PCT/US2016/037674

WO 2017/087032

15/20

L1 Ol

JWIL

8 L NN N NoAN
QY 0 D (\ 9 G A KA
00 oo 00 oo 00 oo oo oo 00 oo 00 oo 00 oo 00 oo 00

o @ <V O O

-0009
-0008
-00001
-000C 1
-000% 1
-00091
-00081
-0000¢
-000¢¢
-00017¢
-0009¢

0008¢

-0000€
-000C¢€
-000%7€
-0009¢
-0008¢
-0000%
-000¢Y
-000%71
-0009%
-0008Y

IDNVANNGY

Huhtamaki EX1009

U.S. Patent No. 11,260,624

1/250



PCT/US2016/037674

WO 2017/087032

16/20

6l Ol

swiL

00¢C 000¢ 0081 0091 00vlL 00¢l 0001 008 009

401\

-0000¢

-0000%

8l Ol

awiL

00¢c 000¢ 0081 0091 00vlL 00¢l 0001 008 009

JYETOV TV VN1 (ST 7V GPPVIRTY B WANE VAT TR TR F  V ORI
R gei B ‘_Ji.:;q.iiv_}zigj

yue|q jouedoidos)

-0000¢

-0000v

souepunqy

ouepunqy

2/250



PCT/US2016/037674

WO 2017/087032

17/20

0¢ Ol

(UlW) W] uoIHSINbIY *SA (95) SIUNOD)

SLLLLS0LOL 96 6 S8 8 S £ §9 9 99 & S¥ v S€ € §C ¢ Sl |1

S0

Tl

r Ly

AW TRTY RTTRP W VT T TV | PV WY Ltiﬂg{r%

AMBAAL L4/ (s S A N S N A AL MM ISR ave o O W gy T o

Y 1

401\

d

A AN i e ,gi%??t:i}(}, il

yue|g |[ouedoidos)

0
¥'0
90
80

Z0LX

0
¥'0
90
80

NO—x

3/250



PCT/US2016/037674

WO 2017/087032

18/20

L Ol

(UIlW) 3WI| UonISINbIY *SA (95) SIUNOD

gL ¢l 1L 0l

6 8 L 9 S

v & C L

o0

14"
90

fomeent

80

"

Z0LX

401\

o0

¥'0

90
80

NO—x

yue|g jouedoidos)

4/250



¢¢ Ol

(UlW) W] uoIHSINbIY *SA (95) SIUNOD)
gL <l Ll Ol 6 8 L 9 S 1% € 4 l

PCT/US2016/037674

WO 2017/087032

19/20

Y

A

L]

o0
¥'0
90
80

NO—x

0
¥'0
90
80

NO—x

5/250



WO 2017/087032

20/20
162 164
i i
S J
i 4

PCT/US2016/037674

FIG. 23

6/250



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/037674

A. CLASSIFICATION OF SUBJECT MATTER

INV. Co8J7/12 BO1L3/00
ADD. C08J7/18

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

B. FIELDS SEARCHED

Co8J BO1L

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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 SPIERINGS ET AL:

ropes",

ENGINEERING, PERGAMON, GB,
vol. 34, no. 2,

205-215, XP005771420,
ISSN: 0734-743X, DOI:

the whole document

INTERNATIONAL JOURNAL OF IMPACT

17 November 2006 (2006-11-17), pages

10.1016/J.1JIMPENG.2005.08.008

"Water absorption and 1,5,
the effects of moisture on the dynamic
properties of synthetic mountaineering

8-12,
16-18,
21-24

Further documents are listed in the continuation of Box C.

See patent family annex.

* 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)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application 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

"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

8 September 2016

Date of mailing of the international search report

30/09/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Okunowski, Joachim

Form PCT/ISA/210 (second sheet) (April 2005)

7/250

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/037674

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

J.V. DA MAIA ET AL: "Influence of gas and
treatment time on the surface modification
of EPDM rubber treated at afterglow
microwave plasmas"”,

APPLIED SURFACE SCIENCE,

vol. 285, 1 November 2013 (2013-11-01),
pages 918-926, XP055300824,

AMSTERDAM, NL

ISSN: 0169-4332, DOI:
10.1016/j.apsusc.2013.09.013

the whole document

EP 2 251 452 A2 (CV HOLDINGS LLC [US])

17 November 2010 (2010-11-17)

paragraphs [0864] - [0875]; example 15;
table 17

EP 1 859 866 Al (GENETIX LTD [GB])

28 November 2007 (2007-11-28)

paragraphs [0002] - [0004], [0007],
[6011], [0017], [0018], [0025], [0068]
- [0076]; table 1

US 2004/062882 Al (LIEBMANN-VINSON ANDREA
[US] ET AL) 1 April 2004 (2004-04-01)
paragraphs [0001], [0004], [0012] -
[0016]; examples 7,8

DE 100 66 431 B4 (EPPENDORF AG [DE])

24 October 2013 (2013-10-24)

paragraphs [0002], [0005], [0012] -
[0018], [0030], [0031]

1-12,
16-27

1-27

1-18,
21-27
1-27

1-27

1-27

1-27

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

8/250

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/037674
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2251452 A2 17-11-2010 DK 2251453 T3 07-07-2014
DK 2251454 T3 13-10-2014
EP 2251452 A2 17-11-2010
EP 2251453 A2 17-11-2010
EP 2251454 A2 17-11-2010
EP 2251455 A2 17-11-2010
EP 2251671 A2 17-11-2010
EP 2253735 A2 24-11-2010
EP 2674513 A2 18-12-2013
EP 2796591 Al 29-10-2014
ES 2452519 T3 01-04-2014
ES 2513866 T3 27-10-2014
JP 2015180780 A 15-10-2015
KR 20120042748 A 03-05-2012
NZ 596239 A 25-07-2014
PT 2251453 E 13-03-2014
PT 2251454 E 01-10-2014
RU 2011150499 A 20-06-2013
RU 2011150519 A 20-06-2013
SG 10201402278V A 30-07-2014
US 2011252899 Al 20-10-2011
US 2013291632 Al 07-11-2013
US 2014295053 Al 02-10-2014
ZA 201107835 B 29-05-2013
ZA 201207881 B 26-06-2013

EP 1859866 Al 28-11-2007 EP 1859866 Al 28-11-2007
us 2007274871 Al 29-11-2007

US 2004062882 Al 01-04-2004 AU 2003278996 Al 23-04-2004
BR 0314825 A 16-08-2005
CA 2500421 Al 15-04-2004
CN 1695405 A 09-11-2005
EP 1547451 A2 29-06-2005
JP 2006501356 A 12-01-2006
KR 20050070016 A 05-07-2005
US 2004062882 Al 01-04-2004
US 2005153429 Al 14-07-2005
WO 2004031266 A2 15-04-2004
ZA 200503222 B 28-06-2006

DE 10066431 B4 24-10-2013  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)

9/250




WO 2017100182 A1 | [N N0 A0 O I

(43) International Publication Date

(19) World Intellectual Property
Organization
International Bureau

\

=

15 June 2017 (15.06.2017)

WIPO I PCT

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

(10) International Publication Number

WO 2017/100182 A1

(51

21

(22)

(25)
(26)
(30

71

(72)

74

International Patent Classification:
A61K 47/02 (2006.01) B65D 65/40 (2006.01)
A61K 47/30 (2006.01) B65D 85/00 (2006.01)

International Application Number:
PCT/US2016/065127

International Filing Date:
6 December 2016 (06.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/264,105 7 December 2015 (07.12.2015) Us

Applicant: BEMIS COMPANY, INC. [US/US]; One
Neenah Center 4th Floor, 134 E. Wisconsin Avenue, Nee-
nah, W154956 (US).

Inventors: LIU, Yuan; 1681 Ilarrison Street Apt. 3, Nee-
nah, WI 54956 (US). MCGINNIS, Jerome, E.; W5291
Waterview Drive, Sherwood, WI 54169 (US).

Agent:. CONNERS, Sheena, E.; Bemis Company, Inc.,
PO Box 669, Neenah, WI 54957 (US).

(81)

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, 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, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
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, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), Buropean (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, SE, 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: OXYGEN SCAVENGING FILMS, PACKAGES, AND RELATED METHODS

100

112

114 -4

116 ~

FIG. 1

(57) Abstract: Disclosed herein films and packages formed therefrom for packaging oxygen-sensitive products. The films include a
product contact layer comprising COC and catalyst. Introduction of a gas flush including hydrogen gas to a package made from said
films helps provide for the catalytic combination of molecular hydrogen and molecular oxygen to remove oxygen from a headspace
of the package.

10/250



WO 2017/100182 PCT/US2016/065127

OXYGEN SCAVENGING FILMS, PACKAGES, AND RELATED METHODS
BACKGROUND

j0B01]  The presemt disclosure relates generally to the field of films for use in packaging
applications. More specifically, the present discloswre relates to films and packages formed

pen-sensitive pharmaceutical

therefrom for packaging oxygen-sensitive products such as oxy

products.
SUMMARY

[0002] One embodiment relates o a package for an oxygen-sensitive pharmaceutical product
providing for oxygen scavenging withowt the presence of a hydrogen generator. The package
comprises at least one pharmacentical product storage space and a first multilayer fibm, The first
multiiayer film comprises a product contact layer comprising COC and a hydrogenation~

accelerating catalyst and a gas barrier layer exterior to the product contact layer.

{00031  Another embodument relates 1o an oxygen scavenging film for packaging an oxygen-
sensitive product, the product comprising a pharmaceutical active agent. The film comprises a
gas barrier lJayer and a product contact layer. The product contact layver comprises COC and a

fet

patladium catalyst.

0004} Another embodiment relates to a method of making an oxvgen scavenging film. The
miethod comprises providing a COC, providing a palladiom catalyst, compounding the COC and
the palladiom catalyst; and creating a product contact layer comprising the COC and palladium

catabyst.

[0003]  Another embodiment refates to a method for achioving a sufficiently oxygen-free

product storage space in a package. The method comprises utilizing a multilayer packaging film

11/250
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and mtroducing & gas flush into the product storage space, the gas flush meluding hydrogen gas
and an mert gas. The muliiaver film compnises a proadact contact layer comprising COC and a
catalyst as well as a gas bawner layer disposed exterior the prodact contact layer. The multidayer

packaging film at least m part defines a product storage space.
BRIEF DESCRIPTION OF THE DRAWINGS

j0006] FIG. 1 is a schematic cross-sectional view of a nultilayer film according to an

exemplary embodiment,

[0087]  FIG. 2 is g schomane cross-sectional view of & mulilaver film according 0 another

exemplary embeodiment.

[O008]  FIG. 3 is a schematic cross-sectional view of a multilayver film according to another

excmplary embodiment.

{0089]  FIG. 4 15 a schematic cross-sectional view of a multilayer filin according to another
exemplary embodiment.
j0010]  FIG. 5 is a top plan view of a flat format package for a thin format pharmaceutical

product according 1o an exemplary embodiment.

{0011}  FIG. 3A is a cross-sectional view of the package of FIG. § taken along line A-A

according to an exemplary embodiment.

F02]  FIG. 633 atop perspective view of a package that is & blister package according to an
exemplary embodiment.
[0013] FIG. 6A 18 a cross-sectional view of the package of FIG. 6 taken along line A-A

according to an exemplary embodiment.

18014} FIG. 7A is a perspective view of a partially formed flat format package for a thin format

pharmaceutical product according 1o an exemplary embodiment,

12/250
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{015]  FIG. 7B 15 a perspective view of the flat format package for a thin format

pharmaceutical product of FIG. 7TA shown closed according to an exemplary embodiment.

{08016] FIG. 815 a plan view of a pouch according 1o an exemplary embodiment.

{00171 FIG. 9 v a plan view of a pouch according to an exemplary embodiment.
[0018] FIG. 10 is a perspective view of a bag accordimg to an exemplary embodiment.
DETAILED DESCRIPTION

{0019]  The pharmaceutical industry has a partiendarly high demand for packaging solutions
which demonstrate moisture, dust, UV andfor gas barriers, because these properties are often

desired for maintaining the integrity of the product therein.

{0020} In wany current packaging configurations, significant amounts of oxygen are retained
within the package {i.e., in the headspace or voehune adjacent the product comtained within the
package) after sealing (or otherwise enclosing) the product in the product storage space. For
oxvgen-sensitive products, including, in particular, pharmaceutical products, the presence of
oxvgen in the package can result in oxidation that detrimentally mmpacts the product, for
example, the efficacy of the product and/or shelf life of the product. Accordingly, it 1s generally

desirable to package oxygen-sensitive products in @ way that minimizes exposure t© oxygen.

{0021} I has been found that minimizing exposure of ¢ pharmaceutics! product to oxygen is
particularly desirable in many transdermal patch and oral strip applications (hereafter veferred to
at times as thin format pharmaceutical products). These pharmaceutical applications often
contain pharmaceutical active agents that are sensitive 10 oxygen exposure {e.g., alkaloxds,
ethinyl estradiol, estradiol, etc.). For example, the Applicant has found that the mtegrity of
transdermal patches involving mcotine (an alkaloid) can be compromised by presence of oxvgen

m a package as well as by the packaging itself because of the migration of chemicals.

13/250
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{00221  Relatedly, mminuzing exposure of a pharmaceuatical product to oxygen 1s also
particularly desirable for other types of pharmaceutical products including oxygen-sensitive
pharmacentical active agents. For examiple, the Applicant has found that the rapidly-evolving
electronic cigarette (Me-cigarette”) market would particularly benefit from the disclosed
innovations, not only because e-cigareties utilize a pharmaceutical active agent (nicotine}, but
also because sales environments for e-cigarettes penerally require (or at Jeast benefit from)
relatively long shelf Hves (e.g., drog stores, convenience stores). Morgover, some nicotine-
containing products may vellow with exposure 1o oxygen, making them less desirable to

CONSUWSTS.

j023] Other examples of oxypen-sensitive pharmacentical active agents mchade, but are not
hmited to, fentanyl, nicotine, lidocaineg, estradiol, clomdine, ethinyl estradiol, oxybutyuim,
buprenorphine, granisitron, methviphenidate, and scopoelanune. [t should be understood that, for
the purposes of this application, the word pharmaceutical product as used heremn wall include any
product inclading a compound for use as a medicinal drug or non-medicinal drug {e.g., tobacce

products and other products including nicoting, etc.}.
{0024}  One way 1o minimize oxygen exposuore within a package is to use an oXygen SCRVenger.

[0028]  Early references disclose use of oxygen scavengers “sandwiched™ or otherwise disposed
bepween layers of a film. For example, US Patent 3,255 020 discloses catalysts (Nobel metad of
the group consisting of palladitum and platinum) sandwiched between two different lavers of a
film (e.g., PE and toil), with one of those layers being a gas permeable maembrane. Oxygen is
removed by a catalvtic combination with hydrogen. These references generally teach against the
ase of a catalyst having a small particle size (e g, due to difficulty positioning the particles

between the walls of 3 mulii-wall bag).

{00261 Some food-packaging-focused references teach the use of oxidizable polymers that
participate in the oxygen level reductions. Free radical oxidation is the principle mechanism

employed, which is complex and highly chemically reactive. The packaging films of these

4
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references most often tegraie an oxidizable polvmer that uses UV or other radiation to mitiate
the oxidation reaction, after the package 1s closed. While included in the film, the oxidizable
polymers are generally separatedidistanced from products (e.g., not mcluded 1 a product contact
layer) because the reaction mvoelving the oxidizable polvmer creates undesirable byproducts
{e.g., odor, chemcal species, eic.) and these byproducts may negatively affect sealing of the
packape as well as the quality of the product within the package. Some references overcome
these negative effects by including byproduct absorbers, which are themselves undesirable for
other reasons. Moreover, oxidizable polvmers are themselves conswned during the absorption
reaction; this is in contrast to catalysts, which consume oxygen without themselves being

consumed.

{00271 Suill other references utilize Nobel metal catalysts in combination with water-activated
hvdrogen generators. While water-activated hydrogen penerators may be suitable for the
beverage containers for which they are commuonly utilized, these generators are not desirable for
packaging moisture-sensitive products. For example, US Patent 8,906,299 titled “Scavenging
oxygen” highlights the central role of the water-activated hyvdrogen generators in this art. This
reference describes a container that includes a shell made from a polymer (e.g., PET) and
mcorporating a catalyst {e.g., 8 palladium catalyst). A closure for the botile incorporates a plug.
The plug includes a hvdrogen sowee (e.g, a hydride). Inuse, the headspace of the closed
beverage contamer contains a significant amount of water vapor. When this water vapor contacts
the hydride of the plag, the hydride produces molecular hydrogen that migrates into the polymer
matrix of shell and then combines with oxygen {e.g., already enclosed in the bottle or which may
have entered the container through its permeable walls). A reaction between the hydrogen and
oxygen takes place, catalyzed by the catalyst, and water is produced. Thus, oxygen is scavenged
and the contents of the container are protected from oxidation. For sach systems, inclusion of
the hydrogen generator in the oxygen scavenging system is beneficial because, over time,
hyvdrogen s continuously produced allowing the consumption of the continvously ingressing
oxygen. Moreover, a low water vapor level within the package 15 not required {or even
necessarily desirable} for such applications as 1t is for many pharmaceutical apphcations.

5
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{00281  Provided beretn are oxygen scavenging films for packaging an oxygen-sensilive
pharmaceutical product contaming a pharmaceutical active agent. Also provided herem are
packages formed from said Hlm, methods of making said packages and said film, and methods
for achueving an oxvgen-free or sufficiently oxygen-free headspace of the packages formed from

said film,

j0029]  Releming generally o the FIGURES, the oxvgen scavenging films 100, 200, 300, 400
mchude an catalyst that is a hydrogenation-accelerating catalvst, desivably a palladiuny or
platinum catalyst that promotes the reaction of molecular oxygen and molecular hydrogen, even
more desirably a nanoparticle catalyst. When considering cost, a palladium catalyst is generally
preferred to platinum catalyst. As will be discussed in more detaid below, oxygen scavenging
takes place without the use of a hydrogen generator, is not activated by 1V or other radiation,

and 1s incorporated directly into a polymer layer,

{0030]  Generally, the catalyst is included 1 a product contact laver (1o, @ muatenal laver that 18
istended to be m contact with a comtained product andfor that is adjacent to or in facing
relationship with such a product without any intervening material layers, as when there is a gap
ot space between the contained product and the product contact laver). According to exemplary
embodiments disclosed herein, the product contact laver comprises a ¢yelic olefin copolvmer
{COC), such as an ethviene norbornene copolymer. 1n general, COCs exhubit a high glass
transition temperaiure {greater than 307 (), optical clarity, low heat shrinkage, low moistare
absorption and low birefringence. These materials have been produced by g number of
polymerization techmgues which mclude chain polymerization of cvchie monomers such as 8, 9,
0-rmnorborn-2-ene (norbornene) of 1, 2, 3, 4, 44, 3, §, 8a-octa-hyvdro-1, 4.5, B-
dimethanonaphthalene GQettacyelododeceneY with ethane! or ring-opening metathesis of various

cvelic monomess followed by hvdrogenation.

{80311 In someexemplary embodiments, the product contact laver comprises at least 90 wi%%
COLC,
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{00321 1o some exemplary embodiments, the product contact layer comprises at least 93 wit. %%
COC.

{8033]  In some exemplary embodiments, the product contact layer comprises at least 100

wi. %% COC,

{0034]  In some exemplary embodiments, the product comtact layer comprises at least 50 wt. %

COLC.

[0035]  In some exemplary embodiments, the product contact layer comprises at least 75 wt. %6
COC.

j0036F The COC in the product contact layer may be blended with compatible polymers such
as polyoletins (e.g. polyethylene, LLDPE, EAQ copolymers, LDPE), colorants, processing ads

and the Like.

{00371 The Applicant was mitially concerned that mtroduction of a catalyst might disrupt the
COC matnx and even create gaps in the polymernic stractore, thereby negatively impacting the
anti-scalping properties {1.e., resistance migration of chenucals, such as pharmacological active
agents or excipients, from the product to the flmdaver) of the oxygen scavenging films of this
disclosure. Anti-scalping performance is an important consideration for a number of the
pharmaceutical products (e.g., nicotine patches or fentanyl patches, lidocaine patches, e-Cigarette
cartridges, intermediate and bulk transpori of the same, todine, alcobhol wipes, etc.) that benefit
from the films disclosed herein. In carlier work, Applicant found that ase of polymers and
components in a blend with the COC may undesirably affect the anti-scalping performance of
COC, particularly i a product contact layer, {i.e., resistance to migration of chemicals, such as

pharmacological active agents or excipients, between the product and the filmflayer).

{0038] Applicant was happily surprised when testing indicated that a catalyst did not
negatively unpact the anti-scalping properties of the oxvgen scavenging films of this disclosure.

In fact. Applicant unexpectedly observed the opposite of its expected result in nicotine uptake

7
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tests, which indicated an ymprovement m aoti-scalping performance (vather than the expected

compronused performance) with the addition of a palladium catalvst.

{6039]  In onetest, a control film (180% Topas® COC 8007-600) and an oxygen-scavenging
film (Topas® COC 8007-600 with 100ppm palladiom catalyst, Hycat 280-10119-1 from
ColorMatrix) weve cut into 1 inch x guarter nch strips and hung from wires in a glass jar
containing undiimied liguid nicotine, byt not in divect contact with the liquid nicotine. Both sides
of the strips were exposad to nicotine vapor. The nicotine uptake of one set of strips was
measured at 2 weeks, the other set of strips at 4 weeks, by immediately {opon removal from its
respective jar) dissolving each strip m 1.5mi Isopropanad overnight to help ensure extraction.
Gas chromatography was used to analyze the resultant solutions. Table 1 shows the resulis of
the strips analyzed ai 2 weeks reporting the area beneath the characterisiic peak of nicotine, an
mdication of the guantity of nicotine present. Table 2 shows the resulis of the strips analvzed at

4 weeks.

Table 1 —~ Nicotine Uptake at 2 weeks

CONTROL FILM | OXYGEN-SCAVENGING FILM
{10025 Topas CQC 8007-6003 ( Topas COC R007-600 with
100ppm palladium catalyst, Hycat
280-10119-1 from ColorMatnx)
~ SAMPLEI | asyr 443
SAMPLE 2 530 435
SAMPLE 3 49 4 43.4
AVERAGE 0.2 437
Table 2 - Nicotine Uptake at 4 weeks
8
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CONTROL FILM OXYGEN-SCAVENGING FILM
{100% Topas COC BOO7-600) {Topas COC 8007-600 with
100ppm palladium catalyst, Hyceat

280-10119-1 from ColorMatrix)}

SAMPLE | $1.7 483
SAMPLE 2 1 618 441
SAMPLE 3 54.8 54.0
AVERAGE 56.1 488

[0040] Notably, achieving the benefits of embodiments of the oxvgen scavenging films and
packages disclosed herein involves stilizing a gas flush of the product storage space that includes
hydrogen gas rather than wiilizing a hydrogen generator. Use of hydrogen generators can be
particularly disadvantageous for pharmmaceutical applications because hydrogen generators
require moisture-activation. As noted above, mwoisture can detrimentally affect the integrity of
many pharmaceutical products; thus, it is desirable to minimize moisture i a package,

particalarly avoiding a need to inclade it for the system to function.

[0041] The oxygen scavenging films of the present disclosure further nclude a gas barner
layer. The gas barrier layer is configured to prevent the ingress of oxygen to a sealed package
and the egress of hydrogen from a sealed package. As will be discussed in more detail below,
prevention of the egress of hvdrogen is particularly desirable because hyvdrogen retention can
facilitate the continuation of the catalyzed reactions between molecular hydrogen and oxygen
well after the package has been closed (by beat seal, cold seal, or other suitable method known to
those of skill in the art). To effectively reduce the oxygen level inside the package to zero or
other sufficiently low percent by weight, the hydrogen level needs to remain high enough so as
not to become the hmiting factor in the catalvzed resction,
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{00421 1o this way, a product storage space or headspace that 13 sufficiently oxygen-~fice
{sufficiently oxygen-free being dependent on the application} for many oxygen-sensitive
products can be achieved. What's more, an oxvgen-free headspace can be achieved, where an
oxygen-free headspace for the purposes of the discussion of oxygen-sensitive phanmaceutical
products in this application is a headspace that achieves 0.0% oxvgen gas by volume. Applicants
have achieved a headspace measuring less than 0.0 % oxygen as measurad by an Agilent 78904
Gag Chromatograph with a 59753C M3D detector in selective jon mode. In one such case, the
oxygen in the headspace was measured to be 75ppm, or 0.00753% oxvgen by volume. Before
oxXygen megsurements were taken, the machine was calibrated using a two point (2.1 and 21%)
oxygen calibration carve. A gas tight syringe was used to remove 1 mil of headspace from a test
pouch. This headspace was injected into the GC, and the resulting area of the oxvgen peak was
recorded. The oxygen content of the headspace was then determuned to be 75 ppm utibizing this

peak and the oxygen calibration curve.

j0043] More generally, sufficiently oxyaen-free may bie considered tn terms of percent of
oxygen gas by volume or by other relevant metrics. For example, sufficiently oxyaen-free may
be examined by the percent change in the oxygen percent by volume batween two relevant
periods of time, such as a potm (1) promptly following closing the package and a pont (2) X
number of days later (g, X=21.2, 5, 14, 30635, elc.). The destrable metric may depend on the
application. For instance, the same tvpe of package may be ran through two different gas flush
processes, one resuliing i a starting oxygen gas percent by volume of 2% and the other 1%%; in
such a case, the same percent volume reduction in the oxvgen gas content between the same start
and end points may be sufficient for one and insufficient for the other (e g., an 90% reduction in
oxygen between closing and day 10 might leave 0.2% oxvgen gas by volume in one headspace
and 0.1% in the other; if a sufficiently oxygen-free headspace for the application s 0.15%

oxygen gas by volume, then one package is sufficiently oxvgen-free where the other is not).
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OXYGEN SCAVENGING FILM
[0044] Referning to PIG. 1, an oxygen scavenging film 100 1s shown mchading a product
contact layer 112, gas barrier layver 114, and an extenior layer 116 according o an exemplary

embodiment,

j0045]  According o an exemplary embodimen, lavers 112, 114 and 116 are be combined by

coextrusion methods {(e.g., blown film coextrusion).

{00461  According o other exemplary embodinments, adhesive layers may be disposed betwesn
layers 112 and 114 and lavers 114 and 116, but are not shown for simphicity and clarity. Any
adhesive layver suitable for promoting adhesion between the respective layers may be used, as

would be uaderstood by one of skill ia the art.

{0047]  According 1o still other exemplary embodiments, a combination of adhesive lamination

and coextrusion may be used to combine the layers of the oxvgen scavenging film 100,

{0048] i 18 fwether contemplated that other layers may be disposed between fayers 112 and 114

and lavers 114 and 116 {e.g., to serve functional purposes, such as a primer layen).

{00491 Referring further to FIG. 1, the product contact layer 112 comprises COC and one or
more hydrogenation-accelerating catalysts that catalyvze the scavenging of oxygen {e.g., 8
paltiadiom catadyst, a platinum catalyst, a combination of such catalysis, ete.). As will be
discussed in more detail below, COC provides particularly good anti-scalping benefits that are
particularty beneficial for packaging of pharmaceatical products that have pharmaceutical active

agents.

{0050] 1t is contemplated that the product contact layer 112 mav comprise a blend of COC and
another thermoplastic material such as, bot not hmiuted to homopolymers and copolymers of
polyethyvlene. It is also contemplated that COC may be the only thermoplasuc material m the

product contact layer 112,
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{0051 According o an exemplary emibodiment, the product contact layer 112 comprises at
least 90 wi. % of a COC. According to some of the exenplary entbodiments wherein the
product contact laver 112 comprises at least 50 wit. %% of an ethylene norbornene copolymer, the
ethvlene norbornene copolymer has a glass transition temperature in a range from 5S0°C to
138°C; as discussed in more detail in International Application No. PCT/2015/015246 entitled
“Anti-Scalping Phanmaceutical Packaging Film™, which 18 incorporated herein by reference,
these exemiplary embodiments provide particularly beneficial resistance to migration of
chermicals, such as pharmacological active agents or excipients, between the product and the

filins

jO052]  According to another exemplary embodiment, the product contact layer comprises at
least 75 wit. %6 of an ethylene norbornene copolymer. The remaining 28 wi %% may include
another thermoplastic material such as, but not mited 8 homopolvmers and copolymers of

polvethylene.

[0033]  According to still other exemplary embodiments, the product contact layer mny
comprise less than 73 wt. % COC. Depending on the anti-scalping needs for the application, the
remaintag wi, % may beneficially include, among other things, other thermoplastic materials

with relativelv good anti-scalping properties.

{0054} According to an exemplary enmtbodiment, forming the product contact layer inchodes
providing a COC, providing a palladiom catalvst, and compounding the catalyst (e.g., in the form
of a paliaditim vanoparticle solution) with the COC. One example of a commercially available
COC resin for use i the present invention is Topas 8007-000 from Topas Advanced Polymers,
although other types of COC resins may be used according to other exemplary embodiments.
Exemplary of a commercially available palladium nanoparticie solution is Hycat 280-10119-1
from ColorMatrix Group. Standard compounding processes ¢can be used o introduce the
paliadinm nagoparticle solution into a polymer melt, as would be understood by these of shilt in
the art. Alternatively, known, albeit less comnton, methods of imcorporating the catalyst into the
polymer may include performing this operation duning polymertzation. It should be noted that
12
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the catalyst need not be a nanoparticle catalyst. Rather, suttable catalysi sizes mclude the range
wherein the catalyst does not detrimentally disrupt anti-scalping performance {given the

application) or other key product layer performance characteristies.

FO0SS8]  The catalyst s desirably present in the product contact layer 112 at a level lugh enough
to achieve desirable oxvygen scavenging, but not so high ay to wndesirably atfect other
performance considerations {(e.g., anii-scalping performance, tackiness, color, etc.} for the

product contact laver,

{00561  According o an exemplary embodiment, i a product contact laver wtilizing Topas
8007-600 and Hycat 280-10119-1, the palladium catalyst is desirably present in the product
contact fayer within the range of 23ppm to 200ppm. Generally, the lower limit of the range
reflects the amount of the catalyst included to achieve the desired oxygen reduction. The upper
limit generally reflects the amount at which the addition of additional palladivn catalyst particles
undesirably impacts the performance of the compound to be formed into the product contact
fayer. Above 200ppm, it was found that the Topas 8007-600 and Hycat 280-10119-1 compound

used o form the product contact laver became undesirably tacky.

j0087]  According to other exemplary embodiments, a patladium catalyst is desivably present in

a product contact layer within the range of 20ppm to 400ppm.

j0058]  According o an exemplary embodiment, the product contact layer comprises a

palladium catalvst at 1Q0PPM.

059 According to an exemplary embodinent, the product contact layer comyprises a

paliadium catalyst at 75PPM.

{0060]  According fo an exemplary embodiment, the product contact layer comprises a

patiadium catalyst at 125PPM.
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{0061} According fo still other exemplary ensbodinents, the desirable range of the palladium
catalvst (in ppm} may vary depending on the COC type/blend, catalvst format and/or catalyst

t‘.}-’pﬂ_

[0062] According to still other exemplary embodiments, it is contemplated that additives may

be mcluded in the product contact layer {e.g., processing additives).

j0063] Referring further to FIG. 1, the gas barrier laver 114 is disposed exterior to the product
contgct layer 112 (Lo, relative to the product storage space). As noted earlier, the gas barrier
layer helps prevent mgress of oxyvgen and egress of hydrogen (and other gasses) to a closed
package {e.2., sealed, heat sealed, cold sealed, etc.). Practically, this means that, in combination
with product contact layer 112, gas bamer layer 114 helps retan hydrogen and facilitates
achieving an oxygen-free headspace of a package made fron: the film 100 {or at lcast a
sufficiently oxygen-free headspace, depending on the application). According to the exemplary
embodiment shown, the gas barrier laver 114 includes a metallic foil. Accordmyg o other
exemplary embodiments, the gas barrier layer may comprise any metallic foil such as, but not
limited to, alumdnum, tin, copper, blends thereof and the bke; these waterials are well known in
the art. According to still other exemplary embodiment, the gas barrier layver comprises g
metatlized pelymer laver. Any conventional metallization technique known to those skilled in
the art can be used to form a metallized polvmer laver. One exemplary metallization technique
18 vacowm deposition wherein the metal 18 vacuum evaporated and then depostted onto the
polymer layer. (See, Witham Goldie in Merallic Coating of Plasties, Vol. 1, Electrochemical
Publications Lumsted, Chap. 12 (1968)) A metal may be deposited onto a polymer layer by
vapor deposition technigues, typically by applving the molten metal under vacuum by such
technigoes as electron beam evaporation, sputtering, induction heating, or thepmal evaporation.
A particularly specific technigue formetallization is by electron beam vacuwm evaporation
deposition methods. According to some embodiments of a mewhized polvmer laver, the average
thickness of the metal 15 within the range of about 1.0 to 100 nanometers. According to other

exemplary embodiments of a metalized polymer laver, the average thickness of the metal 1s
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within the range of about 3 to 25 nanometers. (1 micron equals 1077 meters, and 1 nanometer
equals 107 meters ) Regardless, it is generally desirable that the metal coating has a thickness
less than the polymer substrate on which it is deposited, preferably substantially less than said

substrate.

j0064] Referring further to FIG. 1, the exterior laver 116 15 the exterior or outermost laver of
the film 100 according t© an exemplary embodiment. The exterior layer 116 1s configmed {0
pravent damage 1o a product in a package formed from a film 100 due 1o handling and other
external inflpences. In addition, the exterior laver 116 is configured to prevent damage to the
product contact laver 112 and the gas barrer fayer 114, According to the exemplary
envtbodiment shown in FIG. | the exterior layer 116 s a biaxially oriented polvester terephthalate
{OPET).

{0065]  According to other exemplary erabodiments, the exterior layer may include, bat is not
limited to, aromatic polvesters such as, but not imited to, polyethviene terephthalate {PET),
orignted polyvethylene terephthalate (OPET), amorphous polvethylene terephthalate (APET),
alveol-modified polvethyvlene terephthalate (PETG), aliphatic polyesters such as, but not Hmited
to, polylactic acid (PLAY; polvhvdroxvalkonates including but not limited to
polvhvdroxypropionate, polyvi3-hydroxybutyrate) (PH3B), poly(3-hvdroxyvalerate) (PH3 V),
pobvi4-hydroxvbutyrate) (PH4B), polv{d-hydroxyvalerate) (PH4V), poly(5-hvdroxyvalerate)
{PHSV), polv{6-hydroxydodecanoate) (PHED); or polyamides such as, but not livuted to,
oriented and unoriented nylon 6, nylon 66, avion 6/66 and blends thereot, polystyrenes such as,
but not Himated to, high mnpact polystyrene (HIPS), general purpose polystyrene (GPPS), and
styrene block copolymer (SBC). HIPS is sometimes called rubber-meodified polystyrene and is
normally produced by copolymerization of stveene and a synthetic rubber. (See Wagner, et al,
“Polystyrene.” The Wilay Encyclopedia of Packaging Technology, Second Ediueon, 1997, pp.
TO8-771 {(John Wiley & Song, Inc., New York, New York)) Examples of HIPS inclode but are
not himited {0 Impact Polystyrene B2SE and Impact Polystyrene 943K, both of which are

avatlable from Total Petrochemicals USA, Inc.; EB602S Rubber Modified High Impact
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Polystvrene, which is avatlable from Chevron Phillips Company (The Woodlands, Texas); and
6210 High Impact Polystyrene, which was at one time available from Ineos Nova LLC
{Channahon, Hlinois). Alternatively, the thermoplastic film may comprise a polyolefin such as
polyethylene mcluding, but not himited 1o, high density polyethylene (HDPE), mediwm density
polyethvlene (MDPE), low density polyethylene (LDPE), linear low density polyethylene
{LLDPE}, very tow deasity polyethvlene (VLDPE), ultra-low density polvethylene (ULDPE}
and blends thereof, or polvpropylene and blends thercof. A non-himiting example of high density
polyethviene includes Alathon™ M6020 from Equistar Chenticals LP (Houston, Tex.). Other
specific non-limiting examples of HDPE include Alathon™ M6020 available from Equistar
Chemicals LP (Houston, Tex_}; Alathon®™ 15885 available from Equistar Chemicals LP
{Houston, Tex}); ExxoaMobil™ HDPE HD 792530 available from ExxonMoebil Chemical
Company (Houston, Tex }; and ExxonMobi{™ HIDPE HD 7845 30 available from ExxonMobil
Chemical Company (Houston, Tex.). In one particular embodiment, the thermoplastic film is
nmiasially oriented. In another particular embodiment, the thermoplastic film is iaxially

oriented.

0661 According to still other exemplary embodinments, the exterior laver includes paperor a

paper-like material,

{00671 FIG. 2 shows another exemplary embodunent of an oxygen scavenging film 200
wcluding a product contact layer 212 and a gas barrter layer 214 according to an exemplary
embodiment. The film 200 is substantially suntlar to film 100 except that film 200 does not
mchude an exterior layer. Film 200 may be itself used to form an oxygen scavenging package or
may be coupled teo one or more additional films to achieve desired f{ilm characteristics {e.g.,
lamingted 10 a semi-rigid thermoformable packaging material) before being formed into a

package.

{8068] FIG. 3 shows another exemplary embodiment of an oxyvgen scavenging film 300
tncluding a product contact laver 312, a gas barrier layer 314, and an exterior layer 316
according to an exemplary embodiment. According to this exemplary embodiment. the film 300
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1s palindromuc {e.g., the structure 18 A/B/A, A/B/CMRA, ete), both the produact contact layer and
the exterior laver comprising COC and a catalvst. 1o some exemplary embodiments the catalyst
is a palladivm catalyst that is present in the range of 50-200ppm.  In other exemplary
embodiments, a film may be substanually palindromic wherein the product contact kaver

includes COC and a catalyst, while the exterior layer comprises COC but no catalyst.

j0069]  The gas barrier layer 314 comprises EVOH according to an exemplary embodiment.
EVOH 15 otherwise known as saponified or hydrolyvzed ethvlens vinyl acetate copolyviner, and
refers to a vinyl alcohol copolvmer having an ethylene comonomer, EVOH 1s generally prepared
by the hydrolysis {or saponification) of an ethylene-vinvi acetate copolymer. The degree of
hydrolvsis is preferably from about 50 to 100 mole percent, more preferably, from about 85 1o
100 mole percent, and mwost preferably at least 97%. 1t 35 well known that to be a highly
effective oxygen barrier, the hydrolysjs-saponification must be nearly complete, e to the extent
of at least 97%. EVOH is commercially available in resin form with various percentages of
ethyiene and there is a direct relationship between ethylene content and melting point. For
example, EVOH having a melting point of about 175° C or lower is characteristic of EVOH
materials having an ethylene content of about 38 mole® or higher. EVOH having an sthylene
coutent of 38 mole%s has a melting point of about 1753° C. With increasing ethvlene comtent the
melting point is lowered. Also, EVOH polymers having increasing mole percentages of ethylene
have greater gas permeabilities. A melting point of about 138% € corresponds to an gthvlene
content of 48 mole % EVOH copolymers having lower or higher ethylene contents may also be
empioyed. It is expected that processability and onentation would be facilitated at higher
contents; however, gas permeabilities, particularly with respect to oxygen, may become
undesirably high for certain packaging applications which are sensitive to nucrobial growth in
the presence of oxygen. Conversely, lower contents may have lower gas permeabilities, bot

processability and orientation may be more difficult.

[078]  FIG. 4 highlights another exemplary oxygen scavenging film. Like oxygen scavengimg

film 300 of FIG. 3, the oxygen scavenging film 400 shown i FIG. 4 includes a produst contact
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layer 412 comprising COC and a catalyst, a gas barrier layer 414 that comprises EVOH, and an
exterior layer 416 that comprises COC. Oxyvgen scavenging film 400 further includes layers 420
and 422, layer 420 being interior to gas bamer layer 414 and layer 422 being exterior to gas
barrier laver 414, According to one exemplary embodiment, layers 420 and 422 include HDPE.
Lavers 420 and 422 are configured 1o protect the EVOH gas barnier layer from moisture.
According to other exemplary embodiments, lavers 420, 422 may provide this and/or other

benefits {e.g., structural, processing, o)

[0071] Itwill be appreciasted by those reviewing this disclosure that the exemplary films
disclosed herein may further mclude layers m addition to the product contact layer and gas
barrier layer. This includes an exterior layer as well as other lavers that may be disposed
batween the product contact layer and the gas barner layer and/or disposed between the gas

barrter layer and an extenor layer.

PACKAGE
j0072] The oxygen scavenging films of the present disclosure may be gsed to make
pharmacentical packaging in any number of formmats. The films are particularly beneficial for
transdermal patch applications, oral steip applications, e-cigarette cartridge applications, and
other pharmaceutical applications involving oxygen-sensitive pharmaceutical active agents; for
these applications the integrity of these pharmacentical active agents may be detrimentally

mpacted by a mumber of externalities, one of them being oxygen.

[0073] Moreover, as discussed earlier in this disclosure, another significant consideration for
pharmaceutical packaging for many pharmaceutical products involving pharmaceuntical active
agents is the ability of the Alm to resist migration of the pharmacological active agents {or
excipienis) between the product and the film; stated otherwise, it is desirable for packaging for
these apphicarions to be anti-scalping. The Appheant was recently surprised to find that COC
provides particularly good anti-scalping performance, as disclosed in POCT/US2015/013246 filed
on February 10, 2015 and titled “Anti-Scalping Pharmacoutical Packaging Film™. T is disclosed
therein that that hoth the glass transition temperature of the layer comprising ethylene
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norbomene copolymer and the Hansen Solubility Parameter (HSP) of the active pharmacological
agent to be stored 1n contact {direct or mdirect) with the product contacting layer comprising
ethylene norbornene copolymer can be factors in determuning whether the product contacting
laver can serve as an effective anti-scalping layer. Thus, it is understood that some embodiments
of the films disclosed herein are particularty beneficial where the Hansen Solubility Parameter
RED values of one or more of the excipients for the COC are 0.5 or greater. More desirabily, the

RED values are 0.6, 0.7, 0.8, 0.9_or 1 or greater,

[0074] Referving to FIGR. 5 and SA, an oxygen scavenging pharmaceutical package 500 that is
a flat format pouch for a transdermal patch, oral strip or similar application 13 shown made from
a suitable oxvgen scavenging film of this disclosure, such as film 100, according to an exemplary
embodiment. The package 5300 jacludes a product storage space 510 that 13 shown containimg an

exemplary product 502 such as a transdermal patch or oral thin strip and otherwise defining a

headspace 512.

[0075] Refernng in particular to FIG. SA, the package 500 inchudes a st side wall 514
generally opposite a second side wall 316 with the product storage space 510 being located
generaily therebetween according to an exemiplasy embodiment. The first side wall 314 is shown
coupled to the second side wall 5316 by a heat seal 518, According to exemplary emibodiments,
the package is made exclusively {e.g.. both of the first side wall and the second side wall) of an
oxygen scavenging film of the present disclosure (e.g., film 100, film 200, filn: 300, film 400)).
in some of these exemplary embodiments one exveen scavenging film structure is used to niake
the package (e.g., using a form fill seal process mcluding sealing the product contact laver of the
filma to wself), while in other exemplary embodiments more than one oxygen scavenging film
structure may be used in combination to make a package. According to still other exemplary
embodiments, films other than those of this disclosure may be used i combination with the
oxygen scavenging {ihng of this disclosure {e.g., the first side wall 1z an oxvgen scavenging film

of this disclosure and the second side wall is not).
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{0076] The bead space 312 15 shown as bemwg sufficiently oxygen-free, and, m fact, oxygen-
free (having less than 0.0% oxyvgen by volume). As will be discussed in more detail below, to
achieve the oxygen-fiee headspace 512, a gas flush was mtroduced to the product storage space
510 theough a gas flush openming (see, e.g., FIG 7A) before package 500 was closed (here, by heat

sealing). The gas flush comprised hydrogen. The hydrogen reacted with oxygen to reduce the

level of oxygen within the head space, catalvzed by the palladium catalyst.

H077]  According to the exemplary embodiment, the first side wall 314 and the second side

wall 316 of the package 300 both comprise a mudtilayer film thatis film 100.

{0078] According to an another exemplary embodiment, one of the first side wall and the
second side wall coraprises a film according to the present disclosure (e.g.. film 100} and the
other of the first side wall and the second side wall is any 8l that includes a gas barrier layer.
{00791 For example, the other wall comprises a product contact Iayer including COC, a gas
barrier laver that is foil, and an exterior layer that inchudes a polyester, such as polyester
terephthalate (PET). As another example, the other wall includes an ethylene copolymer and a

2as barrier laver.

jO080]  According to other exemplary embodiments, the first side wall 514 and the second side

wall 316 of the package 500 both comprise a multilayer film that is flm 300,

j0081] Referring to FIGS. 6 and 6A, an oxvgen scavenging pharmaceutical package 600 for a
pharmaceutical product that includes a phannaceutical active agent 18 shown according to an
exemplary emnbodiment. The package 600 is shown as a blister package imcluding @ proeduct
storage space 610 that is shown containing an exemplary pharmacentical product 602 {e g, an e-
cigarette cartridges, a tablet, a capsule, a lozenge, e10.) and otherwise defming a headspace 612,
it should be noted that, for ease of discussion, product storage space 610 will be used to refer
collectively to the plurality of product storage spaces as shown in the blister package, headspace
612 will similarly be used 10 collectively refer to the headspaces as shown, and pharmacentical

product 602 will be used to collectively refer to the products as shown. That being said, it will be
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gt

anderstood more generally that a package may clude one or more product storage spaces, each

., stmilar to

by

product storage space being singular or collective of mare than one subspace (e.
pockets 620}, Relatedly, a given product storage space {or subspace) may include one or more
products for some applications {e.g., each pocket 620 mayv include one or more than one

pharmaceutical products).

j0082] Relveming m particudar to FIG, 64, the package 600 comprising an oxygen scavenging
film of the present disclosure includes a lid 614, shown as blister Hdding or a top blster
component, generally opposite a container 616, shown as a blister base or bottom component,
with the product storage space 610 being generally defived by pockets 620 according to an

exemplary embodiment. The fid 614 is shown coupled to the contamer 616 by a heat seal 618,

{0083} The headspace 612 1s shown sufficiently treg of oxygen.  As will be discussed in more
detail below, 1o achieve the suffictently oxyeen-free headspace 612, a gas Hlush was introduced
to the product storage space 610 before the lid 614 was sealed to the container 616 to close
package 600, The gas flush comprises hydrogen. The hydrogen reacts with oxvgen to reduce

the level of oxygen within the head space, catalyzed by the palladium catalyst.

j0084]  According to an exemplary embodiment, the lid 614 comprises the exygen scavenging

film 100,

j0O8S]  According o another exemplary embodiment, lid 614 comprises an alternative of the
oxygen scavenging filkn 100 wheren the extenor layer 1s paper rather than OPET. Accordimg to
other exemplary embodiments, the hid 6 14 comprises any oxygen scavenging film according to
the present disclosure suitable for use as a blister lidding component. According to still other
exemplary embodiments, the lid 614 is not an oxygen scavenging film, but is any lidding film
suitable for use with a blister base component that comprises a suitable oxygen scavenging film

according to the present disclosure.

{0086]  According to an exemplary embodiment, the container 616 comprises oxypen

scavenging film 400,
21
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{0087 According fo another exemplary embodiment, the container 616 comprises oxygen
scavengtng film 300, where oxygen scavenging film 300 a fornung web that 15 thermotormable
or thermotorming. According to other exemplary exbodiments, the container 616 comprises any
oxygen scavenging filin according 1o the present disclosure suitable for use as a blister base
component, According to still other exemplary embodiments, the container is not an oxygen
scavenging film, but is any blister base component suitable for use witl a blister lidding
component comprising a suitable oxygen scavenging film according to the present disclosure.
According to still other exemplary embodiments, the container comprises a filin that is a cold

forming filn,

j0O88] According to one exemplary embodiment, the pharmaceutical product 602 includes e-
cigaretie carinidges. E-cigarette cartridges include nicotine, which is oxygen-sensitive and
susceptible to scalping in many traditional pharmacentical mdustry packaging formats. For such
an application, it is desirable (though not necessary} to have both the lid and the container
comprise oxygen scavenging films according to the present disclosure. For example, including
film 100 and film 400, respectively. According 1o other exemplary embodiments, the product
comtact tavers of both §hms comprise at least 90 wit.% of COC, at least one of the films being an

oxygen scavenging film according to the present disclosure,

{00891 It is worth noting that. when the blister idding component and bhister comtainer
component are nrot both films according to the present disclosure, 1t may be desirable for the
films) that are not films according o the present disclosure to have suitable anti-scalping

characteristics for use with the given pharmacentical active agent.

{0099} FEven where the films are both filins sccording to this disclosure, the wt.% COC in the
product contact layer may be the same or may be different. According to some embodiments,
the product contact lavers of both films comprise at least 90 wt. % of COC. According to other
examplary embadiments, the product conmtact layer of one film compuisss af {east 90 wi % of

COLC, while the product contact laver of the other film comprises fess than 90 wi %% of COC.
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According to still other exeraplary emabodiments, the product contact layers of both films

comprise less than 90 wit.% of COC.

{6091} Refernmg to FIGS. §, an oxygen scavenging package 800 that s a pouch or bag
comprises an oxygen scavenging film of the present disclosure according to an exemplary
embodiment. The package 800 includes a product storage space 810 that is shown comtaining an
exemplary product 802, such as an e-cigarette cartridge, and otherwise defining a headspace §12.
A body 820 of the package 800 may be made entively or in part fron one or more of the oxygen
scavenging films of the present disclosure. For example, film 100 may be used to make the body

220,

[0092]  FIG. 9 shows another exemplary embodiment of an oxygen scavenging package 900

that 15 a pouch or bag comprises an oxygen scavenging film of the present disclosure.

Retferring to FIG. 10, an oxygen scavenging package 1000 that is a bag, specifically an
intermediate transport or bulk bag, s shown comprising an oxygen scavenging filin of the
present disclosure according to an exemplary embodiment. In a product sforage space 1010 a

pharmacegtical prodact 1002 is shown as a reel of transdermal patches or oral thin strips.

{00931 Pouch or bag formats such as packages 800, 900, and 1000 ave particularly desirable for
transporting pharmaceutical products that are in a pre-end-consumer state (e.p., because the
products are bemng transferred in bulk or still require further processing). For example,
transdermal patches counected 1 a reel format may be ransported 1n a bag that is an
mitermediate form of packaging {(e.g., prior to the end-consumer packaging format of a flat-
format pouch) for further processing e g, separation) at a later time. Of course, the pouches and
bags need not be an intermediate packaging format, but may be the end-consumer packaging

format {e.g., e-cigarettes cartridges).

{0094 According foan exemplary embodiment, the filins of the present disclosure may be

used for stil] other package formats, inchuding, but not lunited o, formats where the container is
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a tray with hddmng and still other formats where the container {e.g., a tray} is m a bag or similay

enclosure.

{8093]  According to exemplary embodiments, the headspace of the packages disclosed herein
may include 196 or less oxygen gas by volwme. In some exemplary embodiments, the beadspace
may nchude 0.5% or less oxygen gas by volame.  In some sxemplary embodiments, the
headspace may inclode 0.2% or less oxygen gas by volume, Tn some exemplary embodiments,
the headspace may include 0.1% or tess oxvgen gas by volume.  In other exemplary
embodiments, the headspace may be an oxygen-free headspace (0.0 % oxyvgen gas by volume).
In stifl other exemplary enmabodiment; a sufficiently oxygen-free headspace can be achteved,
where a headspace has reached an oxygen gas level by volume that is suitable or otherwise
desirable for a given application, Generally, the oxvgen gds measurement assumes a sutable or

predetermined passage of time to allow for oxvgen scavenging.

{0096] Packages 500, 600, 800, 900, 1000, and others contemplated by this disclosure miay be
made by any suitable methods known in the art, as would be appreciated by a person of skill in

the art,
EXAMPLE Y

j0097] Example ! isan example film structare and method of manufacture for a film intended
for use in packaging pharmaceutical products such as transdermal patches and oral strips. The
structure of this exemplary filn when finished 1s OPET/PEVLDPE/EAA/ Aluminum

FortEAA/LDPEACQC +palladium).
{0098] The base film was comprised of five layers having an ordered structure of
{0099]  JLayer 1/ Layer 2/ Laver 3/Layer 4/Layer 5/ corresponding to:

[OI08]  Jexterior layer 17 primer layer 2/bulk Taver 3adhesive layer 4/ barrier laver 5/) or more

particularty,
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{0101} JOPET/PEVLDPE/EVA/Aluminum Foild,

{0102}  Laver I was a commercially available 0.92 mil, braxially oriented polyethyvlene
terephthalate (OPET) filn corona treated on one side. The treated OPET film received a second
corona reatment on the previously treated side prior to veceiving an anchor coating of 8 water-
based polyethvieneimine (PED primer (Layver 2} that was contact coated onto the corona treated
side of the OPET fhn and dried just prior to lamination of the OPET film 1o 0.33 mil aluminum
foil (Laver 3) using a coextrusion of LDPE (Laver 3} and EAA (Laver 4}, Lavers 3 and 4 were
produced by the two-layer coextrusion of LDPE and EAA. The anchor coated side of the OPET
film was lammated to 8.35 mil aluminum foil with a coextrusion of LDPE and EAA. The LDPE
was a blend of 87.5 wt.% LDPE lamumnate resin and 12.5 wt.% of a white colorant in a carrier
resin. The oxygen and mosture barrier was provided by a conunercially available packagimg

grade aluminum foil.

{0103] A duee-laver coextrusion of EAA, LIDPE and a blend of ethylene-norbormene
copolvmer {COC) and paliadiven nanoparticles is extrusion cogted onto the corona treated

alyminum foil.

j0104]  The film is well suited 1o package articles for collecting or admmistering 2
pharmaceutical product inchading a pharmacewtical active agent, such as wransdermal drag
delivery patches or oral thin strips. The film has advantageous moisture barrier, oxygen barrier,
anti-scalping properties, as well as oxvgen scavenging when the package 1s flushed with g gas

flush mclading hydrogen as discussed later mn thas disclosure.

EXAMPLE 2
j0105]  Example 2 1s-an example film structore and method of manufacture for a film mntended
toruse as a hdding for a blister package. The structore of this exemplary film when finished 18

aluminum foil/EAA/LDPE{COC + palladium)
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{01061 A three-layer coextrusion of EAA, LDPE and a blend of ethylene-norbornene
copolvmer ({COC) and palladium nanoparticles is extrusion coated onto the corona treated

alumitnwm foil.

EXAMPLE3
j0107] Example 3 15 an example film structare and method of manufacture for a film mtended
for use as & contaner that is a blister base component for g blister package. The Glmis a cold
forming film. The structure of this exemplary filoy when finished is aluminum
OPAfadhesive/alminanVEAAALDPEACOC + palladiuom)

[0108] The film may be manufactured by adhesive lanunating the OPA o aluminum foil.
EAA, LDPE, and the COC + palladiumn are coextruded. 'The lanunation and coextrusion are then

extrusion laminated together (the EAA adjacent to the sluminum foil).

METHOD OF ACHIEVING A SUFFICIENTLY OXYGEN-FREE HEADSPACE
AND/OR OXYGEN-FREE HEADSPACE

[0109]  Esemplary embodiments of a method for achieving a sufficiently oxygen-free
headspace in a pharmaceutical package include utilizing an oxygen scavenging film according to
the present disclosure. As discussed in more detail above, these oxygen scavenging filins
comprise a gas barrier layer and a product contact layer comprising COC and hydrogenation-
accelerating palladian: (or platinum) catalyst. A gas flush 1s mtroduced mnto a pharmaceutical
storage space of the page. The gas flush includes hydrogen that combines with oxygen i the

presence of a catalyst to remove the oxygen gas from the headspace.

(0110} Referring to FIGS. 7A and 7B, the pharmacewical package is a flat format pouch 700
particalarly well suited for transdermal patch and oral strip applications according to an

exemplary embodiment. FIG. 7A shoves the package 700 wherein the produet storage space 710
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18 shown having an opening 704 providing access thereto. The pharmaceutical product 702 (e.g.,
a transdermal patch or oral strip) is shown already positioned in the product storage space 710,
A gax flush 7006 15 introduced throongh opeming 704, which functions as the gas flush opening.
The upper linut of a range of the ratio of 1nert gas to hydrogen gas in the gas flush should reflect
the flammability limit of the hvdrogen gas m the flush (1.e., being lower than that imit). The
lower end of the ratio range desirably reflects a quantity that 15 sufficient 10 react with the
required amount of oxvgen, as defined by the application. An exemplary gas flush includes
nitrogen gas and hydrogen gas in a ratio in the range 01 99.5.0.5-94.6:5 4. Accordingtoa
particular embodiment, the gas flush includes nitrogen gas and hydrogen gas in an approximate
ratio of 95:5. Az would be appreciated by one of skill in the art, any suitable method of
mtroducing the gas flush for such an application may be utilized. Generally, the flush may

inclade 1nert gases other than nitrogen gas (e.g., carbon dioxide, ete ).

{0111} Refemng in particular to FIG, 7B, a heat seal 718 13 subsequently completed so that it
completely encloses the product storage space 710 and formally defines a headspace 712 ot the
product storage space 710, Immediately afier the gas flush, a reduced amount of oxvgen gas
remains {e.g., 0.3-2% of the headspace by volume is oxyvgen gas). The palladium catalyst
catalyzes the reaction between the molecular hydrogen and the molecular oxygen. Because of the
gas barrier layer, the hydrogen substantially remains in the product storage space 710 and
additional oxygen gas is substantially prevented from entering the product storage space 710,
The molecular hydrogen and the molecular oxygen continue to react, catalyzed by the palladium
catalyst, until the headspace 712 iy sufficiently free of oxygen gas. No additional energy
sources, generators or other inserts are required. The pharmaceutical product 702 1s substantially

uncompromised by oxygen or moisture. No additional inputs or steps are required after the

package 700 is sealed closed 1o remove the oxvgen,

(0112} Uunlbizing the above-described gas flush process, a film sample of COC with 100ppm Pd
was compared to a high oxyvgen barrier lamination containing foil and Barex® resin by INEOS

as the sealant.. Table 3 shows the results in % volume of oxvgen pas.
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Table 3 ~ oxygen gas percentages by volume

Pav O Day 4 Dav 6 Day 12
COC w/i100ppm 0.8% (3.3% 0.2% £.1%
Pd
Barex {1.5% Q8% {1.8% 0 8%

{0113f As mdicated in Table 3, the sample of COC with 100ppm palladium catalvst
significantly reduced the oxvgen in the headspace of the 6 inch by 6 inch foil based pouches,
whereas the oxygen level i the foil based pouch with the Barex® sample enclosed therem

revazined constant,

j0114]  Itis worth noting that the oxyvgen percentage by volume may be reduced to a sufficient
or even oxygen-free level more guickly than indicated by this test. For example, a package with
a smaller headspace and larger surface area will scavenge faster. For example, Applicant was
able 1o provide an oxygen-free environment within a test package i less than one day. As would
e understood by a person of skill in the axt, other factors may npact the rate of reduction of
oxygen by percent volwne (g, temperature, catalvst disiribution within the polymer (e.g..

mcioding conswdering layer thickness), catalyst loading level, ete ).

EXAMPLE 4
[0115]  Applicant created a film including a product contact layer conprising COC (Topas®
SOOTF-600) and palladiom catalyst (ColorMatrix Hycat 280-10119-1} at about 100ppm. This
film was formed using a collapsed bubble method of manufacture; accordingly, both the product
comtact laver and the exterior laver comprise COC {Topas® BO07E-600) and palladium catalvst
{ColorMatrix Hycat 2803-10119-1) at 100ppm. A 3 inch by 3 inch sample of the film (i.e., total
scavenger surface areg of 18in™) was placed in a 5 inch by 5 inch pouch (~150cc internal volume)
made fron a clear barrier film along with Imb of hiquid nicotine in the product storage space of
the pouch. The headspace of the pouch was flushed with a 955 witrogen-to-hydrogen gas
mixture and hermetically sealed. An tnitial beadspace oxygen level was measured usmga
calibrated Mocon ® Checkpoint 11 Portable Headspace Analyzer {i.e. Day 0 oxvgen levels given

m Table 4). Headspace oxygen levels could be tested by other conumon methods inchuding

28

38/250



WO 2017/100182 PCT/US2016/065127

mternal package indicators such as the Mocon® Optech O2 model P. The pouch was stored at
39°C, 16% RH, and the oxygen gas level was measured at various time intervals, as seen n
Table 4. The pouches were resealed after each headspace test. The tests were run i duplicate,
asing the same oxygen scavenging film. As can be seen from the results tn Table 4 below, both

films according to the present disclosure achieved an oxygen-free headspace.

Table 4 — oxygen gas percentages by velume

‘ Dav Bay i Day & Day
Oxygen 1.4 i1 0.2 0.1
scavenging filmi | 7 7 7 7 7 7 7 7
Oxvgen .9 .7 3.0 {1.0
scavenging film 2 |

jolis]  Its contemplated thar films may not inclode a gas barrier laver, the oxygen scavenging
capabilities of the product contact layer (the product contact layver being as described above)
being sufficient for the application (i.e., type of product, level of oxygen sensitivity, storage

needs, ete. ).

[0117] It is further contemplated that the layer comprising COC and a palladium (or platinum)
catalvst may be disposed extenor to a product contact laver. For example, a laver of COC may
be disposed mmmediately adjacent to the product storage space and the layer comprising COC
and paliadium catalyst is exterior thereto. In still other exemplary embodiments, a relatively thin
layer of a polvmer {e.¢., PE or other polvolefin, APET) may be disposed immediately adjacent to
the product storage space and another laver comprising COC and palladiun: catalyst is exterior
thereto. In addition, a product contact layer comprising COC and palladium may be
discontinuously exposed (e.g. under a pattern apphed cold seal layer). Alternatively, the

discontimuous layver may comprise COC and palladium catalyst {e.g., pattern applied).

FOTI8] It s further contemplated that the films and other aspects of this disclosure may be
utitized beneficially for apphesiions other than pharmaceutical applications for which i 13

desirable to scavenge oxygen {g.g., food, beverages, atc. ).
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HO1I9] 1 s further siill contemplated that the films, packages, and other aspects of this
disclosure may be utilized n combination with desiccant technologies or other moisture
absorbing technologies {e.g., for applications where the product has an especially high water

sensitivitv.)

¥t

J0120]  As used herein, unless otherwise indicated, "product contact laver,” generally refers to

the interior surface film layer of & package, whether or not the product contained m the package
is in contact with that surface film laver. In a packaged product, the product contact laver can be
1 contact with the pharmaceutical active agent. As used herein, “in contact with the
pharmacentical active agent,” in the coniext of a layer of a film, means that ander tyvpical storage
conditions some portion of the active agent will contact the layer. The active agent may be m
direct contact with the product contacting layer or vaay be in inditect contact with the layer.
Indirect contact between the active agent and the product contacting laver can occur, for
example, due to volatilization of the active agent or an active agent carrier within the package to
cause the active agent, which is not stored in direct contact with the product contacting layer, to
contact the laver. However, even if the active agent is not in contact with the sealing laver, 1t
may be desirable for the product contact layer to be anti-scalping to provide assurance that if an
active agent accidentally became exposed 1o the sealing layer, the sealing layer would not

substanhally scalp the active agent.

{0121} The term "adhesive laver” or "tie layer,” refers to a layer or material placed on one or
more layers 1o promote the adhesion of that layer to another surface. Preferably, adhesive layers
are positioned between two favers of a multilaver film fo mamiain the two lavers in position
relative to each other and prevent undesirable delamination. In some exemplary embodiments a
peciable tie layer may be used which is designed to have either cohesive fatlure or delaminavon
from one or both adjacent lavers upon application of a suitable manual foree to provide an
opening feature for a package made from the film. Unless otherwise indicated, an adbiesive layer
can have any suitable composition that provides a desired level of adhesion with the one or more

surfaces m contact with the adhesive laver material, Optionally, an adhesive layer placed
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between a first layer and a second layer 1o a multilaver film may comprise components of both
the first layver and the second laver to promote simultaneous adhesion of the adhesive laver to

both the first layer and the second layer to opposite sides of the adhesive layer.

[0122]  As uvsed herein, singular forms “a,” “an”™ and “the” inclade plural referents unless the
context clearly dictates otherwise. Thus, for example, reference 1o a “structured bottom surface”™
includes examples having two or more such “structured bottom surfaces™ unless the context

clearly indicates otherwise.

T

{1237 Asused herein, the term “or’™ is generally emploved in its sense including “andfor”
uniess the content clearly dictates otherwise. The term “ansd/or” means one or all of the listed
elements or a combination of any two or more of the listed elements. The use of “andfor” in
certain instances herein does not tmply that the use of “or™ in ather instances does not mean

“andior™.

Y H X kL

{0124]  As used heretn, “have”, “has”, “having”, “include™, “includes™, “includmg”™,

2 ew IT ek

“comprise”, “comprises”, “comprising”™ or the like are used i thew open ended inclusive sense,
e T AN

and generally mean “include, but not limited to”, “includes, but not Hmited to”, or “including,

but not Hmited 107,

j0125] "Opticnal” or "optionally” means that the sobsequently deseribed event, circumstance,
O Component, can or cannot oceur, and that the desceription includes nstances where the event,

circumstance, or component, occurs and instances where it does not.

HH26]  For purposes of the present disclosure, recitations of numerical ranges by endpomits
mcinde all numbers subsumed within that range (e.g., 1 to Sincludes 1, 1.5,2,2.75,3,3.80, 4, 5,
ete.). Where a range of valoes is “greater than”, “less than”, ete. a particular value, that value s

included within the range.

3 c;‘i

61271 Anv direction referred to herein, such as “top ottonm,”™ Mleft "right " Tuppert
. K p e -y E 7 obt b ! b

$ 5L

"ower," “above,” below,” and other directions and oriemations are described herein for clarity in
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reference o the figures and are not fo be himiting of an actual device or systom or use of the
device or svstem. Many of the devices, articles or systems described herein may be used ma

number of directions and ortentations.

[0128] Unless otherwise expressly stated, it is m noway intended that any miethod set forth
herein be construed as requiring that its steps be performed m a specific order. Accordmgly,
where g method claim does not actually recite an order to be followed by iis sieps or it 1s not
otherwise specifically stated in the claims or descriptions that the steps are to be hnited to a
specific order, it is no way intended that any particular order be inferred. Any recited single or
mltiple feature or aspect in any one claim can be combined or pernusted with any other reciied

feature or aspect in any other claim or claims.

FO129]  Itis also noted that recitations heremn refer 1o a component being “configured”™ or
“adapted to™ function in a particular way. In this respect, such a component 18 “configured” or
“adapted 0" embeody a particular property, or function m 2 particular manner, where such
recitations are structural reciations as opposed to recitations of intended wse. More specifically,
the references betein to the manner i which & component is “configured”™ or “adapted ™
denotes an existing physical condition of the component and, as such, 15 1o be taken as a definite

recitation of the structural characteristics of the component.

{0130]  While various features, elements or steps of particular embodiments may be disclosed

133

using the transitional phrase “comprising,” 1t 18 10 be understood that altemnative embodiments,
mciading those that roay be described asing the transitional phrases “consisting” or “consisting

essentially of,” are implied.

j0131] Thus, methods, systems, devices, compounds and compositions for oxygen scavenging
films and packages made therefrom are described. Various modifications and vanations of the
mvention will be apparent to those skilled in the art without departing from the scope and spirit
of the mvention. Although the invention has been described i connection with specific

embodiments, it should be understood that the mrvention as claimed should not be anduly linnted
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to such specific embodiments. Indeed, various modifications of the described meodes for carvyving
out the invention which are apparent to those skilled in filmy manufacturing or related fields are

intended to be within the scope of the following claims.

[0132] It will be apparent to those skilled in the art that various modifications and vanations
can be made to the present inveative techunology without departing from the spirit and scope of
the disclosure. Since modifications, combinations, sub-combinations and varations of the
disclosed embodmments incorporating the spirit and substance of the inventive technology may
occur to persons skilled in the art, the inventive technology should be construed to include

everything within the scope of the appended claims and thewr equivalents.

RECITATION OF NON-LIMITING AND NON-EXCLUSIVE EXEMPLARY
EMBODIMENTS

1. An oxygen scavenging film for packaging a product, the film comprising a

product contact layer comprising COC and a palladinm catalyst.

2. The film of clamm |, wherein the product 1s an oxypen-senstitve product.
3 The film of any of claims 1 or 1, wheremn the product is a pharmaceutical product.
4. An oxygen scavenging fihm for packaging an oxygen-sensttive pharmaceutical

product, the phammacewtical product comprising a pharmaceutical active agent, the film
COMPTISHIY:
a ias barrier laver; and

a product contact laver comprising COC and & palladiuwm catabyst,

5. The film of any of claims 1-4, wheremn the palladitun catalyst 1s disposed within

the COC at a level of 25ppm-400ppm.

-

6. The film of any of claums 1-5, wheremn the palladinm catalyst is disposed within

the COC at a level of 5S0ppm-200ppm.
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7. The fidm of any of claims 1-6, wherein the patladium catalvst comprises a

nanoparticle palladium catalyst.

8 The film of any of claims 1-7, further comprising an exterior layer, wheremn the

gay barrier layer is disposed befween the exterior layer and the product contact layer.

9. The film of any of clsims 1-8, wherein the gas barrier layer conprises a metallic
foil layver.

10. The film of any of claims 1-8, wherein the gas barrier laver comprises an EVOH

layer.

il The filim of any of claims 1-10, wherein the film is a flexible film,

12. The film of any of claims 1-9, wherein the film is a thermoforming film.

13. The filtn of any of claims 1-9, wheremn the Hilm 15 g cold forming film.

14. The filin of any of clamms 1-13, wherein the pharmaceutical active agent is an
alkalowd.

15, The film of any of claims 1-14, wherein the pharmaceuticgl active agentis
selected from the group consisting of fentanyl, nicotine, hidocaine, estradiol, clonidine, ethanyl

estradiol, oxybutynin, buprenorphine, granisitron, methyiphenidate, and scopolamine.

16, The film of any of claims 1-15, wherein the pharmaceutical prodoct is an e

cigarette cartridge.

17. A package for a pharmaceuntical product comprising the film of any of ¢laims 2-

18. A flat format package for 4 pharmaceutical product comprising the film of any of

olaimy 2-9
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19, A blister package for a pharmaceutical product that comprising the film of any of

claims 2-16.

20, A blister package component comprising the filny of any ot claims 2-16.
21 The blister package component of claim 20, wherein the blister package

component 15 a blister hdding component.

22. The blister package component of claim 20, wherein the blister package

component i3 blister base conponent.

23 A flat format pouch for an oxygen-sensitive thin format phannaceutical product
providing for oxygen scavenging without the presence of a hydrogen generator, the package
COmprising:

a thin format pharmaceutical product storage space; and
at least one gas~flush opening providing for ingress and egress of gas to the thin
format pharmaceutical product storage space; and
a first multilayer film conprising
a product contact laver comprismg COC and hvdrogen-gas-activated

palladium catalyst.

24, The flat format package of clahm 23, wheremn the frst mubtilaver Hhu forther

comprises a gas barrier laver exterior to the product contact laver.

25, The flai format package of any of claims 23-24_ wherein the hydrogen-pas-

activated palladiun catalyst comprises a nanoparticle hydrogen-gas-activated palladimn catalyvst.

26. The flat format package of anv of claims 23-25, wherein the hydrogen-gas-

sctivated palladim catalyst s disposed m the COC.

27. The flat format package of anv of claims 23-26, wherein the palladium catalyst is
disposed withia the COC of the first mudttaver fihm at a level of 25ppm-400ppm.
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28. The flat format package of any of claims 21-27, wheremn the palladium catalyst 13

disposed within the COC of the first multilaver film at a level of 30ppm-200ppm.

2% The flat format package of any of claims 21-28 further comprising a first side
wall generally opposite a second stde wall, the first side wall and second side wall sobstantially

defining the thin format pharmaceutical product storage space.

39, The flat format package of any of claims 21-29, wherein the first wall comprises
the first multilaver film and the second wall comprises a second multtlayer film different from

the first multilayer film,

31 The flat format package of any of claims 2129, wherein the first wall and the

second wall comprise the first mulidayer film.

32. The flat format package of any of claims 21-32, wheren the pas barrier layer of

the first multilayer film comprises a metallic foil.

33, The flat format package of any of claims 21-33, wherein the gas barrier layer of

the first multidaver film comprises an aluminum foil.
34, The flat format package of any of claims 21-34, wherein the first multilayer film

further comprises an exterior laver.

35, The flat format package of oy of claims 21-35, wherein the exterior layer of the

first multilaver flm ts PET

36, The Hat format package of any of claims 21-36, wherein the exterior layer of the
first multitayer film s OPET.
37. The flat format package of any of claims 21-35, wherem the exterior laver of the

first muitilayer film comprises paper.
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38. The flat format package of claum 30, wherein the second multilayer film

comprises a gas barrier laver,

39, The flat format package of clatm 38, wherein the pas barrier laver of the second

multilaver film comprises a metallic foil.

40, The flat format package of any of claims 38-39, wherem the gas barrier laver of

the second multilayver film comprises an ghuminum foil

41. A package for an oxygen-sensitive pharmacentical product providing for oxygen
scavenging without the presence of a hydrogen generator, the package comprising:
at least one pharmacentical product storage space; and
a first multlaver film comprising:

a product contact layer comprising COU and a hedrogen-~-gas-activated

paliadiom catalvst; and
a gas barrier laver exterior to the product contact layer; and

a second mudtilayer film sealable to the first multilaver film.

42 The package of claim 41, wherein the first multilayer film 1s a lidding film.

N

43, The package of clamm 42, wherein the gas barrier laver of the Hdding film

comprises a metallic foil laver.

44, The package of any of claims 41-43, wherein the second multilaver film includes

& gas baryier layer.

45. The package of any of claims 41-44, wherewn the gas barrier laver of the second

multilaver film is EVOH.

46: The package of any of claims 41-44, wherein the gas barrier laver of the second

mndttdaver filmois & metalie fod layver,
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47. The package of any of claims 41-46, wherein the second muldtilayer §lm ncludes

a product contact laver, the product contact layer of the second muiltidaver film comprises COC.

48, The package of any of claimis 41-47_ wherein the package is a blister package,
449, The package of any of claims 41-46, wherein the package includes a tray.
50. The package of claym 41, wherein the second multilayer {ilm is a lidding film.

51, The package of clanm 30, wherein the second nnditlaver {ilm comprises 1 gas.

barrier layver.

52, The package of any of ¢laims 50-51, wherein the gas barrier laver of the second

multidayer film comprises a metallic foil.

53, The package of any of claims 50-52, wherein the frst multilayer film i3 a forming
web.
54, The package of any one of clatms 50-53, wherem the gas barrier laver of the first

multilaver film s EVOH.

35, The package of any of claims 50~534, wheretn the second multilayer film includes

a product contact laver.

S0, The package of any of clatms 50-55, wherem the product comtact laver comprises
COC.

57. The package of any of claims 41-56, wherein the first multilayer film is sealed o
the second multilaver film and there 15 1% or less oxygen gas by volume in a headspace of the

pharmaceutical product storage space.
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38. The package of any of claims 41-36 wherewn the first multilayer film s sealed to
the second multilaver fibm and a headspace of the pharmaceutical product storage space s

oxygen-free.

59, The package of any of claims 41-56, wherein the fisst multilayer film is sealed to
the second mukbiilaver film and there is 0.0% oxygen gas by vohune in a headspace of the

pharmaceutical product storage space.

a0, The package of any of claims 41-36, wherein a headspace of the phamaceutical

product storage space includes hydrogen gas and nitrogen gas mtroduced during @ gas flush.

&1,  The package of any of claims 41-60, wherein the palladium catalystis a

o

nanoparticles palladium catalyst.

62. The package of any of claims 41-61, wherein the palladiom catalyst is dispersed

within the COC of the first multilayer film at a level of 2Sppm-40Qppm.

63.  The package of any of claims 41-62, wherein the palladium catalyst is dispersed

within the COC of the first nuultilayer film at a level of 30ppm-200ppm.

64, A method for achieving a sufficiently oxygen-free product storage space in a
package, the method including:
utilizing a multilayer packaging film, comprising:
a product contact layer comprising COC and a hydrogen-gas-activated
pailadium catalyst; and
a gas bamer laver disposed exterior the product contact layer;
wherein the multilayer packaging film at least in part defines the product
storage space; and
introducing a gas flush into the product storage space, the gas flush including

hydrogen gas.
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63, The method of claum 64, wherein the package i1s a pharmaceutical package.

66. The method of any of claims 64-65, further comprising closing an opening to the

pl‘ﬂ{hﬂ?i slorage space.

67. The method of any of claims 64-66, further comprising providing for the
hydrogen~gas-activated patladiom catalyst fo catalyze an oxidation reaction between molecular

hydrogen and molecular oxygen.

68, The method of any of clatms 64-67, wherein the gas flush further includes an inen

69, The method of any of clalins 64-6G8, wherein the ratio of the inert gas to hydrogen

gas 1s between about 99.5:0.5 and 94.6:5.4.
H The method of any of clains 6469 wherein the ratio 1y about 5.3,
71, The method of any of claims 64-70, wherein the inert gas is nitrogen.

72. The method of any of claims 64-71, forther comprising disposing an oxygen-

sensitive product into the product sforage space.

73, The method of any of claims 72, wherein the oxygen-sensitive product inclodes a

pharmaceutical active agent.

74, The method of any of ¢laims 72-73 wherein the pharmaceutical active agentis

selected from the group consisting of fentanyl, nicotine, lidocaine, estradiol, clonidine, ethinvi

pstradiol, oxybutynin, buprenorphing, granisitron, methyiphenidate, and scopolamine.

0

75, The method of any of claims 72-74, wherein the oxygen-sensitive product

comprises an atkaloid.
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76. The method of any of claims 64-75, wherein the gas barrier layer includes

metatlic foil.

77. The method of any of claims 64-76, further comprising reducing the oxvgen gas

78. The method of any of ¢laims 64-77 further comprising reducing the oxygen gas

content in a headspace of the product storage space to 0.2% or less by velume oxypen gas.

79. The method of any of clatms 64-78, further comprising reducing the oxvgen gas

content in a headspace of the product storage space to 0.19% or less by volume oxygen gas.

80, The method of any of claims 64-79, further comprising reducing the oxygen gas

content in a headspace of the product storage space until 1t 1s oxvgen-free.

&l The method of any of claims 64-80, wherein the palladiom catalyst s a

nanoparticle palladiun catalyst.

&2. The method of any of claims 64-81, wherein the palladiom catalyst is dispersed

within the COC of the first raultilayer film at a level of 25ppm-40Qppm.

83, The method of any of claims 64-82_ wherein the palladiam catalyst is dispersed

within the COC of the first multilaver film at a level of S0ppm-200ppm.

84, The method of any of clatms 64-83, wherein the pharmaceutical package is a

blister package.

85, The method of any of claiins 64-84, wherein the pharmaceutical package meludes

a cold formed container,

&6, The method of any of claims 64-84, wherein the pharmaceutical package includes

a tray.
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&7. The method of any of clamms 64-83, wherein the pharmaceutical package 15 a flat

format pouch.

88 A method of making an oxygen scavenging film for packaging an oxygen-
sensitive product, the method comprising:
providing COC;
providing a plurality of palladium catalysi;
compounding the COC and the palladium catalvst; and

creating a product contact layer compnising the COC and palladium catalyst.
89, The method of claim 88, wherem the product is a pharmacentical product.

20, The method of any of clatms 88-89, wherein the product includes a

pharmaceuniical aciive agent.

91. The method of any of clanms 8880, further comprising couphing the product

contact layer to a gas barer layer.

92. A method of msking an oxygen scavenging package, comprising:
utifizing a multilayer packaging fihm, the mudtilayer packaging film comprising:
a product contact layer comprising COC and a hydrogen-gas-activated
palladnun catalyst; and
a gas bagrier layver; and

formuntg a package including the mulitlaver film

93, The method of claim 92, wherein the product 1s a pharmaceutical product

comprising a pharmaceutical active agent.
Q4. The method of any of claims 92-93, wherein the package is a flat format package.

a5, The method of any of clanns 92-93, wherein the package is a blister package.
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6. The method of any of clamms 92, 93 or 95, wherein the package inclades a cold

formed container,

Q7. The method of any of claims 92, 93 or 95, wherein the package includes a tray.
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WHAT IS CLAIMED IS:

1. A package for an oxygen-sensitive pharmaceutical preduct providing for oxypen
scavenging without the presence of a hydrogen generator, the package comprising:
at least one phannaceutical product storage space; and
a first multilayer hn compnising:
a product contact layer comprising COC and a byvdrogenation-accelerating
catalyst; and

a gas barrier layer exterior to the product contact laver.

2. The package of claun 1, wherein the hvdrogenation-accelerating catalyst is selected from
the group consisting of a palladium catalyst and a platinum catalyst.
3. The package of any of claims 1-2, wherein the gas barrier layer comprises a metallic foi

fayer.

4. The package of any of clatms 1-2, wherein the gas barrier laver comprises EVOH.

T4

The package of any of claims 1-4, hurther comprising a second multilaver fibm including
a product contact laver, the product contact layer of the second multilayer film being

coupled to the product contact laver of the first myltilayer film,

6. The package of claim 5, wherein the product contact layer of the second multilayer film

comprises COC

7. The package of any of claims 1-6, wherein the package is an e-cigareite cartnidge

package.

The package of any of claims §-7, wheremn the package includes a tray.
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9.

16.

11.

16

17.

18

The package of any of claims -4, wherewmn the product contact laver of the first

multilayer film is sealed to itself.

The package of any of claims 1-9, wherein there ts 1% or less oxygen gas by volume ina

headspace of the pharmacentical produoct storage space.

The package of any of claims 1-10, wherein the pharmaceutical active agent is selected
from the group consisting of fentanyl, nicotine, Hdocaine, estradiol, clonidine, ethinyl

estradiol, oxvbutynin, buprenorphine, granisitvon, methyiphenidate, and scopelamine.

. An oxygen scavenging filin for packaging an oxygen-sensitive product, the prodoct

comprising a pharmaceutical active agent, the fiim comprising:
a gas barrier layer; and

a prodact contact layer comprising COC and a palladinm catalyst.

- The film of claimg 12, wherein the palladiwny catalyst 18 8 nanoparticle palladiom catalyst

disposed within the COC at a level of 25ppm-400ppm.

. The film of any of claims 12-13, wherein the oxygen scavenging film is a flexible film.

. The film of apy of claims 12-13, wherein the oxygen scavenging film 15 a cold forming

film.

The film of gov of claims 12413, wherein the oxygen scavenging film is 8 thermoforming

film.
The film of any of claims 12-16, wherein the pharmaceutical active agent is an alkaloid.

A flat format package for a pharmaceutical product comprising the oxygen scavenging

film of any of claims 12-17.

. A blister package component comprising the film of any of claims 12-17
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20, A method of making the oxvgen scavenging film for any of clains 12-19, the method
coOmprising:
providing the COC,
providing the palladium catalyst;
compoundmg the COC and the palladinm catalysi; and

creating a product contact laver comprising the COC and palladium catalyst.

21. A method for achieving a sufficiently oxygen-free product storage space i a package, the
method inchuding:
utilizing a multilayer packaging film, comprising:
a product contact layer comprising COC and a catalyst; and
a gax barrier laver disposed exterior the product contact layer;
wherein the multilaver packaging film at lzast in part defines a product
storage space; and
introducing a gas flush into the product storage space, the gas flush including

hydrogen gas and an inert gas.

22. The method of claim 21, further comprising disposing an oxygen-sensitive

product into the product storage space.

23. The method of any of claims 21-22, wherein the oxygen-sensitive product
micindes a phanmaceutical active agent selected from the group consisting of fentanyl, micoting,
hdocaine, estradiol, clonidine, ethiny! estradiol, oxybutvnin, buprenorphine, granisitron,

methyiphenidate, and scopelamune.

24, The method of any of clauns 21-23, further comprising reducing the oxvgen gas

content in a headspace of the product storage spsce to 1% or less by volume.

25, The method of any of claims 2124, further comprising reducing the oxygen gas

content i a headspace of the product storage space 10 0.2% or less by volumwe.
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26. The method of any of claims 21-25, further comprising reducing the oxyvgen gas

content 1 a headspace of the product storage space © 0.1% or less by volume.

27. The method of any of claims 21-26, further comprising reducing the oxygen gas

content 1 a headspace of the product storage space until it is oxygen-free.
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PRODUCT PACKAGING WITH COC-COC SEALING INTERFACE

BACKGROUND

[0001] The present application relates generally to packaging materials and configurations for
commercial packaging operations. According to one particular embodiment, the packaging may
be provided in the form of tray and lid packaging, container and lid packaging, blister packaging,
or “push-through” packaging.

[0002] 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
to the ability to incorporate suitable moisture, dust, ultraviolet (UV), and/or gas barriers into the
packages when such properties are desired for maintaining the integrity or efficacy of 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.

[0003] For preparing blister packages or 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 that generally corresponds to the size
and shape of each specific product to be received or contained therein. After the so-blistered
film has been solidified, each blister is charged with the product to be packaged and a second or
lidding film is then covered over each blister and sealed to 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 materials used for forming the
blistered film have included transparent plastics such as polyvinylchloride (PVC),
polyvinylidene chloride (PVdC), and polychlorotrifluoroethylene (PCTFE), commonly referred
to as ACLAR® (Honeywell/Allied Signal).
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[0004] Packaging for pharmaceuticals or other moisture-sensitive articles desirably exhibits not
only low moisture permeability, but also other properties such as chemical inertness, clarity,
rigidity, and/or uniform thickness. Conventional materials for such blister packaging generally
suffer from certain shortcomings, however. For example, the use of polyvinylchloride (PVC)
and polyvinylidene chloride (PVdC) have been shown to have poor and/or insufticient moisture-
proofing properties required by the pharmaceutical industry. While ACLAR® exhibits relatively
low moisture vapor transmission, its use in blister packaging is relatively costly as compared to
alternative materials. Additionally, in some cases, undesirable migration of chemicals or other
components of the product, such as pharmacological active agents or excipients, between the
product and the packaging materials (e.g., film, film layer, etc.) may occur (i.e., scalping or

leaching).

[0005] There is therefore a need in the art for improved packaging materials and configurations
that may provide sufficient moisture vapor barrier, anti-scalping, and chemical inertness
properties and that is aesthetically pleasing enough to present the products contained therein

while being cost effective to manufacture.
SUMMARY

[0006] One embodiment relates to a package including: a base component comprising product
contacting layer comprising at least 50% by weight of a cyclic olefin copolymer, and a lidding
component comprising product contacting layer comprising at least 50% by weight of a cyclic
olefin copolymer. The product contacting layer of the base component is sealed to the product

contacting layer of the lidding component such that a cavity is formed.

[0007] The base component may be a multilayer thermoplastic film. The multilayer
thermoplastic film may include: the product contacting layer comprising at least 50% by weight
of the cyclic olefin copolymer, a first interior layer, a core layer, a second interior layer, and an
exterior layer. The exterior layer may include at least one of cyclic olefin copolymer (COC),
polypropylene (PP), high impact polystyrene (HIPS), general purpose polystyrene (GPPS),
styrene block copolymer (SBC), polyethylene terephthalate (PET), oriented polyethylene

-
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terephthalate (OPET), amorphous polyethylene terephthalate (APET), glycol-modified
polyethylene terephthalate (PETGQG), biaxially oriented nylon (BON), or polylactic acid (PLA).
The first interior layer and the second interior layer may each comprise a high density
polyethylene nucleation additive, and may ecach further include a hydrocarbon resin. The first
interior layer and the second interior layer each may include a bimodal high density polyethylene
having a distribution of a low molecular weight region and a high molecular weight region. The
first interior layer and the second interior layer each may be in direct contact with an exterior
layer. The core layer may include an ethylene vinyl acetate copolymer, and may be in direct
contact with the first interior layer and the second interior layer. The exterior layer of the base

component may include at least 50% by weight of a cyclic olefin copolymer.

[0008] The lidding component of the package may include: an optional exterior layer; a barrier
layer; and the product contacting layer comprising at least 90% by weight of a cyclic olefin
copolymer. The barrier layer may be a foil layer. The exterior layer may be at least one of paper,
biaxially oriented nylon, biaxially oriented polypropylene, or oriented polyethylene
terephthalate. The lidding component may further include an interior layer disposed between the
exterior layer and the barrier layer. The interior layer may include at least one of polyethylene

and an adhesive.

[0009] The cyclic olefin copolymer of at least one of the base component or the lidding
component may include norbornene and ethylene monomers. The seal between the product
contacting layer of the base component and the product contacting layer of the lidding

component may have a scal strength of at least 800 grams force per inch.

[0010] A second embodiment relates to a lidding component for a package, the lidding
component including: an optional exterior layer, a barrier layer, and a product contacting layer
comprising at least 50% by weight of a cyclic olefin copolymer. The product contacting layer
being configured to seal to a product contacting layer of a base component. The barrier layer
may be a foil layer. The exterior layer may be at least one of paper, biaxially oriented nylon,

biaxially oriented polypropylene, or oriented polyethylene terephthalate. The lidding component

3-
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may further include an interior layer disposed between the exterior layer and the barrier layer.

The interior layer may include at least one of polyethylene and an adhesive.

[0011] A third embodiment relates to a method of forming a package. The method includes:
sealing a product contacting layer comprising at least 50% by weight of a cyclic olefin
copolymer of a base component to a product contacting layer comprising at least 50% by weight
of a cyclic olefin copolymer of a lidding component to form a cavity. The method may further
include forming the base component by a blown coextrusion process. The base component may
be any of the base components described above. The method may also further include forming
the lidding component by lamination process. The lidding component may be any of the lidding

components described above. The sealing may be a heat sealing process.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] References are made to the accompanying drawings that form a part of this disclosure,
and which illustrate the embodiments in which the systems and methods described in this

specification can be practiced.

[0013] FIG. 1 1s a schematic view of a package according to a non-exclusive and non-limiting

exemplary embodiment, shown in the form of a blister package.
[0014] FIG. 2 is a cross-sectional view of the package of FIG. 1 taken along line A-A.

[0015] FIG. 3 is a cross-sectional view of a portion of a package according to another

exemplary embodiment.

[0016] FIG. 4 is a cross-sectional view of a portion of a package according to another

exemplary embodiment.

[0017] FIG. S is a cross-sectional view of a portion of a package according to another

exemplary embodiment.
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[0018] FIG. 6 is a cross-sectional view of a portion of a package according to another

exemplary embodiment.

[0019] FIG. 7 reports blister package nicotine uptake as a function of time for a blister package

according to one embodiment and a control blister package.
DETAILED DESCRIPTION

[0020] Embodiments described and depicted herein relate generally to packages formed from a
base component (e.g., a blister portion, tray portion, or container portion in which one or more
products to be packaged are contained or housed) and a lidding component (e.g., a cover, film, or
lid coupled to the base component for sealing or closing the product(s) within the base
component). The base component and the lidding component may be separate components
before they are sealed together. It should be understood, however, that the concepts described
herein may also apply to other types of packaging, which have a plurality of components to be
joined or secaled together in manners similar to those described herein, and such other packaging

types are intended to fall within the scope of the present disclosure.

[0021] According to an exemplary embodiment, the base component and the lidding
component are independently formed from multilayer polymeric materials, and the layers of the
base component and lidding component in facing contact with each other (i.e., the sealing
surfaces of each) include a cyclic olefin copolymer (COC) material. Such facing layers may also
be referred to herein as a product contact layer or a product contacting layer, since the contained
product(s) may contact, directly or indirectly, all or a portion of such layer when the product(s)

are contained within the package.

[0022] A representative blister package 10 as described herein is shown in FIGS. 1 and 2
according to one non-exclusive and non-limiting exemplary embodiment. Blister package 10
includes a thermoformed base component 12 and a lidding component 11. The base component
12 and the lidding component 11 are sealed together to form sealed flange regions surrounding

cavities 13 (e.g., compartments, storage areas, openings, chambers, channels, etc.). The cavities
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13 define individual areas or regions for receiving and containing one or more products 15, such
as a tablet, patch, or cartridge. As will be appreciated by those reviewing the present disclosure,
any of a wide variety of product types may be contained within the blister package 10.
According to one particular embodiment, the product may be a replacement cartridge for an
electronic cigarette system. Alternative packages that may be formed using the base component
and the lidding component described herein include tray and lid packages and container and lid

packages.

Base Component

[0023] As used throughout this disclosure, the term “base component” refers to multilayer
thermoplastic film or a roll of multilayer thermoplastic film both of which may be
thermoformed, partially thermoformed, or not thermoformed at all. The multilayer thermoplastic
film may include layers that do not include a thermoplastic materials, such as metal foils or
paper. In one exemplary embodiment, the sequence of layers in the multilayer thermoplastic film
of the base 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 films or sheets having the layer sequence of
configurations: A/B/A or A/B/B/A or A/B/C/B/A or A/B/C/D/C/B/A or A/B/C/B/D/B/C/B/A or
A/B/E/D/E/B/C/B/E/D/E/B/A, etc. A palindromic thermoplastic film may be coextruded as a
symmetrical cast or a blown film using coextrusion methods generally well known in the art. An
alternative method of producing palindromic films is by the use of blown coextrusion of non-
symmetrical film or sheet structures followed by collapsing the blown bubble around a central
core layer. An exemplary method of producing a base component may include producing a
single-bubble blown film by forcing a non-palindromic film composition through a multi-
manifold circular die head to form a cylindrical bubble. The cylindrical bubble may be
immediately quenched, such as by a cooled water bath, solid surface, and/or air, and collapsed

onto itself and formed into a palindromic film.
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[0024] According to another exemplary embodiment, the sequence of layers in the multilayer
thermoplastic film of the base component is non-palindromic. An example of a layer sequence

configuration of a non-palindromic film would be A/B/C or A/B/C/A.

[0025] In one embodiment, the thermoformed base component 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 coextrusion techniques and collapsed
upon itself to produce a layer sequence configuration of A/B/C/B/A. In this embodiment, the
thermoformed base component includes a film where layer A is an exterior layer comprising a
cyclic olefin copolymer (COC). Layer B may be an interior layer comprising at least one of a
high density polyethylene (HDPE), 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 may have a thickness of between about 38.1
um and about 190.5 um (about 1.5 mil to about 7.5 mil). 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-limiting example of such polymeric materials is ethylene vinyl

acetate copolymer (EVA).

[0026] In another embodiment, the thermoformed base component 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 techniques and is not collapsed upon itself. In this embodiment, the
thermoformed base component includes a film where layer A is an exterior layer comprising a
material selected from the group consisting of cyclic olefin copolymer (COC). Layer B may be
an interior layer comprising a high density polyethylene (HDPE), a blend of high density
polyethylene, high density polyethylene nucleation additive and optionally, a hydrocarbon resin
(HDPE-Blend), a bimodal high density polyethylene having a distribution of a low molecular
weight region and a high molecular weight region (HDPE-Bimodal), or a high density
polyethylene and has a thickness of between about 38.1 um to about 190.5 um (about 1.5 mil to

about 7.5 mil). Layer C is a central core layer, and layer D is an exterior layer comprising a

-
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different material than layer A. Layer D may include at least one of polypropylene (PP), high
impact polystyrene (HIPS), general purpose polystyrene (GPPS), styrene block copolymer
(SBC), polyethylene terephthalate (PET), oriented polycthylene terephthalate (OPET),
amorphous polyethylene terephthalate (APET), glycol-modified polyethylene terephthalate
(PETG) biaxially oriented nylon (BON), and polylactic acid (PLA). Core layer C may be any
thermoplastic material. In one particular embodiment, core layer C comprises ethylene vinyl

acetate copolymer (EVA).

[0027] The thermoformed base component may also include additional film layers. For
example, the base component may include additional interior layers, such as an oxygen barrier
and a moisture barrier, disposed between the external layers and the core layer. Additionally, the
base component may include tie layers disposed between the interior layers of the multilayer
film.

[0028] The multilayer thermoplastic film of the thermoformed base component may include
any number of film layers and film layer compositions depending upon both functional and
aesthetic requirements of the base component. It is desirable that the multilayer 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 to a material that controls
permeability of one or more elements through a film structure including moisture, chemicals,
heat, odor, and oxygen or other gases. A barrier material may be provided by a single film layer
or multiple film layers acting individually or in concert with each other, respectively. The phrase
“substantially chemically insert” as used herein refers to materials that generally are not reactive
with the product with which it comes into contact with and does not leech chemical ingredients
into the product with which it comes into contact. According to an exemplary embodiment, the
base component comprises a multilayer thermoplastic film which provides an average water
vapor transmission rate of less than about 0.500 g/m?/day or less than about 0.250 g/m*/day or
less than about 150 g/m*/day or less than about 0.131 g/m’/day or less than about 0.110 g/m*/day
at 100° F (37.8° C) and 90% relative humidity and has a thickness of about 10 mil (about 254
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micron) before being thermoformed. The aforementioned features may be achieved by a

multilayer thermoplastic film comprising at least 3,4, 5, 7, 8, 9, 10, 11, 12, 13, or more layers.

[0029] In one embodiment as depicted in FIG. 3, thermoformed base component 12 comprises
a multilayer thermoplastic film 100 comprising 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 embodiment, first and second exterior layers 101 and 105 comprise
the same materials. In another embodiment, first and second exterior layers 101 and 105
comprise different materials. The first exterior layer 101 is a product contacting layer that

includes a cyclic olefin copolymer (COC).

[0030] For example, in one embodiment, first and second exterior layers 101 and 105 each
comprise a cyclic olefin copolymer (COC). The COC contained in the first exterior layer 101
may be the same as the COC contained in the second exterior layer 105. Alternatively, the COC
contained in the first exterior layer 101 may be different than the COC contained in the second
exterior layer 105. First and second interior layers 102 and 104 each comprise at least one of a
high density polyethylene (HDPE), a blend of a high density polyethylene and a high density
polyethylene nucleation additive with an optional hydrocarbon resin (HDPE-Blend), or a
bimodal high density polyethylene having a distribution of a low molecular weight region and a
high molecular weight region (HDPE-Bimodal), and have a thickness of between about 38.1 um
to about 190.5 um (about 1.5 mil to about 7.5 mil). Core layer 103 comprises ethylene vinyl
acetate copolymer (EVA). Alternatively, the first exterior layer 101 comprises cyclic olefin
copolymer (COC) and the second exterior layer 105 comprises a different material than first
exterior layer 101 which includes at least one of polypropylene (PP); aromatic polyesters such
as, but not limited to, polyethylene terephthalate (PET), oriented polyethylene terephthalate
(OPET), amorphous polyethylene terephthalate (APET), glycol-modified polyethylene
terephthalate (PETG); aliphatic polyesters such as, but not limited to, polylactic acid (PLA);
polyhydroxyalkonates including but not limited to polyhydroxypropionate, poly(3-
hydroxybutyrate) (PH3B), poly(3-hydroxyvalerate) (PH3V), poly(4-hydroxybutyrate) (PH4B),
poly(4-hydroxyvalerate) (PH4V), poly(5-hydroxyvalerate) (PHSV), poly(6-hydroxydodecanoate)

O
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(PH6D); biaxially oriented nylon (BON); or polystyrenes such as, but not limited to, high impact
polystyrene (HIPS), general purpose polystyrene (GPPS), and styrene block copolymer (SBC).

[0031] As used herein, the term “cyclic olefin copolymer” refers to copolymers having at least
one norbomene structural moiety within the repeating backbone of the polymer. Suitable COCs
for use in the present invention may have a heat deflection temperature under load (0.45 MPa) of
at least about 75° C, 130° C, 150° C, 170° C, or more. The COCs utilized herein may have a
glass transition temperature in a range from about 50° C to about 178° C such as from about
65° C to about 138° C. Examples of commercially-available cyclic olefin copolymers include,
but are not limited to, the TOPAS® family of resins which is supplied by Celanese Corporation
(Irving, TX, USA). The COC containing product contact layers are anti-scalping layers, in that
they resist migration of chemicals, such as active agents, from the product to the packaging
materials (either through direct contact with the product or through volatiles components from
the product impinging on or migrating to the packaging material). Such migration of chemicals
from the product to packaging materials is commonly referred to as “scalping.” The COC
containing product contact layers are advantageously characterized as being anti-scalping with

regard to at least nicotine and fentanyl.

[0032] As utilized herein, a product contacting layer of a film is considered to serve as an
effective “anti-scalping layer” for pharmacological active agents if (i) a lower amount of an
active agent migrates into the product contacting layer of the film (the test film) than migrates
into a substantially similar film having a polyethylene (PE), such as a linear low density
polyethylene homopolymer, product contacting layer (the reference film) when a product
containing the active agent is in direct contact with the product contacting layers of the test and
reference films; or (i1) an amount of the active agent that migrates into the product contacting
layer of the film (the test film) is not more than 15% greater than migrates into a substantially
similar film having a Barex® product contacting layer (the reference film) when a product
containing the active agent is in direct contact with the product contacting layers of the test and
reference films. Preferably, the product is sealed in a cavity formed, at least in part, by the test

film and the product is sealed in a cavity formed, at least in part, by the reference film. The
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sealed product can be stored under identical conditions prior to testing to determine whether less
active agent has migrated into the product contacting layer of the test film than the reference
film. A film may still have anti-scalping properties even if it is not an effective anti-scalping
layer as defined above. For example, a film that is not an effective anti-scalping layer for
pharmacological active agents may exhibit sufficient anti-scalping properties for other

applications.

[0033] The COCs utilized herein may be are commercially available amorphous, transparent
copolymers of ethylene with norbornene made by polymerization with a metallocene catalyst.
These commercially available COCs reportedly have high transparency and gloss, excellent
moisture barrier and aroma barrier properties, high stiffness, high strength, excellent
biocompatibility and inertness and are easy to extrude and thermoform. The COC materials may
have an ethylene-norbornene comonomer content of about 20 to about40 mole% ethylene and
about 30 to about 60 mole% norbornene. In some embodiments, the COC materials described
herein may include polymeric units derived from essentially only ethylene and norbornene

comonomers.

[0034] A “product contacting layer” refers to a layer that under typical storage conditions some
portion of the product or an active agent contained within the product will contact the layer. The
active agent may be in direct contact with the product contacting layer or may be in indirect
contact with the product contacting layer. Indirect contact between the active agent and the
product contacting layer can occur, for example, due to volatilization of the active agent or an
active agent carrier within the package to cause the active agent, which is not stored in direct
contact with the product contacting layer, to contact the layer. The product contacting layer
includes at least 50% by weight of COC, such as at least 75% by weight of COC, at least 90% by
weight of COC, at least 95% by weight COC, or 100% by weight COC. In the case that the
product contacting layer contains less than 50% by weight COC, the anti-scalping properties of

the product contacting layer may be undesirably reduced.
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[0035] The product contacting layer also functions as a “heat sealing layer" or "heat sealable
layer" which are used interchangeably herein to refer to a layer which is heat sealable i.e.,
capable of fusion bonding by conventional indirect heating means which generate sufficient heat
on at least one film contact surface for conduction to the contiguous film contact surface and
formation of a bond interface therebetween without loss of the film integrity. The bond interface
between contiguous inner layers of the produced seal preferably has sufficient physical strength
to withstand the packaging process and subsequent handling. Advantageously, the bond interface
is preferably sufficiently thermally stable to prevent gas or liquid leakage therethrough when
exposed to above or below ambient temperatures e.g. during one or more of the following;:

packaging operations, storage, handling, and transport.

[0036] As used throughout this application, the term “polypropylene” refers to 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-limiting examples of polypropylenes include Polypropylene
3287WZ, which is available from Total Petrochemicals USA, Inc. (Houston, Tex.); and HO2C-
00 Polypropylene Homopolymer, which is available from Ineos Olefins & Polymers USA
(League City, Tex.).

[0037] As used throughout this application, the term “polyester” refers to 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 formula: [O-R-OC(0O)-R'-C(O)], where R and R’ are
the same or different alkyl (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, glutaric acid, adipic acid, pimelic acid, suberic
acid, azelaic acid, sebacic acid, and the like) or may be aromatic or alkyl 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
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limited to ethylene glycol, propylene glycol, trimethylene glycol, 1,4-butane diol, neopentyl
glycol, cyclohexane diol and the like. Polyesters may include a homopolymer or copolymer of
alkyl-aromatic esters including but not limited to polyethylene terephthalate (PET), amorphous
polyethylene terephthalate (APET), crystalline polyethylene terephthalate (CPET), glycol-
moditfied polyethylene terephthalate (PET(G) and polybutylene terephthalate; 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 to polyhydroxypropionate, poly(3-
hydroxybutyrate) (PH3B), poly(3-hydroxyvalerate) (PH3V), poly(4-hydroxybutyrate) (PH4B),
poly(4-hydroxyvalerate) (PH4V), poly(5-hydroxyvalerate) (PHSV), poly(6-hydroxydodecanoate)
(PH6D); 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.).

[0038] 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 general formula: [ —OCH(R)C(O)-], where R=CHs.
Polylactic acid may be fabricated by polymerizing lactic 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 ranging from 50° C to 80° C, while the melting temperature ranges from
130° C to 180° C. Polylactic acid is known by those skilled in the art and fully disclosed in U.S.
Pat. Nos. 5,698,322; 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™ PLLA Polymer in grades

4031-D, 4032-D, and 4041-D from Cargill Dow LLC, Minneapolis, Minn., U.S.A.

[0039] 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.,
C¢Hs) having an ethylene substituent) within the repeating backbone of the polymer. The styrene
linkage can be represented by the general formula: [CH,-CH; (C¢Hs)]n. Polystyrene may be
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formed by any method known to those skilled in the art. Examples of styrenic polymers include
but are not limited 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 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 limited to Impact
Polystyrene 825E and Impact Polystyrene 945E, both of which are available from Total
Petrochemicals USA, Inc; EB6025 Rubber Modified High Impact Polystyrene, which is
available from Chevron Phillips Company (The Woodlands, Texas);, and 6210 High Impact
Polystyrene, which is available from Ineos Nova LL.C (Channahon, Illinois). GPPS is often
called crystal polystyrene, as a reference to the clarity of the resin. Examples of GPPS include
but are not limited to Crystal Polystyrene 524B and Crystal Polystyrene 525B, both of which are
available from Total Petrochemicals USA, Inc. Styrene block copolymers (SBC) include styrene
butadiene copolymers (SB). The styrene-butadiene copolymers that are suitable for packaging
applications are those resinous 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 DK 13 K-Resin® Styrene-Butadiene Copolymer, which is
available from Chevron Phillips Chemical Company (The Woodlands, Texas).

[0040] As used herein, the phrase "high density polyethylene" or "HDPE" refers to
homopolymers of ethylene that have densities of about 0.960 g/cm’ to about 0.970 g/cm’ 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 0.958 g/cm’. In contrast, a low density polyethylene (LDPE)
generally has a density of about 0.915 g/cm’ to about 0.930 g/cm’. 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 polyethylene includes Alathon®
M6020 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.); ExxonMobil™ HDPE
HD 7925.30 available from ExxonMobil Chemical Company (Houston, Tex.); and
ExxonMobil™ HDPE HD 7845 .30 available from ExxonMobil Chemical Company (Houston,
Tex.).

[0041] In one particular embodiment, first and second exterior layers 101 and 105 each
independently include at least 50%, 75%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or more cyclic olefin copolymer (COC) by weight relative to the total weight of the layer,
and first and second interior layers 102 and 104 each comprise high density polyethylene

(HDPE).

[0042] In another preferred embodiment, the first exterior layer 101 includes at least 50%o,
75%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more cyclic olefin copolymer
(COC) by weight relative to the total weight of the layer, the second exterior layer 105 comprises
at least 50%, 60%, 70%, 80%, 90%, 95% or more of another material by weight relative to the
total weight of the layer. The another material of the second exterior layer 105 may be at least
one of polypropylene (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), or polylactic acid (PLA). The first and second
interior layers 102 and 104 may each include high density polyethylene (HDPE) and have a
thickness of at least 20%, 25%, 30%, 35% or more of the total thickness of the multilayer
thermoplastic film 100. The first and second interior layers 102 and 104 may each have a

thickness of between about 38.1 um and about 190.5 um (about 1.5 mil to about 7.5 mil).

[0043] In another particular embodiment, the first and second interior layers 102 and 104 each

include a blend of a high density polyethylene and a high density polyethylene nucleation
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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 minerals such as chalk, talc, clay, kaolin, silicates and the like, and
organic agents such as salts of aliphatic or aromatic carboxylic acids, aromatic salts, metallic
salts of aromatic phosphorous compounds, quinaridones, and aromatic amides. Further examples
include zinc glycerolate, calcium glycerolate, calcium hexahydrophthalate, zinc
hexahydrophthalate, salts and the like, and mixtures thereof. In one embodiment, the nucleation
additive comprises calcium hexahydrophthalate. The nucleation additive may be present in each
interior layer of HDPE in an amount from about 0.2% to about 3.5% by weight relative to the

total weight of the layer.

[0044] In another embodiment, the first and second interior layers 102 and 104 each include a
blend of a high density polyethylene, a high density polyethylene nucleation additive and/or a
hydrocarbon resin (HDPE-Blend). The hydrocarbon resin may be present in the first and second
interior layers 102 and 104 in an amount from about 3% to about 16% by weight relative to the
total 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
ISO Standard 472, "Plastics — Vocabulary" incorporated by reference herein to the extent that it
discloses hydrocarbon resins. A hydrocarbon resin may comprise any of those hydrocarbon
resins disclosed in U.S. 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 specitically, as a non-limiting example, the hydrocarbon
resin may include petroleum resins, terpene resins, styrene resins, cyclopentadiene resins,
saturated alicyclic resins, or mixtures thereof. Additionally, as a non-limiting example, the
hydrocarbon resin may include a hydrocarbon resin derived from the polymerization of olefin
feeds rich in dicyclopentadiene (DCPD), from the polymerization of olefin feeds produced in the
petroleum cracking process (such as crude C9 feed streams), from the polymerization of pure

monomers (such as styrene, a-methylstyrene, 4-methylstyrene, vinyltoluene, similar pure
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monomer feedstocks, or any combination thereof), from the polymerization of terpene olefins
(such as a-pinene, B-pinene, or d-limonene) or from a combination thereof. The hydrocarbon
resin may be fully or partially hydrogenated. Specific examples of hydrocarbon resins include
but are not limited to Plastolyn® R1140 Hydrocarbon Resin available from Eastman Chemical
Company (Kingsport, Tenn.), Regalite® 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.).

[0045] In another embodiment, the first and second interior layers 102 and 104 each include
high density polyethylene having a bi-modal molecular weight distribution having a low

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

[0046] The interior layers may be barrier layers. The interior layers may provide gas barrier
functionality and moisture barrier functionality, and this functionality may be provided by a

single barrier layer or by separate barrier layers.

[0047] A gas barrier layer may be an oxygen barrier layer. An oxygen barrier is preferably
selected to provide a sufficiently limited oxygen permeability such that the packaged product is
protected from undesirable deterioration or oxidative processes. For example, a film may
comprise an oxygen barrier having an oxygen permeability that is low enough to prevent
oxidation of oxygen sensitive products and substances to be packaged in the film - e.g., oxygen
sensitive articles such as transdermal patches (such as nicotine or fentanyl patches). Preferably
an oxygen barrier provides an oxygen permeability of less than or equal to

10 cm’/100 inches®/24 hours at 1 atmosphere and 23° C, such as less than 0.016 cm’/m” per 24
hours at 1 atmosphere. To protect oxygen sensitive articles from deterioration from oxygen
contact over time the oxygen barriers of the base components according to the present invention
may provide an oxygen transmission rate (O, TR) of less than 1, preferably less than 0.1, more

preferably less than 0.01, and most preferably less than 0.001 g/100 inches” at 24 hours at Room
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Temperature (RT) (~23°C) and 1 atmosphere, such as <0.001 g/m” at 24 hours at RT and 1

atmosphere.

[0048] A moisture barrier may provide a sufficiently limited moisture permeability such that
the packaged product is protected from undesirable deterioration. For example, a moisture barrier
may have a moisture permeability that is low enough to prevent deleterious effects upon
packaged products, such as transdermal drug patches or other moisture sensitive products. A
preferred film according to various embodiments will have a water or moisture transmission rate
(WVTR) of less than 0.01 g/100 inches” per 24 hours at Room Temperature (RT) (23°C) and 1
atmosphere. In some embodiments, a film has a WVTR of less than 0.01g/100 inches” per 24
hours at RT and 1 atmosphere, such as less than 0.001g/100 inches” per 24 hours at RT and 1

atmosphere.

[0049] A barrier layer as described herein may include any suitable material. An oxygen
barrier layer may include EVOH, polyvinylidene chloride, polyamide, polyester, polyalkylene
carbonate, polyacrylonitrile, nanocomposite, a metallized film such as aluminum vapor deposited
on a polyolefin, etc., as known to those of skill in the art. Suitable moisture barrier layers include
aluminum foil, PVDC, or polyolefins such as LDPE or LLDPE. It is desirable that the thickness
of the barrier layer be selected to provide the desired combination of the performance properties
sought e.g. with respect to oxygen permeability, and delamination resistance, and water barrier
properties. Suitable thicknesses of the barrier layer are less than 15%, e.g. from 3 to 13% of the
total film thickness and preferably less than about 10% of the total thickness of the multilayer
film. Greater thicknesses may be employed. For example, the thickness of an oxygen barrier
layer may advantageously be less than about 0.45 mil (about 10.16 microns) and greater than
about 0.05 mil (about 1.27 microns), including thicknesses of 0.10 mil, 0.20 mil, 0.25 mil, 0.30
mil, 0.40 mil, or 0.45 mil.

[0050] In one exemplary embodiment, the central core layer 103 comprises an ethylene vinyl
acetate copolymer (EVA) and more preferably, an ethylene vinyl acetate copolymer (EVA)

having a 12% by weight vinyl acetate content. Non-limiting examples of EVA include
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Escorene™ Ultra LD 705.MJ available from ExxonMobil Chemical Company (Houston, Tex.),
Escorene™ Ultra LD 768 MJ available from ExxonMobil Chemical Company (Houston, Tex.)
and Ateva® 2861 AU available from Celanese Corporation (Edmonton, Alberta, Canada).

[0051] Exemplary five-layer embodiments of the base component described above may
include, but are not limited to the following layer sequences and general layer compositions:
COC/HDPE/EVA/HDPE/COC; COC/HDPE-Blend/EVA/HDPE-Blend/COC,;
COC/HDPE-Bimodal/EVA/HDPE-Bimodal/COC; COC/HDPE/EV A/HDPE/PP;
COC/HDPE-Blend/EVA/HDPE-Blend/PP; COC/HDPE-Bimodal/EVA/HDPE-Bimodal/PP;
COC/HDPE/EVA/HDPE/PETG,; COC/HDPE-Blend/EVA/HDPE-Blend/PETG;
COC/HDPE-Bimodal/EVA/HDPE-Bimodal/PETG; COC/HDPE/EVA/HDPE/APET;
COC/HDPE-Blend/EVA/HDPE-Blend/APET;
COC/HDPE-Bimodal/EVA/HDPE-Bimodal/APET; COC/HDPE/EVA/HDPE/PET;,
COC/HDPE-Blend/EVA/HDPE-Blend/PET; COC/HDPE-Bimodal/EVA/HDPE-Bimodal/PET;
COC/HDPE/EVA/HDPE/OPET, COC/HDPE-Blend/EVA/HDPE-Blend/OPET;
COC/HDPE-Bimodal/EVA/HDPE-Bimodal/OPET; COC/HDPE/EVA/HDPE/PLA;
COC/HDPE-Blend/EVA/HDPE-Blend/PLA; COC/HDPE-Bimodal/EVA/HDPE-Bimodal/PLA;
COC/HDPE/EVA/HDPE/HIPS;, COC/HDPE-Blend/EVA/HDPE-Blend/HIPS;
COC/HDPE-Bimodal/EVA/HDPE-Bimodal/HIPS; COC/HDPE/EV A/HDPE/GPPS;
COC/HDPE-Blend/EVA/HDPE-Blend/GPPS;
COC/HDPE-Bimodal/EVA/HDPE-Bimodal/GPPS; COC/HDPE/EVA/HDPE/SBC,;
COC/HDPE-Blend/EVA/HDPE-Blend/SBC; and
COC/HDPE-Bimodal/EVA/HDPE-Bimodal/SBC.

[0052] The above examples may further include a tie layer comprising a tie layer material,
such as between a high density polyethylene layer and the second exterior layer. The term "tie
layer," or "adhesive layer," refers to a layer or material placed on one or more layers to promote
the adhesion of that layer to another surface. Preferably, adhesive layers are positioned between
two layers of a multilayer film to maintain the two layers in position relative to each other and

prevent undesirable delamination. In some embodiments a peelable tie layer may be used which
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is designed to have either cohesive failure or delamination from one or both adjacent layers upon
application of a suitable manual force to provide an opening feature for a package made from the
film. Unless otherwise indicated, an adhesive layer can have any suitable composition that
provides a desired level of adhesion with the one or more surfaces in contact with the adhesive
layer material. Optionally, an adhesive layer placed between a first layer and a second layer in a
multilayer film may comprise components of both the first layer and the second layer to promote
simultaneous adhesion of the adhesive layer to both the first layer and the second layer to
opposite sides of the adhesive layer. Tie layer materials may include, but are not limited to,
unmodified polyolefins such as polyethylenes and ethylene vinyl acetate copolymers,
unmodified ester copolymers such as ethylene acrylate copolymers and ethylene methacrylate
copolymers, unmodified ethylene acid copolymers such as ethylene acrylic acid copolymers, and
blends thereof. Tie layer materials may also include modified polyolefins including, 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, unmodified ester copolymer, or unmodified ethylene acid copolymer and
a modified polyolefin, modified ester 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 layer comprising polypropylene (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) or
polylactic acid (PLA).

[0053] In another exemplary embodiment as depicted in FIG. 4, thermoformed base
component 12 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 layer 203, a third interior layer 204, a fourth interior layer 205, a fifth interior
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layer 206, a sixth interior layer 207, a central core layer 208, a seventh interior layer 209, an
eighth interior layer 210, a ninth interior layer 211, a tenth interior layer 212, an eleventh
interior layer 213, and a second exterior layer 214. In this embodiment, film 200 comprises two
exterior layers each comprising cyclic olefin copolymer (COC), two discrete interior layers each
comprising ethylene vinyl alcohol copolymer (EVOH), and four discrete interior layers each
comprising high density polyethylene (HDPE). This thirteen-layer embodiment has the
following layer sequence and general layer composition:

COC/HDPE/tie/EVOH/tie/HDPE/EV A/HDPE/tie/EVOH/tie/HDPE/COC. The HPDE containing
layers may include a HDPE nucleation additive and a hydrocarbon resin, and provide moisture

barrier functionality. The EVOH containing layers provide oxygen barrier functionality.

[0054] The total thickness of multilayer thermoplastic films of the thermoformed base
component 12 of the present invention is generally from about 12.7 um (0.5 mil) to about 508
um (20 mil), such as from about 50.8 pm (2 mil) to about 254 um (10 mil), or from about 76.2
pum (3 mil) to about 203.2 um (8 mil).

Lidding Component

[0055] The packages of the present invention also include a lidding component which includes
a cyclic olefin copolymer product contacting layer that is heat-sealable to the product contacting

layer of the base component.

[0056] One exemplary embodiment of a lidding component 11 is depicted in FIG. 5. In this
embodiment, lidding component 11 comprises a laminate 300 having a first exterior layer 301,
an interior layer 302 and a second exterior layer 303. The second exterior layer 303 is a product
contacting layer that includes at least 50% by weight of a cyclic olefin copolymer relative to the
total weight of the layer, the first exterior layer 301 comprises paper, biaxially oriented nylon,
biaxially oriented polypropylene, or oriented polyethylene terephthalate, and interior layer 302
comprises a metal foil such as aluminum. A tie or adhesive layer disposed between and bonding

exterior layer 301 and interior layer 302 together may also be provided.
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[0057] The second exterior layer 303 may include at least 50%, 75%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or more cyclic olefin copolymer (COC) by weight relative to
the total weight of the layer. In one embodiment, the second exterior layer may consist of a
cyclic olefin copolymer. The COC contained in the second exterior layer 303 may be any of
those described above. The COC contained in the lidding component may be the same as the
COC contained in the base component. Alternatively, the COC contained in the lidding

component may be different than the COC contained in the base component.

[0058] The exterior layer may be any appropriate material. For example, the exterior layer may
include paper, biaxially oriented nylon, biaxially oriented polypropylene, or oriented
polyethylene terephthalate. The exterior layer may serve to protect the lidding component from

damage and/or to provide additional strength to the lidding component.

[0059] The interior layer may be any appropriate metal foil. For example, the interior layer
may be an aluminum foil. The metal foil may have a thickness of on the order of about 25.4 um
(about 1 mil). The foil serves as a barrier layer. The functions of the interior layer and the first
exterior layer may be combined in a single layer, such as in a lidding component that includes

only a barrier layer and a product contacting layer.

[0060] The lidding component may be produced using an extrusion coating apparatus and
methods which are well known to those skilled in the art. The extrusion coating apparatus may
include a multi-manifold flat die head through which a two-layer film composition may be
forced and extrusion coated onto the shiny surface of a metallic foil. The metallic foil may be
pre-treated prior to extrusion coating by printing a primer coat onto the matte surface of the foil.
An exterior layer, such as paper or oriented polyethylene terephthalate, may be attached to the

foil before or after the extrusion coating process.

[0061] In another exemplary embodiment as depicted in FIG. 6, lidding component 11 includes
a multilayer film 500 which has a four-layer structure of a first exterior layer 501, a first interior
layer 502, a second interior layer 503, and a second exterior layer 504. In this embodiment, first

exterior layer 501 includes paper or oriented polyethylene terephthalate. The first interior layer
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502 includes a polyethylene extrudate or adhesive, and the second interior layer 503 includes a

metal foil. The second exterior layer 504 is a COC containing product contact layer of the type

described above. This four-layer embodiment of the lidding component has the following layer

sequence and general layer composition: COC/PE/foil/COC. An additional tie or adhesive layer
may optionally be present between the second interior layer 503 and the second exterior layer

504.

Package

[0062] The packages as described herein can be manufactured using methods known in the art.
Generally, the cavities are thermoformed from the base components of the present invention in-
line just prior to filling the cavities with a product to be packaged. The thermoformed cavities
may have any appropriate geometry, and are not limited to the specific configuration illustrated
in FIG. 1 (e.g., the package may have a greater or lesser number of compartments, the
compartments may have different sizes and/or shapes, etc.). The lidding component is then
unwound tfrom a roll and brought into contact with the formed and filled base component such
that the cyclic olefin copolymer product contacting layer of the lidding component contacts the
cyclic olefin copolymer product contacting layer of the base component. The lidding and base
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 cavities may be perforated using methods known is

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

[0063] The packages as described herein may alternatively include a base component in the
form of a tray or a container. The tray or container base portions may be formed by any
appropriate process, and may have any appropriate geometry. For example, a cold forming
process may be utilized to form a container from a base component, with the container being

subsequently sealed to the lidding component to form a complete container and lid package.
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[0064] The seal between the lidding component and the base component has a seal strength of
at least 800 grams force per inch, such as at least about 1,000 grams force per inch, at least about
1,200 grams force per inch, or more. The seal produced between the COC-containing product
contacting layers of the base component and the lidding component is significantly stronger than
that of a COC-containing layer heat sealed to a polyvinylchloride (PVC) layer or polyacrylate
layer. For example, layers that contain at least 50% by weight COC may produce seal peel
strengths of only about 200 gf when heat sealed with polyvinylchloride (PVC) layers or
polyacrylate layers, and such a seal strength may be insufficient for some package applications.
The sealing of the lidding component to the base component produces a cavity where all of the
surfaces exposed to the product are formed by the cyclic olefin copolymer product contacting
layers of the lidding component or the base component. In this manner, the packages disclosed
herein provide cavities in which every surface exposed to the product is formed of an anti-
scalping material, while also providing the desired seal strength. The strength of the seal may be

influenced by the design of the package, such as the geometry, and the product requirements.

[0065] The packages described herein may be utilized as packaging for nicotine containing
products. Examples of nicotine containing products include nicotine cartridges for electronic
cigarettes, nicotine gum, and nicotine transdermal patches. The cyclic olefin copolymer product
contacting layers of the lidding component and the base component resist the uptake of nicotine,
enhancing the shelf life and efficiency of the package. The packages may also be utilized as
packaging for other products, such as pharmaceuticals or medications. A pharmaceutical product
for packaging in a package described herein can include any suitable pharmaceutical active
agent. In some embodiments, the pharmaceutical active agent is selected from the group
consisting of fentanyl, nicotine, lidocaine, estradiol, clonidine, ethinyl estradiol, oxybutynin,
buprenorphine, granisitron, methylphenidate, and scopolamine. In some embodiments, one or
more of the listed pharmaceutical active agents are included in a pharmaceutical product, such as

a transdermal patch.

Non-Limiting Examples
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[0066] Blister packages with COC-containing product contacting layers of the type described
herein were tested to determine the degree of nicotine uptake in the packaging. The product
contacting layers were formed from a commercially available CXB™ sealant layer structure on a
SKYBLUE™ blister packaging film, the product contacting layers were 100% by weight COC.
A blister package with product contacting layers of polychlorotrifluoroethylene (PCTFE) and
polyvinylchloride (PVC) was utilized as a control. The same amount of nicotine was placed in
each blister package, and the amount of nicotine uptake in the test blister packaging materials,
after washing out the nicotine from the blister package, was measured after 1 week, 2 weeks, and

4 weeks of elapsed time.

[0067] As shown in Table 1 and FIG. 7, the blister packages with COC-containing product
contacting layers exhibited significantly less uptake of nicotine than the control blister packages
with PVC product contacting layers. Thus, the blister packages with COC-containing product
contacting layers of the present invention exhibited greater resistance to nicotine scalping than

other common blister packages, such as those with PCTFE and PVC product contacting layers.

Table 1
Nicotine Uptake (mg)
Blister Package Week 1 | Week 2 Week 4
PCTFE/PVC 9.11 16.74 17.13
COC (SKYBLUE ™ CXB™film) | 0.71 0.62 1.00

(19 29 CC

[0068] As used herein, singular forms “a,” “an” and “the” include plural referents unless the
context clearly dictates otherwise. Thus, for example, reference to a “structured bottom surface”
includes examples having two or more such “structured bottom surfaces™ unless the context

clearly indicates otherwise.

[0069] As used herein, the term “or” is generally employed in its sense including “and/or”
unless the content clearly dictates otherwise. The term “and/or” means one or all of the listed

elements or a combination of any two or more of the listed elements. The use of “and/or” in

-25-

93/250



WO 2017/100358 PCT/US2016/065439

certain instances herein does not imply that the use of “or” in other instances does not mean

“and/or”.

EE T4

[0070] Asused herein, “have”, “has”, “having”, “include”, “includes”, “including”,

7

“comprise”, “comprises’, “comprising”’ or the like are used in their open ended inclusive sense,
27 [19

and generally mean “include, but not limited to”, “includes, but not limited to”, or “including,

but not limited to”.

[0071] "Optional" or "optionally" means that the subsequently described event, circumstance,
or component, can or cannot occur, and that the description includes instances where the event,

circumstance, or component, occurs and instances where it does not.

[0072] The words “preferred” and “preferably” refer to embodiments of the disclosure that
may afford certain benefits, under certain circumstances. However, other embodiments may also
be preferred, under the same or other circumstances. Furthermore, the recitation of one or more
preferred embodiments does not imply that other embodiments are not useful, and is not intended

to exclude other embodiments from the scope of the inventive technology.

[0073] For purposes of the present disclosure, recitations of numerical ranges by endpoints
include all numbers subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5,
etc.). Where a range of values is “greater than”, “less than”, etc. a particular value, that value is

included within the range.

[0074] Any direction referred to herein, such as “top,” “bottom,” “left,” "right," "upper,"

" o<

"lower," “above,” below,” and other directions and orientations are described herein for clarity in
reference to the figures and are not to be limiting of an actual device or system or use of the
device or system. Many of the devices, articles or systems described herein may be used in a

number of directions and orientations.

[0075] Unless otherwise expressly stated, it is in no way intended that any method set forth
herein be construed as requiring that its steps be performed in a specific order. Accordingly,
where a method claim does not actually recite an order to be followed by its steps or it is not
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otherwise specifically stated in the claims or descriptions that the steps are to be limited to a
specific order, it is no way intended that any particular order be inferred. Any recited single or
multiple feature or aspect in any one claim can be combined or permuted with any other recited

feature or aspect in any other claim or claims.

[0076] It is also noted that recitations herein refer to a component being “configured” or
“adapted to” function in a particular way. In this respect, such a component is “configured” or
“adapted to” embody a particular property, or function in a particular manner, where such
recitations are structural recitations as opposed to recitations of intended use. More specifically,
the references herein to the manner in which a component is “configured” or “adapted to”
denotes an existing physical condition of the component and, as such, is to be taken as a definite

recitation of the structural characteristics of the component.

[0077] While various features, elements or steps of particular embodiments may be disclosed
using the transitional phrase “comprising,” it is to be understood that alternative embodiments,
including those that may be described using the transitional phrases “consisting” or “consisting

essentially of,” are implied.

[0078] In the foregoing description, it will be readily apparent to one skilled in the art that
varying modifications may be made to the present disclosure without departing from the scope
and spirit of the disclosure. Since modifications, combinations, sub-combinations and variations
of the disclosed embodiments incorporating the spirit and substance of the inventive technology
may occur to persons skilled in the art, the inventive technology should be construed to include
everything within the scope of the appended claims and their equivalents. The embodiments
illustratively described herein suitably may be practiced in the absence of any element or
elements, limitation or limitations, which is not specifically disclosed herein. The terms and
expressions which have been employed are used as terms of description and not of limitation,
and there is no intention that in the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions thereof, but it is recognized that

various modifications are possible within the scope of the invention. Thus, it should be
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understood that although the present invention has been illustrated by specific embodiments and
optional features, modification and/or variation of the concepts herein disclosed may be resorted
to by those skilled in the art, and that such modifications and variations are considered to be

within the scope of this invention.
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WHAT IS CLAIMED IS:

1. A package comprising:
a base component comprising a product contacting layer comprising at least 50%
by weight of a cyclic olefin copolymer; and
a lidding component comprising a product contacting layer comprising at least
50% by weight of a cyclic olefin copolymer;
wherein the product contacting layer of the base component is sealed to the

product contacting layer of the lidding component such that a cavity is formed.

2. The package of claim 1, wherein the base component is a multilayer thermoplastic

film that comprises:

the product contacting layer comprising at least 50% by weight of the cyclic
olefin copolymer,

a first interior layer,

a core layer,

a second interior layer, and

an exterior layer comprising at least one 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
terephthalate (PET), oriented polyethylene terephthalate (OPET), amorphous polyethylene
terephthalate (APET), glycol-modified polyethylene terephthalate (PETQG), biaxially oriented
nylon (BON), and polylactic acid (PLA).

3. The package of claim 2, wherein the first interior layer and the second interior
layer each comprise at least one of a high density polyethylene nucleation additive or a

hydrocarbon resin.

4. The package of claim 2, wherein the first interior layer and the second interior
layer each comprise a bimodal high density polyethylene having a distribution of a low

molecular weight region and a high molecular weight region.
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5. The package of claim 2, wherein the core layer comprises an ethylene vinyl

acetate copolymer.

6. The package of claim 2, wherein the exterior layer of the base component

comprises at least 50% by weight of a cyclic olefin copolymer.

7. The package of claim 1, wherein the cyclic olefin copolymer of at least one of the

base component or the lidding component comprises norbornene and ethylene monomers.

8. The package of claim 1, wherein the lidding component comprises:
a barrier layer; and
the product contacting layer comprising at least 50% by weight of a cyclic olefin

copolymer.

9. The package of claim 8, wherein the lidding component further comprises an
exterior layer disposed over the barrier layer that comprises at least one of paper, biaxially

oriented nylon, biaxially oriented polypropylene, or oriented polyethylene terephthalate.

10. The package of claim 14, wherein the lidding component further comprises an
interior layer disposed between the exterior layer and the barrier layer that comprises at least one

of polyethylene and an adhesive.

11. The package of claim 1, wherein the seal between the product contacting layer of
the base component and the product contacting layer of the lidding component has a seal strength

of at least 800 grams force per inch.

12. A lidding component for a package comprising:
a barrier layer; and
a product contacting layer comprising at least 50% by weight of a cyclic olefin
copolymer, wherein the product contacting layer is configured to seal to a product contacting

layer of a base component.
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13. The lidding component of claim 19, further comprising an exterior layer disposed
over the barrier layer that comprises at least one of paper, biaxially oriented nylon, biaxially

oriented polypropylene, or oriented polyethylene terephthalate.

14. The lidding component of claim 13, further comprising an interior layer disposed
between the exterior layer and the barrier layer that comprises at least one of polyethylene and an

adhesive.

15. A method of forming a package, comprising:
sealing a product contacting layer comprising at least 50% by weight of a cyclic
olefin copolymer of a base component to a product contacting layer comprising at least 50% by

weight of a cyclic olefin copolymer of a lidding component to form a cavity.

16. The method of claim 15, further comprising forming the base component by a

blown coextrusion process and forming the lidding component by a lamination process.
17. The method of claim 15, wherein the sealing is a heat sealing process.

18. The method of claim 15, wherein the base component is a multilayer

thermoplastic film that comprises:

a product contacting layer comprising at least 50% by weight of the cyclic olefin
copolymer,

a first interior layer,

a core layer,

a second interior layer, and

an exterior layer comprising at least one 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
terephthalate (PET), oriented polyethylene terephthalate (OPET), amorphous polyethylene
terephthalate (APET), glycol-modified polyethylene terephthalate (PETG), biaxially oriented
nylon (BON), and polylactic acid (PLA).
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19. The method of claim 18, wherein the exterior layer of the base component

comprises at least 50% by weight of a cyclic olefin copolymer.

20. The method of claim 15, wherein the lidding component comprises:
a barrier layer; and
the product contacting layer comprising at least 50% by weight of a cyclic olefin

copolymer.

21. The method of claim 20, wherein the lidding component further comprises an
exterior layer disposed over the barrier layer that comprises at least one of paper, biaxially

oriented nylon, biaxially oriented polypropylene, or oriented polyethylene terephthalate.

22. The method of claim 15, wherein the lidding component further comprises an
interior layer disposed between the exterior layer and the barrier layer that comprises at least one

of polyethylene and an adhesive.
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the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).
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by or notified to this Authority under Rule 91 (Rule 43bis.1(a))
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c. O furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

I on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).
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forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
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5. Additional comments:
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Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes:
No:

Inventive step (IS) Yes:
No:

Industrial applicability (1A) Yes:
No:

2. Citations and explanations

see separate sheet

Claims
Claims

Claims
Claims

Claims
Claims

9-12, 15, 18, 20, 26-28, 30, 31
1-8, 13, 14, 16, 17, 19, 21-25, 29

Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the

claims are fully supported by the description, are made:

see separate sheet
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Re ltem VIiI
Certain observations on the international application

1. The expressions "aggressive chemical resistant' (used inter aliain claims 1, 13,
16, 21, 29) and "aggressive chemical substance" (used inter aliain claim 16, 21, 29)
are relative and therefore unclear (Article 6 PCT).

There is no unambiguous and well-defined technical meaning for the term "aggressive
chemical' or "aggressive chemical substance”, since all kind of compound, inclusive
water, may be regarded as "aggressive' to a certain extent depending on the
substrate which they are in contact with, and the conditions of this contact. On the
same manner, and in spite of the passage in the description on page 17, lines 23 to
28, the term "resistant” and "resistance" used in the claims are also unclear since any
material may be considered as "aggressive chemical resistant' depending not only on
the kind of chemical but also on the conditions of contact (time, temperature, static or
dynamic contacts, extent of the surface contacted etc.).

Similarly, the expressions "resistant against nicotine, rivastigmine, fentanyl and/or
lidocaine" (used inter alia in claims 24 and 25) is relative and therefore unclear
(Article 6 PCT). Indeed, any material can be regarded as resistant against nicotine,
rivastigmine, fentanyl and/or lidocaine to a certain extent, depending of the conditions
of contact and the criteria for defining the "resistance" taken into account.

Finally, the expression "chemical resistance" (used in inter aliain claim 22) is also
relative and therefore unclear (Article 6 PCT).

It should be noted however than even if these expressions are unclear, they have a
certain limiting effect on the scope of the claims.

2 Furthermore, claims 1, 13, 16, 21 and 22 characterise the polymer comprised in the
contact layer by a unusual parameter, i.e. the "RED value based on Hansens
Solubility parameter (HSP)". Let alone that this parameter is a) quite uncommon, b)
does not allow comparison with the prior art, and ¢) that the method for measuring
this parameter is not included in the claim, it is clear from the passage on page 4,
lines 1-28 that the values obtained for a given polymer will necessarily strongly
depend on the substance regarded as an "aggressive chemical'. It follows that
defining a polymer by a RED value based on Hansens Solubility parameter (HSP)
towards a chemical without indicating which chemical compound is taken into account
does not make sense. It is indeed believed that it will always exist a chemical for
which the RED value of a given polymer will be > 0.8, whatever the polymer chosen.

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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3. Dependent claims 10, 11 and 12 refer to methods for producing a film, said
methods being characterised by the use o the film to wrap a composition (claim 10),
the type of composition (a patch, claim 11) and a test performed on the package
(claim 12). All these features are related to the use of the produced film and are
therefore independent of the process for making the film: they are obviously not
features characterising the process for making the film. This is quite confusing and
renders the subject-matter of these claims totally unclear (Article 6 PCT). The very
same applies to claims 26, 27 and 28.

4._ It follows that the subject-matter of claims 1, 10-13, 16, 21, 22, 24, 25-29 is not
clearly defined (Article & PCT).

Re Iltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:
D1 US 6 120 860 A (BOWEN WILLIAM E [US] ET AL) 19 September 2000
(2000-09-19)

D2 US 2005/037162 A1 (ADAMS JOHN PETER [US]) 17 February 2005
(2005-02-17)

D3 US 2004/234790 A1 (SMITH WILLIAM STUART [US] ET AL) 25
November 2004 (2004-11-25)

D4 WO 00/44559 A1 (PHARMACIA & UPJOHN AB [SE]; LEVANDER
GUSTAYV [SE]; KARLSSON ANDERS H F) 3 August 2000
(2000-08-03)cited in the application

D5 WO 2005/037539 A1 (DU PONT [US]; MORRIS BARRY ALAN [US];
TROUILHET YVES M [CH]) 28 April 2005 (2005-04-28)

D6 EP 2 939 667 A1 (NIPRO PATCH CO LTD [JP]) 4 November 2015
(2015-11-04)

D7 WO 2013/004243 A1 (FERTIN PHARMA AS [DK]; NIELSEN KAJ
HOVHAVE [DK]) 10 January 2013 (2013-01-10)

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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D8 US 2005/112337 A1 (JESTER RANDY D [US]) 26 May 2005
(2005-05-26)

D9 DATABASE WPI
Week 201579
Thomson Scientific, London, GB;
AN 2015-71769A
XP002759263,
& WO 2015/174502 A1 (NICHIBAN KK) 19 November 2015 (2015-11-19)

D10 WO 91/09731 A1 (ALZA CORP [US]) 11 July 1991 (1991-07-11)

1. Independent claims 1, 13, 16, 21, 22, 24, 25, 29

1.1 Novelty (Article 33(2) PCT)

1.1.1 Document D1 discloses a heat sealable laminate (column 5, line 65 to column 6,
line 26) formed from an "aggressive chemical resistant” film (see column 2, line 49 to
column 3, line 7) for packaging "aggressive chemical substances" (for instance
polymer adhesive and coating systems containing aggressive solvents such as xylene
and toluene, see column 1, lines 54-59) and a method for providing the same, said
method comprising the steps of coextruding a layer comprising a tie layer and a
sealant layer (see column 4, lines 32 - 63: comprising a nylon layer, a tie layer and a
EVA sealant layer = contact layer) and coating / adhering this coextruded layer
(column 4, lines 49-51) to a water and/or oxygen resistant a base layer ("high barrier
material', for instance aluminium foil, nylon coated on both sides with polyvinylidene
chloride copolymer, polyvinylidene chloride vinyl chloride copolymers, see column 4
lines 11-15).

No "RED values based on Hansens Solubility parameter” for the polymers towards
the aggressive chemicals have not been indicated in D1. However, since the structure
and composition of the multilayered film of D1 are identical to the structure and
composition of the film of the present application, and taking into account the severe
clarity problems of the present claims related the "RED value" parameter (see here
above at section Re ltem Vlll), the subject-matter of at least independent claims 1,
13, 16, 21 and 22 cannot be regarded as novel in view of the disclosure of D1
(Article 33(2) PCT).

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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1.1.2 Document D2 discloses (see [0012], [0023], [0028][0045], claims; see all the
samples discloses in the Table on pages 2 and 3, and especially sample E) a
multilayer film obtained by providing a base layer (aluminium foil) coated by
coextruding a layer comprising a tie layer (EAA, EMAA, anhydride-modified
polyolefin) and a contact layer/sealable layer which can be made of or comprise a
cyclic olefin copolymer (COC). The COC is one of the polymers which is presented in
the present application as "resistant against nicotine, rivastigmine, fentanyl and/or
lidocaine" (see for instance present claim 25, see also passages of the description of
the application, on page 13, lines 24 to 27; page 14, lines 5 to 8; page 14, lines 21 to
24; page 15, lines 2 to 5). It follows that the product disclosed by D2 has necessarily
"a RED values based on Hansens Solubility parameter towards nicotine, rivastigmine,
fentanyl and/or lidocaine of > 0.8". Again, even if no "RED values based on Hansens
Solubility parameter” have been indicated in D2, the structure and composition of the
multilayered film of D2 are identical to the structure and composition of the film of the
present application, and taking into account the severe clarity problems of the present
claims (see here above at section Re ltem Vlll), the subject-matter of at least
independent claims 1, 13, 16, 21, 22, 24, 25 and 29 cannot be regarded as novel
in view of the disclosure of D2 (Article 33(2) PCT).

1.1.3 Document D3 (see figure 1, paragraphs [0004] and [0005]) is also considered as
disclosing all the technical features of at least independent claims 1, 13, 16, 21, 22
which cannot be considered as novel when taking into account the severe numerous
clarity problems of the present claims (see here above at section Re Item VIII)

1.2 Inventive step (Article 33(3) PCT)

Taking into account the severe clarity problems of the present claims (see here above
at section Re Iltem VI, it is considered that the subject-matter of independent claims
1,13, 16, 21, 22, 24, 25 and 29 differs from the disclosure of D4 (see D4, claims 1, 7,
8, 9 and 13, page 2, lines 14-20, page 6, line 12 to page 7, line 4, example 1) mainly
by the presence of a tie layer. However, the use of a tie layer in the field of laminates
and multilayered product for packaging is so common, well-known and even implicit to
the skilled person that it can not be regarded as involving an inventive step (see for
instance documents D1, D2, D3, D5, D7 etc.)

It follows that the subject-matter of independent claims 1, 13, 16, 21, 22, 24, 25 and
29 lacks inventive step in view of the disclosure of D4 (Article 33(3) PCT).

2. Dependent claims 2-12. 14, 15, 17-20, 23, 26-28, 30, 31

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005)
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Dependent claims 2-12, 14, 15, 17-20, 23, 26-28, 30, 31 do not contain any additional
features which, in combination with the features of any claim to which they refer, meet
the requirements of the PCT with respect to novelty (Article 33(2) PCT) and/or in-
ventive step (Article 33(3) PCT) because they relate to additional characteristics
which either are disclosed by D1 (present claims 2-6, 19), D2 (present claims 2-8, 14,
17,19, 23) and/or D3 (present claims 2, 3, 4, 19), ordo not seem to solve, in an non
obvious way, an objective problem associated with the teaching of the prior art as
represented by D1-D10 (present claims 9-12, 15, 18, 20, 26-28, 30, 31), the subject-
matter of these claims only defining some embodiments which come within the scope
of the customary practice followed by persons skilled in the art without any
unexpected technical effect being associated with.

Form PCT/ISA/237 (Separate Sheet) (Sheet 5) (EPO-April 2005)
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CLAIMS

1. A method for providing a, e.g. aggressive chemical resistant, film,
said method comprising the steps of:

i) providing a base layer, which is water and/or oxygen resistant;

ii) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

iii) coating the coextrusion layer to the base layer;

iv) allowing the coextrusion layer coated to the base layer to adhere
to provide the aggressive chemical resistant film comprising the tie layer and
the contact layer formed as a coextrusion layer coated to the base layer,
wherein the tie layer comprises at least one layer; and,

wherein the contact layer comprises a polymer having a RED value
based on Hansens Solubility parameter (HSP) towards an aggressive chemi-
cal of > 0.8, more preferred a RED value in the range of 0.8 to 10, even
more preferred 0.8 to 5, and most preferred 1 to 2.

2. A method according to claim 1, wherein the base layer, which is
water and/or oxygen resistant, is selected from the group consisting of a
metal foil, preferably aluminum foil, a polymer, such as a polymer made from
polyamide, polyvinylidene chloride, silicium or aluminium oxide coated poly-
esters, and/or fluro polymers.

3. A method according to any one of the claims 1 to 2, wherein the
tie layer is made of 1, 2, 3, 4 or 5 layers.

4. A method according to claim 3, wherein all the layers of the tie
layer are coextruded with the contact layer.

5. A method according any one of the preceding claims, wherein the
tie layer is constituted of one layer and wherein the layer is a copolymer
made of a material selected from a copolymer of ethylene and acrylic acid,
ethylene and methacrylic acid and a terpolymer comprising ethylene, acrylic
ester and a third polymer, which third polymer is preferably a glycidyl meth-
acrylate, and more preferably a maleic anhydride.

6. A method according to any one of the claims 1 to 4, wherein the
tie layer comprises at least two layers, and wherein the first layer comprises
a copolymer according to claim 5 and the at least second or more layer(s)
comprises a material selected from EEA, PE, EMA, EAA or a combination.

7. A method according to any one of the preceding claims, wherein

141/250



WO 2017/114922 PCT/EP2016/082876

10

15

20

25

30

35

29

the contact layer comprises a polymer selected from the group consisting of a
cyclic olefin copolymer, a polyamide, or, an ethylene vinyl alcohol.

8. A method according to anyone of the preceding claims wherein
the contact layer is a polymer selected from the group consisting of a cyclic
olefin copolymer, a polyamide, or, an ethylene vinyl alcohol.

9. A method according to anyone of the preceding claims, wherein
the tie layer or plurality of layers constituting the tie layer, has a loading in
the range of 7 to 20 g/m2 and/or the contact layer has a loading in the range
of 4 to 20 g/m? and the loading of the film is not more than 40 g/m?Z.

10. A method according to any of the preceding claims, wherein the
film is used to wrap a composition comprising a chemical selected from nico-
tine, lidocine and rivastigmine

11. A method according to claim 10, wherein the composition is a
patch.

12. A method according to claim 10 or 11, the amount of the aggres-
sive chemical substance remaining at day 0 after storage for at least 7 days
at 40°C is a maximum +/-10% in comparison to a Barex® patch as index
100.

13. An aggressive chemical resistant film comprising at least a base
layer, which is water and/or oxygen resistant, and a coextrusion layer,
wherein the coextrusion layer comprises a tie layer and a contact layer, and
wherein the tie layer comprises at least one layer and wherein the contact
layer comprises a polymer having a RED value based on Hansens Solubility
parameter (HSP) of > 0.8, more preferred a RED value in the range of 0.8 to
10, even more preferred 0.8 to 5, and most preferred 1 to 2.

14. A film according to claim 13, wherein the base layer, which is
water and/or oxygen resistant, is selected from the group consisting of metal
foil, preferably aluminum foil, polymers, such as polyamide, polyvinylidene
chloride, silicium or aluminium oxide coated polyesters, and/or fluropoly-
mers; and/or

the tie layer is constituted of one layer and wherein the layer is
made of a copolymer, said copolymer comprising a material selected from a
copolymer of ethylene and acrylic acid, ethylene and methacrylic acid and a
third polymer, which third polymer is preferably made of a material selected
from glycidyl methacrylate, and more preferably maleic anhydride; and/or
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wherein the contact layer comprises or is a polymer selected from
the group consisting of a cyclic olefin copolymer, a polyamide, or, an ethylene
vinyl alcohol.

15. A film according to claims 13 or 14, wherein the tie layer or plu-
rality of layers constituting the tie layer, has a loading in the range of 7 to 20
g/m? and/or the contact layer has a loading in the range of 4 to 20 g/m? and
the loading of the film is not more than 40 g/m?.

16. A laminate for packing an aggressive chemical substance said
laminate comprising at least

- a first outer layer made of a mechanically wear resistant material;

- an aggressive chemical resistant film according to any of claims 13
to 15, said film comprising a base layer, which is water and/or oxygen re-
sistant and a coextrusion layer, said coextrusion layer comprising a tie layer
and a contact layer, where the contact layer comprises a polymer having a
RED value of > 0.8, more preferred a RED value based on Hansens Solubility
parameter (HSP) in the range of 0.8 to 10, even more preferred 0.8 to 5, and
most preferred 1 to 2; and, where the base layer side of the film is facing the
first outer layer.

17. A laminate according to claim 16, wherein the laminate further
comprises a second outer layer facing the exterior side of the outer layer,
preferably the second outer layer is a paper layer.

18. A laminate according to any of the claims 16 to 17, wherein the
laminate encloses a compound selected from the group consisting of nicotine,
rivastigmine, fentanyl and lidocaine.

19. A laminate according to claim 16, 17, and 18, wherein the lami-
nate is heat sealable.

20. A laminate according to claim 16 to 19, wherein a maximum of
10%, preferably a maximum of 5%, even more preferably a maximum of 2%
of the active ingredient is migrated into the laminate at day 0 after 12 weeks
of storage at 40 °C.

21. An aggressive chemical substance packed in a heat sealable lam-
inate, said heat sealable laminate comprising

- a first outer layer made of a mechanically wear resistant material;

- an aggressive chemical resistant film comprising a base layer,

which is water and/or oxygen resistant and a coextrusion layer, said coextru-
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sion layer comprising a tie layer and a contact layer, wherein the base layer
side of the film is facing the outer layer; and, wherein the contact layer com-
prises a polymer having a RED value of > 0.8, more preferred a RED value
based on Hansens Solubility parameter (HSP) in the range of 0.8 to 10, even
more preferred 0.8 to 5, and most preferred 1 to 2.

22. Use of a polymer having a RED value based on Hansens Solubili-
ty parameter (HSP) of > 0.8, preferably having a RED value in the range of
0.8 to 10, more preferred 0.8 to 5, and most preferred 1 to 2 as a contact
layer for providing chemical resistance to a film, wherein the film comprises a
base layer which is water and/or oxygen resistant, said film is coated to a,
optionally coextruded, layer comprising a tie layer and the contact layer.

23. Use according to claim 22, wherein the polymer is selected from
the group consisting of a cyclic olefin copolymer, a polyamide, or, an ethylene
vinyl alcohol.

24. A method for providing an aggressive chemical resistant film said
film being resistant against nicotine, rivastigmine, fentanyl and/or lidocaine,
and wherein said method comprises the steps of:

i) providing a base layer, which is water and/or oxygen resistant;

ii) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

iii) coating the coextrusion layer to the base layer;

iv) allowing the coextrusion layer coated to the base layer to adhere
to provide the aggressive chemical resistant film comprising the tie layer and
the contact layer formed as a coextrusion layer coated to the base lavyer,
wherein the tie layer comprises at least one layer and wherein the contact
layer comprises a polymer having a RED value based on Hansens Solubility
parameter (HSP) towards nicotine, rivastigmine, fentanyl and/or lidocaine of
> 0.8, more preferred a RED value in the range of 0.8 to 10, even more pre-
ferred 0.8 to 5, and most preferred 1 to 2.

25. A method for providing an aggressive chemical resistant film said
film being resistant against nicotine, rivastigmine, fentanyl and/or and lido-
caine, and wherein said method comprises the steps of:

i) providing a base layer, which is water and/or oxygen resistant;

ii) coextruding a layer comprising a tie layer and a contact layer to

provide a coextrusion layer;
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iii) coating the coextrusion layer to the base layer;

iv) allowing the coextrusion layer coated to the base layer to adhere
to provide the aggressive chemical resistant film comprising the tie layer and
the contact layer formed as a coextrusion layer coated to the base layer,
wherein the tie layer comprises at least one layer and wherein the contact
layer comprises a polymer from the group consisting of a cyclic olefin copol-
ymer, a polyamide, or, an ethylene vinyl alcohol.

26. A method according to claim 25, wherein the film is used to wrap
a composition comprising a chemical selected from nicotine, lidocaine, fenta-
nyl and rivastigmine

27. A method according to claim 26, wherein the composition is a
patch.

28. A method according to claim 26 and 27, the amount of the ag-
gressive chemical substance remaining at day 0 after storage for at least 7
days at 40°C is a maximum +/-10% in comparison to a Barex® patch as in-
dex 100.

29 A laminate for packing an aggressive chemical substance said
laminate comprising at least

- a first outer layer made of a mechanically wear resistant material;

- an aggressive chemical resistant film according to claim 25, said
film comprising a base layer, which is water and/or oxygen resistant and a
coextrusion layer, said coextrusion layer comprising a tie layer and a contact
layer, where the contact layer comprises a polymer from the group consisting
of a cyclic olefin copolymer, a polyamide, or, an ethylene vinyl alcohol.

30. A laminate according to claim 29, wherein the laminate is
wrapped around a composition comprising the aggressive chemical substance
and wherein a maximum of 10% w/w, preferably a maximum of 5% w/w,
even more preferably a maximum of 1.5% w/w, most preferably a maximum
of 0.5% w/w of the aggressive chemical substance based on nominal content
is migrated into the laminate at day 0 after 12 weeks of storage at 40 °C.

31. A laminate according to claim 30, wherein the aggressive chemi-
cal substance is selected from the group consisting of rivastigmine, lidocain,

fentanyl and nicotine.
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A METHOD FOR PROVIDING A CHEMICAL RESISTANT FILM

The present invention relates to a method for providing an extreme
chemical resistant film whereby a tie layer and a contact layer are coextruded
with a base layer, such as a metal foil, as well as films and laminates ob-
tained by the method and uses of the films and laminates to wrap aggressive

chemical substances such as nicotine, fentanyl, lidocaine and rivastigmine.

Background of the invention

In the pharmaceutical industry substances, including highly aggres-
sive substances such as nicotine, fentanyl, rivastigmine and lidocaine, are
packed as tablets in inhalers, patches etc. resulting in special requirements
for the packing, laminate, or film for sealing these substances in order to en-
sure that no adverse degradation takes place.

One common example is the problem relating to the packaging of
nicotine, in particular as nicotine patches, because nicotine is highly aggres-
sive towards its environment and highly volatile. These properties are prob-
lematic for the consumer safety and product durability if not addressed, be-
cause it is important that the amount of nicotine in, for example a tablet,
gum or a patch is stable and complies with the product specification. Further,
it is important to avoid adverse reactions between the packaging and the
pharmaceutical substance. Additionally, from a business perspective a long
stable shelf time is highly desirable. Thus, the chemical requirements of a
packaging, film or laminate are typically:

- Resistance towards highly aggressive substances such as nicotine.

- Inert properties for ensuring that chemical compounds do not migrate
from the exterior environment of for example a laminate, through the
laminate getting into contact with a sealed substance;

- Possibly ensuring that the packaging is child proof to increase safety of
potentially hazardous compounds.

A known polymer that fulfils the requirements of extreme chemical
resistance and inert properties is a polyactyllonitrile (PAN) based film, which
is sold for example as resins under the trademark Barex®, which is manufac-

tured i.a. by the company Ineos. Barex® is widely used and approved for
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drugs and food applications and is used because it is a good barrier towards
oxygen, nitrogen and carbon dioxide compared to other common polymers,
and because it has excellent chemical resistance towards different functional
groups such as hydrocarbons, ketones, esters, alcohols, bases and acids
and/or pharmaceuticals such as nicotine. Furthermore, extruded Barex® res-
in is heat stable and therefore weldable at a temperature around 160 -
220°C, which makes it possible to use in flexible packagings. However,
Barex® is sold at a high prize due to the difficulties in the production and
subsequent extrusion to film resulting in a high loss of material. Furthermore,
the water and oxygen resistance of Barex® is not satisfactory for all purpos-
es.

Another solution can be found in WO 00/44559 disclosing a material
for packaging nicotine containing products (e.g. patches, tablets, lozenges,
nasal spray), wherein the material comprises a polymer based on dimethyl-
2,6-naphthalene dicarboxynate and/or 2,6-naphthalene dicarboxylic acid
monomers. Further, it is disclosed that a polymeric film is combined with oth-
er barrier materials in a laminate to further improve the barrier characteristic
of the laminate. The preferred material for a laminate is aluminium due to its
good oxygen and water barrier properties.

In addition to the barrier properties, in particular for pharmaceuti-
cals, it is important that the concentration of the substances is stable and
reliable, which also poses requirements of the packaging and laminates in
terms of inertness and permeability.

Hence, given the increased market and demands for packagings,
there is an instant need for finding solutions for packaging, of in particular
highly aggressive substances and pharmaceuticals, which fulfil all the re-
quirements while still being economical.

Summary of the invention

With this background it is an object of the present invention to pro-
vide solutions that meet one or more of the needs described above, that is,
i.a. provide impermeability and inertness to a packaging. Furthermore, it is
an object to provide a laminate that is weldable at temperatures suitable for
the manufacture of flexible wrappings, such as for use in preparing packag-
ings for patches. It is a further object to provide methods and products that
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are cost efficient without compromising the quality of the products.

Accordingly, in a first aspect this is solved by a method for providing,
e.g. an aggressive chemical resistant, film, said method comprising the steps
of:

i) providing a base layer, which is water and/or oxygen resistant;

ii) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

iii) coating the coextrusion layer to the base layer;

iv) allowing the coextrusion layer coated to the base layer to adhere
to the base layer to provide the, e.g. aggressive chemical resistant, film
comprising the tie layer and the contact layer formed as a coextrusion layer
coated to the base layer, wherein the tie layer comprises at least one layer
and wherein the contact layer comprises a polymer having a RED value based
on Hansens Solubility parameter (HSP) towards an aggressive chemical of >
0.8, more preferred a RED value in the range of 0.8 to 10, even more pre-
ferred 0.8 to 5, and most preferred between 1 to 2.

It has surprisingly been found that when coextruding the tie layer
and the contact layer according to the invention, the respective layers can be
thinner while maintaining the overall mechanical and chemical robustness of
the final film and laminates and wrappings made with the film. The co-
extrusion also results in a better adherence of the various layers resulting in
a homogonous film in which the layers do not separate.

While it was previously believed that usable polymers should be hy-
drophobic (in order to repel water from the surroundings), the present inven-
tors have found that by providing the film according to the invention where
the coextrusion layer comprises a tie layer and a contact layer, and where
the contact layer comprises a polymer having a relative energy difference
(RED) value in the range 0.8 to 10 relative to the aggressive substance, it
has surprisingly turned out that the desired effect of the laminate being inert
to aggressive compounds, such as nicotine, rivastigmine and lidocaine, while
still providing a barrier to external factors such as water/moist and oxygen, is
obtained.

A polymer candidate for use as a contact layer in the present inven-
tion is selected by calculating the RED value, which is generally used to pre-
dict the solubility of a polymer in a particular solvent, or the compatibility of
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two polymers in a blend.In the present invention the RED values for various
polymer/solvent systems have been calculated, wherein the polymer is the
polymer forming the contact layer, and the solvent is an aggressive chemical
substance such as nicotine, rivastigmine, fentanyl and lidocaine etc.

The RED value for the polymer and the aggressive chemical sub-
stance is calculated by using the theory of the Hansen solubility Parameters
(HSP), which is described in C.M. Hansen: "Hansen Solubility Parameters, A
User's Handbook", CRC Press, Boca Raton, 1999,

The HSP system between the polymer and the aggressive chemical
substance is described by parameters set up in a 3 dimensional coordinate
system:

— Ob for dispersion cohesion energy
— Or for dipolar cohesion energy
— On for hydrogen bonding cohesion energy

The HSP distance, Ra, between polymer and the aggressive chemical
substance is given by:

RaZ = 4(A dp)> + Adpr?2 + ADH?

The A indicates the difference in the given parameter for the aggres-
sive substance and the polymer.

The relation between the HSP distance, Ra and RED is given as:

RED = Ra/Ro

Where Ro is the interaction radius, which determines the radius of
the sphere in Hansen space, and the center are the three Hansen parame-
ters. All values are calculated or determined with empiric data and it is known
to the person skilled in the art how to calculate the values.

The obtained RED value indicates whether or not the polymer is like-
ly to dissolve in the aggressive chemical substance or not:
RED < 1 the polymer and the aggressive chemical substance will dissolve
RED = 1 the polymer and the aggressive chemical substance will partially
dissolve

RED > 1 the polymer and the aggressive chemical substance will not dissolve

The resulting RED value is used to give an indication of the likelihood of dis-

solution or not.
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All values can be calculated using the Hansen Solubility Parameter in
Practice by (HSPiP) Software, commercially available at http://hansen-
solubility.com.

Contact layer polymers according to the invention surprisingly turned
out to have a RED value in the range from 0.8 and higher, preferably, 0.8 to
10 and more preferred 0.8 to 5 and most preferred 1 to 2. It is highly unex-
pected that polymers which in theory range from being soluble to insoluble
with an aggressive substance to be packed fulfill the requirements set for
films according to the invention as is supported by the examples provided
here with.

The base layer, which is water and/or oxygen resistant, is selected
from the group consisting of a metal foil, preferably aluminum foil, a polymer,
such as a polymer made from polyamide, polyvinylidene chloride, silicium or
aluminium oxide coated polyesters, and/or fluro polymers.

According to the invention water and/or oxygen resistance is prefer-
ably encompassing materials having an oxygen transfer rate (OTR) equal to
or below 1 cm?3/m2/24hr/bar according to ASTM standard D3985 at 23°C and
0% RH and/or water (or moisture) vapor transfer rate (WVTR) equal to or
below 1 g/m?/24hr according to ASTM standard F1249 at 38°C and 90%RH,
preferably both the WVTR and the OTR are below 0.01 g/mZ/24hr or 0.01
cm3/m2/24hr/bar respectively.

According to the invention, the base layer of the film is selected to
provide a number of properties to the film and a laminate and packaging
comprising the film. The base layer may give desired barrier and support
properties to the final laminate. Furthermore, the base layer may in one em-
bodiment be a gas and water impermeable base layer, more preferably a wa-
ter and/or oxygen resistant base layer.

In embodiments where the contact layer is hygroscopic the base lay-
er is preferably made of a metal foil, preferably aluminum.

Aluminum is price competitive, a superior barrier of all gases and
moisture and furthermore similar to other metal-like materials aluminium has
good dead-fold properties, i.e. it does not unfold once folded, it reflects radi-
ant heat, and gives a decorative appeal to laminates and packages.

According to the invention the tie layer is selected to provide suffi-

cient adhesion between the base layer and the coextrusion layer. The tie lay-
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er may give melt strength and support the coextrusion coating of both the tie
layer and the contact layer. It is preferred that the melting profile of the tie
layer polymers and the contact layer polymers are in the same range to pro-
vide optimal films that do not separate. Preferably both layers comprise pol-
ymers that melt at the operating temperature of the process of the invention
and even more preferred the melting profiles (i.e. melting points) should dif-
fer with less than 30°C, preferably with 0-15°C, such as 5-15°C.

In one embodiment the tie layer is made of 1, 2, 3, 4 or 5 layers. In
this way, the properties of the film and resulting laminates and packagings
may be improved to accommodate the specific chemical and physical proper-
ties of the contact layer and/or the base layer.

In a further embodiment all the layers are coextruded with the con-
tact layer for a simplified processing and for ensuring homogeneity of the
layers.

In a further embodiment the tie layer is constituted of one layer
where the layer is made of a copolymer made of a material selected from a
copolymer of ethylene and acrylic acid, ethylene and methacrylic acid and a
terpolymer comprising ethylene, acrylic ester and a third polymer, which third
polymer is preferably a glycidyl methacrylate, and more preferably a maleic
anhydride. Most preferably the tie layer has a melting profile similar to that of
the contact layer.

According to the invention the contact layer must be chemically re-
sistant to the aggressive substance and excipient if present ultimately to be
packed. Further it must show an extreme low absorption of the aggressive
substances migrating through the film or laminate. The degree of absorption
for a given substances is typically dictated by the manufacturer of the sub-
stance but often the accepted values lie in the range of 0 to 1 % (w/w). For
some products up to 10 % (W/W) is acceptable typically for products with a
low initial API content. The absorption is calculated as the weight of API in
packaging relative to the initial weight of the API in the commercial product.

Hence, in the context of the present invention aggressive chemical
resistant film means that no more than 1% of the original amount of API to
be packaged (or sometimes no more than 10%) is migrated into the packag-
ing material after 24 weeks. Typically, the degree of uptake is complete after
12 weeks or less.
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In one preferred embodiment the contact layer comprises a polymer
selected from the group consisting of a cyclic olefin copolymer (COC), a poly-
amide (PA), or, an ethylene vinyl alcohol (EVOH).

In a further embodiment the tie layer and contact layer comprise the
same polymer, such as a cyclic olefin copolymer (COC), a polyamide (PA), or,
an ethylene vinyl alcohol (EVOH) the latter being particularly preferred.

The HSP and RED Values calculated using http://hansen-
solubility.com, mentioned above resulted in the following values for the pre-
ferred polymers according to the invention using lidocaine/rivastigmine as
solvent (API):

Table 1: HSP and RED values for preferred polymers according to the invention

Polymer D P H RED value
(chi)

Lidocaine/ _

Rivastigmine 18.1 8.2 6.1

PA 66 16 11 24 1.72

CocC 18 3 5 1.32

EVOH 20.5 10.5 12.3 1.12

It has surprisingly been shown that when the contact layer compris-
es any of the polymers from the group above, having a relatively low RED
(i.e. between 1 and 2) value a chemical resistant film and also laminate may
be obtained even though the mentioned polymers chemically represent dif-
ferent polymer types. Tests have shown that the resistance of laminates in
which the film is coated with the preferred polymers shows results unexpect-
edly superior to those of laminates coated/laminated with Barex®.

EVOH is normally used in laminates due to the superior oxygen bar-
rier properties of EVOH. However, EVOH is known to be very hydrophilic and
hydroscopic (i.e. has a high WVTR), hence it is surprising that a EVOH poly-
mer is usable in the context of the present invention where water resistance
is a desired property. Also, PA has typically been used in laminates due to the
superior mechanical properties like tear strength or as a barrier. As for EVOH
it is unexpected that PA may be used as a contact layer and/or co-extrusion
layer (i.e tie and contact layer) for providing a chemical resistant film due to
the hydrophilic nature of PA.
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Because of the hydrophilic nature of PA and EVOH, in a preferred
embodiment, the film obtained according to the invention may be tightly
packed in a moisture barrier, in particular if it has to be stored. The film or
laminate according to the invention may be packed immediately after manu-
facture of the chemical resistant film or laminate and should be kept safely
packed until further use, for example in a packing line.

COC has not previously been recognized as being suitable for extru-
sion coating and for the production of heat sealable laminates. Without the
wish to be bound by any theory this is believed to be due to the stress which
the polymer is subjected to during an extrusion process. The stress causes
irregular heating and melting within the COC, resulting in the final film or
laminate to be unacceptable from a visual point of view for use in various
packaging industries. Hence, it is very surprising that the inventors of the
present invention have succeeded in providing a coextrusion layer comprising
COC as a contact layer for sealing aggressive substances. The inventors have
found that an improved processing of COC is obtained when COC is coextrud-
ed with a tie layer having a glass transition temperature higher than or equal
to that of a COC polymer such as a terpolymer of ethylene, acrylic ester and
maleic anhydride. In another embodiment of the invention the tie layer has a
melting point that differs from COC with 30°C or less, preferably with 0-15°C,
such as 5-15°C.

In a further embodiment, the melting point of the tie layer is at least
the same as COC, preferably 5 to 30 °C higher, more preferably 15 to 30 °C
higher than COC.

To obtain a satisfactory coextrusion layer it is important that the pol-
ymer constituting a contact layer and a copolymer constituting a tie layer are
compatible with respect to the melting characteristic of the polymers and the
copolymer. As an effect of having been able to process a chemical resistant
laminate with a coextrusion layer laminated to a base layer, thin laminates
may be obtained, and generally improved process ability during the manufac-
ture of the laminates or wrappings are achieved.

Consequently, in one embodiment the tie layer or plurality of layers
constituting the tie layer, has a loading in the range of 7 to 20 g/m2 and/or
the contact layer has a loading in the range of 4 to 20 g/m2 and the loading
of the laminate is not more than 40 g/m?2.
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In terms of the invention loading means the amount of polymer left,
in the layer when the film has dried.

In a particular embodiment the contact layer of the coextrusion layer
is made from a blend of at least two polymers. Using blends can be a means
for reducing the costs and for adapting the physical and chemical properties
of the co-extrusion process, such as reducing or increasing the melting tem-
perature to comply with the profile of the tie layer(s) and the polarity of the
blend to improve the adhesion properties of the layers and hence the robust-
ness of the final product.

In a preferred embodiment the contact layer consists of one polymer
type. Experiments showed that using one type of polymer resulted in im-
proved resistance of the film and laminate towards the chemical substance to
be packed.

According to an embodiment, in any of the blends or homo layers at
least one of or all the polymer(s) forming the contact layer of the coextrusion
layer is a cyclic olefin copolymer, a polyamide, or, an ethylene vinyl alcohol.
Each of the polymers are commercial available for example under the trade-
names EVAL® C109B sold by Kuraray, Selar PA 3426 R sold by Dupont®,
6013M-07 sold by Topas®.

In one embodiment the cyclic olefin copolymer, a polyamide, or, an
ethylene vinyl alcohol makes up at least 50% w/w of the blend, preferably at
least 60% w/w, more preferably at least 80% w/w, most preferably at least
95% w/w.

The adhering of step iv) preferably occurs instantly for example by
cooling the co-extrudate in cooling cylinders during the lamination process.

According to the invention a chemical resistant film has various ap-
plications. In an embodiment of the invention, the film is used to wrap a
composition comprising a chemical selected from nicotine, fentanyl, lidocine
and rivastigmine.

In a particular embodiment of the invention, wherein the composition
is provided as a patch, the amount of the aggressive chemical substance re-
maining at day 0 after storage for at least 7 days at 40°C is a maximum +/-
10% in comparison to a Barex® patch as index 100.

In a further aspect of the invention an aggressive chemical resistant
film is provided, said film comprising at least a base layer, which is water

154/250



WO 2017/114922 PCT/EP2016/082876

10

15

20

25

30

35

10

and/or oxygen resistant, and a coextrusion layer, wherein the coextrusion
layer comprises a tie layer and a contact layer, and whereby the tie layer
comprises at least one layer and wherein the contact layer comprises a poly-
mer having a RED value of > 0.8, more preferred a RED value in the range of
0.8 to 10, even more preferred 0.8 to 5, and most preferred 1 to 2. Films
according to the invention are resistant to aggressive chemical substances.

the term “aggressive chemical resistant film” means a film which
when in contact with an aggressive substance does not allow more than 10
%, such as 5% w/w or 1.5% w/w based on the nomial content of the aggres-
sive chemical to migrate to the packaging material.

In one embodiment the base layer, which is water and/or oxygen re-
sistant, is selected from the group consisting of metal foil, preferably alumi-
num foil, polymers, polyamide, polyvinylidene chloride, silicium oxide coated
polyesters, and/or fluropolymers.

In a further embodiment the tie layer is constituted of one layer and
wherein the layer is a copolymer made of a material selected from a copoly-
mer of ethylene and acrylic acid, ethylene and methacrylic acid and a terpol-
ymer comprising ethylene, acrylic ester and a third polymer, which third pol-
ymer is preferably a glycidyl methacrylate, and more preferably a maleic an-
hydride.

In a particular embodiment the contact layer comprises or is a poly-
mer selected from the group consisting of a cyclic olefin copolymer, a poly-
amide, or, an ethylene vinyl alcohol.

In yet an embodiment the tie layer and the contact layer is the same
material.

In a further embodiment the film is heat sealable. A heat sealable
film or laminate is a laminate that is capable of sealing to itself during heat
sealing without creating any deformation of films or laminates, which is high-
ly undesired, especially, during the final wrapping of the product. The defor-
mation is undesirable in relation to quality assurance, where any deformation
must be noted and explained, which is highly labor intensive. Furthermore,
the legislation in many countries is very strict. Hence, film and/or laminates
with any deformation are not allowable for packing active ingredients.

In yet another aspect the invention relates to a laminate for packing
an aggressive chemical substance said laminate comprising at least
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- a first outer layer made of a mechanically wear resistant material;

- an aggressive chemical resistant film as described above compris-
ing a base layer, which is water and/or oxygen resistant and a coextrusion
layer said coextrusion layer comprising a tie layer wherein the base layer side
of the film is facing the first outer layer.

In one embodiment the first outer layer may be made from a mate-
rial selected from but not limited to paper, polyethylene or polyamide based
sheets, ortho-phthalaldehyde based sheets, or polyester based sheets, or
combinations. It is preferred that the first outer layer is a combination of ma-
terials when polyester based sheets are used.

In an embodiment the first outer layer and the film are laminated to
provide the packaging in one piece. Laminating the first outer layer to the
film provides a strong laminate, which is easy to wrap, and, it is ensured that
the individual parts of the laminate do not fall apart.

In another embodiment the laminate further comprises a second
outer layer facing the exterior side of the first outer layer, preferably the sec-
ond outer layer is a paper layer. The paper layer is typically printed with the
name, color and/or logo of the product and manufacturer of the product. It is
also contemplated that the first outer layer is printed.

It is also contemplated that an adhesive agent may be applied be-
tween the second and first outer layers. The adhesive layer may be the same
or different from the tie layer. Additional suitable adhesives are adhesives
approved for use in packaging products for human use and are well known to
the skilled person. A suitable adhesive may be selected from but is not lim-
ited to polyurethane based adhesives, epoxy based adhesives, or acrylic
based adhesives.

The laminate of the present invention must be inert and impermea-
ble to the aggressive chemical substance which the laminate is wrapped
around. Hence, in an embodiment of the invention a maximum of 10%, pref-
erably a maximum of 5%, even more preferably a maximum of 1.5%, most
preferably a maximum 0.5% of the aggressive chemical is migrated into the
laminate at day 0 after 12 weeks of storage at 40 °C.

In a further embodiment the laminate encloses a compound selected
from the group consisting of nicotine, rivastigmine, fentanyl and lidocaine.

These compounds are known as aggressive chemicals/compounds and re-
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quire specialized packaging.

Hence, the invention also contemplates an aggressive chemical sub-
stance packed in a laminate or packaging as explained above and a method
for providing the packaging the chemical substance, said method comprising
the steps of:

a) providing a base layer

b) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

C) coating the coextrusion layer to the base layer;

d) allowing the coextrusion layer coated to the base layer to adhere
to the base layer to provide a chemical resistant film comprising the tie layer
and the contact layer formed as an coextrusion layer coated to the base lay-
er;

e) providing a highly aggressive substance to the contact layer side
of the film; and

f) sealing the chemical resistant film, preferably by heat sealing, in
such a way to provide a hollow interior space for sealing the highly aggres-
sive substance, said hollow space having an interior side and an exterior side,
wherein the interior side of the film is the contact layer of the coextrusion
layer and the exterior side of the film is the base layer.

In a preferred embodiment the highly aggressive substance is se-
lected from the group consisting of nicotine, lidocaine, rivastigmine, and fen-
tanyl.

It is also contemplated that a first outer layer may be applied to the
film; the first outer layer is made of a mechanically wear resistant material
and typically serves to protect from children being able to break the sealed
film, laminate or wrapping.

A packaging should preferably comply with International standards
such as 16 CFR §1700.20 (for USA) and ISO 8317 (2003) corresponding to
DIN EN ISO 8317 (2004) (for Europe).

A “packaging” is in the context of the invention intended to mean a
film or laminate used to pack a substance. Packaging may be used inter-
changeably for film or laminate

It is also contemplated that a second outer layer may be applied to
the film and/or laminate; the second outer layer is typically a paper layer.
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The paper layer is typically printed with the logo or colors etc. of the supplier
of the product. The second outer layer is preferably applied when there is a
first outer layer.

It is contemplated that the first and/or second outer layer is laminat-
ed to the film before steps e) and f) for example in one combined coextrusion
and laminating step.

In yet another aspect, the invention provides the use of a polymer
having a RED value of > 0.8, preferably having a RED value in the range of
0.8 to 10, more preferred 0.8 to 5, and most preferred 1 to 2 as a contact
layer for providing chemical resistance to a film, wherein the film comprises a
base layer which is water and/or oxygen resistant coated to a, optionally co-
extruded, layer comprising a tie layer and the contact layer.

In a further embodiment the polymer is selected from the group con-
sisting of a cyclic olefin copolymer, a polyamide, or, an ethylene vinyl alcohol.

Specific films according to the invention comprise but are not limited
to base layer/tie-layer/contact-layer (the latter two coextruded) EAA/PE/COC,
EAA/EMA/COC, EAA/terpolymer/COC, terpolymer/PE/COC,
EAA/terpolymer/EVOH, EAA/terpolymer/PA, or EAA/PA.

Specific films according to the invention that are resistant to nicotine
comprise but are not limited to base layer/tie-layer/contact layer (the latter
two coextruded) AI/EAA/PA, Al/terpolymer of EAE and maleic anhy-
dride/EVOH 60% and PE 40%, Al/terpolymer of EAE and maleic anhy-
dride/EVOH 100%, AlI/EVOH/EVOH, AL/EAE and maleic anhydride/COC.

In an embodiment of the invention, wherein the film is resistant to
nicotine and the contact layer is COC and the base layer is aluminium, the
tie-layer is preferably a terpolymer of ethylene, acrylic ester and maleic an-
hydride.

In a further embodiment of the invention, wherein the film is re-
sistant to nicotine and the contact layer is PA and the base layer is alumini-
um, the tie-layer is preferably a copolymer of ethylene and acrylic acid.

In yet another embodiment of the invention, wherein the film is re-
sistant to nicotine and the contact layer is EVOH and the base layer is alu-
minium, the tie-layer is preferably EVOH and/or a terpolymer of ethylene,
acrylic ester and maleic anhydride.

Specific films according to the invention resistant to rivastigmine
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comprise but are not limited to base layer/tie-layer/contact layer (the latter
two coextruded) AI/EAA/PA, Al/terpolymer of EAE and maleic anhy-
dride/EVOH 60% and PE 40%, Al/terpolymer of EAE and maleic anhy-
dride/EVOH 100%, AlI/EVOH/EVOH, AL/EAE and maleic anhydride/COC.

In an embodiment of the invention, wherein the film is resistant to
rivagstigmine and the contact layer is COC and the base layer is aluminium,
the tie-layer is preferably a terpolymer of ethylene, acrylic ester and maleic
anhydride.

In a further embodiment of the invention, wherein the film is re-
sistant to rivagstigmine and the contact layer is PA and the base layer is alu-
minium, the tie-layer is preferably a copolymer of ethylene and acrylic acid.

In yet another embodiment of the invention, wherein the film is re-
sistant to rivagstigmine and the contact layer is EVOH and the base layer is
aluminium, the tie-layer is preferably EVOH and/or a terpolymer of ethylene,
acrylic ester and maleic anhydride.

Specific films according to the invention resistant to lidocaine com-
prise but are not limited to base layer/tie-layer/contact layer (the latter two
coextruded) AI/EAA/PA, Al/terpolymer of EAE and maleic anhydride/EVOH
60% and PE 40%, Al/terpolymer of EAE and maleic anhydride/EVOH 100%,
Al/EVOH/EVOH, AlL/terpolymer of EAE and maleic anhydride/COC.

In an embodiment of the invention, wherein the film is resistant to
lidocaine and the contact layer is COC and the base layer is aluminium, the
tie-layer is preferably a terpolymer of ethylene, acrylic ester and maleic an-
hydride

In a further embodiment of the invention, wherein the film is re-
sistant to lidocaine and the contact layer is PA and the base layer is alumini-
um, the tie-layer is preferably a copolymer of ethylene and acrylic acid.

In yet another embodiment of the invention, wherein the film is re-
sistant to lidocaine and the contact layer is EVOH and the base layer is alu-
minium, the tie-layer is preferably EVOH and/or a terpolymer of ethyleneg,
acrylic ester and maleic anhydride.

Specific films according to the invention resistant to fentanyl com-
prise but are not limited to base layer/tie-layer/contact layer (the latter two
coextruded) AI/EAA/PA, Al/terpolymer of EAE and maleic anhydride/EVOH
60% and PE 40%, Al/terpolymer of EAE and maleic anhydride/EVOH 100%,
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Al/EVOH/EVOH, AlL/terpolymer of EAE and maleic anhydride/COC.

In an embodiment of the invention, wherein the film is resistant to
fentanyl and the contact layer is COC and the base layer is aluminium, the
tie-layer is preferably a terpolymer of ethylene, acrylic ester and maleic an-
hydride

In a further embodiment of the invention, wherein the film is re-
sistant to fentanyl and the contact layer is PA and the base layer is alumini-
um, the tie-layer is preferably a copolymer of ethylene and acrylic acid.

In yet another embodiment of the invention, wherein the film is re-
sistant to fentanyl and the contact layer is EVOH and the base layer is alu-
minium, the tie-layer is preferably EVOH and/or a terpolymer of ethyleneg,
acrylic ester and maleic anhydride.

The invention should not be restricted to the above combinations.
Further combinations are within the scope of the invention.

In another aspect of the invention is provided a method for providing
an aggressive chemical resistant film said film being resistant to nicotine, ri-
vastigmine and/or and lidocaine, and wherein said method comprises the
steps of:

i) providing a base layer, which is water and/or oxygen resistant;

ii) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

iii) coating the coextrusion layer to the base layer;

iv) allowing the coextrusion layer coated to the base layer to adhere
to provide the aggressive chemical resistant film comprising the tie layer and
the contact layer formed as a coextrusion layer coated to the base layer,
wherein the tie layer comprises at least one layer and wherein the contact
layer comprises a polymer having a RED value based on Hansens Solubility
parameter (HSP) towards nicotine, rivastigmine and/or lidocaine of > 0.8,
more preferred a RED value in the range of 0.8 to 10, even more preferred
0.8 to 5, and most preferred 1 to 2.

It has surprisingly been shown that films provided from polymers
having a red value between 0.8 and 10 relative to rivastigmine, lidocaine
and/or nicotine and coextruded as stipulated above have superior resistance
to said chemical substances.

In a further aspect of the invention is provided a method for provid-
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ing an aggressive chemical resistant film against nicotine, rivastigmine and/or
and lidocaine, said method comprising the steps of:

i) providing a base layer, which is water and/or oxygen resistant;

ii) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

iii) coating the coextrusion layer to the base layer;

iv) allowing the coextrusion layer coated to the base layer to adhere
to provide the aggressive chemical resistant film comprising the tie layer and
the contact layer formed as a coextrusion layer coated to the base layer,
wherein the tie layer comprises at least one layer and wherein the contact
layer comprises a polymer from the group consisting of a cyclic olefin copol-
ymer, a polyamide, or, an ethylene vinyl alcohol.

It has surprisingly been shown that polymers of cyclic olefin copoly-
mer, polyamide and ethylene vinyl alcohol, when coextruded, provide a re-
sistant film, which performs at least as well as films known in the prior art for
packaging compunds such as nicotine, lidocaine and rivastigmine.

Conveniently, the polymers used in the present invention have the
advantage of being easy accessible thereby providing a more cost efficient
production.

Figures

Figures 1 is a cross section of an embodiment of a chemical resistant
film according to the invention

Figure 2 is a cross section of another embodiment of a chemical re-
sistant film according to the invention.

Figure 3 is a cross section of a laminate according to the invention.

Figure 4 shows the results of an absorption study of rivastigmine as
API wrapped in laminates according to the invention as compared to a com-
mercial available laminate with the commercial available polymer film Barex®
after storing for 2, 4, 8 and 12 weeks at 40°C.

Figure 5 shows the amount of licodaine remaining in a patch after 7
days at 40°C for embodiments of the laminate according to the invention and

in comparison, with a commercial available Barex® laminate.

Detailed description
The invention will now be described in greater details. Each specific
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embodiment and variation of features applies equally to each aspect of the
invention unless specifically stated otherwise.

The film, laminate and packaging according to the present invention
is intended to be used in packaging highly aggressive substances such as nic-
otine, rivastigmine, fentanyl or lidocaine, however, the invention should not
be limited to these specific substances.

The term “film” according to the invention contemplates a product
comprising a base layer coated with a coextrusion layer comprising a tie layer
and a contact layer or a base layer laminated with a tie layer and a contact
layer.

Where the contact layer is laminated, for example using an EVOH
film, the contact layer and tie layer may be either coextruded, or, the contact
film layer may be laminated to the base layer optionally with an intermediate
tie layer or the tie and contact layers may be the same material.

The term “laminate” according to the invention contemplates the film
to which a further layer is laminated, such as a first outer layer.

A “packaging” is in the context of the invention intended to mean a
film or laminate used to pack a substance. Packaging may be used inter-
changeably for film or laminate.

The term “highly aggressive substance” should be understood as a
substance which is both very reactive with metals, acids, bases or functional
groups such as ketones, alcohols, hydro carbons and/or esters, and/or, vola-
tile but also easily migrates through barriers. Similarly, the term “aggressive
chemical resistant film” means a film which when in contact with an aggres-
sive substance does not allow more than 1.5 % w/w of nominal content to
migrate to the packaging material or that 90-110% w/w of the aggressive
chemical substance remains in the product when compared to Barex® as in-
dex 100.

Therefore, the films, laminates or packagings applicable for packing
highly aggressive substances should have both chemical-resistant properties
but also limit the migration of the aggressive substance through the film,
laminate or packaging. The aggressive substance according to the invention
is also or alternatively susceptible to degradation when exposed to ambient
conditions, such as oxygen and water, it is volatile and able to migrate or a
combination. Specifically, the aggressive substance is selected from but not
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limited to nicotineg, oils, such as spearmint and peppermint cil, licodaine, fen-
tanyl or rivastigmine.

The term “oxygen and water resistant” as used in the context of the
present invention contemplates material for which the oxygen transfer rate
(OTR) and/or water vapor transfer rate (WVTR) is no more than 1 preferably
no more than 0.1 as also indicated above. The term WVTR may also be re-
ferred to as the moisture vapor transfer rate (MVTR). WVTR and MVTR are
equivalent.

The term “mechanically wear resistant layer” as used for the first
outer layer in the context of the present invention should be a material which
is suitable for the manufacture of a flexible packaging. The mechanically wear
resistant layer may be chosen from materials such as polyethylene or poly-
amide based sheets, ortho-phthalaldehyde based sheets, or polyester based
sheets or combinations.

Further, the mechanically wear resistant material can be provided as
a film that is biaxially oriented to give the film higher seal strength. The term
“biaxial oriented” should be understood such that the provided polymer film
has been stretched in both a longitudinal and a transverse direction during
manufacturing.

The term “exterior side” should be understood in its broadest term.
The term exterior environment is used for defining the direction opposite of
the side that is facing the highly aggressive substance to be sealed by a lam-
inate or packaging of the present invention. This means that the term exteri-
or environment is independent on whether additional layers are coated, lami-
nated or otherwise attached to the film. Thus, the word is used for specifying
which direction a side of a layer is facing.

The various embodiments of the invention will now be illustrated with
references to the figures and examples.

With reference to figure 1 a film of the invention will now be de-
scribed in greater detail. The extreme chemical resistant film, 1, is obtained
by providing a base layer, 2. A coextrusion layer, 5, comprising a tie layer, 3,
and a contact layer, 4, is coated to one side of the base layer, 2, according to
the method of the invention and is allowed to adhere. The base layer, 2, and
the coextrusion layer, 5, define the film according to all the aspects of the
invention. Consequently, the film is provided with a base layer side, 2, and a
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coextrusion layer side 5, wherein the base layer side, 2, is intended for facing
the exterior environment and the coextrusion layer side, 5, is intended for
facing the highly aggressive substance to be sealed.

The coextrusion layer may be coated to the aluminium layer by a co-
extrusion system generally known in the art to provide the coextrusion layer
coated on the first side of the aluminum layer. The coextrusion layer may be
applied in an amount of 7-40 g/m3. After coating of the aluminium layer and
subsequently cooling, the coextrusion layer is adhered to the side of the tie
layer facing away from the aggressive chemical substance.

The coextrusion is preferably performed at a temperature of 240-
330°C, more preferred 270 - 300°C and the speed of the application/coating
is in the range of 150 to 600 m/min. The equipment suitable for extruding
and laminating films and laminates according to the invention may be ob-
tained from Bobst.

When using coextrusion, it is possible to obtain a multi layer which is
thinner than multilayer layers provided by sequential film application tech-
niques without compromising the extreme chemical resistance properties of
the first laminate. Hence, the present invention does not only provide an ex-
treme chemical resistance laminate, and packaging comprising the same but
at the same time the manufacturing process is more cost effective since less
polymer, forming the contact layer, has to be used.

Another embodiment of a film in which the tie layer comprises two
layers is illustrated in figure 2. The extreme chemical resistant film, 1, is ob-
tained by providing a base layer, 2. The coextrusion layer, 5, comprises a tie
layer, 3, comprising a first layer, 3a, and a second layer, 3b, and a contact
layer 4. The coextrusion layer is coated onto one side of the base layer, 2,
according to the method of the invention and is allowed to dry.

In the embodiment illustrated, the tie layer, 3, comprises two layers.
These layers may be made of EAA as the first layer, 3a, and polyethylene
(PE) as the second layer, 3b, where the first layer of EAA faces the base layer
and second layer of the PE faces the contact layer, 4.

The extreme chemical resistant film according to the invention is in-
tended for use as a component of a packaging suitable for sealing a highly
aggressive substance. The film may constitute the packing itself.

To further improve the mechanical wear resistance of the film a first
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outer layer may be laminated to the base layer side of the film or simply be
wrapped around the film to provide a laminate. Hence, in figure 3 is illustrat-
ed a cross section of an embodiment of a laminate according to the invention,
12, comprising a first outer layer, 21, a base layer, 22, and a coextrusion
layer, 25. The first outer layer, 21 and the base layer side, 22, may be lami-
nated together before, during or after the coextrusion layer 25 is ap-
plied/coated to the base layer.

The first outer layer, 21, is a mechanically wear resistant layer which
adds safety properties to the wrapping ensuring that the wrapping is not in-
advertently opened. Hence, the outer layer can also be seen as a child proof
layer meaning that the layer is made of a material and is sealable in such a
way that it is difficult for children to open. Additionally, the outer layer may
be provided with a second outer layer, 20.

The second outer layer, 20, is typically a paper layer, wherein the
paper layer is facing the exterior environment; the exterior facing side of the
second layer may be printed as desired. The second outer layer, such as the
paper layer is added to improve the stiffness of the packaging in addition to
providing a printing platform.

Furthermore, it is within the inventive concept of the present inven-
tion that an adhesive agent is applied between the first outer layer and the
base layer and/or between the first outer layer and the second outer layer.
The obtained packaging may then be assembled in such a way that the vari-
ous layers do not part during handling, printing and/or packaging of the sub-
stance to be packed.

After production, the film, laminate or packaging may be stored as
rolls ready for use in further lamination or packaging of the aggressive sub-
stance to be packed.

In use, the packaging is sealed around the substance to be packed
so that the contact layer of the coextrusion layer faces the interior side and
the substance, and, the base layer, first outer layer or second outer layer, as
applicable, face the exterior side, so as to create a hollow interior for contain-
ing the, substance, such as the aggressive substance.

The sealing of the packaging is achieved in such way that the contact
layer of the coextrusion layer is facing the aggressive substance so that the
remaining part of the package is protected by the contact layer of the coex-
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trusion layer. In this way, the aggressive substance is encompassed by the
inner side of packaging and will therefore only have direct contact with the
contact layer of the coextrusion layer.

In general, the order in which the different layers of the packaging
according to the invention are applied to the base layer is flexible. Hence, the
first outer layer may be applied before the coextrusion layer and the other
way around. The order depends on which production line is suitable in a spe-
cific situation.

In more details the packaging according to the present invention
may in one embodiment be manufactured by obtaining a film comprising a
base layer, such as an aluminum layer and a coextrusion layer comprising a
biopolymer of ethylene and acrylic acid as a tie layer and EVOH as the con-
tact layer coated to the aluminium as described above. The base layer side of
the film may then be provided with an adhesive agent and subsequently lam-
inated to a biaxial orientated PET-film which is the first outer layer, i.e. the
mechanically wear resistant layer. The PET-film is further provided with an
adhesive agent on the exterior side of the mechanically wear resistant layer
and is subsequently laminated to a paper layer for providing the final packag-
ing.

An aggressive substance, such as but not limited to lidocaine, is
placed on the contact layer side of the laminate which is welded around the
substance, such as to form a pouch with an inner side and an outer side. Ac-
cordingly, the interior of the pouch consists of the coextrusion layer, where
the contact layer of EVOH facing the aggressive substance thereby protects
the rest of the provided packaging and the exterior side is the paper layer.

In general, the lamination procedure for laminating the mechanically
wear resistant or paper layer to each other or to the base layer is routine
procedure for the person skilled in the art.

According to all aspects of the invention the base layer may be se-
lected from but not limited to a metal foil, preferably aluminum foil, a poly-
mer, such as a polymer made from polyamide, polyvinylidene chloride, silici-
um or aluminium oxide coated polyesters, and/or fluro polymers, such as
commercial Alu foil from e.g. Hydro, or AlOx coated PET films obtainable from
e.g. Toray Films Europe, or SiOx coated PET films obtainable from e.g.
Celplast under the tradename Ceramis.
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According to all aspects of the invention the tie layer may be made
of a material selected from but not limited to a copolymer made of a material
selected from a copolymer of ethylene and acrylic acid, ethylene and meth-
acrylic acid and a terpolymer comprising ethylene, acrylic ester and a third
polymer, which third polymer is preferably a glycidyl methacrylate, and more
preferably a maleic anhydride, such as the commercial product Lotader®
3410 sold by Arkema or Nucrel® 0609HSA sold by Dupont®

According to all aspects of the invention the contact layer may be
made of a material selected from cyclic olefin copolymer, a polyamide, or, an
ethylene vinyl alcohol or mixtures thereof, such as the commercial products
EVAL® C109B sold by Kuraray, Selar PA 3426 R sold by Dupont® or COC
6013M-07, COC 8007F-600, or 9506F500 sold by Topas® or EVOH obtainable
from Nippon Gohsei under the tradename Soarnel.

According to all aspects of the invention the first outer layer may be
made of a material selected from paper, polyethylene or polyamide based
sheets, ortho-phthalaldehyde based sheets, or polyester based sheets, or
combinations, such as the commercial product F-PAP sold by Flexpet.

The invention will now be illustrated in more details with reference to

the following non limiting examples.

RED Calculation

Determination of the HSP values and interaction radius for nicotine,

rivastigmine, fentanyl and lidocaine requires that the solubility of the drug is
evaluated against at least 16 solvents having a range of polar and hydrogen
bonding properties. The methodology of determining HSP values, interaction
radius and RED values are described in C.M. Hansen: "Hansen Solubility Pa-
rameters, A User's Handbook", CRC Press, 2007, Second Edition and exempli-
fied in EP 2 895 531.

Typical solvents used to determine the HSP may be but is not limited

to the solvents present in table 2.
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Table 2: Typical solvents used to determine the HSP of a polymer or substance of interest.

Typical solvents used in Determining of HSP of rivagstigmine, lido-

caine, fentanyl and nicotine

Chemical name

Trade Designation or Alternate Name

Acetonitrile

Acetonitrile

Ethylene glycol n-Butyl Ether

Butyl CELLOSOLVE™ Glycol Ether

Dibutyl Ether

Dibutyl Ether

Dimethyl Formamide

Dimethyl Formamide

Dimethyl Sulfoxide

Dimethyl Sulfoxide

Methanol

Methyl alcohol

2-Butanone

Methyl Ethyl Ketone

4-Methyl-2-pentanone

Methyl Isobutyl Ketone

n-Butyl Acetate

n-Butyl Acetate

n-Heptane

n-Heptane

1-Propanol

n-Propyl Alcohol

o-Dichlorobenzene

1,2-Dichlorobenzene

Tetrahydrofuran

Tetrahydrofuran

Toluene

Methylbenzene

Propylene Carbonate

Propylene Carbonate

Water

Water

For assessing the solubility of Rivastigmine, Lidocaine, fentanyl and
nicotine in the solvents an experimental measurement is performed. The sol-
ubility is assesed based on the visual observation of 0.5 g of the chemical
substance in a vial with 5 cm?3 solvent at room temperature. The vial is
capped with a polyethylene-lined lid and labeled with the solvent loaded. The
vials are placed in a vial shaker at low speed at room temperature. After 24
hours, the samples are removed from the vial shaker, and allowed to sit for
30 min before they are visually rated. The rating is performed by giving each
solvent a score being 0 for insoluble and 1 for soluble. The numerical ratings
are then entered into the HSPiP software program to obtain the HSP (Hansen
solubility parameters). R (radius) values for the compound of relevance, e.g.

nicotine, rivastigmine, fentanyl and/or lidocaine is inserted, and a report is
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generated. The report lists the final parameters and R values calculated for
nicotine, rivastigmine, fentanyl and/or lidocaine. The report also lists the sol-
vents used in the evaluation, their HSP values (taken from a database), the
rating of the visual observations, and their RED values with a specific polymer

of interest.

Example 1- performance of a laminate according to the invention

compared to a commercially used laminate

A study was conducted to evaluate the performance of four lami-
nates according to the present invention as compared to a commercially
available laminate product comprising Barex® as the contact layer.

The wrappings according to the invention were compared to the per-
formance of a Barex® laminate currently used in the field.

The test is a resistance test, wherein the migration of rivastigmine to

the laminates is evaluated.
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Table 3: The composition of the 6 wrappings was a follows, laminates 1 to 5 are laminates

according to the invention

Adhesive/Polymer layer

Coextrusion layer

Base layer

First
outer

layer

Second
Outer

layer

Commercially used
Barex® laminate

(prior art)

Adhesive/

Barex® film

Al

PET

Paper

Laminate 1

Tie layer: Bipolymer of eth-
ylene and acrylic acid (Nucrel
0609 HAS)

Contact layer: PA (Selar PA
3426R)

Al

PET

Laminate 2

Tie layer:

Terpolymer of ethylene, acrylic
ester and maleic anhydride
(Lotader 3410)

Contact layer: EVOH 60%
(EVAL C109B) and PE 40%

Al

PET

Laminate 3

Tie and contact layer: EVOH
film (EVAL C109B)

Al

PET

Laminate 4

Tie layer:

Terpolymer of ethylene, acrylic
ester and maleic anhydride
(Lotader 3410)

Contact layer: EVOH 100%
(EVAL C109B)

Al

PE

PET

Laminate 5

Tie layer:

Terpolymer of ethylene, acrylic
ester and maleic anhydride
(Lotader 3410)

Contact layer:
cocC

Al

PE

PET

*Between the paper/PET, PET/AI, and AI/EVOH film layers an adhesive was applied.
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Laminates 1 to 5 were obtained according to the method of the in-
vention. For laminates 1, 2, 4 and 5 a coextrusion layer was coated to the
base layer and in laminate 3 the combined tie and contact layer was laminat-
ed to the base layer. For the co-extrusion layers, the loading of the tie layers
was between 4-18 g/m? and the loading of the contact layer was 8-12 g/m?.

The resulting laminates were wrapped around a patch containing ri-
vastigmine as API and the migration of the API to the packaging materi-
al/wrapping was measured after 2, 4, 8 and 12 weeks at 40 °C. The API in
the wrapping was measured by extracting the packaging and analysing the
amount of API therein using Mass spectrometry.

The Rivastigmine patches tested were commercially available patch-
es originally containing 9.5 mg API/patch.

The results are shown in figure 4 illustrating the resulting migration
of rivastigmine (weight API extracted from the laminate) to the laminate in
percentage of the content of the original patches of 9.5 mg.

The columns are denoted 1, 2, 3 and 4 respectively to the order they
are shown from left to right in figure 4. Hence column 1 (furthest to the left)
for each contact layer polymer used shows the results for the 6 laminates
after two weeks. Column 2 shows the results for the 6 laminates after four
weeks. Column 3 shows the results for the 6 laminates after 8 weeks, and
column 4 shows the results for the 6 laminates after 12 weeks.

The Barex® laminate is a reference known for applicability in the art
and comparison were made for evaluating the properties of the laminates
according to present invention.

From the figure it is clear that the results for laminates according to
the invention obtained by coextrusion of either of EVOH, PA, or COC as well
as laminating EVOH provides for an improved chemical resistant laminate
compared to the commercially used Barex® laminate, meaning that less mi-
gration occurs.

Also, a contact layer, illustrated as laminate 2, of a blend of EVOH
and PE was prepared and tested. Though the properties of this blend with
rivastigmine as API resulted in a higher migration of the API than Barex®,
the rate is still below the limit demanded in the industry and hence, it illus-
trates that blends as provided in laminate 2 are usable alternatives to
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Barex® as well. Surprisingly though the tie/contact layer made of 100%
EVOH was markedly superior to the blend.

Also, a contact layer, illustrated as laminate 3, a film of EVOH lami-
nated to aluminum was prepared and tested. Surprisingly, it was shown that
the use of EVOH in the form of a film laminated to aluminum provided a

chemical resistant laminate.

Example 2 - stability test of a chemical substance wrapped in lami-

nates according to the invention and wrapped in _a prior_art product using
Barex®

Similar to the test described in example 1, laminates according to
the invention were prepared as outlined in table 4 below. A lidocaine patch
containing 40 mg lidocaine was wrapped in the pouch, packaged and stored
at 40°cC for seven days.

Table 4: Packagings for lidocaine stability test.

Barex COC coex same as Coex EVOH same as
Commercially | laminate 5 of example | laminate 4 of exam-
used Barex® |1 ple 1

laminate
(prior art)

Stability of the API is important to ensure that the dose indicated on
the packaging is correct. A value of 90% - 110% of the original dose after
one week when stored at 40°C using Barex® as index 100 is considered ac-
ceptable. Figure 5 illustrates the results of the test where the y-axis indicates
the weight decrease of the two laminates according to the invention using
Barex as index 100.

As can be seen from figure 5, both inventive laminates have a lower
value than the index 100 Barex® comparative product, however with a value
within the acceptable limits. The lower %value of the laminates according to

the invention indicates that more lidocaine has disappeared from the patch.
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The present invention relates to a method for providing an extreme
chemical resistant film whereby a tie layer and a contact layer are coextruded
with a base layer, such as a metal foil, as well as films and laminates ob-
tained by the method and uses of the films and laminates to wrap aggressive

chemical substances such as lidocaine and rivastigmine.

Background of the invention

In the pharmaceutical industry substances, including highly aggres-
sive substances such as Rivastigmine and Lidocaine, are packed as tablets in
inhalers, patches etc. resulting in special requirements for the packing, lami-
nate, or film for sealing these substances in order to ensure that no adverse
degradation takes place.

One common example is the problem relating to the packaging of
nicotine, in particular as nicotine patches, because nicotine is highly aggres-
sive towards its environment and highly volatile. These properties are prob-
lematic for the consumer safety and product durability if not addressed, be-
cause it is important that the amount of nicotine in, for example a tablet,
gum or a patch is stable and complies with the product specification. Further,
it is important to avoid adverse reactions between the packaging and the
pharmaceutical substance. Additionally, from a business perspective a long
stable shelf time is highly desirable. Thus, the chemical requirements of a
packaging, film or laminate are typically:

- Resistance towards highly aggressive substances such as nicotine.

- Inert properties for ensuring that chemical compounds do not migrate
from the exterior environment of for example a laminate, through the
laminate getting into contact with a sealed substance;

- Possibly ensuring that the packaging is child proof to increase safety of
potentially hazardous compounds.

A known polymer that fulfils the requirements of extreme chemical
resistance and inert properties is a polyactyllonitrile (PAN) based film, which
is sold for example as resins under the trademark Barex®, which is manufac-
tured /.a. by the company Ineos. Barex® is widely used and approved for
drugs and food applications and is used because it is a good barrier towards
oxygen, nitrogen and carbon dioxide compared to other common polymers,
and because it has excellent chemical resistance towards different functional
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groups such as hydrocarbons, ketones, esters, alcohols, bases and acids
and/or pharmaceuticals such as nicotine. Furthermore, extruded Barex®
resin is heat stable and therefore weldable at a temperature around 160 -
220°C, which makes it possible to use in flexible packagings. However,
Barex® is sold at a high prize due to the difficulties in the production and
subsequent extrusion to film resulting in a high loss of material. Furthermore,
the water and oxygen resistance of Barex® is not satisfactory for all pur-
poses.

Another solution can be found in WO 00/44559 disclosing a material
for packaging nicotine containing products (e.g. patches, tablets, lozenges,
nasal spray), wherein the material comprises a polymer based on dimethyl-
2,6-naphthalene dicarboxynate and/or 2,6-naphthalene dicarboxylic acid
monomers. Further, it is disclosed that a polymeric film is combined with
other barrier materials in a laminate to further improve the barrier character-
istic of the laminate. The preferred material for a laminate is aluminium due
to its good oxygen and water barrier properties.

In addition to the barrier properties, in particular for pharmaceuti-
cals, it is important that the concentration of the substances is stable and
reliable, which also poses requirements of the packaging and laminates in
terms of inertness and permeability.

Hence, given the increased market and demands for packagings,
there is an instant need for finding solutions for packaging, of in particular
highly aggressive substances and pharmaceuticals, which fulfil all the re-

quirements while still being economical.

Summary of the invention

With this background it is an object of the present invention to pro-
vide solutions that meet one or more of the needs described above, that is,
i.a. provide impermeability and inertness to a packaging. Furthermore, it is
an object to provide a laminate that is weldable at temperatures suitable for
the manufacture of flexible wrappings, such as for use in preparing packag-
ings for patches. It is a further object to provide methods and products that
are cost efficient without compromising the quality of the products.

Accordingly, in a first aspect this is solved by a method for providing
an aggressive chemical resistant film, said method comprising the steps of:
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i) providing a base layer, which is water and/or oxygen resistant;

ii) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

iii) coating the coextrusion layer to the base layer;

iv) allowing the coextrusion layer coated to the base layer to adhere
to the base layer to provide the aggressive chemical resistant film comprising
the tie layer and the contact layer formed as a coextrusion layer coated to
the base layer, wherein the tie layer comprises at least one layer and wherein
the contact layer comprises a polymer having a RED value based on Hansens
Solubility parameter (HSP) towards an aggressive chemical of > 0.8, more
preferred a RED value in the range of 0.8 to 10, even more preferred 0.8 to
5, and most preferred between 1 to 2.

It has surprisingly been found that when coextruding the tie layer
and the contact layer according to the invention, the respective layers can be
thinner while maintaining the overall mechanical and chemical robustness of
the final film and laminates and wrappings made with the film. The co-
extrusion also results in a better adherence of the various layers resulting in
a homogonous film in which the layers do not separate.

While it was previously believed that usable polymers should be hy-
drophobic (in order to repel water from the surroundings), the present inven-
tors have found that by providing the film according to the invention where
the coextrusion layer comprises a tie layer and a contact layer, and where
the contact layer comprises a polymer having a relative energy difference
(RED) value in the range 0.8 to 10 relative to the aggressive substance, it
has surprisingly turned out that the desired effect of the laminate being im-
permeable to aggressive compounds, such as nicotine, rivastigmine and
lidocaine, while still providing a barrier to external factors such as wa-
ter/moist and oxygen, is obtained.

A polymer candidate for use as a contact layer in the present inven-
tion is selected by calculating the RED value, which is a value used to predict
the solubility of one material in another and form a solution. In the present
invention the RED values for various polymer/solvent systems have been cal-
culated, wherein the polymer is the polymer forming the contact layer, and
the solvent is an aggressive chemical substance such as nicotine, rivastig-

mine and lidocaine etc.
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The RED value for the polymer and the aggressive chemical sub-
stance is calculated by using the theory of the Hansen solubility Parameters
(HSP), which is described in C.M. Hansen: "Hansen Solubility Parameters, A
User's Handbook", CRC Press, Boca Raton, 1999.

The HSP system between the polymer and the aggressive chemical
substance is described by parameters set up in a 3 dimensional coordinate
system:

— 0p for dispersion cohesion energy
— Op for dipolar cohesion energy
— Oy for hydrogen bonding cohesion energy

The HSP distance, Ra, between polymer and the aggressive chemical
substance is given by:

Ra?=4(Adp)? + Adp? + Ady?

The A indicates the difference in the given parameter for the aggres-
sive substance and the polymer.

The relation between the HSP distance, Ra and RED is given as:

RED = Ra/Ro

Where Ro is the interaction radius, which determines the radius of
the sphere in Hansen space, and the center are the three Hansen parame-
ters. All values are calculated or determined with empiric data and it is known
to the person skilled in the art how to calculate the values. The obtained RED
value indicates whether or not the polymer is likely to dissolve in the aggres-
sive chemical substance or not:
RED < 1 the polymer and the aggressive chemical substance will dissolve
RED = 1 the polymer and the aggressive chemical substance will partially
dissolve
RED > 1 the polymer and the aggressive chemical substance will not dissolve

The resulting RED value is used to give an indication of the likelihood of dis-
solution or not.

All values can be calculated using the Hansen Solubility Parameter in
Practice by (HSPiP) Software, commercially available at http://hansen-
solubility.com.

Contact layer polymers according to the invention surprisingly turned

184/250



10

15

20

25

30

35

5

out to have a RED value in the range from 0.8 and higher, preferably, 0.8 to
10 and more preferred 0.8 to 5 and most preferred 1 to 2. It is highly unex-
pected that polymers which in theory range from being soluble to insoluble
with an aggressive substance to be packed fulfill the requirements set for
films according to the invention as is supported by the examples provided
here with.

The base layer, which is water and/or oxygen resistant, is selected
from the group consisting of a metal foil, preferably aluminum foil, a polymer,
such as a polymer made from polyamide, polyvinylidene chloride, silicium or
aluminium oxide coated polyesters, and/or fluro polymers. According to the
invention water and/or oxygen resistant is preferably encompassing materials
having an oxygen transfer rate (OTR) equal to or below 1 cm®/m?/24hr/bar
according to ASTM standard D3985 at 23°C and 0% RH and/or water (or
moisture) vapor transfer rate (WVTR) equal to or below 1 g/m2/24hr accord-
ing to ASTM standard F1249 at 38°C and 90%RH, preferably both the WVTR
and the OTR are below 0.01.

According to the invention, the base layer of the film is selected to
provide a number of properties to the film and a laminate and packaging
comprising the film. The base layer may give desired barrier and support
properties to the final laminate. Furthermore, the base layer may in one em-
bodiment be a gas and water impermeable base layer, more preferably a wa-
ter and/or oxygen resistant base layer.

In embodiments where the contact layer is hygroscopic the base lay-
er is preferably made of a metal foil, preferably aluminum.

Aluminum is price competitive, a superior barrier of all gases and
moisture and furthermore similar to other metal-like materials aluminium has
good dead-fold properties, i.e. it does not unfold once folded, it reflects radi-
ant heat, and gives a decorative appeal to laminates and packages.

According to the invention the tie layer is selected to provide suffi-
cient adhesion between the base layer and the coextrusion layer. The tie lay-
er may give melt strength and support the coextrusion coating of both the tie
layer and the contact layer. It is preferred that the melting profile of the tie
layer polymers and the contact layer polymers are in the same range to pro-
vide optimal films that do not separate. Preferably both layers comprise pol-
ymers that melt at the operating temperature of the process of the invention
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and even more preferred the melting profiles (i.e. melting points) should dif-
fer with less than 30°C, preferably with 0-15°C, such as 5-15°C.

In one embodiment the tie layer is made of 1, 2, 3, 4 or 5 layers. In
this way, the properties of the film and resulting laminates and packagings
may be improved to accommodate the specific chemical and physical proper-
ties of the contact layer and/or the base layer.

In a further embodiment all the layers are coextruded with the con-
tact layer for a simplified processing and for ensuring homogeneity of the
layers.

In a further embodiment the tie layer is constituted of one layer
where the layer is made of a copolymer made of a material selected from a
copolymer of ethylene and acrylic acid, ethylene and methacrylic acid and a
terpolymer comprising ethylene, acrylic ester and a third polymer, which third
polymer is preferably a glycidyl methacrylate, and more preferably a maleic
anhydride. Most preferably the tie layer has a melting profile similar to that of
the contact layer.

According to the invention the contact layer must be chemically re-
sistant to the aggressive substance and excipient if present ultimately to be
packed. Further it must show an extreme low absorption of the aggressive
substances migrating through the film or laminate. The degree of absorption
for a given substances is typically dictated by the manufacturer of the sub-
stance but often the accepted values lie in the range of 0 to 1 % (w/w). For
some products up to 10 % (W/W) is acceptable typically for products with a
low initial API content. The absorption is calculated as the weight of API in
packaging relative to the initial weight of the API in the commercial product.

Hence, in the context of the present invention aggressive chemical
resistant film means that no more than 1% (or sometimes no more than
10%) is transferred to the packaging material after 24 weeks. Typically, the
uptake is complete after 12 weeks or less.

In one preferred embodiment the contact layer comprises a polymer
selected from the group consisting of a cyclic olefin copolymer (COC), a poly-
amide (PA), or, an ethylene vinyl alcohol (EVOH). The HSP and RED Values
calculated using http://hansen-solubility.com, mentioned above resulted in
the following values for the preferred polymers according to the invention
using lidocaine/rivastigmine as solvent (API):
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Table 1: HSP and RED values for preferred polymers according to the invention

Polymer D P H RED value
(chi)

Lidocaine/ _

Rivastigmine 18.1 8.9 6.1

PA 66 16 11 24 1.72

CcocC 18 3 5 1.32

EVOH 20.5 10.5 12.3 1.12

It has surprisingly been shown that when the contact layer compris-
es any of the polymers from the group above, having a relatively low RED
(i.e. close to 1) value a chemical resistant film and also laminate may be ob-
tained even though the mentioned polymers represent different polymer
types. Tests have shown that the resistance of laminates in which the film is
coated with the preferred polymers shows results unexpectedly superior to
those of laminates coated/laminated with Barex®.

EVOH is normally used in laminates due to the superior oxygen bar-
rier properties of EVOH. However, EVOH is known to be very hydrophilic and
hydroscopic (i.e. has a high WVTR), hence it is surprising that a EVOH poly-
mer is usable in the context of the present invention where water resistance
is a desired property. Also, PA has typically been used in laminates due to the
superior mechanical properties like tear strength or as a barrier. As for EVOH
it is a surprise that PA may be used as a contact layer for providing a chemi-
cal resistant film due to the hydrophilic nature of PA.

Because of the hydrophilic nature of PA and EVOH, in a preferred
embodiment, the film obtained according to the invention may be tightly
packed in a moisture barrier in particular if it has to be stored. The film or
laminate according to the invention may packed immediately after manufac-
ture of the chemical resistant film or laminate and should be kept safely
packed until further use, for example in a packing line.

COC has not previously been recognized as being suitable for extru-
sion coating and for the production of heat sealable laminates. Without the
wish to be bound by any theory this is believed to be due to the stress which
the polymer is subjected to during an extrusion process. The stress causes
irregular heating and melting within the COC, resulting in the final film or
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laminate to be unacceptable from a visual point of view for use in various
packaging industries. Hence, it is very surprising that the inventors of the
present invention have succeeded in providing a coextrusion layer comprising
COC as a contact layer for sealing aggressive substances.

To obtain a satisfactory coextrusion layer it is important that the pol-
ymer for providing a contact layer and a copolymer for providing a tie layer is
compatible with respect to the melting characteristic of the polymers and the
copolymer. As an effect of having been able to process a chemical resistant
laminate with a coextrusion layer laminated to a base layer, thin laminates
may be obtained, and generally improved process ability during the manufac-
ture of the laminates or wrappings are achieved.

Consequently, in one embodiment the tie layer or plurality of layers
constituting the tie layer, has a thickness in the range of 7 to 20 g/m2 and/or
the contact layer has a thickness in the range of 4 to 20 g/m2 and the thick-
ness of the laminate is not more than 40 g/m2.

In a particular embodiment the contact layer of the coextrusion layer
is made from a blend of at least two polymers. Using blends can be a means
for reducing the costs and for adapting the physical and chemical properties
of the co-extrusion process, such as reducing or increasing the melting tem-
perature to comply with the profile of the tie layer(s) and the polarity of the
blend to improve the adhesion properties of the layers and hence the robust-
ness of the final product. In a preferred embodiment the contact layer con-
sists of one polymer type. Experiments showed that using one type of poly-
mer resulted in improved resistance of the film and laminate towards the
chemical substance to be packed.

In any of the blends or homo layers at least one of or the polymer(s)
forming the contact layer of the coextrusion layer is a cyclic olefin copolymer,
a polyamide, or, an ethylene vinyl alcohol. Each of the polymers are commer-
cial available for example under the tradenames EVAL® C109B sold by Ku-
raray, Selar PA 3426 R sold by Dupont®, 6013M-07 sold by Topas®.

In one embodiment the cyclic olefin copolymer, a polyamide, or, an
ethylene vinyl alcohol makes up at least 50% of the blend, preferably at least
60%, more preferably at least 80%, most preferably at least 95.

The adhering of step iv) occurs instantly by cooling the co-extrudate

in cooling cylinders during the lamination process.
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In a further aspect of the invention an aggressive chemical resistant
film comprising at least a base layer, which is water and/or oxygen resistant,
and a coextrusion layer, wherein the coextrusion layer comprises a tie layer
and a contact layer, and whereby the tie layer comprises at least one layer
and wherein the contact layer comprises a polymer having a RED value of >
0.8, more preferred a RED value in the range of 0.8 to 10, even more pre-
ferred 0.8 to 5, and most preferred 1 to 2. Films according to the invention
are resistant to aggressive chemical substances.

In one embodiment the base layer, which is water and/or oxygen re-
sistant, is selected from the group consisting of metal foil, preferably alumi-
num foil, polymers, polyamide, polyvinylidene chloride, silicium oxide coated
polyesters, and/or fluropolymers.

In a further embodiment the tie layer is constituted of one layer and
wherein the layer is a copolymer made of a material selected from a copoly-
mer of ethylene and acrylic acid, ethylene and methacrylic acid and a
terpolymer comprising ethylene, acrylic ester and a third polymer, which third
polymer is preferably a glycidyl methacrylate, and more preferably a maleic
anhydride.

In a particular embodiment the contact layer comprises or is a poly-
mer selected from the group consisting of a cyclic olefin copolymer, a poly-
amide, or, an ethylene vinyl alcohol.

In a further embodiment the film is heat sealable. A heat sealable
film or laminate is a laminate that is capable of sealing to itself during heat
sealing. Deformation of films or laminates is highly undesired especially dur-
ing the final wrapping of the product.

In yet another aspect the invention relates to a laminate for packing
an aggressive chemical substance said laminate comprising at least

- a first outer layer made of a mechanically wear resistant material;

- an aggressive chemical resistant film as described above compris-
ing a base layer, which is water and/or oxygen resistant and a coextrusion
layer said coextrusion layer comprising a tie layer wherein the base layer side
of the film is facing the first outer layer;

In one embodiment the first outer layer may be made from a mate-
rial selected from but not limited to paper, polyethylene or polyamide based
sheets, ortho-phthalaldehyde based sheets, or polyester based sheets, or
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combinations. It is preferred that the first outer layer is a combination when
polyester based sheets are used.

In an embodiment the first outer layer and the laminate are laminat-
ed to provide the packaging in one piece. Laminating the outer layer to the
first laminate provides a strong laminated, which is easy to wrap, and, it is
ensured that the individual parts of the laminate do not fall apart.

In another embodiment the laminate further comprises a second
outer layer facing the exterior side of the first outer layer, preferably the se-
cond outer layer is a paper layer. The paper layer is typically printed with the
name, color and/or logo of the product and manufacturer of the product. It is
also contemplated that the first outer layer is printed.

It is also contemplated that an adhesive agent is applied between
the second and first outer layers. The adhesive layer may be the same or dif-
ferent from the tie layer. Additional suitable adhesives are adhesives ap-
proved for use in packaging products for human use and are well known to
the skilled person. A suitable adhesive may be selected from but is not lim-
ited to polyurethane based adhesives, epoxy based adhesives, or acrylic
based adhesives.

In one embodiment the laminate encloses a compound selected from
the group consisting of nicotine, rivastigmine, fentanyl and lidocaine. These
compounds are known as aggressive chemicals/compounds and require spe-
cialized packaging.

Hence, the invention also contemplates an aggressive chemical sub-
stance packed in a laminate or packaging as explained above and a method
for providing the packaging the chemical substance, said method comprising
the steps of:

a) providing a base layer

b) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

¢) coating the coextrusion layer to the base layer;

d) allowing the coextrusion layer coated to the base layer to adhere
to the base layer to provide a chemical resistant film comprising the tie layer
and the contact layer formed as an coextrusion layer coated to the base lay-
er,

e) providing a highly aggressive substance to the contact layer side
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of the film; and

f) sealing the chemical resistant film, preferably by heat sealing, in
such way to provide a hollow interior space for sealing the highly aggressive
substance, said hollow space having an interior side and an exterior side,
wherein the interior side of the film is the contact layer of the coextrusion
layer and the exterior side of the film is the base layer.

In a preferred embodiment the highly aggressive substance is se-
lected from the group consisting of nicotine, lidocaine, and rivastigmine

It is also contemplated that a first outer layer may be applied to the
film; the first outer layer is made of a mechanically wear resistant material
and typically serves to protect from children being able to break the sealed
film, laminate or wrapping.

The packaging should preferably comply with International standards
such as 16 CFR §1700.20 (for USA) and ISO 8317 (2003) corresponding to
DIN EN ISO 8317 (2004) (for Europe).

It is also contemplated that a second outer layer may be applied to
the film; the second outer layer is typically a paper layer. The paper layer is
typically printed with the logo or colors etc. of the supplier of the product.

It is contemplated that the first and/or second outer layer is laminat-
ed to the film before steps €) and f) for example in one combined coextrusion
and laminating step.

In yet another aspect, the invention provides the use of a polymer
having a RED value of > 0.8, preferably having a RED value in the range of
0.8 to 10, more preferred 0.8 to 5, and most preferred 1 to 2 as a contact
layer for providing chemical resistance to a film, wherein the film comprises a
base layer which is water and/or oxygen resistant coated to a, optionally co-
extruded, layer comprising a tie layer and the contact layer.

In a further embodiment the polymer is selected from the group con-
sisting of a cyclic olefin copolymer, a polyamide, or, an ethylene vinyl alcohol.

Specific films according to the invention comprise but are not limited
to base layer/tie-layer/contact-layer (the latter two coextruded) EAA/PE/COC,
EAA/EMA/COC, EAA/terpolymer/COC, terpolymer/PE/COC,
EAA/terpolymer/EVOH, EAA/terpolymer/PA, or EAA/PA.
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Figures

Figures 1 is a cross section of an embodiment of a chemical resistant
film according to the invention

Figure 2 is a cross section of an embodiment of the chemical re-
sistant film according to the invention.

Figure 3 is a cross section of a laminate according to the invention.

Figure 4 shows the results of an absorption study of rivastigmine as
API wrapped in a laminate according to the invention as compared to and a
commercial available laminate with the commercial available polymer film
Barex® after storing for 2, 4, 8 and 12 weeks at 40°C.

Figure 5 shows the amount of licodaine remaining in a patch after 7
days at 40°C for embodiments of the laminate according to the invention and

a commercial available Barex® laminate.

Detailed description

The invention will now be described in greater details. Each specific
embodiment and variation of features applies equally to each aspect of the
invention unless specifically stated otherwise.

The film, laminate and packaging according to the present invention
is intended to be used in packaging highly aggressive substances such as
nicotine, rivastigmine or lidocaine, however, the invention should not be lim-
ited to these specific substances.

The term film according to the invention contemplates a product
comprising a base layer coated with a coextrusion layer comprising a tie layer
and a contact layer or a base layer laminated with a tie layer and a contact
layer. Where the contact layer is laminated, for example using an EVOH film,
the contact layer and tie layer may be either coextruded, or, the contact film
layer may be laminated to the base layer optionally with an intermediate tie
layer.

The term laminate according to the invention contemplates the film
to which a further layer is laminated, such as a first outer layer.

A packaging is in the context of the invention intended to mean a
film or laminate used to pack a substance. Packaging may be used inter-
changeably for film or laminate.

The term highly aggressive substance should be understood as a
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substance which is both very reactive with metals, acids, bases or functional
groups such as ketones, alcohols, hydro carbons and/or esters, and/or, vola-
tile but also easily migrates through barriers. Therefore, the films, laminates
or packagings applicable for packing highly aggressive substances should
have both chemical-resistant properties but also limit the migration of the
aggressive substance through the film, laminate or packaging. The aggres-
sive substance according to the invention is also or alternatively susceptible
to degradation when exposed to ambient conditions, such as oxygen and wa-
ter, is volatile and able to migrate or a combination. Specifically, the aggres-
sive substance is selected from but not limited to nicotine, oils, such as
spearmint and peppermint oil, licodaine or rivastigmine.

The term oxygen and water resistant as used in the context of the
present invention contemplates material for which the oxygen transfer rate
(OTR) and/or water vapor transfer rate (WVTR) is no more than 1 preferably
no more than 0.1 as also indicated above. The term WVTR may also be re-
ferred to as the moisture vapor transfer rate (MVTR). WVTR and MVTR are
equivalent.

The term mechanically wear resistant layer as used for the first outer
layer in the context of the present invention should be suitable for the manu-
facture of a flexible packaging. The mechanically wear resistant layer may be
chosen from materials such as polyethylene or polyamide based sheets, or-
tho-phthalaldehyde based sheets, or polyester based sheets or combinations.

Further, the mechanically wear resistant material can be provided in
a film that is biaxially oriented to give the film higher seal strength. The term
biaxial oriented should be understood such that the provided polymer film
has been stretched in both a longitudinal and a transverse direction during
manufacturing.

The term exterior side should be understood in its broadest term.
The term exterior environment is used for defining the direction opposite of
the side that is facing the highly aggressive substance to be sealed by a lam-
inate or packaging of the present invention. This means that the term exteri-
or environment is independent on whether additional layers are coated, lami-
nated or otherwise attached to the film. Thus, the word is used for specifying
which direction a side of a layer is facing.

The various embodiments of the invention will now be illustrated with
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references to the figures and examples.

With reference to figure 1 the film of the invention will now be de-
scribed in greater detail. The extreme chemical resistant film, 1, is obtained
by providing a base layer, 2. A coextrusion layer, 5, comprising a tie layer, 3,
and a contact layer, 4, is coated to one side of the base layer, 2, according to
the method of the invention and is allowed to adhere. The base layer, 2, and
the coextrusion layer, 5, define the film according to all the aspects of the
invention. Consequently, the film is provided with a base layer side, 2, and a
coextrusion layer side 5, wherein the base layer side, 2, is intended for facing
the exterior environment and the coextrusion layer side, 5, is intended for
facing the highly aggressive substance to be sealed.

The coextrusion layer may be coated to the aluminium layer by a
coextrusion system generally known in the art to provide the coextrusion lay-
er coated on the first side of the aluminum layer. The coextrusion layer may
be applied in an amount of 7-40 g/m3. Subsequently, the aluminum layer
coated with the coextrusion layer is adhered. The coextrusion is preferably
performed at a temperature of 240-330°C, more preferred 270 - 300°C and
the speed of the application/coating is in the range of 150 to 600 m/min. The
equipment suitable for extruding and laminating films and laminates accord-
ing to the invention may be obtained from Bobst.

When using coextrusion, it is possible to obtain a multi layer which is
thinner than multilayer layers provided by sequential film applications tech-
niques without compromising the extreme chemical resistance ability of the
first laminate. Hence, the present invention does not only provide an extreme
chemical resistance laminate, and packaging comprising the same but at the
same time the manufacturing process is more cost effective since less poly-
mer, forming the contact layer, has to be used.

Another embodiment of the film in which the tie layer comprises two
layers is illustrated in figure 2. The extreme chemical resistant film, 1, is ob-
tained by providing a base layer, 2. The coextrusion layer, 5, comprises a tie
layer, 3, comprising a first layer, 3a, and a second layer, 3b, and a contact
layer 4. The coextrusion layer is coated to one side of the base layer, 2, ac-
cording to the method of the invention and is allowed to dry.

In the embodiment illustrated the tie layer, 3, comprises two layers.
These layers may be made of EAA as the first layer, 3a, and polyethylene

194/250



10

15

20

25

30

35

15

(PE) as the second layer, 3b, where the first layer of EAA faces the base layer
and second layer of the PE faces the contact layer, 4.

The extreme chemical resistant film according to the invention is in-
tended for use as a component of a packaging suitable for sealing a highly
aggressive substance. The film may constitute the packing itself.

To further improve the mechanical wear resistance a first outer layer
may be laminated to the base layer side of the film or simply be wrapped
around the film. Hence, in figure 3 is illustrated a cross section of an embod-
iment of a laminate according to the invention, 12, comprising a first outer
layer, 21, a base layer, 22, and a coextrusion layer, 25. The first outer layer,
21 and the base layer side, 22, may be laminated together before, during or
after the coextrusion layer 25 is applied/coated to the base layer.

The first outer layer, 21, is a mechanically wear resistant layer which
adds safety properties to the wrapping ensuring that the wrapping is not in-
advertently opened. Hence, the outer layer can also be seen as a child proof
layer meaning that the layer is made of a material and sealable in such a way
that it is difficult for children to open. Additionally, the outer layer may be
provided with a second outer layer, 20.

The second outer layer, 20, is typically a paper layer, wherein the
paper layer is facing the exterior environment; the exterior facing side of the
second layer may be printed as desired. The second outer layer, such as the
paper layer is added to improve the stiffness of the packaging in addition to
providing a printing platform.

Furthermore, it is within the inventive concept of the present inven-
tion that an adhesive agent is applied between the first outer layer and the
base layer and/or between the first outer layer and the second outer layer.
The obtained packaging may then be assembled in such a way that the vari-
ous layers do not part during handling, printing and/or packaging of the sub-
stance to be packed.

After production the film, laminate or packaging may be stored as
rolls ready for use in further lamination or packaging of the aggressive sub-
stance to be packed.

In use, the packaging is sealed around the substance to be packed
so that the contact layer of the coextrusion layer faces the interior side and
the substance, and, the base layer, first outer layer or second outer layer, as
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applicable, face the exterior side, so as to create a hollow interior for contain-
ing the, substance, such as the aggressive substance.

The sealing of the packaging is achieved in such way that the contact
layer of the coextrusion layer is facing the aggressive substance so that the
remaining part of the package is protected by the contact layer of the
coextrusion layer. In this way, the aggressive substance is encompassed by
the inner side of packaging and will therefore only have direct contact with
the contact layer of the coextrusion layer.

In general, the order in which the different layers of the packaging
according to the invention are applied to the base layer is flexible. Hence, the
first outer layer may be applied before the coextrusion layer and the other
way around. The order depends on which production line is suitable in a spe-
cific situation.

In more details the packaging according to the present invention
may in one embodiment be manufactured by obtaining a laminate comprising
a base layer, such as an aluminum layer and a coextrusion layer comprising a
biopolymer of ethylene and acrylic acid as a tie layer and EVOH as the con-
tact layer coated to the aluminium as described above. The base layer side of
the first laminate may then be provided with an adhesive agent and subse-
quently laminated to a biaxial orientated PET-film which is the first outer lay-
er, i.e. the mechanically wear resistant layer. The PET-film is further provided
with an adhesive agent on the exterior side of the mechanically wear re-
sistant layer and is subsequently laminated to a paper layer for providing the
final packaging.

An aggressive substance, such as but not limited to lidocaine, is
placed on the contact layer side of the laminate which is welded around the
substance, such as to form a pouch with an inner side and an outer side. Ac-
cordingly, the interior of the pouch consists of the coextrusion layer, where
the contact layer of EVOH facing the aggressive substance thereby protects
the rest of the provided packaging and the exterior side is the paper layer.

In general, the lamination procedure for laminating the mechanically
wear resistant or paper layer to each other or to the base layer is routine
procedure for the person skilled in the art.

According to all aspects of the invention the base layer may be se-
lected from but not limited to a metal foil, preferably aluminum foil, a poly-
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mer, such as a polymer made from polyamide, polyvinylidene chloride,
silicium or aluminium oxide coated polyesters, and/or fluro polymers, such as
commercial Alu foil from e.g. Hydro, or AlOx coated PET films obtainable from
e.g. Toray Films Europe, or SiOx coated PET films obtainable from e.g.
Celplast under the tradename Ceramis.

According to all aspects of the invention the tie layer may be made
of a material selected from but not limited to a copolymer made of a material
selected from a copolymer of ethylene and acrylic acid, ethylene and
methacrylic acid and a terpolymer comprising ethylene, acrylic ester and a
third polymer, which third polymer is preferably a glycidyl methacrylate, and
more preferably a maleic anhydride, such as the commercial product
Lotader® 3410 sold by Arkema or Nucrel® 0609HSA sold by Dupont®

According to all aspects of the invention the contact layer may be
made of a material selected from cyclic olefin copolymer, a polyamide, or, an
ethylene vinyl alcohol or mixtures thereof, such as the commercial products
EVAL® C109B sold by Kuraray, Selar PA 3426 R sold by Dupont® or COC
6013M-07, COC 6007F-600, or 9506-600 sold by Topas® or EVOH obtainable
from Nippon Gohsei under the tradename Soarnel.

According to all aspects of the invention the first outer layer may be
made of a material selected from paper, polyethylene or polyamide based
sheets, ortho-phthalaldehyde based sheets, or polyester based sheets, or
combinations, such as the commercial product F-PAP sold by Flexpet.

The invention will now be illustrated in more details with reference to

the following non limiting examples.

Example 1- performance of a laminate according to the invention

compared to a commercially used laminate

A study was conducted to evaluate the performance of four lami-
nates according to the present invention as compared to the commercial
available product comprising Barex® as the contact layer.

The wrappings according to the invention were compared to the per-
formance of a Barex® laminate currently used in the field.

The test is a resistance test, wherein the transfer of a rivastigmine to

the laminate is evaluated.
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Table 2: The composition of the 6 wrappings was a follows, laminates 1 to 5 are laminates

according to the invention

Adhesive/Polymer layer

Coextrusion layer

Base layer

First
outer

layer

Second
Outer

layer

Commercially used
Barex® laminate

(prior art)

Adhesive/
Barex® film

Al

PET

Paper

Laminate 1

Tie layer: Bipolymer of eth-
ylene and acrylic acid (Nucrel
0609 HAS)

Contact layer: PA (Selar PA
3426R)

Al

PET

Laminate 2

Tie layer:

Terpolymer of ethylene, acrylic
ester and maleic anhydride
(Lotader 3410)

Contact layer: EVOH 60%
(EVAL C109B) and PE 40%

Al

PET

Laminate 3

EvOH film

Al

PET

Laminate 4

Tie layer:

Terpolymer of ethylene, acrylic
ester and maleic anhydride
(Lotader 3410)

Contact layer: EVOH 100%
(EVAL C109B)

Al

PE

PET

Laminate 5

Tie layer:

Terpolymer of ethylene, acrylic
ester and maleic anhydride
(Lotader 3410)

Contact layer:
COC

Al

PE

PET

*Between the paper/PET, PET/AIl, and AI/EVOH film layers an adhesive was applied.
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Laminates 1 to 5 were obtained according to the method of the in-
vention, wherein a for laminates 1,2,4 and 5 a coextrusion layer was coated
to the base layer and in laminate 3 where the contact layer was laminated to
the base layer. The thickness of the tie layers were between 4-18 g/m? and
the thickness of the contact layer was 8-12 g/mz.

The resulting laminates were wrapped with rivastigmine as API and
the transfer of the API to the packaging material/wrapping) was measure af-
ter 2, 4, 8 and 12 weeks at 40 °C. The API in the wrapping was measured by
extracting the packaging and analysis the amount of API using Mass spec-
trometry

The Rivastigmine patches tested were commercially available patch-
es containing 9.5 mg API/patch.

The results are shown in figure 4 illustrating the resulting transfer of
rivastigmine (weight API extracted from the packaging) to the laminate in
percentage of the content of the original patches of 9.5 mg.

The columns are denoted 1, 2, 3 and 4 respectively to the order they
are shown from left to right in figure 4. Hence column 1 (furthest to the left)
for each contact layer polymer used shows the results for the 6 laminates
after two weeks. Column 2 shows the results for the 6 laminates after four
weeks. Column 3 shows the results for the 6 laminates after 8 weeks, and
column 4 shows the results for the 6 laminates after 12 weeks.

The Barex® laminate is a reference known for applicability in the art
and comparison were made for evaluating the properties of the laminates
according to present invention.

From the figure it is clear that the results for laminates according to
the invention obtained by coextrusion of either of EVOH, PA, or COC as well
as laminating EVOH provides for an improved chemical resistant laminate
compared to the commercially used Barex® laminate.

Also, a contact layer, illustrated as laminate 2, of a blend of EVOH
and PE was prepared and tested. Though the properties of this blend with
rivastigmine as API resulted in a higher transfer than Barex®, the rate is still
below the demanded limit and hence, it illustrates that blends are usable al-
ternatives to Barex® as well. Surprisingly though the contact layer made of
100% EVOH was markedly superior to the blend.
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Also, a contact layer, illustrated as laminate 3, a film of EVOH lami-
nated to aluminum was prepared and tested. Surprisingly, it was shown that
the use of EVOH in the form of a film laminated to aluminum provided a

chemical resistant laminate.

Example 2 - stability test of a chemical substance wrapped in lami-

nates according to the invention and wrapped in _a prior _art product using

Barex®

Similar to the test described in example 1, laminates according to
the invention were prepared as outlines in table 3 below. A lidocaine patch
containing 40 mg lidocaine was wrapped in the pouch, packaged and stored

at 40°C for seven days.

Table 3: Packagings for lidocaine stability test.

Barex COC coex same as Coex EVOH same as
Commercially laminate 5 of example | laminate 4 of exam-
used Barex® |1 ple 1

laminate
(prior art)

Stability of the API is important to ensure that the dose indicated on
the packaging is correct. A value of 90% - 110% of the original dose after
one week when stored at 40°C using Barex® as index 100 is considered ac-
ceptable. Figure 5 illustrates the results of the test where the y-axis indicates
the weight decrease of the two laminates according to the invention using
Barex as index 100.

As can be seen from figure 5, both inventive laminates have a lower
value than the index 100 Barex® comparative product, however with at a
value within the acceptable limits. The lower value of the laminates according
to the invention indicates that more lidocaine has disappeared from the

patch.
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CLAIMS

1. A method for providing an aggressive chemical resistant film, said
method comprising the steps of:

i) providing a base layer, which is water and/or oxygen resistant;

ii) coextruding a layer comprising a tie layer and a contact layer to
provide a coextrusion layer;

iii) coating the coextrusion layer to the base layer;

iv) allowing the coextrusion layer coated to the base layer to adhere
to provide the aggressive chemical resistant film comprising the tie layer and
the contact layer formed as a coextrusion layer coated to the base layer,
wherein the tie layer comprises at least one layer and wherein the contact
layer comprises a polymer having a RED value based on Hansens Solubility
parameter (HSP) towards an aggressive chemical of > 0.8, more preferred a
RED value in the range of 0.8 to 10, even more preferred 0.8 to 5, and most
preferred 1 to 2.

2. A method according to claim 1, wherein the base layer, which is
water and/or oxygen resistant, is selected from the group consisting of a
metal foil, preferably aluminum foil, a polymer, such as a polymer made from
polyamide, polyvinylidene chloride, silicium or aluminium oxide coated poly-
esters, and/or fluro polymers.

3. A method according to any one of the claims 1 to 2, wherein the
tie layer is made of 1, 2, 3, 4 or 5 layers.

4. A method according to claim 3, wherein all the layers of the tie
layer are coextruded with the contact layer.

5. A method according any one of the preceding claims, wherein the
tie layer is constituted of one layer and wherein the layer is a copolymer
made of a material selected from a copolymer of ethylene and acrylic acid,
ethylene and methacrylic acid and a terpolymer comprising ethylene, acrylic
ester and a third polymer, which third polymer is preferably a glycidyl meth-
acrylate, and more preferably a maleic anhydride.

6. A method according to any one of the claims 1 to 4, wherein the
tie layer comprises at least two layers, and wherein the first layer comprises
a copolymer according to claim 5 and the at least second or more layer(s)
comprises a material selected from EEA, PE, EMA, EAA or a combination.

7. A method according to any one of the preceding claims, wherein
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the contact layer comprises a polymer selected from the group consisting of a
cyclic olefin copolymer, a polyamide, or, an ethylene vinyl alcohol.

8. A method according to anyone of the preceding claims wherein
the contact layer is a polymer selected from the group consisting of a cyclic
olefin copolymer, a polyamide, or, an ethylene vinyl alcohol.

9. A method according to anyone of the preceding claims, wherein
the tie layer or plurality of layers constituting the tie layer, has a thickness in
the range of 7 to 20 g/m2 and/or the contact layer has a thickness in the
range of 4 to 20 g/m2 and the thickness of the film is not more than 40 g/mz.

10. An aggressive chemical resistant film comprising at least a base
layer, which is water and/or oxygen resistant, and a coextrusion layer,
wherein the coextrusion layer comprises a tie layer and a contact layer, and
whereby the tie layer comprises at least one layer and wherein the contact
layer comprises a polymer having a RED value based on Hansens Solubility
parameter (HSP) of > 0.8, more preferred a RED value in the range of 0.8 to
10, even more preferred 0.8 to 5, and most preferred 1 to 2.

11. A film according to claim 10, wherein the base layer, which is
water and/or oxygen resistant, is selected from the group consisting of metal
foil, preferably aluminum foil, polymers, such as polyamide, polyvinylidene
chloride, silicium or aluminium oxide coated polyesters, and/or
fluropolymers; and/or

the tie layer is constituted of one layer and wherein the layer is
made of a copolymer, said copolymer comprising a material selected from a
copolymer of ethylene and acrylic acid, ethylene and methacrylic acid and a
third polymer, which third polymer is preferably made of a meterial selected
from glycidyl methacrylate, and more preferably maleic anhydride; and/or

wherein the contact layer comprises or is a polymer selected from
the group consisting of a cyclic olefin copolymer, a polyamide, or, an ethylene
vinyl alcohol.

12. A film according to claims 10 or 11, wherein the tie layer or plu-
rality of layers constituting the tie layer, has a thickness in the range of 7 to
20 g/m? and/or the contact layer has a thickness in the range of 4 to 20 g/m?
and the thickness of the film is not more than 40 g/m”.

13. A laminate for packing an aggressive chemical substance said
heat sealable laminate comprising at least
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- a first outer layer made of a mechanically wear resistant material;

- an aggressive chemical resistant film according to claims 10 to 12
comprising a base layer, which is water and/or oxygen resistant and a
coextrusion layer said coextrusion layer comprising a tie layer and a contact
layer, where the contact layer comprises a polymer having a RED value of >
0.8, more preferred a RED value based on Hansens Solubility parameter
(HSP) in the range of 0.8 to 10, even more preferred 0.8 to 5, and most pre-
ferred 1 to 2 and where the base layer side of the film is facing the first outer
layer.

14. A laminate according to claim 13, wherein the heat sealable lam-
inate further comprises a second outer layer facing the exterior side of the
outer layer, preferably the second outer layer is a paper layer.

15. A laminate according to any of the claims 13 to 14, wherein the
heat sealable laminate encloses a compound selected from the group consist-
ing of nicotine, rivastigmine and lidocaine.

16. A laminate according to claim 13, 14, and 15, wherein the lami-
nate is heat sealable.

17. An aggressive chemical substance packed in a heat sealable lam-
inate, said heat sealable laminate comprising

- a first outer layer made of a mechanically wear resistant material;

- an aggressive chemical resistant film comprising a base layer,
which is water and/or oxygen resistant and a coextrusion layer said
coextrusion layer comprising a tie layer wherein the base layer side of the
film is facing the outer layer and wherein the contact layer comprises a poly-
mer having a RED value of > 0.8, more preferred a RED value based on
Hansens Solubility parameter (HSP) in the range of 0.8 to 10, even more pre-
ferred 0.8 to 5, and most preferred 1 to 2.

18. Use of a polymer having a RED value based on Hansens Solubili-
ty parameter (HSP) of > 0.8, preferably having a RED value in the range of
0.8 to 10, more preferred 0.8 to 5, and most preferred 1 to 2 as a contact
layer for providing chemical resistance to a film, wherein the film comprises a
base layer which is water and/or oxygen resistant coated to a, optionally co-
extruded, layer comprising a tie layer and the contact layer.

19. Use according to claim 18, wherein the polymer is selected from
the group consisting of a cyclic olefin copolymer, a polyamide, or, an ethylene
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A method for providing an extreme chemical resistant film

A BSTRACT

The present invention relates to a method for providing an extreme chemical
resistant film whereby a tie layer and a contact layer are coextruded with a
base layer, such as a metal foil, as well as films and laminates obtained by
the method and uses of the films and laminates to pack aggressive chemical

substances such as lidocaine and rivastigmine.

(Fig. 1)
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Transfer to packaging material
API: Rivastigmine

® 1; Results after 2 weeks

# 2; Results after 4 weeks

Transfer to packaging material [%]

W 3; Results after 8 weeks

B 4; Results after 12 weeks

Barex Coex PA  60%EVOH EVOH film Coex Coex COC
blend 100%EVOH

Fig. 4
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Index on remaining APl % in patch
API: Lidocaine
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NEW USE

Technicat field

The present invention relates to materials for packaging nicotine-containing prod-
ucts.

Background art

For many years tobacco smoking has been one of the major health problems
throughout the world, Smoking is now recognized as the main cause for e.g. high blood
pressure and lung cancer. However, because of the addictive nature of nicotine it is ut-
terly difficult for heavy smokers to completely stop smoking. An acceptable alternative
to smoking has been to provide nicotine in a form or manner other than by smoking, e.g.
as a chewing gum containing nicotine as an active ingredient, see e g. U8 3,845217
Other products used as substitutes for smoking are tablets containing nicotine, see e.g.
US 5,543,424, devices for allowing nicotine to be inhaled through an elongated tube, see
e.g. US 5,501,236, nicotine containing nasal sprays, see e.g. US 5,656,255, patches for
administering nicotine transdermally, see e.g. US 4,915,950, stc.

The pnimary requirement when packaging drugs and foed is the demand that the
package must protect the product against penetration of moisture and oxygen from the
environment. Very seldom the product itself constitutes any problems. Nicotine, on the
other hand, is very aggressive towards its environment and migrates through most
known materials. It is also very hygroscopic and therefore sensitive to moisture and
when exposed to oxygen or air the nicotine turns brown. Because of the toxicity of nico-
ting and because the expected shelf-life for nicotine containing products is as tong as up
to twa years, commonly used materials withan the package industry, e g polypropylene,
pelyethylene and polyvinyl chloride therefore cannot be used for nicotine contaimng,
products,

A known polymer which fulfills the requirements of oxygen, water and nicotine
impermeability is commercially available under the trademark Barex™, being a copalymer
made of acrylonitrile and methylmetacrylate and grafted to nitrile rubber on the main
chain. Due to the copolymerization with methylmethacrylate the polymer becomes softer
and is possible to process. Barex™ is available with different amounts of nitrile rubber, is

amorphous and 1s a glass polymer at room temperature.
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The temperature range within which Barex” may be processed is, however, very
natraw rendering the polymer difficult to process resulting in a large amount of discarded
material. Thisis partly due to Barex® having a temperature dependent elasticity. Today,
Rarex”™ is also associated with a high price.

The use of Barex®™ i a nicotine impermeable container is disclosed in
IS 5,501,236,

Summary of the invention

It is therefore an object of the present invention to provide an alternative material
to Barex®, which exhibits favorable characteristics of oxygen, water and nicotine imper-
meability, but which does not suffer from the above-mentioned drawbacks. According to
the invention it is therefore suggested an alternative nicoting ropermeable packaging
material for a nicotine-containing product having the charactenizing featares of the
claims.

The material of the invention comprises polyethylene naphtalate, polytrimethylene
naplitalate and/or a tiquid crystal polymer, LCP, and has excellent characteristics of oxy-
gen, water and nicotine impermeability. Due to the temperature ranges the polymers of
the invention are favorable 1o process and will have an acceptable price. The material of
the invention is known per se, but its excellent nicotine barrier properties have not been
known. Neither has its use for making packages for nicotine-containing products been
contemplated.

Detailed description of the invention

The packaging material of the invention is intended for use in connection with
nicoting containing products for therapeutic treatment of patients having an addiction to
nicotine. Exampies of such products are chewing gums. sublingual tablets, nasal sprays,
nicotine patches and nicotine inhaling devices, all marketed through Pharmacia & Up-
john. These products are all classified as drugs and thus, the requirements of product
stability are high. The expected shelf life is two years without any noticeable change re-
garding composition, concentration and dosage. Specific ranges for allowed variations
have been established in accordance with requirements from the authorities, e.g. Food
and Diug Administration, FDA, ut the LJSA,

T chewing gums the nicotine is usually present in the form of a complex with an

insoluble cation-exchanger, which is disbursed in a gum base, in order to be stabilized. In
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tablets the micotine is usually present in the form of an inclusion complex. Only small
amounts, if any, of nicoting are in contact with the package for chewing gums and tablets
and thus, the demand for a nicotine barrier becomes lower for these products. The pH
for a chewing gum is usually slightly above 4.

In nasal spray the nicotineg is present in a liquid solution having a concentration of
approximately 10 mg/mi and a pH of approximately 7. The nasal spray is distributed in
glass tlasks inert to the aggressiveness of nicotine. However, the nicotine solution also
comes into contact with seals and pumping devices made of polymeric material.

In a patch and in an inhaling device primarily nicoting vapor comes into contact
with the package. Here the concentration depends on the vapor pressure of the nicotine
that varies with temperature. In roam temperature the concesitration in a patch is ap~
proximately 250 mg/ml. In a patch and in an inhaling device the pH is approximately
9~ 10.

A number of factors are important when materials for nicotine-containing packages
are chosen, The nicotine must not migrate through the packaging material and disappear
from the syster or be accumulated uncontrollably in the packaging material. Also, the
nicotine must be protected from oxygen due to the fact that it is easily decomposed in
contact with air or sxygen. Products containing nicotine also turns brown or yellow
when only small amounts of decomposition products are present resulting in cosmetic
drawbacks long before any stability limits have been passed. A good oxygen barrier is
therefore of utmost importance.

Besides the above mentioned primary demands on good nicotine resistance and
low oxygen permeability, other important factors to take into consideration regarding
packaging materials for nicatine-containing products are water and moisture permeation,
processability, price and environmental impact.

The water barrier is important especially in the nasal spray where loss of water has
large impact an the concentration of the product. Water barrier characteristics are also
important in other forms of distribution since water may have an impact on permeation
characteristics of the polymer. (Great consideration should also be taken to the process-
ability since large-seale industrial production is considersd where even small problems

may involve large costs.
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With the aim to find a packaging material for the packaging of a nicotine-contain~
ing product, which fulfills the above mentioned demands two different types of polymers,
were found,

The first of these materials is PEN, polyethylene naphialate:

0

I
o G = CHy = CHp =~~~ OH

PEN is polyester based on dimethyl-2 6-naphthalene dicarboxynate or 2,6-naph-
thalene dicarboxylic acid monomers. Dimethyl-2,6-naphthalene dicarboxynate and -2,6-
naphthalene dicarbosxylic acid monomers are e.g. sold by Amoco under the trade name
NDC and NDA-monoter respectively. PEN is semicrystalline and is a glass polymer at
room temperature,

There are other polymers, such as PTN (polytrimethylene naphthalate) which are
hased on the same monomers. PTN differs from PEN only in that the ethylene chain has
been exchanged to a propylene chain, It is also envisageable to use polymers comprising
both dimethyl-2,6-naphthalene dicarboxynate or 2,6~naphthaiene dicarboxylic acid
MONOMETS.

PEN differs from PET (polyethylene tereftalate), which is another, more commonly
used polyester, in that the benzene ring in the PET molecule has been exchanged for
naphtene in PEN. This makes the PEN structure more rigid than the PET structure and
the features of PEN more favorabie for this invention than the features of PET.

The second nicotine impermeable polymer of the invention is polyester based Lig-
uid Crystal Polymer, LCP. One example thereof is Vectra® A 530 having the following

structure:

= 0 | A e o
Ho o = / j\}ﬁ pemems L O ( % j
\‘\\M o \\\\\‘«"J R

L RIEETO1e BIGSLTY
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LCPs constitute a group of materials, which have a characteristic molecular struc-
ture. L.CP polymers consist of rigid rod-like macramolecules that align in the melt to
produce a liquid-like structure. This specific structure brings considerable improvement
ini mechanical properties compared with conventional polymers and a number of other
exceptional properties. The monomers are hydroxy benzoic acid and hydroxy naphtenic
acid. A typical LCP polymer, such as the above-mentioned Vectra® A 530, is filled with
30 % of mineral filler. The LCP material has a dense structure as a consequence of high
crystallinity, is chemically resistant and has extremely low diffusion rates for oxygen and
water.

According to the invention it was surprisingly found that in addition to the above
mentioned barrier properties against water and oxygen PEN, PTN and LCP also exhibit
excellent barrier properties against nicotine, In below Table | is shown a comparison of
the properties of Barex”™ 210, PEN 14991 and Veotra™ A 530, For comparison is added a
palymer, Isoplast 2530 {a polyurethane having better barrier characteristics than other
polyursthanes due to its high glass transition temperature), which dogs not have good
nicotine impermeability

Barex™ is marketed by British Petroleum, PEN by Shell and by Eastman, Veetra®

by Ticona and Isoplast by Dow.

Table 1
Material Properties -
Muterial Barex 210 PEN 14991  Vectra A 530 Igoplast 2830
Opacty Transparent Transparent Opague Transparent
Morphology
Crystallinity Amorphous Semi High Amorphous
crystalling Crystalline
Permeability
Orygen (.3 1,3 0.02 2.4
e mnym ™ day-atm
Water 2.0 0,7 0,03 1.2

g 2
gmmm day
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Material Properties N
‘Material . Barex 21D PEN 14991  Vectra A 530 Isoplast 2530
Nigoting Excellent Excellent Excellent  Notacceptable
Resistance ' Equivalentto  Equivalentto  Inferiorto

Barex Barex Bares

Processing
Extrusion + + 3 +
Tnjection Molding + + + +
Vacuum + + ~
Forming
Riow Molding + *+ +
Applications
Film + + + +
Larmnate + + -+ +
Injection Mould detatls + + +
Blow Mould details + + +
Blisters + + .

The nicotine resistance of the captioned polymer materials was investigated with
sorption tests as follows. Pieces of the respective materials were placed in glass bottles
containing nicotine sofution and were stored therein at room temperature for 1, 2 and
4 wesks. Subsequently the aroounts of nicotine sorbed into the respective polymer mate-
rials were extracted from the polymers and analyzed by UV, HPLC and GC. The values
for Barex 210 were used as reference levels.

As explained above PTN, marketed through Shell, is chemically very sinujar to
PEN, In polymer chemistry it is a commonly accepled principle that close chemical stini-
farity implies stmilar physical/chemical properties. Hence the above good results for PEN
implics that also PTN fas good nicotine barrier properties.

The nicotine impermeable polymers PEN and PIN of the invention can he used
alone in film applications or may be combined with other barrier materials in a [aminate
to further improve the barrier charactenistics of the packaging material. Suitable materials
for faminating are metal, especially aluminium, foils and other polymers, e.g. polyacrylo-
nitrile (PAN), polyamide (PA), polyvinylidene chloride (PVDC), and fluoropolymers, all

of which are good oxygen and water barriers, Other polymer materials also suitable are
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ethylene vingl alcohol copolymer (EVOH) and polyvinyl alcohol (PYA), which are ex-
cellent oxygen barriers, and jonomers (i ¢ fonically crosslinked thermoplastic polymers,
whereof Surlyn™® from DuPont is an example), polyethylene (PE), and polypropylene
(PP), which have good water barrier properties.

LCP is most suitable for use n injection molded applications. PEN, PTN and LCP
may be alloyed with other polymers, such as PET. Such an alloy can then be processed
as PET, but due to the incorporation of PEN, PTN or an LCP the alloy is conferred su-
perior barrier properties compared to pure PET.

The invention will now be further described and illustrated by reference to the fol-
lowing example. It should be noted that this example should not be construed as Hiniting
the invention i any way.

Example 1

An-endless sheet of aluminium foil, which optionally on one face is laminated with
& thin polymer layer, of e.g. palyethylene or polysthylene terephtalate, is rolied off from a
storage roli and passes an applicatar which on the other side of the aluminium foil or
aluminium foil laminate applies a continuos layer of PEN, PTN or an LCP, by means of
an extsusion coating device. The thickness of the aluminum foil is within the range of 5 -
50 pm, preferably within the range of 8 ~ 20 um. The amount of applied polymer may
vary, but the thickness thereof is preferably such that a well integrated and substantially
intact fayer is formed after drying. A suitable thickness range of PEN, PTN or an LCP is
I = 100 um, preferably 8 - 50 pm.

Subsequently patch pouches are manufactured by dividing the laminate into two
sheets forming an upper and a lower part of the patch pouch. Subsequently and by means
of a vacuum device a nicotine-containing patch is placed on vne of the sheets whereupon
the other sheet is placed on the patch. Finally the sheets are heat sealed together along
their edges 1o form a pouch.

In Example 1 the nicotine impermeable naterials are used to make a package
which totally encloses a nicotine-containing product. The present materials are also use-
ful for partially enclosing and/or for sealing a package for a nicotine-containing product.
PEN, PTN and LCP, may also be used forall other applications where presently Barex™
is used. One such application is the sealing of polymier tubes, containing polymer plugs

with nicotine, for the nicotine inhaling device presently marketed by Pharmacia & Up-
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john and in essence being disclosed in US 5,501,236, Also said polymer tubes may be
made of the materials according to the present invention. Such tubes may e.g. be made
by injection molding. The materials may alsa be used in blisters for nicotine chewing
guns or tablets and for sealing glass flasks containing nicotine nasal spray.

The materials are also suitable for packages wherein dosage forms such as tablets,
luzenges or similar are cast directly into the package. Thereby the package istc the ex-
tent necessary formed as mould(s) into which is cast the substance to be formed 1nte
tablets, lozenges or similar, said material achieving its final shape and form upon sohdifi-
cation in the package. In each such package may e g be cast one or more tablets, loz~
enges etc. After casting the package may be folded or likewise to pravide for a nicotine-
impermeable package for the cast tablets, lozenges ete. I necessary the package material
may be provided with some added material or thin sheet accounting for that the sub-

stance which is cast will not stick to the package material.
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CLAIMS

T. A material for packaging a nicoting-containing product, character ized in
that it comprises a polymer based on dimethyl-2 6-naphthalene dicarboxynate and/or 2,6-

naphthalene dicarboxylic acid monomers.

2. A material for packaging a nicotine-containing product, characterize d n

that the material comprises a liquid crystal polymer, LCP.

3 A material according to.claim 1, characterized inthat the polymer is

polyethylene naphtalate, PEN.

4. A material according to claim 1, characterized in that the polymer is

polytrimethylene naphtalate, PTN.

5. A material according to claim 2, characterized inthat the LCP com-

prises hydraxy benzoic acid and hydroxy naphtenic acid.

6. A material according to any one of the preceding claims, characterized
in that it further comprises other polymer(s), preferably one or more of polyacrylonitrile
(PAN), polyamide (I'A), polyvinylidene chloride (PVDC), fluoropalymers, ethylene vinyl
alcohol copolymer (EVOH), polyvinyl alcobol (PVA), ioncmers, polyethylene (PL), and

polypropylene (PP} and polysthylene terephtalate (PET}.

7. A material according to anyone of the preceding claims, characterized in

that it is laminated with one or more metal and/or polymer foil(s).

B. A material according to claim 7, characterized in thatit is laminated

with aluminum foil.
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9. A material according to anyone of the preceding claims, character ized in
that it is used for totally enclosing, partially enclosing and/or for sealing a package for a

meoting containing product.

10. A material according to anyone of the preceding claims, characterized
in that it is used for a pacicage that is provided with moulds or equivalent into which is

cast a substance that upon solidifaction in the package receives its final form and shape.

11. A material according to claim 10, characterized in that it s used for a

package in which are directly cast tablets or lozenges.

12. A material according to anyone of the preceding claims, c haracterized
in that it is used for packaging a patch for transdermally administering nicotine, a nico-
tine containing chewing gum, a nicotine coniaining tablet, a spray for nasal administra-

tion of nicotine, or a device for inhaling nicotine.

13. Use of a material according to anyone of the preceding claims for the manu-

facturing of a package for keeping nicotine-containing products.
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dicarboxynate and/or 2,6-naphthalene dicarboxylic acid monomers.
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ADHESION OF FOIL TO THERMOPLASTIC POLYMERS

FIELD QF THE INVENTION

This invention relates to adhesion of foif to thermoplastic
compositions comprising ethylene/butyl acrylate copolymer, to multilayer
structures comprising foil laminated to thermoplastic compositions, and {o
packages comprising these muitilayer structures.

BACKGROUND OF THE INVENTION

Aluminum foil (Al) Is used extensively in the food packaging industry
as a moisture and gas barrier. Because of foil's poor flex crack resistance,
inability to form a hermetic seal, and cost, it is typically combined with
other materials such as paper, polyethylene (PE) and oriented
polypropylene (OPP) in multilayer structures. Applications include many
dry food packages such as powdered drink mix pouches as well as non-

packaging applications. Some common mulfi-layer structures include
Paper/LDPE/AVLDPE and QOPP/primer/LDPE/AVLDPE in which LDPE is
low-density polyethylene and the paper or OFP provide stiffness and a
surface for printing. The primer allows LDPE to bond to the OPP
substrate; the first LDPE layer provides adhesion to the aluminum foil and
the second acts as a sealing layer.

These structures are typically made by extrusion coating or
lamination, which involves laying down a molten curtain of the polymer
between the substrates moving at high speeds as they come inte contact
with a cold roll. Adhesion of polyethylene fo foil can be accomplished by
processing at high coating temperatures (300 to 330°C) so that a portion
of the polyethylene oxidizes. Oxidization of the LDPE creates polar
species that provide moderate adhesion to the aluminum foil.

in many applications, rather than using a coated layer of LDPE as
the sealant, a LDPE or LLDPE (lingar low-density polyethylene) film is
used. For example: Paper/LDPE/AVLDPE/PE-film. The PE-film may be

1
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LDPE or LLDPE, but is typically LLDPE-based. A PE film has a number of
advantages over a LDPE coating: For example, the PE-film can be made
thicker than a coating, allowing for caulking of the seal interface. LLDPE-
films provide higher seal strength. Blown films have better strength and
tear resistance. Blown films provide greater stiffness. Blown films,
processed at much lower temperatures than extrusion coating, have less
taste and odor problems (associated with the oxidation of the LDPE).

LDPE is the predominant resin currently used for extrusion
lamination. However, a substantial problem with using LDPE to extrusion
laminate PE-films to aluminum foit is that the adhesion of the LDPE {o
aluminum foil "ages down” with time. Adhesion of LDPE to aluminum foll
is only marginal to begin with, but over a time period of one to several
weeks, the bond strength often declines to a level that is no longer
functional for the application. One explanation is that the aging may be
associated with secondary crystallinity of the LDPE. During the lamination
process, the LDPE is quenched very guickly and little primary
crystallization can occur. Over time, small "secondary” crystals may form.

As PE crystallizes, it shrinks. Shrinkage can put a stress on bonds and

reduce peel strength. The LDPE-Al bond is the weakest of the bonds in
the structure (bonds of the LDPE to the PE-film are typically inseparable),
and so its peel strength is reduced.

in adhering foil to non-polar polymer compositions, use of an
additional polymeric composition as an adhesive or "tie” layer can be
beneficial. Often, more polar polymeric materials adhere to foil more
readily than less polar materials, However, polar polymers that adhere
well to foil may not adhere well to non-polar polymers. Therefore, a tié
layer preferably provides a balance of properties that allow it to adhere
both to foil and to non-polar polymers.

Chemical primers are sometimes used to promote adhesion fo non-
polar substrates, but this adds costs and causes environmental concerns
with solvent-based systems. Thus, it is desirable to adhere foil to non-

polar polymer compositions without the use of primers.
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SUMMARY OF THE INVENTION

The invention comprises a composition that can comprise or be

produced from a multilayer structure. The structure can comprise or be
produced from at least one layer of foil; at least one layer of an
ethylene/butyl acrylate copolymer composition; at least one layer of a
thermoplastic polyolefin composition; and optionally additional layer
comprising paper, polyester, polyamide, ethylene viny! alcohol,
polyethylene vinyl acetate, sthylenefacrylic acid copolymer or an ionomer
thereof, polyvinylidene chioride, anhydride-modified ethylene homo- and
co-polymer, or combinations of two or more thereof.

The invention also comprises a process that can enhance adhesion
of foil to thermoplastic compasitions. The process can comprise
combining, such as extruding, an ethylene/butyl acrylate copolymer
composition between a layer of foil and a layer of a thermoplastic
polyolefin composition.

The invention also comprises packages comprising the multilayer
structure,

DETAILED DESCRIPTION OF THE INVENTION

Thermoplastic compositions are polymeric materials that can flow
when heated under pressure. Melt index (M) is the mass rate of flow of a
polymer through a specified capilfary under controlled conditions of

temperature and pressure. Melt indices reported herein are determined
according to ASTM 1238 at 190 °C using a 2160 g weight, with values of
MI reported in grams/10 minutes. The thermoplastic compositions
described herein are suitable for preparation of films and multilayer
structures by extrusion processing.

The term “foil’ as used herein refers to a thin, flexible film or sheet
of metal, particularly aluminum. It also refers to multitayer structures in
which at least one layer of aluminum is adhered to additional layers of
other materials, provided at least one face of the multilayer structure is a
layer of aluminum.

The term “sthylenefbutyl acrylate copolymers” includes copolymers
of ethylene and buty! acrylates wherein the alkyl moisty contains four

3
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carbon atoms. “Ethylene/butyl acrylate (abbreviated EBA)Y means a
copolymer of ethylene (abbreviated E) and butyl acrylate (abbreviated BA).
Of note are sthylens/butyl acrylate copolymers prepared from n-butyl
acrylate comonomers (EnBA). Of note are ethylene/butyl acryiate
copolymers preparad from i~butyl acrylate comonomers (EiBA).

Preferred are EnBA copolymers.

The relative amount of the buty! acrylate comonomer incorporated
info ethylene/buty! acrylate copolymer can, in principle, vary broadly from a
few weight percent up {o as high as 40 weight percent of the total
copolymer or even higher. The relative amount of the butyl acrylate group
establishing how and to what degree the resuiting ethylene copolymer is to
be viewed as a polar polymeric composition.

Preferably, the butyl acrylate comonomer has a concentration range
of from 5 to 30 weight %, alernatively from 7 to 27 weight %, of the
ethylene/butyl acrylate copolymer, more preferably from 15 to
30 weight %, alternatively from 17 to 27 weight %.

Ethylene/butyl acrylate copolymers can be prepared by processes
well known in the polymer art using either autoclave or tubular reactors.
The copalymerization can be run asa continuous process in an autoclave:
ethylene, butyl acrylate, and optionally a solvent such as methanol (see
US Patent 5,028,674) are fed continuously into a stirred autoctave of the
type disclosed in US 2,897,183, together with an initiator. The rate of
addition can depend on variables such as the polymerization temperature,
pressure, and concentration of the butyl acrylate monomer in the reaction
mixture needed to achieve the target composition of the copolymer. In
some cases, it may be desirable to use a telogen such as propane, to
control the molecular weight. The reaction mixdure is continuously
removed from the autoclave. After the reaction mixture leaves the reaction
vessel, the copolymer is separated from the unreacted monomers and
solvent (if solvent was used) by conventional means, &.g., vaporizing the
nonpolymerized materials and solvent under reduced pressure and at an

elevated temperature.
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Tubular reactor produced ethylene/butyl acrylate copolymer can be
distinguished from the more conventional autoclave produced
ethylene/buty! acrylate as generally known in the art. Thus the term or
phrase “tubular reactor produced” ethylene/butyl acrylate copolymer, for
purposes of this invention, denotes an ethylene copolymer produced at
high pressure and elevated temperature in a tubular reactor or the like,
wherein the inherent consequences of dissimilar reaction kinstics for the
respective ethylene and butyl acrylate comonomers is alleviated or
partially compensated by the intentional introduction of the monomers
along the reaction flow path within the tubular reactor. As generally
recognized in the art, such a tubular reactor copolymerization technique
can produce a copolymer having a greater relative degree of heterogeneity
along the polymer backbone (a more blocky distribution of comonomers),
tend to reduce the presence of long chain branching and will produce a
copolymer characterized by a higher melting peint than one produced at
the same comonomer ratio in a high pressure stirred autociave reactor.
Tubular reactor produced sthylene/butyl acrylate copolymers are generally
stiffer and more elastic than autoclave produced ethylens/buty! acrylate
copolymers.

Tubular reactor produced ethylene/butyl acrylate copolymers of this
nature are commercially available from E. |, du Pont de Nemours and

Company (DuPont), Wilmington, Delaware.

The actual manufacturing of the tubular reactor ethylene/butyl
acrylate copolymers as previously stated is preferably in a high pressure,
tubular reactor at elevated temperature with additional introduction of
reactant comonomer along the tube and not merely manufactured in a
stirred high-temperature and high-pressure autoclave type reactor.
However, similar ethylene/butyl acrylate copolymeric material can be
produced in a series of autoclave reactors wherein comonomer
replacement is achieved by multiple zone intraduction of reactant
comonomer as disclosed in US patents 3,350,372, 3,756,996; and
5,532,066, and as such these high melting point materials can be

considered equivalent.
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For additional general discussion regarding the differences between
tubular reactor produced and autoclave produced ethylene/alkyl acrylate
copolymers, see Richard T. Chou, Mimi Y. Keating and Lester J. Hughes,
“High Flexibility EMA made from High Pressure Tubular Process”, Annual
Technical Conference - Society of Plastics Enginsers (2002), 60th(Voal. 2),
1832-1838. CODEN: ACPED4 IS8N:0272-5223; AN 2002:572800.

Ethylene/butyl acrylate copolymers suitable for use in this invention
are available from DuPont. See Table A for specific examples of
ethylene/buty! acrylate copolymers available from DuPont.

Table A
Copolymer Butyl acrylate weight % Melt Index (g/10min}
EBA-1 7 1.1
EBA-2 7 1.1
EBA-3 17 1.5
EBA-4 17 1.8
EBA-S 27 4,3
EBA-6 17 7.4

The ethylene/butyl acrylate copolymers available for use in the
invention can vary in molecular weight, as shown by the range of meit
index in Table A. The specific selection of the melt index (M1) grade of
polymer component(s) can be influenced by balancing the processibility of
the EBA in extrusion lamination with the needs for adhesion between the
foil and the thermoplastic composition. Preferred are ethylene/butyl
acryiate copolymers having Mi's from about 4 to about 12 g/10min. Of
note are EBA-5 and EBA-6, having Mi's of 4.3 and 7.4 g/10min,
respectively.

The EBA compositions useful in this invention may optionally further
comprise additives such as thermal and ultraviolet (UV) stabilizers,

UV absorbers, antistatic agents, processing aids, fluorescent whitening
agents, pigments, iubricants, ete. These conventional ingredients may be
present in the compositions used in this invention in quantities that are
generally from 0.01 to 20 weight %, preferably from 0.1 fo 15 weight %, so
long as they do not detract from the adhesion functionality of the polymer.,
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The EBA compositions useful in this invention may optionally further
comprise from about 1 to about 30 weight %, preferably from 6 to
25 weight %, more preferably 10 to 20 weight % of a polyolefin, such as
polyethylene or palypropylene. The polyolefin may be added to the EBA
compositions to improve compatibility with the polyolefin substrate.

The optional incorporation of such conventional ingredients into the
compositions can be carried out by any known pracess. This incorporation
can be cartied out, for example, by dry blending, by extruding a mixture of
the various constituents, by conventional masterbatch techhique,, or the
like. The optional polyolefin may also be incorporated as part of a recycle
process.

Polyolefins suitable for use in the present invention can be
polypropylene ar polyethylene polymers and copolymers comprising
ethylene or propylene. Polyethylenes (PE) and polypropylene (PP) can be
prepared by any means known to ong skilled in the art including well-
known Ziegler-Natta catalyst polymerization (e.g., US 4,076,608 and US
3,645,902), metaliocene catalyst polymerization (e.g., US 5,198,401 and
US 5,405,922), and by free radical polymerization. Because the means
are well known to one skilled in the art, the description of which is omitted
for the interest of brevity. PE polymers can include linear or branched
polyethylenss such as high density polyethylene (HDPE), LLDPE, very low
or ultra low density polyethylenes (VLDPE or ULDPE), and LDPE. The
densities of polyethylenes suitable for use in the invention include all
known PE and can range from 0.865 g/ce to 0.970 g/ce. Linear
polyethylenes for use herein can incorporate alpha-olefin comonomers
such as butene, hexene or octene to decrease their density within the
density range so described. The term “polyethylene” when used herein is
used generically to refer to any or all of the polymers comprising ethylene
describaed above.

PP polymers can include homopolymers, random copolymers, block
copolymers and terpolymers of propylene. Copolymers of propylene
include copolymers of propylene with other olefins such as ethylene, 1-
butene, 2-butene and the various pentene isomers, etc. and preferably
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copolymers of propylene with sthylene. Terpolymers of propylene include
copolymers of propylene with ethylene and one other olefin. Random
copolymers, also kiiown as statistical copolymers, are polymers.in which
the propylene and the comonomer{s) are randomly distributed throughout
the polymeric chain in ratios corresponding to the feed ratio of the
propylene to the comonomer(s). Block copolymers are made up of chain
segments consisting of propylene homopolymer and of chain segments
consisting of, for example, random copolymer of propylene and ethylene.
The term “polypropylene” when used herein is used generically to refer to
any or all of the polymers comprising propylene described above,
Additional information relating to block copolymers and to their
manufaciure may be found particularly in chapters 4.4 and 4.7 of the work
“Block Copolymers” edited by D. C. Aliport and W. H. Janes, published by
Applied Science Publishers Ltd in 1973.

The multitayer structure can be produced by a process including
extrusion coating or lamination, involves laying down a molten curtain of
the ethylene/butyl acrylate copolymer composition between the foil and
polyolefin film substrates moving at high speeds (e.g., from about 100 {o
1000 feet per minute and preferably from about 300 to 800 feet per
minute) as they come into contact with a cold roll. The melt curtain can be
formed by extruding the ethylene/buty! copolymer composition through a
flat die. The temperature of the ethylene/butyl copolymer composition as it
leaves the die is preferably about 300 to 340°C and most preferably about
310 to 330°C. The air gap between the die exit and cold roll is typically
about 3 to 15 inches, preferably from about 5 to about 10 inches. Higher
temperatures generally give higher adhesion values, subject to the
limitations of the thermal stability of the polymer. Lower line speeds and
higher air gaps also favor adhesion. Typically, the time in the air gap
{TIAG) defined as the air gap divided by the line speed should be between
about 50 and 100 ms for optimal adhesion in extrusion lamination. See V.
Antonov and A. Soutar, 1991 TAPPI PLC Conference Proceedings, page
553. The laminate is cooled an a cold roll and hauled off at a line speed of
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between about 100 and 1000 feet/minute, preferably betwesn about 300
and 800 feet/minute,

Films useful in lamination processes can be made by virtually any
method known to those skilled in this art. The film can be either a single
layer or multilayer polymeric film. As such, the film and film structures can
be typically cast, extruded, co-extruded, laminated and the like, including
orientation (either uniaxially or biaxially) by various methodologies (e.g.,
blown film, mechanical strefching or the like). Various additives can be
present in the respective film layers including the presence of tie layers
and the like. The additives can be one or more antioxidants, thermal
stabilizers, ultraviolet (UV) light sfabilizers, pigments and dyes, fillers,
delustrants, anti-slip agents, plasticizers, anti-block agents, other
processing aids, and the like.

The film can be praduced according fo any known methods. For
example, a primary film can be produced by extruding the compositions
using so-called "blown film" or “fiat die” methods, which are well known to
one skilled in the ant. A blown film can be prepared by extruding the
polymeric composition through an annular die and expanding the resulting
tubudar film with an air current to provide a blown film. Cast flat films can
be prepared by extruding the composition through a flat die. The film
leaving the die is cooled by at least one roli containing internally circulating
fluid (a chill roll) or by a water bath to provide a cast film,

A film can be further oriented beyond the immediate quenching or
casting of the film. The process comprises the steps of extruding a
laminar flow of molten polymer, quenching the extrudate and orienting the
quenched extrudate in at least one direction. “Quenched” describes an
extrudate that has been substantially cooled below its melting point to
obtain a solid film material.

The film can be unoriented, oriented in a uniaxial direction (e.g.
machine direction), or oriented in a biaxial direction {e.g. machine direction
and transverse direction). The film is preferably biaxially oriented by
drawing in two mutually perpendicular directions in the plane of the film for
a satisfactory combination of mechanical and physical properties.

9
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Orientation and strefching apparatus to uniaxially or biaxially stretch
film are known in the art and may be adapted by those skilled in the art o
produce films of the present invention, Examples of such apparatus and
processes include, for example, those disclosed in US patents 3,278,663,
3,337,665; 3,456,044, 4,590,106; 4,760,116; 4,768,421; 4,797,235 and
4,886,634,

A blown film may be oriented using a double bubble extrusion
process, where simultaneous hiaxial orientation may be effected by
extruding a primary fube which is subsequently quenched, reheated and
then expanded by internal gas pressure to induce transverse orientation,
and drawn by differential speed nip or conveying rollers at a rate which will
induce longitudinal orientation.

The processing to obfain an oriented blown film is known in the art
as a double bubble technigue, and can be carried out as disclosed in US
3,456,044, A primary tube can be melt extruded from an annular die. This
extruded primary tube can be cooled quickly to minimize crystallization. it
is then heated to its orientation temperature (for example, by means of a
water baih). In the orientation zone of the film fabrication unit a secondary
tube is formed by inflation, thereby the film is radially expanded in the
transverse direction and pulled or stretched in the machine direction at a
temperature such that expansion ocours in both directions, preferably
simultaneously; the expansion of the tubing being accompanied by a
sharp, sudden reduction of thickness at the draw point. The tubular film is
then again flattened through nip rolls. The film can be reinflated and
passed through an annealing step (thermofixation), during which step itis
heated once more to adjust the shrink properties.

in one embodiment, the film is formed by an extrusion process that
causes the polymer chains in the film to be generally aligned in the
direction of extrusion. Linear polymers, after being highly oriented
uniaxially possess considerable strength in the orientation direction, but
less strength in the transverse direction. This alignment can add strength
to the film in the direction of exirusion.

10
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The film used in this invention may be treated by means of corona
discharge, ozone or other means standard in the industry, although
treatment is not required for good adhesion to the EBA adhesive layer.
The film is laminated to a substrate such as foil using an EBA composition
as an adhesive layer to provide a muitilayer structure of this invention.

The adhesion of the multilayer structure is typically improved by increasing
the thickness of the EBA layer. The thickness of the EBA layeris
preferably between about 10 and 40 microns and most preferably between
about 15 and 30 microns thick.

A mulfitayer structure comprising {a) at least one faver of foil; (b) at
feast one layer of an ethylene/butyl acrylate copolymer composition; (¢) at
least one layer of a thermoplastic polyolefin compaesition; and optionally (d}
a material selected from the group consisting of paper, polyesters such as
pelyethylene terephthalate, polyamides, polyethylene vinyl alcohol,
polyethylene vinyl acetate, ethylene/acrylic acid copolymers and ionomers
thereof, polyvinylidene chloride and anhydride-modified ethylene homo-
and co~polymers,

The muitilayer structures can be prepared as described above in
which a foil-containing subsirate (prepared for example, by lamination or
extrusion coating) is adhered to a film comprising a polyolefin using an
EBA copolymer composition as an adhesive layer. The foil-containing
substrate, the film comprising the polyolefin (or both) may be a multilayer
structure.

Of note is a muliilayer structure comprising a layer comprising
oriented polyester {particularly polyethylene terephthalate), a layer
comprising ethylene/acryiic acid copolymer, a layer comprising foll, a layer
comprising an sethylene/butyl acrylate copolymer compeosition, and a layer
comprising polysthylene. Also of note is & multilayer structure comprising:
a layer comprising foll, a fayer comprising an ethylene/butyl acrylate
copolymer compaosition, and a layer comprising polypropylene.

The multilayer structures as disclosed herein are useful in
packaging applications or as packaging materials. They may also be used

11
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as industrial films (for example, as a structural component in insulation
sheeting).

The packaging materials may also be processed further by, for
example but not limitation, printing, embossing, andfor coloring to provide
a packaging material to provide information to the consumer about the
product therein and/or to provide a pleasing appearance of the package.

The packaging materials may be formed into packages, such as
pouches, by standard methods well known in the art. Accordingly, this
invention provides packages comprising multilayer structures as described
above.

The following Examples are merely illustrative, and are not to be
construed as limiting the scope of the invention described and/or claimed
herein.

EXAMPLES

General procedures used to prepare the laminates

The laminates were prepared using an extrusion laminating
process. Substrate A was combined with substrate C using an adhesive
layer B.

Substrate A

in Examples 1 through 8, substrate A was a laminate of otiented
poiyester (OPET) and aluminum foil: 13-microns OPET /19-microns
ethylene/acrylic acid (E/AA) copolymer with 7 weight % AA/9-microns
aluminum foil. The OPET was Melinex® 7100 supplied by DuPont Teijin
Fitms. The (E/AA) copolymer was Nucrel® 30707, an ethylene acrylic acid
copolymer with 7% AA manufactured by DuPont. Substrate A was
prepared by extruding the E/AA capolymer using a 4.5-inch diameter,
128-inch long, single screw extruder (with an exit temperature of 321 °C)
through an ER-WE-PA feedblock with a 40-inch wide (internally deckled to
29 inches) Cloeren edge bead reduction die having a 30-mil gap operated
at 321 °C and backpressure 500 psig to form a 18-micron-thick layer laid
down between the foil and OPET layers. The die plug and blade settings
were 2.25 and 1.5 inches, respectively. The air gap between the die exit

12
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and the nip (where the extrudate contacts the foil and OPET film) was
8 inches. The assembly was then passed over a chill roll that was
operated at 10°C. The line speed was 500 feet per minute.

Adhesive Layer B

The resins used for the lamination adhesive layer B in the
Examples described below are listed in Table 1, wherein MA stands for
methyl acrylate, EA stands for sthyl acrylate, BA stands for butyl acrylate
and AA stands for acrylic acid. Resins e and f were EBA resins that were
used in lamination processes in accordance with this invention to prepare

multilayer structures of this invention. Resin a was a polysthylene
composition that can be blended with an EBA resin to form an EBA/PE
composition used in accordance with this invention (or used as an
adhesive composition in Comparative Examples). The other resins listed
in Table 1 were used for preparation of Comparative Examples.

Table 1
i Co- Autociave (A)
Resin_ (gM0min} monomer Wit % Mole % or Tubular (T) Gomment
a 7 Nong 0 0 A 0.918 g/ee,
LDPE
b 9 MA 13 48 T
c 6 MA 8 31 T
d 8 EA 13 4.7 T
e 7 BA 17 4.3 T EBA-S
f 4 BA 27 7.4 T EBA-6
g 6 MA 20 8.3 A
h 7 AA 7 2.8 A
i 11 AA 3 1.2 A

Substrate C

Substrate C was a 50 p thick polyethylene blown film made of 80%
of a butene LLDPE (Sclair 11E1 manufactured by Nova) and 20% high
pressure LDPE (Novapol LF-0219A manufactured by Nova). The film was
prepared on a Welex blown film line with an 8-inch diameter Victor die.
The take-off speed was 38 feet per minute, the frost line height was
26 inches, the blow-up ratio was 2.7 and the layflat was 34 inches. Die
gap was 15 thousandths of an inch. Processing temperature was 210 °C.

13
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The laminate A/B/C was prepared by extruding the adhesive
polymer using a 4.5-inch diameter, 126-inch iong, single-screw exiruder.
The extrudate from the extruder flowed through an ER-WE-PA feedblock
with a 40-inch wide (internally deckled to 29 inches) Cloeren edge bead
reduction die having a 30-mil gap, blade set at 1.5 inches and plug set at
2.25 inches, The adhesive layer B was laid down between substrates A
and C such that it contacted the foil layer of Substrate A.

Tests Employed in Examples

Peel Strength: One-inch wide strips were cut in the machine
direction from near the center of the laminate. The layers were separated
at the A — B interface unless otherwise noted and pulled in a tensile tester
at room temperature in a *T-peel” configuration at a separation speed of
12 inches/min. The average force required {o separate the layers divided
by the width was reported as the peel strength. Five separate
detenminations were averaged togsther for a given mean value (values in
tables were rounded fo the nearest 10, with values ending in 5 rounded
up). Also reported was the standard deviation (Std). See ASTM F804.
Green peel strength was measured within four hours of producing the
structure.” Peel strength on the same sample was typically measured
again after being stored in a 50% relative humidity, 23 °C controlled
environment for one, four and six weeks.,

The mode of failure reported in Tables 2 through 5 was
characterized by the following descriptors:
P = peels cleanly away from the substrate,
LS = B/C film tayers split,
E = elongation of the peel arm as it was pulled away from the substrate,
D = C layer peels from the B layer while B stays with layer A, and
FT = foil tear.

Examples 1, C1 10 C3

The laminate A/B/C was prepared using an extruder exit
temperature of 321°C, air gap of 8 inches, line speed of 500 feet/minute,
chill roll temperature of 10°C, lead-in of -0.6 inches, and nip pressure of 60
psig. The nip to chill roll contact across the 740 mm width was from about
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13 fo about 15 mm. The thickness of layer B was from about 0.5 to about

0.8 mils.
Table 2
Feel Strength fo Foil, afin
) Layar B Grean Lwask | dwasky & weaaks
Ex, Mean Std  Mode  Mean Std Mode ;\ﬁean Sid_ Mode Mean Sid Maode
1 f {240 120 ER 1380 50 ER 1470 40 E/P 1530 20 EP
c1 a8 310 20 P 220 10 P 240 10 P 240 10 B
;2 h 720 120 P 660 .200 P 780 230 P 580 110 P
C3 i PO70 380 LS, P D | B30.220 P, PID. 10B0 340 P, EP, PD| 910 520 P, EBAS, P EPRP
5 Examples 2104, C4 to C9

The laminate A/B/C was prepared using an extruder exit
temperature of 321 °C, air gap of 8 inches, line speed of 500 feet/minute,
chill roll temperature of 10 °C, lead-in of ~0.5 inches, and nip pressure of
60 psig. The nip to chill roll contact across the 740mm width was from

10 about 13 to about 15 mm. The thickness of layer B was from about 0.6 to

about 0.8 mils.
Table 3
Peel Strength to Foll q/in
Layer B Green 1 week 4 weeks & weeks
& Mean Std Mode | Mesn Std Mode | Msan Std Mode Mean Std  Mode
2 f 1120 120 P, PAS | 1260 440 EP 1480 130 EiP 1410 40 PID, LS
3 <] 1140 160 P, PAS {1250 180 E®, 1300 230 P,.EB/P, PID. | 1350 40 LS, EFD
ERMD
4 80% f, 1480 1680 P 1180 16C 156 | 1330 160 P EP 1460 40 LS
20%a
c4 a 2860 0 P 2300 10 P 230 10 P 230 106
Gs ol 740460 PAS 370 10 P 310 60 i 130 10 *
C6 g 840 30 P 580 30 P G610 10 P 710 180 EfR
c7 (] T80 S} P,D,LS| 730 120 D, 18 830 10 PR LS 1160 220 o, P
ca G 530 B0 P 510 40 F 510 40 [ 580 200 P
G d 930 130 EA LS 1620 200 PAD,LS [1240 356 P DLLS 11030 150 P, LS

* 282 °C exit extruder and die.
+ PE from tie

15 Examples 5 to 8: Effect of extrusion temperature.

The laminate A/B/C was prepared using resin f for layer B, air gap
of 8-inches, line speed of 500 fest/minute, chill roll temperature of 10°C,
lead-in of ~0.5 inches, and nip pressure of 60 psig. The nip to chill roll
contact across the 740mm width was from about 13 to about 15 mm. The

s
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thickness of fayer B was from about 0.6 to about 0.8 mils. The extrusion
temperature was varied from about 545 to about 326 °C.

Table 4

Peel Stranath.to Foll, ofin

Extrusion

Tempertature, {Sreen 1 week 4 weeks B waeks
Ex. o Meaan Sid Mode | Mean Std Mode | Mean Std  Mods Mean Std Mode
§ 285 BO0 170 P.LS | 710 380 P, LS{S10 210 P LS {510120 P
6 303 780 20 P 8ih 80 P |72 40 P o T P
7 314 1120 180 P 1020 100 ER, P (1180 210 P E/P 1200100 P EP
3

326 1170 180 P 1210 200 BP, P 1560 30 - |‘!5.0031D E/R

TERP, LS, ERID

Examples 9 and 10: Laminations of aluminum foil and BOPP.

In Examples 9 and 10, substrate A was 30-micron thick aluminum
foil, adhesive polymer layer B was resin f and substrate C was a biaxially
oriented polypropylene (BOPP, grade 17MB400 manufactured by
ExxonMobil). Resin f was extruded in a 3.5-inch diameter extruder with a
melt temperature of 330°C. It was fed through an Egan feed-block and T-
slot die with external deckles. The die gap was 0.7 mm and the die width
720 mm. Chill roll temperature was 12°C, air gap 150 mm, line speed 100
meters/minute. The specific force applied in the nip was 5.4 N/im. The
Corona treatment was set at a power of 4.5 kW,

Table b
Green P8, glin  Green FS, g/in
Ex. Substrate A Laver B Resin  Subsirate G To Foil ToBOPP
9 Al foil f Corona-BORPP 510-7860 510-760
10 Al foil f gopp 760 760

Inspection of the peet strength data in Tables 1 through 5 showed
that use of ethylene/buty! acrylate copolymers as adhesive layers in
famination of foif to polyolefins provided significantly better adhesion and

that this adhesion was maintained over time.

Exampleil
Substrate A was the same QOPET/Nucrelffoil laminate disclosed in
examples 1-8. Adhesive layer B was “f" from Table 1. Subsirate C was
0.7-mil OPP film from Toray Plastics {(grade Y117), Japan. Laminate
A/BIC was prepared as disclosed for Examples 1-8. Specific processing

16
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conditions were 324°C coating temperature, 400 feet/minute line speed, 6-
inch air gap, 10 °C chill roll temperature, 60 psig nip pressure, and -0.5-
inch lead-in.

Peel strength measurements were attempted green at 1 week and
4 weeks. The peel to the foil or to the OPP could not be started indicating
that the adhesive strength exceeded the tear strength of the QPP

Examples 12 and 13

Substrate A was 2-mil aluminum foil. Substrate B was P from
Table 1. Substrate C was a 0.6-mil OPP film from Applied Extrusion
Technologies (grade B602) that was corona treated on one side and
untreated on the other, Laminate A/B/C was prepared as described for
Examples 1-8. Specific processing conditions were 321°C coating
temperature, 500 feet/minute line speed, 8-inch air gap, 10 °C chill roll
temperature, 60 psig nip pressure, and -0.5-inch lead-in. The results are
shown in Table 6 where the secondary substrate in Example 12 was
treated OPP and for Example 13 was untreated OPP,

Table 8- Peel Strength to Foil, o/in

Example Green 1 wesk 4 waeks .
Mean Slendard Mode Mean Standard Mode Mean Standard  Mode
12 1210 100 p 1500 120 Peel 1610 120 PHYT
13 120 95 L8P 1430 80 P PT 1530 225 PO

Atternpt to measure the peel strength between Layer B and Layer C
(tie layer and OPP) failed to get the pesl started. It indicates that the
adhesive strength exceeded the tear strength of the OPP,

17
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What is claimed is:

1. A multitayer structure comprising or produced from at least one
layer of foil, preferably aluminum foill; at least one layer of an
ethylene/butyl acrylate copolymer composition, which preferably
comprises from 1 to 30 weight % of a polyolefin; at least one layer of a
thermoplastic polyolefin, which is preferably polyethylene, polypropylene,
ar both; and optionally at least one additional layer comprising or produced
from paper, polyester, polyamide, ethylene vinyl alcohol, polyethylene vinyl
acetate, ethylene/acrylic acid copolymer or an ionomer thereof,
polyvinylidene chloride, anhydride-modified ethylens polymer, or
combinations of two or more thereof.

2. The multilayer structure of claim 1 further comprising at least one
additional layer.

3. The multitayer structure of claim 1 or 2 wherein the ethylene/butyl
acrylate copolymer is produced in a tubular reactor.

4. The multilayer structure of 1, 2, or 3 wherein the foil is the aluminum
foil.
5. A package comprising or produced from a multilayer structure as

recited in claim 1, 2, 3, or4.
8. The package of claim 5 that is formed into a pouch.

7, A process comprising combining or extruding an ethylene/butyl

acrylate copolymer composition between a layer of foil and a layer of a
thermoplastic polyolefin composition whereby a multilayer structure as
recited in claim 1, 2, 3, or 4 is produced.

18
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