TI TLE OF THE | NVENTI ON [ 0001] Oxygen Absorbing Plastic Structure FlIELD OF
THE | NVENTI ON [ 0002] This invention relates to heat sealable plastic film
and sheet structures suitable for packagi ng oxygen sensitive products and
havi ng capawdhidiiesst 0 absorb residual oxygen trapped iporthmopenkage after
sealing and to provide a highly reactive barrier to oxygen perneation

i ndependent of both noisture diffusion and transition netal based

catal ysts. BACKGROUND OF THE | NVENTI ON Many pharnmaceuti cal drug
product s BIEESENEHEINYENGIGNi sture and require dry storage environnent to
preserve their activity. Sone of the newer drug fornulations are al so

"api d oxi B9010n B e AR i PR B bhent s, of ten resul'ting in & Ioss
of activity and a reduced shelf |ife of the product. Common pharmaceuti cal

products I’;IEE[!)@’%TQE%%I% |d:r@psul es, gelcaps, and other solid single dosage
formul ations; usually re?erred to as "tablets". Storage requirenents to

packagi ng of many pharnmaceutical products often include at |east a two year

shel f | flgoogyiui TieEBMenthrPidistestonaek sthitiblaplastiewnm andkpeée 1 provides a
conveni ent way to encapsul ate an individual tablet between netallic foil

and heat gpadtabdesBtAse ir6r ﬁ@@@gin%“@&?@eﬁ%ehﬁ@iﬁ@ﬁr@ﬂﬁ@@ drd Ri@ARe a set of
cavities for packaging each tablet in“its own individual cavity. Such
bl'i ster paglksiltdsoy dordirepanal Byddiirabealin the package after sealing

and to provide a highly reactive barrier to oxygen permeation, independent

of both moisture diffusion and transition metal based catalysts.

BACKGROUND OF THE INVENTION

Many pharmaceutical drug products are sensitive to moisture 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



WD 2009/ 120393PCT/ US2009/ 030070 tables fromthe package w thout exposing
other tablets in the pack to the external environnent. Oxygen present
i nside the product, the package headspace and the package walls after

seal ing thewpawkagesi s referred to as residual oxygen. pThaismwd/catmve
deterioration of the packaged product can be sl owed and/or del ayed by using
hi gh "passive" barrier packaging materials and structures and by conbi ni ng
t hem wi t Haktagi froedthet paskpbe mat hedkextasingret ydabiais n dke vaekitenthecki ng

and/ or headspace flushing with inert gas before sealing. The passive
barrier textexygenvigenmeati on acts as a physical barrier that reduces or
elimnates the diffusive oxygen transport through the container wall but
does not cheniraidey prasentaieside the poogyen,. thEheskagetieadspade pndtleeti on are
often insufficient to provide the required storage duration and prevent the
| oss of prankage vedksiaftdrysealing the Emckygé actdfe e’ dpacisagpsiduaiendygds. of

extendi ng shelf life of oxygen sensitive products by maintaining | ow oxygen

envi r onnertie bgiadee alepadikagien oficthedettkpadiprgdabeadrc bt Isyowedhandyer oxygen
absorbers inside a package. Materials capable of absorbing oxygen in the

course ofdgignd balusirephighopaistiveeensd i kayindmasé dlag@deangditurens are
commonly referred to as oxygen scavengers. Oxygen scavengers encl osed

i nsi de t hghgpBgkaamihimgt therd Qith SlodSRRRREBHEs PRckelfckaBRHE ARShOd s Saahet s
reduce the residual oxygen anounts and react wi th perneated oxygen, however

they are ginabhi@nt PaBKiRYSHd /Q¥ ¥R80s pAF B3shihE Ve hdrb@as eksia&dalingl | s Vi a
ordinary diffusion. Thérefore an additional "barrier protection in"the form

of hi gh pﬁ%é@x&i\b@baér%r tgﬁa%jeﬁ' ﬁerﬁ#@art%%&isza%% Pﬁyii@ﬂh&iﬂ’igﬁ@hﬂermabi lity

inthemis often require e oxygen perneate rough packaging is then

compet it Inali COPHIRALAY (h0% 10 CA99L1R0RRRCR HSBAOR! AE00T0 gPavenger

and by the oxygen sensitive 'y uns e products the
exoes L S B8N eREt HAMICID HRBoErE Mot pre RS b hooen, 1 ol ter
pOLEN ol AR % oA IR o oL BE e SR BRAS Pkt Bl o and

prevent the loss of product activity.

Early "active" packaging 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

2



In view of limtations of enclosed oxygen scavengers, it has been proposed
to incorporate oxygen scavengers into a packaging material formng
container walls. Such structures are referred to as "active barriers"” to
oxygen per nwatzv@nziecause they not only physical ly resteciras:dhescnat es of
oxygen di ffusion across the barrier but also chemically react with
permeati ng oxygen thus further reducing the effective rates of oxygen

per meat i oscavBnger aed byehbanygen seasidivalmodudy amralgeblsubsi@hltse they can
potentially absorb oxygen trapped inside the package simlar to encl osed
absor ber sproshichothedekge sShietwlyigh readtidoy ditire gndos¢d seadeyiger et er . 2005,
vol . 54, pp. 71-91], the | owest oxygen transm ssion rates and the | argest
barrier iopygerenesfteareguobicainpovehepréfaesmtigdiokigatieaot tmygpackeagpea

scavengi ng species is placed within the highest barrier matrix material,
speci fi captoducth@hagiceehdhl ingebcidhef kioavwpat kexx wgehe it donwemntesi bypets, it . The
barrier inprovenent factor is defined as the ratio of the effective oxygen

flux throgghirthanacddiechadurmers isaireisstio withathd isoudpatit@spassi ve barri er
| ayer made fromessentially the same matrix material. Thus, the barrier

i mpr ovement faﬁtv‘i%w@)k*ﬁﬁﬁ@étﬁfﬁszﬁseﬁdﬁ@sécﬁbﬁwékﬁsm&ﬁgéié,Qﬂhéﬁb@etﬁ eduction due
to chem cal reaction rather than the barrier function of a structure al one.

The noti ofrfoskBRoGhESPorN@ Jiwénrsetfaeéﬁ%é@ ihftea pRickdgbushegidrass transfer

rate across the downstream boundary of the barrier (1.e., the boundary

exposed %rgﬁﬁ%ﬁgﬁ{‘%ﬂ% \R/Qﬂ‘§.e§|§é\§/% Osi'trﬁ\&aﬁef R 20QP/el2033RL V32008930070

(pol yvi nyl ol yner et hyl ene-vi nyl al cohol copol yner) and

ol yrer | LA SRHARERIRTDECAE ORI BRI bhPHEI Al ROTE! e BF L Pen
scavengi ng species, Al {8 TRbACLY BN YsSibLrlienly FERELIME AR LS

I—b\A/_e\éfar,d gxygen FFIer “function o ( “matertalsis q?nown to
Ther ef or SR g Pt S BaNE PE Skl Srush St SRR RAMER g nSUF T o
ddi 11 ondANE A TEERBHE B ArgRnAgparE SEeRit g they R PRITHAG AspEd T ner

When oxygen is present on both sides .of the barrier, the reactive barrier
can pot erVEIERTBREA INSige FhtoRATAde SRS P e a5HghseT PRt it BRY

resi dual oxygen anount_trapped inside the package after sealjng.. The
condi t1 orP% SIOVPERE KalHMB el Pk dEC D By, VO SRy AP ol tiran
[ibid.] for honmpbgeneously reactive single |ayer barrier. Polyneric

mat er i al JOWEEHORKIPVIANSRUS FRAFRLES; arehtiteolaraesti bagriehEnpbRME et aficent
reactive barriers to oxygen perneation are in the same tinme poorly suited
as mat ri xagaired when dhebarRidht (eastiog hesgdraare psygerPadesnsiHacestt t he
package by the | oaded scavenger. The reason is that |ow oxygen solubility
and | ow oxiigierthdi fifibestopanrigr esatirix m@@fiaiaspea‘iﬁcdI»prtbeémteéita? witihetie
transport of oxygen to the scavenging reactive sites within the matrix. The
r esul ti ndowatesxyjerodiffjeivigoirpiti dive droier e pravemrnafactoois ddndcdas
efficiently renove residual headspace oxygen. Moreover, these sorption
rates ar ehprragoessheelffectieduwsgdeadlbhehroxyghahe scaiverigerier lRyeois timetd or
deactivated by the |localized reaction-diffusion wave (simlar to

react i on-tfiddals tienpaosiaa dhiosr wayencaesiusimngsseakiatly thelsamedhaphopagat i ng
frominside the package across

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

3



the reactive wall thickness. There is a need to overcone this problem and
to achieve efficient scavengi ng of both oxygen perneating fromthe external
envi ronnment and resi dual oxygen present in the package after sealing.

I n desi gn ofvopb@rpmeruti cal packagi ng a comopn way to achivswesessoul timate
gas barrier is to make individual cavities fromnetallic foil rollstock
sealed to another foil rollstock. To seal the foil package, one or both
upper and{gawdnylaidholgdlgmeck EVert(atbyiahe ywisyaaleahel aap adrgl ve

seal ant. Such packages are not what is commonly understood as blister
packs, asceray pelfdreidd resing e thackami ples axispahdriglh pansiva baetier def i ned
geonetrical shape around the encapsul ated tablet, in effect formng a

m ni pouchpblymeracmatatdietuitAbleaas pshyhterid miasrixext farrpedingt &l pxpdem ous for a
consuner to observe whether the individual pouch still contains a tablet or
not. On theavehhrrg Hisauks dhe fopiakimedhighty dfftnieseractivgbdriigerganspar ent

pl astic sheet heat-sealed to a foil rollstock to forma blister pack such

as in Fi gub@eler, Whe losygerbarnedfloy rioansfunediy ahder M OHdhsReRs Rokeaav eni ence
and product visibility, forns a blister pack that often suffers from high

rates of yRtRidNaRQYraddds XY JRLIPEMBALIQDtRERUGNIlORendHtaBticaisedhere is a
need to alleviate high oxygen perneability of plastic sheet nmaterials

maki ng t hep eblealllieh hedte FBRUW MM NG 2i4I8REQE faRhaldn bkfderbbhgiar packs.
I n maki ng pharmaceutical blister pack, nmultiple cavities are fornmed in the

t her mopl a&}rb&upehﬁafthe? BESH NAvR 3NGe aﬁotreg@mewmd?@crumwmiag gyechni ques.

When nul tilayer sheet structures are used to Inprove gas barrier properties

of the bl 4gahnal leid AUBLEDLPLELELU®, desi Al RURT hahBigrplect ion for each

| ayer, an er nof orm ng proc par e sheet preheat
time, the form . ] d
2009/ 120393PCW%888$§@?0%%P%?§14?3“‘?&‘?:’ sz’ﬁﬁ{eg Ba AR i feac Yisted to
facilitatge defaormation.. t.rycture i .1 @orove
br oduct | ofP'y 5t Sn i ey Sy b &bt e Reh e S BRI R ERBone S even
over heat i n%gﬁ&? resultin q—?‘ﬂr adation, apd the‘{ mal f?ecgesr’g‘qpsi t4,on of
pol yneri c'§ OXYPEP ARl LINtALRE I de B1§ BACKAS AT TRATNG: HStic | ayer
materials wth overlappi t hermal processi.n indows, | ,.e not every
ol yrrer i cCHRAILPR P HAIF PTERh ) OCTeHES e avEH BTt SRR CRAMAGL o f or
blister packs. Many organi.c and i norgani ¢ oxygen scavengi,
conposi t i big-1dR4 hpﬁé?gert?@ﬁﬁryn%@ifﬁﬁ% single ! r%%?’%boé‘g’d'mefﬁe@@t%bfﬂgosi tions
are distingui shed by whether an organic or inorganjc substrate formng a
part of tH#EhcamP¥ehtarshEYQHusUitad kT rBgkingr thearPhbeSiciRjeearihé? gani ¢ oxygen
scavengers are commonly based on oxidation of reduced transition netals,
sul fites hariens fapyygernpdrioeaten siredn she samei bneiRepryisHtebass Pat ent s
5,262,375 (McKedy 1993), 5,744,056 (Venkateshwaran et al. 1998), 2,825,651
(Loo and matlkesnforaspid al3scretionsd {didsprcd 9853en 4r@u ingide thedtaskage 1977) .

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

4



Descri bed organi c oxygen scavengers are based on oxi dation of carbon-carbon
doubl e bonds in polyner chain backbones and pendant groups (ethylenic

unsat uration subject to autooxidation), transition netal catalyzed

oxi dati on ofvocsmedsiassms pol yam des, oxidation of certain phatuszaedecsd

qui nones, oxidation of ascorbates, butylated hydroxyani sol es (BHA),

but yl at ed hydr oxyt ol uene (BHT), enzynes, certain organo-netallic |igands,
and ot her thestasisting wab t@@d@ﬁesgir@e(mammi ¢0 aergomeshivanronlers, 710728
(Rooney), US 6,123,901 (Al bert), US 6,601, 732 (Rooney), WD 04/055, 131

(Scul l'y eachaibve) ,effmmn/!baﬂév‘agim;,cﬁztEot(fll-@(ys_:jeaanaﬂtin)g fbinl thet extesiali on

net al - based i norgani c scavengers often have | arger reactive capacities to
absorb \Wenvo®eh2 203683 PETIH USR8 0B Z8n Dty denppakagerdftervemiaging. of t he
conposition, organi c oxygen scavengers are preferable in many instances due
to their abilithyddsigrbef bhentdackuarcat pueltaringy airhacireday oo thkiepassi ve
barrier polynmer w thout introducing undesirable color, |oss of

t ranspar egimaRghsdegiRdad i@ malle iINERNGNAICRANItRRAFOM PRASHEESi! PoRBEki es of
the barrier polymer structure. Depending on the chem cal structure of the

organi ¢ sgaeNgs anatick fof roRtidck. anJyémrtheqeswgﬁ@k&?@mbﬁaoapesp@ﬁ can be
di spersed in the matrix during conpounding or covalently bonded to the

matrix poéb(tﬂf%w@(sfdﬂlel%l@t&%@ dr@ d§§a g"t@é‘iéﬂ ﬁltﬁ%ﬁ EHesive dfaBlbsudy 057, 013,
WO 99/ 48963 by Ching et al . The latter arrangenent is

pret er abl BadeiRY e n%WWH%Jt¢§Hbﬁ{mmwmde%ﬂo%tasoené%ﬁ%a@wta% {Pleyen present

in the ba r|e after the scavenging reaction conpletion can mgrate into

the packagiraofPHREHAFSIABLF ROMATL BAH1-0RNAEY UB R PRUCL Al 21 1 oot

its properties In anot n or er revent the mgratlon

of Ox1 dat o LEREt A DY AL of s o ,ﬁ%#ﬁc£$§raﬂginﬂbg>%covgp g5cAnd the

reaction are adva ageods preferre y bonded to
the matri ly en sS¢ trix
pol yrer a%%g[ fa%%ﬁ?y §Lﬂq 9‘?'8& igﬁ:ﬁlog@ @n? &ﬁﬁg‘%ﬂ? tg)uél{;'sgr ended for
human cons du he reas; escri above a ective |l ack
of count rVHg{&%?P? én(?(‘-ftfﬁ\aj;\lpf?wﬁégg W’gf"g's a5 ra@%%g{iﬁdﬁgﬁzﬁges of ten
have to be aced i tela ers of the barr er structure that are
i nsul at eoﬂwar?%r{ﬁ@wﬁ%rmﬁ jopses \)‘égfgatﬁ”%?a"%&@ otis SheET bifice. or pr event
byproduct mgratiao U S 6,646, - Yang et al UsS. 5, 350,622
- Speer, wWedfea fet'se@s@gb t5 9o Blisied PAERSBIch 28n Higgice! aWhiliar er 1 al o
di scl osed with nore than one oxygen scavengi ng |ayer. In US patent
6, 682, 79 1PNGEEGHEE MY COdI‘iSS'B?Q)'éé@)%@cﬂi‘é@é@ﬂaﬁci:%‘é{éﬂ@@icﬁ@n@t WEiGEes with at
| east two oxygen scaven?l ng materials having different oxygen scavengi ng
pr oper t i egsignilyafararge dliateripagkrtbahoftenms uffess feaRrdyphgatesreiovaies. A
difference in oxygen scavenger and/or catalyst concentration between the
| ayers i svagroviasidomeen 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

technigues. 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

B



There remains a need for an oxygen absorbing structure suitable for the
rapid (e.g., within hours) absorption of residual headspace oxygen and
provi di ng efficient oxygen absorption and a high barrier to oxygen

per neati on fworebwangot erm storage (e.g., nultiple years)rarmispaeRagiong
articles such as blister packs. SUMVARY OF THE | NVENTI ON The

I nvention provides a nultilayer oxygen absorbing structure conprising at

| east t woforesiogiteehrinygdvave davenadingtadaipetasildateatefodmatioseefudsce: a rapidly
absorbing highly reactive oxygen-scavengi ng system conprising an oxygen
per meabl estratturg iptol ¥ desirachdhape,dryyene cadedier ratanand dtdhg danfe | ayer
conprising high passive oxygen barrier matrix polyner, and an oxygen
scavenger tinkRRidek cDEBOR TH I eGih dr biFevBRYBRaHh SditiBMS: rek rsRdit i MRAW NG S)
[0003]Fig. 1. Typical blister pack structure cross section. [0004] Fig. 2.

Two- | ayer degnsgentioabsar tiengapdasdimpositiarchpelynjédtOBy e FirgteBals THhesel ayer
oxygen- absor bi ng reactive-reactive-passive plastic structure. [0006] Fig.

4. Thr ee- haylerofeety 8l RbSSInGI PigsticcRQb i wextpaslsiwieh plhadappingttheedut e wit h
optional adhesive tie-layers, coatings and surface treatnents.
processing windows, i.e., not every polymeric material pair can be used as a
thermoformable substrate for blister packs.

Many organic and inorganic oxygen scavenging compositions and their
combinations have been proposed. These compositions are distinguished by
whether an organic or inorganic substrate forming a part of the composition
is oxidized by permeating oxygen. Inorganic oxygen scavengers are
commonly based on oxidation of reduced transition metals, sulfites to
sulfates, and other similar chemistries such as US Patents 5,262,375
(McKedy 1993), 5,744,056 (Venkateshwaran 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
quinones, 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

6



8 [0007] Fig. 5. Initial rates of oxygen perneation and sorption in single
| ayer reactive filmvs. the filmreactivity (the initial Thiele nmodulus F
of the reactive layer). Al rates are normalized to the steady-state oxygen
per neati on maimoimodhe passive filmw th identical oxygem/uscanspord
properties, including the sanme matrix material and the filmthickness.
[0008] Fig. 6. Oxygen partial pressure profiles in (a) single |ayer reactive
and (b) thaydesekossit weight ajthe cemEOBIEEIY, @AERN IO XYIRHSHEALYILRTHIANE
structures. The two-layer filmhas a higher rate of oxygen absorption from
t he packageefienatileén amthyainis tanses dueetodthepeatiiat toobe tblﬂns@no!t tevalentdt i ve
barrier layer, as determ ned fromthe oxygen pressure curve slopes at the
| ayer i nt atthales tovikhd paésive hakiagep apmiee mtithandntrotiveisny wxdesérabddsor bi ng and
oxygen barrier |layers, respectively. DETAILED DESCRI PTI ON OF THE | NVENTI ON
The t eachiolgs, lofss tofiterispaesidyp angdrdegirakdatéio mel mezhdeiiagand ror cmraufaet ur e
packaging structures with dual functionalities of rapid head space
absor pti opr@ndtieorg thebayhar polgmergraxygen Depeneaid on.the chemical

structure of the organic scavenger and the matrix polymer, oxygen

scavenging species can be dispersed in the matrix during compounding or

covalently bonded to the matrix polymer as described in US Patents

5,627,239, 5,736,616, 6,057,013, WO 99/48963 by Ching et al. (1997~

2000). The latter arrangement is preferable because low molecular weight

oxidation byproducts often present in the barrier after the scavenging

reaction completion can migrate into the package and cause undesirable

contamination of the product or affect its properties in another negative way.

In order to prevent the migration of oxidation reaction byproducts, 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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The invention has nunerous 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

| ong- | ast i ngokamrieeps t 0 oxygen perneating through the incrarszéoons®to uct ure
into a package. Further, the invention provides polyner packagi ng that may
be made both nearly inperneable to oxygen and to water vapor. The packagi ng
materi al disetases pagkagrs and paakagingshitcauresnriab slleast swot@atgeinques f or

medi ci ne, food, and el ectronic conponents. These and ot her advant ages of

t he i nvensdayangind materiapdaring 4iftarenhexygambiayéngdurpiqnartias Bedow.

The invention provides a nultilayer oxygen absorbing plastic sheet or film
st ruct ur earanped s hayeas widus tthe wackagiog steudaxnyey e diftaresngimgxyagrer s

parallel to the filmplane arranged in the foll ow ng sequence: the first
rapi dl y absoebyagahdymr catalybecphaoechtieabetwddnethedakegead epvisdoredd.conpri sed
of a highly oxygen perneable matrix polyner conbined with a highly reactive
oxygen scavendihige S¥aiabm a arddifbe anangm@nl xigrbinkesttwtere toithiblepbaced
nearer the external environment and conprised of high oxygen barrier matrix
pol ymer ceieiaped (agt, wighifi lgdrg) aBesiption GxygaiuS trYEngiddosygdreando form a
| ong-lasting reactive barrier |layer with high reactivity toward oxygen. The

passi ve pglouidihigCefiftfeik ¥8§g8h abeligtion ahe arbigRthdrA¥eto aRdgexygen barri er
| ayer are chemically distinct and are characterized by the several orders

of magni t y@k%@ﬁﬁ&@f&%ﬂgit@r;ﬂwe%eo@t@?ﬁmmbteyyéa}%% {Fﬁﬁ?ckﬁ'@%@é}’tﬁﬁ@s

scavengi ng system and sCavenger concentration in ayérs can be the
same or they, ﬁé‘Bli?l%rgJafcRE.rent dependi ng on the choice of the polymer matrix
for the respective layer. In particular, organic UV |ight activated oxygen
scavengi ng systens independent of the netal based catal ysts are

advant age%‘l@l'NVAW@'FOM@EjWVTEWTIQﬁJi cing the invention. Specific choices of
reactive | ayer thicknesses, layer matrix materials, and oxygen scavengi ng

systens are depw invedtibalprovides a multilalré goxggeh absrrding strukustr at ed
encapsul ating technique of the prior art. Figure 1 shows a package that

cont ai ns @ompbikRig d2leadhBvd BV Wxyighe RACKIGAYAVRSIHethdgal A um num sheet
14. The tablet for use is renmoved fromthe package by pushing through the
sheet 14. seliemRackaggidh?absorbiy RRP{ 1ARRARGH IR0/ RY Jystem,

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 treatiments.
8



conprised of a thernofornmed structural polyner sheet 16 and adhesive
sealing |layer 18. The transparent polyner sheet 16 typically would be
formed froma polymer such as pol yesters PET (pol yethyl ene terephal ate),
PETG (gl ycowomadai/f208 pol yet hyl ene terephal ate), PEN ( palyeznploana

napht hal ate), and their blends, PVC (polyvinyl chloride), PCTFE

(pol ychlorotrifluoroethylene), and various polyam des, potentially with
wat er vap&O®Ar r Fig. 5 daitiahgates ©f @xyaan menoeation drebso ghitiexi inesinglePVDC

(pol yvi nyl i dene choloride)) or |ayer(s) such as LDPE (|l ow density

pol yet hyl &vey rpadtivediim vihbedilof sractisitPEI® indliaindrieleasodyblsoh ek tine

di net hanol added to the pol yner backbone in place of sone of the ethylene
gl ycol i nreadiier |ayern.cbllcaes aysnakmalizey tande Istaaely-silte ioxggerenperature to
aid thernoform ng. The sealing layer 18 typically would be formed of an
adhesi ve patracaidbdn saehinabeqidsy hverfdnvivigh idactt alt @gaepolrynsgsort heat seal abl e
acrylic resins and hydroxypropyl cellulose. The sealing |ayer and the

st ruct ur abrdpateies geriIcBhy thasanie saspanentrinhahdehy fismbdhécdneght wavel engt h
range. This package whil e tanper proof and econom cal to produce and form
does not provide significant protection for the tablet from oxygen

per meat i of0008] Fid.ld. @tycghgshrtinl pragguee rof$les ipdkdgyledayel feastiveict ure 20
in accordance with the invention having two oxygen scavenging | ayers. The
wal | strughdrie) e dineloisad ewbi-iyenped diveeraigedeioxyaepaglkagsimyich as in the
prior art of Figure 1 and substitute for layers 16 and 18. The structure

conpri sessgutaRkbsll Thabeer IRV OOfieX hasR BighYE Afiensf ¢:>8a@hi M8 drpden feempl aced
nearer the package interior and characterized by a rapid rate of oxygen

absor pti ofhd ph&kddrainkRieeind andwkPRgtel dff g rRioagRM FFoY§RIhOTed AR I Ve | ayer
24 pl aced nearer "t he package exterior and providing a high reactive barrier

to oxygenppefdragld / RGA/ddR 07 %e BiShdsAithe22

typi cal | ybaﬁuﬁgﬁggsgg@“ﬁ@g?ifﬁ%ﬁﬁgﬁe@#of&%%g%gr pgcllg?%se sugh that the
sheet cou il i, ot [ SRR 1ediC) and

f ood. Thelalqgﬁgtgﬁﬁgé%g@itgr%ﬂ'g%ccktag%g?g‘g&g%gﬁafg paslsﬂﬁé)te%ﬁlgggq'géer whi |l e
al so havi i L V] Wi to further reduce the effective
oxygen pe?ﬁ%gtxiggﬁﬁﬁ)gt?'tetéwg %BSSs'rE??Q&%%Bnconcept s and definitions of highly
oxygen absorbing |layer, high reactivity barrier layer are described in the

Theoreti CﬁtTRﬂ.‘E@b@ﬁ@ﬁleNi@nT%lIRWENT!ON Illustrated in Figure 3 is a

three |l ayer reactrve-re i ve-passive structure 30 in accordance with the

invention. Stroed WaRhBYd 6f &is hakitorbbdvase 8 Wil o d&igR apackagi ng
container and is particularly suitable for use i'n encapsul ati ng of

i ndi vi dwha’ﬁ%@'&&hfhﬁaé&iﬁgﬁé sk cbl fe3 iviith %%kftmﬂddé‘ﬁ'ti@&%f?f@?icﬁhé‘é&mri sed of

| ayer 22 with rapid orbing high rate of oxygen absorption, |ayer 24

wih 2 hi ghadceanldnglibh HRURHS RINORAics (ORASOLRAMAaRA | [T e high passive

oxygen barrier rral, ath structural support |ayer 32
provi des stre : I 1.gldi @d;: S_1hetwo oxygen
scavengi ng Iaﬁ%@?qgéhg{lﬁg @ﬂgpo{}ygd\pﬂq\%%@gf?a edﬁ?ﬁBE{%@F% jhi%s a section
of wall 40 . i nt ed_a ) fo C i I e ul ati ng of
medi ci nesmgF%{“%ﬁd).mV/@%g a461ai?%ﬁ%1052§.§3§%e Q%aqtaﬁ{égﬁf.eg% @'%‘e&%%l e rapid
absorbing_reactive layer 22 with the hi.gh rate of oxygen absqrptjon, wth
the | ong FRSEPHePGuRAPAE: Sigen " Tredanst Rt repcii PR aiE By en
barrier polynmer and an highly active oxygen scavengi ng,material. The
passi ve SEPUAAYIAES SUbPer fosthgararsisT 16 CRYHEP ! LW TEREID T oxygen
barrier layer 24 with adhesive tie-| aFyer 46. Layers 22 and, 24 gre joi ned by
adhesi ve WVEOTIQY struglure inte gepagiage s hunEalr ByaiveptipnRIPKIdesEY®el s al so
provided a barrier coating 42 that will provide a further passive barrier
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.



WO 2009/ 120393PCT/ US2009/ 030070 to oxygen transm ssion and/or to water
vapor transm ssion through the structure. The tie-layers 44 and 46 are
optional and are only needed if the naterials of the layers 22, 24, 32 do
not bond toweacdnotsber well or are separately forned amdidsemjomiomed. The
tie-layers are typically forned of any suitable hot nelt adhesive.

For the long life oxygen barrier |ayer conprising a high passive oxygen
barrier mabesexapdoyneradvadtagds ghthe imvaotion avidbegeppareat bnogh tlge mat eri al t he
oxygen perneability of the passive matrix material is between 0.001 and 10
cc mm ( nRdetayiedtdgsceptivhébedomdi ti ons of use (typically anbient tenperature
about 20 degrees centigrade and relative humdity of 40-60% . A preferred
perneabi |l ity iBhd enentibampradviiesa muitilgyer daygat apsorbivey pissticmhefkeored
perneability range is between 0.01 and 2.5 cc mml (nR day atn). For the
passi ve nfitmrstalctiiercomgriting atdpast @as crdating oxygeancabsuibgiaydrayer matri x
the oxygen perneability is greater than 250 cc nm (n2 day atm at the

condi ti onparfllelsthefirh@lamdamyyged ipehastsidwingysdquentethexigenrapipr bi ng
| ayer matrix material is between 500 and 10,000 cc mm (nR2 day atm.

The presegbsdmyifidyen 16 ®8GshEas nb AR rihe Yakkagéd Pﬁ@dltgd”t @mg@risad bf hayer

havi ng at | east one rapidly absorbing reactive [ayer and at | east one | ong

life passhiyfmipyuggin pEEAERBRIMEEKEbolFRE EtmbRIH RitAA Nighly Rakkivgl Ng
article suitable Tor efficient renoval of residual oxygéen fromthe package,

and reduchgy G séH\/%\ﬁgg{d ﬂ%t@?ﬁ%’%ﬂ tih@%gz‘ggﬁdii@hgiii?@?ay@@%%eplhbé@ugh the

choi ce of |ocation, trix material, reactivity of reactive

O AR e B A s car 1

the i nvenHa?ﬂxip%IWiePES}nlaned with a highly reactive oxygen scavenging system
to form a long-lasting reactive barrier layer with high reactivity toward
oxygen. The passive polymeric matrixes of rapidly absorbing layer and
oxygen barrier layer are chemically distinct and are characterized by the
several orders of 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

10



WO 2009/ 120393PCT/ US2009/ 030070 directed to a heat seal able polyneric
structure suitable for packagi ng pharnmaceutical and nutraceutical single
dosage products in thernoformable blister packs. Those skilled in the art
wi || apprecwvatestifugesf act that the invention is not |i mrtedstoo9/03e070
pharmaceutical blister packs and that other barrier packagi ng applications
of the clained structural designs, targeting sinultaneous reduction of
oxygen i ngrrepgs¢mpb attherpatas sindctusabonelymet shest dbandosdhpsive rom t he
package inside, are possible without deviating fromthe spirit of the

i nvent i onseafngHayemes.hdbieitrar spdeantt palyevee spset hbitppically weallghbeduct to be
packaged between two sheets of the invention material. Qther such materials
ar e f oodsforolednfroml & pobineet suathi &s polypeteenPET dpdlyetiolleng terephelatd)l s.

The invention is found to attain seem ngly contradictory packagi ng

st ruct ur ePEIEs {gycaonddifiet] pulpstihgdleng @répndatedsRiN (polpetttylare: barrier to
oxygen perneation and sinultaneously a neans of rapidly renoving residual
oxygen freapHthalapackagdeheifilends PO diywiapathlende)PZadEul til ayer design
of the packaging structure or a part thereof, incorporating at |east two
reacti ve @skgaloroeanengicttypat)y BREIarloaxgidyamidess peedrtidlyoviRwane made
fromdistinct polyneric materials wth essentially different passive oxygen

transpor tyapoP BRI ik E8eat ity @Y IBAcEIMIRNGIIAch SWSligaRIPYIRTavenger
concentrations in the reactive |l ayers can be the sane or different

dependi ngpaRFRfleht & ORGHKAIF oP[BPE) 50fh LELWPERIRNHENSIHE BofetRylEREUI I d

duration of ‘barrier protection from anbi ent oxygen ingress, the surface

area of tﬂ‘tﬁyﬁn@?)‘? gF&%r%ﬁ%é@ﬁn@é&%cﬁoﬁ n@a&ﬁg@bﬁﬂoﬁédd{&}w? the

vol une fraction of gaseous he e in the package a e anount o

éﬁ?%/: ‘i?'géﬁéﬁ%%%%@?g%%@%zwﬁgffﬁtﬁe ?E%i%?%g%ogii\’§°?'§a%’}d§é° Layer,

rofe oy RO ShAMEL eI D (o o
ot S AT et BEY Bl ir e el W s v

coval ent 197 HON RS- VEV] ACSHER FoROmEarat SRaliR 2l S s ’

oxygen-scavengi ng reactive speci es covyal ently bonded tqg sone ot her pol yner,
Chat - cantoiroevRiond calligse ” 2B isealioa VeE e ENGUEEMAYST 9PRETSLY o heat
seal abl e pol ynmer base to conbjne the sealability of the base material with
coval ent wetsmr‘awgéhe%%b&*@mgwwéem rndey | Thinfagkees | by reduced
or negligible mgration. In an exanple of a specific anthraqui none-based
oxygen- sdaverginigokpadiesanpaver dotsogHcRBadPEBI 045 ROl Vide ng | ayer

matri x pol yner conprising ethylene vinyl acetate copol yner, such matrix has
to have signifinanopraiectionfonygie tad!einrdmaepydrinperseeatéti ng reactivity via
phot or educti on mechanism To achieve that, the matrix polyner is chosen to
advant ageous| Ylusarated mn &idure geismo backdgiag wadhstofictsese @ldiar acchydamoey |
functionalities available for a rapid proton transfer fromthe hydroxyl
group t o wikie thetroreatioxylgaing owb kexygrehscagengiogdayeks. tThe walistitucoee t he heat
sealing matrix has to have high W light transm ssion levels in the W

l'i ght wawflteaghventenp@outbe neddfiara pidldagieenichsosaiverhgepriaich itwtHi Qe
1 and substitute for fayers 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
fayer, 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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The rapi dly absorbi ng oxygen absorbing sealing | ayer serves as a neans of
renmoval of residual oxygen via rapid dissolution of oxygen in the polyneric
matrix and its rapid diffusion to the enbedded oxygen-scavengi ng speci es.
Thi s | ayer,wohb®h2ean be solid or porous, is distinct MCOMS2008030070

2009/ 120393PCT/ US2009/ 030070 encl osed oxygen absorbers and internally
attached oxygen-scavenger-filled adhesive | abels because (1) it contains

t he oxygehhstayeerg gidalivorowdallsa e pesardinedaysr, boubbistes pebk UsesticBeal i ng
pol ymer matrix or bound to non-heat seal able polyner fraction blended with
heat seal thag thelsheer coulddet tilszedd iri gheepackaging bl epeapsevated medinimdsgr at i on
and rel ease of reaction byproducts, (2) it additionally serves as an

adhesi ve hedifockalablieng dijelaysuil?daiite af arprémary pastive bpaddagger whieef erred
oxygen -absorbing | ayer conprises a heat seal able acrylic polynmner,

et hyl ene- ylsoHaatret high @aplipyredith E¥Aen toytntherpredpyt thelkffaktdee, ot her
nodi fi ed cell ul ose based plastics, or their blends with 0% up to 50% of

pol yol , pekyeemyérnaéadotateP¥Eossat. Thbybeneptsiand deficivivls afdpgghiymer ( PVOH)
by wei ght bl ended in. The long life oxygen barrier reactive |ayer,

pl aced negRjert s ABIRS ia§er, Highhea@aselge eyt tarickeripxpasede t o t he
external environnent or protected fromit by a passive polyneric structural

layer, i sTR@stetitsIoBAdNgeEu RASELYE BXMEeN barrier polyner (such as PVOH and
EVOH) with reactive oxygen scavengi ng speci es dispersed in or covalently

i ncorporated ijf&rdfe ifBiGie P ¥ TRfee ﬂi?@r tRREve L e cBVY gRRsREAVENgI Ng | ayer
provides a long-lasting attive barrier to oxygen perneation with high

reactivi Loyt Re SYMA%Rcoldice IRRS (REMRICRR. [StPudtrd BBris Algsubitame 10

nearly zero oxygen ingress rate into the package until the reactive

capaci ty é)sga f 1%9%\’[?%954%?%63(: st Rypa}[rﬁgu[ag 4iliBfble T&e#%’mir the rate

of oxygen diffusion a | ayer, ger 1t wil e to

Cove o1 et ABRLE ol SRR SANRE A RRC HbYE AR K BAAL MG LE DD T Bact | ve

| ayer int e barrier layer : Nr agui none- based
oxygen SCR1EHHia b PASK? 3 i PSRN KhE gl =0 provides @
2009/ 1203a %%%{igﬁzlggg{ 93%&9&1 high reactivity toward oxygen is made from a

long life high passive 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.

IHustrated 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



hydroxyl groups preferred for efficient UV Iight induced keto-enol
tautoneri zati on of anthraqui none which serves to activate its oxygen
scavengi ng capability. That does not exclude the use of other polyners
(such as ceWwbubwamstmased pl astics and pol yol s) cont ai nipag/usedowegoy7oor
preferably secondary hydroxyl functionalities as matrixes for | oading

ant hr aqui none- based oxygen scavengers. It is preferred to protect the | ong
|i fe oxyg@no¥gati Bansmyssionand/ et fuvaiaraiaponpsysmissperthretet ghabl y one
that has a water vapor barrier properties as this allows for a thin barrier
| ayer andstpudueet $hehie-Ryers BYGHd 4§ ers optiomatiandeirepaty oeeddd iftber oxygen
barrier properties by water vapor absorption. A preferred barrier |ayer
conpr i sesmitdrials of thaldyieas Py, A¢dB3ldeedt PYaHtowachxothet welicspeesed UV
activated organi c oxygen scavengi ng speci es such as ant hraqui none, its

2- sul f onademasatetlysfanmt:ddend viaén ydaede Jihgrés- | ayers rape oyicalveiornsed obi ity in
and conpatibility with PVOH matri x. The optional third layer (Fig. 3 and
Fig. 4), amsy suitelehoalmeluatihasivéor exanple optically and W clear PET,
PETG or polyolefin sheet, exposed to the external environnent. It is
preferably ri giod thé |e®iriifd b@yghn amiértla?@lvmﬁﬁggm@sé Wigiepygivas a
structural support for the netal foil and both reactive |layers that are

usual l'y pg der Raid peyhidr &t BIgHIe Seadtvel ®gldge nt tevERGFIUr €

sensitive OH EVQOH | ayer from water vapor diffusion and subsequent

degr adat i @areHalithe oXYYER HePdehbBity RF QREPhE&Fe nPAOM Haferil] iatdiwbanal
passive barrier to oxygen perneation (thus extending the tinme of conplete

scavengero HeAChid 0 CARART /(2 ¢RgGithy At APkondRfbrisl of Ssd RFBRANPLIAALR: DY

conventional techniques. ptional thir ayer does hot have to be

" : : . . _ . uct

W th-addiaree A PR O Feren? e N e R e B o 1 e
10 20091 12 RPSERSH SO IAARTA SR PO G ) gD, 59 g, surface

treat nent's, coFors, ri'n n-layer. is a eous to
have an o e o ngj 0 r terhal LvhLty can.be

net i vat e Sreted RLRREOAY BALR BB bl 2R G ML ey Ry e ur
reactive capacity of the scavenger to _consunme oxygen can_be preserved until
¢ s actiGhits ARsaleAtarET IR igE s Tapk PO GIY Rayocrahigrbing avet a
based oxygen.scavenger activitﬁ is often %éi edpﬂx Gg; ture diffusion,
whi | e mardy2BPEM €X BRrEEaRIRG IS eafRiiner4 AL cammy |§ﬁ\é&t@1 abe
triggered, by exposure_to actinic radiation in the UV range. In order to
achi eve dhRicgndiienseaf Hﬁe-agﬁf@%ﬁeﬂdﬁ“/&e”%W%er@éﬁé? OXN@eRT ruct ur e i s
preferred to be highly transparent to the W |ight wavel engths that trigger
phot or ed@sPERIngfla¥e isipagiix ingateeial isnpg g etnt(R §f'8y‘.0-9891 §dyPeednodagcavenger
activation result in a large fraction of reactive functionalities |eft
unusabl e &6Y. oxygen scavengi ng purpose. That reduces the avail able
activated capacity and increases the overall cost of the scavengi ng

conposi ti on pdhegaekanfeinvPrebedesdribgy gensktoaweaiilegg natfer inadldlayee t he

ant hr aqui none- based oxygen-scavengi ng conpositions that can be efficiently
phot o r echavéty by le@sposarepiddy aheollhg irednttivediagt eaud bt ldask owe 380g rife
preferably in the presence of secondary hydroxyl functionalities in the
mat ri X pglaseie oyigeawtbsanling apsr Usah torédmh abaspohes gdaakyging deicleg present .
The observed 60-80% efficient keto-enol tautonerization of anthraqui none
upon photseitedic fdroatffik R Fe fr@vh PO fBdsi dim i afx e ht fr et heggdkiage, shges suitable
for rapid and efficient scavengi ng of perneating oxygen nolecules. In one
parti cul gedgadegdimpRientByiosggeaadgatshhesithdpaccpsedolignaht @Raldet i es can

of location, matrix material, and reactivity of reactive oxygen-scavenging
fayers as well as the corresponding structure compositions and the method

of manufacturing such a structure. Specifically, the invention is primarily
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be advant ageously coval ently bonded to acrylic polyners usabl e as heat
sealing materials. The i nvention enbodi es structural designs of
oxygen scavengi ng barrier packaging that (1) serve dual purposes of
reduci ng orwelzbmwimabi ng oxygen ingress through contai neCTwakdogofoon a
significant tinme duration (for exanple, fromseveral nonths to 2-3 years)
and rapidly scavengi ng residual oxygen left in the package after sealing
(for exanpirecigidithi mhedvanadablaeolyyeric sjrugiyresuiablefan pikaningt i vati on of
scavenging reactivity by UV light exposure, (3) have oxygen-scavengi ng
capabi | i t phamoizqeenidehandhubeichutiotisingle diistpaqrodusisdnitharspforembiet al
catal ysts, (4) can be heat sealed to other substrates to form nore conpl ex
packagi ngbitteuphokesTho$) skiflad be théartwilbamedclage toafaritthahtte t echni ques.
The two described, rapidly absorbing and long life, distinct oxygen

absor bi nginvaytos icaot himitel wt poarncaaueidal bhstenpbeks asdshabotheodarriaded on
the structural support |ayer or on a renovable rollstock substrate (for a
| at er usepakagimpappbfatidrizess eratlaessddirbaturakbdesynsiclavged)g Oxygen
scavengi ng capability of both oxygen absorbing | ayers can be activated on
demand bysigfuleate@B dkdaetiss of BKOyétl @ty iehe intbodienikhgd aoxy@aiowt a¥engi ng
conposition allows for activation of I1ts reactive capacity. Depending on

the chem Fe%iddbé‘@*ﬁ/geﬁffrdrh%@ﬁégﬁﬂgéW@@gir@q:)@gﬁ:ﬂé withiRitakeugaihg cavengi ng
functionality can be activated through di fferent nechanisms in each | ayer

of the OoXygaNiRPSARORIS IMeFidng. SRt & Mdthbadhaudes th& ehbgpddfatignge
(200-400 nnm 1s a preferred activation nethod that can advant ageously

provi de auf @l Sk ddiicPH9 gtg{]}&rﬁgé&!ﬁ’é%?arﬁ”‘%b‘éﬂEE&”onheqin%@ﬁfiéﬁ‘i‘né’t&‘igﬁn

scavengi ng species In eactive l[ayers simultaneously. Activation by

the, near - syl sngidhiy R AARR 1R0RIARCTI LSRONRIOR00TR ASSRA00 i <

preferred due To w de commercial  avallabl'lit ower cost of such Wv

sources. I rr.efl oxygen scavenger is anthraqui none, anthraqui none
2-su|fon§%§ﬁ§§éﬁ&%F@§Ef, and/ or anot her ant hraqui none derivative with

functionality-gll.owng coval ent. b jng of . iy 4 : an
acrylic pol yrreﬁ'ebigé’gr.’g%i'ss (bLf'ré(# & 5@%’%%5‘%‘&@?@@%@’?9@3 F%g%ég'nrfint |y
activated in the preferred near-UV range. ,The ant hraqui none, oxygen

v enger sristh P HBHE AT of Fiduclind § e dlg Mt REHATERT I HPRER
ability to bind with the matrix pol yners. . The descrLged t wo- | ayer
eact i ve-RRIAAALIAN A SR BengoHAlY 2 rBsets oL rnidl aIpALE e diRLerYgen
structures are preferably manuyfactured by wet copating of aqueous sol ution
of PVOH péP RAGkagE; s'lyﬁw s%goa%tﬂm%m deid G @hd%'&@e(ﬁ‘;ﬁfwg speci es
onto the structural support |ayer (such as clear PET sheet) with subsequent
dryi ng i rPackagiebst Herews Rart kBakeof user Porpkia It IeaStHWaT9asyi¥E | s
preferably over coated with the oxygen-scavenging acrylic |ayer (from

sol ut i on @fyaesh-syavgngingipphinericlayerdirea spacifgiordepandrmadsfiami on coati ng
or a simlar technique. The sealing oxygen absorbing |ayer preferably

cont ai ns distiaeft pwlgmeritometdriade avidx geremtisdlsvifigemtfnasseaneddeny coval ently
bonded to the matrix polyner to prevent mgration of oxidation byproducts
into the tsaadpedt pacgagies. Whehoxygaesdiavenging symtetnthand piavengef t he

i nvention, the thernoformabl e substrate surface treatnents, barrier

coat i ngs,comdhashvient iethayeagiveddhpasi caa Ipe ke sameadr differerastndegdrelihg ke can
be used between the structural layers to inprove interlayer adhesion and
passi ve hafgpedifippapRige erorettibheeglirueiewte sudinas axygeaivedhaabionmfst ruct ure
of the invention is suitable to be activated, thernmofornmed, filled and

seal ed  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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WD 2009/ 120393PCT/ US2009/ 030070 in-line on the sane packagi ng |ine,
resulting in reduced blister pack production costs in addition to the
descri bed benefits. The polyner layers formng the layers of the
i nventi on maeniabesnf the invention nmay contain known ppelugnmeozaddi tives
not significantly affecting the oxygen barrier and scavengi ng properties.
Such known additive and residual materials including conpatibilizers,
processi ng ai dehe sylidrabmosbintg wectes Jaykanyhishde plagaskneriar os expentd
pl asticizers, tacktifiers, slip agents, residual hardeners and
cross- | i nki the pagkage avagentgpiscalady eferablyenom § beavjeaiaklerpalymar
Background [0010] The perneability Pof an isotropic passive barrier
mat eri al highdy ppeoedble tpexygant(ssadt bs hsavzgaablegasylic-hasedladhedioki ned as a
product of the kinetic oxygen diffusivity coefficient D and the
t her nody narndéfieck ygléur oset hisiedi thy rreoefdstici cerdth@ienet ieyhadetaiealEVAP = DS( 1)
copolymer hot melt adhesive) which incorporates an oxygen scavenging
species dispersed in or preferably covalently bonded to the matrix polymer.
Alternatively, such oxygen-scavenging reactive species covalently bonded to
some other polymer, that cannot serve as a heat seal alone, can be blended
with the said heat sealable polymer base to combine the sealability of the
base material with covalently bonded oxygen scavenging functionality,
characterized by reduced or negligible migration. In an example of a
specific anthraquinone-based oxygen-scavenging species bonded to or
dispersed in the sealing layer matrix polymer comprising ethylene vinyl
acetate copolymer, such matrix has to have a means of activating the
anthraguinone 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
anthraguinone. 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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[0011] At a specific tenperature, relative humdity (RH), and oxygen
partial pressure difference Ap across the barrier. Then the neasured steady
state oxygen transmi ssion rate TR across a barrier with the uniform

t hi ckness Lwoamodnessps edi cted as: [0012] The oxygen frAcuxistdobmonxygen
mass flow rate across the unit surface area of the passive barrier) is

defined as: = TR Ap = -LAp(3)
enclosed oxygen absorbers and internally attached oxygen-scavenger-filled
adhesive labels because (1) it contains the oxygen-scavenging functionality
permanently bound to the heat sealing polymer matrix or bound to non-heat
sealable polymer fraction blended with heat sealing polymer, and thus it is
essentially prevented from migration and release of reaction byproducts, (2)
it additionally serves as an adhesive heat sealable layer suitable for sealing
the package. A preferred oxygen -absorbing layer comprises a heat sealable
acrylic polymer, ethylene-vinylacetate copolymer (EVA), hydroxypropyl
cellulose, other modified cellulose based plastics, or their blends with 0% up
to 50% of polyol, polyvinyl alcohol (PVC), or ethylene-~vinyl alcohol copolymer
(PVOH) by weight blended in.

The long life oxygen barrier reactive layer, placed nearer the exterior
of the package, which can be exposed to the external environment or
protected from it by a passive polymeric structural layer, is made from high
passive oxygen barrier polymer (such as PYOH 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 PVOH/EVOH matrix,

the matrix also provides a ready source of hydrogen atoms in secondary
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[0013] Where zip- pout- ph, is the oxygen partial pressure difference on
the opposite sides of the barrier, outside and inside the package,
respectively. When both upstream and downstream oxygen pressures are

mai nt ai ned wornsdanrdsys t he st eady state perneation pattermrmeEsubbsoein the
passive layer after a certain delay called a lag tine. In steady state the
ti me-inde endent oxygen concentration profile exists across the uniform
honogeneol¥d ot pralpsapeaferrad feuefficentady lighatrdumddietoonsol the rate of
oxygen sorption into the layer is equal to the rate of oxygen perneation

t hr ough t tesitbeesizatind afesybradquiedye adnich stves e activatedts oxygem i ngress into
t he downstream environnent. The reactive oxygen scavengi hg speci es present
in the passiwegirayeapabiligr i Bhatalmsgetthealsdeduyuse af etlperpagmiecon pattern to
a transient (tinme dependent) behavior which persists in the reactive |ayer
until it s(suehctsicedlutampasadeyl plasdephed edhmls) @anhindmg prinhangeymeat i ng oxygen.
The higher the layer reactivity with oxygen, the faster the rate of oxygen

sorption prdferdiie seé@yriarahgdidde/| IfonetioddiRidsatsematrivey fienopgingeat i on acr oss
the layer will be conmpared to the passive |ayer. [0014] The instantaneous

reacti vit yntra z%@h&obé@é@pﬂﬂ?tﬁ éﬁ;ac&llsy réR$M@enoSsRYERAhRdoRgr I'i er
with thi ckness@LI is describ by the i mensi oﬁl ess ini tllggl Thiel e rgmdul us

00 of t heif VEL A e NaylePTVOY ¥V iRl sdppdiay. BdTer A08Me twat had 08, pp.
L0616 10 aeBRId AR Tafepthyon YU Bk stlpnditiayer CHRIerdtAPOhe At had 05, X

order reagW8 VA I5ahet %%pér‘i’festﬂechﬁyéﬂldwé%ﬂ é(%ﬁl%%a[r‘??é?tlé\)é‘? dryer, which

in turn depends on the overall stoichionetry p of the scavenging reaction

(in nol espR{ YRE VNSRS | ) r?{%%eﬁén@ra‘fi@ntofyﬁfegrhéx& ﬁﬂ?ffﬁal(aveng' ng

conposition the actual overa orward reaction rate st ant bet ween

gﬁy?ﬁg gzﬁr&[{ezggfﬁgﬁ%&g?gaﬁgﬁ%ﬁﬁgbgnt r}?p%ﬁ%ﬁeﬂzfﬁmg lawelﬂsc'o\lr?p i{dui tations
fully or partially hydrolyzed PVOH matrix with dispersed UV activated organic
oxygen scavenging species such as anthraquinone, its 2-sulfonate salts and
derivatives designed to improve their solubility in and compatibility with
PVOH matrix. The optional third layer (Fig. 3 and Fig. 4), is a material 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 subseqguent 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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initial concentration Ro of the scavenging species in the matrix material.
For commonly observed bi nol ecul ar oxygen scavengi ng reactions of the second
order overall, this initial rate constant is expressed as: ko = 1KRO(5)
[0016] The digmmsizeael ess Thi el e nodul us rel ates t he ratrafszeeasioe
absorption of oxygen within the layer to the rate of oxygen diffusion
across the layer. Large initial Thiele noduli FO "1 of the reactive | ayer
cor r espondxygen Bedowaier barferstoatiaiosf sigiface treatmentsegotosacanid psintaade
efficiently renove (intercept) perneating oxygen during its transport
across t hekimaayéer. The performance of such reactive barrier to oxygen
pernmeation is characterized by the barrier inprovenent factor. For the case
of zero oxygenitjs edgantagemss tehaveapacgge spaverngitg poemenic mhatieribbrri er

i nprovenent factor yo relates the steady-state oxygen flux J (P)through the
passi ve bahoiseredativityecanmbé nelivatbll ecttriggeoed/gamemhand by SBneaexessalt he

downstream boundary x = 0 of the activated reactive barrier with the sane

passi ve tsamseorthipmepahkifa rasctive capacity of the scavenger to consume
oxygen can be preserved until it is actually used in the package placed in
storage. Transition metal based oxygen scavenger activity is often triggered
by moisture diffusion, while many organic oxygen scavenging chemistries
are designed to be triggered by exposure to actinic radiation in the UV
range. In order to achieve a high degree of activation of such scavengers,
the structure is preferred to be highly transparent to the UV light
wavelengths that trigger photoreduction of a specific scavenging chemistry.
Low degrees of scavenger activation result in a large fraction of reactive
functionalities left unusable for 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 anthraguinone
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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[ibid.]: J (p) sinh(00) Yo ol ROO (6) [00171 At the sanme conditions the
initial sorption rate inprovenent factor 7, for oxygen sorption into the

reactive | ayer upstream boundary x = L, for
WO 2009/120393 PCT/US2009/030070

be advantageously covalently bonded to acrylic polymers usable as heat
sealing materials.

The invention embodies structural designs of oxygen scavenging
barrier packaging that (1) serve dual purposes of reducing or eliminating
oxygen ingress through container walls for a significant time duration (for
example, from several months to 2-3 years) and rapidly scavenging residual
oxygen left in the package after sealing (for example within several hours),
(2) allow for efficient activation of scavenging reactivity by UV light
exposure, (3) have oxygen-scavenging capability independent of both
moisture diffusion and transition metal catalysts, (4) can be heat sealed to
other substrates to form more complex packaging structures, {5) can be
thermoformed by conventional techniques.

The two described, rapidly absorbing and long life, distinct oxygen
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 case of catal ytic oxygen absorber that is not consuned in the reaction:
= Jai (P) tanh(&) I1t(R)00 [0018] For highly reactive scavengi ng systens
formng reactive layers with large tbo : tanh(4)1; therefore for high
barrier nat e mbgizeus h | ow oxygen solubilities in themprdhes:stomamys St at e
rate of sorption increases in linear proportion to 4, if the scavenger has
an excess reactive capacity, i.e. it tenporarily acts as a catalyst. That
rate i s ofIEihr4f8t nBUfis pesfented dugptawidie camnedicia iavatlalolipgend sewet i on into
the reactive layer for any significant tinme duration, since it requires too
much exces§estelavtahvidV sapscdst J(}Jledvﬁfmeﬂ OXpyere adayENger dX gothraguivume, t o be
renoved, to be sustained. In many applications, providing such an excessive
capaci ty asthragubvome 2alulfonatosdéiun salhy avd te arapghdr aedirdgainomeygen r enoval
by the oxygen-absorbing | ayer w thout excess reactive capacity, |ayer
mat ri x materivatiwe withHuhicghnalitygeiovd ol woivkieny bandird bf asthratuirame pref err ed.
Even though hi gh oxygen diffusivity in a polyner matri x reduces the initial
| ayer reagtowp tdhanachylgheslymardene. This preferred oxygen scavenger is

conveniently activated in the preferred near-UV range. The anthraguinone

oxygen scavengers are preferred because of the ease of activation and their

ability to bind with the matrix polymers.

The described two-layer reactive-reactive and three-layer reactive-

reactive-passive plastic structures are preferably manufactured by wet

coating of aqueous solution of PVOH polymer with dispersed anthraquinone-

based oxygen scavenging species onto the structural support layer (such as

clear PET sheet) with subsequent drying in a convection oven or heat tunnel.

The dried PVOH layer is preferably over coated with the oxygen-scavenging

acrylic layer (from solution or melt) via suitable slot die, curtain coater,

extrusion coating or a similar technigue. The sealing oxygen absorbing layer

preferably contains an anthraguinone-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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mobility in such matri xes nmakes all oxygen scavenger species distributed in
the | ayer easily accessible to diffusing residual oxygen. As a result such
a layer with a highly perneable matrix will efficiently renove residual
oxygen t hr oughoswamies sorption and reaction with the actribvakmdy/soavenger

t hroughout the thickness of the sealing |ayer [0019] As Fig. 5
denonstrates, the rate of oxygen perneation in catalytic reactive barriers
is exponelntlla¢3 oy thedwerel patkagiog dineayesultiegdn |r®ﬁilt(§ecbgllﬂt©ﬂ\/§a@k the rate of
oxygen sorption into the layer is only linearly proportional to its

react i vi tgrodectipare@seqimaaddinsngoahd descrilbhd behefits. reactive | ayers with

hi gh reactivity, characterized by large initial Thiele nmoduli 00 (for
practical pur fdegsolwiienRyer85)rmaimg Bepageal dfythadhlestion ethtasaxofgle barri er
| ayers. High reactivity of the layer results in significant barrier

I Mpr ovenenve i@t npRssomeirknowagidiyateddtajes noatsignifickiedye hffeetihgyers with
FO=10 result in effective perneation rates 1000 tines smaller than the

llayer W tiheGidygepasatiee apal scavendmal rgnspeaiespr ditdienowh welditakd agd t he
reactive |ayer nearly inperneable to oxygen. The barrier inprovenent is

nmeasur ed reglchtal Veatk AaRBARSIUENG ComPBDII AN | BlcRe9éinggdt a6rarience,
i nprovi ng passive barrier of the reactive layer by matrix polynmer selection

or nodi figakides, ﬂﬁfgi&laéslrra:s!cm%ﬁ%Rxénlieaggwgeﬂartatquﬂ@erimj A§EsE, on top of
i ncreased passive barrier performance. The result of using hi gher passive

barrier pRLWIRI hafdéhdrd%Rt dFBsS 'IPhkfu’Pgi a@@ﬁts%a(}’w;gl%ﬁll\%@‘tﬁ@%t tois

synergistic | nprovement 1 n overall barfier pefrformance of such layer. The
correspondi ng practical teaching of this invention is that in order to

create aropbbi na‘rﬁecg,%@,gg;y&k%&h@r | ayer, one need to select the highest
possi bl e passive oxygen barrier matrix material for a layer and then add

oxygen scavenger with the highest reactivity (bulk reaction rate constant

W th oxygeo) o} o The pQQﬁéa%!ﬁtWP'oﬂ‘&n' ¥ B OSE shAAN AMER M ERNBE RS Bat i ons or
| ower activity scavengi ng systens to create a reactive barrier |ayer (such

as clai neg, etem(twﬁmﬁ@dﬂt JRhE PRIRIM o& RBL&UEM)ddiRd 2eh 6l 8Rt odhebest .

Wth reduci ng the scavenger concent T at i on or scavenger activity in such

2366'9?630%¥§ﬁ§ oxy§en dirh ittty THERlFe AP YhHShefthE AR od Vi RROSk B 93Per m

solubility coefficient 5in the material:

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:

]')
TR = (2}

L

[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::IAp (3)
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| ayer is proportionally reduced resulting in exponential decrease in the
barrier inprovenent. According to fornula (4), the matrix material used for
barrier layer with | ower oxygen diffusivity in it contributes to increase
in the initwalzomweacti vity of the |ayer. The result of gatismayeoiral
selection for the barrier layer is a dramatic increase in reactive oxygen
barrier inprovenent on top of the | ower oxygen transm ssion rate through
such hi gher barrier passive matrix. This disclosure forns a basis for
robust design of highly efficient reactive barrier |layers. [0020] Fig. 6
shows st efiM-33t alWheoxXygen fy,esginietid okydas panidiprgéirkalifferareaadn ve film
(a) and in the disclosed two-1layer reactive-reactive filmwth

oxygen- abgr bk iansddex v efe Barddrebutad@rad ihsideadsigagkaye reactivity of
oxygen barrier layer (e.g., via increasing its thickness, oxygen scavenger

concentr a.tésgeg:diwq’/.tw:qeﬁ bR LS tRhNPEAY oUMstRaH YRV JaNprédsLieshpul t aneous
inproving of its passive barrier properties (via | ower oxygen diffusivity

and sol ubén}amtme@ dIR ARy Bhe BRI HaROH BYERRIdNNSa @07 redliit§ URREOr barrier
function of such reactive |ayer at the expense of reducing the rate of

oxygen absarpfd @gg’ RitOr 36N ath aémgrcaué@ a%gﬁémfe.oini JTRLQY StRYYHE RN ﬁi ion

characteristics reacti ve oxygen scaveng ayers 1 n practice, t

oot & of RAEPURAGARAGIJSh AlnEATAMIAN BN YARE: SEBLERAELRIRIM | 1e A0008 2t o

costs of a capaci reactive wth I'imted thickness

e L0 AR oad P KB SR ST R S0 SR TR, SR Ya g © 0 ption

exi sts at any ation of’ scavenger reactive capacity

depl etion, The foll.ow. i scl ' h to | i ent

(t o denenbh iBL0A% e By BRH fal 3P ab e Shite ot e Be g4 v For

id | of i dual f t Kk interior. WD

D060/ 120355kl chb BT g8 Sabranslf SMHale BRIEP R 6RVEE) Hyrest ey gen
scavenger, that i s consupmed duri its stoichionetric reaction with oxygen
oaded | rif§ APWRSFERATR RAVITRAEIENt hie 0 3GHNEI Ve BtV SV PSS PATHS scavengt ng
reaction is known to proceed in the formof a | ocalized reaction-diffusion
wave propd§aethiy tél@r%%lweﬂé\/%wewif@»@ﬁsgghﬁr&w W&latg e Msiedar y and

consum ng all the scavenging reactive capacity jn its wake. Al currently
known oxyRpsteradavkigesignhféme 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 Thieie modulus 4, of the reactive layer [Solovyov S.E. /

Phys. Chem. B 2004, vol. 108, pp. 15618-15630]:

k,
Py = L\/""; )
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consumabl e, i.e., non-catalytic overall even if they are catal yzed by a
third species. [0022] The tine-dependent position L" (t) of a narrow
reaction-diffusion wave front propagating upstream across the non-catalytic
reactive bawoizenw/itisem t he package interior and consum rgTitsgegcavmnger i s
expressed as: 112DSp,"t(8) [ 0023] where p, is the fixed or slowly changing

parti al ssure. i nS|de t.he al\hen the reaction-diffusion
Pave 1 eactd S navpas ki e ntial Raebds Teharder Batonra carstt el Oor
oxygen consuned by the surface area A of the layer during that tine is
f ound as:the fully activated reactive layer, which in turn depends on the overall
stoichiometry u of the scavenging reaction (in moles of oxygen consumed by
a mole or a unit weight of the scavenging composition), the actual overall
forward reaction rate constant K between oxygen and the scavenging species
in the absence of diffusive limitations on the bulk reaction rate, and the
initial concentration R, of the scavenging species in the matrix material. For

commonly observed bimolecular oxygen scavenging reactions of the second

order overall, this initial rate constant is expressed as:

k, = uKR, (5)

[0016] The dimensionless Thiele modulus relates the rate of reactive
absorption of oxygen within the layer to the rate of oxygen diffusion across
the layer. Large 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’O(R) across the downstream houndary x = 0 of the

activated reactive barrier with the same passive transport properties as
[ibid.}:

_J7 (P) _ sinh(g, ) 6
yo - ']0 (‘R) ¢0 ( )

23



QAte(t)=,ul?"AL"(t)= AV2, 1t RODSp1,,t(9a) On the other hand, utilizing
result (7) and assum ng high reactivity 0" "1 of the catalytic (or,

conpar ably, excess capacity) reactive layer, the total anobunt Q(t) of
oxygen cat awgptzbiwabdsys renoved by the surface area A of trcenisaywensons found
as: Q(t), A*. 1111-7/V) t(9b) [0024] In both cases of non-catalytic and
catal ytic reactive oxygen-absorbing |ayers (results (9a) and (9b)
respect i vBIOJ)7] tAetheasayse coxgdiéansditvef instiali soyp tan daolmipiove e nsifactore
reactive layer matrix are both advant ageous for faster reaction wave front
propagat i &nTeY AXYRRN EQfPAIp: ingo Iﬂ&%/é%db(ﬁda‘!‘ﬁruP%E‘f?éﬁth%ldﬁ”‘tf &stdr [Absorption
of residual oxygen in the course of diffusion-controlled rapid scavengi ng
react i on. tHEhersefafr@talytie opyget iababriterdbht fsgnof canswsnédirethd traction: maki ng
efficient oxygen absorbing | ayer for renoval of residual oxygen is to use
t he ponrrEr _vh iR th@h sghest oxygen permeability P= D5 in it z)s a matrix
for | oading ~hi,gR) y rgactive oxygen scavenging system The hlé initial
reactivity 4 of oxygen-absorbing |layer with 4 >3-5 is still required to
practice the invention. O herw se, the

[0018] For highly reactive scavenging systems forming reactive layers with

large ¢, : tanh(g,) - 1; therefore for high barrier materials with low oxygen

solubilities in them, the steady-state rate of sorption increases in linear
proportion to ¢,, if the scavenger has an excess reactive capacity, i.e. it
temporarily acts as a catalyst. That rate is often not sufficient to provide an
efficient oxygen sorption into the reactive layer for any significant time
duration, since it requires foo much excess reactive capacity, compared to
headspace oxygen amount to be removed, to be sustained. In 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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oxygen renoval by either catalytic or non-catal ytic scavengi ng reaction
wll not be efficient and the rate of renoval will be unacceptably slow (as
shown in Figure 5 for the rate of sorption). Gven a certain bulk
reactivity whavapeei fi c oxygen scavengi ng syst em (t he Hoohds2wabmomonst ant
K), the choice of polyneric matrix material and its thickness for | oading
the scavenger to satisfy the |ayer design requirenent 00 > 3 - 5 can be
easi |y delG8IBlneds Fig.thde@osisinalesd the rateeoiaeXxygeecoe M gajiaroi ndeftahtici ons (4)
and (5). [0025] At the sane tinme the rate of ﬁermaation across the barrier
exponent i tdalclivel darersds ewiponentially rertusadi wigh Anadayerdeagivity didsawevere) ,
therefore the materials with the | owest possible oxygen solubility and

di f f usi vi the @te opoefgersorptidry irdel thetlagkrfisrondxligearly paveergienal tadsng i nto
themto create an efficient barrier to oxygen perneation. Low oxygen

mobi | ity reactivive (gohparr equedtians § wnd 2. |Tdweefodef faaciive layeco@fith bigdnt )

I ncreases the oxygen nol ecul e residence tine within the barrier |ayer and
thus is befaictivigy charaeleriead vt lneggiritialol hieteymeidubixggéar peatsicabn with t he
di stributed reactive oxygen-scavengi ng speci es. Low oxygen solubility in

t he matripurpedes edtiegncens r ate esyecafllydivels suived asxopygenitrartine layars.i x and
therefore extends the tinme until the scavenger reactive capacity is

depl et ed mggeiéi%é:ﬂ@ﬁ‘?foif‘%ﬁe Wiyeh r84ALCH QBRITdaRT BEPHET indbrREHARN -0viePO26]

Structural
passive or inactivated layer matrix. Reactive layers with ¢, =10 result in

effective permeation rates 1000 times smaller than the layer with only
passive polymer matrix can provide, thus making the reactive layer nearly
impermeable to oxygen. The barrier improvement is measured relative to
passive transmission rate of the layer, hence, improving passive barrier of
the reactive layer by matrix polymer selection or modification results in
improved reactive barrier performance on top of increased passive barrier
performance. The result of using higher passive barrier polymer as a layer
matrix for adding oxygen scavenger o 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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[ 0027] An oxygen scavenger in a polynmer is usually a conplex chem cal
system for absorbing oxygen. Wile it is possible to imagi ne a singe

mat eri al that behaves as oxygen scavenger, npbst scavengers are conpl ex
systens i nveloviomgizesany di fferent conponents. Sone scavewgarssesaemoionsol ubl e
in polyners, i.e., they exist separately fromthe polynmer matrix, and are
activated without any help fromthe matrix (like inorganic iron-based
powder s) : layeclis pyaqationa iy restuicedi rgsubingeinsey forsmichidpeaserigdhe ¢ scavengi ng
systens may require catalysts, initiators, proton donors, and inhibitors in
addi ti on barriediidiprabtmestibdccanding Ev éor miilagde Hheysawirs materigled secctmt ai ned,
their bulk reactivity with oxygen in their "pure" formis nostly irrel evant
to their beetdrlaydrywithilbweeokegeediffusiyiol ymicootdibyesgo iBoldaseéadhé vi ty of
pure self-contained systens is usually inpossible to quantify accurately
because i initlepeadgvionof e [yysi Tak résulmodsuthensteliht selnt@ddmédr gdeavengi ng
system (liquid, resin, powder, particle size, shape, norphol ogy, structure,
test condbhirErsapdr i©xPosuiRid BcpasednTeazygeoxygirchrridMatprontinens i n use
is the systemreactivity in polynmer: this reactivity is between a  conpl ex

scavengi ngn$3piFThanewexygededirasohivadon RPa@ thebydRsutRhigher(batieer than in
gaseous state). In such situation, the constant K in polynmer could be very

di fferent phEGi KdiAx9a%hiP Bz sutrBIbrfs Wasintord RIBUSE dkSigin sehighant ) .
Therefore no fixed K values can be specified even for "pure" scavengi ng

syst ens, chr;%,gg, ab@k BErRAqky&al cul ated from perneation data for

scavengers e ed 1n specific polynmer matri xes. Thus, the role of polyner
matrix is inportant in describing the scavenger reactivity. In other words,

wi t hout spRRd]i CrigoleYdRiwd Bleabiy- ARtk bRyl egassofe pROMESah sfrRlEnffert he

specific Scavenger system the high or Tow reactivity of scavenger itself

cannot beydletBfin Waha SARNORIRM NG NadraRcRATUEAN Al iR eact i vi ty

of the reactive ﬁiayer cont al ni ng t%e scavenger ., Its initial Thiele

modul us%ggxgg;@glrsébsuﬁn ARESA R BATTr BBy dial nGRAsRG t'h%'rg%%ih?of‘ he passive

i !
oxygen tr t properties o e surrounding matrirx. | In rapidly

?ZZE i E&%\?%é@%iﬂﬂ%ﬁﬁﬁgq-%‘é“c’*?@@fﬂ%ﬁlﬁi‘%Z*‘kkﬁaiﬁ?%éﬁﬁ%ﬂéwsLL’ZL E cact
bar 1 or oy RS RETE, S R RSl NRRE Y Bkl <cavengi ng

system which woul d. be unaccept.ably sl ow in | ow barriet..nmatrix, .,noOw can
eact 1 astiarylihof i RepRE R aloRwE¥s B TpuBl ogRoth AT Sha: mmkes
this scavenger, "highly reactive" in this partigcular. high barrier matrix,
al t hough slabUiydh e kb dratr i polvenss HheBoaket U5t BaterT Ean Rt Pl bed as
hi ghly reactive. Al reference to hi Phl r,eacéi ve SC ven%reﬂrs shoul d be
under st ootHGMIEACHYE Hver 136 the sxeepse gf reqiicing £pe ateploXydRn RlpseTpHOE ve
oxygen transport properties in the matrix). WO L

2009/ 120398PeTL U800 00T ST [LOGPP OYS OKKeeHEaFRIA LB HRCHITEG S fine- based
scavengi ng systens the "systen! is not conplete nor can it be activated
Wit hout hieactiXg DXy ORR SEAYFAICING dayeps &5 BRActics, L finde reactivehianadyfengi ng
system does not exist in "pure" state and its reactivity is affected by the
proxi m t ycarsdimable 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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concentration of avail abl e hydroxyl groups around ant hraqui none oxygen
scavengi ng sites. That fact nakes PVOH and EVCH polyners with nultiple
hydroxyl functionalities especially suitable as matrixes for

ant hr aqui noweka®adisexygen scavengers. [0030] |In view ofedines:aessmnibed
fundanmental s of reactive-diffusive mass transport in barrier and
oxygen-absorbing | ayers, the invention discloses the conbination two-1|ayer
reacti ve- l8RAli vin danrse of nenrcatalytie otygsnbrarergen éhalhisre@nsuored eact i ve

| ayer serves a different purpose (Fig. 2). The first rapidly absorbing

| ayer expdsedgtits sthichiamletrie reatioenydh cxypens ksidadgotoasayer that hax awi t h

hi gh oxygen perneability P = DS, |oaded with highly reactive oxygen
scavenger [argaénitiahiaastiviyds pBeiseavengipg seeaetim {5 koRMn datargcershiieNa o t he
matri x polynmer or one of the matrix polyneric conponents if the matrix
conpr i sesfanpof grecalbleendaciibn sdiffal idhease pvepggaith g paciseshangeer ef er abl y
oxi dati on reaction byproducts remain bonded to the matri x and as such

cannot m gigke QU Sind@ietIRPe DB i ®iry e aRtiivgl Al afd aelvehhmgorQdtice or its
environnment. Alternatively, the scavenging species can be dispersed in the

mat ri x dugAmgityahtitsCOAROUAR G &itA0RnoWh Vkyeer skheedaswured | evel of
m gration (leaching) of the scavengi ng species and/or its oxidation

reaction by aRasIeS |, d08%N10hEMIFCEHE AN WIERYT BREC Ak GtaI9ged BYQL thigyi del i nes.
WD 2009/ 120393PCT/ US2009/ 030070 [0031]1n order to serve as a sealing |ayer,

the fi rsts%‘f\@&ti ve | ayer advantageously conprises a heat-seal able resin or
a pol yner end with a heat-seal abl e resin. Known hot nelt adhesives such
as EVA copolynmer resins with noderate to high vinyl acetate content can be

used as nHI022iesThe timé+depecoridpopesitrof. thef heatroveadactibor-diffesion
heat - seal abl e resins such as pol y(HEMA) | pol y(2-hydroxyethyl nethacrylate)]

and pol v(HBA el orBaodiysls AsnEomlc BE what ekl abpmcdieniagenusl v 2l ow

f or ﬁOV8.| en?é bOB| (6] aqul none_ errvatives at ar e_ cap dt 0 serve
cocondary RIS bRCGHasORR A0 YRR Sy hhd B RFRERESIbnls 8 deThe.
L, ()= [2P5Pul @)

0

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

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

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

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

Q") = R, AL ()= A2 4R, DSp 1 (9a)

114

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) of oxygen catalytically removed by the surface area A of the
layer is found as:

Q)= ASp,, JHKR,D -1 (9b)
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[ 0032] The second long life reactive oxygen barrier layer inmediately
follows the first high rate of oxygen absorption reactive layer or it can
be optionally joined by a thin adhesive tie-layer for inproved interlayer
adhesi on. The segemds |l ong life reactive |ayer conpri sess@/@biasiotc matri X
with | ow oxygen perneability (at |east 2-3 orders of nmagnitude | ower than
oxygen perneability of the sealing layer matrix at the conditions of use)

| oaded with the dispersed oxygen scavengi ng species or, alternatively,

coval ently bonded oxygen scavenging functionality. In a preferred

enbodi nent the oxygen perneability of polymeric material form ng the oxygen
absor bi ngl0@34r irsbath tasestofloo-tdamalytihiagHaatalyita readdivexyy@enper meabi l ity
of the oxygen barrier |layer for the effective |ong-term oxygen barrier

pr ot ect i onbsodémg tdyers (nesults édamtande(dbayespactivieha ethedargdrotxygeaduci bl e

ant hr aqui none -based oxygen-scavengi ng chem stry, it is advantageous to
have a si diffgivioxyyend sclabdityihig theamustivey layar hiegrikarg Hathe second | ayer in
order to activate reactivity of both layers by using the same external WO
2009/ 1203335tk Yo 09 24 00t Ureactid v alavadreaausopagatien st hom-@ftalgati vat i on by
t he sane source al so advant ageously applies to any other oxygen scavengi ng

cheni st ry|dyaat armifole speeddiy faxeehabaaptioneof YRS okhgeei0kige cohe
preferred enbodi nent for the second reactive layer is to make it froma

hi gh oxygendFaidiber ikl rdpVPelcansidingirtdctdis PERGRIo RNt hE paadcpane- based
oxygen-scavengi ng functionality activated by actinic radiation in the W or

near - W r &(i3@ind Bf ehiB STt ihHRIng &fichhit BYPgERPAIGTBINLRYEAFAS 8- 35% of
vinyl acetate by weight to provide substantial "adhesive properties. [0033]

The two r i | i i f : I .S, can be
made ver y@h?kﬁ(ﬁhq?gwaggég@%‘ éﬁf\gﬁ%%gﬁoﬁgﬁ@é\/@ﬁq? ﬁgéﬁ?%mérte%ieée cost of

OXyge”'cht‘éﬁﬂQwﬂtefng@ Rlitas 8Ma FS>! H/_{ lgﬁﬁﬁngﬁﬁrﬁggﬂﬁﬁ%'&ggg o%@&ﬂge and

resi dual OXygén r val ‘requlrenen pre ckness 'for each of the

rapi dly absgehighty Esﬁ’s)f@ﬁa.aﬁlge ‘Be 308! JeiaEﬁviE@ﬁ?rofiog(gB@hm@lﬁbrgirﬂg Riydr2 mi|

(2.5 and 50 m Croneter) an ween 1 and I ( and 125 mcroneter),

respect | Vgjup 4108 9q0dyfuaNeRAEIISEACHORRAGSN, DinéiUAle apgase the
two- | ayer structure often P not” Rave t he necessary rigidity to make a
di rensional ly stable thernofornmed cavity. In order to nake thernoformble
st ruct ur eOWIH" FHBOYARY pikberataivsicTaIoncakRviie yearending egastion Wil | s
advant ageous to _have the third passive polyneric |ayer exposed to the

anmbi ent _ ab@bBprEicieneand thefatsofaemoyd will dre ynacceptaldy slaw (3s ghovey . Thi s
third |ayer serves as a thernoformable structural support for the reactive
| ayers asineEigured fesihe ratesofaspration-i bivan psegrinebulirieretivitpobrygen and
noi sture perneation. In a preferred enbodi nent the thickness of the third
| ayer is $recidenxygamdca@nging sggeantthsdolvirateoranséant Keftbe ehpisending and
said layer is a structural support l|layer. The partial oxygen pressure drop
across t hpsiypes matsx miateviehbhnd agsethiciemsk tfor ioading ohe scaveygeen tpr essur e
po"" at the upstream boundary of the second reactive |ayer conpared to the
partial osatdv the &yeadesian eeviinent dpsphér@n rmeasibsdetarmgnedibit i on of

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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the reactive barrier phase is respectively advantageously extended
according to the result of Siegel and Cussler for the lag tine t,"
extension in stoichionetric reactive barriers to gas perneation with

uni f or m scawengerizebost ri buti on across the barrier thiclkmagszadoodderibr. 5ci.
2004, vol. 229,13. 33]: L2 pRo(10) 2D Sporn. [0034] Both | ower oxygen
diffusivity D and solubility coefficient Sin the reactive |ayer matrix,

| ar ger | otitreHOlExtMalix bpaesiloyer DTy sivigheeeldisirdhincaedses the adienat ed
reactive species), lower external partial oxygen pressure po"" and | arger
reactive hwmjegulehipsidaeestime wishin dxa badtiarHaydraand thus isrbeliesed dact i ve
barrier layer. [0035] Cear PET (polyethylene terephthalate) , PEN

( pol yet hyireneaseafhehaiodab)litpiod oRFFe PERRCw withhleethetritartegd e hetivat e -

pol yet hyl ene napt hal ate) bl ends, suitably treated by corona discharge to
pronot e adhkpgéroiscaverngpay agebipsadivas oeygqr sofobility iprtheenatox tedecesacti ve
barrier side and possibly by noisture barrier treatnent, coating, or

| ami nat i oboeerithegicisdsd dixpoised okgganin ehé naithimsplittlereftan dxeengethas t he
pol ymer |ayer for the passive structural support |ayer. [0036] The optional

third passineeuhalydie dtasehgerlcaotvé osp&dify sl dipfletrelt byeid @acabntlieh oxygen
scavenger in both reactive |layers through the chosen

stoichiometric amount of oxygen.
[0026] Structural Design

[0027] An oxygen scavenger in a polymer is usually a complex chemical
system for absorbing oxygen. While it is possible to imagine a singe material
that behaves as oxygen scavenger, most scavengers are complex systems
involving many different components. Some scavengers are insoluble in
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
irrefevant to their reactivity while embedded in polymeric layers. Bulk
reactivity of pure seif-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, et¢.). What

matters in use is the system reactivity in polymer: this reactivity is between a
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scavenger activation nmechanism In case of anthraqui none-based oxygen
scavengers in both reactive |ayers activated by UV |ight exposure, the
third passive layer is advantageously nmade to be transparent in the
activating & mwaveb®agth range. Exanpl es of such UV-tr angpeszenosout eri al s

i ncl ude PET and PEN honopol yners and their copol yners. Lower oxygen

transm ssion rate in the third passive barrier |ayer will also reduce the
parti al o%XpgHHEPSERANTNGEYHEE apd oxpaen thwedadyinot pelengremétiive barri er

| ayer 2 of the structure and thus help extend the lag tinme due to reaction
in this bamtherthagyiergaseauplstatihckusy dasitidtiat, éhe gaoktgitkgin polymetpect ed
shelf life of many nedicines is expected to be at |east 2 years. The

enbodi nentcsulst be heryddisteresteliomk éntdaswhdes dthidtes why the ldttar idesi gns suitabl e
for providing oxygen-free atnosphere in each blister cavity for at |east 2
years at fielevypi)cdhest¢forage fomidK viabres. cgnOld83pedifiedlevadifay “miredn effective
anount of oxygen scavengi ng species into the first rapidly absorbing
reactive keywndinmg gestechst but tles) duabe imatlspbagatexyfgem pemasalion daget er m ned
by the residual oxygen amount in the sealed cavity (through the parti al
oxygen pr ésssda@ehfetsh@nbaddéd irv opeutiy polyrge enpodrds sSthfsacke askeaofof t he
barrier, the reactive |ayer thickness, the reactive species capacity to

absorb oxyggmermdttine HRpbIEAL i 08 dribinG TRY eci\RFigéuabaKigenn oiher | oadi ng
of an effective amount of scavenger into the second long life reactive

layer tar geirgel WRholind SEGRObbRM& mAGH MRALI NHOWAXYGE BT phySiRhEfdThNe by the
scavenger reactive capacity, oxygen perneability of polyneric matrix, the

| ayer thi gneseoifit BBaRAHdel 3Ys @Ky, 488 HERDTULR reBcliig SKE&IRRGePRYEEIFONMENL,
and the desired time to prevent oxygen perneation through the second | ayer,

accor di N0 ¢4 AWBRHLARed I What o (RDOSMTAORIS A REQRAI0HO r&%ﬁﬁ The

manuf acturing net or maki ng scl osed structure strongly pends on

| ayer as of 81 (KRS R coBind friE SRRl iR, iRl TRRR nithiggpass! ve
ti it . Lt on-

e BRDE e PR PR BB BL P ey er i owt

devi at i f t h irit of the i ti N f d enbodi t th

long | i f o' R3GR RigPFTdss oL sUrOUnTRIAMAY o epar i ng an aqueous sol uti on

of 10-20% by wei ght PVOH and 1-2 % by wei ght of suitable anthraqui none salt

th ft by. ial ly. di i OH i t

or v or - GO0 MEael Al aPsarishi A PHs s i SRR e s MR P A it
weight ratio in tﬁ%.sol.ufi n andfth? solution viscosity, tQ C rlltrol t he wet
coating pPE¥aLdy 204t %3’ theys 4¢P NI A8 LPer PEEMI t hough not
ol ut i on TEACHYE! 1P ARe B b AR PO eEr DiEds EH A a A N Y VSE A0 Skt i ng
procedure. Extrusion (_:oahi ng, casting and | am nation of the

oxygen- ab88 WAk s &ahighy bpeeiriog 1fRenaiigeie Bardarediffupien IcHAWal so be
practiced with the invention franmework. '[10039] The preferred enbodi nents of

speci fi c RongRodie SGNENBING FS LRy B osith Pa g nACcEeRbhe sloMhEn @ hew r

manuf acturing methods are described in the follow ng exanpl es.
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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[ 0040] EXAMPLE 1 [0041] Currently avail able oxygen perneability anal yzers
are commonly designed for using the carrier gas nethod [ ASTM D1434-82]. The
carrier gas nethod of oxygen transm ssion rate neasurenent involves

pl acenent ofo 200124209/ 120393PCT/ US2009/ 030070 a fi |l m saapluszéomomoneal ed
chanber and providing pure oxygen gas flow al ong one side of the film
(upst rean} and a carrier gas flow (usually ultrapure nitrogen gas) al ong

t he ot her (01283 oin theepfefenred dolimenpmme-bked sarvangingagsteikdeup any
oxygen anounts perneated downstream and carries it to the oxygen detector,
t hus al | olsiystent’oismectsuomeplebe npnsamiiit i edliatpd withautdivdrakgls. This net hod
does not allow for sinultaneous neasurenent of oxygen perneation through

t he barrifmcaiotabfies psésbnalin oy getriabIbupt s@we hgiom syste patieageothedss pace.
In order to prove the dual functionality of the invention, two separate
tests weria ‘peuré’dstaee and isarplevisybsiffertbdrbystherexahitataeddi st i nct
functionality of each | ayer separately. The reported | ayer thicknesses in
"mls" cofgringratpedof availabldipydreker gtoupsherolhtitfihrapfinane ioxghefl mil -
25.4 micron). [0042] The manufacturing process was performed in a facility
wWith W | §ahen§iigniitdsghas eabtaaskdd PYOHEPEVOHA Ny AR reWith( AT gled

m croneter) thick clear PET sheet was coated with 10-20 m| (254-508

m cr onet efiyd bl CRinkeoAllitiks ¥ BEuRHS TR a3 hatrian 9 Ainghficlgn&R-85 Wt . % of
90% hydrol yzed PVOH and 10-15 wt. % of ant hraqui none 2-sul fonate sodi um salt

(ther eaftgése@b@g@@@g(%qeﬁ@e Q. The described coating conposition contained
0-5 wt.%of glycerin (baséd on total solids in dry coating) as a

pl astici zing agent for inproving the dry coating flexibility. The wet

coating v@e38ybsRaHeRtdtherdeddribed FuAdambntdls o redotiRVAIAAR/E ARissng 1 n a
convection drying oven or continuous drying heat tunnel. This substructure

was test eg, sGRat M Bhvridia B80gd 1R BEBIMALAaYEIS, BE@fVeNEoRA 585 PRI OF MaNce

by measuring its oxygen transnission raté& upon AQ oxygen scavenger

act i vat u)}fbéﬁbé{in%’ci%ﬁltﬁgﬁq’é\%r‘?éﬁ’&%}ér—?e&&ikflfar?i%m%ﬁ’u%hﬁ‘e M6 RYFRGUAd300S Trom

Fusi on tens
where each reactive layer serves a different purpose (Fig. 2). The first rapidly

absorbing layer exposed to the package contents comprises a polymeric
matrix with high oxygen permeability 2 = 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 ifs 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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WO 2009/ 120393PCT/ US2009/ 030070 Gai t hersburg MD running at full power of
1.8 kW from both sides and subsequently exposing the PET side to 100%
oxygen at 1 atnosphere. The neasured initial oxygen transm ssion rate was
0.0 cc/ (n2 dayowatodd RH and 0.0 cc/ (nR day) at 50% RHrat/uke@mmeypgen at 1
at nosphere upstream and 23 C (the actual neasured transm ssion rates were
slightly negative due to absorption of m nor anounts of residual oxygen
from the Q3 dgetn eutaritersedenas rsealing dasul thentirst weastisulager r at es bel ow t he
zero baseline established for nitrogen carrier alone). The estimted

act i vat edadwargegesedy engipriyes aphedtt yealhblehresineaica ippdyroxy gemdbaithieer | ayer
was 6-8 cubic centineters (cc) of oxygen per cc of coating. Based on oxygen
t ransport hpatepealabksresfn.t KeowsdwiRVEH adbssiveasdcPEF Bifeedpolyhetr capacity
was cal culated to be sufficient to provide two year reactive lag tinme until
al | react raggncafthcimbyenfte tbdighoiryhneetass content eanhedepdcebeddiyixexygen
pernmeating fromthe anbi ent atnosphere. [0043] In the second test, the

cl ear passi weatrixdolm pdnetis BEThe hbat s@ile Magliektanusesabroaisatk yidthad m |

t hi ck poly(HEMA) acrylic resin covalently bonded with 10-20 wt. % of the

ant hr aqui ﬁ@mﬁ@mﬁ}lgﬁd?ﬂ@tﬁyd?&ﬂ@t heétHagkpaR) Vs PERKMBALTIN(25- 15 second

W |ight exposure fromthe coated side in order to evaluate the efficiency

of resi dugld@xypeshyRe Rl odiso Aagahtdigebabiy2Modv FeH cHmpritdfihdiRg dFbI ent

at nosphere contained in the 10 rnL package headspace with the substructure

surface_asfheShuibBRe iy BKES AthilRe (aBaBROKAGAVE BS ifiRREataBced Lo | ess

than 0.2 vol. % w thin 12-48 hours as neasured by headspace oxygen

probe. (VDgRydkCO0KERberel e MeB06APGF baniA) andetoh8siy fiRIRAS fated the

capability hi rate oxygen 0 ayer to rapidly reduce

Lhe et el AR AU SuLATDHES HORIRGEKRAS Lo the | evel s safe for
oxy roducts.

ext ended storage o xygen sensitive [ 0044] The overall
t hree-l ayer reactive-reactive-passive structure was thus found to be

suitan & fo3a3l Tehi S0EMPIdRPhfL Fe%ER\‘/@bxg{;‘eﬁ B3 ey X XARRARAG ESSeNt 1 al |y

preventi ng oxygen I ngress mt he at nospheric environnment ri'rng 2 years

i ao | 2y oo BB ot ARt PSR e PR ol PRGNS e 0P ol 1

t hree-| ayer “structure extrusion nmelt

ant hraqui gone; 07 AL 299 B9 XGHENY (ATl fof (7bIbvRATR TGP VO AQ
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
anthraguinone-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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CLAIMS 1. Multilayer oxygen absorbing structure conprising at |east two
reactive oxygen scavengi ng | ayers arranged in sequence: a rapidly
absorbing highly reactive oxygen-scavengi ng | ayer, conprising an oxygen
per mneabl e mapraeeipobymer and an oxygen scavenger, and rcros2avkang |ife
reactive | ayer conprising high passive oxygen barrier matrix polyner, and
an oxygen scavenger, wherein dinensionless reactivity of each reactive
| ayer, dedétivedingnsaurces Tok ndieon af activatitm by eharsame ssudCe afsot he equi val ent
honobgeneously reactive uniformlayer, is greater than 3, and wherein the
rapi dly abdariiagepudy epphestaappesheareoxygeyescapengimgbitidnistiofthgt eaner t han
250 cc mm (n2 day atm about 20C. and relative humdity of 40-60% and
wher ei n t be useddn biotle réagtie |hgeasa Trasefore, theygeie ped maabodimantdbritess t han
2.5 cc nm(n2 day atn) at about 20C. and relative humdity of 40-60% 2.
The mul tisenpeid @aygen s oy to ngketit ficinuaehigh otygiem Barriar ROthot BEOH

resin with dispersed anthraquinone~based oxygen-scavenging functionality

activated by actinic radiation in the UV or near-UV range. In a preferred

structure the EVA copolymer contains 8-35% of vinyl acetate by weight to

provide substantial adhesive properties.

[0033] The two rapidly absorbing and long life described reactive layers
can be made very thin (which is cost advantageous given the high relative
cost of oxygen~scavenging components) and still meet the extended storage
and residual oxygen removal requirements. A preferred thickness for each
of the rapidly absorbing layer and the long life layer is between 0.1 and 2 mil
(2.5 and 50 micrometer) 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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di rensionl ess reactivity of each reactive layer, defined in terns of the
initial Thiele nodulus 00 of the equival ent honbgeneously reactive uniform
| ayer, is greater than 5. 3. The nultilayer oxygen absorbing structure of
claim1l in waighnbdse; oxygen-scavengi ng system conpri sescanghabosopaduci bl e
ant hr aqui nonebased oxygen scavenging nmaterial. 4. The multilayer oxygen
absorbing structure of claim1 in which the rapidly absorbing | ayer

conpr i sesaeness sRisEasSBESIEHGH ) 1aveideryls imBdeVvar odVeyePESEUT® A.heat

seal abl e oxygen perneable matrix polyner. 5. The nultilayer oxygen

absor bi ngastieugpstr€arafbatindiany 4f tine vhiorl tdaetineddys aanatdredasygen per meabl e

matri x pol ymer conprises secondary hydroxyl functionalities.
partial oxygen pressure in ambient atmosphere. The resulting duration of
the reactive barrier phase is respectively advantageously extended according
to the result of Siegel and Cussler for the lag time ¢,, extension in

stoichiometric reactive barriers to gas permeation with uniform scavenger

distribution across the barrier thickness [/ Membr. Sci. 2004, vol. 229, p.
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[0034] Both lower oxygen diffusivity £2and solubility coefficient 5in the

reactive layer matrix, larger loaded reactive capacity xR, (higher

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 fayer.

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

of the oxygen scavenger in both reactive layers through the chosen
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6. The nmultilayer oxygen absorbing structure of claim5 in which the heat
seal abl e oxygen perneable matri x pol yner conprises heat seal abl e
acrylic-based adhesive resin. 7. The nultilayer oxygen absorbing structure
of claim6 weesernmsbhe acrylic-based pol yner adhesive ixrdenéovatiozned w t h
an ant hr aqui none- based oxygen-scavengi ng functionality covalently attached
to the said acrylic polymer. 8. The multilayer oxygen absorbing structure
of cl ai m &camMespel activagionapieghabisor.Bnigse af entlvagpinaws baspdloyyeenbl end with
at least 50% by wei ght of an acrylic polyner derivatized with
ant hr aqui savenpaseit loxgeactcalayrgs acivaiad thyddllighy exposureheherhird | ayer
oxygen absorbing structure of claim4 in which the heat seal abl e oxygen
per meabl epassivd Jaypoisyadvantageoisesmate teebs trasBpatmntiieithatactieatiyy &ive- vi nyl
acetate copolymer hot nelt adhesive. 10. The nultil ayer oxygen absorbing
st ruct ur ewafelehgthmdngen Etdrohieshof suapildV vtradgarbhnmatayas icdodeiPEEs t he
oxygen-scavengi ng reactive material covalently bonded to a heat seal able
oxygen peang&BNeharmbpobynixok amelrtheir copolymers. Lower oxygen transmission

rate in the third passive barrier layer will also reduce the partial oxygen

pressure at the upstream boundary of the reactive barrier layer 2 of the

structure and thus help extend the lag time due to reaction in this barrier

fayer. In pharmaceutical blister packaging, the expected shelf life of many

medicines is expected to be at least 2 years. The embodiments of the

disclosed invention describe particular designs suitable for providing

oxygen-free atmosphere in each blister cavity for at least 2 years at the

typical storage conditions.

[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 joading 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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11. The multilayer oxygen absorbing structure of claim11 in which the
oxygen perneable matri x polyner conprises an oxygen-scavengi ng reactive
speci es coval ently bonded to a non-heat seal abl e polyner that is bl ended

wi th a heat weeadsabdses pol yner to form sai d oxygen per neahlrassa@bniosrgol yner .
12. The multilayer oxygen absorbing structure of claim1 wherein the oxygen
scavenger conprises an ant hraqui none-based oxygen absorber activated via
phot or edufl03#] nEbhamisufactuiBig Mechadifoi makérg heydisnlcsbdaibidigrest ruct ure of
claiml in which the oxygen perneable matrix polymer is characterized by a
| i ght trassonglyi dapdrelsadn the theiceediatdv mategials. 200cat@inging thd. The

mul til ayer oxygen absorbing structure of claiml1 in which the long life
oxygen baoptienalnhind papdteyiamer aoaptilggsradalipponydndbddhimnaioikhgd®- 100%
degree of hydrolysis. 15. The multilayer oxygen absorbing structure of

claim1l i bamtrrcthd fgo Fengiveilhperexyidie bxbaen iseivemiers xap beyynuticonApri ses

et hyl ene vinyl al cohol copolynmer with 20-60 nol. % et hyl ene content.
coated, extrusion-coated, cast or laminated on the structural support layer
without deviating from the spirit of the invention. In a preferred embodiment
the long life oxygen barrier layer is formed by preparing an agueous solution
of 10-20 % by weight PVOH and 1-2 % by weight of suitable anthraquinone
salt (thereafter denoted as AQ) by sequentially dissolving AQ and PVOH in
water or water-alcohol mixture, allowing the simultaneous control of
AQ/PVOH weight ratio in the solution and the solution viscosity to control
the wet coating process and coating drying time. It is also preferred although
not required that the rapidly absorbing layer be formed from an aqueous
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
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16. The multilayer oxygen absorbing structure of claim1 in which the
reactive oxygen scavengi ng species is dispersed in the matrix pol yner of
the long life layer. 17. The nultilayer oxygen absorbing structure of

claim1 in whainbmiesl ong |ife oxygen scavengi ng | ayer rmanpie@seoro

ant hr aqui none- based oxygen scavengers dispersed in a polyner matrix and the
oxygen barrier polymer matrix al so conprises a source of hydrogen atons in
primary aadilor saveplenidaa yedigd cbriyibegramdperovigingfrfure icetyge o\gasi fdpw alortuced
ket o-enol tautomerization of anthraquinone. 18. The nultilayer oxygen
absor bi ngost it of theofilne (apstrdarhuattharcacdapgisflog @sthlly ditragere conpri si ng
a passive structural support |ayer placed adjacent to the long |life oxygen
scavengi ngittayar gas) dlbeg ecbposhdreside dé the ditmt (dewnrapiedmabsidrebcargieraypsr . 19.
The mul til ayer oxygen absorbing structure of claim18 in which the support
| ayer is pidisdipany @Rydéghthdumes pephasatdded pehytredm arkDcarfies itrud the ayer
oxygen absorbing structure of claim18 in which the third |ayer is
honmogeneoysygal detdt€ordhiis hBY&TnPKY BRAsabs tidineambhhestsiperbagbai m 18 in

whi ch t he
rates. This method does not aliow for simultaneous measurement of oxygen
permeation through the barrier and of residual oxygen absorption from the
package headspace. In order to prove the dual functionality of the invention,
two separate tests were performed on sample substructures to evaluate
distinct functionality of each layer separately. The reported layer thicknesses

in "mils" commonly used in the US refer to the 1/1000th of an inch (1 mil =

25.4 micron).

[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 fiexibility. The wet coating was subsequently dried
to 1-2 mil thick dry PVYOH-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 meastiring 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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third | ayer conprises a water vapor barrier layer or contains a water
barrier coating and/or surface treatnment. 22. The multilayer oxygen
absorbing structure of claim 18 wherein the third passive | ayer serves as a
rigid or semomwbgizekest ructural support |ayer. 23. The muldszb@psnroxygen
absorbing structure of claim22 wherein the passive structural support
|l ayer is made from pol yester or polyester co‘p()ol ynmer. 24. The multilayer
oxygen ab$aitherspusgrdiBtrunsingf aiciudl pewer ohédekW) f1ioen potly sitesrands PET or
PETG. 25. The multil ayer oxygen absorbing structure of claim 23 wherein
t he pol yestubsedqueneiNexp@tg TrePiilikidel @y E00%oxygan abd oxtpiosphetre uthair e of
claim 23 wherein the polyester is a PET-PEN copolyner. 27. The multilayer
oxygen absoadsungd stitialcexygenotras raissiciBrathevas 0.0t ¢ (peéldpgsaed%iRH rade from
pol yester bl end.

0.0 cc/(m2 day) at 50% RH at 100% oxygen at 1 atmosphere upstream and 23

°C (the actual measured transmission rates were slightly negative due to

absorption of minor amounts of residual oxygen from the nitrogen carrier

downstream, resulting in measured rates below the zero baseline established

for nitrogen carrier alone). The estimated activated oxygen scavenging

capacity of the reactive oxygen barrier layer was 6~8 cubic centimeters (cc)

of oxygen per cc of coating. Based on oxygen transport properties of the

used PVOH resin and PET sheet, that capacity was calculated to be sufficient

to provide two year reactive lag time until all reactive capacity of the two-

layer structure is depleted by oxygen permeating from the ambient

atmosphere.

[0043] In the second test, the clear passive 7 mil thick PET substrate was
extrusion coated with 1 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 mi. 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

38



28. The multilayer oxygen absorbing structure of claim27 is
pol yester/ pol yam de blend with a conti nuous pol yester phase. 29. The
mul tilayer structure of claim 18 wherein the thickness of the third | ayer
i s between & HoPizndegroneters and sai d | ayer serves as aCists:udiosgoad
support. 30. The multilayer oxygen absorbing structure of claim1l wherein
the structure possesses oxygen absorbing capability i ndependent of noisture
di f f usi on layed to ehpidiy e dunei thietrgsidudl oxyden amaviritayeside kg eackagotdi ng
structure of claim1 wherein the structure is free of transition netals and
met al - bas¢hle el yafeSor eSndEdestotdde bhyeygoxyewitiabpordiiatg. struct ure of
claim 31 wherein the long |ife oxygen scavenger |ayer serves as a rigid or
sem -rigid structural support layer. 33. The nmultilayer oxygen absorption
st ruct ur e [@344]l aiTimelovehat Bineet lage Dxaageine steavtvigrepassepetr sas reraasithub
activated by exposure to actinic radiation in the UV range.

found to be suitable for simultaneous rapid removal of residual oxygen and

essentially preventing oxygen ingress from the atmospheric environment
during 2 years to maintain oxygen-free atmosphere inside the package. The
final three-layer structure was produced by extrusion melt coating of the
anthraquinone-derivatized poly(HEMA) acrylic resin onto the PVOH-AQ

solution coated PET substrate.
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34. The nmultil ayer oxygen absorbing structure of claim1l wherein the rapid
absorbing | ayer conprises a heat seal abl e et hyl ene-vi nyl acetate copol yner
(EVA) or its blend with up to 50% of polyol or polyvinyl alcohol by weight
35. The nultilayer oxygen absorbing structure of claim34 wherein the EVA
copol ynqgl_&, ains 5-35%of vinyl acetate by weight. 36. The nultilayer
oxygen absorbi ng structure of claim1 wherein the oxygen perneability of
polymeric matrix material formng the rapid absorbing layer is at |east 100
ti mes higher than the oxygen perneability of the polynmer matrix materi al
formng the Ion& |ife oxygen barrier layer. 37. The rrultl | ayer oxygen
absor bi g st \de Ua\éerow‘é%n RPEORPINCeS TIUEHE St (R TBRAISET of 1ard T eREB&Dr bi ng
| ayer is between 0.1 and 2 m| (2.5-50 mcroneters). 38. The multilayer
st r uct urexygferc civenging dagdns arhangechgn Isieti@ehager is between 1 and 5 mil
(25-125 mcronmeters) thick.
a rapidly absorbing highly reactive oxygen-~scavenging layer,
comprising an oxygen permeable matrix polymer and an oxygen scavenger,
and
a long life reactive layer comprising high passive oxygen barrier matrix

polymer, and an oxygen scavenger, wherein 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, and

wherein the rapidly absorbing layer has a passive oxygen permeability of

greater than 250 cc mm/(m2 day atm) about 20°C. and relative humidity of

40-60%, and wherein the long life layer has a passive oxygen permeability of

less than 2.5 cc mm/(m2 day atm) at about 20°C. and relative humidity of

40-60%.

2. 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.

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

based oxygen scavenging material.
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39. A nethod of making a nultilayer oxygen absorbing structure conprising
sequentially coating a long life highly reactive layer and a rapidly
absor bi ng oxygen highly reactive oxygen scavengi ng | ayer on a clear

per manent pol yneric substrate from water-based coating solutions, wherein
di nensionl ess reactivity of each reactive layer, defined in terns of the
initial Thiele nodulus 00 of the equival ent honbgeneously reactive uniform

| ayer, i,s greater than 3, and erejn the rapidl bsorbing, | ayer has a
basei velloxygohearlaRet pryBen “ebTble #fiustBioot PRy | ib e "t abou
20C. and relatjve humdity of 40-60% and wherein the long_ life |ayer has a
passi vel3X@HeabperBadayet goBIPNssthenarygen-<averg(he raastive matstiahbout
20C. and relative humdity of 40-60% 40. The net hod of claim 39 wherein
t he pol dispreirsed ubst heatesedable exggerds perreablamhatrbupsiyraee. 41, The net hod
of claim39 wherein the long life layer is fornmed by preparing an aqueous
10-20 wt. % PVOH ant hraqui none salt aqueous solution by sequentially

di ssol vi ng ant hraqui none salt and one or nore grades of PVOH of specific

mol ecul gr \’\BTHBtrﬁugpg\é%eg%?ﬁeRfaH%Y)_‘P'me’?'[r%c'hﬂg"‘@F Efaim ﬁ@ﬁ?@?icﬁ%e&;%ﬁ}m

si mul t aneous contr arqui ninesalt and PVOH solu ty, A

wner oi nodieBlL B IEn el Rt BBADRSE Bt SERRdan ug BBy o

absorbiﬁﬁ}stru ture conprising at | east two reactive oxygen scavengi ng
| ayers "sequence:

6. The multilayer oxygen absorbing structure of claim 5 in which the heat
sealable oxygen permeable matrix polymer comprises heat sealable acrylic-

based adhesive resin.

7. The multilayer oxygen absorbing structure of claim 6 wherein the
acrylic-based polymer adhesive is derivatized with an anthraquinone-based
oxygen-scavenging functionality covalently attached to the said acrylic

polymer.

8. The multilayer oxygen absorbing structure of claim 6 wherein the
rapid absorbing layer comprises a polymer blend with at least 50% by weight
of an acrylic polymer derivatized with anthraquinone-based oxygen-

scavenging functionality.

9. The multilayer oxygen absorbing structure of claim 4 in which the heat

sealable oxygen permeable matrix polymer comprises at least 50% by weight
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a rapidly absorbing highly reactive oxygen-scavenging | ayer, conprising an
oxygen perneable matri x polyner and an oxygen scavenger, and a long life

| ayer conprising high passive oxygen barrier matrix polymer, and an oxygen
scavenger, wherein dinensionless reactivity of each reactive |ayer, defined

in ter €0l L] el I . qui val ent honogeneously
reacti \Et@fz?gfvngnlﬁ}gég«?t{atggb Pz%rﬁg?%toﬁ%egfgdam%vﬁer ein the rapidly
absorbing | ayer has a passive oxygen perneability of greater than 250 cc

m (n2 day atn) at about 200C. and relative humdity of 40-60% and wherein

the long life | ayer has a passive oxygen perneabiljty of less than 2.5 cc
i (e ng at hf BltilByges Oxbaen ARFOTBITH SUL kA a1 ERIgK | inoviagh the

rapidly absorbing layer comprises the oxygen-scavenging reactive material

covalently bonded to a heat sealable oxygen permeable matrix polymer.

11.  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.

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

activated via photoreduction mechanism.

13.  The multilayer oxygen absorbing structure of claim 1 in which the
oxygen permeable matrix polymer is characterized by a light transmission

level in the near UV range (200-400 nm).

14.  The multilayer oxygen absorbing structure of claim 1 in which the long
life oxygen barrier matrix polymer comprises polyvinyl alcohol with 50-100%

degree of hydrolysis.

15.  The multilayer oxygen absorbing structure of claim 1 in which the long

life oxygen barrier matrix polymer comprises ethylene vinyl alcohol
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43. The package of claim42 in which the di nensionless reactivity of each
reactive |ayer, defined in terns of the initial Thiele nmodulus 00 of the
equi val ent honogeneously reactive uniformlayer, is greater than 5. 44,
The package of claim42 in which the oxygen-scavengi ng reactive materi al

conpris ; ckhl 4 (WalelgT- ed oxygen scavenging nmaterial .
45, The@%ggbggée)'t g’f[ﬂf:?gi ﬁpzfgoﬁn@%?@%n{%h%tgg?'dl y absorbing | ayer conprises

t he oxygen-scavengi ng reactive material dispersed in a heat seal abl e oxygen
perneable matri x polynmer. 46. The package of claim42 in which the |ong

life layer c ri ses the oxygen-scavengi ng reactive material K covalently
bonded 16-a HEGMELNRYES @xmggébs&éb BIT& Chgey PQC&WMP.V%E%%P{]e package
of claim46 in which the heat seal abl e oxygen perneable matrix pol ymer
conpri s&AEBEODEKISN hyavengingf wprtievimbitpersed ingheThetpagkdygmesfofcihe m 47
in which the heat seal abl e oxygen perneable matri x pol ynmer conprises heat
seal abl ragtifd laydvased adhesive resin. 49. The package of claim42 in
whi ch t he oxygen perneable matrix

17. 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 anthraguinone.

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

the rapid absorbing layer.

19. The multilayer oxygen absorbing structure of claim 18 in which the

support layer is rigid or semirigid thermoplastic polymer.

20. The muitilayer oxygen absorbing structure of claim 18 in which the

third layer is homogeneous.

21. The multilayer oxygen absorbing structure of claim 18 in which the
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pol ymer conprises an oxygen-scavengi ng reactive species coval ently bonded
to a non-heat seal able polyner that is blended with a heat seal abl e pol yner
to form said oxygen perneable matrix polyner. 50. The package of claim42
in which the oxygen barrier matrix polymer conprises polyvinyl alcohol.

51. Theypagk & r@e@‘a“%aigé‘r()%&hbﬁﬂ%r‘%ggrr?rf r%%%e%v%@\’%gfigﬁelrayer

conpri ses ant hraqui hone-based oxygen scaven ispersed in a po

mat ri x i.Si of PYOH . EVOH and m xtures thereof, and the oxygen

barri ergggﬁbﬁearn rr%%{yaa(fésgeg%(‘?ses a source of hydrogen atons in
secondary hydroxyl groups for efficient UV |ight induced keto-enol

tautoneri zation of anthraqui none. 52. The package of claim42 further
conprising a passive structural supBort | ayer placed adjacently to the |ong
life oxyden §gaw@n§’nlager@wgeorahﬂw tppebiuceu s déctaignm Bhwheegihdhg
absorbing layer. 53. The package of claim52 in which the support |ayer is
ri gi d othisdmpasisfiediayhesapmsass haigiel ymeemi-G4id Stracpach 30 pofrt ¢dyairm 52
wherein the passive structural support layer is nade from pol yester or

pol yest er copol yner.

23. The multilayer oxygen absorbing structure of claim 22 wherein the
passive structural support layer is made from polyester or polyester

copolymer,

24. The multilayer oxygen absorbing structure of claim 23 wherein the

polyester is PET or PETG.

25. The multilayer oxygen absorbing structure of claim 23 wherein the

polyester is PEN.

26. The multilayer oxygen absorbing structure of claim 23 wherein the

polyester is a PET-PEN copolymer.

27. The multilayer oxygen absorbing structure of claim 23 wherein the

polyester is made from polyester blend.

28. The multilayer oxygen absorbing structure of claim 27 is

polyester/polyamide blend with a continuous polyester phase.
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55. The package of claim52 wherein the thickness of the passive
structural support layer is between 25 and 500 microneters and said | ayer
serves as a structural support. 56. The package of claim42 wherein the
long life layer is between 1 and 5 m| thick. 57. The package of claim52

further LOmprsl R IAtayef 28tu@Dfe BF 461 AP TRIWAL AN 3hEBH R ks of the third

layer is between 15-500 micrometers and said layer serves as a structural

support.

30. The multilayer oxygen absorhing structure of claim T wherein the
structure possesses oxygen absorbing capability independent of moisture

diffusion and relative humidity.

31. The multilayer oxygen absorbing structure of claim 1 wherein the

structure is free of transition metals and metal-based catalysts.

32. The multilayer oxygen absorbing structure of claim 31 wherein the

long life oxygen scavenger layer serves as a rigid or semi-rigid structural

support layer.

33. The multilayer oxygen absorption structure of claim 1 wherein the
oxygen scavenger comprises material activated by exposure to actinic

radiation in the UV range.

34. The multilayer oxygen absorbing structure of claim 1 wherein the
rapid absorbing layer comprises a heat sealable ethylene-vinylacetate

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

weight.

35. The multilayer oxygen absorbing structure of claim 34 wherein the
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EVA copolymer contains 5-35% of vinyl acetate by weight.

36. 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.

37. 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).

38. The multilayer structure of claim 1 wherein the long life layer is

between 1 and 5 mil (25-125 micrometers) thick.

39. A 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 from water~based coating solutions, wherein
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, and wherein the rapidly absorbing layer has a passive
oxygen permeability of greater than 250 cc mm/(m2 day atm) at about 20°C.
and relative humidity of 40-60%, and wherein the long life layer has a
passive oxygen permeability of less than 2.5 cc mm/(m2 day atm) at about

20°C. and relative humidity of 40-60%.
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40. The method of claim 39 wherein the polymeric substrate comprises of

a removable substrate.

41. The method of claim 39 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.

42. A package wherein, at least one wall of said package comprises a
multilayer oxygen absorbing structure comprising at least two reactive
oxygen scavenging layers arranged in sequence:

a rapidly absorbing highly reactive oxygen-scavenging layer,
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, wherein 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, and
wherein the rapidly absorbing layer has a passive oxygen permeability of
greater than 250 cc mm/{m2 day atim) at about 20°C. and relative humidity
of 40-60%, and wherein the long life layer has a passive oxygen permeability

of less than 2.5 cc mm/{m2 day atm) at about 20°C. and relative humidity of
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40-60%.

43. The package of claim 42 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.

44. The package of claim 42 in which the oxygen-scavenging reactive
material comprises a photo reducible anthraquinone-based oxygen

scavenging material.

45. The package of claim 42 in which the rapidly absorbing layer
comprises the oxygen-scavenging reactive material dispersed in a heat

sealable oxygen permeable matrix polymer.

46. The package of claim 42 in which the long life layer comprises the
oxygen-scavenging reactive material covalently bonded to a heat sealable

oxygen permeable matrix polymer,

47. The package of claim 46 in which the heat sealable oxygen permeable

matrix polymer comprises secondary hydroxyl functionalities.

48. The package of claim 47 in which the heat sealable oxygen permeable

matrix polymer comprises heat sealable acrylic-based adhesive resin.

49. The package of claim 42 in which the oxygen permeable matrix
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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.

50. The package of claim 42 in which the oxygen barrier matrix polymer

comprises polyvinyl alcohol.

51. The package of claim 42 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 hydroxy! groups for efficient UV light induced keto-enol

tautomerization of anthraguinone,

52. The package of claim 42 further comprising a passive structural
support layer placed adjacently to the long life oxygen scavenging layer on

the opposite side from the rapidly absorbing layer.

53. The package of claim 52 in which the support layer is rigid or

semirigid thermoplastic polymer.

54. The package of claim 52 wherein the passive structural support layer

is made from polyester or polyester copolymer.

55. The package of claim 52 wherein the thickness of the passive
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structural support fayer is between 25 and 500 micrometers and said layer

serves as a structural support.

56. The package of claim 42 wherein the long life layer is between 1 and 5

mil thick.

57. The package of claim 52 further comprising at least one side

comprising a metal foil.
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