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The invention generally relates to conpositions having active oxygen

scavengi ng capadA@TVERAXYREN SEAMENBERCOMRAOSITIONSAND THEIRUSEINt S

packagi ng of oxygen sensitive subst [ ions are disclosed which

may be fabricated into packagi ng%@?@ﬁ@eéﬁﬂgggéas cont ai ner

| i ners/coatings. BACKGROU - oo LGematerials have

continued to make signifi e t ckagi ng i ndustry
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due to the design flexibility of their terial and their .abili to be

fabricated in vario s.?g?h@téﬂdsﬁﬁﬂk@”g@?ﬂrﬂh%“ %&@dugnaﬂqlfﬁaﬁ%\;ﬁ'éﬁi%‘g
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are necessary pPOTASS8B/e28@cquat e product shelf life. Wien conpared to

traditional packaging materials such as glass, steel or alum num plastics
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barrier properties which limts their acceptability for use in packagi ng
itenms that are sensitive to at nosphgNotAggiRable)particul arly when the
exposure to the atnospheric gases will entail extended tinme periods. The

packagi ng industry continues toFEdEkOFTHEINYENTIONr i al s which offer s the
design flexibility of plastics and at the same tine have the barrier
properties of gl assThesingehtiar geraraiiynrelated to sbhmpbsititres haviog activdoxygah t her e

are two broad d Ler shLel di a : |5l ve
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particul ar pol liresd/eoatirgech as pol yet hyl ene terepht hal ate {PET) have found

wi de acceptance in the packaging industry and are noderately good passive
oxygen barriers. Pol yan des,BAOKGRBUNB Qo THEdNVENTIONeneadi pam de and

l.ypht hal ani des, | t er.. passi barr |
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i nplies) therefore ion a material incorporated in the package.
The material isitystions adwre bagrier preperties tm atnospharic gaeses rimarily wyygan)

his oventual Wepesaficd Rty ARRLEGoBloChaCRE: R baiotey B "

adj ust ed so t hpaditidveal eackagihg mateeialsssuchl 3s \gidss, steet-'or durivAbng (N&stidO

% LT

*G00002*



after the required oxygen free shelf life of the packaged product which is
_typically one year or |less. Active oxygen scavengers are known apd have
been used in a variety of constructions. Optimally) active oxyge NAR 2002
scavengers shoul d have as many s as possible) or at |east some) of t
features recited below (1) Their oxygen scavenging ability should be
present bot WAM1648 absence and/or in the presence of wat ePCIUSARNS2IUr €.
(2) They should have clarity simlar to that of PET or other packagi ng
t her nopl asti cs when necessary for production of clear bottles or films. io

(3) They shogtigr iffefist bantbicprpbrtics wﬁtcﬁcmntsltﬁar?ra%bemmnw?rsﬂ ud8 jhayers)

ina nmulti-layer package construction shoul d be ‘evenly di spersed

t hr oughout t Rackagingfdemsdhat at%smqiwedtq)p%mmhﬁamagﬁ&f parlicyaymheni ty to
scavenge Oxyﬂfd“exﬁ@uréh@ythsh&tﬂ harr@ g&kﬁéeﬁmﬁ re?\l'f)ﬁf bki8 dé&ff@gé g%HB&é above

filling and ~s stora eratu ast aovea t hat
t hey exi st aa'hecpaottggbg lgdustty cmtrnuesdo seekspagkagipgIvsterials) whltbrofeted as a

cont af ner || B! velBRY nSPBN ob DIEARE ik 3 (e S SR HayRl b e e

surface o? a contarner aqueous system osed to a lacquer

whi ch woul d propairties afiglpss, ataabnralmﬁmtganl c solvents). 20 (7) The

deconposi tion products to which the active oxygen scavengers are deconposed
after reaction w ttishoulggem rensgnizadithétthees atectwoobiwaddypés: opbeatkiagetdrpr oduct

o 1St e A e a1 RS Sl RS ey

ot her sal i enbxygent fusrasainf Qrtmispammgmmg passive Ioezyge’tﬁbb/hat and finds dtility ar e

active ox barrle rraterla e n |bIe of the
Pt ur et SoPoclien, 6 aTPoreh v RO3 36 Mk dibrRelEn bt Ref tvdluf Buch G i on
have suffi ci emistaxtigesn sGlassnghdomatall drar essantinhyo perfoce patsivefdegeh he

ibili hel f. | h f
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products. Thte?ephithalate anTpharuafomdwﬂsmepme e aite phdkédiig PRuSIAVVARY AND
REVI EW OF PRI OR A a assigned, relat edé,: nd §o pen mg usS
appl i cation fnd é'HeEI“B e@t‘-.é G25§“’°1 @@eé'n 'ﬁlﬁﬁ n ‘%@?r“i' ps

08/ 717, 319, bblyha)ﬁarﬂém?leﬁéﬂdphﬁﬁﬂe et lypﬂrmdra@maé&;om genedau@&,etter

pol yol ef i ns, especral di e rese in_s anmount,
pol yol efi n oPéiﬁSY?equ erg SEB%k p@S’Bé BP"p&eﬁ{?@?daﬁaea'@ébst anti al
acti ve oxygeBosdstanadss.ng capacr ty to packagl ng pol yesters whi ch showed no

active oxygen scavenging ,,- lo capacity what-so-ever in the absence of the
pol yolefin oli gorrElﬁe btmkyspe diteexyguly berries ¢aleavgi agan@pwe'exygynsbarﬁert he

above-refere ced |cat| on_were_ conpr,i ed pred ackagi ng

ol yost o scBiteAPLIE PHOMA BRI diy BerbEstaleh GRRE BN gL IPeBToRUBRy BIL |

ol i goner zsegmgrar@e@gbnt(@ywtgommhemmmemanemm e oxyea),tiyr required
for the intended ackaé;lr ngw %Peglyr?cqtr on. e co ester qQf the

appl ication ﬁﬁ\‘)’f‘ﬂé 21 OB A 1§19 %376’ 8“96@" h9 pRe W‘?%e”tange of
about 0.5 - h&jdﬁsdtfeﬁpfeaﬂirefdfmcﬂw Wn smgér% Mth&rtabmty ﬁ@t&brﬂ &
conprising p ester se nts referr enbodl was

ool yost or | ERETERELAXYBSHATON Bl iedt RROTIPIEBirERIL Tip RARKEORCEHIY, Rl ira; nder
bei ng pol yes{shr&fdeansd sSmeds %'Céllnhhél@kuﬁwmbﬁeéiy%ﬁ (oPeéR’ bélleﬂghbéﬁ’v wei ght
percent |evels of polyolefin oli gorrer segnents have properties (such as

nel ti ng P®i nfpPacs 9zsmrwroran\ultmn hﬁt%ckear) Cayityiwhareinosaid coxygem dnay ed
pol yester fr Hﬁﬁ” ul ar,
| ayers in | aﬁtg%a\a@brg)géi&ggggggwﬁgggtjf&g \)("S gmaﬁgﬁgé”ge er aan P?c{elﬁés; of
unnodi fi ed pokygest snavangers reanoenyedimvanted Dwsfrmm tbamkamaw\AWQl ng

bl ock copol i r r in
arti ol oo apy gt Flodif SEblatting ibles, \Beferd cRSITREN 58 AR, 10, |
rel ated PCT iNoptporatedoin tNanﬂmnkaBé:T Iﬂmmﬂéwnsvﬁrognt»ssmelymdmdmd gebruary
17) 1998_t he,concept ,.of Iantln apacity. o en _so, scavengj n
ol yo of P oltel die Aotide, skvRers seaveBaPar iy 8 Syeyally HeBeter, 3 B Bhdt "
referenced P&iﬁuﬁl@ﬁbdCatHQWeﬂbﬁCthrbSEéi/ehtmdepleﬁ&wadﬂ WS actver Iosr¥
predom nantly pol yam de_segnents and an o>t<h?3en scavengi ng anoun ~~ a

MaR ~o~z WD 85¢gvesging moipty canhepadiystedssq, dhefdaplastongmyrs 9elyn\ﬁeﬂ s. As
was the case for the earlier disclosed copolyesters, the correspondi ng
copol yam des had properties very simlar to unnodified pol yam des)
especially the polyam de from which the pal yam de segnents were derived.

Pol yam des are generally considered to be an s inherently superior passive
barrier as conpared to polyesters. Thus copol yam des not only had
substantial active oxygen scavenging capacity but also had inproved passive
barrrer propertres srnce they ver e conprrsed narnly of polyanlde segnents
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*~ s addition type (as opposed to condensation type) copolynmers. Another
~ enbodi ment of this application involves the incorporation of the previously
di scl osed oxygen scavengi ng noi eties (such as pol ybutadi ene ol i t‘r@ MAR]#Z@OZ
an aqueous based spray fornulation for use as a contai ner I|ner/coat| ng
removal of head space oxygen from canned goods via active oxygen 20
scavengi ng. Wﬂ%’&\&ﬁ er and rel ated patent applications prevPCUES8/08139 ed
above, it was disclosed that certain hydrogarbon materials coul d be adapted
for deploynent as acti ve oxygen scavengers i n packaging articles. These
active 0XY geNafGAHRNERA gah%%dshélf Maeowid padNagednsieliast weicA'is i cl e 2s
woul d interce and react w th oxygen (fromair) as It attenpted to pass
t hr ough t he pg/@MQEOMNBHEWéP%y shi el d| ng the package contents from oxygen
and extending the useful shelf life of the packaged oxygen sensitive
subst ance. Wen usé@'%@’ﬁﬁ@ké@ﬂ@g%ﬁ:ﬂe\/@%% aveheanesed inamvanely react
with and reno HARC VBV o that
nmeans exi st fgi‘ra Jg%%'gn |nect)ﬁmg% afgggér%g%y to rtgg‘étbmgn redasg'tﬁgv\fth t he
active oxy@genaspassivigeor antaestammmgf the fmune@cracim&elow react with oxygen
is well known in the art and began to attract research attention in the
F~ 8 MaR zooz(Wo Jbhein3xyperT/ ssyenging3abliity sheuld baepresenh kasht iir yhdvecause
of the unwant utomobile tires and
Qﬁjsenge rﬁ?ﬁ?ﬁr |R§hé){>re§8ﬁ& BRWv&ler Bt @o‘i’%w%

vegetable oils was recogni ze at the propensity of

hydrocar bons Ot Eh&‘ﬁHlt%\}eecIHﬁstihﬂﬁg%’ %ﬁta&ePEﬁ‘ &HAG#aP! g&

depl oyed as atti ve oxygen scavenger S ver) it was nece

OYer cone two theroeplebtiesawhess npeessatieior produstion of ¢lpar itlemariils. t o practi ce.

Furst, it was necessary to identify those hydrocarbons which were

reasonabl 8 t oQse Theymsheuldcbaosali-adhasentotn agiacent dayss(shauheniuspdi ent

oxygen scaven ired shelf life. Secondly, it
By gReIRRADLIMas & PHRULE RorifichER

was necessary ~0 I ncorporate t hese nmat erl al s

into nodemp aglﬁ&na Q%Hg
st at e- of - theagb ac %‘lt‘énlgagac?u}ggérr@g rﬂeed:&géa@dafg?gfﬁagﬁgé ncI uuée clarity
of the packagefferdcppnlmumsduoifomopm@mwtt)lseawtgleag@gerrhese i ssues were

addressed and |l argely resolved in earlier and rel ated patent applications
previously ci(®d abve shoudld| haveh giasse Hansitien dampeeatyiogdakeys fibingi ek, it
was di scl gsedg m{.@g I 6pY0 suf ficient
comerci al oxytgg‘%asc %ﬁﬁggggtpgdéﬁgfﬁ?%&g%g%?bsm %6 g?%: oy%g%g;\

sensi tive pr oshklicisor sl #lmstor yhesfef puoposes. i s pol ybut adi ene oligomer. It is
not fully understood whether or not this effectiveness is because carbon to
car bon doubl e(@ond&hao Qsﬁdehsrﬂ contadrmruiveri they shaslgbeseapakila qbdie}ﬁgjt adi ene
ol i gomer. C { 0, aI |y

t er m nat ed Wi %@a}fl&h éﬂm c%l i'nﬂéﬁg%ﬁ%(ge a%?gcoﬁtdhgérwggrrﬁﬁé #Ah 0 poﬁr ycon satl on
reactions. Thepdasedtto alatdquertwhich waulddequile evagfaration ofgpwganic salvents).hen
incorporated as blocks in a polycondensate. The copol ycondensates, such as
copol yest 8¢ s @id ZEha dpcompositiens pradsicts tox whishethy aalivg apygér seavangesmonl y

used packagl ng..p 9@{& S I r gi ng
articles. r?l és?é ap %gtﬁgeﬁ'sre? srﬁggﬁgﬁég? has eng)ﬁfog qéfélg gﬁle} i e use of
a pol yet her opaoj'agad ptaguet of mtist bqsbbld,qdrfmmltl'mpa@ce.geldpr@chm he oxygen

scavengi ng noiety. There is no ol efinic unsaturation what-so-ever in
pol ypropyl ene{8 o oiiaimechanjsmeof. thelrirbactiont with skygen mustrotidealetdribys tcheor y)

b AP CoR i Sl oSSl RN B oL
VPR 2002 B0 09115 el TSR A i e i AR B o,

fi Irst ngcessamnny asapbﬁ;sm of tred fe‘aflmslreaslwd gscfvepwhmhpahy dbgqﬁrodatemlr ang into
pol ycondensation tg the ene o e oligoners se t it was
possi bl e to fGoAPRA %ﬁﬁ@&%@wﬁ%t@e ‘ﬂe‘é‘so’ﬁ)&ﬁﬁlﬁf@% eb rriér

copol yani des, prlapuitied ROLHE ey 'p@%lbiﬂ?y' 6 teitby b1 SR Il@@;ﬂﬂ?'fﬁé raﬂ'dbi‘ ohRpaht

per cent of polypropylene oxi de ol 1 gomer segnents, the nol ecular weight of
t he pol ypropyl ene oxide oligoners, and the average di aneter size of the
pol ypropyl ene oxi de ol i goner segnents had to be determ ned to achi eve ~o0
optimum conpatibility, clarity and scavengi nhg capacity as was the case for
copol ycondensat es havi ng pol yolefin oligoner segnents. These pol ypropyl ene
oxi de ol i gomer containing copol ycondensates are typically deployed as at
Least one layer in the wall of a nulti-layer packaging article. US Patent
Nunber 5, 605,996 (Chuu et al.) discloses the use of ~s propyl ene oxide
rubber as an oxygen scavenger but requires the presence of both olefinic
unsaturatlon and nnlsture to functlon ‘as an oxygen scavenger. Appllcants
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PCT/ US981 0OSz39 -8 the use of pol ypropyl ene oxi de oligomer has been

di scl osed as an oxygen scavengi ng noi ety. Wil e many enbodi nent cg ve

" disclosed involving the use of the previously disclosed oxygen 3 mﬂoﬁiﬁbz
copol ycondensates, conpatibility wth package construction is optinal when
s the oxyge gi ng copol ycondensates are used in pol ycondensa based
packages. gyagi)% t he oxygen scavengi ng copol yesters ;rcgﬂfﬁag/{)}z%
conpati bl e when used Wi th adj acent | ayers-4of packagi ng polyester. In a
simlar manner) the oxygen scavengi ng copol yam des are nost conpati bl e when
used with adjmaerdhs to Aweryeacsr forzaxyaen sgnpitive predusts. Wihlse invaotiery further ~o

articles baseag P g%psat es are very conmmopn) there still exists a

wi de variety 1d § S for packaging articles based on addition type
pol ynmers. In several E@W | ts have

ext ended t he concept' |ngﬁg&¥|%ﬁm® hég!(ygen scavgﬂger capacity

moi eties into 1 slma@pmmmnly apsigmad, yelates, QDd@Q -pendingdSapplidatiarofied y pe

copolymer 3. i) e %, Tood IRE hRUNG RadiTNGRRRAr LY 3y 00 M8

primarily fodisciosedn tiatdicertain hydsovarbdnss estighacdeagpolyplefinis, c (e@spesiallip as

m xturos of PREdsBes Bhan plesenh Hinal dpREniEas PéVoRIn MGk BokEH i San: s
iy isCI( Zsreret Eeauﬁlacla;cr?tp glggﬁbefpdymnadl eneSUbﬂamaraﬁﬂbﬁeﬁggganEwﬂ?o | ene
byt Ho s pr opepaall 1 pagkio iR adupB iy e shoued ph achvatianssebeugihe O °M

scavengeng wag amWM%é-evar rothecdisionte of fd polpslsfin bligdrher bloékd| Te&nt s
prjef erred net hod of Ear ation 2s is b%g,t ransesterifi,cation of “Pre made

pol yaddi t i on S¥#8MEF V°" B‘Hec‘%ﬂ?&ﬁsf%ﬁ ah 3he Abpyerglerenced appligatien were
esterificati eBmpfiasd ifBdshinaAtlp rbft,mkag.lng NBolySREK eagRAbN{O Wit XAl &n t hose

conprised of acrylic aci or acr ay derjvatives. O course nany
P

pol yaddi t i on I8/ seave lgEin oligomer osearpets PEESPNlIO si t es.
In such inst aQEeRlhe bxygergmbabihg d&ﬁﬁéi?ys@@mréd’ 161 1ABhdbA Basking on

pol ymer with a substance he needed esterlflcatlon S|tes to
t he addi tifon apbligatiens. Thepﬁ%‘?@YﬁséQfScPfa&e @Ppeationahayng operal cNumbeposes i s

an unsaturat @émw% Wofe Wynﬁqne%ngérdfwou - 12 Wt-% polyd{Bfih Z00Z~.

1 WO 9 PCPN~9, 8105339 9 't hereof. ~
dat ei ¢ anhydﬂlﬁ@“?bﬁem@?m@éﬂm\/@@ rgmaindericompsising ROlysster segme@s. My such
a=pr 0Cess i s ggRaMAIR/ 'pYeﬂSﬁbH &nemmew gs aertco@snyesieeaéﬁ %BouFQf wtuej her

understanding It may be useful to consider Formilas | and below. s ~ 1.
H o-{osM - o- HOWWW@WmﬁHEGQ'ﬁeerH@ ne%mqubeimnwéﬁﬁweamgma di val ent

OXygen SGaveRrgcAhIsaK &dpblydstets %nﬁﬁi%ih@ﬂ@ﬂWv@l@ﬁt Béﬂcdﬁt [é'i/efs*'@f PAIP&Efin

scavengi ng nol eties recited above. Formul a ﬂ¥ r oXy unctlonally
term nated f GHgeper me@tsmpmﬂ%rmm afmenegdpq dsqosibt athal | y

term nat ed f%[a'ri:‘tgﬁ v&g'\é;mﬁaﬁgem uﬁﬁ%dﬁ@h" oshét Frbﬁ‘uggr d—.“gﬁt ﬁlgéétbFed or

may be functio ree reater an two

functi onal i t pegmentsovgreiderived. n{ﬂ wwulamayers ladamrr@r@aclmgﬁs arskhottle® degr ees
of functi onal u are
possi bl e andhlsagily'?a@}es% sg%}ﬁf léa)é B’C tgtsg@mofdﬂ ﬁ @ay@"%&@gﬁﬁk‘{n"ff’é%s"%v only
hydroxy ®bd dayer o&mygemsna\fem\mrlghbloslalcepoiyesgpBar@acuhedtraibove.l wete at i on.
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pol ycondensathamlagaddpconstiactiast eri fi cati on reactl ons. in this invention,
Applicants react species of Formulas | or Il with addition polynmers which
20 have acid sit e (gated PG Application Nunammcswussampgawmwmmsmmte t he

OSMinto the adltlonply [ condensatio sterification. The net
result affor @8 §ORUaHI eﬁa @%& Béct“ﬁ%qmo ﬁr’]a 2’&9'};\ GPaCiNG @XY¥9Wunt  of
oxygen s%@ve%ea\%gﬂwweﬁmoﬁqwércye?mhtéms $RhAYE t amidl (b above to
an addition polyner.” 2s” Gener copol yaddi ti on polyners will be

conpri sed Pr 886¥® r@fﬁme@PCJoam{ atien éﬁclgé ek capelypeidessramprisidigh osm |
segnents to e o pl anned
application. éﬁ?ggﬁaﬁgﬁﬁl &H!drr? this @gn%s"g éﬁ( ﬁg%}bz@r% gB{ Be %

pol yaddi ti on segnents in 'the addition type oxygen scavengi ng so
copolynmers. In practice, the copol yaddition oxygen scavengers wll be
conprised of OSM segnents in the range of 0.5 to 12 wt / of "'~ 8 MAR
20d? WO 991 15433 PCTNS98/ 03239 -10 the scavengi ng copol yners. Preferably

t he OSM segnents vviII conprise fromabout 2 to about 8 wt % of the
copolynmer) and nost 'preferably fromabout 2 to about 6 wt % of the

copol yner. As was the case for ~oxygen scavengl ng copol ycondensat es) it is
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2s contai ner coating conpositions. It is a commopn practice in the packagi ng
industry to use very thin plastic coatings on the inside of netal 8§r
“alumnum can surfaces to prevent acidic food and beverages fronhl J@gﬁﬁgﬁﬂz
attach and associated contami nation with ionic netals. Particularly acute

is the situag) canned carbonat ed beverages) such as b da

pop) so mhe?gb?%ghg§ssolved carbon di oxi de asgurés a very a@f@?@ﬁgﬁ%p
corrosive condition. In addition to corrostéen prevention, another desirable

attribute for can coating is the ability to renove unwanted oxygen fromthe
package  ~18pnixaiefioocliognmeyosegrasds PAAS Vessthesoa® foritheasartigr disclosed n such

conti ngs. t nobBiebsiRls the EbeidnEa o ides hAPpMost R SRR o the

package cavit ynn‘l;lodiﬁ_edmdymnldesne?qaciﬂydhm prrgiam(iade'o goanght;glﬁm ?plyagﬂ? :‘ ﬁct o
arrl er O r a u .

beor 1 n cane. Seqtfptls; wets dhEVET, PaVates biS, Bendtal Binoiale 19 BB AL Cans

at oxygen bevirherartlyl supevdoraipassiv ObariéB.asPasmparadz abmalyeétetshe Pres nay

furth duce t | evel t | 100 PPB whi ch remains in th
can to react GPPOVAIRERIRRY ol ey sykbtantel actvs cden ohveRaing) CaPRRY The

taste aspect spgf albe Wadaﬁ@rév@!}ass%p@d?ﬁ&%ropémas sl they wérd Bomprisédice
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t o about ”\Fbéﬁ) extent as it is present in.the extruder. Aromatic
anhydrides aré the preferred chain extending agents and pyronellitic

di anhydr.ide is especially preferr r ion and use in packagi ng
articled of many di fferentptyp '@ﬁoéﬁ)d%en scavengi ng copol ycondensat es
are envisioned by applicants. A non limiting.list of polycondensates to

whi ch pol ypropyl ene oxi de 'le ych‘z 1(Q§Mkwimd ot her OSM segnents coul d be
added i ncl r bASShtOY HidHlel : et hers,
pol yket onegﬂqsﬁ@%lgﬁﬁhﬁgﬁ"'cg?y '? ?Ens I rtlg'%héeﬁ%g‘)?tn?&ﬁ?eﬁ§k¥€%@g§%%8&? t he
copol ycondenxht aspolgpiopyletepexiderar thp mthehscavenging ofoi¢ties moitgd @bdeasat e

the. ol U nnd) e AByoRs TuaejetaRtRea B satnel DM dRshavg and” °° '

t enper ggur e28ariing FnSlichally terfhinzts Gt GEMPR! divdlir
PCT/ USg8/ 065%:8119%% 280mcl:nigsgﬁséd af(%[rmf ormr%tt ?ol?ﬁ%gf copol %esters V\Tlfl;‘le| e a

t enper at ur OBhhgrapbeasingly hguctionalized @ mayubedfunstionaljzedy taviaddegrelxt r uder

or di nar'y. sigPRErAnERAWE) B8 i (TR B aRRH n Foriad® Dty e
extruder renw bpmaﬁ?rqms@iﬁlé dagréss af funotionality. t Alsopother dmelstivsall grdged
properties. Typical he extruder reactiogn is ogduct ed under vacuumto

draw of f vctdhed %iﬁé@ﬁ%awr@%@el Jeartabir dof dnorurpesexof JBsd as.
pel | et §50r bR bt Shﬁttléﬂ@xg!&ﬂd”aﬂﬁd BtPshokiforl thetddiBess ezgﬁﬁaatfohe
e I n I r an

copol ycondensate I's sea nol sture proof contalners in an inert
envi r onmentandsiiubtratioras ltumildre abwiowakeithose wf ordipan) skithin thenaddbat ther
fabrication qf. packagin rti o} i e vengi ng
copol ycond '5'?55'5&'&??{%?& mg%l?erfrblhgarQ%@ggﬁg%geggsp%&ga?/fgﬁggﬁgﬂp to an
unnodi f i ed dayedndehsatien sand/opolrynssuiernficdtion esaetdra. | yint lisisphiveatiesiensat e
fromwhich the 15 pol ycondensaﬁé_{segn%nts n the c%g(gl,%/con ensate were
derived. | ARRICANS RAAIPGHES orpylagd, of Hewih; additien Ip&’fb@%rshﬂb@hnearl y
i denti cgl [ Ltd j j el; j tion on
o R say Redrer difier 5 GRALIYreaBlith Yhek| BHBC VDS Au4HA OISR T On

exi sting pa grng equ ready in place r the un

- pol ycondensdatcetheAbddition polpmiea dyntondegrsatianear estertiisatien.f -Tathaet nesulind

to be, a hono) i thi . t ion. .The wid f pol yest d
oo yani dos Aerihe SRARGENGARELEIYONIET aedld Aureoks aewloladiey” ™"
copol yest ers%ﬁ&?,’%ﬂgﬁ %{4@%%@ {dmPet the varieak YOSRAS hedicrbabbve fiage T or

use in the e ribed above. An especially preferred type of
package walddditiart polymexl | or film 2s construction conprises a three |ayered

-enbodi nent as shown in Figure 1. The outside of the bottle or package wall

24 is fggrnmed by @Geh&xafiter theyetop6élyatiditionodipblyetemsackdlhi e paoymprisgensat e
and may be conprised of recycled material in whole or i? partgi'iS it does
not cont actPredemieantiyy©fc aelvaddiion regmentsyandrdiaye; ANl BRoUGHs Mot t he

bottle or p I . ahi fy egg%’ j i & ¢f @aed by
a thinner I%\%ﬁg@@m@ R]ﬁwftﬁgd%@%gg%gégl 3s/con S E%Ya'aﬁl:m ?ﬁrdfg‘lee | ayer
30 i s conprilakAed fapplicationJPledemitraralynin tuis Fensoitedstinegsapbvehts wt

i.e., t

i nvention, ose having WO 99115433 5 10 1s 20 25 30 ~.'~~ 8 : ~LAR
~~n2 _ ,...%. polyaddition segmentsp-in| the-Additicy 1ype pBKYEHN0pFFAMREING de

Cnmodi Pe CRRANTREdAS Sratlce (R cBRPNGRIRAT BT Setehdufontl B2.ci ¢ on
nmetal cat a'%ﬁﬁ?@%ﬁgpgﬁ)@ﬁd&%%%f}ﬁawgew ot herg. sqyt i nel yaugtew of

addi tives. nt of Figure™l may require special extrusion

“equipment, it is still preferred for the follow ng reasons: (1) it creates:

a structure with a relatively thick |ayer of exposed pol ycondensate which
serves as a good passive barrier to oxygen fromair, (2) the inner layer in
contact with the packaged material is also pol ycondensate) typically one
which -has a long history of usage and acceptance for packagi ng of
consumabl e materials, (3) placing the copol ycondensates of this invention
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p~...L~~8/ 05 39 -22 fabrication of bottles, joining the three Iatgm
adhesi ves woul d work agai nst the objective of recyclability unle ﬁZUU?
adhesi ve was based on the copol ycondensat el pol ycondensate. For production
of filns recycfability is not nearly as inport
consi der at i gﬂ"%&gas it is for bottles. In fact, for fil rrsa&Lrt,@S”m even be
desirable to use layers of the copolynmers «6- this disclosure in conjunction

with layers of other diverse materials such as pol yet hyl enevi nyl al cohol
| ayers and poltyeiseavending copolymiers. e Rrefesabintie CSMt sagments osill tdonsprise

copol yners na t o are
S0 Rvai | abr dront gbfi 15 B BCH 8 ot Bib oonriF e Bt HierBh
concentrate \M'abbuberterahnutﬁwwérrﬁathescdpotynhrl nAsrwdsothid easenfiorf axyigene, or
be used as an _inner.liner or layer.in.a. nyft.i-la er cons ian. se, for
exampl e, in paeRang ZPeelrandtbatn inbesiatid s BBl e, saAREA " hen)
It his i n¥ensl om?(qmwd meantaoﬂ lesmgégr?mwt thapthecatvrgensuoagengintt; @dditioane

ayer of a packagin erra a one active oxygen
scavengi ng bogePIUBIRIGHS. PuoRafien e STt uRRATEd sedtionara e
segments and gg ééihﬂy/ihé)&blﬁﬁ@n PRSI Nrte Wﬁl@h”lﬁs gtk SesreeddrfredUCh as

pol ypr opyl ene OXI de ‘ol i goner segnents. Predoni nantly, as used above, neans

that the copoPfeP aF@‘A’tPPF'ﬁ%ﬂQP ing: ebaly Aublishrebor Rasembgrd 9 4 9&9BF‘cal ly,
the OSM segnegpsig ﬁamer h§er> %eiméé dbcidsdy at myaﬁhehmcga%as Halin

preferably about 0 to about 8. % and nost” prefera about Z.0 to
about 6. 016t bﬁckbﬂﬂec(!%fbl ymlﬂcath@/trwestedﬂcqi@eka@emdocmi@%rthareqns 809p| cally
@ 't her mopl ast igy [ : r Vi ch S he |i st
of thernopl astic ?rfeét(e%rgr sﬁ?gﬁéli‘ fg"eg&’ srtPg ?gbgugglnﬁn éfhf ﬁégmf hﬁme{red in
USA 21 CFR ~ ﬂlsvlosomttacnmantzm@hq aetivesgitespenithe ppwreremneir@npt gragpever

the copol ycongnashsve dﬁuﬁsatonrﬁ&\t.h AnBhchEd 1980g8R A6 Wherdi/ 880
scavengers to consune space Ox rmo an inner coating -en
cans or gl asscpthos aiomis@@llaqenttorreﬁss of piieties avtwther tesited jretheoBhipgettagi ng
material vpul dy GOIRELRS. TRiRhotRS ﬂteaégm sy pfe?%r%h&@@#ttn‘?é‘t@lg d'téclb’ é‘g' ng
material conpri'ses _po yco ensat e an gspecr al prefrerred are

pol ycondensat esmpositionh¢rnprigieg po Itiansitida neetad rée medified tmévailmﬂmlyrrer

were derived : . ,
Pc' TI U398/ 05298'me£ﬁﬁ8\?eM§§rf%%§€es’?%"rﬁ4ﬁtggﬁ?naﬁgg‘@g?o 3 g of %’Q?S&?Gr
scavengi ng cogodm cdredenpsttion affert28 dayisnvEre pxygenssaavangingeppelyadditias sol i ds

at anbient te r : rs

i ndependent | y%&"ﬁtg dfsscboast%g t&y{@[ﬁﬁgﬁhﬁp&g a%ﬁ)ég%ggglggh frb%e%\hré&%

mut | i -1 ayepedabadisclofure in fthatkApgplivgntst tcopblymets avecdapablee of cgpalvgiginglensat es
of this inven

oxygen_ scavensPRl Sheiner RFREToRE rak BCLUSANIEN T8 SRATERLE: BRRIPY -,
segnents may lenditiens,iaven ipthekatipenge af trandittorametal catadysti n a nul ti -l ayered
wal | of the packaging article regardless of the nature of the other |ayers
in the wall. Thus, In lendtharo eottiodiméenty of dhisi invehtionvalApplicantd edisglos@az kagi ng
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conj uncti @ Wcbhtalrie? coating \compdsitions.edt isfatcbrrsnmmpeautrcerin\thé tpat:lga:gmgal ly be

i thon. EspeliueRy B uranpnhihin Plaste; caaiiag o the sidss oy 28t} gron br

loolt yam des, palutihaim)ean s&ﬁdcé@ﬂo&t?b%ﬂt&?ﬂtﬂ fowd awucbdve;;?ebrfrm derrosirtzel t
optim ze oxygen scave erties. o GOpO s, catal ysts
aPe frequen%/tg'.J attaek an 9% %ﬁ%‘i‘c‘g’ %m'namrawgn(i?mc Ff)'tﬁté ca'ﬂ@' boute i ¥

copol yCO”de”Sﬂﬁé?&tuéfﬁﬁ fsa&atae%r@arséﬁ&twssv@fages RI6A iels! lﬁ%r%ﬂd%a';ﬁ) nd are
typically added to t abrication stage of 't

e copolynmer during the
packagi ng 3ar t whese ttraedlssoivasf/ Bﬁr@nnn@D&gelQﬁSutﬁfeé yetyt lzaa:rybcgrroa;me - 2,000
PPMw th resp r i tionto
PP PRt IEpUER S BRRRHYUF sy KpPilE Syt o0
fromdirect poburweitingti'sctheoablltyausrvaHtwar dinwartted raxygen fean tha pmckagmt
conpl etely understood by Applicants, addition of transition . netal
catalyst in the range specified also seens to inprove the clarity of the
pol ycondensat es) especially after biaxiai orientation. The preferred ~ '.
transition netal catalyst is cobalt. Especially preferred is cobalt added
in the formof cobalt carboxylate, and nost especially preferred is cobalt
added in 30 the formof cobalt octoate. ' ~ ' Applicants have al so
di scovered that enploynment of a photo-active substance, such as
benzophenone (BNZ) further enhances t he upt ake of SN V\D 99l 15433 ~ .
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9~'1'1U898105239 As with the transition copolyner during the ant ranging

from1l0 - 500 PPMwith respect to the weight of the copol yconde

certain packagi ng applications, clarity of the copoiycondensat e:fﬁ GMA&ZUOZ

invention and clarity of package walls conprising a |ayer of- the

copol ycondeggijofisa®f this invention are inportant consider gbrR8sk0s239

Appl i cants have discovered that biaxial orientation of the

copol ycondertsates of this invention inproVYes clarity beyond what woul d be

expected sinply fromdim nishnent of the thickness of the Igfﬁier due to the
i

stretch. yThecavityiwharajn guch-axigenimag,inadyertently intjedyicad siung filllg ebitheal | y

hi eved b eehi ; i f th
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segnents in the copol ycondensate ar eri,ved. ~Car ers . 2s
Carot her <10, s SRRUE SoBaan: HEUharTesUstn, P InacEROUTGR A FRcsc u
diff ferenti at i guygBRtine® beonaaly pasliddsathecmeahs Fot YOREE tastng tfertdifi/or
Car ot hers' cl asses wgg'éégqr}g%%satl on polymers in which the nol ecular fornula

of the struct/Qpgerghe r packagsd insaps, hencpriae peed fractive RXyaen:t ai n

at oms  pr esentgdaehdiéts P EATRHatig pROREEr s from which it was formed, or fo .
so which it may be degraded by chem cal means. Carothers' other class was

addi tion pol yner s Sdimavitthet inesBoMEINE ubed Bahacadting$ aars teposy-ahihe-
(repeatin - .~ PCL7US9qgl p5: 39 - Panlt or upits in the
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pol yner i g;) i o%‘?v‘i\ﬁﬂ?a@%%t"r?af‘ﬂgf which:a{e SRERYSHEN tPrashy MetpleUdi-9ndr i s
derived. Packagi weichhkb @btgetivariheQtp plidbt ionnt) bErewatet bomeScontpieitiods
pol yol efins, especially those derived fromthe nononers ethylene, propylene
or styrene, dUK¥itARshertsare ob@boyh2 minutessat,abeul 2R, é-noltj’é?rﬁ ﬁ!m'@&rrpl es of
such packagi Laelude efr] j i | 54} Wpce
ot 1 oo, Ae. RettE a6 Tl Yors®hid BEBRICLS Bomplels 118 plckilo.° 1h 4
copol ycondensiastapcess dwipgref arwatae bame spely igamReeg esvitsaerantally dieddlyi on type
ot yrrer's e AnBR°Reflbldtiol BHordtRe et FBHF a2(BcAe! IR dokiing ARG oV
optimal construction of extrene simlarity I n properties~for adjacent
| ayers in a polskdgd foratise with fandchéveragasy andlcomastible produtterin gepeial,cant s

el L . I o ;
di scl ose Ih8 AdValiatied of Wolking Yitth 4 Wrater Hofe 'séhd&?%%’étgggﬁgr{?@%%h&ﬁﬂover

50 wt % polya egnent’s an oxygen scav
segnents. A torpamialsohventjsprayn(jacqudr) acoeapen swre gohqurséd: | Applicahtgrivr s

i sed of \Y/ J ' . . 06 Qf I :
The: pr of er r e PANRENAR it Mstb &I G Riosioanbiet Betpetief or FRRyHRRS ™"
especi al I%s ]E)rle&m rllG_dbb\l‘Ee gnitorm f\mlat fb?lsbd)]@n\/\bo&t'mgf emﬁhimﬂmjribyaaddiﬁ?e OSM s
envi si one or use include po in I, OJTEr S ch.as. ro ene,
pol y ( 4- et hyl PYSRR seaYRnaN ERRAGH Jo andinit {osmed Aereian BRGE Pae one:
and net hyl pessiaigatich qBahsleber B &y publisifedrd SdptsmberC3R| s19@7€ and
pol ybut adi ene_ofi goner a%og%?ro yl ene oxide oligoner. 20 As was the

case for oxyasignaiact As ndliseloses sactivge 0 fCavengingy cAg

copol yaddi ti i Bal i T chie¥ dﬁﬁ%

transesteri f%ﬁ?ﬁ%%mpﬁegéﬁﬁ% ngg}éﬁ?’gbfg" g’%:fgﬁéf'b?f@m I'S ecg?ségro; t hat

t he OSM s3thavan oxygennsgdavengingi ‘taeaupr’ywiiich enayabe used eisde sostingionycapsr mul as |

and |l) capab n i i . C | O r L fi

reactions, 2 nginguftiz% hgﬁe%gn{rf&uhss sbe(\&ggégtﬁﬁ%%e sr}{r% e@ﬂégsﬁ%k a%'ﬁ%glglg{]sés)
anhydri de si tApnlicatisecanscoatingshardreansjly distinguished érons thee Bansiebdre etiahodi f i ed
addi tion polynmer which is to be transfornmed i nto an oxygen scavengi ng

copol ymer. Many addition polynmers have such reactions sites avail able aid

i ncl ude thosa addition polyners conprised of nononers such as acrylic acid,
met hacrylic acid, 30 esters of the preceding vinylalcohols. Al so envisioned
are oxygen scavengi ng copol yners whose segnents are derived predom nantly
fromiononeric polyolefins such as the Surlyn resin series avail able from
du Pont. For 18 MAR 2002 WD 99/ 15433 PC'T/ US98/ 05239 -28 addition

pol ymers having no suitable transesterification reaction sites, it is
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Addi ti on polyners having reaction sites as descri bed above exhibit
chem cal behavior simlar to condensation polyners for transest {Bemﬁzggz
type reactions and will react with OSMs which are functionally
wi th groups capable of entering into condensatlon~transesterification is
reactions, @odonsdhose depicted by Fornulas | and Il abovepcfii€os/ns2ao
transesteriftication is conducted In an extrusion reactor as was done fo
preparation of oxygen scavengi ng copol ycorl@ensat es previously discl osed in
this and related applications. As previously indicated, those of ordinary
skill 1n t he agatingiin that dheyare formad fient a wvatesbasedenulsiamand mpplieshiser at ur e.

profile 20 ofy hées?%gwg\maﬁecgﬁea,{seoéabée&dxeea @Bggsy, o the unmodifi ed

addi tion pol yrme ain onsi deratron 1 n selecting reaction
tenperature is the . pen@ﬁ élh?l-@%ﬁmlhlfé@d which will be
made Into a copol yner |n t e extr er react or urprisingly, many of the

ot her reaction va & [ 7Y=T8 thér ose used
for production of Fgl?(l:o%gr{/co%{e'ﬁaat es. o"lé:gse 5‘?‘&8@" %@eé B%@'%t hesi s
par anet er § i malane fflm gonstrsicioron with functional ly term nat ed OSM s which

are the sane type and MN (2) reactor residence tinmes) (3) reaction under
vacuum (4) use ofig.r2iissatgraph sbowingt tharexyger ruptakenof oxygem s¢avengingf t he

types and |nX@ﬁ%ﬁ?&gggﬁrg%bgf%bgg%?gghgéEgs(f)oé copol ycondensat es, (5) use

of a chain e ent preferred nol ecul ar wei ght of

t he copol yner, (4 and
(6) storage of thf@?p%rhgh%?moghlow}&s Fr)é}#'gll' Fbécf%%ge?ajerér"éemunder
n|trogen mcanmgmr;mmgmwmnﬂnmwmtmsg _27. The met hod of
‘fuse of the oxygen scavenging addition type copolyners is al so anal ogous to

that di sdbosed foFigsx#djem greph showing the psygarnscayangingcapatity olsayeral
d h t hat
scavengi ng a&%av{“({m Q%k’é@ggﬁe%%“@ i'rMeﬁfoﬂ oyed in such a manner a

t hey conpris a multi-layered package
wall. In a series of erﬁgﬂd t ‘ﬁ?l? opol yners are used
I n constructions where IFe a@%?? ﬁ:ﬁé‘*ﬁeﬁ Yﬁ?gyggb'gackage wal | are
conpri sed of other pagkasinGcdBh 7 : pt al s such as

al um num or iron, cardboard ' i nose as listed in
USh 21 GFR 177 1643 emsaam%mgawsevd §6ldeﬂ%;5¥bblém 1:998w€i9'ir‘idd?ﬁa\raté3£ ot her
sui tabl e packaﬁ materials. For such . ~ constructions the preterred
packagi nd5matsefd HYIeR SsayAnging Pﬁh’"’tﬁ"ﬁeﬁUblSE%}@P{'Q)a icantgpating| 'ﬂl sychyar ed

package wal | n%’érﬁwe??“iﬁéttth‘éﬁna%mf‘dfsthe f‘&ﬁé\?bh@é@%f u8Aig i-aietths
addi tion polynmer from wh diti on po segnents In t e oxygen

scavenger copiicpaityrhgelagicat eharagteristioelsa watay h?épmenwslem y $tig gegeraly

hot t t d
ot a5 pr duote doRmeRtidy BIPR: '@%&%ﬂ?ﬁﬁ&éﬂ‘si e e et es.
The oxygen s&RUaMRY ergula@auratmhtf@@p'mrywe@uwemwww ege the spray isdted to
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1 and 2 will eyapwmecbthémemaatarpucQQMQat iThis tsf evary gwine dmpodanti feg theidi ti on
type copol ymepg @&Whu%&%&es?ﬁ@&?&%rﬂgm éb?@&s{tibbé rp#éh Addi ti on

Copol ymer Forma en scaven copol'yners of this
i nvention nmay be I K- 30
extruder. Exanpl e an con &?EEQ L‘?’X'aib %%ﬁég@gg‘g’%’ Ehﬂﬁ&ﬁészas

Pf | ei derer waetélobmd eplaylfogcoaﬁng eansel.w already dwidelyi in rusfaubtbmmemmllymes h| ng

et or e 2t o il ot qntSs et oBRCHlR G sushiomit s TG e " ©
ptelhlllete nfe ererg teﬁmh Chatingfopdiufations eeIC|/Glidden’s (EA4) atinsoushenalsinawhicls was
e

[ 1 d
s s ~ po yneff %fé)f%ﬁ@hﬁb&?&ﬂér(ﬁ?'ﬂdéda t'ﬁ%ﬁﬂ'[’m@?se%p@ggtsf'?qyﬁ\f%nq?ont c
~rbut adi ene &R&befgdnggémfengmgl pRperticVédr’ He alfdéd 1o tsithah! edilting’ bpm El f

At ~~chem) is a viscous liquid and vas separat el conve ed usi ng a ska

pi ston styl e dyeally ingliding » small pAjouBt &f tber 8 eﬁpl@qm@redmabs ns 5
di anet er 5,d h t
el Tt o wor o FRRURRM M b."Prifhelior Gin R er e boedied BE FORRE]Y o0

was pulled on a side port of the extruder prior to processing the nelt
stream t hrough a gear punp for copol ynmer production. The copol.yner product
was extruded through a 15.2 cmslot die manufactured by Extntsion Dies,
Ine. (EDI) (an EDI 6 inch die) onto a two roll cooling stack 10 and then
recovered as filmon a constant tension wi nder. After recovery, the filns
were placed in heat sealable toil bags, purged with nitrogen, and then
sealed Extruder reactor condltlons were as noted |n TabIe 1 beIow The
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1Zane 2Zone 3Zone 4Zone 5Zota 5 1 Z:ne 7Zane al Elt A 2015017S1731T557"' s |
t 751752 EhU andidwhes the20$M 19 polybutadiep@datifbmer arG poliprdpylansaaRridaZone

9Zone t0Zone ,11Zone 12Zone 13Zong i ~ GarQ.eP npl Ehl At “T5t " 75t
752002002Ci .°'I9°E&f20£5¢ﬁﬁ' . Y7Bﬁe?gﬁ?azléol%)gﬂﬂd%%’ztﬁfwmtséopolxbwadienept ake
of Bl ock Addfd L B ESF : ; S] Ngf anp] es o~
20 5 e coldopiertalise o A Bk Gt b Bt P conhBRIRL
roen air, seamadabiliphd then held at 60 C for the duration of the test. No

transitcn netal catalyst or ' photo-acfive compounds were added to the
sanpl es. sTr;: anduniil dhstangds,~an objeBEVS eoft this ThbentiedsRacCsdTnly Fhe) Wea

S
sanpl ed rey:!aay over a 28 da, a , M~ ~oo0z WO 991 15433 -29 P 981 05~39
period via dngWBLIHAGIPUBLOH Q%%ﬂl\%c?‘-ﬁlafy Boethak yerdifisd compositionswemaior ed on
" a Mocon HS7 e r | s aljquots at
. periodic | n?ée?wjjéflg‘ @ry@%ﬂt%ﬁzﬁgéﬁ%ﬁ %ﬁé?ﬁgﬁgé‘ 1(:i @stﬁ fs %ﬁ@gﬁﬁ}eﬁ YRSt hese

sanpl es ar e crilpasnglbamount bf OSM lsegves’to Mmaker the m@Uiﬁethw][\%EX\Millar as
0 anpl e 1,

virtual ly no uptake of en by the EMA,pol yner, control ) >

whi ch may beOQﬁglﬁe itp tﬁﬁwﬁbf‘ﬁﬁé% B ot QaMs; Bosonaicting SRSt .
Af t er ahgut ' 4 i 4 wt
PED ol | qoner-SepierS skl BGipRIbrR infdr 16 8af WA Use R I8 £, SOKAE e
virtual |y alprodéctianerunsy pplicants Hetgrenined thatneactivg EAA diSpersiortsHeaving

copol yner sa e jars began with abouf 1 c.of oxyge 20. 9. % of 490 f ~
,~cc), it dfgﬂhﬁé%g%%_r? t hat Wh capac#tvpgﬁ’ ?an rgss{%g%]opﬁg ‘ﬂ%‘ﬁgi QFTéPE is
about 10 cc/gpligs i eeoHspBEsien) sirfupbliondify tiitinatédO8M Wale mwﬁwﬂtﬁay
capacity after 28 days could not be cal cul ated from Exanple 2 since there

was essent i ddeftigad inophysiaal propertiest toctheapmedifiad EAA c Naonaddition & thay 14.
75 ExanqplLes I - s t he t had of ¢prepar gl i n
oxygenmquL:’aveérgl"g&:ji&ngl ?3n%a‘?arfg°d'r'tli&cno§?|8¥1¥d &n&ﬁf@t%% gpgéi ty fof(s g@év%&(ﬁng
oxygen. | nt dcalcglatska$ ametabwithlrasmettt0dbeokeight H{Xhaldelidssin\ine emiRsidagi bl e

S Li .. Product Desi t] 640 C 696 (18 % ids) wh 1 iti
350 11 St edor HTADES 3 4805 G- daaetoR oty (ERAEh SE 446 Bote "
At ochem R4S rdbaRigblybaffesh e dhy (BRI \Cate g;ﬁeaénie\éh%m B RS b3ntdn |

coating, the dried coating conprised 2.7 w PBD. The m xture was sti rred
magnet i cal | yerRgsiosne Theupretermedt teasiion mrtak saladyst Uatgabajtiandhespesiali ont o

al um nugyf ol | . e t | 1.0 oat ed
oo | B Arplirisd i (BB AdABTE 178 rdifn of Bl rBosPlle. b Ernddlfuyor ¢
hot pl ate sqireferred2i& CobaitOfrdin tobaRk odtoates Otherbispray desiskeereomadat i ng.
Si xteen such foi]s (21 cmx_S.gﬁfm surfaces) were f?}?ﬂfﬁhﬁ&“ and pl aced
into a 250 Mhavgidhejcameeritioniathareempasedl capSPoiit i aspeet
sanpling se ";Ig;@.' t dp@ ' o]
effort to ag%ilf@%/e a ctz(%gh%?%ﬁdtggg? P%g%?hél?sn)gg?r%i) |t|r§§bg§gﬂz>§%ggﬁ%ﬁt was
desi gnat ed @nhaneephe rate of m@nmawmtmpmsmemﬁam e 2
r 25 comprising (1) functionalized OSM and transition metal or (2) functionalized

OSM, transition metal, and BNZ were found to spray and cure into a can

lining in a manner virtually identical to the unmodified EAA when deployed in

the ranges recited above.

Applicants further determined that the OSM, transition metal, and

30 BNZ could be added directly and independently to the EAA emulsion or that
the OSM, transition metal, and BNZ could be mixed together and then added

to the EAA emulsion. Applicants' preferred method of preparing the



" manner to det

. 5 Cheni cal Conposi tion of Water Reducible Spray Liner: IC/d[ldden Paints -
Product 640 C 696 (MSDS |isted) Trade NaneChem cal NameCAS | BMebR 2002
Nunber W . %Oi et hyl am no- Et hanol , 108- 01- 01--5et hanol 2= d| met h | am-no am ne

Resinl, 3, §y, ge- 2, 4, 6- 68002- 20- 01- 5t r| ani ne, ponrrer
wi t hf or mal déﬁ?ﬁ%brret h at edN- But ano) 1- but anol | i - 36- 35° 102But SP’US”/OSZ”

et hanol Et hanol 2- but 0111- 76- 25- 10For nal deh -aIeFor mal deh de50- 00- 00. O1Acrylic
Lat ex2- Propenoi c acid, 2-64112-61-45-10nethyl -, polymer w thet henyl benzene,

et hyl 2- pr ofermalatioancorpiged maixing atdpasty InetOSM -ahd tige Qﬁ%@ti@ﬁ%ﬂl
Est er Phenol , 4,4

38-61- | et hyl j dene) bl s-
wi t hchl or omedat @'Vﬁ&é’?ﬁ’h@EﬂM?g JL 0 ﬁ% Spufsion. aEI?QQFfC"eSS o the order in

2-2826239-7 n p r I

oxi rane, et h?r’n@'?ﬁzenlzeeggﬁ@éhﬁ?% 8¥ ?{HB %@/’PS ﬁﬁlﬂegéerﬁ@% Oﬁ@qgeqﬁt‘tewas'
~Wat er 7732- thbdés@ﬁ}%&témmmefbmmatbdrcoﬂgrmmﬁ imanaﬁdrt@nlvﬁémlﬁéﬁi such
desi gnated as Exanple 4) was prepared and perfornmed) For Exanple 4, 0.48g

of PBD dPol &fas Uaéaéd a o nitrRgerpoPlan<ethe EARrdail dPonpreyenh degrasiatios t o

achi eve the j ol t he
enul si on or glrhégf(ﬁcgegap &f)fo éﬁ%qh n?@ﬂp%@%’?%‘eﬁg%b%g;l )é\%g'bgﬁp
octoate and sw&dﬂmhdléremrogaenMeen(oBHYéd eRiUsioR ashbaldbaagplied withire 7BAA
prior to stirring., The 200 PPM of cebalt and BNZ were calculated with

respect to tHRUGSNg atiopetafobests restiltsne Asawas detersineddn the relatedl e 3,
a total of pZﬂIcQﬁons S pstidgr W&I fo‘P@ﬁeé@éM‘ﬁm {T@ﬁ@\g é‘ﬁoeiﬂ 1dbd-Ni s-
i uring s

rm ne oxygen upt ake periodic sanpling orage at 60
C under 10 r 68000 produaed djaog (e@ﬂlﬂ); an&xhtst prefersedd | Ehe denpmposftlon pmducts

‘ d EX 5
conpost &1 on rinetahs it R the podtaaliosBan tus Fovenban Hposz39
-31 sanme as iy 0 'a@e 410? FeQﬁ’éeI? habwhi AoPisB@r& %‘Heg%ﬁéon I&Selm tﬁegﬂghl y

cobalt (as netal) romcoat octgate and the 200 NZ were thoro
m xed prior may nbnttmmudﬂ@wavctro/’tnwcm prefgrdogpractine tlzzeon\mmmmbycusagt and

BNZ I I

ol o on. o 8 PlrFe oy BPERE b st iiin bahKaatly, I A datf ot s

2.7 Wél %6 PB[EAM/aanuIsImh cmtatr&ngmharoxygeg@cageng% erda/iitwefqtm&ﬁmruﬁfsigb? by
eriodic sa st o under %relatiy di .

Povi ously o et BN i bBIsas aitectissbimad an 1o e GRndnetal (MBI ool |

ermul ates t h%r%&ﬂiﬁdr@[ﬁné Bficdst 9aﬁim|yqs‘uré@ MyHhiehbi %e@bﬁ@l ueat &Luqrnsmﬁéer age

as opposed 1o to 60 %relative humdity used

Exanpl e 6 wa('s‘\AIﬁémdswnrlélaPM%d and. giyeds Amha@nbﬁeedhgmseoatrela@d/\a@qmepar ed

Cost  oxpor e ceaig Fortalhion et fifine nbli Efatane oo, °°

nodi fi egoEAAviEHTHE can danitpandrordits conemtenin rsmmeatcmchcm 16wumdiebea
bl anket of nitrogen. The presence of air (oxygen) cau ‘%the rmdlfled EAA

emul si ons t@Q}@SSQWdeWLﬁ@SPéﬁGe‘PXXQWQJﬁ’?ﬂﬂﬁ?ﬁﬂ)l"é’qqﬁl e $RARSY (ianer)
Fsetting. Uhdglaiily'di e9etlo R DA ahfhesB AR Snal IR dIBn drdAGAL! on ©f
i ncrease. i n Vi sc when used ays of preparatio e oxygen
present in tdre ;ﬁtﬁatﬁdma the chheca%ysamb&s ocumtents by the lrmeza:oa/lumgpof BA&AS0

oxygen anal yzer b hdr awal cc_of gaseous al|quots at peri

interval s oVePNYe 935 "beayfoﬂw RSthSf cﬁmggf’&tarﬁe'ﬁpl?ge B’ég ‘8‘98§ygen
remaining ing (}gﬁﬂaspace was converted, by cal cul ation, to the amount .of
oxygen scavenge ergram of can |iner for each of Exarrpl es 86. Thé results

ot e xihg of ﬂéa@%?%ﬁ thE el foncons(sReH 1B L& Bhar bartheiBe, o,
scavengi Ng Qqanafddr¥tan@nsdrh@ it théPlirihen HetesSayUEGisidérations. hGUBhembm

concentrate (Ex. 5) provides a better océ)ortunlty for intimte contact of
the cat al ysteanwhen chmmepiallysprayed withdiAdtemulsion indhedprm oha qupdiets from

Exanpl e 3 havi no cat al ear m ni she C

r apaci ty ford b&gﬁﬁﬁﬁteﬁ?ﬁﬁiﬁw b‘?eér“@}ébﬁcﬂetrymcéy eesrgcgsnps %2 cg%ﬁa%(?%ﬂng ]

- $; 11, 413420 15438 Thecan Iid is addeﬂ later-aHdRap/becRA8 -32 E
~nyen cav(e}?anﬁﬂ%a “é?ighﬁm%tycgn engat es l‘I’ e follow ngleexa es wll show

‘t he met hod- dinesly witheoxygenf soaw@ngdaodmlgdnﬁhé’o@fnmymod dsBAAs dnm thai s

i nvention arld the|r abll anct aci beh ctive,ox
scavengers. Bxamplesciaat ‘98 C&IRF é“@'? BWnat%BFPo‘furggaQ’éagﬁ a
Wener and Pfl ei derer ZSK- 30 extruder The materi aI S were orocessed in.a
Wener and Pfleiderer ZSK-30 co-rotating twin screw extruder with fully

| nt ermeshi ~g screws having a 45:1 length to screw dianeter. Pellet feed

materials were nmetered into the first extnrder section using KTRON
| oss- |n wel ght peI I et feeders V\hen nor e than one ~ 0 peI I et| zed corrponent

o r o o



25 characterized in Table 3. HYTREL 5556, 7.5 MFR is a pol yester el ast oner
avail able fromdu Pont. PET 7207 is pol yethyl ene terepht haI @R W
from Shell. R24LM PBD i s a pol ybut adi ene ol i gomrer di ol of about 1280

avai lable fromEf , Atochem A-3000 is an oxygen scavengi ng copol yester
conpri si ng about 96 ao wt % PET segnents and about 4 w % P8D ol i goner
segnents. CXOH4333270 i s ~pol yhexanet hyl eneadi pani de avanPF%r'Is@‘g

Allied. ~JEFFAMNE '~ s MaR zpo~ wo 99~~sg33 PCT/ US98/ 05239 - 33 TabI e 3
Mat eri al Conposition of Sanples

EﬁNEEESRUmSAtSEP h | 7 440- 124- ZOS%ZI 97P APARH STHYTR

7207. Cont r 2| | \§§k/§ gpg%ﬁ&nrlo syg;gy ggfaimgrzoo PPM BNZ consumes in excess of

7207NEATCont v 207EB
00 SR OfL S e s B 1o SRR D brofiter i Gt 70

At ochemA- 3000 Contr ol El f At ochemA- 3000
Cont r ol R20- LM ¢ays: dnAleory them the 8 10g chmatgtahprasentntig can cgp lining could

Control M 5- 0 N
Cont r ol ML. 83 5- %"%9448?%@3’%’7%%?9 g@?ﬁ%‘@&;& Ml LY bBer producers
7207NEATCont r castigrate thaspven 93 £6 b trEiTbaar(y FesansvmaE handsawithin 60 days of

JEFF. (VR . D SOBUREAAR e 70y g b 5 Yor i gf most o

8270, JEFFAM NEhd~6auriet-. badr=0. As OprabiaSyO victasi)\L durrdr0 skfdAof-the-art beer

S:EEFlgﬁfgolgoch"fg éﬁ@gﬁ%ﬁw 'gééga%%& %62463'15 with 88 [iBle a5, 9 PRBo 7k ¢
At oohenFi ret RfsduyBan -reiviaktihay in Seschersiil bBerl dffer PAUSIARTIBRT FrofY thasvit

\Pl 120019440144- 10 5/97PET .7207 200] 500 ITCDb 1 .QI'[ t bal t
Dot oat e19440. 17, Be SAGHASE AL RN dlinds A2 68 BT et RBLEEE
S AT O s e aoYen, at 'EE&" tomperature. and
RO Rl et T (P O g e g r%dm%@fg%% -
DOW P- 12001 FJ bﬁ@&-%@y@s&&%r@ﬂ@@%ﬂ%ﬁ%la SgyH BBERAK) chhipi SIn

81 S RG0SR i WAt bt i
cobal h+CAT+BENGKQE 20 fustd aRcésynipnied 244 Gs Jikdd WA b/ 19yétsBéch of which is
5533NEAT1944015

8270, NEATM =0. %‘ 89}8 dg“fgéesﬂef Gepigglensyeilines §am, A 20 fold theoretical

P- 1200M ap, 6- Qx§ 4&%@&&3&93&&8&&&%&&@% Brewmﬁemea@mwyz@ 6-0. 7+
cobalt octoateco oot oate D20 IS

Colde of | goas e hoat saeco ausen RRPEDRIeABILON e NEan EAR T e g Y

di hydr oxy doer rdaRaafity EQﬂoY@ﬂ@@a/dlﬁ%Qh@EMela%rl thefosiout MW 1200 .
avai | abl e from Dow. ~18 MAR 2002 WO 991 13433 PGINS98105239 -34 BENZO i s
benzophenone. PEBAWﬁFe?meI cﬁs@oﬁﬁbmmbb%nﬁhadé Rigaly &V tonna 0f eah rcoatigs,

At ochem The sa | es cg{! ggle were tested for oxg en scaveng g ci paC|ty
by the sane té'é ffled jod r iE)(%ﬁP@"g?t abmany, fonf copstiuciing oy

sanpl es from TaRbfit 3rofeT theP bkggsh ld%a ajnammo%sasamdea h&ﬁu rmairt or ed
for oxygen content .of the air_1n the a eriod. The jars

ar over
were hel d at @&eethod Qi use, Appligation thﬂ?ﬁofpilwre%’f this 'QW@BP%&I%’BWﬁsat es
of Tabl e 3s5ShQest thiRehasid éhvs@ibﬁé@ By%ﬁ@é}ﬁé @ﬁd%ﬁé@bi@@toﬁ@ﬁﬁhuﬂ'tﬁé{ when

enhanced by the addition of cob benzophenone. Fig. 4 graphically
i 0 shows the &%9peef this ark\@ntleamﬁog expiple PG dmdm BﬂOdtlﬂ%S pEeprips of k
copol yners of %t& i be
illustrative o Jt‘?as%d Eﬂﬁfm%éggﬁg%?%eﬁgﬁt orYﬁgﬁ@ngﬁﬁgﬁ\'@%&i ng
conposi tions dinmgl fos (pdlyleater KPETaapdiather plasticToardainefs snldiumday thektradle i n t he

art will reco nlze t hes 0Si.t ing the
use of variou ng%Méd%?ﬂ;@t'ﬁﬁalgﬁ%?P%gg&“& Pﬂ)i‘gg‘é’ (hglg't hi s

di scl osur goangredfoNirhall ahBBIVE PELAL thy Sakd i6bérins as WelRisdadBere . -
An | b%ygen b&@wa@rlmlm wauldddﬁmgglqwmn @Qﬁvpngiggrugins foeglastiotontaiersgi ng
materi al and e \ v YSGSLSIGF #

conpri $ing pr ?&%%n%%@%ﬁ%%hyﬁ%%ég sa %qg;‘e%ﬂng%@g g %@%‘1 ‘ﬁgr armun?r of
ox~~gen scavengi ng noi ety segnents; and wherein said copol ycondensate (A)
has a glass-transition tenperature above 60 C and is capabl e of scavengi ng
oxygen In its solid state at anbient tenperatures in the range of 0-60 C
and (B) is devoid of ethylenic ~o unsaturation. 2. The | am nar conposition
of Claim1l wherein the packaging material is a thernoplastic resin. 3. The
| am nar conposition of G aim1l wherein the packaging material is a

pol ycondensat e.

-



'y s 4. the lamnar conposition of Caim3 wherein the pol ycondensate is
sel ected fromthe group consisting of polyam de and pol yester. 5. The
| am nar conposition of Claim1l wherein the oxygen scavengl‘hﬂ sMaAReﬂﬂQZof
the copol ycondensate conprises fromO0.5 to 12 wt % of the copolyner. 20 ~
6. The Ivadispagsagonposition of C aim 1" wherein the.oxygen }(lg# g noi et
segnents are selected fromthe group consisting of pol yprf)ﬁ? ’
pol y(4-met hyl ) 1- pent ene, pol ypropyl ene, oxlifde ol i goner, nethyl pendant
aromatic c;gounds and m xtures of the preceding. 7. A mufti-layered wall
packagi ng pthad na\thagwlastxpwéls ofi thai pott lee Application @t ancddtive dxggRar
conposition’co er ackagi mg material and a | ayer of active
_oxygen sca§8ﬁ¥1€'§@ JH@?@JBné’éﬂ%%‘gﬁ g‘i’@ P8VS BoRUmese | of inedingensat e
segnents a SR sC [oF | ek VA5 and
wher ei n saiggcgo%cs)g?/'ggﬁdensat gr?é? ﬁg? gl.~;ﬁééﬁgng%?Fgﬁésfé>{ficgzl ?g@ge g?ure
above , 60a@plicatidrstaaphottle of a madified layer followed.by an infier-unmédifEd2002 t
ayY 1l 7 W 9911543 981051 39 -36scavengi hg oxygen
“inits ol i%Yeét‘?iP'éﬁa‘D"“&rw'B‘Peﬁ‘t"f?‘é?rﬁéQQPuPeéké}Q? £ARN: Wayld ke aopestewednd ( B)
is devoid ghhtfddimeheni ¢ unsaturation. 8. A nethod of extending the useful
shelf life of an oxygen senS|t|ve substance mhlch conpri ses packagi ng said
()

_oxygen sensitivg, gig article
havi ng di sposed = sonprising a

Liﬁﬁ{yﬁﬁnﬁiﬁii?é@%ﬁ%ﬂ?@@é ér‘%&%ﬁ?%ﬁ‘mﬁ% Fé@@x&%ﬂ?ﬁ%‘éi&@h{‘&am a
Copol yigﬁﬁgﬁé’i'?ég%?%ﬁ‘adé g e ot et AR ¢ ang

i s captbl emsielies h@oﬁﬁ'ﬁéjﬁﬁ oh Prlyolefin idligemars weredistlesed.t ddpes at ur es
I n the ranggegficAnPiné gBEVOQQ)n' nﬁiﬁ"ﬁ@isd L%k)(ﬁt\pé’}ee%:e&cfé'asg%)&wemﬁs&ﬁ i,SAn

oxygen scavengl ng ‘conposi a copolycond

devoi d of eohgistimg cofupolipropylicae, quotpid- metl;yl[t-p)enfemepamdicumlvtanhﬂisene

pol yconden te se a _m naor nt 0 y rml ety
segnents, 8 ?3?8%{%'"06’319?@%%?"85%( erowq]eci % @Béct to
- the wei ght quptshﬁasgﬁl?fkiﬁﬁpﬂﬂﬂﬁ%fa )eael:abl?é oﬁehfe%m@l;mb%lmhabngﬁﬁ yst

whi ch has een added to the extent "of "102000 PPM with respect to t
wei ghttSof ©hetréppesteatieation areactionsi saméidéubaequwtwddmludml mSanynoesu dual

t t

copol ycondBaLer 12d¢h sl oPWRIGHIED! the MR i ¥BelioddRaeatan o Auner ei n
.the transi typdnffal Grmelght rahgé wsdages :rumibgéd co,polycon?:ibnsétble camsmgsfavengl ng
conposi ti aim 5 source of cabalt is cobalt ogtoate.
12rrp_|_he ox W scave\%ﬂ??&%@fﬁq pPligomer léeamﬁf&%ﬁ&%‘wﬁ ?Wé%@ﬁeﬂfc
scavengi ngtHi@'ty%é’wﬁ#SrfSUhd't% ﬁQJ/é—‘g:‘ril terﬁ(@@&ht%v@ﬁ%?engﬁgf?e lo We@las

pol ypr opyl ene, " 'pol y(4- net hyl) p pol ypr opy i goner, )
. et rapl petvluimata ti tempenaduned sn tﬁlﬁdfaﬂg\aqpes ofOfGGOprece(ﬁOn@p

bCrir, (209 PREERPS SRty oshegialythen (LT ATg BT driRcart o g faver
conpri si ngof (AMmcRifRRPPLlYESRIE (BPUSedN the ipFesErvsd 8f addet hansitorimetal
unsat uration conprising-pr edoni nant | y pol ycondensate segments and an~oxygen

scavengi ngaafocatalyst fexggegen sptaley(isg, tansitipnsagha sewalyst Bﬁlsaaddaﬁhlﬂ tion

espect ot dRsRar BaBRTS AE5ERNE AUE (BH3RG eCholiaf MRS on 1o

any resi dud) dutiestbdlitona bidxdal vhestatioRyofogbouteaens X 4Ontralciei4 CWer@ef t he
copoi ycondensate and (C) benzophenone in the range of 10-500 PPM with

respect tomede baeltmtsegtertﬂnatn@apmzycrgamgmuder.lmd (bh hagxgyyemediitiav engi ng

cel ot ed rBANYTRSASE L OHERT: HIa or b Ayl engnaing adnt &SI ! S
pol y(4- met Jfibde Bgﬂﬁﬁﬂ@}n&@bwﬁ? #!ﬂ%r% gepélyeserer, nmethyl pendant
aromati ¢ conmpound and m xtures of the precedl ng. 15. The oxygen

scavengi ng conp is
further subj ectgébﬁdﬂ?g&vgﬁ%%ée%tt ﬁ{)s? @%hgﬁipsr?@é&%oﬁ'ér%?gﬂ&gé ?taa%out 2.5
. X 4.0300 iaprO8M o & ihann@O sEhil@0td Gvh#t habepreviously been disvtosed: ko yl at e
emul si on capable of formng a can coating via a water borne spray further
conpri si ngP9 Iyolefin tQi‘wﬂ%l’ﬁun%$| brgfly 2 desesbedutaRavene & E ewi Y8 r espect
to the weight of the solids in the emul sion and 10-500 PPMtranS|t|on nmet al
catal yst calculated as netal with respect to the weight of the solids in

t he emrul si on.




17. The enul sion of Caim 16 further conprising 50-500 PPM benzophenone

wi t'h respect to the weight of the solids, in the emlsion. « m‘gm
scavengi'ng container fining fomed fromthe application of

spray of iasemlsigomer and catal yst containing emul sion of @iy, ;}@'5,3;9 An
oxygen barrier ianmirtar composition conprising a |ayer of packaging
material and a | ayer of active oxygen scavéhfgi ng addition type copol yner

conpri sing predomny&ntly pol yaddi ti on segnents and a m nor ano~rnt of
oxygen scav YW@ ng; PX gﬁ@ﬂ"gef anestlirst g temi wilRnetionalized with

conpri sing t t gl Bt d extent of
102000 PPM vé'?ﬂ%eés%kqﬁ & wé hp&‘@];SR#}?s}gg Bﬁg{ 3 %’&%?ﬁ]ﬁ?é'P Mand s
added in addiehttions. OF@nyiuraeSlaiwall a*bro&essﬁdv@aewaab [ Hohs forBuchermifiignt
fromformation of the copol s ~ 2Q The | am nar conposi tion of aim

19 wherein éﬁ‘z‘ﬂﬁﬂﬂﬁ@ﬁesw l?é%f%l‘(ﬁ?é 9% such sppelegnequldnparticipatede of

- Tani nar CompauyibrisBRBR Sholdh fikebBrehict) o BRAs e oM oqe ™

copol yner arrepreghiiti & eivalemmpaotpmenplenesexids tdligomiathavisg 2 Idw SholgedRrst i ng

of acrylic aci d?_‘ met hacrylic acid, esters of the preceding, ethylene,

propyl ene) Weight SM¥htypicalinin tis range obabouthtoq te 110,004 ard poeferablyrinof

127w w6 of he AndE RO RLEDE0" Lo Fioteet RN G er o Bllbprgr 1 ©

wherein the ms{ygaessmadlepgrsm GMhetpclmgp?iehelcmdmbﬁg&mdr Segmehtyemareup.
conS|st|ng of - g ro.lens, paoi 4-neth 1 entene, but adi ene) | ro | ens

oxi de P1ep pip $hrogigRout the oygen F@%Yﬁﬂg'"gTE‘? Atesar
, - conpounds) %dﬂféhﬁaewf v Rﬁ&@@ﬁihi‘gﬁm gghzop?gtafefm Eh?sm'ewaggqs“ o

conposition of Claimi 9 wherein the ertal Ts an

pol yrmer. . nmovemelananhr@plncahmwhemclaﬂwaxfmnammm ein the oxygen
scavengi ng copol ymer conpri.ses addition type segnents derived fromthe
packagi ng nat er i droranidas iloanghdl yshew. dfenctionality on the polypropy!ene oxrde

. AA. AHSe. Al AY. AH ?.A?. A 97. A2. A3 R..Ay. A3y. Al
B At o elighmed bitbY idhiionytene dxids oligo ROk b8 Sipgly funclapayzsa’ Y
. ry{upkf V] i ralisnalzedl f2hcdsdee hreatbcan mld.C. ohKahdraky ad aAlica] cal ca
] ca] ca] ca] ca] ca] ca] calj ca] ca)Jc*alc:al calca]c
[ Y~Q 3#A#] #unelienaligplion ape p qwgbpﬂqwl%%bpaa]lgafm‘%}w]wu]r@aq calc.a
| ca] ca] ca] cai,qRh&d 8 SAliTay SRR S hrALMFLESEHiA) G tGRAMPSAHRY ORliGAS Bre: €+ 0!

5U595768:
- <\A/:g>&>5>9>\ltit@§ﬁﬁé3ﬂﬂzl(hﬂﬁ‘g&ﬁﬂ: wﬁ@wamym ngheﬁahdajrxad:]:amp] oéltisal] cal
g:ﬂ gg]ﬂcgg] Cpa l)(/:pr% glae]ne 86 o(]lguln Lcnc‘;1 ]p% Cae]r gf]t%as]» JenaU]_lca’]‘g aJ cal
CH_HOMML NI ,fm%wamea\ gb%.bsaamwwmzw ol G saic* a] ca
] ca] ca] ca] ca] ca] ca] caUlca] c*a] cal ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c*al] c*a] ca
}/]cia] c?] c?] am]mmemawawamw dangatesrof mls S iIMantipa usRY" P& ]( 1;: a .
+ ] ca] ca] ca] ca a c(ajca .
] ca] ca] c"a] }eccgﬁ& ']?' ‘i(hsﬂ%@sr?ﬁ’ﬁ ~V= ~%‘W§ Mgggﬁcﬁ] calca |,
] c”a] ca] ca] %@W@pﬁé}w Aol By sutlstindtionl stad mdlaak@ﬁir&lehl aaloumtofal cal -
ca

ca] ca] cal] cal] ca

Po| @ %84 zupkha[s@esids] q’fcféﬂﬂ]'l'd&? tof Hafs zﬂ’@ﬂ]R!ﬁUPé éP@!a!U]"L%aﬂfa? melpeamoMdtcal cau

e G S e R A e L P

aU] c*a] ca] calgudi RAprephrairealmmbditiot gal asateal] c. a ' 7<n' +;

\|vgkfa\We' []]]ca ca] ca] cal] ca] caU] cal c*a] ca] ca] ca] ca] cal] caU] cajca]c(alc
aJ cal cal] ca] ca]c * f C 74
\(/Z% 2A}:t { \L/J]pke] [\/] eﬂ%?@&rﬁ?cﬁgghﬁgﬁlﬁﬂé@% glggc?cg]n?)‘ta?cg]lagas] coafl] c)a %a] calUca -~
Uc ajc ay Cscfdvenﬁ ng" aoietidscwhichUnay broadly as methyl; pendant
C/\

Sl al.;@msa@asgaaas&a;gwaa+a.ﬁeﬁgﬁ%saa el
36=C AYS .

Ul c"g\l/J]plcag] ca tiagﬂe?a@%'fa%{?@ﬁf ca %'5 ca T Icya acc?pta s ]oc ca] cajca -
]ca] cal ¢ a] g v@hg cap Aacrt For this mventlon. methyt pendant aromatic
C 155X bo-iGt ol NG O G el callcalodl co ol calcel sl el oo

V. To{| wr mhc”Xj e] c*aU] ca] ca] c0a] ca] ca] ca] ca] ca] c”a] ca] cal] ca] caU] ca] cal] ca] c
(a] ca] ca] ca] ca] ca] caU] ca] c*aU] c*a] ca] ca] ca] ca] ca] ca
% &y &E&&Y(H) ) ***+#+4+--| -.011111{vqglfa[Vje]c]c*alUc a]c



. al,c

a)J ca] ca] ca] ca] ca]lcall ca]c*a] ca] cal] ca] ca] ca] ca] ca] ca]calc calc |
aUl ca] ca]caUlcalca 1111 22445B57a839z99999; acgiﬂﬂﬂ (2%2

| <?===>>c@WABINNGYDD} xsni d_ZU] ca] ca] ca].ca] ca] c<a] ca] ca] ca] @Eg%] caj ca

] caU] ca] cal] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal cal c a!

‘Gra839z99999; -18-

| <?2===>>c?@AABNCYDD} xsni d_ZU] ca] ca] ca] ca] ca] c<a] ca] ca] ca] ca] ca] ca] ca] ca] ca .

] cay] ca] cauhayectdpast eng mlw]gmpgaqt}aﬁqedatpctae]ammaamtnmmawﬂmw ()-1

T0o: () - v- 1GYBot ASTHAEE Sfofrets, BubtRickd gieotallche hgymibass, the i ; 1 o
109228 () @ué@\ym%ﬁzédes?*'tﬁé qna@a/za&tm & IR abA@ 0%

[& ()-11"1 109%&"()- S4Th 10%mé: ( (721 m&()- 10[[ 10[[
10[[!' T 18 10% [@L(ir)ememtsoﬂos&r()c@npounds is that they be attached to the

Toomse (5- 10PRENERTERSTR, BY 4 Jinkaor, & o a8ustal et Ebdsax o
7 #90% ! & «égmdlé@@@?ma(wacﬁhﬁéﬁtom&lg» A MhebABnid R DarDAMHE Mmbldculs.

10%v& ()- 4 10%& ()-!S 10%\IN&$1 Z!'S 10%e& () - Z9%810%r& ()-3 10SSh
h[}~<. 41 35 IExaropigae of) sych methyl pendant aromatic substances after dual

10‘1/%7:)?/4 (m(& ) (; w&,ggf@%,;ﬂ.&.f&ﬂc{*éo@sn AWK the sheUB & FoindB T abiova include

109& f, &R
& ()- g? C@ 13‘%66%“ ljf3Y‘Vd.0° (Bm‘zag%?g‘a% %?I\éw%xﬁ%ﬂ&n@bh@égﬁés

109 () 191 $1ThAgsr POUOQ?O%EU&Q onlys singlydupctionglizesh or functipnalized Bve6 * %40 j

T (1 A o it i W@%@M&OM& N

10%U>U&' () -aCaitaisieRHn{4 mwm#nneommmp ddt.lnterparts of the above would

00 ()- |y EURR e Sprttions ek rormuR (hiersianiicanisepte thay use of

hg’/%)hl_—g&ts()?po@lgréﬁyﬁhéﬁ&léé dl@%n‘i@row&y( petiHak r&f‘o&htn&%@%ounds as

gE4
10GhCh! 15! T@MTgadszgtpom formatioooad cppolycoadensatesn dawaid:' of -dlefinighth
10GhQy- . >0]u:?1@ Wgﬁ. provided none was present in the unmodified polycondensate.

Applicants prefer to prepare the copolycondensates by
transesterification in a reactive extruder. This is achieved by melting the
unmodified polycondensate in a reactive extruder and simultaneously

20  introducing the desired weight percentage of functionalized OSM such as
polypropylene oxide oligomer to the melt. Under appropriate conditions,
transesterification occurs resulting in formation of a block copolycondensate
having, for example, polypropylene oxide oligomer segments and

- polycondensate segments. Generally the transesterification is done under

25 vacuum and optionally in the presence of a transiton metal
transesterification catalyst. Cobalt is the preferred catalyst, and cobalt
.deployed in the form of a cobalt carboxylate is especially preferred, with
cobalt octoate as the most especially preferred catalyst. When used, the
catalyst is deployed in the range of 10-300 PPM of the mixture in the

30 extruder. ‘

Ohly the amount of polypropylene oxide oligomer or other OSM
. segments needed to meet the required oxygen scavenging capacity are
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15 60 °C. It is frequently necessary to add a chain extending agent to the

reactive extruder to form copolycondensates having T)'s above 60 °C. The
chain extending agent is typically deployed in the range of 10 to 5,000
PPM with respect to the weight of the mixture in the extruder. While there
may be some minor weight loss due to volatile materials, it is to be noted
20  that the chain extending agent will be present in the resultant copolymer to
about the same extent as it is present in the extruder. Aromatic anhydrides
are the preferred chain extending agents and pyromellitic dianhydride is

especially preferred.

Formation and use in packaging articles of many different types of

25  oxygen scavenging copolycondensates are envisioned by applicants. A non-
limiting list of po!ycondensates to which polypropylene oxide glycol oligoher

and other OSM segments could be added includes polyesters, polyamides,
polysulfones, polyols, polyethers, polyketones. The reaction conditions

in the extruder for formation of the copolycondensates varies depending
30 upon the nature of the polycondensate feed. To some extent, the

' temperafure profile of the extruder is related to the melting temperature of
the polycondensate feed. For example a temperature range of about 250 °C
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In one embodiment, the oxygen scavenging copolycondensates of
this invention are deployed as a layer adjacent to an unmodified layer of the
same polycondensate, especially the polycondensate from which the

15 polycondensate segments in the copolycondensate were derived. In such a
packaging construction, the adjacent layers have nearly identical physical
properties readily lending themselves to manipulation on existing packaging
equipment already in place for the unmodified polycondensate. Also, the
adjacent layers tend to be self-adherent and appear to be a monolithic

20 construction. The wide use of polyesters and polyamides in the packaging
industry dictates that oxygen scavenging copolyesters and copolyamides wiil

a be the copolycondensates of choice for use in the embodiment described
above.

An especlally preferred type of package wall, bottle wall or film

25 construction comprises a three layered embodiment as shown in Figure 1.
The outside of the bottle or package wall 24 is formed by a thicker layer 26

of unmodified packaging polycondensate and may be comprised of recycled
material in whole or in part since it does not contact the package cavity or

the packaged material. The inside of the bottle or package wall 22 which

30 defines the package cavity Is formed by a thinner layer 28 of unmodified
packaging polycondensate. The middle layer 30 Is comprised of the oxygen
scavenging copolycondensates of this invention, i.e., those having
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which serves as a good passive bamer to oxygen from air, (2) the inner layer
in contact with the packaged material is also polycondensate, typically one
which “has a long history of usage and acceptance for packaging of
10 consumable materials, (3) placing the copolycondensates of this invention
between two laiyers of unmodified polyconderisates having at least
reasonable passive barrier properties isolates the oxygen scavenging
copolymers from direct contact with air or oxygen and preserves their oxygen
scavenging ability to be applied only to oxygen which passes through the
15 unmodified polycondensate layers, and (4) the copolycondensates and the
unmodified polycondensates can be selected so as to have such similarity
that they bond together when co-extruded without the need for or use of a tie
layer of adhesive.
The preferred three layer embodiment described above is most easily '
20 achieved by co-extrusion of one layer of copolycondensate with the two
layers of unmodified polycondensate. The copolymer is so chemically
similar to the unmodified polymer that the three layers uniforrﬁ!y adhere to
each other and form a monolithic structure upon cooling. No tie layer
adhesives‘are required. However, in the articles of manufacture of this
25 invention where recycling is not important, additional (érid possibly diverse)
layers can be incorporated to improve adhesion, improve barrier properties,
reduce costs. It may be possible to achieve the preferred three layered
embodiment by techniques other than co-extrusion such as by coating with
solutions or heat fusion of separate layers. Any method other than co-
30 extrusion may have disadvantages of (1) reduction of scavenging potential .
by -unwanted and/or inadvertent exposure of.the oxygen scavenging

copolymers to air or oxygen; and (2) additional processing steps. For

A ]



+ 111110z 10z 107,; @ 10%& ()- 3LOf 10%& () -nB' 109%& ()-- 3 10%& ()--'#, 10% ..
& ()-9z wWX6TI> 1!!'Ln10% b b& ()-S: 10%& ()-! 80F10% *& () - 15,1%?&2892

'$ FL0%b>b& ()- | ° F10%:& ()- 2vZzX6TI> 111 23F" 9% 10%aER"(
3F" 9% 10%p 109bvb& ()-,z 10%& ()-3! Yz, 109" S
& ()-1Yz, 1809&99@5'”VH > 111 10vOVC PET/USI8105239

10vOvCl \ 3#10% CVCE’ () - ! X3#10% 5r5& () -t/ " 19360b& () - ! 3F" 9* 109G () -
O 3F'9*10% ; & ()-AFtl1J:> 111 10vQvC
'lg& Q%?;()z/f\l,z\ﬁg( Yabridatbhouk: Hottles,S jdifngaire *thrdé’#lé%rs&bfr)adﬂé%%é&v&&nd: work
\
1! ay9s 109%& ()agaﬂ‘eﬁ}%‘qmqlws ofrecyglability uniegs thevadtizesiye wa@ based-an(the 1 X' &

1300/;{&( §) "t }ﬁfé@%?ﬁ%@fﬁﬁtﬁﬁé@%@@ 5 F]Fga? _&%d;t%“n of films and wraps,

810V () - | &188yeabilty ib %
TL00KE: () Vb L oy 1@@3154%%8%92%6%@1 Yet & it s for botles.

10% </ <& §) - fin i@%@r@ms &m@ke&eo)bs deginable @ usp- Iauers/mthemommm(of-

: 183;;1;&0?;4?2% ocﬁ ‘é “F)e '"3‘%@36‘@’&‘( Q'tb]‘a)/%jsm‘*ﬂ diverse materials such as

18109& () -1 Em sevihyiRalcdRdiBlayers andﬁbowl’&‘u{ Jayery., Vhke tmniddiatdB& () -G
jrs}[9+1 10!; 10%& -Yl S 109%& ()-
- 109%& () -! 36}%{!@% )tbe%G 99&9‘%’11%250)3)@64% mestiretesediuse for them, pjher

10%p& () -! 1Q¥ options are also available. For example, the copolymers could be

10 blended as a concentrate with other polycondensates for film or bottle
manufacture, or be used as an inner liner or layer in a multi-layer
construction sense, for example, in packaging electronic components.

In one broad embodiment then, this invention discloses a laminar
composition comprising at least one layer of a packaging material and at

15. least one layer of an active oxygen scavenging copolycondensate
comprising predominantly polycondensate segments and an active oxygen
scavenging amount of OSM segments such as polypropylene oxide oligomer
segments. Predominantly, as used above, means that the copolymer is at

least 50 wt % polycondensate segments.  Typically, the OSM segments

20 comprise 0.5 to 12 wt % of the copolycondensate, preferably
about 2.0 to about 8.0 wt % and most preferably about 2.0 to about 6.0 wt %

of the copolymet. The layer of packaging material is typically a
then_nop!ést!c packaging material and normally one selected from the list of
thermoplastic ma:terials considered safe for use with food as listed in USA 21

25 CFR §+177.1010 - 177.2910 (revised April, 1997 edition). However, the
copolycondensates of this invention may be used as active oxygen
scavengers to consume head space oxygen in the form of an inner coating

-en cans or glass jars/bottles. In these applications, the layer of packaging
material would comprise metal or glass. The preferred layer of packaging_
30 material comprises _polycondensafe and especially preferred are the
polycondensates from which the polycondensate segments in the copolymer

were derived.
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25 reasons not completely understood by Applicants, addition of transition
metal catalyst in the range specified also seems to imprave the clarity of the
polycondensates, especially after biaxial orientation. The preferred
transition metal catalyst is cobalt. Especially preferred is cobalt added in the

__form of cobalt carboxylate, and most especially preferred is cobalt added in

30 the form of cobalt octoate.

Abplicants have also discovered that employment of a photo-active
substance, such as benzophenone (BNZ), further enhances the uptake of
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In certain packaging applications, clarity of the copolycondensates of
this invention and clarity of package walls comprising a layer of the
copolycondensates of this invention are important considerations.
Applicants have discovered that biaxial orientation of the copolycondensates
of this invention improves clarity beyond what would be expected simply
from diminishment of the thickneg,s of the layer due to the stretch. -The
biaxial orientation of the copolycondensate is normally achieved by
subjecting the copolymer to a 2.5 X 4.0 stretch, typical of the industry in the
production of p[asti;: bottles and packages. - The oxygen- scavenging
copolycondensate may be first biaxially oriented and then incorporated into a
packaging article or the biaxial orientation may be performed simultaneously
with the other layer(s) which comprise the multi-layer package wall.

Oxygen Scavenqing Addition Type Copolymers

Oxygen scave’nging copolycondensation polymers disclosed above
and in related applications provide for an especiélly advantageous
embodiment wherein the modified condensation polymer (i.e., the oxygen
scavenging copolycondensate having OSM's) is deployed as-a layer in a
packaging article wall adjacent to a layer of unmodified similar condensation
polymer, espec&ally the polycondensate from which the polycondensatnon
segments in the copolycondensate are derived. In 1929 Carothers (W. H.
Carothers, J. Am. Chem. Soc. 51,2548 (1929)) proposed a generally useful
differentiation between two br'ogd classes of poiymers.' One of the
Carothers’ classes was condensation polymers in_which the molecular
formula of the structural (repeating) unit or units in the polymef lack certain
atoms present in the monomer or monomers from which it was formed, or to .
which it may be degraded by chemical means. Carothers' other class was
addition polymers in which the molecular formula of the structural (repeating)
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5 juice bottles. As previously disclosed, the use of oxygen scavenging
copolycondensates as Iayer§ in the walls of packages based on addition
type pély’mers is a possibility but does not afford an opportunity to achieve:
- optimal construction of extreme similarity in properties for adjacent layers in
a package wall. In an effort to solve this problem, Applicants dlsclose
10  oxygen scavenging copolymers compnsmg predominantly (over §0 wt %)
polyaddition segments and an oxygen scavenging amount of OSM
segments. A typical usage range will comprise copolyaddition polymers
comprised of OSM segments in the range of 0.5 to 12 wt % of
the copolymer. The preferred range of OSM segments is from about 2 to 8
15wt % and especially preferred is from about 2 to 6 wt % of the copolymer.
The OSM's envisioned for use include polyolefin oligomers such as.
polypropylene, poly(4-meihyl)1-pentene and polybutadiene; polypropylene
oxide oligomer, and methyl pendant aromatic compounds. The preferred
OSM's are polybutadiene oligdmer and polypropylene oxide cligomer. -

20 As was the case for oxygen scavenging copolycondensates, the
oxygen scavenging copolyaddition polymers of this invention are preferably
made by transesterification. In order for this to occur (1) it is necessary that
the OSM's have terminal functionality (such as those depicted by Formulas |
and 1l) capable of entering into’ condensation/transesterification reactions,

25 and (2) there must be reaction sites (e.g., acid sites, anhydride sites, ether
sites, hydroxy sites, ester sntes) on the unmodified addition polymer
which is to be transformed into an oxygen scavenging copolymer Many
addition polymers have such reactions sites available and include those

addition polymers comprised of monomers such as acrylic acid, methacrylic acid,

39  esters of the preceding vinylalcohols. Also envisioned are oxygen scavenging

cbbolymers whose segments are derived predominantly from ionomeric
polyolefins such as the Surlyn® resin series available from du Pont. For
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necessary to first treat the polymer with a compatibilization agent which will
add suitable reaction sites to the addition polymer. A preferred class of
reactant for adding reaction sites is an unsaturated acid, its anhydride, or
5 substituted derivatives of the preceding. Maleic anhydride (or its derivatives)
is especlally preferred and such a process is well known in the art as
maleation. While the availability of such sites on an addition polymer are
necessary to produce the oxygen scavenging copolyaddition polymers of this
invention, unmodified addition polymers having such sites are known in the
10 ant and form no pan, per se, of this invention.

< Addition polymers having reaction sites as described above exhibit
chemical behavior similar to condensation polymers for transesterification
type reactions and will react with OSM's which are functionally terminated
with groups capable of entering Into condensation\transesterification

15 reactions, e.g., those depicted by Formulas | and [l above. The
transesterification is conducted in an extrusion reactor as was done for
preparation of oxygen scavenging copolycondensates previously disclosed
in this and related applications. As previously indicated, those of ordinary
skill in the art will recognize the necessity of adjusting the temperature. profile

20 of the extruder reactor to suit the needs of the unmodified addition polymer
feed. Again, a major consideration in selecting reaction temperature is the
melt temperature of the polymer feed which will be made into a copolymer in
the extruder reactor. Surprisingly, many of the other reaction variables are
maintained in the ranges similar to those used for production of

26 copolycondensates. These similar copolymer synthesis parameters include
(1) reaction with functionally terminated OSM's which are the same type and
MW, (2) reactor residence times, (3) reaction under vacuum, (4) use of
transition metal transesterification catalysts of the types and in the ranges
previously specified for copolycondensates, (5) use of a chain extending

30 agent to achieve the preferred molecular weight of the copolymer, (4)
extrusion of the copolymer into pellets or films, and (6) storage of the
copolymer pellets or films in sealed containers under nitrogen.
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5 wall of a multi-layered package wall. In a series of embodiments, the oxygen
scavenging copolymers are used In constructions where other layer(s) in the
multi-layer package wall are comprised of other packaging materials such as
glass, can metals such as aluminum or iron, cardboard, thermoplastics,
(especially those as listed in USA 21 CFR § 177.1010 - 177.2910, revised
10 April 1997 edition), or other suitable packaging materials. For such
¥ constructions the preferred packaging materials present in the other layer(s)
in the multi-layered package wall are addition polymers, and especially
preferred is the addition polymer from which the addition polymer segments
in the oxygen scavenger copolymer were derived. Transition metal catalysts
15 and photo-active materials (BNZ) may optionally be added in the manner
and amount as previously disclosed for the oxygen scavenging
copolycondensates. The oxygen scavenging addition copolymers may
optionally be subjected to biaxial orientation in the amount and manner as
previously disclosed for the oxygen scavenging copolycondensates.

20 Examples
Examples 1-2

Examples 1 and 2 will show the method of preparation of oxygen
scavenging addition type copolymers and their oxygen scavenging capacity.

Block Addition Copolymer Formation

25 The oxygen scavenging addition copolymers of this invention may be
made on a pilot scale in a Wemer and Pfleiderer ZSK-30 extruder. Example
2 and control Example 1 were processed in a Wemer and Pflsiderer ZSK-30
co-rotating twin screw extruder with fully intermeshing screws having a 45:1
~Iength to screw diameter. Pellet feed materials ware metered into the first
30 extruder section using KTRON loss-in-weight pellet feeders. The unmodified
feed pellets used for these examples was ethylene methacrylic acid (EMA)
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_pis:ton style pump. The diol was injected directly onto the screws 15
5 diameters downstream of the EMA pellet feed at which point the polymear
pellets were completely fluxed. A vacuum of at least 76.2 cm (30 inches) was pulled
on a side port of the extruder prior to processing the' mzlt stream through a
gear pump for copolymer production. The copolymer product was extruded through a 15.2 cm slot
die manufactured by Extrusion Dies, Inc. (EDI) (an EDI 6 inch die) onto a two roll cooling stack
10 and then recovered as film on a constant tension winder. After recovery, the films were placed in
heat sealable foil bags, purged with nitrogen, and thsn sealed. Extruder

reactor conditions were as noted in Table 1 below. _
The pressure values listed in Columns 9 and 10 of Table 1 are as indicated by

the pressure gauge.

TABLE 1
Preparation of Block Addition Copolymer
Extruder Conditions

Sampla | Scraw | Torqua Pclymer | Additive | Adcilive | Form ef{ Vaztm |Extrucer Die

Spead Rate Rate Percent | Product Exit

{whw)

1 EMA 60 85% 6.8Kg/he NA Film |/¥icmHg | ©8.9bars |53.8cars

flcm (15Lb/Hr) (23.0in hg)] (1000Psig)}(780Psig)
2EMA 123 S3% | 6.9Kgmr | 272900 4.0% Film |71.3cmHg [ 37.9bars p9.00ars
bicdified | Rom - L (15 21 faey | (0-6Lb/HN) (28.0 in hg) § (550Pslg) 710F'5ig)1

Extruder Zone Temperatures in °C

Samoie | Zona 1| Zona2 | Zone a Fone 4 | Zone 5 | Zoras 1 TeneT | Zonad
1 EMA 120 150 175 175 175 173 175 178
2 EMA 120 150 175 200 230 230 175 175
Modilied
Sampla [ Zone§ [ Zone 10 | Zone 11 | Zona 12 | Zone 13 | Zona 13| Gaar Die
Pymo
1 EMA 175 175 175 200 200 20 200 200
2EMA 175 175 179 200 200 200 200 200
Modified )

Oxyaen Uotake of Block Addition Copolvimsrs

Oxygen uptake was tested using film samples o 10g . The samples
were placed In 500 cc sample jars containing ordinary reem air, sealed, and -
then held at 60 °C for the duration of the test. No transitich metal catalyst or ™
ph&to-acﬁve compounds were added to the samples. Tiz amount of oxygen
as percent in the headspace gas (air) was sampled ragzdy over a 28 day
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period via a septum on each sample jar. The oxygen present was monitored
on a Mocon HS750 oxygen analyzer by withdrawal of 3 cc of gaseous
aliquots at periodic intervals over the 28 day period of the test. The data
from these samples are shown graphically in Fig. 2. Surprisingly, there was
5 virtually no uptake of oxygen by the EMA polymer control of Example 1,
which may be due, in par, to the absence of transition metal catalyst. After
about a five day induction period, the copolymer samples having 4 wt %
PBD oligomer segments showed a dramatic uptake of oxygen and had
consumed virtually all of the oxygen in the jar by about day 14. Since the
10 copolymer sample jars began with about 102 cc of oxygen (20.9 % of 490
) } cc), it can be seen that the capacity of the 4 wt % PBD copolymers is about
10 cc/g of copolymer after only 14 days. The actual scavenging capacity
after 28 days could not be calculated from Example 2 since there was
essentially no oxygen left in the sample jar to scavenge after day 14.

15 Examples 3-6

Examples 3-6 will show the method of preparation of an oxygen

scavenging EAA container coating and its capacity for scavenging oxygen.

Into a glass jar was placed 100g of ICI/Glidden's Water Reducible Spray

Liner, Product Designation 640 C 696 (18 % solids) whose composition is

20 listed in Table 2. To this aqueous emulsion was added 0.48g of Elf Atochem

R45 HT polybutadienediol (PBD MW of 2800). When dried as a can

coating, the dried coating comprised 2.7 wt % PBD. The mixture was stirred

magnetically for one hour, then capped and sealed until it was coated onto

aluminum foil with a gated blade so as to emulate a can lining. The coated

25 foil was placed on an aluminum plate which was heated on a laboratory hot

plate set at 227 °C (440 °F) for 2 minutes to obtain a baked on coating.

Sixteen such foils (21 cm x 5.5 cm surfaces) were fan folded, and placed

into a 250 cc Mason jar equipped with a metal cap containing a rubber

sampling septum. The storage temperature of 60 °C was selected in an

30 effort to achieve accelerated testing. This composition and experiment was
designated as Example 3.
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Chemical Composition of Water Reducible Spray Liner:
ICI/Glidden Paints - Product 640 C 696 (MSDS listed)

Trade Name

Chemical Name

CAS Number

Wt.%

Dimethylamino-
ethanol

Ethanol,
2-(dimethylamino)

108-01-0

1-5

Melamine Resin

1,3,5-Thiazine-2,4,6-

68002-20-0

1-5

soa/bka30
- q

triamine, polymer with
formaldehyde,
methylated

1-butanol

Ethanol, 2-butoxy
Formaldehyde
2-Propenolc acid, 2-
methyl-, polymer with
ethenylbenzene, ethyl 2-
propenoate and N-((2-
methylpropoxy)methyl)-
2-propenamide
Phenol, 4,4'-(1-
methylethylidene)bls-,
polymer with
{chloromshyl)oxirane
2-Propenolc acid, 2-
methyl-, polymer with
(chloromethyl) oxirane,
ethenylbenzene and
4,4'-(1-methylethyli-
dene)bis{phenol)
Water

71-36-3
111-76-2
50-00-0
64112-61-4

5-10
5-10
0.01
5-10

N-Butanol
2-Butoxyethanol
Formaldehyde
Acrylic Latex

Epoxy Ester 25068-38-6 1-5

Epoxy Acrylic 28262-39-7 5-10

Resin

Water 7732-18-5 60-70

Another similar composition and experiment, designated as Example
4, was prepared and performed. For Example 4, 0.48g of PBD diol was
added to the 100g of the EAA emulsion as in Example 3 to achieve the
same 2.7 wt % PBD (based on 100% weight of solids in the emulsion or
cured weight of can liner). Also, 200 PPM (metal) cobalt octoate and 200
PPM benzophenone (BNZ) were separately added to the EAA prior to
stirring. The 200 PPM of cobalt and BNZ were calculated with respect to the
weight of the solids in the EAA emulsion. As for Example 3, a total of 4.5g of
coating (which was 2.7 wt % PBD) was used in this manner to determine
oxygen uptake by periodic sampling during storage at 60 °C under 0 %
relative humidity (ORH).

Another similar composition and experiment, designated as Example
5, was prepared and performed. The composition of Example 5 was the
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same as for Example 4 except that the 0.48g PBD diol, the 200 PPM cobalt
(as metal) from cobalt octoate and the 200 PPM BNZ were thoroughly mixed
prior to introduction to the EAA emulsion. The 200 PPM of cobalt and BNZ
were calculated with respect to the weight of the solids in the EAA emulsion.
5 As for Example 3 and 4, a total of 4.59 of coating (which was 2.7 wt % PBD)
was used in a similar manner to determine oxygen uptake by periodic
sampling during storage at 22 °C under 100 % relative humidity. Obviously
a temperature of 22 °C and 100 % relative humidity more closely emulates
the conditions Inside a can of comestible product during storage as opposed
. 10 to 60 °C and 0 % relative humidity used for Examples 3 and 4. Example 6
N ) was the control where 4.5g of unmodified EAA coating was prepared and
tested in a manner similar to that used for Examples 3-5.

In all three test experiments (Examples 3-5) it was found necessary to

maintain the modified EAA emulsion in an oxygen-free environment such as

15 under a blanket of nitrogen. The presence of air (oxygen) caused the

modified EAA emulsions to gel and would render them unsprayable in an

industrial setting. Under nitrogen, the modified EAA emulsions showed no
indication of increase in viscosity when used within 3 days of preparation.

The oxygen present in the headspace in the jars was monitored on a

20 Mocon HS750 oxygen analyzer by withdrawal of 3 cc of gaseous aliquots at
periodic intervals over the 85 day duration of the test period. The percent
oxygen remaining in the headspace was converted, by calculation, to the
amount of oxygen scavenged per gram of can liner for each of Examples 3-

6. The results are displayed graphically in Fig. 3. It is obvious from Fig. 3

25 that premixing of the PBD, cobalt octoate, and BNZ produces a much high
oxygen scavenging capacity can liner. Applicants speculate that the
premixed concentrate (Ex. 5) provides a better opportunity for intimate
contact of the catalysts with the PBD than in the dilute mix (Ex. 4). The
results from Example 3 having no catalyst clearly shows diminished

30 scavenging capacity for formulations which are otherwise essentially

identical.
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The following examples will show the method-of synthesis of oxygen
scavenging copiplycondensates of this invention and their ability and capacity
to behave as active oxygen scavengers. These copolycondensates may be
made on a pilot scale in a Wemer and Pfleiderer ZSK-30 extruder. The
materials were processed in a Wemer and Pfleiderer ZSK-30 co-rotating
twin screw extruder with fully intermeshing screws having a 45:1 length to
screw diameter. Pellet feed materials were metered into the first extruder
section using KTRON loss-in-weight pellet feeders. When more than one
pelletized component was fed in this manner, the minor components were
slaved to the primary resin feeder and all feeds rations were maintained by
the controls. Liquid components, including polypropylene oxide oligomér,
were fed using either a Lewa diaphragm pump which was supplied from a
heated and agitated feed vessel or a Ruska piston style pump. The OSM,
and additives if any, was injected directly onto the screws 15 diameters
downstream of the EMA pellet feed at which point the polymer pellets were

completely fluxed. A vacuum of at least 76.2 cm (30 inches) was pulled on a side port

of the extruder prior to processing the melt stream through a gear pump for.

copolymer production. The copolymer product was recovered either by (1)

extruding throuéh a three hole strand die, cooling the strands on a Sandvic

cooling belt, and then pelletizing or (2) extruding through a 15.2 cm slot die manufactured by Extrusion Dies,
Inc. (EDI) (an EDI 6 inch die) onto a two roll cooling stack and then recovered as film. After recovery, the

copolymer products were placed in heat sealable foil bags, purged with
nitrogen, and then sealed. The materials prepared for testing are

characterized in Table 3.

HYTREL 5556, 7.5 MFR is a polyester elastomer available from du
Pont. PET 7207 is polyethylene terephthalate available from Shell. R20LM
PBD is a polybutadiene oligomer diol of about 1280 MW available from EIf

Atochem. A-3000 is an oxygen scavenging copolyester comprising about 96

wt % PET segments and about 4 wt % PBD oligomer segments. CAPRON
8270 is polyhexamethyleneadipamide available from Allied. JEFFAMINE
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Material Composition of Samples

SAMPLE RUN BASE REACTIVE COMMENTS
NUMBER DATE RESIN COMPONENT
19440-118-4 | 02/25/07 HYTREL 55686, Neat Peliet, Control
7.6 MFR
19440-124-2 | 05/22/97 PET 7207, Control
Ve=0.72
19440-128-2 | 06/23/97 PET 7207 NEAT Control
19440-130-2 | 068/26/87 PET 7207 NEAT
19440-131-1 08/27/97 PET 7207 Elf Atochem A-3000 Control
R20-LM PBD
19440-132-1 07/01/97 PET 7207 EIf Atochem A-3000 Contro!
R20-LM PBD
19440-133-2 | 07/02/97 CAPRON 8270, NEAT Nylon 6 Contro!
Mi=0.5-0.7
N 19440-134-1 | 07/08/07 CAPRON 8270, NEAT Nyion 6 Control
) Mi=0.5-0.7
19440-136-2 | 07/15/97 PET 7207 NEAT Control
19440-138-1 07/16/87 PET 7207 JEFFAMINE ~14.7% JEFFAMIN
D-2000 {(NMR)
19440-139-1 | O7/17/97 PET 7207 JEFFAMINE ~2.0% JEFF.(NMRY),
D-2000/COBALT ~260 PPM COB.
19440-140-1 | 07/17/97 CAPRON 8270, JEFFAMINE ~4% JEFF.,
Mi=0.5-0.7 D-2000/COBALT ~500 PPM COB.
18440-140-2 | 07/17/97 CAPRON 8270, JEFFAMINE ~4% JEFF.,
Mi=0.5-0.7 D-2000/COBALT ~500 PPM COB.
19440-142-1 09/09/07 PET 7207 EIlf Atochem First Ruska
R20-LM PBD pump sample
19440-143-1 09/11/97 PET 7207 Dow P-1200
19440-144-1 | 05/15/97 PET 7207 Dow P-1200/ 500 ppm
Cobalit Octoate cobalt octoate
19440-146-1 | 09/18/97 PET 7207 JEFFAMINE 500 ppm
D-2000/COBALT cobalt octoate
19440-147-1 09/19/97 CAPRON 8270, NEAT
MI=0.5-0.7
19440-147-2 | 09/19/07 CAPRON 8270, JEFFAMINE 500 ppm
M|=0.5-0.7 D-2000 COBALT cobalt octoate
19440-148-1 09/25/97 PET 7207 26:75, DOW P-1200/
p; EA PBD
- 18440-149-1 09/25/97 PET 7207 25.75D0OW/PBD 200 ppm cobait;
+CAT+BENZO 100 ppm benzophenone
19440-160-1 08/26/97 PET 7207 50:50, DOW P-1200/
EA PBD
19440-161-1 09/26/97 PET 7207 50:50D0W/PBD 200 ppm cobalt;
+CAT+BENZO 100 ppm benzophenone
19440-154-1 | 10/01/97 PEBAX 5533 NEAT
19440-150-1 | 10/06/67 CAPRON 8270, NEAT
Mi=0.5-0.7
19440-160-1 10/06/97 CAPRON 8270, Dow P-1200
Mi=056-0.7
19440-161-1 | 10/07/97 CAPRON 8270, Dow P-1200 600 ppm
MI=0.5-0.7 + cobatt octoate cobalt octoate

D2000 is a diamino terminated polypropylene oxide oligomer of about 2000
5 MW available from Huntsman. P1200 is a dihydroxy terminated
polypropylene oxide oligomer of about MW 1200 available from Dow.
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from Elf Atochem.

The samples of Table 3 were tested for oxygen scavenging capacity
by the same technique used for Examples 1-2. Ten grams of each of the
samples from Table 3 were placed in 500 ml glass jars, and then monitored
for oxygen content of the air in the jar over a 28 day period. The jars were
held at 60 °C and 0 % relative humidity. All of the copolycondensates of
Table 3 showed substantial oxygen scavenging capacity, especially when
enhanced by the addition of cobalt and/or benzophenone. Fig. 4 graphically
shows the oxygen uptake results obtained for some of the PET block
copolymers of Table 3.

The examples described above are intended to be illustrative of the
many numerous embodiments for the oxygen scavenging compositions
disclosed in this application. Those of ordinary skill in the art will recognize
that variations in these compositions, including the use of various additives
and additive packages, are encompassed by this disclosure and are within

the scope of the invention.
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Wae claim:

i. An _oxygen barrier laminar composition comprising a
layer of packaging material and a layef of active oxygen scavenging
5 copolycondensate comprising predominantly polycondensate segments and
a minbr amount of oxygen scavenging moiety segménts; and wherein

said copolycondensate (A) has a glass transition temparature above
60 °C .and is capable of scavenging oxygen in its solid state at ambient
temperatures in the range of 0-60 °C and (B) is devoid of ethylenic

10  unsaturation.

2. The laminar composition of Claim 1 wherein the packaging
material is a thermoplastic resin.

3. The laminar composition of Claim 1 wherein the packaging
material is a polycondensate.

15 4. The laminar composition of Claim 3 wherein the polycondensate
is selected from the group consisting of polyamide and polyester.

5. The laminar composition of Claim 1 wherein the oxygen

scavenging segments of the copolycondensate comprises from 0.5 to
12 wt % of the copolymer.
20 " 6. The laminar composition of Claim 1 wherein the oxygen

scavenging moiety segments are selected from the group consisting of
polypropylene, poly(4-methyl)i-pentene, polypropylene oxide oligomer,
methyl pendant aromatic compounds, and mixtures of the preceding.

7, A.multi-layeied wall packaging article having disposed within the

25  package wall a laminar composition comprising a layer of packaging material

and a layer of active oxygen scavenging copolycondensate comprising

predominantly polycondensate segments and  +a minor amount of oxygen
scavenging molety segments; and wherein said copolycondensate (A) has a -

glass transition temperature above | 60 °C and Is capable of
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8. A method of extending the nseful shelf life of an oxygen sensitive

substance which comprises packaging said'oxygen sensitive substance in a

5 multi-layered wall packaging article having disposed within the package wall
a laminar composition comprising a layer of packaging material and a layer

of active oxygen scavenginyg copolycondensate comprising predominantly

' polycondensate segments and a minor amount of oxygen scavenging
molety 'segments; and wherein said copolycondensate (A) has a glass

10  transition temperature above 60 °C and is capable of scavenging
oxygen in its solid state at ambient temperatures in the range of 0-60

°C and (B) is devoid of ethylenic unsaturation.

9. An oxygen scavenging composition comprising (A) a
copolycondensate which is devoid of ethylenic unsaturation comprisiné (1)

15  predominantly polycondensate segments, (2) a minor amount of oxygen
scavenging moiety segments, and (3) 10-5,000 PPM pyromellitic
dianhydride with respect to the weight of the copolycondensate, and (B) a
transition metal catalyst which has been added to the extent of 10-
2000 PPM with respect to the weight of the copolycondensate and is added

20 in addition to any residual transition metal which may be present from

formation of the copolycondensate.

10. The oxygen scavenging composition of Claim 9 wherein the
transition metal catalyst is cobalt.

11. The oxygen scavenging compoasition of Claim 10 wherein the

25 source of cobalt is cobalt octoate.

12. The oxygen scavenging composition of Claim 9 wherein the
oxygen scavenging moiety segment is selected from ihe group co-nsiéting of
polypropylene, poly(4-methyl)i-pentene, polypropylene oxide oligomer, _.
methy! pendant aromatic compounds, and mixtures of the preceding.
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10 14. The oxygen scavenging composition of Claim 13 wherein the
oxygen scavenging moiety segment is selected from the group consisting of
polypropylene, poly(4-methyl)t-pentene, polypropylene oxide oligomér,
methyl pendant aromatic compounds, and mixtures of the preceding.

15. The oxygen scavenging composition of Claim 13 wherein the
15  copolycondensate is further subjected to biaxial orientation comprising a
stretch of about 2.5 x 4.0 to improve clarity.

16. A water based epoxy-amine-acrylate emulsion capable of forming

a can coating via a water borne spray further comprising froh 1to’

5 % functionalized polybutadiene oligomer with respect to the weight

20 of the solids in the emulsion and 10-500 PPM transition metal catalyst
calculated as metal with respect to the weight of the solids in the emulsion.

17. The emulsion of Claim 16 further comprising 50-500 PPM
benzophenone with respect to the welght of the solids in the emulsion.

18. An oxygen scavenging container lining formed from the
25 application of a water bome spray of the oligorner and catalyst containing
emulsion of Claim 16.

19. An oxygen barrier laminar cofnposition comprising a
layer of packaging material and a layer of active oxygen scavenging addition
type copolymer comprising predominantly polyaddition segments and a
30 minor a}nount of oxygen scavenging moiety segments; and further
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to the weight of the copolymer. B
21. The laminar composition of Claim 19 wherein polyaddition

<) segments of the copolymer are‘derived from monomers selected from the

10 list consistan of acrylic acld, methacrylic acid, esters of the preceding,
' ethylens, propylens, vinyl alcohol, and styrens. 4 '

22. The laminar composition of Claim 19 wherein oxygen scavenging

molety segments comprise from’ 0.5 to 12 wt % of the
copolymer. )
15 23. The I'aminar'composition of Claim 19 wherein the oxygen

scavenging molety segment is selected from the group consisting of
polypropylene, poly(4-methyl)1-pentene, polybutadiene, polypropylene oxide
oligomer, methyl pendant aromatic compounds, and mixtures of the

& preceding.
20 " 24. ‘The laminar composition of Claim 19 wherein the packaging
material is an addition polymer.
25. The laminar composition of Claim 24 wherein the oxygen
scavénglng copolymer comprises addition type segments derived from the
packaging material addition polymer.
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