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RELATED APPLI CATIONS 5 This application is a continuation in part
of a co-pending application filed on Sept enber 23, 1996 havi ng
Application No. 08/717,370. This application also clains the benefit

of U.S. Provisional AppZEROIQXYGEN PERMEATION PLASHCBOTTLE i ed on

March 11, 1997. 10 FI ELD OF THE | NVENTI ON

The invention relates to MPOR BEEREAND OTHER APPRICKTONSVi ng i nproved

resi stance to oxygen perneation and to conpositions and processes for
producti on of mul tilayered plastic bottles. 15
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capped gl ass bee ottles, oxygen may enter the bottle during storage

by per neat irHltilayesed plastic bottles. medi um used as the gasket in the crinped
bottle crown. A third source of oxygen 30 in bottled beer is specific to
the use of plastic bottles. Oxygen, fromalr has the ability to

per neatg many conventional bgg 1S THEE ITE ‘ $10N | nside the bottle
cavity.

In order to be technically acceptable, beer containers (glass, metal, or plastic)

must maintain the beer contained therein in a near oxygen free environment. A

generally accepted industry standard is considered to be a maximum of 1 ppm

oxygen ingress into ihe bottle over the planned shelf life of the bottled beer. Further,

20 not only must oxygen be exciuded from the bottied beer, but the egress of carbon

" dioxide from the beer out through the bottle walls must also be eliminated or at least
contained to defined standards. |

Oxygen may be present in bottled beer from at least three separate sources.

In some instances, unwanted oxygen (from air) is not completely eliminated from the

25 space above the liquid in the beer bottle during the bottle filling process. Oxygen
arising from this source is known as head space oxygen. Even beer packaged in
cans is susceptible to the presence of head space oxygen. In conventionally capped
glass beer bottles, oxygen may enter the bottle during storage by permeation through

the medium used as the gasket in the crimped bottle crown. A third source of oxygen

30 in bottled beer is specific to the use of plastic bottles. Oxygen, from air, has the ability

to permeate many conventional bottling polyesters and end up inside the bottle cavity.
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for plasti WOASI2I2¥s, oxygen may be di ssol ved or adsorbed i n PEEUBITA6TIIC.
Oxygen di ssolved in or adsorbed on the plastic bottle walls may be
desorbed and end up in the bottle cavijy. Such desorbed oxygen is

I ndi stingui shable from head space oxygen once inside the bottle cavity,

except thahiant | € j t Ul 0 2 0
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risk only from head space oxygen. Beer in glass bottles is general ly
at risk freesorbed axyges will\agegonsiderad to becanfactoywhighe contiibutes tchheadispace
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cavity. These considerations also apply to other _products package
cans and bexygessdisselvgd inHbecpinstic batlle wallgewillcdean consigdered the sasiel as ablygen

dependi ng on oxygen sensitivity,of. the, prqduct. ' Wi |l e the,

bottli ?1@ ofigrEptng fo Fneggﬁate ihe beltie IS, T siimang thapahesr Parkagashinemetal
recitation Rosh t Gy t ¢ : l??assrsi tl.e
cavity ar ec%sri@ I@Eac}t urérsawtged ||2dftrﬁlgyg§tad %#oﬁ?ﬁgr %%?f?ﬁ) g BOR@E ils
appl i cat i ogenéraily aj riskyfoem head spacp ioxggemandaalse ifipon axygers penmeatidn thiotigh
but also fgr- lications | ess strjingent than t hose for bottling beer.
Altenpts 1 eshele s ure dBeans. asperiall simaer ciowr,gashels Begs in plastigiboges is
I nvol ved t ; ' I I

conpri ses gﬁgo n@s%ﬁ%ﬂhgﬂf%@gﬁ% “@?"hdyp?sg‘f%% 8|ﬁ§8@%ﬁe%%§@ rqg
25 supgri thropghs $hey bottieswall into ¢he bottley gavityp cThese considerationy alstapply tbother
bottling ol yet hyl ene t er epht hal ate (PET).

There are HT@&@&LE&GS géeglhil"c g?bg s%'g&alla‘li%iaga@ﬁ@ghi the lﬁ?ﬁﬁtj {oh eOX¥geNo GRAgVary
ol ybns e *FRReREN, OpsARAgbr b Sy or nd BRAIE 1 " oL
i nconpat i bl e poWyhiter tieE\BoM)ing () bedre irb pllastiesbotties isostilleirniits ninfancy, théeabove
PET/ EVOH 30 .interfaces, alihough such del am nati on may be sqonmewhat .
di mi ni shed"§& ﬂaacﬂstmsﬁmd% or U"@é@p‘é OXy86N {9 e present 'é&g@svﬁm#@ Fayyrare
(o) g et SREGRP A 150 B, 148, 3, for MR bpiakGls MARRY ' er
requirements as rigorous as those for beer but also for applications less stringent than
those for bottling beer. Attempts to overcome these problems for plastic bottles have
often involved the use of _multilayered bottles where at least one of the layers
comprises a polymer (such as ethylene vinyl alcohol copolymer, EVOH) having
25 superior passive resistance to oxygen permeation as compared to the bottling
polyester which is usually polyethylene terephthalate (PET). There are disadvantages
to such approaches including the following: (1) the bottles are no longer suitable for
recycle with other polyester (PET) bottles because of the presence of a second and
incompatible polymer (EVOH), (2) the bottles tend to delaminate at the PET/EVOH
30 interfaces, although such delamination may be somewhat diminished (at additionai
expense) by the use of adhesive tie layers, (3) the differences in melting points and

other physiéal properties between PET and EVOH cause numerous problems in the
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fabrication proclélszg, and (4) uselof a MAC\EQ oxygén barri er,ggagﬁggg&g{n
EVQOH | ayer, tends to keep head space oxygen.trapped within the bottle
cavity instead of elimnating it. 3 This invention addresses.

t hese and of her .problens rel ated prior _art efforts to 5 manufacture
zero and ne%?r}ﬁfégl?f'@‘fge?f °ﬁ%§§r@dﬁ &) Usie,af @ pagsive| @ygen barrier, such as an EVOH

her of or e, TATE BageR? Raep et sHars olyoen trapped witfly 18 68te GAT iostepy of

t he productémmnaﬁngiﬂ tilayered substantially zero oxygen perneation 10
plastic bottles._Substantially zero oxygen perneation neans that the oxygen
whi ch f i ndsThis dRygntiop addsesses these@nstiother psobiemsnelated thiprior iast effdrs to

bar el as |t | r nts_which asure. syc ernmeation. In
t he aﬁsggscel“éﬁmg%g.ﬁ‘g#{?gngrdﬁr}i%eg(?%xygen B?%ﬁ%&o%ﬁ[ﬁf'gthqqg%'y zero oxygen
perneation will be considered to be 1 ppm of oxygen, in terns of the
wei ght of the bottled piey : AARY AND PRIOR AREREVIEN 15 bottled
product. The multilayered plastic bottles of this invention are suitable

for recycl enwat broadheense)/ Yivsreforepahis! ifvenfierereddies! te Hovel Baoliéy and a
have good clarity when such clarity is desired, resist delamnation,:

do not needProress fpethe pradugtian ofamultilayered substantiajly lrmerqr)]mb(ygen p(em]rl]eation
' | b | | ty,.but t )
oot PFEy'9 6 Basic botie8 SUbSahd. 2l Blnacn BRMMRLESE méels IR e ongesnnics

20 cavi ty.firltscit wayeto thetbdtted proddutss iahvﬁhbhﬁﬂ\_nhibfpisVSnlW@aréﬁﬁnﬁﬁs With
mul til ayer bottle maki ng processes and equi pnent In"conjunction wth

depl oynent iBstrémentswhichiaeasiersuch permgatione nthe absencedobi apecificarolret) of
whi ch ' . ' T ] ich i

an active: SAVIRR” SUBSBAER Yerd PYERnHBERCRIS wi e Consideieiclanbe  §rbe of
otherw se i9ygehtin @imacsf e Welght JPhelBtbanTaLet. for 106 Gdiddi LR B of the

co- pendi ng application, a zero oxygen perneation nul'tilayer
have enBughpottied prosiyeten Theamuiiijayeredaptastic ybattles afsthie inventionvare estliitablea tor

S22} VR i, e BALS T, B, Balr AR S ol won
scavenger Ismﬁrcaém?ris Hesirey! %léi'ét' dé?sgn'ﬁﬁﬁio?\?%ah%\‘]elﬁeé@?iet lggirs and 28657~ the

shelf life of the filled bottle. Ap cants' ygen scavenger

syst ens arability Inot Ionlyctwplmgp;onmn; fram air) from Entering itime bpttiedcavityabed ziso have
pol ycondensat e s nts and an Qgx n ,scavengin anpunt of pol yol efin
ol i goner séﬁﬁe?ﬁ@gr%r EQRSHAG . eﬁ@i%ﬁ?rﬂ'ﬁsgf‘cg fsunwanted oxygen in the bottle

20 cavity. The novel bottles of this invention involve the use of modern multilayer bottle

making processes and equipment in conjunction with deployment of at least one layer
(of the multilayered plastic bottle) which comprises a copolyester oxygen scavenging
formulation which is an active oxygen scévenger. Active okygen scavengers
consume (or otherwise deplete) oxygen from a given environment. As noted in the

25 co-pending application, a zero oxygen permeation multilayer bottle will have enough
oxygen scavenging capacity to consume any unwanted (head space) oxygen in a
bottle cavity and still have enough capacity remaining to consume oxygen at the rate
at which it reaches the scavenger layer from air external to the container for the
necessary shelf life of the filled bottle.

30 Applicants’ oxygen scavenger systems are block copolycondensates
comprising predominately polycondensate segments and an oxygen scavenging

amount of polyolefin oligomer segments. Predominately means that at least 50

This Sheet Has Been RTlaced
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% of the cgpdgieprdensate may be attributed to pol ycondensatecHussvHEIIS.
The preferred pol ycondensate segnents, especially for bottling use, are
pol yest er segnments. For layers in multilayered bottles in which sonme of
the | ayers are PET, or nodi fi ed pol yefters such as PETI, PETN, APET,

PETB and/ PEN, 1t f the 5 bl ock I t i Si th

same pol y et %al the fonolyegndensate may b attibyted g, polveoridsnsale’sagments.
copol yest : e [

ol vestor - Le Meferred BOlyLoiBHNSiE, soimBlle! Rl Yo HUtiRg use, &% polyester
various  sedréhtsi eRbriayédsiinompitilayered botttewini whichsamé of tive layees are PETQ o

as listed in 21 CFR 177.1630 are the polyvesters of choice for bott]es
because of modified polyesters syshyasRETL &S l~LO&DE nf Eﬁ%aaﬂ&crd?Efﬁsmn%ﬁs 9f3bhe

d be t . ],
fo PET Smdtiork nelaster chinpril, e e, relBeterk prs sep BBl Tl RRECoA
enconpass pihafnfeasthis thatithe pblydistéersanestalessly Briulate the pulyestst frowswhichn
various nodified fornms for bottling including, but not limted, to the |ist

of nodi fije'ms plolvesmﬂ segments aex ﬂ;eéiueébowe esiersetacitad| gbayer an?dhemaﬁous
L gt fication _ :
o1 qorrer s wpRReEbeint pRyeSREE conSRisal sefr for g vt GRS btelin1 cFR 8

functional 2y 183b e RRE YWIRIstErsObfi EIITBS feresiomas bedhuibe Of thdlr elapsy, FRykAy, anaf
entering I nt o pol'ycondensation reactions. This is an inportant feature

becaus#0 t hiongohistarg fofrusage foolfogd randsbaveragerstofdgect It willdve undersiogunthat. the
Functionalization of th olefin 20 oligoners w nd qgroups affords. a
convent ent MAVTBIETBOFSF TR SRk Rds I s sBgrfipaion shab ufipks B rnafiléy
a_copol yCOBHE&ﬁ?Eﬁs mdt Rty PEEIoROsHAl dldd) eAbbAREBE PET as is BSMMeHIRdise@ein
(PBD) because 1| as good oxygen scavengi hg capacity and reacts

qui ckly wi various geodifiac doimas Ifer bottlimg inclediage dubinad limitedsitoi the listt off modified
catal yst,

Cobal | ahaPNREREReFRRIEd pove “Bnd ' SybseEniy” BefingH, M caRgL Gl plp e’

oxygen,gcay g&hg&i&fpol yesters of this  invention is their ability to
scavenge oxygen in the presence or absence of water or even noi sture.
VWi | e much of t Mhedalyoiefin oligomer lsiegmiints laos preparsdffoc cspelycendansation by first

Tl e
Do hafen? JTRSREiRRSRONR (SR RE e PAOTRIATBAAK icbaBs e i
a zero oxygligomersreswei dn effect, eaddition pplymersr dpundtionalizationoof athee polyslefin
e deSizzablo?iggrg'\%rmitlh ér%) ‘?;”30333 aiffg?cgsugecovgvgglse’nt method for incorporation of addition
polymer segments into a copolycondensate. A preferred polyolefin oligomer is
polybutadiene (PBD) because it has good oxygen scavenging capacity and reacts
quickly with oxygen especially in the presence of a transition metal catalyst, such as
cobalt, and in the presence of benzophenone, or both cobalt and benzophenone.

25 One of the salient features of the oxygen scavenging copolyesters of this
invention is their ability to scavenge oxygen in the presence or absence of water or
even moisture. While muc':h of the discussion of this disclosure is focused‘ on zero
oxygen permeation beer bottles, many other materials are suitable for being bottied
and/or packaged in the zero and near zero oxygen permeation packaging

30 environments envisioned and encompassed by this invention. Examples, other than
beer, of perishable food and beverages for which a zero oxygen permeation bottle,

jar, or specialized container would be desirable are well known and include wines,
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jui ces, bevWOB§H2EGncentrates, i sd tTynl CEEPLAGE‘ﬁor ed feas, tonafgr’yﬁg'é’(fgﬂ
product s such as catsup, sal sas—ant—barbectue sauces, Vi negar,

mayonnai se, baby food, nuts, and dry f@odstuffs of aII varieties.
Non-food items reqw ring zero oxygen perneation packagi ng woul d i ncl ude
oxygen sensg i yg \é oBfiEefirates, isojonics Paverdastas! '?@rhafd‘%a&é@‘ﬂ?@d@éts
this |nvent|on 'S so appropriate as fo do w't recent trend in the

food and besgghagecatsdpssalsas, arid parbealiensaucess vinegar,Thayosnaise, baby food, nuts,
regardi ng product freshness. Wet her k@g‘l | ated or vo] untar [

t
rather  anchdinafoedshulia otall vATEleS. faros reguring Reee ﬂ@gepcpemﬁ?ae

an un-code or "bottled on"
date cl ear ?RF"ES%?HQK‘H%’H 'H gﬂﬂ%%e or ﬂfhw@éle%%@gp?ﬁss long felt need to
sati sfy gonsumerQpsaeasss that the tintng of this dvertiontis so appropaaterl’néqtdadmmﬁhdhp

wel | exenplified by a major USA brewery advertisin n@algn turlnﬂ
t heir so- callecent trsaﬂnndhe fead and, beyetage-indystries ghpeqy aasqmé#m#{fia 3tig

roduct - TeasGmPAMIPAReY HEhRS, - huanetldated, o Eplunkfr ot B bpASNS rather
appl i cati ongighdhrd §ra1aﬁce i 8 FO & aRt sevefaguirilstrial td provide ant urs-heﬂéd | eéﬂy
for a given product pernmts easy cal cul ati on of oxa;,yen scaven

capacity rennderetbddo"saﬂsbﬁ"l. nuserhy”( or “hottledzen’ofate cleas Bﬁﬁeﬂeﬂﬁmf ? Qﬂﬂ'?cﬁl’

Scavenglthy PARER T are.tefgTaecLto sptisfy pansiifie SYRAERR ofHrod 18 FUSHERs has
OXygen per Nghhp Bedny vest welllekedip Iﬁk@d%ta hl\% orrUSA wré\be advétisizigv€ampaign

product line. In”a paper "entitled RE FOR PLASTI BEER
PACKAGES pr festurirgitheir smallsdjfnma-drﬁkdatee‘or bottiedrhaare Tyeser congureninfoymajion

beero: a madPAn PacKadss aad Btles cssist Cneuiare By tret, Setannadly B rpuct
when storedg &Eﬁirlgy[efi{d feshfiéss.C Thése ‘%’ia are al@S”ﬁf @élu)é frﬁ%&@pﬁdaﬁ& tdﬁthls

I ndust ry stan a common practice to beer over

days ol g5 (i 1rwent|dﬁ@smte,/knewladgebof 1tl1le hgiget rsdmeift life fpetaali\karsprm fpemuts easy
destroy it. This.is

presence calcylatign gaxygﬁﬂ sﬁﬂ%"éﬁ@ g‘Eeﬁ?qr?%gg Ort&f‘ﬁgfe ct%gﬁg%?eﬁ%% Qﬁ% @%%? c#é@
beer is bot H(j% p SAdelor thd )himuﬂpaﬂﬂhga%ﬁeﬁmf@. musty or skunky

character. so estl mat es about 95 % of the beer from major
US breweries reaThesadjustmert of vihehorygen dscavenging oapactty quntyle ibottiasn of this
keeping with the industry standard, a P'I anned shel

oxygen per nif¥ENEAN 1@ £ngyte %%f?@’ﬁ’lgeﬁff’ lopvary ,ng 8“ Veté)f quqzl'l?t gélf glsp within a
bot t 11 ng,beglyeh’ BRduct line™ IR a Yraps WRiilié? - REQUIREMENTS FOR PLASTIC BEER

PACKAGES presented at the “Future-Pak ‘96" conference by Dr. Nick J. Huige of the
Miiler Brewing Company, it was disclosed that for US domestic beers, a maximum
ingress of 1000 ppb (1 ppm) over 120 day shelf life when stored at 75 °F (24 °C) was
generally recognized as the industry standard. It is a common practice to pull any
25 beer over 120 days old (i.e., 120 days since bottiing) from the retailers’ shelf and
destroy it. This is done for many US beers not only because of the possible presence
of oxygen, but also because of other changes which occur once beer is bottled,
especially the appearance of a musty or skunky character. Huige also estimates that
about 95 % of the beer from major US breweries reaches consumers within 60 days
30 of bottling. But in keeping with the industry standard, a planned shelf life of zero
oxygen permeation for 120 days at 75 °F is a realistic target for bottling beer from

major US breweries.
Sheet Has Been Reﬁaced
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For US m owo9efmAweri es and European beer makers, the requir ®oavuse7ientl be
totally different. For US micro-breweries, it is unlikely that 95 % of the
pr oduct reaches consuners within 60 days of bottling. Al so, European
beer -makers (and to a | esser extent, ®S micro-breweri es) consider it

desirable for t d .beer to take 5 whai is characterized by beer
Coeters as o« FReUS Misabrenarics A ELToR A apsE MAkAE, the redusemieaisTay be
with at | ' Ot} d QR Ml TE Sl HaShin

o 2 gl Rifieredt DEEUS AR pieielies ' kel that 09 0 o thePhrodEbt Y
bal anced /Aesachesacorsumers within BOadayshefkottling. cAlse| BEergrieambeer makemsofand to a

0B i TS AR o BBk ok 6 W
o g AR S MR i ¥ e

~ the oxygerassociated: with rti isgstcpanial oxidatiohosf therlsesrinabia BERISEThigM s shfdtly an
life required of the bottle may be achi eved by one or a conbi nation of

several ofundesirableraitribute fanthe ligm%bwﬁd, more gieligately balanced Asneficarjbeers) .

15 ' daC At : 6 | J 6
di'scl oses HHT JEee, ok CBRuERHicRS, I Betambs vl YIAC SofiRg HIE Ansprdie’
Thi s agben permeation rates indipding 2drof olygenidrthettion shelbife requirewenty) is

bottles. There is no experinental data in the reference other than

pri marl alngliRways psimRrlemater. But foamnhe pradigtedand calrulated inamost cases and
ot act n hBealy G55 CoBt aSalCEE i o FtPBE o it G5
reference ddavenging! cdpRity dnd/sererbxpaéls perbatiBs SheltiFe! r@qifted st the Attt

oxygen perfeation, i.e., the scavenger capacity is insufficient to_
consune thsapbpgachiened hy one or a gomhination ohseverabatthesmethodscef this)inventigrer

by perneatjon. thr he er PET | ayer. 25 Japanese patent
document ?%3@%@?33%}8} B'p%%g 'n 12/06/ 91 describes a bl own bottl e o
havi.ngignal | s whpgtlisheal PET appirationy OAID | 96798688 bpablishedeonolufe 20, 1996)
"met hoxyaryl enedi am ne". The data‘in this reference show a reduction in

oxygen disgoses: 4be ausel ofraliphaticopalykeioncamatenialp -as exxygeh ngcavengers.y This
bottl e vval%ﬁi t i NC istent with the

"nvent i on TETENSE Das oo RATRER ofJabietaa zars Axyden Betmeaiohbofies; diMiers is no
20T SSaq M Nate ) o feerris ool st b  sipatc pelicine
1990. permeability coefficients, and it is unclear whether these data were experimental or
20 supplied by the resin manufacturer. The oxygen scavenger performance described in
the reference is insufficient by several orders of magnitude to maintain zero oxygen .
permeation, i.e., the scavenger capacity is insufficient to consume the oxygen at the
rate at which it reaches the scavenger layer by permeation through the outer PET
layer. '
25 Japanese patent document 3-275327 laid open on 12/06/91 describes a blown
bottle having walls which include an “an oxygen impermeable* layer of a
“methoxyarylenediamine”. The data in this reference show a reduction in oxygen
permeation down to 28% of the amount passed using PET only bottle walls. This
amount is inconsistent with the goal of this invention which is zero oxygen
30 permeation.
A single layer (homogeneous and monolithié) oxygen scavenging bottle wall is

disclosed in European Patent Application EP 380,830 published on August 8, 1990.
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reference dWVOMBHILI OXBAR bottle walls (suitable for naking bégmﬁ%.{"t%%é
according to the teaching). OXBAR is a blend of about 96 wt % true PET,
about 4 wt % MXD6, and-a solution of Cerr]-Cerr] cobalt carboxyl ates
havi ng about 10 wt % cobalt as net al depl oyed so as to provide about 50

ppm cobal t Tmst@farerete diIoRisOIOXBAR utife xbéquurw@é for ﬂwmhg/aﬁééie bottles
prepared from equi-nolar amounts of adipic acid a met axyl ene di am ne.

Accor di ng taccondingdo dhe teachingle @X&”@ﬂ@acblemmef ammt 86 wtdhltpue PETs about 4t
t.h bjlit f_ the P ty

cqr e of ?%f'%ﬁﬁ%e Andid saBBRE Ka-Craeatpsmrbonyedihaviao pbevt £ P sonatps

bottles magg ezng?ygdjha%stfb EH’SV‘T égﬁu?'@e?ﬁﬂué&éif éfgﬂlﬁeg\sﬁ{é Weight of the

def|C|enC|es |nc anmon ot her l oss o
possi bi |5 t iend( ZMXIGgisea ;m)yﬂmnimpr:epmed drom rezjubodlae ammmtstmi adipicadcid and

e ™" SFoDgiaRsRe danasq Aeriag ibabe %&%&%&hﬁeéﬁ% } e Mg ot iy
I
Toans Lo of 1 Ers AR o OB feetenBE B A BohdficRy the By 3 10k, PET o Vetara

scavengi ng egressiof\COy fiom dhe dditie eabity btlEthraodh (tﬁé botite avalls. An;z $ottles made
oxygen scavengi ng capacity (even in the preformstage) because of bI at ant

attack of o3GEeEHingrignthis réference weulh have some&erious naigs incjuding; pmong

0% ot o BB U ks FrokSR SRR (o5 ARy 4B4F 558 p efle Yo B

layer of OXfAbkygendsedvengee matyial, (3) no oppdifinity i mbf reeydled IFEK sirtiéethe
of OXBAR needed to supply necessary oxel gen 20 scavenging capacity) and

recycl e i sshemogeneeussiwalls Bee (in cenact withuthe dwtﬂed predueldi (4 rpotential excess

nat mor e 1836hnG7RF cDbRRTHRT e pRiselibRER, (D RECHERRSH staithy Ak cost

nultiple | adﬁécﬁweﬁ‘éﬁapt botﬁé’h ¥§é&9§éa9/§h_cﬁﬁ%é§ﬁéé!@ fo' reduirea sheff 1%, and (6) rapld
mul tilayer bottle walls far ou si ngl e advant age of

processiing lassaxfucawgenvmaveaghmmgmm&\@nn@l thel pseform stagaobeqzausnap blatant

Typi cal | t | e.wal | nyention h

construct | oA 8f rrasPARBRL H ety o oo SBHarT YeBlEnbel, i nyhile not
exterior of disB@sed in tﬂ@iéféﬂerﬂe%d appn¢éht§ %Vé%be%la't’ed BA tﬁelreweeﬁvéﬂéss o5 86t
i s the oxygen scavenger | ayer. Layer I's the inner | ayer and defi nes

the bottle mpngxngmm@tembyadm&rﬂa'ﬁ.ea mrddimlayaucnf GXBAR.i amyanemner layer of

b1 11ty 1o BERu IneePk ey thiek e G Qo maedhet & Supoly Betaprar owgen
g)e(%g'ne%de): n%%ag\%'gglrlgd;g%%ﬁatcy foaﬁ’é rebyRRs| is¥uéd dweaRf @fif e | H&E&nﬁ%u%ucﬁera‘?{
embodiment. _

The only significant disadvantage of using muitilayered bottie walls is that more
complex bottle making machinery is required to form the muitiple layers. The
advantages which accrue from the use of multilayer bottle walls far out weigh the

25 single advantage of simpler processing associated with a homogeneous single layer
bottle wall. Typically, bottle wall embodiments of this invention are three layer
constructions of Layers A-B-C. Layer A is the outer layer forming the exterior of the
bottle and is in contact with the outside air. Layer B is the oxygen scavenger layer.
Layer C is the inner layer and defines the bottle cavity. Among the advantages of

30 such a multilayered construction are (1) ability to use recycled PET in Layer A, (2)
ability to dilute (within limits) the scavenger layer, Layer B, with recycle or virgin PET

so as to easily and cost effectively adjust zero oxygen permeation capacity to the
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shel f |ifewadodrag2product, (3) isolation of the packaged (boPCT®S)7/1HTtduct
from t he oxygen scavenging | ayer via Layer C (Layer Cis normally
virgin PET), (4) i sol ation of the oxyg&n scavengi ng | ayer from oxygen
in air because of the presence . of outer Layer A and (5) retention of

et o AARAE el o B e GY8cD sk it bhine, oA b ot rom

envi si onedme dxygeH SScaenqiry llaper viaoLayer \@ (Lapér thGIstuma%ng{anﬁmhwe
A is PET, I's the scavenger |ayer(S) either neat or diluted and A .
al so PET, ng;amraof ther exygencscavengir@riayen from oxygen in air because of thegmegmce
DESCRI PTI ON

the prefer Pé&%@fa%ﬁ?éﬁneﬁtﬁpgﬂ" of 'egWét?It?s“gye?s ﬂ&s S‘ﬁﬁéﬁ %°tt|velse° t?“s
construgti ¥nbodiment of the ﬁ'vﬂntfu?n ﬁﬁ%ym?w dﬂgt? oY 6 oH FET 2R PETY$@0ments. Also

per meati on data ottles erent constructions.

Fig. 3 shownvisigvetpis tbemsbaofaﬁla)*ertbutﬂe wall. of2hattypd AVBIAUBIA whegeA is PET, B
perneation. rates t e, shel i fe. , - Fl.g..4 shows a graph
Bt oxygers His siaender favels) siner Besen dlited g isiaiss PET. Sspgoialy redycitd
Fig. 5 shoysgep graph with data which confirns the ability of the

copol yesters to consune head space oxygen even when used as the B
Layer in an AAB/A or A/B/C bottle wall construction. Fi g.
6 showstoa graph with data simlar to that of Flg 5 and further shows the
ability of oxygen scavengi BRIEBDH : THECDRAWINGSpace oxygen even

when 25 used as_the B Layer |n an B/A or | A/B/C bottl vval | construction.
Fig. 7 shows a dr@pf # @& Cmpsngecianal ciaw; phithe mﬁterr%r@&eeomqswgaﬁeaﬂon

scavengi ngJﬁﬁm%}ég&{ehwggc%ﬂeamﬁcavengl ng copol yesters when used m xed

with In an A/B/A or A/B/C bottle wall

constr uct | on Fi§. 2 shows a grajiT Af idealiREGCRygeh @erealidh dRFBREBORIes of three
EMBODI MVE For the purposes of this invention, it is useful to
defi ne @ubﬁ'ﬁ?ﬁ“&FPW@&t@“ﬁnd near zero oxygen pernmeation bottles.

L1 o233, 8 465 FEHABEbBBMESTFig, 2 W, B By 8eh Fhriealls
rates to bottle shelf life.
Fig. 4 shows a graph with oxygen permeation data for the bottles of Examples
1-6. _

20 Fig. 5 shows a graph with data which confirms the ability of the copolyesters to
consume head space oxygen even when used as the B Layer in an A/B/A or A/B/C
bottle wall construction.

Fig. 6 shows a graph with data similar to that of Fig. 5 and further shows the
ability of oxygen scavenging copolyesters to deplete head space.oxygen even when

25 used as the B Layer in an A/B/A or A/B/C bottle wall construction.

Fig. 7 shows a graph displaying data confirming the increase in oxygen
scavenging capacity of the oxygen scavenging copolyesters when used mixed with

diluent as the B Layer in an A/B/A or A/B/C bottle wall construction.

30 : F MB
For the purposes of this invention, it is useful to define substantially zero and
near zero oxygen permeation bottles. Substantially zero oxygen permeation bottles
are bottles which permit no reliably measurable ingress of oxygen into the bottle
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over the taWeR8/BKI f |ife of the b speci FFEH’%?’WA@
conditions. In the absence of a specified ambunt of oxygen perneation which
can be tolerated by the product, substagtially zero oxygen perneation
wll be defined as no nore than 1 ppm (in terns of weight of the
bottled progagty over AKEOeitgae st iife) dfnthie Dotllée prodiictturider specified 9storage
shelf life of the bottled product. In the absence of a speci fied target
shel f |ife, congiions.sticthe absencerefra specifiad gsauntiafaxygenpermestionwhish canche

S ne & 1 B G B S AR D1 s
the range Opmdsl thah 1 tplr%ﬁiﬂ t@?ﬁﬁ of%éght &f thb HOtAES Brédud {oﬁ&%éﬁ ﬁéhﬁéfation into

defined storage con specifie storage con | ons,” for
pur posess hetheoproduct fdeftheeiﬂrgei shelf dife mfetl'paelbmtﬂedes)roduct(f Ao nthé pbser}c{e ob a

Fetard 1he shentied BuBebRSE e Tratianal e for Bie Puipetps boBes willks flgnded to
less than  geftbs A BHod WiscAihe harahbe oAb tee%lss%td% #ileipdcticallph

target shel ot'tl ed product un er speci fi stora

condi ti ons. tHerangeaof albout Wméﬁsmy&mdomosﬁspehﬁcaﬂ)em thearamge efnalbcbutl 60 &
will be in the range of about 30 days .to ears and s§eC|f i ed tg
condi ti ons 38@ days. sAlse. é{%tﬁ%ﬁbﬁéﬂcﬁlﬂf\,@%%agmﬁﬁ fipgd; Pf%QGZEPBd@WQeﬂ’ec' ed

per neat i, Qn g%ger e S
t he contL').ls)naP ﬁ%%bg%ogg\'}'gp St for thé Nl vh%} othegzésd%drye?rjog%i %nggé{t h‘[b\sé?%%?és
order to ac(frevicabmuitid e tbaabowy 25<y0)3n Nasar ma\mawengo@méattdnebomed are bottles
capacities as _defined above. It has been found that the novel

scavengi ng WiRh [esafdcthedparmssi afi exygendntomther battie Gavitn 4p dexels gqual to or or I63s than

cont ai ner s e aniurRSHeshe o 1HH 5B, HBbatsh ek’ B s BroeCudlits ot e
of the invepbithd producelifdery éfedlﬁéd)bt‘d?é é Bendiiensf For fitaroerd BXPHER permeation
appar atus, and machl nery used in 25 r| cation processes for nultilayered

EOt t : es 15 ][1 hoplesc target elnelfrﬂlel will bevin the range of abqygtr:afbdayg %0 2eyeansaand specified
tt h
oL Bl SR, L SHE GBS AR BB E G pery o

TH‘D S t't.i itr‘\..) Dtx ﬂ .

| east %méa%mgomegayer) of the nmultilayer bottle. Another inventive
el enent invol ves npl e but el oguent t echni ques di scl osed for
adj usting the oxy@ean gewahgea@e 3this cdipelosure (NTIVQW@S nigu icembination oft Iseyeral

L e P! Ao PRSPl st SrEBSHIERES i oroer b hivESp B Having oxygen
20 scavenging qualities and capacities as defined above. It has been found that the
novel oxygen scavenging copolyester compositioﬁs can be readily adapted to
fabricate zero and near zero oxygen permeation multilayer bottles and containers
using commercially available process equipment. As such one of the inventive
elements involves the use of known equipment, apparatus, and machinery used in

25 fabricatioh processes for multilayered bottles in a process for making the oxygen
permeation resistant bottles of this invention. Another inventive element is related to

the use of'the oxygen scavenger copolyester compositions as a layer (or at least
comprising a layer) of the multilayer bottle. Another inventive element involves the
simple but eloquent techniques disclosed for adjusting the oxygen scavenging

30 capacity of the manufactured bottles to the planned application in the most cost

effective manner. Combinations of these inventive elements serve to define the
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PCT/ US97/ 16711 THIS SKEET HAS BE:"I 10 vari ous
enbodi ment wo98/12187 novel zero OXy geRE PETIERR! onjmul'tilayer pPETUSIT/HATEL | es
_of this invention. ' The—stze—{vottine) of. the substantially
zero and near zero oxygen permneation b tles of this invention will be
in the range of 0.03 liters to 4 liters. e smaller 5 volune bottles

of i nai vi adarols Brfhodidiess & e ¢%qu35%f¥§“¥ﬁﬂegﬁsﬁtﬁﬁ§%newg@ilaf R oipdipglés of

vol une bot tthigSnventidnvi ng a capacity of about 4 liters would be used, e.g.,
for bottling wines such as in t he doubl e nmagnum si ze. Bottles of in

bet ween si ze woulhe saea(yphme)i af ther substentially zerosant nearzets osygen perygation

The bot { | cGHeY b ¥ hBRIDE Wil b3 H1FE Fende hEb I e Bifkqu glitafe. THE smiatler
comest i Bl e RlaeBotiles Ravingtd tapadimrbflaBbsto b3 lﬁék‘stﬂébl? t?)é’hsé'& Se.y.!for BBitfing

oxygen. sensitive non-corrosive products capabl e el ng st
anbi ent t emfandividual cocktailaras preefrequestly asedbyeairlinese a‘aeelargerqulumbebottles

bottl f .thi t I t b i tabl f fol d
onven. oo iaYig, BARRGLE of Sh ﬁ@m@%bsﬁtﬁqﬁaeﬁof&éeg&l et andt g dn
tenper at ur apbaiible g rﬂ]rﬁ%:iéecgb?ﬁ‘%é bgott %@ﬁﬁzw&ﬁdqﬂé&r Pﬂﬁpﬁr@t% for %%é}f

t he oxygen scavengi ng capacity of the es In a ver

| n order and tmmermxsom:thecad)xygefe&risitwe tpredustouas mécmm elsewhergedni this

the bottles h| S nyent i mitsa1 be on the order of magnl t ude of

that us¥d |§P W@ﬁm o%"ep%ﬁy'é%‘ﬁgﬁ this yentier are{atended mainly fat storage iof
di tl t I

ypi cal |y BT EHE Arifuce e Wiities, Ueiago He AL foP Usel iAot Py fen

t hi s i nventsemsitilies nbnwrosl\fwbmcmuts aapablecod being stongdeat patbientt temperatures
t hernopl astic container for stor%?e of a conesti bl e product havin

vol ume i n t3f PERRAUIre. disoan exlrenia gaseqpd. e hetlies of thig inuentiost Woyldsnot be
t hi ckness ﬁxhtlasl‘:'lél‘}‘{%/rt}ﬁ?fag%ggfsﬁu@ &ygeﬁ ot éﬂlg]?eﬁéﬁse ﬁba 83‘9*“’]“#.3 §eﬁB§toraQe

bottl es of rther cofmrise

opti onaid y priessureoand ltexlmperamrsrangé i sut alsel becausertiguidl oxydgen woﬁvdomiéum all
t hi cker than he walls as a neans toQ provi de oxygen barrier properties

to the non-of sr@a/gsas%avq!namso?ﬂpawroétaﬁ@omﬁ&m@vew mrgtlmwquanlmagder
flrt her COTRY ba°efoRSAERIY AUSHD! hd UmBHhepf TRferl et g BBRES 6f this

bottle cap. nt rray' be I Ona a nono
constructi omvenﬂbmmyusilb@ohethe?ﬁrdeomﬂ maghltudé bf thatrusdthin bdawemidnsl polyester

means to-provide oxygen barrier properties t he non-1| ayered
segnent . botties. The gmaunt-of material is dlrectiy related to the total wall thlckness of the
PCT/ USQ% 16¢dthes and would typically be in the range of about 0.1 - 2 millimeters (4 - 80 mils).
Thus, in one preferred embodiment, this invention discloses a substantially zero
oxygen permeation the'rmoplastic container for storage of a comestible product having
a volume in the range of about 0.03 - 4 liters and a multilayered wall of total thickness
in the range of about 0.1 - 2 millimeters. The containers and bottles of this invention
25 may further comprise a base which may be optionally of a monolithic construction and
may also be optionally thicker than the walls as a means to provide oxygen barrier
properties to the non-layered base.' The containers and bottles of this invention may
further comprise a segment suitable for attachment of a sealing means or bottle cap.
This segment may be optionally of a monolithic construction and may also be
30 optionally thicker than the walls as a means to provide oxygen barrier properties to

the non-layered segment.

This Sheet Has Been Re[ila

[l IIIIII L




11 I n anot her preferred enbodi ment this invention discloses a
near zero O¥w¥G@RH-1.7 Perneation thernmoplastic bottle having apeqfigiiéne
product storage cavity, said bottl e conprising a base which defines the
bottom of the bottle cavity and a mul til ayered, generally cylindrical
side wall attached to the base and extendid§ away 5 fromthe base forning
the wall of the bottle cavity and providi ng necessary volunme to t he
bottle cavity, siiancthee piefeiredeempadiment &; mvenyondiseleses appear agraPxXygan

whor ei n an Peaton, fheondsstc b hatig B bEMeRBle Brofut°Hortad iy, pai
oxygen scavgager compftingt a0Basé "Which tkfines Hee Gutlomndf Xh@obygR! avity and a
segnents and an oxygen scavengi ntg. anount of polyolefin 10 oli gomer

nge }

segnents, amultilayeredngenerally sylindricairside walliattachednie heppase)andextending away
U ety e PR REBReral 2 156 bhncbay S5 PSR ndeAHE KB
enter thr Ouﬁ‘ﬁ Bdifle QQQH,%EWQde walf Ii@ﬂing’%@ asdd dé?i{\%oé}? UpEnit a%ﬁggal?%gf the

rate about the sane as the rate at oxygen from a

scavengi ng bottiercavity sujtabledfoe attachment af laybattieapt whéfein anyineer dayerwofthe side
under (a), (b) and (c).arge I ntained at | east at an ox depl etion,
ovel | ohui Walh RocolT RSt Tt (CRPSSIR, GIGRB SCAVERIYH erMylatigar RrRTsing
st orage Lt ] a r | |
hventi on dPSSERinaRtly poljester seqmefis>ARA WY oRjGor scaieRERG AR of Halyolefin
scavengimg bligdrher segments, and wheseinpsaid fbotile), after fillihg)arid capping Hasr safficient

| ayer of resin using multilayered bottle nmaki ng appar at us, " (1)
form ng a sG¥YIRN FEIEGNIRG F@Q?ﬁ“ﬂs(?héon‘iﬂﬂﬁuﬂéﬁ/@%ﬁdﬁﬁht? @Wﬂﬁ"ﬂ@"@ﬂb&"ﬂ%tﬁ%ﬂe
(o o on™ B4, (3,88 ke ind BEHRULORERAAICh B HhBe Pt Bt

third | ayer spehingeand (c)te censumeshadierbatdliratd apoutthdshtlecassthegate at which
mul til ayered bottl e nmaki ng appar at us; wherein sai d apparatus has

meaps (A }exssq;qsgfrsmayr prasbessther Sf@\éﬁﬁgividnner laygr: whespin thasinearlyneeropipte
| east ofe oPHYUF cBRbIBOR rbhrotar TBE snliricl carel MR at teast BEIAH Bxfen

scavenger r gepletio® 1evel rbquifed-RITA iadgebattied prodadtidhelfiife ipdiesa Spetifisd sStordge

an 30 oxygen scavengi ng anmount of polyolefin oligomer segnents.
The preferreenditi®®di ments are directed not only to packaging articles, but

al so processes fpr aﬁ&lﬁ%%gﬁﬂ %ﬁ&&ﬁnenﬁ%oﬁ\%hﬁgﬁ distihdsCs prB&d Lot Rfaking

articles, and
PCT/ US97/ 164 ¥Aultilayered oxygen scavenging bottle comprising the steps of:

20 (i) forming a first layer of resin using multilayered bottle making apparatus,
(i) forming a second layer of resin using multilayered bottle making apparatus,
(iii) forming a third layer of resin using multilayered bottle making apparatus,
and
(iv) transforming said first, second, and third layers of resin into a finished
25 multiléyered bottle using multilayered bottle making apparatus;
wherein said apparatus has means (A) to separately process at least two
different resins and (B) to form a layered bottle having at least three layers, and
wherein at least one of the layers of the bottle comprises a copolyester oxygen
scavenger resin formulation comprising predominantly polyester segments and an
30 oxygen scavenging amount of polyolefin oligomer segments.
The preferred embodiments are directed not only to packaging articles, but
also processes for making the articles, compositions used for making the articles, and



12 met hods of cost effectg
the articles. As such, it
speci fi catWomssfgB7sequential |l y (Rﬁ&.hﬁﬁﬁ i nvehtive el emeRGX/Y§9/16HA
mul til ayered bottle nmaki ng prot® gnconpassed by this invention,
(1) the copol yester oxygen scavenger comppsitions 5 enconpassed for use
in at | east one of the bottle Iayers and (I11) techni ques and vari ous

of the bt T HRs Binst SHRANAY AdfuSiHe Bridth SeneIny Bapact Gt ElaRblek,

BOTTLE NAKSUER, B Wmmmaﬁsr the purposes of rthtsl bpecifitatiors sto ééquérﬂih&y
conprising the copol yester oxygen scavenger 10 ositions will be an
i nner | ayedisglpse hdnyntivee . elements; (1} the o@wlﬁlaﬁﬁfﬁ nbpttleayBraking processes

ayer i centorbssathy i ihyefiirl G the cBpfester Ao BR eavalifer bapBBLiEns
not a |syegnodhpdsseel forasse fheab@éééteone of Qﬁé'ﬂdttlé*'l'é&erés aﬁuqlm) tdchnfquid! afd

| ayer in contact with the bottle contents. In nost nmbodi ments of this
i nventi on, variuuseembpdmemslfbr mqueﬁm\qmdallylsd;ustmg the ‘dxggemscavuhgmgabdny

bl ow ITD|dI ? try n.refers tg a technique to nmake a bl ow
mol ded pr o E?ybé\&"t%{ 'ﬂﬂ?@?n%ﬁ’@p ¢AtiMers and i ntroducing the hot
molten res'qﬂmm&ﬂﬁvékw%ﬁmmmm@tﬂwm RTARDIWEIHGHEE. L he

die. I.n the si est terns onl'y neceSsary to attach auxrliary

extruders and tlmealtuiﬁstémesr thiee layera comprisingn tieat copulyedtepvoxygedi B6avenger
machi ne. Co-extr.uysion mat eri al sté%em ns 20 presents few if

anly,OI pT%BI%Pommw?LP@@n&f YRIrof therka SI fFog 4hi rd}%wweuanumeml@ver is
el uda (gEtedid b difinbler fayer Srafe ote Wal, RildoRer ERBE Hof R SVetuRED s

nol dabi | i t diredt)inicomtddti witieair. Also, aflimsérdayesr saitdtiayer Wiidh dafivesSthe Bottle
poor  fusion at the pinch-off sections due to different nelting

t enper at ur edtydaad.f asrsush, ihisonstiac layet Harcantast with dbeobottinecontentsn 5 most

resins, angmsgh"ggﬁtgrgéqﬁiy'and_ﬂ =3 Qﬂegl'%%%qﬂhg?%y%@efforces bet ween t he

| ayers after uring c i11ing of bottles.

O thesg, the gn'hat@mu nmlmb}reﬂblow molding by deeextnaidie sefers 1204 teshnigieto make
| ayers. i cal formulation used as a |ayer in oxy

scavengi ng2Rlew .m@w@qﬁ @(HOMthYe'ésmg two s peresexruders @@dyetm@uclagﬂm het meltes

wei ght % P t | ybut D

segnont o RIS PYE Ao 3 NG ol if s Bievor SuEging e 51€°n s st o

PET di | uent, isasonfy rneifélseawaxsr attdcR Bakiliarg WatrldésPiardl ke multuéfé?dwsheda

between two | ayers of PET. The PET resin _and the PET/ PBD copol yne

WO 98/ 1212%onventional blow moldlng machine. Co-extrusion of the samponatgw$ Aessins)

13 20 presents few, if any, problems. However, there are many difficulties invoived in bottle
molding by co-extrusion of different resins. Some of these difficulties include (1)

thermal decomposition of the less stable resins, (2) poor moldability, (3) insufficient

kgl gen scavengi ng capacity of
for the purposes of this

adhesion strength between layers, (4) poor fusion at the pinch-off sections due to
different melting temperature and different rheological characteristics of the molten
25 resins, and (5) delamination due to different shrinkage forces between the layers after
molding and during cooling after hot filling of bottles. Of these, the greatest problem

is the poor adhesion between the layers.
A typical formulation used as a layer in oxygen scavenging multilayered bottles
comprises a copolyester comprising about 96 weight % PET segments and about 4
30 weight % polybutadiene (PBD) oligomer segments. This typical formulation is co-
extruded, optionally with PET diluent, as a middle layer in a bottle wall typically

sandwiched between two layers of PET. The PET resin and the PET/PBD copolymer
This Sheet Has Been Replaced -
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resin are virtually identical excep TI:IFS’ StIB@I'?I I pqgrcent age of PBD
segnents. ch they al so have Ver V55N Lar Ep‘l’ berties f
%o agnz i | Pepit $ JPLope! PEFUSENGTR

t he probl ens n above for cotextrl o) mlar resins are not
present when PET and PET/ PBD copol yner are co-extruded for production
of multilayered bottles. Accordingly, procdd8ses and 5 equi pnent | acking
sone or many of the special features described in the enbodi nents whi ch

fol | ow are resin arg efiltuallyuidenﬁcalnexctentafyoerthdamallepprcmuag'éa:lzi &Bﬁnse?meﬁtse Hs
the | ' I 1 ngi n ornul.ati on this

nvent i on. SYOTL{EYAISS haye YelSinties provkites ABA Ry of the prabiemanated abeve for
bottles of co-extrtisieni sP\idiniBr ¢86Iné HFE ik st wher PHT §h&tFﬂEﬁPéﬁg;;]o%tBF¥emer

nul tilayered bottle nmaking 10 equipment already in place even thou
process of amkcorgxtruded dor paoductiarapt multilayered bettlesopAteerdingly, processes and

' . I b I Ki ' ] h | es .
Sophi St ot SRHIPNE] SR ySOMe( o mEn | Gedheosborie) Eapires: dleschped aintoe
l KIG \Sme . &f nnaity sherig) e _
orof orrs. B30 PPaelE RN R aiesGEHR To Bg MindlieRr Hotle HEebRIcA Ginen

pr ef or s, cmmrdfs&aglayemsohmﬁsespare%mlﬂfstei bkfﬁgéﬂ: ®ravenging forhiudatdi of this
resins for making | ayered bojtles or bottle preforns operatin at
About the SENENIRIL; OF GaHseR oloh AEOUGFIRTL TUnS, cBATHIacte of Sb6 mulgiavered Botties of

T, S5 EPLTER S ot o

25 10 Eeduigmenttalready in dldde bvee rtmuhfptwprde:éeé of mAaking mﬂéglhavﬁ»gdayérs
sequentially I njected) Bl ow Ml ded Bottles |Including Use o
Bott| e Pr.ef®f RET/copolyester sgavengesHETE aemiamensbie to hetite making @quipmest much

di scl osed | - 4 0 C et al.gJ. A Dpri f eat ure of
t he Schad e@sg%gggﬁﬁgﬁeﬁr é 1’?‘ ic ’Mﬁ‘d&eﬁmgﬁﬁﬁﬂﬁ f sepgrqt.%ﬁﬁr@!pe & fgntrol
for each resf thef resig daring Jhjection melding bhBoftlstasd tottle pFéfbfthd] NBéttle making
and controlled independently at the tenperature which is optinmum for
processi ng e@dipment, including ‘production of bottle preforms, comprising means for separate
15  injection of two different resins for making layered bottles or bottle preforms operating
at about the same resin temperature for both resins comprises a general embodiment
of this invention provided one of the resins is a copolyester scavenging resin
formulation of this invention. The foliowing 13 US patents are hereby incorporated by

reference in their entirety: -

20 US 4,717,324 (Schad et al.) US 5,141,695 (Nakamura)
US 4,710,118 (Krishnakumar et al.) US 4,990,301 (Krishnakumar et al.)
US 5,028,226 (De’ath et al.) US 4,957,682 (Kobayashi et al.)
US 5,232,710 (Miyazawa et al.) US 4,107,362 (Valyi)
US 5,520,877 (Collette et al.) US 5,474,735 (Krishnakumar et al.)
25 US 5,533,881 (Collette et al.) . US 5,032,341 (Krishnakumar et al.)

US 4,979,631 (Krishnakumar et al.)
Embodiment 1-A. Multilayered Co-extruded (resins co-injected or sequentially
injected) Blow Molded Bottles Including Use of Bottle Preforms
A process showing simultaneous injection is disclosed in US Patent 4,717,324
30 (Schad et al.). A prime feature of the Schad et al. patent is to provide individual hot
runner systems for each resin, from the resin source to the mold cavity, maintained
and controlled independently at the temperature which is optimum for processing the
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sel ected reg T urther feature is to provide a nozzle st r%T’UF@"éB“

constructed and arranged as to provide channels individual to each
resin wth individual heating means fgr maintaining each channel at a
~ tenperature which is nost satisfactory for the resin progressing

th h t
e, R, A S ST 2 0 e kol consmd

plurality grfanged @&sl to Ipayvide cchaminiets aadmdual ttaneacts | nesin Withs individua! heating
especially suited to_ the production of three and five |la

pr ef ?)r s JORRRS femmainiaining 59@? chpnpel Et/g.qemperlatqmwhtggdg\mé@pg %ﬁ“iﬂ%‘élrfm’
PET
oxygen scaveraen PlobrpiE i ERonig e Al GuRsePls g ogRt piFal How

sequenty al caitied WHichadTe Wiraultanesushp filled adthseadotypedftrebinyproddcingt a b!urallty of
di sclosed in US Patent 5,141,695 (Yoshinori Nakamura). The Nakanuya patent

descri bes mubitayerednadicles wimultaneausly) ayEhis hBistaes disyrespecially shited o tbe

The pr of or oduEtisn of Ws e, IV 14beR S ArE1ehnE, el T IRy SHaT Bf A VOH

mol di ng or 51 dy@@aﬂﬁv&‘hé@b&w&n ﬁé'r |H§§@mrer imﬁmeman appndmsvlaseha r of
suitable for formng the layers in bottle I nclud ing PET with

EVOH. Forcmmlpestewmgmcwppgecm@ Qfs@l’ lnaaddltsorbto layers eblB¥OFbst er oxygen
u of or |n addi t

scavenger in |i on to | ayers t

Anot he? exanpl eﬁoﬁe% uenial of & Wu*?ﬂeé%!ﬁ dW% e@gc?% gﬁBr'ﬁg{tﬁI%rﬁq botties is
mul ti | ayer gdclosed 1F\0U§ Pdest SI1H,695 hﬁr’iﬁd NakakurBRt €The 4NZR&mbASD patent
(Kri shnakumar et a he 20 ' Krishnakumar patent enconpasses production

of five | agescribest pmduchanfmfrﬁm iand dour layer fbhaottorheg epreforms asingeupr teas three

Care Snd SFEeRITt REIng BET! 5 Sindle R0 Sving e Tiutbisages. ;Tnd brefdims e
recycl Ed aggh&s lfe?ﬁgaf'ngﬁ iRQS hblIGW . Ao tamRrE by Eﬂ&ﬁl ﬁ\éléb‘@r ér dientionBiolding.

EVCH a y much thinner than would be found in
constr ust i Nakahmva Higts manyaresing) whicls are ssuitablef farforminghdhe dayersiin Ilt\gy@lpyn

Bvor ho. ReveninRuRs’ BET,MIDARGHTS) ER7 dn, imeentiof vapbicants” (g, 166G &F
and val ve %)Sé&@@gt[e?fo&ggﬁ gﬁa% eﬁ%bfﬁ?w{mﬁ?&b}@ﬂ% éraJvﬁfht PETand

al so e C pply mani d tenperature.” For th

i nventi on, appl Anottier emnple of a sequentiadinjectipr pracess fw@:gmatngua:fm@htayewd |
lieu of or in addition to

|
preferred MW?fPffﬁﬁeﬂseﬁ'sE@FFpg ) ?‘Eﬁ‘h%ﬁ%&% KrishoRkymg" SP5h). e
C°p°' &3t elkrlshhakamar pateMCETSSp AR prdtici6R VSINile taye? BHIES hvid forvation' 6f

five layer bottle preforms having layers comprising resins A-B-C-B-A. Layers Aand C
may be the same and are normally PET. In some embodiments, Layer C may be
recycled and/or reclaimed bottling polyester. The B layers are normally EVOH and
are normally much thinner than would be found in constructions having only a single
25 layer of EVOH. The two thin layers of EVOH have better barrier properties than a
single thicker layer of EVOH. The Krishnakumar et al. patent also discloses novel
manifold and valve systems affording separate control for each layer injected and also
separate control of supply manifold temperature. For this invention, applicants use
layers of coﬁolyesfer oxygen scavenger in lieu of or in addition to EVOH layers with

30 PET.
Especially preferred for multiléyered bottles comprising oxygen scavenging

copolyester layers are processes where the scavenging copolyester layer is not



PCT/ US97/ 167 THIS SHEET HAS BEEN
centered i nv%‘%gsl}}dﬁ l e wal | betwden tvv@Eghﬁl&EDt hi c

Jl>'2“'."1'/us97/1 1

WD 98/ 12127
Jness PET | ayers.

wal | s of these bottles and bottle preforns nay be designated as
conprising resin |ayers Al-B- A2. LayertSAl is PET or another bottling
pol yester and is the layer which forns the outside skin of the bottle.

Layer & potgmisred 'mﬂlyeﬂmﬂle wealhbetweesr itwp equs! dhickdess PET lauersurfébear:allshef
PET t her . bottli t d i

Payer wni cntie les Apdigtie Breflme pray by desigrated R ¥ERATIsyi fesis 12yets A1-B-

scayenger  RenLajer/al is FETP ofr*arsatn%ssoﬂﬁnﬁaybwrar{al.swﬂé layer Whidt forhi e

of 2 to 10 tines e thickness ayer A2. This typé of structure
af fords t heootsjdg ;kmtefrtra:hoﬁiegeLayeyM polyestegmmy bppdrginnracycle; reclaireed, or

unwant ed oxygen in the bottle c nce, t en has to traverse
only theb vgwxmfﬁﬁwo mrgysﬂmsz & ﬁ@rbes%ﬁ@i%wrlb%fy'@g f%ﬂlﬁsée\; )f/md is the
i s consune i

traver et nipver WA BpinedMKCESIBAATHD, T <t Bl e bondifectBl Shgtier: Benerally
layer and i shecthickness of PET lafer AWl be in thechamgeRiFaboay @ tot ‘tﬂ\bméstthe thlckness

out si de of the bottl es hel ps prevent ingress of oxygen to the .
scavenger | 8% I’ﬁéﬁ%b@fzexﬁ@ﬁdyﬁg th%t"\‘ééf% Pffpquem%ﬁoﬂgl?feﬁ% spgvenger layer a

Patent 55839@”3’8@“ tf, Berile LAwaRTES OB e Hote cavt 3fjca tie bRvddn
di scl osqg thas lié‘@ra%rse onlyEHEH pstﬁthPEIFGIé?éHRE tenéacH theesedw Hayer where it
sandwi ched between | ayers of PE Al so disclosed in the '301 patent is

the use of mcomstpne@agéomm&elw oxygen fomair autpide\of the bottlanbas de raverse the

20 sopar ot BRI RER SO0 A B h bt B sFeIREF 167 ehS iy BShBbnBe

pref orm mol ds such theSthicker PET myeerto\lvamn‘e aindideveHnebétiles MeRisSpievent ingress
di scl osed. For this invention, applicants use |ayers of scavengin

g
copol yest er of roXygen &3 e spavengeri layerotherepy extendingethe vwaqﬁulpﬁfetlme of the

| di
25 ' GaciiSpr SGRURIEST  HOCR s s Botles ptetaEn sonstiiby i Plepleafiin e, hint
mat erials aj 99, 301 gkﬁ&ﬁﬁ&&@hé’r &f 858 UTﬁers%nEkHﬁﬁi‘ "30’1 Eﬁtéﬁﬂd‘é&@éés tife use of
di sclosed in SPat nt 5, 028. 226 (De ) . the De'ath et al.

patent, eac rEVlehlayers ﬁqeptareécanq/oﬁmentﬁmdt) caandmcehad petween layers of PET. Also
associ at ed noz d. s nt r ol sol el t t

o chour © SRchaselB e A0 bt & 138158 okihasAde fPRA S Hef By supply
nozzle. Thi snd4rdRTSeparatdly s@blﬁﬁ'@‘?ﬂﬁén%nt‘?eélﬁs ?&Wnbﬁlérp%s'sagébwrﬁér?béfrﬁits

but typically there are five l'ayerS and only two or three resins.
t hi s i neent iseparate@rid: simdtanesus inectioncofindifferarttiresing-iBtcCthe bottle prefowm mold
98/ 12127 S97/ 16711

Use of PET outer layers and EVOH inner layers is disclosed. IgT/t is invention,

applicants use layers of scavenging copolyester in lieu of or in addition to EVOH
layers with PET.

An injection molding apparatus which includes similar co-injection modules

25 each provided with common supplies and supplied with different resin materials at

intermediate pressure by a plurality of extruders is disclosed in US Patént 5,028,226

(De’ath et al.). In the De’ath et al. patent, each resin is injected by an injector directly

into the associated nozzle and is controlled solely by injector operation, and without

the use of any control valve between the injector and the nozzle. This process can

30 accommodate up to seven layers in the preform but typically there are five layers and

only two or three resins. For this invention, applicants use a layer construction A-B-C-
[ —
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16 B-A where A and C are PET layers and at |east one of the B layers

is conprised of an oxygen scavengi ng copol yester conposition.

An injecti wo8®AAdTg process where the multilayered bottle p?ﬁ’d’rs?m‘glhel d
in the vertical position during manufacture is disclosed in US Patent
4,957,682 5 (Kobayashi et al.). The Kobaygshi patent discloses the
production of three |ayered containers and preforns, i.e., a bottle
wal | havi ng,_ wrﬁ ﬁ’%@s afe BEY 1giéfsoarrnaElchst one of iies Btihgers'is cohiprisedafan
sequenti al ays between injections of resin are discl osed. In a

process tym(ygén séa\ldnglrbg)bepdyestepeomwsnm)'\ outer resin layer Ais

) eoted, and (& wiectiondmoRling sfocRAs.yhets 1o raiitiayetc. BoRE e is Belbiny
I f A t

T 5 T sl s 1 uS gy
| ayers) san(iKEb(éﬁs(rBeltfar §r )The-Kobaigashii patent dmlowpmecmmducm of hrees layered

EVOI | ayer somanerscan protofBbete Ay boUmIAL PAYnaHavry Ay AkSY dterdios &
ol di ng hothRtRarieRlts pfR/Fdifertal sh dRIRsdReen BieHof BPrebifTare tistloted

i nj ecting anpl prosess pical of tHe Kbbé%smtpaltéﬁtl(n)SomerfreslmlayenAis irqgc&eec(Z) after
product is disclosed in US Patent 5,232,710 awa_et _al The hot

runner nol i delayraf sptodhreea segands, Hiddis: layemnBds tme@tefésand (3) afiera W?fgd y

runner for ond ctin S (o

hot runtfer Eosog? gegsﬁg‘k{?% %)%ed"raatoﬁyépano 'Eerj%{%lfqzﬂ WF hﬁ%?ﬁ?ﬁ%@f’o&m
| ayers dé\b%l Bkﬁﬁhé&eﬁﬂmved RpifotrAik of tiie Biayeh! Thiesesinsadistiosed ana @ET (A
bl ock has a separate - enperature control so as to nmaintain each_resin

at the optilsyenssprande EOH (B layetrbrrp%watmssenqutmrhaanghcaﬁ%ésqea!ﬂe@domxvg%%

d f PET- EVOH PE
ise | ayer s SEVERGUEHCARENERG! Ay 'RvetdP JHdpD;of m%%ﬂ'@ﬁwéé@o VG 1R WA
to EVOH | aygér%ﬁﬁlli BormpfisingtRE A layers. Enbodi nent | -
Over nol di ngf Lam nation Process for Preparation

Mul lt. | aysarethotAI process| faotmalgngrmslttﬂmered bottie prefomﬂ)mySnéQMﬂm a multi-ply
SOb1 i cat i onmatied Bt Rubte ol Residi®y o AbIARy of RBghe Badies for BT pRifity

PET- EVOH PESf diffelerit r?QﬂsttStfbifrﬁ‘ apﬁﬂfltﬂ rellroduéte diEdiosed &1 USs Pwmrs 282,740
post consuner (rec e inner PET |layer which defines the

bottl e cavi (Miyazawasst al) The uomrmewmld comphises |2 plusality Afshetsrupnegibipcks

EETI-/ Ugg‘;, Eg%'grl\ ERé\vnng a runner %rt tt:c?rqductmg each %:386902&%7 corres&c}ndmg resin body.

20 The hot runner blocks are stacked one above another with a thermal insulation layers
situated between the stacked runner blocks. £ach hot runner block has a separate
temperature cbntrot so as to maintain each resin at the optimum processing
temperature. Typically three layered bottles are made of PET-EVOH-PET resin
layers. For this invention, applicants use layers of oxygen scavenging copolyester in

25 lieu of or in addition to EVOH layers with PET layers.

Embodiment I-B. Overmolding/Lamination Process for Preparation of
Multilayered Bottles and Bottie Preforms
Published PCT application having International Publication Number WO
95/00325 and publication date of January 5, 1995 typically discloses a three layer

30 PET-EVOH-PET bottie and bottle preform. The outer PET layer is comprised of post
consumer (recycled) PET. The inner PET layer which defines the bottle cavity and is
in contact with the bottle contents is virgin PET. The EVOH layer may be omitted



when there is no need for oxygen barrier properties to be inparted to the

mul tilayer ainer. An annular flange in the virgin PETp&pyi887/16511
formed by t‘ﬁ(e”sné t7at t he end of the preformwhich receives the bottle

closure device (i.e., the open end of the . preform. The flange extends
out far enough such that the closure lineritontacts only 5 virgin PET while
the cl osure -threads are matched onto threads forned of the recycl ed

PET | ayer. wian thereris wior géed FeiTokygen batrersproperties! thetie dmpartedetoothieemultilayer

el Toningh i P, COHGR P B RS S e o 1

PET | ayers. tat u 22 P32 LS

Decenber 6,°f1t£5‘ 1prf6°mhi sC oggéééggsrlg\% %ﬂg\% an%?@-éﬁ]jaggﬁ%a&r?é'r%PBhgtéﬁgioﬁEge
conpri si ng prefoirh). Jierfignge extends oiut fart enougihsudh thatahé eidsure sinar boatact’ only
PET and heat-resistant resin with higgaEﬁ heat-di stortion tenperature. The

dr aw bl §w MgieBETonbilg the closuredtiyrea matched apta threads farmeskef the necysled

i nat o st iayer” ofke indi iR PEF Taydt 306 5 bldbd, quef HE8H Bbudle PET
di storti on lagermeFor this irvention;L8pplicantEnskeciagdisy of bhﬁg&pdﬁa@éﬁbig??@pb%biéﬂ%

an oxygen barrier: resin |layer, such as EVOH in the lamn
st ruct ur e. lieHeofips da additionte E\VQHHayewsswith PET laygrs.an aromati ¢ pol yester

2ppl i oati ons as Jbaesy Jrabft Sfbaldent 1P 3275341 RiblFRedon Hacsmiberhato9!
mul ti | aper efisdieddd ASdratv Bldwrimalded: c&%iﬁe‘?iflé,r ihﬁv?@f?mkgneonﬁﬁﬁgipgaat%ﬁ@@te

| ayers of oxygen scavengi ng copol yester in lieu or In a ion to

| ayers wi t Feonstructigmm which @iscrieatusgsasbase of PET and\ heat-résistant adsipl withihigh
contai ner wth jinprove S rri roperiies usi,ng an., . active ox n
scavelnger ( “é"éi% n %/n%%raglﬁ'er egfl??oidgg ié@%&ﬂdf‘-ﬁ eRtaIneL s ﬁEIHB@?e‘y%?a
4,107, 362. rh&®! ¥ shouldery B)bodySe 8'bdtdmh.! FHe fody R faueest FbETPVﬁ'Lé;B{ﬂérHQS

25 technol ogy as opposed to co- or sequential injection to formt ayers
in the bottdomposed of adaminatepstadcture of REEamnd aVkedtaesistantf resimsiavingaa eheat

pl aced arou .core contai ned .t hi n_a .mol ich is subsequent

ex pande‘g i ﬁ%"%‘%h@?ﬂéﬁ&”'sya%?% mwai‘*ﬁg. P referaq(gy-,mgl'q pody @’Pﬂbil?%ﬁa'yél‘}éﬁsan
pressure I The ' s

mul il aye%ﬂgﬁggts%agoﬂﬁ?@i lafer! Qg 85 VO, ROt Tatningtd a%é‘#céuﬁaende%g tisat
enbodi ment gesistantiresinoise @.gvhan rarehwatict pelygster asuchnas IRENNNThe | drjrde comstainer|is

i oral - ispeRa: usshu” dors BRF A ErBimin, geuhen distoivmneen Ponagdiing of

I%?:%- Uisgﬁ‘%%?bﬁﬁé(ﬁaltrﬂuﬁﬁfye?é&‘sﬁétﬁes is eliminatdd. 9% dr2did inventio,, applicants use

20 layers of oxygen scavenging copolyester in fieu of or in addition to EVOH layers with
PET and/or PEN layers. | |
A multilayered plasﬂb container with improved gas barrier properties using an
active oxygen scavenger (or getter layer) of resin is disclosed in US Patent Number
4,107,362. (Emery l. Valyi). Some of the layers are formed by overmolding
25 technology as opposed to co- or sequential injection to form the layers in the bottle or
bottle preform. Instead, two layers of plastic are placed around a core contained
within a mold which is subsequently expanded into a container by blow molding.
Finally, a third layer is pressure molded around the two layer sleeve. The result is a
seamless multilayered plastic container. The container has three layers and
30 embodiments are disclosed which show the getter in the inner layer as well as
embodiments which show the getter in the middle layer. The getter material, which is

capable of combining with the unwanted permeating gas, is an additive to the plastic



| ayer in which it resides. For thi.g
oxygen scavengi ng copol yester

lnventlon appki:cants use | ayers of
hs_»mdd,lfek: r in a three |aye
enbodi ment Wh98/12827 of or in add l| on to. the n%- ol yeste?cyy§%'d?/‘m‘ddl e
getter containing |ayer. Enbody G S ol a4aT4 Bottl e Processes 5

A met hod for making bottles havi ng hi ghly fgrystal line bottle walls with a
sparsely crystalline bottle base is disclosed in US Patent 5,520, 877
(Collette gpiyerl which i tA?ééi’c? NFok OtHid Eindertfdr) S BpBlicdrite G<d |18y @F Skygen
bottles are partr? cul ar | se égf as a ref |rf)| agﬁe cont ai ner9wh| ch cik;lyr“i'J
wi t hst and Iscgiranglngnepolyenmmsttbepnwm layer imal three !aysarrerhbommetﬂmbelu of avior

carryover. Al so, ordln to the di cI_ ure, the bqttles of the
Col 1 St e -aagion{PARaINas-ReSIEr DaRef fIE 9etiss SONEEINNGIRYSThe bot (1 ¢ i s

formed of ' GRS RET froma preformwherein a

si dewal | fm@% lrﬁ?ﬁ{vﬁa lé%c?%sre; is initially expanded, heated -~
to conteact and A miethadl lfdremaimbtﬂmttlesehavmg hxghwantysthllmé' lhbmasaallsorwitm@
portion of the preformls shi el ded fromthe at ment

D ndad" i SPRESS Sataling hoNe bashds URIOsaLH uaangqrgps 530577 e et al).

Single |y ACBraReo%tHe UERRTRE. el ol & &L darbes S8 MEIaRT bk s

PET/ scavengegfilldd® otorftaing/ Whith can wathstandArmgﬁ@rr caueﬁ@aﬁaéwrteﬁf & arif
hot fill plastic bottles is disclosed in Patent 5,474,735

( Kri shnakurexhibits reduped fraver eanrgoverk /Alae, accoadmg to3be @gc&mure the botties of the

a rret ho rat us_for for S nt a| h nced

oo “ Ho B Bre Blsck SRt el oansfindfons L Dfe e RohRel oY SPBle
armr phOUS aagker comptiséd gTapPETt fr@l"rﬁﬁobféfbr‘i'n tvh%rém Q%Héﬂawrfbﬁﬁhgt $édtion of the
t enperature Ttange |s expanded ul se process one or nore
times to fqrafom iist ipitiabyi axpam!ed.c IhGatan itor contractf andl crystallizespandi therstrep
to the full contai,ner,.,di

|
relatively PGNded; oi The n'?ﬁi‘}g n‘??‘ggf‘ ﬁ% k’ggwrﬁ%t? %@@?éeﬁ%cﬂ@am%ﬂ
sites, 25 tf‘égtm%r@’lsd@iﬂ)ﬁd&" eltAef Bkfreidiea hﬁé@t ﬁébmrﬂtét@ﬁ P&this

t he f| nal expansion step Is conducted at a low strain rate to

mnimze t hevemhmphbeushoblreﬂhcapamm febture enly isi exploited and dhe single laywes of PET
hi gher thernal def or nat

er at re.an ced therm ri nkage
ond s par P CEPERPY BYEpiTER AT costueiSh /e PEMcRvehas SReasieUP Rl
bl ow mol d Rﬁ&hﬁ" gdrecéé@%t‘/ p?&d\?étfbh“éf ot Ffﬂloqflbgf?@ boitthed @'d’i&l@sed in US
nmet eri ng chanber and Iston, for alternative ppl yi ng the high and
| ow strain Paﬁeah&ﬂl?dfna@iKnsbmakUmsr et al).i n¥hat Knahnalap'pﬂm &hnals "735epatent

bot 1 vial | USPREPSAITEINGE 2nd,pPaazly @Yfgﬁﬂﬁéﬁp%ﬁ??389%%%’55 driappds
98/ 121 6
g o level gf cystalingy for mpraved thermal siehilt 3, 1y0siantey Ao o

i n US Pat entranspareft |‘5£éfoﬂﬁln mé)Inhdecmaebnahta)lonTempémtua tanget iscgéxpanged by a

patent di scl osesb process and
pulse blow process one or more times to form an intermediate article, prior to a final

expansion step to the full container dimensions. The pulseblow step is conducted at
a relatively high strain rate to maximize the formation of crystal nucleation sites,
25  followed by deflation to relax the amorphous orientation, and the final expansion step
is conducted at a low strain rate to minimize the amorphous orientation. The resulting
container has a higher thermal deformation temperature and reduced thermal
shrinkage and is particularly adapted for use as a hot fill beverage container. A blow
mold and fluid supply apparatus is provided, including a metering chamber and
30 piston, for alternatively supplying the high and low strain rate inflations. For this
invention, applicants use a three layer construction of PET/scavenger

copolyester/PET for the bottle walls instead of a single polyester layer bottle wall.
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apparatus for making a bl ow nol ded container froma strain-hardenabl e

pol yner . wo 9Bne1zzont ai ner has deep recesses for secure "posPOmisy?#/16711
attachnent of a handle. The 5 <container is forned in a nodified blow nold
havi ng retractabl e bl ades. The bl ades are _,: partially extended for blow
nol di ng partial recesses, and then further "extended for mechani cal |y

Forming e, dectn IABfich, 6 BR55unol 1or TRERI S Rbld 78 RSHARATP,US Patent
material dug,588,881 (Cdilette’ eoaldy. nTheaGdliéthe et I@Ps’fsg‘ln%:é’tenﬁtdis%ﬁéﬁ&‘h [¥ockS€ and

handl e provides a reduced cycle 10 tinme and |ower |evel of defec
conpar ed t BRA&sAKSolRT makingoRdblovkmalded wantaiger from cn)estzalm-dnasdenébje pdiymer.

PET! copot y SOTEPOHBRAE A odke HiciBsef 151 a6iHe “Ref wolthAttaghrasnt ot higndle. The
pol yest & | curdiner is foRfAkH!ig aWRblified blow mold haViRg ?él‘?écgaﬂl;gall;ﬂgg?& gﬂtae;‘ Eiagfﬁfe.eare

and/or five |ayer bottleT&eform Is disclosed in"US 1
( Kri shnakurpartially extepded hlowsmeldingpartial tecesses,1apdithen further dixtendest for

01 RUAETRTRE T B a5, e SR e pecn
wherei 5 QEICORESHE MECACATIES imiiosef by Sa ihdRirid SEILER riela) duging
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of ¢ L'eaLrﬁBo‘fé%a*'&’g' e, WS Crilonndh, SebfiEdnis® ude  J0hEd el clhatrliick s

quantity ofPE‘Weopa&EstemseaVemger/PETrfat the bottietwalls insteiddeof Binghs pblyesteriayer
i nj ect ed mrahﬂerl al for the followng preformin the 25 sane preform

i njection tty The bottle preformis an A-B-A three |ayer type

preform where t ?f?g r I nswe
mat eri al such Wp} Q?ﬁérr@ﬁwg e@gnﬁ(ﬁ .”C‘Ze Fé@}{%%%g% é %O%ﬁi\?%@ﬁ%l?s&dt 'ﬁ'e
wal |'s arse tPatent 153082,34A- BKiShnakumarTlet Salser VBRet Krisshiainin &ta@n U4 10fakent
| ayer nater in the bottle base and t hus reduces overal |l container

cost. For t41$‘§°$?ﬁ/@nplac§ﬁ'° prefarm, fiRin: which Boplastic cporfaiper ds blow pmoidegs | The

e SRS Bled S WA ) 2908 e
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Enbodi nent whigh fowas e core (ayesofhei three layer arefosm onnstructton is dividednintaian
mul tilayer ety ifbrfi8Bht N&Jer’ 3nd' k' B8RS Mlermredial e Myer % 9258ikrd injection of

material. The third injected material is preferably the same material as the primary
material which is first injected. This resuits in the reduction of the cost of the preform
and also provides, remaining in the injectibn nozzle, a quantity of the last injected
material which is the same as the first injected material for the following preform in the

25 same preform injection mold cavity. The bottle preform is an A-B-A three layer type
preform where the last part of the B layer is filled with less expensive C material such
that the base becomes five layer (A-B-C-B-A) while the walls are three layer (A-B-A).
This serves fo reduce the amount of B layer material in the bottle base and thus
reduces overall container cost. For this invention, A is a bottling polyester such as

30 PET, B is an oxygen scavenging copolyester resin formulation and C is a substance
less expensive than the B layer, e.g., bottling polyester or recycled/reclaimed bottling
polyester.



(Collette et al.). The Collette et al. '631 patent discloses bl ow nol ded

pl astic containers wherein at |east the body of such containers is of a
| ami nat ed wongliggeti on 5 including, for exanple, a barrier RCHRSITIFTIIEN in
the case of the container receiving car bonat ed products woul d be a gas
barrier layer. It has been found that del am nati on of such bottles
does occur and this is now sol ved by sel ecPi vel y “providing the
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CJerr] fromca ever ages containe | e cavity. The
m nute ven{Goligie le¢ 4lgr neThe rCollette et alex681 i patentdisciéseshdbiawnmoided plastic
either by way of piercing pins or by utilizing a,laser

| . h . Of
the pi erci sgniginers wheseis aldeasttheRedy.of su@ucontainess is efa rrﬂ%fﬂﬂ'?‘%é cgf‘%\?ﬁ&'o?‘ .
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The constr ygidiatéd CpreRet® ivbuld be @ ddie barterciiagerdi nit tay beepr foundedhatn
several fornms. Delam nation is not a problem In bottles having three

| ayer wal | dletasmipation nof BETH sbelilergdags cegauryard dhiseis naw ngplved by saledtively

CDel Yes = el A Bk SIaBBE BHO il b, s eing¥ whiE0 f xind Bty
| oaded wit ?h@ghﬂﬁé%haiher Bbdy BRInfEHEEaica Whetb delapiindfometelts where there

copol yeste Ives from pol yol efin ol i goner segnent s&ﬂ)r?‘present
i nst anaes iis likelyc ito abe| an aaccuraglatidnnok@ permeant such asc GO, fomntakonsted

T e e S5l o e B S, SRR DA s oy AR e
such as_{ Neyiafrdbalfeh ffd KSftaifdreeifiter BPay i @ierciy biS Gy utiihg of 1agsi. N
of making nmultilayer preforns which resist del am nati‘on invol ves

cool i ng t heheredser of e peercingi pinst thé pims @ne incorporatedtinitbe blow mold for biow
~enbodi ment, the cores and preforns are renqoved fromthe | d cayiti
coon s moking fhs Srrdaner o SRy LITARA AN engiAT RS pIRvG: be Paimad Bnss
def or Mafyl Onyg ¢ Q%I&&%&B?\ﬂna!st% in Reftral Barts oPHIwaN. tTHE SeHstructioh aMa operation
advant ageous tinme perio I ch prevents 30 del am nation of the preform
| ayers. Cootfithg pidrcinmepipsahay e providedkintseyerallfdrrosy iDelarpination is inot @l preblem

e o R o Bl G PRTEBATR
ggﬁ (l)JrSgle(ig{y?!%gl 'cdpolyester forfliatidnt2bécause of the similarity of properties of the two

envi si oned fusirappHow@ves use bhexygere scavenger tdopolyessteraghioh dslineastilyweaded with
benefit from such additional treatnent, ) N O?(Y%EN
SCAVENGAG polvoefnoligrmeansagmentens-g. over 12 weight % of the copolyester derives from

polyolefin oligomer segments) represent instances in which applicants would make

use of Special delamination minimization techniqueé such as minute vent openings as
disclosed in this embodiment. |
Other techniques to minimize delamination, such as the use of adhesives, are

25 well known in the art. Another method of making multilayer preforms which resist
delamination involves cooling the preform while it is still on the core. In this
embodiment, the cores and preforms are removed from the mold cavities as soon as

it is possible to-do so without significant physical preform deformation. The preforms

are then cooled on the cores for an advantagebus time period which prevents

30 delamination of the preform layers. Cooling of the preforms outside the mold cavities
is also faster and permits more rapid cycle times when means are available, such as

a rotating turret, for use of multiple cores. The use of adhesives or preform cooling is



As previously indicated, the oxygen scavenger conpositions are block 5
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at om adj acerfretQently aHE |/ aha Cllayiire oflahOABID lagéréddobbitieccamstivetion fare 1thé isame,
Applicants recogni zed that hydrocarbons ‘such as pol yol efins, especially

pol ydi enes, exceppthalitird laygiomasitheracyclpsoeplyesterainge itis denlatad, framdhe contents

e ekl SR80 RafB, i, *Te peBkisH BiinieP SEEHBEY R LA are e
oxygen scaveafgiefigis iespcrsbiador thel etygen ddzivenying dapabilitng

While not intended to be bound by any theory, applicants are subscribers to

the school of thought which believes that the mechanism of oxygen uptake in

hydrocarbon materials, such as polyolefin oligomers, is by fixation of the oxygen onto

25 the hydrocarbon material via formation of either hydroxy groups or hydroperoxy

groups. It is further believed that these groups are formed via a free radical process

involving an intermediate peroxy moiety. In a hydrocarbon substance, carbon atoms

having only one hydrogen attached (a so called tertiary hydrogen) are more

susceptible to free radical formation than carbon atoms having two hydrogens

30 attached (so called secondary hydrogens) which are in turn are more susceptible to

free radical formation than carbon atoms with three hydrogen atoms attached.

Applicants further believe that allylic hydrogen atoms (hydrogen atoms attached to a



pol yesters via formation of copoly Ising termnally functionalized
pol yol efin ol i goners. The cop W§t@iﬂ£mm§@ fvenger systens and
conposi ti (W?gﬁ,liﬁzf;ul |y di scl oged i nR@pLW' r% ?S Appl | caoTEsY7AEMIDEr
081717,370 tiled Septenber 23, 1996. +6~— Ihe polyolefin oligoner
segnents (of the bl ock copol yesters which _conprise the formul ati ons

used in bottle layers) are prepared for cg%)ol ycondensati on by first ,
functionalizing the polyolefin aoligoner segnents w th end.groups abl e of
entering  CATDPR(RIORLAGIAGRALIS A ABHDIECBRRAIHE aing: subiechip fiéscradinal Tammetion.
novel feat ; ; ' QNS =Y R} imm
are, in ef#é@{&ﬁ"zti%@[g ‘ﬁ%"ﬁz%dof@&ﬁy%bﬂg’gé‘%em S %\?gﬁggérﬁ ar%égcﬁ Tpﬁ? ?ﬂg ries,
pol ycondfe]ppmgmed:armfenﬂally gobd F}so&m?e tdiesguohglatye&nd tert]icarphhaw pgens as tweleas
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ceqment s opisciosedfif coMRASE LS bRl R niel o7 R70 ke 3hBrehd o oge
that sone giicH is Hfrebfthcorporatediby 96Rsende inifs &titeyy oups may be substituted
with other noieties and still lead to 25 the sane copol éester structure.
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preferred i 'onalifilgg:}F%%’Wefwag%érﬁa%bﬁﬁeﬁmméﬁ gf&%&l’éa%ﬂtﬁé‘gf entering

oligonmer in the no r wviei ght range of 1000 to 3000 because it
yi el ds hi gintol polytondansatipe seactions:n Tbideisi an dmportant andookve! feature of these

copol ycondensat.e. havi,n redgm nant |y .PET,. PEN. _or othe of t'ling. pol er
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purity i i ionali |
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Copol yner s yol efin oligoners of nol ecul ar wei ght _ )
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dified I f whi ch | derived
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the extent nee urnis e desired ]
and carboxy (-COOH) because use of such end groups leads to a copolyester having

20 all polyester linkages between polyester segménts and polyolefin oligomer segments.
For example, amino (-NH,) end groups are very acceptable but tead to formation of
' some polyamide type linkages in the vicinity 'of the polyolefin oligomer segments of
the copolyester. Those skilled in the art will recognize that some or all of the
hydrogens in the end groups may be substituted with other moieties and still lead to

25 the same copolyester structure. _

A preferred polyolefin oligomer is polybdtadiene (PBD) because it has good
oxygen scavenging capacity and reacts quickly with oxygen especially in the
presence of a transition metal catalyst, such a cobalt. Especially preferred is a
dihydroxy functionally terminated polybutadiene oligomer in the molecular weight

30 range of about 1000 to 3000 because it yields high clarity copolyester when made into
a block copolycondensate having predominantly PET, PEN, or other bottling polyester

segments and also because it is available commercially in the form and purity
" This Sheet Has Been Reﬂlaced

RO




oxygen scavengllng capacity. The p ﬁ_ﬂée frer—segments woul d normal |y
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formul ati ons transesteri |cat|0n in areactive extru |ns ead

direct pol myaﬂleyienél glycolisasg monomen $§ aepiatedatith iz sequnhalteht imole % of
pol yester (e. %h PET), and dj hy droﬁly term nated PBD. 30 Enbodi nents where
8%
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are scope Inventl on e scavenglng

copol yner aonodgified Pwhwrménnrmnﬁdbast 40rhnsie %6 10f thé teréphthalic tagidisofepldced with
listed in Table 1 bel ow were all_prepared on a pilot plant scale in the
WO 98/ 1212 A4 -dicarboxybiphenyl. It will be understood by those of ordinary skill in the art that

PCT/ US97/ 16./dk:

bs her el n dEEtionglgxvgen srawenasrs, catalvsls, (sush as,5ebat; apd othgtadditveg ik he
PET pel | et seddrr conjifiction Nvith oen copolysster dXygehny deavengesr i brderd td>Riptintize
mai ntai ned in a viscous fluid vessel fromwhich it was separately conveyed

via a 20 puypgenscayesgingcandior g3hep prepertigsculie Sgavergingrapalyesters may be
extruder | ngap 't:1 {/%ﬁeelck polycondensation processes by including the desired amount of

hydroxy terminated polyolefin oligomer and withholding an equivalent amount of
dihydroxy monomer (e. g., ethylene glycol) from the direct polycondensation process.
Applicants have determined that the preferred mode for carrying out this invention is
25 to prepare the copolyester formulations by transesterification in a reactive extruder
(instead of direct polycondensation) using as starting materials a2 bottling polyester
(e.g., PET), and dihydroxy terminated PBD. Embodiments where the -scavenging
copolyester is prepared in-situ, concurrently with the bottle rﬁaking process, or
otherwise as part of the bottle making process are aiso within the scope of this

30 invention.
The scavenging copolymer compositions referenced as Embodiments II-A

through I1-J as listed in Table 1 below were all prepared on a pilot plant scale in the
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5 Cear Tuf 7207) was extruded at a feed rate of about 8 pounds 3,6 Kg
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term nated PBD (Elf Atochem RLM2O | mw &EPLACED 1230 jor RHT45 - nw of 2800)
was punped to the extruder at variable ratgs to arford wei ght :
percentages in the range of 2 %to 12 %f the hydroxy term nated 10
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accor difly tRelYtdadienedn the extruder mixing gene.| Methsealgesiansweare yisedpfosaffect a
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conposi{s ongppeirancd afdaafiinkEnhothamavater |bath WhuRM fave! indicsted the Iprédettel of
Table 1 bel ow were also all prepared by reactive extrusi §n in a ZSK-30 twn
X

screw ext r udeactedrpalyolefiy ofigpmer.s Goliady actaatey(Hulls NuadexTddd)-Ruspball B avas
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at 125 [ eerhirated PBDawagiusieduat 2 oleight %hand 200 PPM of Co wheilhtae hydroxy
pellets were then TABLE 1

Scavengi ng teppinajed (RBD rusedupkG weight %. All scavénging copolymers prepared by the
| 20 method described above had single glass transition temperatures (T,) in the range of
62.0 °C to 72.9 °C. Copolymers prepared by the method described above were
suitable for melt processing and capable of processing into bottles and/or layers in
multilayer bottles according to the preferred three layer bottie wall embodiment of this
invention. In applications requiring copolyesters of higher intrinsic viscosity (1.V.)
25 molecular weight enhancing techniques can be utilized. For example, preparation of
the copolyester by direct polycondensation (instead of transesterification) leads to
much higher molecular weights for the copolyester. Alternatively, melt rheology
modifiers could be added to copolyester prepared by transesterification to achieve

elevated molecular weight for the copolyester.
30 The copolyester compositions referenced as Embodiments 1I-K through II-N as
listed in Table 1 below were also all prepared by reactive extrusion in a ZSK-30 twin

screw extruder. First, PET pellets (Shell Tray Tuf® 1006) were dried in a dessicant
This Sheet Has Been Replaced
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Enbodi ment
2

PET

1230

2800

1230

[1-H

1230

I1-K

% pBD EB eenRe lac lyester Caonment s
1230 ‘“S as ﬂEET HAS BEEN
W0 9812127 80(REP§_ACED PET]
PET t —adtet——— |1-E
PET 150 ppm Cobal t added I1-F
PET Il - 1230 -
oden at 125 °ZBOtbr a mmuﬁ&fh of 8 hdurs!
PET I1-J 12 1230
4 1230 PETTABLE1 0.2to 0.3 wt

pyronel litic dianhydride

(PVMDA) added to forrmul ation:

PETI PETI is nodified
the terephtha e ad_with —sophthalic
aci d 3DW ' ofpplvester | compnts " PETN i s
nodi fied PET 1330 PET e
terephthalic fa eplaced with a
napht hal ene d i c acid 41N 4 1230
PEN I n 40 the f|®®P sect|BT of the extruder via a
| oss-in-wei ght pellet |f eeder bl ankpted wi th|nitrogen gas. The
vi scous | ow ul ar (wei ght (nvesddbout [IPS0) pol ybut adi ene di ol
(R20LM of EIf Atochen) was plgced in a pressure yessel and
pressuri zed NTUT qaEn gas. |14280 11 qUi PPEES L NE N1800pMICabaRlafdedonlveyed { O]
t he PET
II-E 4 2800 PET 150 ppm Cobalt added
II-F 6 1230 PET
1I-G 8 1230 PET
1I-H 8 2800 PET
1I-1 10 1230 PET
TI-J 12 1230 PET
-K 4 1230 .PET 0.2t 0.3wt% pyromelli.tic dianhydride
(PMDA) added to formulation
TI-L 4 1230 PETI PETI is modified PET wherein some of
the terephthalic acid is replaced with
isophthalic acid
II-M 2 1230 PETN PETN is modified PET wherein some of
the terephthalic acid is replaced with a
naphthalene dicarboxylic acid
1-N 4 1230 PEN
5
introduced to the feed section of the extruder via a loss-in-weight pellet feeder
blanketed with nitrogen gas. The viscous fow molecular weight (mw about 1230)
polybutadiene diol (R20LM of Elf Atochem) was placed in a pressure vessel and
pressurized with nitrogen gas. The liquid was then separately conveyed to the PET
10  melt through an injection port on the extruder via a positive displacement pump. The

%"%{Jé @ngﬁst%rf Pormulations

Il -
r&%@mmu

6
PET

The pelléts were then

PET
%

1230

PET feed rate was set at about 14.4 Ib/hr while the diol PBD was delivered at a rate

of about 0.6 Ib/hr.

The residence time used was about 4 minutes which aliowed



10 melt through an injection port on the extruder via a positive

di spl acenent punp. The PET feed rate was set at about 14.4 | b/hr 6.48
Kg/ hr whi | ¢y és12ek70l PBD was delivered at a rate of alRCR/USSTA6THY/ hr
0.27 Kg/-h. The residence time used was about 4 m nutes which all owed
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of the ter mlftléﬂﬁialkmgaCAddnianmzm% PMDAbufaﬁtdmal laﬁetd 0071 witiiehidttiort ofQ i3d
(or equi vaI ent derivatives) and/or where sone of the terephthalic acid

was repl aced Wy PMIBAL raisechdhelilobr o Ryl4.c Sushy maserialguareavenyt cleged matched in
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represegtative (orpedt Eétﬂé%“ itlid PRBesLiy to elinfindtd, of 4t Iddstmitmeizel &tk Risk oF

normal |y used for beer bottles so as to enhance the COerr arrier
properti es cerbemgiaxide |(6O0Edhinighl the peltieewalsi diests byrapplisaarsohaye preducsd

oL 7ET ad5BH b e P BT wRAE e 166 e ol FREchisi e
scavengi ng gedpOtemaded by |sopﬁthél|@%|cﬁ|(ét0e@@ivﬂl§ﬁﬂ déﬁvét'i\lés’i idndesr wheré B6me of
oxygen scavenger Ia er of the [11. OPTIM ZATI ON
.TO ZERO OX\ttEENem%am asid was repiaced by naphthalene dlcarboxyhc acid (or equivalent
20 derivatives) produces a bottling polyester which has superior CO, permeation barrier
properties. PETI and PETN in Table | are representative of such formulations. As
such, suitably modified PET is normally used for beer bottles so as to enhance the
CO, barrier properties of the bottie. Especially preferred are biends and/or mixtures
of PETI and PETN. For maximum COz barrier effect, similarly modified PET may also
25 be used as the source of polyester segments in the oxygen scavenging copolyester

and may also be used as the diluent in the oxygen scavenger layer of the bottle.

III. OPTIMIZATION TO ZERO OXYGEN PERMEATION

Another inventive element in this overall invention has to do with the various
means disclosed for adjustment of the scavenging capacity'to substantially zero or
30 near zero oxygen permeation levels depending on the application. The means
disclosed are not only varied but also may be i'mplemented with great ease and

facility, in several instances, with fine tuning of the scavenging capacity right up to
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with fine tuning of the scavenging capacity right up to WO

98/ 12127  bottle fabrication and in another instance up to bottle filing. OECTOURSE!/ il GTdyl be
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of 1 ci ot oeqEnash Rragage SRR VERRERA terrighA 1o adaestBio Mevorwsen ravenging
anbi ent t enpGiRoHHS &:l%l;}é%_t%ﬂ"&s %msea&eqsédqﬁhﬁbtc&ﬁbahm%t Paéé@% IpblieicH filed
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oxygen ‘'scavengl ng capaci or shelf life hy this technique is 6robab y
the nost reBepteptheri2ds 1906 arsi havingf Applicatioa Nurmbedr D8/ 17a376.hén dhati appdination,

must be d rior fahrication of the. copol yest.er gx n avenger
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6, 8, 120 method of all disclosed in that the decision must be made prior to fabrication of the

copolyester oxygen scavenger system.

Embodiment III-B Wt % PBD Ségments .in the Scavenging Copolyester

Variation of the wt % of PBD segments in copolyester formulations is another

technique which was also disclosed in the co-pending parent apblication filed

25 Septerhber 23, 1996 and having Application Number 08/717,370. This series of

related applications encompasses and envisions copolyesters comprising up to 50 wt

% PBD segments with the remainder comprising polyester segments. Table 1 above

discloses formulations of scavengiﬁg copolyester compositions having 2, 4, 6, 8, 10

and 12 wt % PBD segments. Table 2, below, has data which confirm that those

30 compositions having a higher percentage of PBD segments also have a higher

oxygen scavenging capacity. The data of Table 2 were taken by the method of
Examples 12 to 15 in co-pending parent Application Number 08/717,370.
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system t hr?gﬁﬁpgﬁiﬁe‘é ﬁ*%@g?{'ﬁ?’éaﬂgﬁ g&l‘ﬂg&gﬂ %%Meaggpt ypically the :
pol yest er Bmbumlitbat WHIILC out Gonclrmnt26Use (ot tbther Oxydil  SeARENJerEer with
in Figure 1. In nost instances the polyester of |ayers 26 and 28 are

the same except that CopelyestefsSeavenger Within triesBottle Wallentirely or partially
I j di | t used in la 30 may al so be entirely or

Lgfgfaﬁ?y repggfrgﬁgadre ﬁgiéé!?'{_ _epegsesegts. the %‘ﬁ&xygﬁéaﬁagﬁegm- eLof dhe

of layer 3preferrbdahultiliyer doE W écﬁ@ﬁjcgbﬁ@ffth%benﬁon. Whifé‘ﬁ\i%‘%\éa{?&ﬁging

preparation of the formulation to be used as layer 30 and also t
advance pr BYSF 3% " s§pMs embeditnents; comprises closednt 100 Yssedvieoging topolyester,

conprise |I. ; t oftle IL,s fabrica . Advance forpul atio
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i ncl usi on aforadshisily getmix A vehCaisaitiftion oftheScavinging system through out the
15 bottle wall. The diluent is typically the polyester of bottle wall outer layer 26 or bottle

wall inner tayer 28 in Figure 1. In most instances the polyester of layers 26 and 28

are the same except that the polyester of layer 26 may be entirely or partially recycle
material. Any diluent used in layer 30 may aiso be entirely or partially recycle
material. | '

20 Another advantage of dilution of layer 30 is that the technique lends itself well
to the advance preparation of the formulation to be used as layer 30 and also to
advance preparation of single and/or plural concentrates which will comprise layer 30
when the bottle is fabricated. Advance formulation of layer 30 or concentrates
therefor allows for simplicity of inclusion of additional oxygen scavengers in the layer |

25 which will be available for oxygen scavenging concurrently with the oxygen
scavenging copolyester in layer 30. Preferred are photoactive materials which remain
inert toward oxygen uptake during bottle storage until irradiated with UV light sufficient
to activate them for such purpose and thereby.enhance the rate of oxygen uptake.
An especially preferred photoactive  scavenger is benzophenone. Generally the
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bottle wall _between two e&g&l th| ckness PET layers, This may be further
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t he range of about t he sanme thickness to about 10 tinmes the thickness of
i nner bottle|walbbetn@erryvo egualthicknesstRET layerknddus masebe ferdihe oondergtaod

26,209, 20 15, SORTARL b Eiayre  nEAUEF28 oL ol PETBINSE Bk, Pbtd B

the outer | éﬂéhopb4pli_sTle§sia|hh§Ky tﬁvbﬁéﬁtmﬂ laye? 38 SthelineP PETENayel0bF fife b@ttle
the scavenger |ayer and thus shelf life is extended for consunption

oxygen 20 onfarming boillednterion@R. tinpractice, the jhicknesspifouter PETdayamz@:\mH(pgm"v

from be in the range of about the same thickness to about 10 times the thickness of inner

PET layer 28. For any given total thickness (i.e., sum of layer 26 and 28 is constant),

the degree of off-centering plays a role in determining oxygen scavenging capacity

and shelf life of bottles. When the outer layer of PET is thick, there will be less

25 oxygen ingréss to the scavenger layer and thus shelf life is extended for consumption

of oxygen from this source. When the inner layer of PET is thin, more oxygen from

inside the bottle, (head space oxygen or from other sources such as ingress through

the closure means) can permeate to the scavenger layer through the thin inner PET

tayer. Thus a thin inner PET layer provides for faster and more thorough depletion of

30 oxygen present within the bottle cavity. In typical embodiments, the scavenging layer

(30 in Figure 1), including diluent if any, typically comprises about 10 wt % of the total

bottle weight and the copolyester scavenger in that layer will comprise about 0.5 to
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the copol yedll géseraiy seves icgplaicecalivition the tifiBkwersesk the dlter PESSRiYee &id i a
transition netal catal %st such as_cobalt. Accordingly, 20 the depl oynent

(or | adk ofelates panaet heamaupteiFPGTusgd indhe battlet he ext ent of
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deployment represent another method or embodiment for controlling the oxygen

scavenging capacity and shelf life of the bottles of this invention. The preferred

)

transition metal catalyst is cobalt because its effect on the efficacy of scavenging
copolyester is most pronounced. The cobalt is typically deployed in the form of a

26 cobalt carboxylate. Cobalt octoate is preferred because it effective at lower levels of
deployment and also is available commercially in a suitable solvent and state of
purity. Typically the cobalt is deployed in the range of about 50 to 300 ppm in terms

of the weight of the copolyester or (as is further explained below) 50 to 300 ppm in

terms of the combined weight of the copolyester plus diluent used in the copolyester

30 scavenging layer of the bottle.

The bottles of this invention are typically three layered and only PET (not the

oxygen scavenging layer) is in direct contact with the bottled product. Most glasses
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| eachi ng ofrisiobdNeverdhedlgss, thedntaritionabadditiog ofitebalhito ibeer was disdontinved . at
For the rrultila{yered bottles of this invention, beer is in direct contact
only vRROHTIRRL YRRe | ayer of PET (as is the case for any beverage in a

PET bottle) and 4 \ ' etc,,ml
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effective B, | ayer oxygen scavengin 0 nee e requjred scavengi n
shel f | ife in cOntagkwithoHen Cobalbgratalyzed iQvosn soavenging, [aver; 1A nfrol test was
applicants : PN ' t | L ytd :
cggo: yest ermlgﬁgt hﬁ&gﬁg@%:ﬁg@?lﬁ\aﬁyai?%i?é‘;gée%so t feglafag@ é”? félrg:%ec%%!/ér %%di %esglgg
an oxyggs Stemvsergture of20 te(abotit50C)dihta oWt copalyestertB ysr deottle (100 ppm

Co in the B layer), beer bottled therein was found to contain about 0.127 mg/ of Co

which compares closely to the control beer from a similarly stored glass bottle found

to contain about 0.086 mg/l of cobalt.
| In attempting to determine optimum (minimum) cobalt catalyst loading for
25 effective B layer oxygen scavenging to meet the required scavenging and shelf life
requirements upoh dilution of the B layer with PET, applicants made the surprising
observation that dilution of the copolyester in the B layer actually increased the
efficiency of it as an oxygen scavenging on a per unit weight basis. Stated otherwise,
in the presence of sufficient and constant wt % cobalt catalyst, one grarh of
30 scavenging copolyester may be as much as 30 % more efficient when used under 4
fold dilution in films. A four fold dilution in the copolyester layer in finished bottle
compositions doubled scavenging capacity over 84 days and gave a 50 %



in the presence of sufficient and constant Wt % cobalt catal yst, one gram
of 30 scavengi ng copol yester may be as much as 30 % nore efficient when
used undewdiosri2127fold dilution in filns. A four fold dil ut PGWVUSST6RE
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may be usegg ﬁ.!ﬁsggverﬁ’diﬁgi Qferidgli tional scavenging capacity for elimnation
of head space oxygen s r?ce the cap liner is directly in contact with

t he hesd <ffmbedimentil-GoCoheurréntse of OxygenSdaveaging BottleGap biners be
conprised of the copol yester o,nglen scavengers of this invention which
have oxygen sca&%ﬁﬁﬁm@o RERYIQUSTY, penpassiblgnsoursesef exygen irgress Hataebeer

the Ybthe W Ritbugh tha botdld cab/Viier REAEINEE  1HE (e 8 BXorhE 4E e Wi’ "

have scavengl ng onl'y"in"the presence of nors _
based oxygsygenasuavenying capability ffords acgobd defnseaguinsti thils Hosdiblersdenseer
oxygen scavenger is disclosed in US Patent Nunber 4, 840, 240. The

optional UBYIBRCUNBMNALEN. RlPge ANs@XKBERgRIaYenginghkotlgtaapaliner may 4e usetkto
b oA BRSSO 0 copBEhy Bl o ISP AMSRTAERE By SR ERA o
preferred ¢up liner is @ivectly in contact with the head space in the bottle. Such bottle cap liners
may also be comprised of the copolyester oxygen scavengers of this invention which

have oxygen scavenging capacity in both dry and moist conditions. However, the
environment of the cap liner permits use of other scavengers which have scavenging

25 capacity only in the presence of moisture, e.g., iron based oxygen scavengers. A

bottle cap liner comprising an iron based oxygen scavenger is disclosed in US Patent

Number 4,840,240. The optional use and amount of oxygen scavengers in the bottle

cap liner represents another embodiment for controlling oxygen scavenging capacity

and/or shelf life of the multilayered bottles of this invention. Thé preferred bottle cap

30 liners for this invention contain the oxygen scavenger between the outer (metal or
plastic) layer of the bottle cap and an inside liner which is permeable to oxygen (and

also permeable to water vapor for iron based scavengers). The pervious inside liner



which is perrrea EBer meal)l e to water vapor for

30 liners for this |nvent|o tla?eg venger between the
out er (metﬁloﬁr,z 2., m m BEEJ ap and apcTMSyWs7il ner
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advance argbraprisieg an ouieedwtaﬂ ob plmmeamn irmeroxygeh perciesisding)/layeraand o
be ready for inmmediate-use at the tine o bottle fillin As such, use

of an oxyRXYISRAFANGNagr herehaiwesn ¢ambe f#mqate% i; adwance ang gfqred (arredyeed
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single oxygen scavenging layer in the bottle wall, the use of plural
oxygen scaadiugimentiofyxygen scavergingcapasity ﬂ\dlmshelfmfe r@iahupng the bottlecfilling

| ayered bottle wall of construction Al B1/ A/ B2/ A (where Ais PET, Bl
is the outgpcgﬁtvenger Iayer and A" is virgin or recycle PET, and B2
is the in | ergerof Pak IO}Ren SR@ngimgrdygrsty for use 15  of
recycl e PET. I'S enbodi nent al so créates a constructi on where Layer Bl may

be 10 opti m z\éﬂinléonosh:af\/lhtsgdlsglosur@mgéaeqmednrmad oy biottielsr lnawing onlyda sirgle

oL vl B i v S BB
SHELF LI FEs2Qis0 er]lwélﬁnéé | QY TdbphpieOly | NS |E2 d?ﬂé‘t WalisBf p%&i%'tﬁfcﬁon

between the rate I Ng ress into t Ott e cavity un

speci fi ed AMIAQBZ@OMhEmAsmaﬁEﬂ; fBa1 s¢hé outdrescavenger ldyee, andtA'cd wrgm or
product. In theﬁré ceding section of this discl osura vari ous neans we
di scl osed fesyclg 5%'5&% inneriscaveager p¥er) piayides aapaskBRertuiy éPF%n

he. bott1 &2 TSridE HEPVTHR mBHGImER Ao crodies dl CreliBclSilinerq LA B1 afod

further unomi‘mlzeddbngcawbmgmg aff ioxyglhpereating in drorg outside thetbattie matidsayer
shelf life.  Fig. 2 reﬁwesents | deal j stic data \/\hlﬁlﬁcould be
devel oped Bgrm%y he @ptimizeq,fof SeaveRGIRGAXYIRNftam within the beltlecavity.rig. 2 is a

gr aph showi ng oxygen perneation rates (in any convenient units of
vol ume per unit area of the bottle wall) on the Y axis. The X axis

denotes tinme. A REUATONSHIPOOFIOXYIGEN IRERMEATION RATE TO SHELF LIFE
20 It is intuitively obvious that a relafionship exists between the rate of oxygen
ingress into the bottle cavity under specified storage conditions and the shelf life of
 the bottled product. In the preceding section of this disclosure various means were
disclosed for conveniently and cost-effectively adjusting oxygen permeation rates to
the required level so as to assure the required shelf life of the bottled product. Making
25 reference to Figures 2 and 3 may assist in further understanding the relationship of
oxygen permeatfon rates to shelf life. Fig. 2 represents idealistic data which cduld be |
developed for a model of oxygen permeation for plastic bottles. Fig. 2 is a graph
showing oxygen permeation rates (in any convenient units of volume per unit area of
the bottle wall) on the Y axis. The X axis denotes time. All data are for bottles having
30 a given total (overall) wall thickness. For an actual typical bottie of the invention, total
typical wall thickness would be in the range of about 10 to 25 mils. The permeation

rate line for a bottle having a PET wall is constant as PET has a fixed O, permeation



30 a given total (overall) wall thickness. For an actual typical bottle of

the invention, total typical wall thickness would be in the range of
about 10 two2@snz2bs (0.25 to 0.625nm) . The perneation PCR(USIT/NGYRL f Or a
bottle having a PET wall is constant as PET has a fixed JQerr] perneation
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2. For any given application (bottled product), its tolerance to the
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The amount of oxygen feaching the .bo.ttie'via permeation through the bottle
wall is equal to the rate of permeation (Y axis in Fig. 2) muitiplied by the duration of
such permeation rate (X axis in Fig. 2). Thus, the amount of oxygen reaching the

25 bottle via permeation through the bottle wall is the area under the curve for any of the
three curves in Fig. 2. For any given application (bottled product), its tolerance to the

| presence of oxygen is normally given as a maximum amount of oxygen ingress into

the bottle cavity. The product tolerance to oxygen may be given on a relative basis,

such as parts per million, but such data are easily converted to a maximum amount of

30 oxygen based on bottle size or weight of product bottled. Fig. 3 shows areas under
the curves similar to the curves of Fig. 2. The area under each curve is the same and

is equal to the maximum oxygen tolerance of a given product for each of the three



30 oxygen based on bott e Wgédglj;t—ewzte—t- bot.tled. Fig. 3 shows
areas under, 2121,he ﬁ'ﬁ Oﬁ t osrithd \B&Equ Fig. 2.pcliigss¥néni :

under each eRYA212L th REPLACED to tjhe maxi mum oxygen

tol erance of a given pr of the Three . WD 98/ 12127
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Further reference to Fig. 3 shows how t he shelf life is easily determ ned

for eacnurvgepe Fuﬂheorefeeermecto Figkinshows hgun thershelf life: is easily deteeminedcior
curve) is | a n the axes.

EXAMPLES 5 @8t bﬂp Pﬁﬂ“@%ﬂ"&ﬁ maximum oxygen flesance, (plga, unfgspach curve) is
capacity, ?dtsﬂlﬂyé@bﬁhﬁé awgse fabricated on a N ssei 250TH single step
injection stretch bl ow nol ding nachine. Only one side of the dual-

si ded machine was utilized. A nore conEXAMPHEScription of the N ssei 250TH

machi ne may_ be f'oEn,d bé in US Patent No. 5,141,695 previously cited, 10
The uni ® s r A side screw was estimated to hol d 16 shot s

Fati o Cal s v THEe 22 bottia8s°BaBaE" 150 o) Warg ASHBIEH phiKl Nissei
bottle 230TH single stepvinjection 3ttetch blow irfdidihg Ymathihee Only anhemdé of the dual-

Condi ti ons were establ i shed using Shell 5900 PET as_ a trial B, layer
because it §idedimachipe; wag; uliliged; y A gnere complete, desgliptiPn Gfdhege Nissel 250TH

D.
(per witnodagbe kil o8 deind |6y RR0s! Phlend’ f8 15,447 055 rERBRRY hel and
scavengiong iReorperdted byaeférencd. Ihel onitd 24hmldiametBeARide serew Walsadstiviated to
when present, was used at 100 ppm of cobalt and benzophenone, when

present washaldd@ shots for theguolshfirturmunedi {TherB side screw.taf@ 24 @1 1 wempresaien

the B L : I 0 A T

benzophonor@Uie piscr ST s¥fat, B 1ol 16, SnokE Wrlerl e B by, B, 4-B-A botte
concent r at caiblruetion s Ctargétid! R a0t Wwieyd Betherhgtatpreform, _ Conditidns were
specific exanple of the process conditions used is described as follo

The A a&tgbhsheﬂtuam Shﬁ&§90@aias‘cf as arigi layeghegausedtis rsgmlarnnenss:qsstyé@

pel | ot <15 pahe scaveH3g eopdiasterchinpoRine Shoii g W%, PEE e aBau (Y v wcBeD.

( Enbodi menthd c@bolyester (PET wum 43NP?J PBd)'fUﬁndﬂ"aﬂBﬁWés &iYUtéB with PET so that the
concentrate of 5w % Co , octoate salt, in

c) 1 part mavengqmgonomsten/rtrqrnpnsed 25 tori@dnwtYeeof dhe 18 Jayer. o:Catalyst, when
E§ nﬁgﬂ] enmogﬁ?rﬁlag9§§v1§§lg§%gf 5@ r;‘:%?rrt]torf%togalt andbt}enaz%ctl)he%o%g? W ervtveprrgsgrrlte\ﬁgs %ged

at 100 ppm, both with respect to the total weight of the B Layer (i.e., copolyester plus

20 diluent) The cobait and benzophenone were fed to the apparatus as previously
| prepared concentrate pellets mixed with the active layer charge.
A specific example of the process conditions used is described as follows. The
A layer extruder was loaded with Shell grade 7207 PET. The B layer extruder was
used to melt a dry biended mixture of the following pellets:
25 a) 97 parts scavenger copolyester PET and 4 wt % PBD (Embodiment II-B)
b) 2 parts blue promoter which is a concentrate of 0.5 wt % Cobalt, as
octoate sait, in PET |
¢) 1 part white promoter which is a concentrate of 1.0 wt %
| benzophenone in PET
30 The concentrates in b) and ¢) above were prepared by melt mixing the appropriate
amounts of each component in a twin screw extruder and collecting the-pelletized

products. The A-side (layer) extruder barrel temperatures from the feed throat to



amounts of each conponent in a twin screw extruder and collecting the

pelletized products. The A- |T;l;e3 (ﬂlr ﬁyen ASEREEN Her barrel tenperatures
fromthe f@gsogidigat to ,;af }\2\ £D PCT/US97/16711
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were set as follows: 265, 265, 265 and 26\5% [err]C. The corresponding

B- si de (layer) tenperatures were 250,250, 270, and 260 [err]C. Hot

runner bl ocks_were -all [ ]

10 Ferr) chotaitcwi set B8 follows: 85,286, 258 nd 305 . e oo EREIARAY B fte
M cr oscopi fiagef) tEE\%rﬁhréé‘ﬁeF@QBbEZSQ”QP@ and’26@ °C! Wbpﬁ‘ﬁﬁér blb%kst\ﬁtﬁe all set
B-layer thic s approxi mately % of the bottle wall (10

the target)at 270hC 3ahdythe nholdk teraperatuice@twi-10 fsi tThen talad)nquiemetnmetWas
bei ng t hi cker near _the neck and thi nner near the cl Oﬁed end bottom

Adj ust ment @PpEoximately 32 sseconds/palt o Miciscapisi apalwsis| ohdhepbotdies compositien
skilledging rﬁlﬁa@ﬁtth%W@yép thlckneé§b\5v§§ pprélifafdiy 14 % lo? the E}%ﬁleofﬂlaﬂfth%

3-1ayer th| esses

A series ofwawthe ét}enarheota.eaydimmkhess VafipdWweitle positionhalohg dhe tbcsttlal being
si dewal | thlckness of about 20 mls (O wei gh i ng about 31 grans each,

havi ng a vdhigker near dhet agtke angk t*aeneamahghab@gseclzemh@@gmof yeiments to

fhe oxanp! STBEHYS SRS or saaehoing it S byiBud o Indse Sl i 13 ot oo g8 '
M), the nigithip SdiferemealigtibatioRvethe 3aayetilidkngssss! s (0. 05 nm) and the
i nner C (PET) layer was about 3 mls (0.075 mm). For each of

Exanpl €9 1-6, the scavengi ng copol yestﬁéﬂamﬂes 1-8npl oyed conpri sed about 4

wt % PBD t f. MV t {
Tabl e 3 bZngnve P t‘%é'rescﬂéﬁggq O‘Fﬁegﬁo%g e ol 68 es ""eardes%%n%l % fatgl
scavenger |ay&kaPthiGaidssCofaBii 20291113 welghlng%b!&ﬁergfém@"eEEH ﬁé\l’rlﬁgtaaﬁlgﬂﬂme

for Exanple Bottles 1 - 6 are displayed graphically in Figure
data were ts;.mablaogorpongaamgg\abtdutﬁﬁtmwms ofibeverageaiandrhaying a threteHey%WB&)

of Exanpl esbo]ttle wall con%tr?ﬁ(:ygr(:3 "FRF ren%ﬁb' Ithe gxamplenggta .etgneuosdtenrgAelPET) layer was

15 about 15 mils, the middle B (scavenging layer) was about 2 mils and the inner C
(PET) layer was about 3 mils. For each of Examples 1-6, the scavenging copolyester
employed comprised about 4 wt % PBD segments of MW 1230 and about 96 wt %
polyester segments. Table 3 below further characterizes the combosition of the
middle (B) scavenger layer of each example.

20 Oxygen permeation data taken for Example Bottles 1 - 6 are displayed
graphically in Figure 4. The data were taken by purging with nitrogen all the air from
the bottles of Examples 1 - 6. The oxygen permeability was measured using a
MOCON Oxtran test unit running at room temperature (about 22 °C) over a period of
days. . The results (Fig. 4) demonstrated gradual improvement in the oxygen barrier

25 properties of the scavenging copolyester bottles with time. After the copolyester
activation period of about three weeks, bottles with sufficient oxygen scavenging
capacity (i.e., at least 50 wt % copolyester or more in the middie B layer) and with
cobalt present at about 100 ppm exhibited perfect oxygen barrier properties, i.e., zero
oxygen permeation. The perfect performance was maintained for over 120 days with

30 no indication of deviation from zero oxygen permeation when the test was terminated

after about 300 days. Bottles having a lower percentage of copolyester
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MOCON Oxtran test unit running at roomtenperature (about 22 [err]C) over a
period of The results (Fig. 4) denonstrated grad

npr ovemnent wg%’%‘%xygen barrier 25 properties of the scave%ﬁbs’ms’u
copol yester bottles with tinme. After the copol yester - activation

peri od of about three weeks, bottles with sufficient oxygen scavengi ng
capacity (i.e., at least 50 wt % copol yester or nore in the mddle B | ayer)
and with Table@obalt present at about 1 00 ppm exhi bited perfect oxygen
barrier properties, i.e., zero oxygen perneation. The perfect
performance was naintained for guede Il_gg?] g{el?Bo'fﬁ’es no indication of
devi ation from zero oxygen perneatl on en t est was term nated

after about 300 days. Bottl es havi n@xamnmaﬂ -er cent age of copol yest er

WO 98/ 12127 Ex. | B Layer Resin Composition | Cobaitin B Benzophenone in
PCT/ US97/ 16711 Wable 3
Three Layer ScaveMfed] @derersspprox 10wt % of bottle) Layer (ppm) | B Layer (ppm)
Exarrpl es 1l - 6 Regm6€ IpUDILIUII gart B
Benzophenone in 1 100 %%Eﬁﬁbﬁﬁgr i4 approx 10wt % of vEottle)
Layer (ppm B Layert (ppm 100 % PET (control)
0 0 9% conol ygstier 100
100 2 25wt % c%’qﬂwswl uert 100 3100  50lwt %
copol yester 0 ) 50 wt % PET
di | uent 4 7owt /?igﬂ/ted%%néool yest er 100 0
50 wt % PET di | u¢n8 50 wt % copédlyester 53 wt % copoliyester @ 0
100 50 wt % PET diluent |
4 50 wt % copolyester 100 0 .
50 wt % PET diluent
5 50 wt % copolyester 0. 100
50 wt % PET diluent :
6 100 wt % copolyester 100 100
0wt % PET diluent

5 in the B middle layer (e.g., 25 wt % as in Example 2) afforded insufficient oxygen
scavenging capacity to resich zero oxygen permeation, but attained a low (near zero)
steady state value. It should be noted that the Y axis of the graph of Fig. 4 is
graduated in thousandths of cc of oxygen per day per bottle so that very minor errors
and/or misreadings appear as exaggerated deviations.

10 Examples 7-14
The bottles of Examples 7 - 14, another series of bottles, were subjected to a
different procedure. Each of these bottles was filled with a gas containing 2 wt %
oxygen as a method to simulate the presence of head space oxygen, and then sealed
in a gas-tight manner by adhesively attaching septa equipped brass plates to the
15  botties. This should be interpreted as a severe oxygen head space condition as the
entire bottle contents was 2 wt % oxygen, not just the small space above the liquid as
is the case for a filled bottle. The wt % oxygen in this series of bottles was monitored
over a period of days using a MOCON Oxtran test unit at 22 °C and 100 % relative



50 wt % PET di |l uent 6 100 wt % copol yester 100

100 : 0 Wt % PET dil uent 5 in the B middle |ayer
(e.g., 25 wodar7in Exanple 2) afforded insufficient oxygePCIUSIZREAIENGI NY
capacity to reach zero oxygen perneation, but attained a | ow (near zero)
steady state value. It should be noted thg}3 the Y axis of the graph of Fig.
4 1is graduated in thousandths of cc of oxygen per day per bottle so
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to a different procedure. Each of these bottles was filled wth a gas
cont ai ni ngTEblﬁt‘f-% oxygen as a nethod to sinulate the presence of head
space oxygen, and then seal ed in amai ght manner by adhesively
attachi ng septa equi pped brass plates t 15 bottles. This should be
interpreted as a severe oxygen eadr‘fﬁpac condi tion as the entire
bottle ®ontents was 2 wt % oxydeieelta@yer psavengerBaitles space above the
l'iquid as is the case for a fill egaRfidd #- 14he Wt % oxygen in this
series of bottles was nitored over a period of days using a MOCON
Oxtran test unit at 22 [[eEx] ¢ aBd ays Resie Conpasition UMD 98/ 12127
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Al'l of bottle Exanples 1 - 14 &Bohiys{'ﬁé’a"'&’bl?“f}ﬁ"r'n°’c"88'5?t éﬂﬂﬁﬂ‘b(
benzophenone in the B | qyer. |Bottl e EXQOPLPET - 124 arfe wWEg ngr
characterized in Talle 4 Tabl e
4 5 8 Three 18986 PEBvenger Bot tN@s
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The data for Examples 7 - 14 are depicted graphically in Fig. 5 and
demonstrate (except for control Examples 7 and 8 which had no scavenging
10 copolyester in the B Layer) that oxygen is consumed from within the bottle cavity.
The data of Fig. 5 were taken at 22 °C and 100 % relative humidity. The data for
Examples 7 - 14 are also depicted graphically in Fig. 6. The data of Fig. 6 were taken
at 60 °C and 0 % relative humidity. Again the data show that oxygen is consumed
from within the bottle cavity by the scavenging copolyester in the B Layer.
15 | Examples 15-18
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The oxygen scavenging capacity of the four films of Examples 15-18 were

15 determined using a method similar to that of Examples 12-15 of US Application

Number 08/717,370 filed September 23, 1996. Film samples of 5 grams were used

and a dessicant was placed in each of the 500 ce jars to create and maintain a 0 %

relative hhmidity environment. The results are shown graphically in Fig. 7. As is

evident from Fig. 7, the scavenging copolyester has a higher oxygen scavenging

20 capacity (in terms of amount scavenged per unit weight of copolyester when used
mixed with difuent as the B Layer in an A/B/A bottle wall construction. ‘

The specification and the examples of this invention have largely disclosed

processes for fabrication of oxygen scavenging muitilayered bottles. Those of

' ordinary skill in the art will recognize that a great variety of other containers such as

25 cups, bowls, trays, and the like will benefit from the application of this invention and
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The specification and the exanples of this invention have |argely disclosed
processes for fabrication of oxygen scavenging nultilayered bottles. Those

of ordinary skill in the art will recognize that a great variety of

ot her contai ners such as 25 cups, bows, trays, will benefit fromthe
application of this invention and WO 98/ 12127
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considered to be enbodied within the scope of the invention. Al so, the

ef fectiveness of the scavengi ng copolyester in 0 %relative humdity (see
Exanpl es 15-18) shows that it is an effective oxygen scavenger even in a
dry environnent making it suitable for applications in such an
environnent, e.g., for packaging of 5 oxygen sensitive electronic
conponent s.



REVENDI CATI ONS 1. A substantially zero oxygen permneation
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wal I l'ayer conprises a block copol ycondsengate conprising pr@ﬁiOSHe&@iaﬁbéénReplac

pol ycondensate segnents and an oxygen scavengi ng amount of p
ol i gomer segnents wherein said ol i gigAlNI®@S a nol ecul ar m"mm,)m”ﬂ
range of 11000 - 3,000. 10 2. The contai ner of
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f 0. - 365 20 .
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seal i ng means wrhe csatainemmﬂ@llrmrz wbetemmmuweopémwislxhythbeange of abbakew
t han the m§§£nd optionally of a nonolithic-construction. 35
9. The cont” ¥ﬁ Claim1 wherein the container is.a bottle.

4. The container of Claim 2 wherein the time period is in the range of about 60
- 180 days.

15 5. The container of Claim 1 wherein at-least one {ayer of the multilayered wall
comprises an oxygen scavenging copolyester comprising predominantly polyester
segments and an oxygen scavenging amount of polyclefin oligomer segments.

6. The container of Claim 5 wherein the copolyester comprises from about 2 to
about 12 wt % polybutadiene oligomer segments of molecular weight in the range of

20 about 1000 to about 3000 and from about 88 to about 98 wt % polyester segments.

7. The container of Claim 1 wherein the container further comprises a base
which may optionally be thicker than the wall and optionally of a monolithic
construction. ,

8. The container of Claim 1 wherein the container further comprises a section

25 for attachment of a sealing means wherein said container section may optlonally be
thicker than the wall and optionally of a monolithic construction.

8. The container of Claim 1 wherein the container is a bottle.

10. The bottle of Claim 8 wherein the multilayered bottle wall has a clarity
equal to at least 70 % the clarity of a monolithic polyester bottle wall of similar total

30  wall thickness.

11. A near zero oxygen permeation thermopiastic bottle having a comestible
product storage cavity, said bottle comprising a base which defines the bottom of the

* c L M S *
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target bottled product shelf |ife under a specified storage condition.

12.  Thé0 pothregisthe-battia eap aRrenids anddchig gensume pxMgen gt adigie pbouttne saraef

life are optiRal Y ' . rodugt .
e P B Bl Gy eh S A U AL I B ety e
varyi ng t haeary eomipiatevaxygbh cdinsufifptidn unﬁér)(ﬁj,ﬁtﬁ/) andl(c)oareRmanRaiNBA 4t IdadtHtn
th_e range of 1, 000 - 3,000, (b) varying the wt % of polyolefin

ol i gomer s@fn@xaen; depletionclevehseaireshion aectarget, bettiedoptadushishelf fife under a

concurrent L4 . oxygen scavengers within the bottle wall and
sb’é@ﬁ%ﬁ aﬁ:ﬂggé cgﬂgftnoﬁ

bottom ron he scavengi ng pol yester in the inner

scavenggr | ayer 12( €Jhe/ bbitiet 6fo0lah 11 whetdiR the loxPherscaiéndifgicabaBityp aAIRALIF
of the inner scavenging | ayer ) use of oxygen 30 scavenger catalysts

, (f
wi t hi n t helifsote eptimally aog)cogbeffaﬁwe!\c ediustecb i mest the produst requitements by a
i th . 9/ . | ,
(1) "vary niherfiBd SRcRel BB el it chislaftlo BL I Va6 15R SRR TRE Wilpneitabe
of the polyoisfitngijorhersegmentd, (1)) vargingitha it of PolydeTiP bRgGHENSegments in
the scavenging copolyester, (c) optional concurrent use of additional oxygen

20  scavengers within the bottle wall and bottom, (d) dilution of the scavenging polyester

in the inner scavenger layer, (e) variation of the extent of off-center placement of the
inner scavenging layer, (f) use of oxygen scavenger catalysts within the bottle wall, (g)
optional concurrent use of a bottle cap with okygen scavenging ability, (h) use of
plural oxygen scavenging layers, (i) varying the amount of oxygen scavenger used, (j)
25 varying the thickness of the scavenger layer, and (k) combinations of the preceding.
_ 13. The bottle of Claim 11 wherein the copolyester comprises from about 2 to
about 12 wt % polybutadiene oligomer segments of molecular weight in the range of
about 1000 to about 3000 and from about 88 to about 98 wt % polyester segments.
14. The bottle of Claim 13 wherein the polyester segménts are selected from
30 the group consisting of PET, PETI, PETN, APET, PEN, PETB, copolymers thereof,
blends thereof, and mixtures of the preceding.
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finished the stepsofl ayered bottle using multil ayered bottl e maki ng
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has a nol eddfar wei ght in the range of 1,000 - 3,000. 30

for med_concur r efiYf yyandtonity Safl Tty sfe'fhé&ppﬁﬁcﬁwﬁo%v%r% s o3 Tn%gea
first, secanmiiapsetitidifie LA AURIAR/e?Ed Do MAKRRIASPEratld; Y -

wherein said apparatus has means (A) to separately process at least two

15 different resins and (B) to form a layered bottle having at least three layers, and
wherein at least one of the layers of the bottle comprises a copolyester oxygen
*scavenger resin formulation comprising predominantly polyester segments and an
oxygen scavengmg amount of polyolefin oligomer segments. '

18. The process of Claim 17 wherein said fi rst, second and third layers are

20 formed concurrently.

19. The process of Claim 17 wherein said first, second and third layers are
formed sequentially. | |

20. The process of Claim 17 wherein the copolyester comprises from about 2
to about 12 wt % polybutadiene oligomer segments of molecular weight in the range

25 of about 1000 to about 3000 and from about 88 to about 98 wt % polyester segments.

21 The process of Claim 20 wherein the polyester segments are selected from
the group consisting of PET, PETI, PETN, APET, PEN, copolymers thereof, blends
thereof, and mixtures thereof.

22. The process of Claim 17 wherein the bottle is first developed as a

30 multilayered bottle preform which is subsequently expanded to the final bottle volume.

| 23. The process of Claim 22 wherein the bottle preforms are subjected to
special temperature treatment so as to improve the properties of the resuiting bottles.
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PETI, PETN, APET, PEN, copol yrrers thereof bl ends thereof, and

m xtures there
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subsequenttd abexp aadeld%t polybatafdlen'é ohgxbmée segmentsobiumelecular weight in the2idangéhe
process of Caim22 wherein the bott greforms are- suwgected to ;

speci al t &FgbPyt 190 o éﬁ?%@ﬂnosénﬁgr%a AEk & to abeut 2 pelyester spaments.

Copol yesser core: TESPTPERs of Claim 24 fehergifGn pBfERr Seoindlid B sEsBled foy'c
‘of ol gculipe g«smh:‘onsi@tmbe:frramepmc PETN., AROT; PEN G érsOfRe?Sof; bithdst

% pol yester segnents. 25. The process of ai m 24 wherein
t he pol yedhesre @gwbmﬁuwhgeeqfct ed fromthe group consisting of PET,

mxtres L her ogp 08 pREGRS BB Bl A7 Rherein the bES, 45 SiiereR B gpecil
bottles artém%%batﬁfé fafnferasio umprovettﬁéipgf opjeftiés.treatment so as to

I nprove their properties. process of Claim 17 wherein
the finished b@%| dbeprocess ofLlaimidi7 wherein theif nished thedtiescarge stored under a

d h I 3
oo Tl R R R R e oS i e BB A B
| ayer cons;hrdégt ion A/B/C wherein Layer C, which defines the bottle cavity

IS conprised of virgin bottling polyester, Layer B is conprised of a
copol yester oxyafsn Tmprmasmfg@lalmf1Uvd13?em7thmhdﬁlea§ea tveesiayeras bsﬁl& of

D 19 RSk R BFhEALGT, i aver EL ROk S S SRIR) R e
m xtures tdefiRH bottling polyester, Layer B is comprised of a copolyester oxygen scavenger of
15 Claim 17, and Layer A is comprised of bottling polyester selected from the polyester
group consisting of virgin polyester, recycled polyester, reclaimed polyester, and
mixtures thereof. _ -
29. The process of Claim 28 wherein Layer A is in the range of about 2 to
about 10 times thicker than Layer C.

20 30. The process of Claim 17 w_h'efein the bottle is a five layered bottle of layer
construction A/B/C/D/E wherein Layer E, which defines the bottle cavity is comprised
of virgin bottling polyester, Layers B and D are comprised of a copolyester oxygen

~ scavenger of Claim 17, Layer C is comprised of bottling polyester, and Layer A is
comprised of bottling polyester, and wherein Layers C and A are independently

25 selected from the polyester group consisting of virgin polyester, recycled polyester,
reclaimed polyester, and mixtures thereof.

| 31. A multilayered thermoplastic container wherein at least one layer
comprises a composition comprising (a) a copolyester comprising predominantly
polyester -segments and an oxygen scavenging amount of polybutadiene oligomer

30 segments and (b) cobalt in the range of about 50 - 500 ppm, relative to the weight of
the layer in which the cobalt is present, wherein said cobalt is supplied as an aliphatic
cobalt carboxylate.

L



45 29. The process of-g%ﬁ;ggﬁg_thLng_Layer A is in the
range of ) tinmes thic T aysr 5 e
process ofwééf?’ﬁizﬂ wherein the botl(I e lﬁﬁ’U\CEﬂ Blélgyered bot!t,(l:'{e‘mg?)mlsgler
construction A/B/C/ D E wherein Layer E,  Wirtirdef+rest the bottle cavity is
conpri sed of virgin bottling polyestsm, Layer B and D are conprised of
a copol yester oxygen scavenger of Claim 17, Layer Cis conprised of
bottling pol yest32: , Thedohtayeer ¢f Claim 31 whergin itbed:onipdsitidﬂ addjtippaljyesoraprises

and wherein Layers C apd A are |nd endent sel ected

pol yest er % 'mgn% n W& @nog; ofa cﬁ@é§6@rppm-é'@§i‘lvéd° Pﬂ%‘ggt of the layer
recl ai ned mp ﬁBHé%§ &%ﬁ*ﬁof ' 31. Amultilayered
t her nopl astic con |ner reln aP ast one | ayer conprises a

conposi tion com33. sThe confairercoiOlajras3 £ havingra voiune wuactbeiraagequ about 0.03 -
pol yest er se nents and ngn scavengi ng anmount of g bu adi ene
M'é 8 c

ol i goneP scapfhadtet irkaessiisoinithe ranos ek abowtf)- il 'W@i@'ﬁt in the
range of 1,000 - 3,000 and (b) cobalt in the range of 50 - 300 ppm
relative to the weight of the layer in which the cobalt is present,
wherein said cobalt is supplied as an al i phatic cobalt carboxylate. 20

32. The container of Claim31 wherein the conposition additionally
conpri ses benzophenone in the range of 50 - 500 ppm relative to the weight

of the | ayer in which the benzophenone is present. 25 _ 33. The

container of Claim31 having a volunme in the range of 0.03 - 4 liters

and a total wall thickness in the range of 0.1 - 2 mllineters.
“THTT

[



