TI TLE OF THE | NVENTI ON [ 0001 ] Oxygen Absor bi ng
Plastic Structure FIELD OF THE | NVENTI ON [ 0002] Thi s
w0 nooened3en rel ates to heat seal abl e plastic fiPaT/asmo9/030070
sheet structures suitable for packagi ng oxygen
sensitive products and having capabilities to absorb
resi dual oxygen trapped in the package after sealing
TITLRRF THEIJNMENTEON hi ghly reactive barrier to oxygen
perneati on, independent of both noisture diffusion and
transition nmetal based catal ysts. BACKGROUND OF THE
[0007 Nve®ey grn Mdpso g Mbasdig Suaictdieug products are

sensitive to noisture and require dry storage
environment to preserve their activity. Some of the
FIELD\®&eTHErIYENOFIQN at i ons are al so sensitive to anbi ent
oxygen, presence of which in the package can cause
rapi d oxidati on of essential product conponents, often
[0002Es T hisrigventign rsdatesttoabeatsealahledplastisdiice ansheheet
life of the product. Comon pharmaceutical products
strudtnod susieitabla fdtrspadaasng esxygeel sapsifivantoaiutes aadl having
singl e dosage fornul ations, usually referred to as

capabllgf et abs SEPFegeubbakyyeABRaSpé @ iRaRkatH A gef afi@PYealing
phar maceuti cal products often include at |least a two

I . . , _
and EFBIoABEIL IGHIG SR SaFEr (8 BGRHEBeRAEKPHS dpenden
| at e,.an i ndivi | tablet b tallic foil
of beifREfure cuftlsial gid fus kit baRed cAREs tor or med
to create a set of cavities for packagi ng each tabl et
i ndi vidual cavity. Such blister packs allow

BAC'{@RE)L#S'\Q:SEHH_& INVENA QN t abl es fromthe package
\émﬂag%ﬁutghg)éﬁ\%aagﬁﬁ%w%g tperlgljﬁtctss élrne tsgr?si?i?/gl%otr%otlgt%re and
require dry storage environment to preserve their activity. Some of the
newer drug formulations are also sensitive to ambient oxygen, presence of
which in the package can cause rapid oxidation of essential product
components, often resulting in a loss of activity and a reduced shelf life of
the product. Common pharmaceutical products include tablets, capsules,
gelcaps, and other solid single dosage formulations, usually referred to as
“tablets”. Storage requirements to packaging of many pharmaceutical
products often include at least a two year shelf life requirement. A blister
pack such as shown in Figure 1 provides a convenient way to encapsulate an
individual tablet between metallic foil and heat sealable plastic sheet, which
is thermoformed to create a set of cavities for packaging each tablet in its

own individual cavity. Such blister packs allow for dispensing individual



Oxygen present inside the product, the package
headspace and the package walls after sealing the
wpawraysId s referred to as residual oxygen. TheCT/US2009/030070
oxi dative deterioration of the packaged product can be
sl owed and/ or del ayed by using high "passive" barrier
tablepdcaaythng paakage avishauide xposictguothe rarad [ dty ioothie padgto the
them wi th nodi fi ed at nosphere packagi ng met hods such

extedtl \eavivdnmaaki ng and/ or headspace flushing with inert
gas before sealing. The passive barrier to oxygen

PR Ble TSy SRICURBT g, R Hehaehed FeptcRoad he
pack GG AR S10EE senllh B8 ackiost BREedltd £ FEfarbigen

insufficient to provide the required storage duratjon
The %@%W@Mﬁertqqrétlpas%# &re B%Iawo? &693%& 9an%mlpwed and/or
"active" packagi ng net hods of extending shelf life of
delaysdy hensieadiighv papsivelibasriey paakagmichimagerials anggéructures
envi ronnent inside a package included placing

and oy eondsiniiryg traet with moc findadisms dishierel pasdldeyiagpaekiaads such
Mat eri al s capabl e of absorbing oxygen in the course of

as vaehem ¢RlckirraahdoBs Hehﬂ@bﬁtéifm#ﬂﬁ? Wi iféAr §d€before sealing.

conditions are comonly referred To as oxygen

C .

The BERTERS fler ROETheP SR REEH Sr LTa &Rl oV lsHE bl tha
sachetzi reduce the.fr esj dual oxr}/?en armunrt]s ar}g react .
reduges AT SHMMPAE SR U PildHS VR e 1RG5 PRI tipu i the container
revent oxygen ingress through the container walls via

wall Butjid@srsmm eml@'&ly imgerast ayith axysea t Thease methodsrof
protection in the formof high passive barrier

proteuicar apd sfteminsctffciend dolyrdvide olg gequprednstabade dyration and
themis often required. The oxygen perneated through

prev@RCHRYIIS dBpkd@NctCadtRaty.tivel y consumed by

t hescavenger and by the oxygen sensitive product. For
hieghl Y akfSt@Bhekaging methods of extending shelf life of oxygen
sensitive products by maintaining low oxygen environment inside a package

included placing chemically reactive oxygen absorbers inside a package.
Materials capable of absorbing oxygen in the course of chemical reactions
irreversible at the storage conditions are commonly referred to as oxygen
scavengers. Oxygen scavengers enclosed inside the package in the form of
separate packets, pouches or sachets reduce the residual oxygen amounts
and react with permeated oxygen, however they are unable to prevent
oxygen ingress through the container walls via ordinary diffusion. Therefore
an additional barrier protection in the form of high passive barrier materials

characterized by low oxygen permeability in them is often required. The

oxygen permeated through packaging is then competitively consumed by the
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products the excessively high reactivity of the
encl osed scavenger with oxygen is often required to
w@e@yarIpr ef erenti al oxi dati on of the packageRCT/US2009/030070
product. The potential ingestion of the packets or
their contents by pets, children and adult consuners
scavérsgemand dayethd okygée sessitbfe pendacts. Fomhighdwwfstable
limtations of enclosed oxygen scavengers, it has been
prodREBPEECExtOsIiNEIPTHIghatea cBiyitgalT theayierlaeed 9cat/@n%er with
packagi ng material form ng container walls. Suc
ri e y i Darr het
Oy g el o R rh R e el Y0 ey Gackaged
restrict the. rat f.  0X n difif usi o r th
prodfEF: ThE ot i ds i € GG BaKR BT SRdiend by pets
. .oxygen thus further reducing the effective rates of
childged gad ey ncQNsYM eIy ESURSWHAr el 88 8 PagKeEs-
advant ageous because they can potentially absorb
oky yeaw tof djppddtionsi afeendlosed ckatge res caviemgers, érisobeen
absorbers. As noted by Sol ovyov and Goldman [Int. J.
propBetd o iNBd gIora?® Wxygenl scahangeps intola-gikckhging meaterial
| owest oxygen transm ssion rates and the | argest

formifd thbRtaihEP VARG c Rl Br kR Al N8FE WTRPrdd o BaPhEtVe barriers”

reacting oxygen scavengi ng species is placed within

o oo WS BT R By BT LB R e s of

owest "oxVyg

barriger i nprovengnt factor is defjned the ratjio of :
oxygfRiRIskeR ReEOTx e RarTiek bLk ARG N RUCARY foactplith Rgrmeating
| ayer to that through the passive barrier |ayer nade
oxygendiussisetheraraducing tharmifestive rateatafreaygenmpgasmeggion. Such
barrier inprovement factor characterizes the relative
activpdrareiatrs ane akie adeantageau sdbecaus ectieayi ca pocentialdy absorb
rather than the barrier function of a structure al one.

oxygeherappednndidet the patiesdd ¥anflhkxo edlcfssed 8bsHbaEt As noted
di ffusive mass transfer rate across the downstream
by SABWERaNdEoldWRan [/t /. Polym. Mater. 2005, vol. 54, pp. 71-91], the
lowest oxygen transmission rates and the largest barrier improvement are
obtained when the rapidly reacting oxygen scavenging species is placed
within the highest barrier matrix material, specifically, the material with the
lowest oxygen diffusivity in it. The barrier improvement factor is defined as
the ratio of the effective oxygen flux through the active barrier layer to that
through the passive barrier layer made from essentially the same matrix
material. Thus, the barrier improvement factor characterizes the relative
permeation rate reduction due to chemical reaction rather than the barrier
function of a structure alone. The notion of the effective flux refers to the

net diffusive mass transfer rate across the downstream boundary of the

barrier (i.e., the boundary exposed to the package contents). PVOH
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barrier (i.e., the boundary exposed to the package
contents). PVOH(pol yvinyl al cohol polyner), EVOH
W@ 2aobAtesoe- vi nyl  al cohol copol ynmer) and cert ai PCT/US2009/030070
pol yam de resins are the exanpl es of such high passive
barrier polymeric materials suitable as polyneric
(polynityl iateshdlopolyozer) nBVen tethybmesvandrejcobokpepolysnandand
for making highly efficient reactive barriers.
certaii® W RImidd ee siny gaEe th@féXaﬂﬁPiéméf kQ6h ¢fig \$3d sardbEMGEt

materials is known to rapidly degrade as the rel ative

polyraePicdinbYefhIst Gt bIETHE %8W@F'c IRSrBasSRyr 158815 %h%)é%gen

such materi als cannot be ‘'used al one to form an” ox

barrier structure an hey. of t enchav e _protected
scavqifyortREts Bt IBRKIEY YRR (ecBPeHahErt
barrier |ayer(s), . e.fg. , made_fraom pol yal efi ns. \Wen,
Howeygrg&he ioxYpeaskeafriesnfUssiionspHBY Ot apdeE WaHr nateriglses known
reactive barrier can potentially absorb it from both
to rapidigglagradetasnhe relatidadtursidits of &beidiealvimygent anargases.
trapped inside the package after sealing. The

Thereford| suoh rhaterldls xadhioe die tisedadore vagoek@r aw @xylen barrier
Sol ovyov and Goldman [ibid.] for honbgeneously

struct@AC hh¥&hay i én Ihdertobsé pretectEal fYORT hfoisRIrerdi#usion by
such as PVOH and EVOH suited for making the nost

addifibhAENSHr VARG DY BALURRS 4.8 CRUORTBET HRAId IR e ©

e"sane poor 'y ~sU trixe

absor pti on of. headspace ,oxygen frominside the package

byVie1e OXYgaBds RS ERGER. batles KleacdinthesDeHTiaT 1B 625 G

solubility and | ow ox_ygen diffusion rates in such
barrigacanipptenpipdyahsosbrit Eramtbethasisiesriesotting yysadustioneof

scavengi ng reactive sites within the matri x. The
residuas olxygeg arabeast afappad)arsiderthei pac kageoafitbe sealingx Tdree

too lowto efficiently renmove residual headspace
cond®¥o9E6r tIMar EPver to bbasewds ddrivil btR3o@d& and Goldman

progressively reduced as the oxygen scavenger is
[ibid § 487 W80 §EndEaSH NeatEide RingR8ayer barrier. Polymeric materials
such as PVOH and EVOH suited for making the most efficient reactive
barriers to oxygen permeation are in the same time poorly suited as
matrixes for rapid absorption of headspace oxygen from inside the package
by the loaded scavenger. The reason is that low oxygen solubility and low
oxygen diffusion rates in such materials prevent efficient transport of
oxygen to the scavenging reactive sites within the matrix. The resulting
rates of oxygen sorption into the matrix are too low to efficiently remove
residual headspace oxygen. Moreover, these sorption rates are progressively
reduced as the oxygen scavenger is consumed or deactivated by the

localized reaction-diffusion wave (similar to reaction-diffusion combustion

wave consuming solid fuel rod) propagating from inside the package across
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| ocal i zed reaction-diffusion wave (simlar to
reaction-diffusion conbusti on wave consum ng solid
wo o@b/12638 propagating frominside the packagePCT/US2009/030070
acrossthe reactive wall thickness. There is a need to
overcone this problemand to achi eve efficient
the reachremyiatigthitkbesh dheoeis paraeshto oyefcametthis prolelemaland to
envi ronnent and resi dual oxygen present in the package

achied/et €fifics@ e nlging &1 st HoHx phen Re/1datR) fridae khgiddesnal
comon way to achl eve an ultimate gas barrier is to

eSS SRTAE pfi 1) t
AL Sl P BBt @&%& Svean
ackages are not what rmPnIy_ under st ood

ultlrrmtggaér HAtaLds tgsmgﬁgymgu\fl Hel eaygkies éomam@ta ic foil rollstock

transparency and a well-defined geonetrical shape
sealegk tuadothmey taiktepésibakedla apakthe fail patkage f oneiaigeth upper
m ni pouch for each tablet. As a result it is not

and lonrardiodit kdllstobis avs ukaallp coansd vEth e adisesive sehkirterSuch
the individual pouch still contains a tablet or not.

pack&e$ Age Qfdi%hﬁ‘laﬁdcoﬁlh@éwf@ﬁﬂ@l%tbba'% Bﬁst%‘?rﬂac’k's%g they

transparent plastic sheet heatsealed to a

suffercfh{)e préépec%r fr%h@@onsrzchéén(@%(:k uagflﬁ%gééd:%gwgallshape
aroufiq AhEHHRS dpm%ﬁiéﬂnfve'rf s ha BN Bis okt o sk

and oxygen perneation through the plastic. There is a
tab|eiﬁeé¥§ 2 geavitdvianet inghe dryelyrodprs Lo i ¢gnBimpr sgtghserve
sheet materials making them suitable for manufacturing
whetbet ¢heléddsfidlidl podieh skillstcartapes ktablat omkongOn the other
pharmaceutical blister pack, nultiple cavities are

handf, Qhéﬁﬁo'f@rrh@é ridliel HPpé @t tigidP landarsheplasticasued dat-
f he known t her mof ormi ng t echni ques. Wien nultil ayer

sealetEFh NI TSt t8FErMSE DI Cer PRECYECHESR in Figure 1, while

preferred by consumers due to dispensing convenience and product
visibility, forms a blister pack that often suffers from high rates of water
vapor and oxygen permeation through the plastic. There is a need to
alleviate high oxygen permeability of plastic sheet materials making them
suitable for manufacturing extended shelf life blister packs.

In making pharmaceutical blister pack, multiple cavities are formed in
the thermoplastic polymer sheet via one of the known thermoforming
techniques. When multilayer sheet structures are used to improve gas
barrier properties of the blister, the layered structure design, materials
selection for each layer, and the thermoforming process parameters such as

the sheet preheat time, the forming temperature, the rate of forming and the
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barrier properties of the blister, the | ayered
structure design, materials selection for each | ayer,
wW@e@tkis93 her nof ormi ng process paraneters suchPEBEUS1989/030070
sheet preheat tinme, the formng tenperature, the rate
of form ng and theform ng techni que have to be
formaty testletique Hae to batadjdetad bafadtitate déferetatian of ¢he
into a desired shape, inprove production rates and at

structife FREEa degRetieshigse, fikd ghover prochgeicinehtek Rkt the same
over heating and resul ti ng degradatl on and t her nal

timegggﬁ ?H EHHnRB %Fé%dt%rh@?hﬁ@'%& reﬂﬂ?ﬁ@ Wi th

ten requ ng plastic mat eri a

degri@i ﬁ&@]d)ﬂﬁé%'ﬁ%&?@%ﬁ SO BN v mATials. These

r mof or mabl e. substrate for blister packs
90a|-°bP A (e CHHER MABIGR %I%L@ygéﬁn%@mwlﬁ@oasﬁlﬁagﬂrﬂgéhgrmal
and their conbi nati ons have been proposed. These
processipgsiindeves,dre, dios evagubohgteby materiadrpain candamiused as a
or inorganic substrate formng a part of the

thermofposableosub stravd forziedstey paekgeat i ng oxygen.
I norgani ¢ oxygen scavengers are comonly based on

Meﬂﬂi bPFarmit d@%@aﬁ‘@@%‘y@bﬁ%d&%ﬁb%g %HHbéﬁﬁoh@ and their

sul fates, and other 'sim |l ar "chem stries such as

comtf@éﬁ@g?e #e%g%ﬁ z}rggﬁ@a @?@%cg%pﬁé@%gﬁg (aL% OdlStII&gUIShEd by

k 1958 169, 068 (Bl h. 1965 041
whetP&E B Parae sy m@é%%"ﬂ'cb%ao%r%% 06”59)99%9%%90%@9@05'“0”

_ are based on oxi dation of carboncarbon doubl e bonds in
is OXHEQHlY BRENGABACKDEYELN alN@reantaPXyYded EaVERYENS e c
unsat uration subject to autooxidation), transition
commmendy baaedlorr estidati alabif saduteddrarasitioponeaalisgdealfites to

oxi dation of certain photo reduced qui nones, oxidation

sulfa®ds, &P bblgé ©5im thatt &h@h@ﬂri&@%é@'@i’&ﬁm&?%& 375

but’ yl at ed hydr oxyt ol uene (BHT), enzynes, certain
(McKBEYaABY 352 kG d 6 930 Rateshwaran et al. 1998), 2,825,651 (Loo and
Jackson 1958), 3,169,068 (Bloch 1965), 4,041,209 (Scholle 1977).
Described organic oxygen scavengers are based on oxidation of carbon-
carbon double bonds in polymer chain backbones and pendant groups
(ethylenic unsaturation subject to autooxidation), transition metal catalyzed
oxidation of certain polyamides, oxidation of certain photo reduced
guinones, oxidation of ascorbates, butylated hydroxyanisoles (BHA),
butylated hydroxytoluene (BHT), enzymes, certain organo-metallic ligands,
and others such as WO 02/076,916 (Horsham et al.), US Patent 6,517,728
(Rooney), US 6,123,901 (Albert), US 6,601,732 (Rooney), WO 04/055,131
(Scully et al.), and WO 02/051,825 (Horsham et al.) While transition metal-

based inorganic scavengers often have larger reactive capacities to absorb
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and ot hers such as WD 02/076,91 6 (Horshamet al.), US
Patent 6,5 17,728 (Rooney), US 6,123,901 (Al bert), US
WG 2@91203982 ( Rooney), WD 04/05 5,1 31 (Scully BECT/EHE2009/030070

and WD 02/05 1,825 (Horshamet al.) While transition

nmet al based i norgani ¢ scavengers often have | arger
oxygeagueli veitompighit tafadhet corapositioxygeganieoxygen seivginigeos are

t he conposition, organic oxygen scavengers are
prefdihBfeeraany mstanyed dakaaceridubilitg tbhse blakddd by dovalently

be bl ended or covalently attached to the passive
stahELEhPAITRE pAAP ol oA BB AP Akl e

and/ or nsuner _properties_of .fhe rrier. pol r
colorg 05 pr FEAMRRTEREY i HeBladzrbhaReEh RN AL Pr cposumer

or gani ¢ scavenger ?nd the matri x_pol yner, oxyge .
Propgedsen itlﬂ%%%@@r@@ \é@ﬁrﬁér%ﬁt%%r@@@eﬂ Inchenkaerghemical

during conmpoundi ng or covalently bonded to the matrix
strucpure/ obthaordanir s g nger ahdthematrss peiymen, 0%y J3s, 61

6, 6,057,01 3, WD 99/48963 by Ching et al. ( 1 997-
scavelifitg. spdweet ahhdre dispargedentthesmptigk elaim@ coatgoseding or

| ow nol ecul ar wei ght oxi dati on byproducts often

covaRRREHENHBd ttBe heamalt Ak @I?ﬁ{eﬂzﬁed%@rﬁé‘@iiﬁmﬂ PaEdriten
conpletion can mgrate 1nto the package and cause

5, 62}0851 § 96N I 1y 0bNREBEINF L1 W RCH 467

ptroper _ het” negarti \ I'n o_rde9
200, Rl & PR SRt EheaiE imalectar weigh

~reaction products are advantageously preferred to be
oxidathealymrpgustmeatien: praseat iatthexoasiey adter theyseavenging
scavengi ng speci es not bonded to the matri x pol ymer
reactiome cahspl etifonecan nsigiratebirgoftbie packaeys amd tdautskeu o esdcadtle
i ntended for human consunption due to the reasons

cont&eFedtibe dfahevisrotlidtd r SHFEECT S Yropafte £Tn another negative way.
country-specific regulatory approvals. Such scavengi ng

In or%??tf%zﬁgg%tﬁlleg}@m’l@rél‘?oﬁ%fpéﬂaﬁﬂoinnlte%cfi%ﬁ’laﬁfl‘ﬁl%dt?&?f Both the
scavenging species and the reaction products are advantageously preferred
to be covalently bonded to the matrix polymer. Oxygen scavenging species
not bonded to the matrix polymer are also often unsuitable for contact with
the product intended for human consumption due to the reasons described
above and a respective lack of country-specific regulatory approvals. Such
scavenging species often have to be placed into separate layers of the barrier
structure that are insulated from the product by passive barrier layer(s) to
reduce or prevent byproduct migration.

In U.S. 6,646,175 - Yang et al., U.S. 5,350,622 - Speer, and U.S.
6,569,506 - Jerdee and WO 98/12127 there are materials disclosed with

more than one oxygen scavenging layer. In US patent 6,682,791 McKnight
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structure that are insulated fromthe product by
passive barrier |layer(s) to reduce or prevent
whpeoies mgration. In U S 6,646, 175 - YaneCEUS2NN9/030070
US. 5,350 622 - Speer, and U S. 6,569,506 - Jerdee
and WD 98/ 12127 there are materials disclosed with
disclope £ pabkagenandxyaskaging\wengituge $ swith at leadiSwoaozEpgen
6, 682, 791 McKni ghtdi scl oses packages and packagi ng
scavéndiivel tiageridist Ravihgl difftre hnBxQY¥ BTt ave AY B bREperties and
mat eri al s having different oxygen scavengi ng
arrarff0S Yo ges A ARGy GLtnate W B Ak
c | concent r.at i on t.ween the | rs.Ls . -
Sca"%@‘?ars%'i@/e%f Cacrt%‘é\?% Oé}%fﬁgatéorﬁé’é%w%ﬁﬁ% %X%@Seh" envisioned.
absorbing structure _suitable for the rapid (e.qg., .
withere rABLAES X HOY 8R VY FessRRBAIPIAGaEpeitEe sk pdte for
and providing efficient oxygen absorption and a high
the rbpid (&g.,twitbiy henrpeabsenmition pbresicgl headspace agygen and
(e.g., nmultiple years) in packaging articles such as
provielihg teffi cizant koxy BUVMAS YT (ko T Bl dI ANVIRNT Ib@iriéh €o ioxweyein on
provides a nultilayer oxygen absorbing structure
pernfediRIr FMBrRY tdBRstorage (e@@.@tmﬁﬁi&éz}ﬁ?sﬁﬁﬁw@l@édﬁ%g articles

| ayers arranged in seduence: a rapi absor bi ng

e ] YA i.ve oxygen-scavengi ng system conpri sing
SUChE% %&%&éﬁﬂggéheable matri x pol ymer and an oxygen
scavenger, and a long life |ayer conprising high

j ker matrix polyner, and an oxygen

SUM@%B%?—‘?SJF‘@WE@%@& PTI ON OF THE SEVERAL VI EW§ OF

T DRAW S Fig. .1 Typical_,bli [ C

SORGanaF RGP RodEs Pk iiglea PXREER e i fifcture
oxg/_gen- apbsor bi ng plastic structure. . .
comprising at least two reactive oxygen scavenging layers arranged in
sequence: a rapidly absorbing highly reactive oxygen-scavenging system,
comprising an oxygen permeable matrix polymer and an oxygen scavenger,

and a long life layer comprising high passive oxygen barrier matrix polymer,

and an oxygen scavenger.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0003] Fig. 1. Typical blister pack structure cross section.
[0004] Fig. 2. Two-layer oxygen-absorbing plastic structure.

[0005] Fig. 3. Three-layer oxygen-absorbing reactive-reactive-passive

plastic structure.

[0006] Fig. 4. Three-layer oxygen-absorbing reactive-passive plastic

structure with optional adhesive tie-layers, coatings and surface treatments.
8



[0005] Fig. 3. Three-layer oxygen-absorbing
reacti ve-reactive-passive plastic structure. [0006]
WO-2@9/120393 Thr ee- | ayer oxygen-absor bi ng react i VRCPHSR0%@30070
plastic structure with optional adhesive tie-I|ayers,
coatings and surface treatnments.[0007] Fig. 5. Initial
[0007ht ésigofs. dxiyiged mapes obakiygan e nseatpdn andi sorgitivgl | single
| ayer reactive filmvs. the filmreactivity (the
layeri relattigt film o ethoflihuattioftyt(tige isigial W%@elb%@dhluﬁb'of the
rates are nornalized to the steady-state oxygen

reactﬁ\?e’ @%‘r ). 001 F&deS 4R AEEMRASSYH Y8 t‘n'e'%b%ilh ﬂg‘i‘g;bt

n transport prop ertles I ncl rratr

pern&%&forrm'af‘atsa"gd@whéa%%'{sé". LSRR 9%%9#3&@?9?@?? Pre

and (k) the disclosed two-1ayer act
prop@wdna ipgit %@ A ADaHs Matesial gad Hyeefl m.qthw'ﬁa%ssa
hi gher rate of oxygen absorption fromthe package
inside and a | ower rate of perneation through t he
[0008kachiové- Kasygedt pREj@rpressuse pepfilaseid (@ simgleclayry geactive
pressure curve slopes at the layer interfaces with the
and (bdckeaghisclosednino-dagebedautive -oxygere akgge bialgsanding
oxygen barrier layers, respectively. DETAILED

strudereITRE 0o Jayé i | MNYENE Iﬁghﬂﬂ&at@%'aix'v@%noébﬁ}*pﬁon from

i nvention provi de a way t esi gn and manufacture

the p:&gglﬁgg'lﬂgléﬁtét'fﬁt Hcfve Y ttE cﬂ: rﬁ#‘é‘%h‘m%u%h ‘%ﬁeqfea{:tlve

hea ace a sorp termbarri
10Xy, at| on nt on
bar“savﬂ/ 5 Sl VOVBrtQSt%\é%e” ?ﬁ%sﬁq{\?eQHVVSrF'Opes at the
provi des a nmaterial structure that provides a hig
layeryigierfaeeapdt phe 9@%@%@Qﬂégawea@%b@éweemr@wmmb%blng
reactive barrier material also provides a |ong-Ilasting
and deygérebarvenlaysss, ppeshivehy t hr ough t he

DETAILED DESCRIPTION OF THE INVENTION

The teachings of this invention provide a way to design and
manufacture packaging structures with dual functionalities of rapid head
space absorption and long term barrier to oxygen permeation.

The invention has numerous advantages over prior practices. The
invention provides a material structure that provides a high rate of
absorption of headspace oxygen. The invention reactive barrier material
also provides a long-lasting barrier to oxygen permeating through the
invention structure into a package. Further, the invention provides polymer
packaging that may be made both nearly impermeable to oxygen and to
water vapor. The packaging material further can be formed by typical

encapsulation techniques for medicine, food, and electronic components.



i nvention structure into a package. Further, the
i nvention provides polynmer packagi ng that nay be nade
whoiok/12088F | y | nperneabl e to oxygen and to wat ePCT/HRZINI/030070
The packaging material further can be forned by
typi cal encapsul ati on techni ques for nedicine, food,
Thesarahd:bélue r advan tagep ofehtesinvieasio nawill bereppardvardtagethe
of the invention will be apparent fromthe detail ed

detai@@ﬁ@lﬁeis@ifi'g@i@nblﬁél@w. The invention provides a nultilayer
oxygen absorbing plastic sheet or filmstructure

CHTR inYe A of p%cﬁﬁaés %\‘é\ﬂyﬁﬁﬁ%r\gﬁ(g@@ﬁ%o@?ﬁfﬁrﬁ%@ sheet or

| ayers parallel to't arrang
o follow ng sequence. .the first_rapidl sarhbing. | ayer
film $BUEANGT R BRMIERT B 1948 i Rl Pty oMt Pieers
hi ghl y_oxygen per neabl e tri olynmer conbined with
paralielmog%%/yflf@ﬁ%ﬁnegr&%% Iaggeéjﬁgpﬂ@né;ﬁﬁ%ﬁncshahe st rapidly
second long Iife layer to be placed nearer the
absoehitngr laykr éohe plaged nearer dbamra degedf prodictasgenised of a

barrier matrix polynmer conbined with a highly reactive

highlgxyxgeye s pavieregibhe nsysbepotyméptontbihedgvitast highly reactive
reactive barrier layer with high reactivity toward

oxygexYEeWengify RSN ?aﬁ&'tﬁ@%réc%n'@wﬂqﬁfe Rlyer@Bi Kl Ylaced
absorbi ng layer and oxygen barrier 7l ayer "are

nearé@@{egr gg{éo%gijieﬁbir?%%w?ﬁggogﬁ§§ig 8%f‘rﬁ§ﬂ g%x\g/%%ﬁ barrier

rders of nagni ence rn 0
erneability i.n the The gxygen .scavengi ng system and
matrB¢ RoBABEF CORMIBRErMthdhhIgNIKIERCILS Py ISt enging S¥stem
or they can be different depending on the choice of
to fotrmea pangniastingt ieagtiverbarnier laygrewith/dighageactivity toward
particular, organic UV |light activated oxygen
oxygenaVvEmng ipag s saesp elysn é mid epsetnikesst ofofapidéy absatbihgdager and
catal ysts are advantageously enployed in practicing
oxygeRebarignhy@narSeRenTit &l BN thRE aHd he@ehhifctbAyel by the

thicknesses, layer matrix materials, and oxygen

severdi 8B B9 magnitude difference in oxygen permeability in them. The
oxygen scavenging system and scavenger concentration in both layers can
be the same or they can be different depending on the choice of the polymer
matrix for the respective layer. In particular, organic UV light activated
oxygen scavenging systems independent of the metal based catalysts are
advantageously employed in practicing the invention. Specific choices of
reactive layer thicknesses, layer matrix materials, and oxygen scavenging
systems are described below.

In Figure 1 there is illustrated encapsulating technique of the prior art.
Figure 1 shows a package that contains a tablet 12. The bottom of the

package comprises an aluminum sheet 14. The tablet for use is removed

from the package by pushing through the sheet 14. The package 10 is
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systens are described below In Figure 1 there is
illustrated encapsul ating technique of the prior art.
wo-2@anz0343 shows a package that contains a tabl BET/L2009/030070
The bottom of the package conprises an al um num sheet
14. The tablet for use is renoved fromthe package by
compriséd of a threvoybforhee ds brreactuddl pemeacitege 10and adhesive
i sconprised of a thernoformed structural polyner sheet

seallﬂé |ayer gheshe eraseplar 8t F@M&heﬂ%eé’h%%@i@@ﬁﬁ@bld be
pol ymer sheet 16 typically would be fornmed froma

formgglfﬁgﬁgr?&?ﬁéﬂ%h@f% \fes@gﬂs ?F}gékf@b}%:f '%?lleetrerephalate)
PE
T U B AT SRR Eiblpti
naphSBRekeh AN halt kiGRAorPlatBe i OBERL HOL T o, o,

anor phous silicon di OXI de or PVDC (pol yvinyli dene
(polychbor@rtrlﬂaproethwlelye)r @d variouapolprrideswatensially with water

pol yet hyl ene) polyner). The preferred PETG pol yner has

vapoe Yalrcbexaatindistetdiamabrphdas silicdrhdigaldgner P¥BCkbone
in place of sone of the ethylene glycol in order to

(polWﬁﬁHF&R&déWﬁél@'rldé) bVIWlQ Oé’éftrh H?'LDPEQI&@%@EWbSIVe@herne

t hernof orm ng. The sea ing layer 18 typical

d
ol I ABPT S U R BlyjéHlypiranc socea o
the r@iihenbd Apomeapplace o frx%%%ff?fyﬁhqcélsf'yﬁé@éﬁémq iy er o
transparent in the visible Iight wavel ength rang
redugaicsygaticibeandilpwer mpling keppesad redondigh &kﬂrmqformlng
produce and form does not provide significant

The sgalirertayen &tygibally slddtd be donroag gdrampadimeaivieomaterial such
Illustrated in Figure 2 is a packaging wall structure

as etBQldrt-aaparfRnsR &‘d)ﬁ@lyhﬁ*@r iHoGe e fiblB AdrPGc FESin@aiEn
scavengi ng |layers. The wall structure

hydroxypropyl cellulose. The sealing layer and the structural layer generally
are transparent in the visible light wavelength range. This package while
tamper proof and economical to produce and form does not provide
significant protection for the tablet from oxygen permeation.

lllustrated in Figure 2 is a packaging wall structure 20 in accordance
with the invention having two oxygen scavenging layers. The wall structure
of the invention would be used in a package such as in the prior art of Figure
1 and substitute for layers 16 and 18. The structure comprises a rapidly
absorbing oxygen scavenging reactive layer 22 placed nearer the package
interior and characterized by a rapid rate of oxygen absorption into the

layer, and long life oxygen scavenging reactive layer 24 placed nearer the

package exterior and providing a high reactive barrier to oxygen permeation.
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of the invention would be used in a package such as in
the prior art of Figure 1 and substitute for |ayers 16
W@rwIAR393The structure conprises a rapidly abseebiUsz09/030070
oxygen scavengi ng reactive |ayer 22 placed nearer the
package interior and characterized by a rapid rate of
The laygg@2 pipscalht iwowld at $0 bleea bagléng layer, fonblistdrepacdy gea such
scavengi ng reactive |layer 24 placed nearer the package

that € She@t cald bé Qitilifiatbiratihe phackagitly BF ehaapt@laté® medicines
oxygen pernmeation. The | ayer 22 typically would al so be

and %o%PaJ’I'hEQPh@yI?Fe IaP?F ZQ &S s Q%?hnéﬁﬁpﬁk'é:lk}?tﬁbﬁhe’rn&yer while

sheet cou be ut |ze in the

ne s Ci
also B39RRFH gik?%aww&%p%&é’%?ﬁiwﬂﬁ §}‘3F e,
havi ng high reactivity with oxygen to f er red%%}_
oxyg@ﬁdoeérm%%tﬂ@wam@@r%éérnérem Sreentsang fgtigitions phaighly
concepts and definitions of highly oxygen absorbing
oxygeayadrsorhiin layere high readtivity darriay éryeararedéesaribimstin the
the Theoretical Background section below |Illustrated
TheoiretiEaloBack droundasddii@e blebywer reactive-reactive- passive
structure 30 in accordance with the invention.

Siifysrated B0Figural % §¢hiedlRerSedctivd LrdaRtive@-passive

packagi ng container and is particularly suitable for

strudife, 5B, IREARIHNALE B8R ok THVARYR! <TFels 'rg%qipsssl@fas fable

ure on‘prl se ayer

as a Vg dor shbark %E%ﬁ%cﬁha?@%l: s par Do RANos g e o itoin

froma | on l'ife high passive oxygen barrier material,
encapsdlagingpf m@awialeﬂgdmae glasagespdlisteaypacks? Structure 30
provi des strength and rigidity to the package and
is cosymisad of 1dyert2® wikly gepiddy absogbimy himlerateodt aRygenl

24. lllustrated in Figure 4 is a section of wall 40,
absofh&6n| Hyepdernwag a Pﬁ@ﬁ%aﬁﬂﬁt?&@@%'&@en is made from a
encapsul ating of nmedicines or food. Wall S

long $P8MR5FA Dassive oxygen barrier material, and a third passive structural
support layer 32 provides strength and rigidity to the package and supports
the two oxygen scavenging layers of 22 and 24.

lllustrated in Figure 4 is a section of wall 40, also intended as a sheet
for packaging or encapsulating of medicines or food. Wall 40 is composed
of the highly permeable rapid absorbing reactive layer 22 with the high rate
of oxygen absorption, with the long life oxygen barrier layer 24 comprising a
high passive oxygen barrier polymer and an highly active oxygen scavenging
material. The passive structural support layer 32 is adhered to the long life
oxygen barrier layer 24 with adhesive tie-layer 46. Layers 22 and 24 are
joined by adhesive tie-layer 44. In the wall structure 40 of Figure 4 there is

also provided a barrier coating 42 that will provide a further passive barrier

12



of the highly perneabl e rapid absorbing reactive | ayer
22 wth the high rate of oxygen absorption, with the
WO 2099/12G392 oxygen barrier |ayer 24 conprising BCHU§909/030070
passi ve oxygen barrier polynmer and an highly active
oxygen scavenging material. The passive structural
to oxygeotrank myissioB2and/ adteewade t vapoetiamsgilss forn thepgeh the
barrier layer 24 with adhesive tie-layer 46. Layers 22

struckiiek. 24h@rt¢e+Iay@@d4marﬁﬁhesar‘eeopu@nhlaaﬁd dé.onlp ddeeled if the
wal | structure 40 of Figure 4 there is also provided a

mateP§ b$thEq ér‘%gzélzzﬁhé‘? a6 'Hot&fd%c’ﬂ €6 e%cﬁ%t‘h'%‘?rw&?%? laYe

barrierto o gen trahsmi ssion an to water vap

r.a n.t The t.] s
sepal ;B a5Ed &&4‘ {RiP e, e EhE e s ey Blgql Yotmets of
rials of the |layers 22, 24, 32 do not bond to each
any %t'ﬁ"g? &@tlm&lt %‘ﬁ%e%%%ar ately formed and then joi ned.
The tie-layers are typically fornmed of any suitable

héor whetioagHEei meygerobartier [ayeg doinferisinggahighrpassive
| ayer conprising a high passive oxygen barrier matrix

oxygeal lyavere randt@dx lp ditine rraaat hi g hbx yegsitivecaxggen sgavenging
mat eri al the oxygen perneability of the passive matrix

mate?Rl €hé &xydge rPﬁéM’ﬁ@HbﬂthQﬂf t‘h'édp&&n‘?@ nﬁ'ﬁi’r(ﬂ‘?r?at@ﬁ)&l # Bktween

at he condl tions of use (typically anbient
} e c e
0.00}, SHHRET B AR o) SR AT En RIS RT P 6 p%%l'éiémb'ent
a refer
tempﬁéﬁ%&@%wng@éeﬁé & obiatbile st kv 5 Bidi thPf(4erz60%>-
. For the passive material formng the raﬁ

A pr@‘lé@@bpﬂgﬂ@ﬁ?déu iatheoy Bhaty 21 agermant (Mx dayeatenly géne most

perneability is greater than 250 cc mi (m 2 day atm
prefeated ipe rowadiilityorengd isubetwdareDed T achdoRygea mm/ (m2 day atm).

perneability for the oxygenabsorbing |ayer matrix
For tﬁtéﬂc)fé{s'sﬂ}e hfatB ARSI BiPtIFd i 310 H960 1Bin§18x(geh-dd¥orbing layer

atn.
matrix the oxygen permeability is greater than 250 cc mm/(m2 day atm) at
the conditions of use. Preferred oxygen permeability for the oxygen-
absorbing layer matrix material is between 500 and 10,000 cc mm/ (m?2 day
atm).

The present invention describes the structural design of a multilayer
having at least one rapidly absorbing reactive layer and at least one long life
passive oxygen absorbing layer used to form a polymer packaging article
suitable for efficient removal of residual oxygen from the package, and
reducing or preventing oxygen ingress into the package through the choice
of location, matrix material, and reactivity of reactive oxygen-scavenging

layers as well as the corresponding structure compositions and the method

of manufacturing such a structure. Specifically, the invention is primarily
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The present invention describes the structural design
of a nultilayer having at |east one rapidly absorbing
WO emetizoses | ayer and at | east one long |ife pasBCWES2009/030070
oxygen absorbing |ayer used to forma pol yner
packagi ng article suitable for efficient renoval of
directed itduaheak ye@abte polyrmeripstkagere sudtabde doir pgckaging
preventing oxygen ingress into the package through the

pharftiReteical ahdofitrateuti@dlrdingratesageé praddctLarthariniyfaimable
reacti ve oxygen-scavenging | ayers as well as the

insté’P% @ésgo“l’fﬂbge ﬁ(‘il‘i%&ﬁh‘&ﬁe%?ffﬂﬁﬁ'a‘dgg@a é“i‘hferfﬁcﬁﬂﬁzﬂoﬁwe"f

turlng such a structure. I Ca

mverbtbvr?h{apgg Ilgﬁlltgé'ttg?éﬁl - i regtfticeqﬂﬁl%ﬁg nghé”ﬁl at %ther barrier

phar maceuyti cal adnutracetlcal S|nle dosage
packagtswua% CAIORE N8 GrabNed st FaldesgnS TRy Geting

skilled in the art will appreciate the fact that the
simuitanepus grdustioot of Dxyged ingressaintadbetpacads asd gemoval of

packs and that other barrier packagi ng applications of

residulaé oxlygentfilost the patkhgdensides aré pogstblagvishout tanealsy
reducti on of oxygen ingress into the package and

fromrt%'éoéfp?l'rlt(?ff t'l’l%slh%ﬁho?lxyg%h argthde nﬁ’élﬁ'@%geth'en@dc%sulatlon
are possible w thout deviating fromthe spirit of

of thE BB gQ&b%t‘éQ%I?a%é;% Lsgggg@@etygogghégg SRFRDRNH Orﬂrr?e{terlal
i nvention ter| r suc&mﬁterlals are foods,
Othe{:ﬁé’ dQpteri P@J@ ﬁﬁHﬁ% § 60%'%‘}9{5!09”‘?“5 and

~ materials. The i nventl on is found to attain seem ngly
biologinmaterédsry packaging structure design goal s of
providing a long-lasting reactive barrier to oxygen
p &iheeiatvieabioanid feiumd taatairs sgemimghnsowntradagbdy yackaging
renmovi ng resi dual oxygen fromthe package. This is

strucone debigigBaRpdf B‘rd\ﬁélrﬁ@lbtlbh@iﬁstg@'réﬁttﬂfe bAfrier to oxygen

packagi ng Structure or part "t her i ncor porating
pernfiatidtPshd M UIEAEIUGY a means of rapidly removing residual oxygen

from the package. This is done through optimized multilayer design of the
packaging structure or a part thereof, incorporating at least two reactive
oxygen-scavenging polymeric layers in a specific order and made from
distinct polymeric materials with essentially different passive oxygen
transport properties. The oxygen scavenging system and scavenger
concentrations in the reactive layers can be the same or different depending
on specific package protection requirements such as a required duration of
barrier protection from ambient oxygen ingress, the surface area of the
package, the maximum thickness of the packaging structure, the volume
fraction of gaseous headspace in the package and the amount of residual

oxygen present in the package after sealing.
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oxygen-scavengi ng pol yneric layers in a specific order

and made fromdistinct polyneric materials with
wez®enzidad |y different passive oxygen transporRCT/US2009/030070

properties. The oxygen scavengi ng system and scavenger

concentrations in the reactive |ayers can be the sane

oiT hei fafpéd eal s alidyrg dieagtive |ayac vWhichjaqtaged peat&cor emposed

requi renents such as a required duration of barrier

to therpickalgeadbritedid aglhade preyeribly fesmss hehbeeakibi@glymer
area of the package, the maxi mumthi ckness of the

. i , f i _ .
Mg e UK A A NPT e Ry e G nesive,

mod BPROLRSHEBhetd shEFmBR el eReru B albrendevay

r exposed to the package contents, is nmade preferably
COPOfYPRT AokdBelt esiYe) Wbl OhPgFALES K} RXYBFR Scgvenging
oxygen (such as heat seal abl e acrylic-based adhesi ve,
speciesdiispedseackin or grefarabbd covalentlyl ended ¢p the matrix polymer.
et hyl ene-vinyl acetate (EVA) copol yner hot nelt

Alteradtieelyy gl choxyyd maeapengirs réactivey geecies 2veatanty bonded to
speci es dispersed in or preferably coval ently bonded

somd Bthé&epdRimeX that ¥ARhot Akhed A3t NEAYsedWBne, can be blended
oxygen-scavengi ng reactive species covalently bonded

. I f { n 3
with tfe B3P a0 SkaRBIY BRlvmEl Harf R b g S8 3eR i gf the
pol ymer, base to,conbine the sealability of fhe base.
base AT W (0 URTG BONS egoARIEar 0,35 BUs s, RITEF R Tty
functionali t%, characterized by reduced or negligible
charagtgrizeddey reduead exsngligible migption.i ¢n an example of a
ant hr aqui none- based oxygen-scavengi ng speci es bonded
specifit anthdagparces-basacexggah  scpveaging repecies bohgledrto or
conprising ethylene vinyl acetate copol yner, such
dispdf@kdiik thessdAirltakeed MBENS pfy et icoat pAsirdethylene vinyl

ant hr aqui none scavenging reactivity via photoreduction
acetdlBd¥HYIFMer TSuch matrix has to have a means of activating the
anthraquinone scavenging reactivity via photoreduction mechanism. To
achieve that, the matrix polymer is chosen to advantageously contain a large
molar fraction of secondary hydroxyl functionalities available for a rapid
proton transfer from the hydroxyl group to the ketone oxygen in the
anthraquinone. At the same time, the heat sealing matrix has to have high
UV light transmission levels in the UV light wavelength range required for
efficient scavenger activation.

The rapidly absorbing oxygen absorbing sealing layer serves as a

means of removal of residual oxygen via rapid dissolution of oxygen in the

polymeric matrix and its rapid diffusion to the embedded oxygen-

scavenging species. This layer, which can be solid or porous, is distinct from
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achi eve that, the matrix polyner is chosen to
advant ageously contain a |arge nolar fraction of
wGaewonzeey hydroxyl functionalities avail abl e POF/U8S2009/030070
rapid proton transfer fromthe hydroxyl group to the
ket one oxygen in the anthraqui none. At the sanme tine,
encladeel bepges ahisongersmandxnteanatly dteaahdd ghygbhtsgavenger-filled
transm ssion levels in the U/ |ight wavel ength range

adhekR@Uiabets beta@éd (D) i@ ontaimseth@edxpgéh vedavengidgfunctionality
rapi dl y absorbi ng oxygen absorbi ng sealing layer

perrr%‘?{e‘(gﬁ/ Béuﬁ ok F?%atr %&}gﬂé iprI\{rh@?'n‘P' Ix 8¥th’t@ non-heat

di SSO ution o oxy e po yneric nmatri

sea'ai&éj ahesd S bGP W PEaF SR80RG g umer.angethus it i

SO|Id or orouf IS dlstlnct ronencl sed oxy q;

essenially peeenisg rﬁfré,nhlgwayogtq gaseo reaction byproducts, (2)
oxygen-scavenger-fill ed adhesive | abel s because % 1)

it additicowilyaseryes ks axpdbrsieabeaigseajablentayeosditabye for sealing
permanent|ly bound to the heat sealing polynmer matrix

the packhgand prefanrdierygeeabbbbebimg hyer conastisenaheadedlable
with heat sealing polyner, and thus it is essentially

acryIFtr SMFVFﬁ@Id éth?l@)ﬁé}—?ﬁ@lh@é‘ta@é‘%orpﬁlﬂ%‘é? (PYAS, aRfdio%Y propyl

bypr oduct’s additionally serves as an adhesive

co 58 sEGF BDAIALCEIIESL IR PPl SUEEEE i o
to S(Q:/eglgmxqua(%é\f)lﬂ; A ﬁ#ﬁé 6?@§Eyl egq yuqalg | %ﬁg alté(f)hol copolymer

nodi fied cel |l ul ose based plastics, or their blends
PVOW dy weialy blenslesh it pol yol , pol yvi nyl al cohol (PVC),
or ethyl ene-vinyl al cohol copol ymer (PVOH) by wei ght
bTdvededg hfe dhegéhartief eeactyyre layear planed eeatdrvube exterior
| ayer, placed nearer the exterior of the package,

of thifpdkag@n WificB>daPsBe ek olstel xR BRterfRY EhOITBRR e or
protected fromit by a passive polyneric structural

proté Q¥ frofrSitBRPAS gdsSe'b8Rmeric structural layer, is made from high
passive oxygen barrier polymer (such as PVYOH and EVOH) with reactive
oxygen scavenging species dispersed in or covalently incorporated into the
matrix polymer. The long life oxygen scavenging layer provides a long-
lasting active barrier to oxygen permeation with high reactivity with oxygen,
that does penetrate the barrier, resulting in nearly zero oxygen ingress rate
into the package until the reactive capacity of the scavenger is exhausted by
the reaction. The lower the rate of oxygen diffusion through such a layer, the
longer it will take to completely deplete the scavenger reactive capacity and
revert this reactive layer into a passive barrier layer. In the example of
anthraquinone-based oxygen scavengers dispersed in PYOH/EVOH matrix,

the matrix also provides a ready source of hydrogen atoms in secondary
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passi ve oxygen barrier polyner (such as PVOH and EVOH)
Wi th reactive oxygen scavengi ng species dispersed in
w@eooeorsbEnt |y i ncorporated into the matri x poPgIEL2009/030070
The long life oxygen scavenging | ayer provides a
| ongl asting active barrier to oxygen perneation wth
hydrakghgreages préfeyred for efficent Uvhiaghtdioeh qeehkte toatesnal he
barrier, resulting in nearly zero oxygen ingress rate

tautdrﬁéﬂzhh@n&ﬂtmaqmnéné Mhickaerverts apavate/itofoxyiirn
scavenger |s exhaust ed by the reaction. The | ower the

scav{r?grﬁ]i?lgoéa E\E ¥e8Mdd QHQ'EIeSﬂh‘éhl[l?e bf¥ther bBfymers

e to conp ete eteth

such gy 6F Pl §9%é ST, $?ﬁ9aoe'v<§k§2?c¥>%%r@ o bl A BY o

raqui n $¥ygen scavengers di sperse
pre elﬁ@ R tVr| r0t><|¥ Haetipnakiiay agmpafrixes aorrgwﬂ
sour ce of hydrogen atons i n secondaryhydroxyl groups
anthmaaqfispnedbased eidyigeinesnavender ghit isnpitadetreldetw pevisict the long
tautoneri zati on of anthraqui none which serves to

life oxggievabarridrdapay bgra sracengil sgppapaldyerf prefehablydoes that has
not exclude the use of other polyners (such as

a watéd Jadg AsiaRrsask o erfies &5 @16 aPelwsofot)a @Iﬁ’l'ht Baftidlayer and

primary or preferably secondary hydroxyl

protééf?%ng noz*—:&%ﬁﬂy&%{w&%%& rrlorgﬁghn& tthelr 06}/%@ barrier

ygen st venge erred

: tect the long life oxygen barri | a ,
propg i By siates Yamar sy efiony: Amtedai s ddrarr Bk deveraeSmprises
wat er vapor barrier properties as this allows for a _
fully omipargatlyihd robyzad @Fgmﬁtémw'thh@lspvmctwnaﬂawﬁd organic
fromdeteri oratl on of their oxygen barrier properties
oxygey swivengirapspeaiesasyptt as anthmafiaoneditsaz +rsudfonatgesalts and
conprises fully or partially hydrolyzed PVOH matri x

derivétives & espgh &@ o i el e ke fds GIUBHMYCI NOXYd B n$ iSRS li)\‘éith
speci es such as ant hraqui none, its 2-sul fonate sal

on@ﬁq%ﬁgf Lgﬁ%g oﬁ&?ikﬂ%ﬁye"r FR PURd BE 4) S%'é“ﬂ‘\ét'e‘rbél such
as for example optically and UV clear PET, PETG, or polyolefin sheet, exposed
to the external environment. It is preferably rigid or semi-rigid, and it
advantageously serves as a structural support for the metal foil and both
reactive layers that are usually produced as thin flexible membranes,
protects the moisture sensitive PVOH/EVOH layer from water vapor diffusion
and subsequent degradation of its oxygen barrier properties, provides an
additional passive barrier to oxygen permeation (thus extending the time of
complete scavenger reactive capacity deactivation), and it is thermoformable
by conventional techniques. This optional third layer does not have to be

homogeneous and it can itself be a multilayer passive barrier structure with

additional desirable features such as an improved water vapor barrier,
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PVOH matrix. The optional third layer (Fig. 3 and Fig.
4), is a material such as for exanple optically and U/
w@b@an2Bel, PETG or pol yol efin sheet, exposedP@DUS1989/030070

external environment. It is preferably rigid or
sem -rigid, and it advantageously serves as a

oxygstnrarud waikr bapper todtings heurfataltréatimerstsg cbbars, and printable
reactive |ayers that are usually produced as thin

skin fdy@xi bl e nmenbranes, protects the noisture sensitive
PVOH EVOH | ayer from water vapor diffusion and

S%bﬁ%&edﬁtagﬁgﬁéqgtﬂ% A gm&xé’ pg?ﬁs‘ri‘uggﬁ{%meric material

properties, “provides an a ona rrrer to

oxygen. rneation, (th extending the tine,ef compl
whosEYSERNRS R be AL MabEd of Ny B8 b Bebaf B SR GteErmal
t her nof or mabl e tig conventi onal tgchni gues. This
soureg iTHhawayninedfulhiractysecanasi thal e scave nasfligereBssme
and it can itself be a nultilayer passive barrier
oxygsnraart be greservegbuntil dnislacdually atsied inetdteupaekaga placed in
an i nproved water vapor barrier, oxygen and water

storaggr. r Terngttiehimgsal Isapeidhoryderaicavanger aolivity is afién triggered
printable skin layer. It 1s advantageous to have an

by mO¥Haee dFAYRIK] VIHil© Ph AP Or§aAR! 6%YGén YRRPENGiPRLENdMistries

can be activated or triggered on demand by Sorre

are d%?‘ﬁmlto %%ufrgiqer;ggii é%ggéﬁén?e ftH'eJctfn‘?@?%é i\égio%ﬁ?fﬁé Vv

€ Sscaven oxygen can reserved

until it is actually used in th ackage pl aced in
ranggy 4h gyder i e veon THEhdediRscel AP ehsttgacavengers,
activity is often triggered by noisture diffusion,
the sifvqterenmprefiegead to Seyiyiahly teansmgiragt tmshe 4tV lightar e
designed to be triggered by exposure to actinic
wavele thisi thatitniggee ghotoaedection ofralepetidi casdaivengirag knhgmistry.
degree of activation of such scavengers, the structure
Low HegRiexf 6f s €4l driydicadtivaition kdANsRRagAEgd fraddid bf Féstdttve

wavel engt hs that trigger photoreduction of a specific
funcGGAYRAGE Tk AMRISaBIé Yor oxygen scavenging purpose. That reduces
the available activated capacity and increases the overall cost of the
scavenging composition per package. Preferred oxygen scavenging materials
are the anthraquinone-based oxygen-scavenging compositions that can be
efficiently photo reduced by exposure to the UV light wavelengths below 380
nm preferably in the presence of secondary hydroxyl functionalities in the
matrix polymer without any transition metal based catalysts being present.
The observed 60-80% efficient keto-enol tautomerization of anthraquinone
upon photoreduction leads to formation of multiple reactive sites suitable for

rapid and efficient scavenging of permeating oxygen molecules. In one

particular embodiment, derivatized anthraquinone-based functionalities can
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Low degrees of scavenger activation result in a |arge
fraction of reactive functionalities |left unusable for
wW@300gae038tavengi ng purpose. That reduces the aREi/UsthE030070
activated capacity and increases the overall cost of
t he scavengi ng conposition per package. Preferred
be advargagesualeanyialgntutberiddd taaentlhepolymers usable as heat
ant hr aqui none- based oxygen-scavengi ng conpositions
sealih§ahatainlbe efficiently photo reduced by exposure to
the UV light wavel engths bel ow 380 nm preferably in

t el GRABGH ?ﬁ%b%%ﬁ@?@ﬁru%tm’aﬂr&ﬁ nd BRGhyRRy éafaiv%?lsdiﬁg
t he Imatrl xbpio yrre: \é\/l Lt ougl_hany trr\r)sijtl 8-8323} af ibgi edt
barrigEb3ckiaid BT BB HyaT BR BRSES M Te BB R hfingthg

phaot or educti on | eads to for ion of nultiple reactive

oxygentiggrass thiguah 69n¥%aﬁa%§3@fa ehoan 'C%'&taaﬁiﬁgP'Héa"{b‘P” (for
pernmeati ng oxygen nol ecules. In one particular

exangphiepfiiarsreevedalr inpsths éa 2 Heatpliarsheapidbedcavenging residual
functionalities canbe advantageously coval ently bonded

oxygen laftriyl ithe patiases aftesaehbéings(fbeakangskiwighimtevdral fiours),
The invention enbodi es structural designs of oxygen

(2) aBERVRR BRIt RatiRCERIENRAJIAY reattiVity By BVt

pur poses of reducing or elimnating oxygen i ngress

t ai P :
expol 2V AR S R enb o 2aBhPI {ARBRehHERs of borh
moisti AUERIGR R BiansPT RGeS N AT ) GAb e hegl sraled to
hours), (2) allow for efficient activation of
otheggabstigtesgle &awniipre coMpeX| patadnrgssmeaures) (Sheaa be
oxygen-scavengi ng capability independent of both

thermofetmed i €dnnsd oo maldtetchaigués.on net al catal ysts, (4)
can be heat sealed to other substrates to form nore

g;rmglom ??,Eﬁg}eag g@mt&gg@min@an@a@nemf&haisrfnf@rds%en
absorbing layers can be solution coated, laminated, cast or coextruded on
the structural support layer or on a removable rollstock substrate (for a later
use as a part of other engineered barrier structures). Oxygen scavenging
capability of both oxygen absorbing layers can be activated on demand by
an external source provided the incorporated oxygen-scavenging
composition allows for activation of its reactive capacity. Depending on the
chemical nature of the oxygen-scavenging agent, the oxygen-scavenging
functionality can be activated through different mechanisms in each layer of
the oxygen absorbing structure. Actinic radiation in the UV range (200-400
nm) is a preferred activation method that can advantageously provide a rapid

through-the-thickness activation of dispersed oxygen scavenging species in

both reactive layers simultaneously. Activation by the near-UV wavelengths
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The two described, rapidly absorbing and long life,
di stinct oxygen absorbing | ayers can be sol ution
W@ omvae393 am nat ed, cast or coextruded on the PCT/US2009/030070

structural support |ayer or on a renovable roll stock
substrate (for a later use as a part of other

(350e400nmem) éxl phefleried dstertocwine spmrorygehasaidatstity agd lower
capability of both oxygen absorbing | ayers can be

cost d€su¢Rted senréedTartse pyefiir@kbsygeh sevengepiouhtetduifone,
I ncor por at ed oxygen-scavengi ng conposition allows for

anth@fthlitBhe 2 aflfddate SRALIY Saf 2RAGT bY anBERENSh i8R A Sife
c the g t he

m cal nature o oxygeh-scavengi ng agent,
. QXvden- V. ing. f ti.onal i n be activaped .

derivafiV8 SRR ARFEPoARoy AR Tovale b TRuEDt ftifiaguinone

oxygen absorbipg structure, Actinic radiation in the
groupnior yhgery!opo mernhysesﬂal Spip e BFIeglio XY 9¢ N SEAVRN IR Kod

t hat can advant ageously provide a rapid
convehiesubhactivatei inkihespreferiegdanean- LY rangeeridedanityganinone

scavengi ng species in both reactive |ayers

oxygehmdalvangeus hye phefdrved iberabye tdfehrasseldf activation and their
wavel engt hs(3 50-400 nm is preferred due to w de

abilityYTBird ditkeMid hadtvix hylyanersl ower cost of such W
sources. The preferred oxygen scavenger is

AR EEIE polaef B RANE- RaPHya AL EyRRTH Y Rabeve-

W

functionali al 1 owi ng coval ent bondi ng o
react A B IS G ST LS A A g e GBD s hed biveet
preferred oxygen scavenger is conveniently activated
coating ehaqueelsspltior of AVOH prj¥mernuithdispataschanthraquinone-
oxygen scavengers are preferred because of the ease of
basedabiygEn staveandjingeipecids bty the sbiuatuvalt suppertiayer ¢such as
pol ymers. The descri bed two-layer reactive-reactive

cleardEl sRé€GWidki 8iubseatiehy &Ir¢Rf iry 8-caniestivh e bl heat tunnel.
structures are preferably manufactured by wet coating

The gﬁ?ﬁmﬁﬁ%iée}lb%tsﬂé@"fePJbIV\éQér%#garwi\eﬁttHeddﬁFbeJr?'—%Qavenging
acrylic layer (from solution or melt) via suitable slot die, curtain coater,
extrusion coating or a similar technique. The sealing oxygen absorbing layer
preferably contains an anthraquinone-based oxygen scavenger functionality
covalently bonded to the matrix polymer to prevent migration of oxidation
byproducts into the sealed package. Without deviation from the spirit of the
invention, the thermoformable substrate surface treatments, barrier
coatings, adhesive tie-layers, adhesive primer coatings, and the like can be
used between the structural layers to improve interlayer adhesion and

passive barrier properties of the structure. The oxygen absorbing structure

of the invention is suitable to be activated, thermoformed, filled and sealed
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oxygen scavengi ng species onto the structural support
| ayer (such as clear PET sheet) with subsequent drying
WO poog/12M/ect i on oven or heat tunnel. The dri eRCPUS09/030070
| ayer is preferably over coated with the
oxygen-scavengi ng acrylic layer (from solution or
in-limebn)the sameipatdagisgdinejiresulting i nedwetd blisext pack on
coating or a simlar technique. The sealing oxygen

prodabgehkiowds limveldinoaftertrl desaibed Benafits. _
ant hr aqui none- based oxygen scavenger functionality

I j | ; ;
?nﬁ*é];‘éa[?dli‘lg/'m% r?%?%?% gc%ri‘?ghﬁgtﬁ@ﬁz%}e??s R tWéel'hvEHtlBheMggé rials of the

yproducts into the seal

. ck . Wih devi at,jon fr the spirit.of e .

inveRGE AR, cehlalg ol ifufy ik 4R THES Al efiGhifartFaffecting
treatnents, barrier coatings, adhesiv i e-layers,

the oxygesi RYITH 3RA SEBVRNHIGY, PERLIIRS- S knawseaqdilye and
between the structural |ayers to inprove interlayer

residaah esateniads in@uding eobwmatikitizpro paacdessings aidse colorants,
structure. The oxygen absorbing structure of the

biocidesefunginides, sdsidalall 8 ol verite pdadticiae e tat kefiend, dlipedgents,
filled and seal edin-line on the same packagi ng |i ne,

residug® Wal d8feisnar@ dioeel IRINiRbIgdRS!mEaY APHREIIgThE pRéSeritn
addition to the described”benefits. The polyner [ayers
formng the layers of the invention materials of the

[ooonge%bg;]e{ {gg??gg%yngnom pol yner additives not

gnifrcan 'ng the oxygen barrier and
scavengi ng properties. Such known additive and
Lzers

sigdual mat erni.al s, i ncl udi ng conpat i bi .
1001 BF 5 EHE el ool A Rot il bhfiFEmatgrial to a
resi dual solvent, plasticizers, tacktifiers, sli
speCEgeﬂe@neaegﬁuelmasnfngmeésawsya ylafinad Ag aaee&itsct of the
may typically be present. [0009] Theoretical
kinetBaokygenrdiffusdvityofoatiicipet famd ithe ythe rioo dynainsictaog en
passive barrier material to a specific perneant such
solubsititypxygfficigas Siia theuakbksrialef i ned as a product of the

P=DS (1)

[0011] At a specific temperature, relative humidity (RH), and oxygen partial
pressure difference Ap across the barrier. Then the measured steady state
oxygen transmission rate 7R across a barrier with the uniform thickness L

can be predicted as:

P
TR =7 (2)

[0012] The oxygen flux /(the oxygen mass flow rate across the unit

surface area of the passive barrier) is defined as:
P
J=TR-Ap=—0p (3)
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ki netic oxygen diffusivity coefficient Z and the

t her nrodynam ¢ oxygen solubility coefficient Sin the
woredoenz@bs P = DS (1 ) [001 1] At a specific PCT/US2009/030070

tenperature, relative humdity (RH), and oxygen

partial pressure difference Ap across the barrier.

Then the neasured steady state oxygen transm ssion

rate TR across a barrier with the uniformthi ckness L

n e 0
mm?m*i"éeﬁéyg’an Bl Pwiﬁt'?sf‘ex%’gé%@&“% TR @ ARfelerite on
a.of t sive barri ef i.ne
the PGk sitB AT e i gy S gad Theite h&%ékacg@ygen
parti al ressure di fference on the opposite sides of
respeq{é/eé\ér en beth gpaareaﬁaanﬁs&@wnm@aﬁwwgsn pressures are
respectlvely. When both upstream and downstream oxygen
mainpaigesueasstant, the steaidyestato pervnetiorhpatesadgssitaire the
pernmeation pattern results in the passive |ayer after

passivedaytpaftedel esrtain deldyacdirg dilag tirha. Bt sedidysstate thégime-
ti mei ndependent oxygen concentration profile exists

inde 3¢t %it é?? é’ﬁ‘icBﬂgEhﬂ%W?ﬁ?ﬁ‘l% PASE ¥ErdsAVefe uMifofich

ste Yo con I'tions, rat'e of oxygen sorption

homdeedf gatRedaga RE <ty sk Slele SorlVERY. tpspra’

the rate of oxygen ingress jnto the downstream
OXY9ERS Y HRIREhinto layaefs gauakigythe g@%@vgﬁgmgegw&n&atlon

present in the passive |layer material change the
thrOlsgPeahg/J@yqtamMemtﬂ\cﬂiy sauadta the rate ocAmiyaen ingdrass into
dependent) behavi or which persists in the reactive
the doayestresni énvitenmedtt The reaptive toxyige ndeqveneidndys pecies
reaction with
present in the passive layer material change the steady-state permeation
pattern to a transient (time dependent) behavior which persists in the
reactive layer until its reactive capacity is depleted by reaction with
permeating oxygen. The higher the layer reactivity with oxygen, the faster
the rate of oxygen sorption into the layer and the lower the rate of oxygen

permeation across the layer will be compared to the passive layer.

[0014] The instantaneous reactivity of a uniform homogeneously reactive
oxygen-scavenging barrier with thickness L is described by the
dimensionless initial Thiele modulus ¢, of the reactive layer [Solovyov S.E. /.

Phys. Chem. B2004, vol. 108, pp. 15618-15630]:

ko
g =L E (4)

22



permeati ng oxygen. The higher the layer reactivity
W th oxygen, the faster the rate of oxygen sorption
WO paoo/12d3e3 | ayer and the | ower the rate of oxygeeiIr/US2009/030070
perneation across the layer will be conpared to the
ssive layer. [001 4] The instantaneous reactivity o
[001 g]auﬁwh@fenkndﬁﬁb@ﬁ@mﬁémseuéi&cflrﬁ&r@wg@ﬁca@aw@ﬁguce@stant for
barrier with thickness L is described by the

the fdilyaesivatd £ esadtivd Ia%rTWh?&P?lrﬁTﬁQILH blépfaﬂd@forf fige overall

reactive | ayer [Sol ovyov S. E ys. Chem 2004,

stomH%rpeWu O?F{go]%:t% ﬁg %?é&’énérﬁ’?ﬂn mol BF% %&Ffumed by

pseu er reaction rate CO

fully acti reactive | aye | ntu

a moﬁfeﬁér?d‘én ﬁ""?'ﬁé‘\f&f&?‘% FCEFHLNY 6@?9%06‘9 PH?eacwa' overall
scavengi ng reaction Eln nol es of oxygen consuned by a

forwarsl eeastion patier corstgRt Aobetweens exyeagiay Elaeréégvengm)g species
the actual overall forward reaction rate constant K

in theetbsearne ofydjéiu sival lintitatiemy endihegbs lkerdassiamratee and the
absence of diffusive limtations on the bul k reacti on

initial abacentratiome Rj, rfttihel syeoging spieciesRM dfe triadrix material. For
scavengi ng species in the matrix material. For

com QA B&eﬂﬂfoebﬁrﬁgléﬂm} 89(%@5 s‘E’éV@ﬁmnsgc?%f&%ﬁ@of the second

rea I ons e second er overa Is 1nitral

ordef, PugrPdRiE Hiviel RGN K ruprfied 8L [ove of

i _régéglve absorption of oxygen within the layer to tq%
B of oxygen diffusion across the |ayer. Large
initial Thiele noduli fo> > ~\ of the reactive |ayer
correspond to the case of fast, diffusion-controlled

1001552 EAE i ensiod st ials thodliafelsrs Ths ratd of Feactive

barrier. The performance of such reactive barrier to
absom@tgemf@xyﬁﬁt withingheHayeacteithe gateof ohygpardifsion across

I mprovenment factor. For the case of zero oxy [g
the Iayessdarge initial Thiele moduli #,>>1 of the reactive layer correspond

to the case of fast, diffusion-controlled reactions that efficiently remove
(intercept) permeating oxygen during its transport across the barrier. The
performance of such reactive barrier to oxygen permeation is characterized
by the barrier improvement factor. For the case of zero oxygen pressure
inside the package p, = 0, the initial barrier improvement factor y, relates
the steady-state oxygen flux J*(P)through the passive barrier to the initial

effective oxygen flux J,(R) across the downstream boundary x = 0 of the

activated reactive barrier with the same passive transport properties as

libid.]:
_J>(P) _ sinh(g,) 6
TR o

23



i nside the package pm= 0, the initial barrier
i nprovenent factor g0 relates the steady-state oxygen
wo Ra9/120383 (P) through the passive barrier to BEEUS2009/030070

initial effective oxygen flux JO(R) across the
downstream boundary x = 0 of the activated reactive

[001 Bhr rAethevsaime bendidionplssinitat sarsyon rapr opproveaseas factor
[Ibid.]:[001 7] At the sane conditions the initial

7, faomptdemsogption iptmtieereeactia tayer gipstorarmxdygendary x = L, for
sorption into the reactive | ayer upstream boundary x =

f
the chse PR RUR5R i 8581 VIL IR GIRAIRED 1A fpcron:
gk (FPr i B y reactive scavengi ng systens form ng

f’oé {

ers with large fO : tanh( 0) 1; therefof?
|gh9%arr|er materials with | ow oxygen
solubilities in them the steady-state rate of
sorption increases in |linear proportion to fO, if t he
scavenger has an excess reactive capacity, i
[001 8k nprabiahyy seactives seavetgingsgysteamest fqrailagu @a@w@dawts with
sufficient to _provide an efficient oxygen sorpt.i

largej ét o tamal b actli Eer@‘%e r‘lf)bﬂ“%;baﬂ'gﬁm@@éﬁﬁs W'H%?OW oxygen
duration, since it requires too much excess reactive

squtﬁﬁﬁ@@Hh&theﬁQWﬁ‘éaﬂ? E‘t%ﬁ@%ﬁ@@%f%b)‘ﬁﬁﬂnaiﬁ@k’éﬁsetsoinbl%ear
renoved, to be sustained. In many applications,

prop@F@dhdbn&g sfiehe Qﬁa\@é‘ri?g?@GIha@aﬁ@&@s&%eh&tlvémﬁﬁ@ﬁ}lcﬁb it
I'n order to provi de rapid reS|duaI oxygen renova

Vi

en- absor bj t excess,. eact

temRatgEB H6s AngaRtaueTi X TALrars 1 f R AOhs aff syt provide an

solubility and diffusivity are preferred. Even though
efficiRngio>xyepgeserticruinte the re@calvsdayﬂ@fornamy isignifigapesime

the initial layer reactivity® , a higher oxygen
duratiohj kirtae it requaiesroor nxeh evedess @alctivr y@eaciyacenygsared to

species distributed in the |ayer easily accessible to
head9phé& Dxiygehesmdual t8XYdeemoteda td erutlistauedd.aln many
applications, providing such an excessive capacity is uneconomical. In order
to provide rapid residual oxygen removal by the oxygen-absorbing layer
without excess reactive capacity, layer matrix materials with high oxygen
solubility and diffusivity are preferred. Even though high oxygen diffusivity
in a polymer matrix reduces the initial layer reactivity ¢,, a higher oxygen
mobility in such matrixes makes all oxygen scavenger species distributed in
the layer easily accessible to diffusing residual oxygen. As a result such a
layer with a highly permeable matrix will efficiently remove residual oxygen

through rapid sorption and reaction with the activated scavenger throughout

the thickness of the sealing layer
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| ayer with a highly perneable matrix will efficiently
renove residual oxygen through rapid sorption and
WO emetizem wi th the acti vated scavenger thr oughbit/Us19e9/030070
t hi ckness of the sealing layer[001 9] As Fig. 5
denonstrates, the rate of oxygen perneation in
[0018ht sAyFig. 5 emehonstratas,itbe vate of xaxygem: patrmgatiedunematalytic
with the layer reactivity f; however the rate of

reactive/ bariesr |I@te>Qd5brhéﬁt®aIIWBedI@<V@i with elfé Yaydrneaktivity ¢, however
proportional to its reactivity (conpare equations 6

the er@o?bxy?Eﬁrsec&g&%n frﬁ@ct%gvlgylef*}’ﬁbﬁlyy‘flﬁ@am %ﬁpolrtlonal to its

reactivi racteri ze arge initi

esc g ol e S 2P TR el <R nioh
reactIEF it land By Vg ?“J-Lrhi%'t*”@fj@ﬂ' il

Reactive |l a er;vvlthfo sult in effect‘) e.
purpgeedth éi B atd sarscm)etc.laibswg Yitgd apaxvaes payier layers.
Wi th only passive polynmer matrix can provide, thus

nghfF@Etﬂthdﬂ thedaye v eed d¥€n BRAIfiYahtBaFME@alhBré®ement over
oxygen. The barrier inprovenent is nmeasured relative

passive PeRRictivatd dNsfarspiadix! Reachivetlagetayeth ?h&ﬂoeresult in

| rrprow ng passi ve barrier of the react ive |ayer
rrer sel on _or ation results in
effech iRy oAU TPt HAPPIBNes TR o s fin he IGfETobtn Shiy

|ncreased passwe barri er performance. The result of
passiysi pRlymeh@athxssin/eroddei Bhuponaides te eacsiyerlaver pparly
for addi ng oxygen scavenger to is synergistic
im peir mEadle e roxyige novidreabar far im proyameént anueasefred uekative to
| ayer. The correspondi ng practical teaching of this

passivevigahs @isdidntriagé of therldeér, the ridee i raling phssive barrier of
reactive barrier layer, one need to select the highest

the rPQ@ﬁv@Iaﬁlc?‘i’a[ﬂéhYaefr&x fjl?n@iagél'e‘éflo%rrh?bc{IﬂEﬁflbﬁ!re%ggPQn

add oxygen scavenger Wt
ion rate constant wt

|mpr%>§g tr'eglgtégg bﬁgrllégi)ﬁé gwrbggyaggopo Increase pasggleerBarrier

performance. The result of using higher passive barrier polymer as a layer
matrix for adding oxygen scavenger to is synergistic improvement in overall
barrier performance of such layer. The corresponding practical teaching of
this invention is that in order to create an ultimate reactive barrier layer, one
need to select the highest possible passive oxygen barrier matrix material
for a layer and then add oxygen scavenger with the highest reactivity (bulk
reaction rate constant with oxygen) to it. Designs using low oxygen
scavenger concentrations or lower activity scavenging systems to create a
reactive barrier layer (such as claimed by McKnight in US patent 6,682,791)
are inefficient at best. With reducing the scavenger concentration or

scavenger activity in such barrier layers, the initial Thiele modulus of the
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scavenger concentrations or |ower activity scavengi ng
systens to create a reactive barrier layer (such as
W@ k@onedoby McKnight in US patent 6,682,791 ) BECEUS2009/030070
inefficient at best. Wth reduci ng the scavenger
concentration or scavenger activity in such barrier
layerliaymoportibaallpiredakedhriesu imy dulexp oofe ntiad Ideyeeadesin the
proportionally reduced resulting in exponenti al

barrid e emn@asee e nt NARVTHIRY td TOFPYVEAe), thAgaatrik Mate?ial used for
formula (4), the matrix materi al used for barri er

barrlleF‘Yaeyfer‘%FtH |bRE @@éﬂf&lfﬂfilwﬂ liNii Zohfh e%oﬂ?{ fric%'é?esin the

I'ncrease I nt CtIVIt

i} B0l br Shetaliet. Thereluu ﬁﬁ%ﬁﬁiﬁtfs@%b%sﬁeéﬁ%”for the

barrier rovement on top of the | ower

barrigy '§§nafﬁma¥'6 'Fﬁ?%@ﬁ”sﬁ?@ﬁt'wﬁg??éfg%gﬁrré?r PBREPYRIMENt
matrix. This disclosure fornms a basis for robust

on tagesf ghe dowhr gilygeoftrans missiosaate verazgh isechibigbes barrier
[ 0020] Fig. 6 shows steady-state oxygen pressure

passiveahiatids. iThisidigtleosuay éormeacbayie florlrab(ia) d@rstgm of thighly
di scl osed two-| ayer reactive-reactive filmwth

eff|c|@ﬁY9€§ct<’r\F§%Pmé‘ﬂla%¢s oxygen barrier [ayers. |ncreasing
he reactivity of ‘oxygen barrier layer (e.g., via

|ncreaS|ng its thickness, oxygen scavenger

[OOZGEnCﬁQt %ast%&ﬁs sﬂeécﬁ %i’%ltéjsgzé@nﬁ%egﬁ%eﬁ&?ﬁlets in smgle layer

tion roving o

reactdy (T B o dylseWos RVEE RRadhies 1Rathid gt with

sup erlor barrler function of such reactive | ayer at
oxygﬁﬁeabﬁgéms Hd oxygennR T ife [RYEES - oiNGERILES %maatw&y of
into such a layer. In order to inprove oxygen sorption
oxygehabarciegrlagei (sgofviadactaasen@xtsgdniclsnesse myiygen sgaenger
in practice, the finite reactive capacity of

concepragRLeI oy avoree st sesnaandlimion it gacous
imprbliAd 8€ its ) £sMRS Bahd¥ e pl Op ORI AIFi £ 588 okgen diffusivity and
solubility in the layer matrix) achieves the goal of superior barrier function of
such reactive layer at the expense of reducing the rate of oxygen absorption
into such a layer. In order to improve oxygen sorption characteristics of
reactive oxygen scavenging layers in practice, the finite reactive capacity of
consumable oxygen scavengers and the associated costs of adding such a
capacity to a reactive layer with limited thickness have to be addressed. In
such consumable systems, no steady state sorption exists at any time during
the duration of scavenger reactive capacity depletion. The following
disclosure describes how to improve transient (time-dependent) oxygen

sorption characteristics of reactive layer for rapid removal of residual oxygen

from the package interior.
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such consunabl e systens, no steady state sorption
exists at any tine during the duration of scavenger
WO 2@ot203e3 capaci ty depletion. The foll ow ng di BCT/0S290%030070

descri bes how to inprove transient (tinme-dependent)
oxygen sorption characteristics of reactive |ayer for

[0021 hpild a ease alf nufn-raasakytial oxygeayeacévengdrh¢hahiskegesumed
interior.[002 1] In a case of non-catal ytic oxygen

durirff Y &teRthiokiticireac0AWIRE Shifddry lbhdedtints i I@g‘@iﬁ th&t has a
reaction with oxygen, loaded into a |ayer that has

Iarge| idigel redictividy 4 eeed sravergingt acsioavisnahdwn rt@é\@rtddé@dl i® the
known to proceed in the form of al ocal i zed

o T EIA e R VAT PRI By B

he scavengi ng reactive capaC|ty inits wake.
thlck@@ﬁﬁémmyth@n@m HOpFEIRrY Kb RYBYNIRG a&bﬂ@ﬁﬁweélgmg reactive
.e., non-catalytic overall even if they are catalyzed
capablyyantltsu wdkepeili esrrdrai2kiowneoxygen depeertigerts qesi ti on
Lu (t) of a narrow reaction-diffusion wave front

cons@hylseat.e Nhapsdatelmicasvarad dved ifahegairal dathlyzeeasy avbird
barrier fromthe package interior and consum ng the

specikgavenger is expressed as: 2DSpJ MO=J (8) nRO [0023]
ere pmis the fixed or slowy changing parti al
oxygen pressure inside the package. \Wen the

[002EPaCFh@@rrﬁéf(ﬂé‘ﬁé@d'eH\@MésftRﬁ?fle$’ thEa REFIoW Poadtidht@ffusion
timet , the total anount ONC(t oxygen consuned by

the surface area A of thelae durln at tine is
wavesfsQRnk p&gpa@@ngtgpstm.@merp)ss_t p(gat@ 5 C reactive barrler

from the package interior and consuming the scavenger is expressed as:

2DSp, t
L (t)= |——— (8)
© HR,

[0023] where p, is the fixed or slowly changing partial oxygen pressure

inside the package. When the reaction-diffusion wave reaches the position

L, (t) after time ¢, the total amount QV¢(?) of oxygen consumed by the surface

area A of the layer during that time is found as:

0"(t)= uR, AL, (¢) = A\2uR,DSp,,t (9a)

On the other hand, utilizing result (7) and assuming high reactivity ¢, >>1 of

the catalytic (or, comparably, excess capacity) reactive layer, the total
amount Q¢(t) of oxygen catalytically removed by the surface area A of the
layer is found as:

O°(t)= ASp,,\[uKR,D -t (9b)
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On the other hand, utilizing result (7) and assum ng
hi gh reactivity fO " 1 of the catalytic (or,

W@ ovpar@hs y, excess capacity) reactive |ayer, PEEUSIDE030070
anmount Cf(t) of oxygen catalytically renoved by the
surface area A of the layer is found as: Q {t) =ASp n
MKR D -t (9 b)[0024] In both cases of non-catal ytic
and catal ytic reactive oxygenabsorbing |ayers (results
(9a) and (9b) respectively), the | arger oxygen

[0024] f flushitt yadesaofineal-ubtdlytiy adidcdtadyticaeidtive daygen-
matri x are both advantageous for faster reaction wave

absof bigf Ia%PPﬁQ@P!t@W% B OO %@b%ﬂl\%lkfﬁ%@ la?g&r 5QYgen

respectlve y taster absorption of resid oxygen 1n

o R PP AN A AR

i nventiop for making, effici tox enasor | ayer .
advapgageQuso bRl faster EAion WaVsJEANT BTPRAGROR I BENyARTAIVtiC
W th the highest oxygen perneability P= DS mit as a
layeriandi forfres peetivelydahteymysoredisn ok resigdyehoxyaesrigithg course
system The high initial reactivity fO of
of diffygan-che oo lbe chgap aly scawengingeacBonb Tlserefotd, the practical
required to practice the invention. O herw se, the

teac HINYISMEHi S TRVEh tiON f@kmﬂtln@%ﬁid’émco% ERalssSrding i&yer for
scavengi ng reaction will not be efficient and the rate

remaal B‘F'FB a‘i"'ol%\/ R& Ign(%c ?@Eﬁ@lp\éoﬂln‘éW&ﬁ?ﬁ tﬁ@‘ﬁ"gh%_@t oxygen

gur e & dre SOr pti

bulkre cti of a eci fic 0ox ens stem

pernﬁa#é"%? s Gsed Hi‘f? i forioa g AR SRR S
teri n |tsth|ck s for oading he , .

scavgiiiparaatert e ey kAl %F'VEtgscf%gﬂf PaREReRbrb ige aver

3- 5 can be easily determ ned by those skllled in the
with # ¢ %médsétlhlgret%llb%ﬂwptra@me thg inyention. Otbewisg, pre

the sane tinme the rate of permeation across the
oxygearfdn§éval by either catalytic or non-catalytic scavenging reaction will
not be efficient and the rate of removal will be unacceptably slow (as shown
in Figure 5 for the rate of sorption). Given a certain bulk reactivity of a
specific oxygen scavenging system (the bulk rate constant K), the choice of
polymeric matrix material and its thickness for loading the scavenger to
satisfy the layer design requirement ¢, >3-5 can be easily determined by

those skilled in the art according to definitions (4) and (5).

[0025] At the same time the rate of permeation across the barrier

exponentially decreases with the increasing ¢, according to result (6),

therefore the materials with the lowest possible oxygen solubility and
diffusivity are preferentially selected for oxygen scavenger loading into them

to create an efficient barrier to oxygen permeation. Low oxygen mobility in
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exponentially decreases wth the increasing f0
according to result (6), therefore the materials with
w0 b@ohiznsest possi bl e oxygen solubility and di f PCEUS1009/030070

are preferentially selected for oxygen scavenger

|l oading into themto create an efficient barrier to
the pmtympen matnive &¢inan|oviend Fiygjeity rooeifficient) intdreaped fineoxygen

matrix (via a lower diffusivity coefficient) increases
molelchi pesgigencemirae wiehiretHdbapgert layer Wnidhthud Reb®évddto

| ayer and thus is believed to increase the probability
incre36e h¥E 5 HaBRiFdy Wo&%lé‘n rESEﬁ'bﬁ Wl‘tﬁ%@%?ﬁr@?lﬂeﬁr%aﬁtlve

oXxygen-'scavengi'ng s es. Low oxygen so

t he rix reduc concentratiaon f .. di. v X n
oxygfiCs RV endi bty n PaF Biruath BaTwNrh 4% IR LRaNTX Y¥fiices
scavenger active capacity |s depleted hy the
conceaHations of 8 selvicAxgen it chama ﬂX@mdoﬁgﬁdsEQre[ putends the
Structural Design [0027] An oxygen scavenger in a
time puitil tbe scavesgar reactivoappasity edephdtedyyt the feaction with
absor bi ng oxygen. While it is possible to inagine a

stoichiorpetnabeiowht bhakybehaves as oxygen scavenger, nost
scavengers are conpl ex systens involving many
di fferent conponents. Sonme scavengers are insoluble in

[0026P! YSBi/8tuial Desihey exist separately fromthe pol yner
matri x, and are activated without any help fromthe

matrix (like inorganic iron-based powders): such

[002 ?}’Stﬁﬁ%{@i@nb&%in@]ePQntéeaéﬁJrﬁéF%nh%gwa cgrﬂ?mit:chemical

scavengi systens “may require cata Its, intiators,
reton, donors, and inhjbitors in di.ti.on t.0 . .

systelfthf AbSPRolineRYdra Wellsn s relsiE b Biadifies singe material

Eeéfcont ained, their bulk reactivity wth oxygﬁn in
that pghayes BHICAY IEHr TRAVENGSEL MPSTISCAVRNERES akF FRBIRIEX systems
_ reactivity while enbedded in polyneric layers. Bulk
involviegrmanyt difédreptirconspd heotmt SO meds cAustngeds iage ipsaluble in

I mpossi ble to quantify
polymers, i.e., they exist separately from the polymer matrix, and are
activated without any help from the matrix (like inorganic iron-based
powders): such systems can be said to be self-contained. Organic
scavenging systems may require catalysts, initiators, proton donors, and
inhibitors in addition to oxidizable substrate. Even if such systems are self-
contained, their bulk reactivity with oxygen in their “pure” form is mostly
irrelevant to their reactivity while embedded in polymeric layers. Bulk
reactivity of pure self-contained systems is usually impossible to quantify
accurately because it depends on the physical form of the self-contained
scavenging system (liquid, resin, powder, particle size, shape, morphology,

structure, test conditions of exposure to gaseous oxygen, etc.). What

matters in use is the system reactivity in polymer: this reactivity is between a
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accurately because it depends on the physical form of
the sel f-contai ned scavengi ng system (liquid, resin,
wpowdaro3dparticl e size, shape, norphol ogy, strRCI/USN9/030070
test conditions of exposure to gaseous oxygen, etc.).
VWhat matters in use is the systemreactivity in
complekystave ngimg systeeh iand gxygebelissaneddnrmppekymer matrix
scavengi ng system and oxygen di ssolved in a pol yner

(rath&Rthar if ialseeuststate) NngasdrsisuatiehCihe tBnstitt K in polymer
situation, the constant K in polynmer could be very

couldj'bfe.f\%r rHlﬂferQ?’E ﬁ'ldher e ﬁﬂ?afs@(zgék§ WHY thd @ [eer

| eva val ues can be

'rre"%’én‘%f ‘fﬁggeﬁ%félm?& fixeBf yﬁ%m%ﬁéfm@is?%oﬁfiéﬁ Rt blife

scavengers e dins i fi ner mat ri xes.
scavergieg tysdents Ltsft smwegeﬁ%ac ent%cfrwnperrneatlon data
descri bi ng the scavenger react|V|ty In ot her words,
for seavangars smbeddedgol spasifiegolymesmiatcined. dyes, ghe role of
physi cal form of the specific scavenger system the
polymiegmatrix Gvmpactantiihydedcriddayeahgescavengef reacuity.bén other
defined. What can be both defined and neasured is the

wordseaftRo ypéﬁ‘lfl&'?ﬁ)l?ﬁ\%?tm)ﬁ?nk%kﬁ&m@dog‘é B¢ d’rﬁ‘?,lcal form of

scavenger (i.e s initial Thiele nodulus), nanely,

the s I@‘Elf?(.f E&g}e'n st%géllno%égﬂé hcoa}nlog\?ré%rtﬂhﬁgof gcl;é n%er itself

assive Nnspo operties su

cann@ﬁ%&ﬁ@,ﬂr&@&&l&éggé aptd %th ag? Igg%hc!l ?glvéa}bsarg;ebﬁs th reactivity

fast, therefore for scavengl ng systemto be '
of thpggagiivelayar ¢anainiagcth amtavemﬁgéheevémlrﬂaa{ Ehlelﬁamodulus)
oxygen di ffuses through the matrix. In high barrier
namélgnthe effechimerrieactiba raxg gan bk félasédnoithe Pavsjiveheryggen
t he scavengi ng system which would be unacceptably

trans%id?WﬁrBPérﬂl@éNonhé's@lrrrdm’idllné mRagkixcan react fast
enough to be faster than thé slow rate of d|ffu3| on:

that makes this scavenger "highly reactive” in this
[0028F" LinCr A IV AL rbing low barrier (highly permeable) matrix the

oxygen diffusion is fast, therefore for scavenging system to be “highly
reactive” it must react with oxygen even faster than oxygen diffuses through
the matrix. In high barrier long life matrix the oxygen diffusion is slow,
hence the scavenging system, which would be unacceptably slow in a low
barrier matrix, now can react fast enough to be faster than the slow rate of
diffusion: that makes this scavenger “highly reactive” in this particular high
barrier matrix, although the same scavenger in low barrier matrix will not be
described as highly reactive. All reference to highly reactive scavengers
should be understood in view of the above (i.e., as inseparable from the

passive oxygen transport properties in the matrix).
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barrier matrix, although the same scavenger in | ow
barrier matrix will not be described as highly
wo eetizozes All reference to highly reactive scCBUBO§®0%030070

shoul d be understood in view of the above (i.e., as
i nseparabl e fromthe passive oxygen transport

[0028] orjerttheeprdfarrtdmband”traqm)'nc[)lﬁ)@zé)a}sddwscamewiagesyrse@kns the
ant hr aqui none- based scavengi ng systens the "systent is

“systapi” ie A @ mpidie K&Ncah iDBe aRtiveed & Withdinobyd Fasg oxyl
functi onal |t| es present in the matrix. Thus,

fu ncﬁ&@é(ﬁﬁ@é ?)93?%’@5 i:?fs“ﬂge‘r)fr%tﬂ% Tgfﬂs?tﬁé:b{?engwr%espﬁlem B088%hot exist

o oGO AN BT A S B,

PVOH and CH pol yners th nmultiple hydroxyl
concegHeatioghal Ay éﬁ@L@é‘m Fraups pengds @W@horfeonygen
ant hr aqui nonebased oxygen scavengers. [0030] In view
scaveyiginiges ites crhatefact mlm@ilaeﬁeﬁ‘s/@lktaotl F\EQDt palymi isfwighveultiple
mass transport in barrier and oxygen-absorbing | ayers,
hydrokg funceidriabiniedi ssperdaldy shixabtarhs maairdted for-amgheaquinone-
reacti ve-reactive barrier structure or substructure

base&*&&ﬁge@ﬁ%h\! rkve | ayer serves a different purpose
Fig.” 2). TheTirst rapidly absorbing |ayer exposed to

the package contents conprises a polyneric matrix with

[0035]e9h{1%¥g/38f B H‘é??hbeWuﬁdﬁaﬁ%talgaﬁ?gaan J]H‘-ﬂlt%li\}’e mass

I vé OoXygen Sscaven

T T

rises pol ymer bl end. Th| s way the scaveng mgr
coml@ﬁé '|0é‘st“é¢lda}z$?éf%ﬁ‘fébl%rr@§€% |béﬁ“€ééUtU|C6W909b|SUBé ugture
remai n bonded to the matrix and as such cannot mgrate

wherewgagihdee activvedayer servasch differdntegdyrpafseeEig.t e phedirst rapidly
or its environment. Alternatively, the scavengi ng
absosbitef Byef @k poredi tdpeiespdckdge contents comprises a polymeric
matrix with high oxygen permeability P = DS, loaded with highly reactive
oxygen scavenger. The scavenging species is preferably covalently bonded
to the matrix polymer or one of the matrix polymeric components if the
matrix comprises a polymer blend. This way the scavenging species and
preferably oxidation reaction byproducts remain bonded to the matrix and
as such cannot migrate outside the barrier and negatively affect the product
or its environment. Alternatively, the scavenging species can be dispersed in
the matrix during melt compounding stage, provided the measured level of

migration (leaching) of the scavenging species and/or its oxidation reaction

byproducts does not exceed country-specific regulatory guidelines.
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the matrix during nelt conmpoundi ng stage, provided the
nmeasured | evel of mgration (leaching) of the
W@ emvaghhg speci es and/or its oxidation reactP@RUS2009/030070
byproducts does not exceed country-specific regul atory
guidelines.[003 1] In order to serve as a sealing
[0031 hydn, otder toi sextverasaa iseatingdpger, atheditsageaatVe layer
conprises a heat-seal able resin or a polyner bl end

advamtd Tﬁﬁﬁk@@b%d&iss&lalﬁl‘@v‘@slhcﬁr aRldly m@hQﬂeNdﬁ‘wuh a
suc A copol ynmer resins with rmderate to high

heat Vééwéb@‘:l%ts‘ﬁ’i e IGfB%ﬁ{J’fot ﬁgeﬁeat Se\‘?'?@§ E‘ﬁt s' E\?ﬁ c®polymer

I X corrponents o)

S S..S HE .
resmf%gttb(rg%gggqt%xgpeﬁ@' vw&ﬁ ﬁ‘g%?@;ﬁ %tfngpénp}%g Wp‘g&s matrixes
(2- hydroxy rop acryl at e)] | so adv ageousl
or ma ']%\ﬁ/of‘b‘PO'&‘%ﬂ/tél% nthey ﬁaﬁ Redlof AGlier i ﬁ@ﬁ e Fesins such as
derlvatlves that are capable to serve as photo
poly(HEMA) InayBahysitoxyatterigeethaarylaie)l @rab enge(ch"A) dpohi2y
and secondary hydroxyl groups available in the
hydroeyp iapyd dcaglaye)] alseaduantddd@ig]ly ahewsmorsldlengbbnting of
reactive oxygen barrier layer imediately follows the
anthch{uﬁhohbgibri\?étﬁ/e%ftmwﬁrta%%@é 6 is@Pvé BAPHND FeMRibRS

can be optionally joined by a thin adhesive

oxyg;eh LRGeSl IR EET e, At Sreyssﬂaes%'c% 2P sEGRpr

reac ayer a poly
th n perneability | east 2-3 orders of
aroufla giPUABE T A aS GE e rSRAET 1 1y of 1 he

seal [ ng | ayer matrix at the conditions of use) |oaded
he di spersed. oxygen scavengi ng speC|es or,

[003&] t eTh%usm@ngi lopgifledierryive snoenoRggéer kyay dmgnediately
functionality. In a preferred enbodi nent the oxygen
followerthedibist iigh ot off yneygen alasenpitidn feaativeglayke orxy gan be

absorbing layer is at least 100 tines higher than the
optionaligeoimed tadichint ¥dRésit/8 i xganfdrai peiveldereribper

the effective | ong-term oxygen
adhesion. The second long life reactive layer comprises a polymeric matrix
with low oxygen permeability (at least 2-3 orders of magnitude lower than
oxygen permeability of the sealing layer matrix at the conditions of use)
loaded with the dispersed oxygen scavenging species or, alternatively,
covalently bonded oxygen scavenging functionality. In a preferred
embodiment the oxygen permeability of polymeric material forming the
oxygen absorbing layer is at least 100 times higher than the oxygen
permeability of the oxygen barrier layer for the effective long-term oxygen
barrier protection. When the first reactive layer is based on photo reducible
anthraquinone-based oxygen-scavenging chemistry, it is advantageous to

have a similar oxygen-scavenging chemistry in the long life second layer in

order to activate reactivity of both layers by using the same external
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barrier protection. When the first reactive layer is
based on phot o reduci bl e ant hr aqui none- based
w@300gae03stavengi ng chem stry, it i s advant ageoRGI/US2009/030070
have a sim | ar oxygen-scavenging chem stry in the |ong
life second layer in order to activate reactivity of
activhong darees The nstion ohacthaatio e byerheas amei sautriceglso
source. The notion of activation by the same source
advadtsge Afipappdiesus ynppphéLoxy§e AR avé MgInPE@®Mstry that can
scavengi ng chem stry that can be used in both reactive

be uie"b}’ﬁ{ gotﬂ—r?'%@lfl\?é 6}/etr@e THEERSEF %@"B@‘F‘éﬁ@ﬂt %Bbd’irl?l%nt for the

second reactive | |storra rom a |gh oxy

secoffhrkallive e %?H Akt %“C%Béﬂg%%égﬁﬁ%wm\(w or EVOH

act ted by actinic radiation in the U/ or near- UV
reSInr\aﬁbé?'sr)ﬁr%edpaamr@%ngﬂe 1R/ OpME e RVACREIY punctionality
contai ns 8-35% of vinyl acetate by weight to provide
activatgsk by acitialic sadiegioreirptlopbiv peseaf-ddg3pngreln apreferred
rapi dly absorbing and long |ife described reactive

strudtapetise E¥A bepoigeee vesntatims 8-\ ofivirg/l aestate by weight to
advant ageous given the high relative cost of

proviley 4eBstahtiaf AahRYiVeOpRPEles) and still neet the
ext ended storage and residual oxygen renoval

requi renents. A preferred thickness for each of the

[003%Ep"ﬁlll1é(t\ggsl%rgk?éé@gaﬁ?c?ﬁ%“l%&%%ot E)‘?%ﬂf@d%géﬁ?leag’r‘ééﬁg% layers

tween

bet ween 1 a m croneter), .. .

can GRS bR veu P indufigh o ceﬁ%axaamqow GWeRHeaiah rqlgtive
such a case the twol ayer structure often wll not have

cost PhOXYEHLASSERYE fiQ'QQdFQfV PosentEReand §tilemses fae extendgdstorage
thernof ormed cavity. In order to nmake thernof ornable

and rstsiditaluseygen hemioyat eeilirecheditere s poetedrred abickinegs dbr each
the cavity it is advantageous to have the third

of thg?ﬁgaisowz Aot Rig tayedydid ex@iseg life laje Bnbé®nten 0.1 and 2 mil
pheric environnent as a part of the structure
(2.5 &F4%0 RMicrdfMeter) and between 1 and 5 mil (25 and 125 micrometer),
respectively, for good oxygen barrier performance. In such a case the two-
layer structure often will not have the necessary rigidity to make a
dimensionally stable thermoformed cavity. In order to make thermoformable
structure with the required dimensional stability of the cavity it is
advantageous to have the third passive polymeric layer exposed to the
ambient atmospheric environment as a part of the structure (Fig. 3). This
third layer serves as a thermoformable structural support for the reactive
layers as well as comprises an additional passive barrier to oxygen and
moisture permeation. In a preferred embodiment the thickness of the third

layer is between 1 and 20 mil (25 and 500 micrometer) before forming and

said layer is a structural support layer. The partial oxygen pressure drop
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third | ayer serves as a thernoformble structural
support for the reactive layers as well as conprises
w@pooad2ii3pd onal passive barrier to oxygen and neCBHUS2089/030070
pernmeation. In a preferred enbodi nent the thickness of
the third layer is between 1 and 20 ml (2 5 and 500
across Hrsrmassivie Hepetwal RYArIGSHHE 18 PWeaK exygengpressure p,,,
structural support |ayer. The partial oxygen pressure

at theUPRAEERAD AU GamBBthe sSEd e riadlivd AR drAphied td the
| ower oxygen pressure pout , at the upstream boundary

partg] e FHE e S Y GhoSPIRRL T bR RE d on of
the (S840 BB PSsk FERbHSCRELY wElgRRES o ESTRRERY SEcbranng
Si Cussl f t ti t LR ext i on. |
to thEyERal SneeorLapdce fet 55 HiEls g o6, FXRRkrLR "
wi th uni form scavenger distribution across the barrier

stoichioroktris sedctivevbatiiersSw gag @@ meatian 22th upifods] scadeRger
= - (1 0) D SPout [0034] Both | ower oxygen

distributidisaeidss theabdris@l thickhéys LOATéMBireSE/. 3007, Vi, 229, p.
reactive |layer matrix, larger |oaded reactive capacity

33]:nRO (hi gher concentration of activated reactive
species), lower external partial oxygen pressure pout

, Zang | arger reactive |ayer thickness L help extend
t—lhe—|—§rg time in the reactive barrier layer. [0035] (10)

IR —
CLeaRPET (pol yet hyl ene terephthalate) , PEN
(pol yet hyl ene napt hal ate) and PET- PEN (pol yet hyl ene

[0034Fr Fﬁv@éreoi(yéé’ nyUXiWP%ﬁi bl iy BbeMRFent Sin the

sultably treate corona discharge to pronote

reactA BS/ie? ' &frix 0aF §6 RyaddhBed @VePEPRLHNGRD(hiBHeON the

react’ive barrier

concentration of activated reactive species), lower external partial oxygen

pressure p, ., and larger reactive layer thickness L help extend the lag time

in the reactive barrier layer.

[0035] Clear PET (polyethylene terephthalate) , PEN (polyethylene
napthalate) and PET-PEN (polyethylene terephthalate - polyethylene
napthalate) blends, suitably treated by corona discharge to promote
adhesion or coated by adhesion-promoting primer on the reactive barrier
side and possibly by moisture barrier treatment, coating, or lamination on
the side exposed to ambient atmosphere, can be used as the polymer layer

for the passive structural support layer.

[0036] The optional third passive layer has to allow for efficient activation

of the oxygen scavenger in both reactive layers through the chosen

34



side and possibly by noisture barrier treatnent,
coating, or lamnation on the side exposed to anbient
wW@eowspiies e, can be used as the pol yner |ayer PCF/U$1969/030070
passive structural support |ayer. [0036] The opti onal
third passive layer has to allow for efficient
scaverngevattivatiar nidehaniyoe insaae esfoemthiraqbbtdne-dzestidvexygen
| ayers through the chosenscavenger activation

scavemgd3ninsiidtH Fedk@BR e P hbtiaaeidNBPeNLEGRE ep8BPe, the third
scavengers in both reactive |layers activated by UV

passigggﬁge??@9&\9‘%@@%@?sN‘theFHéo?é%ieVﬁah%%fﬁrireﬁitfinghe activating UV

_a t a_geous et ranspare
wanelhEH T DAL M R BIP rgfnctuce per
oxygen

honopol yners and thejr copol yners. Lower o
and ?E@E@W@@P Bt %”gﬁhﬁHeCQWWH‘EHésél%e'bﬁ?‘Vg%'F lrafydpission
will also reduce the partial oxygen pressure at the
rate upthe thind passiver baofen layer edbtalse reduce éhe ipaytinl 2xygen
the structure and thus help extend the lag tine due to

pressa@cdt dre upstream baunidary lofiythe.rebotipbdareiee ldyara? of the
bl i ster packaging, the expected shelf life of nmany

structBfl §hBahuisShEpRseend tHe RY Bind 8B8lto%e¥RALM: inltHis barrier

enbodi ments of the discloséd invention describe
. . . _ has ¢
layert i bhahficeifaRBRs Rt AfRRuhg] phE PEPELRRy SHYITBeldiifany
at the typical, stora condi tion 0037] ,.The | oadj,n
medigingsist Y BNt de B aRIeRTt DXGEEN Ui N o EUe
~into the first rapidly absorbing reactive |ayer
discloseddneention dessrivgapanicadaneesidmsygdtableneyaroviding
determ ned by the residual oxygen anmount in the seal ed

oxygeaviiteg dtnhosplyére neepa biliaterocardnfqr &skease 2i yedrsaeat the
cavity volune), the exposed surface area of the

typicBREtdrafe ddirditioast i ve | ayer thickness, the reactive
speci eS capacity to absorb oxygen, and the desired

time to renove residual
[0037] The loading of an effective amount of oxygen scavenging species

into the first rapidly absorbing reactive layer targeted for residual headspace
oxygen removal is determined by the residual oxygen amount in the sealed
cavity (through the partial oxygen pressure in the cavity volume), the
exposed surface area of the barrier, the reactive layer thickness, the reactive
species capacity to absorb oxygen, and the desired time to remove residual
oxygen. The loading of an effective amount of scavenger into the second
long life reactive layer targeted for interception of permeating oxygen is
determined by the scavenger reactive capacity, oxygen permeability of
polymeric matrix, the layer thickness, the partial oxygen pressure in the
external environment, and the desired time to prevent oxygen permeation

through the second layer, according to equation (10).
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oxygen. The | oading of an effective anount of
scavenger into the second long life reactive |ayer
W@ a0ga2ese f or i nterception of perneating oxygePCi/ES2009/030070
determ ned by the scavenger reactive capacity, oxygen
pernmeability of polynmeric matrix, the |ayer thickness,
[0038he Plae nhahuf@acygdngpnesisod doir makiagethteedisalosed structure
envi ronnent, and the desired tine to prevent oxygen

stro Rpenely dhnthedhdibe of ¢apdmatyesls. Aecedsd 6Bubihg the
n(e§§1'zati on ( 1 0).[0038] The manufacturing nethod f(?r

optid(;fﬁicf):tﬂi}dt [P&ﬁs‘i'i/é%ﬁ?% §ts”chcttPF£ §55|5 s lah SSRARISH Aoxkyten

ice Io h_ayer materrals. I'n ca usi ngI the
oarr P FBACR B Sub ARG, bR b 0Pl

i th oxygen scavengers can be sol utioncoat ed,

CoatQA PRI SRAERA, CAS10IJAM iRt #h BTN S WHETIA suppost layer
support |ayer without deviating fromthe spirit of the
withoutvdeviating firanathe spért efi tieeribod ntion. nha prefeyred feenbodiment
oxygen barrier layer is formed by preparing an agueous

the leng Uife @xyefenlbadfeMayenid fbitm By prebdring avbyqued@hsolution
of suitabl e anthraqui none salt (thereafter denoted as

of 100 Wby AHI§RE PROH afldSPOP % Bﬁé/é’%?ﬁﬂﬁ%_f%\ﬁ%lilé‘ afehBlqWhone

wat er -al cohol m xture, allown e sinmul t aneous

salt (fl‘?@ltera?#erocﬁe&Qe.dpgggiqﬁéfgéggﬁﬂigw ﬁ%ge;ba}éﬁ@cgg ?ﬁ%qﬂfbH in

he solution vi's

rocess and coating dryi time. It is also preferr
wate bof MiISF-HloPhPLAURReE (lstvingetHespinat aaeas KPRY Al Ber
be fornmed from an aqueous solution to facilitate
AQ/RyQdureigb ratieciestheas olatigsrand thesalutige \dee@sifyyto control
procedure. Extrusion coating, casting and | am nation
the wdt ¢dutiny pgeoessandicoatseptiyiggl tiyer: [Dis alse prefygerd although
barrier layer can also be practiced with the invention

not regamwoiHat thed3lid [Veb 0§ @k reh® o6t et FoRf an aqueous
speci fic conpositions of the

solution to facilitate production process arranged as two-stage coating

procedure. Extrusion coating, casting and lamination of the oxygen-

absorbing sealing layer on the oxygen barrier layer can also be practiced

with the invention framework.

[0039] The preferred embodiments of specific compositions of the
oxygen-absorbing structures and their manufacturing methods are

described in the following examples.
[0040] EXAMPLE 1

[0041] Currently available oxygen permeability analyzers are commonly
designed for using the carrier gas method [ASTM D1434-82]. The carrier

gas method of oxygen transmission rate measurement involves placement of

36



oxygen-absorbi ng structures and their manufacturing
nmet hods are described in the foll ow ng exanpl es.

WO 2@40203BXAMPLE 1 [0041 ] Currently avail abl e BPXH/HEI009/030070
perneability anal yzers are commonly desi gned for using
the carrier gas nmethod [ ASTM DI 434-82]. The carrier

a filngaam@iehod séaledygeambearsw psividingperewaygeangas flow along
i nvol ves placenent ofa filmsanple in a seal ed chamber

one gitld dff e flirAqupytre axyaed ao&s rick @usaflenousnallgiverapure
the film (upstrean) and a carrier gas flow (usually

mtro?khﬁ’e{%zra%ﬁ tth@ ?;%?de A ene ﬁl'ﬂ’? @S\R}ﬁétl%'a% thélﬁ%rrler gas

ownstrea he carrier S up an

pick§ IR 88?%%‘? %ﬁgvﬁﬁ%pé m%%“%-@ﬁ?&ffﬁéa%ﬁﬁea%ggr A&t to the

[ ns(ﬁ)%nt aneo &){Yﬁgatl on rates. Thi s nmethod does not
OXYI&N| RRIELERT § Hﬁl% HAsIhEeATHERERE 'BFtW9§@ﬁUS permeation
permeation through the barrier and of residual oxygen
ratesabEbispmiethod rchoms: het pHowakps sigrltanamis measudemerd of oxygen
prove the dual functionality of the invention, two

perneapratherduegt ﬂq@\baeri@eaﬁdrdfatésmiual&EW@ersabsbrpmlnnfe@m the
to evaluate distinct functionality of each |ayer

pack8§eHedRpuce ThA dr%lé‘?rtbg%dv%yﬁfe élﬁélcﬁ,ﬂﬁﬁﬁﬁ%llt? of'f‘h'esl nventlon
comonly used in the US refer to the 1/ 1000

I . 2 t i N
wo setiltate fodft e Betolie g Sgiﬁ‘?ﬁfét e HEHEs gh‘%Va#ur%%
sources filtered out -2 54,

disting AT o cach BYe” priracigh a8 repbris %vteﬁ thicknesses

10-20 m 2 54-508 mcroneter) thick 10-20 wt
in "mlg ué@u@"Wé)‘lL@@ﬁun'ﬂj\ﬁ Hsrrﬁﬁﬁrnﬁm@h%@/ﬂzéomh%fﬁn mx% (1 mil =

hydrol yzed PVOH and 10-1 5 wt. % of ant hraqui none
25.4mgmbhpnat e sodium salt (thereafter abbreviated as

AQ . The described coating conposition contained 0-5

W . %
[0042] The manufacturing process was performed in a facility with UV light
from light sources filtered out. A 7-10 mil (177-254 micrometer) thick clear
PET sheet was coated with 10-20 mil (254-508 micrometer) thick 10-20
wt.% aqueous PVOH solution containing 80-85 wt.% of 90% hydrolyzed PVOH
and 10-15 wt.% of anthraquinone 2-sulfonate sodium salt (thereafter
abbreviated as AQ). The described coating composition contained 0-5 wt.%
of glycerin (based on total solids in dry coating) as a plasticizing agent for
improving the dry coating flexibility. The wet coating was subsequently dried
to 1-2 mil thick dry PVOH-AQ coating in a convection drying oven or
continuous drying heat tunnel. This substructure was tested separately in
order to evaluate its reactive barrier performance by measuring its oxygen

transmission rate upon AQ oxygen scavenger activation by 5-15 second

exposure to the commercial UV source (F300S from Fusion UV Systems Inc.,
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of glycerin (based on total solids in dry coating) as
a plasticizing agent for inproving the dry coating
WO b@2iii3b3 ty. The wet coating was subsequent | yPdr/Usm09/¢30070
1- 2 ml| thick dry PVOH AQ coating in a convection
dryi ng oven or continuous drying heat tunnel. This
GaithmrbbtirgidMD rreinwirsg taé St o ereaphtl e8 kWnfromibothsides and
eval uate its reactive barrier performnce by neasuring

su bséﬁﬁeﬁt‘lygﬁdbdsrﬁg&h‘ewmﬁldfeaﬁcﬂ 0D% oYX P anatsh8YBRERT. The
activation by 5 second exposure to the conmerci al

e Y PHIER SR RN LTS o) ot o an
OOCFZP%%%&EMS)K RE"St PRI Yo R S e AR eg 8na 23

oxygen transm ssion rate was 0.0 cc/(m 2 day) at 0% RH
C (thehactylad reeagunes! Haps mHsSIgnoEARes a\terfcﬁi%we»y@eaaave flue to
at nosphere upstream and 23 C (the actual neasured
absorptaas mfswiner aatamntamfeesidupltoxygaryfamahdubttagen carrier
absorption of m nor anmounts of residual oxygen from
downridteedrnt Ireueini nepinT riyasdoed Thtesabelove shié tzeng basehimasastablished
rates bel ow the zero baseline established for nitrogen
for nFt%Qéﬁrca@h@F‘@l)onéﬁhWﬁébbﬁ%&@daﬁtivﬁbé%@@éﬁh@@cwenglng

scavengi ng capaci'ty of the reactive oxygen barrier

capag?ygoga s By U P eOA ! B3 (68) 608 e ERgEff e <o

ase n oxygen nspor res
sed Pg?H resin ET sheet that capaci t y
of owe@up%& 66 Of $o8EING,y ¢ @%@ RN PXYFH1h Hiadle Pakb PyeRgrties of the

reactive lag tinme until all reactive capacity of th
usedtRMDHyr@rSIrSﬁnchBEJTr sheet, dbpt eapacisy s erigupe d’é@tbﬁhQUfﬂC'ent
fromthe anbi ent atnosphere. [0043] In the second
to proriie twhbeyeal eaactias ag éinTe wintil tahl dadbivE® capasdityad ethveabvo-
extrusion coated with 1 m | thick pol y(HEMA) acrylic

Iayerrﬁﬁu(ftw‘r@\{@'d%@ﬂéﬁégblﬁ?l‘iﬁ@g@nt ;_Breﬂfﬁegﬁn@ﬁfr%rpfhé Ambient
u

ant hr aqui none onate his subStructure was
atmosphere.
[0043] In the second test, the clear passive 7 mil thick PET substrate was
extrusion coated with 1T mil thick poly(HEMA) acrylic resin covalently bonded
with 10-20 wt.% of the anthraquinone 2-sulfonate. This substructure was
activated by 5-15 second UV light exposure from the coated side in order to
evaluate the efficiency of residual oxygen absorption. The initial 20.5 vol.%
oxygen in ambient atmosphere contained in the 10 mL package headspace
with the substructure surface area of 100 cm? exposed to the package inside
was reduced to less than 0.2 vol.% within 12-48 hours as measured by
MOCON headspace oxygen probe (Modern Controls Inc., Minneapolis MN).

This test demonstrated the capability of the high rate of oxygen absorption
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activated by 5-1 5 second WV |Iight exposure fromthe
coated side in order to evaluate the efficiency of
w0 e@pdemsb3 oxygen absorption. The initial 20.5 R@GI/US2009/030070

oxygen in anbi ent atnosphere contained in the 10 nm.
package headspace with the substructure surface area

layerd rEpid bynteduqeodedrasid tiakbo ppgdiagenoustdin side theghackdge to
to less than 0.2 vol.%w thin 12-48 hours as neasured

the |&yel MIRENfHeadsdded groraeR oF ORpgéNBdakiVeOptddl&s! nc.
M nneapolis MN). This test denonstrated the capablllty
of the high rate of oxygen absorptionlayer to rapidly

[0044FdUFI$e ‘o%re{l?%hl‘@éaj %E?ylge%tﬁgg%li&l\len%'a@?lthSQr@é‘?h@%as thus

to the levels safe or extended storage of oxygen

found#%ed siRpBIS R ETukdiedds 36 ofyeﬁﬁ%' Bt”h%ﬁdld%*’ﬁévgsn and
be itable. for S|nultaneou rapi d rem)vah

esse'&'&!i’r@\éﬁr%\ﬁ%ﬁ%ﬁg ERYI9&IN ';'ﬂ%ﬁé%irrﬂm eo%y“@% %? 8§‘¥ 'rfor”&‘@”t
the atnospheric environnment during 2 years to maintain

duringkygeaars tegnaintaiphayeenniiegeatnnes pheicaigs idertlae fiagkpge. The
three-layer structure was produced by extrusion nelt

final tbedd gyeaf strbetiretwasguodaoed dor e xatisivad npaedt w ORIENG) of the
acrylic resin onto the PVOH AQ sol ution coated PET

anth&liihbabedetithiybed- pd\MHEN/IA)/QEryﬂ?@Qa%nn e thleVOH-AQ

structure conprising at least two reactive oxygen

SOMtﬁgﬁ%gagé@gEﬁ-a%ﬁ{&r&rranged in sequence: a rapidly
n reacti ve oxygen-scavengi ng system

conprlsing an oxygen perneable matrix polyner and an

oxygen scavenger, and a long life |ayer conprising

hi gh passi ve oxygen barrier matrix polyner, and an

oxygen scavenger. 2. The nultilayer oxygen absorbing

structure of claim1 in which
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t he di mensionl ess reactivity of each reactive |ayer,
defined in terns of the initial Thiele nodulus fO of
w0 b@gepivy/al ent honogeneously reactive uni f or nPCEYE2009/030070
is greater than 3. 3. The nmultilayer oxygen absorbing
structure of claim11l in which the di nensionl ess
reactivity of each reactive |ayer, defined in terns of
CLAIMSe initial Thiele nodulus fO of the equival ent
honbgeneously reactive uniformlayer, is greater than
5. 4. The nultilayer oxygen absorbing structure of
cllai m Mylgla¥arcoxygrn shygepingcHveadIraCPBtisHg at least two
conpri ses a photo reduci bl e ant hraqui nonebased oxygen
reacthcnorpgengcasergirg layers Anengdd in agguengggen
absorbing structure of claim1 in which the rapidly
absor bi ng | ayer, conpri ses, t he oxygen-scavengi ng .
react | A AR TR0 RG dighly TeRchNAdNAR seaVENging system,
pol ymer.6. The multilayer oxygen absorbing structure
oCORRAIfNG A OMYOER Peeneabliedmatelseelymey ang en oxygen
conpri ses the oxygen-scavengi ng reactive materi al
covaveamgédry dmohded to a heat seal abl e oxygen perneabl e
matrix polymer. 7. The nultilayer oxygen absorbing
structure of_flain15 in which the heat seal abl e o§¥gen _
per meaBi 1@kt RYBbCORRTiZingRiK RS Ve QY IeH Rarrier matrix
fracti on of secondary hydroxyl functionalities. 8. The
mipolY May eandayigexy s’ SEBVe™et.r ucture of claim?7 in
whi ch the heat seal abl e oxygen perneable matrix
pol ynmer conpri ses heat seal able acrylic-based adhesive
r@si n. The rhdtilayet idxygen absaydningissordiung oftalaion driem which
claim5 in which
the dimensionless reactivity of each reactive layer, defined in terms of the

initial Thiele modulus ¢, of the equivalent homogeneously reactive uniform

layer, is greater than 3.

3. The multilayer oxygen absorbing structure of claim 1 in which
the dimensionless reactivity of each reactive layer, defined in terms of the

initial Thiele modulus ¢, of the equivalent homogeneously reactive uniform

layer, is greater than 5.

4. The multilayer oxygen absorbing structure of claim 1 in which
the oxygen-scavenging system comprises a photo reducible anthraquinone-

based oxygen scavenging material.

5. The multilayer oxygen absorbing structure of claim 1 in which
the rapidly absorbing layer comprises the oxygen-scavenging reactive

material dispersed in a heat sealable matrix polymer.

40



the heat seal abl e oxygen perneable matri x pol yner

conprises at | east 50% by wei ght ethyl ene-vi nyl
wae@varsIropol ymer hot nelt adhesive. 10. The PCT/US2009/030070

mul til ayer oxygen absorbing structure of claim1l in

whi ch the oxygen perneable matrix polyner conprises an

00y genTheavertglaygr meggeinvab sgdiin g s toostake of Igjaibo Adiedwhich

to a non-heat seal able polynmer that is blended with a

the rApRily $@3loabirRy REleY ®im b Aisé O the T3lyd e a8 ve MgintgEakiceive
matrix polynmer. 11. The nultilayer oxygen absor bi ng

mateifgrrlrgﬁ.\/élfeent%bﬁhaﬁﬂ‘t% é("ﬂ%ﬁ?'s@a&{ebge m& Sgﬁﬁ@ggr@ matrix

rises ant hr aqui none- bas absor
polyrﬁ%t i vated via photoreduction nechanism12. The
ftil ayer oxygen absorbing structure of claim1l in
whi ch the oxygen perneable matrix polyner is

characteri zed . a high light transm ssion_level in :
TR nePeU R CXGeR RPN 3T UGTE i G415y & M which
oxygen absorbing structure of claim1 in which the
the heatgenlabde uygen parmeableatatrix polyymes cemmsisesex large molar
pol yvi nyl al cohol with 50-1 00% degree of hydrolysis.
fractibh offbecomdlaiy hydro>optfgantiahatitibsng structure of claim
1 in which the long life oxygen barrier matrix polyner
conprises ethylene vinyl alcohol copolyner with 20-60

mgl, . % Wﬂr@ﬂﬁla@@ﬁ@J‘}'P-enlébsd'ﬂhﬁngldttddtw@fof(t*aﬁmv in which
e o0

absor bi ng structur claim1 in which the reactive

e RS/ SSREERRIRRERTEL %, RSy PR ORI ieelabl

oxyagen ;jabsorbi ng structure of claim1 in which the
acryl|co— SFFIfaedseré%geiﬁ'@avengi ng | ayer conprises

ant hr aqui none- based

9. The multilayer oxygen absorbing structure of claim 5 in which
the heat sealable oxygen permeable matrix polymer comprises at least 50%

by weight ethylene-vinyl acetate copolymer hot melt adhesive.

10. The multilayer oxygen absorbing structure of claim 1 in which
the oxygen permeable matrix polymer comprises an oxygen-scavenging
reactive species covalently bonded to a non-heat sealable polymer that is
blended with a heat sealable polymer to form said oxygen permeable matrix

polymer.

11.  The multilayer oxygen absorbing structure of claim 1 wherein
the oxygen scavenger comprises an anthraquinone-based oxygen absorber

activated via photoreduction mechanism.
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oxygen scavengers dispersed in a polynmer matrix and

the oxygen barrier polynmer matri x al so conprises a
wWeowpa20385 hydrogen atons in primary and/ or seRCHUS20909/030070

hydr oxyl groups for efficient UV Iight induced

ket o-enol tautonerization of anthraquinone. 17. The

mil2t i | aer montti peer abxygeni alys ety ng tstirwectafe of adlani 1 in which

further conprising a passive structural support |ayer

the oXyaeedp&ahagBRrt ma@rikhsollyang ilsidrmraxwezecsba\eeﬁugbmnght
| ayer on the opposite side fromthe rapid absorbing

' he tAulrd ! a ' truct f
trans o e A e N R 2P QT 8P P o °

semrigid thernosplastic polyner. 19. The nultil ayer

oxygen sor i t r et ur [ [ j t;h :

Ciera TR TSR R Bt oL Rl Bewnich
the 1985 416 Y51 BST e B XS Has O BY e3R8 Vi 2icohol with

contains a water barrier coating and/or surface
50-11008adrenee op hydrakysiul ti |l ayer oxygen absor bi ng

structure of claiml1l wherein the rapidly absorbing

| ayer has an oxygen perneability of greater than 250

cd 4mmi (Time2maldsi | aremio xyig enhaeb g gl oalstoortdire iodrdaiod Tuisewhich

(anmbi ent tenperature and relative humdity). 22. A

the |61 tifk Bs8/gedX s garie RRBRFIRI H@lypidu€d mipeiselk exthgldnelvinyl alcohol
wherein the long |ife |ayer has an oxygen perneability

copoéﬁmg%ﬁtﬁ b@aééu@gq%%ﬁﬁghg d3¥eatm at the typical

onditions o ent tenpérature and relative
hum dity). 23. The multilayer oxygen absorbing

Shiguct e, &fulﬁla@ieWo%(y‘a'%%rfﬁgorbing structure of claim 1 in which

the reactive oxygen scavenging species is dispersed in the matrix polymer of

the long life layer.

16. The multilayer oxygen absorbing structure of claim 1 in which
the long life oxygen scavenging layer comprises anthraquinone-based
oxygen scavengers dispersed in a polymer matrix and the oxygen barrier
polymer matrix also comprises a source of hydrogen atoms in primary
and/or secondary hydroxyl groups for efficient UV light induced keto-enol

tautomerization of anthraquinone.

17. The multilayer oxygen absorbing structure of claim 1 further
comprising a passive structural support layer placed adjacent to the long life
oxygen scavenging layer on the opposite side from the rapid absorbing

layer.
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the structure possesses oxygen absorbing capability
i ndependent of noisture diffusion and rel ative

woeosvdeasys 24. The nul til ayer oxygen absor bi ngPCT/US2009/030070
structure of claim1 wherein the structure is free of
transition netals and netal - based catal ysts. 25. The
mii&. i | der mantti peer abxygreni alys et ng tsirwctafe of alan?24 7 in which
wherein the long |ife oxygen scavenger |ayer serves as

the saprpogt thy@r i§81gidrd196&msitig it thdrdho SplRBaittpd IRy, 26.
he nmul til ayer oxygen absorbing structure of claim 17

mhereln the third paSS|ve | ayer serves as a rigid or

sqy - r Wedrrﬁ,ﬂlﬁglg% abs %pé’é’idrﬁlﬁ%%”tru&are Bf€laim 17 in which

mul'tilayer oxy blng struCture of claim 26

the tf{f8 G40 BB ear er copol yier . 26) The

mul tilayer oxygen absorbing structure of claim?27

the ester is PET PETG . .29. . : .
neth | el AT a5 s wling atucthre of faim 7 in which
wher ei n the (_)I yester is PEN. 30. The multil ayer

the tbuﬁdémeaﬁemnﬁlsﬂf avalet Yeposfadriar hayer Qheeriaing gewater
pol yester is a PET-PEN copol yner. 31. The nultilayer
barriex ggatingbeawd mgurdaceittaatmesft. cl ai m 27 wherein the
pol yester is made from pol yester blend. 32. The
mul til ayer oxygen absorbing structure of claim3l is

pally estTéve/ mell v Ryed @ Xylgenda lvé dtbiag Genidtove s dainy dsiwveerein
phase. 33. The multilayer oxygen absorbing structure
the r@pidly AHTBbIMETHR/e? has an oxygen permeability of greater than 250
cc mm/(m2 day atm) at the typical conditions of use (ambient temperature

and relative humidity).

22. A multilayer oxygen absorbing structure of claim 1 wherein the
long life layer has an oxygen permeability of less than 2.5 cc mm/(m? day
atm) at the typical conditions of use (ambient temperature and relative

humidity).

23. The multilayer oxygen absorbing structure of claim 1 wherein
the structure possesses oxygen absorbing capability independent of

moisture diffusion and relative humidity.

24. The multilayer oxygen absorbing structure of claim 1 wherein

the structure is free of transition metals and metal-based catalysts.
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the acrylic-based pol yner adhesive is derivatized with
an ant hr agui nonebased oxygen-scavengi ng functionality
w@omahzapd y attached to the said acrylic pol yneeT/uS®n9/ 030070

The nmul til ayer oxygen absorption structure of claiml
wherei n the oxygen scavenger conprises materi al
aii. vaildd mylebayes ung/gen alosonhiicgr sduaturenof alaime2dWherein
range. 35. The multil ayer oxygen absorbing structure

the |16hgdifaigRy@er et Bichderday@ns €neBsy Ririfd! yemeaigid S@actural
a polynmer blend with at | east 50% by wei ght of an

supp@rt ¥yeG. pol ymer derivatized w th anthraqui none-based
oxygenscavengi ng functionality. 36. The nmultil ayer
oxygen absorbing structure of claim1l wherein the

rapi d oL bi ' I . .
2RI endR ey PRy B RS A AR PERF Py 17 wherein
fth up.to 50% of polyol .or polyviny] alcohal b
the thisHgRRSSive IR aRIFY AP 2y DI Ry SaM B U ISTC WrAk R PRIt
of claim 36 wherein the EVA copol yner contains 5-35%
layerof vinyl acetate by weight. 38. The nultilayer oxygen
absorbing structure of claim1l wherein the oxygen
perneability of polyneric matrix material form ng the

r 2@l.d diheombiltiyleayeyden aldbsdrasy stOicturenad diighe6 wherein
than the oxygen perneability of the polynmer matrix

the paBERie sdrutQiril BAppbet laged is nig&d @ kiarp dIgesicerord pykester
39. The nmultilayer oxygen absorbing structure of claim

co prein the thickness of the rapid absorbing layer
Iool}ysrwgetWeen 0.1 and 2 ml (2.5 - 50 mcroneters). 40.
The nmultilayer structure of claim1l wherein the |ong

HZ%?olng%g@uﬁi%%ﬁ%g&gjenaggsosrb%b §@Ricture®f claim 27 wherein

the polyester is PET or PETG.

29. The multilayer oxygen absorbing structure of claim 27 wherein

the polyester is PEN.

30. The multilayer oxygen absorbing structure of claim 27 wherein

the polyester is a PET-PEN copolymer.

31. The multilayer oxygen absorbing structure of claim 27 wherein

the polyester is made from polyester blend.

32. The multilayer oxygen absorbing structure of claim 31 is

polyester/polyamide blend with a continuous polyester phase.

33. The multilayer oxygen absorbing structure of claim 8 wherein

the acrylic-based polymer adhesive is derivatized with an anthraquinone-
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4 1 . The nmultilayer structure of claim217 wherein the
thickness of the third layer is between 1 and 20 m| (
wa2®9820B93 croneters) and said | ayer serves asP@I/US2009/030070

structural support. 42. The nethod of nmeking a
mul til ayer oxygen absorbing structure conprising
based emuagen-asichyengiatg funciomalityl ddvaldntdybytackadt iovehd sgielr
and a rapidly absorbi ng oxygen highly reactive oxygen
acryI&CEMgﬁmemg | ayer on a clear permanent polyneric
strate from wat er-based coating solutions. 43. The
met hod of making a multilayer oxygen absorbing

SBYUCt 4R mRfMIEyek Q&y@%%uz%‘édr?é!dgq §ﬂ@|ktun|93 8f LRI | ViiRerein

highly reactive 'l ayer "and a r absor bl ng oxygen

the QYRR sqr 2Rl FofHMEER SRR AR ALER, ane

extrusj.on Q/oatl ng. 44. The nethod of making the
radiafiqn i} the UVnra196 - ms 42 and 43 wherein the pol ymeric

substrate conprises of a renovable substrate. 45. The
nmet hod_of claim 42 wherein the Ion% life layer is

f SPred ThHe Mudbayen@xyeeagkmubing-stoiiure of cIa|m 8 wherein

%°VOH ant hr aqui none salt aqueous sol ution by
the rapigliebhsoebihg ldiyss obwri prisesna odymiendrlend avith atdease5 0% by
nore grades of PVOH of specific nol ecular wei ghts and

weigHeaf a@ &dryliy Pollrrirsddrivaviiel wath awtivagui®one-based oxygen-
si mul t aneous control of antharquinine salt and PVOH

Wel furd QYO wei ght ratio in the solution, and
scavéﬁ%l ? lJutc?fgjn viScosity.46. A package wherein, at |east

one wal | of said package conprises a multilayer oxygen

T M S
e 398 o AR St T R ST

copolymer (EVA)ygr its blend with up to 50% of polyol or polyvinyl alcohol by

weight.

37. The multilayer oxygen absorbing structure of claim 36 wherein

the EVA copolymer contains 5-35% of vinyl acetate by weight.

38. The multilayer oxygen absorbing structure of claim 1 wherein
the oxygen permeability of polymeric matrix material forming the rapid
absorbing layer is at least 100 times higher than the oxygen permeability of

the polymer matrix material forming the long life oxygen barrier layer.

39. The multilayer oxygen absorbing structure of claim 1 wherein
the thickness of the rapid absorbing layer is between 0.1 and 2 mil (2.5 - 50

micrometers).
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scavenger, and a long life |ayer conprising high

passi ve oxygen barrier matrix polyner, and an oxygen
wQ@ewvarges . 47. The package of claim 46 in whiRdT/UK®09/030070

di mensi onl ess reactivity of each reactive |ayer,

defined in terns of the initial Thiele nodulus fO of

t HO. eqiliheamentildyensgaersoves oy claac fli whe trinf threnholnay kife, layer is

is greater than 3. 48. The package of claim46 in

betwéBhChahbes @iy ¢25- $28UANdonteteedCtHivie, mat eri al
conprises a photo reduci bl e ant hraqui none- based oxygen

scavenging material. 49. The package of claim46 in

waiich tripe Wl@fé@?ﬁf&ﬁké‘%f'cﬁ% 1‘7qm%ék§ﬁgth§hﬂlickness of the

oxygen-scavengi ng reactive naterla di spersed in a

thlrdgg%r F‘s\/\ﬁ{e@ﬁéﬁﬁ (‘fi]’éqo% - yse ;%ﬁ gg?&jga%a%a%f Ry4

ngen scavenF reactive materi aI coval ently bonded
SeIVaSoAR aRiay ClWEa) BPROGxygen perneabl e matrix pol yner. 51.
The package of claim48 in which the heat seal abl e
gen_perneabl e matrix polyner conprises a larg
m_4| ar flihgciiesho@iofyaaking rymmidiygy pxwgﬁatabﬁqenbﬂrﬁg sgructure
52. The package of claim51 in which the heat seal able
commnisigens qupueTdidllyecoatingra lwoig tite higinlgrieaetvedayer and a rapidly
seal abl e acrylic-based adhesive resin. 53. The package

absofbing axyyé® highWhiealtiveen e schrEAab! IayéRbhiXclear

pol ymer conprises an oxygen-scavenging reactive
pern BRI S ATl B e s,
43. The method of making a multilayer oxygen absorbing structure
comprising sequentially coating a long life highly reactive layer and a rapidly
absorbing oxygen highly reactive oxygen scavenging layer on a clear

permanent polymeric substrate via melt coextrusion or extrusion coating.

44. The method of making the structure in claims 42 and 43

wherein the polymeric substrate comprises of a removable substrate.

45. The method of claim 42 wherein the long life layer is formed by
preparing an aqueous 10-20 wt. % PVOH-anthraquinone salt aqueous
solution by sequentially dissolving anthraquinone salt and one or more
grades of PVOH of specific molecular weights and degree of hydrolysis in
water allowing the simultaneous control of antharquinine salt and PVOH

solubility, AQ/PVOH weight ratio in the solution, and the solution viscosity.
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pol ymer to form said oxygen perneable matrix pol yner.

54. The package of claim46 in which the oxygen
wha0oei1z0393mt ri X pol ymer conprises pol yvi nyl al 2ohob2009/030070

55. The package of claim46 in which the long life

oxygen scavengi ng | ayer conprises ant hraqui none-based

0X¥¥gen AspadicagenhetteBpaatdedsi ana vpall phsaidrpackage comprises

conprising of PVOH, EVOH, and m xtures thereof, and

a muﬂﬂ?llay@}(w?@ehadbslcﬁ'bl@@'sym'tui’@tbmqor@ém@ OlERLt BRB rRactive
sour ce hydrogen atons in secondary hydroxyl groups

oxyg(eﬂrsc%fv(eh(lj'irgq‘?ao;}é\‘o'dri?é“ édi“?H%%gu'éﬁEgGG”O'

taut omer f ant raquin The package of
claim46 further conprising a structural support |ayer

pl aced aadjpad yrd b sorbing heghbnieddtive axygeEm-ssaserggigigystem,
| ayer on the opposite side fromthe rapid absorbing
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layer is rigid or semrigid thernosplastic polyner.
5§ca\){ﬁ%&a%lﬁ%ge of claim46 wherein the rapidly

absor g l'ayer has an oxygen perneability of greater
than 250 cc mm(m 2 day atn) at the conditions of use.

59. A pdokagléfedayet aom pgibsiwgehiginpa$své anydeinf batrégrematrix
has an oxygen perneability of less than 2.5 cc mi(m 2

P l@Ehel, @ﬁdtahﬁoﬁ?d}j:@'htstﬁ@én r.use. 60. The package of
cI ai m 56 wherein e passive structural support I ayer

i s made from pol yester or polyester copolyner. .
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equivalent homogeneously reactive uniform layer, is greater than 3.

48. The package of claim 46 in which the oxygen-scavenging
reactive material comprises a photo reducible anthraquinone-based oxygen

scavenging material.

49. The package of claim 46 in which the rapidly absorbing layer
comprises the oxygen-scavenging reactive material dispersed in a heat

sealable matrix polymer.

50. The package of claim 46 in which the long life layer comprises
the oxygen-scavenging reactive material covalently bonded to a heat

sealable oxygen permeable matrix polymer.
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is between 1 and 20 m| and said | ayer serves as a
structural support. 63. The package of claim56
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metallic film

51. The package of claim 48 in which the heat sealable oxygen
permeable matrix polymer comprises a large molar fraction of secondary

hydroxyl functionalities.

52. The package of claim 51 in which the heat sealable oxygen
permeable matrix polymer comprises heat sealable acrylic-based adhesive

resin.

53. The package of claim 46 in which the oxygen permeable matrix
polymer comprises an oxygen-scavenging reactive species covalently
bonded to a non-heat sealable polymer that is blended with a heat sealable

polymer to form said oxygen permeable matrix polymer.

54. The package of claim 46 in which the oxygen barrier matrix

polymer comprises polyvinyl alcohol.

55. The package of claim 46 in which the long life oxygen
scavenging layer comprises anthraquinone-based oxygen scavengers
dispersed in a polymer matrix comprising of PVOH, EVOH, and mixtures
thereof, and the oxygen barrier polymer matrix also comprises a source of
hydrogen atoms in secondary hydroxyl groups for efficient UV light induced

keto-enol tautomerization of anthraquinone.

56. The package of claim 46 further comprising a structural support
layer placed adjacently to the long life oxygen scavenging layer on the

opposite side from the rapid absorbing layer.
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57. The package of claim 56 in which the support layer is rigid or

semirigid thermosplastic polymer.

58. The package of claim 46 wherein the rapidly absorbing layer has
an oxygen permeability of greater than 250 cc mm/(m2 day atm) at the

conditions of use.

59. A package of claim 46 wherein the long life layer has an oxygen

permeability of less than 2.5 cc mm/(m?2 day atm) at the conditions of use.

60. The package of claim 56 wherein the passive structural support

layer is made from polyester or polyester copolymer.

61. The package of claim 46 wherein the long life layer is between 1

and 5 mil thick.

62. The package of claim 56 wherein the thickness of the third layer

is between 1 and 20 mil and said layer serves as a structural support.

63. The package of claim 56 further comprising at least one side

comprising a metallic film.
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