| VILTLTI LAYER CONTAI NER FOR ENHANCED GAS BARRI ER
PROPERTI ES CROSS- REFERENCE TO RELATED APPLI CATI ONS
10001) The present application clainms the benefit of

WwOpnesosstey under 35 U.S.C. 119(e) to U.S. Prowcaiionadrorsozs - ”

Application No. 60/825,861, filed Septenber 15, 2006,

the disclosure of which is incorporated herein by
reference in its entirety. FIELD OF THE | NVENTI ON

[00021Thi s i nveMUmemeamemw ner wth
enhanced gas bharrier _praoperties

particularly ?‘HAM%Q% 4'?1%“8%1?59#'5&1‘65‘2?% and

oxygen barrier propertles of a container for a
OIS col RN ke e Tl o °
RS ol Y55 B B R BB B IS
yilde) yo s d’rﬁ&ﬁs:ﬁﬁk @pplvatiad Ner s0/§33136C,21 B0 Saptefibes 0F t 2006,
BB it oo R PBivoB P oSS PRS- and gas
Characteri stios, FIRATOTaHERYENTERT fer of PET 1o
PRSP 200l KIS b Mo BadP Rl Bk ol Bler

or ‘smal | er “si ze
OopegEs, WnNsrt |pmactpiur¢3dlu®hhqncm' ate @ebob elmx;dejauﬁ ogygembdrier

deI esse d exi
RS A0 Shiaing, B Restoy PR EFRE PEBE e et Bl
ipreoptemts.i es of PET [ 0004] The rel atively high
perneability of PET to carbon dioxide linmts the use

of smal | er PBACKGRCOAMNR AN OF THEJRYENTIONar bonat ed
soft drinks. The perneation rate of carbon di oxi de

[#¥Bbugh PRotytiriengitprephshalaie ind itsriopplasstpes GibreBafia refgrred to
cﬁﬂec%v@? bs SEY9 Ere]wéc[{f Qsed t@ﬁl‘éﬁ@&:‘n ts (88 &Hbdn ?t§§ ﬁgﬁaﬁﬁnks

roomtenperat ure pen Ing o e size O
J‘é%t"’ﬁi“ﬁe?“d the éthmdmeﬁo thein eaget et qﬁﬁ@lﬂ&ﬂ%ﬁg@mﬁs unfchemcal,

afd & Ea@néi‘%é'féﬁleﬁ b itk 88kl Airdbl haBLBRSLs iRLAINE gas

- loss rate his reason, PET contail ners are
baxiier ehPEY e 9axeeBang cargon diogide levittanplisatien $PET for smaller

sRaf badhpg, sALLY ra@tf&dpaéeigﬁngd&yg&s senmw &m&@' suaﬁgss beer,

and gl ass containers are the choice for snal
icks BRFhigA SEPONEHF-t A Fiflk CEmrAte PREAists in the packagmc mdustry to

further improve the gas barrier properties of PET.

[0004] - The relatively high permeability of PET to carbon dioxide limits the
use of smatler PET containers for packaging carbonated soft drinks. The permeation
 rate of carbon dioxide through PET containers is in the range of 3 to 14 cc’s per day
or 1.3 to 2 percent per week loss rate at room temperature depending on the size of the
container. A smaller container has a larger surface area to volume ratio resulting in a
higher relative loss rate. For this reason, PET containets are currently used only as
larger containers for packaging carbonated soft drinks, while metal cans and glass

containers are the choice for smaller carbonated soft drink containers.
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HO-AR-COOR, HO-AR-COOR1COO-AR-OH, HO-AR-CONHR,
HO-AR-CO-NHR3-COO-AR-OH, HO-AR-CONHR2NHCO-AR-OH

In the foregoing structure, AR is selected from substituted or unsubstituted phenylene
or naphthalene and R1, R2, and R3 are selected from the group consisting of C1 to Cé
alkyl groups, a phenyl group, and a naphthy! group.
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SUMVARY OF THE | NVENTI ON [ 0013] Thi s di scl osure
addresses the above-descri bed needs by providing a
pol ymer contai ner with enhanced gas barrier

‘properties. 20[0013a]ln a first aspect, there is

provided a nultilayer stretch bel ow nol ded cont ai ner
conprising: at least two outer |ayers conprising a

P%}%@Jr %Efrés mev@%lc%t whieRSbquR0 CadlRbAd] SlapitAYiB¥estment. Thé
ISposed et ween he at eas% two outer Fa ers

vmtéwb?r prefies inglod wadhot o &@veb i lgrodugtpety bé“é‘ﬁ??rlF tgles lgpger to
83% m@q{exm§ aﬁaﬁqg Qs bl PG ORRIhESIoRY PRTAM N Sith Ryainide

oW nD r wei ght organic gas barrier

orieine m@orad@«elopvieydﬂawwg apd p&repind oEA B0t aleeT gk compisignal

1046 Dal tons. 10013141 n a second aspect, there is
provided a packaged beverage conprising a beverage

di spos Q\qul'tlriafegg cmﬁLn'il&IJs ﬁ%%ral:s%%gﬁli&@fop&‘isw@? hi hfgﬁ Qadrr layer
the first aspect and a seal for sealing the beverage

i reandvdchydin brayer oo memeiET fap@e4[Tha tqpal 15e¢ dprathe high

- enhadl DBOtis odheffH) b bhIGYE ot A3 Ip@@r susp E@ﬁ)lloﬁleﬁol?élydoﬁé@&d

10

15

20 -

25

30

30t wo out er ayers co r|S|n 0 yner matri X and
| dA6@HORENp and |ﬂ@r likeqy dpvegfos ﬁe% e Mgl aﬂfmlrﬂé@@fed

t V&nﬁtﬁgﬁ rofseﬁm%esdele;ghﬁatlﬁﬁ i8S ﬁm&a@t@ngbﬂé b Sdarah@&Y 814 both the

conprises a first polymer composition conprising a
pdiayiee pudragchinicabprifosmangooinths etAingrs- wei ght addltlve

I n anot her. particul ar enbodi nent, a nultil aye
cont ai riges, dspisiagiee in thejagide enfope th%‘ewwaﬂa@énqeéﬁ BET for

befuee Qppth@ﬁloﬁg tHa€ R reQRife BARKLE barkiBY ShichaR0n tiRepRkaging of
| east two outer |ayers.
carbonated beverages and oxygen sensitive beverages and foods, in a manner that
does not cause substantial degradation of the PET, does not substantially impact the

stretch ratio of the PET, and does not negatively impact the clarity of the PET.
SUMMARY OF THE INVENTION

[0013] This disclosure addresses the above-described needs by providing a

polymer container with enhanced gas barrier properties.

[0013a] " In a first aspect, there is provided a multilayer stretch below molded
container comprising: eit least two outer layers comprising a polymer matrix; and at
least one barrier layer disposed between the at least two outer layers, wherein the at
least one barricr layer comprises a first polymer composition comprising a polymer
matrix and a low molecular weight organic gas barrier enhancing additive baving a

molecular weight below 1000 Daltons.

[0013b] In a second aspect, there is provided a packaged beverage
comprising a beverage disposed in the multilayer container as defined in the first

aspect and a seal for scaling the beverage in the multilayer container.

[0014] In a particular embodiment, a multilayer container comprises at least
two outer layers comprising a polymer matrix and at least one bartier layer disposed

between the at least two outer layers. The af least one barrier layer comprises a first



- 5100151Particul ar enbodi nents of this disclosure
provi de pol yner containers, such as pol yester
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[0020]FIG 4 is a cross-sectional view of the | ayers
within the nultilayer container for a 3-1ayer

contai ner (A), 5-layer container (B), and 7-|ayer
container (C) in accordance with enbodi nents of this
invention. 100211FIG 5 is a schematic diagramof a
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‘gas barri er in accordance vvith an errbOdl rrent of this
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DETAILED DESCRIPTION OF THE IN VENTION

[0622] ~ This invention encompasses a polymer container with enhanced gaé
barrier propeities and a method for rﬁaking a polymer container with enhanced gas
barrier properties. Embodiments of this invention, indluding the structure and
composition of container, methods for making them, and their uses are described

below and illustrated in the accompanying figures.

0623) The present invention provides a multilayer container having enhanced
gas barrier 'propcrties. As is well known to those skilled in the art, both single and
multilayer containers can be made by blow molding a contairier preform, Examples
of suitable preform and container structures are disclosed in U.S. Patent 5,888,598,

the disclosure of which is expressly incorporated herein by reference in its entirety.



[0025] The preform 12 illustrated in Fig. 1 can be

‘stretch blow nolded to formthe container 14. The
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internmedi ate | ayers 224-228, independent of one
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- WOoa0s3a@7esi ve, a polynmer matrix with recycl ed raOmIs2miz/078024
and an additive, or an adhesive |ayer. Table 1:
Conposition of Layers in a Miultiple Layer Container
[0030] I n yet another particul ar enbodi nent shown in
Eo1gaindCi 4 Edilﬁpr&émitaieﬂe Ewdl uterolapers s@bprising abuilitedd ioaabeﬁsso
230, 232 ﬁg% re bathe% l.ayers and .ane | to
M1 PHEEY SHHF &7 a‘P%W% grepy fnose Samdt B OPPRRRE 6\5?%
b po exlghusrenbddienentinet he outer | ayers 230, 232
hel p maintain the structural integrity of the
qlmtihi ner Itda a:adwi:lahieinbtbdmgﬁ%ﬁwnfmthg KAy theo cegaihar 14

55Ps R b BB eh AL 2GR AR F A DRI
erﬂhhaslp endiigin gigsstipenral pdegpiyopfeht cadaiet 14 Iv@llc dwrtkairive fayer
AL eBre B o PR S e R APy e oo oiE
kﬂ.yem amrzajz cmnmtrfsg B ipblymtandtiie ocopdlaney mmiz@vuﬂpnecywiledlcmgcnt,

léﬂaglrﬂ Grrrlgr g xo la c%eirhlcg% rlsvég igﬁ t%ﬁkyme eé&pots 01’1 comprismg a
mﬂﬁamnnﬂuaﬂerhaybn&r3&#&2@ﬁhUﬂg@b@@mmmmrmmnDVWdnm@mﬂm

rrier enhan to the container. |n.
Wel %‘%ne hl? %Oﬁigosétéoﬁl alciﬁlglf n[_aL)éFrS &S ést':d mn emor = c!leta,ll
hmwmamu layer 234 and four |nterrned|ate | ayers

236-242. |In another enbodi nent, the container 14
196241r i ses It enptliza paritieylar embodicneaB Srowa 38 FimdBt the @entainer 14

é.oqlr AJE%MQ%LF&]' L2¥r§ Efﬂ %%22 ang %Q& orzlﬁgre b!ir?iery ﬁ% r@ﬁlﬁtcﬂg Or More

cont’ai fer nprises three barrier
iln@yretrdsate Merszmnﬂﬂf Bsadegeribed abntee itheeokitert loydra 4, 222 36]p
é%%itaml Ehe SSHQ&JHQI p‘. @d&'r tﬁé 9&%‘1&8{4 % ﬁ% géfr?sg%&'?he fow
arrier layers and 6ne or nore inter i a ayer
aGldeudar vaighy adshitivdi [mpothe dnbetmrbaniqelaym vehije ghre dnapemre

il 1636 2 zp D SRR I bacie pp B P Rfl ShndfE TR By
magre detanpsitaten fapets |2ilz4 “Foimey Eervm@a%tt fuinprémhs.atyoly @s prowisling
ﬁlﬁﬁer%%&ﬁzai G S tg %‘Q’ co%ﬁi%iargﬂ] gfcﬁrh#l éﬁodm5§1w%qo %old t‘;]e wo

pol yner nmatri t1ona nmer matri
quies yavlerscR 28074 2eamd qnhunr @oreﬁeuméa)@rs 4288 Wwﬂm or asoerd@g

fag’ﬁ&r fgﬁ@béiﬂ&%h e(ﬁcrrt hé Sk CB%%QErIn%EE&%F(?an& thg cnntamer

conprising a yner matri X, or optiona
Idecomiprisagiong batreweyee é%@rdtmtmtemraa: leyars mﬂ, é%ﬂ;l Iaranother

eYiﬁ)'o entacmé tc’o?(tﬁm F\gﬁges '[) 1@1194 grlﬁ%ﬂlé?gs and one

I-nhibit egress of tirve
mtmwﬂtah?elam 22# et shaydé rbe mndﬁrstwm;thlabﬂw w0 e uoger bayedr dlyers
v I I
RO E TP Ca e s 24226 o] 1S RSB HERL o o
lﬁ*lefﬁo?s?fﬂhé?ﬂe)ﬂ the gpytairfepi4 tm@}'cmdférdeteayleﬁcktomun@l@by Fipeot
oRfifar? SO %he 3, &k raa%&hstea B Fhle %34A£é%cnﬁeﬁ%%9&n %%o
one another, ma y rise a polymer nmatrix

Dpt@r {ayens 2t 2 )eevgrelly ¢cemyts,¢ adobarer antrix o miloyaﬂyra polymer
nfR dvith Weddlodin@AlfileVRe o aﬂw@ﬁimms eh228108 comprise a
recycl ed cont ent and an additive, or dan adhesive
firshynelymer GOBPasHifint emRsising | ay pelymerf melrixs or ioptierally eupaymer
maB%EKh %y&éﬁoc%ﬂﬁme HBs Bly hibSutar! WY, %ELJIMME: éfphhér%
any polyner wt ting or processing tenperature
i n excess of 100C Non limting exanpl es include

pol yesters, polyam des, polyolefins, polylactides,

pol yi m des, and copol yners thereof. In a particul ar
enbodi nent, the polynmer matrix conprises PET.

Sui tabl e polynmers for use in the internedi ate and
barrier layers of enbodinments-of this invention

i nclude polynmers with glass transition tenperatures
above room tenperature. Non-limting exanples include
pol yesters, pol yester copol ynmers, polyarnides,



[ 0033] Pol yner-s, including polyesters such as PET
copol yners, have free vol une between the polyner
‘chains. As is known to those skilled in the art, the
woaneseef free volune in polyners such as. PEI‘T/Uszoowmsm
copol yners deternines their barrier to gas nol ecul es.
The I ower the free volune, the | ower the gas
di ffusion, and the hi gher the barrier to gas
0 y e
FRBEE e, aepbltEn g ﬁﬂ%ﬂéﬁp'ﬂ?ié&gﬁ*sv%%ﬁ“
mmle,cmpcaymmnagm witl aicy ¢ledecanteat. 2ipslymer matss vithap apdifiyey a
SRIREM Dk RE &Jd%smx@ T RENE P of Difhe Q] FTRY
MRS e Y yner conp05|t|on Not™ wi shi ng
rto be bound by any theory, it is believed that the
| ow nol ecul ar wei ght additive acts as an
Babldi - Slomposidenzdilayams mﬁé“ﬁbply#éh‘ef FEEPE, el i mi nating
t he free v TUEGoi3Gk €0y Prevent b ing.& ebahin@ of tjhe
pol yimer ch‘a— nd enhanci ng the barrier propertiles
of tlhe pol ymer conpositionj [0034]%uer k@ nol ecullar
wei ght addi td.v& (Lj@r oves the Bafkdflee@ReThi®@s of
t he jcont ai ner wheh present [in the container 1n an
amoynt Barrietisternaadipte lefyembolit  Bagier/ermedipte 1ovshei ght
per dentpgliylie-fQMA AL . |1 anMdAticeladiaRa! . |t he

| ow nol ecul'ar weight additive is present in the
cont|ai nBarrigminigmesipslivel n | he BagiiigmediBe deye t o
about 10 wej cent of thgm@r&@gmem},étl il
anot/her enbodi nent, the | ow nol ecul ar wei ght addiftive
is gresent in the containef in an @W&UFYeT n the rlange
of about—2—toabout—5 weight—percentof The
cont ai ner. [0035]When the | ow nol ecul ar wei ght

tive otter el M8Hn A Figl 9@ S dontainer
[P{?\/&ll S abicr)l\s;yeepgo m?éﬁl&li&rﬁﬁgt of the conglt ai ner, the
T aronipaisesi typ routee hyers 2Pctddr andppmE)or jimorg B%Praﬁi’?"%llmd one or
m%edltaﬁ%ﬁﬁ ¥3ABY12 C QRRK b P Fith ﬂﬁ@?ﬁ%dﬂ'ﬁﬁﬁaodimem the

deteriorate dand rraeformng a contal ner nore

agfer fldvens| 330, 3 ehaly majnipin Meesiiaeipe! Biceihel e goyager 14 and

Jaﬁﬁlf | gr%sspéfOﬂﬁ@ & SfoidchiRE welht Qdddfivel £i6in GRS ohd BNMBISBirfd
pol ymer conposition wthout an additive to

quw 3}&@%%@@%@%}1 mosg bargier layssolinid? cabanso deepopprrier
p‘f\‘ﬂ:’gnle@ Bf Ad @bﬁthﬁ{@r) Th%he W SBieNteinRdhe: IQ&B#@E’BW&&H%I serve

or it is believed that vvhentelownDIecuI

Wﬁl@ﬁ@ﬂ&w% Tk 24 propidingelhtthar sirpgiwalcigicediy g gontaiter 14,

plrmbé]% Lanesivs 15 holi the wt)wr aDaY @36,0239C b8 br RFCRiter
of the container, the additive acts as a pl astj cizer,

lam;r?é&;z‘*&eqnﬁwmer mjerms@fatﬁl@wrf»oﬁ“ﬂ‘fé togstherelr PEGYidings UERe

h€ faicikN GnHab @ rRA fd Bk RHAREF. t K Dn® fembb&mRRY, YWE Eontainer 14
conposi tion., Wen the | ow npl ecul ar wei glété addi tive

cpuprives SBh Parfier lape 234 mod; fwy intermedinie laygrs| 20288 Jeag
eRibdqineh rg'?ﬁe B&fifRA 1 190Eorh RS 06 VahRF layeRe 286l P238Sand three
I nsi icant, \D 200 033765PCT1US2 g 078024
ingBdpHeyanB i 240 2he 1B o) AISE SPEPISTY e SONAITET Jd
c%&?&%mhréerbaﬁfé? la?&rs hef3lo, ANnB NS InREmbaNe laybR 236,138, 1t

amount of east one barrier | ayer present in
shawd Wﬂ'ﬁtﬁ@? ﬂlé‘ﬁ)w ongrRY MR baTiERtersAnd oRR o1 BRye intermediate

1dRseidlan Wal gbtyipddiit horfedal B8 aRb dlﬁ’ert 1B§aer§ QBH,a2IEES the
c) are intéerrelated as follows: 0037 The

cpsgiasr iinpny Qsderdeermiagd worsiably bweg)ﬁf)r%@r ik} @ the art,
present.in the at |east orme barrier layer (a) is
l[imted by the lower limt of the at |east one
barrier layer present in the container (b). The upper
l[imt of the | ow nol ecular weight additive present in
the at |least one barrier layer (a) is limted by the
| ow nol ecul ar wei ght additive's ability to conpound
with the polymer matrix in the first polyner
conposition of the at |east one barrier |ayer.
Accordingly, in a particul ar enbodi nent, the | ow




[0038]In a particul ar enbodi nent, when the | ow
mol ecul ar wei ght additive is present in the container
- in an amount in the range of about 0.2 to .about 10
WOk 7eger cent of the container, the | ow.nolpgayisaiornrgers
wei'ght additive is present in the barrier layer in an
anount in the range of about 0.25 to about 25 wei ght
percent of the barrier layer. Furthernore, the at
%%ngt\{}ﬁetp Y f&bl% Y 6L S 4GOIiRd! &%@%&&&n&q fé?@ b, 632
percen the container, and the at 1east one
mcmup comnpjeera rdyrprinsassx abentionally & pelmer matx athgreycled
(9)%[ ESF Q19T tnd %E %P il e er [Ia@gégii’ohfhiﬂ %nﬁﬁ@ hefrst polymer
ar e I ment, | ow nol ecul ar wei ght
ramnoszhme cpRspIiNings @ rmolyer tm@meofm @ntwearﬂy. h palmSHEWEE Wit
1da2B8EN O na B0 }nofecﬁlgr @tﬁ%’éta?ézgve\’\@h' Bﬁteﬂ?e?sﬂih Ah also

€ con alher t he oW no ul ar wel ditive is
xphlés eptesy of thh @Wblapbﬁ:té#r weighs pdditivealiors fis hatrier fayemid4. The
%&:ngsle% Pl;t ¢ %@%&atﬁéaﬂ@wmmaoaﬁsﬁ%m@; whiig
arril.er Furt er nor e, he at | east two outer o
diffyssrogt @ﬁih@ipar@e@ layoigto tbﬁgattn@Sl:é% df nog fpr fisi oyist lapers 2Hh212.
e 5L Bl {n'ﬂ:%edn?cgq gtel%elﬁt Zdleﬂﬁltﬂ:%éﬂﬂ&t R@rdhk %oth&%ﬁﬁy

conpri ses about bout 20 wei ercent of
c@mmzaa mmlymermmwpbs@mgp@wmsmdw eop@@% pplyme O ptRx
r wit"ReAIE M ntenVaRD ad REAAW or an
Tl o PRBNGE s AR BTRORIE e ARk R o ar
adhmawlaﬂbunt in the range of about 2 to about 5
ght percent of the container, the | ow nol ecul ar

[Wbil@ht ad8hitablg@ofyanepy fog asn inj the pHer By phembogiragnts of this
19\%‘}1{4{1}{ maf chABride Y GoBimeRRAIK o FrckRglR pRRRUINng IémpPerature in

wel g percent of "'the barrier |layer. Furthernore, the

exeest a0 CWNomlimiing exgranies inggsRobEstars Ay agedes. Polglstips.
p@ﬁ/i%ﬁ igh f)ol?ﬁ‘ﬁ&:@ NndopbiDRies QHér@dfn qh.a gcknlap %n@&dihgﬁ,s%e

e barrier |ayer conErlses about 1 to, abouyt 40
PRbITEh Magsy @@wsw PRThe Seitikleapoaners fosoue jathedntermedipts and
b%ﬂfé} ﬁka@ bf &REEhents YT 18) inv&RDh iRINRle DKok RRwilhaIRE tritdsitidn
| oadi ng of additive can C|rcunvent1&ﬁg% of the
twmgeaftwrv% abQYR JRYT dPRRSESr RIPY-limiing Sximpley ! PR FSHS
pGlyQQerl é%%ly%ne%f E/ginidey epcl%ﬁé?ﬂe)’napﬁ!ﬁﬁl@ﬂéSG’ENlj\ €polyethylene

stretc ratio, top-load characteristics, are
lwebféalﬁﬁen eepolmnepatherepl anfdhe diker BTdconalymen e Raialegly
SR becafiset A8y GRNGAAN G, miY GhrriBAVBpHchdnk Buell 2B Gilms and
barrier additive, the outer and any internediate
cPR{gieers. of the container offset the negative inpact

t he one or_nore barrier Iaﬁers ywoul d otherm%ansu“mntlon

[§R2t he nddHarfiPelymesy Bpable; 8% ush o FRbAGRETL
c{nQPAs%] M@V\Qﬁﬁﬂbﬁcrﬁfﬂaeﬂg e FeaC hﬂfseﬁ’orﬂ\ﬂcﬁﬂlfﬁbl |glylcblaa){ﬁr a diacid

cont ai ners can be, i mnated.b S
CHRPEFRLPEING FFPE LRty é% fefermakﬁ i Jﬂd‘-’%mcrﬁ(%ﬁ@éodavmt% the
PE*TI JOpARnE ki Gessithdn B @ieénamiaamt ingtﬂlﬁaeﬁlﬁnl ks @56 06 ipaicadl
t he agva es of

ative effects. Further
elvepimedi fmrwﬁﬁ?aﬁhna%se gm 1l mele. perceaf BY R Rprent and 100
mRHpdrécnesiol aanq;obaﬁ Megectivdlyer Such FETIPbENBS dr® Grel] known.
volatile for |n§gu5|on i.n.a single )ayer c nt ai ner.

PRD chralymers suifable or ust insgybofiments o4 gt 1ny “’Pﬁ SR BRY S5TRRIsE
2 paRedipaGht@yiiotdongt.of the nolds, and eventual ly
deterioration of part quality, inpacting both the
appear ance and performance of the container. For
exanpl e conventional injection nolding of polyners
havi ng high nelting and processing tenperatures, such
as PET, with | ow nol ecul ar wei ght additives results
in significant plate-out, which occurs when there is
deposition of material onto the surfaces of the
i njection nolding apparatus during processing of the
pol ymers. Pl ate-out reduces the running tine of the
i njection nolding apparatus, resulting in costly
del ays in production for cleaning. Using a nultilayer



[ 0043] As descri bed above, the first polyner

conposition of the at | east one barrier |ayer

desirably conprises a | ow.nol ecutar wei ght additive. -

- WOoGemacsdssy, the | ow nol ecul ar wei ght additi veCT/us2007/078024
conprises a conpound with a nol ecul ar wei ght bel ow-
about 2000 dal tons, bel ow about 1500 daltons, or

bel ow about 1000 daltons. In a particul ar enbodi nent,

igimj ow mmr@rlnmlﬁgﬂbolmw béR 26 CRRIY bé}ﬁﬁmﬁl‘s ens»teefree

| est ol yester omati c_or

v ‘*f"é‘ﬁ“&ﬁﬁ afﬁym?:n ﬁ'mnae Sdt mg?rﬁha% %f‘{egﬁn the ars, the

a:t’n@diﬁtolf ﬁ-ee) ﬁ»ollenlnb phgdliriers afcu G€PED Gdipol}l#mrst elleltrgmemaﬂieir ®8rrier

0 | I NC ace 11 qe, t t hal a

RS neiceuleic Ao R dhe o olioe, e BIer e cangftiion s the

grgﬂ.ﬁnﬁe bagier ld g ﬂnﬂ@c@@@ésﬁ&blﬁﬁh%h@ Br ided bedfer layers of
ct one, rol act orI and

act one, | a
e BBt P LR PESPVGR OBb g G I g GRS e i a
ReNA paitally idigoRY difeeBecOfolit Bdiwédnhdl @6lymmacttaims of the first

| yl act am, .capr.ol act m and Ianln anhydr
R e G PO ot T usEr o LS e dhea b bt hat the
fokve moReh16® ket gﬁdnmn %J‘E% aﬁdﬂlahﬂl—}é&s’c&%}) lih SRSp@yfé mitelx,
erlvat as escCkl pe in
T LR T L ee—y

Ehaef e baficr Pooper {20 6f the pilithér@8mpdsihai ner and
Conmposition for Enhanced Gas Barrier Properties,"”

34 h cl allhs lgw imtebulgcr wagﬁt hédiﬁvmirﬂ;mbmm tle Haﬂiee pioperties of
Ilcatl n 60/ 7 51 fi.led on Oct

R B Pyt 8 Sopeindy i St e, s g2 o
ﬁbaﬁtemwﬁgmlplemaﬁlocﬁﬂﬁ: caniginei (In @schey cinbodimpa the dsly eleeulr

by .r rence in their entiret 0045 purin

el HPHTE Spre et T, e 5L aoptnta B b o 2 0
dbiek) 10 welgh) percdnt"of XHe 4@ntdinér. t In( M ankthét EmBEJimbntRehe) N
molecular weight additive is present in the container in an amount in the range of

about 2 to about 5 weight percent of the container,

[06035] When the low molecular weight additive is present in the container at
loading levels above 10 weight percent of the container, the barrier improvement
factor (BIF) is substantial; however, the polymer composition’s preperties deteriorate
and make forming a container more difficult. The BIF is a measure of enhanced gas
barrier properties (the rafio of the gas transmission rate of a polymer composition
_ without an additive to the gas transmission rate of a polymer composition with an
additive). Not wishing to be bound by any theory, it is believed that when the low
molecular weight additive is present in the container at loading levels significantly
above 10 weight percent of the container, the additive acts as a plasticizer, thereby
permitting rotation. of the polymer chains and reducing the barrier properties of the
polymer composition. When the low molecular weight additive is present in the
‘ container at loading levels below 0.2 weight percent of the container, the BIF is

msigniﬁcant.'

10



[0046] wherein R 11.3, 1(5, and 1(7, independent of

one anot her, conprise a hydrogen, arylam no, al koxy,

aryl oxy, al kenyl,- al kynyl ., aor a straight, chained,
‘woblasaRbrd, or cyclic alkyl, alkenyl, alkynyl pcaiidzontiorsors

het eroaryl, heterocyclic, or acyl group; WO

2008/ 033765PCT/ US2007/ 078024 [0047] wherein t, ti, X,

xi, x2,-y, and z, independent of one another, are a

i e bo I .t RV
] 2 AR5 R Ao s 00
xhe bgrtier Mdr )., the raepenofetit abfleagnencaroidndaysr graserl inrthe

- h
Sondpd R AT S EnlE0e e 5w R SoRRf Rl frdeft g
x@ﬂan@(QMW@m@nbbwds§ﬁMhﬁ$eln mhen x2.is a double
bond, x1 and ti are single bonds; wherein whent is a
doubl e bond, ti and z areé- b#ﬁgle bonds; wherei n when
2 is a doubl e bond, t is a single bond; wherein when

{0037ls a o cHde lawes dimit of tbﬁw'@wwlﬁ-‘ru@r il addisigp gresent in the at

RAKIoRL Bar¥iBlaByeX (d)3s ﬁmﬁ'&ﬂ@l the B%fjhmi’f of 1h8 aQleasV\ B Wikrier layer
when x or xI is’'a ubl € bo X" 1; wherein when

prepegt i1 %&Bmémﬁo% Tye uplser @matnf&" ther Iqumélec%éVf‘ésm adidye
E)re%t b the St Ballise! b'arrtem}er g_) id Bmitsd WHRE 840 MR 0IaZ waldsh

are S|nﬁle bonds, ; Wherein when z or t is a
eridites RRIAY t*wcomeﬂwd w%lértbff rPoliEish matiix in the fipte polymer

BRdsitidn dfS th@ at @5 bhe Vkﬁﬁfér )Qayey , Wi:ccﬁ‘dmgl? d GP & q;ﬁﬂlt:ular
of ‘one another, is a sin bond nd x

‘?‘h‘?ﬂﬁ'ﬂ@?’i‘&éﬁ? ot melseular s raddﬁl\se i PTeF%&QﬂhﬁﬁgleéﬁtﬁﬂPi}amef

Bder dNfk Eiaited G RS AABRY 19ftheoraﬁge85r04bhﬁro zmadaﬁt 25 weight
noi eti es attached by a single or double bond

Peosteiikichasiss Iy in another qaboedimenty thegrange ph ,a@quy 3.75 to about
. \fvﬁglh%@rc@M oﬁth‘é%ﬁ&ieﬁ 120N ghd ifS611 AotheAbddnent in the range of

|nde en ent of one anot her, conprise a hydr ogen,
WP abagitil hé welgh EF@CEH%H’ I&Fl BRiREYeTar y| am no
Xy, afylo nitro al kenyl , al ky
| I@l}%ﬁi " sl apardpier awsﬂdiwt@glaﬁndhe loyimgleculsy W@h&&ddmve is
;ﬁ%ﬂcﬁt&ﬂ)ﬁhs ccﬁﬁﬂn&eﬁr Y ba aﬁldilrftaﬁhl 51% ranﬁé'&%@&@h Myl to about 10 weight
0S 0S phosphi thiopester,
Heea ? cm.gﬁ%‘ﬁ? R nw%aCWﬁro‘g ﬁfe}cﬁds%ww PrEsgPi iy barrier
1@}&@ ﬁﬂ&%oﬁm&ﬁ b, rafe @ lmlsumlnmzmo ébbm@SSieli%t gmam snm B@fer
; agftgtgp ore, ﬁl%%/ai Elela%ﬁp P%tcr iayer%en pri ag-abt 9?* o about t\)(() weight
percent of the container, and the at least one barrier layer comprises about 1 to about

49 weight percent of the container.

[0039] In yet another particular embodiment, when the low molecular weight
additive is present in the container in an amount in the range of about 2 to about 10
weight percent of the container, the low molecunlar weight additive is present in the
barrier layer in an amount in the range of about 3.75 to about 25 weight percent of the
barrier layer. Furthermore, the at least two outer [ayers comprise about 99 to about 80
~ weight percent of the container, and the at least one barrier layer comprises about 1 to

about 20 weight percent of the container.



[ 00511wherein when R2, 124, or 146 is a nolety
attached by a double bond 122, R4, or Re,

i ndependent of one another conpri se oxygen, sulfur,.
woGHRER8376502, or NR10; Itg and R9, independentecaiusone/078024
anot her, conprise a hydrogen, hydroxyl, am no, am do,
al kyl am no, arylam no, al koxy, aryloxy, nitro, acyl,
‘al kenyl, allcynyl, cyano, sulfo, sulfato, nercapto,

uﬁadi Su l[h]: &ail anothﬁ"‘Haf'tﬁ‘;GM} umﬁﬂdirﬁénf‘ When £l hfvaRmBMbular weight
phony osp nyl, phosphoryl hosPhlno
additye st present tb@tscwémneram A AP I Wy |ﬁmg6 of spyt 239 fRput 5

&%élﬁﬁ:’g#cnt #10s gﬂi E tRE lo% mgﬁaﬁzﬁ Qddltﬁfe lﬁprescnt in the

chal ne ranch

tmirthee ﬂﬁ;yler irgdirkapoyint, in Wﬂgehﬁﬁm ary %t/"cabr?é‘t %%%V&*Ptupémfar‘}f
?%Ln%f g el%o?ft( QHéTEtf 1&%?%\7@051&‘3'&9@@ BompsY laBERI9000
Koxy, ~aryl oxy,

enyl, al kynyl, a straight,
abhati Gﬁe\dqlglmpgwgrﬁ@athe@pnte}ym fug:l $ Wpast %ﬂelpéﬂw layer comprises

a%olutclytg%h%uéag%/\ﬁhﬂﬂcgﬁt‘?ﬁmélcomﬁ‘ﬁ&er ocyclic, or acyl

rou erein when x" is 2, both R2 hoieties

M be thg afRyL Cotiibdrebaptsing ¥ RaRioRe WG 135er Whh Rhlgh
oth R4 noieties nay be the sane or different; and

loidiree P adiing Gan Gisumven spay b thp Pedefius CoRgANERPe pgrmally

a%?cﬁﬁ%e@ with S8 BEH tevalPOPRUTIG. NBiaBly] Boae SRmdfaths e
urther be Substituted as knoma§a¥ﬁone skLIIed in

nay
rat]q:e t@-baw&afgc‘grlﬁya Arg gléﬁqnmﬁg‘ 18§k by b &%d any mt%edlate

e i KOH:ARG, n@hm@w\lcamm @r 18! YaRiey addifive, @eyoutéti dnkCany
acyl al kenyl , ano, sulfo, sulfato

ety FpbE CalAiTD ﬂ@"¥9¥“§@F$3é‘H§/ ympagtfi grgf more barrier
g}&é BOBY btherR AR BRNARMhe mBIMSBN bitpriics dTRsoh@iny. ,

hosphi no, thioester, thioether, anhydride, oximmo,
2y azi nODra%a&@wﬁen pE@sRBEN N amuxﬂilayah&smhmﬂat @n be

and any ot her viable f%ﬂctlonﬁrggrou OOS@] .one

 cHRsiRdnBN tUS e SR CBRERRIN AT 6P C VPR BEYPRE O
Bfida¥Adhk VB 69 ﬂﬂ&rh ﬁa@tﬁ)nmﬂdﬂtirdsﬁﬁlatcb amgmge effgtc hBmihemhore,
structure

b BHHECS 1  BRIEAEF St PR SO GAIAIA T S
ié(ycr ﬂ@fld:omd 16 Polatid) &r @hddusion, inya"single l,ay@mdntu\fnerarlécrﬂz:ally,
e Sl o B RS 90
REHthdl§ deterioration of part quality, impacting both the appearance and
performance of the container. For example conventional injection molding of
polymers having high melting and processing temperatures, such as PET, with low
molecular weight additives results in significant plate-out, which occurs when there is
deposition of material onto the surfaces of the injection molding apparatus during
processing of the polymers. Plate-out reduces the running time of the injection
molding apparatus, resulting in costly delays in production for cleaning. Using a
multilayer container can significantly reduce or eliminate the plate-out caused by low
molecular weight additives because the low molecular weight additive is contained
within two outer layers without the low molecular weight additive, preventing contact

between the low molecular weight additive and the surfaces of the injection molding

apparatus.



derivative conprises a conpound having the chem ca

structure of Formula It wherein -1b x, x1, y, and z

are single bonds; wherein. x2 and t are doubl e bonds;
womeewssTesw , x', y', z', x", and y" are 1; WPETAISA007/078024

is 0; wherein R2 and Ri k i ndependent of one anot her,

are noieties attached by a doubl e bond conpri sing

oxygen, sul fur, CR8R9, SO2, or NRio; and wherein R,

@Euﬁa dR5 @@%Bﬁbed ep eandent cﬂ’ﬁndﬁ@@mﬁ\ﬁﬁhﬁ@f theCaD Nqati @e

rogen, hydroxyl, amno, amde, y he 1
'mnyftré&ﬁeﬁ@FSH%hlikwns%asﬂPU%}PkcH'la’{ ‘mgm&@‘iﬂl . ZHQE‘H@X the low
ﬁé%ﬁﬂéi‘l meM%QHw@ léb]ﬁlﬁhse§ ol dombSund NIk a@ﬁcﬂcculafn\lréfght below
sul_finyl sulfarn S% hon¥
qﬁqgtsggqo,g#mspp@% ﬁb?’?””%%@ﬁﬁloﬁaem‘ﬂﬁ ggsltﬂg alions. In &

ﬁaﬁﬁéﬁﬁa} BRbodiBEHIVHE lo‘i)emol@éiilm:ghhatﬂ[tﬁz tRRpriseLdn0RRY, ldjester,
phosphoni ¢ aci d, phos honat o, stra ght chaln%d

dspahveHercRt ap progatie prcalighatis natuzg R*bﬂv c,  polymyge of ah
HEhSI08 WliphatehRHRC H6-Iiitin® lexAfipibs 6F Grlﬂ&h Wéchﬁmllde
anot her enbodi ment._of the co nd of Fornmula |, the
POPRGAEIgR VAL GohBYe SEot RIBBTE AT Mo SXPapPiRS o

1%99& eRAWIRDf WhARh G Qathong] d;ﬁdyﬁi@trne Qpronlaphgiand tattides a
y, and z are single bon erein x éﬁd t a%$
caelmw%&’ﬁhgne SAHeATe AR djerougs. now i e exgmaples g hiph 1glude
thotartiRNy@hckint, caprSladlim A8 highife Bﬂay@{tﬁ FRGnirfuees egdongen;
mhereln R2 and R4 are oxygen; and wherein 123 and R5

b4y et hyln o PRGN edbelihent, errbosi nﬁﬂtcumf stigxt additive
compound of Formul a

np ne _
GRS FrBe ArBEHE; a%ldf‘ﬁﬁﬂrhcﬁ o e e Reing R fgsional pace
HpRoAieR! 11862961 Uiled dd September 15, 2006, entitied “Container and

Composition for Ephanced Gas Barrier Properties,” which claims priority to the
provisional patent application 60/723,751 filed on October 15, 2005, by inventor’s Yu

Shi, et al. The disclosures of these patent applications are expressly incorporated

herein by reference in their entirety.

[0045] A purine derivative has the chemical structure of Formula I

Ry Rs
(%), (/ )

(R?L'\N."X’ Xl‘v/
N

[0046] wherein R¢, Rs, Rs, and Ry, independent of one another, comprise a
hydrogen, arylamine, alkoxy, aryloxy, alkenyl, alkynyl, or a straight, chained,
branched, or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acyl

group,

13



14\ ON wherein tj, x, x1, y, and z are single bonds;

- wherein x2 and t are doubl e bonds; wherein w, x',
y', z', x", and y" are 1; whereint' is O; mhereln 14.

wo mofyds@egen; R2 and 144 are oxygen; and RI, 97'%'58
are nmethyl. [0058]In still another enbodlnent ﬂﬁﬁ'F 024
conpound of Formula |, the purine derivative conprise

theophyl line, a purine di one havi ng the chem cal

ture th? 91: { eL y
SI n#?:e bonds relv\her'gk\rll\b gﬁc% Za‘?%e"g"‘l""% o @gdaé'%thg‘r Bre
ond wr 2 dguble pﬁnd wherem-f xand apd z amemﬂdm of @ieranbther,

'a?e (Pm 1%@1&@11&”%5 agpkwlﬂmg{e egl AYED Fmgrle&@ R2 and

44 are oxygen; dre nethyl .

[[@tﬁ Fg] I'n s&mérém Wabn 200Gk SHROL 58 Bheifbodd GAGRTRAMRY,

rmula |, the purl ne derivative corrprl SEes

xwﬂ%bﬁé’on% Xﬁaﬂ Knire ginglp sondsy Wheyein idier keifrk deble bond, x; and
$t &rél GlgleebdhdbNvherein when t is a double bond, t, and z are single bonds;

wherein when z is a double bond, t is a single bond; wherein when 1 is a double bond,
t and %; are single bonds; wherein wﬁcn x is a double bond, x” is 0; wherein when x or
X; is a double bond, x” is 1; wherein when y is a double bond, y° is 0 and y” is 1;
wherein when t or t; is a double bond, ¢ is 0; wherein when z and t are siﬁgle bonds,
w’ is 2; wherein when z or t is a double bond, w’ is 1; wherein when z is a double ‘
bond, z’ is 0; wherein when x, y, or z, independent of one another, is 2 single bend,

and x’, y°, or z’, independent of one another, is 1;

~ [0049] wherein Ry, Ry, and Re, independent of one anot‘rlcr,'may be moieties

attached by a single or double bond;

[0050] wherein when Ry, Ry, or Ry is a moiety attached by a single bond, Rg, '
R4 and Rg, independent of one another, comprise a hydrogen, hydroxyl, amino, amido,
alkylamino, arylamina, élkox’y, aryloxy, mitro, acyl, alkenyl, alkynyl, cyano, sulfo,
sulfato, mercapto, imino, suifonyl, sulfenyl, sulfinyl, sulfamoyl, phosphonyli,
phosphinyl, phosphoryl, phosphino, thioester, thioether, anhydride, oximno,
h&drazino, carbamyl, phosphonic acid, phosphonato, or a straight, chained, branched,
or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acy] group; -

[o051}) wherein when Rz, R4, or R¢ is a moiety attached by a double bond, R,
Ry, or Re, independent of one another, comprise oxygen, sulfur, CRgRg, SOé, or NRyg;
Ry and Ry, independent of one another, comprise a hydrogen, hydroxyl, amino, amido,
alkylamino, arylamino, alkexy, aryloxy, nitro, acyl, alkenyl, alkynyl, cyano, sulfo,
sulfato, mercapto, imino, sulfonyl, sulfenyl, sulfinyl, sulfamoyl, phosphonyl,
phosphinyl, phesphoryl, phosphino, ‘thioester, thioether, anhydride, oximno,
hydrazino, carbamyl, phosphonic acid, phosphonato, or a straight, chained, branched,
or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acyl group; and Ry
comprises a hydrogen, arylamino, alkoxy, aryloxy, alkenyl, alkynyl, or a straight,

14



wherein th x, x1, y, and z are single bonds; wherein
x2 and t are doubl e bonds; wherein w, x', y', z',
x", and y"-are |I; wherein t' is 0; wherein RL,” R3, R5
woan/Bsesr e hydrogen; and 122 and 1(4 are OXygems2007/078024
[ 0060] I n anot her enbodi ment of the conpound of
Formula I, the purine derivative conprises a conpound
havi ng the chem cal structure of Formula Il R4 .
R2 v L AN L ' 1 Nigktdrdeyalied or
%‘f’”ﬁ%q’ & w[%l# 5 c\%ﬁ er %@Anﬁgengfr(l é‘k}z,%’é rmeﬁ’g% 3‘46?%’% bonds
aplegraipn t', W, x', y', x", and y" are |; wherein z
is O; wherein R2 and R4, independent of one angﬁ er,
[6833] noi et Whaseiatvhar Ko is Dot Reanpistiss pan e tE Tpme 8F digerent
RS Whod? bt bof 8 LAieties PRay K thNGin®: orafiflertiiedri wheRlin
, Re, and 1(7, independent of one another, conprise
veheh yd iy nth Reyeiratigs/may bgihe samegiildisrent kyl ani no,
aryl am no, al koxy, aryloxy, nitro, acyl, alkenyl
0853y ny| , Eeaneietics derbocaPY ey ﬁ\?é?@l&&t‘%ﬁ““‘i‘% 0w by
oﬁﬁ lsltiﬁﬁb/ I thSH HARY |hydr§$’énf hdlyden, idickANDino, 4pdids pkgRyino,
phosphi nyl , phosphotgo, phosphi po, thgoester, £
 anylanoieeh efkoxya risyAaEY: a0, 0agYimekenpil Al 5 YaRes 1By, pulfato,
ngé? RDQRiirko, 36lichyl, RARSHNORMISI,  Alfafoys! plRispiviy], phesphiagl,
ranched, or cyclic al'kyl, alkenyl, .alkynyl,. aryl, 1
PhetbehphrsPh B BB Chiogher, AU Ee, (iR EgHaT ey
pﬂ@é}}l&ﬁﬁ a&ﬂtﬁﬂ@tpﬁﬁiafo, #fd dn ereom RbctRhaledupul @ |, the
purine derivative conprises a conpound having the
{ﬁdﬁ!ﬁ cal @t bMCEmb&IMEntFOr M Borhpéundvivgr Birmule, Ixthe purine
t, 11, and z are S|Q%]e bon%s;.mpgﬁ in x2 is a double
dsevilve GRTRRTiSESY H{-puring avipg thaghemigal SIYGUIe , h g v gre 1,
wherein R2, F4, and 126, independent of one anot her,
are- noi eties attached by a doubl e bond conpri sing
oxygen, sulfur, CR8R9, SO2, Nti- 0; and wherein
R, R3, Rs, and 123, 4 pe nt of one anot her,
conprise a hydrogerf, am no, am do,
al kyl am no, aryl am}no, ryloxy, nitro, acyl,
al kenyl , al kynyl , , " sul fato, nercapto,
i mno, sulfonyl, sulfewmyl, sulfinyl, sulfanoyl,
phosphonyl , phosphi nyl, phosphoryl , phosphi no,
t hi oester, thioether, anhydride, oximo, hydrazino,
car banyl, phosphonic acid, phosphonato, or a
trai ght, chajned, ;b ched, or .cycl. I . ;
g1 2t Ryhre ppR e BREXE s Sz S sl bonds
waeitin G1 gumnd f BRG2vhereinet”, ghat, hed weare ddaniewheraif Re.He., Rs,

a&gﬁpﬁgﬂ%t%;ﬁfornula I, the purine

[0055} In ancther embodiment of the compound of Formula 1, the purine

derivative comprises a compound having the chemical structure of Formuh I
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derivative conprises uric acid, a purine dione having
the chemi cal structure - wherein x, x1, vy, t, 'Li,
~and-z are single bonds; wherein x2 is a doubl e bond;- -
wowbigsfst ', W, X', y', z', X", and y" are brrwlesieiomsozs
R, R3, R5 and R7 are hydrogen; and wherein R2, R4,
and R6 are oxygen. WD 2008/ 033765PCT/ US2007/ 078024
[ 006311 n anot her enbodi nent of the conpound of
Forrmula |, the purine qulvatlve conprlses a conmpound
havi ng the chemical strlicture Formul a V wher ei n
X, xlI, th'and z_are si S; wherein.x2, t, and
y are doubl e boﬁ%§\ z', x", and y"
are 1; wherein y' and t' afle 0 wherein 114 is a
nDiety attached by doubl conpri si ng oxygen,
sul fur, CR8BR9, S NRFO; d wherein R, 122,
Its, and Rs, infepende of one another, conprise a
hydr ogen, hydroxyl, anijno, am do, al kyl am no,
aryl am no, al koxy, arylRaxy, nitro, acyl, alkenyl,
al kynyl, cyano, sulfo, sulfato, nercapto, imno,
%ﬁ&feﬁ”ﬁ(' x, AT ERE arcSUbdd Bidas, SAbEAMYAnd (RBOSBRANBbnds;
osphinyl ,” phosphoryl', ~ phosphi no, " thi gester,
f-l’Q’é}t werx’, anhgdii-od BxpEnb, Whvan 4718 “hgedakypnd Rs,
P ancﬁ‘g’@'& e Iaﬂomah wﬁeﬁaésomeﬁedab}sa rcfaugathon@ Q@i’ﬂﬁ%g

d, or cyc:lca

bozn.caity) CR it S0y IRIardoyhesgy s B Rapind Ko, indopendent of

one another, comprise a hydrogen, hydroxyl, amino, amido, alkylamino, arylamino,

alkoxy, aryloxy, nitro, acyl, alkenyl, alkynyl, cyano, sulfo, sulfato, mercapto, imino,
sulfonyl, sulfenyl, sulfinyl, sulfamoyl, phosphonyl, phosphinyl, phosphoryi,
phosphino, thioester, thioether, anhydride, oximno, hydrazino, carbamyl, phosphonic
acid, phosphonato, or a straight, chained, branched, or cyclic alkyl, alkeny!, alkynyl,
aryl, hetercaryl, hetérrjcyclic, or acyl group.

[0056] In another embodiment of ‘the compound of Formula I, the purine

derivative comprises theobromine, a purine dione having the chemical structure
L/
. N
HN I >
o)\T “N

wherein t, %, X, v, and z are single bonds; wherein x; and t are double bends;
wherein w’, x°, ¥°, Z’, X, and y” are 1; wherein t” is 0; wherein R; and Rg are

hydrogen; wherein R; and R, are oxygen; and wherein Rs and Rs are methyl,

[0057) In another embodiment of the compound of Formula I, the purine

derivative comprises caffeine, a purine dione having the chemical structure
i6



woxiops/dsszesand z are si ngl e bonds;

- 1006411 n yet anot her enbodi nent of the conpound of
Formula I, the purine derivative conprises guanine,
havi ng the chem cal structure O > H2ZNN wherein x, :

“wherein x2, Pt::rmmimmsou

are doubl e bonds; wherein w, x', z', X", and y" are

1; wherein y' and t'- are O; vvherein R1, R5, and R6

are hydrogen; wherein R2 is am no; and wherein R4 is

oxygen. [0065] 1 n anot her gnbodi nent, the purine
derivative conprises a c ound hgvi ng the chem cal

structure of Formula VI I ) R 2-

>

wherein t;, %, X;, v. and z are single bonds; wherein X, and t are double bonds;

wherein.w’, x‘,‘y’, z’, ¥, and y” are 1; wherein 1’ is 0; wherein Re 1s hydrogen; R
and R, are oxygen; and Ry, R; and R;s are methyl.

[0058] In still another embodiment of the compound of Formula I, the purine

derivative comprise theophylline, a purine dionc having the chemical structure

TS
XX

wherein 1, X, X;, ¥, and z are single bonds; wherein x; and t are double bonds;
wherein w’, ¥°, ¥’, z’, X7, and y” are 1; wherein t* is 0; wherein Rs and Rg are

hydrogen; wherein R; and R4 are oxygen; and wherein Ry and Rs are methyl.

[0059] In still yet another embodiment of the compound of Formula I, the

purine derivative comprises xanthine, a purine dione having the chemical structure

0




R7 R6 wherein x, x2, y and z are doubl e bonds;
wherein x1, t, and ti are single bonds; wherein t'
w, x", and-y" are 1; wherein x', y', and z' are O;
woanek/oskesei n R2, R4, R6, and R7 conprl se a h)p@lmgm;/msgu '
hydroxyl, am no, am do, al kyl am no, aryl am no, '
al koxy, aryloxy, nitro, acyl, al kenyl, al kynyl,
cyano, sulfo, sulfato, rnercapto, inino sulfonyl
Eérglﬁnt}/l pﬁui/fdnﬁyé are SSAAIENAL;, wihGS REQEW k are double bonds;
osphlny , p sphoryl phosphlno t hi gest er,
thrr@iet“he?ﬁ . Varhyd ende’ arp ki whardn Uy Srdercioki, RaRsaphRs are
%tap%gﬁodgh@zmﬂarpwmonato or a straight, chained,

or cyclic-alkyl, alkenyl, alkynyl, aryl,

RB6AT 0ar Yin 2Rl Rt oPfhe %mpoﬂﬂ%fmorme%menpume
stil'l yet another enbodi nent of the conpound of

feEivPHHE SOMPriseh  cormaupd hayde testeisal G rpke sbEorgyliiine,
havi ng the chemical structure NH2 N wherein x, x2, y
and z are doubl e bonds;*wherein x1, t, and ti are

. single bonds; mhereln ", W, x", and y" are 1;
wherein x', y' ,Rang e Q;nwherein R2, Rfi, and R2
are hydrogen; and erei nTR4 iNs, an am no. 100671l n
anot her enbodi nent pf the onp Bf Formula |, the
purine derivative ri onpound havi ng the
chem cal structrFe of “R rnula VI | 100681wherein X,
x2, and t are doubl e bonds; %~e|n tj, xi, y and z
are single Rs

wherein x, x1, ¥, and t, and 1; are single bonds; wherein x; and z are double bonds;
wherein t, W, X', ¥y, x”, and v” are I; wherein 2z’ is 0; wherein R; and R,
independent of one another, are moieties attached by a double bond comprising
oxygen, sulfur, CRgRy, SOz, or NRyo; and wherein Ry, Rs, Rs, and Ry, independent of
one another, comprise a hydrogen, hydroxyl, amino, amide, alkylamino, arylamine,
alkoxy, aryloxy, nitro, acyl, alkenyl, alkynyl, cyano, sulfo, sulfato, mercapto, imine,
sulfonyl, sulfenyl, suolfinyl, sulfamoyl, phosphonyl, phosphinyl, phosphorjl,
phoSphino, thioester, thioether, anhydride, oximno, hydfazino, carbamyl, phosphonic
acid, phosphonato, or a straight, chained, branched, or cyclic alkyl, alkenyl, alkynyl,
aryl, heteroaryl, heterocyclic, or acyl group.

[oG61] In another embodiment of the compound of Formula I, the purine

derivative comprises a compound having the chemical structure of Formula IV
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bonds; wherein w, y', z', x", and y" are 1; wherein
t'" and x' are O; mhereln R2 is a noiety attached by a
doubl e bond cenprising oxygen, sulfur, CR8R9, SO2, or
wolNBismz3med wherein 123, R4, R5, and R6, I ndepenasnto7078024
one anot her, conprise a hydrogen, hydroxyl, am no,
am do, al kylam no, arylam no, al koxy, aryloxy, nitro,
acyl, al kenyl, al kynyl, cyano, sulfo, sulfato,
mer capt o, imno, sulfonyl sul fenyl, sulfinyl,
sul fanmoyl , phosphonyl, phosphl |, phosphoryl,
phosphi no, thlogster hi oet h anhydri de, oxi mo,
hydr azi no, carba , N¢ acid, phosphonato, or
a straight, chainedy bran Eed, clic al kyl ,
al | cenyl, al kynyl, ryI terogary ,Bheterocycllc or
acyl group. [006 odi nrent of the
conmpound of Forfail a 1, Nthe pur\pe derivative
conpri ses a conpound h$V|ng t hercheni cal structure of
Formula VIII [0070] WRerein x2, y and t are double
bonds; wherein x, x1, tj and z are single bonds;
wher ei n w, x', are |; rein t' and,
yhereip & 19s Yahtferdd A ofogngle '%’“?me"éf”ﬁmé‘? isadtue e By Vhg S Bt
J?’O Qd ycm" sadyg &%) Qﬁﬁemlﬁ lﬂgf RL{, ,anmﬁ Rlepéideht of bnd\iRiotier,
d 'Wwherein R, R2, and i nde gWih q{ gﬁ
aa% BokeEes aigashesh e da“qlﬁ/'a?“égéﬁpnﬁ%l P‘&Sgﬁf Bsfoafadr
{ﬁ,y hlﬁilTWBQremaRWlﬁmﬂgoandat{kq}i?fepcﬂfcw' f@ﬂ?me BiicltifeR, codfpyibe a
eny cyano, su 0 ato, nere
HoRROHG, i gihisios AidBn T ISEHcH APHEIG, kg A3 0% it
gp By ik Fﬂ]osﬁ% Nylifo, Q&]ﬁﬁa@ heérydpio, hﬁlﬁ)phuiﬁm;yl sulfenyl,
oester oet her, anh grlde oxi Mo, . h éﬂ RO,
Seﬁ'wwaniﬂl amﬁﬂoslﬁ'ﬁ&’?P‘éY a®feeP ‘B%B‘Eﬂﬁﬁ‘??&f ppgspiyno, tosster,
tﬁl})itﬁé:rgfﬂhydlﬁclféabﬂﬁﬁm, AR %dx;baﬂ?l ﬁb{ﬁbhoﬁilc?iciﬂybhosilmhonato or
al keny al l.cyny , heter clic
ey ] HOTF s RSV ot B8] EHs heroard]
}g&ﬁﬁggnﬂogﬁyﬁg@ﬁmla I, the purine derlvatlve
conprises 7- nethylguanlne havi ng the chem ca
[8ég2yCt ur elnOyetHitiother embodiment of the compound of Formula I, the purine

derivative comprises uric acid, a purine dione having the chemical structure

0 - -
H
N
HN :
4§¢L\\ l . o
N
0 N
H H

" wherein X, X3, ¥, t, 1, and z are single bonds; wherein x; is a double bond; wherein ¢,
W, xX’, ¥y, 2, X", and y” are 1; wherein R;, R3, Rs and Ry are hydrogen; and wherein

R, Ry, and Rs are oxygen.
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100721wherein x2, y and t are doubl e bonds; wherein
X, x 1, if, and z are single bonds; wherein w, Xx',
z', x", and y" are 1; wherein t' and .y' are 0O; '
wouwhmrmesms RL and 116 are hydrogen; wher ei n R2 PCS/USDI0M078024
wherein 114 is oxygen, and wherein R5 is nethyl.
-[0073] I'n anot her particul ar enbodi nent of the
conmpound of Formula I, the purine derivative '
ﬁ@ﬂ.ﬂf i ses 1 hheastahRgimdiayi ma dofiposHaess EgtnuBt I Wkt phirfhe
H2N [ 0074] wherei n x2, and t are d uble bhonds,
darepiyerPORprises A cpmpougs aa‘zn%;fh%clsem#@l Fuggi e ot & n
w, x', z', x", and y" are 1; wherein t' and y' are
0; wherein RI, R5, andTR6 are lRydr ogen; wherein R2 is
am no; and mherein R4 [ sulfu [0075]In yet anot her

enbodi nent of tR d ofNFornuIa , the purine

derivative conprlse 6- mer apt urlne havi ng t he
y and t are
and z are single

chem cal structure |[0076]
double bonds; mher X,

N

wherein x, xj, 13, ‘and z are single bonds; wherein X, 1, and y are double bonds;
wherein w’, X°, z’, X7, and y™ are 1; wherein ¥y’ and t* are 0; wherein R4 is a moiety
attached by a double bond comprising oxygen, sulfur, CRRg, 8O3, or NR;o; and
wherein R;, Ry, Rs, and Rs, independent of one another, comprise a2 hydrogen,
hjfdr_oxyl, amino, amido, alkylamino, arylamino, alkoxy, aryloxy, nitro, acyl, alkenyl,
alkynyl, cyano, sulfo, sulfato, mercapto, imino, sulfonyl, sulfenyl, sulfinyl, sulfamoyl,
phosphonyl, phosphinyl, phospheryl, phospﬁirm, thioester, thioether, anhydride,
oximno, hydrazino, carbamryi, phosphonic acid, phosphonato, or a straighit, chained,
branched, or cyclic alkyl, a]keny], alkynyl, aryl, heteroaryl, heterocyclic, or acyl
groﬁp. '

[0064] In yet another embodiment of thel compound of Formula I, the purine

derivative comprises guanine, having the chemtical structure
0
H
N
HN/“I >
/l\\ ‘ N
,NT N
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bonds; wherein w, x', z', x", and y" are 1; wherein

t' and y' are 0; wherein Rl, R2, Rs, and 116 are

hydr ogen; and wherein 114 is sul fur. . WD -
wO0206h3038 765PCT/ US2007/ 078024 [0077] I'n still pa:rmtstmmmsou

enbodi ment of the conpound of Formula I, the purine

derivative conprises hypoxanthi ne, havi ng t he

chem cal structure [0078Jwherein x2, y and t are

grgetil'g nS ?ﬁ amd"‘E~I glreeén{klcx bon’éjs : wﬁe}em QE‘ &, Zndy QreSIRBleChonds;

and y" are 1; wherein
whereindv’yX’; a? 6”;0111{1\)“1@18@, Whﬂpln yiand 1525“"3 GirihereseRa Re and Re
Q%E%{%Q%lh % Y{%%ra?dxﬁb B Jv&ré?ﬁ(ﬁggr&x?'éeg()?g] I n -anot her

e conpound of Fornu t he purine

@ﬁg divati ve, ik 'eﬁ@%ﬁe&oﬁp%lm DAVARG cbﬁﬁné’éb@%ﬁ@imnd
cture of Formula I X R
having the chemical structure of Formula VI

wherein x, Xp, y and z are double bonds; wherein X1, t, and 4 are single bonds;
wherein t’, w°, X7, and y” are 1; wherein x°, y’, and 2’ are 0; and wherein Rz, R4, Rs,
and Ry comprise a hydrogen, hydroxyl, amino, amido, alkylamino, arylamino, alkoxy,
aryloxy, nitro, acyl, alkenyl, alkynyl; cyano, sulfo, sﬁlfato, mercapta, imino, sulfonyl,
sulfenyl, sulfinyl, sulfamoyl, phosphonyl, phosphinyl, phosphoryl, phosphino,
thioester, thioether, anhydride, oximno, hydrazino, carbamyl, phosphonic acid,
phosphonato, or a straight, chained, branched or ¢cyelic alkyi atkenyl, alkynyl, aryl,
heteroaryl, heterocyclic, or acyl group

[0066] In still yet another embodiment of the compound of Formula 1, the

purine derivative comprises adenine, having the chemical structure

NH»

N/ \>
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[ 0080] wherein x1, y, th and z are doubl e bonds;
wherein x, x2, and t are single bOnds; mherein W,
X', x", and y" are 1; whereint', y', and z' are O; o
wosyfieisein 1ti, R2, 114, and 14, |ndependerltc]e;:lﬁsz9(;07;?078024
anot her, conprise a hydrogen, hydroxyl am no, am de,
al kyl am no, aryl arni no, al koxy, aryloxy nitro, acyl,
alkenyl aIkynyI cyano sulfo sul fate, nercapto,

I sul fon S n fl.nyl fa
OB st D s L SRR bons
M‘néraes’l; &, X h!td);é’tdnei,, wl&rdmyrd’r Lwd end ﬁmmcwd](ﬁﬂﬁmd R

b I opi.c_acid, phosphonato, or a straight
éﬁ% rancﬁ dﬂ4w?ncyc?|c al kyl, al kenyl, al kynyl,

, het C <)
Bh84) 0337&%@%@%%%% ey FORPHD, g
denivattic wemprisf a tdrmpcmodrbm'mdhqﬁhelﬁ@am@tune of Ferauff i ne
derivative conprises 1H purine, having the chem ca
structure [0082] whereln x3, Yrgth and z are doubl e
bonds; wherein x, x2, and t arg single bonds; wherein
w, x', x", and y" ar mheﬁﬁin t'", y', and z' are
0; wherein R, R2, , o an e hydrogen. 100831In

still yet another particullpr e +Rent of the
conmpound of .Formul a4, ur¥ne derivative
conpri ses di amggfur Mgy~ havilg the chenica

structure

[0068] - wherein x, x;, and t are double bonds; wherein t;, %1, y and z are single
bonds; wherein w’, ¥, z’, x”, and y” are 1; wherein t" and x* are (; wherein R; is a
moiety attached by a double bond comprising oxygen, sulfur, CRgRy, SO4, or NRo;
and whercin Rs, Ry, Rs, and Re, independent of one another, comprise a hydrogen,
hydroxyl, amino, amido, alkylamino, arylamino, alkoxy, aryloxy, nitro, acyl, alkenyl,
alkynyl, cvano, sulfo, sulfato, mercapto, imino, sulfonyl, sulfenyl, sulfinyl, sulfamoyl,
phosphonyl, phosphinyl, phosphoryl, phosphino, thioester, thioether, anhydride,
oximno, hydrazino, carbamyl, phosphonic acid, phosphonato, or a straight, chained,
branched, or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acyl
group.

[0069) In another embodiment of the compound of Formula 1, the purine

derivative comprises a compound having the chemical structure of Formula VIII
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NH2 HN > N2N 100841wherein xi, y, ti, and z are

doubl e bonds; wherein x, x2, and t are single bonds;
wherein w, x', x", and y" are |; whereint'; y', and

woZ00s338769; Wherein Rl and R6 are hydrogen;  angriReso@iofozs

1t2 and R4 are am no. 1008511t shoul d be under st ood
that the foregoing are nerely exanples of suitable

| ow nol ecul ar wei ght additives that should not be
construed as in any way, inposing limtations upon the
scope thereofr WO 2008 033765P8T/ US2007/ 078024
{00861As descrifed aboyle, nultjilayer containers are
useful for maki ng~¢optai Navi ng enhanced gas

bat hers. Such contafners e béﬁforning t he

above descri bed polynmer co ronS®into the desired
mul til ayer contai i onal methods such as .
melt formng. SBi'tableMmelt fornm'ng processes

i nclude, but are not limted to, co-injection
- nol di ng, co-extrusion, thermal formng and

conpression nolding. The particularly preferred

nmet hod for naking the containers of this invention is
stretch bl ow nol ding. Such nethods are well kpown to
[Pt e ski Pheseinixe 3 498 t averdonblelbads vhetsdh ¥ Fed: ppd 1argsingle
L%ﬁ%f WheHRENS B, 0080 3ire ) Wileeid 8Gind 3N GreD; Qhdreibd®; is a
and in U'S. Patent Publication Nunmber 2004/0247739,
miety aftached by palsuble bppbeamprising payichSulre CBally 86 NRuo;

' r &R0 SEHCEhel AhothBe cbmBite ia 18iddogen, -
?%8%%%%L$%gg§hggﬁugﬁtgfggéaping the | ow np ecu”g? e
iwé;oghlt argipg; amigde allgdasing, @rylamino, alkoxy, aryloxy, mitro, acyl, atkenyl,

alkynyl, cyano, sulfo, sulfato, mercapto, imino, sulfonyl, sulfenyl, sulfinyl, sutfamoyl,

phosphenyl, phosphinyl, phosphoryl, pliosphino, thicester, thioether, anhydride,
oximno, hydrazino, carbamyl, phosphonic acid, phosphonaﬁo, or a straight, chained,
branched, or cyclié alkyl, alkenyl, alkynyl, aryl, hetercaryl, heterocyclic, or acyl
group. ' -

[0071] In another embodiment of the compound of Formula I, the purine

derivative comprises 7-methylguanine, having the chemical structure
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cont ai ner and pol yner conposition also are provided

herein. Such nethods al so well known to those skilled

in the art. For exanple, an additive can be fed
wOossagiisy 1 nto-the polynmer matrix during t he pchitSHoTmR024

nol di ng process, preblended with the polynmer resin

prior to injection nolding, or incorporated at high

concentratlons with the'polyner as masterbatch and

then blended with t :
p%zéct i on"RBFEEH @' aBP ??Jﬁgo ogfisg gn}rh&e{ﬂd!og &d z arc single
HohddiShéRines, &, 5y st end Blbe 1; nwmou’ el erol; twheram R1 and Re
enbodi ment of his iLnve

t] Iy

EoRCABT ST Bt oy PSRy b fnde @ ey

d cont ai n I [
[@Jpg d_conta Bty difidutar e&%@a&gg)f dotour) of otk e
piEihedativativewaingtites aximgutmmﬁe havhse thechemicabstHcBigr | ne
derivative, are added to a feeder or hopper 324 that
delivers the conponents to a hot nelt extruder 326 in
whi ch the conponents afe nelted and bl ended. PET for
formng the at |east t outer layers simlarly is
fed to the hot nelt e uder §26 (not pictured). The
hot nelt extruder co- es the nolten PET and -
the nolten m xture PET 20 d | ow nol ecul ar -
wei ght additive 3 forC| flow ng streans to
fl ow al ong co r| uIa Nflow paths into an -
I njection nDI g deV|ce 328 to formthe nultilayer
preform 12. The mul tilayer preform 12 is cool ed and
renoved fromthe .injection nolding device 328 and .
delivered to a stretch bl ow nol di ng devi ce 330 which

{@f teh bl ‘}Sdna e ABHIE bAME whdfe 0 chtl]- and —mre siaigle
I'n shed rigid tllayer contalner & ﬂ% ﬁl ﬁ{ R
brradss wheSINdE B 2 Feandpy” et gthered mapd gome O BRCTFE Ko, Rs,

ﬁﬁf 8% ADe¥ednSRRerb A if dn¥ifo, BudWh&Sin R & safire pref erably

ron1ab ut “one to about three mnutes. The nelt

[b@ﬁsger at U688t @fothet @mbsdikbnt of Itl&moanlpmﬂd cﬁmrmda Abbaipurine
and npre desirably from agbout about 290C.

dptieative pamAETSey @@ﬁ'&?épt??‘ﬁé 5‘8‘@‘1"%@‘ \RH “l ﬁ%u %ﬁf erials
enter the nelt extruder 326 and start nmelting, and
ends after injection of the nolten materials into-the
injection nmold to fornjthe preform12. f 0090)In a
parti cul ar enbodi nent, |[{t he |n ection nol ding process.

can be nodified by pr rizj g the nold cavity to
mnimze plate-ouﬂﬂias degcri bsd in the co-pendi ng

U.S. provisional tent a I|c |on 60/ 825, 844 fil ed
on Septenber 15, 2 e "Pressurized Tooling
for Injection Ml di ngSeAd N@tﬂod of Using," by
Schultheis, et al., the disclosure of which is

expressly incorporated herein by reference inits
entirety. Pressurizing the nold cavity changes the
dynam cs of the processing cycle by reducing or '
[mpl et el wheedin 7, patd here dineblakbyinds;twhersin additt. japds ae gingle
e through t he
?‘%rﬁlpf Yace 6f t’heﬁ(r)?g%gcv ﬂ%he@%gg %rﬁg %I%eds)gl g&%%o%’ R

Hs,h?eldmlaﬂ? hydroptry anchwhdrein Bpts sulfured for a particul ar

pol ymer material, polynmer matrix, or additive.

[ 0091] The modi f i ed i njection nDIdlng process (not

pi ctured) includes the additional step of
“pressurizing a nold by intzaoducing a pressurized gas
into a nold cavity in the nold, wherein the nold
cavity defines the shape of the container preform
co-extrudi ng the polyner conpositions into the nold
cavity; cooling the polynmer conpositions to formthe
mul tilayer container preforn and renoving the

mul til ayer container preformfromthe nold cavity.

[ 0092] The pressurized gas nmay be any gas that does
not detrinentally affect the polynmer conposition_



[0093] The present invention is further illustrated by
the follow ng exanple, which is not to be construed
in any way as inposing limtations upon the scope
wolbei@eles On the contrary, it is to be cl earlpyr/us2007/078024
understood that resort may be had to various other
enbodi nents, nodifications, and equival ents thereof
whi ch, after reading the description therein, my
Wg}eSt oy E&?%@ley @rﬁb&ﬁ’m&rﬁ @B fhe %&h]hduﬁ‘&j of Fbrﬁlhﬁ 12dhE pdithe
out departlng romthe spirit of the present
derivativd eampaises hypoxenibing.depies Be d@%ﬁﬂéﬁﬁ!@ﬂl&f‘ed cl ai ns.
EXAVMPLE [ 00941A commerci al |l y avail abl e pol yester
contai ner grade resin NVI STA, Spartanburg, South
Carolina) was dried in}p vacuum oven at 140C
overnight to a noistu eveIFbeIOM/SO ppm The | ow
nol ecul ar wei ght adlitive,yjCaf h\eine, was dried in a
vacuum oven at 70C ¢verni gt togrenove surface
noi sture. Miltil ayensgont erg were made with the
PET as the outer two €rs amd the PET in
conmbination with the caffeine as the barrier |ayer.
The barrier |ayer conprised 20 wei ght percent of the
contai ner. Caffeine conprised 15 wei ght percent of
the barrier layer (3 weight percent of the
container). A lab scale Arburg unit cavity injection
[pebgli ng n&‘hbﬂcﬁﬁ(g%dl—t&wd(fuﬁ[fe bbﬁuseehdram x,'nSQJ tgliang z afbrsingle
reforms were bl ow no| ded ﬁn F ?%ﬂg 2/h3r?nﬁ R
desi TR ehi dre? 1 5 ARKE YEdeBLURT r?tgﬁer wheremn £1, £
RORhARNAE Bydréyed;landl vheRIEROE BXyFasle a 12 oz contai ner.
[6095]The carbon di oxi de transm ssion rates of the
@ondjai ner $n wester tdnehodieas uf déd mmipngldaoﬂvﬁmumlaﬂ,abe purine

nmodel instrunent at C 0% L& ti 1@ty
%qgayﬁttw cpﬂp?sﬁ%a R@&wﬂ% é@il tﬁc 8’1 mlca f;trulcjlr%léc o\rf]'g-‘owae fé& of

10 nmL/mn on opposite |des. The results are shown in
Tabl e 2. The barrier inqprovenent factor (BIF) was
defined as the atlo ofl] the carbon di oxi de ,

transm ssion ra : Nl ayer pol yest er

cont ai ner conpr|5|n ul ar_ wei ght additive
in the barrier |aye car jgon_&eoxi de

transm ssion rate i Wy ayer pol yester
container with

[0080] wherein X1, y, t1, and z are double bonds; wherein X, %2, and t are single
. bonds; wherein w’, x’, x”, and ¥ are 1; wherein ', y°, and 2z’ are {}; and wherein R,
Rs, R4, and Rs, independent of oﬁe another, comprise a hydrogen, hydroxyl, amino,
amido, alkylamiﬁo, arylamino, alkoxy, arvioxy, nitro, acyl, alkenyl, alkynyl, cyano,
sulfo, sulfato, mercapto, imino, sulfony!, sulfenyl, sulfinyl, sulfamoyl, phosphonyl,
phosphinyl, phosphoryl, phosphino, thioester, thioether, anhydride, “oximno,
hydrazino, carbamyl, phosphonic acid, phosphonato, or a straight, chained, branched,
or cyelic alkyl, alkenyl, a]kynyl, aryl, heteroaryl, hctefocyclic, or acyl group.
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Tabl e 2 Carbon dioxide transm ssion rate of 12 oz

mul-til ayer PET containers Additive Caffeine in

Barrier Layer (W 9% - Barrier Layer in Container (W
wosposEasfesi ne i n Container Preform (W 9% Caf fPeiTres2001/078024

Bl ow Mol ded Cont ai ner '

[¢081] In still another embodiment of the compound of Formula 1, the purine

derivative comprises 1 H-purine, having the chemical structure

e N
TR

[0082] wherein x;, y, t;, and z are double bonds; wherein x, xz,'and t are single
bonds; wherein w’, x°, x”, and y” are |; wherein 1, ¥°, and z’ are 0; wherein Ry, Ry,
R,, and R, are hydrogen.

[0083] In still yet another particular embodiment of the compound of Formula

1, the purine derivative comprises diaminopurine, having the chemical structure

NH, _
)\i>
/K\ ==y
HoN N

[0084] wherein x, y, 1, and z are double bonds; wherein X, X2, and t are single
bonds; wherein w’, x°, X", and y”* are 1; wherein t’, ¥°, and 2’ are 0; wherein R; and
Rs are hydrogen; and wherein R; and R4 are amino.

[0085] It should be understood that the foregoing are merely examples of
suitable low molecular weight additives that should not be construed as in any way

imposing limitations upon the scope thereof.
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(W 9% CO2 BIF NAO 20 0 0 1.00 Caffeine 15 20 3

WO 2008/033765 . . ' PCT/US2007/078024

[0086] As described above, multilayer containers are useful for making
containers having enhanced gas barriers. Such containers are made by forming the
above described polymer compositions into the desired multilayer container by
conventional methods such as melt forming. Suitable melt forming processes include,
but are not limited to, co-injection molding, co—e);trusian, thermal forming and
compression molding. The particularly preferrcd metho& for making the containers of
this invention is stretch blow molding. Such methods are well known to those skilled
in the art and are described in U.S. Patent Numbers 6,596,213; 5',914,}38; and
5,011,720; and in U.S. Patent Publication Number 2004/0247739. The disclosures of

these references are expressly incorporated herein by reference in their entirety.

[0087] Methods for incorporating the low molecular weight additive into the
container and polymer composition also are provided herein. Such methods also well
known to those skilled in the art. For example, an additive can be fed directly into the
polymer matrix during the injection moidi.ng process, preblended with the polymer
resin prior to injection molding, or incorporated at high concentrations with the
polymer as masterbatch and then blended with the polymer resin prior to injection

molding of the container.

[0088] Fig. 5 illustrates a system 31€ in accordance with an embodiment of
this invention for making a rigid container preform 12 (illustrated in Fig. 1) and 2
rigid container 14 (illustrated in Fig. 2} from the preform. As shown in Fig. 5, PET
" 320 and a low molecular weight additive 322, such as a purine derivative, are added
to a feeder or hopper 324 that delivers the components to a hot melt extruder 326 in
whi;:h the components are melted and blended. PET for forming the at least two outer
fayers similarly is fed to the hot melt extruder 326 (not pictured). The hot melt
extruder 326 co-extrudes the molten PET and the moiten mixture of PET 320 and low
molecular weight additive 32, forcing the flowing streams to flow along concentric”
annular flow paths info an injection molding device 328 to form the multilayer
preform 12. The multilayer preform 12 is cooled and removed from the injection
molding device 328 and delivered to a stretch blow molding device 330 which stretch

biow molds the multilayer preform 12 into a finished rigid multilayer container 14.

[0089] The melt residence time of the preform production is preferably less

than five minutes and more preferably from about one to about three minutes. The
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3 1.3 [0096] The carbon dioxide BIF of the 12 oz
mul tilayer containers inproved significantly with the
addition of caffeine to the PET conposition of the

wRhEdBYes! ayer. [0097]1t shoul d be apparent t
foregoing relates only to the preferred enb mgﬁ%mmz“

of the present invention and that numerous changes
and nodification may be rrade herei n wthout departi ng

fromthe spirit and sco Ln J40n as defin
Bt {PerBI SRR ﬁﬁ“’é‘%&uﬁ?ﬁp §W @k‘?‘ﬁﬁﬁ@ t e rRYF SRS |
W}ﬁ abbu 200 & A5Gk 29%"(3 1The mekt tréskd@ﬁi:@rtm&tlfegih@ﬁh&}ﬁihe\ﬂlatenals
ded cont ai ner npri si n? 1east two out

¢1ﬁgré}i65m§lt) iFUdey .'ﬁ@ agldﬁ@p‘tyxﬁ% an, fuds atjgr jnjection o the molten

@Ltehaq&lﬁﬁo tﬁ@ﬁi{ﬂ*&ﬁ'&ﬂrh&ﬂ 1 VB Ihfrsaased between the at
east two outer |ayers, wherein the at |east one

@M ier | gy ﬁf aﬁﬂﬂﬁf | cBfdSdimhehd, gt nﬁh@h(}yﬁfﬁfold@r@ﬂmsest icam be
n‘grlsm mer matrix and. wrmlec% '
mediget bbP@W% ol e (8 ﬂﬁwer@ﬁ%a% £ Galitbeg i e
S-pAkiRg W 81 prapikieRd da@hpxy)pia@&ian Eaa!sww fiRd DRESeptember 15,
nmul tilayer container of claiml éEa '
2006, entitled “Pressurized Tooling for Inje:ctmn Mol ng an ethod of Using,” by
Schultheis, er al., the disclosure of which is expressly incorporated herein by
reference in its entircty. Pressurizing the mold cavity changes the dynamics of the
processing cycle by reducing or completely eliminating the ability of additives to
diffuse through the copolymer and deposit on the inner surface of the mold. The
desired pressure of the mold cavity can be optimized for a particular polymer

fnaterial, polymer matrix, or additive.

j0091] The modified injection molding process (not pictured} includes the
additional step of pressurizing a mold by introducing a pressurized gas into a mold
cavity in the mold, wherein the mold cavity defines the shape of the container
preform; co-extruding the polymer compositions into the mold cavity; cooling the
po]ymer compositions to form the multilayer container preform; and removing the

multilayer container preform from the mold cavity.

[0092] The pressurized gas may be any gas that does not detrimentally affect
the polymer composition. Non-limiting examples include air and its individual
compenents, oxygen, nitrogen, and carbon dioxide; the noble gases, argon, neon,
helium, and xenon; and mixtures thereof. In a particular embodiment, the mold cavity

is pressurized to a pressure in the range of about 1 to about 1000 psig.

[0093] The present invention is further illustrated by the following example,
which is not to be construed in any way as imposing limitations upon the scope
thereof. On the conirary, it is to be ciearly understood that resorir may be had to
various other embodiments, modifications, and equivalents thereof which, afier

reading the description therein, may suggestion themselves to those skilled in the art
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a) the at least two outer layers conprise 99 to 20

wei ght percent of the nultilayer container; b) the at

| east one barrier |ayer conprises 1 to 80 wei ght
woRedsasRies of the nultilayer container; and c) Ptliﬂjsh(mmwsoz:r

mol'ecul ar wei ght organic gas barri er enhanci ng

additive is present in the nmultilayer container in an

anount in the range of 0.2 to 10 wei ght percent of

, |
&@%up‘gl r%!“l‘f’%y%er R i the Breddh® idhidn! AURF tHRORbAI Hethe

a) the at least two outer layers
apperpied sleing9 t o 60 merght percent of the multil ayer
container; b) the at |east one barrier |ayer
conprises 1 to 40 wei ght percent of the nultrlayer
container; c) the | ow nptgemtgr wei ght organic gas
barrier enhancing additive is present in the

4!1l | ayep é'b?rfﬂﬁeﬁ’élﬂ@r avhilabB pVeatén boritainek REade mge(mmsmz
0 weig é§$rcent of .the multilayer qgﬂ%a ngﬁ n

Smrtmr@rgatswté olgakPtatialdh 2 Gfem P gt
hEAGR 19¥c] BeldB 50 ppn2 STNELE i olfTae eBighiekiditihe cﬁfeuieﬁﬁsi dried
one barrier |ayer
in a vacuum oven at 70°C ovemight to remove surface moisture. Muitilayer
containers were made with the PET as the outer two layers and the PET in
combination with the caffeine as the barrier layer. The barrier layer comprised 20
weight percent of the container. Caffeine comprised 15 we{ght percent of the barrier
layer (3 weight percent of the container). A lab scale Arburg unit cavity injection
molding machine was used for injection molding. The preforms were blow molded
with a Sidel SBO 2/3 blow molding machine to make acceptable contour containers.

A 21.1 g preform made a 12 oz container.

[0095] The carbon dioxide transmission rates of the containers were then
measured using a Mocon 2/60 model instrument at 22.2°C and 50% relative humidity
(RH) with the No/H, (99:1) and air purging rates of 10 mL/min on opposite sides.
The results are shown in Table 2. The barrier improvement factor {BIF) was defined
as the ratio of the carbon dioxide transmission rate of the multilayer polyester
container comprising a low molecular weight additive in the barrier layer to the
carhon dioxide transmission rate of the multilayer polyester container without additive

in the barrier layer.

Table 2 Carbon dioxide transmission rate of 12 oz multilayer PET containers

Additive | Caffeine Barrier Caffeine in Caffeine in Biow- | CO;
n Layer in Container Molded Container | BIF
Barrier Container Preform (Wt %0) (Wt %o}
Layer (Wt %)
(W1 %) _
N/A | O 20 0 0 1.00 -
Caffeine 15 20 3 ‘ 3 1.3
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4. The nultilayer container of claiml1, wherein a)

the at |least two outer |ayers conprise 99 to 80

wei ght percent of the nultilayer container; b) the at
woleess33mhe barrier |ayer conprises 1 to 20 wW@CFHIS2007/078024

percent of the multilayer container; and c) the | ow

nol ecul ar wei ght organic gas barrier enhancing

additive is present in the nultilayer container in an

@u nt i nhbearb@@exi®d B 0md 92 \%Ehﬁihﬂayﬁﬁﬁtﬁﬂﬁer@fm;ﬁd&\%d

i layer container and in the at |east e barrj
sy i b 15N 08T dpmgosfsontog&i@%{ K-

ercent of the at |east on rri.er .. The
RO 1 ayelt SORd B deprt B Tedpreeoigh ol B e Prferred
AR mdn¥¥0o Ok ﬁfesdnﬁ}fﬁél&lcﬁm tha$ ﬁuxﬂ&oﬁs&hﬁﬁem&ncghbdiﬁsatlon

ercent of the nmultjla cont a
' rﬁay be made herein without depary ing from r}le spm'? ahd scope of the invention as

defined by the following claims and equivalents thercof.
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b) the at |east one barrier layer conprises 1 to 40

wei ght percent of the nultilayer container; and c)

the | ow nol ecul ar wei ght organic gas barrier

enhancing additive is present in the nultilayer

container in an anmount in the range of 2 to 5 wei ght
What isp#timedis: of the nultilayer container and in the at

| east one barrier layer in an anount in the range of

3.75 to 12.5 weight percent of the at |east one

par ri g lIgkgEr stlichRldW ol dedyenhtatmont@npsingf cl ai m 1,

wherein the at |east two oyter |ayers conprise a

t her maibass ool v cerBPRERSH PPYBIT PRETG Bl p |

consi sting of polye 'di ' l1efsk Bwo outer layers,

polyhﬁik@g ﬂgigwﬁ%fﬁ%%?(%ﬁgg%gg%eg??sgé%?#erepf .?
whereh17{:heratﬁez§§'t”tohé lbaiyftﬁd% 1_@>|%tcain'i?ﬁﬁesaf ﬁ?ﬁ"taiomnlla Wﬁoéﬂwnt ¢eanprising a

©at leas wo outer |ayers conpris ol ye . ene. ;... -

polymet eragphaiithi v molecular wegght ?F%nmﬂtsi%ﬂ%f% reﬂi?%%%ﬁ idjtiyg; having a

| ai m wher-ej at | east two outer |ayers
n“ﬂﬂm§5ﬁﬁﬁ$igdgwgg$9 é@ﬂ%fene t er epht hal at e) based

copol ymer having |less than 20 percent diacid, or |ess

than 10 percent glycol pmdifjcation, or both, based

an 106hﬁﬁﬂ@ﬂﬁﬂﬁé@ﬂ?ﬂﬁ¥ggﬁﬁntk steht and 100 nol e '
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multilayer container;

b) the at least one barrier layer comprises 1 to 40 weight percent of the
multilayer container; |
c) the low molecular weight organic gas barrier enhancing additive is

present in the multilayer container in an amount in the range of 0.2 to 10 weight percent of
the multilayer container and in the at least one barrier layer in an amount in the range of 0.25

to 25 weight percent of the at least one barrier layer.

4. The multilayer container of
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13. The multilayer container of claim1, wherein the
| ow nol ecul ar wei ght organi c gas barrier enhanci ng
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ﬁhﬂ mciy{g‘?%t’%ﬁvg?@%c‘%ﬁms%'ghﬂ Ordullfe BRVEIAGE chfinbiRg additive is.
| present in the multilayer container in an amount in the range of 2.to 5 weight percent of the
multilayer container and in the at least one barrier layer in an amount in the range of 3.75 to

'12.5 weight percent of the at least one barrier layer.

6. The multilayér container of claim 1, wherein the at least two outer layers
comprise a thermoplastic polymer selected from the group consisting of polyester,

polyamide, polyolefin, polyimide, polylactide, and derivatives thereof.
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7. The multilayer container of claim-1, wherein the at least two outer layers

comprise polycthylene terephthalate.

8. The multilayer container of claim 1, wherein the at least two outer layers
comprise a poly(ethylene terephthalate) based copolymer having less than 20 percent diacid,
or less than 10 percent glycol modification, or both, based on 100 mole percent diacid

component and 100 mole percent diol compornent.

9. The multilayer container of claim 1, wherein the at least two outer layers

comprise a polyethylene terephthalate with recycled content.

10.  The multilayer container of claim 1, wherein the polymer matrix of the first

polymer composition comprises polyethylene terephthalate.

11.  The multilayer container of claim 1, wherein the polymer matrix of the first
polymer composition comprises a poly(ethylene terephthalate) based copolymer having less
than 20 percent diacid, or less than 10 percent glycol modification, or both, based on 100

mole percent diacid component and 100 mole percent diol component.
12.  The multilayer container of claim 1, wherein the polymer matrix of the first

polymer composition comprises a polyethylene terephthalaie with recycled content.

13. The multilayer container of claim 1, wherein the low molecular weight organic

gas barrier enhancing additive comprises a purine derivative.



14.  The multilayer container of claim 13, wherein the purine derivative comprises
a purine dione comprising caffeine, theophylline, theobromine, xanthine, uric acid, or

mixtures thereof.

15.  The multilayer container of claim 13, wherein the purine derivative comprises
adenine, guanine, 7-methylguanine, thioguanine, 6-mercaptopurine, hvpoxanthine,

diaminopurine, 7H-purine, 1 H-purine, or mixtures thereof.

16.  The multilayer container of claim 1, wherein the low molecular weight organic
gas barrier enhancing additive comprises an -ester, diester or polyester of an aromatic or
aliphatic nature; an amide, diamide or polyamide of an aromatic or aliphatic nature; a cyclic
ester with one or more ester groups; a cyclic amide with one or more amide groups; or

mixtures thereof.

17.  The multilayer container of claim 1, further comprising at least one

intermediate layer between the at least one barrier layer and the at least two outer layers.
18.  The multilayer container of claim 17, wherein the at least one intermediate
layer comprises a polyester terephthalate, a polyester terephthalate with recycled content, an

adhesive layer, or the first polymer composition of the at least one barrier layer.

19. A packaged beverage comprising a beverage disposed in the multilayer

container of claim 1 and a seal for sealing the beverage in the multilayer container.
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