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BACKGROUND This invention relates to scavenging oxygen. The present
exemplary embodiments relate to a container. This invention finds
wpaniisularsapplication in conjunction with a container for foodrot legMeI8g88s:
and will be described with particular reference thereto. However, it is to be
appreciated that the present exemplary embodiment is also amenable to
other like applications. Polymers such as poly(ethylene terephthalate)
(PET) are versatile materials that enjoy wide applicability as fibers, films,
and three-dimensional structures. A particularly important application for
polymers is for containers, especially for food and beverages. This
application has seen enoffrdUgIGNEE VS thENast 20 years, and
continues to enjoy increasing popularity. Despite this growth, polymers
have some fundamental Iimitaéigg%gﬁb@ﬁgct their applicability. One
such limitation is that all polymers exhibit some degree of permeability to
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permeable plastic containers. In the case of permeable plastic containers,
any hydrogen introduced at the time of a sealing would be quickly lost
because the permeability of plastics to hydrogen is quite high (for PET the
permeability of hydrogen is about 15 times greater than the permeability of
oxygen). In addition, oxygen would continue to permeate through the
container walls and into the interior of the container over time. Hence any
benefit from this approach would be short-lived, since any oxygen

scavenged initially would be quickly replaced by ingressing oxygen, while
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SUMMARY OF THE INVENTION We have now discovered that long-term
protection from oxygen ingress can be provided to permeable containers
by inclusion of a hydrogen generating means which may comprise one or
wogmoempenents that slowly release molecular hydrogen ingidedhes/voozss
container over an extended period of time. In the presence of a suitable
catalyst, the molecular hydrogen will react with any oxygen present in the
interior of the container or in the container wall. Preferably, the rate of
hydrogen release is tailored to match the rate of oxygen ingress into the
container. In addition, it is preferable for there to be an initial relatively
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means for generating molecular hydrogen in a chemical reaction, wherein
said hydrogen generating means includes an active substance which
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In another embodiment, there is provided a material for use in generation
of molecular hydrogen, the material comprising an active substance
provided in a polymeric matrix. In a second aspect, there is provided a
material for use in generation of mdlecular hydrogen in a chemical
reaction, the material comprising an active substance which releases

molecular hydrogeré %r ﬁ%p%w%gﬁﬁ%ﬂ%d active substance
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another embodiment, there is provided a preform for a container or
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above in,which said.food or beverage is arranged. .
In & first aspect, qhere 15 prowcfieg a container gompnsmg gyg‘ogen generating means for

generating molecular hydrogen in a chemical reaction, wherein said hydrogen generating means
includes an active substance which releases molecular hydrogen by reaction with moisture, said
active substance being embedded in a matrix for restricting the rate at which moisture can reach
the active substance thereby reducing and controlling the rate of generation of molecular

hydrogen.

For purposes of this disclosure, a container includes any package that surrounds a
product and that contains no intentional microscopic or macroscopic holes that provide
for transport of small molecules between the interior and the exterior of the package.
Said container optionally comprises a closure. For purposes of this disclosure, a
catalyst inciudes any subsiance that catalyzes or promotes a reaction between

molecular hydrogen and molecular oxygen.

The container may include a sidewall constructed from a composition that includes a
polymer resin first component and a second component comprising a catalyst capable
of catalyzing a reaclion between molecular hydrogen and molecular oxygen. The

container may also include a third component capable of releasing molecular hydrogen



In a ninth aspect, there is provided a method of recycling a container as
defined above which involves combining the container with other material
which WO 2008/090354PCT/GB2008/000258 5 comprises a polymeric
material of a type also used in said container and treating said container
and other material so that it may be re-used. Any feature of any aspect of
any invention or embodiment described herein may be combined with any
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allowing the controlled slow release of hydrogen, dispersion of the active
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generating means being arranged to generate molecular hydrogen in a chemical reaction
involving an active substance which is incorporated in said container, wherein said active
substance releases molecular hydrogen by reaction with moisture, said active substance being
embedded in a matrix for restricting the rate at which moisture can reach the active substance

thereby reducing and controlling the rate of generation of molecular hydrogen.

In another embodiment, there is provided a closure for a container, the closure comprising a

material for use in generation of moiecular hydrogen.



The polymeric matrix may include at least 1 wt% of active substance,
preferably at least 2 wt%. The polymeric matrix may include less than 16
wt% of active substance. Suitably, the polymeric matrix includes 1-16
wit%, preferably 4-8 wt% of active substance. The balance of material in
the polymeric matrix may predominantly comprise a said polymeric
material. Said active substance ma§omprise a metal and/or a hydride. A
In asiEitl metal may heseleatediran sadiummitBium: potassivmbNAgNasIdM for
use BNGL AL SRS a8 nojgaic. for example it may
comprise a metaf%y ride o oroqﬁyarlde; or it may be organic. Active
substances suitable for the release of molecular hydrogen as a result of
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as well as metals such as magnesium, zinc, or aluminum. Where the rate
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VORGP EXBRHRG s YAREnsT Wit AERGT SieBishydrides may be enhanced
by the use of hydroxide or fluoride ions, transition metal salts, or noble
metal catalysts. It is also contemplated that the active substance may also
be the polymeric matrix. For example, polymeric silicon hydrides such as
poly(methylhydro)siloxane provide both a polymeric matrix and an active
substance capable of releasing molecular hydrogen when in contact with
moisture. The hydrogen generating means, for example active substance,
may be associated with a container in a variety of ways. Where a
container includes a removable part, for example a closure, it may
conveniently be associated with the closure. A closure may be releasably
securable to a container body so that it can be removed and replaced, for
example by being screw-threaded; or may be arranged to be removed but
not replaced, for example by comprising a film which is adhered to a
container body. In the latter case, the closure may comprise a film
comprising a flexible "lidding" material as described hereinafter. In one
embodiment, a container may include both a film closure which may
provide an aseptic seal for the container and a releasably securable
closure, both of which may independently include hydrogen generating
means. After initial removal of both the releasably securable closure and
the film closure, the releasably securable closure may be replaced and
may generate hydrogen and therefore improve the storage life of the
contents of the container. When hydrogen generation occurs by reaction
of the active substance with water, initiation of substantial hydrogen
generation will occur only when the hydrogen generator is placed in a
moisture-containing environment such as that found in most
oxygen-sensitive foods and beverages. Thus initiation of hydrogen
generation generally will coincide with the filling of the container and/or
placement of the hydrogen generator WO
2008/090354PCT/G82008/000258



8 into or near the interior of the container. In order to prevent or minimize
hydrogen generation before this time, it is sufficient to minimize contact of
the hydrogen generator with moisture. Unlike exclusion of molecular
woxygenyexsglusion of moisture is readily achieved by a numheregszoos/ooezss
methods, including but not limited to packaging the hydrogen generator
and/or the structures containing the hydrogen generator in metal foil,
metallized plastic, or polyolefin bags.4~or example, bulk packaging of
closures containing hydrogen generating means in sealed polyethylene
bags is an expedient way of limiting hydrogen generation prior to
Com%ﬁisgé&ﬁe?ﬁ‘és EiMtRITAICLBSYRS Yrito EoRtAMENS! APRERhRSRGERRSINg said
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byproducts, and ease of handling prior to incorporation into a polymeric
matrix. Of the suitable active substances, sodium borohydride is
exemplary because it is commercially available, thermally stable, of
relatively low cost, has al&WAdgEvIEms GURSELRY weight, and produces

innocuous byproducts (sodium metaborate). Because once released the
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body to define a container. Because the generated hydrogen will
permeate through the container walls, the amount of hydrogen present
within the container at any time is minimal. Moreover, the faster hydrogen
is generated the faster it will permeate; hence significant increases in the
rate of hydrogen generation (from, for example, increased container
storage temperatures) will result in only modest increases in the

concentration of hydrogen within the container. Because the permeability
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10 milliliter headspace volume and a 0.05 cc/package-day 02 ingress rate,

less than about 1 cc of hydrogen is needed within the container in order

for the rate of H2 permeation to be greater than the rate of oxygen

wingresssdesaddition, the rate of H2 generation would need torberqabyahouiss

0.1-0.2 cc/day in order for enough hydrogen to be generated on an

ongoing basis to react with most or all of the ingressing oxygen. Because

only small amounts of hydrogen neeg to be present inside the container in

order to achieve high levels of oxygen scavenging, expansion and

contraction of the container over time from the presence (or loss) of
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(such as nickel boride), metal carbides (such as titanium carbide), metal

nitrides (such as titanium nitride), and transition metal salts and
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comprapg@(gryfg@tg@yqﬁg}ggqﬁgtgﬁgﬂe oxygen scavenging reaction, it is preferable
to locate the catalyst where reaction with oxygen is desired. For example,

if the application requires that oxygen be scavenged before it reaches the

Said mttvipsobtencentasyespinpasromtienpiing atalypdiiadhe Packadfetal may be
' [ irable. Con if scavenging of oxygen already present .

Se{ec%%%n%ﬁ@%isq@%d, (?:t{ igsg %Ygﬁqérﬁm%refgrab%r{ ac Erﬂﬁ'&%ﬁta@sl’t’yd”de
may bRBC6IaR itheohexaste theaymeimeis Emanstal ttidanctoms aeride; or it may
be org@sited, catalyst may be located both in the interior of the container and in

the container walls. While the catalyst may be directly dispersed into the

food or beverage, it is generally preferable that the catalyst be dispersed
Activérgalstpolyeneridtaidarivr Dispeisore off theleatalysh oo gepodysmeris madfiXontact
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e o I R e Rl acan metet
Calc*”iﬂimﬁ@gﬁﬁﬂd&'ﬁa‘fﬁ@?%s réBdon Miskivise rerisRstuar Hitiidge nadgidnfobgdride,
magnetibevayagedngoerientsorangrree sdemayal e ILrR/CNEIRTNS free state,

all of %g@’ %gg{gnt@eesf%)adcf) \rfebr?/\/rear&gg/% ta\jvna%r; however, once embedded into a
polymeric matrix, the rate of reaction proceeds with a half-life measured in weeks to
months. For example, sodium borohydride reacts with pH 7 water with a haif-life of less
than about 5 seconds at 22 deg C. However, at 22 deg C, 4 wit% dispersion of sodium
borohydride dispersed in low density polyethylene (LDPE) exhibits a haif-time for
hydrogen generation in excess of 180 days. Even more dramatically, when dispersed
into LDPE, sodium hydride releases hydrogen over a period of months, whereas the dry
powder ignites on exposure to water, and even a 60% oil dispersion of scdium hydride

will refease hydrogen violently,



A particular advantage of the present invention is that because of the

extremely high reaction rates obtainable with a number of catalysts, very

small amounts of catalyst may be required. A container may include 0.01

wWibmosx2900ppm, suitably 0.01ppm to 100ppm, preferably Optpparieuscoozss

IOppm, more preferably at least 0.5ppm of catalyst relative to the weight

of said container (excluding any contents thereof). In preferred

embodiments, 5ppm or less of catalyst is included. Unless otherwise

stated reference to "ppm" refer to parts per million parts by weight. The
cha&;,rg(?#vamo%n of ca%l%st needed allows even expensive catalysts to be

CEOnomitAr “MBFESVEPH LA IEF UM UifBusiecaras datiraptbybaisioxane
and gffeettvd, thehrgccaie beamirdthakimeasioniothes packageiproperticSesHRRninum,
Wheft® ﬁ@orratga&er%iéﬁ%&%gwtﬁ@ ' %ﬁ@@@lﬁm e %anlflz? Gum Iszsu%gloz% P, the

.as the catalyst, concentrations less than about I ppm o fir\q!ég/e'aisperse
additis piRyEEcFfceiiS BB aeeakiaiTupisitt oxgieniieiadengmgxample,
the rgenefalythelgnrount ateatalyrides wadpulbdrpenchon,aRd ¢aR B hydroxide or
f[uor%gtpr%lqedngﬁ m trkgiee mtgfgt'zlc rate § C%t\%gfls’ the particle size of the

catalyst, {REAIEKNEEE SFRe RORBAIR |§,afﬁ5/? es of oxygen and
hydrogen permeation, and the degree of oxygen scavenging required. In
; Lyl icae I itjs. pr N
e e carn i) AP SRR aui. or
XN ferBRfERIEHGsS e h BHBEER DR Rt et rurdigisd ebran eharovide both a
polyrcatilyststie dissaiveddn/a polyseidnatayalia aole@damnievabiEliar hydrogen

wh enhﬁ%%%%&%ﬂ%? r%a'géat%sét's, it is preferred that the average catalyst par'glcle
size be Tess than 1 micron, more preferred that average catalyst particle

size be less than 100 nanometers, and especially preferred than the

Th : i iz : r . .

D SO0 CURLap g be essociaed wit
a CoRipHies BeFolRIE £5 Wakicled\ReiP R HdairgndidihE driperasiparag. or
exam@u@@ﬂﬁmatwmma?ﬁammiﬁbﬁﬁmt@ﬂ Qﬁhﬁlrtﬂge?mgzn%i.alﬁ- dibSure may

i ration o talyst is not critical. Preferred techniques

P T o a SUTcD Ot A Gy S ben oy o fr
example i ebisREMathapgiatieopnontdaiaragg el ftbe terinvatibotiontabplaced,
for eXamPIIENOBBrRONERR FRerRalAe AR IBEOParSdAng 3Rl e i{*‘h? latter

trix guring polymer formation or during subsequent melt-procéssing o

casoy 10 SRRKIE (08h BRTIRSTRallll LEPERESITG A STEHPS: SR haterial s
descigagdlystreinatipoly menpedietsopiiioeto, melb prosessiag. ittakaeboth a film closure

i iniect [an,.or suspension of the catalys
eSO B o SO L S S A o

both of-WbiEnmIRbritderamaRRIWIIchSITvEmsE theanaigeanpsterbfechnitial
remopsllietsonith helyaes Relipisaiias degtegevabibeiomginiscianmelding s ably

securs §rug'8£1urln %%ntginers[wheé'ein he catalyst is located in the interior of the

Eontainer, the eatal/ St RS BE L8 MHGHEGSIRIT tHELR8ER andtaieliR tRwrove
the statatrix|dt thighey deotmrisgehideatantrirepreferred embodiment, the catalyst

is incorporated into a wall of the container. It is preferably associated with,

for example dispersed in, a polymer which defines at least part of the wall
When, Pl QQsftaffie IS hreteHEd RissaHRBNe theecarilyat wisisocrteith water,
initiatioith shasetietanhich defiogsrat deast 5%, mirferahly allgastHEY0 HROI/drogen
gen erg{ggeirag!g at least 90% ff the area of the internal wall of the container.” In

3 prefefr

S Smbodiment Ire CatAI) s RLIABUIER! stisdtaraf: 1ound in most

mbodimen

OXygefimssigho ibederaie hexittawesof Bhueméintonaptionatiyexglitingian generally
will cEHRMERSIRETIFAS SORRISTE rAMsmplated in dhe pregent inyention may.

be either of a monolayer or a multilayer construction. In am t|-Iag§/ert=J%e

construction, optionally one or more of the layers may be a barrier layer. A

non-limiting example of materials which may be included in the

composition of the barrier layer are polyethylene co-vinyl alcohols

(EVOH), poly(glycolic acid), and poly(metaxylylenediamine adipamide).

Other suitable materials which may be used as a layer or part of one or

more layers in either
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containers include polyester (including but not limited to PET),
polyetheresters, polyesteramides, polyurethanes, polyimides, polyureas,
wantyasnidesnides, polyphenyleneoxide, phenoxy resins, epowy festisis/o00258
polyolefins (including but not limited to polypropylene and polyethylene),
polyacrylates, polystyrene, polyvinyls (including but not limited to
poly(vinyl chloride)) and combinationg thereof. Furthermore glassy interior
and/or exterior coatings (SiOx and/or amorphous carbon) are explicitly
) contemplated as barrier layers. All of the aforementioned polymers may
into Yenrn8deiEPEsthbifatoMaREeof TAR Bh a6 BTt e nisfdnas medrogen
genealBorcoaipristitheeentaineltigsures Miarprefeisat enobadimentotR® generator
... container includes walls defined lyester, for example PET and | a
witn S S T R R s Er el etre is reaaly
achieygfdmlationTbeapphcatiod iitseidhntdiners Ubnitdd thepprisgitdrivierttiatiogen
genef8tBPt SHUER!- deoaneral eI ARHIHIR G HEEA" SRARCHIING metal foil

containers, For example, the containers may be simallef than 1 milliliter or

metaljred:dh At 166 AR EIPadRPSThe @ntaiRBH R e oAb RESZIV8IRheslpsures
contathigaingermdentOftilite i canrcipefekabphs LRAML 42 bAterisSIMBRp¥dient way

. [ icular limit to the thickness of the Is of the containers,
of i e B e B e R IS aG G oo
contafRgrgonfsinére! INistespriesiiyiceatdasplaidbdehatdrmpeorgaimsrsdnciiiderbuitture
prior AENAIIHAUIRGLIORACHERICDIISSs IRES: BAGS cPAUGNGS, HaYS RS DSy more

g barrels, %Eg r packs, or other like containers. Furthermore, the container
essiganisgag R RRTRRSRRNIP deasREEEontainer, or have one of more
containers located in the interior of the container. Said container may
Sel CI%U%F APy rising. of one or. mare polymers that have in
o B L L TR L B e

based a5y #o17ehes-ehetaraaiitiudiicdnd apblimiirddaces-pa/kitteamm-degms of H,
generAEH2098(0903%4 ReilVE BAXISHA0288 Ficantaingl . pRe Cifis, BhAREShe active

contemplated include but are not limited to pellets, disks, films, fiber,
USRI o P VR A RIS RIS, TG R BRI et aBh tgse of
handltagomttier |engtmofiporeiydrogen avilbbyrelsasedstrom (he hyedregéable active

substgRASIAL AR be SimilRifar 9" %‘?ﬁﬁ%g the desired ghelflife r%}%ﬁqg?ﬁ%ltable,

product that is to be protected from oxygen ingress. Tailoring the

thermaie Hoalegeh (FiFbEereIk s coR: shaggRtiowartivmenbress aosillt. and

produeby/aiesdsdnapeheiese eativmthessleverdhe rate of reaction of the
active substance will be. For 4 wt% sodium borohydride in polyethylene,

at room temperature the half-time of reaction is approximately 180 days,
Becaughighienieieatiesh beffioieacitr nivwdycipand wild iepidiyagis pradutisolpisout the

interidd|3® festakigitealloy e rRgLtrsaoen genrLation &IHSr%qHPM%antainer

somewhat greater than two times the rate of oxygen ingress, since th
walls, g frARAtiBh 1322399 69088 EezBOAIMRRPIETIANE GhFirGiRinafier the
hydrogenegatieracan betaiecamplishedeimilytay arsuringthesaiaiohowever, it is

de 'JE%’Q%QSE‘ @%eg' f drogen.generator of known mass .and.then

< e S e R T B
maxiniize i Fnexpdeh ingregsreiipé iay toetie icomtainen iscquestimg. and minimize
the amount of hydrogen generator required to obtain the desired degree of oxygen
scavenging. Within the container, it is generally preferred to locate the hydrogen

generator in an opague portion of the container. For example, in a beverage container

made of transparent PET, location of the hydrogen generator within the container



The hydrogen generating means is suitably arranged to generate

hydrogen for an extended period of time, for example at least 1 week,

preferably at least 1 month, more preferably at least 3 months, especially

val wast@inonths. The aforementioned periods may be assassedafiesnoozss

storage at room temperature (22C) and ambient pressure. It may also be

preferred to scavenge oxygen that is initially present in the container or

the food or beverage. To do so it is pgeferred that the hydrogen generator

initially release hydrogen at an enhanced rate. In these instances, it is

also preferred that a catalyst be located in or near the interior of the
Clos B rifaii&r e TER expréselyt SRtstinh @ ibrEethisdonaip e prdratasrotenerator
behiﬂwmogﬁﬁﬁgﬂmm@fﬁd@rwmdaﬁaﬁgwﬁbr@?ﬁféﬂin@?;ﬁr!?d&o'}&foﬂ%ﬂgnt physical

eneration rates. By providing a plurality of hydrogen

o G e R o i iy uso, anc
to elifgirgriedhe mresaiaiily dddirns profiletit i stswtonteyppidiedstiatindedition into
the fd8d WRLRIH0354PCT/G B20081000258 15 providing at least one

hydrogen generator, molecular hydrogen may be added to the interior of

the container at the time of sealing. In a further embodiment, a closure

In Unwhymbcbmi.mes ﬂm@fdmgm@@_ﬁ@@mag}mﬁamﬁ]@w@@?@@gim ERIRCARN is part
f re O ntainer to increase the rate rogen generation

of a %)ét eicoﬁ%%r%e‘?gaﬁgréﬁ 5 prr}gvP e T Meahs ﬁ%‘iﬁé‘@ﬁ a@%%wé‘?r‘%a{%?d) to allow

acceghafteFoxipien stdbreryintginethe Tontiimem&ocexamptea dactirate. 1t may

includdosEgemaiaPlacs sa SxisiipsGlesewhich %@Hq&%&?ﬁg AMetal layer

means @‘Iﬁeneraﬁin!? hydrogen - it may be a conventional inactive closure.

such 85, 0,30 BiBaL 'BYeahBSdF e SIRIIRMNYE énheiearbafigiatiteriayer which

includiée ef mimkwngémqﬁmduth%#%tﬂﬂﬂ&%ﬁt\?@@hd@ﬁ%@ﬁ%@y generating
r includes (or included) a means for

e SR SRR PR B TR oo

said BepfipRaalfe iRy iechdacofitiieasidsiire eotdfottsheftiine itdndsitmrenThe film may

includ@eReraRgchyerogrn; TivselhetevenianexigBdnihaimeBitbive rayer and

Conieg¥30\/ci> iph%a coptainer with means for scavenging oxygen, the method )
BBl rERR o S PERi&THY R SlIPRBFE SEhGRR iR WiERSIS @enerating
layer whicth e cmpiksés of bye mgéagendratintrmeantor gederativg wraacslabhered
t0 4 CBMQ{H%?BGWTS%@}%@Q%%%%%?WG replaced is one which has never had
any means Of generating hydrogen, said closure may incorporate both a
means of generating hydrogen and a catalyst for catalyzing a reaction
Becafaiwaeganeletidartydgeaa apermeies uhab @y 868 cBhiBis£asgidh@e amount
of hyé:r]éi;g?éjrge ma Stu't?t%% tg%(]eeprot?ged prior to use by means which prevents or

¥Te W] doddh YBRMIBINEREh Mesiwvehaipe faster

restricts moisture access 1ot
hydrogemisrizenarfib @ thutHes ien fleri eabhecatat drizd eehiamiscass doistedayith the rate

of hy§QseHe@REaHANeE 0 Rfleé',@%B%ﬁﬂ%%éBo%Wﬁnt r@f%%%ﬁeﬁ%ﬁneramres)

enerator. When an existing closure is replaced, the replace sure

Will Ty B SRitartodrR closmesReniBve \eRAPIHERtaRaIS: Rytbeassd Within the

containel] oBthe contiinesethealisyrefmaybays RarsatalsRRHBAK AYch greater
incl id .mea enerating hydro . Thus, in the latter case, the

than e 0 ST TPV Eh g E Hy droges, Secragng of the

contaigpilifpat BUorkainde Bxeephdinglamexistingntlosbiehwittbalmne vihel diurenability

limit fONRYLRQBIOROZRARGRHERARBIAIRSRDility of hydrogen in food or baverages is
low; hence at any time most of the hydregen in the container will be in the headspace of
the container. Hence, the amount of hydrogen that may be present within a container
may be very small. For example, for a 500 ml PET beverage container with a 30



16 which includes a means of generating hydrogen which is enhanced
compared to the closure replaced. Specific embodiments of the invention
will now be described by way of example, with reference to the
wacnoapay figures, wherein: Figure 1 is a cross-section thre@ghagzoes/eo0258
perform; Figure 2 is a cross-section through a bottle; Figure 3 is a side
elevation of a bottle including a closure; Figure 4 is a closure, partly in
cross-section; Figure 5 is a graph dejgiling oxygen ingress for examples
1-3; Figures 6 and 7 are graphs of hydrogen generated vs. time; Figure 8
is a graph illustrating hydrogen release vs time; Figure 9 is a graph

il SratRgATFdfBYEreadb FRBAIP S tfféasridy 10-i4 QigRspiviRuiRpatihgn about

1 cc OXygRndRAressa®idimeiifrigereckizis® graphdlystraling: WD permeation to
SC vengin%vs ti{’ne' . . .

be gredier than the rate of oxygen ingress. In addition, the rate of H, generation would

need to be only about 0.1-0.2 cc/day in order for enough hydrogen to be generated on

an ongoing basis to react with most or all of the ingressing oxygen.

Because only small amounts of hydrogen need to be present inside the container in
order to achieve high levels of oxygen scavenging, expansion and contraction of the
container over time from the presence (or loss) of hydrogen is minimal. Consequently

this technology is readily applicable to both rigid and flexible containers.

in order to facilitate the reaction between mofecular hydrogen with molecular oxygen, a
catalyst is desired. A large number of catalysts are known to catalyze the reaction of
hydrogen with oxygen, including many transition metals, metal borides (such as nickel
boride), metal carbides (such as titanium carbide), metal nitrides (such as fitanium
nitride}, and transition metal salts and complexes. Of these, Group Vill metals are
particularly efficacious. Of the Group VIl metals, palladium and platinum are especially
preferred because of their low toxicity and extreme efficiency in catalyzing the
conversion of hydrogen and oxygen to water with little or no byproduct formation. The

catalyst is preferably a redox catalyst.

In order to maximize the efficiency of the oxygen scavenging reaction, it is preferable to
locate the catalyst where reaction with oxygen is desired. For example, if the
application requires that oxygen be scavenged before it reaches the interior of the
container, incorporation of the catalyst in the package sidewall is desirable. Conversely,
if scavenging of oxygen already present in the container is desired, it is generally
preferable to locate the catalyst near or in the interior of the container. Finally, if both
functions are desired, catalyst may be located both in the interior of the container and in
the container walls. While the catalyst may be directly dispersed into the food or
beverage, it is generally preferable that the catalyst be dispersed into a polymeric

matrix. Dispersion of the catalyst into a polymeric matrix provides several benefits,



Figure 12 is a graph illustrating oxygen ingress over time. A preform 10
illustrated in FIGURE 1 can be blow molded to form a container 22
illustrated in FIGURE 2, The container 22 comprises a shell 24 comprising

vathseagieckneck finish 26 defining a mouth 28, a capping flapge, 39,06l 2sx
the threaded neck finish, WO 2008/090354PCT/GB2008/000258 17 a

tapered section 32 extending from the capping flange, a body section 34
extending below the tapered section,jand a base 36 at the bottom of the
container, The container 10 is suitably used to make a packaged
.. beverage 38, as illustrated in FIGURE 3. The packaged beverage 38
inclugiaR, QuE aobdgatag do s iBEtaiiagehfagherbeasisnated tievetiage omimization

of cately:zarbenatied tmw@merrﬁﬁ@em@Jﬁa;ﬂi‘r@ggﬁ%@%s@QP%@@J—L%%%H&M;@M,

r, Wi ruit juices,, and water. In particular embodiment,
e S e o it 57 GGt dP BB AsRt oneverage

contgagbrage is a vitamin C containing beverage such as a vitamin C

containing fruit juice, a beverage which has been fortified with vitamin C,

or a combination of juices in which at least one of the juices includes
A PR BRSO MG BIRIEREhbeTTB e ahdsauaandhineomtimeely High
reacm}aatzbEa mmmmam%glﬁ ﬁbmg@lﬁro%%@%%n}ﬁpﬁh?% fﬁm%y&gmzyst may

is mpodiment closyre 40 which includes a plu in
e . ALy P 45 e G iRt ac B b 0ot
100ppHie prggeResyirbiliksone domTe ofate smieceblof dlytregen. 5opi of catalyst
relatieXapphe, \FMQWHQ%!B%H}EQ{QO@%IWQ r%ei/ c#éﬁ%rﬁ%dtﬁn raeﬁﬁilyrlrrlnenl%f rred
borgatrlx. Sln%ogoratlon in the matrix reducesand allows control of thie rate of

EMP QARSI o PRI SR T5y ThealRRbs Arusied. allbursmethrnyise séatechrefsrence

to “prvyingéetionpadsl isingridioatherpgorss)into a suitable shape. The shell
24 of the container includes a catalyst. The catalyst may be dispersed in

the polymer matrix, for example PET, which defines the shell 24 by

The spjatforondiainepiriKFesRIGmhETe wrasyE alame nsitalyst iHiys exanbele nomical,
More@%ﬁdm@i@@H@#Q%ﬁ%ﬁleim%ﬁ%eg%me%imctbi%é“@%%ﬁﬂ%g}g%an be
Inciuain

minimna]Pg%ed to defipe the container 22. In use, with container Ing a
beverags SAE UBEARS SRR PRSI SRV He da94Re Hhtive omtamiaiability. For
exampie satheatgaivith wateruidiped. Ihihwaposioentastethierhyehide-assasiatetbut 1

With o result the hydride produces molecular hydrogen
S Whjcr%ﬁﬁgr%%%%?g%e po ytrgngerS Lrﬁﬂ%’r?ﬁ o%’sﬁe‘iﬁ”ﬂ%ﬁ& %ec?r%%ﬁ#?haf Oxygen
scavesdingn Whea) HagcBinEr Pirrataiyahirsriredughl itepenieablend can be

deterwﬁalﬁii A%&Swemmw?@ﬁm%?j&yaé@g?@@}j@@ﬁ&%ezé%?z%p&f’i‘cﬁve catalyst, the
. the catalyst, and water is produced.
thlckncé%agfst%e QU AtsinaT wgﬁ’s, E{-‘h@ rates of oxygen and hydrogen permeation, and the

degree of oxygen scavenging required.

in order to maximize the efficacy of the catalyst, it is preferred that the catalyst be well
dispersed. The catalyst can be either homogenous or heterogereous. For
homogeneous catalysts it is preferred that the catalysts be dissolved in a polymer matrix
at @ molecular level. For heterogeneous catalysts, it is preferred that the average
catalyst particle size be less than 1 micron, mare preferred that average catalyst particle
size be less than 100 nanometers, and especially preferred than the average catalyst

particle size be less than 10 nanometers. For heterogeneous catalysts, the catalyst



WO 2008/090354PCT/GB2008/000258 18 Thus, oxygen which may
ingress the container is scavenged and the contents of the container are
protected from oxidation. The scavenging effect may be maintained for as
wlongeasdaysirogen is produced in the container and such timegnayebeis/oos2ss
controlled by inter alia varying the amount of hydride in the plug 42. In the
following, Examples 1-3 illustrate that a catalyst can be incorporated into
PET and scavenge oxygen by reactiom of hydrogen introduced into the
container with oxygen which may permeate the container, Examples 4-5

illustrate the enerat n of hydrogen from plaques molded from LOPE an
PR A R PR PR RRE G TR ALED O tHE AR S A oon.
alumthe, metbéhykbogemgelﬂeratlon, Examples 8-10 illustrate the effect of
concentration of hydride in plaques on hydrogen generation; Examples
11-12 demonstrate oxygen scavenging in Eermeable plastics containers;

The priinpIes PeeiRoRistrats Saveibinhorekygtnshiemiyrmedentnigues result in
a weEQﬂtﬁmQéﬁi anthExamples. 1$hb7c@wﬂ@t@wg@ﬁ%ﬁﬁ%r%‘t§&a?ﬂ%%e container at

drogen, generation to ide. extended protection a ainst ox
any hr}{eré)sgsO rl%gbﬁgrglr%b%dlm \l{h%g}téoig% cfgé @Wé er he catalyst
can b@mrpnsmgrafed arﬁmieavaibdmnetmcmrimrmamgrmmﬁmen iioctugling aor during
subsEQbemEhERsin esL comBenRnbdrRaTRE POLY(EL yé%ggiéﬁr%&ﬁa@ﬁ% slurry

and a second component com EI‘ISIng at least one of a

or sq{gifa rﬂ‘iat%l%wﬁiéstaﬁaieo tloREHErvor digd melt prasigrsdner It can be
mcorbymmemcaﬂabaa@fr:seaacﬁm@twgbim@tstwreé@@@&a@@ha&%@%%%m pre-

purce reac m0|sture T source of hydro
mestﬁgc%?ggj on ZE gm?gce%acmg'gﬁalr e OFP %Wl%.lﬁép ?é?ggfg e catalyst
with W‘@lﬁif@f@}’e@ﬂﬁdhﬁ!ﬂw@lm&wﬁﬁytﬁmﬁmaﬁeé&@uﬂrfpnb!menpéik&tsamémwemz‘ed
level %@@%&ﬁ%ﬁ%ﬂ?&@%BY%B&H?J‘oWaYnQ%M%@Q AURRARI }@c%%'é%g%qgcated

an internal surface of the container, for example an internal su

in they|Bleiier e SOPsTEs e TIbE J0BS A6 5B IT8 EX AP I Rgfive substance

in theRalatiwntacétadecyas gispessed into tributyl citrate at 1 and 10 wt%
loadings, and the resulting dispersions were blended with Wellman Ti818

PET resin at a let-down ratio of 0.21% to provide 1.0 and 10 ppm Pd
In a pEarmb anbeiPENtThe radalisgsdispemicris dialrewabefrsinondamer. It is

prefeR@IIAEEiRIStRRINRIFR MBI 4R & qwrg‘ﬁﬁm&o@mfpggﬁés at least
" \éyefne bIO\{vn from theélrefor s. There v%%re thus obtained 500 ml bottles

pail g ﬁl, 06 eOC%l'?] Q@Fp hPHE grmgﬁgpg%}t‘ the catalyst is associated

with material whloh defines at least 50%, preferably at least 75%, more preferably at

tieast 90% of the area of the internal wall of the container.

In a preferred embodiment, the catalyst is distributed substantially throughout the entire

wall area of a container, optionally excluding a closure thereof.

The containers contemplated in the present invention may be either of a monolayer or a
multilayer construction. in a multi-layered construction, optionally one or more of the
layers may be a barrier layer. A non-limiting example of materials which may be
included in the composition of the barrier layer are polyethylene co-vinyl aicohols
(EVOH), pely(glycolic acid), and poly(metaxylylenediamine adipamide). Other suitable
materials which may be used as a layer or part of one or more layers in either



These three variables were subjected to MOOONTM testing for oxygen
ingress using as a carrier gas nitrogen containing 3 v_olume% moleculqr
hydrogen. The apparent steady-state rate of oxygen ingress is shown in

wiableshane Figure 5. Table 1 ppm Pd 02 ingress rate (cc@&gﬂ%@/@obs
Example 1 0 0.0490 0.0014 Example 2
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monolayer or muftitayer containers include polyester (including but not limited to PET),
polyetheresters, polyesteramides, polyurethanes, polyimides, poiyureas,
polyamideimides, polyphenyleneoxide, phenoxy resins, epoxy resins, polyolefing
{including but not limited to polypropylene and polyethylene), polyacrylates, polystyrene,
polyvinyls (including but not limited to poly(vinyl chloride)) and combinations thereof,
Furthermore glassy interior and/or exterior coatings (Si0Oy and/ar amorphous carbon)
are explicitly contemplated as barrier layers. All of the aforementioned polymers may
be in any desired combination thereof. Any and all of these materials may also

comprise the container closura.

In a preferred embodiment, the container includes walls defined by polyester, for

example PET and preferably catalyst is dispersed within the polyester.

The shape, construction, or application of the containers used in the present invention is
not critical. In general, there is no limit to the size or shape of the containers. For
example, the containers may be smaller than 1 milliliter or greater than 1000 liter
capacity. The container preferably has a volume in the range 20ml to 100 liter, more
preferably 100ml to 5 liter. Similarly, there 1s no particular limit to the thickness of the
walls of the containers,-the flexibility (or rigidity) of the containers, or the intended
appiication of the containers. It is expressly contemplated that the containers include
but are not limited to sachets, bottles, jars, bags, pouches, trays, pails, tubs, barrels,
blister packs, or other like containers. Furthermore, the container may be located in the
interior of another container, or have one of more containars located in the interior of the

container.

Said container may include a permeable wall comprising of one or more polymers that
have in the absence of any oxygen scavenging a permeability between about 8.5x107
cm*-cm/(m®atm-day) and about 1x10%cm®-cm/(m?-atm-day).

The shape of the hydrogen generator of the present invention is not critical. In general,

the hydrogen generator can be formed into any shape suitable for incorporation into a



1.0 0.0017 0.0002 Example 3 10 0.0010 0.0001 Examples 4-5. Into Dow
Chemical LDPE 9931 was blended with 4 wt% sodium hydride (60% _
dispersion in mineral oil) or with 4 wt% sodium borohydride. Each variable

wigassgjeetion molded into 2 inch x 3 inch plagues that were 3@ ailgthigkoosx
over one half of the plague and 45 mils over the remaining portion of the
plague. Each plague weighed approximately 3.8 grams. After molding, the
plaques were heat sealed in foil bagsuntil tested. To test the plaques,. one
plague was placed into a 100 ml graduated cylinder, which was then filled
with water and inverted into a water-filled 1 liter beaker. Hydrogen

CONtYBRErafibR Wis THEBs e B IRASY dhelufRobint afavatériddsrhdedrlieis, disks,

fimsttfébgrasueted aytiodesoverimesfaedesphis.ameshown in Figure 6. As
can be seen, when these active substances are incorporated into a

polymeric matrix, the rate of hydrogen generation is greatly reduced, and
It is geiarmle clasir Hydrisyéaiies thielmsiroobiiaprojonepehpeiictkofdisascd@m the

hydre§O EaAaRP d e BRNNR/Q0828R4R: than the desired shelf-iife of the product
that is to be protected from oxygen ingress. Tailoring the length of time hydrogen will
be released is straightforward — the lower the solubility of water is in a polyrneric matrix,
the slower the rate of reaction of the active substance will be. For 4 wi% sodium
borohydride in polyethylene, at rocom temperature the halftime of reaction is
approximately 180 days, which is more than sutficient for many food and bevefage
products. It is also desirable to tailor the rate of hydrogen generation to be equal to or
somewhat greater than two times the rate of oxygen ingress, since the overali reaction
is 2 Hy + Oz — 2 Hp0. Tailoring the rate of hydrogen generation can be accomplished
simply by measuring the rate of hydrogen generation from a hydrogen generator of
known mass and then adjusting the mass so that the rate of hydrogen generation is at
least twice the rate of oxygen ingress expected for the container in question.

The hydrogen generating means is suitably arranged to generate hydregen for an
extended period of time, for example at least 1 week, preferably at least 1 month, more
preferably at least 3 months, especially at least 6 months. The aforementioned periods

may be assessed after storage at room temperature (22°C) and ambient pressure,

It may also be preferred to scavenge oxygen that is initially present in the container or
the food or beverage. To do so it is preferred that the hydrogen generator initially
release hydrogen at an.enhanced rate. In these instances, it is also preferred that a
catalyst be located in or near the interior of the container.

It is exprassiy contemplated that there may be a plurality of hydrogen generators
provided, each with independently controllable hydrogen generation rates. By providing
a plurality of hydrogen generators, the rate of hydrogen generation within a container

can be tailored to meet any desired profite. It is also contemplated that in addition to



mil pieces were placed in one graduated cylinder and the two 45 mil

pieces were placed in a separate graduated cylinder. The combined

weight of the two 30 mil pieces was about 3.2 grams, and the combined

waeightobihe two 45 mil pieces was about 4.6 grams. Both cydingessweiRss

filled with water and were inverted into separate water-filled 1 liter

beakers. Hydrogen generation was measured by noting the amount of

water displaced from the graduated gylinder over time. Whenever the

amount of water displaced approached 80 ml, the cylinders were refilled

with water and testing continued. The results are shown in Figure 7. Itis
Provigih Rin ?ﬁ%wﬁﬁsfy%aaemé&%@rﬁwalﬁﬁai@%ﬁepfyavdg@wgeam@na@@nagded to the
interdependent oaithe thigknessfithsplague, but at longer times the rate of

hydrogen generation is independent of plaque thickness. This result

suggests that the initial rate of hydrogen generation is dependent on the
in a faeef perpaditientof witerrmtoiticd IDREeHitydtdgngerdimasiisy means may be
usedl@PeRsIeRt Oé}lb’élﬂs% Sglz'rgﬂpéycﬁf & %Eﬁ{tg'ntgxe B ﬁg‘egﬁ@ %%0 ApPare Ryd rogen

that when the active substance in incorporated into a polymeric matr

99“%%‘?89% Ben &IAHEINBroB RS fist m&éﬁ‘erﬁem%’n}@énaéd‘«‘wm stsvaeging or
enhadscaiscoappatest thahlarge iqumatitesiafifaydrogen %ﬁﬁegeélﬁf@t%dé e may

relatjv Il amount .0 materl . For the 45 mil ues, the theoretical
er ]aé%]a%hr%%?“ § E('{J:E]Sé‘!frweth‘v“'a LoUTEr 6T I8¢ 239 %%%? BlGHRRG A%y Bfogen
— it gy Bfauityeared dreativiairinges. filie, radirstroviter sateseonsiant cantomer
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clos\gg ARy LIRSS A SRIBS eRAR SWFhAnahe eF r{wragcéﬁdgémaﬁmns for

genesaithigrhyhivogieyd hnbmmm?ﬂouwmﬁ@g)t@@w&hmﬁaml\é%é%ocllue d‘to the
an Wel ent an as mo e

ag¢ ﬁt%% 4%55%{?%98#?@&%?|nléﬁa%a%el?§sgipy%f g é’ ﬁqeorgﬂo% the invention

exf@r}ﬁ%&@ﬁéﬂ%@%w‘r@?q‘h@n@ﬁ|@§@tﬁer@mawth|m@rgwéc9 Erarmies kbalden, the

methE@ gemenshgtesthaciicany-aidnePERRent '%Y%‘%Qtﬁ}mgg]glosure which
Comp“ resshg% chlﬁg@en |nt(? %rmeable lastic containers, Wellman Ti818 PE
TR QALHRSIaR P THIE SNgr AIRASre o R S FRIBH W RREI0 HiPESHIes.
The control bottle WO 2008/090354PCT/GB2008/000258 21 (Example
Wherl 1h€0 e st bottle (Exam Ie 12)
ecc])%tgalrggjé %ﬁg i %Sjgdrg@%%g %Jz:\% gﬂ%ﬁ ‘g]ﬁe t§te% A ord‘ger tgh fracRthemeans of
Qe”efﬁ%@%d“ﬁ%%@ﬁ»coﬁ?@ntc'%ﬁﬁ%dﬁ?ds iheperaie witsthwe means of generating
hydrdg2X DO ESTaet (enesitping ta hesahoverngaie helew,ihe Hgawgen and
m 01@{';% aerl)oanCh bqttl Wasaflgeﬂb%nh 500 ml of talg water. Into the test bottle
a5 suspended aB6VE HIEUE 7Y sWRBlYAeRidiseied BpRr to use by

mearﬁ@ldﬂu@wmem@m@medesm% sadétumebarobyslidehBathdbefdesgeaator.  Such
mearBYFEC W Mg er, untih e Qﬁﬂecﬁpéeﬂ{a‘%’e%?aﬁﬁ%ﬁﬂ{“%!l zergla eg Jyith the

were then sealed. The internal headspace oxygen content over
C’{’S“Eﬁ@r‘?‘?r%ﬁ@&%ﬁ‘?ﬂﬁé@&ﬁé@ﬁ@@ﬁrﬁf@’mﬁ@m&@&@@W@mm@nr
against standards being performed immediately before each
re shcgwn in Figure 10. As ¢

t Th lts, of that test
e EESERE TS S g e LML O 10 A5 o e
Closwmfﬁéma@éfly é(Mh@ébﬁtm@etﬁbrsh istéacyedhte. invsihtphshewdtinthedotite closure
may m@ﬂ@waﬁﬁpﬁhﬁ%w%ﬁi?%@%é@?ﬂ@'k@%é‘@‘@%gt%@é Qfen. Thus,

msugeéthe container there was no measurable increase in oxygen
i hecSHcenfaifon (HiIGEERED AN B ARSIREHERWB MBS Ek@iRtIde hydrogen
generaBagabiiitdemanstreteioe fficatyonidhenpessanidryienion kewadtnew closure
scavenging oxygen initially present in the container, PET bottles were
prepared as before. Both bottles were fitted with two 02XYDOTSTm, then
were filled with 500 ml of tap water. Into the test bottle was suspended
above the liquid level a 10.7 cm2 45 mil thick LOPE plaque containing 8
wt% sodium borohydride and 10 ppm Pd (added as palladium acetate).
The bottles were then sealed. As before, the internal headspace oxygen
content was tracked over time using the OxysenseTM test methodology.
The results are shown in Figure 11. It is apparent that there was no

change in the headspace oxygen content with the control bottle. In
rontract in the hottle containina the hvvdrooen Adenaratar and catalvvet the



WO 2008/090354PCT/682008/000258 22 following experiment was
performed. Wellman Ti818 PET resin was molded into 24 gram preforms
and blown into 500 ml bottles containing 5 ppm palladium added as
wpaltaghsnzzacetate. In order to track the internal oxygen conteotydiaraes/soe2ss
bottles were fitted with two 02XYDOTSTmdOt5 each (one situated to be
above and one below the liquid level). Each bottle was filled with 500 ml of
tap water. Into just the Example 15 tgst bottle was suspended above the
liquid level a 10.7 cm2, 45 mil thick LDPE plaque that contained 8 wt%
_sodium borohydride. Both the Example 15 and Example 16 bottles were
Whm‘tH%’ﬁ%@d ww&n%m%ﬁm@&w chtehtsvas egsartiafypared 1o the
closugheweredhen sealed. For comparison, the Example 17 test bottle was
purged with 100% hydrogen until the oxygen content was essentially zero
and was then sealed. The internal oxygen content of the liquid over time
Speciiastherdiraekisdaising theOigseniseDmtbst desthibeoldyy waithotalidaratitn with
referRNSYRARARIAS bRInG BRIoUREHLimmediately before each
measurement. The résults of that testing are shown in Figure 12.. As can
be seen from this Figure, in the control bottle oxygen ingress began
Figurémimediaiely anditoninuedhad asteady rate. In contrast, with the bottle
containing a hydrogen generator inside the container there was no
measurable increase in oxygen concentration inside the bottle over a
Figurgp@ripd of paeresgiim &weosthaFeitiissth of these bottles, there was no
visible change in the amount of headspace over the course of this
. experiment, and the bottles retained their normal appearance. In contrast,
Figure s I G B HGEa AR he HOYERASBINCR IFPRE& over time. By day 27 the
headspace had completely disappeared and substantial oxygen ingress
Fi gurgvgjssog)g%rg&%’tlgg;?g%%r D%%%.@MS 1A container cqmprising _hydrogen
generating means for generating molecular hydrogen in a chemical
reaction, wherein said hydrogen generating means includes an active
FigurSuPstangayriehisiersaryBlagHias ydiegepBy p-feaction with
moisture, said active substance being embedded in a matrix for restricting
the rate_at which moisture can reach the active substance thereby
Figuresdugimy/anc goapiaioigh e oate gbgerateation ofrmolecular hydrogen. 2A
container according to claim 1, wherein said container includes a

Figure 8 is a graph illustrating hydrogen release vs time;

Figure 9 is a graph illustrating hydrogen generation vs time;

Figure 10 is a graph illustrating oxygen ingress over time;

Figure 11 is a graph illustrating oxygen scavenging vs time;

Figure 12 is a graph illustrating oxygen ingress over fime.

A preform 10 illustrated in FIGURE 1 can be blow molded to form a container 22

fllustrated in FIGURE 2. The container 22 comprises a shell 24 comprising a threaded

neck finish 26 defining a mouth 28, a capping flange 30 below the threaded nack finish,



10catalyst for catalyzing a reaction between said molecular hydrogen and
molecular oxygen. 3.A container according to claim 1 or claim 2
comprising: a composition including a polymer resin first component
wang@/secend 15component comprising at least one catalystcapabig9boozss
catalyzing a reaction between molecular oxygen and molecular hydrogen;
and at least one source of hydrogen inside or near the interior of said
container that is capable of generating molecular hydrogen over an
extended period of time. 20 4A container according to clam 2 or claim 3
wherein a said catalyst is located in a wall of the container. 5A container

2 aP5RABTHID aAyesteising 5o ANrHERANG darpeamiyecis oe1beadd pegnding
beiovotiwithintee ntetion oftbe ceniaiberiGAcontainesaseatdingiteanyref container

10 1s LAIESIF [ReEMNSIEIN A S CRYBLIR rage 38, as illustrated in FIGURE 3. The
packaged beverage 38 includes a beverage. The beverage may be a carbonated
beverage or non-carbonated beverage. Examples of suitable beverages include soda,
beer, wine, fruit julces, and water. In one particular embodiment, the beverage is an
oxygen sensitive beverage. In another embodiment, the beverage is a vitamin C
containing beverage such as a vitamin C containing fruit juice, a beverage which has
been fortified with vitamin C, or a combination of juices in which at least one of the
juices includes vitamin C. In this embodiment, the beverage is disposéd in the

container 22 and a closure 40 seals the mouth 28 of container 22.

Depicted in FIGURE 4 is an embodiment of a closure 40 which includes a plug 42 in
phantom. Preferably, plug 42 is located on an infernal surface of cap 40. The plug may
include one or more of the sources of hydrogen. For example, the plug 42 may
incorporate a hydride dispersed in a polymeric matrix. Incorporation in the matrix
reduces and allows control of the rate of release of hydrogen by the hydride and also
allows the plug to be formed, by injection moulding (or other process) info a suitable

shape.

The shell 24 of the container includes a catalyst. The catalyst may be dispersed in the
polymer matrix, for example PET, which defines the shell 24 by injection moiding
polymeric matrix material and catalyst, for example a pailadium compound, to define a
perform 10 which is subsequently blow molded to define the container 22.

In use, with container 22 including a beverage and closure 40 in position, the
headspace in the container will be saturated with water vapor. This vapor contacts the
hydride associated with plug 42 and as a result the hydride produces molecular
hydrogen which migrates into the polymer matrix of shell 24 and combines with oxygen
which may have entered the container through its permeable walls. A reaction between

the hydrogen and oxygen takes place, catalysed by the catalyst, and water is produced.



selected from the group comprising Group VIII metals, Group VIII me_tal
salts, transition metals, transition metal carbides, transition metal nitrides,
transition 30metal borides, and combinations thereof. 7A container

vasaossling:ta any preceding claim wherein the hydrogen 99”9@?&92%@/36}&53
and/or said at least one source of hydrogen is capable of generating

molecular hydrogen for a period of time greater than a month. 24 8A

container according to any precedingclaim, wherein the hydrogen

generating means and/or said at least one source of hydrogen is capable

of generating molecular hydrogen for a period of time greater than six
Thusn{sHeRN SYRckofanBaRS din g totaing piecedirenokinrathdneineaihis of the

contAEIVErs UhstaneR iF SHSRQISEELIN Sald JalExg R rrutaings @&Wﬁ%f@n@d for as

n eceding claim, wherein said container is a beverage container. 1
long as%pérogenrllg procmce in the container and such time may be controlled by inter

alia varying the amount of hydride in the plug 42.

in the following, Examples 1-3 illustrate that a catalyst can be incorporated into PET and
scavenge oxygen by reaction of hydrogen introduced into the container with oxygen
which may permeate the container, Examples 4-5 illustrate the generation of hydrogen
irom plagues molded from LDPE and a hydnde Examples 6-7 illustrate how the
thickness of the plaques affecis the rate of nydrogen generation; Examples 8-10
lustrate the effect of concentration of hydride in plagues on hydrogen generation;
Examples 11-12 demonstrate oxygen scavenging in permeable plastics containers:
Examples 13-14 iliustrate scavenging of oxygen already present in confainers; and
txamples 15-17 illustrate the need for sustained hydrogen generation to provide

extended protection against oxygen ingress.

In one embodiment, there is provided a beverage container comprising:

a sidewall constructed from a composition including a polymer resin first
component, for example poly(ethylene terephthalate), and a second component
comprising at least one of a noble metal, a noble metal hydride, and combinations
thereof ; and

a source of hydrogen capable of reacting with moisture located at a position so

that the source may react with moisture.

The source of hydrogen may be located on a surface facing an interior of the container.
The release of hydrogen from the source of hydrogen may occur for a period of at least
20 days. The source of hydrogen may be located at a position comprising an internal

surface of the container, for example an internal surface of a closure.



11A material for use in generation of molecular hydrogen in a chemical
reaction, the material comprising an active substance which releases
molecular hydrogen by reaction with moisture, said active substance

voeingsamiedded in a polymeric matrix for restricting the r?teﬁ’@l‘/ﬂﬂ(i@)smwzss
moisture can 15reach the active substance thereby reducing and

controlling the rate of generation of molecular hydrogen. 12A material
according to claim 11 where the activg substance is incorporategl into a
polymeric matrix by a melt compounding process. 20 13A material
according to claim 11 or claim 12 wherein the polymeric matrix also

Exarngplaprikds ot 1adiionecalply sveashaneropddniy vibyta relietiornbétweer 0 wi%
loadimgleswambydngan anhanelesy e AX¥ERRASH A MAleHal BeqardiRg 19 a1 4

jot-a &Y PLERRHIHE 13 WOSRNMEAIS opm Pd loadings in the PET. The
resulting dispersions and the base resin were separately injection molded into 24 gram
preforms and 500 ml bottles were blown from the preforms. There were thus obtained
500 ml bottles containing 0, 1.0, and 10 ppm Pd as a fine dispersion.

These three variables were subjected to MOCON™ testing for oxygen ingress using as
a carrier gas nitrogen containing 3 volume% molecular hydrogen. The appareni steady-

state rate of oxygen 'ingress is shown in Table 1 and Figure 5.

Table 1
ppm Pd (2 ingress rate {cc/pkg-day) S.D.
Exampie 1 0 0.0490 0.0014
Example 2 1.0 0.0017 0.0002
Example 3 10 0.0010 0.0001

Examples 4-5. Into Dow Chemical LDPE 9931 was blended with 4 wit% sodium hydride
(60% dispersion in mineral ofl) or with 4 wt% sodium borohydride. Each variable was
injection molded into 2 inch x 3 inch plaques that were 30 mils thick over one half of the
plaque and 45 mils over the remaining portion of the ptague. Each plague weighed
approximately 3.8 grams. After molding, the plagues were heat sealed in foil bags until
tested. To test the plaques, one plague was placed inio a 100 m| graduated cylinder,
which was then filled with water and inverted into a water-filled 1 liter beaker. Hydrogen
generation was measured by noting the amount of water displaced from the graduated
cylinder over time. The resuits are shown in Figure 8. As can be seen, when these
active substances are incorporated into a polymeric matrix, the rate of hydrogen
generation is greatly reduced, and that molecular hydrogen is released over a

prolonged period of time.

Examples 6-7. Two 4 wt% scdium borohydride/LDPE plaques produced in Example 5

above were cut in half to produce two 30 mil pieces and two 45 mil pieces. The two 30



substance is selected from the group comprising Group I, II, and Il
metals, Group I, I, and Ill metal hydrides, rare earth metals, rare earth
hydrides, alkali 25 metal borohydrides, alkaline earth metal borohydrides,

valtkalpgnesasaluminum hydrides, silicon hydrides, tin hydrides, @) ga00s/000258
combinations thereof 15A material according to any of claims 11 to 14,
wherein the active 5substance is selected from the group comprising
sodium hydride, lithium hydride, sodijgm borohydride, sodium metal,
lithium metal, potassium metal, calcium hydride, magnesium hydride,
lithium aluminum hydride, and combinations thereof, 1016A material

il ISCESIHRG tIHRA df Samsser eI Wisrerm théipdonTioinaigbes were placed
in a serBpieesgradulelilindéh MmatedalAscordinad A HamS 1hifd A es was
abouwg.%r egipa?"nasiq gﬁgvﬁlg ucbosnt%?r?eedlswlgi(s:g ll?tegf\/\tlll’;[gl?w%vﬁ%l r?féiap(i:ggatglr\]ﬂfe;é about 4.6
grams. Both cylinders were filled with water and were inverted into separate water-filled
1 liter beakers. Hydrogen generation was measured by noting the amouni of water
displaced from the graduated cylinder over time. Whenever the amount of water
displaced approached 80 mi, the cylinders were refilled with water and testing

continued. The results are shown in Figure 7.

It is apparent from this graph that the irﬂﬁal. rate of hydrogen generation is dependent on
the thickness of the plaque, but at longer times the rate of hydrogen generation is
independent of plaque thickness. This result suggests that the initial rate of hydregen
generation is dependent on the rate of permeation of water into the LDPE, but at longer
times is dependent only on the solubility of water in the LDPE. It is also apparent that
when the active substance in incorporated into a polymeric matrix, hydrogen generation
proceeds for an extremely extended period of time. it is also apparent that large
quantities of hydrogen can be generated from relatively small amounts of material. For
the 45 mil plagues, the theoretical amount of hydrogen that could be released is 430 cc.
By plotting the log of the amount of hydrogen remaining vs. time, a first order rate
constant can be obtained. That data and the predicted half-time of reaction are shown

in Figure 8.

Examples 8-10. In order to study the effect of the concentration of the active substance
on the rate of hydrogen generation, sodium borohydride was compounded into Dow
Chemical DMDA 8907 HDPE at nominal loadings of 4, 8, and 16 weight percent and
was molded into 45 mil thick 2 inch x 3 inch plaques. Hydrogen generation was

measured as before. The results are shown in Figure 9.

Examples 11-12. To demonstrate the efficacy of the present invention in scavenging
ingressing oxygen into permeable plastic containers, Weliman Ti818 PET resin was
molded into 24 gram preforms and blown into 500 ml bottles. The control bottle



15 18A material according to any of claims 11 to 16, wherein the

polymeric matrix is in the form of a film, sheet, disk, fiber, mat, fabric,

powder, or pellet. 19A material according to any of claims 11 to 18,
walmoeiryibe: polymeric 20matrix is a polyethylene. 20A matetiakaeeaiding»ss

to any of claims 11 to 19, wherein the polymeric matrix is an ethylene vinyl

acetate copolymer. 2521A container comprising a material according to

any of claims 11 to 20. 22A containey according to any of claims 1 to 10

and 21, wherein the process for making the container comprises an

injection molding and stretch-blow mold process. 30 23A container

(Bxargegorting @G Meinfsidsd Raliadigrosviiikersm gt botlle (Example 12)

contained 5 ppm Pd added as palladium acetate. In order to track the internal oxygen
content, both bottles were fitted with two Q. XYDOTS™dots (one situated to be above
and one below the liquid level}. Each bottle was filled with 500 mi of tap water. Into the
test bottle was suspended above the liquid level a 10.7 cm?, 45 mil thick LDPE plague
that contained 8 wt% sodium borohydride. Both bottles were purged with nitrogen unti
the oxygen content was essentially zero and were then sealed. The internal headspace
oxygen content over time was then tracked using the Oxysense™iest methodology,
with calibration against standards being performed immediately before each
measurement. The results of that testing are shown in Figure 10. As can be seen from
this Figure, in the control bottle oxygen ingress began immediately and continued at a
steady rate. In contrast, with the bottle containing 5 ppm Pd in the bottle sidewall and a
hydrogen generator inside the container there was no measurable increase in oxygen

conceniration inside the bottle for more than two months.

Examples 13-14. To demonstrate the efficacy of the present invention toward
scavenging oxygen initially preseni in the container, PET boltles were prepared as
before. Both bottles were fitted with two O,XYDOTS™ | then were filled with 500 mi of
tap water. Into the test bottle was suspended above the liquid level a 10.7 cm? 45 mil
thickvLDPE plagque containing 8 wi% sodium borohydride and 10 ppm Pd (added as
palladium acetate). The boltles were then sealed. As before, the internal headspace
oxygen content was {racked over time using the Oxysense™ test methodology. The

results are shown in Figure 11,

It is apparent that there was no change in the headspace oxygen content with the
controf bottle. In contrast, in the bottle containing the hydrogen generator and catalyst
the amount of oxygen dropped rapidly to undetectable levels and remained at those

levels for an extended period of time.

Examples 15-17. To iHllusirate the need for sustained generation of molecular hydrogen

in permeable containers in order to obtain extended protection from oxygen ingress, the



process for making the container comprises an extrusion process. 24A
container according to any of claims 1 to 10, or 21 to 23, wherein the
35process for making the container comprises a thermoforming process.

w20:2BAwentainer according to any of claims 1 to 10 01 21 te24baieierss
the container also comprises a food or beverage. 26A container according

to any of claims 1 to 10 or 21 to 25, wherein the 5container is rigid or
semi-rigid. 27A container according 4e any of claims 1 to 10 or 21 to 26,
wherein the container is flexible. 1028A container according to any of

claims 1 to 10 or 21 to 27, wherein the .
following experiment was performed. Wellman Ti818 PET resin was molded inic 24

gram preforms and blown into 500 ml bottles containing 5 ppm palladium added as
palladium acetate. In order to track the internal oxygen content, three bottles were fitted
with two CXYDOTS ™dots each (one situated to be above and one below the liquid
level). Each bottle was filled with 500 ml of tap water. Into just the Example 15 iest
bottle was suspended above the liquid level a 10.7 cm?, 45 mil thick LDPE plague that
contained 8 wt% sodium borohydride. Both the Example 15 and Example 16 bottles
were then purged with nitrogen until the oxygen content was essentially zero and were
then sealed. For comparison, the Example 17 test boitle was purged with 100%
hydrogen until the oxygen content was esserﬁiéliy zero and was then sealed. The
internal oxygen content of the liquid over time was then ftracked using the
Oxysense™iest methodology, with calibration against standards being performed
immediately before each measurement. The results of that testing are shown in Figure
12.. As can be seen from this Figure, in the control boitle oxygen ingress began
immediately and continued at a steady rate. In contrast, with the bottle containing a
hydrogen generator inside the container there was no measurable increase in oxygen
concentration inside the bottle over a period of more than a month. For both of these
bottles, there was no visible change in the amount of headspace over the course of this
experiment, and the bottles retained their normal appearance. in contrast, the bottle
purged with hydrogen visibly collapsed over time. By day 27 the headspace had
compietely disappeared and substantial oxygen ingress was observed thereafter.
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container comprises more than one polymeric material. 29A container
according to any of claims 1 to 10 or 2btp 28, wherein said container
comprises a polyester. 15 30A container according to any of claims 1 to
) andikto 29, wherein at least one wall of the container comprises more
than one polymeric material. 31A container according to any of claims 1 to

10 or 2£:16 30 HYRP GBS HIEREN oPBREEBISINBIGSA pi¥egenerating
mRnedDRn apertsyen 324 SRBtAIBST RERUISHNINRAEY: HLiMabiRAQG8Rerating

21 to 31, wherein the hydrogen generating means is located behind or

M&88% PeesRpaRivBriRURRIRMGS WaICRoFSAGEACEIIERYA0 Angrepen by
et Wit AbRk ik 32aWheraintheivdreae B SRRCEANNGINEANRS 1§ matrix for

located.in or on a closure., ) i
restricting the rate at which moisture can reach the active substance thereby

reducing and controlling the rate of generation of molecular hydrogen.

2 A container according to claim 1, wherein said container includes a
catalyst for catalyzing a reaction between said molecular hydrogen and

molecular oxygen.

3. A container according to claim 1 or claim 2 comprising:

a composition including a polymer resin first component and a second
component comprising at least one catalyst capable of catalyzing a reaction
between molecular oxygen and molecular hydrogen; and

at least one source of hydrogen inside or near the interior of said
container that is capable of generating molecular hydrogen over an extended

period of time,

4 A container according to clam 2 or claim 3 wherein a said catalyst is

located in a wall of the container.

5 A container according to any of claims 2 to 4 wherein a said catalyst is

located near or within the interior of the container.

6 A container according to any of claims 2 to 4 wherein a said catalyst is
selected from the group comprising Group Vil metals, Group Vill metal salts,
transition metals, transition metal carbides, transition metal nitrides, transition

metal borides, and combinations thereof,

7 A container according o any preceding claim wherein the hydrogen
generating means and/or said at least one source of hydrogen is capable of

generating molecular hydrogen for a period of time greater than a month.
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27 34A container according to any of claims 1 to 10 01 21 to 33, wherein

said container includes a permeable wal4omprising one or more

polymers that have in the absence of oxygen scavenging a permeability
BetweerfabonietBx 18cTaniBgid(myapredayjiandiaboutdh@fdn the hydrogen

- 2-aim- .5 35A contajner according to any of claims 1 to 10
R D e ol ol SRR i B el of
IEAetiamercdecoiny thaleimfab avwleereihcsdich palymedc th@irbix months,
10material is selected from low density polyethylene, high density

polyethylene, polypropylene and ethylene vinyl acetate. 37A container

accordidy twatairafrclannstitey 1 Goor2l tp 3G aniereisidhe  whatiorofdhrl active
‘gﬁ@é’;&%@@%@ﬁ%&%@%‘ﬁ‘gg% rpﬂea%p!)s( _to matrix material is at least

10 A container according to any preceding claim, wherein said container is

a beverage container.

11 A material for use in generation of molecular hydrogen in a chemical
reaction, the material comprising an active substance which releases
molecular hydrogen by reaction with moisture, said active substance being
embedded in a polymeric matrix for restricting the rate at which moisture can
reach the active substance thereby reducing and controlling the rate of

generation of molecular hydrogen.

12 A material according to claim 11 where the active substance is

incorporated into a polymeric matrix by a melt compounding process.

13 A material according to claim 11 or claim 12 wherein the polymeric
matrix also comprises at least one catalyst capable of catalyzing a reaction

between molecular hydrogen and molecular oxygen.

14 A material according to any of claims 11 to 13, wherein the active
substance is selected from the group comprising Group |, I, and metals,

Group 1, I, and Il metal hydrides, rare earth metals, rare earth hydrides, alkali
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150.01. 38A container according to any of claims 1 to 10 or 21 to 37,
wherein said hydrogen generating meangsis formed in a shape selected
from pellets, disks, films, fiber, woven fabric, non-woven fabric and

powstiEr5o20H3akidesiharlAieRn RO RVISSH I - RAstaInRL e Jgthed .
com rcilsing incor rapﬁn a hydrogen generating means in said container,

S rouls R AR Ui cArshgem b gdisTat enolecular
hydrogen in a chemical reaction involving an active substance which is

incorporated in said_25 container, wherein said active substance releases |
r?](g)cl)egulfagr Wﬁ%@%%?éﬁ&%ﬁ%ﬂ%&%ﬁ@%ﬁ holivel dubstariedn the active

beihgtemizeddedsifeatgrptiisior festricting the fate gl whig ISIEGAD i
rga&ﬁ C}he actjve substance thereby gggu%ng aﬁ: cpn#oi}ﬁ%{%we ?;k’fg o?
generation o I%Igﬁ 12K Hﬁ@gé@i@@%om%khb@momﬁghmmmm@m metal,
catyisinghycale)gingaunaanrfiom aieaalangh eide il ARt MM, ang
igé%[}igr ofarj%)e eable container. 41A closure for a container, the closure
comprilgf}ritboasngg]%ﬁg for use in generation of molecular hydrogen

according to any of claims 11 to 20.

16 A material according to any of claims 11 to 15, wherein the polymeric

matrix comprises a polyolefin.

17 A material according to any of claims 11 to 18, wherein said active

substance is located within a wall of 2 container.

18 A material according to any of claims 11 to 16, wherein the polymeric

matrix is in the form of a film, sheet, disk, fiber, mat, fabric, powder, or pellet.

19 A material according to any of claims 11 to 18, wherein the polymeric

matrix is a polyethylene.

20 A material according to any of claims 11 to 19, wherein the polymeric

matrix is an ethylene vinyl acetate copolymer.

21 A container comprising a material according to any of claims 11 to 20.
22 A container according to any of claims 1 to 10 and 21, wherein the
process for making the container comprises an injection molding and stretch-

biow mold process.

23 A container according to any of claims 1 to 10, 21 or 22, wherein the

process for making the container comprises an exirusion process.

24 A container according to any of claims 1 to 10, or 21 to 23, whereain the

process for making the container comprises a thermoforming process.
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27a 42A preform for a container or container per se comprising a catalyst
for promoting a reaction between molecegar hydrogen and molecular
oxygen, said catalyst being incorporated into a wall of the preform or

ctntaingr.co ABAnmethed ef ageerabingiaRAMaineloMich COMPYISES wherein the
secuyring a closure of claim 41 to a container of claim 42. 44A packaged

1590 01 bevhrage CumsRSi A XLCoRtRYPERYSrding to any of claims 1 to
10 or 21 to 37 in which said food or beverage is arranged. 45A methoql of
rﬁgycling a container acco dinqé'%o any af claims 1 to 10 or 21 to 37 which

ifvolves coPBTRII e RaRtan S stdrial Whieh 2drithAseddierein the
polytagrée matgitabotartypy@lso used in said container and treating said

container and other material so that it may be re-used.
27 A container according to any of claims 1 to 10 or 21 to 26, wherein the

container is flexibie.

28 A container according to any of claims 1 to 10 or 21 o 27, wherein the

container comprises more than one polymeric material,

29 A container according to any of claims 1 to 10 or 21 to 28, wherein said

container comprises a polyester.

30 A container according to any of claims 1 to 10 or 21 to 29, wherein at

least one wall of the container comprises more than one pelymeric material.

31 A container according to any of claims 1 to 10 or 21 to 30, wherein at

least one wall of the container comprises more than one layer.

32 A container according to any of claims 1 to 10 or 21 to 31, wherein the
hydrogen generating means is located behind or inside a permeable polymeric

material.

33 A container according to any of claims 1 te 10 or 21 to 32, wherein the

hydrogen generating means is located in or on a closure,



10

15

20

25

30

35

27

34 A container according to any of claims 1 to 10 or 21 to 33, wherein said
container includes a permeable wall comprising one or more polymers that
have in the absence of oxygen scavenging a permeability between about

6.5x107 em®-cm/(m?-atm-day) and about 1x10° em-cm/(m?-atrr-day).

35 A container according to any of claims 1to 10 or 21 o 34, wherein said

mairix comprises a polymeric matrix material.

36 A container according to claim 35, wherein said polymeric matrix
material is selected from low density polyethylene, high density polyethylene,

polypropylene and ethylene vinyl acetate,

37 A container according to any of claims 1 to 10 or 21 io 36, wherein the
ratio of the weight of hydrogen generating means to matrix material is at least
0.01.

38 A container according to any of claims 1 to 10 or 21 to 37, wherein said
hydrogen generating means is formed in a shape selected from peliets, disks,

films, fiber, woven fabric, non-woven fabric and powders.

39 A method of scavenging oxygen in a container, the method comprising
incorporating a hydrogen generating means in said container, said hydrogen
generating means being arranged to generate molecular hydrogen in a
chemical reaction involving an active substance which is incorporated in said
container, wherein said active substance releases molecular hydrogen by
reaction with moisture, said active substance being embedded in a matrix for
restricting the rate at which moisture can reach the active substance thereby

reducing and controlling the rate of generation of molecular hydrogen.

40 A method according to claim 39, comprising scavenging oxygen from a

container side wail and/or from the interior of a permeable container.

41 A closure for a container, the closure comprising a material for use in

generation of molecular hydrogen according to any of claims 11 to 20,
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42 A preform for a container or container per se comprising a catalyst for
promoting a reaction between molecular hydrogen and molecular oxygen, said

catalyst being incorporated into a wall of the preform or container.

43 A method of assembling a container which comprises securing a

closure of claim 41 1o a container of claim 42,

44 A packaged food or beverage comprising a container according to any

of claims 1 to 10 or 21 to 37 in which said food or beverage is arranged.

45 A method of recycling & centainer according to any of claims 1 to 10 or
21 to 37 which involves combining the container with other material which
comprises a polymeric material of a type also used in said container and

treating said container and other material so that it may be re-used.



