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This applicat Mh*¥25% continuation-in-part application of coBERUSHY9492
application Serial No. 08/573,337, filed Decenber 15, 1995, the
di scl osure of whi:ch is I ncorporated herein by reference to the
extent not inconsistent herewth. Background of the Invention
10 The present invention relates to polyneric conpositions
that can be used to OXYGEN SCAVENGING RETAECLOABRD 1ON-BREHATRGEVE shel f
life of oxygen sensitive materials, PH I nt er medi at e shaped

; : : ) TTIONS , :
structures, e.g., filns, coatings, 3-dinensional solids, fibers,
webs and the |ike which contain said conposition, as well as to shaped
product ssi nt o This appliRhtidi1é & c¥tinghtiocnah Pakt AR A #oMndfe 4G hdMiGn 2T ©
i ncorporated or a gll il?adpgt 0, be part of115 % ﬁ%r. attachlggél tﬁ%a?ﬁe cont ai ner
structure. Serial No. 08/573,337, filed Disosmbers iL . 19A5.ithe distigromed vdficteiscarri er
mat eri al conbi; ] . vengqi nmet al.- | oaded
| on- exchange rrlg?e |afeﬁvl\!/gl|[‘]i (‘:’ﬁﬁ%%gep%‘g%ﬁo ﬁF’ftflmg‘é{:igrg? lé"%gt herew’hl' her ei n
bel ow. Specifically, the conposition utilizes an ion-exchange materi al

whi ch t&as been . doped. with netal atons in their zero val ence state
sel ect ed from%—g'—miﬁgﬁ%&g’éﬂﬁlﬂcal cium tin or one of the transition

netal s 1gom scandi UrRetpReséhttfivedtion relates to pol?fmeﬁé_ HiriisositidfRd O can bR BsdA1§S €Nt
oxygen scavengi ng conposition provides effective absorption of

oxygen from t Het&mpredyc guaity andimproyesbelf life ohoxsgen shnsitise mptesipiseartditng t he

tcﬁlaor , taste QhedBlilie %apt:@ Mﬁﬁ&aggq fifRe. %Jtﬁks, SORLASS etolﬁgg Ibers, Furt her,
webs and the like which contain said composition, as well as to shaped products into

or onto which said composition or structure are incorporated or applied to, be part of
15 or attached to the container structure.

The composition is composed of a carrier material combined with an oxygen
scavenging metal-loaded ion-exchange material which are each fully described
herein below. Specifically, the composition utilizes an ion-cxchange material which
has been doped with metal atoms in their zero valence state selected from

20 magnesium, calcium, tin or one of the transition metals from scandium to zinc or
mixtures thereof. The present oxygen scavenging compositfon provides effective
absorption of oxygen from the interior of a container without adversely affecting the
color, taste or smell of the packaged material contained therein. Further, the
resulting composition is thermally stable and does not emit volatile by-products to

25 contaminate the packaged matcri;zl.

The oxygen scavenging composition has the ability to effectively chemically
combine with oxygen in contact therewith, such as from the interior of a container,
without undue migration of the oxygen scavenging catalyst out of the matrix. The

migration stability of the catalyst is of particular advantage in that it significantly
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kesulting conposition is thermally stable and does not emt volatile

by- products to 25 contam nate the packaged materi al .

The oxygen scavengi ng conposition has the ability to effectively chenically
conbine with d’k’?&'g??s%n contact therewith, such as fromthe i RCASS612992 a
cont ai ner, wi t hout undue m gration of the oxygen scavengi ng
catal yst out of the matrix. The mgration stability of the
catal yst is of particular advantage in thgt it significantly
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PCT/ US96/ 19492 peguces or eliminates adverse effects on the color, taste, or smell of articles in conta C 2
reduces or elimnates adverse effects on the color, taste or Sne Pas
articles in cowithtite matrix compositioni t h t he matri x conposition.

In order to enhanc [ rvation, it i.s standard, practice to package food
and ot hp et B dpack hreskivaticn, i dirila rpeteg ek aaprd it ha
general |y i ncl stHe@Smaeridd withih lamiRated packaéiﬁ%’ﬁ&tcriﬁlhﬁét geflorally eMEEs XG0 a | ow
pernmeability to oxygen. The sheet material can be thin, 1n which
event it3is wBpFelatis.Glaxer bidangaiost peameability ip Pryerm g Blk shoet thaterizh parblee
sufficiently tfick bk event i ¥ WBipfdSRRnd 3PV ded with a
lid or other o esepar at epﬁel osurg.t%hggég%?"ﬁ#g&{a%ﬁ%ﬁégf nean g?i al may
const it ut e nostuffagienslly|thiok thahie forms a container body ¢hat isrprevipabweih s it bacear ea of
the container._10 [t i,s known.to include an oxygen scavenger
in sheet mat erslcé?f"tefhogmgxilraﬁﬁdymeﬂc Shieet mﬁ%’éﬂ\?@fﬁ@?“ nue most ofialof ey gen t hat
i s trapped in inkfiopexplsedsusiicetafaiof iRrdsraines i nto the package.
This is_described in, for instance, U S. Pat. Nos. 4,536,409 and 4.702, 966
and thelPrior art dfS&newelp ippludsanexysarspsngerdn simst matesieh The oxyge®. Pat .
No. 4,536,409 ¢ 15 WS Gy Ral bbplslh | R such
sheet materi al cgvﬁggtgrr%a\fisded V\-A'}JF h 15 hhﬁ&ﬁé‘?aepﬁ%gebmg&CMHE&qngo he
package. This is described in, for instance, U.S. Pat. Nos. 4,536,409 and 4,702,966

and the prior art discussed in these references. For instance, U.S. Pat. No. 4,536,409
describes cylindrical containers formed from such sheet material and provided with
15 metal lids.

When the container is formed of a glass or metal body and is provided with a
hermetically sealed metal closure, the permeation of oxygen through the body and the
closure is theoretically impossible because of the impermeability of the materials
from which the body and closure are formed. As a practical matter, metal cans can

20 reliably prevent oxygen ingress. However, some oxygen ingréss may occur by
diffusion through the gasket or the like positioned between a container body and its
lids. It has long been recognized that when conventional containers of these types
are used for the storage of oxygen sensitive materials, the shelf life of the stored
materials is very limited. The quality of the packaged material tends to deteriorate

25 over time, in part because dissolved oxygen typically is present in the pack from the
time it is filled; and in part due to oxygen ingress which occurs during storage.

When the container is in the form of a can, the can end or other closure in

many instances includes push components or pull components which are intended to

N



When the container is formed of a glass or netal body and is provided with

a | hernetically sealed netal closure, the perneation of oxygen
t hrough the body and the closure is theoretically iqpossible
because of the YhP&*MBability of the materials f r omREHY 9643482

body and closure are formed. As a practical matter, netal cans can 2 0
reliably prevent oxygen ingress. However, sone oxygen ingress may occur by
di ffusion through the gasket or the |ike-pdsttioned between a contai ner
body and its lids. It has |ong been recogni zed that when

.conventional caf RkpREScIPf pushasd pull&E order to allow refloPalbi @t Rl of HifeSt OF age
of oxygen sensitive materials, the shelf |life of the stored

materials i s veprgtetialin thegontyiner yithout remaeying the epire kivsurd fromt the certainemds t o

d [ 2 | ' di | ved. i cal
s present i n (TR S phl Bipdnln S orbR B Ol ARG TR R R BT T 0o

due to oxygen iwgkassimiht pinedofte slodtirei PEHbidnetBgRan arise at these linesof ~ When
t he cont al ner is%kn the formof a caaé the can end or other closure in

f f . .
many i nstances YSEPGYELdiScRORNERSIBRiude the sisk plparmexsion of exyasn vintathe ar e

i ntended to container and the risk $2o%r64id8 8Pde metal where th 1 protecti
PCT/ US96/ 19492 be, respectively, erﬁus?]?ao grprglfﬁ“éedla?%uegr der

to al | ow r enov&PatyTe is Fptared pighe linestof aeakness or at the disgominiuitiesi n t he cont ai ner
wi t hout renoving th | fromithe container. ... . . These
7R bE vy AR b RENDE T R BT Moo sememttoc o

push or pull conmponents are often define
weakness i n t hevhilegehtimuing tomse tanvemtionaRnabliflsfor thedbriGaion F tHeRodtaidepese

i nes of 5 weakness or discgontinuities include the risk of
permeat ioh of §90YGdhE ‘foﬁ[]abnefﬁ sure and, where applicable, Higigagketibatyyeen the Rodyf and

corrosion of thkpsiefal where the normal protective |acquer

coating is ruptured_at the lines of weakness or at the discontinuities.
Various types of oxygen scavengers have been proposed for this purpose. For

example, it is well known to package iron powder in a sachet for use with dry foods.
See Mitsubishi Gas Chemical Company, Inc.'s literature titled *Ageless® - A New

15 Age in Food Preservation” (date unknown). However, these materials require the
addition of water soluble salts to enhance the oxygen scavenging rate and, in the
presence of moisture, the salts and iron tend to migrate into liquids, producing off-
flavors. Similarly, United States Patent No. 4,536,409 issued to Farrell et al.
recommends potassium sulphite as a scavenger, with simifar results. United States

20 Patent No. 5,211,875 issued to Speer et al. discloses the use of unsaturated
hydrocarbons for use as oxygen scavengers in packaging films.

It is known in the art that ascorbate compounds (ascorbic acid, its salts,
optical jsomers, and derivatives thereof) can be oxidized by molecular oxygen, and
can thus serve as components of an oxygen scavenging formulation, for example, as

25 a component of a closure compound. For example, United States Patent No.
5,075,362, issued to Hofeldt et al., discloses the use of ascorbates in container

closures as oxygen scavengers.
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Lt would be very desirable to be able to inprove the shelf life

significantly whil e continuing to use conventional materials for
the formation of the container 10 body, the container closure and,
wher e appl i cawiomr2td32 gasket bet ween t he body and PCIrUSH6/19492

Various types of oxygen scavengers have been proposed for this purpose. For
exanple, it is well known to package iron powder in a sachet for use with
dry foods. See M tsubishi Gas Chgnical Conpany, Inc.'s literature
titled "Ageless - A New 15 Age in Food Preservation" (date unknown).
.However, these mat L tion of water soluble

i, al.s require a
salts to enhance t S@ gﬂgqe%4§7dt1§su%@Cgraf]re{qggtotheuseofan presence

of noisture, blsa?% akhvenging cbﬁ@@srﬁ&ﬁﬂa&e‘bf@s@fuﬁbﬁo{ Q&Qué:h@ﬁgﬁﬁmd%&gﬂﬁd ng
of f - avors. Siml arlg/1 Uni ted States Patent 4,536, 409
eI

i ssued to Far spediesedf copper which are blended dgymfeqddscopoetios ahd) nhquﬂwicds as a
scavenger, W td?:zs%s T iile d£ SS%F i e cil) eﬁlgg Tledbiren n%)teac es @%I ook ml\clﬁm g 211,875

i ssued to Speer I SCI 0Ses use of unsat ura
hydr ocasbons fagentuaquﬁsa axysirion aetalve ogralyse oxygpmaﬁsagitmg af uskbie rates (Col. 3,

It is known in th t that ascor e cqnpou a,scorblc a J,ts salts
optical isonmef@es %Tgé)dé%‘?"ffé'ﬂ %sre@ffé‘ ?aﬁﬁﬁ‘ab@ %‘X?’dlhig&}e‘ﬁi"%!’ dubar
oxygen, and  ppm)are ﬁ?aa ih hié%’o&ﬁonﬁ‘ca@énM%%ﬂE&n@fbu?ﬂdEMB&Qts?ﬁﬁlveng' ng
formul ati on, for exa g a conmponent of a closure conpound. For

exanpl e, Uni t ethogagpé€u aatnémym in food will causesfoqdmom In ordemig aveidHof el dt et

gl(yi]eﬁl ZELSZﬁB 319&3 Yné :s%qu?t%ﬁ % E%&WQ%%%%MW flush the coxﬁlnge Wigr @S
PCT/ USQ®/ | 9492n inert gas (Col. 5, lines 32-39). -4-
A paper by E. Graf, "Copper (II) Ascorbate: A Novel Food Preservation
System", Journal of Agricultural Food Chemistry, Vol. 42, pages 1616-1619 (1994)
identifies copper gluconate as a preferred raw material.
It is also well known in the scientific literature (See "Polymer Compositions

15 Containing Oxygen Scavenging Compounds”, Teumac, F.N.; et al. WO 91/17044,
published Nov. 4, 1991, filed on May 1, 1991) that the oxidation rate of ascorbate

compounds can be increased significantly by the use of catalysts. Typical oxidation
catalysts for ascorbic acid and its derivatives are water soluble transition metal salts.
‘When such catalysts are combined with an ascorbate compdund in a polymeric
20 matrix, e.g., a PVC closure formulation, they are cffective in ;:atalyzing the oxidation
of the ascorbate compound, and increase the oxygen scavenging rate of the ascorbate.
In each of the above references, the active agents of the oxygen scavenging
systems utilize organic materials which would produce by-products (e.g., aldehydes,
acids, ketones) of the oxidation process and these by-products tend to adversely
25 effect the packaged material.
Tubular reactors containing copper zeolite powder as particulate filler have
been used to remove small quantities of oxygen contained in gas streams under

relatively high temperature conditions, such as 140°C or higher. See “Activation of
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United, States Patent No. 5,284,871 issued to G af relates to the use of an
oxygen scavengi ng conposition made of a solution of a reducing agent and
di ssol ved speci es of copper which are bl ended into foods,
cosnetics and YWaAarRAs:uti cal s. Cu[err] ascorbate | FAARINMR he
exanpl es. The reference teaches that nost reducing 5 agents require a
transition netal to catal yze oxygen absorgti on at usable rates (Col. 3,
| i nes 32-38). However, the reference indi¢ates that relatively high | evel
of Cu[err] (- 5 ppm are required in the food for scavenging to
be effective b elere ; f and
oxygen in foodlév(\fip F?q%g%gsgafog% {s)%g?{) lJa':g;fg,.gml1 ﬁbs(;)rr%%d?n:ag @gégﬁc? PS8,
spoi | age one i CheaqModifdSur, 3 ECheoreModié OxjpleSorfl68r&0} Agenisavhichaperfpriniaish t he
container with 10 an inert gas | . 5, lines 32-39). .
A paper by E. @pclyelevagsg foyperatpses g%d‘é?%ﬁ%?&?é'%‘#@%qpnﬁlggﬂ)‘ﬁ? insford g1 fosd
Systent', Jour nabn@iheAPhpli€atiohs) aifoolOHd typiaITY Saintainddodt reldtRelyoges 1616- 1619
(1994) identifies copper gluconate as a preferred raw material.
It is al so wel lteripesstvres pnd e natexpepep 19 emperaiFesabpve (20 forppy gxigpded
Conposi tions 1? Cont ai ni ng Oxygen Scavengi ng Conpounds", Teumac, F.N.;
et al. WO 91/1 l&le, publ i shed Nov. 4, 1991, filed on May 1, 1991)
t hat the oxidation it highly desicedrtd ptovide an effective oxygep scavesgingsystea suitableased
significantly by the use of catalysts. Typical oxidation .... .
catalyst e for A Ereinenppicains YAEh b g8 ot SBioition Sahebilses gpewhich
transition net besSih bfovide material whichlR@m1eastidut 6Piha kysidns 1ddPerc@ylife@dnen t h an
ascorbate conpound in a polyneric 20 matrix. e.g., a PVC closure
for nul ati®n, t lkelpr.daste esfsmediiof the papkaged Biphalng t he oxi dation of
the ascorbate Conpoﬂqgfurﬁlgnddés?%t%gﬁﬁvi e@fé&%rbx E&Vs‘éﬁlgzh gg E?Jié?n Q’fhlcthhe
ascor bat e. n edch of the abové references, the active
agents of the huytherctheasvarnganggent contained withis e eamierarnd thyageot sidiprovides eri al s
whi ch woul d produce by-praducts .(e.g., aldehydes, aci ds, ketones)
of the oxidati SHEPIGSELEENRCPREYe by- products tend to adversely 25
ef fect the packagednygEfihePdesired to provide an effective ox¥gehlcaenging e¥sters whirht ai ni ng
copper zeolite powder as_ particulate filler have been used to
remove shal |l qistemaligstable. oxygen contained in gas streams under
relatively high tenperature conditions, such as 140[err] C or higher. See
"Activation of

Summary of the Invention

The present invention is directed to an oxygen scavenging composition
capable of providing good oxygen absorption capabilities #vhile not adversely
20 affecting the color, taste or smell of material packaged within a container having said
composition as a part thereof. The present oxygen scavenging composition is formed
of a carrier having therein a metal-loaded cation exchange material in which the
metal is substantially in its zero“valence state.
The present invention is further directed to a shaped structure containing or

25 derived from the subject composition.
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Copper Dispersed on a Zeolite for Oxygen Absorption" by Sharnma and Secham
Chem Modi f. veu9#225523 (Chem Modi f Oxide Surf), 65-80. Agent PCAISOH19982 f or m
at such el evated tenperatures have not been deened appropriate
for use in food or food contai ner applications, as foods are
typically maintained at relatively low 5~ tenperatures and are not
exposed to tenperatures above 120[err]C for any extended tinme.

At is highly desited.to provi.de an effective oxygen scavengi ng system

sui tabl e mﬂ#ﬁ%ﬁ%pl I cations whi ch has good oxygen

absor ption capabi Ifigire$ igdgraphbCihe test results of ER@Rple N PlisinY AMVinsigamBaional whi ch
can |l each out of the systemto adver seli‘}/g effect. the 10 color, taste or

smel | of the §¥6R30gE BYeHAL Raving 2 copper loading of 3 weight pefeenls f yrt her desired to
provide an effect igy S IO I?@f’tﬁ@ﬂ:‘sfﬂsﬁ&%?ﬁﬂr}?ﬂ&‘ibusgl% n inorgamif@S the
active scavenger agent contalned wthin a carrier an %e a&ent still

provi des exchange sfafesial havingsovaeadingef T&peight percent. It is
further desired tq.proyide an effectjve.oxygen scavenagi ng system which 15
is thermally st abﬁ:égure 3 dgrph Offti"é?fﬁ}frrﬁ?li;tsggfﬂgaf 2\75?1%“5%“’ orgamce

The present icaMéeméichingenalériat havinl & Copper RAJE Of &8 ERINEPpdiEert OTP@EBighi ON
capabl e of providing good ogger} absor,ption capabilities while not

adversel y 2 (percent offtheexchangedl geelitematerial wasfarmyilatedm a loyrdepsWer i al  packaged

within a contingiyidaaduhdeth§ithéviny] acetate blendOIPiIFbicRads. @ part thereof. The
present oxygen ‘'scavengi ng conposition is forned of a carrier

havi ngl@ herei n a rfgut 4 isomgraph ofthe tasultsaftExanplerfasioving thahthekembosition

metal is substantially in,its zerq.v o tate. . . The

pr esent inver{% %Sﬁxg?gt jﬁlpf'%eérds %?orng&oé‘ L’?J;acgvéﬁlé‘%gawlssf ??erdftholné‘ cont ai ni ng or

Figure S is a graph of the results of Example 7, showing that the composition

is storage stable under dry conditions and active under moist conditions.

is Detailed Description
The present invention is directed to an oxygen scavenging composition

formed of a carrier having a metal-loaded cation exchange material in which the
loaded metal is substantially in its zero-valence state. The carrier can be a polymer
matrix in which the subject metal-ioaded cation exchange mﬂn?rial is substantially

20 uniformly distributed, or a film or mat {woven or non-woven) having the subject
metal-loaded cation exchange material deposited thereon or therein (e.g., within the
voids of the mat), or a moisture permeable pouch or sachet which contain the subject
metal-loaded cation exchange matérial, or a porous inorganic matrix having the metal
loaded cationic exchange material distributed therein.

25 The present invention further provides an improved container for packaging
materials, such as food, beverages and the like, which are susceptible to oxidative
degradation. The present improved container is capable of retaining product quality

and enhanced shelf life of the packaged matcrial without adversely effecting the

v
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25 . derived fromthe subject conposition. WO 97/ 22552
PCT/ US96/ 19492 - 6- o o
Brief Description of the Draw ngs Figure 1 is a graph o
the test resulW@9%#258anple 1, using an inorganic cation Pcrfusﬂsgg ange
mat eri al having a copper |oading of 3 weight percent.

Figure 2 is a graph of the test results of7ExarrpIe 2, using an inorganic 5
exchange material having iron | oadi ng of 3" 8 wei ght percent.

Figure 3 is a graph of the test results of Exanple 3 showi ng an inorganic

.cation exchanggoRRitd & sfA\Ir e FackARd flateriaPsyi RS pREerP ofygdR s@iibndifg cent . 10
g al was 0}

wei ght percent of the ‘exchanged zedlite materi mul at ed
in a | ow densi egmposition. pol yet hyl ene and et hyl ene/ vi nyl acetate bl ended

polyneric matrix. 1 . Ei 4 1s a qraph of .the.results of
Exanpl e 6, showi ng ?’h%?e FRRpdirent oL the gelr%&ﬁ"%'enﬁo"’ ﬂ%cgpnsefé%ﬁégbéfczbl e under
dry condi ti ons cemglositidn aoenputiseier polyrneric marisliniatefas, that is to say polymeric matefialgur e 5

is a graph of the results of Ex l e .7,. showi pg that_ the conposition
is st gr a%e st affidd le}ﬁ ‘ET’ Tag&fgir&q %S’Hglf’gag"%ﬂ?c‘%@‘é‘n&ﬁ’(ﬁE'rb“WB!“!ﬁfe‘Eé*_ﬁdi tions.
15 Det ai | qglidpasdaed Eﬁtidﬂ'?:xchang% gxaterial_. The polyhbBéc ﬂﬁﬁﬁ‘?ﬁ%erhazgﬂg?é on 1s

directed to an oxygen scavengi ng nposi tion r a carrier

havi ng a net al s¢iecietbpving repard &xibh angyte ofaberamposition ispersianatatex, plastisol,
e Tetl bkl W AR ISR T e oo °
exchange mat er cadvendormlibmbment | al | y
10 The polymeric matrix material is chosen from at least one polymeric material
that can form a solid, or semi-solid matrix. The polymeric matrix material can be
derived from a variety of polymers which are available from a variety of bulk
physical configurations such as dispersion, latex, plastisol, dry blend, solution, or
melt {e.g.. thermoplastic meltable polymer). The particular physical configuration of
15 the polymer selected for admixture with the oxygen scavenging composition will
depend on the end structure into which the subject composition is eventually formed
or incorporated. The polymeric matrix is derived from polymer types which may be
thermoplastic or thermosetting.
The primary function served by the polymer matriy for purposes of the
20 present invention is to serve as a compatible carrier (a material which is stable under
normal packaging temperature conditions and does not deactivate the oxygen
scavenging ability of the active material) for the oxygen scavenging composition.
Consequently, the scope of the polymer in general can be very broad. However, the
polymer matrix may also be selected to perform additional functions depending on
25 the physical configuration in which it is provided in a final structure into which it is
shaped or incorporated. Thus, the particular polymer or mixture of polymers selected
ultimately will be determined by the end use in which it exerts its oxygen scavenging
effect.




20 . uniformy distributed, or a filmor mat (woven or non-woven) having
t he subj ect net al - | oaded cation exchange material deposited
thereon or therein (e.g., within the voids of the mat), or a

moi st ure per \¥AWHR5PBouch or sachet which contain the subj ecPCT/USI6/19492

met al -1 oaded cati on exchange material, or a porous inorganic matrix having

t he net al | oaded cationic exchange material distributed therein.
25 The present invention further provides an inproved contai ner
for packagi ng materials, such as food, beverages and the |ike,

which are suscepti . ' ' . radation. The esent
| mproved cont ai nerk%ér%%gﬁugg%% i{‘rﬁl!ffmaris rgforrlngw%lf gg‘%@f) Py(ﬁ'heéllc in?"’gtf’x ma? be and
enhanced shel derivied énchide ving] paigieg gebiyettices, pallyestrs, poliamiddy ghsgdly ef fecting

t he WO 97/ 22552 ) .
PCT/ US96/ 1949fermaldehyde condensation polymers, polysiloxanes, ionic polymers, polyurethanes, _ 7.

color, taste gy miRhily &kukidg pBRAIEAGSEh IBAblosits, @ﬁnﬁ@,eqo?}rsgéﬁ%ﬁlﬁ%éaé}?en

scavengi ng conposition. one e ment of
t he preBent isisebasi on, the carrier of the subject conposition

conprises a poly R I ri that is to say polyneric materi al

S Pt | T bbb d B 8 o e oo s SRR ek g

di stributed tduempiitions)e.g., for can ends, arerestribbdRAE.S. 4,360, 120, ©S: ABEEB288AET | al .
The pol yneric i terjal wl| be | sel ected having regard to
the nature ofgﬁg%ﬂpnggﬁbiecﬂ?lwrﬂcﬂ%ﬁ%ﬁ“f Psg ¥ehen thy compogigipns are _ dry
bl ends, sol ut 4@ Eoriifdns br Aot dspélsidns 2R deSRitRd iPB'S. 486p 125 (gt ainer in a
conventional manner. 10 The polyneric matrix nmaterial is

chosenl®r om at.36%82%; awh@B 2184001 | Suitable andterjals for use in thermépiastican form a

o oA o AN S S By BB s
bul k 5,014,447, U.S. 4,698,469; GB 1,112,023; GB 1,112,024; GB 1.112,025 and EP

129309. The teachings of each of the references cited herein are incorporated herein

by reference.

15 In particular, the polymeric material can be generally selected from
polyolefins as, for example, polyethylene, polypropylene, ethylene/propylene
copolymers, acid modified ethylene/propylene copolymers, polybutadiene, butyl
rubber, styrene/butadiene rubber, carboxylated styrene/butadiene, polyisoprene,
styrenefisoprene/styrene block copolymers, styrene/butadien#¥styrene block

20 copolymers, styrene/ethylene/ butylene/styrene block copolymérs, ethylene/vinyl
acetate copolymers, ethylene/acrylate and ethylene/ (meth) acrylate copolymers (for
instance, ethylene/butyl acrylate or ethylene/butyl methacrylate copolymers),
ethylene/viny! alcohol copolymers; viny! chloride homopolymers and copolymers,
styrene/acrylic polymers, polyamides, and vinyl acetate polymers, and blends of one

25 or more of these. Polyethylenes found usefu) in forming the subject composition
include high density polyethylene (HDPE), low density polyethylene (LDPE), linear
low density polyethylene (LLDPE), ultra-low density polyethylene (CLDPE) and the

S



physi cal configurations such as dispersion, |atex, plastisol, dry blend,

sol ution, or nmelt (e.g.. thernoplastic neltable polyner). The
parti cul ar physical configuration of 15 t he pol yner sel f
adm xture wi t W@HB82B%Xygen scavengi ng conposition will FE%%%“SE%’& on

the end structure into which the subject conposition is eventually forned
or incorporated. The polynmeric matrix isqderived from polyner types which
may be t hernopl astic or thernoSetting. The
primary function served by the polymer matrix for purposes of the 2 0

present i nventjansiwdilad coRiMeersforned RoMattyline wilionk of mbR diRdréswearl Which is
st abl e under nor mal packagi ng tenperature conditions and does not

deacti vat e t healkouggyisig.. octene) and thedikgyengi ng ability of the active material)

for the oxygen scayey L%b&%lgpl@:ﬁra%lﬁcg%lzd)mf%cvd\e?énrp%pﬁtgpd&@&hin%tomg scope of

the polyner in general” can ol ymer
matri x may al sipvéitios eteahdrediplagticpenmpositiersdoimedad ablytthplebé emopdiypersdifing on 2

5 t he physical confiquration in which . it is provided.in a final
Structurs |t cParERR sugtias tor SXbmple, 8yl e Bl Bk ar Bolpteps,
particul ar pol yaRts stdh 431 fok eathphd bieds YIEDPEWRH ®Giy fibber; polyethylent drdmat el y
wll be determned by the end use in which it exerts its oxygen scavengi ng

effect. cthylene/viny! aggtatogoppbygy; as well as polyethylene and
PCT/ US96/ 19492 : i ' L ¥ s from
sﬁ%rene/butadlenle{(styrl%lg bé)ogk polyref &tk 1. he 5{3’1#%(?@ dt?e, s cff%

whi ch the polyneric matr derived e vinyl polyners,
pol yet hers, popryfesbly slowplshsiypiotiethylepsi@nd may be a very low of vitnaddwl dbnsity

Conens e 1 Poel PR 43k P TR s Lo
pol ysacchar i deg ysed!greferably has a melt index in the range 3 to 15, preferably 5 to 10, and
generally contains 5 to 40%, preferably 5 to 30%, vinyl acetate.
Further, a plastisol or a dry blend of polymer may be used in combination
with a plasticizer for forming the polymer matrix. Suitable materials for use when the

15 compositions are pIaStisols include vinyl chloride homopolymers and copolymers.
Instead of preparing such compositions as true plastisols, they may be provided as
dry blends of the polymer and plasticizer. The proportion of plasticizer present in a
vinyl resin plastisol may be any conventional proportion, typically from 30 to 150
weight parts of plasticizer per hundred weight parts of viny} resin.

20 The polymeric matrix of the composition may further contain conventional
plasticizers, including phthalates, adipates, glycols, citrates and epoxidized oils and
the like. Examples include for example dioctyl phthalate, diisoocty! phthalate or
diisodecyl phthalate, which are readily available. Other usable plasticizers are butyl
benzyl phthalate, acety] tributyl citrate, ethyl diphenyl phosphate and diisobutyl

25 phthalate. One particularly useful combination of plasticizers for use with a viny!l
chloride/vinyl acetate copolymer resin is a mixture of diisodecy! phthalate and

diisooctyl phthalate in a weight ratio of about 7-8:1.



5 . Starches. Suitable materials for use as the
polymeric matri x conponent of | atex conpositions, e.g., for can
ends, are described in U S. 4,360,120; U S. 4,368,828 and EP
0182674. SuiWaBVESPol yneric materials for use when the conpBSTAPYI84Rr e
organi ¢ sol utions or aqueous dispersions are described in U S. 4,360, 120;

UusS 10 4,368, 828; and GB 2,084,601. Suitable materials for use in
t her nopl astic conpositions indlbude the materials proposed in U S.
4,619,848; U.S. 4,529,740; U.S. o 5,014, 447; U.S. 4,698, 469; GB

.1,112,023; GB 1, 1'}%? Bﬁﬁm@ u&]&’tﬁg&bﬁgﬁzoﬁg}?smons may conbiiy %ﬂg%ts%geh erein

t eachi ngs of each o e references cCi el n are 1 ncorpor

by ref er enceaidiprocess aids, pigments, btabipiaers.i oui-enidantshackifyipgressing, foadingi al can be
general ly sel ected fr.om . ol yol efins, as, for exanpl.e,

ol yet hy! encaEats gy Fomsnionsh ptelifist i SrmyPaioaar amones SERUBB DL s, aci o
nodi fied et hifeSaRid OMY toMBositRiNind i Thal U3 IhhE Qkh¥sRion RUE thermoplastic

rubber, styrene/butadi ene rubber, carboxyl ated styrene/butadiene,

pol yi s8pr enecomposition the total ppeppt/af seshraddisives is garrsally bedgw d8fsompster s,

st yr ene/ but agj Q%Eedz&] ) ne/
butyl ene/ sty }ggégﬁbly%g]&@cj%’o ynmer st%]c teottﬂ% %)‘ %ﬁé?m&gﬁ&% %g%ght%at e

copol yners, etrhpdsitive/isa plabtisod dispersisnhorganie solGtimt dr)latax, nlyd ahenntogfol yners (for

i nstance, ethylenelbutyl acrylate or ethylene/butyl nethacrylate
copol yner s, , AEVES baseceg R et Ray e R o noriiiess g ROl | do
honopol yrer s fifén&OROmysBofted. When an anti-okidafN8 6/ pbtatdd, RGhMIEHS |

pol yam des, and vinyl acetate pol yners, and bl ends of one 25 or nore
of théfe. PoPsFea™in FRAWtycagakle pEuatilizipgthe prlymegic cAmPpasitigneagaingbrposi t i on

I ncl ude hi gh ks ol I%d; ; ensi (LDPE) ,
| i near d )g%/{vdggénm ti}-}‘%}g{lgg{lﬁ% g%\%né(@ﬁ%gé@' ﬁ?‘?g&aélr ?&g%vg%léﬁg?){ y
pol yet hyl eneartidbXida showdd bérsmall enough to permit the IAPgOVIcAPSESr component of

PCT/ US96/ 19481% composition to effectively react with molecular oxygen. The specific amount 9

will depend on the anti-oxidant used and can be determined by minor
15 experimentation.

The composition of the invention may be formulated in any convenient form,
such as a melt, plastisol, organic solution, dry blend, latex or dispersion. The main
ingredients of the composition, apart from the dxygen scavenger, are normally typical
of those conventionally present for the intended purposc. Iti# preferred that the total

20 composition should be non-aqueous (i.e., an anhydrous soiutio;l, plastisol or
thermoplastic melt) so as to prevent initiation of the reaction of the scavenger within
the composition. Alternatively, the scavenger may be encapsulated or in some other
way prevented from contacting wafer used in forming the subject composition.

The polymer matrix of the subject composition may be selected from those

25 used to form coatings on at Jeast a portion of the interior surface of a package (e.g., a
rigid container such as a can, can lid, box or the like). The polymer matrix can be

selected from polymer classes commeonly referred to as epoxides, phenolics (e.g.,

e
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i ke as well as copolynmers forned fromethylene with one or nore other
| ower al kenes (e.g.. octene) and the I|ike. I n
t hi s enbodi ment E rtlcularly preferred conpositions accordlnﬂ to the

i nvention are ‘P’ﬂé astic conpositions fornmed of polyethyle ‘5”8?96“9“”
copol yners of pol yet hyl ene such as, for exanple, ethylene/vinyl
acetate and the | i ke or polyethyl ene -ty - blends such as, for exanple
bl ends of HDPE and butyl rubber; polyethylene and et hyl ene/ vi nyl

acetate copolyner; as well as pol yethyl ene and

st yr ene/ but adi @H@)’os-ﬁ)ﬁrﬁr&hﬁﬂmhd@@étmly&md) 1d3quedrs dep.. cEBoRQsteidry!| ene, i f
used, is preferably a | ow denS|t pol yet hyl ene and may be a very

low or ultra | &hetethelss, aﬂ‘@ﬂ fesins angghe ke ‘W‘ﬂeélarn like branched or
linear. The ethyl enghyhRydn: 86 &Etﬁnqgﬁ?ﬁéﬂf? Iy ggfxtillc foruse \]»jglfx c%?]i atBfigif er ably

has a nmelt index in the range to 15
general | y cont a¢nvengonaly 5894 to pﬁ%ﬂ@rlamrymﬁacc@f 80Miness (eyd.. ositimwhich the

with o prasti crouplraieSafiiaRuttRedic By HERO TSR sxfortSfire hebBiTal s for
use when the lmaterial. FooeRanple) mmezar@ow fesink 96d the TRE kiaf 8 ¥odted orthé OF i de
honmopol yrer s and. copol | nstead of preparing such

conposi ti ons aside® i/age‘ﬂ Wisfages 2 R&TPLerkye BRAting o\ p gurg thescoating, the treatedy y
bl ends of the pgiiy Wﬁ@&f’to@@ﬁfcﬂ fenfpefaturdfor Fﬁ&f]{g HP&’ fthe Blr@ﬁi&{ Ciomflt

present in a vinyl resin Iastlso e any conventiona
proportion, typidaure theicoatingwior to fllBth and sealing the pmi. JPonveaioha cofrgqnl asti ci zer

per hu “%ed m%&béﬂ%&r&?ng(&%eﬁlvdf %xldfztgﬁle %r%a%xc compoul rflglarc no-[suitagf% a¥ gefurél mat v X

of the conposition er contarn €onven i cizers,

i ncl udi ng pht haichtcasblem&aqix@mmmglayﬂmyare mwhaéaegrmdmwmaed oils and
the |ike. | es include I octyl phthal ate, diisooctyl
pht hal at e or emperatures aorna ai?o e &P'éng Wfﬂsc [The peessnt SRMPIFIIPES | abl e.

Q her usabl e ppasiisd ﬁi‘tablerf@rshéﬂ lication as the sciVeR Lﬁm@ﬁ'ﬁéﬁ h 8ridgy!
tributyl mtrait)e eth’fll di phenyl éﬂpc;g?)mgtasé aeﬁcﬁ dlléésfosbuty ) & B

pht hal at e. Onetepmerapes. For 9X4]§é?sl§h° cepifsicambe o polpmepinaisik |fmé|0§ali organise With
a vinylig phtIﬁc?uef;mc‘ﬂrdsqgl[nﬁbﬁwaé‘&%ﬁﬁ;sﬁ:c gl'é(ﬁgg? ‘E %sﬂ'n SmRnixture of

di i sodecyl ate and Ate 1 h & wel ght ratio
of about 7-8: thereof in asolvent such as, for example, an alcohol (e.g., Ci-G; alkyl alcohol) a

ketone (e.g., methyl ethyl ketone), an acetate (e.g., butyl acetate) or an aromatic (e.g.,
toluene, xylene) or mixtures thereof. The metal-loaded zeolite or other cation
exchange material of the subject invention which is stable/does not degrade or Jose
20 oxygen-scavenging activity when subjected to the elevated temperatures
contcmplated for curing process) can be used as the oxygen scavenger component.
In a second embodiment, the subject composition utilizes a film or fibrous
mat (Woven or non-woven) which carries the present oxygen scavenger described
herein below. The carrier can be formed from a polymeric material, such as those
25 described herein above, capable of forming a film and upon the surface thereof is
deposited the present oxygen scavenger. The surface of the film can be coated with
the subject oxygen scavenger by forming a suspension or dispersion of the oxygen

scavenger powder in a polymer and depositing the suspension or dispersion by a

S
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PCT/ US96/ 19492 - 10 -
The polyneric matrix of the subject conpositions may contain filler, sI i p
ai ds, procesdVQI¥ESS2j gnents, stabilizers. anti-oxidants. té’EFMSWWQ
resins, foam ng agents and ot her conventional additives in
conventional anount s, dependi ng upon the nature of the
conposition and its final use. If the C(}ﬁpOSItlon is a thernoplastic 5
conposition the total anobunt of such additives is generally bel ow 10% nopst
preferably be PASH g{gad, YRRk t when
t he L(g%gﬁ%o@gft | onglsga]aypk? a?t | sokmd%%ggépﬂlgﬁmgr gani E:ﬁes%%ug on or

| at ex, the arrmmthc sofface of the carrier fididi ﬂhvw:@é&ewumofpbt men fdmwilleri al may

be hi gher. For tanc nou

ncor por at ed. SRR 6 bl o A BaEand b s ofghe e Gmer %o

present in anpekpgehdpaihger alhefddabiits ki@ atd\@bRaktiaNg rdisinGR MRSty | On agai nst
degradation due to free-radicals forned during processing. However, the
anmount 8f during use.ant j - oxi dant shoul d be snmall enough to pernit t he
oxygen scavenger ORRARRRGaRbliemately, be in the 1Bt BPABIOLE RibveR oﬂu%r{e&/g{re\ﬁz

react with nol ecul ar oxygen. e sgem fic anpunt nd on
the anti-oxi deat Tsedygamdcaangdyds chntainediimthe ilsgrstides of the Fnat strucmrc Thc
experinmentatign. . The, compositian of f ein n may be
formul at ed i nPQ“f@f%'BHWéH‘? WA} My he formed fedrm By s“é'ﬁ@ﬁ "?ée Q 8 sol |

organi c sol ut &ueh as @B:wnbglmdayléxawyetﬁweﬁa W(%b@ﬂlers-r&f%ﬂ@l‘dne wnh one or
i ngredi ents of the conposition, apart fromthe oxygen scavenger, are

nor mal ¢ typ| wgre cthylenically un@mmt%%n%ﬁvmpw&mwépw&wmef t he intended
pur pose. ogﬁ@.te%ﬁ@d%é %%or& BfyleRicaly vilaturated na‘&mmrtd RO1RNOMd be

non- aqueous (| ., an an rous sol ution, plastisol
t her nopl ast i cparti¢ulyr nmmaef thecagrienmatwill mneﬂdllpmhoﬁmlhwmmfotsmeﬂanﬂthc he

ey B onc apsdil g tgma o o SHRREAMS kil SR Ol By RSO
contacting waitﬂmmadmgmsé.o'rm sogvenper canibg depbsited o shd matstructure by any

The po mat ri x t he . subject co ition may be .sel ected fromthose 2
1300 1 oPE AR TS et DI SEpeBT F HSRSPSORG! i BEPHEE Sur 1 ace
Of a package 4 tHen refoving the liquid from the mat.

In a third embodiment, the subject oxygen scavenger described herein below

can be retained within a carrier in the form of a pouch or sachet of suitable size to be
inserted in a container having an oXygen sensitive material tferein. The pouch or
20 sachet should be sufficiently porous to permit moisture and oxlygen to penetrate
through the pouch or sachet forming material at ambient temperature conditions.
The subject oxygen scavenger material is preferably in particulate form which is a
sufficient particulate size to permit the sachet structure (e.g., pore size diameter, pore
structure) to retain the oxygen scavenger therein. The pouch or sachet can be formed
25 from natural or synthetic materials such as paper, cotton cloth, polymer films and the
like in manners well known to the packaging technology.
A fourth embodiment is to utilize a carrier in the form of a porous inorganic

material, such as a ceramic having the oxygen scavenger described herein below

N




rigid container such as a can, can |lid, box or the like). The pol yner
matri x can be sel ected from pol yner classes comonly referred to
B TSt oo e (=0 VO STI22552  ectnsmumgy
phenol - f or mal dehyde condensati on polymer), lacquers (e.g., cellulose esters
or ethers, shellac, alkyl resins and the |ike), polyurethanes
and the like. The preséﬁt'conposition is particularly
suitable for use with carrier nmaterials conventionally used to

coat the inner §iuribaee ieteif OTReAIeR NS cAntbeFormedan®)any esived iapk R€g., spheres,
coating requires application of heat to drive off solvent and/or to cure

the carrier cubes, and thedike) and|size mehichdx si{gble for ingegtiuy igto the epnjaiperdiapiigand
the |i ke may be . . LS :E%);% S as a
protective coattlh?glg.%t&g s%{t}?t}é)at aéer%alf’sferflug} ,ce']taﬂlzésg r?cé'g({ce s Sachd il E‘é"gﬁgi S
subj ect ed to ellaohhitg nionnpenilinite esillito alosp with dpspéredsblsite andimuke.r enove

sol vent and cure the coati prior to filling and seal.ing the
can. Conventi on%?fa'aﬁgwewcme ”‘?’C”S“H&g@rf’é’@?zs “d‘g’rﬂ)‘b“s'é’a‘s‘%?ﬁ%x?‘ﬁpﬂﬁl d
organi ¢ conpounggigée not suitable as part of such curable

coating material as they are known to degrade under elevated . .

t enper at ur es nor nal | 4n essentia} fegturenf the inMention isthatdhegbiectppnpesision gpntains
conposition is ' | f 0] | | O s the
scavenger is stBp e 8qt ¢ ﬁ%‘%%i: g‘lﬁﬂg hﬁakgn%&é&ﬁm &an rg{cérar’%{g ?gst% B?Jeés’&%%rﬂ?h@
exanpl e, the camygen scavengbeis prefayhbiyre redoeing agenf thatmesctoWwith paseoggaxygerl iy

| acquer ch as_conposed o ellulosic ether or ester, alkyl resin or
mi xt ur esEH an 1onIC reACHaR, aﬁﬁfeépi%?v’e 'fprseﬁecpﬁeggr,“o t(%‘e‘exarrpl e, an al cohol
(e.g., Clerr]-( err]itRaskykn fdufdat thetaRloaded cation exchifpe aiiter{ats Havingrirhbul

et hyl ketone), an acetate (e.g., butyl acetate) or an aromatic {;e.

tol uene, xyl end i zeorsalepeesiate pepabefl therpxchange satgrisherdiepegpn.cwhilsin gt her
cation carrier, can be used as oxygen scavenger compositions. The finely powdered cation
exchange materials include, for example, inorganic alumino silicates and the like.

15 The resultant composition can be used for the preservation of oxygen sensitive foods
stored at ambient conditions. These compositions have an advantage over those
containing organic oxygen scavengers (such as ascorbates and unsaturated
hydrocarbons) because they do not produce organic oxidation by-products which may
contaminate the food material. Still further, water-solublg salts normally used in

20 conjunction with oxygen scavengers to increase the scavenging rate are not required.

Further, the present compositions exhibit minimal migration of metal ion into
aqueous solutions. It is, therefore, been found by the present invention, an oxygen
scavenger composition which does not cause discoloration or detract from taste of
the packaged food product.

25 The oxygen scavenger of the present invention is a cation exchange material
that has been loaded with a substantially zero-valent metal. It has been found that the
nature of the system is such that the metal is supported by the cation-exchange

material in a manner which causes the metal to be highly reactive with molecular
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exchange material of the subject invention which is stable(does not degrade
or |ose 20 oxygen-scavengi ng activity when subjected to the el evated
t enper at ur es contenpl ated for curing process) can be used as the
oxygen scaveW§&#2¥%#ponent . In a second eRGEMHSAENEI2  he
subj ect conposition utilizes a filmor fibrous mat (woven or
non-woven) which carries the present oxygen scavenger descri bed

herein below. The carrier can be forned f4ema polyneric material, such as
t hose 25 descri bed herein above, capable of formng a filmand upon
.the surface t cavenger.

The surface él@?ﬁr? ?ﬁ %a%egﬁmgécg‘ggﬁggﬁﬁgt%ytthgpﬁgéégB# mg}gmgﬁ%eit oxygen
scavenger by provxdesﬁfeatlwsqammt embigntoeditipon A)iareﬁr@d@xylgegc material

scavenger powder A oI r and .depositi tl'l%tl%ﬁ su i on or isper si on
by a 1sacldsso %a& morganic Zeolitcs escm eriasarcgenera

PCT/ US96/ 194%grated aIumma slhcatcs having sodium and/or calcium. These materials may be- 12 -
conventional means, such as spraying or knife coating application or the

li ke, d¥rect wther natural or sypiheticall formeds Eeféh%)P“"PPﬁ? of sliis paenty 3 zepliteipan
particul ar Qidhar t he
application o Mﬁﬁggdg%g gﬁ% fF%ﬁ‘Jngk %tmcmré med glgccg‘r“rhrseérja%?ﬁ rgﬁéd to have

t he oxygen soxeepickby Mgrepaﬁandovmrsn@lmuﬂac@ﬂanﬁwlsmhba\ecmonadtbryblc etain its
integrity 5 dyring use. .. . The i can,
alternat ol y, BEOPH Y MOVBERY Bruitips insuehengs s rere s et A

mat. The Oxyg?ﬂcﬁﬁﬁ’ﬂ@ﬂg%ccuﬁmg(ieélﬁé ixahe mmeidmuyashemh iferaflof the mat
structure. i bers form ng the mat be formed from any

suitabt® mat éﬂ?la¢a78}4g9§§!ﬁt‘ﬁ§{iﬁ93ﬂf* 28H20. Ammomum@ei YAMOHIR, Ratiogs Bay
nyl on, pol yetguh&RBoraBh GoR Q&se%sﬁtepfc LN, @PﬁNmt(@}RHﬁ}Br(ijﬂhNH nmor e

ethylenlcally unsat ur at ed nnnoner pol ypr opyl ene and copol yners of
and (CH3)4JN. Zeolites A, X, Y ZK-5, fanjasite, and laulingite have frameworks

consisting of linked truncated octahedra (beta-cages) characteristic of the structure of

sodalite. Some of the synthetic zeolites are structurally related to minerals and are
15 included in this classification; however, for most of the synthetic zeolites the
structures are not known. Numerous synthetic zeolites are also available, and are
preferred for the purpose of this invention.
To prepare the scavenger of this invention, the zeolite or other exchange
material is jon exchanged with a solution of the desired megdl salt. The metal ions
20 are believed to become bound by the zeolite. They are chcmiéally reduced to their
zero valence state by any suitable means. One method of accomplishing the
reduction is to subject the loaded material to hydrogen gas under high pressure and
elevated temperatures. The resultant scavenger is then dried and s ready for
incorporation into the carrier.
25 Any metal that can be reduced substantially to the zero-valent state, and
where that state is capable of reacting with molecular oxygen, is suitable for this
invention. In practice, metals are selected that do not react with oxygen too quickly,

as this would render the scavenger too difficult to handle. Furthermore, from a
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propyl ene with one or nore ethylenically unsaturated nonomer and the |ike.
The particular nature of the carrier mat will depend upon the
appl ication of e and the ability of the mat to

oxygen scaveng‘gbgﬁﬁ’;’%ﬂ al within the interstices of the mat n?sgg}mm
structure during use. The scavenger can be deposited into the mat structure
by any 15 nmeans such as by dipping the mat into a dispersion or .
suspensi on of the scavenger and5then renoving the liquid fromthe
mat . In a third enmbodinent, the subject oxygen scavenger
described her eisanilimwf food safety, meCiofiéw mﬁ@yrwbrmhm NinFgeR€BIik RF 1n the
formof a pouch or sachet of suitable size to I nserted in a
cont ai ner havi meferredde plze areduged medal ehzese V%iFnGFﬁ@P‘éF%fYOWW@CMCh or 20
sachet shoul d :5{% r n to
penetrate %gﬁ%%’h’?sloug dr%{ﬁ%%‘gﬁc ahgdrlm Jﬁhet orm%a?'e%é?%ﬁ&égﬁgt anbi ent
t enper at ure cométkei, o:mper zinc or tin. Thél'prefesudbpetals an«?:geransmagksmfﬂm erial is

preferably in art form whi ien rticul ate
B et o m ¢« PRiehi€ {afle forrahe T hre" i SRandingp to ine, 6 2t iy €1 %E

structure) to 1o N, rcdhﬂmmrkoﬁ@ﬂwmeﬁbetﬂgaﬁ@wrefm l@:ﬁﬁé‘h@és pet can
be formed 25 fromnatural or nthetic materials such as paper, cotton

cl oth, pol ymer Praferrad fangserith this i “‘Ven ion. |jke in manners well known to the
packagl ng technol OgX‘h? metal-loaded cation exchang%nfné?é}faﬁ i&ﬁiﬁ%%&;@ﬁ@é fdlﬁi hdtilize a
carrier in the formof a porous I norga terira such as a
ceram c haV| ng patticulanty guited $o weplang)part @i‘@l@rf tHeddlehegrainonlp ébumd in sealant
\é’\(C:Z)T?ZJ/SS 9 492compositions which is an application contemplated herein. As mentioned, the _ 13 -

di stributed theompositiohs acetoknis preﬁmbljaenﬁydfdimd'mmt i isyiyfetebhag theeape

(e.g., spheres, and size which is suitable

for insertion MifdotheReIyESHE g}aﬁgrlsglgg)pw&mbly an ydrous tGraclydas pApmenq  ve
material. Usef yaGed@iaktaly prdibtd@ne s@¥engdHebim Foidti@ SRdd} A¥HAS atmospheric

conditions and, therefore the scavenger remains substantially inert to scavenging

15 activity until high degrees of moisture are present. The polymer matrix should be
sufficiently porous to permit moisture to pass into the formed composition.

A preferred aspect of the invention is that the scavenger should remain
substantially inert in the composition and in the gasket or other solid deposit formed
with the subject composition until the composition is on qp in a sealed container.

20 Exposure of the composition to high humidity that normally exists within a sealed
container will, therefore, result in sufficient permeation of moisture into the
composition and the subject oxygen scavenger to initiate a satisfactory degree of
scavenging and result in improved shelf life of the packaged material. However, the
scavenging reaction can be accelerated by heating the composition sufficiently while

25 in the closed container to cause increased permeation of moisture. Thus, preferably
the scavenger is a material that remains substantially inert in the carrier until the

scavenging reaction is accelerated by heating in the presence of moisture.
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kaolinite, montnorillonite or illite along with diaspore, gibbsite and

bauxite. 5 Ceramics further include silicas such as quartz,
tridymte, cristabalite. diatonmte and the like.

An essenti al MO522852 of the invention is that the subject cBFBOSPGIHR

cont ai ns an oxygen scavenger, that is to say an agent that can
react with gaseous oxygen. The oxygen scavenger is preferably a
reduci ng agent that reacts with gaseous fxygen in 10 an ionic reaction
that takes place in the presence of noisture. It has been

found that netal-1ga 24 1@%1; &Qve%?ﬁg?&?ﬁorm‘tﬁ{]gx%&c%t %‘3‘%@@?’3 is{:r%ctﬁgﬂfr ted

in its zero-val ence's as par e exchange uration,
while in a by pasteurizibg (typichlly £ 30°-DB0°US Bok shesiliging BPicallpMEINQe] SCOUN@s ti ons.
The finely powdered cation . . exchange materials include, for
exanpl e, i nor ¢RAiRer Mftentilige iwithanagueoys filliapd sqafipgit. This triggeripg appeass fot ant
conposi ti on cgh, K&, J&fﬁhééb‘?w%ﬁﬁﬁrmwh %eﬁxﬁﬁﬂl Wb 1 ods
stored at arrblﬁg?lt gg‘ﬁ%ﬁ%i ons. T esle conpos?z'?'f(g S avgq%anﬁg%\}gh%g%gea&over
those 5 into the nompesitienp amd gesubjecteggpengs c dhe mypenge beuwotes aisppesidor bat es
and unsat ur at gd - hydracar bgns) because they do ngt.produce organic
oxi dat 1 on- by ¥ GomRRtiom et ehe B v N6 chnlie i sBRlcilBl Yol &y
Still furtherperittredction withlorygeal This 60ygen nlay peddte throdh the compBsiiiomCt i on
Wi th oxygen scavengers to increase the scave}ani ngt; rate are not required.
Fh

Further, the $reE m%&ﬁb@m%wghwﬁwtaw it w3 flled powhish netal ion
into . subRQHEAHSeriBl tielcBfifined frorh the sultGirRl dmofifigie, found by the
present invention, arf oxygen scavengel” conposi ti on whi ch does not
cause dPscol or at i dtmay bdaesizable 6 inghade imsthe cariposition a materidlfor pawmkemged f ood
product. 2 5 ;@égﬁ A of nr. nt . nvention is
a cation exchsélrﬁfé‘tcatann’tastug? ?%?O-Enﬁ‘&) Qen? %%tﬁﬁggﬁ%%év r%lti'{il'gvg exﬁér\% ¥ ﬁhea

subst anti al | ypermeabiliyl of ttie coatpadition fo waas abé @ suifablendnduadf 4 swefactant such

nature of the systemis such the.netal is supported by the
cation-exchan‘t;"éx‘s’Sb"“’"""’n &frﬁ‘fdteﬂ%lbyi"f?‘ Ymanner whi ch causes the metal to be

hi ghly reactive WtHe {FunebH thE scavenger is dependent on ¥ t9e ot appication. When
PCT/ US96/ 19492
15 the scavenger is incorporated into a gasket, the amount is normally at least 0.5 weight

percent based on the polymeric matrix material, generally at least 1% and preferably

at least 2%. It is generally unnecessary for the amount to be above 20% and 4%-10%
is often a convenient maximum. Expresséd in an alternative manner, the amount of

scavenger is typically in the range 0.01 1o 2 g, often 0.02 to.d.1 g. per container.

20 In the case of a plastisol, lacquer, or hotmelt applied to. the center panel of a
closure, where the matrix does not otherwise serve as a gasket, scavenger loadings
can be much higher. For example, loadings of 20 weight percent to 60%, or in some
cases up to 90% are workable.

When the composition is in the form of a film, mat, pouch or sachet, the

25 oxygen scavenger should be present in an amount to effectively scavenge oxygen
during the contemplated storage period of the container for the appropriate contents.
The amount is normally in the range of from 0.01 to 2 grams per container of normal

size.

N



= 14 -. oxygen. The scavenging activity is initiated by the

presence of noisture and provi des effective scavengi ng at anbi ent
conditions. A _pref ed exchange nateri al is a cla ials
known as i nor f&ﬁ%ﬁ%ol ites. These materials are generally Ferlsotii1
hydrated al um na silicates having sodi um and/or cal cium These materials
may be 5 either natural or synthetically forned. For the purpose of
this patent, a zeolite is an at udi mosilicate with a franmework
structure enclosing cavities capable of being occupi ed by | arge

-ions and wat er nol egyluesinvérioh itGé pudibldtolprestly pesisngibe stizifdife of an oxygen f r eedom
of novenent, permtting ion exchange and reversi

1] bl e dehydratjon. A
typi cal nat ur apenyitiye &ead-qringhes goitent 81 the seajed ?ﬁ%?eﬁlbyfﬂﬁlfégiuf /IR f or mul a
10 Na[ errhgn‘?ag[gg%%%&gny] K2Al [err]Si[err](err].235H err] O AmoDni um

and al kyamoni u at1ons may be incorporated in synthetic
zeolites, e.g., NH Fhe presetempdsitad can beigicanasipar of 2 p{okap) qoatairienmhich

and (CHerr])[err]N., Zeolites A X .Y, ZK- auj.asi t.e. . | aul.ipgite have
f r amewor Ks can Am"‘dﬁ RS ES ts}s"*‘%’%?" the Wé&af}?qﬁhgg{i LY é\tﬁ@g @ 5%%? g'j-o}-:nages)
charact eri sti ¢ yRfmib@al Stiadi€; lodbor@inell. The present sOipbsition. shEsldbe ekpdsédto the
synthetic zeolites are structurally related to mnerals al[lld are 15

i ncl uded in t hinpepatmosphere ol the resulipfspled coptgerigany Srm eh as4,pqatipg gn

zeolites the oy ora part ofthe WieHERBc@bhE OntiiN@Wddy UHE!BM’élﬁxeﬁiéQE.EQlih,Ccan
zeolites are also aeallable, and are preferred for the purpose of

t hi s i nvent i onend) or as an insert in the formTf agdmpmat powrh. SAChEL @R GRIRMIS StUPRIES.

i nventiq the zeol [t e.or other exchan . teri kS, 0

exehanoad w1 a Solf e ISR PSRar BGvmer mpci gr AR AL bOMRlE pEL
are believed t gele@qnne thongeh Dyontdiser 2Relirel Ehe Flosyte adrcbecheapi eanlenyl, lidkeduced t o
their zero_val ence state bfqu?@y sui t.abl e neans. .One WOd'Of
acconpl i shi ng ek or film. The inyentigR alsg e} SOTLRIBSTSCSURR EUTIARER P IPHERY l to

hydrogen ‘gas UpGiedlth @kt AbRISHER adfdtymer matrix or filfd EonfiosRloh aP@agkUr €s. The
resul tant scavenger is then dried and is ready for I ncor poration

into the carri @psitigrgd to seal around, or overAp]gne b wgpknepsin. the glopae.r Thgsabid
subst ant.ial | t - at state is
1 y h?ﬁmﬁg%ﬁﬁ?ﬁg ﬁ%ﬁﬂﬂe&?osﬁ{e&tmeaugén‘%.closurc and 6?1161\@??{0%1 B

capabl e "'06f reac eculfar oxyg IS suita or this
i nvention. |n pomapssitie, Inseadof onircadditionatd €e dehadit bingrsotch a gasket, thet h oxygen

Lgﬁdﬁgi_ ¢ :élu?/t he F%p(éitian%ﬁ]b% 'r.':liegos}%)éj (ng the ?Qn%?%acg r(])F a JGRE R e;;os}n%g vﬂliextef thgr'él t to

is a discontinuity or line of weakness around a push or pull component for opening a
container sealed by the closure. The closure occupies, as js conventional, only a

20 minor part of the exposed sutface area of the closed container, often less than 25% of
the surface area. Thus, the area of the solid deposit can be very small relative to the
area of the container. Despite this, the invention can give greatly improved storage
stability to the contents. !

The invention also includes filled containers sealed with such closures. The

25 sealed container comprises a container body, the closure fitted on it, and the filling

that is contained within the container body. The container body is preferably of glass

or metal. The closure is preferably of metal.

N
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st andpoi nt of food safety, netals of lowtoxicity are preferred. In general
it is WO 92p58ferred to utilize a reduced netal of zePETARMIRER

sel ected from cal ci um magnesi um scandium titanium vanadi um
chrom um manganese, iron, cobalt, ni ckel , copper, zinc or tin.
The preferred metals are the transition ¥8etals of the 5 Peri odi c

Table formng the series fromscandiumto zinc (i.e., Sc, Ti, V, C, M,

-E(raéf erred. Coppg? T*g& f(ia%i%& ar}%ép%emé& ’ %&gﬂ%@ggeetﬁér%g’gﬁ?rﬂgﬁ%{ég !é\TF?r ﬁo?ﬂi S

i nvention.  within the container but the tvemioalis byl filuowhexhbfings ifaterial is a
finely divided salid that .is particularly suited to repl ace part
or all of themperiplavhass shedindifs or Bipdectanaliy iy nofpallyrestricted duetg oXB&a™t | ons whi ch

i's an appli cajpRk GUohaHRMRbLE Sbidge. Ahe ToRthinS By chre , generally
conposition asga whol e is pref g?lg%l y gagnhy(tj:rousl. Thu)sl,c I t a|u§mp§$enfeer?ed t hat ,

where 5 of metgleth, whibleeyes! threlosere iaa ¢anend.sGeesallyghednsirablbsuraisiof dr ous.
e RS o el B R B e e
t her ef or e t hecomfporemart eitlie M) Sr potPmiddinhiatidly i nert to scavenging 15
activity until hi glh degrees of noisture are present. The polynmer matrix
shoul d be ot 9fiagap hedy; thesoptamer bpdys iah??$l%?UP@“t‘ﬂ‘lﬁh$‘§“1 nto the
formed conposhé kRBure is a cap. The bottle or jar is PreRir &1L EF Aaks BaNLEIn WforpBRmicR¥ent i on
is that the scavenger should remain . substantially inért in the
conpost®i on anaterial withevegy loweoxygen parmeabilityl The erpean be of polyretic material, Wi th
t he subj ect L1 | hg conpos &l l: i eal e

cont ai ner. ZC%PH&%& @%ﬁ@éﬁeb%f &? h@d’cglgrr%%és??%% i?)}(;ér.g?eéx ﬁ&Hﬁ’r%ﬁ%%{p))gt hat
normal |y exi sfosm#d déffihétaleand @egdydnclude a push or putivinipotiet ofvinkthl oripo®ymedrier e, resul t

in sufficient per i on of i sture intq the . onposi tion and the
ubj et oxy qeTERay dG R T DRaErLeaR Sudh 4Rk ot op e L FoR. o
twist-on cap, lug cap, press-on/twist-off, or press-on/pry-off cap, a screw-on cap,
15 roll-on metal cap, continuous thread cap, or any other conventional form of metal cap
or polymeric cap suitable for closing the bottle or jar.
A gasket is normally provided between the container body and the closure.
This gasket can be used to carry the composition of the invention (in particular, as a
polymer matrix containing composition) either as a blend in{he gasket composition
20 or as a separate component applied on or near the gasket but it is possible for the
composition of the invention to be utilized elsewhere on the closure or elsewhere in
the container. In that event the gasket-forming composition can be any unaltered
conventional composition suitable for forming the gasket.
When the closure is a cap, the subject scavenger composition may form an
25 overall gasket or a portion of an overall gasket. This is typically true for small
diameter caps such as those less than 50 mm in diameter. For large diameter caps,
the gasket is a ringlike gasket and may be deposited in a conventional manner from

the gasket-forming composition. For instance, a ringlike gasket can be formed on a

S




scavenging and result in inproved shelf life of the packaged material.

However, the scavengi ng reaction can be accel erated by heati ng
the conposition sufficiently while 25 in the cl osed conta|ner

cause increasePERAP4ti on of noisture. Thus, preferably Tms“f’ﬁ‘é”
scavenger is a material that remains substantially inert in the carrier
until the scavengi ng reaction is accelerated by heating in the
presence of nvisture. WD 974 22552

PCT/ US96/ 19492 - 16 -
Preferably the Sy r IL i

accel erated mg%BgfﬁgE’W? |fﬂfén %’?&)’%Caga%ﬁ tzlil"té pgp@%ﬁlﬁﬁgﬁlgﬁ rmC ) or

sterilizing (tyby é}a(iﬂgyh@@m&muefr¢r]600111&0{>e¢tra]t®n)101?1h8m.asaPPfopriatec'lim ai ner

openrt to 0 botd RGOSR b bR GEREL R bk anll SefhPRGH R
pernitting noi sénithe ghskepmawral] & applied to an arebOthé bzq; 10 6PRsed ByOohe EMeﬁ(lftﬁa

subj ect scavenger. The mpisture becones trapped
conposi ti8n, t henrteppanehk @Frﬁ@s@h@@@&?@ﬁﬁ‘éﬁﬂqnﬁ?@ &Sﬁ*!‘&E‘EfPﬂﬁebheéuf ficient

water to disperdiG, Mrlx, pRAGHI, 9&—% d"'s&?%ﬁ‘?ﬁhrm-g basti %ﬁggﬁ% ﬁ%r Iggat €

through the corrp05|t|on rom oxygen trappe
cont ai ner when Mutwasmpﬂlmdarmng/\lh? G#Sket is then Pressqsim?saquemrbymem&ahsgt he

cont ai ner from ftaFc?zgét&'ﬂH tﬂ? Egénne%d 3t HRSMEE Eoeinam r body and dJosed rrh%qné{%gmil be

desirable to inc osition it 8P4

surfactant suchmammesodi um dodecyl benzene suI phonate, which will increase
t he pernmeghility of .the_conposjition to water and a_ suitable
amount of%a surfact 32{1’5&] osmon Is f°ng§%'Ltaﬁ'Fe§mP@a§5’étRWé’§ﬁf@a1“’&ﬁfd“ﬁy b6 by
wei ght . pphcdasalowmoﬁ@‘?ﬂéﬁwﬁﬁe thO8apSE PIFNAE 0 hStodRRGNEENT on the
type of application. We the scavenger 1s incorporated into a

gasket, the amﬂs’mpomgommﬁnelfgrmf aringser ipmay bredpphicd as a melt whichgetheant based
on the pol ymeri gl inte i Ab&rel Hlape 13 & Ask Yadthg 4 Bknch ARAMRL RIALET abl y

Further, the gasket can be in the form of a pre-formed ring or disc which is retained
15 (e.g., by mechanical or adhesive means)} within the cap.

If the closure isa can end, the oxygen scavenging material is typically not
used in the gasket composition because, under typical can seaming conditions, the
gasket is not substantially exposed to oxygen in the pack. Also, the seams are not
particularly vulnerable to oxygen ingress. The oxygen scdvenging material is

20 typically applied on a center panel or other interior surface in the can, such as applied
as a coating of a can.

1t is particularly preferred that the gasket or coating on the container closure
be formed by applying the fluid or molten composition of the present invention
formed with a polymer matrix and solidifying it on the closure. The method of

25 application and solidification is generally conventional. It is particularly preferred
that the container and can end should both be of metal or the container body should
be of glass and the closure of metal or plastic, since the use of the defined

compositions for forming the gasket then appears to give particularly beneficial
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at least 2% It is generally unnecessary for the anount to be above 20% and

4% 10% Is often a convenient maxi num Expressed in an alternative
manner, the anount of scavenger is typically in the range 0.01 to
2 g, often OWODTRESY. 1g, per container. 2 0 | n RATAINNEEHIDf a
pl astisol, lacquer, or hotnelt applied to the center panel of a

closure, where the matri x does not otherw se serve as a gasket, scavenger

| oadi ngs can be nmuch higher.. bgr_exanpl e, |oadings of 20 wei ght
percent to 60% or in sone cases up to 90% are workabl e.

. W h 1.1 1S fill h . het, th
5 oygen Shube Rek ekl PREIGR (PRt a8 e B Rhen ELERr BT R, 1° 7

scavenge OXygglass bottle and the didsuteig atnlietal@apit enpl at ed st orage period of the
container for the appropriate, contents The amount is normally in

the range of fromlstead ¢fr addifian toasing dhe Tid oF mghable,pefymer matrix si ze.

WO 97/ 22552 composition of the invention for forming a gasket, it is possible to deposit the
PCT/ US96/ 19492 - 17 -

By t he Bnventé¢omposition slspwkeré b tietigneg fasgtof themlashrsnly maycesipplidd dsighe of an

oxygen ensitive | r (.0 of the seal ed.contai ner by
reduci ng the %Vé&”zcé’ atips of the 1n99rdfa9eo?(f§/{é£ﬁan§g&{t§§§]foflgﬁ or It may 'S applied over The
present conpogily pahofrde inner f46€ tn partipdtar, whtn thePasH agfuded BhObNAbreWASIES: 5

can provide stqQrage stability to the material packaged therein wthout

detracting f rijcomponents defined inthe grnel Py discomiingities gblinegof wieghness e present
conposi tion Zél?félg;oﬁliligﬁ mfay B 8Flicki PrinkdBily to cover just thd WiSon@huiB ML Bf Of the

resul tant se contai her 1n any formsuch as a coating on al |
or a paft of wesknessner surface of the container body or closure means

égug h lSi’ig ,he'f agr cFeorr énn%tagc% c?rpsﬁ% 8(§fe<§§su?é? uédlﬁ? ratcaﬂ.l anf, E‘n%hjd%g iy lgz]:st gnrf, 'arlz({n mat,

often two, push components that are defined by partial score lines through the metal
panel such that finger pressure can push a circular area of the panel into the
container, so as to allow access to the contents of the container. Thus there may be a

15 small push component to allow release of pressure and a larger push component to
allow pouring of liquid from the container. Such a system is described in, for
instance, DE 3,639,426. In particular, the composition of the first embodiment of the
present invention may be deposited as an annulus (or a disc) covering the line of
weakness. The line of weakness may merely be a weakenedfline in the metal panel

20 but it can be a total cut around the push component, for instan;:e as in DE 3,639,426,
in which event the push component generally has an area slightly larger than the
opening in the panel that is defined by the cut line and the composition of the
invention can then form a seal betieen the push component and the remainder of the
panel of the closure.

25 In all instances where push or pull components are to be formed within a
metal panel, there is a serious risk that the formation of the push or pull components
may damage the polymeric lacquer coating that is generally present on the inner

surface of the metal panel. This can expose the metal to corrosion. Application of a

N
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10 . The invention fornmed with a polyner matrix or filmcan be

‘applled as a center panel lining on a container closure. The
cl osure can b & can end lid stock or film T on
al so incl udes ogﬂfzggsﬁer closures carrying a solid deposit P&‘/’UQ%?]Q%J;

on the closure froma polynmer matrix or filmconposition and that is
positioned to seal around, or over a |line of weakness in, the closure. The
solid 15 deposit can be a gasket degdsited around the cl osure and
formed fromthe conposition. Instead of, or in addition to the

.deposit bei ng sshposiidhTHIRS predehi€invention toamn%@%désb:ﬂﬁd%ﬁnb&hndﬁﬂp5| ted on
the inner face of a closure at a position where there

di sconti nuity Hhibi qesrosion\f thefeesd captaineices yvel 38 HnHPV‘?)ﬂ?‘Iag‘?:%ﬁiB%é’rﬁﬁhef or

openi ng a ¢ Bbrlher SRl ardVRarklgQSie s, s bR Ur € OCCup es,
as i s conventi ‘c:)onné n,tsgﬂln o n%ynoar rpa?t gQ:? ﬁe sexpzcl)sed surface area
of the cl osed cont alrrmlud;t\mjfto ew ih enetal  glass akbplastitc contamers thc corthposgtiont ee ar ea.
Thus, area, of t.he sol 0Si t e ve ti,ve to.the

TS of " Bna” Confhseftar Siighdrd B ERae SRR Pe SRy S Rics 0%, Siniconfingt ©

i nproved st or agea cardboard carto bidbé Wity ak MtdridL liGPNIREESmposition can be placedin 1€
i nvention also includes filled contai ners sealed with such closures. The 2

5 seal ed cOTRKPWitE Sgpiedextingr eifhe earfhoprdragiage: Heneca irspfeveknssed on
it, and the fildhdGrckage closurc of .}ﬁ%}x}r bﬁeﬁ&ﬂ@éﬁéﬁ?i&cm&% ’ihc t@lgrl%g.nt ai ner body.

The contai ner body is preferably ot glass The cl osure
is preferably &ltcmatehy, the present composition can\WOPBEEDRRISR the container as a film, mat

PCT/ U89?4319492 che - 18 -
The filling can " B8 ény beverage, foodstuff or other nmaterial that is to be
stored vwrtnen theenipobition bthe Ftit erb&litnemead botorgoufledaadt i cul ar

val ue when the fi mat eri al whose she|f-life qr product

ng i.s.a
quality is nor‘F?‘iiT“Fifr‘s ?’\g%il"rsff‘é‘? ShapeR ehenghe,pajyyRss matrix 1s a thermoplastic resin. For

example, the subject compositions can be formed into films per se or as a
componentn of a film composition used to prepare flexible packaging, such as bags,

15 or the films can be laminated onto metal stock which can then be formed into cans
and closures. Also, the compositions may be included in flexible packaging such as
mutltilayer films or laminates or as a ribbon, patch, label or coating on a
thermoplastic bag or lidstock. When the subject composition is part of a multi-layer
film, the layer formed of the present composition should be*the surface layer which

20 will be exposed to the inner surface of the resultant flexible ﬁackage or should be an
inner layer which is covered by a surface layer having high porosity to permit the O
and moisture to penetraté into and contact the layer containing the present
composition. Thus, the term “exposed to the interior™, as used herein and in the
appended claims shall mean either direct or indirect exposure of the subject

25 composition to the inner atmosphere of a sealed container having material contained
therein. '

The compositions can also be used in conjunction with or as a portion of a

tamper-evident membrane for pharmaceuticals and foods.

N
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ingress or contam nation during storage. The contai ner body can be a can,

generally 5 of netal, in which event the closure is a can end.
Generally the entire closure is of nmetal or polyneric materi al
but the panel W&}*"@%82¢c| osure can include a renovabl e PCTUSI8#RNt  of
either nmetal or polyneric nmaterial. I nstead of a can

body, the container body can be a bottle or jar in which event

the closure is a cap. The bottle or jar-i& preferably of glass but it can
be of polyneric 10 material with very | ow oxygen perneability. The cap
can be of pol ymeri ory@dRbwink examples are gives fr ilRFhEAR e, that
may i nclude a barrier Iayer.ke’éen%?aﬁrﬁgll,vet élcap is%r&sg%ﬂygﬁér‘kngﬁ of

metal and rmay mewityebe bmping lor bmitinglthe deimpsorideht are bppepdad heeato. pAllypans amd

material. The cap may be.a cr cap,such as.a pry-off or tw st-off crown,
a tM?Fqn&‘%z%gﬁ}’yVﬁ&%ﬁ'ﬂ‘?ss&h@%’g‘ﬂﬁiﬁet-off, or press-on/ pry- of f

cap, a screwon cap, 15 roll-on nmetal cap, continuous thread cap, or
any ot her conventional formof netal cap or polyneric cap
sui tabl e®for closing the bottle or jaExamplel A gasket is

normal |y provided bﬁ%&ﬁﬁ&h(Wﬁ.IQQ@u%U}eBHQQWaﬁ?&iﬁ\%@IP@OB%r&?d%ilogir%eczi i

Thi s gasket can be used to carry the conposition o he i nven
particul ar, aswster was prepared. prpipyoximatplyt 1i gof Zeolimih (UR)Y catipomsstedmpmeated t her as

a blend in the ket. .cOMRESI.tion - or ,as, a separ at onent
applied on or negt?e ‘?‘H%}' %xggﬁ%t’mgﬁ?eqzﬁt%ﬂétyp%%’?il%vg‘"f a'r"gf%‘é’f?”ﬁg'r@me &
conposi ti on of Cé.Heoninl) Bahiné, Maryland)ubas dddetand| sheniewieh 8 dul®,cbrask € or

el sevvherﬁ in ) the container. In that event the gasket-formng
conposi tPon cafvenughin Fhe zealiteayasdsolated by filtration, washnd; ssyrapl tars¥edi t i on

suitabl e for fQ&dp: vieldine a oale. s a
QidHiRG W&, SRURY, yielding a pale blue cﬁpmdgrh Igégﬁﬂvél? Eo é(%h;f{l{:s%bda

cap, the subject scavenger conposition nay f 0 sket
or a portion ofIGH) anadysisl indiepteskacoppatrpadingofiappiosimatsly 8fue for smal |

g areter caps Sueh il PSRRI Pl kel U B RRT Gl on iRl B L
conventi onal nmmircpresencmef approximately 1 0@pyyabKet Aftar24i ogrscodgrk puiploCu® For
Lnstances 8 i Aehinsea SRR FondB RSt ShEE O @ W0 97/ 22552
The headspace oxygen scavenging properties of the Cu® exchanged zeolite
powder were tested by heat sealing samples of the powder in a plastic pouch (oxygen
barrier bag BDF 2001, oxygen transmission rate approximately 5cc Ox/m’film/d/atm
O, available from the Cryovac division of W. R. Grace &.€o.-Conn., Duncan, S.C.).
20 Samples of the headspace gases were removed periodically from the pouches via
syringe, through adhesive backed septa attached to the pouches. The oxygen
concentration in the headspace samples were measured by injecting the samples into
a MOCON LC-700F oxygen analyzer available from Modern Controls, Inc.,
Minneapolis, Minnesota. Cu’ exchanged zeolite samples were tested in ambient air,
25 as well as in the presence of 1 m] water. The results are shown in Figure 1.
Figure | shows that the Cu® exchanged zeolite oxidizes rapidly at room
temperature, and that the oxidation of the copper is enhanced by the presence of

higher humidity.
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- 19 -. cap by being applied in liquid formas a ring and can

t hen be converted to solid form by drying, heating to cure or
cooling to set a thernoplastic, as appropriate. The
scavengi ng coMb¥%¥n coul d be bl ended into the gasket nateri ai, %g‘%%zsi ted

on the gasket material, or applied to an area of the cap not covered by the

gasket (the 5 center panel). The gasket-form ng conposition may,
for this purpose, be a di spersion, |atex, plastisol, dry-blend,
sui tabl e thernopl astic conposition or org&hic sol ution. The cap,

.carrying the gasket, is then pressed on to an appropriate sealing

face around the open end of the filled contai ner body and cl osed in
convent i onal manner. 10 Example 2 |f the composition is
formed with a ther l:ast L VB e B drearddtas FRE le 1. except that OlgRlred as
a low viscosity nel \Rﬁoﬁleg&tla&g cap lfes Sséilnﬁjl’?lr ngal,s songgp‘teo_' ?xﬁr%wat hgﬁ
conposi ti on i nfFeCthr&H,Orwas shbstitutédiiyr CoBO0i ¢ SH), abé dispgvédeid approaimatély 40thi ch

is then | ded, i nt o t.he desired sh of,t enc a_.di aving a

t hi ckened ri ng-“i’li"{ggﬁﬁ'?“’tq ‘5%’7’" TheSo “t’onwﬁﬁ?‘fj}ﬁ%?&otaﬁgi Sggsl%séf‘g gg)rﬁ] be in the
formof a pre- fAﬁpr@cﬁnﬁt&l@QZ@bfﬁé@ﬁe WHUSIY ieSlifeCbaVistR whb added, arldl@ried Y
mechani cal or adhesgjve neans) within the cap. _ ., _ If the
closure is a c#irRenmoluion fepddavs Thavallodibravrdreraxghanasd esaliteyry ijolatse
e L Monne OaSkHEAAPRCR IO AbalRE BiCued BIRD LUBAER! s 080 Seam g

conditions, the . I's not substantially exposed to oxygen in
t he pack. Al so, theTbeEes exshangedizeolite powder was seducedibiabydyogenitivara BOFG o

oxygen ingress. The oxyge avepgi terial ..is 2 0 typi gal.l v, applied
on” 3 certlhr “paieiegriRar sRERLPT e B VAR Ry Tt povtst HEL g 7ot

as a coating of a cdhe headspace oxygen scavengiﬁgprbﬁcrﬁ&rdfitmwreb&maﬁgﬁf #blired t hat

t he gasket or coating on the caontainer ¢losure . .. be fornmed by

appl yi ng the fPgVdergrersissiedas indixgapte |- oFhegesiits arsshawn ig Fighteent i on

formed with a pol yrr%ef&ﬁﬁslgsoarmhmmpe%iaﬂaﬂgcdlzkomes&aheng“elsefﬁim?mrsbﬂ met hod

of 25 application and solidification is generally conventional. It is
particul arly presiperatard, but not as rapidlyias theicapper rehangrerzeglt§- can end shoul d both
be of taal or the container body shoul d be of glass and the

closure 'of netal or plastic, since the use of the defined
conpositions for formng the gasket t[Exampl@dears to give particularly
benefi ci al A Cu** e_kchanged zeolite powder was prepared as in Example 1, except that
approximately 100g of CuSO4*5H,O was. dissolved in 400 ml of deionized water.
Approximately 25g of Zeolite Y (USY zeolite, Davison) yas added to form a surry.
20 The slurry was allowed to stir for 3 hours, before washing and isolating the Cu®*

loaded zeolite powder, as in Example . The Cu®* exchanged zeolite powder was

then reduced by hydrogenation as described in Example 1. The resulting dark purple

copper exchanged zeolite contained 8.8% copper by ICP analysis.

The Cu® exchanged zeolite powder was then melt compounded into a blend

25 of low density polyethylene ("LDPE") and ethylene/vinyl acetate {"EVA™) using a

Brabender® mixing chamber, in the following proportions:

10% Cu® exchanged zeolite powder,

54% LDPE

.........
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results. In particular, excellent results are achi evabl e when the contai ner
body is a  WO09722552| ass bottle and the closure is a netal REA}IS96/19492
Instead of or in addition to using the fluid or neltable polynmer matrix
conposition of the invention for formng a gasket, it is possible to

deposit the 5 conposition el sewher 84on the inner face of the
closure. It may be applied as an overall coating of the inner
.face of the panel of the clo ' plied over only
part of the inner face. In pﬁ%ﬁgﬁ%mﬁﬂgppanel i ncl udes one or nore

push or Pilinks of thiqymarerisl svetkepreparel] using dieapdbgtirablyc plessc @hei nui ti es
or |ines of V\g?kness osition may be applied reerarinto
h

he (o]0)
cover just thBT gf&f&’rﬁ?m'ﬁ?t?‘%/f°5heﬁdﬂ‘?&° ggysfe scavenging prRpestes using the test

For instance gRRedutd8f Biaripl®$ WxBept it pbichcsiwérd Bofiftteted mxyg&ﬁb@ﬁeﬂfﬂ&ﬁt one,
and often two, push conponents that are defined by partial score

| i nes t Br oughF$16655heavatlable from the Crysxne® Division ohWt Rf Grage & @o.eConm.e can push

a circular arga of nel d . cont ai ner o.as to allow
access to theBé’Bﬁat"e%{lg dé?le?dn%flé(}(s)&zggﬁeapq °‘1‘H{‘}g“{‘ﬂ’g}:°é‘“ﬁg‘{’)y1?8'§l°f5 smal |
push conponentarbénatéd 3%/ ethahsla e inflation sithe partedwital Bl SlUsH(20@FPOoNENt t O
al l ow pouring of liquid fromthe container. Such a systemis descrjbed in,
for oxygeph Mepoughes vess beatpddo 651 o5 5 migytesin acppvestion, Pt T8% of t he
first enmbodi nRRhOdre Shwn in Figure 3. Present invention may be deposited as an
annulus (or a disc) covering the Iin% of weakness. The line of
weakned® may ner el Yhoeeseitssbawdhas the Cexchangadeentite stavprges oxyasn rapidlygtit | t
can be a total_cu roun h h_como [ ). .nstanc i n DE

3, 639, 426, root Iem%e?“ﬁ“‘%h“‘%"%ﬁc‘é)@%r‘f{‘ﬁ?ﬁ a&ﬁ’ﬁﬁ*“é@%&"ﬁ@ﬁ‘?‘a@é’ﬁ‘é P§?4'y has an
area slightly larger than the

Example 4
A 1.00g sample of the Cu® exchanged zeolite (containing 8.8% Cu®) was
15 added to 250 ml of deionized water. A sample of copper powder containing the
same amount of copper metal (0.0871g) as that contained in the Cu® exchanged
zeolite was also added to 250 mi of deionized water. The dissolved oxygen content
and conductivity of both solutions were monitored over time. The following

observations were made, and are recorded in Table 1. ._'f

20

S




opening in the panel that is defined by the cut |line and the conposition of
t he invention can then forma seal between the push corrponent and

t he renmai nder panel of the closure. 2 5 843! |
ﬁgﬁ cr/U 96/1
I nstances wher év% SBr pul | conponents are to be forned vvlthP S

metal panel, there is a serious risk that the formation of the push or pul
conponent s may danage the polyneric |acquer coating that is
generally present on the inner -sdf face of the netal panel. This
can expose the netal to corrosion. Application of a WO

97/ 22552 Table 1

PCT/ US96/ 19492 - 21 -
conposi tion of the present |nvent|on to a conta|ner as descrlbed hereln can

bot h

storage stab
wat er bearin
in nmetal, gl
used in a ca
cont ai ner
The conposit
li ner of the
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lity of
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f ex. &Uﬁb a&:opﬁﬂﬁell eth
pI ast | C qOoDi@nOI@ps), |tdiue CoRNpRsi

ngt ed contai ner such as
J_éppglﬁr-:\ arJ\j Car{ faVallaYd fnhn
b& pl aceg ilﬂ —or Iayered_wth th
hr d packadge, along ajline of wedkness

off can
car dbo

or | ocati g

package cl os
Al ternately,
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ag any ot

heg convenijeng

esent conposi tion car

be placed

n igh the pacRengcy
within the [cOrf F‘ner
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rens can be @onpoundqd and
tlaq:s pol yier jmatrix Iis a thernog
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The water containing the Cu® exchanged zeolite was rapidly deoxygenated
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of the first
desired shapg
exanpl e, the
conponentn o
as bags,

eabodi
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due to its rapid oXxygen scavenging properties, indicating that the Cu® exchanged

5

i5

zeolite oxidized rapidly. However, copper powder does not scavenge oxygen
rapidly, as indicated by the relatively unchanged oxygen content of the water. The
oxidized Cu® exchanged zeolite released only low levels of Cu®*(11% of the
available Cu®"), indicating that the copper ions are substantially bound to the zeolite
structure, £

Example 6

A Mg** exchanged zeolite powder was prepared as in Example 1, except that
approximately 147 g of MgSO, was added to 200 ml of deionized water to form a
saturated solution. Approximately 25 g of Zeolite Y (USY zeolite, Davison) was
added to form a slurry. The slurry was allowed to stir for approximately 18 hours,
before washing and isolating the Mg®* exchanged zeolite powder, as in Example 1.

The Mg** exchanged zeolite powder was then reduced by hydrogenation as described

L
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15 or the films can be lam nated onto netal stock which can then be
formed into cans and cl osures. Also, the conpositions nay be

i ncluded in flexible packagi ng such as mul tilayer filnms or

| ami nat es or Y@ 9%42355Hbon, patch, | abel or coating on a PCT/US96/19492

t hernopl astic bag or |idstock. When the subject conposition is part of a
mul ti-|ayer film the layer fornmed of the present conposition
shoul d be the surface layer which 2 0 =26 wi|l be exposed to the inner

surface of the resultant flexible package or should be an I nner

.l ayer V\/mch [ 0 permt
the Jer ng&x'%ﬁdl g% clesd # {nrggﬁaggés?%ﬁéﬁﬁg {5‘1'119@() E:‘g% Bx?" the | ayer
cont ai ni ng thenmmsemtbyl(:?analysxs conposi tion. Thus the term "exposed to
the interior”, her e a n the cl ai ns shal |
mean either di rect Uﬁ?%ﬁo‘?"fi@@g %?ﬁh?@&dﬁwﬁf@e%%ea£m2%% plastisghnosi t i on
to the inner alpserish xS CIeRooN LRk Uditind Piidies BRG] &f WCREGRBC

t her ei n. he conmpositions can al so be used I n conjunction

with or as a pbiQoi-Eonnf La:mgton MA) at atiewspelr 105 byl emightrerisrreswdtirigor

[F))g?_/r Umé(g:gyalgzglfs m%ugr? 9\%55 ¢oated onto aluminum foil ar\{g) so%xc{ t2 ed%y%)catmg to 160° C for 29 .

The fol | owi ng 45seEqide on amet lateeThé PVCifiling sbritainingehMgDeoschangtlzyoland are not

nmeant to belim'tintg or Ilmtln%the cl ai s whi ch are appended hereto. All
parts and were testeg £oreadspaEOXY 6D sHIveRRing HfOPEﬁFég%‘”%Fﬁé?s\‘/\P@ée‘F%P{: at ed.
5 A

solution of 11.14

10

i5

20

25

. A
cne R SR e

e A et s tima v dee ade

Exam }eCl3J Sexqccg} trhat the Bouclhtr:]s cgnta?ng)c(l mr’; air or apr;TJ1roxérfnatgleyI %Onlinlz od
of water (100% RH) After inflation of thc pouch with 150 ml of air (20.6%
oxygen), the pouches were heated to 65° C for 50 minutes in a convection oven. The
results are shown in Figure 4.

The results show that the Mg° exchanged zeolite scavenges oxygen rapidly at
room temperature when compounded in a simulated crown liner formulation, and is

activated by the presence of moisture.

Example 7
AZn* exchanged zeolite powder was prepared in Example 1, except that

approximately 150 g of ZnSO47H;O was added to 200 mbf (deionized water to
form a saturated sojution. Approximately 25 g of Zeolite Y (USY zeolite, Davison)
was added to form a shurry. The slurry was allowed to stir for approximately 18
hours, before washing and isolating the Zn** exchanged zeolite powder, as in
Example 1. The Zn** exchanged zeolite powder was then reduced by hydrogenation
as described in Example 1. The resulting zinc exchanged zeolite contained 3.84%
zinc by ICP analysis.

The Zn® exchanged zeolite powder was then mixed into a PVC plastisol
composition (Darex® CR 3692M, Grace Container Products) at a level of 10% by

weight. The resuiting composition was coated onto aluminum foil and solidified by

v
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wat er was prepared. Approximately 21 g of Zeolite Y (USY zeolitc,a

stcamtreated zeolite which exhibits inproved stability, from
Davi son di vi si of R Gace & Co.-Conn., Balti SYRsxh and)
was added and GFFP¥d with the CuSq err] solution 10 o%ﬁ?sght .% he

zeolite was isolated by filtration, washed several tinmes with

dei oni zed water, and dried, yielding a pale ;)I ue powder. I nductively

coupl ed pl asna ("I CP") analysis i %dl cated a copper |oading of
approxi mately 3% The Cu[err] exchanged zeolite powder was
.reduced by hydnRgemabi160°@for 38 A¢cdndd & a hot plate. The VT fitmpeataniag iefZn’
approxi mately 100 psi of H errl=Fts After 24 hours, a dark purple Eerr] 15
exchanged zeol |e€‘6h3&69%°h¥ﬁa‘§”6 tefl fercheadspace oxygen scavenging PWP@“H"é

oxygen scavengi, gmﬁg ESank h r olite

powder were tes%kggR{) eH l??\'g?g%né}% (Ea\ss&% aﬂeemggﬁ § in a plastic pouch
(oxygen barm@mtm@m tROB1 emhgtged]zdoﬂxmme&gtmygat rpidly at

The Oryouhc. i VPaPAITAGE RencpippRldefi eimplrcd Epm A i flonangls O

Sanpl es of the dgadePRCie pasake vemeisteeroved periodically fromthe pouches

Vi a syringe, through adhesive backed septa attached to the
pouches. The oxygen concentration in the headspace sanples were
nmeasured by injecting the sanples intOgxample 8 a MOCON LC-700F oxygen

anal yzer avail able from Mbodem Cont r ol s“"T%‘ M nneapol i s,
M nnesota. Cu[err] e&blhangfédngeéabohlepgudglm pm:mdtaestéxﬁmpk barubccmthaal r, 2

2 qur eai;d"’e' | aa%pr'oxlmaev'%é’segu s Alwgha 3p anZSEU& g"’(‘&ﬁgﬂﬁ%"‘“ 'n

zeolite oxidi zeawraq eoltic. Ammmately 25g on@ﬂl'meYaUSYeeoiaadNt RaGrabd &
(ﬁﬁlmdg;[ ![ sn of t Q',eo I W O&)"p aedléieé ? egthg. H¥0o %e glgsry F\)n;’a(sa il (;]\Se% tg stir for approxxmatciy & '
PCT/ US96/ 19492 hoyrs, before washing and isolating the Ni?" exchanged zeolite powder, as in

Example 1. The Ni2* exchanged zeolite powder was then reduced by hydrogenation

15 as described in Example 1. The resulting nickel exchanged zeolite contained 2.70%
nickel by ICP analysis.
Example 9

A Sn** exchanged zeolite powder was prepared agfin Example 1, except that
20 approximately 150 g of SnSO4 was added 200 ml of deionized water. Approximately
25 g of Zeolite Y (USY zeolite, W. R. Grace & Co.) was added to form a slurry. The
slurry was allowed to stir for approximately 18 hours, before washing and isolating
the Sn** exchanged zeolite powder, as in Example 1. The Zn>* exchanged zeolite
powder was then reduced by hydrogenation as described in Example 1. The resulting
25 tin exchanged zeolite contained 10.3% tin by ICP analysis.




- 23 -. Exanpl e 2

An iron exchanged zeolite was pre&ﬂl’&wum lﬁ%mil e 1, except that 9.6qg of
Fed [err]* 6H20 was substituted foOk s err] O, and dissolved in
appr oxi mat el yW2@gp2258 m of deionized water. The sol ut iRFFARREY 1YY ust ed
to a pH of 5 using KCH. Appr oxi mately 32g of Zeolite Y (USY

zeolite, Davison) was added, and slurri eg the Fe[err] solution
for 2 days. The yell ow brown Fe[err]exch ﬁg‘ed zeolite was isolated
as in Exanple 1. ICP analysis indicated an iron | oading of 3.8%

.The Fe[err] e%gpgqﬂ ﬁg&llte powder was reduced by hydrogenation at

300[err]C 10 resence of 800 psi of H2 for 3 weeks. A silvery

gray powder was obt ai ned. The headspace oxygen scavengi ng
properties of the Fe[err exchanged zeol wd' atyfevere tested as
in Exanmple 1. The rlesul tCONRISUR W{nﬁ’rﬁ“ﬁ agcalpéerfonta:mngameta loaded catiep), o

results show tehatangéalethPwhdreif ¥fe84H88 thetl Ahd Hen SEARMBRLIRSrediRBY H é/ze% room
tenperature, but not as rapidly as the copper exchanged zeolite.

Exanpl e 3 valence state. A Cu[err] exchanged zeolite powder was pr epar ed
as in Exanple 1, except that approximately 100g of CuSd err].5H20
was dissolved in 400 mM of deionized water. Approxi mately 25g of

Zeolite Y (USY zeol2i t e, Thavompusjtiona$ Chadkd ddvlietein dertadorbénthinge ntatétial of The

slurry was all r for hours, .before hi and isolating the
Quler ) s g able Saeh xehasghteriads SPEFtEnip I Srouprasaseinasts
exchanged zeolzedifie) QIAGEindNikcas. then reduced by hydrogenati on as

described in Exanple 1. The resulting dark purple copper
exchangddl zeolite contained 8.8% copper by |CP anal ysis.

The Cu[err] exchanged Z%%E&’ﬁ%&ﬁw‘%??%é%%én e,Pﬁ%qgg ggg into a blend

25 of low densSity poly ene I"'ene’ vi ny acetate
(" EVA") usi ng eachange material iBaminergdnic cation axghanige maerial and thdioadeal teral ing
1 . 0 -
BLS\B g; tions: selected from the group consisting of cal% ngés’a%,[ s%zru; unel,x tg'tgz?' nged zeolite
vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, tin or mixtures

15 thereof.

4. The composition of Claim 1 wherein the metal-loaded cation
exchange material is a zeolite loaded with iron, copper, zinc, magnesium, tin, nickel
or mixtures thereof. g )

20

S. The composition of Claim 4 wherein the metal is copper.
6. The composition of Claims 1, 2, 3,4 or 5 wherein the carrier

comprises a polymer matrix having at least about 0.1 weight percent cation exchange

25 material distributed therein based on the weight of the polymer matrix.
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prepared usi ng™®HE&Rd hydraulic press. The . filns

tested for headspace oxygen scavengi ng properties using the test

procedure of Exanple 1. except that pouchezz‘ were constructed of oxygen
barrier film 5 FS 6055b avail abl e fromthe Cryovac[err] Division of
W R Gace & Co.-Conn. Duncan, S.C (instead of BDX 2001) and

cont ai ned appr oxi mategly 9ﬁhd’don§fosition of Claim 66\%&&%&&9@1}'&%@%@6@& Af t er
inflation of the pouched with Om of air (20.6% ygen), the

pouches wer e he#eBacRlestic sgsity havingrfpgm gput{ A e &3 pars bé[ Wméﬁ‘fqncﬁ’fd&ﬁ?éﬁ The

results are sho téng“%: Gr?thgwe#%ofpol mer matrix. _1N€ results show that the
Cu[err] exchanged zeo e scaverrges ‘oxygen rapidly at room

t enper at ure when corrpounded in a simulated crown |iner fornulation.

Exanpl e 4 1. OQ a f the err] ,exchanged zeolite
(contai ni g 8. 8% Oj[éfrr])%mfgs‘ 0@1%3 Eg'th\ ‘}plﬁfé’%‘ﬁf éd water. A
sanpl e of coppegeiRitesm BRPrétipYoRdstingef polyethylene, ehfldRe/aimpLustia®fl Copper

nmetal (0.0871 g) as that co@-nt ai ned |dr%Q2t ril)eyCu err% Zxchgﬂrr;?

zeolite was al s6&onpdaesss.ivinybeijorides hpmgpolymess.oanylghigride W@%’m%ss@d\}’éﬁi‘déxygen
cont ent therddfd conductivity of both solutions were nonitored over
time. The foll ow ng observati ons were nmade, and are recorded in
Table 1. 20

10 9. The composition of Claim 7 wherein the polymer matrix comprises
polyethylene selected from the group consisting of high, low, very low, ultra low, and
linear low density polyethylenes, blends thereof and blends of said polyethylene with

other polymers.

15 10.  The composition of Claim 7 wherein the polymer matrix comprises a
mixture of at least one polyethylene and at least one ethylene/vinyl acetate

copolymer.

1. The composition of Claim 7 wherein the pblymer matrix comprises a
20 polymer selected from the group consisting of polyolefin, eihylenefvinyl acetate
copolymer, butyl rubber, styrene/butadiene rubber, styrene/butadiene/styrene block
copolymers, isoprene, styrenefisoprene/styrene block copolymers

styrene/ethylene/butylene/styrene block copolymers, and mixtures thereof.

25 12.  The composition of Claims & wherein the polymer matrix comprises

one or more vinyl chloride resin.
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Tabl e | , mnfﬂ Mﬂm Copper |on
Concentr at i owO0 97222552Ti ne Cu" . ) p per Met alPCTRESEIp2

ex.zeolite Copper Metal Not es Hour s 02 Conc. (ppm
Cu[err] Conc. (ppm Cuf[err]Conc. - 30 (ppm 0 8
8 D. |
water only 0 8 8 ' 0

: gx seolite Qu OrISQJ[ elrhrc]oomposition of Claim 1, 2, 3, 4 or 5 wherein the carrier comprises
added a filnbhaving saidmétal loaded cationic Skchange material contaifed on the surface 0
3 0.18 . . 8 0 0 22.5
0.14 of gaid film. 39 0.3 The

wat er containing the Cu[err] exchanged zeolite was rapidly deoxygenated 5
due to its rapid oxygen scavenging properties, indicating that the Cu[err]
exchanded "~ l4zeolTihe sompostioncaf Glaipi HI2y 3, Heniewbereingbpeenierpomgesesdoes
not scavenge

oxy.gen. . rapkdly,. .as Jndicated, by the rel.ativel
unchanged ox fd@%q’%méﬁ’f‘ r%eftaitl%a@%?tgop:c “Ffange fbicHal c%ﬂ’ﬁ“&%z‘%’ﬁ“?ﬂf (YJ?'F}/‘
exchanged zeolite released only low | evels of Cu[err](l1% of the
15.  The composition of Claim 1, 2, 3, 4 or 5 wherein the carrier comprises
a porous pouch or sachet having metal-loaded cationic exchange material contained

10 therein.

16.  The composition of Claim 1, 2, 3, 4 or 5 wherein the carrier comprises
a porous inorganic ceramic material having the metal loaded cationic exchange
material distributed therein.
15
17.  The composition of Claim 6 wherein the polymer matrix is formed

from a plastisol, dry blend, or lacquer composition.

18. A composition comprising one or more polyiﬁc_ric materials dispersed
20 in a liguid medium and an oxygen scavenger which is a metal-loaded cation
exchange material wherein the metal has been substantially reduced to the zero
valence state, and wherein the amount of oxygen scavenger is at least about 0.1 parts

by weight per 100 parts by weight of the one or more elastomeric materials.
25 19.  The composition of Claim 18 wherein the polymeric material is

selected from the epoxides, phenolics, polyurethanes, polyvinyl chloride

homopolymer, polyvinyl chloride copolymers and mixtures thereof.
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available Cu[err]), indicating that the copper ions are substantially bound
to the zeolite 10 structure

XA & 6 s | ot 1 excéprgiﬁmnil&ltﬂltlﬂﬂtliuwg'x: L DO SO

was added to 200 nl of deionized water to forma sat ur at ed
solution. Approximately 25 g of Zeolite Y {4USY zeolite, Davison) was
added to forma slurry. The slurry was aIIovved to stir for approxinmately 18
hour s, bef ore washing and isolating the Mg[err] exchanged zeolite

-povvder as in Exanpl &han o powder was
then reduced by hydrnggenélghlegﬁmgog%escr %ﬁ%ﬂm&é %dlogr&% g@%ZSSZ

PCT/ US96/ 19492 exchange material is a zeolite loaded with iron, copper, zinc, magnesium, tin, or- 26 -
in Exampl e 1. 'Ic'gg%{ﬁesul tfi ng magnesi um exchanged zeolite contai ned 1.38%
magnesi um by | s The My[err] exchanged zeolite
powder was then mxed into a PVC plasti sol conposition

(Darex[err] CR 3692M Grace Container Products division of W R Gace
. The composition of Claim 18 wherein the metal is copper.

22.  The composition of Claim 18 further comprising a second oxygen
scavenger selected from the group consisting of ascorbates, isoascorbates, tannins,
sulfites, oxidizable polymers, and blends thereof.

10

23. A product that is a container having an interior cavity suitable to
contain an oxygen sensitive material which has, as part of said container and exposed
to the interior of said container, a solid oxygen scavenging composition comprising a
carrier having a metal-loaded cation exchange material wherein the loaded metal has

15 been substantially reduced to a zero valence state.

24.  The product of Claim 23 wherein the cation exchange material of said
metal-loaded cation exchangc. material is selected from the group consisting of
zeolites, clays and silicas. : A
20 ' '
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5 . & Co.-Conn., Lexington, MA) at a level of 10% by weight. The

resul ting conposition um num foil and
solidified by heating to 160 C fﬁﬂllmm![ﬂ‘ﬁﬂﬂﬁlﬁhconds on a hot plate. The
PVC fil nms coniso onagsat he MgO excharg * Wer ecirasherbq$20r
headspace oxygen scavengi ng properties using the test procedure of

Exanpl e 3, except that the pouches contained either dry air or
approximately 40 m 10 of wat er (100/§RH) After inflation of the

pouch with 150 m of air (20.6% oxygen), the pouches were heated

to 65[err] Cfor 50, mnutes in a n. T ) results are
shown in Figure 4. 28] hep"’d“cmfc&g‘ gg ng‘ﬁ nﬁ&g‘ﬁ@&f%ﬁﬁ’r“{‘ﬂ’éc’f?&%]
exchanged zeol pfagrRfR%R Q%éan?é%ﬂ@ﬁ‘eicﬁ%éyxﬂat&ﬁal and the Joaded Qs E&E&!@& ature
when conpounded in a sinmulated crowm |inher fornulation, and 1Is

activated by tffgnpheg@nggomsisungpgqam@m, magnesium, scandiom, titanium, vanadlum,

Exanple 7 erhl,exgh t pr epar ed
in Exanple 1, gl)l(rgrém{m rPlan[ganese nQ)[n éoblait ﬁ(& PQ%&% zZlnC {gbgr ¥\d %&ofﬂ_l[ err] O
was added to 200 rri of dei oni zed vvat er to 20 forma sat ur at ed

sol ution. Appr oxi ma ljte Y. (USY zeol | Dayi son
was added to form a I ur%@f'g' %gwééfaﬂ%@aw{ adqd; catipp gxchange
appr oxi mat el y Jfrerial is a zeolite m&é&wﬂbﬁﬁ:@rﬁpﬁ@?%cn&agﬂé@uhﬁ% afikifot he Zn[err]

exchanged zeolite powder, as in E’x The Zn[err] exchanged
zeol ite powder nwagresttsmqfeduced by hydr ogenatl on as described in
Exanple 1. The resulting zinc exchanged zeolite contai ned 3.84% 25

zinc by I CP anal ysis. The Zn[err] exchanged zeolite powder
was thenpm xed into2A PViheyprashict s0CIaim 25 wherein thonpabiscopper.( Darex[ err] CR
3692M Grace Container Products) at a |level of 10% by wei ght. The
resulting conposition was coated onto alum num foil and solidified by

WO 97/ 22552 28.  The product of Claim 23, 24, 25, 26 or 27 wherein the carrier lines

PCT/ US96/ 19492
comprises a polymer matrix having at least about 0.1 weight percent cation exchange

material distributed therein based on the weight of the polymer matrix.
15
29.  The product of Claims 28 wherein the polymer matrix is composed of
a thermoplastic resin selected from the group consisting of polyethylene,
ethylene/vinyl acetate copolymers, vinyl chlorides homopolymers and copolymers
and blends thereof. £ i
20
30.  The product of Claim 28 wherein the polymer matrix comprises a
polymer selected from the group consisting of polyolefin, ethylene/vinyl acetate
copolymer, butyl rubber, styrene;butadienc rubber, styrene/butadiene/styrene block
copolymers, isoprene, styrene/isoprene/styrene block copolymers

25 styrene/ethylene/butylene/styrene block copolymers, and mixtures thereof.

31.  The product of Claims 28 wherein the polymer matrix is one or more

vinyl chloride resins.

N .
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- 27 - . hearing to 160[err]C for 45 seconds on a hot plate. The

PVC films containing the Zn[err] H ” changed zeolite were tested
- for headspace oxygen scavengi ng pro g’u w "
procedure of ﬁ%?é“ﬁz The results “ ure 5. ptibtosnse

The results show that the Zn[err] exchanged zeol I te scavenges oxygen

rapi dly at 5 room tenperature when conpounded in a sinmulated crown

liner fornmulation, and is acti vat3gd- by the presence of noisture.

Exanpl e 8 A Ni[err] exchanged zeolite powder was prepared

as in Exanple 1, except that 10 approxi mately 140 g of Nl SO4 was added
to 200 m of de| oni zed water to mak saturated sal ution.

Approxi mately 25 g of322eoIThP@f°¢u€ll9§¢laz@é[2$ w@erewthpgpolmf;@a@x 15 an Co.)

was added {0 1 O bkl Ul Y30 el ol dlenss anc

approximately 1 I SO atlngthe Ni[err]
exchanged zeol i tagmivdiepersiors; amd the one or more aaanmbm thateTihle 1Ne[egte|d]froeaxdhanged

zeolite powder was then re nat j on d|n
Eanpl 6 5 5 The rats ernghon o aivolBbe i aiiE e Riiont ed E5Goaed
ni ckel by | CP angwfdisistadiene, polylsoprene styrene/isoprene/styrene block copolymers,

Exanpl e 9 Sn err]( exchanged zeolite powder was prepared
as in Exanple 1 stssszr@émtadﬂm&stme block copalyrases. ﬁﬁ?@l#ﬂmﬂgb‘éﬂe@ﬂmnmcbdded
200 m  of de| oni ely 25 g of Zeolite Y (USY
zeolite, gggw%ts%%d Wasﬁg)gd ?’g to forma slurry. The

slurry vvas aI I owed to stir for approximtely 18 hours bef ore washi ng and
i sol ati ng err X oI | ovujer as _in anple 1
The Zn[erJr‘f exchange&gzeol 'Jd“ce‘&%“g‘e% Eﬁm mglﬁri{sggwgg dE)f(

hydrogenati on ascof@sef b&@dmd A cbvtaipl Goshre ahld@hd %id Iokym séivenging cbmposmon

exchanged zeolite contained 10.3%tin by |CP apal ysis.
is on the interior surface of the container body, 1s on the interior surface of the

closure or is a gasket between the container body and the container closure.

15 34.  The product of Claim 23, 24, 25, 26, or 27 wherein the interior cavity
of said container houses said solid oxygen scavenger composition and the carrier
comprises a film having said metal loaded cationic exchange material contained on
the surface of said film.

2

20 35.  The product of Claim 23, 24, 25, 26, or 27 wherein the interior cavity
of said container houses said solid oxygen scavenger composition and the carrier
comprises a2 mat having said metal loaded cationic exchange material contained

within its void. 1

25 36.  The product of Claim 23, 24, 25, 26, or 27 wherein the interior cavity
of said container houses said solid oxygen scavenger composition and the carrier

comprises a porous pouch or sachet having metal-loaded cationic exchange material

contained therein.
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- 28 -
et 1o Carred s wotal -1 oaded o] MININTRARRN op corprioing =

wherein the | oaded netal has been substantially reduced to a zero 5
val ence state. 2. The conposition of daiml wherein

the cation exchange material of . 3,,'sai d netal -1 oaded cation exchange
material is selected fromthe group consisting of zeolites, clays

.and silicas. 10 3. The conposition of Claim| wherein
the netal -1 oaded cation exchange material is an inorganic cation

exchange material a@7d t heelppaiiecofEhin 23,94, 25, 26, or 27 $@kR B idéchilg 9r oup
consi sting of calcium _ nagnesiu scandium titanium vanadi um

chroni um nmang¥§eidsontpinghhouseyiid solidioxxgen scavspgse eompostiion angl theggarmiirxt ur es 15
t her eof . . . . . ot f @} ein the
met al - | oaded Catlon & Porous lné@%%ﬁﬁ%@lc%%{gﬁéglgwﬁgthg n%eg%?t:: € F%ﬁfecd W th

i ron, copper, exchemge magpmiasdistmibuted therein.ckel : or m xtures thereof.

38. A method of scavenging oxygen contained in a closed interior cavity
of a container comprising, exposing the interior cavity of said container to a
composition comprising a carrier containing a metal-loaded cation exchange material

i0 wherein the metal has been substantially reduced to its zero valence state.

39. The method of Claim 38 wherein the cation exchange material of said
metal-loaded cation exchange material is selected from the group consisting of
zeolites, clays and silicas.

15

40.  The method of Claim 38 wherein the metal-loaded cation exchange
material is an inorganic cation exchange material and the loaded metal is selected
from the group consisting of calcium, magnesium, scandium, titanium, vanadium,
chromium, manganese, iron, cobalt, nickel, copper. zinc. il or mixtures thereof.

20

41.  The method of Claim 38 wherein the metal-loaded cation exchange

material is a zeolite loaded with iron, copper, zinc, magnesium, tin, nickel or

4

mixtures thereof,

25 42.  The method of Claim 41 wherein the metal is copper.

S




20 . 5. The conposition of G aim4 wherein the netal is

copper. 6. T sition of Clains 1, 2, 3, 4 or 5

wherein the carrier conpr Ei@' Mﬂmnwﬂrl X havi ng at | east

about 0.1 wei gWo9msseNnt cati on ex y S mat eri al HEUSIGHIME]
WO

*

t herein based on the weight of the polymer matrix.

97122552 PCT/ US96/ 19492

- 29 - 7. The conposition of Claim®6 wherein the
polynmer matrix is a t hermopl astic resin having fromabout 0.1 to
20 parts by weight tiog.excha . =] .1 he wei ght
of polynmer matriXx. a3 5 Thé menmﬁ%?Clang§ 38, 39T@%§%%‘§P%?@§H% Taim 7
wherein the thebpAkas foyrié Thdiix Baving at least abonid. EQEIGH Pefc@fl dalien SXchukiye
consi sting of polyethylene, ethylene/vinyl acetate copol yners,

vinyl chl ori dedng\iiah gistribpsdghercin faged of s Weight Of His RPhEREE MaHiK- bl ends
t her eof . 10 9. The conposition of Caim7 wherein the
pol ymer matrix conprises ol yet hyl ene sel ected fromthe group
consi stirfg of high, 44ow, Themgthodwf Claim4d whemin the dontainer is composed of a

container body and a container closure and the solid oxygen scavenging composition
is on the interior surface of the container body, is on the interior surface of the

closure or is a gasket between the container body and the container closure.

10 45.  The method of Claim 43 wherein the composition is deposited on at

least a portion of the container as a plastisol, dry blend or lacquer composition.

46.  The method of Claim 43 wherein the polymer matrix is a
thermoplastic resin selected from the group consisting of polyethylene,
15 ethylene/vinyl acetate copolymers, vinyl chlorides homopolymers, vinyl chioride

copolymers and blends thereof.




| i near | ow density pol yethyl enes, blends thereof and blends of said

pol yet hyl ene with ot her | yer s. 15 10. The
conposition of Claim?7 wherein theﬁ Mﬁﬁﬂﬂ!mﬁonpri ses a

m xture of atwdepsksone pol yet hyl € Tl [dsitIlone et hy| qiegjidobiydas2
acetate copol yner. 11 The conposition of

Claim7 wherein the polyner matrix conprises a 20 pol ynmer sel ected
fromthe group consisting of polyolefin,zgethyl ene/vinyl acetate

copol ynmer, butyl rubber, styrene/butadi ene rubber,
styrene/ but adi ene/ styrene bl ock copol yners, isoprene,

styrene/ i soprene/ s#§r en€hdinetbld oblainy 38139, 40, 41 or 42 wherein the carrier

svrene! ! S XL R Bl SRR S R e

mat ri x conpri gRSurface of said fiend said Gl istiodsdd if tHeGfiteler da@idy 6f the container.

WD 97/ 22552 PCT/ US96/ 19492
- 30 - _ 13. The conposition of Claim1. 2, 3, 4 or 5
wher ei ngthe carri egg COMphd Si@fiod of Claim 38, 39, 40, 4 Moh R/ WAdeR TN ABE2! | 0aded

cationi c exchange material contained on t.he surface of said film
comprises a woven or non-woven mat having said metal-loaded cationic exchange

material contained in the voids thereof and housed in the interior cavity of the

container.

10 49, The method of Claim 38, 39, 40, 41 or 42 wherein the carrier
comprises a porous pouch or sachet having metal-loaded cationic exchange material
containcd therein and said pouch or sachet is housed in the interior cavity of the

container.

15 50.  The method of Claim 38, 39, 40, 41 or 42 wherein the carrier
comprises a porous inorganic ceramic material having the metal loaded cationic
exchange material distributed therein and said ceramic material is housed in the

interior cavity of the container.

'
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5 14. The conposition of Claiml1, 2, 3, 4 or 5 wherein the
carrier conprises a mat having said netal |oaded cationic
exchange material contained within its voids. 15. The
conposi tion oWwgGaksel, 2, 3, 4 or 5 wherein the carrier comgAfUSa&i9492

a porous pouch or sachet having netal-loqggd catlonlc exchange materi al
contained 10 t herein. The conposition of

Claim1, 2, 3, 4 or 5 wherein the carrier cbﬂvmlses a porous

i norganic ceramic material having the metal B tmaded cationic exchange
material distributed therein. 15 ﬁ%ﬁ% 17. The conposition of
Claim6 wherein the polynmer matrix is forme&% froma plastisol. dry
bl end, or |acquer conposition. 0o A conposition

conprising one or nore polyneric materials ﬁfggersed 20 inaliquid
medi um and an oxygen scavenger which is a | oaded cation

exchange material wherein the netal has bee dubstantially reduced to the
zero val ence state, and wherein th unt of oxygen scavenger is
at | east about 0.1 parts by wei ght jpgr 100 parts by wei ght of the
one or nore elastoneric materials. 25 19. The conposition
of Claim 18 wherein iaghNis selectedromthe
epoxi des, phenolics polyurethahes, p yJWﬁyI chl ori de ©
honopol ynmer, pol yvi fpyk chl ori de copol nerT and m xtures therepf.
H
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- 31 - 20. The conposition of Caim 18 wherein the
nmet al - | oaded cation exchange material is a zeolite | oaded with
i ron, copper,waishgasssragnesi um tin, or bl ends t hePEBSI6/1949
21. The conposition of Claim 18 wherein the nmetal is copper.

22. The conposition of Caim18 furt heyscorrpri sing a second oxygen
scavenger selected fromthe group consisting of ascorbates, isoascorbates,

t anni ns, sulfites, oxidizabkq:m@'yners, and bl ends thereof. 10
.23. A product that is a container ha an interior cavity suitable to
contain an oxygen sensitive nmateri al gk-2has, as part of said container
and exposed to the intericn%? £d container, a solid oxygen
scavengi ng conposition conprising a O S carrier having a netal -1 oaded
cation exchange material wherein the metal has 15 been
substantially reduced to a zero val enDeSd+4ade. 24. The
product of Claim 23 wherein the catio xthange material of said
nmet al -1 oaded cati on exchange materi al selected fromthe group consisting
of zeolites, clays and silicas. RO
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- 32 -° 25. The product of Caim 23 wherein the

net al -1 oaded cati on exchange material is an inorganic cation

exchange nat er iyg g7@aeket he | oaded netal is sel ected f PERUS¥ERoup

consi sting of calcium magnesium scandium titanium vanadi um

chrom um mnanganese, iron, cobalt, nickel , qs0pper, zinc, tin or mxtures

thereof. 5 26. The product of Caim23 wherein the

net al -1 oaded cati on exchange material djs a zeotite | oaded with

iron, copper, zinc, magnesium tin, nickel or < m xtures thereof.

10 27. The product of G aim23 yherein the metal is copper.

28. The product of Caim23, 24, 25, 26 ori2tudierein the carrier |ines

conprises a polyner matri x having at |east aE%?é 1 wei ght percent cation
oh Whaze

exchange material distributed there d on the weight of the
polymer matrix. 15 29. Thezg ct of Clains 28 wherein
the polyner matrix is conposed of ﬁErnDpIastlc resin sel ected
fromthe group consisting of polyethylene, et hyl ene/ vinyl acetate
copol ynmers, vinyl chlorides honopol yners and copolyners and bl ends
t hereof. 20 307 |ﬁﬁ_5F6HUET‘ﬁT‘tTGTﬁTZB‘WhETETﬁ‘TH%
pol ymer matrix conprjses a i
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pol ymer selected fromthe group consisting of polyolefin, ethylene/vinyl
acetate copol yner, butyl rubber, styrene/butadi ene rubber,
styrene/ but adi ene/ styrene bl ock copol ynmers, isoprene,

styrene/ i sopr ered §inpeene bl ock copol yners 25 PCT/US96/19492
styrene/ et hyl ene/ butyl ene/ styrene bl ock copol yners, and m xtures thereof.
31. The product of Cains 28 wherein the, polyner matrix is one or nore
vinyl chloride resins. WO YP122552

PCT/ US96/ 19492 - 33 -

32. The product of Clains 28 wherein the pol r mtrix is an

el astoneric material selected fromthe group céggisting of organic solvents
and organi c dispersions; and the onej®r nore el astoneric
materials is selected fromthe 5 gro@@ @nsi sting of polyolefin,
butyl rubber, styrene/butadi ene rubber, carhbxﬁ?ated

styrene/ but adi ene, polyi soprene, styrene/isqgrqpe/styrene bl ock copol yners,
styrene/ but adi ene/ styrene bl ock copol yners, styrene/ethyl ene/

but yl ene/ styrene bl ock copol ymers and m xtures thereof. 10
33. The product of Caim 28 wherein the container is conposed of a
contai ner body and a container closure and the solid oxygen scavengi &gt
conposition is on the interior surface of the container bofly, is
on the interior surface of the
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closure or is a gasket between the container body and the contai ner

¢l osure. 15 34. The product of Caim 23, 24, 25, 26, or
27 Wherein the interior cavity of said contai ner houses said
solid oxygen swawepgsz conposition and the carrier REHTo64UE2 5
filmhaving said netal |oaded cationic exchange material contained on

the surface of said film 20 35. The product of daim 23,
24, 25, 26, or 27 wherein the interior ca®fly of said container

houses sai d solid oxygen scavenger conposition and the carrier
conprises a mat having said netal |oaded cationic exchange materi al

cont ai ned wWthin its void. # 5 36. The product
of Claim23, 24, 25, 26, or 27 wherein uhe interior cavity of said
cont ai ner houses said solid oxygen sgavéhger conposition and the carrier
conprises a porous pouch or sachet h%ﬁ Ep nmet al -1 oaded cationi ¢ exchange
mat eri al cont ai ned therein. WO 97/ 22552

PCT/ US96/ 19492 - 34 -

37. The product of daim23, 24, 25, 26, or 27 wherein the interior
cavity _
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. of said container houses said solid oxygen scavenger conpoBiPLAOFMENT SHEET
carrier conprises a porous inorganic ceramc material having ﬂ:]e
metal |oaded cationic 5 exchange material distributed 43end 917 -4
38. A et hod of scavengi ng oxygen contained in a closed interi 2,{(. cgv‘i ty

of a cont gi Y exposing the interior cavity of said | ger
to a e”mlmmg #ﬂ!{mﬁ conprising a8carrier containing a netal - dd
cation exchtange wnatwer isal 10 wherein the netal has been substantlaTI'y

reduced to its zero val ence state. 39. The met hod of
Cl aim 38 wherein the cation exchange material of said

net al - | oaded cation exchange material is selected fromthe group consisting
of What iz elnimed:s, cl ays and silicas. 15 40. The
met hod of Claim 38 wherein the netal -1 oaded cation exchange

material is an inorganic cation exchange material and the |oaded netal is
selected 1 AfdoRipotifin B6:Apisif@R sdrbiet Schtalhingal midtilPloaderidiation BXehange
scandium titanium vanadi um . chrom um_ nmanganese, iron, cobalt,
ni ckel , welspial wheteircthetmetalois ingoxparated iptRepidonaterial by cation exchange of 'a W?_Fa?
The met hod of, C ai m reln - oy s EvalelS)

mat eri al IOPSWIQ‘ %8@‘:“?‘% %%p%\%%e"g&%@ h%fi ?g&rlll,%%l&) gggﬁﬁj nﬁeﬁl} é@ptnonqgsﬁes I U men%ei ?]t?te.

ni ckel or m xt ures thereof. 25 42. The et hod

of Claim4l wherein the netal is copper. . ) . .
2. The composition of Claim I wherein the cation exchange material of said

metal-loaded cation exchange material is selected from the group consisting of zeolites, clays

and silicas.

3. The composition of Claim 1 wherein the metal-loaded cation exchange material
is an inorganic cation exchange material and the loaded metal is selected from the group
consisting of calcium, magnesium, scandium, titanium, vanadium, chromium, manganese,

iron, cobalt, nickel, copper, zinc, tin or mixtures thereof.

4, The composition of Claim 1 wherein the metal-loaded cation exchange material

is a zeolite loaded with iron, copper, zinc, magnesium, tin, nickel or mixtures thereof.
5. The composition of Claim 4 wherein the metal is copper.

6. The composition of Claims 1, 2, 3, 4 or 5 wherein the carrier comprises a
polymer matrix having at least about 0.1 weight percent cation exchange material distributed

therein based on the weight of the carrier.

7. The composition of Claim 6 wherein the carrier is a thermoplastic resin having
from about 0.1 to 20 weight percent cation exchange material based on the weight of the

carrier.
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- - 35.- ‘ ' 43. The nmethod of Clains 38, 39, 40, 41 or 42

wher'ein the carri er' conprises a polynmer matrix Bpmi I
about 0. r-wei-ght-pereent-cati on exchange materi a d.ﬂgwpﬂﬁ@ﬁ
44

therein b on the wei ght of the polynmer matrix. 5
The et ho%j@ﬁ!‘%! Aﬂﬂ mt ein the container is conposed of a
cont ai ner 4 Mi ner closure29nd the solid oxygen scavengi ng
conposition Is on the interior surface of the container body, is
on the interior surface of the closure or is a gasket between the
cont ai ner body and the container closure. 10 45. The

nmet hod of C aim 43 wherein the conposition is deposited on at

| east a porti®n of Théieompositivmet Clabm 4 whersini tho theraioplasticeresings selaetad érom
conposi tjon. - 46. Th f ' 3 rei:d.he
pol yner §tFPORPQngstng of polyethy heéthSg'lygegglivg’eyﬁ gglgtﬁ%s%cﬁé’ﬂ*@%dé‘f Y O%Ftcﬁié’qgrregup
consi st i péméfolPakie iyt eMeridd Sopolymerstahil Ibfsngs Miensdf. acet at e copol yners,

vinyl chlorides honopdl yners, vinyl chloride copol yners and
bl ends t hereof .
9. The composition of Claim 7 wherein the carrier comprises polyethylene

selected from the group consisting of high, low, very low, ultra low, and linear low density

polyethylenes, blends thereof and blends of said polyethylene with other polymers.

10.  The composition of Claim 7 wherein the carrier comprises a mixture of at least

one polyethylene and at least one ethylene/vinyl acetate copolymer.

11.  The composition 6f Claim 7 wherein the carrier comprises a polymer selected
from the group consisting of polyolefin, ethylene/viny! acetate copolymer, butyl rubber,
styrene/butadiene 'rubber, styrene/butadiene/styrene  block copolymers, isoprene,
styrene/isoprene/styrene  block copolymers, styrene/ethylene/butylene/styrene block

copolymers, and mixtures thereof.

12.  The composition of Claim 6 wherein the carrier comprises one or more vinyl

chloride resin.

13.  The composition of Claim 1, 2, 3, 4 or 5 wherein the carrier comprises a film

having said metal loaded cationic exchange material contained on the surface of said film.

14.  The composition of Claim 1, 2, 3, 4 or 5 wherein the carrier comprises a mat

having said metal loaded cationic exchange material contained within its voids.
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- . 36-- o 47. The nethod of d aim 38, 3908@8{‘@?{11 SBEETJ

wherein the carrler conprises a film having sai oaded

cati oni c exchange nat éri’al” ¢ont ai ned on the surface of said film
and said fil e interior cavity of the container. 5

48. The rremmmﬁrﬂﬁgmﬂHw 39, 40, 41 or 42 wherein the carrier
conprises a woveh of monswoven mat havi3og said netal -1oaded cationic
exchange material contained in the voids thereof and housed in
the interior cavity of the cont ai ner. 10 49.

The nethod of Caim38, 39, 40, 41 or 42 wherein the carrier
conpri ses a porous pouch or sachet having netal -1 oaded cati oni c exchange

mat er i al 15. Thmnmapwsér@brt o Chiim hnZ, 3a4cbrpi)udiererhu tleacdreier icompdseseal i n
the int erl 50.

The ot Hisiogs Beehiok, Senet Biving gneia-1gpaed g ehened fugrial contained therdin:
conprises a porous |norgan| c ceramic material having the netal | oaded
cationic exchange material distributed therein and said ceramc

material is hiusedThencemposition of Claimj htZr3.0f oral wherebt theheartioncoinprises a
porous inorganic ceramic material having the metal loaded cationic exchange material

distributed therein.

17.  The composition of Claim 6 wherein the carrier is formed from a plastisol, dry

blend, or lacquer composition.

18. A composition having a carrier comprising one or more polymeric materials
dispersed in a liquid medium and an oxygen scavenger which is a metal-loaded cation
exchange material wherein the metal is incorporated into said material by cation exchange
of a metal ion with a cation exchange material and reduction of said metal ion to its zero-
valence state and wherein the amount of oxygen scavenger is at least about 0.1 weight

percent based on the weight of the carrier.

19.  The composition of Claim 18 wherein the polymeric material is selected from
the epoxides, phenolics, polyurethanes, polyvinyl chloride homopolymer, polyvinyl chloride

copolymers and mixtures thereof.
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