicker than paper having a thickness of at least 305 um (12 mil).
Suitable papers for use in the present invention include, but are not limited to
Kraft paper, medical grade paper, bleached paper, vegetable parchment, water,
grease and oil-resistant paper, waxed paper, specialiy-treated paper, wet-

strength paper, absorbent paper, tissue paper and coaled paper. (See Brody, e

8
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al., “Paper” and “Paperboard”, The Wiey Encyclopedia of Packaging
Technology, Second Edition, 1987, pp. 714-723 (John Wiley & Sons, inc., New
York, New York), which is incorporated in its entirety in this application by this
reference.) Specific non-limiting examples of commercially available papers for
use in the present invention include Duncote it HG high gloss calendared family

of paper manufactured by Dunn Corporation {Port Huron, M}

Referring now to FIG. 2, there is shown a preferred embodiment of a six-layer
laminate 20 which has the same layer compositions described above for laminate
10 and ilustrated in FIG. 1, but also includes a fifth layer 15 a sixth layer 18.
L.ayers 18 and 186 are positioned on either side of the third layer 13 and adheres
the foil or metallized polymer layer within the laminate structure.  Accordingly,
each of layers 15 and 18 may comprise an adhesive material or an extrusion
lamination material such as, but not limited {0 ethylene acrylic acid copolymer, a
polyurethane adhesive, and polyethyviene including low density polysethylens and
linear low density polyethylene or blends thereof.

As shown in FIG. 3, there is illustrated a seven-layer preferred embodiment of a
laminate 30 of the present invention. Laminate 30 includes the same layer
compositions described above for laminate 20 and illustrated in FIG. 2, but
further includes a seventh layer 17. As depicted, seventh fayer 17 is disposed
between fourth layer 14 and sixth layer 18. Layer 17 may include a polysthylene
such as, but not imited to as low density polyethylene (LDPE), linear low densily
polyethylene (LLDPE), very low density polyethyiene (VLDPE), ultra-low density
polyethylene (ULDPE)} and blends thereof.

Alternatively, the laminate of the present invention may include an eight-layer
structure 40 as illustrated in FIG. 4. This embodiment includes the same layer
sequence having the same layer compositions as described above for laminate
30, but further includes an eighth layer 18 positioned between the sixth layer 16
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and fourth layer 14. Layer 18 may comprise a homopolymer or copalymer of

polyethylene, an ethylene acrylic acid copolymer or blends thereof.
WORKING EXAMPLE

in the following example, laminate structure 30 was produced using tandem
extrusion lamination apparatuses, and methods which are well known to those
skilled in the art. Prior to lamination, a unitary film composed of layers 11 and 12
was fabricated by blown film co-extrusion film apparatus and methods which are
also well known in the arl. The unitary film and the remaining layers were

fabricated into a laminate using a fandem laminator.

Example 1

Example 1 is one embodiment of laminate 30 of the present invention having a
layer seguence {in the order as shown below) and layer compositions as
described below and as llustrated in FIG. 3. Reported below is the layer

composition relative o the total weight of the layer.

Layer 11 (Sealanty: 82.3 wi-% of a linear low density polyethylene {(LLDPE)-
DOWLEX™ 2045G (The Dow Chemical Company, Midland, M,
USA)Y, 15 wt-% of a fow density polyethviene (LDPE)- Petrothene®™
NASSK20G00 (Eguistar Chemicals, LP, Houston, TX, USA) and 2.7
wi-% of a polyethylene masterbatch comprising processing
gdditives.

Layer 12: 100 wt.-% of a cyclic olefin copolymer (COC)-TOPAS® 8007F-400
{TOPAS Advanced Polymers, Inc., Florence, KY, USA).

Layer 15 100 wt-% of a polyurethane adhesive-Liofol™ 3649/ Liofol® 6255
{Liofol Company, Cary, NC, USA).

Layer 13: 100 wi-% of a 35 gauge aluminum foil-(Jiangsu Zhongjl Lamination

Materials Co , Lid., Jiangyin City, Jiangsu Province, P.R.C.).
10
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Layer 16: 100 wit-% of an ethylene acrylic acid copolymer (FAA)-Primacor®
3440 (The Dow Chemical Company, Midiand, Mi, USA}.

Laver 17 100 wi-% of a low density polyethylene (LDPE)-Petrothene®
NAZ16000 (Equistar Chemicals, LP, Houston, TX, USA)L

Layer 14: 100 wi-% of a 48 gauge biaxially oriented polyethylene
terephthalate (OPET)-Skyrol® SP85 (SKC, inc., Covington, GA,
USA)

in the foliowing exampile, laminate structure 40 iHustrated in FIG. 4 was produced
using tandem extrusion lamination apparatuses, and methods which are well
known to those skilled in the art. Prior {o lamination, a unitary film composed of
layer 11 was fabricated by blown film co-extrusion film apparatus and methods
which are also well known in the art. The unitary film and the remaining lavers
were fabricated into a laminate by a tandem laminator,

Example 2

Example 2 is one embodiment of laminate 40 of the present invention which was
produced using tandem exirusion lamination apparatuses, and methods which
are well known to those skilled in the art. Prior to lamination, a unitary film
composed of fayer 11 was fabricated by blown film co-extrusion film apparatus
and methods which are also well known in the art. The unitary fiblm and the

remaining tavers were fabricated into a laminate using a tandem laminator.

Layer 11 (Sealant): 82.3 wi-% of a linear low density polyethylene (LLDPE)-
DOWLEX™ 2045G (The Dow Chemical Company, Midiand, M|,
USA), 15 wt.-% of a low density polyethylene (LDPE)- Petrothene®
NASLH2000 (Equistar Chemicals, LP, Houston, TX, USA) and 2.7
wt-% of a polyethylene masterbatch comprising processing

additives.

11
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100 wi-% of a low density polyethylens (LDPE}DOW™ L DPE
4012 {The Dow Chemical Company, Midland, Ml, USA}

100 wi-% of a cyclic olefin copolymer {COC)-TOPAS® 8007F-400
{TOPAS Advanced Polymers, Inc., Florence, KY, USA).

100 wt.-% of an ethylene acrylic acid copolymer (EAA)-Primacor®
344G {The Dow Chemical Company, Midiand, M, USA).

100 wi-% of a 35 gauge aluminum foil-{Jiangsu Zhongji Lamination

Maternials Co., Lid., Jiangyin City, Jiangsu Province, P.R.C.L.

100 wt-~% of an ethylene acrylic acid copolymer (EAA)-Primacor”™
3440 {The Dow Chemical Company, Midiand, Ml, USA).

100 wi-% of a low density polyethvlene (LDPE)-Petrothene®
NAZ16000 (Equistar Chemicals, LP, Houston, TX, USA).

100 wt-% of a 48 gauge biaxially onented polyethylene
terephthalate (OF’ET)«Skyroi‘§’ SP65 (SKC, Inc., Covinglon, GA,
USA).

in the following comparative example, a laminate was produced using tandem

axtrusion lamination apparatuses, and methods which are well known to those

skilled in the art. Prior to lamination, a primary unitary film composed of layer 11

was fabricated by blown film co-extrusion film apparatus and msthods which are

also well known in the art. Then this primary unitary film was laminated together

with layers 18 and 12 to form a three-layer secondary unitary film. Subsequently,

this secondary unitary film and the remaining layers were fabricated into a

laminate using a tandem laminator,

Comparative Exampie 1

12
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Comparative Example 1 is a laminate having the layer sequence {in the order as

shown below) as llustrated in FIG. 4, but with different layer compositions as

described above for lamingte 40, Those skilled in the art will recognize that

Comparative Example 1 is a conventional film laminate commonly used in the

heaith and food packaging industry. Reported below is the layer composition

relative to the total weight of the layer.

Layer 11 (Sealant): 100 wi-% of a linear low densily polyethylene (LLDPE)-

Layer 18:

Layer 12:

Layer 15:

Layer 13:

Layer 16

Layer 17:

Layer 14:

DOWLEX™ 2045G (The Dow Chemical Company, Midland, Mi,
USA).

100 wi-% of a polyurethane adhesive-Liofol® 3649/ Liofol® 6255
{Liofol Company, Cary, NC, USA).

100 wi~-% of a 3645 gauge biaxially oriented polyethylene
terephthalate (OPET)-Skyrof® SP85 (SKC, inc., Covington, GA,
{UUSA).

100 wt-% of a polyurethane adhesive-Liofol® 3649/ Liofol® 6255
{Liofol Company, Cary, NC, USA).

100 wi-% of a 35 gauge aluminum foil-{Jiangsu Zhongjl Lamination
Materials Co., Lid., Jiangyin City, Jiangsu Province, P.R.C.}L

100 wt-% of an ethylene acrylic acid copolymer (EAA)-Primacor®
3440 {The Dow Chermical Company, Midiand, MI, USA).

100 wi-% of a low density polyethyiene (LDPE}DOW™ LDPE
40312 {The Dow Chemical Company, Midiand, Mi, USA)L

100 wi-% of a 48 gauge biaxiglly oriented polyethylene
terephthalate (OPET)-Skyrol® SP65 (SKC, Inc., Covington, GA,
USA).

13
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[25] The bending resistance of Example 2 was measured on a Gurley-type tester.
This measurement substantially followed the test procedure in accordance with
TAPP! Test Mathod T 543 "Bending Resistance of Paper (Gurley-Type Tester)”
The resulls are reported below in TABLE 1.

TARBLE 1-Gurley Stifiness
Example 2
Gurley . ,
Stiffness MDD o
{Gurley units)
Average 572 648
Std. Dev.  4.21 2.66
Max 737 72.3
Min 514 61.2
= 24 25

[26] The chemical resistance of Example 2 and Comparative Example 1 to various
liquid substances was determined by folding a flm specimen in half to form a 3
inch x 3 inch area pouch having two 0.375 in. side heat seals. Into each pouch
there was placed a 10 mlbL aliquot of a liquid substance, the pouch was sealed

with a third 0.375 in. side heat seal and then was laid flat for a number of days

14
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under accelerated aging conditions in an aging chamber (50° € and 10% relative

humidity).

After 1, 5, 12, 22 and 32 days in the aging chamber, the pouch was

opened, the liquid removed and the pouch was dried. A positive test result was

indicated ("+"} when no discemable delamination of the foil layer to its adjacent

fayers or corrosion of the foil was observed. A negative test result was indicated

(*-*} when delamination between the foil layer and #s adjacent layers andior

corrosion of the foil was observed. The results for Example 2 and Comparative

Example 1 are reported below in TABLES 2 and 3, respectively.

160/300

TABLE 2-Example 1
Chemical Resistance
Day 1 Day 5 Day 12 Day 22 Day 32
lodine + + + + +
Bleach 4 + + + -
Tahasco + + % g 4
Ketchup + + + + +
Propylene + + + * *
Glycol
Ammonia 4 3 -+ 4 e
15
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Acetic Acid + + + + +
Isopropanol + + + + +
Water o e . e 3
TABLE 3-Comparative Example 1
Chemical Resistance
Day 1 Day 5 Day 12 Day 22 Day 32

lodine + + + + +
Bilaach . 4 N e g
Tabasco + + + - -
Ketchup + 4 4 4 -

Propylene ,
Giycol + + + + +
Ammonia + + + - -

16
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Acetic Acid + - -
isopropanol + + +
Water e e S

These accelerated aging lest resulls indicate that the laminates of the present
invention having a single layer of cyclic olefin copolymer {COC) between the
sealant layer and the metal foil layer performed as well as or better than a

conventional laminate structure having multiple layers of biapnally onented

polyethylene terephthalate (OPET).

The above descriplion and sxamples ilustrate certain embodiments of the
present invention and are not to be interpreted as limiting. Selection of particular
embodiments, combinations thereof, modifications, and adaptations of the
various embodiments, conditions and parameters normally encountered in the ant
will be apparent to those skilled in the art and are deemed to be within the spirit

and scope of the present invention.

17
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What is claimed:

1.

A flexible chemically-resistant barrier laminate for packaging a product, the
laminate having a first exerior surface and a second exterior surface, the
faminate comprising:

a first layer comprising a heatl sealable material; wherein the first layer forms the

first exterior surface of the laminate;
a second {ayer comprising a cyclic olefin copolymaer;

a third layer comprising metaliic foil or metallized polymer material; wherein the
sgcond layer 15 positioned between the first and third layers;

a fourth layer comprising a thermaoplastic ilm or paper; whergin the fourth layer

forms the second exierior surface of the laminate; and

wherein the laminate has a bending resistance of between 51.4 and 177 Gurley

Units {(0.50 and 1.74 mNewton) in either the machine or transverse direction.

A laminate according to claim 1, wherein the paper has a thickness of betwaen
25.4 and 305 pm (1 and 12 mil).

A laminate according to claim 1, wherein the paper has a basis weight of
betwaen 1 and 224 g/m°.

A laminate according to claim 3, wherein the paper has a basis weight of
between 1 and 160 g/m?.

18
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A laminate according to claim 4, wherein the paper has a basis weight of

between 1 and 100 g/m®.

A laminate according to claim 5, wherein the paper has a basis weight of
between 1 and 50 gim®.

A laminate according to olaim 1, wherein the thermoplastic film comprigses &
material selected from the group consisting of polyethylene terephthalate {(PET],
polypropyieng (PP}, polyamide (PA), high impact polystyrene {(HIPS), general
purpose polystyrene (GPPS), styrene block copolymer (8BC), high density
polyethylene (HDPE), medium density polysthyiene (MDPE), low densily
polysthylene (LDPE), linear low density polyethyiene (LLDPE), very low density
polyethylene (VLDPE), ultra-low density polyethylene (ULDPE} and blends
thereof.

Alaminate according o claim 7, wheregin the thermoplastic film is oriented.

A laminate according o claim 1, whergin the laminate comprises a fifth layer and
a sixth {ayer; wherein both the fifth and sixth layers comprise at least one of an

sthylene acrylic acid copolymaer and a polyurethane adhesive,

A laminate according to claim 9, wherein third layer is in direct contact with both
the fifth and sixth layers.

19
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13.

14.

15.

16.

17.

18.
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A laminate according to claim 11, wherein the laminate comprises a seventh

laver disposed between the fourth layer and the sixth layer.

A laminate according to claim 11, wherein the seventh layer comprisas a low
density polyethviene.

A laminate according to claim 11, wherein the laminate comprises an eighth layer

disposed between the first layer and the second layer.

A laminate according to claim 13, wherein the eighth layer comprises a low
density polyethylene or a polyurethane adhesive,

A faminate according to claim 1, whergin the heat sealable material comprises a
palyalafin,

A laminate according to claim 186, wherein the polyolefin comprises a

polyethylene.

A laminate according fo claim 17, wherein the polyethviene comprises a linear
low density polyethylene.

A laminate according to claim 1, wherein the first layer has a total thickness of at
least 254 um (1 mil).

20
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A lamihate according to claim 17, wherein the first layer has a {otal thickness of
about 50.8 pm {2 mil)

A laminate according to claim 1, wherein the cyclic olefin copolymer is an

sthylene 2-norbormene copolymaer.

A laminate according to claim 1, wherein the product is a foodstuff, a personal
health care product, pharmaceutical product, industrial product or agriculfural

product.

21
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Chemically Resistant and Tough Cyclic Olefin Copolymer
Compounds

CROSS-REFERENCE
[0001] This application claims the benefit of the filing date under 35
U.S.C. § 119 to U.S. provisional patent application Serial No. 62/146,036 filed
April 10, 2015 and entitled “Chemically Resistant and Tough Cyclic Olefin

Copolymer Compounds,™ and to U.S. provisional patent application Serial No.
62/209,332 filed August 24, 2015 and entitled “Chemically Resistant and Tough
Cyeclic Olefin Copolymer Compounds,” the disclosures of which are

incorporated by reference in their entireties for all purposes.

FIELD
[0002] The disclosure relates generally to polymers having chemical
resistance and impact toughness to cyclic olefin copolymer. More particularly,
various embodiments related to combinations of cyclic olefin copolymers with

impact modifying polymers and polyolefins.

BACKGROUND
[0003] Cyclic olefin copolymer (COC) is an amorphous, transparent

copolymer based on polymerization of a combination of cyclic olefins and
linear olefins. COC has high transparency, low water absorption, variable heat
deflection temperature up to 170°C and good resistance to acids and alkalis.
[0004] But COC also is known to have poor resistance to certain other
chemicals with considerable chemical reactivity. Often, one common consumer
product, sunscreen lotions which contain ultraviolet absorbers and fatty acid
derivatives, serves as a litmus test of chemical resistance for polymers to be
used in consumer products. The lack of chemical resistance of COC to
sunscreen lotions hinders its use in consumer products. The ultraviolet
absorbers and fatty acid derivatives in sunscreen make that lotion, when contact

with a polymer compound, relentless in reactivity with COC.
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[0005] Also COC is not tough enough to be suitable for metal
replacement in many consumer products. COC needs impact strength.

[0006] As replacement of metal with polymers is considered for many
consumer products from automobile parts to handheld electronic devices, COC
has not been chosen because of its lack of chemical resistance and lack of

toughness.

SUMMARY
[0007] ‘What the art needs is a chemically resistant, tough COC to
become a candidate for metal replacement in consumer products.
[0008] It has been found, unexpectedly, that a combination of two other
polymer types can provide both chemical resistance and impact toughness,
particularly in balance, to be suitable for any consumer product as a metal
replacement initiative.
[0009] One aspect of the disclosure is directed to a cyclic olefin
copolymer compound comprising (a) cyclic olefin copolymer; (b) an impact
modifying polymer selected from the group consisting of styrenic block
copolymers and olefinic block copolymers and combinations thereof; and (c) a
linear polyolefin, wherein the linear polyolefin resists chemical attack against
the cyclic olefin copolymer by ultraviolet light absorbers.
[00010] Another aspect of the disclosure is directed to a cyclic olefin
copolymer compound comprising (a) cyclic olefin copolymer; (b) an impact
modifying polymer selected from the group consisting of styrenic block
copolymers and olefinic block copolymers and combinations thereof; and (c) a
branched polyolefin, wherein the branched polyolefin resists chemical attack
against the cyclic olefin copolymer by ultraviolet light absorbers.
[00011] Another aspect of the disclosure is directed to any polymeric
article made from either cyclic olefin copolymer compound identified above.
[00012] Embodiments of the disclosure explain the establishment of

chemical resistance and impact strength in COC-based polymer compounds.
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DETAILED DESCRIPTION
[00013] It should be understood that the following descriptions are not

intended to limit the embodiments to any particular embodiment. To the
contrary, it is intended to cover alternatives, modifications, and equivalents as
can be included within the spirit and scope of the described embodiments as
defined by the appended claims.

[00014] Embodiments of this disclosure are directed to a cyclic olefin
copolymer compound comprising (a) cyclic olefin copolymer; (b) an impact
modifying polymer selected from the group consisting of styrenic block
copolymers and olefinic block copolymers and combinations thereof; and (c) a
polyolefins, including linear polyolefins and branched polyolefins, which resist
chemical attack against the cyclic olefin copolymer by ultraviolet light
absorbers. These cyclic olefin copolymer compounds may further comprise one

or more optional additives.

Cyclic Olefin Copolymer (COC)

[00015] Cyclic olefin copolymer (COC) can refer to copolymers of cyclic
olelin monomers, such as norbornene or Letracyclododecene, with ethene or
other alkenes. For example, in some embodiments, the COC may be an
alkylene-tetracyclododecene copolymer, such as ethylene-tetracyclododecene
copolymer or propylene-tetracyclododecene copolymer. In other embodiments,
the COC may be an alkylene-norbornene copolymer, such as ethylene-
norbornene copolymer or propylene-norbornene copolymer.

[00016] In some instances, the COC is ethylene-norbornene copolymer
which has a CAS No. of 26007-43-2. Ethylene-norbornene copolymer may have

the following structure:
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wherein X ranges from about 40 wt.% to about 20 wt.%, such as from about 25
wt.% to about 18 wt.% and wherein Y ranges from about 60 wt.% to about 80
wt.% and such as from about 75 wt.% to about 82 wt.%. In some embodiments,
X may range from about 40 wt.% to about 20 wt.%, such as from about 25 wt.%
to about 18 wt.%. In other embodiments, X may be at least about 18 wt.% of the
COC. In other embodiments, X may be at least about 20 wt.% of the COC. In
other embodiments, X may be less than about 40 wt.% of the COC. In other
embodiments, X may be less than about 25 wt.% of the COC. In some
embodiments, Y may range from about 60 wt.% to about 80 wt.% and such as
from about 75 wt.% to about 82 wt.%. In other embodiments, Y may be at least
about 60 wt.% of the COC. In other embodiments, Y may be at least about 75
wt.% of the COC. In other embodiments, Y may be less than about 82 wt.% of
the COC. In other embodiments, Y may be less than about 80 wt.% of the COC.
[00017] Any COC is a candidate for use in the disclosure to have its
chemical resistance and impact toughness enhanced.

[00018] COC should have a weight average molecular weight (Mw)
ranging from about 40,000 to about 130,000, such as from about 93,000 to
about 125,000.

[00019] In some embodiments, COC can have a Mw of at least about
40,000. In other embodiments, COC can have a Mw of at least about 93,000. In
yet other embodiments, COC can have a Mw of less than about 130,000. In still
other embodiments, COC can have Mw of less than about 125,000.
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[00020] COC can have a heat deflection temperature ranging from about
30°C to about 170°C, such as from about 75°C to about 170°C at 0.45 MPa (66
psi load).

[00021] In some embodiments, COC can have a heat deflection
temperature of at least about 30°C. In other embodiments, COC can have a heat
deflection temperature of at least about 75°C. In yet other embodiments, COC
can have a heat deflection temperature of less than about 170°C. In still other
embodiments, COC can have a heat deflection temperature of less than about
about 170°. In various embodiments, the head deflection lemperatures can be
measured at a pressure of about 0.45 MPa (66 psi load).

[00022] Commercially available COC is sold by TOPAS Advanced
Polymers using the TOPAS® brand. Of the commercial grades available,
TOPAS® 6017S-04 COC, an injection molding grade, and TOPAS® 6013S-04,
a general purpose injection molding grade may be selected because they have
heat deflection temperatures within the TOPAS product family.

[00023] TOPAS® 6017S-04 COC has a Vicat softening temperature B50
(50°C/h 50N) is 178°C as tested using the procedure of ISO 306. Also, its
degree of light transmission is 91% as tested using the procedure of ISO 13468-
2. Its tensile modulus (1mm/min) is 3000 MPa as tested using the procedure of
ISO 527-2/1A.

[00024] TOPAS® 6013S-04 COC has a Vicat softening temperature B50
(50°C/h 50N) of 137°C as tested using the procedure of ISO 306. Also, its
degree of light transmission is 91% as tested using the procedure of ISO 13468-
2. Its tensile modulus (Imm/min) is 2900 MPa as tested using the procedure of
ISO 527-2/1A.

[00025] In some variations, the COC can be a polymer with low amounts
of oligomers. The COC can volatilize or plasticize other polymers it may
contact. In some variations, the COC is non-polar polymer such that the COC

compound has very little adhesive attraction to polar polymer compounds.
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Impact Modificrs

[00026] A polymer can be blended with COC to enhance impact
toughness. Any well-known polymer known for providing impact strength to a
polymer such COC can be used.

[00027] In some variations, the polymer includes an styrenic block
copolymer (SBC). SBCs are block copolymers with at least one hard block of
styrene monomer and one soft block of olefin monomer. Of the SBCs
commercially available, styrene-butadiene-styrene (SBS), styrene-ethylene-
butylene-styrene (SEBS), and styrene-ethylene-propylene-styrene (SEPS) are
the leading SBCs used. Kraton LLC sells many different grades and
combinations of these SBCs. Without wishing to be limited to a particular
mechanism or mode of action, the styrenic block copolymers (SBCs) can
provide elastomeric properties to a non-elastomeric polymer resin.

[00028] In some embodiments, the SBC may be selected from styrene-
butadiene-styrene (SBS), styrene-ethylene-butylene-styrene (SEBS), styrene-
ethylene-propylene-styrene (SEPS), styrene-isobutylene-styrene (SIBS), and
combinations thereof. In some embodiments, the SBC is styrene-butadiene-
styrene (SBS). In some embodiments, the SBC is styrene-ethylene-butylene-
styrene (SEBS). In some embodiments, the SBC is styrene-ethylene-propylene-
styrene (SEPS). In some embodiments, the SBC is styrene-isobutylene-styrene
(SIBS).

[00029] In some variations, the impact modifier is an olefin block
copolymer (OBC). OBCs are block copolymers with at least one hard block of
polyethylene and one soft block of a-olefin ethylene copolymer. Dow Chemical
sells many different grades and combinations of these OBCs. Without wishing
to be limited to a particular mechanism or mode of action, OBCs may also

provide elastomeric properties to a non-elastomeric polymer resin.
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Chemical Resistance Polymer

[00030] Polyolefins can provide chemical resistance against sunscreen
lotion without unduly affecting the basic properties of COC. Further, the
polyolefin can provide chemical resistance without unduly affecting the
enhanced toughness provided by the impact modifier.

[00031] Any polyolefin can be used as a chemical resister to UV
absorbers in sunscreen lotion. What is surprising is that the COC itself is
olefinic but includes a linear polyolefins to provide the chemical resistance.
[00032] In some embodiments, the polyolelin is a polyalkylene. Non-
limiting examples of suitable polyolefins include both polyethylenes (such as
high density polyethylene (HDPE) and linear low density polyethylenes
(LLDPE)) and linear and branched polypropylenes. These olefins can be
acquired commercially from a large number of suppliers in a variety of grades

and combinations.

Optional Additives

[00033] The compound of the present disclosure can include
conventional plastics additives in an amount that is sufficient to obtain a desired
processing or performance property for the compound. The amount should not
be wasteful of the additive or detrimental (o the processing or performance of
the compound. Those skilled in the art of thermoplastics compounding, without

undue experimentation but with reference to such treatises as Plastics Additives

Database (2004) from Plastics Design Library (elsevier.com), can select from
many different types of additives for inclusion into the compounds of the
present disclosure.

[00034] Non-limiting examples of optional additives include adhesion
promoters; biocides; antibacterials; fungicides; mildewcides; anti-fogging
agents; anti-static agents; bonding, blowing agents; foaming agents; dispersants;
fillers; extenders; fire retardants; flame retardants; flow modifiers; smoke

suppressants; impact modifiers; initiators; lubricants; micas; pigments, colorants
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and dyes; plasticizers; processing aids; release agents; silanes, titanates and
zirconates; slip agents; anti-blocking agents; stabilizers; stearates; ultraviolet
light absorbers; viscosity regulators; waxes; and combinations of them.
[00035] In some embodiments, the optional additive is titanate
comprising titanium dioxide. In some embodiments, the optional additive is a
polyhedral oligomeric silsesquioxane (POSS), such as trisilanol-isobutyl
POSS® or octaisobutyl POSS®. In some embodiments, the optional additive is
a highly branched polyester dendrimer. In some embodiments, the optional
additive is an antioxidant chosen [rom a phenolic primary antioxidant (such as
Irganox™ 1010) or a phosphite antioxidant (such as Songnox™ 1680).
[00036] In some embodiments, the optional additives are melt-mix
additives, which may not chemically react with the other cyclic copolymer
compound constituents. When added, these optional additive may be solid
ingredient additives to a melted copolymer compound.

[00037] Table 1 shows ranges of ingredients in polymeric articles
containing thermally conductive, electrically insulative additives, all expressed
in weight percent (wt. %) of the entire compound. The compound can comprise,
consist essentially of, or consist of these ingredients. Any number between the
ends of the ranges is also contemplated as an end of a range, such that all
possible combinations are contemplated within the possibilities ol Table 1 as

candidate compounds for use in this disclosure.

Table 1

Broad Intermediate | Narrow
CcocC 40-75 49-67 48-57
SBC or OBC Impact 10-30 15-25 23-26
Modifier
Olefin Chemical Resistance 15-30 18-26 20-26
Polymer
Optional Additives 0-7 0-5 0-5

8
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[00038] In some variations, the cyclic olefin copolymer compound
disclosed herein may have a notched [zod measurement ranging between about
10.4 ft.1b/in to about 13.4 ft.1b/in (between about 718 J/m and about 556 J/m),
such as between about 10.4 ft.1b/in to about 11 ft.1b/in, between about 11 ft.Ib/in
to about 12 ft.1b/in, or between about 12 ft.1b/in to about 13 ft.1b/in. In some
embodiments, the cyclic olefin copolymer compound may have a notched Izod
measurement of at least about 10.4 ft.1b/in (556 J/m). In other embodiments, the
cyclic olefin copolymer compound may have a notched Izod measurement of
less than about 13.4 [tLIb/in (718 J/m).

[00039] In other variations, the cyclic olefin copolymer compounds
disclosed herein may have a tensile strength ranging between about 2940 psi
and about 3710 psi, such as between about 2940 psi and about 3000 psi,
between about 3000 psi and about 3100 psi, between about 3100 psi and about
3200 psi, between about 3200 psi and about 3300 psi, between about 3300 psi
and about 3400 psi, between about 3400 psi and about 3500 psi, between about
3500 psi and about 3600 psi, and between about 3600 psi and about 3700 psi. In
some embodiments, the cyclic olefin copolymer compound may have a tensile
strength of at least about 2940 psi. In some embodiments, the cyclic olefin
copolymer compound may have a tensile strength of less than about 3710 psi.
[00040] In other variations, the cyclic olefin copolymer compounds
disclosed herein may have an elongation percentage ranging between about
36% to about 96%, such as between about 36% and about 40%, between about
40% and about 45%, between about 45% and about 50%, between about 50%
and about 55%, between about 55% and about 60%, between about 60% and
about 65%, between about 65% and about 70%, between about 70% and about
75%, between about 75% and about 80%, between about 80% and about 85%,
between about 85% and about 90%, or between about 90% and about 95%. In
some embodiments, the cyclic olefin copolymer compound may have an

elongation percentage of at least 36%. In some embodiments, the cyclic olefin
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copolymer compound may have an elongation percentage of less than about
96%.

[00041] In other variations, the cyclic olefin copolymer compounds
disclosed herein may have a tensile modulus ranging between about 113 ksi and
about 166 ksi, such as between about 113 ksi and about 115 ksi, between about
115 ksi and about 120 ksi, between about 120 ksi and about 125 ksi, between
about 125 ksi and about 130 ksi, between about 130 ksi and about 135 ksi,
between about 135 ksi and about 140 ksi, between about 140 ksi and about 145
ksi, between about 145 ksi and about 150 ksi, between about 150 ksi and about
155 ksi, between about 155 ksi and about 160 ksi, or between about 160 ksi and
about 165 ksi. In some embodiments, the cyclic olefin copolymer compound
may have a tensile modulus of at least about 113 ksi. In some embodiments, the
cyclic olefin copolymer compound may have a tensile modulus of less than
about 165 ksi.

[00042] In other variations, the cyclic olefin copolymer compounds
disclosed herein may have a flex strength ranging between about 3905 psi and
about 5967 psi, such as between about 3905 psi and about 4000 psi, between
about 4000 psi and about 4500 psi, between about 4500 psi and about 5000 psi,
between about 5000 psi and about 5500 psi, or between about 5500 psi and
about 5900 psi. In some embodiments, the cyclic olelin copolymer compound
may have a flex strength of at least about 3905 psi. In some embodiments, the
cyclic olefin copolymer compound may have a flex strength of less than about
5900 psi.

[00043] In other variations, the cyclic olefin copolymer compounds
disclosed herein may have a flex modulus ranging between about 106 ksi and
about 167 ksi, such as between about 106 ksi and about 110 ksi, as between
about 110 ksi and about 120 ksi, as between about 120 ksi and about 130 ksi, as
between about 130 ksi and about 140 ksi, as between about 140 ksi and about
150 ksi, as between about 150 ksi and about 160 ksi, or as between about 160

ksi and about 167 ksi. In some embodiments, the cyclic olefin copolymer

10
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compound may have a flex modulus of at least about 106 ksi. In some
embodiments, the cyclic olefin copolymer compound may have a flex modulus

of less than about 167 ksi.

Processing

[00044] Mixing in a continuous process typically occurs in an extruder
that is elevated to a temperature that is sufficient to melt the polymer matrix
with addition either at the head of the extruder or downstream in the extruder of
the solid ingredient additives. Extruder speeds can range from about 50 to about
500 revolutions per minute (rpm), such as from about 100 to about 300 rpm.
Typically, the output from the extruder is pelletized for later extrusion or
molding into polymeric articles.

[00045] Mixing in a batch process typically occurs in a Banbury mixer
that is also elevated to a temperature that is sufficient to melt the polymer
matrix to permit addition of the solid ingredient additives. The mixing speeds
range from 60 to 1000 rpm and temperature of mixing can be ambient. In some
embodiments, the mixing speeds may be at least about 60 rpm. In other
embodiments, the mixing speeds may be less than about 1000 rpm. Also, the
output from the mixer may be chopped into smaller sizes for later extrusion or
molding into polymeric articles.

[00046] Subsequent extrusion or molding techniques are well known to
those skilled in the art of thermoplastics polymer engineering. Without undue
experimentation but with such references as “Extrusion, The Definitive
Processing Guide and Handbook™; “Handbook of Molded Part Shrinkage and
Warpage”; “Specialized Molding Techniques”; “Rotational Molding
Technology™; and “Handbook of Mold, Tool and Die Repair Welding”, all
published by Plastics Design Library (elsevier.com), one can make articles of
any conceivable shape and appearance using compounds of the present

disclosure.

11
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[00047] If COC polymer compounds can be formulated to be both tough
and impact resistant, then compounds of the present disclosure can be made into
any extruded, molded, calendered, thermoformed, or 3D-printed article.
Candidate end uses for such thermoplastic articles are listed in summary fashion
below.

[00048] Appliances: Refrigerators, freezers, washers, dryers, toasters,
blenders, vacuum cleaners, coffee makers, and mixers;

[00049] Building and Construction: Fences, decks and rails, floors, floor
covering, pipes and [itlings, siding, trim, windows, doors, molding, and wall
coverings;

[00050] Consumer Goods: Power hand tools, rakes, shovels, lawn
mowers, shoes, boots, golf clubs, fishing poles, and watercraft;

[00051] Electrical/Electronic Devices: Printers, computers, business
equipment, LCD projectors, mobile phones and other handheld electronic
devices, connectors, chip trays, circuit breakers, and plugs;

[00052] Healthcare: Wheelchairs, beds, testing equipment, analyzers,
labware, ostomy, IV sets, wound care, drug delivery, inhalers, and packaging;
[00053] Industrial Products: Containers, bottles, drums, material
handling, gears, bearings, gaskets and seals, valves, wind turbines, and safety
equipment;

[00054] Consumer Packaging: Food and beverage, cosmetic, detergents
and cleaners, personal care, pharmaceutical and wellness containers;

[00055] Transportation: Automotive aftermarket parts, bumpers, window

seals, instrument panels, consoles, under hood electrical, and engine covers; and

[00056] Wire and Cable: Cars and trucks, airplanes, aerospace,
construction, military, telecommunication, utility power, alternative energy, and
electronics.

[00057] The copolymer compounds and embodiments as described herein

can be included in various electronic devices. Such electronic devices can be

any electronic devices known in the art. For example, the device can be a

12
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telephone, such as a mobile phone, and a land-line phone, or any
communication device, such as a smart phone, including, for example an
iPhone®, and an electronic email sending/receiving device. The alloys can be
used in electric interconnects in a display, such as a digital display, a TV
monitor, an electronic-book reader, a portable web-browser (e.g., iPad®), watch
(e.g., AppleWatch), or computer menitor. Devices can also be entertainment
devices, including a portable DVD player, conventional DVD player, Blue-Ray
disk player, video game console, music player, such as a portable music player
(e.g., 1Pod®), elc. Devices include control devices, such as those that control
the streaming of images, videos, sounds (e.g., Apple TV®), or a remote control
for a separate electronic device. The device can be a part of a computer or its
accessories, laptop keyboard, laptop track pad, desktop keyboard, mouse, and

speaker.

EXAMPLES
Comparative Examples A-K and Examples 1-22
[00058] Five series of experiments have been performed.
[00059] The First Series, Comparative Examples A-E showed COC

formulations containing only impact modifier and pigments could not survive
the Sunscreen Exposure Test identified below. All ol Comparative Examples A-
E showed stress cracking when undergoing the Sunscreen Exposure Test.
[00060] The Second Series, Comparative Examples F-K and Examples 1-
3 showed the chemical resistance of COC under stress to sunscreen lotions can
be significantly improved by blending with different polyolefins and different
amounts of polyolefins. Some of the Examples showed very high notched Izod
impact strength, close to 500 J/m. Most importantly, the distinctions between
the successful Examples 1-3 and the unsuccessful Examples F-K demonstrate
the unpredictability of how the addition of polyolefins counteracts the

aggressiveness of sunscreen upon COC.
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[00061] The Third Series, Examples 4-8 showed that formulations can be
constructed to balance well both high notched Izod impact strength and
sunscreen resistance of modified COC under the strain of the Sunscreen
Exposure Test.

[00062] The Fourth Series, Examples 9-18 showed how the successful
formulations of the Second and Third Series can have the flowability of COC
blends improved by use of flow enhancers and selection of resin grades with

different melt flow indices.

[00063] The Filth Series, Examples 19-22 showed how use ol linear and
branched polypropylenes could also yield acceptable embodiments of the
disclosure.

Test Methods

[00064] Tensile Test, Rigid ASTM D-638

[00065] Flexural Properties ASTM D-790

[00066] IZOD Impact (notched) ASTM D-256

[00067] Dielectric constant and dissipation factor, ASTM D150

[00068] Sunscreen Exposure Test, explained below

[00069] Xenon Arc Weathering, ASTM D-4459 with insulated black

panel L0 monitor the tlemperature.

Sunscreen Exposure Test
[00070] The purpose of the test is to assess chemical resistance of COC

formulations to sunscreen lotions while under strain.

[00071] Sample Preparation: The formulations are molded into ASTM
D-638 Type I Tensile Bars and then fixed into a constant radius jig to induce
2.0% strain.

[00072] Sunscreen Lotion tested: Identified in the Tables 5-8

[00073] Test Procedures:

14

186/300



WO 2016/164794 PCT/US2016/026749

[00074] Apply 1 ml of Lotion on the neck region (or extensometer
region) of the Tensile Bar specimens and spread the Lotion to cover at least 1
cm? area.

[00075] Gently wipe off any excess amount of Lotion using a clean, dry
cloth but at least leave a layer of Lotion on surface of the Tensile Bar specimen.
[00076] Repeat application of Lotion every 2 hrs for the first 8 hours and
four times a day at 2 hour intervals for four days thereafter.

[00077] Leave Tensile Bar specimens exposed to Lotion at room
lemperature (about 23°C) for 5 days.

[00078] Wipe Tensile Bar specimens with a clean, dry cloth (no
additional cleaning agents).

[00079] Examine specimens for any crazing/cracking/breakage.

Formulations and Test Results

[00080] Table 2 shows the list of ingredients. Table 3 shows the extrusion
conditions. Table 4 shows the molding conditions. Tables 5-10 show the recipes

and the test results.

Table 2
Brand Name Ingredient and Purpose Commercial
Source
SCLAIR® 2907 HDPE (high density NOVA Chemicals
polyethylene)
Novapol® GF- LLDPE (linear low density | NOVA Chemicals
0218 polyethylene)
Pro-Fax® 6331 PP (linear polypropylene) Basell Polyolefins
Pro-Fax® PP (linear polypropylene) Basell Polyolefins
HP403G
Inspire® 114 PP (branched Braskem (formerly
polypropylene) Dow)
SibStar® 102T SIBS(Styrene Iso- Butylene | Kaneka
Styrene, styrenic block
copolymer)
15
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WO 2016/164794
Table 2
Brand Name Ingredient and Purpose Commercial
Source

Topas® 60175 COC (cyclic olefin TOPAS Advanced
copolymer) Polymers, Inc.

Topas® 6013S COC (cyclic olefin TOPAS Advanced
copolymer) Polymers, Inc.

Kraton® G1651

SEBS polymer

Kraton Performance

Polymers, Inc.

TIONA® RCL 4 TiO2 Cristal Global

NOVAPOL® PI- LLDPE (linear low density | NOVA Chemicals

2024-A polyethylene)

S01450 Trisilanol-isobutyl POSS® | Hybrid Plastics

MS0825 Octalsobutyl POSS® Hybrid Plastics

Boltron™ H20 Highly branched polyester Perstorp
dendrimer

Irganox™ 1010 Phenolic Primary BASF
Antioxidant

Songnox™ 1680 Phosphite Antioxidant Songwon
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Table 3
Extruder Conditions
All Comparative Examples and Examples
Extruder Type Prism 16mm TSE (40 L/D) screw
extruder
Order of Addition All ingredients mixed together and fed
into the extruder hopper.
Zone 1 280 °C
Zone 2 280 °C
Zone 3 280 °C
Zone 4 280 °C
Zone 5 280 °C
Zone 6 280 °C
16
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Table 3
Extruder Conditions
All Comparative Examples and Examples

Zone 7 280 °C
Zone 8 280 °C
Zone 9 280 °C
Die 280 °C
Revolution speed 300 rpm

Table 4

Molding Conditions
All Comparative Examples and Examples
Nissei 88 molding machine
Drying Conditions before Molding:

Temperature (°C) 80°C
Time (h) 16 hrs for First — Third, Fifth Series;
4 hrs for Fourth Series
Temperatures:
Nozzle (°C) 260
Zone 1 (°C) 254
Zone 2 (°C) 249
Zone 3 (°C) 243
Mold (°C) 145 for First — Third, Fifth Series;
62 lor Fourth Series
Oil Temp (°C) 43
Speeds:

Screw RPM (%) 60
% Shot - Inj Vel Stg 1 | 50
% Shot - Inj Vel Stg 2 | 40
% Shot - Inj Vel Stg 3 | 30
% Shot - Inj Vel Stg4 | 20
% Shot - Inj Vel Stg5 | 10

Pressures:
Hold Stg 1 (mPa) - 6
Time(sec)
Hold Stg 2 (mPa) - No stg 2
Time(sec)
Timers:
Injection Hold (sec) | 7
17
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Table 4
Molding Conditions
All Comparative Examples and Examples
Nissei 88 molding machine
Cooling Time (sec) | 20
Operation Settings:
Shot Size (mm) 44
Cushion (mm) 2.5 for First — Third Series; 3.2 for
Fourth Series

First Series — Table 5

Example Comp. | Comp. | Comp. | Comp. | Comp.
A B C D E

Kraton® G1651 SEBS 10.00 10.00 20.00 15.00
Topas® 60135 COC 88.00

Topas® 60175 COC 98.00 88.00 78.00 83.00
TIONA® RCL 4 TiO2 2.00 2.00 2.00 2.00 2.00
Total (%) 100.0 100.0 100.0 100.0 100.0
Sunscreen Exposure Test | — Broke Broke Broke Broke

Result (Three sunscreen
lotions for First-series:
Hawaiian Tropic® SPF
50, Coppertone® SPF 30,
and Banana Boat® SPF

30)

Notched Izod (ft.1b/in) — 0.22 1.12 3.29 2.67
Stdev (ft.1b/in) — 0.01 0.09 0.17 0.10
Notched Izod (J/m) — 11.40 60.10 176.00 | 143.00
Stdev (J/m) — 0.25 4.85 8.82 5.32
Tensile strength (psi) — 7511 7296.3 | 5641.4 | 6360.60
Stdev (psi) — 662.5 140.7 49.4 37.70
Elongation% — 2.054 5.67 15.539 | 7.44
Stdev (%) — 0.243 0.649 1.765 2.32
Tensile modulus (ksi) — 424.00 | 348.36 | 280.76 | 318.48
Stdev (ksi) — 3.31 3.92 3.03 2.30
Flex strength (psi) — 12988.6 | 13189.2 | 10094.9 | 11976.3

18
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First Series — Table 5

Example Comp. | Comp. | Comp. | Comp. | Comp.

A B C D E
Stdev (psi) — 384.0 279.2 292.8 202.50
Flex modulus (ksi) — 440.00 | 365.00 |285.00 | 337.00
Stdev (ksi) — 5.00 10.00 8.00 5.00
Xenon Arc Weathering CIE 94 Delta E
(Hrs. according to Comp.
Example)
A&E:145; B-D:142 0.10 0.66 0.57 0.75 0.20
A&E:315; B-D:311 0.20 0.67 0.51 0.55 1.16
A&E:482; B-D:479 0.38 1.52 1.06 0.84 2.38
A&E:650; B-D:642 0.89 3.28 2.46 2.04 3.88
A&E:818; B-D:813 1.78 4.96 4.29 3.48 5.43
A&E:983; B-D:983 1.85 5.74 5.35 4.75 6.74
B-D:1150 5.65 5.21 4.97

19
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Third Series — Table 7

Example 4 5 6 7 8
Kraton® G1651 SEBS 20.00 20.00 23.00 23.00 23.00
Topas® 6013S COC 35.00 24.00
Topas® 6017S COC 53.00 52.00 49.00 | 14.000 25.00
TIONA® RCL 4 TiO2 1.00 2.00 2.00 2.00 2.00
Novapol® GF-0218 26.00 26.00 26.00 26.00 26.00
LLDPE

Total (%) 100.0 100.0 100.0 100.0 100.0
Sunscreen Exposure Test OK OK OK OK OK
Result (One sunscreen for

Third Series: Banana

Boat® SPF 30)

Notched Izod (ft.1b/in) 9.74 9.82 10.8 12.1 11.6
Stdev ({t.1b/in) 0.38 0.44 0.52 0.51 0.48
Notched Izod (J/m) 521 525 578 649 622
Stdev (J/m) 19.1 23.7 272 26.6 25.5
Tensile strength (psi) 39599 | 39584 | 36633 | 3490.1 | 35924
Stdev (psi) 110.5 61.9 46.9 40.1 26
Elongation% 26.61 | 30.676 46.85 | 63.606 | 54.271
Stdev (%) 9.679 3.451 6.729 6.839 5.818
Tensile modulus (ksi) 176.61 177.95 162.48 161.88 163.82
Stdev (ksi) 4.77 2.46 2.18 1.71 1.49
Flex strength (psi) 6735.5 | 65819 | 59592 | 5739.1 | 5929.5
Stdev (psi) 183.3 181.8 121.9 57.1 55.7
Flex modulus (ksi) 179 173 156 153 157
Stdev (ksi) 8 5 4 3 2
Xenon Arc Weathering CIE 94 Delta E

(Hrs.)

164 1.4 1.1 0.96 0.84 0.97
333 1.5 0.9 0.87 0.76 0.9

22
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Fifth Series — Table 9
Example 19 20 21 22
Kraton® G1651 SEBS 22.98 22.98 23 23
Topas® 6013S COC 3491 34.91 35 35
Topas® 6017S COC 13.97 13.97 14 14
Inspire® 114 PP (0.5 melt 25.94 26
flow rate!)
Pro-Fax® HP403G (1.5 25.94 26
melt flow rate)
(Irganox 1010) 0.1 0.1 0 0
(Add ingredient here 0.1 0.1 0 0
Songnox 1680)
TIONA® RCL 4 TiO: 2 2 2 2
Total (%) 100.0 100.0 100.0 100.0
Sunscreen Exposure Test OK OK OK OK
Result (Banana Boat®
SPF 30)
Notched Izod (ft.1b/in) 1.45 1.3 4.55 2.58
ASTM D256
Stdev (ft.Ib/in) 0.2 0.2 041 0.11
Notched Izod (J/m) 77.40 69.39
Stdev (J/m) 10.7 10.7
Tensile strength (psi) 2290 4038 4003 4173
ASTM D-638
Stdev (psi) 45 29 65 17
Flongation% ASTM D- 29 25 39 29
638
Stdev (%) 10.2 11.4 4.9 2.5
Tensile modulus (ksi) 183.18 [ 211.79 | 211.6 223.2
ASTM D-638
Stdev (ksi) 2.3 1.8 3.0 0.1
Flex strength (psi) 6678 7547
Stdev (psi) 20.1 22.1
Flex modulus (ksi) 202.20 |[217.30
Stdev (ksi) 2.1 1.9
Shore A Hardness ASTM 72.4 73.8
D-2240 Instant
Shore A Hardness ASTM 67.9 69.3
D-2240 15 second delay
Mean Brittle Failure 240 257.3
Energy (MBFE) (in'1b)
ASTM D-4226

25
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Fifth Series — Table 9

Example 19 20 21 22
MBFE stdev 3.6 3.3
MBFE/thickness 1.94 2.1
(in"1b/mil)

Xenon Arc Weathering CIE 94 Delta E

(Hrs. according to Comp.
Example) ASTM D-2565

t=168h 0.77 0.87
t=333h 0.64 0.68
t=502h 0.48 0.54

L ¢/10 min (230°C/ 2.16 kg)

Table 10
Frequency (Hz) 1MHz | 10MHz | 100MHz | 500MHz | 1GHz
Comp. Example E
Dielectric 2.37 2.38 2.37 2.37 2.36
Constant
Dissipation 8.84 3.62 0.63 0.10 0.00
Factor x10° | x10° | x10°  |x10” |10’
Example 6
Dielectric 2.39 2.40 2.40 2.40 2.40
Constant
Dissipation 2.09 3.02 2.70 0.00 0.13
Factor x10° | x10®  [x10°  |x10® |x10’
[00081] Comparative Examples B-E all failed because none had any chemical

resistance polymer added. Comparative Example A is expected to also fail, if it had been
tested. Also Comparative Example B, which had no impact modifier either, had a very poor
Notched Izod value, compared with Comparative Examples C-E which did have impact
modifier.

[00082] Comparative Examples F, G, H, and I contained no impact modifier but did
contain polyolefin chemical resistance modifier. While the results were acceptable against
chemical resistance, the Notched [zod impact results were totally unacceptable. To be
acceptable, one must have at least about 53 Joules/meter toughness (1.0 {t.1b/in) in the

Notched Izod test. Desirably, the toughness is at least 265 J/m (5 ft.1b/in.), such as at least

26
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530 J/m (10 ft.1b/in.) and has been found in one Example to be as much as 649 J/m (12.1
ft.1lb/in.).

[00083] Comparative Examples J and K contained no polyolefin chemical resistance
modifier. While the Notched Izod impact results were acceptable, the breakage failures of the
Sunscreen Exposure Test were Lolally unacceptable.

[00084] This Second Series of tests confirms that the well-balanced COC polymer
compound uses all three polymers: COC, impact modifier such as SBC, and chemical
resistance modifier such as linear PP or PE to solve the deficiencies of COC respecting
toughness and chemical resistance to sunscreen.

[00085] However, what distinguishes Examples 1-3 from Comparative Examples A-K
is the presence of both impact modifier and chemical resistance modifier. Acceptable
chemical resistance is achieved whether the polyolefin is HDPE, LLDPE, or linear PP
(Examples 1, 2 or 3, respectively).

[00086] The success of Examples 1-3 provided the basis for the Third and Fourth
Series experiments which further refined embodiments of the disclosure. The Third Series
explored the grades ol COC o benelit from the disclosure, and some variation in impact
modifier content. The Fourth Series continued that exploration along with consideration of
flow modifiers. The test results indicated that the COC polymer compound can produce
intricate, thin-walled parts by injection molding without defects by use of a variety of flow
modifiers. We have observed improvement of surface visually of molded parts (1/8 inch
ASTM bars). The surface tends to be smoother.

[00087] The Fifth Series experiments showed that use of either linear polypropylene or
branched polypropylene as an Olefin Chemical Resistance Polymer resulted in acceptable
chemical resistance and physical properties. It was also noted that the titanium dioxide for
coloration also provided increased apparent hardness of the polymer compound when
molded. Examples 19 and 20 differed from Examples 21 and 22 based on the use of minor
amounts ol anti-oxidants, [urther indicating to a person having ordinary skill in the art how
properties of the desired polymer compound are affected by optional additives. Nonetheless,
the chemical resistance and physical properties were acceptable with or without such
antioxidants, regardless whether a linear or a branched polypropylene was used.

[00088] Xenon Arc Weathering data demonstrated that for the First Series, all
formulations showed very low delta E under the Xenon Arc weathering test. The CIE 94

Delta E is less than 2 after 300 hours. For the Second Series, the CIE 94 delta E varies in the
27
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range of 1-5 after 300 hours depending on which olefin chemical resistance polymer is used.
For the Third Series, the CIE 94 Delta E is less than 2 after 300 hours. For the Fourth Series,
the CIE 94 Delta E is also less than 2 after 168 hours.

[00089] Table 10 shows a comparison for Dielectric Constant and Dissipation Factor
between a [ormulation which had not Chemical Resistance Polymer (Comp. Ex. E) and
which did (Example 6). The results showed that these formulations have low dielectric
constant and low dissipation factor, which are key factors for many electronic applications.
The addition of olefin chemical resistance polymer, SBC or OBC impact modifier or other
additives did not alter the low dielectric constant and low dissipation factor up to 1 GHz. The
dielectric constant of Topas® COC is around 2.35, which is typical of the values obtained
with olefinic materials. It stays constant in the high frequency area up to 20 GHz.

[6G398] The foregoing description, for purposes of explanation, used specific
nomenclature to provide a thorough understanding of the described embodiments. However,
it will be apparent to one skilled in the art that the specific details are not required in order to
practice the described embodiments. Thus, the foregoing descriptions of the specific
embodiments described herein are presented [or purposes ol illustration and description.
They are not target to be exhaustive or to limit the embodiments to the precise forms
disclosed. It will be apparent to one of ordinary skill in the art that many modifications and

variations are possible in view of the above teachings.
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What is claimed is:
1. A cyclic olefin copolymer compound, comprising:

(a) cyclic olefin copolymer;

(b) an impact modifying polymer selected from the group consisting of styrenic block
copolymers and olelinic block copolymers and combinations thereof; and

(¢) a linear polyolefin,

wherein the linear polyolefin resists chemical attack against the cyclic olefin

copolymer by ultraviolet light absorbers and fatty acid derivatives.

2. A cyclic olefin copolymer compound, comprising:

(a) cyclic olefin copolymer;

(b) an impact modifying polymer selected from the group consisting of styrenic block
copolymers and olefinic block copolymers and combinations thereof; and

(¢) a branched polyolefin,

wherein the branched polyolefin resists chemical attack against the cyclic olefin

copolymer by ultraviolet light absorbers and flatty acid derivatives.

3. The compound of Claim 1 or Claim 2, wherein the cyclic olefin copolymer (COC) is a

copolymer of cyclic olefin monomers with alkenes.

4. The compound of Claim 3, wherein the cyclic olefin copolymer is ethylene-

norbornene copolymer which has a CAS No. of 26007-43-2.

5. The compound of Claim 4, wherein the ethylene-norbornene copolymer has the

following structure:

______________________

wherein X ranges from about 40 wt.% to about 20 wt.% and wherein Y ranges from about 60
wt. % to about 80 wt. %.
29
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6. The compound of Claim 4, wherein the ethylene-norbornene copolymer has the

following structure:

,
N

wherein X ranges from about 25 wt.% to about 18 wt. % and wherein Y ranges from about 75

wt. % to about 82 wt. %.

7. The compound of Claim 4, wherein the cyclic olefin copolymer has a weight average
molecular weight (Mw) ranging from about 40,000 to about 130,000, and a heat deflection
temperature ranging from about 30°C to about 170°C at 0.45 MPa (66 psi load).

8. The compound of Claim 1, wherein the impact modifying polymer is styrene-
ethylene-butylene-styrene and wherein the linear polyolefin is selected from the group
consisting of high density polyethylene, linear low density polyethylene, linear

polypropylene, and combinations thereof.

9. The compound of Claim 2, wherein the polyolefin is branched polypropylene.

10. The compound of any one of Claims 1-9, wherein the support material further
comprises one or more optional additives selected from the group consisting of adhesion
promoters, biocides, antibacterials, fungicides, mildewcides, anti-fogging agents, anti-static
agents, bonding agents, blowing agents, foaming agents, dispersants, fillers, extenders, fire
retardants, flame retardants, smoke suppressants, impact modifiers, initiators, lubricants,
micas, pigments, colorants, dyes, plasticizers, processing aids, release agents, silanes,
titanates, zirconates, slip agents, anti-blocking agents, stabilizers, stearatles, viscosily

regulators, waxes, and combinations of them.

11. A polymer article comprising the compound of any one of Claims 1-10.

30
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12. The polymer article of Claim 11, wherein the polymer article is in a shape resulting

from any extruding, molding, calendering, thermoforming, or 3D-printing process.

31

203/300



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/026749

A CLASSIFICATION OF SUBJECT MATTER

COSL 45/00(2006.01)i, COSL 25/10(2006.01)i, COSL 23/00(2006.01)i, COSK 5/01(2006.01)i, CO8J 3/20(2006.01)i, COSF
232/02(2006.01)i, COSTF 212/08(2006.01)i, COSF 210/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
CO08L 45/00; B32B 7/02; B29C 47/14; CO8L 23/10; CO8L 25/10; CO8L 23/00; CO8K 5/01; C08J 3/20; CO8F 232/02; CO8F 212/08; CO8F
210/00

Documentation searched other than minimum documentation (o the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

FElectronic data base consulted during the international search (name of data base and, where practicable, search terns used)
eKOMPASS(KIPO internal) & Keywords: cyclic olefin copolymer (COC), ethylene, norbornene, branched polypropylene, linear low
densily polyethylene, SEBS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DORIGATO, A. et al. “Linear low density polyethylene/cycloolefin 1-9
copolymer blends.™ eXPRESS Polymer Letters. 2011, Vol. 5, Issue 1,
pages 23 37.

See page 23, left column; page 24, left column, first and second paragraphs.

A STRICKER, F. et al. “Rubber-toughened cycloolefin copolymers.’ 1-9
Die Angewandte Makromolekulare Chemie. 1998, Vol. 256, Issue 1,
pages 101-101.

See summary; page 102, lelt column; Figure 1.

A KHONAKDAR, H. A. et al. “Miscibility analysis, viscoelastic properties 1-9
and morphology of cyclic olefin copolymer/polyolefin clastomer (COC/POE)
blends.”> Composites: Part B. 2015, Vol. 69, pages 111-119 (Available online
2 October 2014)

See page 111.

A WO 96-11983 Al (EXXON CHEMICAL PATENTS INC.) 25 April 1996 1-9
See claims 1-5.

A US 2011-0256373 A1 (TATARKA, P. D. et al.) 20 October 2011 1-9
See claims 1-7.

|:| Further documents are listed in the continuation of Box C. Sce patent family anncx.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A"  document defining the general state of the art which is not considered datc and not in conflict with the application but cited to undcrstand
to be of particular relevance the principle or theory underlying the invention
"E" eatlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken along
cited t0 establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
18 July 2016 (18.07.2016) 21 July 2016 (21.07.2016)
Name and mailing address of the ISA/KR Authorized officer Y

International Application Division £
g Korean Intellectual Property Office KIM, Dong Seok §
¥ 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea {’ §

&

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-5405 il
Form PCT/ISA/210 (second sheet) (January 2015)

204/300



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/026749

Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims nunder Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Z] Claims Nos.: 12
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claim 12 refers to claim 11 which does not comply with PCT Rule 6.4(a).

3. Claims Nos.: 10, 11
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. El As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. El As all scarchablc claims could be scarched without cffort justifying an additional fces, this Authority did not invitc payment
of any additional fees.

3. El As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4 El No required additional search [ees were limely paid by the applicanl. Consequently, this inlernational search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest El The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
El No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)

205/300



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2016/026749

Patenl document Publication Patent family Publication

cited in search report date member(s) date

WO 96-11983 Al 25/04/1996 CA 2202403 Al 25/04/1996
DE 69518250 D1 07/09/2000
DE 69518250 T2 01/02/2001
EP 0680491 Al 02/05/1997
EP 0785969 Al 27/10/1999
EP 0785969 Bl 02/08/2000
ES 2149381 T3 01/11/2000
JP 08-505898 A 25/06/1996
JP 10-507478 A 21/07/1998
JP 3793881 B2 05/07/2006
US 5723545 A 03/03/1998
US 5763532 A 09/06/1998
US 5837787 A 17/11/1998
US 6121383 A 19/09/2000
WO 94-17113 Al 04/08/1994
WO 96-11983 Al 25/04/1996

US 2011-0256373 Al 20/10/2011 WO 2011-129869 Al 20/10/2011

Form PCT/ISA/210 (patent family annex) (January 2015y

206/300




WO 2016/190081 A1 | [ N0 O IO A

12) FEFBAENICE ST oSN -ERHEE

(19) 1 AT A HEHLES =
EREHR g
43) EEARA EE?

2016 £ 12 A 1 H(01.12.2016)

WIPOIPCT

10) ER2RES
WO 2016/190081 A1l

(51

21
(22)
(25)
(26)
(30)

(71)

(72)

E RS 557
COSL 45/00 (2006.01)
COSL 53/02 (2006.01)

CO8L 65/00 (2006.01)

EERHEES: PCT/IP2016/063847
EREHFEA: 2016 ££ 5 A 10 H(10.05.2016)
EMEHFRED E5E: BHARFE
EEELREDERE: BHAFE
BxET—4:

4% FE 2015-108605 2015 £ 5 A 28 H(28.05.2015)  JP
4%5FE 2016-089840 2016 55 4 A 27 H(27.04.2016)  JP

HEA: T )7ILXHRESHEOEXERIALS
CORPORATION) [JP/IP]; T 1410032 RE& G IR
K1 TE11E25 S— b7 KlA—
R R BZT—8E Tokyo (JP).

FEAE: 8 {EMHOSOYA, Ken); T 1410032 BT
EENEKEFE1THE A1 1§2"?’7’_|‘/7'er
a1 —X k42 ") FTILXHKEXSH
N Tokyo (JP). %= (HORIIL, Akihiro); T
1410032 B E &R & )1 lll%ﬂ TE11&2E
TF—rIT 4K AhEATJ—8ETHI Y
FILA%ERXER AN Tokyo 0P). SBA  #H— (NU-
MAKURA, Shinichi); T 1410032 3 &R &I X K&

"

1
7

& B0 |

A=Y

| ™
S

(74)

(81)

1TE11& 285 — T4 KBA—R 4
J—8WF o) FILAHXEEA Tokyo (IP).
=48 EAA(TAKAHASHI, Yasuhiro); T 1410032 5
RESMBINEXRBK1TE1 1B 255 — ko Tog

A —RA 2T —8TFTO LU TFTILAHASE
AN Tokyo (JP). f£1T HIE (SATAKE, Yutaka); T
1410032 R MBI NEXB 1 TE1 1522
F—brSTF 4 RKlIFA—A 2T —8ETHOEY

FIL AKX LA Tokyo (IP). /I IIJE
Kei); T 1410032 REE&RZIIRKIE 1 TH
2?7—h/74x%4 ALEFID—8RTY

) FILAXABEXEHRA Tokyo GP). Il Rz
(MAEKAWA, Yoshiyuki); T 1410032 BRTE & JIIX
KF1TEHI11E2F7— 2T 4 KA —X
F20—8BTI/EIYTFTILABKBAESHRN Tokyo
(Jp). B 3#GJSHIMORI, Taku); T 1410032 B IZHD
mIEXBE1TEH11&HF 255 — k2T 1« Kl
A—RBF2T—8TI7EUT7TILIHKEARIRN
Tokyo (JP).

KB A: 50 {5 1€ (NOGUCHL Nobuhiro); T
1010054 EEMFAHXHHIEA3I — 16 — 1
1 ITNT7—2afHEMBET2BE Tokyo (JP).

HEE (ETROLZWRY ., 2 TOREOERNRK
E M A EE): AL, AG, AL, AM, AO, AT, AU, AZ, BA,
BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,

[fE3EH]

(54) Title: FILM OF CYCLOOLEFIN-BASED RESIN COMPOSITION
G EEOEH - BIRA L 71 U REIEHERM T 1« L L

[E1]
140
126 1
& /
£ 1w
£ _/
% E
2
AA 56
i‘g ac
B3
2

1.6

24 32 4

UF I LA+ EEFE(ppm)

AA. .
BB...

BB

NUMBER OF DEFECTS (PER 25-mm SQUARE)
LITHIUM ION CONTENT (ppm)

(57) Abstract: Provided is a film of a cycloolcfin-bascd resin composition, the film having few defects. The film of a cyclool -
efin-based resin composition comprises a cycloolefin-based resin and an antioxidant, the antioxidant satisfying at least one of the
following requirements (1) to (3). (1) To have a lithium ion content of 0.4 ppm or less. (2) To have a cation content of 0.9 ppm or

less.

D B RMEADIGEWCIRIRA L T« CREEHEYM T « L LZEIRIET B, 74
Z ALK, BRRF LT« /%*’Tﬂ‘étﬁfﬂtﬂﬁﬂ:ﬁﬂ:‘: A L. LEERERIEFIMBLUTD (
; (1) EEEMIEBULRIZSEND)FILAF DER

EREERIEBSEFIICE ENSHIREY

(3) To have a chloride ion content of 0.1 ppm or less.

£12%®
(2)

q

s ﬁﬁﬂ:ﬂﬁﬂ:ﬁ'ﬂ-a EFNdEA
1A DEFEIO.

207/300

Fom
Tpp

BRIRA L7« o REIEMERY

1) ~ (3) D

EMR0. 4pp
BEHENO. 9ppmUTTHD (3)
MmMETTHS,



WO 2016/190081 A1 | ITIIH0J0X 0000 O O

84

CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IR, IS, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH,
PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
SL, SM, ST, SV, SY, TH, TI, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

EEE (RTOLVRY . 2 TORBEDLER
SE /N T[EE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), 2L —

208/300

S5 <7 (AM, AZ, BY, KG, KZ, RU, TJ, TM), 2 —
B /% (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NL, SN, TD, TG).

AT ARAER:

EERERE (FHFE 21 £G)



WO 2016/190081 1 PCT/JP2016/063847

[0001]

[0002]

[0003]

[0004]

B ¥ &

READOEI : RRAL 714 VREBEERD 7 1 LA

F: iy o> BF

AFERE, BIRFL 7«4 U RBIECBREBEREZEFITIRRAIL 7 14
v REREMER T « W AICET 5, AEHFEIE. BREICBEWT201 545
B2 8HICHBIN/ -AXHERZSEE2015-108605, RUAXK
EIiCHEWT2016F4B827HICHBRINBAEMESIHE201 6 —
8984 0%EHME LTEBKLIELZTRIZDEODTHY., INS5OEHREIZSER
Tl &iIlLY. RERICIERAIN S,

otedl

RIRA L 7« REEBIG. ZOFHEHICRROAL 71 VERER > /23S
MTERABEEOAL 71 U RBIETHY. Bhion2E GERM. BEE
i) AFb. BRAKEE ZFRICE IS EREME. BHEHEW L. B
hiztkgezB L TW3 (BIAIE, BFHFXE1 ~5%28R) . ZOLOBRA
L7414 vREBENSLD T 1ILALE LEY— NI, BEAZRE. AIAIE
MIHBZET 1L L, BHARIRET 1 )L L, HILBURE P, BHESERR. flx
TEERTE. ERSESFAORMI/HEFIN TV,
SoiTH Al scik
e alr Sk
Bkl BB 2001 —-13975652%
REEFCHR2 - 1BE2 009 — 234 98 285/045
REEFCERS : 1B 2 004 — 156 04 85,05
REEF RS : 1BI2 004 —3598 1 985,04
REEFCHRG : HBI2000—-86 87 0S4
FEADOBE
FRE/MERL &S & T SRE

RIRA L 74 VREBRE. A RGRIUCEIY. LYBWERE TEHRE.

209/300



WO 2016/190081 2 PCT/JP2016/063847

[0005]

[0006]

[0007]

[0008]

[0009]

MITZIENREBEELRD, COLILERFHTFTTREMIEZITD> & &
LN FEMAETSEI N TEBSEHAENSERDN Y. LERFERIEEEE (
BIRRY AL D1 VREEE) KU/ ITHRNE (EEKRD) OB RICER
IBET (BIR) BELRLY T HEENH S,

BIZIE. BIRAL 74 VRBEZRAWVWT 7 1 ILLAZEMAE T 28, &
FEEOEAMICLEDZTILDARELYT K. AFEEZE< TS BHIXIX28
O0~3600C) C&EMNREBETHY., BIFT (BR) PEETDZIEIHD, &
BREEM T A WLDEMDL D RERRICEWTIE, EIQKEITTHREL
BRE &R D,

ZFIT. BIRRVAL 74 VERBENMETH2ENLHESE (LYT—
AV, ANMMRA) EHMERFLDD. MEBRHTCTREMILTESN DK
FamICRBE (BAIE. BIEEEICL BB, BOBICLDET (BR) &
E) BEREIELRVENIROHENTWVWS,

AFERIF., COLDBRUERDODEBOEATRINLEDOTHY., REHD
IMWERRF LT 1 RS T 1 L LA ERKT B,

RBERT BI-ODFE

AFEFPEOIE. HERNORBRR. BIEMLFICEENZIRFE/MIF O

EEZMEMBUTET R &ICEY., LEEREZBATIDEZRHLE

N

(¢}

Iabb, RERICERDIBRAL 71« REEEKRY T 1 LA, BIRA
L7 1 REMEEBRIEBIEREZ2H L. ERBIEHEFRASLUTO (1) ~
(3) ORHFDODV L EB 1 DE/LT,

(1) EERBIEBHLEFRICEENDYFILAADOSHEENO. 4 ppmld
TTH B,

(2) LEBIEHLEFRICEENDIHZBA AT OZTHEENO. QppmlUTTH
%o

(3) LERMHERICZINZELYMIFTOEHEENO. 1 ppmldTF
TH D,

210/300



WO 2016/190081 3 PCT/JP2016/063847

[0010]

[0011]

[0012]

[0013]

[0014]

FHEADZNR
AFERRICENIE, BBEBLEFIA LR (1) ~ (3) OFRHFOLHLLED 1
DEFBLTEICIY, BIRA L T 1 UEIBBHERY 7 1 )L LD RBA IS
HENTED,
B T oD £ 5 74 Bt B
(I 1 iE. BIEBHLEFIICEEND ) FOLAFZVDOEEEE RBEHEDE
BRERT TS T TH D,
[K2IK 2%, BILBAILEFICEZENEEA A O EEE RIGE & OFEFE T
T T7CTH5.
[E31E 3 1F. BRILBALEFICEENDBIEMA F 2V DOEHEE & R & OREM&R
YUV ITTH B,
REAEERET D7D DR
AR, AEBOERBOREBICOWVWT, MEZSRLANS TEREBIEFICTEH
HICERAR T %,
1. BRA L7 1 U REEEHESRY T 1)L A
2. EEfI
<1. BRF LT 1 RBEHERDT 1 L L>
AEBOFREICHRDIEBRA L 7 1« PREEEKRT 7 1L L. BRA LT
1 RIS LERIEZEB L. BIEBLERIALUTD (1) ~ (3) D
FHEODLKEBL 1 DEFERLET,
(1) BEBAEBICEEZENZD Y F O LAAVOEEENO. 4ppmlAFT
Hb,
(2) BILRAILEFUCESENZBI AV DOEEFEENO0. QppmUATTH D,
(3) BERALEFNCEFENZIBIEMA A DEBENO0. 1 pp mELTTH
%,
AEROFEICEDIFTRA L 7 4 VREEHEKRI 7 1 L LICENIE. KRB
EHHEIT B ENTES, T AFFE (LS T—2ar, A X) &
MERIFICT DI EMNTE S,

211/300



WO 2016/190081 4 PCT/JP2016/063847

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

BORA L7 14 RBEEHEMYI 7 1 LALAICAVWOLNZEBIRA L 7 1 > 2805
HARIFICEWNT, BBIERIEFICEEN 2 LR A 4 55, BB LEHOE
BIARICEFEELTWS &, L&A A VHEMERSLFIC/ER L TER{ERALL
FIOMEZETIERLTWV., TOHER., BIRF L T 1 v REBIEEMRDZRBW
T4 IV LZ BT D2RRIC. RBAFERELPIKAQDEEICH D, BRIE
BFIEFIICEEN D ERBEA AV & LTIE. BIERLEFIOELEREICERT
HEDODFEIFOoND, BIZIE. VFIOLMEEZRWTELNS 7 o/ —ILREE
EBAIEFIZ BWBHEE. BRERIEFRICIE ) FULANBERICETENRT L,

—h. BIRA L 7« EBEERYIPICEVWT. BIRAL 7« UBEEICH
XY B LERRAAVIE BBIERHLEFRIOIESBICIEFEELICS W, BBIBRALE
HIDOEEDETICEFSLICKWEEALN S,

AEROFEBICEDIETRAL 7 4 REEHEKID T 1 L LG, 716X
X — MARTH D, BIRF L 7 14 VREEMERY 7 1L LE. EHHO. 1
UM~2mmTHBENTFELL., Tum~1mMmTHBIENLVYEFE
LW IR, BRA L 7 4 VRBEERY 7 1 LAICAWSONSTRIRA L 7
1 VRIS, BRIEBSIEFIZFICDOW T, FEICEREAY %,

[FRA L 7 1 > ZAAE]

RRA L7« vRBAER. EHSRFE-KRFELHLSBY. EHOD AL
EH—EICIRIRRILIKBIBEZE T 5250 T THD, ZDEIREILK
FEEIE. /JIWRILRVPT RSO I7ORTEVICRERIND LD 4, BIR
IRICIKFBBERICD R EE— DDA L 71 VY EZER/RESEZEIT 2ELEW (
BRRALT7142) ZHBEARELTHWS I ETEAIND,

RIRA L 7 4 RBEE. RRAL 714 2040 (H) EEEXIEE DK
=R (A) . BRAL 71 vEa—AL 71 VDRINHESEIEED
KEF=RMNY (B) . BIRAL 7 4 VORER (H) EEHAEXIEEDOKERINY
(C) IKaHmEINnD,

BRAL 74 VOEEFEFIE LT, oaRyFo, ooanFttEy, ¥

sOAOFY;voARVEIIV. 1, 3 HO~NFYIIVED IR

212/300



WO 2016/190081 5 PCT/JP2016/063847

[0021]

[0022]

DERAL 70> ;B O [2. 2, 1] ATyvy—2—xv (IEBL: /
IWHRILRY) . 5—XFI—E>oO [2. 2. 1] ATy —2—-ITV, 5
, B=IUXFN—-—EI IO [2. 2. 1] ~ATH—-2—-TV, 5—-—IFI—
oo [2. 2. 1] AFdy—2—Tv, 5—TFI—E>oO[2. 2

11 ATy —2—-xTV, 5—xTFVF>v—E>o2O[2. 2. 1] ~T¥H
—2—Iv. 5—~Fi—bEH/O[2. 2. 1] ~ATH-—2—-T>V. 5
—FUFI—E>oO[2. 2. 11 ANTH—-2—TITV, 5—FV5F2I
—kEryno (2. 2. 1] ATFH¥Y—2—TITV L5—XFUYFr—E>oO [
2. 2. 1] ~AF9—-2—-xTv 5-FEZIL—-EY O[2. 2. 1] T
Y#—2—ITv,. 5—ORzZi—-kErO[2, 2. 1] ~ATH—-—2-TV
ZO2IROBRAL 712 ;

b [4. 3. 0. 12.5] FH—-3, 7—yxv (lBRA®: Vv
aRv&vxTv) ., M) [4. 3. 0. 12.5] FHA—-3 -T2 ; ~V
o [4. 4. 0. 12°8] 9oFA—-3, 7T-JTELLIFMN) SO
[4. 4. 0. 12 5] HYFH—3, 8—YITUXIEINSDERDKERM
M (g raRvyrTovesrsankttzooftmy) cHhz b)) o0
(4. 4. 0, 12.5] 9vFH—3—ITVv;
E5—yoaRvFI—-ESHIO[2. 2. 1] ATFy—2—1v, 5—2%
OANF—E2o2O[2. 2. 1] ATy —2-—TV, 5—-70~Ft
ey [2. 2. 1] ATy —2—-—xTV, 5—-—7Txz=)L—FE>vn0 [
2, 2, 1] ATFH—2—TIVEWVS3BOBIRAL 71 ;
FhSvovO[4. 4. 0. 125 17.10] RFH—-3—ITV (BIIF
fZo20RFEYEHEWVD) L 8—XFIIFLZ>o0 [4. 4. 0. 12

.5, 17.10] RFH—-—3—xT>, 8 —ITFIFTrZ>O[4. 4. 0. 1

2,5, 17.10] RFAH-—3 -, 8—XFYFrFr3>s0O [4. 4.
0. 125 17.10] RFHA-3 -, 8—IFUFrFT+>v0 [4
4, 0, 125 17.10] RFH—-3 -, 8—EEZILFLr>>o0O [
4, 4, 0, 12.5 17.10] RFH—-3 -, 8—ARZI—F IS

213/300



WO 2016/190081 6 PCT/JP2016/063847

[0023]

[0024]

ol [4. 4. 0. 125 17,10] RFH-—3-—IEWVWLL4LIRDIR
RAL 71

8—o/ORVFI—FT >0 [4. 4. 0. 125 17.10] RF
H—-—3—xT>, 8—o/OAxUI—FT+3Zo0O[4. 4. 0. 125 1
7.10] RFH—3—ITv, 8—IvOAFtE-I—FT >0 [4. 4.
0. 125 17, 10] RFH—-—3—Tv, 8—TJx=)—>7ORVFI)—
FhSvv0[4. 4. 0. 125 17.10] RFH—3—IV;FTrSY
rs»a 7. 4. 138, 0"9° 027] Fb>7H—4, 9, 11, 13—
FhZxTY (1, 4—X%/—1, 4, 4a, 9a—FhbZROZILAL
vEEWD) L TS0 I[8. 4, 147, 0110, 03 8] RUYFH
—5, 10, 12, 14—-5FKr>TY (1, 4—X%/)—1, 4, 4a, 5
, 10, 1T0a—-AFHERrOATYISEVEEWVWD) RS0 [6

6. 1. 1386 027, 09 4] —4—-~FHFtr R¥o0O[6

5. 1. 136 027, 09 13] —4-—RUHFtEY Ry 7

4, 0. 02,7, 136, 110,13] — 4 -—-RUHFEY ; ~ANTH>H0O [
8. 7. 0. 12,9 147 111,17 0% 8 (012 18] —5—-—T44 O+
. ~NFHyo [8. 7. 0, 12,9, 038 147 012 17 113,16
1] —14—IA0kY;2oORVEISIVOAEFRREDEZROBIAA L
T4 VBEFOLND, TNHEDORIRAL 71 vid. ThEThBERTH S W
2FEUEEAEDLETHEWSIENTES,

RIRKAL 74 VEHEAUREERa— AL 71 VOEFEBIELTIE. TFL
v, ALY, 1 —TFo. 1 —RUFY, 1 —AFEY, 3—XAF)L—
1—TF2. 3—XFI—1—-RYFY 3—IFIL—1-RYF, 4—
AFI—1—RUFU 4—AFI—1—-A~AFEY 4, 4—-IXAF)L—1
—AFEY 4, 4—CAFI—1—-RYFY A—IFI)I—1—-A~AFt
C3—IFI—1 "Xt 1-—FVF. 1—-FEY, 1—-—KFt.
1—FhSFEY 1 —AFHTFEY 1 —F045FEY, 1—Z43EY
IREDRFH2~20, FFULLIIRRB2~8Da—F L7 1 vRaENEE

214/300



WO 2016/190081 7 PCT/JP2016/063847

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

FoNnad, choDa—FL 71 2idk TRENEBEMT, HHWI2FELLE
EHAEDOETHERATEZIENTES, ThoDa—F L 71 vid, RIKR
DAL T4 VICHLT. 5~200%0EEATEEINALEDOEFERTZZ
ENTED,

RIRAL 74 U XIFBRAL 71 vEa—HF LT 1V EDESGHERUVE
LNEEREDOKRRMBIEIC, BRRFIRIEALL. KAFMOAEICKE> THT
ST ENTED,

RIRAL 714 R BEIEE LT, REEOHRETIE. TFL 2 E/ILRILR
YONNMAESEINFZLLBWVWLNS,

RIRA L 74« VEBEEOBEICIE. FFICHIRIZA <, SHIXTH,. SIRIKT
H, BERKRTELWVD, BFELLLITEHIRTH %,

BRAL 74 VERBIEODFEIR. GPCEHICLBZETHSFENS0O
O~307A. BHELLIF1TA~T16F, I6IKFHELLIFT. 5B5~10%
THd, BEHADFENMET T EHBMAREMETL. RETED &P
MENEL RS,

T, BRRA L 7 1 U RBIEEICIE, AIROBIRA L 7 1+ 2Bl (A) ~
(C) IR BIAIE. HILRFIILE, BREKYE., TRFIH, 73
RE., TZRFILE EROFILELRY) #8583 2F8EMEEW (u) 245
FI7MRUG /" XFEBESGLEHED (D) 22305 &MTED, LREERA
L7 4>%EHE (A) ~ (D) 3. ZEUEERSLTEALTE LWL,

FEAEEMEEY (u) ELTIE. (A9) 7OV VIVEE. <L A VEg. #
KILAVEE #BKASAVEE TV (X9) PFUOUL—b, (X%
) PO UILBTILFIL REHT1~10) TAFI., LA VEETILFIL (
R ~10) TAFI. (X)) FUVILTIR, (X4%) 77 )L
—2—bFOFPIFINELIEEITFLND,

BHEEAE T 2FRLBHEEY (u) 2757 MR/ XEHEEG LLEM
BIRA L 71 VRBIE (D) 2RAWV5E I EICLYEBOBIERAS & OFRAM
EBEDHBZIENTEZDOT, BE. ANXvHy, O—F1 Y, EES. &iE

215/300



WO 2016/190081 8 PCT/JP2016/063847

[0032]

[0033]

[0034]

[0035]

[0036]

ZRIMIOBEERDHZD I ENATE, RISV ERBEICHFETH 5,
LU, MEBEOGFEEIIRRAL 71« v REEORKERLEZEHTLEIRR
DH D, TOLOBHERE (FIZIE. HILARFIILE, BEKPE. TRF>
B T7IFE IXFIE BEROFVILELRYE) OBFER. BRF LT
4 VRBET kgHYO~1Tmo |l /kgTHDIENFFLL,

[BEMbRL LEFI]

BR{EBLEFIIE. BIEEMBE X TLAMBOSBTFICESWTEABERINDHD
THY., EdkLie (1) ~ (3) OFEH. THhHLEAFVEFEOERKDOD
< EB 1 DE®AET,

(1) BBIERHLEFICEEF N BV FOLAFVDEEEIE. 0. 4 ppmld
TCHY. O. SppMUTFTHBENFELL, 0. 2ppmlATTH
BIENLYFTFELWY, VFILAFTVOZHEENO., dppmaziBADdE
 BAEBALEFRNIC L 2R (BRREMBRERMR) DN EILLLo>TLES>HBER.
RIEa=EI T2 & RS DD,

(2) BBEBFLERIICEE NI DEEEIE. 0. 9p pmUATTH
Y. 0. 7TppmUTTHBZENFELL., O. 6ppmUATTHDE
NEUIFFELWL, BAAVYDEEEICIE., LBV FOLAFTVDODEFEHLNS
Mo, BAAVYOSZHEENO. 9ppmZEHBR DL, BERLAICE 23
R (BREZEMARHR) MM ILLL>TLEOIRR. REEIGEIT 2 &
gt e,

(3) BEBFERICEENSEBEMA A OEFEIE. 0. TppmlF
THY., O. O95 ppmATTHBZENTFELL. 0. 080 ppmlid
TTHBDIENLYTFELL. O. O50ppmUTFTHBIENELITEH
FLW, B A DOEEEN0. 1ppmaBAIDE. BERLEFRICEK
DR (BREMBRRIR) KNI IKA>TLEDHER. RBEEIFHIT 5
ENEEE R D,

FFIC, BRACBALERNIE,. DA< &b LR (1) XiF (3) OFRH. T4b5
. BIERFLEFUCESENZ ) FOLAFZTVDEHFEN0., 4ppmlATTHD

216/300



WO 2016/190081 9 PCT/JP2016/063847

[0037]

[0038]

Z&. RU, BIEBLERICEFEFNZIEEMI T OEFENO. 1 ppmld
TThdEowFhbh—AEmLdIeMFE L, £& (1) ~ (3)
DEGEEETH/LTIENLYTFELL,

LREAAVOESHEELBRREMOIERABEBIZENTIEAWD, FIAIFHE
RPISBRIC) FOLAFTURERET &, HEHMIEICY FOoLAF Y
DBERERALEFNC/ER L. BERALEFIOMRZIFILTLED EEZX 5N D,
RIS, BIRA L 7« Y REIABIEE. BRURESB WO, BEBIEBEFRIDOIROD
HHEI D ERE &R D,

AR IEFIDEEFIE U TE. 7/ —ILREERFIEH]. U > REBILRALE
HEHLZIF SN, RIEHE L YShRITIHI T 28 ah 5. 7/ —IILRER
ERAEFRIDIFE LW 7/ —ILRERIEBALERIOBRAEFIE LTIE, ES XY
E. 7h5FX— (XFL>»—3—- (3", 58" =Y—t—-TFNL—-4" —
EkOF> o)) FAEAR—bN) X5 2, 5= —t —TFINn
fkOoxs>, 2, 6=-Y—t—TFI—p—YLV—I. 4, 4 —FH
EX—-—(6—t—T7FI7xz/—) . 2, 27 —XAFLv—EZX— (4—
XFI—6—t—TFNLT7x/—)) ., FU5F7T2)IL—-3—- (3", &5 —
—t—7FI—-4 —kerROoFTxzo)) FOEAFR—K 4, 47
FAER—-— (66—t —TFNT7x/—I)) . 2—t—TFIL—6— (33—t
—TJFI—2—bRAOFL -5 —XFILRVII)) —4—XFILTTZILT
2UL—hk RYHTYRAY A=W FTFSFFR (3-FTVIFF7OES
R—hK) . RYSTYRYb—=ILFTEFTFR [(3- (3, 5—IY—t—TF
L—4 -bROFx>7xZ)L) FOEEAR—R] . 2, 62— (t —TF
V) —4—XFLo7x /=), 2, 27 —AFLYER— (66—t —TFIL
—p—2LYV—=) .1, 3, 65— JR (3, 5—t—TFI—4—-EK
OFoRyIN) —1, 3, 5—bYypPyr—2, 4, 6— (1 H, 3H,
BH) —rUHX>, 2, 6=Y—t—TFI—4— (4, 6-ER (XU F
WFX) —1, 3, 65— NUTFPICU—2—qINTFTI/) 7/ —ILEEZES
BIENTED, 72/ —)VREBAEBEFIOWERZELTIE., RGANO

217/300



WO 2016/190081 10 PCT/JP2016/063847

[0039]

[0040]

X1010 (BASFIYw/Sy (#) #8) . PT7HRH4TAO—-60 ((
¥k) ADEKAXME) EEZAWVWDSIENTES,

) o RERIEBSIEFIOEAKFIE LTIE. 2, 27 —XFLYEZR (4, 6—
V=t —TFINTZII) AUVFIKRRATFA M PR (2, 4—TU—1t
—TJFNT7xz=I)) RRT7 74 MIJTTZIWEKRXAT77A4 b, U (/
ZIWT7xZI) KAZ7PA b BUR (2—IFIAFII) RRAT7 A b

RJRFUILKRZATZ7A4 b BUR (MUF2II) RAT77A4 0 ¥7x
ZIWES (2—IFUAFUL) RRT7A b PTTZIE/FTVILERR
7740 VFUINE/TIZINERAT7A M T2 FE/ (M)FTY
W) RAT7 740 00N RAYVIZVRAT7 74 M 7220
A RO VRRA774 6 TSz 7OL YY) O—-NTPKRRT
7AM FEhSZT7ZZITFRS (MUTFUN) RUSTYRY) M—=LLFT S
RAZ774 0 T3 (MUFINL) —4, 4 —qvTFOEYFYox
ZIPRZATZ A M ER (VZNT72 D) RYHITYRY M—ILIKRR
T7740 YRFFIVILRVITYRY) M—=IIRZXT 74 b, KEHBRERT
T/ =LA - RVAHITYRY h=)LKRRT 74 hiRY<T— ER (2, 4—
Tt —TFNLTIZI) RVASTYRY =T ERZAT A M EX (2
, A==t —TFIL—3—AFNTIZIN) RYHTYRY) h—ILTIKR
7714 RELFETFOLNS,

Bt EtFIDEEEIZ. BRAL 74 VERBERVISRA MY —0O&ET1
OO0HEEEICH L., BHE. 0. O5~5HEBNIFELL. 0. 1~3EE
AL YVEFE LW, BBERFLERIOSEESO0. OLHERUELEETZH I &IC
&Y. BRIERHIEFIOMEEE (BRIERFIEIR) 2L UYMRNICET L5 A TE
5, Fleo BILBHLEFIOESHBEEAXSEETLUT ET B &ITLY. BIRA L
714 REEEMARY OMMAEEY H S AEKEERSOREDORKT Y. B
RF L7 1 v REBIEERMOEBEREICH T ERKRDDEINE L VIR
WHEIT D ENTES, BIEBHLERIE. BHTHERALTE, 2L LEEEA
AHETERBLTE LWL, 2EULOBIEHLFIZBWVS5HE. TOAE

218/300



WO 2016/190081 11 PCT/JP2016/063847

[0041]

[0042]

[0043]

[0044]

[0045]

D EERBUEEHE EZRmAT &N FE LU,

IRIRA L 7« VRBEEEARY 7 1 Lok, TOREEBELDLLVEET.
BEICH L TEBEREAFEZ2SALTVWTH LW, RERAHIE LTIE. 8T
BURIEEARY TEERAVWONTWSEDO THNIEIRBIZRHIRRIZ A<, FlA
. TSR bv—. 8BABRRINF. SEER. TEF. FH. TEBEHLLEFL
EIRF. FEPERLQSOFEF. ERARRINE. RNEBFLEDEES
. BEBEHEHIBIFOND,

ISAKT—&LTHE. RFLYRISAMY—DFELWL, ZFLVER
ISAMIY—%2EETEHEICEY. 7408 E2LYBEIEZ &
NTEZ, UF. AFLVYRISAMI—ICDOWVWTERPT %,

[AFLYRISAMT—]

AFLYRISAMY—IE. AFLETHIPITVELLIEEIY L VE
DOHRESIVOHREERER. R/ XIE. TOKRRIYPTHD, AFLUFR
ISAMY—E. AFLVEN—REIAV N HEIVITVEY T T X
vhELETOY OHEEHRTHY ., MMIESAREZTHY. FEICAWVD
3, /. KRHFMELEEODAD., BREMIEL. ILIKHFETH
%,

AFLVRISRAMR—OHIELTIE. RFLY / THZTV " AFL YV
Oy IOREEE AFLY S AVITLY S RAFLr 7Oy IHESRER. R
FLY/ ITFLY/ TFLY / RAFlrv7OvIHEERE. AFL 2V ITF
LY/ 7OELY  ZFLyiOavsHEERKR RFLY /T4 70
vy O REBEBEEKRENBIFLND,

Fleo KERMICKYHEBEZ I VRO ZEREEZRLS LI, AF LS
IFLY/ TFLY/SAFL7OvIHREERE. AFLY /" TFLV T
ALY " AFLr7avoHEER AFLY /THTITOVvIHE
EF OKFERNINEAFLYRISAIY—EBWVD, ) WEEBVTEH
LW KERIMINAZRFLUYRISA MY —IF. BVBIRIBE CRIFERF
FEOANA ZEFRNNIWEOHITFE LV,

219/300



WO 2016/190081 12 PCT/JP2016/063847

[0046]

[0047]

[0048]

[0049]

[0050]

2FLVRISAMI—DHFTEIFE. GPCREICLDHIEHHTFENSO
O0~30KhA. FFLLWE1E~15F., ISICHFELLIE2/A~10AT
Hd, BEADFEMNMET TS EHWMABAENSMMET L., KETED ENFME
NELRS,

AFLVRISAMY—Z2EBT 258 BRAL 1 VEEEEXFL Y
RISAMT—EDEEIL BRALIZIVEE: AFLVRISAMY—
) IZ. 60:40~95 : 5THDZTEMFFLL. 85:15~95:5
THHZZENFIYTFFEFLWL, COLODQEFEBETDHIEICEY, BoNndY
AIILDHMEEZLYBEIEEENTES,

[BRA L 7« VREASHER 7 1 IV L OFFHE]

RIRA L 71« VREEERY 71 Lok, YHF—2a2H10. Onm
LUTFTHZDEIFFEFLL., 7. OnmUTTHBZIIEDNLYFEFLL., &

ONmMUTTHZEDNILICTFE LWL, Y¥T—>3>VDEIF. 7141
LOERHYHF—2a3VROICDVWT, REMPREEE (KEREFHKHAS
#HE, BHRE:RETS—-100) 2AVWTHIELEZWVWD, YFT—2
avAEESEEEATIEICLY. BRNETIAERHEIYIEELPT
735,

BIRA L 7 4 VREIEHEE 7 1 L Lld, A XH2. ORUTTHZZ
ENTFFELL, 1. 5BUTFTTHBIZENLUTFTFELL, N1 XDEIF. B
HFE50uUMDT AILLIZDWVWT, AN IAA—4— (Bfg%: HM1 50, (
¥R) & EBEEERMMEAE) Z2AVWTAELAEZ WD, N1 XDEHD LEE
EERAMALT I EICLY, FHRLE PHIRELNSORFEA ML, BWET
HHAFEHMEELIYFBR LR T A5,

RIRA L 7« REEMERM 7 1 L Lk BIRETFHENASON mMmBlE
THBDEDIFELL, 6ON/" MmUETHBEDNLIYBTFEFLLL., 70
N/ mMmUETHZ I ENISITFELY, 5IRETHBENS LER@BHAEMIT
T EICHY. BERCHERRICEITE 7 1 ILLOKIESE K UMRNICH ST
EMTES,

220/300



WO 2016/190081 13 PCT/JP2016/063847

[0051]

[0052]

[0053]

[0054]

[0055]

<FHIRA L 7 1« RHEEERI T 1 IV LOREFE>

RIRA L 7« RBIEEHERM 7 « L LlE, ERUERRA L 7 « > RB0E
EBILBhIEFIE =SB T H2RIRAL 7« RBEEERYMERBWTERT 5
ENTED, BIZIE, LEBRAL V4 v RBEEMERY%E210~3007T
DOEEDREETEML., BRINLERRA L 7 1 V REEERYZ 7 1 L L
RICHET ZEICEYBDZEDNTES, BIRAL 7 4 RBEBHERY 7 1
WislE, BMEMROEDOTE, —HEMOEDOTEH., ZHEMRDEDTE LW
o ZAIVLDEIEIE. FICREINT., HEEFHE LW,

BRIRA L 7 1« VREEEERY 7 1 Lok, BENFER. HIAIEMEED
A IV RIARIRFE T 1 L L. SHEEREE. RFRICT ) XL — N EEEIL
HEROBARICIHFETH D,
=)Ll

<3. =HEH>

AR, AFEBAOEBBICOWTERRT 5, AEEFHITIE, BRAL T 1>
FRRIREHERS T 1 WAL EERL, SN T 1 IILLDORMEEH. Vo TF— 3
VRO, BIEHEBEERUANA X EZFTMLI, 4B, AFBIE I LDERE
BUIREIND D TIEAL,

[RBA%K]

25mmADT A ILALICDOWT, BRESEFEMEE (500F) ICT, KX
XINE uml EDORIE (BELIBICLDZER. BOREICEDHEIT (FIK)
) DEHI Y b LTz, REBEEDATOO0BEUTOEDZ TO] &FML. R
FRELAS 1 OOEAAEBASH DA IX] &FEM L. REFEHA 1 O OEUTT
HBDIEILLY., EEOEES A VICBWITRET DRIEH A KEHIET
5 ENTED,

[V F—av]

)& F—2 a3 VORIEK. 74NV LOERNYYT—3a > ROICDWVT,
HEMPRERE (KEETHASHE,. MR&: RETS—-100) %#H
WTRIE L 7=,

221/300



WO 2016/190081 14 PCT/JP2016/063847

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[BIRXME (BEAMSIETHE) ]

BIHEBEIL. EASOumDT 4I)LL%E I I SKT7 128 THWAIEL
oo ABAFELTI3SHARBRK EZAV. 5IRABRKE (AG— X, S2EFRT
() &) Z#AVWTHEBREE200mm 49 THRIE L .

[~1X]

AN ZE BHEO0OumDI A ILLIZDWVT, AN XA —4H— (BFE :
HM1 50, (%) & EBEEMMEMARE) ZAVWTHEL X,

[(FRIkA L 7 1 >~ 2RBHEE]

BIRAL 74 v%BIEE LTIE. TOPAS6013—-S04 (RUFS
AFVvIRA (BR) & E2E2 : IFLVE/ILRILROEMEESHE) %=
FAuwi,

[AFLVYRISA MY —]

ZFLYRISAIY—ELTE, #7FvPH1041 (RFL VT
FLY/ TFLy /" AFLrT7Ov IHEERE. BIEETIAILZ () &
) W,

[B2 1L [ LE 7]

LLTFORBIERLEHRIA~FOoWwWThhirzAWE, UTO&RAF VEBEIE, 1
AvoO<w bS5 (DIONEXS, SR£L:DX—320) THH.
E&ETo/, GI—1000#0. 2g%10mLOBMKEELICPPA
22 (50mL) ICAN, 1T00TCH—TIC1 OBFEME LIESRE & Lz

<BEIbRHIEF A >

| RGANOX1010 (BASFZYv/8y (#) #&. Ov hESAI
. BAAVEEE: 0. Sppm. YFOLAAVEBE: 0. 2ppm,
B4 A>E58BE2: 0. 048ppm)

<BBIbRHLEE B>

| RGANOX 1010 (BASFY+ /8y (%) #8. Ov hESB 1
BAAVEEEZE: 0. 6ppm, VFOULAAVEEEZ: 0. 3 ppm,

222/300



WO 2016/190081 15 PCT/JP2016/063847

[0063]

[0064]

[0065]

[0066]

[0067]

Bit¥waxaE88: 0. 075ppm)

<BBIbBHLEFIC >

| RGANOX1010 (BASFYv/8y (#) #&E. Ov hBESC1
BAFEEE: 1. Sppm, UFULAFVERBE: 0. 6ppm,
B4 >EHE: 0. 105ppm)

<BE{bRHLEFI D >

TTFHAYTAO—-60 ( (#k) ADEKAXME., Ov +&FHFSD 1. [BAa
FVEEE: 1. 9ppm. VUFILAFVEEE: 1. 4ppm. ELY
A EBEZ:0. 117 ppm)

<Bg{bRAIEF E >

| RGANOX1010 (BASFYv/8y (#%) &, oy FESE 1
BEBAAFVEEE 4. 2ppm. VFULAFVEEE: 3. 2ppm,
BlEtaFEFE: 0. 142ppm)

[EREFI ]

BRAL 74 U %EE1 O0OEESE. BILBHLEFIAZO. 2HEE %
fiea Lz, LECBEEME. FimiC 4y M4 R UM Z8iRHs (e - BER
25mm, EX:26D, TH¥4i§: 160mm) #AVNT. 210~30
OCOEBESZHEDMERE CRELALE. BIRAL 71 REIEHERYME 2
50g/ minDREITHLEL, EXHAE50mmOT 4L LEO—IVIZE
TR o/, RTICHT LIS, BONTAIILDRMEEHIZB 1E " 25m
mATH ., T, BoNALTANLLDIYHSF—232R0IFE0. 4nm
THY. BIHEBEIEZSEN/ MmTHY. N1 XF0. 2%TH>7

[EHEH 2 ]

RIRA L 714 U RBAEQ OBEE &, AFLVYRISAMY—10HES
EEBEL. COBREYICEILRELERIAAZ O, 2EEIMES L. ZHHH L%
FRAVWTREB LI &EUMNE, E-EAIT EERICLT 7 A ILLEERL
RTIICTRTLEDIC. BENLETINLORMEHIEIB 1E " 25mmATH>
oo Elee BONLT74NLLD)HFT—232ROE2. OnmTHY., 3

223/300



WO 2016/190081 16 PCT/JP2016/063847

[0068]

[0069]

[0070]

[0071]

HEBEILOON / mMmTHY., N1 L1, 4% TH->7,

[=HEH 3 ]

BIRAL 714 VREEI OFESRE., RFLYRISAMY—10HEES
CZEEL. COREWICEIEELEFIBZ0. 2EEMEES L. ZEhH#
FRAVWTRELALZIELAT. EfEfI1T EERICLT 7 1 ILAEZERL T,
RIIKTFTLIIC. BoNET A NVLORKGEEIZB8E "25mmATH>
oo ol SONIT74NLDYESFT—232ROE2. OnmTHY., 5
HEBEEION/ MmTHY., N XE1. 4% TH o7,

[EbEm 1 ]

RIRA L 71 U RBAE9 OBEE &, AFLVYRISAMY—10HES
EEmREL. COBREWICEIERHILERC A2 0. 2EEIHEE L. ZHHF KB
ERWTRBE LI ELAIE. REFIT EERICLTT 1 ILAZERL
RTIICTTLEDIC. BENLETANLORMGEEIZT1 22@E, 25mmATH
ofc. Fleo BONLETANLD)HFT—232ROIE2, OnmTHY.,
FIREBEIZIOON mMmTHY., N1 X1, 4%TH>7,

[Lb&5) 2 ]

BIRAL 714 VREEI OFESRE., RFLYRISAMY—10HEES
EHEEEL. CORSYICEIEHLEFDAZO0. 2EEEES L. ZHhf HHE
FRAWTRHELAI ST, Effl1 EERICLT 7 1 ILAEERL T,
RIIKTFTEIIC. BoONEZTAINLORKGEEIZT1 29 " 25mmATH
o7 Fl. BoNETANLLDYHT—232VROIE2. OnmTHY.
BIHEBEIFION MmTHY., N X 1. 4%TH>7,

[Eh&51 3 ]

RIRA L 714 U RBAEQ OBEE &, AFLVYRISAMY—10HES
EEBEL. COBREYICELRLERIE A 0. 2EEIMES L. ZHHH L%
ERWTRBE LI ELAIE. REFIT EERICLTT 1 ILAZERL
RTILTTLEDIC. BENLETANLORMGEEIZT1 3 2@ " 25mmATH
ofc, Tl BT 4MLLDYHFT—232ROEFE2, ONnmTHY.,

224/300



WO 2016/190081 17 PCT/JP2016/063847

BIEEMEIEOON,/ mMmTHY, ~MXiF 1. 4%TH> 7%,
[0072]

225/300



PCT/JP2016/063847

18

WO 2016/190081

[#=1]

7'l 06 07 (x)2ElL [44X0 7¢ A4 13_[O0LOIXONVOUI] ST 1018 | 1POIHS ~Ll |EIgEA
¥l 06 0¢ (x)62lL L1110 ¥l 61 1d 09-0V algIr {17 mlm WWOIHG L& | 2ig s
7'l 06 07 (x)22) G010 90 [l 10 [010IXONVOMI| DIETTHIAV S | 1HOIHG~LLE | 114357
7'l 06 07 (0’83 G400 €0 90 19 _[0101XONYOUI] SIETTLSVA | HOIHGHLCK |CIGRYE |
7'l 06 07 Q)18 8+0'0 z0 G0 LY _|OLOEXONYOUI] VIETTHIAE | HOIHG S LLK |ZI4HIEE |
70 [ ¥0 (018 800 70 g0 IV JOLOLXONYDUI| VIE T} & — L g my

(wdd) (widd) (wdd)

BEE EEE EEE A H
%) (Wur/N) (W) (Ewwez x 62/ F) \.wm.&mnﬁ,m_‘m \.W.HWN.‘E_ \m_.wmwmm 1| ¥ HE —24YLT

X~ |EEREIG| 0dER—L LN By - S —= ¥+£Y
(5T 40 3F 58

226/300



WO 2016/190081 19 PCT/JP2016/063847

[0073]

[0074]

[0075]

[0076]

Bl1id. BBIEBSLEFICE END Y Fo LA A OEHEE R & OREF
BRIV T7THD, 213, BIEBLERICEENBAI A DOEFEER
[ s DREARERT VST THD, K3k, BIEMHLAICEEh21E((
FTUDOEBELERMBEDOBEBREZRTIZT7THD, 1 ~KH3ICRT LD
. VFOLAAVDERE. BA A VOEFEXIIELMWAI TV DODERE
ICEEAI L T, REGEDIEM T DMEMICH D & DD > 7,

EREAT ~3DLKDIC. BEBFIEFRA LR LA (1) ~ (3) OFHEF. T
Bhb, BIERRIERICEEZEND ) FIOLAAVDEEENO0. 4dppmldF
ThHd. BIEBHERICEEZENIEBA AV DOEEEN0. Q9ppmlUTTHD
RO BERBRLERICEENDIRBIEMA A OEEFEENO. 1 ppmlTFT
HBDEDVELKEB 1 DEWEIRRAL 7« RBAEERD T 1 L L&
« REEDIBEI IR TWB Z EATH > 7,

FFIC, BRIBBAIERID BB L2 (1) ~ (3) ORBEITRTHELTERIRS
L7« UREEEERY T 1 LA, REEDEYBRHICTF I TWSE Z &
Dahol, T EfBI2. 30LDIC. AFLUVYRISAIMNT—%5HE
TRRIRAL T 1 U REAEERD T 1 L LIE. SERE (VS F—2 a3,
AN X)) N BIHEBE) PLYRFETHD I EHDH 5T,

—7. BB ~3 D& DI, BIERHLEFRIAERLEZ (1) ~ (3) D%
HEOWTNERECILVWERRA L 7 1 REEEERY 7 1 L AL, RIEEHD
HTE2ON’HRETHDZ EDDD >,

227/300



WO 2016/190081

sERIR1]

[E53KTR2]

[EEKIR3]

58 KIR4]

[E53KIR5]

[55KIF6]

[E5KIRT]

20 PCT/JP2016/063847

AR O£

BIAA L 71 U REIBBEEER LRI EEEHA L. LEBIERLEEFIA
UTD (1) ~ (3) oFHoPraed 1 2wy, R4 LT
1 VRBAEHERY 7 1 L L

(1) LEBEHLEFICEZENDIVFILAAVOEFENO. 4p
pmELFTHD,

(2) EEEBBIEBFEFRICEEZFNDBA AV DEEFEHO0. 9 p pmld
TTH 5,

(3) LEBIEMHERICESENDRIEMWIA >V DEEFENO. 1pp
MU T TdhH 5,

&2 (1) OFRHFEDEL< EETELT. BRIE1ERORRKRA L 7
1 > RABREHEERD 7 1 IV L,

& (3) ORGEDILGCEBHELT. BKRE1BHOBRA L 7
1 VR 7 1 I Lo

£EE (1) ~ (3) ORHFEELTHEALT. FRKIE1SROBIRA L
T4 REREER T 1 )V L

LEREEBALLERIA D =/ —IILRERIEBALFITH B, BRIE1T5E4S
DOWTNH 1 IHICEEORRA L 7 1« V REEEMERY 7 1 L L

ZFLYRISAMY—%ILICERAT D, FRKBEI1HESOVWT
N1 IHICEEHOBRRA L 7 1« > RBHEHERY T 1 L L,

FEBRIRAL 7 1 RBEEN. TFL Y E /LRI ONMNMEE
BERTHD. BRKE1ITBECOWTIL 1IHICEHOTRKRAL 7 1 >
FRRERARY 7 14 L L

228/300



WO 2016/190081

[B41]

KR (@ 25% 25mmA)

[Eg2]

REad (E. 725 % 25mmf)

(&3]

K hA%e (18,725 X 25mmf)

1/1

PCT/JP2016/063847

140

120

=

100

4

80

60

40

20

0.8 1.6 24 3.2
UF I LAFER/E (ppm)

140

120

100

80

60

40

20

140

120

100

80

60

0.5 1.8 2.7 3.6
BET1AEHEZ (ppm)

4.5

o

/

0.05 0.1 0.15
BEYF o EHE (ppm)

229/300

0.2



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2016/063847

A. CLASSIFICATION OF SUBJECT MATTER
C08L45/00¢2006.01)1,

CO08L53/02(2006.01)1,

CO8L65/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

c08L1/00-101/14

Mininum docunientation searched (classification system followed by classification symbols)

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

1922-1996
1971-2016

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

199%6-2016
1994-2016

CAplus (STN), REGISTRY (STN)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2001-294615 A (Fuji Electric Co., Ltd.), 1-7
23 October 2001 (23.10.2001),
claims 1 to 10; paragraphs [0085] to [0109]
& Us 2001/0056051 Al
claims 1 to 22; paragraphs [0090] to [0106]
& US 2003/0204048 A1 & US 2003/0208017 Al
A WO 2007/034653 Al (Nippon Zeon Co., Ltd.), 1-7
29 March 2007 (29.03.2007),
claims 1 to 18; paragraphs [0056], [0057]
& US 2009/0269601 Al
claims 1 to 18; paragraphs [0098], [0100]

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

special reason (as specified)
“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  documcnt published prior to the intcrnational filing datc but later than the
priority date claimed

* Special categories of cited documents: “T” later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered  to date and not in conflict with the application but cited to understand
be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international filing  “X”  document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
05 July 2016 (05.07.16)

Date of mailing of the international search report
12 July 2016 (12.07.106)

Name and mailing address of the ISA/
Japan Patent Office
3-4-3,Kasumigaseki, Chiyoda-ku,
Tokyo 100-8915,Japan

Authorized officer

Form PCT/ISA/210 (second sheet) (January 2015)

(\;f clephone No.




INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2016/063847

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2005-145855 A (Mitsui Chemicals, Inc.), 1-7
09 June 2005 (09.06.2005),
claims 1 to 11; paragraphs [0057] to [0059]
& US 2005/0131182 A1l
claims 1 to 6; paragraph [0082]
A US 6436476 B1 (Owens Corning Fiberglas 1-7

Technology, Inc.),

20 August 2002 (20.08.2002),

claims 1 to 25; column 12, line 40 to column 15,
line 26

& WO 2001/060903 Al

231/30

Form PCT/ISA/210 (continuation of second sheet) (January 2013)

T A\va vy




BB RA A R ERsHESRS PCT JP2016. 063847
A, EHOBTLHEOSE (HERTS8E (I PC) )
Int.Cl.  CO8L45/00 (2006.01)i, CO8L53/02(2006.01)i, CO8L65/00(2006.01)1
B ME R 1T o 72408

A AT o TR/ DIRE R (EERFET03H (I PC) )
Int.CL  COSL 1/00-101/14

/ANREER LA OB CIAE 21T - To 4 B E EN D b o
H AE A EAH 1922—-19964%
H A [E 7 B 5 A=A 1971—20164
H A [E 2 A5 2B ek A 1996—20164%
B AE SR E AP BN H 1994—20164F
EHEHE CHEALEETFT —F = A (T —F X ADOLFR, AN L7 HE

CAplus (STN), REGISTRY (STN)

C. BET 72 &3R80 545 S0k
AN AN RIS
BT Y — % BIASCENE RO—ESOEHIABLET S & Xk, FOET L EFOFRT R IFO S
X JP 2001-294615 A (& tHERAESH) 1=7
2001.10.23, #gARmE1—10, [0085] — [0109]
& US 2001/0056051 Al, &E=RoO&EPFH 1-22, [0090]-[0106]
& US 2003/0204048 Al & US 2003/0208017 Al
A WO 2007/031653 Al (A AT A RS 1-7
2007.03.29, #HKko#EPH1—18, [0056]1, (005 7]
& US 2009/0269601 Al, FhEskKo#iPH 1-18, [0098], [0100]
W CHIORE X STRASIEE ST D, UORT L R T 2 Y — OB B B A 2,

*  BIEAXBEROLT I —

TA] $RICEAED & 5 3CHAClze < . — BRI EilT Kk #E 4 ~4
1o

TE] EERHEEEARIOHBEE 7I38T TH 55, [EEHER
DigiznFzFsnim by o

TL | &850 THRICEEFR 2 TR 5 ST Pt O STRR O 1T
AL < iZfth O B2 BB R & fESE 3 5 7= 025 A4
D3k GREE )

ro| HEEIC X oM, fEH. BTREICS AT 5 3CHk

P EEEHERRIT, D OEIHEOERO R & 725 HFE

D B OFEITATR S 7= 3Tk

EFRHFE H I35 BRI AR EN- A TH - T

HEEE FET 56O Tt/ <. B ORBENITIER

OBEFEDO DI HTEHD

(X $FICBEDOH L L TH - T, BT I THHA
OFRME X ER S e EZ LN D H O

Y| FCREEDOH L LN TH - T, BiZ R & o 1 LA
roxgEkE o, BEEIZL > TEHTHLHAEIIC
Lo THESERRNEEZLNLLS LD

(& F—F 2 77 I U —3CHk

[T

EERFHE 25T LI H

E ERFR AR T O FE = H

05. 07. 20168 12. 07. 2016
ERRAE T O L B Kk OV T BT EEE EROLDEE) 4] ] 3776
AAESEHT (1 SASTP) -
BEES100-8915 ABRIE ek
HREF TR XESE =TH 4% 3% F/EERE 03—3581—1101 A# 3457

#HBRAXPCT  1SA 210 (HE21—)

(201541 R°)

232/300




EgEHp®s PCT 7 JP2016 7063847

B

C (ex) . PBEET 5 LDHSIDHE
B F Sk o B %
B 5T — % SIS RO SIS M5 & X131, FORE T 5 @0 s HORIEDE
A JP 2005-145855 A (=HAbFERA %) 1-7

2005.06.09, #Fkm@1—11, [0057] — [0059]

& US 2005/0131182 Al, Fa>RO&iPH 1-6, [0082]
A US 6436476 Bl (Owens Corning Fiberglas Technology, Inc.) 1-7

2002.08.20, FEROFHFH1 —2 5, FH1 2ME4 07— 1 S HHE
2 617 & WO 2001/060903 Al

HMRAPCT ISA 210 (HF2X—I0ffx) (201541H)

233/300



WO 2016/194555 Al O

12) FERAEMIE DSV TSN -ERLEE
(19) ﬁ%*” m%’g@%@ g U 0T OO0 YO O 0
/

IS

/ 10) ER2HES
i yaipure = WO 2016/194555 Al
2016 £ 12 A 8 H(08.12.2016)
WIPOIPCT
61 EEFHESHE: BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
B65D 65/40 (2006.01) B32B 27/32 (2006.01) CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EF, EG, ES,
- q FL GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
1) ERHEES: PCT/JP2016/063853 IR, IS, KE, KG. KN, KP, KR, KZ, LA, LC, LK, LR, LS.
(22 EFEHRER: 2016 5 5 A 10 H(10.05.2016) LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY,
ey o MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT,
(25 ERHEDEE: BAGE QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL, SM,
n =z - ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
26) EFRRFHOEE SRS UZ, VC, VN, ZA, ZM, ZW.
@0 BEET—4: . — g "
] @) HBHEE (RTOLWRY ., 2 TOERDEER
4% 88 2015-113259 2015 £ 6 A 3 H(03.06.2015) P % ARl B2 ). ARIPO (BW, GH. GM. KE, LR, LS, MW,
7y HEBA: R TSXFv o AKX E# @eoLy- MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), 1 —
PLASTICS CO., LTD.) [JP/JP]; T 1088280 BRI &R & S5 L7 (AM, AZ, BY, KG, KZ, RU, TJ, TM), 3 —
REB-ZTH 1 8% 15 Tokyo (JP). O w /% (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
— FS, FI, FR, GB, GR, HR, HU, TF, IS, IT, LT, LU, LV, MC
72 EBHEZE: KNI F £ (OKAWA, Hidetoshi); T T o AT ek O TRy
RARAL TS (© p . MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR),
1088280 REMPEREM_TH18F1%F K
) o N . OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM,
) 7 Z 9—' J 7 Z**Etﬁ*im Tokyo (JP). ML, MR, NE, SN, TD, TG).

74 KEAN: IE#MH EHEZ, 5 (SHOBAYASHI Masayuki {4/, B Z=%.

1), T = CHEIDHN1—7 — _ ~
oy T s REAT CHEA . EBRESE (R0E 21 £0)

@8 FEEE (i-ra)&urﬁ U, ETOEEOERNR
S ASE[EE): AL, AG, AL, AM, AO, AT, AU, AZ, BA,

(54) Title: LOW-ABSORPTION PACKAGING BAG
(54) READZ T - (RIRE Mo LR

(57) Abstract: Provided is a low-absorption packaging bag equipped with a sealant layer that satisfies all of the following: heat-seal-
ability, low absorption, cuttability, and watcr-vapor barricr propertics. A low-absorption packaging bag for storing contents contain -
ing a low-molecular-weight volatile compound, wherein a layered body provided with a substrate layer comprising one or more lay-
ers and a sealant layer containing a cyclic olefin resin having a glass transition temperature of 50-190°C, inclusive, is formed as a
result of heat-sealing with the sealant layer side as the inside surface thereof.
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MULTHAYERED SHEET

BACKGROUND OF THE INVENTION

The pragent application describas a multilayered sheat, spacifically a multilayered sheet
that may he hoth thermoformable and thermally stable.

Packaging film and packaging sheest are used for many purpases. One of these many
purposes includes thermoforming the film or sheeti inleo packages, such as {rays, piates or other
containers, which may then be used o package products. Another of these many purposes
meludes packaging products subjected to thermal processing, including but not imiled to retort,
aseptic, hot-fill or microwave processing.

One packaging sheet that is currently used for thermoforming into packages is disclosed
in 1).5. Patent Application Publication Pub. No. US 2011/0104342 (publishad May, 5, 2011}
This sheet comprises a first rigid component and a second rigid component and has a
normalized combined tear initiation and propagation resistance in both machine direction and
fransverse direction of less than about 0115 inibf / mil {0.0511 Nom / micron) energy 1o break
and an elongation in both machine direction and transverse direction of less than about 0.800 %
Sl {0.0315 9% / micron) as measured in accordance with ASTM D1004. The first rigid
component and the second rigid component are exarmngdified by identical blends of high impact
polystyrene (MIPS) and general purpose polystyrene (GPPS). Tharmoformed packages formed
from this sheet having a first rigid componant having an analogous composition as a second
rigid component are expected to distort and deform when exposed to temperatures above 184
“F {about 90 °C) due to the presence of the polystyrene. One sheet that is currently used for
thermoformed packages exposed to temperalures above 184 °F (about 80 °C) comprises a
sheet having two exterior layers of polypropylene. However, a sheet with two exterior layers of
polypropylene is expected to be difficult to thermoform. Additionally, the methods of

manufacturing a sheet with two layers of polypropylene are expected {o be limited due to
1
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polypropyleng’s crystallinity and other properties. What is needed is a sheet that may be both
thermoformable and thermally stable.
BRIEF SUMMARY OF THE INVENTION

This need is met by the multilavered sheet described in the present application. The
sheet comprises a first layer comprising a polyolefin having a melling temperature, a storage
moduius (G4} greater than about 100,000 psi (about 890 MPa) at ambient temperature, and a
glass transition temperature less than ambient temperature. The sheet further comprises a
second layer comprising a polymer having a glass ransition temperature greater than ambient
temperature. The first layer comprises different materials than the second layer. The melting
temperature of the polyolefin of the first layer is greater than the glass transition temperature of
the polymer of the second layer. Each of the polyolefin of the first layer and the polymer of the
sacond laver has a storage modulus (G and G, respectively) at about 35 °C and a storage
modulus (G} at a midpoint temperature that is the average of the glass transition temperature of
the polymer of the second layer and the melting temperature of the polyoiefin of the first layer.
The ratio of G o G2 at about 35 °C s less than 1, and the ratio of G t0 G’ at the midpoint
temperature is greater than one. The sheet has a thickness equal 1o or greater than 10 mil (284
micron}. In some embodiments, the sheet has a thickness of from about 30 mil {abowt 762
mmigron’ 10 about 50 mil {abowt 1270 micron). The first layer coniributes at least about 30 % of
the thickness of the sheet and the second layer contributes at least about 25 9% but less than
sbout 80 % of the thickness of the sheet. in some embodiments, the first layer contribudes from
about 30 % to about 85 % of the thickness of the sheet and the second layer contributes from
ahout 25 % to about 55 % of the thickness of {he sheet.

in some embodiments, the polyolafin of the first layer may comprise polypropylene, high
density polyethylens or blends of such. As a nondimiting example, the polyolefin of the first

layer may comprise from about 50 % (by weight} to about 70 % (by weight} polypropylene

2

£
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homopolymer and from about 30 % {by weight) to about 50 % (by weight) high densily
polyathylane,

in some embodiments, the polymer of the second layer may comprise polyestar, cyclic
olefin copolymer, styrenic palymers or blends of such. More specifically, as non-Emiting
examples, the polymer of the second layer may comprise amorphous or semi-crystalline
polyester {(APET), glycol-modified polyethylene terephthalate (PETG), isophthalic acid (IPA)-
modified co-polyaster (PETI}, polyiactic acid (PLA), copolyesters, high impact polystyrene
(HIPS), general purpose polystyrene {GPPS), styrene block copolymer (SBC) or blends of such.

in some embodiments, the sheet may include a first layer comprising from about 50 %
{by wsight) to about 70 % (by weight) polypropylene homopolymer and from about 30 % (by
weight) to about 50 % {by weight} high density polyethylene and a second layer comprising
amarphous or semi-crystaliine polyvester (APET).

in some embodiments, each of the first layer and the second laver of the sheet may be
an exterior layer or an interior layer. In g further embodiment, the second layer may be an
interior laver bonded 1o an exterior layer via an intermediate faver.

in some embodiments, the sheet may comprise an adhering layer positioned between
the first layer and the second layer. As non-limiting examples, this adhering layer may comprise
an adhesive, an extrudate, a coating, 3 e material or a multilayer film. {n a further embodiment,
as a non-imiting example, the adhering laver may comprise a multilayer, blown film.

The sheet described in the present appiication may have various properties. As non-
imiling examples, the sheet may have a normalized combined tear initiation and propagation
raesistance in both machine direction and transverse direction of greater than about 0.115 in*ibf/
mit (G.0511 Nom / micron) energy io break and an elengation in both machine direclion and
transverse direction of greater than about 0.800 % / mil (0.0315 % / micron) as measured in

accordance with ASTM D1004. The sheet may have between 0 and about 20 degrees of

3
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transverse direction curl. The sheet may be thermoformable and, as such may be
thermoformed into a package. Such package may exhibit a compression strength that is
greater than about 125 % of a comprassion strength of an other package formed from an other
sheet having an other first layer comprising the same polvalefin and having an analogous
composifion as an other second layer, wherein the other first layer contributes at least about 30
% of the thickness of the other sheet and the other second layer contributes al least about 25 %6
but less than about 80 % of the thickness of the other sheel. In some embodiments, this
compression strength may be from about 150 % to about 300 % of the compression strength of
the ather package. The sheet may be thermally stable when exposed to temperatures from
about 184 °F {about 90 °C) to about 284 °F (about 140 *C). As such, the sheet may form a
package for retort, aseptic, hot-fi| or microwave processing.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a first embodiment of a thermoplastic sheet according
to the present applhication.

FiG. 2 is a graph depicting the storage modulus (G7) temperature sweep of four
materials.

FIG. 3 is a cross-sectional view of a second embodiment of a thermoplastic sheet
according to the present application

FIG. 4 i3 a picture depicting two example cutling templates for use in the curl test
method.

FIG, 5 is a picture depicting a curl tester placed on a prepared, cul sample to determine
the degree of curl.

Fi3. 6 is a graph depicting the oxygen transmission rates at various time infervals for
identical trays formed from thermoplastic sheets according 1o the present spplication and

farmed from a comparative sxample.
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DETAILED DESCRIPTION OF THE INVENTION

As used throughout this application, the term "sheet” refers o a plastic web having a
thickness of equal to or greater than about 10 mil {about 2584 micron). The term “iim" refers to a
plastic web having a thickness of less than about 10 mil {abowt 254 micron).

As used throughout this application, the term “about” refers to approximately, rounded
up or down 1o, reasonably close {0, in the vicinity of, or the like. The term "gpproximate” is
synonymous with the term “about.” Unless the context specifically requires otherwise, sach
guantified property {e.g., temperature, melting temperature, glass transition temperature,
storage modulus, etc) cited or referenced in this application is gualified by “about,” whether or
not “about” appears before the guantified property.

As used throughout this application, the term “thermoplastic” refers to g polymer or
polymer mixture that soflens when exposed to heat and then retums {0 s original condition
when cooled to room temperature. In general, thermoplastic matenals may include natural or
synthetic polymers. Thermoplastic materials may further include any polymer that is cross-
tinked by either radiation or chemical reaction during manufacturing or post-manufacturing
Processes.

As used throughout this application, the term “polvolefin” {or "polyatkene”™) refers to any
of a class of polymers produced from an alkene (o “olefin™) with the general formula G

As usad throughout this application, the term "polymer” refers to a material which I8 the
product of a polymerization or copclymerization reaction of natural, synthetic or combined
natural and synthetic monomers and/or co-monomaers and is inclusive of homopolymers,
copolymers, terpolymers, quaterpolymers, ste. in general, the layers of the sheet described in
the present application may comprise a single polymer, a mixture of a single polymer and non-
polymeric material, a combination of two or more polymers blended together, a mixture of a

blend of bwo or more polymers and non-polymenc material, or other such componenis. i will be

9
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noted that many polymers may be synthesized by the mutual reaction of complementary
monomers. It will also be noted that some polymers are obtained by the chemical modification
of other palymers such that the structure of the macromolecules that constitute the resulting
polymer can be thought of as having been formed by the homopolymerization of a hypothetical
Monomer.

As used throughout this application, the term “storage modulus” or "G refers o a
measure of the elastic response of a material and may also be called also called the elastic
modulus, the in-phase modulus, and the real modulus. This value is only ideally equivalent to
Young's modulus. in reality {versus ideality), Young's madulus is calculated over a range of
stresses and strains {as it is the slope of a line), while storage modulus is a point on the line.
Furthermore, in reality, Young's modulus is determined via the stress-sirain test and involves
constantly stretching a material, while storage modulus is determined via the dynamic test and
involves oscillating a material. As an example, if the material to be tested were a ball, the
storage modutus (the elasticity) could be related 1o the amount of energy the ball gives back
{how high it bounces). Therefore, as used throughout this application, storage modulus is
different than Young’s modulus.

As used throughout this application, the term “ambient temperature” generally refers to s
surrounding environment or room temperature of about §8-77 °F {about 20-25 °C).

As usad throughout this application, the term "rigid” refers 1o a plastic materiat having a
starage modulus greater than abowd 100,000 psi {about 820 MPa) al ambient temperature,

As used throughout this application, the term “melting point” {or "melting temperature™)
refers {o the temperature at which a solid and a liguid phase of a material may coexist in
equilibrium. I is the temperature at which a solid meits 0 become a liquid and the material

flows or begins to flow.
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As used throughout this application, the term “glass transition temperature” or *T" refers
to the temperature range over which a material transitions from a glassy state {o a rubbery siate
{Le., the temperature range over which a material "softens™). s noted by the onset decrease
in the storage modulus, accompanied by a peak in tan delta, during lemperature scan heating.
The glass fransition temperature is, in actuality, a range. However, scientists have agreed to
accept a single temperature as the indicatar per cerfain standards, such as those associated
with differantial scanning calorimebry {(DSC), thermomechanical analysis {TMA) and dynamic
mechanical analysis (DMA).

As used throughout this application, the term “midpoint temperature” refers to the
temperature half-way betwsen the glass transition temperature {T,) of the polymer of the second
tayer and the melling temperature (T} of the polyolefin of the first layer. In other words,
midpoint temperature is the avaerage of the glass transition temperaiure (T4} of the polymer of
the second layer and the melting temperature {Ty) of the polyolefin of the first layer

As used throughout this application, the term “polyesier’ refers to & homopolymer or
copolymer having an ester linkage between monomer units. The ester linkage can be
represented by the general formula: [O-R-OCOFR-C{Q)]. where R and R’ are the same or
different atkyl {or aryl) group and may be generally formed from the polymerization of
dicarboxylic acid and diod monomers. The dicarboxylic acid {including the carboxylic acid
moieties) may be linear or aliphatic (s.g., Iactic acid, oxalic acid, maleic acid, succinic acid,
glutanc acid, adipic acid, pimelic acid, suberic acid, szelaic acid, sebacic acid, and the like} or
may be aramatic or alkyl substituted aromatic {e.q., various isomers of phthalic acid, such as
paraphthalic acid {or terephthalic acid), isophthalic acid and naphthalic acid). Specific examples
of a useful divl include but are not limited {0 ethylane giveol, propyiene glycol, irimethylens
glycol, 1.4-butane diol, neopentyl glycol, cyclohexane dicl, 22,4 4-tetramethyl-1,3-

cyclobutanediol, and the like. Polyesters may include a homopolymer or copclymer of alkyl-

i
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aromatic esters, including but not limited o polyethvlene terephthalate (PET), amorphous
polyathylene terephthalate (APET}, glycol-modified polyethyiene terephthalate (PETG), and
polvbutylene tarephthalate (PBTY, a copolymer of terephthalate and isaphthalate including but
not limited o polyethyiene terephthalate/isophthalate copolymer, such as isophthalic acid (IPA)
{modified polyethylene terephthalate (PET1)); & homopolymer or copolymer of aliphatic esters
including but not limited to palvlactic acid {(PLA); polvhydroxyalkonates including butl not limited
o polyhydroxypropionate, poly(3-hydroxybutyrate} (PH3RB), poly(3-hydroxyvalerate) (PH3V),
polvid-hydroxybutyrate) (PH4B), poly{4-hydroxyvalerate) (PH4V), polyiS-hydroxyvalerate)
{PHSV}, poly{B-hydroxydodecanoate) (PHGD); and blends of any of these materials.

As used throughout this application, the term “copulymer” refers to a polymer product
obiained by the polymerization reaction or copolymerization of at lsast wo monomer species.
Copolymers may also be referred 1o as bipolymers. The term “copolymer” is also inclusive of
the polymerization reaction of three, four or more monomer species having reaction products
referred to terpolymers, quaterpolymers, etc,

As used throughout this application the term “cyclic olefin copolymer” or ‘COC" refers to
a class of polymeric materials based on cyclic olefin monomers and ethane, with one or more
different cydlic olefin units randomly or alternately atlached to an ethylene polymer backbone.
Ethyiene/norhorneng copalyrmers are a non-limiting example of cyclic olefin copolymers.

As usad throughout this application, the term "polystyrene™ or “PS” or “styrenic polymer”
refers 1 @ hamapolymer or copolymer having &t least one styreneg monomer linkage (such as
benzene {i.e., CsHg) having an ethylene substiiuent) within the repeating backhone of the
polymer. The styrene linkage can be represented by the general formulda: fCH2 -CHz (CeMs )l

As used throughout this application, the term “polvpropyiene” or "PP refersto a
plastomer, homopalyimer or copolymer having at least one propylene monomar linkage within

the repeating backbone of the polymer. The propylene linkage can be represented by the
8

258/300



WO 2016/200363 PCT/US2015/034667

general formula: {CH2-CH{CH3)}.. Such propyiene may be a polypropylens impact copolymer,
a polypropytene random copolymer or a polypropyiene homopolymer, may be syndiotactic or
isotactic and/or may ar may not ba clarified.

Asg used throughout this application, the term “high density polyethylene” or "HDPE"
refers {o both {8} homopolymers of ethylene which have densities from about 0.960 g/ec to
ahout 0.970 g/ce and (k) copolymers of ethylene with at least one alpha-olefin {e.g., 1-bulene or
1-hexena} which have densities from about 0.940 g/ce fo about 0.988 g/cc. HDPE includes
polymers made with Ziegler or Phillips type catalysts and polymers made with single-site
metaliocene catalysts. HOPE also includes high molecutar weight "polyethylenes.” Non-limiting
examples of high density polyethylene useful in various embodiments of the present application
include those having a density of from about 0.950 g/cc to about 0.970 gice.

As used throughout thig application, the terms "copolymer of ethylene with at least one
alpha-olefin” or “ethylene alpha-olefin copolymer” refer to a modified or unmodified copolymer
produced by the co-polymerization of ethylene and any one or more alpha-clefins. Suitable
alpha-olefins include, for example, s to Oy alpha-olefins such as propene, 1-butene, 1-
pantene, 1-haxens, 1-octense, 1-decene and blends of such. The co-polymerization of ethylens
and an alpha-olefin may be produced by heterogeneous catalysis, such as co-polymerization
raactions with Ziegler-Naita catalysis systems, including, for example, metal halides activated
by an organometaliic catalyst (e.g., titanium chioride) and optionaily containing magnesium
chioride compiexed to trialky! aluminum. Additionally, the co-polymerization of ethylens and an
alpha-olefin may also be produced by homogeneous calalysis, such as co-polymerization
reactions with metallocene catalysis systems which include constrained geometry cataiysts,
{e.g.. monocyclopentadieny! transition-metal complexes). in general, homogeneous catalyzed

ethylene alpha-olefin copolymers may be characterized by one or more methods known in the
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art, including but not imited to molecular weight distribution (M./M,.), composition distribution
breadth index (CDBI), narrow melting point range and single melting point behavior.

Asg used throughout this application, the term "maodified” refers 10 a chemical derivative,
whether grafied onto a polymer, copolymerized with a polymer or blended with one or more
polymers. The term also includes derivatives of such functionalities, such as acids, esters and
metal salts derived from such.

As usad throughout thig application, the term “layer” refars to a discrete film or sheet
component which may or may not be coextensive with the film or sheet but has a substantially
uniform composition. In referring to a maonolayer film or monolayer sheet, “fiim” and “layes” or
“sheet” and “layer” are synonymous.

As ysed throughout this application, the term “exterior layer” refers to g layer comprising
the putermost surface of a film, sheet or other article relative o the contenis of the filled
package (i.e., the layer of the film, sheet or other article farthest from the contents of the filled
package). The term “interior layer” refers {o a layer comprising the innermost surface of a film,
sheet or other article relative to the contents of the filled package (i.e., the fayer of the film,
shaet or other article, closet to the contants of the filled package). Additionally, the exterior
tayer and the interior layer each have an inner surface and an outer surface. The term “inner
surface” refers to a surface touching another laver, and the term “outer surface” refers o a
surface not touching another layer.

As used throughout this application, the term “intermediate layer” refers t0 a layer that is
positioned between two other layers. An intermediate layer has fwo inner sufaces.

As used throughout this application, the term “polysthylene” or "PE" refers (unless
indicated otherwise) to ethylene homopolymers or copolymers. Such copolymers of ethylene

include copolymers of ethylene with at least one alpha-olefin and copolymers of ethylene with
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other units or groups such as vinyl acetate or otherwise. The term “polyethylene™ or *PE" is
used without regard o the presence or absence of substituent branch groups.

Asg used throughout this application, the term “tie material” refers to a polymeric material
serving a primary purpose or function of adhering two surfaces 10 one ancther, presumably the
planar surfaces of two sheet or film layers. A tie matenal may adhere one sheet or film layer
surface {o another sheet or film layer surface or may adhere one area of a sheet or film layer
surface to another area of the same sheet or film layer surface

As used throughout this application, the term "multitayer”™ refers to a plurality of layers in
a single structure generally in the form of a ilm or sheet which may be made from a polymeric
material or a non-polymeric material bonded together by any conventional means known in the
art {e.g.. coaxtrusion, lamination, cogting or blends of such).

As used throughout this application, the term "structural layer” or *bulk laver” refera to a
layer that creates or provides structural support, substance or siability to the sheet or a layer
that simply provides desired thickness for the shest.

As used throughout this application, the term “blown film” refers to a film produced by the
blown coextrusion process. in the blown coextrusion process, streams of melt-plastified
polymers are forced through an annular die having a central mandrel {o form a tubular
extrudate. The tubular extrutdate may be expanded o a desired wall thickness by a volume of
fluid {e.g., air or other gas) entering the hollow intarfor of the extrudate via the mandrel, and then
rapidly cooled or quenched by any of various methods known {0 those of skill in the art.

As used throughout this application, the term “sealant layer” refers to a layer of a film,
shaet, elc. involved in the sealing of the film, sheet, eic. to dself and/or to another layer of the

same or another film, sheet, sic.
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As used throughout this application, the term “barrier” refers to any material which
controls a permeable element of a film or a sheet and includes but is not limited to oxvygen
barrier, maoisture bamier, chemical barrier, heat barrier and odor barrier.

Asg used throughout this application, the term “thermoformable” refers to a sheet capable
of being formed or thermoformed intc a desired shape by the application of a differential
prassure betweaen the sheet and a mold, by the application of heat, by the combination of the
application of heat and a differential pressure between the sheet and a mold, or by any
thermoforming technique known to those skilled in the art.

As used throughout this application, the term “package” refers fo any article used io
whoily or partially surround or contain an item. A package may take many, various forms. For
example, the term “package” may inciude pouches that wholly surround or cortain an item {or
ftams) to be packaged. The term “package” may also include films, sheets, elc. that partially
surround or contain an item (or items) to be packaged and, when used in conjunclion with
another film, sheet, etc. wholly surround or contain an item (or items). The term package may
further include cups, trays, plates or other containers formed by thermoforming a sheet or fim.

As used throughout this application, the term “thermally stable” refers {o an anicle
capable of maintaining dimensionality and shape and not distorting or deforming when exposed
to temperatures from about 184 °F (about 80 "Ch to about 284 °F {aboul 140 *C).

As usad throughout this application, the term "retort” refars {0 a sterilization process in
which a food tem packaged in a flexible package is healed to about 220-280°F {(about 104-
121°C) or higher for several minutes under high pressure.

As used throughout this application, the term “aseptic” refers {o a process in which a
packaged product and its packaging component(s) are sterilized separately and then combined

in a sterile or sterilized environment to form a shelf-stable package.
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As used throughout this application, the term “hot-fill” refers to a process in which a
packaged component {e.g., liquid such as juice or other beverage) is heated to about 194203
“F{about 9085 ~C) and then packaged (e.g., dispensed into a package) and sealed at a slightly
tower temperature (e.g., about 180-185 °F {ahowut 82-85 “CH).

As usad throughout this application, the term “microwave” refers to a process in which
glectromagnetic waves heat water in food 1o the hoiling point of water (about 212 °F (about 1060
“Cy)

Referring now to the drawings, with some but not all embodimentis shown, with elements
depicted as illustrative and not necessarily 10 scale, and with the same {or simiiar) reference
numbers denoting the same {or similar) features throughout the drawings, FIG. 1 is a cross-
sectional view of a first embodiment of g thermoplastic sheet according to the present
application. Sheet 10 depicted in FIG. 1 is a generalized embodiment and comprises first layer
12 and second layer 14.

First layer 12 comprises a polyolefin which has {a) some degree of crystallinity and,
therefore, has a melting temperature, {b) a storage modulus (G'y) greater than about 100,000
psi {about 830 MPa) at ambient temperature (i.e., about 88-77 °F {about 20-25 “C)). and (&) a
glass transition temperature less than ambient temperature {i.e., about 88-77 °F (about 26-25
T

As the polyolefin of first layer 12 has a storage modulus (G'4) greater than about 100,060
psi (about 680 MPa) at ambient temperature (i.e., about 68-77 °F {about 20-25 ")), the
polyalefin is, by definition, a rigid material. In some embodiments, the polyolefin of first layer 12
may have a storage modulus from greater than about 100,000 psi {(about 880 MPa) to about

500,000 psi (about 3,450 MPa) al ambient temperature.
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in some embodiments, the polyolefin of first layer 12 may comprise polypropyvieneg, high

density polyethylene, or blends of such. As non-limiting examples, first layer 12 may comprise

any one of the following:

*

100 % (by weight) polypropylene homopolymer;

100 % (by weight) high density polyethylene;

from about 60 % (by weight) to about 80 % {by weight} polypropylene homapolymer and
from about 10 % (by weight) to about 40 % {(by weight} polypropylene random
copolymer;

from about 70 % {(by weight} to about B0 36 {by weight) polypropyiene homopolymer and
from about 20 % {(by weight) to about 30 % (by weight) polypropylene random
copolymer;

from about 40 % (by weight} to about B0 % {(by weight} polypropylene homapolymer and
from about 20 % {by weight) to about 80 % {by weight} high density polyethylene; or
from about 50 % {by weight) to about 70 % (by welight} polypropylene homopolymer and
from about 30 % (by weight) to about 50 % {(by weight) high density polyethyienes.

Examplas of polypropylens include but are not imited to polypropylens impact

copolymer, polypropylene random copolymer and polvpropylene homopolymer. Further non-

imiting examples of polypropylene useful in various embodiments of the present application

include syndiotactic or isctactic polypropylene. Polypropyiene has a reported melting

temperature of 112-188 “C. (See Howe, "Polypropylene, isotactic,” Polymer Data Handbook,

1998, pp. 780-786 (Oxford University Press, Inc., New York, New York)}, and Myers,

“Polypropylene, syndiotactic,” Polymer Data Handbook, 1889, pp. 798-801 (Oxford University

Press, Inc., New York, New York).) Polypropylene homogolymer has a reported storage

modulus of 1,400 MPa {(about 203,053 psi) at 20 °C {30 Hz). {See Howe, “Polypropylene,
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isctactic,” Pofymer Dala Handbook, 1898, pp. 780-786 {Oxford University Press, Inc., New York,
New York}.) Based on a review of literature, polypropyiene has a reported glass transition
temperature of -80-10 *C. Exampies of polypropylene impact copolymer include but are not
fimited {0 Polypropyiene 4170 and Polypropylene 4481W.2Z, both of which are available from
Total Petfrochemicals & Refining USA, Inc. {Houston, Texas). Examples of polypropylene
random copolymer include but are not limited to Polypropylens RP850, which is available from
Braskem (Philadelphia, Pennsylvania};, and Polypropylene 6281KX, which is available from
Total Petrochemicals & Refining USA, inc. (Houston, Texas). Examples of polypropylene
homopalymer include but are not limited to inspire® B021N and Polypropviene H110-02NZ,
both of which are available from Braskem (Philadelphia, Pennsylvania); and Polypropylene
Lumicens® M3382MZ, which is availlable from Total Pefrochemicals & Refining USA, Inc,
{Hauston, Texas).

Examples of high density polysthyviene include homopolymers and copolymers of
ethylena, High density polysthyiene is available in g wide range of molecular weights as
determined by either melt index (M} or HLMI (high-load melt indax). (See Carier,
"Polyethylene, High-Density,” The Wilsy Encyclopedia of Packaging Technology, Second
Edition, 1897, pp. 745-748 {John Wiley & Sons, Inc., New York, New York).) Based on a review
of literature, high density polyethyleng useful in various embadiments of the present application
has a reported melting temperature of 104-138 °C. Linear high density polyethylens has a
reported storage moduius of 800 MPa (about 116,030 psi} at 25°C, slow cooled. (See
Mandelkern, et al., "Paolyethylene, linear high-density,” Pofirner Dafa Handbook, 1989, pp. 483-
507 (Osdord University Press, Inc., New York, New York).) High density polyethylene has a
reporied glass transition temperature of -111 °C. {(Ses Norman. et al., "Detecting Weak Glass
Transition {Tg) in Polymers by HyperDSC,” ©2009-2011, {(Pertkinkimer, Inc. Waltham,

Massachusetis).} Examples of high density polyethylene include but are not limited {o Alathon®
15
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MOO2Z0 which is available from Equistar Chemicals LP {Houston, Texas); Elite™ 5880G, which
is available from The Dow Chemical Company (Midland, Michigan); Alathon® L5845, which is
avaitable from Lyondell Chemical Company (Houston, Texas); and Surpass® HPs167-A8
{available from NOVA Chemicals Comporation {Calgary, Albenta, Canada).

Second layer 14 of sheet 10 of FIG. 1 comprises a polymer having a glass fransition
temperature greater than ambient temperaiure {i.e., about 88-77 °F {about 20-25 *C)).

in some embodiments, the polvmer of second laver 14 may comprise polyester, cyclic
olefin copolymer, styrenic polymaears, or blends of such. As non-limiling examples, second layer
14 may comprise 100 % (by weight} polyester or 100 % (by weight) styrenic polymer,

Examples of polyester include aromatic polyester and aliphatic polyester. Polyesters
have a reporied glass transition temperature of 89-115 C°. (See, Iroh, "Poly(ethylene
terephthalate),” Polymer Data Handbook, 1989, pp. 558-560 (Oxford University Press, Inc., New
York, New York }) An example of aromatic polyesters includes but is not limited to polyethylene
terephthalate (PET) which is processed {as a non-iimiling example, via exfrusion gusnch
process) 1o be amorphous of semi-crystaliine. Such processed PET inciudes but is not fimited
to amorphous polyethylens terephthalate (APET). Examples of APET (i.e., PET which may be
pracessed to be amorphous or semi-crystalline) include but are not limited to Laser+® C 8821,
which is gvailable from DAK Americas LLC {(Chadds Ford, Pennsvyivania);, Cleartuf® BO06C,
which is available from M&G Polymers USA, LLC {Houston, Texas); and Preformance™ PET
1708, which is available fram SlarPet Inc, USA (Asheboro, North Cargling). Further examples
of aromatic polyesters include but are not limited to glycol-muodified polyethylene terephthalate
{(PETG) and isophthalic acid {IPA)-modified co-polyester (PET!). Examples of PETG include but
are not imited to Skygreen® S2008, which is available from SK Chemicals America, Inc. (rvine
California); and Eastar™ Copolyestar 6763, which is available from Eastman Chemical

Company (Kingsport, Tennessee). An example of PET! includes but is not limited {o Auriga
18
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PET Type 8383, which is available from Auriga Polymers inc. {Spartanburg, South Carclina).
An example of aliphatic polyesters includes but is not limited to polylactic acid {PLA}). An
example of PLA includes but is not imited to Ingeo™ Biopolymer 40430, which ig geailable from
NatureWorks LLC (Minnetonka, Minnesotla) and has a reported density of 1.24 g/ce, a reported
MFR {210 °C 7/ 2.16 kg) of 8 g/10 min {in accordance with ASTM D1238), a reported peak melt
temperature of 145-180 “C and a reported glass ransifion temperature of 55-60 “C {in
accordance with ASTM D3418). Further examples of polyester include copolyestars. Such
copolyasters include but are not limited fo Tritan™ copolyesters, which are available from
Eastman Chemical Company (Kingsport, Tennessee). An example of a Tritan™ copolyester
includes but is not limited to Eastman Tritan™ Copolyester FX100, which is an amorphous
copolyester having a reported density of 1,18 g/cc and a reported glass transition temperature
of 110 *C {DSC). The polymer of second layer 14 may comprise amorphous or semi-crystalline
polyester {APET), glycol-modified polyethylene terephthalate (PETG), isophthalic acid (1PA)-
modified co-polyester (PETI), polylactic acid (PLA), copolyesters or blends of such.

Examples of cyclic olefin copolymers include but are not limiled o efhviene/norbomene
copolymers. An example of ethylena/morbornene copolymer includes but is not limited 1o
TOPASE® BOOT, which is available from Topas Advanced Polyiners, Inc. Florence, Kentucky)
arxd has @ reported density of 1.01 g/ce and a reported glass transition temperature of 78 °C
(DSC).

Exampies of styrenic polymers include bt are nat imited 1o high impact polystyrene
{HIPS), general purpose palystyrene (GPPS} and styrene block copolyimer (SBC). Styrenic
polymers have a reported glass transition femperature of 100 “C. (See Pu, “Polystyrene,”
Polymer Data Handhook, 1998, pp. 828-836 (Oxford University Prass, inc., New York, New
Yori.).) Examples of HIPS include but are not limited to Polystyrene 825E and Polystyrene

945E, both of which are available from Total Petrochemicals & Refining USA. Inc.); Styrolution
17
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PS 8210, which is available from Styrolution America LLD (Aurora, Hlinois), and Styron® 487R,
which is available from AmSty (The Woodlands, Texas). GFPS is often called crystai
polystyrene or general pumose arystal polystyrane, as a reference to the clarity of the resin, An
example of GPPS includes bt is not imited o Polystyrene 5248, which is available from Total
Fetrochemicals & Refining USA, Inc. {Houston, Texas). Styrene block copolymers (SBC)
inciude styrene butadiene copolymers. A non-limiting example of SBC is KR53 K-Resin®
Styrene Butadiene Copolymer, which is available from Chevron Phillips Chemicat Company
{The Woodlands, Texas). The polymer of second layer 14 may comprise high impact
polystyrene (HIPS), general purpose polystyrene (GPPS), styrene block copolymer (SBCY or
blends of such.

First fayer 12 and second layver 14 may also comprise processing aids and other
additives, Processing aids and other additives include but are not limited to antiblock agents,
slip agents, stabilizing agents, release agents, photo-initiators, primers and colorants.

Each of first layer 12 and segcond layer 14 may be an exterior layer or an intenior layer of
sheet 10. As a non-limiting exampie, sheet 10 may further comprise an exterior layer of giycol-
modified polyethylene terephthalate or polyethylene adhered, attached or otherwise bonded via
an intermediate layer of tie maternial or otherwise to first laver 12, second layer 14 or both first
taver 12 and secorwd [ayer 14, (Such altemative embodiments are not picture in FiG. 1)

Sheet 10 has a thickness of equal 1o or graater than about 10 mil {about 254 micron). In
some embodiments, sheet 10 has a thickness of greater than about 13 mil (abowd 381 micron)
or greater than about 20 mil (about 508 micron). In further embodiments, sheet 10 has a
thickness of from about 15 mil {(about 381 micron) {o about 55 mil (about 1397 micron) or from
about 20 mil {about 508 micron) to ahout 50 mil (about 1270 micron} or from about 38 mil (abowut

782 micron) {o about 50 mil {about 1270 micron}.

18
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First fayer 12 contributes at least about 30 % of the thickness of sheet 10 and, as such,
is a structural layer for sheet 10, At this contributed thickness, sheet 10 has thermoformability
and thermal stability {as cach is discussed below). In some embodiments, first laver 12 may
contribute from about 30 % to about 65 % of the thickness of sheet 10.

Second layer 14 contributes at least about 25 % but less than about 60 % of the
thicknass of sheet 10 and, as such, is a structural layer for sheet 10. Al this contributed
thickness, sheet 10 has thermoformability and thermal stability. In some embodiments, second
fayer 14 may contribute from about 26 9% {o about 55 % of the thickness of sheet 10.

Based on the above, first layer 12 comprises different materials than second layer 14, In
other words, the composition of first layer 12 is different than the composition of second layer
14. The composition of each laysr is not analogous, not identical or not the same. Other
various relationships between vatious properties of the polyolefin of fivst laver 12 and the
polymer of second fayver 14 further contribude to the ulility of the sheet for thermal stability,
thermoformability, and otherwise.

The melting temperature of the polyolefin of first layer 12 is greater than the glass
transition temperature of the polymer of second layer 14, The temperature range between the
glass transition temperature of the polymer of second layer 14 and the melling temperature of
the polyolefin of second layer 14 is believed to provide a temperature range over which shesat 10
is sufficiently supple and deformable for stretching and shaping. Such temperature range may
also be referred {0 as the thermoforming window.

The ratio of the storage moadulus of the polyolefin of first laver 12 {Gy) st abowd 358 °C 1o
the storage modulus of the polymer of second layer 14 {G':) at about 35 “Cis less than 1 {i.e.,
at about 35 °C, G4/ G'x< 1). As discussed in EXAMPLES — Set 1 below and as shown in FIG.
2, example polyolefing of first layer 12 {e.g.. a polypropylene homopoelymer thaving a storage

modulus temperature sweep depicted by line 26) and a medium molecular weight high density
19
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polyethyiene {thaving a storage modulus temperature sweepd depicted by line 28)) have Gy at
about 35 “C of 1702 MPa and 1523 MPa, respectively, whereas example polymers of second
laver 14 {e.4., a polyethylene terephthalate copalymer thaving a storage modulus temperature
sweep depicted by line 22) and a gylcol modified co-polyester (having a storage moduius
temperature sweep depicled by line 24}} have G’z at about 35 °C of 2277 MPa and 2118 MPa,
respectively. Each of the resulting four example combinations of Gy / G’z at about 35 °C is less
than 1.

The ratio of the storage modudus of the polyolefin of first layer 12 {G'y) at the midpoint
temperature to the storage modulus of the polymer of second layer 14 {G'z) at the midpoint
temperature is greater than 1 (i.e., at midpoint temperature, G+ / G> > 1). As defined above, the
midpoint temperature is the average of the glass transition temperature of the polymer of
sacond laver 14 and the melting temperature of the polyolefin of first layer 12, In other words, #
is the temperature half-way between the glass transition temperature of the polymer of second
faver 14 and the melting femperature of the polvolefin of first layer 12. As discussed in
EXAMPLES — Set 1 below and as shown in FIG. 2, upon calculating the midpoint temperatirs
and determining B’y and G'; at the midpoint temperature, each of the resulting four example
combingtions of G+ 7/ GGz at the respective midpoint temperatures is grealer than 1.

As such, at some temperature between about 35 °C and the midpoint temperature, the
storage modulus temperature sweep of the polyoiefin of first layer 12 crosses over tha storage
modulug temperature sweep of the polymer of second laver 14,

Reiurning now to the drawings, FEG. 3 is a cross-sectional view of a second embodiment
of a thermoplastic sheet according to the present application. Sheet 30 depicted in FIG. 3
comprisas first layer 32, secand laver 34 and adhering layer 36 positioned between first layer 32
and second laver 34. First layer 32 is similar to first layer 12 described above and second layer

34 is similar o second layer 14 described above. Adhering layer 36 is any layer or multilayer
20
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adhering, attaching or ctherwise bonding first laver 32 to second fayer 34 In some
empodiments, adhering layer comprises an adhesive, an extrudate, a coating (including but not
fimitad tO a plasma coating), a tie material or a multilayer film.  In some embodiments, adhering
tayer 36 is a multilayer, blown film. In such embodiments, the multilayer layer may comprise a
sealant layer, a barrier layer, lie material or other components known o a person of ordinary
skill in the art.

in the embodiments where adhering layer 36 of sheet 30 comprises a multilayer, blown
filrn, sheet 30 may be produced as follows. The mullilayer, blown film as adhering layer 38 is
first produced on blown film equipment. A non-limiting example of such multilayer, blown film
includes a first layer of a blend of ethylene vinyl acetate copolymer and linear low density
polyethylene, a second layer of high density polyethylene, a third laver of tie material, a fourth
taver of ethylenea vinyl-alcohol copalymer, a fifth layer of tie material, a sixth layer of fie material
and a seventh layer of polypropylene impact copolymer. Each of the exterior layers of the
muttilayer blown film (e.g., the first layer of the blend of ethylene viny! acetate copolymer and
finear low density polyethviene and the seventh layer of polypropyiene impact copolymer) may
be chosen to promote adherance to, for example, second layer 34 and firgt layer 32,
respectively. in producing the multilayer, blown film, one extruder is used for each of the seven
lavers. (For the first layer comprising the blend of ethylene vinyl acetate copolymer and linear
fow density polyethylene, the resins for that layar may be pre-blended prior to being added o
the extruder} The layer components are then healed o form streams of melt-plastified
polymers and extruded through a die. The coextruded plastified, extruded components then
form a twbular extrudate {or bubble). The diameter of the tubular extrudate is expanded by air
antering the extrudate at the die. The expanded tubular extrudate is then collapsed by a
collapsing frame and flattened through nip rolls. The flattened extrudate is slit open o form two

identical multilayer, blown films, each of which is conveyed to separate wind-up reels for
21
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furthering process. To such muitilayver, blown film (as adhering layer 36), first layer 32 is
attached o a first surface of the film {e.g., the exterior layer of polypropylene impact copolymer}.
Second faver 34 is then attached to the opposing second surface of the film (e.g., the exterior
tayer of the blend of ethylene vinyl acetate copolymer and linear low density polvethvlene). First
layer 32 and second layer 34 may be attached by various methods known in the art. These
methods include but are not limited {o thermal lamination, adhesive lamination (including solvent
and solvent-lass lamination)}, exirusion lamination, extrusion coating and photolytic lamination.
The parameters for such lamination or coating may be set by one skilled in the art without
undue experimentation.

The various embodiments of the shest (e.g., shest 10, 30} described in the present
application may exhibit various properties, as shown and further defined and described in the
examples. For example, the sheet may have a normalized combined tear initiation and
propagation resistance in both the machine direction and the transverse direction or greater
thar about 0,115 in”ibf / mil {D.05811 Nem / micron) energy to break and an elongation grealer
than about 0.800 % / mit {0.0315 % / micron) as measured in accordance with ASTM D10084.
The sheael may also have between 0 and about 20 degrees of transverse direction (TD) curd.
Curl less than or egual to about 20 degrees is generally acceptable, as this amount of TD curl
causes minimal §f any) problems in further processing, including but not limited to subsequent
thermoforming of the sheet. Curl greater than about 20 degrees is generally unacceptable, as
this amount of TD curl causes problems in further processing.

As noted, the sheeat described in the various embodiments of the present application
may be thermoformable, in that { mav be formed or thermoformed into a package, such as
cups, trays, plates or other cantainers, with even matenal distribution. A description of
“thermoformable” is provided above. Furthermore, thermoforming and other similar techniques

are well known in the art for packaging. ({See Throne, "Thermoforming,” Encyclopedia of
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Polymer Science and Technology, Third Edition, 2003, Volume 8, pp. 222-251 {lchn Wiley &
Sons, inc., Hoboken, New Jersey); see also inwvin, “Thermoforming,” Modern Plastics
Encyclopedia, 18984-1885, pp. 328-338 (McGraw-Hill, Inc., New York, New York); see also
"Thermaoforming,” The Wiley Encyclopedia of Packaging Technology, Second Edition, 1997, pp.
514-921 (John Wiley & Sons, inc, New Yark, New York).} Suitable thermoforming methods
include standard, deep-draw or plug-assist vacuum forming. During stendard vacuum forming,
a thermoplastic web, such as the sheet described in the present application, is heated and a
vacuum is applied beneath the web allowing atmospheric pressure to force the web into a
preformed mald. When relatively deep molds are employed, the process is refered to as a
*deep-draw” application. In a plug-assist vacuum forming method, after the thermoplastic web
has been heated and sealed across a mold cavily, a plug shape similar to the mold shape
mpinges on the thermoplastic wel and, upon the application of vacuum, the thermoplastic web
conforms to the mold surface.

A thermoformed package formed from a sheet having a first layer comprising different
materials {i.e., having a different compaosition) than a second layer {e.q., a package formed from
shaet 10, 30 comprising first layer 12, 32 and second layer 14, 34} may exhibit a comprassion
strength (or “top foad compression’) that is greater than about 125 % of a compression strength
of an other package formed from an other sheet having an pther first layver comprising the same
polyolefin {e.g., polypropylens) and having an analogous composition as an other second laver,
where the other first layer still contributes at least about 30 % of the thickness of the other sheet
and the other second layer still contributes at least about 25 % but less than about 60 S of the
thickness of the other sheet. in some embodiments, such compression sirength may be greater
than about 150 % or greater than ahout 200 % or greater than about 300 % or from about 150
% {0 about 300 % of the compression strength of the other package. Packages with higher

compression sirength may better withstand forces encountered in filling and fransit.
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in some embodiments, the thermoformed package comprising the sheet described in the
present application may be thermoformed and filled on separate production lines. in other
embodiments, such thermoformed package may be thermoformed and filled on the samae
production line, such as & form-fill-seal {FFS) machine,

The sheet described in the present application may be thermally stable. As described
ahove, a thermally stable sheet mainiains dimensionality and shape and does not disiort or
deform when exposed to temperatures from about 184 °F {about 80 °C) to about 284 °F {about
140 °C). As such, the sheet in the various embodiments of the present application may form a
package for various heat processes, including but not imited {o retort, aseptic, hot-fill or
mHCIoOWave processing.

EXAMPLES — Set 1

To further exemplify the varous embodiments of the present application, storage
modulus (G7) of various materials was determined via dynamic mechanical analysis (DMA)
using a (3800 Dynamic Mechanical Analyzer available from TA Instruments {New Castle,
Delaware}). Multi-Frequency (Strain) mode was usad o apply a sinuscidal stress (or strain) to a
material and to measurs the resultant sinusoidal atrain {or stress).

The Dynamic Mechanical Analyzer was first equilibrated at 35.00°C. The temperature
was held constant {isothermal) for 5.00 min. The temperature was then increased 3.00°C per
minute up to 180.00°C to obiain a storage modulus (G'Y temperature sweep. FIG. 2 is a graph
depicting the storage modulug (G} temperature sweep of fowr matenials. Line 22 of FIG. 2
depicts the storage modulus (G} temperature sweep for Laser+® C 9921, a palvethylene
terephthalate copolymer available rom DAK Americas LLC (Chadds Ford, Pennsylvania),
having a reported intrinsic viscosity of G.80 + 8.02, a reported densily of 1.32 g/cg, a reporied
melting point of 238-243 °C and a reported glass transition femperature of 78.0 °C. {For this

gxample, Laser+® C8921 was processed via the extrusion quench process {0 be semi-
24

274/300



WO 2016/200363 PCT/US2015/034667

crystalline and, as such, was considered as APET.) Line 24 of FIG. 2 depicts the storage
modulus (G} tempersature sweep for Skygreen® 32008, a gyicol modified co-polyester (i.e., a
PETG) avallable from SK Chemicals America, inc. (Irvine, Califormia), having a reporiad spacific
gravity of 1.27 and a reported glass transition temperature of 80 C. Line 28 of FIG. 2 depicts
the siorage modulus {G") temperature sweep for Polypropylene H110-02NZ, a polypropylene
homopolymer available from Braskem (Philadelphia, Pennswivania), having a reported density
of 0.800 g/ce, a repartad melt index {230 “C / 2.16 kg) of 2.0 ¢/10 min {in accordance with
ASTM D1238) and a reported melting temperafure of 181 “C. Line 28 of FIG. 2 depicts the
storage modulus {3) temperature sweep for Alathon® L5845, a medium molecular weight high
density polyethylene available from Lyondell Chamical Company {Houston, Texas}, having a
reported density of 0.958 gfce, a reported melt index of 0.45 g/10 min {in accordance with ASTM
21238} and a reported melting point of 104-138 °C {average melting point of 121 "C).

Laser+® C 9921 and Skygreen® S2008 are examples of the polymer of the second
tayer of the sheet described in the present application. Polypropylene H110-02NZ and
Alathon® L5845 are examples of the polvolefin of the first layar of the sheet described in the
prasent application. As non-limiting examples {(Examples 1-4), based oy these materials, the
sheet described in the present application may comprise a first layer and a second layer

comprising the materials as in TABLE 1.

TABLE 1
First Second Glass Transition Mealting Paint Midpoint
Laver Laver Temperatare (G} | Temperaturs {°C) {Temperature {°C}
{Second Layer} {First Layen

Example 1 [Polypropviene HT1G02NZ  {Laser+® C 9821 780 181 120
Example 2 [Polypropylene H110-02NZ  {Skvgreent® S2008 84 181 121
Example 3 {Alathon® | 5845 Laser+@ C 9021 780 121 160
Example 4 Alathon® [ 5845 Skygreen® 32008 80 131 101

{The "midpoint temperature” refers o the temperature half-way between the glass transition

temperature of the polymer of the second faver and the melting temperature of the polyolefin of

25
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the first layer ) TABLE 2 sumimarnizes data obtained from FiG. 2, based on the sheeats of
Examples 1-4.

TABLE 2

G (MPa) | G (MPa) | G (MPa) | G (MPa) | G’ (MPa)
at35°C [at100°C {at101°C {at120°C jat 121 °C

Laser+® C 9921 2277 14.08 na i 4797 na
Skygreen® 52008 7 2118 na 68380 | na O
Poigpropyienze H110-02N2 1702 na na , 2886 2819
Alathon® L5845 1528 436 4 424 4 na na

{A data point is listed as "na” ("not applicable”) if the G’ at that temperature is not relevant for
Examples 1-4. For example, Laser+® C 9921 as a second laver material when combined with
gither Polypropylens H110-02NZ or Alathon® L5845 as a first layer material has a midpoint
temperature of 120 °C or 100 °C, respectively. Therefore, the G at the cother lemperatures is
not relevant for Examples 1-4.) Based on the above, at abaut 35 °C, the ratio of &' (storage
modulus of first layer material) / G': {storage modulus of second layer material) is less than 1,
and at the midpoint temperature, the ratioc of G’y / G’ is greater than 1. These relationships are

shown in TABLE 3.

TABLE 3
First Second GG, Gy 1 Gy
Layer Layer at 35°C at Midpoint
Temperature

Example 1 |Polypropylens H110-02NZ  Laser+® © 9921 0.7475 60.16
Example Z {Polypropylene H116-G2NZ | Skygreen® 520608 0.3036 =
Example 3 {Alathon® L5845 7 Laser+® C 9921 06711 - 3104
Example 4 |Alathon® L5845 Skygrean® S2008 0.7214

EXAMPLES — Set 2
To sl further exemplify the various embodiments of the present application, several
exampie and comparalive example sheests were produced and evaluated for various properties.

The materials included in the various example and comparative example sheets are as follows.
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ADD is processing asids and other additives. The uses of processing aids and other
additives varies depending on the squipment, materials, desired aesthetics, etc. Processing
aids and other additivaes include but are not fimited {0 antiblock agents, slip agents, stabilizing
agents, release agents, photo-nitistors, primers and colorants. Such aitds are known o a
parson of ordinary skill in the art, and their use may be determined without undue
experimentation

EVA1 is an ethviene vinyl acetate copolymer having a vinyl acetate contant of about 26-
28 % by weight (of total EVA composition). A non-limiting example of EVAT1 is Escorene™ Ultra
LD 768.MJ (available from ExxonMobil Chemical Company (Houston, Texas)}, having a
reported vinyl acetate content of 28.2 % by weight {of total EVA composition), a reporied density
of 0.914 g/ccand a reporied melt index (180 °C /¥ 2.16 kg) of 2.3 ¢/10 min (in accordance with
ASTM D11238). A further non-limiting example of EVAT is Ateva® 2881A {available from
Celanese {lrving, Texas)), having a reported vinyl acetate content of 28 % by weight (of {otal
EVA composition), a reported density of 0.849 g/cc and a reported melt index {180 °C / 2.16 kg)
of 6.0 g/10 min (n accordance with ASTM D1238).

EVAZ is an ethylene vinyl acetate copolymer having a viny! acelate content of about 18-
18.5 % by weight (of total EVA compasition}. A non-limiting example of EVAZ is Escoreng™
Ulltra LD 721K (available from Exxonfobil Chemical Company {(Houston, Texas)), having a
reported vinyl acelate content of 18.5 % by weight {of total EVA compuosition), a reported density
of 0.842 gice and a reported mell index {180 "C /1 2.16 kg) of 2.5 ¢/10 min {in accordance with
ASTM D1238). A further non-limiting example of EVAZ is DuPont™ Elvax®@3170 (available from
E.l. du Pont de Nemours and Company, inc. (Wilmington, Delaware)), having a reporied vinyl
acetate content of 18 % by weight {of total EVA composition), a reported density of 0.94 g/cc

and a reported flow rate (190 °C / 2,18 kg) of 2.5 g/10 min (in accordance with ASTM D1238})

27
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EVOH1 is an ethylene vinyl-alcohal copolymer. A nondimiting example of EVOH1 is
EVAL™ {171 (available from Kuraray Amenca inc. {(Houston, Texas)), having a reported
sthviene contert of 27 mole percent, a reported density of 1.20 g/ec and a reported melting
temperature of 191 *C.

GPP31 is a general purpose crystal polystyrene. A non-limiting example of GPPS1 is
Polystyrene 5248 (available from Total Petrochemicals & Refining USA, Inc. (MHouston, Texas)),
having a reported density of 1.04 g/fcc and a reported melt flow {200 °C 7 5 kg) of 9.0 g/10 min
{in accordance with ASTM D1238).

HDPE1 is a high-maisture-harrier high density polyethylene. A non-limiting example of
HDPET is Surpass® HPs167-AB (avallable from NOVA Chemicals Corporation (Calgary,
Alberia, Canada)l, having a reported density of 0.968 g/cc and a reported melt flow (180 °C /
2.16 kg of 1.2 ¢/10 min {in accordance with ASTHM D1238).

HDPE?2 is a medium molecutar weight high density polyethylene. A non-limiting example
of HDPEZ is Alathon® L5845 (available from Lyondell Chemical Company {Houston, Texas)),
having a reported density of 0.958 gice, a reported melt index of 0.45 g/10 min {in accordances
with ASTM D1238) and a reported meilting point of 104-138 *C. Further non-limiting examples
aof HDPE2 are Elite™ 58806 (available from The Dow Chemical Company {Midiand, Michigan}),
having a reperied density of 0.982 g/cc, a reported melt index {180 °C / 2,16 kg} of (.85 g/10
min {in accordance with ASTM [1238) and a reportad melting temperature of 134 “C and
Alathon® MB020 {available from Equisiar Chemicals, LP {Houston, Texas)), having a reported
density of 0.860 gfce, a reporied metlt index of 2.0 g/10 min (in accordance with ASTM D238},
and a reporied meiting point of 104-138 °C.

HIPS1 is a high impact polystyrene. A non-limiting example of HIPS1T is Polystyrena
825k {available from Total Petrochemicals & Refining USA, Inc. (Houston, Texas)), having a

reported density of 1.04 g/cc and a reported melt flow (200 °C 7/ 5 kg) of 3.0 g/10 min (in
28
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accordance with ASTM D1238). Further non-limiting examples of HIPS1 are Polystyrane 845
{available from Total Petrochemicals & Refining USA, Inc. (Houston, Texas)), having a reported
density of 1.04 g/ce and a reported melt flow (200 °C /5 k) of 3.8 ¢/1Q min {in accordance with
ASTM D1238), Styrolution PS 6210 (avallable from Styrolution America LLC {Aurora, Hlinoig)),
having a reported density of 1.04 gfcc and a reported meit flow rate (200 °C / 5 kg) of 2.2 g/10
min {in accordance with ASTM D1238) and Styron® 487R (available from AmSty (The
Woodlands, Texas)), having a reported specific gravity of 1.04 and a reported melt flow index
(200 °C / 5 kg) of 2.8 g/10 min {(in accordance with ASTM D1238).

LLDPE1 is a liner low density polyethylene. A non-limiting example of LLDPE1 is
LEDPE L 1001 .32 (available from ExxoniMobil Chemical Company (Houston, Texas)}, having a
reporied density of 0.918 gfcc and a reporied melt index (180 °C /2,16 kg) of 1.0 ¢/10 min {in
accordance with ASTM D1238). A further non-limiting example of LLDPE 1is LLDPE LL
1002 YB {(available from ExxonMobil Chemical Company (Houston, Texas)}, having a reported
density of 0.918 g/cc and a reported melt index {180 G 7 2.18 kg) of 2.0 g/10 min {in
accordance with ASTM D1238).

LEDPERZ is an anhydride-modified, lingar low density polyethylena. A non-limiting
example of LLDPEZ is Bynel® 4184 (available from E.L du Pont de Nemours and Comparny,
inc. (Witmington, Delaware}), having a reported density of 8.93 g/c¢ and a reported melf fow
rate (180 °C 7 2.16 kg) of 1.2 ¢M10 min (In accordance with ASTM D1238).

LLOPES is an anhydride-modified, linear low density polyethylene tie resin concenirate.
A non-limiting example of LLDPES is Bynel® 41E710 (available from E.L du Pont de Nemours
and Company, Inc. (Wilmington, Delaware}), having a reported density of 0.81 g/cc and a
reporied meit flow rate (190 °C 7 2.186 kg) of 2.7 ¢/10 min {in accordance with ASTM D1238).

PET1 is a polyethyiene terephthalate copolymer. A non-limiting example of PET1 is

Laser+® C 9821 (available from DAK Americas LLC {Chadds Ford, Pennsylvania)}, having a
23
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reported intrinsic viscosity of 8.80 + 0.02, a reported density of 1.32 g/ce, a reparted melting
point of 238-243 °C and a reported glass fransifion temperature of 78.0 €. Further non-limiting
examples of PET1 are Cleartui® 8006C (available from ME&G Poblyners USA, LLC {(Houston,
Texas)), having a reported intrinsic viscosity of 0.80 + 0.02 dl/g and a reporied melting point of
from 248-253 °C and Prefromance™ PET 1708 (available from StarPet inc, USA {(Asheboro,
Naorth Carclina)), having a reported intrinsic viscosity of G.80 + §.02 dig.

PETG1 is a glyeol modified co-polyester. A non-limiting example of PETG is
Skygreen® S2008 (available from SK Chemicals Amaerica, Inc. (Irvine, California)). having a
reported specific gravity of 1.27 and a reported glass fransition temperature of 80 °C (D8C). A
further non-limiting example of PETG1 is Eastar™ Copolyester 8763 (available from Eastman
Chemical Company (Kingspori, Tennessee)}, having a reported density of 1.27 giccand a
reporied glass transition temperature of 80-81 °C.

PETI1 is an isophthalic acid (IPA) modified co-polyester. A non-limiting example of
PETIH is Auriga PET Type 8393 (available from Auriga Polymers Inc. {(Spartanburg, South
Caroling), having a reported {PA content of about 33 weight percent, a reported density of 1.32
gice and a reporied glass transition lemperature of 70.05 “C (DSC).

PR1 is a polypropylene impact copolymer. A non-limiting extample of PRP1 is
Polypropyleneg 4170 (available from Total Petrochemicals & Refining USA, Inc. (Houston,
Texas)), having a reported density of 0.905 g/ce and a reported melt flow (230 “Cy of 0.75 ¢/10
min {in accordance with ASTM D1238). A further non-limiting example of PP1 is Palypropylene
4481WZ {available from Total Pefrochemicals & Refining USA, inc. {(Houston, Texas)), having a
reporied density of $.805 g/cc, a reported melt flow (230 °C) of 4.0 g/10 min (in accordance with
ASTM D1238), a reported mealting point of 1680-165 “C and a reported glass iransition

temperature of -60 °C.
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P2 is a polypropylene homopolymer. & non-imiting example of PP2 is Inspire® 6021N
{available from Braskem (Philadeiphia, Pennsylvania)}}, having a reported nominal melt flow rate
{230 *C 7 216 ky) of 2 ¢/10 min {in accordance with ASTM D1238) and a reported melting point
of 160-170 *C. Further non-limiting examples of PRP2 are Polvpropylene Lumicene® M3382M2Z
{available from Total Petrochemicals & Refining USA, Inc. (Houston, Texas}), having a reported
density of 0.805 g/ce, a reported melt flow of 3.5 g/ 10 min {in accordance with ASTM D1238§,
Condition "L}, a reported melting point of 153 °C and a reported glass transition temperature of
-8 “( and Polypropyiens H110-02NZ {available from Braskem {(Philadeiphia, Pennsyivaniaj),
having a reported density of 0.900 gice, a reported melt index (230 °C / 2.18 kg) of 2.0 g/10 min
{in accordance with ASTM D1238) and a reported melting temperature of 1681 °C.

PP3 is a polypropylene random copolymer. A non-limiting example of PR3 is
Polypropylene RPE50 (available from Braskem {Philadelphia, Pennaylivaniall, having a reporied
nominal melt flow rate (230 *C /7 2.16 kg) of 2 ¢/10 min (in accordance with ASTM D1238)and a
reported melting point of 140-170 °C. A further non-limiting example of PP3 is Polypropylene
6281KZ (available from Total Petrochemicais & Refining USA, Inc. (Houstan, Texas)), having a
reported density of 0.800 gfee, a reported melt How of 1.7 g/ 0min {in accordance with ASTM
1238, Condition "L} and a reported melling point of 147 °C.

SBC1 is a styrene-butadiene copolymer. A non-fimiting example of SBC1 is KR53 K-
Rasin® Styrene Butadiene Copolymer (available from Chevron Phillips Chemical Company LR
{The Woodlands, Texas), having a reported specific gravity of 1.02 g/ce and a reported melt
flow rate (200 °C / 5.0 kg} of 10.0 ¢/10 min {in accordance with ASTM D1238).

TiE1 is a modified poelyolefin with functional groups for bonding. A non-Hmiting example
of TIE1 is Admer™ QF&Q0A {available from Mitsui Chemicals America, inc. (Rye Brook, New
York}, having a reported density of 0.900 g/cc and a reported melt flow rate (230 °C) of 3.0 g/10

min {in accordance with ASTM D1238).
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ULDPE1Y is an ultra low (or very low) density polyethviene. A non-limiting example of
ULDPE1 is Attane™ NG 47016 {available from The Dow Chemical Company {Midiand,
Michigan)}, having a reported density of 0.912 gfce and a reparted melt index (180 *C / 2.16 kg
of 0.80 ¢g/10 min {in accordance with ASTM D1238). A further non-limiting example of ULDBPE1
is Surpass® FPs0O16A (available from NOVA Chemicals Corporation (Calgary, Alberta,
Canada)), reporiad density of 0.916 g/cc and a reporied index (180 “C / 2,16 kg) of 0.85 g/10
min {in accordance with ASTM D1238).

Table 4 lisis the structure and composition for Examples 5-12. Tabie b lists the struchure

and composition for Comparative Examples 1-4.
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{Note: The thickness listed were target thicknesses. in practice, for this present application,

due to manufacturing variation, the total thickness of a sheet may have varied + 5 %. For

example, the structure of Example & (listed as having a total thickness of 40.25 mil {(about 1023

micron)) may have had a total thickness of from ahott 38.2 mil (about 870 micron) 1o about 42.3

mil {(about 1074 micron). The structure of Comparative Example 2 (listed as having a fotal

thickness of 40.5 mil {about 1030 micron) may had had a total thickness of from about 38.5 mil

{about 878 micron} to about 42.5 mil {about 1080 micron). Additionally, 28.8 % (the thickness of

the polypropyiene homaopolymer / high density polyethyiene blend layer of Example 5} is an

%4
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example of about 30 %; however, 28.8 % {the thickness of the polypropyleneg homopolymer /
polypropylene random copolymer blend layer of Comparative Example 3} is not an example of
sbout 30 %. Also, 60.1 % {the thickness of the polyethvienes terephthalale copalymer of
Comparative Example 3 is an example of about 80 % or greater and is not an example of less
than about 60 %. Example 5 is a non-limiting example of a sheet where the polyolefin of the
first layer comprises from aboui 50 % (hy weight) to about 70 % {(by weight) polypropylene
homopolymer and from about 30 % {by weight) to about 80 % {by weight) high density
polyethylens and the polymer of the second layer comprises amorphous or semi-crystalling
polyaster (APET))

The Examples and Comparative Examples were tested for various properties including
combined fear initiagtion and propagation resistance, curl, fop load compression, material
distribution in thermeaforming and retort recovery.

Combinad Tear Iniliation and Propagation Resistance is a measurs of the forgue
required {o both initiate and propagate {or continue) a tear in a plastic film or sheet. To
determine this force, both energy to break and elongation are determined in both the machine
direction and the transverse {or cross) direction of the sheet. Energy 1o break is expressed in
in*ibf (or “inch pounds”™ or “pounds inch™) or Nom {(where 1 in”lbf = 11,2885 Nem) and slongation
is exprassed as a percentage. Both are measurad in gceordance with ASTM D004, “Standard
Test Method for Tear Resistance (Graves Tear) of Plastic Fiim and Sheeting.” For this
application, hoth measurements were normalized as per one mil (or one micron (where 1 mil =
25.4 micron}) of sheet thickness. As shown in TABLE 6, Example 5 had a normalized combined
tear intliation and propagation resistance in both the machine direction and the ransverse
direction of greater than about 0,115 in™ibf / mi (0.0511 Noem { micron} energy to break and an
glongation in both the machine direction and the transverse direction of greater than about

0.800 % / mil (0.0315 % / micron), as measured in accordance with ASTM D1004. The

1)
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normalized combined tear inifiation and propagation resistance in both the machine direction
and the fransverse direction was from about 0.85 in“ibf / mil (0.423 Ncm / micron) to about 1.10
b /mil (0.488 Nom / micron} energy 10 break and alongation in both the machine direction
and the transverse direction was from about 1.30 % / mil (0.051 %/ micron} o about 1.558 %/

mil {0061 % / micron}, as measured in accordance with ASTM D1004.

TABLE 6
Machine Direction Transverse Direction
Energy 1o Break Elongation Energy 1o Break Elongation
nribf/ mi e/ mil intlof / mi % /i
{Nom £ micron) {% / micron) {Nem / micron) {% / migron)
Example 5 0.96 1.33 1.07 1.52
(0.427} (0.0523) (0.476) (0.0598)
{average of 8 samples) {(sverage of 8 samples) ({average of 7 samples) |{average of 7 samples)

Curl is a measure of the amourntt of curt in a film or sheet sample. It is expressed in
degrees and is measured in accordance with the following test method: A sample is placed,
sealant side up {if applicable) on a clean, flat culling surface. A cutling template may then be
placed in the center of a lane or in the center of the sample, with one edge of the template
paralle! o the edge of sample. FIG. 4 is a picture depicling two example culting templates for
use in this curl test method. Template 42 is a slit template. Template 44 is a comer template. if
Template 42 is used, an "X is cut in the sample using the two slits in Template 42, H Template
44 is used, a comaer in both the machine direction and the transverse direction is cut using side
edges 444 and 44b of Template 44. if no template is available, two-inch cuts are made along
the edge of the curl tester used. A non-imiting example of a curl tester is the AET Curl Tester,
available from Taghleef industries Inc. {Wilmington, Delaware)} (formerly known as Appilied
Extrusion Technologies, inc. (AET Films)}). After making the cuts, the cutling template is
removed from the sample. If a portion of the sample does not nise {i.e., curl) from the culting

surface, the sample is tumed over, and the above sample placement and cutling are repeated.

1+
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The sample is then allowed to sit for one minute. The point having the largest amount of rise (or
curl) is visually determined and the curl af this point is measured using the curl tester. The curl
tester is placed on it edge in the direcion {o be tasted with the O ° on the curl scale placed
about D.08285 inch (1.58 millimeters) from the tip of the removed {i.e., “cut oul”™} poirt opposite
the curled (or risen) point {o be measured. FIG. 5 is a piclure depicting a curl tester placed on a
prepared, cul sample o determine the degree of curl. Curl tester 52 is placed on #s edge 523,
such that “zere point” 54 {i.e., the 0 ” on the curl scale) is about 0.0625 inch (1.88 millimetars)
the “"cut-out” opposite measured point 58. The amount of curl is determined by where the point
o be measured is pointing on the cuyl scale of the curl tester. In FIG. 5, the degree of curl for
the sample used in the test method is approximately 20 degrees.

As shown in TABLE 7, the amount of curl in the fransverse direction (TD) for Example 5
{with a first laver of a blend of polvpropylene homopoivmer and high density polvethylene and a
second layer of polyethylene terephthalate copolymer) was determinad to be about O degrees,
while the amount of curl in the TD for Comparative Example 1 (with a first layer of a blend of
polypropyiene homopoiymer and polypropylene random copolymer and a second laver of a
blend of polypropylene homopolymer and polypropyiane random copalyimer) was determined to

be about 55 degrees.

TABLE 7
Transverse Diection (TD)
Curd
Example 5 0 degrees
Comparative
Example 1 55 degrees

Top bad compression (also referred o as "compression strength”™) is a measure of the
force required {o produce deformation and failure of a container. it is expressed in Ibf {or
“‘pounds force”) or newions (where 1 Ibf = 4 44822 newtons) and is measured by placing a

sample {e.q., a container as described helow)} in an instron® Tensile Tester configured for

37
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compression testing, with a load celf of 2000 pounds (about 808 kilograms) and a crosshead

speed of one inch (2.54 centimeters) per minute. To determine the compression strength of

Exampie B and Comparative Example 2, four samples of each sheet were thermoformed into

circular frays having identical dimnensions {£.q¢., a diameter of about 4.5 inches (gbout 11.43

centimeters), a depth of about 1.75 inches {gbout 4 445 centimetlers) and a capacity of about 7-

10 ocunces {about 207-296 milliliters)). Each tray was then placed in the Instron® Tensile Tester

configured for compreassion testing, with a foad cell of 2000 pounds (about 908 kilograms) and a

crosshead speed of one inch (2.54 centimeters) per minute. To allow for comparison, the

compression strength for each of the sample frays was normmalized {0 40 mil {(about 1016

micron) thickness (i.e., as if each starting sheet has a thickness of 40 mil {about 1018 micron)).

The normalized compression strengths were then averaged. TABLE 8 reports the top

compression strength data for the trays of Exampie § and of Comparative Example 2.

TABLE 8

Sample Thickness

Cornpression Strength

Compression Strength

mit bf {normatized o 40 mi {1016 micron)}
{micron} {newions) It
{newlons}
Sampls 1 421 1421 1350
{1065 {632.1) {600 5)
Sample 2 388 133.3 1374
{988} (592.9) {611.3)
Sampla 3 388 142.0 146.4
{986) {631.6) {651.2)
Sample 4 B7 139.4 140.5
{1008} {820.1) {825.0)

412 34.0 330
(1046) {151.2) {148.8)
415 40.9 394
{1054} (181.9) (175.3)
416 428 412
(1057} {190.4} {183.3)
413 412 399
{1049) (183.3) (177.5)
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As shown in TABLE 8, the trays formed from the sheet of Example § (with a first layer of
a blend of pelypropylene homopolymer and high density polyethylene and a second layer of
polvethylene tarephthalate copolymer) exhibited a significantly higher compression sirength
than the frays formed from the sheet of Comparative Example 2 {with a first layer of a blend of
polypropytene homopolymer and high density polyethylene and an identical second layer of a
blend of polypropylene homopolymer and high density polyethyiens). Therefore, in general, a
package formed from a shest having a first layer comprising different matenals {i.a., having a
different composition) than a second layer may exhibit & compression strength (or “top load
compression”) that is greater than about 125 % of a compression strength of an other package
formed from an other sheet having an other first layer comprising the same polyolefin (e.g.,
polvpropyliene) and having an anailogous compaosition as an other second layer, where the other
first layer still contributes at least about 30 % of the thickness of the other sheet and the other
second layer still contributes at least about 25 % but less than about 80 9% of the thickness of
the other sheet. in some embodiments, such compression strength may be greater than about
150 % or greater than about 200 % or greater than about 300 % or from about 150 % to about
300 % of the comprassion strength of the other package.

Material distribution in thermoforming is a measure of the performance of a sheet during
thermoforming {i.e., how the material distributes or disperses or spreads during thermoforming).
it is measured by determining the thickness of various locations or areas of a thermoformed
part. TABLE & lists the average normalized thickness of various locations at various heating
times for identical cups formed from the sheet of Example § and the sheet of Comparative
Example 2. kach thickness was nomalized {0 a siarting sheet thickness of 40 mil {about 1816
micron) (i.e., as if each of Example 5 and Comparative Example 2 has a thickness of 40 mil
{about 1016 micron)). For each cup, 51 was an average of thickness of the cup side at two data

poinis {e.g., on opposite sides of the cup} at about 10 millimeters below the cup flange; 82 was

a8
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an average of thickness of the cup side at two data points (e.g.. on opposite sides of the cup} at
about 10 millimeters below $1; 83 was an average of thickness of the cup side at two data
points {e.g., an opposite sides of the cup) at about 10 millimeters below 852; $4 was an average
of thickness at two data points {e.g., on opposite sides of the cup) at about 10 millimeters below
33; B1 was an average of thickness of the cup bottom at two data points at about 5 millimeters
from opposite corner radii; and B2 was a thickness of the cup botiom at ifs approximate center.
For the sheet of Example &, two cups had a heating time of 19 seconds, two cups had a heating
time of 20 seconds, four cups had a heating time of 25 seconds and two cups had 8 heating
time of 29 seconds. For the sheet of Comparative Example 2, three cups had a heating time of
25 seconds and six cups had a heating time of 29 seconds. The identical heating temperature

was used to form all cups; only the heating tme varied.
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Backet 0820-WQ

TABLE @

Normalized Thickness of Thermefonmed Part
mit
{raicran}
53 54 B
Comparative Compani Comparative araparative Compastive
Hegting Thina | Ixample 5 in2 | Svample 5 | Leample 2 Exemple 7 | Swample S | Example 2 | Dxomple 5 | Buample 2 | Example 5 | Sxample?
7.9 117 3.3 19.8 8.5
Y seconds {455} dig e §onm 12973 did not form {374} did not Form {333} $id not form {4583 sdiel not form {743} did nat form
05 127 114 152 211 0.8
i secnnils {433 did rt form 1333} did not form {380 did not form 1384} did not furm {536} witf sot fam {783} did not form
B9 @8 134 [N 1Sh 73 161 8.1 758 e 358 A
25 seonnds {429 {244} {3403 {155 {396 {1834 {509 {206} 1655} {358} {9053 {310
181 122 157 R.7 186 23 8 5 278 pirR kB 312
39 secands {8y £330} {399 {225} {428 12361 {42 {293y {306} {528) {861}
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As shown in TABLE §, the sheet of Example & (with a first layer of a blend of
polypropylena homopolymer and high density polyethylene and a second layer of polyethylene
terephthalale copolymer) fonmad with less enargy than the sheet of Comparative Exampie 2
{with a first layer of a blend of polypropylene homopolymer and high density polyethylene and a
second layer of a blend of polvpropylene homaopolymer and high density polyethyiene). in fact,
the sheat of Gomparative Example 2 did not form at sither 19 seconds or 20 seconds heating
time. Additionally, the cups formed from the sheet of Example 5 formed with even distribution
and with more consistency {e.q., a “tighter range™} that the sheet of Comparative Example 2.
Further, the cups formed from the sheet of kxampie 5 had greater thickness than the cups
formed from the sheet of Gomparative Exampie 2 at all iocations of the cup. Generally, a
greater thickness correlates to a better thermoformed and stronger formed part.

Retort recovery is a measure of a8 material’s oxygen barrier after exposure {o high
temperature, moisture and presswre, such as those in the retort sterilization process. itis
measured by determining the oxygen transmission rate of a material at various time intervals
after such exposure, in accordance with the following test method. identical trays are formed
from sheets (such as those as described in the presert application). Each tray is filed with
water and sealed with a foil lid. Each filled, sealed tray is placed in a retort chamber, which is
heated from about 72 "F {about 22 “C) o gbout 250 °F (about 121 "C) and pressurized from
about 14.4 psi (about 88 KPa} to about 30 psi (about 207 KPa) in 20 minutes. The chamber is
then held at about 250 °F {about 121 °C) and about 30 psi {about 207 KPa) for 60 minutes. The
chamber is then cooled fo about 80 °F {ahowt 32 °C) and depressurized to about 14 .4 psi (about
g9 KPa} in 40 minutes. Each tray surviving the refort process is removed from the chamber and
prepared for oxygen transmission rate testing.

Oxygen Transmission Rate (OTR) is & measwre of the rate of the transmission of oxygen

gas through film, sheet, laminates, coextrusions, efc. it is generally eipressed in /100 infiday
42
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and is measured in accordance with ASTM D3685, “Standard Test Method for Oxygen Gas
Transmission Rate Through Plastic Film and Sheeting Using a Coulometric Sensor.” For the
present application, OTR was measured for the whole package (e.g., filled and sealed travs that
were first emplied). As such, OTR was expressed as "oo/ipkg /day” {i.e., the amount of oxygen
transmitied through the whole package per day).

identical trays were formed from the sheets of Example 7, Example 8, Exampie 9,
Comparative Example 2, Comparative Exampie 3 and Comparative Example 4. Trays formed
from the sheets of Example 7, Example 8 and Exampie 8 and Comparative Exampie 2 survived
the retort process described above. Each tray formed from the sheets of Example 7, Example 8
and Example 9 and Comparative Exampie 2 maintained dimensionality and shape and not
distort or deform when axposed 1o the temperatures of the retort chamber (e.g., about Y2-250 °F
{about 22-121 °C)). Therefore, the sheet for such trays was thermally stable. However, trays
formed form the sheet of Comparative Example 3 (with the first layer contributing 28.8 % of the
thickness of the sheet and the second layer contributing 80.1 % of the thickness of the sheet}
and trays formed from the sheet of Comparative Example 4 {with the first layer contributing 20.9
% of the thickness of the sheet and the second layer contributing 88.1 % of the thickness of the
sheet) did not survive the retort process described above. Each tray formed from the sheets of
Comparative Example 3 and Comparative Example 4 distoried and deformed and did not
maindain dimensionality or shape. Therefore, the sheet for such trays was not thermally stable.

FIG. & Is a graph depicting the oxygen transmission rates at varioys time intervals for
identical trays formed from thermoplastic sheets according to the present application and a
comparative example. Line 82 of FIG. 8 shows the oxygen fransmission rate at various time
intervals for trays formed from the sheet of Example 7. Line 64 of FIG. 6 shows the oxygen
fransmission rate at various time intervals for travs formed from the sheet of Example 8. Line

66 of FIG. & shows the oxygen transmission rate at various time infervals for trays formed from
43
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the sheet of Example 5. Line 68 of FIG. 6 shows the oxygen transmission rate at varicus time
intervals for trays formed from the sheet of Comparative Example 2. The time interval is the
amount of fime elapsed sinca the frays were removed from the retort chamber. As depicted in
FIG. 6, trays formed fron the sheets of Examples 7-9 (with a first layer of g blend of
polypropylens homopolymer and polypropylene random copolymer and a second layer of a
polyethyiene terephthalate copolymer) exhibited comparable to or improved OTR at 40 hours
comparsad to a tray formed from the sheet of Comparative Exampile 2 {with a first layer of a
blend of polypropylena homopolymer and high density polyethylene and a second layer of a
blend of polypropylene hamopolymer and high density polyaethyleng}. As such, Examples 7-8
exhibited excellent retort recovery.

Each and every document cited in this present application, including any ¢ross
referenced or related patent or application, is incorparated in this present application inds
entirety by this reference, uniess expressly excluded or otherwise limiled. The citation of any
document is not an admission that it is prior art with respect to any embodiment disclosed or
claimed in this present application or that it alone, or in any combination with any other
reference or references, teaches, suggests or discloseas any such embodiment. Further, to the
extent that any meaning or definition of a term in this present application conflicts with any
meaning or definition of the same ferm in a document incorporated by reference, the meaning or
dafinition assigned to that tarm in this present application shall govern.

The above descriplion, examples and embodiments disclosed are flustrative only and
should not be interpreted as limiting. The present invention includes the description, examples
and embodiments disclosed; but it is not limited to such description, examples or embodiments.
Modifications and other embodiments will be apparent {0 g parson of ordinary skill in the ari, and
alt such modifications and other embodiments are intended and deemed {o be within the scope

of the present invention as defined by the claims. What is claimed is as follows:
44
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1. A sheet comprising

a first layer comprising a polyolefin having a melting temperature, a storage modulus
{G') greater than about 100,000 psi (about 680 MPa) at ambient temperature, and a glass
transition temperature less than ambient temperature; and

a second layer comprising a polymer having a glass transition temperature greater than
ambient temperature;

wharain the first layer comprises different materials than the second layer;

wherein the melting temperature of the polyolefin of the first layer is greater than the
glass transition temperature of the polymer of the second layer;

wherein the polyolefin of the first layer has a storage modulus (G atabout 35°C and a
storage modulus {G')) at a midpoint temperature that is the average of the glass transition
temperature of the polymer of the second layer and the melting temperature of the polyolefin of
the first layer;

wherein the polymer of the second layer has a storage modulus {(G';) at about 35 “C and
a storage modulus (') at a midpoint temperature that is the average of the glass transition
temperature of the polymer of the second fayer and the melting temperaturg of the polyolefin of
the first tayer,

wherein ihe ratio of &'y to G'; at about 35 *Cisless than 1, and the ratic of G o G at
the midpoint temperature is graater than ong,

wherein the sheed has a thickness equatl 1o or greater than 10 mil {234 micron) and the
first faver contribides at least about 30 % of the thickness of the sheet and the second laver
contributes at least about 25 % but less than about 60 % of the thickness of the sheet.
2. The sheet of claim 1, wherein the polyolefin of the first layer comprises polypropylans,

high density polyethylene or blends of such.
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3. The sheet of claim 1, wherein the polyolefin of the first layer comprises from about 50 %
{by weight) fo about 70 % (by weight} polypropylene homopolymer and from about 30 % {by
weight) to abowt 50 % {(by weight) high density polyethylena.

4. The sheet of claim 1, wherein the polymer of the second laver comprises polyester,
cyclic olefin copolymer, styrenic polymers or blends of such.

§. The sheet of claim 1, wherein the polymer of the second layer comprises amorphous or
semi-crystaliine polyester (APET), glycol-modified polyethylene terephthalate (PETG),
isophthalic acid (IPAY-modified co-polyaster {PETH), polylactic acid {PLA}, copolyesters, high
impact polystyrens {HIPS), general purpose polystyrene (GPPS), styrene block copolymer
{SBL) or blends of such.

8. The shest of claim 1, wherain the polyolefin of the first layer comprises from about 50 %
{byy weight) to abowt 70 % {(by weight) polypropyiene homopalymer and from about 30 % (by
weight) to about 58 % (by weight) high density polyethylene and the polymer of the second layer
comprises amorphous or semi-crystalline polyester (APET).

7. The sheet of claim 1, wherein the sheet has a thickness of from about 30 mil {(about 782
micron to about 50 mil {about 1270 micron).

8. The sheet of claim 1, whereain the first laver contributes from about 30 % to about 65 %
af the thickness of the sheet and the second laver contributes from about 25 % to about 855 % of
the thickness of the sheaet.

8. The sheet of claim 1, wherein the firstiayer is an exterior tayer or an interior layer and
the second layer is an exterior layer or an interfor layer.

14 The sheset of claim 1, wherain the second laver is an interior layer bonded {o an exterior
fayer via an inlermediate layer.

1. The sheet of claim 1, wherein the sheet further comprises an adhering laver positioned

between the first layer and the second layer.
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12. The sheet of claim 11, wherein the adhering layer comprises an adhesive, an exirudate,
a coating, a tie matenal or a multilayer film.

13. The sheet of claim 11, wherein the adhering fayer comprises a multifayer, biown film.
14. The sheet of claim 1, wherein the sheet has a normalized combined tear initiation and
propagation resistance in both machine direction and transverse direction of greater than about
2. 115 inMbf / mil {0.0511 Nem / micron) energy 1o break and an elongation in both machine
diraction and transverse direction of greater than about 0.800 % / mil (0.0315 % / micron) as
measured in accordance with ASTM D1004.

15, The sheet of claim 1, wherein the sheet has betwean 0 and about 20 degrees of

fransverse direction cuti.

18, The shest of claim 1, wherein the sheet is thermoformable.
17. The sheet of ¢laim 1, wherein the sheet is thermoformed into a package.
18. The package of claim 17, wherein the package exhibits a comprassion strength that is

greater than about 125 % of a compression strength of an other package formed from an other
sheet having an other first laver comprising the same polygiefin and having an anafogous
composition as an other second fayer, whereain the other first laver contributes at least about 30
% of the thickness of the other sheet and the ather second layer contributes al least about 25 %
but less than about 80 % of the thickness of the other sheet.

14, The package of clairm 18, wherein the package exhibils a2 comprassion strength that is
fram about 150 % {0 about 300 % of the compression strength of the other package.

20. The sheeat of claim 1, wherein the sheet is thermally stable when expased to
temperatures from about 184 °F (about 30 °C) to about 284 °F (about 140 “C).

21 The shest of claim 20, wherein the sheet forms a package for retort, aseptic, hot-fill or

microwave processing.
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