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(54) Title: PHOTO-REGENERABLE OXYGEN SCAVENGING PACKAGING

(57) Abstract: Photo-regenerable oxygen scavenging packaging is generally disclosed. Some example embodiments may comprise
tantalum oxide and/or manganese oxide arranged to act as a photo-regenerable oxygen scavenger. The tantalum oxide, if present,
may operate as an oxygen scavenger when the tantalum oxide exists as tantalum (IV) oxide. Subjecting the tantalum oxide to light
may transform at least a portion of the tantalum oxide existing as tantalum (V) oxide to tantalum (IV) oxide. The manganese oxide,
if present, may operate as an oxygen scavenger when the manganese oxide exists as manganese (II) oxide. Subjecting the manganese
oxide to light may transform at least a portion of the manganese oxide existing as manganese (III) oxide to manganese (I) oxide.
Some example containers may include a structure defining an interior volume and a photo-regenerable oxygen scavenger disposed in
fluidic communication with the interior volume.
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Title: PHOTO-REGENERABLE OXYGEN SCAVENGING PACKAGING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to a corresponding patent application
filed in India and having application number 1339/CHE/2011, filed on April 18, 2011,

the entire contents of which are herein incorporated by reference.

BACKGROUND

[0001] The present disclosure generally pertains to containers and, more

particularly, to photo-regenerable oxygen scavenging packaging.

SUMMARY

[0002] Oxygen scavenging packaging is generally disclosed. Some example
embodiments may include methods, apparatus, and/or systems pertaining to oxygen
scavenging packaging. For example, some described methods, apparatus, and/or
systems may include photo-regenerable oxygen scavenging packaging.

[0003] Some example packaging materials according to the present disclosure may
include a substrate and a photo-regenerable oxygen scavenger comprising one or more
of tantalum oxide and manganese oxide operatively associated with the substrate. The
tantalum oxide, when present, may operate as an oxygen scavenger when the tantalum
oxide exists as tantalum (IV) oxide. Subjecting the tantalum oxide to light may
transform at least a portion of the tantalum oxide existing as tantalum (V) oxide to
tantalum (IV) oxide. The manganese oxide, when present, may operate as an oxygen
scavenger when the manganese oxide exists as manganese (II) oxide. Subjecting the
manganese oxide to light may transform at least a portion of the manganese oxide
existing as manganese (I1I) oxide to manganese (II) oxide.

[0004] Some example containers according to the present disclosure may include a
structure at least partially defining an interior volume for receiving contents therein and
a photo-regenerable oxygen scavenger disposed in fluidic communication with the

interior volume. The oxygen scavenger may include one or more of tantalum oxide and



WO 2012/143763 PCT/IB2011/052558

2
manganese oxide. The interior volume may be substantially fluidicly isolated from an

ambient environment. The tantalum oxide, if present, may operate as an oxygen
scavenger when the tantalum oxide exists as tantalum (IV) oxide. Subjecting the
tantalum oxide to light may transform at least a portion of the tantalum oxide existing
as tantalum (V) oxide to tantalum (IV) oxide. The manganese oxide, if present, may
operate as an oxygen scavenger when the manganese oxide exists as manganese (II)
oxide. Subjecting the manganese oxide to light may transform at least a portion of the
manganese oxide existing as manganese (I11) oxide to manganese (II) oxide.

[0005] Some example methods of preparing oxygen scavenging packaging
materials according to the present disclosure may include disposing a photo-
regenerable oxygen scavenger on a surface of a substrate. The oxygen scavenger may
include one or more of tantalum oxide and manganese oxide. The tantalum oxide, if
present, may operate as an oxygen scavenger when the tantalum oxide exists as
tantalum (IV) oxide. Subjecting the tantalum oxide to light may transform at least a
portion of the tantalum oxide existing as tantalum (V) oxide to tantalum (IV) oxide.
The manganese oxide, if present, may operate as an oxygen scavenger when the
manganese oxide exists as manganese (I1) oxide. Subjecting the manganese oxide, if
present, to light may transform at least a portion of the manganese oxide existing as
manganese (I11) oxide to manganese (II) oxide.

[0006] Some example methods of regenerating an oxygen scavenger according to
the present disclosure may include subjecting a photo-regenerable oxygen scavenger to
light including wavelengths of about 600 nm to about 660 nm. The oxygen scavenger
may include tantalum oxide. The tantalum oxide may operate as an oxygen scavenger
when the tantalum oxide exists as tantalum (IV) oxide. Subjecting the tantalum oxide
to light may transform at least a portion of the tantalum oxide existing as tantalum (V)
oxide to tantalum (IV) oxide. The oxygen scavenger may form at least a portion of a
container configured to receive contents such as a beverage, a food, and/or a
pharmaceutical.

[0007] Some example methods of regenerating an oxygen scavenger according to
the present disclosure may include subjecting a photo-regenerable oxygen scavenger to
light including wavelengths of about 300 nm to about 400 nm. The oxygen scavenger

may include manganese oxide. The manganese oxide may operate as an oxygen
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scavenger when the manganese oxide exists as manganese (II) oxide. Subjecting the

manganese oxide to light may transform at least a portion of the manganese oxide
existing as manganese (I1I) oxide to manganese (II) oxide. The oxygen scavenger may
form at least a portion of a container configured to receive contents such as a beverage,
a food, and/or a pharmaceutical.
[0008] The foregoing summary is illustrative only and is not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent by
reference to the drawings and the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other features of the present disclosure will become more
fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the disclosure and are, therefore,
not to be considered limiting of its scope, the disclosure will be described with
additional specificity and detail through use of the accompanying drawings.
[0010] In the drawings:

FIG. 1 is a block diagram of an example container system;

FIG. 2 is a flow chart illustrating an example method of operating an
automated preservation management system;

FIG. 3 is a cross-sectional view of an example container;

FIG. 4 is a block diagram of an example container;

FIG. 5 is a plot of x-ray powder diffraction data obtained from an example
packaging material before and after photo-regeneration;

FIG. 6 is a plot of Fourier transform infrared spectroscopy data obtained
from an example packaging material before and after photo-regeneration;

FIG. 7 is a flow chart illustrating an example method of preparing an
oxygen-scavenging packaging material;

FIG. 8 is a flow chart illustrating an example method regenerating an
oxygen scavenger;

FIG. 9 is a flow chart illustrating an example method regenerating an

oxygen scavenger; and
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FIG. 10 is a block diagram illustrating an example computing device; all

arranged in accordance with at least some embodiments of the present disclosure.

DETAILED DESCRIPTION
[0011] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be used, and other changes may be made, without departing
from the spirit or scope of the subject matter presented here. It will be readily
understood that the aspects of the present disclosure, as generally described herein, and
illustrated in the Figures, may be arranged, substituted, combined, and designed in a
wide variety of different configurations, all of which are explicitly contemplated and
make part of this disclosure.
[0012] Methods, systems, devices, and/or apparatus related to oxygen scavenging
packaging are described. Some example embodiments according to the present
disclosure may pertain to photo-regenerable oxygen scavenging packaging.
[0013] Some example embodiments according to the present disclosure may
include one or more oxygen scavengers. As used herein, “oxygen scavenger” may
refer to materials and/or compounds that may remove oxygen from the interior of a
closed package, such as (a) by reacting or combining with entrapped oxygen and/or
oxygen perfusing or leaking into the package and/or (b) by catalyzing an oxidation
reaction yielding innocuous products. In some example embodiments according to the
present disclosure, an oxygen scavenger may include tantalum oxide.
[0014] The present disclosure contemplates that tantalum (IV) oxide (TaO,) may
combine with oxygen to form tantalum (V) oxide (Ta;Os), such as by the following
reaction:
4Ta0, + O, 2 2Ta,0s
[0015] In some example embodiments according to the present disclosure, the
combination of tantalum (IV) oxide with oxygen from its surrounding environment to
form tantalum (V) oxide may reduce the amount of oxygen in the surrounding

environment (e.g., the interior volume of a closed package).
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[0016] The present disclosure contemplates that air typically contains about 21%

oxygen, and reducing the amount of oxygen within a closed package may increase the
shelf life of a beverage, a food, and/or a pharmaceutical stored therein. For example,
some bacteria that contribute to spoilage of food may use oxygen, and reducing the
amount of oxygen within a package containing the food may delay and/or prevent
spoilage of the food. For example, when the oxygen concentration of the environment
in which produce is stored is maintained less than about 5%, the rate of deterioration of
stored produce may be substantially reduced.

[0017] The present disclosure contemplates that tantalum (V) oxide may release
oxygen to form tantalum (IV) oxide when it is exposed to light. In some example
embodiments, subjecting the tantalum (V) oxide to light may excite its electrons, which
may cause it to transform to tantalum (IV) oxide. For example, exposure to light (e.g.,
including wavelengths of about 632 nm) may cause at least a portion of the tantalum
(V) oxide to release oxygen and form tantalum (IV) oxide, such as by the following
reaction:

TayOs + hy (632 nm) = TaO, +0, (g) + Ta*O

[0018] Some example embodiments according to the present disclosure may
include tantalum oxide arranged to act as a photo-regenerable oxygen scavenger, such
as in connection with packaging for a beverage, a food, and/or a pharmaceutical.

[0019] FIG. 1 is a block diagram of an example container system 100, in
accordance with at least some embodiments of the present disclosure. Container
system 100 may include a container 102 including a structure which may comprise one
or more walls 102A, 102B, 102C, 102D which may at least partially define an interior
104 configured to receive one or more contents 106A, 106B (e.g., one or more of a
beverage, a food, and a pharmaceutical) therein. For example, the structure including
container 102 may include one or more of a bottle, a jar, a drum, a box, a pouch, a bag,
a carton, and other packages known in the art. In some example embodiments, interior
104 may be substantially fluidicly isolated from an ambient environment.

[0020] Some example containers 102 may include one or more oxygen scavengers
108A, 108B disposed in fluidic communication with the interior volume 104. In some
example embodiments, oxygen scavengers 108A, 108B may include tantalum oxide

and/or may be disposed within interior 104 of container 102. In some example
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embodiments one or more oxygen scavengers 108B may be disposed on an interior

surface 102B of structure 102A, such as on an interior surface 102E of wall 102C.
[0021] Some example containers 102 may include one or more light sources 110A,
110B, which may be arranged to project light 110C, 110D onto at least a portion of one
or more of oxygen scavengers 108A, 108B. In some example embodiments, one or
more light sources 110A may be disposed outside of interior 104 and/or one or more
light sources 110B may be disposed within interior 104. In some example
embodiments, light sources 110A, 110B may be configured to emit light comprising
wavelengths between about 380 nm and about 750 nm. In some example
embodiments, light sources 110A, 110B may be configured to emit light comprising
wavelengths of about 600 nm to about 660 nm. In some example embodiments, light
sources 110A, 110B may be configured to emit light comprising wavelengths of about
632 nm. In some example embodiments, at least a portion of one or more of oxygen
scavengers 108A, 108B may be subjected to sunlight, which may include light
comprising wavelengths of about 632 nm. It is within the scope of the disclosure to use
a separately provided light source instead of or in addition to light sources 110A, 110B.
[0022] Some example containers 102 may include one or more sensors configured
to detect one or more conditions associated with interior 104 of container 102. For
example, some example containers 102 may comprise one or more oxygen Sensors
112A, 112B configured to detect oxygen within interior volume 104.

[0023] Some example containers 102 may include a purge system, which may
include an air mover such as a blower114. Blower 114 may be arranged to deliver air
(or other gas) to interior 104 of container 102, such as via purge line 116. Purge line
116 may include one or more isolation valves 118, which may be arranged to isolate
interior 104 of container. In some example embodiments, purge line 116 may be
coupled to container 102 at a port 120. Air (or other gas) delivered to interior 104 of
container 102 by blower 114 may be vented from interior 104 via a vent line 122,
which may include one or more isolation valves 124 and/or which may be coupled to
container 102 at a port 126. It will be understood by those of skill in the art that
reversing the direction of flow through blower 114 will cause air (or other gas) to be
drawn into interior 104 via vent line 122 and out of interior via line 116 and blower

114. In some such embodiments, line 116 may be referred to as a vacuum line. In
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some example embodiments, a purge gas comprising less oxygen than ambient air may

be used by the purge system. For example, nitrogen may be used as a purge gas.

[0024] Some example container systems 100 may include an automated
preservation management system (APMS) 128, which may be operatively coupled to
one or more of light sources 110A, 110B, oxygen sensors 112A, 112B, air mover 114,
and/or isolation valves 118, 124. These components are available to those of skill in
the art. For example, APMS 128 may comprise one or more microprocessors
configured to receive data from and/or to control one or more of light sources 110A,
110B, oxygen sensors 112A, 112B, air mover 114, and/or isolation valves 118, 124. In
some example embodiments, APMS 128 may comprise a computing device, such as
those described below in connection with FIG. 8.

[0025] In some example embodiments, APMS 128 may be configured to
periodically and/or intermittently monitor conditions, such as oxygen concentration,
within interior 104 (e.g., using oxygen sensors 112A, 112B). APMS 128 may be
configured to automatically operate isolation valves 118, 124, blower 114, and/or light
sources 110A, 110B. For example, APMS 128 may automatically apply appropriate
electrical energy to open isolation valves 118, 124, which may comprise solenoid-
operated valves. APMS 128 may be configured to automatically control operation of
blower 114 to flow air (or other gas) through interior 104. APMS 128 may be
configured to automatically control light sources 110A, 110B, which may project light
110C, 110D onto oxygen scavengers 108A, 108B.

[0026] Oxygen within interior 104 may be captured by oxygen scavengers 108A,
108B, which may include tantalum (IV) oxide, thereby forming tantalum (V) oxide.
APMS 128 may monitor oxygen concentration within interior 104, such as by using
oxygen sensors 112A, 112B. Upon detection of an oxygen concentration at or above a
predetermined set point, upon clapse of a predetermined time period, and/or when
manually initiated, APMS 128 may direct opening of isolation valves 118, 124. APMS
may energize blower 114 to flow air (or other gas) through interior 104 via purge line
116 and/or vent line 122. APMS may energize light sources 110A, 110B to project
light 110C, 110D onto oxygen scavengers 108A, 108B. Light 110C, 110D may cause
at least a portion of the tantalum (V) oxide of oxygen scavengers 108A, 108B to release

oxygen and form tantalum (IV) oxide. At least a portion of the released oxygen may be
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removed from interior 104 by the flowing air (or other gas). Upon detection of a

predetermined oxygen concentration in interior 104, upon elapse of a predetermined
time period, and/or upon manual operation, APMS may de-energize light sources
110A, 110B, de-energize blower 114, and/or direct shutting of isolation valves 118,
124.

[0027] In some example embodiments, contents 106A, 106B may be placed into
interior 104 of container 102, and container 102 may be substantially sealed from the
ambient environment prior to operation of APMS 128. In some example embodiments,
contents 106A, 106B may be placed into interior 104 of container 102 after oxygen
scavengers 108A, 108B have been subjected to light 110C, 110D. In some example
embodiments, previously held contents 106A, 106B of container 102 may be removed
from interior 104 prior to subjecting oxygen scavengers 108A, 108B to light 110C,
110D. In some example embodiments, oxygen scavengers 108A, 108B may be
subjected to a vacuum during at least a portion of the time while being subjected to
light 110C, 110D.

[0028] FIG. 2 is a flow chart illustrating an example method of operating an
automated preservation management system 128 according to at least some
embodiments of the present disclosure. Method 400 may include an operation 402,
which may include placing contents 106A, 106B within interior 104 of container 102.
Operation 402 may be followed by an operation 404, which may include capturing
oxygen within interior 104 using oxygen scavengers 108A, 108B. An operation 406
may occur during and/or after operation 404, and may include monitoring an oxygen
concentration within interior 104 using oxygen sensors 112A, 112B. Using the oxygen
concentrations measured in operation 406, an operation 408 may include determining
whether the oxygen concentration above a set point. If the oxygen concentration is not
above a set point, the method may return to operation 404. If the oxygen concentration
is above a set point, the method may proceed to an operation 410, which may include
energizing light sources 110A, 110B to project light 110C, 110D onto oxygen
scavengers 108A, 108B, thereby causing at least a portion of the tantalum (V) oxide of
oxygen scavengers 108A, 108B to release oxygen and form tantalum (IV) oxide and/or
opening isolation valves 118, 124 and energizing blower 114 to flow air through

interior 104 via purge line 116 and vent line 122. Following operation 410 may be an
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operation 412, which may include deenergizing light sources 110A, 110B, shutting

isolation valves 118, 124, and/or deenergizing blower 114. The method may then
return to operation 404.

[0029] FIG. 3 is a cross-sectional view of an example container 200, in accordance
with at least some embodiments of the present disclosure. Container 200 may include a
structure which may comprise one or more walls 202A, 202B, 202C, 202D, which may
at least partially define an interior 204 configured to receive one or more contents
206A, 206B, 206C (e.g., one or more of a beverage, a food, and a pharmaceutical)
therein. For example, the structure comprising container 200 may include one or more
of a bottle, a jar, a drum, a box, a pouch, a bag, a carton, and other packages known in
the art. In some example embodiments, interior 204 may be substantially fluidicly
isolated from an ambient environment.

[0030] In some example embodiments, one or more of walls 202A, 202B, 202C,
202D may be constructed from various materials known in the art, such as metals (e.g.,
aluminum and steel), polymers (e.g., polyethylene and polycarbonate), paperboard,
cardboard, and the like. One or more of walls 202A, 202B, 202C, 202D may comprise
a substrate with which a photo-regenerable oxygen scavenger 208 (e.g., tantalum oxide)
is operatively associated. In some example embodiments, one or more of walls 202A,
202B, 202C, 202D may include a closure configured to selectively substantially seal
interior 204 from the ambient environment. In some example embodiments, oxygen
scavenger 208 may be disposed on a surface 202S of one or more walls 202A, 202B,
202C, and 202D comprising a substrate.

[0031] In some example embodiments, a photo-regenerable oxygen scavenger may
be disposed in fluidic communication with an interior of a container. For example,
FIG. 4 is a block diagram of an example container system 300, in accordance with at
least some embodiments of the present disclosure. Container system 300 may include a
container 302 which may be configured to receive one or more contents 306A, 306B,
306C within an interior 304 thereof. Interior 304 may be in fluidic communication
with a photo-regenerable oxygen scavenger 308, such as tantalum oxide. In some
example embodiments, interior 304 may be fluidicly coupled with oxygen scavenger

308 via a conduit 310.



WO 2012/143763 PCT/IB2011/052558

10
[0032] Oxygen scavenging packaging materials in accordance with at least some

aspects of the present disclosure may be constructed by disposing tantalum oxide on a
surface of the packaging material. The surface of the packaging material may be
prepared to receive the tantalum oxide, such as by electrochemically cleaning the
surface using a solvent and/or by using sonication to remove unwanted impurities from
the surface. Tantalum oxide may be disposed on the surface of the packaging material
by one or more of electrodeposition (e.g., using dimethyl sulfoxide and/or by being
dispersed in water using sonication), dip coating (e.g., heated to about 100 degrees C),
spin coating (e.g., with heating), spray coating (e.g., with heating), vacuum thermal
evaporation deposition, sputtering, and reactive sputtering. In some at least some
tantalum oxide may be disposed on the packaging material prior to its assembly into a
container. In some example embodiments, at least some tantalum oxide may be
disposed on the packaging material after its assembly into the container.

[0033] FIG. 5 is a plot of x-ray powder diffraction (XRD) data obtained from an
example packaging material before and after photo-regeneration, in accordance with at
least some embodiments of the present disclosure. An oxygen scavenging surface
comprising tantalum oxide was exposed to oxygen (forming tantalum (V) oxide), and
the data labeled “Ta;Os” in FIG. 5 was obtained. The observed diffraction peaks are in
good agreement with the Joint Committee on Powder Diffraction Standards (JCPDS)
No. 18-1304 data for tantalum oxide. These diffraction peaks may be associated with
(003), (200) and (203) planes related to the hexagonal 6-Ta,0s phase. Next, the oxygen
scavenging surface was exposed light from a green light emitting diode, and the data
labeled “Ta0,” in FIG. 5 was obtained. This data indicates that at least some of the
tantalum oxide lost its crystalline nature. The peaks have reduced intensities and are
shifted by about 1 radian.

[0034] FIG. 6 is a plot of Fourier transform infrared spectroscopy (FTIR) data
obtained from an example packaging material before and after photo-regeneration, in
accordance with at least some embodiments of the present disclosure. An oxygen
scavenging surface including tantalum oxide was exposed to oxygen (forming tantalum
(V) oxide), and the data labeled “Ta,Os” in FIG. 6 was obtained. Then, the oxygen
scavenging surface was exposed light from a green light emitting diode light source.

Then, the data labeled “Ta0,” in FIG. 5 was obtained. The absorption bands at about
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682 cm-1 and 731 cm-1 may be attributed to the O=3Ta stretching mode of Ta,Os and

TaO; in the polycrystalline phase. The presence of a band at about 872 cm-1 may be
related the Ta-O-Ta stretching mode. The presence of a band at about 3422 cm-1 may
be related to the absorbed —OH stretching mode for the absorption oxygen.

[0035] In some example embodiments according to at least some aspects of the
present disclosure, regeneration of tantalum (V) oxide to tantalum (VI) oxide by
exposure to light may be substantially complete. In other words, substantially all of the
tantalum (V) oxide may be converted to tantalum (VI) oxide. In some example
embodiments according to at least some aspects of the present disclosure, less than all
of the tantalum (V) oxide may be converted to tantalum (VI) oxide by exposure to light.
In some such embodiments, the amount of tantalum (VI) oxide available for oxygen
scavenging after regeneration may decrease with each use and regeneration of the
oxygen scavenger. Some example embodiments may be configured to include an
amount of tantalum oxide such that a desired oxygen scavenging capacity is available
after multiple uses and regenerations of the oxygen scavenger.

[0036] In some example embodiments according to at least some aspects of the
present disclosure, manganese oxide may be used as an oxygen scavenger instead of
and/or in addition to tantalum oxide. For example, manganese (II) oxide (MnO) may
capture oxygen from its surrounding environment, becoming manganese (III) oxide
(Mn03). At least some of the manganese (III) oxide may be regenerated into
manganese (II) oxide by exposure to light (e.g., ultraviolet light at about 352 nm). In
some example embodiments, light sources may be configured to emit light comprising
wavelengths between about 200 nm and about 500 nm. In some example
embodiments, light sources may be configured to emit light comprising wavelengths of
about 300 nm to about 400 nm. In some example embodiments, light sources may be
configured to emit light comprising wavelengths of about 352 nm. In some example
embodiments according to at least some aspects of the present disclosure, manganese
oxide may operate as a photo-regenerable oxygen scavenger according to the following

equation:

352 nm UV

Mn203 +2¢” ;MnO + 02_
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[0037] FIG. 7 is a flow chart illustrating an example method 600 of preparing an

oxygen-scavenging packaging material, in accordance with at least some embodiments
of the present disclosure. Method 600 may include an operation 602, which may
include disposing a photo-regenerable oxygen scavenger on a surface of a substrate.
The photo-regenerable oxygen scavenger may comprise one or more of tantalum oxide
and manganese oxide. The tantalum oxide, if present, may operate as an oxygen
scavenger when the tantalum oxide exists as tantalum (IV) oxide. Subjecting the
tantalum oxide, if present, to light may transform at least a portion of the tantalum
oxide existing as tantalum (V) oxide to tantalum (IV) oxide. The manganese oxide, if
present, may operate as an oxygen scavenger when the manganese oxide exists as
manganese (II) oxide. Subjecting the manganese oxide, if present, to light may
transform at least a portion of the manganese oxide existing as manganese (I1I) oxide to
manganese (II) oxide.

[0038] FIG. 8 is a flow chart illustrating an example method 650 of regenerating an
oxygen scavenger, in accordance with at least some embodiments of the present
disclosure. Method 650 may include operation 652, which may include subjecting a
photo-regenerable oxygen scavenger to light comprising wavelengths of about 600 nm
to about 660 nm. The oxygen scavenger may include tantalum oxide. The tantalum
oxide may operate as an oxygen scavenger when the tantalum oxide exists as tantalum
(IV) oxide. Subjecting the tantalum oxide to light may transform at least a portion of
the tantalum oxide existing as tantalum (V) oxide to tantalum (IV) oxide. The oxygen
scavenger may form at least a portion of a container configured to receive contents,
which may include one or more of a beverage, a food, and a pharmaceutical.

[0039] FIG. 9 is a flow chart illustrating an example method 660 of regenerating an
oxygen scavenger, in accordance with at least some embodiments of the present
disclosure. Method 660 may include operation 662, which may include subjecting a
photo-regenerable oxygen scavenger to light comprising wavelengths of about 300 nm
to about 400 nm. The oxygen scavenger may comprise manganese oxide. The
manganese oxide may operate as an oxygen scavenger when the manganese oxide
exists as manganese (II) oxide. Subjecting the manganese oxide to light may transform
at least a portion of the manganese oxide existing as manganese (III) oxide to

manganese (II) oxide. The oxygen scavenger may form at least a portion of a container



WO 2012/143763 PCT/IB2011/052558

13
configured to receive contents comprising one or more of a beverage, a food, and a

pharmaceutical.

[0040] Some example packaging materials and/or containers may form a part of
and/or may be placed within temperature controlled containers, such as refrigerators
and/or freezers. Some example packaging materials and/or containers may form a part
of and/or may be placed within storage containers, warchouses, storage units, etc.
[0041] FIG. 10 is a block diagram illustrating an example computing device 700
that may include APMS 128 in accordance with at least some embodiments of the
present disclosure. In a very basic configuration 701, computing device 700 typically
may include one or more processors 710 and system memory 720. A memory bus 730
may be used for communicating between the processor 710 and the system memory
720.

[0042] Depending on the desired configuration, processor 710 may be of any type
including but not limited to a microprocessor (uP), a microcontroller (uC), a digital
signal processor (DSP), or any combination thereof. Processor 710 may include one
more levels of caching, such as a level one cache 711 and a level two cache 712, a
processor core 713, and registers 714. An example processor core 713 may include an
arithmetic logic unit (ALU), a floating point unit (FPU), a digital signal processing core
(DSP Core), or any combination thereof. An example memory controller 715 may also
be used with the processor 710, or in some implementations the memory controller 715
may be an internal part of the processor 710.

[0043] Depending on the desired configuration, the system memory 720 may be of
any type including but not limited to volatile memory (such as RAM), non-volatile
memory (such as ROM, flash memory, etc.) or any combination thereof. System
memory 720 may include an operating system 721, one or more applications 722, and
program data 724. Application 722 may include an oxygen scavenging algorithm 723
that may be arranged to direct operation of other components upon detection of a
predetermined oxygen concentration as described herein. Program Data 724 may
include oxygen sensor data 725 that may be useful for controlling other components as
described herein. In some embodiments, application 722 may be arranged to operate
with program data 724 on an operating system 721 such that example implementations

of oxygen scavenging container systems may be provided as described herein. This
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described basic configuration is illustrated in FIG. 7 by those components within

dashed line 701.

[0044] Computing device 700 may have additional features or functionality, and
additional interfaces to facilitate communications between the basic configuration 701
and any required devices and interfaces. For example, a bus/interface controller 740
may be used to facilitate communications between the basic configuration 701 and one
or more data storage devices 750 via a storage interface bus 741. The data storage
devices 750 may be removable storage devices 751, non-removable storage devices
752, or a combination thereof. Examples of removable storage and non-removable
storage devices include magnetic disk devices such as flexible disk drives and hard-disk
drives (HDD), optical disk drives such as compact disk (CD) drives or digital versatile
disk (DVD) drives, solid state drives (SSD), and tape drives to name a few. Example
computer storage media may include volatile and nonvolatile, removable and non-
removable media implemented in any method or technology for storage of information,
such as computer readable instructions, data structures, program modules, or other data.
[0045] System memory 720, removable storage 751 and non-removable storage
752 are all examples of computer storage media. Computer storage media includes, but
is not limited to, RAM, ROM, EEPROM, flash memory or other memory technology,
CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storage devices, or any other
medium which may be used to store the desired information and which may be
accessed by computing device 700. Any such computer storage media may be part of
device 700.

[0046] Computing device 700 may also include an interface bus 742 for facilitating
communication from various interface devices (e.g., output interfaces, peripheral
interfaces, and communication interfaces) to the basic configuration 701 via the
bus/interface controller 740. Example output devices 760 include a graphics
processing unit 761 and an audio processing unit 762, which may be configured to
communicate to various external devices such as a display or speakers via one or more
A/V ports 763. Other example output devices include valve controllers and light
source controllers. Example peripheral interfaces 770 include a serial interface

controller 771 or a parallel interface controller 772, which may be configured to
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communicate with external devices such as input devices (e.g., keyboard, mouse, pen,

voice input device, touch input device, sensors etc.) or other peripheral devices (e.g.,
printer, scanner, etc.) via one or more I/O ports 773. An example communication
device 780 includes a network controller 781, which may be arranged to facilitate
communications with one or more other computing devices 790 over a network
communication link via one or more communication ports 782.
[0047] The network communication link may be one example of a communication
media. Communication media may typically be embodied by computer readable
instructions, data structures, program modules, or other data in a modulated data signal,
such as a carrier wave or other transport mechanism, and may include any information
delivery media. A “modulated data signal” may be a signal that has one or more of its
characteristics set or changed in such a manner as to encode information in the signal.
By way of example, and not limitation, communication media may include wired
media such as a wired network or direct-wired connection, and wireless media such as
acoustic, radio frequency (RF), microwave, infrared (IR) and other wireless media.
The term computer readable media as used herein may include both storage media and
communication media.
[0048] Computing device 700 may be implemented as a portion of a small-form
factor portable (or mobile) electronic device such as a cell phone, a personal data
assistant (PDA), a personal media player device, a wireless web-watch device, a
personal headset device, an application specific device, or a hybrid device that include
any of the above functions. Computing device 700 may also be implemented as a
personal computer including both laptop computer and non-laptop computer
configurations.

EXAMPLES

[0049] Example 1: Food preservation using container with tantalum oxide

[0050] Testing involving an example embodiment according to the present
disclosure was conducted. Surfaces of metal plates were prepared by removing
unwanted impurities using sonication. Tantalum (IV) oxide was electrodeposited on
the surfaces using dimethyl sulfoxide and an applied voltage differential of 2 VDC. A
platinum positive electrode was used and the metal plates acted as the negative

electrode. After ten minutes, the plates were removed from the electrodeposition



WO 2012/143763 PCT/IB2011/052558

16
apparatus and were assembled into a box with the tantalum oxide coated surfaces

facing the interior of the box. Noodles were placed into the box and the box was
scaled. Once a day, the box was vented and light emitted by green light emitting
diodes was directed at the tantalum oxide coated surfaces. Noodles stored in the box at
about 27-30 degrees C remained unspoiled and edible after one week, while noodles
stored under similar conditions in a closed container without a tantalum oxide oxygen
scavenger spoiled and became inedible in approximately one day.

[0051] Example 2: Regeneration of tantalum oxide oxygen scavenger using

sunlight

[0052] In some example embodiments according to at least some aspects of the
present disclosure, a container (e.g., container 102 described above) may be constructed
with tantalum (IV) oxide on interior surfaces therecof. The tantalum (IV) oxide may
capture oxygen from the interior of the container, becoming tantalum (V) oxide. At
least some of the tantalum (V) oxide may be regenerated into tantalum (IV) oxide by
exposure to bright sunlight, which may include at least some light at about 632 nm.

[0053] Example 3: Container including manganese oxide oxygen scavenger

[0054] In some example embodiments according to at least some aspects of the
present disclosure, a container (e.g., container 102 described above) may be constructed
with manganese (II) oxide on interior surfaces thereof. The manganese (I1) oxide may
capture oxygen from the interior of the container, becoming manganese (II1) oxide. At
least some of the manganese (III) oxide may be regenerated into manganese (II) oxide
by exposure to light, such as ultraviolet light at about 352 nm.

[0055] Example 4: Pharmaceutical storage using container with tantalum oxide

[0056] Some example embodiments according to the present disclosure may be
configured for storage of pharmaceuticals. For example, a pharmaceutical subject to
oxidative degradation (e.g., sodium picosulfate (4,4’-(2-pyridylmethylene)diphenyl
bis(hydrogen sulfate) disodium)) may be stored in a container, such as container 200 of
FIG. 3. Oxygen scavenger 208, which may comprise tantalum oxide, may capture
oxygen from interior 204, which may reduce the concentration of oxygen in interior
204. Reducing the oxygen concentration in interior 204 may reduce the rate of
oxidative degeneration of the pharmaceutical stored therein.

[0057] The herein described subject matter sometimes illustrates different
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components contained within, or connected with, different other components. It is to

be understood that such depicted architectures are merely examples, and that in fact
many other architectures may be implemented which achieve the same functionality.
In a conceptual sense, any arrangement of components to achieve the same
functionality is effectively “associated” such that the desired functionality is achieved.
Hence, any two components herein combined to achieve a particular functionality may
be seen as “associated with” each other such that the desired functionality is achieved,
irrespective of architectures or intermedial components.  Likewise, any two
components so associated may also be viewed as being “operably connected”, or
“operably coupled”, to each other to achieve the desired functionality, and any two
components capable of being so associated may also be viewed as being “operably
couplable”, to each other to achieve the desired functionality. Specific examples of
operably couplable include but are not limited to physically mateable and/or physically
interacting components and/or wirelessly interactable and/or wirelessly interacting
components and/or logically interacting and/or logically interactable components.
[0058] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art may translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the context and/or application. The
various singular/plural permutations may be expressly set forth herein for sake of
clarity.

[0059] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “includes but is not limited to,”
etc.). It will be further understood by those within the art that if a specific number of
an introduced claim recitation is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is present. For example, as
an aid to understanding, the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the introduction

of a claim recitation by the indefinite articles “a” or “an” limits any particular claim
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containing such introduced claim recitation to inventions containing only one such

recitation, even when the same claim includes the introductory phrases “one or more”
or “at least one” and indefinite articles such as “a” or “an” (e.g., “a” and/or “an” should
typically be interpreted to mean “at least one” or “one or more”); the same holds true
for the use of definite articles used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly recited, those skilled in
the art will recognize that such recitation should typically be interpreted to mean at
least the recited number (e.g., the bare recitation of “two recitations,” without other
modifiers, typically means at least two recitations, or two or more recitations).
Furthermore, in those instances where a convention analogous to “at least one of A, B,
and C, etc.” is used, in general such a construction is intended in the sense one having
skill in the art would understand the convention (e.g., “a system having at least one of
A, B, and C” would include but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.). In those instances where a convention analogous to “at least one of A,
B, or C, etc.” is used, in general such a construction is intended in the sense one having
skill in the art would understand the convention (e.g., “a system having at least one of
A, B, or C” would include but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.). It will be further understood by those within the art that virtually any
disjunctive word and/or phrase presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to contemplate the possibilities
of including one of the terms, either of the terms, or both terms. For example, the
phrase “A or B” will be understood to include the possibilities of “A” or “B” or “A and
B.”

[0060] While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for purposes of illustration and are not
intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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What is claimed is:

1. A packaging material comprising:

a substrate; and

a photo-regenerable oxygen scavenger comprising one or more of tantalum
oxide and manganese oxide, the photo-regenerable oxygen scavenger being operatively

associated with the substrate.

2. The packaging material of claim 1,

wherein the tantalum oxide operates as an oxygen scavenger when the tantalum
oxide exists as tantalum (I'V) oxide; and

wherein subjecting the tantalum oxide to light transforms at least a portion of

the tantalum oxide existing as tantalum (V) oxide to tantalum (I'V) oxide.

3. The packaging material of claim 1,

wherein the manganese oxide operates as an oxygen scavenger when the
manganese oxide exists as manganese (II) oxide; and

wherein subjecting the manganese oxide to light transforms at least a portion of

the manganese oxide existing as manganese (I1T) oxide to manganese (II) oxide.

4. The packaging material of claim 1, wherein the photo-regenerable oxygen

scavenger is disposed on a surface of the substrate.

5. The packaging material of claim 1, wherein the substrate comprises one or more

of a metal and a polymer.

6. The packaging material of claim 1, wherein the substrate comprises
polycarbonate.
7. A container comprising:

a structure at least partially defining an interior volume for receiving contents
therein, the interior volume being configured to be substantially fluidicly isolated from
an ambient environment; and

a photo-regenerable oxygen scavenger disposed in fluidic communication with
the interior volume, the oxygen scavenger comprising one or more of tantalum oxide

and manganese oxide;
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wherein the tantalum oxide, if present, operates as an oxygen scavenger when

the tantalum oxide exists as tantalum (IV) oxide;

wherein subjecting the tantalum oxide, if present, to light transforms at least a
portion of the tantalum oxide existing as tantalum (V) oxide to tantalum (IV) oxide;

wherein the manganese oxide, if present, operates as an oxygen scavenger when
the manganese oxide exists as manganese (1) oxide; and

wherein subjecting the manganese oxide, if present, to light transforms at least a
portion of the manganese oxide existing as manganese (III) oxide to manganese (II)

oxide.

8. The container of claim 7, wherein the interior volume is configured to receive

contents comprising one or more of a beverage, a food, and a pharmaceutical therein.

9. The container of claim 7, further comprising a light source arranged to project

light onto at least a portion of the photo-regenerable oxygen scavenger.

10.  The container of claim 9, wherein the light source is configured to emit light

comprising wavelengths between about 380 nm and about 750 nm.

11.  The container of claim 9, wherein the light source is configured to emit light

comprising wavelengths of about 632 nm.

12.  The container of claim 9, wherein the light source is configured to emit light

comprising wavelengths between about 200 nm and about 500 nm.

13.  The container of claim 9, wherein the light source is configured to emit light

comprising wavelengths of about 352 nm.

14. The container of claim 7, further comprising an oxygen sensor configured to

detect the oxygen within the interior volume.

15.  The container of claim 14, further comprising a light source and a purge system
configured for automatic operation upon detection, by the oxygen sensor, of a

predetermined oxygen concentration in the interior volume.
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16. The container of claim 7,

wherein the structure comprises one or more walls interposing the interior
volume and the ambient environment; and
wherein the photo-regenerable oxygen scavenger is disposed on an interior

surface of one or more of the walls.

17.  The container of claim 7, wherein the structure comprises one or more of a

bottle, a jar, a drum, a box, a pouch, a bag, and a carton.

18. The container of claim 17, wherein the photo-regenerable oxygen scavenger is

disposed on an interior surface of the structure.

19.  The container of claim 7, further comprising a port configured to engage one or

more of a vacuum line and a purge line.

20. A method of preparing an oxygen-scavenging packaging material, the method
comprising:

disposing a photo-regenerable oxygen scavenger on a surface of a substrate, the
photo-regenerable oxygen scavenger comprising one or more of tantalum oxide and
manganese oxide;

wherein the tantalum oxide, if present, operates as an oxygen scavenger when
the tantalum oxide exists as tantalum (IV) oxide;

wherein subjecting the tantalum oxide, if present, to light transforms at least a
portion of the tantalum oxide existing as tantalum (V) oxide to tantalum (IV) oxide;

wherein the manganese oxide, if present, operates as an oxygen scavenger when
the manganese oxide exists as manganese (1) oxide; and

wherein subjecting the manganese oxide, if present, to light transforms at least a
portion of the manganese oxide existing as manganese (III) oxide to manganese (II)

oxide.

21.  The method of claim 20, wherein disposing comprises one or more of
electrodeposition, dip coating, spin coating, spray coating, vacuum thermal evaporation

deposition, sputtering, and reactive sputtering.
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22.  The method of claim 20, further comprising, prior to disposing the photo-

regenerable oxygen scavenger on the surface of a substrate, preparing the surface of the

substrate by removing at least some impurities from the surface.

23.  The method of claim 22, wherein preparing the surface comprises cleaning the

surface using one or more of a solvent and ultrasound.

24.  The method of claim 20, further comprising constructing a container comprising

the substrate.

25. A method of regenerating an oxygen scavenger, the method comprising:

subjecting a photo-regenerable oxygen scavenger to light comprising
wavelengths of about 600 nm to about 660 nm, the oxygen scavenger comprising
tantalum oxide;

wherein the tantalum oxide operates as an oxygen scavenger when the tantalum
oxide exists as tantalum (I'V) oxide;

wherein subjecting the tantalum oxide to light transforms at least a portion of
the tantalum oxide existing as tantalum (V) oxide to tantalum (I'V) oxide; and

wherein the oxygen scavenger forms at least a portion of a container configured
to receive contents comprising one or more of a beverage, a food, and a

pharmaceutical.

26.  The method of claim 25, further comprising, after subjecting the photo-

regenerable oxygen scavenger to light, placing the contents into the container.

27.  The method of claim 25, further comprising, prior to subjecting the photo-
regenerable oxygen scavenger to light, at least partially removing previously held

contents of the container.

28. The method of claim 25, wherein subjecting the photo-regenerable oxygen
scavenger to light comprises exposing the photo-regenerable oxygen scavenger to

sunlight.
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29. The method of claim 25, wherein subjecting the photo-regenerable oxygen

scavenger to light comprises operating a light source to direct light onto the photo-

regenerable oxygen scavenger.

30.  The method of claim 25, further comprising purging an atmosphere adjacent the
photo-regenerable oxygen scavenger during at least a portion of subjecting the photo-
regenerable oxygen scavenger to light using one or more of ambient air and a purge gas

comprising less oxygen than the ambient air.

31. The method of claim 25, further comprising exposing the photo-regenerable
oxygen scavenger to a vacuum during at least a portion of subjecting the photo-

regenerable oxygen scavenger to light.

32. The method of claim 25, wherein subjecting the photo-regenerable oxygen
scavenger to light is one or more of manually and automatically initiated based at least
in part upon a detected oxygen concentration in a substantially enclosed environment

containing the photo-regenerable oxygen scavenger.

33.  The method of claim 25, wherein the light comprises wavelengths of about 632

nm.

34. A method of regenerating an oxygen scavenger, the method comprising:

subjecting a photo-regenerable oxygen scavenger to light comprising
wavelengths of about 300 nm to about 400 nm, the oxygen scavenger comprising
manganese oxide;

wherein the manganese oxide operates as an oxygen scavenger when the
manganese oxide exists as manganese (I1) oxide;

wherein subjecting the manganese oxide to light transforms at least a portion of
the manganese oxide existing as manganese (I1I) oxide to manganese (II) oxide; and

wherein the oxygen scavenger forms at least a portion of a container configured
to receive contents comprising one or more of a beverage, a food, and a

pharmaceutical.
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35.  The method of claim 34, wherein subjecting the photo-regenerable oxygen

scavenger to light comprises exposing the photo-regenerable oxygen scavenger to

sunlight.

36.  The method of claim 34, wherein subjecting the photo-regenerable oxygen
scavenger to light comprises operating a light source to direct light onto the photo-

regenerable oxygen scavenger.

37.  The method of claim 34, further comprising purging an atmosphere adjacent the
photo-regenerable oxygen scavenger during at least a portion of subjecting the photo-
regenerable oxygen scavenger to light using one or more of ambient air and a purge gas

comprising less oxygen than the ambient air.

38.  The method of claim 34, wherein the light comprises wavelengths of about 352

nm.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/1B2011/052558
A. CLASSIFICATION OF SUBJECT MATTER
Int. CL.
B65D 65/38 (2006.01) CO8K 3/20 (2006.01)
CO8K 3/10 (2006.01) CO8K 3/22 (2006.01)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

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

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

WPI, EPODOC: IPC marks - /IC/EC (B65D/-, CO8K3/10, CO8K3/20, CO8K3/22) & keywords: (packaging, container, oxygen
scavenger, tantalum oxide, manganese oxide) and similar terms; Esp@cenet, Google Patents, Patent Lens, Science Direct &
Google Scholar (including NPL) using similar keywords.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

US 2008/0045637 A1 (STEWART et al) 21 February 2008
X Abstract; paragraph [0002], [0004], [0021], [0038]-[0041], [0054], [0065], [0073], [0076]; | 1,4-6
claims 1, 5-6, 49, 52-53

US 2011/0008554 A1 (CHEN et al.) 13 January 2011
A See whole document

US 2008/0299066 A} (WELLINGHOFF et al.) 04 December 2008

A See whole document
[___, 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 whichisnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date ) or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified}) such documents, such combination being obvious to a person skilled in the art

"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

"&"  document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
23 August 2011 29.08.2011

Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFICE DEBASHIS ROY

PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE

E-mail address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)

Facsimile No. +612 6283 7999 Telephone No : +61 2 6225 6125
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INTERNATIONAL SEARCH REPORT International application No.
PCT/IB2011/052558

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

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

1. [:] Claims Nos.:

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

2. D Claims Nos.:

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

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. I[I1 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

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

See Supplemental Box

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

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

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

HREINN

4. l:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

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

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

[:] No protest accompanied the payment of additional search fees.

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




INTERNATIONAL SEARCH REPORT International application No.
PCT/IB2011/052558

Supplemental Box
(To be used when the space in any of Boxes I to IV is not sufficient)

Continuation of Box No: Box No II1

This International Application does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct

groups:

e Claims ] to 6 are directed to a photo-regenerable oxygen scavenger comprising one or more of tantalum oxide and
manganese oxide, the photo-regenerable oxygen scavenger being operatively associated with the substrate. The feature of
oxygen scavenger comprising one or more of tantalum oxide and manganese oxide is specific to this group of claims.

o Claims 7 to 19 and 20 to 24 are directed to a photo-regenerable oxygen scavenger comprising one or more of tantalum
oxide and manganese oxide wherein tantalum oxide, if present, existing as tantalum (IV) Oxide and tantalum (V) Oxide;
and wherein manganese oxide, if present, existing as manganese (II) Oxide and manganese (Iil) Oxide. The feature of
wherein tantalum oxide, if present, existing as tantalum (IV) Oxide and tantalum (V) Oxide; and wherein manganese
oxide, if present, existing as manganese (II) Oxide and manganese (111) Oxide is specific to this group of claims.

o Claims 25 to 33 are directed to a method of regenerating a photo-regenerable oxygen scavenger subjecting an oxygen
scavenger to light comprising wavelengths of about 600 nm to about 660 nm, wherein the oxygen scavenger exists as
tantalum (V) oxide to tantalum (IV) oxide. The feature of subjecting an oxygen scavenger to light comprising
wavelengths of about 600 nm to about 660 nm, wherein the oxygen scavenger exists as tantalum (V) oxide to tantalum
(IV) oxide is specific to this group of claims.

e Claims 34 to 38 are directed to a method of regenerating a photo-regenerable oxygen scavenger subjecting an oxygen
scavenger to light comprising wavelengths of about 300 nm to about 400 nm, wherein the oxygen scavenger exists as
manganese () oxide to manganese (II).oxide. The feature of subjecting an oxygen scavenger to light comprising
wavelengths of about 300 nm to about 400 nm, wherein the oxygen scavenger exists as manganese (IIl) oxide to
manganese (I} oxide is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second
sentence, defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to alf the claims and therefore cannot provide the required technical relationship. The only feature common to all of the
claims and which provides a technical relationship among them is the use of an oxygen scavenger comprising one or more of
tantalum oxide and manganese oxide. However this feature does not make a contribution over the prior art because it is disclosed
in:

D1: US 2008/0045637 Al (STEWART et al) 21 February 2008; Abstract; paragraphs [0038]-[0039], [0041], [0073]}, [0076];
claims 5-6, 49, 52-53 :

Therefore in the light of this document this common feature cannot be a special technical feature. Therefore there is no special
technical feature present in the claims and the requirements for unity of invention are consequently not satisfied a posteriori.

Form PCT/ISA/210 (extra sheet)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/IB2011/052558

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Document Cited in
Search Report

Patent Family Member

US 2008045637 BR  PI0518849 CA 2588307 CN 101072820
EP 1824920 EP 2096136 JP 2008523170
KR 20070085810 MX 2007006662 UsS 2006128861
US 7288586 US 2008021142 WO 2006062816
US 2011008554 AR 068139 EP 2183318 WO 2009032560
US 2008299066 AU  44804/00 AU 2005202568 CA 2373333
CN 1355768 CN 101195477 EP 1198412
HK 1047269 IL 146440 JP 2002543977U
MX  PA01011913 NO 20015603 NZ 515297
US 7273567 US 2008026029 WO 0069775

ZA 200109124

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX

Form PCT/ISA/210 (patent family annex) (July 2009)
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