WD 98/,12244

PCT/ US97/ 1672 OXYGEN SCAVENG NG CONDENSATI ON COPOLYMERS FOR

BOTTLE W0 98/12244 AND PACKAG NG ARTI CREE/US97/167) \
FI ELD OF THE | NVENTI ON 5 The invention generally relates to %
conpositions, articles, and nmethods for packagi ng -

oxygen-sensi tive subsOXYGEN SCAVENGING CONDENSATION SORQLYMERS FOR BOTTLE

Covcation o et ive oxygen <BPEERERARIHE ARTELER  Uo° vy gen

scavengers of this invention are condensati on copol yneric
subst ances which can be used for bottles and 10 packaging. These
conpositions have an ability to consunBlELIEQFIHE INVENTION: t he

anount of oxygen in or froma given environnent in the solid state at
anbi ent tenperatuses. ForThd invention generafly elatesdo compositions, alticldsabnd erstiestis for

into clear plastic bottles suitable faqr recycle with_ ot | yvest e
bottles. Sackaging® ‘OxyGen-Sendiive StaRck, esberally P Hpt S, beverage

15 Pl astic npioautts! SThHaducertiontis difécted to oRygensbarmer matefils of the so-called
advancenents into . t he pack?l%i ng i ndustry due to the design .
flexibility of theirafiyesxygen seRvengerl type. The active okygan sqayengerp of this invention

fabricated in vari oUgreSédrRidn8dtfbns EaHUlMER TSIIttahces RphieH chRbe used for bottles and
packagi ng i ndustry. The deploynent of plastic materials into filns, trays

bottles, cups, b# spagkagingngdiesnFomnesitions bays F%ﬂ%c@ﬁ%ﬁﬂ%c@eﬂ'ﬁfetq{éeddce
20 packagi ng indust . g {gﬁ*ﬁﬁ??f@ﬁ%ﬁ WRhE Rl Gbén atfnf:ﬁénrﬁé}ﬁoi]aafg.lé%ﬁegstate at

i ndustry many an unlimted degree esign
flexibility, the utiéambipnbtemperstures. Formulations arezdiscloged whieh mayabe dapricated

inhibited in situatigps.waans RS suﬂ%gg%ltlj&r@gd%%ﬂq'n other paiyester Bb#BSPNer i ¢

: . }
gases (primarily oxygen‘).' are necessary to ass

product shelf |ife. Wen conpared wmm terials such
as 25 glass and steel, plasfrcs ofter rnierror gtamrrl eﬁjrg properties
which limts thei% Plastic matetiaist habiel ¢anjinfied to make significantadnancemests into
that are sensitive t r.i - . i r .
exposure to the at m@gﬁéﬁg&ggggﬁm\?ﬁ ﬁ?&eﬁc{ g?el dee%é?nerqg’é@w bf thef ranteW?I?%nEJ e
peri ods. The packagi algjiity tdulse fabrivated Inuvarious sizek andcéhapesgcoramonly alised in the

whi ch offer the design. flexibilit I I cs W th ' nt._.re I
advant age 30 ?ckﬁg'ggt ﬁ"ggs%dot?gtqa%}omy\t# r%s%gvb&?%%oi'}t?i @%% ?rays,
properties of glass bdttles;t &fls, bowls, coatings and linerdhs gesadggtorgmonpiase rig the
has devel oped technol Of%égl 0. Hﬁr ove rties

t b ' . f
pl astic containef$ bYALREFBEJB ﬁtrymjﬁt{ﬂ%yg@@a‘s@%r{paﬁeﬂgl,ssoffq{atpggé)%g?gmg indlistry
many benefits with an unlimited degree of design fiexibility, the utility of plastic

materials has remained inhibited in situations where barrier properties to

atmospheric gases (primarily oxygen) are necessary to assure adequate
product shelf life. When compared to traditional packaging materials such as
25 glass and steel, plastics offer inferior barrier properties which limits their
acceptability for use in packaging items that are sensitive to atmospheric gases,
particularty when the exposure to the atmospheric gases will entail extended
time periods. The packaging industry continues to seek packaging materials
which offer the design flexibility of plastics with the inherent recycle advantage
30 of plastics and at the same time have the barrier properties of glass and steel.

The packaging industry has developed technology to improve the barrier
properties of plastic containers by developing multi-layer containers that offer
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PCT/ US97/ 16712 m xed poly | am nat ed packagi ng
cont ai ner syefdgRkad4Pr oved % iFl é t appr Oifféli not
conparabl e to, those of glass and st ¢el % 5 | sacri ,ﬁ%mgr?fany of

the recycling benefits associated with si ngl e | ayer cont ai ners
such as pol yet hyl ene terephthal ate ﬁ?GET and pol yet hyl ene
napht hal at e (PEN)mzss!moagner yershedhgse larﬂ@ﬁ@ﬁdpwaawgtwtﬂﬂmsumf&; ioproved

pol ymers, copoly ﬁﬁﬁg‘: [ f

container is oft ;Br?@ub %&?gﬁ H"?H shegb‘aal\gh%rgls‘r?lat% {%ﬁg of per %a% ance
of r ecyodhile Bacr;ﬁmdgamarwr ob thep esaycling banefits| assocrgtedswntbssingie i IByeral
in bottling applicati.ons. Ho Er the re ¢ n nce m)ng )
a wide range of iq:p%rs such  as &8&% %’?hﬁ te (PET) an &Eﬁ"y

made  si gnlflgantnapmm@t& (PER) betties.i n@unﬁéﬁnorﬂa(‘d@}ﬂ!’nﬂﬂig on the mixtures of
applications at the expense of the use of glass containers but primarily in

appl i cations wherRONMErsySBRIYMEFS, b@Ff‘ﬁ"ere‘ﬁﬁ si5ed tip dhe dayerppelanty. ofathe layered

si gni ficant n f I t

However, PET bar rcontarﬁé‘nat -%#%%g?tﬁ% g dﬂﬁg\ﬁs’@g | W?E‘g""“g thé] n?;gr %Tﬁlce of
packagi ng of oxygenydaimhtylbaréedpliqpbaiesmmd clarity is mosasratiaamrtbqtthngapplmauons

beer. The nost cgﬂm’mn SIZtﬁ or_PET soft drink bottles i

liter capacity bdtWe'Sur'"Bife 38 SPMPY (FNERTP; ?81""8()& I“@ge 2898 b plast
frequently 10 packa§ingusébe wal |l thickness of PET enpl oyed for these

| arger sized bottles provi des an adequat e oxygen barrier for such

products. Bottling frpET | Hasenmitié significhnt Mrbads prnwuﬁém:r@f &ridm ;Ba’Bkagmg
oxygen sensitivity in |arge hottles W|th t hi ck PET wal |

recent|y been corfiRPlieatianszaltherigepense ohdbe) usg) of glase k‘iﬂ,‘%@”?@ h'éfeﬂ@'daﬂ'b in

| nprove the barri r I we

on the a? rl{gén%g %ﬁ)&?#@%&%‘dgfﬁﬂ%ﬁ%g r?‘gétrlhgég{@pac E;l \égs' m’?gér}}tal
t o package vol umexample is thaayse iofi PEd feETsdfbdrink battesiul Howswary PET baaierer

f k f . 2 f h
oxygen senat tevi (RIoBTSAESE Ipitge 8 use R B bacitoooroRBrn S8 ST ks Siich "
size of the packagsfreitjuicesaed berdr. ShieEmgeticommdiesize for PET soft dtinloberties is the
packagi ng materi al

that occurs, the ¥ Pdﬁ%ﬁ%nﬁﬁxﬁzﬁgéogm ec?\ﬁ/a‘?'f%dptéf)g?g#l%ﬁysquﬁq”enﬂy

bottles is seen. NTheOWER "thRRABSYIF PET emmmbled s tHateCla r0§zzéd19otues
packaging is disproportionate 30 to the value of the product .

The avai [ abi | ity RSPViges anAsgeguatedoryass hamier for such proguetg) eBoéfén gﬂlﬁuwm apd
bottles and %Cka&ﬁér br%dﬁ&s'df%%ﬁ%xgﬁﬁﬁ’ @Qﬁélg\ﬂty in large bottfé%rb?ﬂtrgﬂ'ﬁ@{ PEF walls

particularly tor use 1Tn unusual sal oca such as at speci
events, in stadihas recenticbesn caminerniatided. | Bhe increasedovall thickness iseneededrto

of

improve the barrier properties of the container bl.?t has a negative impact on the
economics of the container. The ratio of packaging material to package volume
has limited PET bottles to multi-serve container uses for packaging of oxygen
25 sensitive foods and beverages. As the oxygen sensitivity of the packaged
product increases or as the size of the package decreases, at some point the
ratio of packaging material versus package volume becomes prohibitive. When
that occurs, the production and use of thick walled conventional PET bottles is
no longer economically viable as the cost of the packaging is disproportionate
30 to the value of the packaged product. The availability of beverages and food in
singie serve plastic bottles and packages is an important economic
consideration particularly for use in unusual sales locations such as at special
events, in stadiums or arenas, and in similar situations where the amount of

2 his Sheet Has Been Replaced

I




WD 98/ 12244

PCT/ US97/ 16712 product sold is often determ ned by how quickly

t he productWOM P4t r ansferred froma multi-serve coREBUSBHIETE a
si ngl e/ consuner serving. Oten, the sale of beverages in single
serve gl ass or netal containers I's prohibited at such | ocati ons
because of the p | 53,0,53

5 mssiles by ro %tsthefesg@ﬁéetr{ éﬁcﬁﬁmvent S. %gn;bk@ tﬁ%ép\/ré?&a%le‘&;ahﬁé glﬁ?]sgfrred
serve pl 3&"‘@ tuiti-serve dantaioer to a singlg/aensumercservinge dOftenathe sale of

i tuati : t

\S;: ag?! : ?;Sof papkzﬂﬁvﬁ&a%?y&'eg}‘%@ %?Vé) J&S& { Etgiriatc'?gﬁxa g ?ﬁp'?mﬁ%g} gtoF‘UCh
i ndi vi dual ser vi ngoéstivhgibecagse of the pessibilitg thdt itike empty contatriurshmswe m‘:rlédws
mater i al 10 padkadBeTiAR MY BRANHERS dRSuRY SYORS) SAIB T bverades in piiglserve
material to pacfka

containers with t ngsumﬁrbde@éé aog;&dsr :éﬁéﬁﬁé&?b@ﬂhma% all itbdtidig, pol yester

permt re passagé of oxygen to the packaged product than thick
bottle walls. As b Ginbthé eRBRomic \Rabilits Bt
of the bottle would not rbeﬁ mtV?Sr gg‘gbstpgct%orey Howevéerm? é{a?ﬂa%ﬁg?lt&%@é\

bottle wal | s whi clsemsitive anatetals impmaller orriedwvdualls;ervmwmmmsnseq decrease the

ananswer . The. usdN BRI 2 O Ros el e e B kel i e it ot papiaqing

sandwi ched, | ager rﬁéteﬁaﬁﬁﬁpﬁd(dyegmumaas woiuld) bk yfoand rfat Hrgéﬂ bcmaswarre@bvé@r

t he outer poly Is alrea connDn pi c
center layer is a containers “"m é’ﬁ"’fﬁir‘f’?@rmﬁe?a‘%’& °Pﬁ‘éﬁ f B?‘I‘.“é‘ b%‘?’Y‘F%F" perrmt
properties by slog, ;S PSF&P@&PE!\W the p&Ekadeld Wﬂeptrkhfmi&%dd‘@ walls. As

container wall. Such a em wou be categori zed passi ve
barrier. A conmon suchsthm(shelﬁrltfe Ands gier p'&gylf%de f%%tﬂresepé the hattle would not be
conprise inner an | a

CTDT eyt " bafaElor) 2Bl il i BofS Tl MBS iflgin o mrove e
provi di ng i ncrieas estygety Garrier charactenkta:srofeu:omenmw ibettling pblyestencmunbpaividm

into the bottle walls of su ances, capa 5 |nterce
scavengi ng oxygen a&sa'i‘ﬁw%&tgﬁﬁt'ésec Bf&@'épacyﬁf 583%%‘%@ #anfain a '“”gr SOHfEtm?é

container. This %hb%héhsﬁ%éf 504 @&cérﬁ‘tf‘h@ﬁépbéﬁ@f bMIyﬁﬁr%étEhélQicﬁnpared to the
unwant ed oxygen from the age cavity wherein sald oxygen may have been

i nadvertently int P@éﬁIdER!Y’DGf |laYgre, 4% lelrgadiy cemmonplaceg TYR%'Y&BF H‘Gﬂt%flayer is @
provi di ng r Jatatcre FRSAR
reacts with the h@g“ oxyga éf\tEﬁ{)v\n a‘i‘sl gaﬁnw;@r{o?\??e%x g%lﬁ rrier” andmfys
a different c@acef okygen through the qoatainerevallk \Suah daystemrwould |beitasagoeitzpd as@a

Q_Fe)rprgtalcﬁal 'y seal pasglr gd gf%&fam %5!’?1%0“ constructlgéy%? l}/Ch p%SSW Sasnl’lé/res would

comprise inner and outer layers of PET with a center layer of ethylene-vinyl
alcohol (EVOH) po%er. Ancther method for prdviding increased oxygen
barrier properties is the incorporation into the boftle walls of substances capable

25 of intercepting and scavenging oxygen as it attempts to pass through the walls
of the container. This method also affords the opportunity to eliminate
unwanted oxygen from the package cavity wherein said oxygen may have been
inadvertently introduced during packaging or filling. This method of providing
oxygen barrier properties where -a substance consumes or reacts with the

30 oxygen is known as an “active oxygen barrier" and is a different concept from
passive oxygen barriers which attempt to hermetically seal a product away from
oxygen via the passive approach.
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PCT/ US97/ 16712 One nethod for use of active barriers would
be to mak | ayer bottl e which actually app a
nono- | ayer od;s{}?‘g& In the three | ayer bottle, the m§92/r\%?%ut er

| ayers are nade of the sane generic famly of polymeric material s.
The nmethod applies to many packaging articles, but in the 5 case of a

bottle, the constructi@nemsthad Jehpee £ active parmipss would he dp dnake a three layer

sandwi ching a m | 2 é&ﬁ% F%g | cb%m?gi
characteristics a ytg?c‘g'?ﬁe%f t ééﬁgatera?%ﬁyggtge@q‘%ﬁ}re; én"{‘]grée rﬁ“&gl lgyer
| ayer is battiey the innearand outar layensr aneomadet ef tHeagame, gerericafamily| ef
appears to be only .a si.ngle . I r. .COf. course ny opl.i.ons exist

i ncl udi ng the yseal%'mgn? &az?ﬁ"\')ﬁ'l Jhe metﬁé& 2RB @@@%P?@Shﬁﬂeﬁm!ﬂ €hg -
oxygen scaveng NOcaz@P@f yaebéttle, the construction wbOigOcompaAse OO poRjestt layérs
oxygen scavenger into the walls of a bottle provi des a very

effective neans fSANCNICHING a@ oRiddle t lay@r,shaving: yIstanding, o OXygRMmt scavenging

of oxygen which rﬁﬁaq : g t qﬁﬁ,ty&g@. ' _
exacti ng demands |€ﬁ§g%tt§pﬁ%'5w%§gﬁdtq é active l% ygeﬂ%naﬁ%ﬁ@?r?gé \%g?fge
15 of the bott| everpsimitasie ithiz oater polyester kayers, the adicle appeays tchbe onlyld single

the bottle showl,d be of sufficlent stren .and rigidity to, .
withstand the rid8Y&" of EHIfi PPYRg, many °p4'°nssﬁ|x56i 'Hg'fugﬁ'ﬁdglfség‘ﬁy"koﬁs%ﬁ”gw
The oxygen scavengmegérmiusirhondfayeheompiisihgoxygen scavendgihg Gopdaried. be of
sufficient capacity to allow for adequate shelf life and nornal

product turnover int erjHedrporaBionl &f an faetivd dxygsr suiengai Rity the wal§ Wf £ bbiat
t he 20 oxygen scavengi ng shoul d occur for extended periods of tine

Mbst packaged  Provides a-yaty effective-menns k1 elimination o @b jeasticentral 96 the amount
tenperature or u o | ; ' a '

for oxygen scave%ieé] gétv?r'\iﬁ f/ééac?z@tsﬁgesgawty ome%{:e?%érg?ﬁ'reg%?t@g%(ﬁ%?é%?

t he oxygen scaverexactispcemandsiwhichare piaged Lpon theactive oxygen scavenpieg avalises

to b i i, i Lodet 2
Sor o and tabcst B hARL Tting LoflsHBMIRH I Ind teefiiively fin whli§ 3F the ptte
tenperature (T[ elrsﬂo):éd)fbegdﬁ/gemcmaf&aggm?ani)ﬂgidﬂ'ytt?ﬁﬂ'ﬂnsﬁndT the ﬁgeffs_edsf_r ﬁlﬂng,f
coO osSitl ons wou .afsor oX en a ara ast er an tnhe er apl. || (0]
o oot IR EE AN e B Fonsinerme The StYGEn SoRYEnog caoRoD: ol she blite
packaged wilisPshiiiid BB idf Suificient Badtity 36 afléw 36r ddeqliate’ SHElVife AXd 86fnal

fromw thin the 30 package cavity if necessary. |n those applications
requiring clarityprogyet tumover intasyalagbheff lifer aod dudaven intervale reguire shat the

properties apjo ' : ' Dl e '
el | od bott | & oraeR sadafify siogis ocour for extenibd pelipds SFtrié Mt Bectegel
bottles. |In orderprodutte arestiredfand, transported at taomy temparatvee oonodertrefligeration
4

er

which mandates the necessity for oxygen scavenging activity at these
temperatures. Of co(srse. the oxygen scavenger should exist as a solid at these
temperatures so as to be shaped and formed into packaging articles, i.e., these
25 storage and transporting temperatures must be below the gilass transition
temperature (T;) of oxygen scavenging compositions. The preferred
compositions would absorb oxygen at a rate faster than the permeability of
oxygen through the packaging wall for the planned shelf-life of the packaged
product while having enough capacity to remove oxygen from within the
30 package cavity if necessary. In those applications requiring clarity, the
packaging article should have optical properties approaching those of PET.
Finally, the preferred thin walled bottles should be suitable for recycle with other
polyester bottles. In order to be meaningful, the recycling must be conducted

4
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PCT/ US97/ 16712 w t hout the need for any special physical

processi ng W@RBS/R4del am nation or the need for any Seashdhnerna
chem cal processing such as depol ynerization. Wat I s needed are
oxygen scavengi ng conpositions met hods for the production of sai d
conposi tions and nethod us t he co itions in acka n I ¢l es

5 so as to satisf )‘ﬁ"‘gF’P ﬁ%‘#rg (&Y, SPeRiR) [@Q}y&m&g&{}ges ing Sn"% Belarminaton or

| NVENTI ON SUMVARY fDnBEY fdr\Nriysgeididieheical processing such as’dépulifiérizdtion. What

attenpts have been made to prepare oxygen barrier and/or
scavengi ng bottle aneededsaie-0xgancIRaYERIING \FemMResRicDE Metheds feo theopraduetionosf

i norgani ¢ powders gﬁfy&fméﬂlﬁo%s' ﬁf"%%ﬁ%ftdsﬁ' E'c%m;M%ﬁfoanm ggg,g% n%ﬁh%@@

10 have nunerous shortcom ngs | I ng poor r|ty, poor pr
properties, 5 so asrtoskfisfyialitbe deyngads aptredited abostenon-recycl ability.
There have been nunerous approaches I nvol VI ng t he use of | am nated
structures. Most of these : AN ; R A

di sadvant ages and nost gl sosuf |.ac ‘ re cI ability.

Sati sfying the need fori Q%n‘H aqeggf;i Eee'ar'é%ﬂ? tOtH{FﬂaRﬁa%ygﬁ" barr% and/or
pol yester bottle Wstévergmgebmalwamymecawmhas maamdlvemm inBrpbraiRH of
to be a subj ect, of substam% t echni ca come i nt erest.

One met hod proposet! GANIC oK H Gn %aéfﬁde*%h%{wﬁ?t\ya'{s o&ghqqeegys,tgms
the incorporaty@n RbvéKHARIoECSHERDHISgSMBRIBMNAGSSOr iclrdy, Pabr proc%ﬁ&h%gé?pfelnéecf,

i ncorporation would increase the oxygen barriér pro erties of the
PET 20 per ni t t insyfficient sxygen uptakenantd noprrecyclabiltyd There dwae been numerous

t ai t I
o fances, vt ur aPPYBSBTES BBl e Ufe OF rhpBlkeChuRRAAET, BBEH HHSs rave o
PET nust be done wieagbudnes arr 'séi/@r'angdiﬁémrantages and salosendlsé esufferefromndack of
Peatures and pr opefacye@bif- PEdiRRiTa, die nesd foh i Biorih peveiayle, isag; #f wallse
25 good passiyg ogswgegtebabmbemp EQWémeﬁm(géh dcagerdifg capadty has/coritinbed to

reasonabl e cost, and (6) hi story of experiencé and use In
the packaging i ndub@ﬁ;ﬁUbIECt ofsubstarmﬁte iabangcemmergialdsteresio separate
consi derations involved in devel opnent of materials and net hods

that could be used to |Qp¢@wh©%@f@%éﬁ°fs@ﬁmmﬁ'@faﬂge of Ufllltprf@pBEle@ﬂeéﬂs
PET. Firstly It wagg ne‘ﬁ@ér@ﬁ?a\ﬁoho dfd%Q%% ?ca%ﬁéxng Uﬁﬁrtﬁﬁéﬂ ch
gen s apacl t t -on

may possess high oXxy avengi ng ¢ &l T annunts oa
such materials V\ouindonmratemmoeld ihcreass the ux;fgehrbatmrem'ohemes of the modified RET

itnggct on th euf 5 Of thr&mgnﬁnnn%srt D&Hg uwngusoahn%t wou 3egl Poa} sergglper clzo%etlg‘l}\ers,
especially for the bottling of oxygen sensitive substances. Naturally, increasing

the oxygen barrier properties of PET must be done without sacrificing the
salient features and properties of PET. For the purposes of this invention the
salient features and properties of PET include (1) transparency, (2) rigidity, (3)

25 good passive oxygen barrier properties, (4) recycie capability, (5) reasonable
cost, and (6) a long history of experience and use in the packaging industry.
Thus, there were at least two separate considerations invoived in development

of materials and methods that could be used to improve the oxygen scavenging
properties of PET. Firstly it was necessary to identify a list of materials which

30 may possess high oxygen scavenging capacity so that only small amounts of
such materials would be required for use in fabricated form. Logic dictated that

use of the smallest amount of material would have the least impact on the
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PCT/ US97/ 15712 exi stent_salient features of packaging

pol yesters er, other COMSHTIRARQBERRY had to be made in
addi tion t(‘)”%?});gl\gﬁyscavengi ng capapW‘? SAEQA?CED i ncljudi ng suRRTPSHETR as
cost, clarity, processability, reckeldhg—Secenety—it was
necessary to devise a neans for innocuously incorporating the nore 5
proni si ng scavengaxigteAtibshkemeSeafires t bf packading gpolyestens.t | i Mbwvey €Sétaes
to form desi rabl e oxygen scaveS%er S. i cants

1 o App :
were abl e to sati<npidssatiens: haf cloc beoMade dp Aqditinn #3 oxygen scavergiey FFPaAGitY
novel condensati; | K1 @S T ; :
predom nantly pol |§ﬂ/§lg§j g@péyecé%%t{: §§ gﬂgaﬂ. +lg@2'eememel gﬁzlﬁ%ggccyecm%{geem'ofs e8‘>’<’§x"g”é‘r{t
| 0 scavengi ng hywasocwdessaryetprdevise a Theansx fareimnocuausty)iimeprbgrating ¢héomore
segnents need be present only in t. n SS 1o _prqvide the degree
of oxygen scaﬁéng‘? rﬁﬁ“gg%ggﬂ%qg%gﬁ%ﬁ%@%@tlﬂtgﬁﬁgﬁa%%qlgg aﬁﬁ%‘%‘"ﬂ%ﬁ ip8ﬁe§tﬁ& g’r e
conpri sed of pol ymhafdairaﬂgl'emgénsemgngbs_mm ch have been incorporated into
t he copolyner. For this invention, predom nantly polyester segnents is

defined 15 as at Amsigants0 wire Yablel e Ss&tishif ctsitRnos {hese dcomsidération wiyt
of the copol yner. Since the copol ynmers conprise mainly polyester

segnents, such asdeMeioping novel s gPRAGRN§atiqn, c Gopelyatar| e sompositiens o rIMATising

formed remain ver e (FONNBAIISNC I r
I.e., the unnodi fqrggbﬁdﬂmgfyrrers?)gor‘i‘%/nésstag?q léssér Weﬁﬁga%?é‘eéﬁ Qé%gpng&eé'en
scavengi ng hixdr cscaveogingshygdronarbon sagmentsygdine oxygeh scavenging rhydedsatbcny

of these novel co i r e . above
and Dol ow ¢ hei r rtR hekd ¥ G388t Gl bEFR AR BFceaN o proyige mddBifee
si gni fi cant advansfeoxygenhscaveagingodapacity aeeded famiiengarticila applidaion WndOare
this invention is the apility of these conpositions to scavenge
oxygen at commr%m'wegépwmweseq@fﬂf _,Wh_(‘-‘rh. ave Pﬂer_! Incogaragd into
are typically aboys EBopEe, ERXRs invenken, srpdmnahty BBy fitel figme W Lefiba
made into or ncahHal igastiSt mt§s pelyestar sgomenischasediamthenwgight of the copolymer.
comer ci al oxygengscaviendi [ | r [ r
TG < e e e i St
argely of polye s thetpsop 8 13-} veyy tsfirailar ose
30 copol yners ar ui tabl e for heg cle with conveptiona ol yest er t?ot | es
from ot e e, ireot g heRE fo- b8 (SRBPaeg cfaho PR pebvester
Appl : cants ha\ée athﬁlagg fthe ?f]ygdﬂ\evéé‘aﬁ_dn@ﬁg hﬁ?&roﬁ@ﬂbfgaﬁegg\eﬂb?t _nO'VI(?éfoxygen
copol yners and nethods for their use in t he fabrication o
bottles and ofherSSRYERSIFS APIHY of these novel copqiymesy isrpresent at temperatures both

PCT/US97/ 16712  apove and below their glass transitions temperature (T;). However, a

significant advance in the state of oxygen scavenging art arising out of this
invention is the aﬁility of these compositions to scavenge oxygen at
temperatures below the T, (i.e., in the solid state). The T,'s of the novel
25 compositions of this invention are typically above 62 °C which means the
| copolymers can be made into or incorporated into packaging articles that have
commercial oxygen scavenging capacity at ambient temperatures in the range
of about 0 °C to about 60 °C. Also, since the novel copofymers are comprised
largely of polyester segments, bottles constructed comprising the novel
30 copolymers are suitable for recycle with conventional poiyester botties from
other sources and with no need for special processing. Applicants have aiso
devised methods for making the novel copolymers and methods for their use in

the fabrication of bottles and other packaging articles.
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A search of prior art has turned up sone background references.
Anmong these references are U S. Patent Nunbers 5,310,497, 5,211.875,
5, 346, 644 XRQ98/1248 622 (Speer, et. al.) which disclose the (REETB§97/16712

poly(1.2- but adi enes) as an oxygen scavenger. But there is no
di scl osure of the 5 conpositions of this invention nor any recognition
of the desirability to disperse thi s oxygen scavengi ng capacity in

a polyester in any nanAesearahdof @ribaiart \has tumed upotsiomeg Uaokgmgg@srhféréﬁcégse

as segnments in a gonden atlo o ol yner t ernpre, these
addition type pol es§pé renges age {,y%_ ?&%e"&@&&%é{b + 5,211,875,
absorption only abm4s, smagdu masmxspeanetemam‘turcﬁsdﬁséhﬁ Q%Wolyn 2
system 10 The T[err]. of the Speer, et. al. materials is well bel ow

use tenperature buta ienes), @%o ANy OWGSINo FEAVENGET. p BN &ers . lSTnpsdlselowrseobm
linmtation to ghegéﬂFSétxoﬁé of tpls sRvenbd%' nor%y%@@é&mﬁ’éh bf th@’@sﬂ‘gsﬁtgctgedéﬁ%ése

possibility for f cation o e polynmers’into

articles having oﬂmwmsmmg!gcamnﬁyyn a poiyesteelnh any manner|afe rceitaindy
by those of ordina hat b wthegasstra i tion 15

tenperature the pB?@P& tq §uqq$sgﬂalu§§§; BTINT T°‘d“ &R AUgN GPRRIYmegystem.

cont ai ner angemhdr;. thiese t dudlition typrpwmemumspsépfufd by, dibasse ekygen
o7 _ oXydgen

ordi nary skill |n the rt t ha er neabi |
significantly incf %BBIV tq"?f@ tﬂ?&é%ssttf%{%&"f‘l tgmperature of 'th@rﬂﬁ)"aﬁ"uﬁ@tﬁfﬂ
the polymericqigmat ghéaf,; of RHe Spedrh@ie abYmhRiRis V"&e%lloﬁéflﬂﬁnhhe use temyera}turteh

absorption occurs abovge the glass transition tenperature the uttil
20 material is oﬁﬂﬁwnwrﬂmdpved)fortmaglpg bif'hlsheaismhmltahomtarmeﬁmeler tey.

of the o en h., t Q

(shape) . XygSi npl & pohHiErQ% 't ? tuglgéﬁlgg agy'ﬁﬁ g%ﬁoq%%{':%ﬂgpsﬁéﬁﬁrﬂm t'¥§9n

pol ynmers are, in @delpgbkagu@ amcles havmgglodygmd sdaveaginy edapacityhDews Rl wasi

(0,08 4220, 3. . PAHEBLA Rl Y spanary sl DR Bt S G °

directed to t{e ugenpdrafers dﬁtﬂ?mbﬁiseﬁ a 8lasszy or QQRPE&{B"‘Wﬁch' r%\l?bspﬁ'é dd?ltal qer
oc

general, in Japanese, patent unment 591 er 7
enhanced i npact re@ifif. aheghes, it %%HD@@F*W&%F‘WQ&Q"W&V‘@W skill in thetamhatthe

O cbor oo o HHERRR) ATORG IR AR SEATAL, qegs g
| t 30 is knovhmnmturg/df tj’@enalvmncseateed. t Thu |mth¢aéesystena§ whemsbxygen
Severet o o oo, esger AR ol AR S BRER e MO
application, Mygaatmawfgengw pait lor totailysby tHeciherdake it bermt_aabmty of me96i:ygeﬁ
z7and avs\bl Sg} |1'2t2Z4t%roug cothar %Iymeonl' ts?rrsttelmargr xdlos enofatr%m;;ty (shape) Simple
PCT/US97/ 16712 polybutadienes as high molecular weight addition polymers are, in general, non-
rigid and il-suited by themselves to be used as a packaging resin or
incorporated as a component of a rigid PET bottle construction.
25 As an example of prior art directed to the use of butadiene based
copolymers with PET in general, in Japanese patent document 59196323
(November 7, 1984) enhanced impact resistance or mechanical properties have
been disclosed for copolymers from hydrogenated hydroxy terminated
polybutadiene with PET oligomers, phenol, and terephthalic acid dichloride. it
30 is known that hydrogenation serves to eliminate or at least severely diminish the
number of tertiary and secondary hydrogens present in the butadiene. As will
be discussed later in this application, oxygen scavenging abiiity is related to the
presence and availability of secondary and tertiary hydrogen atoms in a
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hydr ocar bon substance. Hydrogenation of the wunsaturation in the
pol ybut adi ene pol yol efin would serve to elimnate nost of the secondary and

tertiary h tons sites an e posi tion j I,N

t erns X’Slégg(gzg“'?)‘xygen scavengil AgIHSrERT .é% such t he a%@ﬂ%’gﬁ%?u

hydr ogenati on of 5 pol ybutjadi enBEAY e n the copolyners of this
I nvention is an inportant drstinction over this prior art. Also,

i n Japanese patent docupent 59193927 .Nove r 2, 1984). reactiyve
extrusi on has beg?ycggggs%e&_“ Bﬁanﬁ?‘epar*yqr%??'@&m °rgb?h‘_’ é‘ﬁ?ﬁ&f%'&" in the
hydr ogenat ed pol ypua ﬁﬁa@iaﬁegoyblm Wwoakicderve ¢ elimitate Yidse ofehd SBeondary and
U S. Patent Nunber 5,244,672 i scl oses the use of PET-nnal eat ed 1

pol ybut adi ene as griagyl hydiogen @eres sitesrany rendensuel p qopiposiioniimgotent in terms
| at el et ' WR: ' P
pratelets of BkytRA’ §§a§§§§.ln§ir gg&%ﬁéi. PR $kh Rﬂ{agﬁsgggés %W@Sﬁéﬁ of

passive barriers vermculite p
di spersi on woul d pudytastadiené oligemers in the copolymersasf this dsventionfistdre important

specified particl i zes ranging fromO0.,1 -.5.0 [err]m l.C | d
interfere with tr éﬂﬁ%‘ggiWﬁrgﬁ"sgﬁf@' kﬁr'% A_jrﬁj’nt".‘ JRBRTS aﬂ?@"ﬁf’gﬁq'ﬂ@gﬂém%%y
copol ymers wi th viNdvefibar 2, 19BYY r&dfdtive @xirgsioR has aeeRNddscribe€ forBrepatibn of
transparency. Furthernore, there i s no apparent recognition of the active

oxygen scavengi n@Bingiesd hydieagnated. pelybytadiens: withe polysster dinger taatalytisn action.
for its ' t egny ol €4 n e

56129247 (Cct obery'Q%ie' bR NB‘?‘SE?{) %‘%ﬁz&g"s’sﬁ%}oggﬁaﬁ%& géfegiggg'cﬁgdc?)%a;’%%r
with PET as athucpaiybutadiene BERn adhesive (one of mdnyzaxamples) fopeermiaulifeaplatetets

docunment 7308358 (. 1 hes+ | PET-pol ybut adi.ene
together with tr i4'%%%'§§%aﬁves°%§g@§ncg%ﬁe§$&Z"Mpé?pyﬁe(ﬂeyetgt geéa?e B’asswe hPﬂfé?
tire cords in natecomprising bamiciiitec plateletses Suyehi ar dispérsionf wobekC ascdsdarily be

di scl osed or nmade obvi ous the.c | ycondensat.es of this inpvention nor their
efficacy for sol i PAE 5%%?3@%%8%?%@?3 cle Sizg§ ranging rt]""""‘Tq&ri“S' 5.0 READS on
provides novel \GREAOFLLIEORferierd with)®andrifssibn %f visible light Applicants disclose
copol ycondensates which are effective oxygen scavengers that can absorg

oxygen at packagisrpoiemgrsr withr verywsmal pelyolptn wligomee spgments rwhish t maintain
tenperature of t éFf'c‘i'iC |1 e | g I .

pl astic r‘?%r(%?{ares or \Aﬁengﬁ?fcebgﬁ%reﬁge ?‘f?%%ﬁ@?’eﬁg%’@g’? \ﬁg tbr%tég’?“(%l S
such as filns, cupygen scavenying aapability didhe pelybutadienadunctiopality lalorer o, fof od
bags, trays. In ser i . Of ' f IS gl | t his
has been achi eveg"soi/wktﬁémptpsb'gpg%c%t% O,%Hgggéenfﬁéﬁt '@"&b‘hﬂy”ﬁéb@f@.@aﬁ%“&{ 9.
absor bi ng oxygen 1981)hiscksdelshytitdjenater] diens bepotyraerasith PET as a nuclédrtfieri REDN
e e taldaBin Shpanaas pieht cbcimnart 730858 hiarth 45, fo72) discoses

PCT/ US97/ 16712 pgT -polybutadiene together with triisocyanates as an adhesive for polyester

fiber tire cords in natural rubber. None of these prior ant references has
disclosed or made obvious the copolycondensates of this invention nor their
efficacy for solid state oxygen scavenging.

25 This invention provides novel compositions in the form of
copolycondensates which are effective oxygen scavengers that can absorb
oxygen at packaging temperatures which are below the glass transition
temperature of the polymeric compositions when deployed in the walls of plastic
bottles or when incorporated in other packaging materials such as films, cups,

30 cartons, bottle cap liners, can liners, food bags, trays, and the like. In a series
of embodiments of this invention, this has been achieved by the preparation of
copolymers capable of absorbing oxygen in the solid state below their glass
transition temperatures comprising predominantly polyester segments with a
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sufficient anount of polyolefin oligonmer segnents to achieve the oxygen

scavengi ng capacity required. Al so di scl osed are net hods of
pr epar at i onWEO9BR¥oxygen scavengi ng copol ycondensat eBCTU§9H16712
preferred enbodi nent, the copol ycondensates are 5 prepared by reactive

extrusion transesterification of polyester with polyolefin
ol i gomers which have been functionally term nated with end groups capable
of ent er i syfficiend robymto vl cpalyoleth pligomer segments to aghieve rtbe hoxigenf

or oL ot 1, X0 e oA ARGRY SPETOTISte | packaging are
substances ar e packaoeddragbibk A nioL, S SPUD BSOS hohlob®

barrier. ~ copolycondehsatse! i ae phufelret: eibodiménit] the Bupolycatienbates idie
bottl es of sufficient oxygen scaven m@&ggam tg are discl osed so

as to permt bbtt Prerpared by reactive gdrusion,tragses tigfe oh Ralyestes with galyglefin

sensi tive subst angfgombwhith Havelbeen ﬂﬁm&g&hy ﬁ%iﬁ&@&%@%?ﬁﬂ?& gzrapable of

cooling or refrigeration. . Inally, several

enbodi nents of t hieptarimgdntoi patyatindensationsol yest er bottl es having
commer ci al oxygen scavengi ng capacity which are suitable for

recycl e with other pol }Nsot methosist dfepraotéctinguexygee seasitivé substance hycappropriate
pr ocessi ng.

. . .. BRI EF | PTI THE DRAW NGS.,.
2 Hi g, 1 PECKAging ate diselasse p &, Pelps. T eTPRSqiEs, WhertioRiaen sensiive
;cavengi ng bOPM GSﬁbstanc.:es wrd baﬁkﬁbeﬂém%ﬁsblé@?@ﬂémf. manuffacture comprisingitBe
is a copy of a photonicrogr a i magni fi cati on of a cross _
Sectional sut of BOBUBIE SSETREMABAVE i SUTCI: AYRSONR e AR OXrRen barier
pol yol efin ol i goner segnents of the copol yner that have been .
stained with GsJerr]. sevg@?.embo ‘mFi“b‘sP?éh‘S 'QV%e?t@"gPEﬁH_%W% °§r§é‘W°ﬁ%‘é
di stribution of thy rﬁ”?é%n@inéescéﬁacit% g;e diEEISseRP't ¥8! aki Mo OlpeRAit® bottling,

segnents of the copolynmers as déterm ne ransmi ssion el ectron
m croscopy. transportation, stagages and saleichoiygen sensitiveosihstances such ascfryibn

scavengi ng caqgc: i‘x"eoa""‘“?r‘{ﬁ"é%HFEE?"'C%M%W%&S of this invention at

two pol yol efi n” ol ' goner versus unnodified
pol yester. Finally, several bottling embodiments of this inventic%: disclose polyester

bottles having commercial oxygen scavenging capacity which are suitable for
recycle with other polyester bottles without the need for any special processing.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 is a cross sectional view of the preferred oxygen scavenging bottle
wall and film construction.

Fig. 2 is a copy of a photomicrograph at 60,000 magnification of a cross
sectional cut of a copolymer film of this invention which shows the polyolefin
oligomer segments of the copolymer that have been stained with OsO,.

25 Figs. 3 - 5 are graphs which show the distribution of the diameter sizes of
the polyolefin oligomer segments of the copolymers as determined by

transmission electron microscopy.

Fig. 6 is a graph which demonstrates the oxygen scavenging capacity of
the copolycondensates of this invention at two polyolefin oligomer molecular
30 weights versus unmodified polyester.



WD 98/ 12244
PCT/ US97/ 16712 Fig. 7 is a graph which shows the effect

of the nolwewysakadsei ght of the pol yol efin ol i goner poruEdpOsTYIES
clarity. Fig. 8 is a graph which conpares the clarity of
films of the PET copol yners of this invention in an unoriented
versus biaxially orlented node. Fig. 9 is a graph which

conpares the clarity Qﬂ‘ s}[@ gﬁé%{fqﬁm‘ﬁ'-:s-ﬁows the eﬁec?gf)@eyﬁsffguﬁt' \Jelﬁgﬁ a°|5I1|he

i nvention to that of u

whi ch shows the qfdlmtefmmilgou'tpgon copalyareg clagty: at es and capacity of
addi ng cobalt to the copolyners of this invention. Fig. 11

is a graph which conp&ig:s8tiseaogmpbnwhichy comparesctheaciatity of films16f thPET
ccavenger syst ;mc%»b%%%o fﬂ'stfgvé*‘% Rfaf%nﬁgem‘gé‘ﬁ"a%{v's%fﬁ@&'eaa?bﬁb%dﬁé ddtrc
oxygen scavengi ng capac co rs of this.i t|on to
that of the ufreacted §Qa t'Fn@ %’&PBH"QPB comgaregn}?\e clarity of Fimd L &8 PRIV

OF THE PREFERRED dgiyBiyhlelbFthis inverition to that of uRidmel pESL er s, incl udl ng PET,
used for fabrication of plastic bottles and ot her packagi ng

articles can be the s 10lsy£ grats whichrehoWsCthe!difecPBhYB§h€R scavenging rates
segnents are derived in the novel t:’%aen scavengl ng condensatlon

copol yners di scl @é’échPHCM?fsaqqm&?R o the-gepaliamens\of thisiiswentian.yesters are
prepared by polynerizing together (typically on an equinolar basis and in
t he 20 “presence ofiG&uttk BA G’M t JoreRases Ay PxYgen: seavepgingseapacighok

NONOMErS as 4q coﬂﬁ&h@r?%f'tﬁls':ﬂwﬂrﬂo?\ {o fHad dlior w*rﬁne]lr{:lﬁﬁf aV8fidBid Bgygen

repeating polyester depicted I'n
scavenger system.
Fig. 12 is a graph which compares the oxygen scavenging capacity of
the copolymers of this invention to that of the unreacted starting materials.

DRESCRIPTION OF THE PREFERRED EMBODIMENTS

15 The polyesters, including PET, used for fabrication of plastic bottles and
other packaging articles can be the same polyesters from which the polyester
segments are derived in the novel oxygen scavenging condensation
copolymers disclosed in this invention. Frequently, these polyesters are
prepared by polymerizing together (typically on an equimolar basis and in the

20 presence of suitable catalyst) two separate chemical substance monomers as
depicted in Formuia'| and Formula Il to form the repeating polyester units
depicted in Formula 1l

10



10 WD 98/ 12244

PCT/ US97/ 16712 [err] Rerr] i

di car boxyll“fp%{%noner of Fornula | is often, but not iomen:
necessarily, a divalent aromatic radical which usually has one, two, or

t hree aromatic rings, which in turn my be fused or separated when
Rl err] represents 15 multiple rings. R err] nmay also be aliphatic,
alicyclic, or mxtures of aromatic, al i phatic and alicyclic in any
possi bl e conbi nation in the case of pol yost € copol yners. For PET,

Rlerr] is the divalent 1,4-phenyl radica] and Formula | would
represent terephthalic acid. The preferred Fornmula | species are

t er epht hal i c aci d, isopht hal BcOfeRd-Cthal i ¢ aci d, 2, 6- napht hal ene
di carboxylic agcid, other 20 napht hal ene di carboxylic acid isomers,

m xtures thereof, and m xtures of at | east one of the preferred
species with other species encoH‘passé’dotBZ‘ﬁdT"rml a 1. Especially

preferred are terephthalic acid, 2,6-naphthal ene dicarboxylic acid,
m xtures thereof and m xtures of at |east one of the especially preferred
speci es © O

i) i

10 . (-O-C-R1-C-0-R2)

R1 in the dicarboxylic acid monomer of Formula | is often, but not
necessarily, a divalent aromatic radical which usually has one, two, or three
aromatic rings, which in turn may be fused or separated when R1 represents

15  multiple rings. R1 may also be aliphatic, alicyclic, or mixtures of aromatic,
aliphatic and alicyclic in any possible combination in the case of polyester
copolymers. For PET, R1 is the divalent 1,4-phenyi radical and Formula | would
represent terephthalic acid. The preferred Formula | species are terephthalic
acid, isophthalic acid, phthalic acid, 2,6-naphthalene dicarboxylic acid, other

20 néphthalene dicarboxylic acid isomers, mixtures thereof, and mixtures of at
least one of the preferred species with other species encompassed by Formula
I. Especially preferred are terephthalic acid, 2,6-naphthalene dicarboxylic acid,
mixtures thereof and mixtures of at least one of the especially preferred species
with other species encompassed by Formuta |.

25 R2 in the diglycol monomer of Formuia || may be any divalent alkylene or
substituted alkylene radical or mixtures thereof. For bottling and packaging

' polyesters R2 is often, but not necessarily, a divalent C, to C, alkylene radical.
For PET, R2 is divalent 1,2-ethylene and Formula Il would represent 1,2-
dihydroxy ethane. The preferred Forrnula Il species are 1,2-dihydroxy ethane,

30 1,3-dihydroxy propane, 1.4-dihydroxy butane, cyclohexanedimethanol and
mixtures comprising at least one of the four preferred in all possible
combinations with each other or other species encompassed by Formula il.
Especially preferred is 1,2-dihydroxy ethane alone or mixed with other Formula

Il species.
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W th ot her species enconpassed by Fornula 1. 25 R2 in the

di gl ycol nononmer of Fornula Il may be any dival ent al kyl ene or

substi t ut egoajglyi@ne radi cal or m xtures thereof. For bott! ipegsosieri2
packagi ng polyesters R err] is often, but not necessarily, a
divalent CJerr] to (Jerr] al kylene radical. For PET, Rerr] is
divalent 1,2-ethylene and Fornula Il would represent 1, 2- di hydr oxy
et hane. The preferredidebmawhat réél&ﬁdﬁﬁslatﬁé prefertid) peiyeytér eéaaél%unabae?@r
1, 3-di hydr oxy propane 4-di h rox cycl ohexanedi net hanol and

m xtures conpri sitt§ & the gr5§qntd% t"l’Fi“&)‘meabP@V%‘-i‘F@& fian arpmatie dicamaxylic
conbi nations wtly rrﬂioh S nc% y hgg;i I
Especial |y preferrfeag(%as 1, gﬁtdlqndgtfg?o' &ﬂgne one or m xe(g dé? ﬁc dcid
For mul a ppnmgggmggnclude tere oy acg@.4aophthal|c acid, naphthalenedmarboxyhc

pol yostor T esPns 3 Flhenviegper carbBote T Bpndt Brmartliari, bed Shftneda.

| i near pol yester ﬁuca‘rbmuarwmtam dimhb@eniar(édscarboxyhc a%ia d wmaeersf dgd a
di ol conponent. ngles of dicarboxylic a onents include

terepht hal i ¢ aci GOMPOBBRtSHAG e gtylene gipeal, HﬁP@H&'&RQ%Q’MGB!yW'@mEtW'@e alyed,
di phenyl ether caeBgXMyi C hjcdl, di HB%Héthﬂbﬁérb diC a?:g&ighéliﬁ?ﬁ%i?ﬂéthanol
car boxylic aci

sul f one di carboxyl i'c acid and dip

Erarrp: es of diol tncyciodecfla\mgﬁ@npk erbsddgqox%gmgtggg} paenyl) propase, whﬁme
Jl iﬁ&h , dt §§£f‘§ﬁ%3 3o k) dipheny! sulfShe) ??3@‘%%‘2%%%“#%29@%?-z.ybieé‘e
G phenyt " oul f one di 2?&#&%@ B%%%Sfd £1%7 D8 Apye hipcrntd/ate W R 1 tre

Pol yest ers preparagt ahd @antbecprapars marme)dmatmwnoea&iﬁ.l or suliabie dériviatives such

art, and can be pre d,via th di car boxylic acid, or suitable deri vatlves
such as 4gi | eglers.p ﬂ@fal?‘ﬁ’@ e!mBYagY capes, stefs syitable for
pol yesters suitalyke ihohis mvention até?%vbﬂhﬂl&lf& pﬁ%ﬁé‘éé o aevaiel | B phids.

purchase froma variety of suppli npl es of pol yesters that

can be enpl oyéd E’Fami’@spP%B@Yﬁﬂ?ﬁv@ﬁf Fanhbe r?ﬂﬂi‘?.h@d in the Pfes%l"i)(ﬁ"ﬁw dnplude
terephthal ate, Esty%w&ﬂee NGer QltehaI E&glzr» h l@ﬂéyb‘tgr)é#:ﬁiﬁﬁlate polybutylene

terepht hal ate el anor phous pofye pol ycycl ohexare
t er epht hal at e, terephthalqwagaetdmreamom imly&sws m@ly}:bclolyemme tecgphtiaidtat e

and m xtures of | Imﬁ e nper ci.al,l

avai |l abl e pol yes#’lase"%?nnes i ?H ﬂ?aﬂ % &Jt'% ﬁa&rigsi% zﬁgem'%gﬁesaroé { e

Goodyear PET resiforegding/ Spedifi@Sdaniplés BEddhmercially availdlde jpolyekiefirésins Béeful

resins TR858 and, East man, Kodak PET resin 99 I n S ct,

Crbod: monts. B he Tt Bifsenh PSRN Hoh a3 GooUgearcraT dpdles 7787 o Ga06 tEPET"
Teijin Limited PET resins TR8580, and Eastman Kodak PET resin 9902. In
selected embodiments, the present invention also contemplates the use of
recycle PET as part of the feed wherein said recycle PET may already contain
low levels of branchiné agent or other additives originally formulated therein.

25 Other suitable polyester resins for use in the present invention include
branched polyesters. These branched species could be prepared using mainly
difunctional carboxylic acid type monomers together with some carboxylic acid
monomers having a functionality greater than two and then polymerizing these
acids with polyols. Alternatively, branched species could be prepared using

30 mainly diol monomers together with some polyols having more than two
hydroxy groups and then polymerizing these polyols with multi-functionality acid
monomers. Examples of acids having functionality greater than two include
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recycle PET as part of the feed wherein said recycle PET may al ready

contain | ow | evel s of branchi or other additives originally
f or mul at ed WRE88R2H4 25 O hEISsSHERTOIAS REEN St er rBETASYFBIIUSE
in the present invention include BEangigd pol yesters. These
branched species could be prepared using -y di functi onal

carboxylic acid type npnoners together with some carboxylic acid
' i

mononers havi ng atmelite Acid. | and gveemelitic agid (ov thei aﬂhﬂﬁqﬁél-ynﬁolynlsng?\gn%
t hese ac pshetint dilfde SSpecies cou e
prepared using 30 l%rrélllt}%psé aéié}lo‘f‘arr‘rnlﬁ\l'r‘{%)ﬁ{\erls t%@e%ﬁlépé@mggwégegé%ﬁ% )
havi ng nore than two il n I rizing these
pol yolgs with multi-f ungts?%cr% i {'%/{-Q% HoP ihis qn‘?rebﬁr?@ﬁeragg égﬁﬁﬁéé% BPMEESIRE;
havi ng functi onal repeatingatnits seteted fom the grbtip consisting of those encompassed by

WD 98/ 122 N
ég:T/ Us97/ 1071%3 “Formula. 1V and Eommula V. ang whereip g in\eaghof FoppulagdVandY hase r

anhydrides). Pol yalue imthe ragge of 2-4. functionality greater than two include

gl ycerol, pentaerythritol. Especially preferred for this

I nvention are pol yesters conprising repeating units selected from

t he group consisting of thoge %ed by 5 Formula 1V and Fornul a
V and wherein n i Foemala IM §or@ C-0rCHY)has) a value in the
range of 2 - 4. or mu [err] Formula V
[err] When nmononers of Formula | and nononers of Formnul a
Il react to give the repeating structure of Forrmula 11, water

vapor is formed during the reaction.

0 0
Formula V ( _E C-O—(CHz)n'(a

When monomers of Formula | and monomers of Formula | react to give

the repeating structure of Formula 1], water vapor is formed during the reaction.

10 This type of polymerization is known as polycondensation or condensation
polymerization. While the reason for such nomenclature is not important, it
seems likely that the formation of water vapor during the reaction contributed to

the use of terminology such as condensation polymerization. In the book
“GLOSSARY OF CHEMICAL TERMS™ by C. A. Hampel and G. G. Hawley, Von

15 Nostrand, 19786, a definition for condensation polymerization is offered on Page
67. According to this reference, a condensation polymer is a linear or three
dimensional macromolecule made by the reaction of two organic molecules

~ usually with the formation of water or alcohol as a by-product. The reaction is
repetitive or multi-step as the macromolecule forms. These repetitive steps are

20 known as polycondensation. Among the examples given as condensation
polymers are polyesters and polyamides. In 1929 Carothers (W. H. Carothers,

J. Am. Chem. Soc. 51,2548 (1929)) proposed a generally useful differentiation
between two broad classes of polymers. One of the Carothers' classes was
condensation polymers in which the molecular formula of the structural

25 (repeating) unit or units in the polymer lack certain atoms present in the

13 This Sheet Has Been Replaced
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10 This type of polynerization is known as pol ycondensati on or

condensati on pol yneri zation. Wile the reason for such nonencl ature
I's not i NRPHLgidaag it seens |ikely that the formati opc? sWI@iz vapor
during the reaction contributed to the use of term nology such as
condensati on polynerization. In the book "GLOSSARY OF CHEM CAL
TERVS" by C. A Hanmpel and G G Haw ey, Von 15 Nostrand, 1976, a

definition for CeyATEH 60 MdHRMETE o wiith 6 vasf ?drﬁfédo%r%gﬁhuch it mﬁ¥

According to this reference, a condensation polymer is a |inear or t
di mensi onal macr deagrased by chemicalymeans. r Carsthess, Qiheﬁwsowg&nﬂ@mmpelymees in

usually with the N r 0, t
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These repetiti vepelya-m isidentical with thatafthe mnbnieymﬂﬂwhﬁﬁlth@ﬁmyﬁﬁﬁwérhéd
exanpl es given ag, condensati on nmer s ?nspmv esters and

pol yanides. IH 1 ET Wweréa?fd?‘ﬁé@“ce int nticn,gre thagewhishc .

51. 2548 (1929)) ma@&ﬁé@mma%%aiohmu&%lbéieéﬁo%aaﬁd hbigRers in view of their
bet ween two broad cl asses of pol %mars One of the Carothers' classes was

condensat i on pol pRiymeratioh Fbﬂ sties andithe fooryias of dhe trrpeatinguunits: inl the
25 (repeating) UBhnfdrs Wirdss thodeof ARE yﬁﬁﬁlnba%nﬁﬁ'lfg?' Nir ER%%@?% Qts

t he

PCT/ US97/ 16712 invention, novubnocmdensatmnoumcﬁymemm afe cliscloseds dopfpristhg O
to which it . e b means ' ot her

cl ass was adg§l ti Bdeﬁg"mysp&ﬁgﬂer segmgn rLTI’I"F sn?ﬂcéﬂﬂaéﬁe“ig ruis Whe

structural (repeahd Wgénwﬁiygeﬁrscuwﬁgin%ﬁydrb&rbon segment8Gh YWEEAmbentl é?\%@fnbét%'
with that of the nononer fro ich t ol ynmer is derived. The

pol ynmers and copBrovis e req PXYRED SFAVEABEY; FARAGHY onAg il t%%PKﬁmeéhm
Carothers woul d Rir il 189, AHed @ nMirocRABER S8GMEAR &t n'sauaq E%Mmer

their pol ynerization characteristics™ and thgﬂ\?or nfﬁ as o
repeating units Bre inmactuality oligomers of aredditien palymenose of the forming
nmononers. In one aspect of this I nvention, novel condensation
copol ymers an& di scl o¥hilecbonmuiaiingepicts a(dicarbexidici acidt$pecies| ard tformula I

e i AP, SARASE St TP Feolnger vy g O ot /AT

the required oxytenars treat tege age napnoddsycthé@os‘sibihhbsw@th whee teacted together,

further Jetal 1 iy WAlERS o 6RE9HGT Podbuet e Shove S ERRAURTR. s
15 Wi | e Fexambres]Fermila it Toaldbe adiRity halkledsr £ deBRE 0P a diddfode/iddkr | |

20 and still lead to the structure shown in Formula il when reacted with a Formula

Il species. Of course the by-product would be something other than water in

these instances. In a similar manner, replacement of one or both hydrogen

atoms by an organic; group in the dihydroxy species of Formula Il would still

give a repeating polyester structure of Formuia 1l when reacted with a Formula

25 | species. The by-product would probably be an alcohol instead of water in

such instances. In general, the terminal groups on the monomers used in

forming the bottiing and packaging polyesters (which eventually will be

transformed into the majority of the segments in the oxygen scavenging

copolymers of this disclosure) are relatively unimportant to this invention. It will

30 be understood by those of ordinary skill in the art that polyester segments once

formed (and regardless of the monomers from which they were formed) would

still function in the manner as prescribed for this invention. In a related manner,

it will be appreciated by those of ordinary skill in the art that the preferred

14



depicts a di hydroxy species, it will be recognized by those of ordinary

skill in the art that there are nunerous other possibilities

whi ch, whenWQREA2RM t oget her, woul d lead to the repedlGHS97/16712
pol yester structure shown by Formula I11l. As exanpl es, Formula |
could be a diacid halide or a diester of a dicarboxylic acid 20 and

still lead to the structure shown in Forpula |11 when reacted with a

For mul a | sPegies aad therpspenidiyprefesres,speries f Fompuiad and Rasmutanll regited
other than water igpgy woul%al%@%?\@ohﬁ&@ﬂ@@é altéﬁiaﬁvﬁkéﬂﬂlﬁil fUREBRAL raups wh which

repl acenent of one or an organic

t he di hydroxy speciess eﬁseﬁbalmmdomammfdhssalma polyesters angipolyeatarspgraEnhsg
pol yester structure of Formula Il when reacted with a Formul a 25 |
speci es. The by- pr oduct Ancimpsriant icabtgptbio this iniveotien is the Maﬁbnvﬁtmpolymers

For ming the boi B1 | NG eepise i PHE Ay RS affman G ARTRd e tRitenf ana

transformed into thac u@g | alyestershdeserib@anhaboven dshenexyldie S<323i9¢°|tﬁaiihﬁht?.9of the
copol yners of this d| c osur are relatively uninportant to this

i nvention. It wil| COPOlymEr pelhfhdax¥aeho FeaYengiRg ccepolynefsn &f ythisj invention; jase
art that pol yester f S
pol y o8l 99@@. mpnsm& dﬂé&@ﬂu{ﬁw esﬁwgsh@xs sé(ymér{?set and

nononers from which yvvereforne unct | I n
manner as prescri béydfagarboni segmentst wherein thes hydiogadhgnnsggmeents need be présent

will be apprecigt odnpyint fffde’ oy brokid Inel Reddis Bhjgeh Bavbling capaciy.

preferred
98/ 12244 As will be shown in later examples the oxygen scavengmg compositions of this

PCT/ US97/ 16712 speci e% a!;}d a r eferred eci es of
Formula | and For milVgnfien agg jtiueq 100 °°p°3ﬁ'B e {'RB I@Gﬂé??c%%&s?wc Weight
al ternative tern nakrdedfigel 8NAYdbicarith Bhiptdyed, the hydrdcﬁ%n%éd?ﬁéﬁt@'édﬁehpto

formati on of the sane polyesters and pol yester segnents.
i nportant concept PNist ﬁF@Yﬂfﬂ%Fﬁquﬁg@e'ﬂWeF%Pﬁﬁi‘Ygﬁﬁ‘ $AavVeRging wapaty dlspeﬂéed

whi ch conpri se 4pr eggal, Raldb%?

and pagkagl ng-~ po yesPers égg#f'gﬂgsﬁz}bésgggt?yg%rﬁé@@(ﬁe coér)é)&l r}één}? it
of t hte cojsothese mydlroﬁhmudjxgmestcaeamgpfruyummMmreastuaﬂy addgosnt for the
i nvention are ol ycondens nan

copol yest er segrren9§y%ﬁ{bls datenging cawgfj S’c@ﬁ%ﬁ %}ﬁﬁr’%&ﬁ‘ hvfehydmcarb""

hydrocarbon segnmensggmentt are thesenly moietids pmﬁeystlwmemffﬁav@ Qxygen asthvénging
provi de the needed o en scavengi.ng capacity. As will be shown in
| at er exanpl es, thB""(‘g?g‘@Eha% 59 ng corrp05|t|ons of this

i nvention are true, 100 _% copol yners. However ause of the | ow wei ght
percent age of R9dr ocar bQﬁocéH%%ééﬁas REeFRAN &aﬂfﬁ'r?a@'ég%mgs &b‘p@‘éﬁ‘”?tgn and

exi st as hydrocar bgpe2féHf tappfsitiate hyRrocafibnS S8yMBAsNIhieA Rld bedinetrBbatel
into a condensation copolymer and afford the necessary oxygen scavengmg
capacity while not detrimentally affecting the salient features and properties of

the packaging polyesters and segments derived therefrom for the copolymer.

25 Applicants are subscribers to the theory that the mechanism of oxygen uptake
in hydrocarbon materials is by fixation of the oxygen onto the hydrocarbon
material via formation of hydroxy groups. Further, this same theory purports

that the hydroxy groups which consume the oxygen are formed via a free
radical process invoiving an intermediate peroxy moiety and that carbon atoms

30 having only one hydrogen attached (a so called tertiary hydrogen) are more
susceptible to free radical formation than carbon atoms with two hydrogens
aftached (so called secondary hydrogens) which in tumn are more susceptible to
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15 throughout the predom nately present polyester segnents of the
copolynmer. It IS these | areas, of course, which
Toly GeiES tidSebithin

actual ly r the capabi | i
copol ycondensa(tezg In that the hydrocarREFLACED segnents]?r*e 9%3'@%”)/

noi eti es present which have oxyg propensity and
capacity. 20 O course it was necessary for applicants to

focus on eval uat ifa 9adlcal formation Stﬁgﬁcareah QtorRB PWARIR thidle® Hyd ﬁér&ﬂ“cgﬁd.

segnents which could be i1 ncorporate I nto a condensatt on copol yner

and afford the népplicants sopgaized cthainhydrgcarbons suchc apapolyplefins, espetially
detri tall ff J: t L ent d ti f . _th

backagi ng-pol yoseeneides. Handrd F reteRlalh fonetl olleer B ‘Sefindipy pnpttprtian’ °
25 Applicants ahgdrogens: | Batiertanalysis tdrdienmid thet pdifitefifeCif agerfefalOberexgaRn

upt ake i n hydrocarbon materials is, by fixation of the oxygen onto
t he hydrocarb8n oxygen s%P@FFaFeW§"4‘ cﬁaﬁapﬁtv?ﬁ SRy whePowsed 8% loWer

this same theory ppalee@ass Weigh]g polyoleﬁhkatgomaes.hxﬁéfwfe%elﬂb‘iydmirﬁbﬁmk'@&

t he oxygen are formed via a free radi cal process ‘I nvol vi'ng an

i ntermedi at e per &8¢ abihydipcament srRamMents b thexosyagen scaveogingasdpolycontgnsates

hyd ttach d [ : o e e
Cvscontibre to A5 BolbrajenE( pbiid bk ser e S boyEREione, Wi s Bet,s
attached (so cal laebydrecarbdamyatiayalrasgsuch) polypbylene toxide glyeo! mligemerisieemidsbl e
to

. . . 15 . WD 98/ 12244
PCT/ USo7/ 16719  identified as & patentially useful gxyaen SrAvERQINgSHRstANCS: o tese,
three hydrogens golybulsilene oli?omer iS\HRbesiay pret@ra Hinceditt had ahhighOeRfdepns
such as pol yol efins, especially pol ydi enes, provided a potentially
good source of s&EBYRNGNG BIpPensiht ang giso because it igrammpraially availahle indhe fojri s

confirnmed that p L NGy | e ; qué}w‘ v Wals)
segnent candi dat g.}selé %gﬁr*'cﬁ’faﬁfgﬁghie% udsﬁg%@nagk%ﬁgwgmg 5copo%§m ecsgf%r %\?\g‘Hg}ht
pol yol ef i n ol i gorimventioniby the pfeferedimetiodaifdiiis imvehfigroner s f or use

as hydrocarbon segnents in the oxygen scavengi ng copol ycondensat es
are pol ypropysene, polAs( gravisuslyl statednthen polyoiefip odlipboreadiegments/\rided td bes

not a h K UG Lde, gl ycal
o' gorrer al so- wad e EiHE deflobReiaucy brins AterbR Ay Bnf iy Hhcesbary
scave_ng: Ing subfst amagcrghetﬁa_sireﬂ oxygen _scahvepging lwapacitye n@ne regsondor keeping the
b opensi ty and aPEDARELRIGEmer SAAMEEth A CeVAN fPvalreanised s 1 sabsns trephiective
necessary for melgsngeddity e dibolcaHeakaRs 50BMilsF I PRESHRS tPfthé Npslyester
i nvention by the preferred nethod of this invention.

20 homopolymer. In practice, it has been found_ that the presence of polyolefin

cligomer segments in the range of about 0.5 wt % to about 12 wt % based on
weight of the copolycondensate is a typical wt % usage range. Preferred is the
presence of polyoleﬂﬁ oligomer segments in the range of about 2 wt % to about
8 wt % based on weight of the copolycondensate. Especially preferred is the

25 presence of polyolefin oligomer segments in the range of about 2 wt % to about
6 wt % based on weight of the copolycondensate.

Selection and use of an appropriate molecular weight for the polyolefin
oligomer segments may be an important consideration depending on end use in
that it can effect the properties of the oxygen scavenging copolycondensates.

30 For a given loading level of the copolycondensates in terms of wt % polyolefin
oligomer segments, it is possible to use low molecular weight oligomer and end
up with a higher mole % of palyolefin oligomer segments than would be realized
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15 As previ ously stated, the pol on efin oligoner segnents need to

be in the copolyco gen of this inventio to the
ext ent necessary i33s to afford]t/HeS %Efeﬁi\qo ASGE scavengFﬁB‘Js&ﬂﬂ Giy.
One reason for keeping the pol yoREHiAgep! | gonpr segnents at only
the level required is to satisfy the obje Ve of keeping the
copol ycondensate as simlar as possible to the pol yester 20

horopol yner. In priggusing.a highhﬁ&lebﬁlaﬁ vieigm%tybmntdngoﬁ@ea?ﬂﬁesé?ﬁe R oY Wfefirlg”
ol i goner segnents in the ran w %to 12 wt % base

wei ght of the copdyebrpkety Ye 'tl"émlid @95?%’8(!" ahsmegégatartartlg% Com!aivb\hawse of

%10 " o ool AR pilyBlef igbmaF SRGRE s AshE i B wnicpm
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mol ecul ar wei ght fthe segenegmtd t&bebhylsxcany smaller tifdri ﬂfé@gnﬁ.@@&%ﬁ\éﬂl‘f’é{ thE safhe
i nportant consideration depen on end use in It can

effect the proper t/Padingsleyglkw ng'ﬂhegm%%rnye&s‘bcm@@@ﬁﬂéﬁgmﬁ The cais
For a given | oadi ngctigial sigé (afifet Qﬁ%fyﬁ?méfﬁ?au%qhééto dfindits & infhortant i

pol yol efin ol 1 goner segnent 0SSl
wei ght ol i goner arapplindtions where clagity wiftthe acdpob'bemdemhms%soé eqliyerhedht. N The

2|6i gorre\r/\DsSg /1 tzs jJWeMPHAéInQrﬁs ra%ﬁle.bzﬁqnhibit (scatter) the transmission of light when too

PCT/ US97/ 16712 many of the sdgynerﬁs age abbutghe lsweaﬁuhawwexegbﬂasmlvm@iugm In
ol i goner at the sa Intuitively, d

appear (in absencé an[{dampfp Fﬁ?ﬁi’ﬁﬁﬂ's&f‘ﬁ"’@ Hgg“ﬁji‘g’lﬁﬁ‘ it will be Sh‘I’W'bWat other
nol ecul ar wei ght Fattwed effédt thé ls&@ffﬁrthé%@ganéﬁs %Gﬁéeﬂté it é?ﬂnﬁorﬁl{ @lowau a?'w&ght

di spersion of the oligomer segnents throughout copoly
woul d 5  apéihe pligamencAs partof ﬂnas\n@cuaso:e.odﬂtuled\mngimns Iwﬂgberdrsclosed

segments woul dtscalféfecontrollu}? mga%%S O?W%ﬂéo?n%ro%% g evé@'% ey lﬁgrc}e@ﬁgd

t he segnents obtai ned at _
mol ecul ar wei ght @iptigalrephysicake rang scﬁhengimgaswopemes for tlmcd:apmly&bnderisates

(diameter) of the | ef.] | IS ]

appl i cati ons mhergw%%r't y'{ g%h%ukg topd @%@oﬂﬂéﬁ’g h" [ﬁuﬂ%nﬁ?ﬁ” fepad
10 polyolefin segxpehmeataﬁ?athat Ca | priefdrred hﬁﬁ@dl.ﬂé?r )ve!g*he rahgé sfat Stﬁéoﬁolzélef n
| i ght when too y of the segnents are about the size of

wavel engt hs of vi &"BP'@EN@H'? th? rfange of about ;100510 abawty 10808 cldserrfi melecular
di scussi on of aghi Sve?%ihbe\ﬁﬁhm this"pieferPéd $5§‘x§r;@ré§glﬂ§l Oné&?[)lycondensPtes ﬁg\ﬁrgzﬁ 'tRe

effect the size of t oner segnents i ar wel
of the oligoner. Agsised phwcalmd QKygen ssavangingenrapedias.c biseiof ipolyslefinl dligbmer

di scl osed having molecular weights within the especially preferred range of 1,000 to 3,000
results in polycondensates that not only meet the physical and oxygen
scavenging requirements but also satisfy clarity requirements in applications

25 where clarity must be considered.

A series of discussions were held with representatives of the packaging
industry aimed at establishment of minimum requirements to be met by active
oxygen scavenger compositions. Out of these meetings came a transparency
minimum requirement for clarity of the oxygen scavenger capolycondensates of

30 about 70 % of that of the homopolymer or unmodified PET or other polyesters
and a minimum oxygen scavenging capacity of about 0.4 cc of oxygen per gram
of copolymer at ambient temperatures. An oxygen scavenging capacity of
about 0.4 cc of oxygen per gram is a typical vaiue for other oxygen scavenging
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15 for controlling the size of the oligomer segnents so as to achi eve the

desired optical, physirecat-—ant—scavengi ng properties for the
copol ycondsoIshesi4 45%@%5ﬁ?515%§ﬁgé56 be noted at PCEIUB9j/LETEL Ur €
that it has been found exXpetiAvEBt al | yl that a preferred nol ecul ar
wei ght range for the polyolefin oligonmer is in the range of 100
to 10, 000. Use of nwol ecul ar 20 wei ghts within this preferred range
results in copol ycondensates having the desi red physical and

oxygen scavengi ngystemscatréady. commertialilayaliablé.n As iigadhercase for homopdigmeng

nol ecul ar wei ght Lthin e ecl y range of 1,000 .0 00
results in pol yc@ﬁwgﬁg&t ééé]tﬁgﬁgnﬁ qh%l M@E@ﬁ%%ﬁ@?f ciPre cﬂ&%eﬁhxm
sca?/_engi ng requi bﬁgghﬁe%mt 'pﬂdadl usentwhibly isl)wrhmpn_r?qui%senﬁbﬁéatidﬁ processes
appl i cations 5, ere clarity nust, be considered.

A series of di sc§8¥sioned\dpe mdcﬂ%?wc?@&ﬂé@@ﬁt at i R& SPPeieonsienRalgs n@s
i ndustry ai neg ath§efdizbd B ' &GaRN . jve -
oxygen scavengerac]onpom tb?(')ns. %Sjév%?l%lﬂesewnégﬂi ngs %%%Qg%r&;ﬁé%t%%%g’d

m ni mum r equi r endn(atitypical fikmi thickngss: okabmuy jda 1Ocmils afjer biaxipbdnentativa) st thes

of 30 ab 0nof th . n i fied PET or

ot her pol yester sﬂgho&g!yéqeg ognginaﬁéﬁ'ﬁ%hewpr\&ggﬁgg n@%ﬁ@%ﬁgl R%g%%{pac iAt'§P o&'e
about 0.4 cc of ospgigtondensateswill generally haveodn oxymenyatmortsitig eaacitplof at least
t enper at ur es. Anoo‘z( en_scavengi h 0.4 cc of

i t f t
oxygen per gram ¢ )a% 9f3i°5‘é$e'\/%‘1|33%‘%a %EL%§988W>$@H3§C§§@%|% temperatures

17 WO 98/13224dfined to be in the range of about 0 °C to about 60 °C. Typicall the
PCT/ US97/ 16712 systens al ready commerci ally avall abl'e. Xs 'S

the case for honopptlycendensates will ggoerally have atsingle Ta(as sneasuneteby Differential
copol ycondensat eﬁéﬁni%a‘?{rﬁge to?]%b h’?é%fé orientation, a
nio t )

procedure which I's co apricati'on processes envi si oned

characteri 260 1 the Toeserevaero U RS BREPIN $51nIR atsore.Pmegn it the
| east 70 gld¥sy ablid glate at afmblient témpérattsss of alout@ 4O toraboutle AR5 Thiz

0.025cm arter biaxial orientatj onhﬂof t he hom)éol yner or
unnodi fied g8l yécpaal raegr i tog) ¢opofysandensates, is  pglow” the T, of these

copol ycondensat egomipbkitigRé1er Fhis/ taRaiorNs Oy Fitkéd SUnaBY t6 R b B&y%%fn
| east 0.4 cc of oxygen per gram of copol ycondensate at anbien

t enper at ur es SFavengers whighiabsped Pryaencatreerpdempemtyre(p] evernceider) but st
0T e eas PR TR Y Y A b b GES LN £ gRl) W
65 [err]C. above the T, whigre theopatsniatis noflongersa isnlice and dherefore seinves to
ability to a%or %uﬁnﬁy the' si:anvetngﬁ'sg utility of such scavengers. Of course, these prior art
scavenger compositions are relatively non-rigid at room temperature when it is
above their T,. Another major advantage of the copolymers of this invention,
particularly as compared to oxidizable metal/electrolyte formulations, is that they
will scavenge oxygen in the absence of water or moisture. This permits use of

25 the oxygen scavenger copolymers of this invention for packaging dry materials
such as electronic components, dry snack foods, medical items, etc. This ability
to scavenge oxygen in a dry environment further distinguishes the oxygen
scavenger copolymers of this invention over many prior art scavengers which
require the presence of water or at least a moist environment.

30 Generally the preparation of the oxygen scavenging copolycondensates
disclosed above will involve a step which comprises adding functionality to at
least one or more (preferably more) of the terminal sites available in the
scavenging polyolefin oligomer which is to be incorporated as segments in the
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gl assy solid state at anbient tenperatures of O [err]Cto 60 [err]C. This
15 functiqpgleghapge for the copolycondensates is below the J é’F/EJE%Wl%le

t hese conpositions. This behavior is in marked contrast

art oxygen scavengers whi ch absorb oxygen at room tenperature (or
even col der) but still above the T[err]. It is well understood
that gas perneability is greatly increased above the T[err] when
the material is nadpolygendensatds.dT mchnﬂmﬁmwnﬂmmz&dtmust be &@Pnoiéty!daphiie

t he scavenging utility of such scavengers, urse se prior art
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Gi'st i ngui shes t he TUREBANY: £e., Al Fatuyaheibbob ) FERGS apdeh atplum snsis
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water or at |east a moist environment Gener a
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t he . . . o 18 08/ 12244
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two end sites 1§V3'a|ll§§kepﬁ9ﬁox§ju aﬁﬁr'lé)"@l‘ld é?éixog"!’{@ﬁﬁférpé‘d ferinthal functidnal al groups

crosslinking or br ing 1 nthe pol oner I nst ances

or . f rrulht i @re hydrexyi @arhoxxhy aos,d @Mtampoatl@dlll becohvicus that thisvstep indhe
(r:rgr E)Iogy,eso? aIt I ea 0 a8°d‘ec?"’ atbeI)HgggFBeqﬁJdbés'l 9 «,Pso lﬁleﬁna&lgonﬁe?é mﬂbgﬁ/&"sﬁ%

ol i gomer ol ecul e appropiately terminaliyrfpnetioriaizediand eomntervially available as such. In

recogni ze that this invention can be practiced even when different
16 Chencal 1y cotiya: {RGRE BArRRASRTRHC LNGHET! Ot A SpPLBL, BraTEH o
end ot e%pﬁf’cérh@ BRci Ol Hydrdkyo| {etififated OpEfdIbfS - offoriérse Guitable for

previously, the only requirenent is that the term nal
functionality gr oJH‘s"W?ﬁ"”bé‘tEéB%mg%‘P sgp¥epginggcopolycondensates of this invention

are commercially available and offer attractive properties. Further
understanding of the process may be gained by considering the chemical
species depicted by Formulas VI, Vi, and VIII.

25
0 0
n 1]
Vi. H-O-C-PBD-C-O-H
30 Vil H-O-PBD-0O-H

Vil.  H,N-PBD-NH,
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i nto pol ycondensation reactions. A non-exhaustive list of term nal
functi onal groups includes hydroxy, carboxylic acid, carboxylic

aci d anhydwodsaz24al cohol , ro—e X Xy, am ne, aRCTA|S9NY671ZThe
preferred term nal functional E’H% AS Bt re hydroxy, carboxylic acid,
and amino. It will be obvioud that RER{ACER ep i b the prepar ati on

can be avoi ded by using polyorefin oligoners which are already
appropriately termnally functionalized and comercially avail abl e as such.
In this regard Fanpatasxyl, M8t ndaVill #88 represends audivalentepaipmaadiene y

01 [ gomer s sui t aplopRfEF mdidclis. epon EEARARY v, 1 YREVES snBR i {ehéwxg't

copol ycondensat eshasf diready i beemt previously noted dhat tieeonPBDCingédy Yoe DAl Iﬁ
and offer attractive B%cgertles Fur t under standl ng of t he

process may be gdMAERP RS iTaRY |bﬁgf‘{"ﬁ%°'aﬁiﬁﬁ daa degree greatas tha Swgephen ed

by Fornulas Vlg, 4 IR Vigh | h [ ]
19 WD 98/ 1224 Afbss RiflgViok | branching® ofl i 1PBD offers more than two terminal

PCT/ US97/ 16712 functionalization sites. In the-absanca sof\glarity|requicements,| the mBRcular

represents a di ' r . Al L hough

Folromjl as Vi, VII Y%&ﬁht @qb%{gg%g‘@?unc F%"r'{gl'sl ﬁé}l&ﬁga as@ﬁ&%k‘ktﬁe&@ng{wﬂ%p

]E)een pr ev: ousldy rRBBcanhbe ddequbtely dispeisedas hydrocarbgn segments throughout the
unctionalized or

e functionalized to r.ee er than two when
5" et ossli ni ng. GPYBERAERYETG TS CTHA RS AT RTRReN ThRER bl alendn the
functional i zafgl Ofbx%kﬁ;ﬂés sbﬂhém%fatlhfse%ﬁécrﬁiah@ha'it' M{I bé%rﬁ@tﬁﬁ@téd thatea true
nol ecul ar i ght of the PBD oligoner nolecule is not critical

l ong as the functQO@ﬁhllﬂiezé%ifome" rathertban @ srixiyee 96@30610&?9%%@'!&&&3“6
hydrocarbon segmeRigchigF WYhe'SF thd'PBD aligomer can influence the final properties of the

copolymers formed in terms of clarity, rigidity and oxygen scavenging capacity.
Those of ordinary skill in the art will understand the need to balance the

15  properties based on end use needs and select PBD molecular weights which
satisfy the end use. In Formula VI, the PBD is dicarboxy terminated. In
Formula VI, the PBD is dihydroxy terminated, and in Formula Vill, the PBD is
diamino terminated. While Formulas Vi, VIl and ViII show the hydrogen forms
for these species, it will be understood by those of ordinary skill in the art that

20 from one to all of the hydrogens in each of Formulas Vi, Vil and Viii could be
replaced by an organic radical such as alkyl, cycloaikyl, phenyl, etc. and still
serve the same purpose in preparation of the oxygen scavenging
copolycondensates of this invention. Using the substituted forms of the species
of Formulas VI, VIl and Vil would simply produce different byproducts in

25 formation of the copolymers. As noted above, this invention could be practiced
with only one functional group per PBD or with more than two functional groups
per PBD. In Formuias VI, Vii and VIil, difunctionality is shown but represents
one of many levels of possible functionality. The method of formation of these
functionally terminated species is unimportant to the disclosure of this invention.

30 Commercially available forms of the Formula VI (which is especially preferred)
include Elf Attochem products R20LM and R45HT o,0-polybutanediols.

The similarity in chemical structure of the species represented in
Formulas | and V! is easily discemed. Since polycondensation occurs by

heet Has Been Replaced 20
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oxygen scavengi ng copol ycondensates after incorporation therein. Later, in
t he 10 _exampl es section of this specification, it wll b Rggg ted
that a trueWO98/12244 copolymer is fornmed rather than a m xt ursg or fsté’%zg
PBD and pol yester. The nol ecul ar wei ght of the PBD oligoner can

i nfl uence the final properties of the copolyners formed in terns
of clarity, rigidity and oxygen scavengi ng capacity. Those of

ordinary skill in d b @Eﬂ

properties based o%?ggﬂ%; ‘éﬂén{eeghiﬁgs}gzgg&% ecg&}s n%gtgglaéaa?\rgv\ilférﬂﬁd %ﬁﬁ"”ﬂ?‘n’"g
iat i s:‘ y {/ Ih? etnﬂ uspwgdbmlﬂwmyéét?r SB_grndwﬂh didom lnxgivpleﬁlar m\l/glrft?ads?]gm%rgg
ormul a : e i s di roxy.ter ated, apd i or.nul a e

i s Gl o £ SSeR AnAEEANYRG 1 the prrPadten, ‘# gy ba sefyl tothiglg ip erms
hydrogen forns of substitiitiin bhw déBi?éd eﬁmuﬁt o tHe bﬁeaesi%fsmﬁﬂué)wﬁp%
of ordinary skill in the art that fromone to all of the hydrogens

in each of For nful agquivalen ameyat Wﬂsedc@m moigs) of the speciesmf dtemnuly layielding

organi ¢ radi cal Su&g)oyco%gﬂéate§¥ﬁb ! 5%/&1 iy an&”sbq) av;otléfirl olggomer segments.

serve the sane purp0os reparati o e OoXY
copol ycondensat es A$ ndted praweusly.orthe dpolymense arabmne twpelycbndemsatés witd the
speci es

d | d.
di fferent byproduc‘t’)'ﬁusluﬁF Q&ureé@at s,r%/lpl %Sﬁ\élg%‘ef‘ - E&"@ﬁﬂ?"&g H'mﬁf dgctually

above, this i nventbuyﬁnmyl dn RRe Waf® Wagdthe similarity oﬂ\/tﬁé”lsﬁﬁ&zds QR FormORt il il
group per PBD or with nore than_two functional group PBD. In

Formul as VI, Vi@ aRermuyla Vi '&l@é%ﬁ?ﬂhappp?')'?%"dﬁﬂémsmy Péﬁ?@%%gt substitution
one of many |evel Soﬂkeméﬁé)hﬁ.ohkipsﬁme&ahuwof FbfndBVIORr 8h qufv%?én't EFho%t of

t hese functronal Iy term nated species is uninportant
di scl osure of thi stherspesies®i Formula IB0 Thepatuse of tie polysandensation mﬁmrbfonnlme

For Lo V01 i SR 50H e og f se0P o SIS

simlarity in chengigtar & that tound fof fdrivatisp ot thestrue pr aamﬂmddlpmyester it would
F | | Vi | |
Pormilas | and M| be cxasuted fiaf 850 B brofudls FoRed S IGRRE! 12D OFRY Shells of

PCT/ US97/ 16712 Formula VIl af€aRIMiAG térimikdied.! A BediRdd &rmBUMSef these species may
copol ycondensates can be formed conprising redom nantly pol yestér

segnents with sonebgsulditeted foroan QSWFEQEQWEH@‘SO\' the sgecnes of Sprraulgj Idp produce
e urPon, o BPIESHGRL o oTenBfe =] ind? i . bef Mooy, o
5 equi val ent anpuncondeasatibrocopaiymey inffonmed wpers dwe Ginkaaasnin thel vigingy difnthe
copol yeondensaies, bkt Bbdnaciana 44 DoBail Fhishes PN oF SHEFA e
these represent only a very small percentage, for example, of non-polyester

linkages and copolycondensates produced having some polyamide linkéges are

suitable for purposes hereof just as are copolycondensates of this invention

prepared with 100 % polyester linkages between the segments. The significant

25 matter is that the polyolefin oligomer with oxygen scavenging capacity has been

| implanted into the copolycondensate as segments thus providing oxygen

scavenging capacity to the product formed while retaining virtually all of the

salient features of the original packaging/bottling polyester. These techniques

for introduction of desired polyolefin oligomer into the polycondensate when

30 used at the low levels disclosed by the applicants provide a very precise and

effective means for the dispersion of oxygen scavenging moiety throughout the

copolycondensates. Aftainment of a uniform dispersion of oxygen scavenging

moiety in the copolycondensate while keeping the properties of the precursor
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unusual feature that sone of the segnents consist of addition polyner
(actually olgomer). In the same way, the simlarity of the species
of For nul aWpI9syRr2H4 10 Fopst-a—M—i-s—easi+y seen. Copol FEFHROWEeN2s may
be fornmed by substitution THIS SHEET HAS RGN | ed anount of t he speci es of
Formula VII for an equival ent anoREPLACED the species of Fornmula II.
The nature of the pol ycondensation reaction 1o0rmng t he

copol ycondensates for these two t%a P segmen_t suﬁshi){yution,s woul d be
sinilar to that fRAMRSENGIS PokPhfedireopl the yeniog, whitholinthee distioeyishes the | ¢
woul d 15 be ﬁaéﬁtﬂvéﬁ@h?té&o%%%ﬁéss of %.geﬁv@mfansmr' e PSP art N€

speci es of ornul a are diam no term nated desi red anount
of these speci es Attgmpting to produge @xygen scaxesgingonateralsdyi makrema physigak blerid

(ne 7EC1 5,01 P Thokobfeb o ha bbb Ao bERLABFRL

is formed whese trigid,| opdeugesmuisionhehich ds not ysefll foh @ackaginy) Hdméw| ®hém the

Chese repr coant . SHRGHeRBlL eguiaied bRSRRER cigfinels gre Bl blendecih pobguis or

l'i nkages and cop@meﬁwéemﬁétseﬁ. fHeOflinge of 200 PO if ABFBeP B Yl the {:bnpés%e:es 1Y ©
sui tabl e for purposes hereof just as are copol ycondensates of this

i nvention ) COPp}YGplemaﬁ& of tbis myertiopewile form, atalgast ioisamen extent, by
T
i thoxygen scavareseHlcation, JPsdls bE nolet haPborhiigril dlalang £ GRTEly

copol ycondensiat e tas segnertobalk hins itpfrom dtsngretpnmbn The cobalscea/rerm ngs a

capacity to the product orned virtua t he .
sal i ent yf eat ur esRWsFﬁ?" ‘F?tl?l"n&f“mgb'é kag}’ ’P‘PP% 5&54 ¥7E§P °i'kfé§‘é“°”a"y
t echni ques termihated ;mwdmangamaé wiiﬁwyédtd@oéml .feaesigrfaltw a§BCcH, %Qy

the pol ycondensat e ‘when 30 wused at the | ow |l evels disclosed by the
appl i cants provi & W“U@r‘?erﬁcééﬁﬁ thi dnvention as the ibianding, andraixiag mapceaskes at
di spersi on of ox D‘Eé)‘&

copol ycondensat eﬁ yAﬁiﬁﬁgw unerB | spgbl'!{:%ﬁdeg ‘Sx‘:y"é“e"n"s‘s“%é@ﬁ‘g“.‘s ng
nmoi ety in thescopovertiondensat e V\/m | e keeping the properties of the

pr ecur sor 2244
PCT/ US97/ 16712 The prefgied Roiyglefin, ofigpmer (siaring mahal i, e ARvdER

whi ch further di Stéhﬂmutegihteabtdp@mes having a mojepaiar wedght iy thegrange of about 100 -
oo beone oot e T BEoRRu el B WGk saring el WS
of unfunct I onal i stglyd?rekﬂérﬁmﬁe@Ipm%pémemaﬁabxeemcu&ew@tl iMt tﬁéqdhgeeaf a
non- aque enul sion which is not useful for packagin

However , Wnen'ZOt heab‘JUt 000 -f 3090 o feaPelymess femaad ysipgl ﬁgpeWIthmomegéfﬂi?%eﬂhr e
I xed bl ended | t
m xed or biende d‘\%fs@uﬁﬁg}l@ﬁf{xﬁ fange o will gen@itall%eﬁ%r ) Eﬁwﬁ@cgg O(%Eem"e 84 Oy

200 [err]Cin or ester condensat es
of this inventi orDiffetantiabSegnring Ca!mmatw) obatout BESR andchgffer the ab“lW to absorb

oxygen at temperatures below the T,. While the single T, copolymers are

preferred, it will be understood by those of ordinary skill in the art that muttiple

25 T, copolymers are aiso applicable as long as the lowest glass transition
temperature is a temperature above the packaging use temperature. The
benefit of having a T, above the packaging use temperature is to afford
container design flexibilty associated with container rigidity. 1t is well
understood that container rigidity can aiso be controlled by wall thickness

30 aliowing for flexible films to be produced by downgauging with said copolymers.
The copolymers of this invention may be produced using any form of
polycondensation processes including direct continuous and/or batch reaction
methods commonly used in making PET. The only deviation in the process is
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transesterification. It should be noted that comercially avail able PET
typically wogs}ﬁm has sone cobalt in it from its preparati QE.B{US fsrppbal t

can act as transesterification catalyst. Therefore s and
m xt ures of funct| onal |y term nated pol yolefin oligomers with

pol yester, even if designated as such, may be within the scope of
this invention as the bl ending and m xi ng processes at pol yest er

e TP ¢ ey aEs iR Y BARRSRCRY i R RN e g 25

material is the dirit¥el %ost/a Forrnula n sﬁaiem. B&hetthBEasmﬁé OfthB 8pkéids of Formulas
nol ecul ar weight in the ran The especially

preferred pol yol e¥h rV'qurd‘ﬂ '"§P§FF|W ?Tﬁ?’é?’fﬂ?l"ding 'T‘ﬂ'é’ amount of Formwas ipni
term nated PBD Spgsdcdiés '8V wifhéidMHoRt Uha' Bawm&aﬁdh ta}scés%ngeAgémaﬁvez@Ome
1,000 - 3,000. Copolyners forned using hin th refer

mol ecul ar wei ght eeRfj¥candensajes canl bs pmaéeta by taking anp@lveqter( sychw@sRE Bdangy

Differential Scan ry ) t ility
to absor b BOMfheliZind' fEitich with P dthciinal orhidted splvefin Bfuchie's/
sihngl e fT[er(r]I ] copbéatwk_ lﬁ!@wﬂpmems tﬁ omm}‘menlenbmdgenizngtibn%!eatnndﬁnﬁfealodméy
t hose of ordinary ski in the art that nult e err] copol yners
are also appl i cab?’Q"‘ELerl %% MR IWW&@?% rURGET ¢ VY °’] non-vacuum

temperature is a gEHEMOR. Uf'ﬁ\é&éo‘é? éramaPAGKAdin $he Tt WRNRBEGY i thid"Bm of
benefit of having a T[err] above the packaging use tenperature is to afford

cont ai ner desi@n PIOSREEING| 8% rgaste sdwsian: h 1BoRven rfé?dIVFgPHW?On precesses,
wel | un t I
wal | thickness 9&9‘3‘3%5#%"%8““% h&?%rjgbtf l|¥'| En\gﬁaﬁoﬁe pro dceé%éyﬁ# e#)y

downgaugi ng wit h samprisiog segments of the starting polyester ik segrpehtﬁrdrmecﬁolydtafm
I nvention may be ﬁ‘r oduced . us ensa

processes i ncl udi APUNT" e'@fheé'gﬁgn L%W?%W&ﬁ&’e'\ga?féhe I"é%l\':’?‘i‘%r‘f‘?a iRg camponents,

rznzat hods cmg}{zgzedwawem}smgaeﬁﬁscﬁ&w atidve, cthePreferedméthed T 08RG the
PCT/ US97/ 1671% °°P°'Y°°“de"s§tﬁ§f’ffhﬁ%t"@!ﬁﬁt’% usi ng, for exanple 50 nole % of
a Formula | species ang difact polyconded?%h@n %d&s&f@ﬁﬂ&kﬁndn‘ oﬁﬁ@%‘e@ﬁed aRBEnof
at | east one of the species of "Fornul ,

i ncl uded and a co®fr et@porfunﬁ@nnﬂv—sﬁnmmtam pelvt!hﬁnrr@lha@ner oiorl approx&mate!y an

species is wt hha%,%_"&é;gm B{gaﬁnPB# SHE rqgéﬁ(% gﬁﬁaﬁgfﬁg&%@ﬁd #tﬁ:ﬁ r'ﬂ’ﬂ;rhgas Bﬂ‘f‘?’g

5 copol ycondens can repared
and poI ylasults lmglghtmtblacmlhewevght bopdigmén natthisrcaké ythe elesired asdunt of
Eglrr%glaﬁr 'th |Ol) ﬁpégallylfagpmatfﬁeat Iyo(?ef%nheolfg% ecrmggrtn S retp ac%btea};lurljvalenltt molar

amounts of one of the polyester monomers. (n the case of direct
polycondensation, the amount of functionaily terminated polyolefin oligomer that
absorbs oxygen can be varied widely as long as the resulting copolymer
exhibits the desired end state properties such as scavenging capacity and

25  clarity required for the intended end use. Generally, when prepared in advance
| of incorporation into packaging articles, it is necessary to maintain the
copolycondensates in an inert environment during storage. In most instances,

the oxygen scavenging ability of the copolycondensates is present as soon as

they are formed and an oxygen exposure induction period has elapsed. The

30 potential for scavenging oxygen may be significantly diminished if left exposed
to oxygen (or air) for lengthy periods. Furthermore, lengthy exposure to high
temperature in the presence of oxygen can further reduce the oxygen
absorption capacity of the copolymers when made into a packaging article and
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extruder heating may be acconplished under vacuum or non-vacuum
conditions. Those of ordinary_skill in the art wll recognize this form of
10 procePAYI1B44r eact i ve eXtmusispieT HA® I reacti ve ext PEEUSHI/I6712
processes, pol ycondgnsat i gfpiogpr s ang the product is, in part or
I n whol e, a copol yner corpr-sHag—segrent s of the starting

pol yester and segnents of the polyolefin ol i goner rather than a
sinple nmelt blend of the individual starting conponents. React i ve
extrusion as desdmreduseatbeveossitility nf theanalrdesomposition aid degiadatiomndf overiyl5

copol ycondensat e NI Spl ' P ' .
pol ycondensat i oniﬁfq'%% \;Sgé eg}é}éﬁgé% Hgatolf&:{y TN Prvegen pr%ggghﬁﬁﬁqr to conversion, ¢
the functional | yofeheicopbigmermintolacpackagingaarticle danr beepnpaiistiebgisioring in an
equi val ent anount of one of the unnopdi flﬂgd .condensat i on pol ynmer nononers
results in high (RATEEINIZBNMESE GRPY EH&!P@/ uitable stapilizing,agemtie desired

anount of 520  fungiirnide' ¥opdlydndahesled of XAl Shiéntidn' Eﬁgﬁﬁe GRaud %9: a5F

equi val ent nolar amount s of one of the polyeste noners. n-the
case of direct suitable prpegsgc ineiudirg thase, yet e benipuented; theuprefertedamiephod of

term nat ed pol yol efy. | Aifdn : hs . g varied
w dely as | ong asn? %‘h‘gb ?Jéésg:lgplg ﬁgécongtyersr'e?f this mﬂ{ﬁz% ?%i fgs;cﬁﬂé(; e%ﬁ%'f’?@oasend
state properti es bsiefijn descabed eaatpvegandiiacmose aethil belokd andl alsbt ggaifqini ted

f t he i ntended d : |, | d,i d ) f
O e e e Ciecton o P ancisfor? KRB0 e i AEBS Srruon prgec
copol ycondensigt esijthBr afonk W !ih RMBINAUONBMh the! fablcatiod’ 168, thbstaMiRY polyester,

i nst ances, t he oxygen scaveggleng ability of the copol ycondensat es

i s present as sodWchsas PET, in thecsxtaider iy Raiptained ndek \afe inark pimgsehere,
I nduct i i od d : ' f '
I nduction perio ﬁ?@rﬁl@ﬂﬁ& ﬁléoyhl%fd Féfg’%m&wnegfdnﬁét. e W@Qg%@ thiated"

may be significa mnis t expose n (or air)
for |engthy peri ¢eiyolafinr oligomesie sepamteihgonveyed 4o ¢he exthidgr and introduced into

absor bt on capacis SETaRa s DR A Her e AR AR L GualE R P ey

and 15 is adjusted so as to allow sufficient residence fithe to mé® tA8/polabfer and

PCT/ US97/ 16712 . i.ptroduce. the possibility of thernal

deconpost {1 on andHetdadessmih e hdignall fRvinated poaghn Bleamaianpdieos s
of oxygen scaven@opgiyfthdyitfahseEtefificdtionC Thegiréfefred residence timefis fof about 3
copolyners into a packggl ng article can be controlled by storin

in_an
i nert envi r onmentt® @PoKY S JaiRvtes At the Peeferad tumreratire rangeyohakatit £50 - 280°C.

Ui t 2bl 6 pr ocese. THEnpcarafy i pOlyS SbR iDREB G hriihh 2 separnte,
of . 20akipegt ohdhe eptrugeroanit theatale of intradustiomet the polyolefib ligemet isve
extrusion as eadjusted ?c; b?g\)icye GI%SEIEBB&dof%‘PQ’o?efﬁMado?né?‘)sfe%m%%ﬁé‘thé)s%ER)’%oa“d

al so again in th
achieve the desired oxygen scavenging capacity in the copolycondensates. A

typical range for polyolefin oligomer segments is from about 0.5 wt % to about
12 wt % of the total weight of product copolycondensate. A transesterification

25 catalyst, such as a transition metal carboxylate, is also employed in the extruder
in a range of about 10 - 300 PPM of the mixture in the extruder. Cobalt
carboxylates are the preferred transesterification catalysts and especially
preferred is cobalt octoate since it causes the reaction to proceed quickly and it
is available commercially at reasonable cost and at ready to use concentration

30 levels. As noted above, the transesterification reaction was permitted to
proceed in the extruder for about 3-5 minutes at a temperature of about 250°-
280°C.

This Sheet Has Been Replaced

(TR

-



exanpl es section of this specification. As part of the reaction extrusion
process wodsh228 ther alone or in conbination with the fabrpcrassemnerasep,

the starting pol yester, such as PET, in the extruder is
mai nt ai ned under an inert atnosphere. preferably that provided by
a nitrogen bl anket. The functionally-term nated pol yolefin

oligoner is separately conveyed to the extruder and introduced into

the extruder m xing zope., The rate pf intro d Lyester jnto.the
ext r uder 15 is aQPﬂE'i s?o%"f%%ﬁ%%%’??ﬁé’?{gﬁﬁﬁ?ﬁ88&815%i94’19‘”5"5’
mel t the pol yest eforfizta copolymer with ahe polyestep viactrarisesierification. fEdrairiderathhding

term nated pol yolefin oligonmer to produce opol yner by
transesterificati BHPOPR® g’?@?@?@gp%i'ﬂ%@@ thayght Q?f ofh Fpaction whereby dhe

m nutes at the pr : L ; i :
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separate 20 thepdonmernpolyestex tmatemerit cspesiesr atiginally ipresend uiot then stdrtinde
pol yol efin ol i goner, is adj ust .DLOVI he.appunt, of .

pol yol ef i n ol i gonBPYE¥GHeftePaAReS 81 FfpchanBh Cobbiying i Bl L singlygand
oxygenf scavelngl Pg;r@mm{:mwmﬁalwhmatmummmb_ f A gm\ztré;oa/e?es. When dq:bly?;ﬂr \;\i
range for polyolefin o |_'§lgo"rr_'(i;(r)t sgg\gn s i.s fromDO. 0to, . :

% of the total welM@de YHNg,INEfE@ BUrYRIBragess: dhe Jocorparation af the; fuagtiogally
the extruder | nmated pgBRAh o SuigIaNEn Bafiymer WhES 1606 RUERuLr
extruder. Coba®t weightthan thatefthesjarting polyester.nhEhigicanderaontrolied to some extent
transesterificati t Lall : | t
octoate since it cgégsgflt%%hrﬁggc f%ﬂg olap ééévgeraolaﬁtlxl%ﬁ(rv)elngg%?@F‘;{r&ﬁgcté ?ro?r?“?é

I s avai |l abl e commesmdexishtiomtreactiosonakdain,c egardiess af the adgchanismme some of the
concentration 30 levels. npt ed ab&xey thﬁ \}lgansest eri.ficati or&
reaction was per nPRE®ES pgeompassed by omyas, i, apd Vil abpye &re dRgoreprated as
r2n4nut es \6/1\;) 88} iggﬁéﬁhéﬁ@ iffo 2e6pdlyédndensate comprised $P8daMiihantly of segments from
PCT/ US97/ 167135  the starting polyester ofter,with the, appeaianee thaiiRey wieee substituted for
functional I'y-ternyaakest gl g -ﬁéulfﬂp%ane@@%bec:as encomphSedFbF FsRRISMEandif
t he polyester via transesteritication. For understanding pur poses,
transesterificati aboveay Foe atthotmytietailéd giscussiom of thentransastgrification process, see
functional ly-term lLyolefin | (o ) LU

some of 5t ROk aRaR 8 eEalr ARvARRHT SRR L REm ALY RlaAldrs) MeChatme.
in the starting and Structure” by Jerry March, McGraw-Hill, Inc.,, 1968. As will be

20 demonstrated with data in the examples section of this disclosure, a true
copolymer is formed under these conditions as opposed to a blend or mixture of
starting components. Also, these copolycondensates typically exhibit only a
single glass transition temperature in the range of about 65 °C.

The copolycondensates formed via reactive extrusion as described

25 above have only limited amounts of polyolefin cligomer segments which appear
to exist as small areas dispersed throughout the predominantly polyester
segments of the copolycondensate. The existence of small polyolefin oligomer
segments dispersed throughout the copolycondensate is confirmed with
electron microscopy data using OsQ, staining as will be shown in examples

30 presented later in this disclosure. Controlling the size of these polyolefin
oligomer segments is important as it is necessary for these polyolefin oligomer
segments to have cross sectional measurements (diarﬁeters) predominately in
the range less than about 3000 Angstrom units when clarity is required as was

25



pol yester. Regardl ess of the nechanism copolymer is fornmed for singly and
multiply functionally termn yolefin oljgomer species. Wen
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I n the exanpl es section of this disclosure, a true copolymer is
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t hroughout t he c@pﬂ%éﬁdéﬁ%%@ges%ﬁmmr%ﬂm%tﬁ about 12 wt &.e diedpreferred
m croscopy data amdwzgﬁng&:&ﬁsf&maﬁ@wgo\ae%n@ﬁ lral# aﬁtﬂw tb%b?Eﬁﬁ'Wt%

30 presented later Int di sclosure. nt r ol g e size of ese

pol yol ef i n and especjaiprefarad-isitne rangergi @bouh? wa 8 ta abaut St polyplafior

t hese pol yol efin ' I 3V Eﬁoﬁa .
measur enent sq%di 8%‘%’@?@%"8‘?‘8 E)sr'ﬁ n‘gl{x%ﬁ;ﬂ/ﬁiﬁgﬁlﬁr thele'ﬁi %[ ﬁégf@rqge ggsr}g h‘]'gﬁ*e"
about 3000 Angst polyolafintaligainen echpioyedy cans varg widely dvitte avpreferred range of about
25 WD 98/ 12 . ,

PCT/ US97/ 16712 106 to 10,000 and.an sreegially prefeTed mojReuif weight rangs. of Aoyt e
range of distribytdoowe ®00d.n@ transition metil Z@Asesterititation canlyef, ishchlas gpesbalt
segnents can be achi eved by controllin reactants and t

t he ) h
reaction conditi GRPOXYIRISHE| @80 p?'BE'QM?gd“Itﬁ?e?"t‘Tuﬁef A @ cataiytic amgpnl cefé’ﬁr e

wi Il show t hegef bagbred cé?d!g}s‘?@éngi@?&&@dﬂtj@ﬂ@, IORPPMOWitR Hnod8pletially Opreferred 5
ol i goner segnent size and segnment size distribution.

range of about 50 to 200 PPM. it should be noted that PET, as it is
commercially available, commonly contains cobalt catalyst from its

manufacture. The preferred transesterification catalyst is cobalt octoate.
When prepared via a reactive extrusion process in which pellets are
25 .formed and then stored, it is most desirable to control the amount of moisture
uptake of the copolymer in order to minimize the need for drying prior to
fabrication into packaging articles. Control of moisture uptake can be
accomplished by a two step process. First the copolymer extrudate can be
cooled using a non-aqueous submersion quench process prior to chipping into
30 pellets as disclosed in U.S. Patent Number 5,536,793. This process aliows for
the preparation of low moisture pellets. Next the pellets are sealed directly in
moisture proof containers (e.g., cans) for storage.
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As not ed above the reactionterrperatg ' in the preferred
range of 25Q09sA8f44err] C. with an g % C HA &:ENred t enpepet/usEr/6A2gE
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with an especial | wqw@mvmetican be producedgijingdhesnelt fabrigatiorpatep usedsthonake

be noted that PEtheaR? ag*n?% article.  This qg%ﬁéﬁdéﬂt'éﬁ héﬁ%@ prg'*ggﬁl:’eﬁéatlon

contains cobalt ca nmanufac ur e
transesterificati prooess andds typscallvtméiemdtfu&nmsmn type processes such\as form or

prepared via a_reactive extrus on oces I C ar . 25
D o han’ CBRbenSafsiay “hSuiP bR Pty ItEre thed Sorchimers g [alatiydly safe
noi sture froPblatemt aiygdheamwﬂn)tmeyl die fricteporatedThid Tbétie bR ineed
for dry| ng prior to fabrication into packagi ng articles. Contr ol

of moisture uptake canifdheory, it W°”"’a§€oﬁ?ﬁ'ﬁa§ﬁea° HYCcHPeRAe dhe pafgest fessible
First the conol y gty UG Cn5RoRAly. _ teminated COBbGEIGl MEIRRE"- HOWS

subner si on gquench process prior t ping into
di sclosed in U.S. cémlmnduoaates 8s 58y 719 3theTimeielyr ovhisls corisumesf @rxygen and

the preparati o st el | xt the pelle e seal
directly in ¥ seq I%t%}%"g?eéoﬁx&%hgwghgﬁgegﬁe"&%an WEYE: etgsrlgaa@
26 WO 98/ 1224 4ther considerations which must be made including the desirability of largely

PCT/ US97/ 16712 et be used from st
ditectly in subseEiaRingbesaient properteb ots TatEd pAckasitaneslvsHeny ts Sees of

the packagi ng i ndufd sbgomerseaments are w.dexyt\raﬂﬁucahdbthevztoﬁaiydbﬁ&nsatés%roduced
casting, sheet extrusion, injection nolding, nelt coating

| f
drying is requiredsually centaissisemel eligemes §e9rnenﬁ§ewhe§% ¢'W“§t%c§!§nd'5f"bu§d
oven or in a dgsi gaale WEPréMBHES dismBte? VaREE b UAdErNABSRISDO Angstrom units

regardless of the controis employed. The range of under about 3000 Angstrom

units is preferred because segments with diameters in this range have only a
minimal effect on the transmission of visible light.

It has been found by applicants that deployment of the functionally

25 terminated polyolefin oligomer in the range of about 0.5 wt % to about 12 wt %

| using molecular weights for the oligomers in range of about 1,000 - 3, 000 will

produce copolycondensate having the preferred polyolefin oligomer segment

diameter size distribution predominantly under about 3000 Angstrom units.

Further, these copolycondensates will generally have a clarity of at least 70 %

30 (at typical film thickness of about 1 to about 10 mils) of the precursor polyester.

Also these copolycondensates will generally have an oxygen abscrbing

capacity of at least 0.4 cc of oxygen per gram of copolycondensate at

temperatures in the range of from about 0 ° C to about 60 ° C using the method
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In order to mnimze | oss of oxygen scavenger utility of the copolyner,
t he copol yner can be produced during the nelt fabrication si,g:g used to make

the packadtf§®%¥%ftcie. This is dependent on the flexibility¥of UsREI6712
fabrication process and is typically preferred for extrusion type
processes such as form or 10 sheet extrusion. As wll be expl ai ned

| ater, the copolyners are relatively safe from bl at ant oxygen
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general |y have an o0xygen absor capacity’of a eas cc of
oxygen per gnam of copslwasmpreeinssly aoted, a principal use ofthesetopalymers is irebloange

(2)f7 from OV&)ergg} 1%&&&0!@& [beerv{alagg H&&lgg t/&'ﬁ irﬂﬁ}\gc? qtiscosity of about 0.5 is generally
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20 additive concentrate (blend) with unmodified polyester. Both of these

embodiments serve to overcome any potentially low intrinsic viscosity

considerations. Altematively, when made by reactive extrusion, it may be

desirable to modify the intrinsic viscosity of the copolymers. The intrinsic

viscosity of the' copolymers may be most advantageously modified by

25 employing polycondensate branching agents. The preferred branching agents

include trimellitic anhydride, aliphatic dianhydrides and aromatic dianhydrides.

Pyromeliitic dianhydride is the especially preferred branching agent because it

reacts quickly and to completion with polycondensates and also because it is

readily commercially available. When used, these branching agents are

30 nomnally employed in the extruder in an amount sufficient to obtain the desired

intrinsic viscosity of the copolycondensates, typically in amounts up to §,000

PPM (0.5 %) with a preferred range of 0 to 3,000 PPM. Altemnatively, the
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deri ved. pol yner formatijon byggg rusion a
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o gomer to o andRfHalth Bonvigies 4 ¥ighétIblety P EioE 8y BBnKE ecely. o o,
end use application  Other additvesiwhicke may alss bei presehtvin tie coppigédndengates o s
tability, and o en_absor ptipn. 15 .. As. .was previqusly noted, a
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pol yester or an Eréé‘g.lsﬁgg?i t+@gé2¥o‘ﬁ@ent rdgfgﬁzbﬁ@gﬁif @mém unnodi f'eégqm" be
pol yester. Both apptecizded by those ofearidinginyskillsinsthevartt mclusisncofeucn udditives
potentially low iptrjnsic,VisScosl. - consi der.ati ons. ernatijvely,
when nade by reacylle\wfé 0,1){,'2??83‘?“%% afg,yithin the B of %é‘T"P&ﬁ?’bAtrber’Fﬂﬂ?‘W‘ef e
i ntrinsic viseosi bytmé invention e sy suited fori wie inepaque applications SGE b Yighf

t he copol yners maé be nost @dvant ageously nodified b | oyin

25
pol ycondensat e br SPRH §TYsiRlEs copgiyeande %ﬁtPé@YSr'ﬁWEKiW@"%ééﬁﬁg"n?ow levels of
include trinmellitgsambatlon Faciedting 2abhte Qjcﬁrﬁyﬂélslgdrtéﬂné“%ﬁ Qﬂ?}cit;ﬁ%lyrg]grs of

di anhydri des. o yromel liti clagl anhydri de e especi a erred
branchi ng agent bthisiinyentien couid be used:tecmake wetwday stauctures where |the icopolymets

pol ycondensat es a | it . . readj | rciall

avail abl e. \hen ug’gﬂfa ?‘%é@%ﬁ%‘g‘g&w&?é’é’&ﬁ%sﬁ'ﬁ@g C *”é‘é"’?ﬁ%q;%ﬁltf'ﬁ ?%bf’%%‘d
in the extrudes i comtainanoidr cpakjuecapplitatiomspbiends dffthe depblyedhdensates of this
intrinsic viscosity of the ol ycondensates, typically in gnounts up to
5. 000 ppivedtion would’Pe useR 1m seected packacie weas, 0d g Usnstances
VAI\Dt SrS??:tZIZXZell Yy, thphysical blends of the oxygen scavenging copolycondensates having véf large

PCT/ US97/ 16712  Polyolefin oligomensegroenigeairuist be tjerated. s Typicallyitherblending ef the
prepared via dir e%pc?jﬁﬁ&fs”bpfﬁ% invention wto?!?:dﬂé’rwiﬁa&ﬁxgr %3%9%@%8 &Q{)%%@

nol ecul ar wei ghts an ntrinsic viscosit
whi ch nmay al s& bepglyesterst i hiowenet opuery ciomieciblet biends could be appiopriate for

Ty or T on aPBBaSIEON ATy PR o SIS e
Is needed), fillers, When prepared by transesterification in a reactive extruder as described
above, the copolycondensates of this invention are typically first pelletized and
then processed into bottles or fiims. The preferred type of bottle wall or film
25 . construction comprises a three layered embodiment as shown in Figure 1.
While the embodiment of Figure 1 may require special extrusion equipment, it is
still preferred for the following reasons: (1) it creates a structure with a relatively
thick layer of exposed polyester which serves as a good passive barier to
oxygen from air, (2) the inner layer in contact with the packaged material is also
30 polyester which has a long history of usage and acceptance for packaging of
consumable materials, (3) placing the copolycondensates of this invention
between two layers of unmodified polyester with good passive barier properties

isolates the oxygen scavenging copolymers from direct contact with air or
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bi odegradati on accel erants. Few, if any, of these typi cal additives

are used f appl i cati on rity. |1 be
appr eci at ey%eﬁ#%%‘ge of ordi nar y”'gg % EE L:hg“g;i i ncl u5| on ﬁwz
addi tives yi el ds copolvrrers re witthin the spirit of this

I nvention. The copol yners |0 of thls invention are also suited for use
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bl ends coul d be & B Pa%)f écpgfusmn of 'one E@!ET i iﬂgﬁg‘%‘gﬁ% tE?aW’PtVW@ Abt
a concern. unmodified PEYVTRe RopERHRe iss6 éﬂeihﬁléﬁﬁtﬁhnér'tﬁ%é 9AmoBified PET
reactive extruder as described above, the coRo ycondensates o

this invention atkatthe tee )Ia)fﬁl"-i dnifgamly cadhess) te,each other andtfnen q)mmmm«d

into bottles ,gr rr
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serves as a good nmpﬂ:ﬁfa\barimrﬁrbﬂémée reduce costs, @w lgﬂ?néyf W‘pasd“ ible (tiﬂacﬁ@@e thener
is also ester

| t act th k t I
whi ch has. oI ong PHATETBR Jsh THIEE caRpimert oy dRcquBs heniin sgetusion such
consumabl e maser izl By coding) Wthl Mutiche GORVIGABH Y R8RS flafel S AR Rt

between two | ayers of unnodified polyester wth goo passi arri‘er
properties otherithan goextrusinn mRy Jwve sisadvantages ob{i) Ireduntion fof suadingingt

contact with air
VO 98/ 19244 pBlential by unwanted and/or inadvertent exposure of the oxygen scaveénging

PCT/ US97/ 16712 copolymers to aipxoyeaxygent pndse)vadditidral rprozgssing satepsengrmg

ability to be ap 5 . nl E:Ri ioining Otﬁ}’e%efﬁygps'bcyh asses thr h t Lhe o
unnodi fi ed pol ye g0 of botligs o thed ) 33’6‘% é’§ Bﬂﬂ % he
unnodi fi ed pobyesl‘hearob%@vefofswdyclabw anlesy thé aldhekiow was PET-basétn@r PET-

t oget her when coextruded wi_thout the need for or use of a tie |ayer of
5 " adhesi ve. compatible. For production of films and wraps, recyclability is not nearly as

important a consideration yet as it is for bottles. In fact, for films, it may even be
desirable to use layers of the copolymers of this disclosure in conjunction with
layers of other materials such as polyethylenevinyl alcohol layers and polyolefin
25 .layers. While immediate coextrusion of these copolymers may be the most
preferred use for them, other use options are also available. For example, the
copolymers could be blended as a concentrate with other PET or polyester for
film or bottle manufacture, or be used as an inner liner or layer in a multi-layer
construction sense, for example, in packaging electronic components.

30 When desired for certain applications, methods are available to make the
oxygen scavenging properties of these copolymers even more effective. For
example an oxidation catalyst could be optionally added to the copolymer

during the product fabrication stage. The presence of such a catalyst when
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The preferred three | ayer enbodi nme destTrhede—above is nost easily
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| nprove barrier properties, reduce costs, It may be possible to achieve the
preferred three | 8yeh a8 irenRidpdimangansse; @tﬂqﬁﬁéﬁﬂ%’e&ﬁqu@%ﬁﬁ -coext r usi on

such 15 as by coating with solutions or heat fusion of separate
| ayers. Any method The copelymers of His inyeation mayberiiet i ecnivRation Hithagber

of (1) reductign BW%?EQHQ gg%stems. R Eahitle Bhe BHBBHMSA N Ynhanced

i nadvertent exposu e ox scavengl hg ~_ copolymers to air or
oxygen; and (2) adsygeroscavepgiogderfahrcated psoductsoef this invention invioives dhe optiastal

the. obj ective of MEUTLA PEYarRyes BHER a8 udD e Rutiat S oBitngnep if the
conpati bl e. For prssficatddoproductsi alBRgawith thea popolyraenscofathid disgloserenoFabrieated
as i nportant a consideration yet as it | r bottl es.

s f In fact,
for films, it may Pmt%émh as_boweﬁi_é:é’ﬂm_lﬂ‘%m%" &,Oé'a?awpécfa@ materials as well
copol yners of 4phi %sqré “cbﬁéiyﬁﬁré B 9 H}$RRsLR WYk e exposed to LAY gt sfficRink €S

mat eri al s such as pol yet enevi nyl al cohol layers and polyolefin 25
| ayers. Wil e i madtivate the phetpactienmesterialsctowarhpaigpneiriakepriagsdouse (g sfilling

preferred use for S\fﬂﬂ%migg}cgeﬁgta}’%g sﬁ%ﬁggfg{eqa%&qegﬁgdh@pl e. For exanple,

t he copol'ynmers cou as a concehtratée with other PET

or pol yester for In Xe&é:ﬁgrﬁgxgﬁﬁﬂéd%ﬁ%w %ddfﬁppgﬁoé@gges?ﬁy%ﬁbing

i nner liner or |ayer construc
exanpl e, in packaeidt@rigls esre rduployetowithinetiespackage &fVity along withVihenuste of tieel

f t ai licati , t hod .| abl ke t . .
oxygen scavengong CRPRNEER 5L P IHAQSIESHHIED MAd SoBRrRs e Aeckeging dnateril

exanpl e an oxi oat iNyimafly,ah¥sd additibrhl ttﬁ?ﬁm sedvahbirsade\ad take thedofwpPh\sathet,
during the product fabrication stage. e presence of such a ceﬁg' al yst when
30 VO 98/ 1224&specially for non-consumable oxygen sensitive materials such as’ electronic

PCT/US97/ 16712 4 one ts€ TRloP Yéifhstifhabl® o&f%efg s@ﬁ&i&é&p%@b&aﬂ%. RRM sditicial

to facilitate the ra oxygen up : referred catal ysts
are the mul tival enxygemssavengimgnmateérials might takesthetforrs df rromatiagl israfigansed in
Cobalt is especiall

I nventi on may e & e;' %I‘gé%}?'g%%'ﬁ 8'ﬁt Q\fﬁ Tﬁa‘o‘i’rﬁ’&‘";&hes@ggmc?gg%# g%%&s EB nrftrllabmy
systems. For exawplrigiditporetegdirmehthebeo additibaaldetérnal oxygen scavengers, it may be
economically favorable to use substances which do not have clarity as a

constraint resuiting in copolymers which may be opaque. In these applications,

the diameter of the oxygen scavenger copolycondensate polyolefin oligomer

25 segments is not critical. There are also embodiments of this technique in which

the additional oxygen scavenger employed is one which is an entirely different

system than the copolycondensates of this invention.

In yet another enhanced embodiment, the copolymers of this disclosure

are deployed as an intemal can coating alone or along with known can coating

30 polymers. In either situation, both passive and active oxygen bariers are
present since the can itself is a passive oxygen barrier. In either case, the
copolymers of this disclosure are prepared so as to comprise a thermoset resin,

1
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oxygen scavenging for fabricated products of this invention involves the
opti onal ncl usi on of photoactivators (such as snal ts_of
benzophenone 8 |zn he fabricated products along wt h‘L?ﬂg&g’gBHIzyners
of this disclosure. Fabricated products, such as bottles,

contai ning the optional photoactive materials as well 10 as the

copol ymers of this disclosure would be exposed to W light sufficient to
activate the phoebseain blendawbichzosid beapray septesonip theinterior Gpnlamanmll$| Ac.

fill

Iln yetn ga di ffere\r%;% &{aezt:eteséi Hefw‘%g)cfnggtn%ghpgg%ﬁg% h@ﬁi&‘gg Iscaggr‘%’g o%a
mat eri al s are depbpglgtheniof this inventipackitiye themmoset aksingnanmally tused Use codtinghe
maeri ol T Bandltindy BE el PlRpBR Ine SRR i it Rbrredtage e

the form of assagh®BD.-oligomer seghadift itednl ¥ tfs@ﬂ fﬁﬂaleﬁﬂaébtﬂ?hé\% $5 K8 ]F require
sensitive naterials such as el ectronic nen For consunable

oxygen sensi ti veo8lYok minigal amonat efdhe coeelymer blended v withthe sarayablegeginnghe
| h
materials moht bakgn!die bas el odm Gofd ' il 'oxfldtd Ehvelger is¥Pat it %;#%{Jéef

shops under a cut of neat or pou tr nce or cla
or rigidity on t ke mpportufity keslissipate tscocalled fhaach space pyygersc aHeagespacei t

Clarity as a OO Brwkoel Bl vrpioed o B0 SPORERE dlfingn gt snd”®
opaque. | n thesesaglrg protessls, the dianeter of the oxygen
scavenger copol ycondensate pol yol efin oligoner 25 segnents i s not

critical. There are aAS(haEIﬁeedIuﬁmmtéd@fsé\hrél instahutiscreatly, rébydié of the bottles
t he additional ogbq_en scavenger enpl oyed i.s one which js an entirely

di fferent cptado Hing othet W e Hisgleswre s ?'Pn‘%‘PPH%‘nW@ﬁNe
In yet another egbpagest tRigRsticsme. thﬁercwfsbmé:sd%nréy &d&!&ﬁé%ﬁﬂéiﬁe for

are depl oyed as an |nternal can coati ng al one or along w known can
coating 30 rwgﬁwm other polyesies botiies withpuhthemneed fpagey specialpracassing

oxygen barriggs ? lamnndﬁ%ﬁsﬁnaeﬁdmﬁmgncaﬂ J,lrea?%‘f'é‘?m s gl séieggure

oxygen barrier. her
are prepared so asemt donthei fabriaatedebotties tof r tis nnventlon shows how the recycle
31 WO 98/ 12

PCT/ US97/ 16712 fégtirements hays DPER Pty FigHi® 13U 2 (A58 56U PhiPe stegsd

onto the interi Obomnmumh"nsmbﬂm An Figure 1 |ayaas @26 hhe z&syrél copprided st
anpunt of | ynmer of this

Cavention wiin oUpRottedorackeding ROFRRIFT FoBEadch A5 BET i Fytenor Surace 24
It may be neggssaefinédPbpiiPMicker iyef 8PFolysREr aHd RtetioPs0fdde 22 padtfe or
bottle cavity) is defined by the thinner layer of polyester. Middle layer 30 is
comprised of the oxygen scavenging copolymers of this invention. For a typical
individual serving ju'ice bottle of approximately one half liter capacity, the
oxygen scavenging copolymer layer of the bottle represents about 5 % by
25 weight of the entire bottle. The remaining 95 % of the bottle is unmodified
polyester, normally PET. Under the heavier loading conditions of the copolymer
with about 12 % polyolefin oligomer, the copolymer layer is still 88 % by weight
PET segments and is typically 96 % by weight PET when the more preferred
percentages of polyolefin oligomer segments are employed. This means the
30 final fabricated bottle is at least 98.4 weight percent PET and typically 99.8
weight percent PET. It is this high weight percentage of PET in the fabricated
bottie which renders it suitable for recycle with other PET or poiyester bottles.
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5 of PBD-oligonmer segnents than is
require WO 98/12244n|y a nminimal a haHtS SHEE#?;A@C&%M er bl en®6aA/USSTN6TIhe
sprayabl e resin. The benefit OREaLﬁaE'n i €r| conprising an active
oxygen scavenger is that it affords he_opportunity to dissipate
so called "head space oxygen". Head space oxygen I s unwant ed

oxygen trapped in the (F?iﬁtia’i'ynﬁbpliﬂahbﬁgfdrhﬂlé‘ ioxyhérd stadenging 18op@iPREisNSf this
process. been indicated in several instances

al ready, recycle @sejwrwamb@sfor fabricationr it ipagkaging wallg ansk packagingrarticlesf
this disclosure i Qﬂo?}ﬁ??ééb it2Bin sBYVE méfances in this, d%ﬁﬁgﬁ}e A ntlil{als?se for these

di scl osure. Further ricated bo € suit abl
recycle with ot herfalmna]e;tamcidsocmhmea theqackaging 0é perishable foodspared périshable

processi ng 15, S de ti 0 I za A _qui revi ew
of the materiaPs tehidS " @ alf?t é}eg?'ésg\aggahqgsbB?'t&'FB%%fa'ﬂ ébl?e to the
i nvention shows heackéging euésehlsed in this disclesure rv&immliﬁchh‘dé/eabf%oMs st ase
1 shows a cross sectlon of the preferred bottl e wall construction.

In Figure 1, | ay eMailks yogurd, iog cegam éBﬁ;ﬁth'éQF @fepared foods such@s$ stews and soups,
ackagi n oI est |G :
oK PO o Bl ol Al S8 ety i e

defined by the thi |nter|or sur
package or itemspsuchl as pea-cogked mecisf amﬂanrdagoclkled sithe dishes| ethmic offerings

I t I ri sed. en_scaven
polyester Ml ks Bl"ams, snacppny SB. Sl X8 oS58 B
juice bottle of I a;kptdbmprrm@t?fdo?:m lgné)fcidnatser beaprages )stt):ch f‘asS fﬂ;lt juice, wirX4ggn
scavengi ng copo € t he bot.t ts about 9
oet gt Jof Ct he-ont BREnY Pads AHER avies 1y bsadkt veaslabs anc breaakiastsaramissd
pol yester, nornal bﬁkE’EEr?oHEdéi‘fcth?b?é‘é’d"&Ecﬂé?é‘%é‘ﬂn&é’%o‘ld&”ﬁn@f +fﬁﬁs snack

copol ymer about 12 % polyol efin oligoner, the copoly
| ayer is still 88fogdsysuah ahcandy, potato Cmaeégheeﬁ%ﬂlﬂddsnackwmwam U6 ads

of | gomer - scomint < PPac, BefE, B iter and jety cBRbARISHITRNR RS e oRo

bottle is at | eassegsoningsciejher gded cort fredhl (Bendrally, dhé | dis@@se’i copolymers and

wei ght percent PE N |.S, wei ght _percentage of PET in the . .
fabri cat ed Eac*%%‘lt’qg I@%f@lﬁg&%’ﬂ usggetP edﬁ’@"f:%rtﬁ? e PTRPEes in
ot her PET or pol ypatkdagifptrhdtesals intended for any type of product, whether it be food,

32 WD 98/ 12244

PCT/ US97/ 16712  beverages or otherwisp, which\degradesin thepresence ‘Pﬁé”?fﬂ?@en
scavengi ng copolyners of this di s¢closure will be for fabrication

cl ear copolyners so as to

i nto packagi ng°wal | s and packagi ng articl@?gAMELEE previously recited in
several instances in this disclosure, use for_these

fabricated articles conprises the ﬁﬁ?EQ&N ﬁﬁﬁﬁﬁﬂﬂﬂ?”}foods and .
perishabl e 5 itegs. Anon-limting |ist of perishable foods

particul arly amenabl e Tbet gapolymers referenced in all subsequent examples, unless
otherwise indicated, were prepared in the manner as herein described. A ZSK-

30 extruder was equipped with a loss-in-weight PET pellet feeder under a

25  nitrogen blanket. The hydroxy terminated polybutadiene was maintained in a
viscous fluid vessel from which it was separately conveyed via a positive
displacement pump to a vacuum suction port on the extruder line. PET was
extruded at a feed rate of about 8 pounds per hour affording a residence time of
approximately 4 minutes while maintaining the temperature in the range of 260

30 to270° C. The hydroxy terminated polybutadiene (EIf Atochem RLM20 - MW of
1230 or RHT45 - MW of 2800) was pumped to the extruder at variable rates to
afford weight percentages in the range of 2 % to 8 % for the hydroxy terminated
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packagi ng described in this disclosure would include dairy products such as

m |k, yog Hae&y Cream and cheeses, prepared foods such asp
soups, desis&at products such as hot dogs, cold cuts, ﬁc Heggd beef

jerky, single serve items such as pre-cooked neals and pre-cooked
si de di shes, ethnic offerings 10 such as pasta and spaghetti sauce,
condi ment s such as barbecue sauce ketchugtsnustatd and

mayonnai se, bevolyRisadians, indhe extruder,mixing gpne JMest seal designs were used, to
foods such as dr f&@tfarwcham ftsdeefwﬁe@ttﬁéInﬂﬁma%nar;ﬁ@fft@me Gi8{dening. The

baked goods such as bread, crackers, pastries, cookies and nuffins,” snack
f oods such as catiudatest wete ¢y @daﬁqnﬁﬁ@é@sr fnd| weres naﬁlyspellgﬂze@deﬂmm as

15 peanut butte t € lies,
and seduref FR0ind 4 St B, PN $ulRE Py ER et Ficf e
ct:)opol ymers amsd could be seeakéyithe f‘@ by eihmpmlmaarbfbeopmﬁbd ¢ frt mrﬁmﬂamcwth]? :
arrier propertles in pac %g% materla(fhlnten ed for_any type o
product, whet hertransesterifigalipn during reactiyy extrusion. Jhe,appsargnce of @ ifikp in the
degrades in the \pstaF 8ahwelid Pave Sbiicated theStesence of unreacted palyolefin cligomer.
EXAMPLES COPCOLYMER PREPARATI ON

The copol yners regtaltentestei(Hulls Nugder® BMR. cehaltBia was amprieyed at a treatment
ot herwi se indic tPLEP iy t efal
75K- 3R, U IELRAE0, 0 TR RIS @Rt i yERG hady
feeder undertoa polybtﬂﬁdlene lwasgesedtnt@iuetght Yo ant 200dMtaf rOn wheedhe hydroxy
pol ybut adi ene was .ained in VISR QUS fl.uid vess whi ch
it was separ atel@'&m‘i‘ RE WASLSE rﬂ}sq weight %. Inef3ieh ?fltE I%@ﬁ@ b a
vacuum sucti on peHvierstly effectether sigty dfithe coEETme% prepared. To thétextsitdhatit a
feed rate of about 8 pounds 9,6 Kﬂ g?qwhour af f or di ngpa resi dence tine of

t

approxi mat el y 4 WahUNeasyiRbliee Sokp AG9: REPQIWABE: 2Ppeared nto; have -slighthyf
260 30 to ;m@.{a@édraaﬁy T é&tﬁfd&i‘éﬁ ﬁreliprﬁ?eaaése&es%ﬂw@% eﬁascx(eﬁiéd as

At ochem RLM2O - 45 - MNof 2800) was punped to
t he extruderisat capolymgrs by=seyeral @nalvhcal techniques srsodesstibgd ingexarepiesidde 1itn

:Egge range V\g 9223/;/ E Egﬁol%rre% ptrQSarQth'S)pWe b d Hetlribed above had single glass

PCT/ US97/ 16712 transition tempqnatb;dw(tT@)jmethe range hﬁeSZaQt'CudmZ 9tGi Ay copolymekée| t
seal designs were used .t af f.ect_.a vacuum é%]? fall the

m Xi ng zone pri cﬁreparepmy tgpén%tagﬂldﬁacnbﬁqeabove were su Eﬁﬂf‘% ngﬁs"@ﬁ 9ndand
non- snoki ng, andcadabke 6RiocEssINg it ibottiesfaicb@ind b the preferred three layer bottle

20 wall embodiment. In the following examples, all data relating to oxygen
scavenging capacity was taken at either 22 °C or 60 °C. which is below the
glass transition temperature of the copolymers of this invention.

EXAMPLES 1TO 8

Examples 1 to 8 are shown in Table 1 and relate the inherent viscosity

25 (L.V.) losses encountered as expected from the transesterification formation of
the copolycondensates by reactively extruding a mixture of PET and hydroxy
terminated PBD oligomers. The LV. values in Table 1 are expressed in
deciliters per gram (dV/g). The |.V. was measured by the technique of inherent
viscosity of polyesters and polyamides based on ASTM method D2857 and the

30 solvent used was a 60/40 blend of phenol/1,1,2,2,-tetrachioroethane. The low
molecular weight (LMW) PBD oligomers, having a higher content of hydroxy

end groups, shifted the LV. further from the starting value of 0.67 for PET than
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quench cooling in a water bath. No surface film (hydrocarbon slick)
V\hatsoeverwowﬁu“coul d be seen in the water bath, indicati vq,&f g:mglﬁgger

formati on by transesterification during reactive extrusion
appearance of a filmin the wat er bath woul d have indicated the
presence of unreacted pol yol efin oligoner. Cobalt octoate (Hulls

Nuod D. M bal t 69 : L reat ment t
cut 1ot ent to af 1BPG80 mekFuR BEHEHNTL FRRRIRGTEL 4 tie spme loaly) fovel
pol ybut adi ene waseusp&neéauan\mmhémww (BFC)Rita aakés for Exarhples 12y @ 8>th 7

pol ybut adi ene was used at % Inclusion of the cobalt octoate did

not adveldats 9reem¢tes@9wg gopfirmed shis in the eniire melesuwarnweight digtribption
the extent that ésqrreslqopdmg 182 fhe"BAME" MPLY &at&é& tfyo Murnmogmml ¥iafion

appeared to have I ght | nmpr oved clarit e extrudat es
prepared as ddscrwhieh ralat&s molecutar avaightatodsV. Onlisormajpol ofna trsiebgopolywmer alia

Copol ymor's pr eparGHBYRHIESRA ROHY ABAPFEERCA i bebil 1 e, PET ypaddof the two

transition t errperﬁww%xé?ﬁb@srér)d alsot bsed infpemirig fhie Bopslyedridensatéd . was Shell
[err]C. Al copol i_ prepared by the nethod descri bed above were
suitable for nelt ||9P6 5@7%%7 -and capabl e of processing into

bottl es according to the preferred three | ayer bottle

embodiment. In the fdhtEREFPSIBMASCHRN MBICTOSEAPS (TEMAt P'?Rj‘-"'f"&f%&m‘{;eé Bt 60,000
scavengi ng caggpci ﬁ1¥8ﬁﬁéatfo?lk@f”a arpid Whichwas Prépdr FB rlﬂmdaﬁﬁ td the ‘@Bb?@mﬁ? of

bel ow t he lass transition tenperature o e copol yners

i nventi on. Example No. 5 is shown in Fig. 2. The copolyms&medrmta Os0O, which
Exarrpleslto8 | t t viscosity

25 (1. I ossegiagh%{g%%]"& WH Bo@o%‘g gléd&?% es[ehren%[n eﬁ] ﬁ/gaqr The
formati on of proxrt'rhte sigp @ny aistdisution ¢fthé yolyskedni mgbmee&bguﬂnfsgara easuy

m xture of PET an term nated PBD oligonmers. The |I.

val ues in Table 19 %‘F%""gioﬁpr essed in deciliters per gram (d/ g) The
| . V. was neasured by the techni que of inhe f‘ﬁﬁfi Vi scosity of

pol yesters antP pol yam des based on ASTM ne Ehgs7 and the

I t d 60/ 40 bl Th
fow ol ecular wei dh BEW%%Wﬁﬁﬁ Eﬁé\oﬁﬁ?é 1 2?ecom§m

of hydroxy ‘ e : 831 N9
val ue of 0.67 for PEsmple;, NHERENT
34 WD 98/ 112244Na, VISCOSITY
PCT/ US97/ 16712 1 tBET fohtfolBlRCIHh fded¥bight (HMWA PBD ol i ggger s |at
t he sane | oading | evel .

2 PET (control) extrudate 0.65

3 2% LMW hydroxy PBD in PET 0.53

4 2% LMW hydroxy PBD in PET, 2nd extruder pass 0.49

5 4% LMW hydroxy PBD in PET  * 0.48

6 2% HMW hydroxy PBD in PET 0.62

7 2% HMW hydroxy PBD in PET, 50 PPM Cobalt 0.61

8 8% HMW hydroxy PBD in PET, 200 PPM Cobalt 0.50

20 EXAMPLES 9 TO 11

Figures 3 to 5 cover Examples 9 to 11 respectively and show data
obtained by transmission electron microscope (TEM) technology. What is
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Gel perneation chromatography (GPC) data taken for Exanples 2, 3, 6 and 7
(data are not shown) confirnmed shift nol ecul ar wei ght
di stributiwwpoesnzzes correspondi rigiile SHEETSHAS BEEN | . V pr edPCTredsims7i2he

Mar k- Houwi nk Equati on 5 whigh rel REPEACRY ecul gr weight to I.V. Only
formati on of a true copol yner vi tramsesterification could produce
such a result. The PET used for the two control exanples and al so

used in form ng tdhRuwiPRih YR WHsEith ‘Qﬁ‘ t§£€l&ﬁn olig omer %%nt-rgi&g?rfo} the

7207. A transm ssion el ect mcro
phot oni cr ogr aph aongensativn copolymenscofi mis«:tavermﬂnofﬂw swfnemadrbemstamed

o 2 The. copol WPl s’ Gfbr, fthe prgturaise” HRl Befi oigomer 3eghies”

onl'y the pol yol efdnily.0lThe @apolyhtes ot Exanple 4 wvasqiepardin the' Adinner as described
approxi mate size and digtri but | on of the polyolefin oligonmer segnents are
easily 5 giahaveni ifhe copolymets of Examples 9 and 10 were prepared in a nyamier 1
| NHERENT VI SCOSI Ty

| NEREN Blmiph 5 that SeiiBb Abbvd Qxéept that the %x.truﬁéﬁfm'e%as 20 Ibs./hr for
CHARACTERI ZAT| ON Example 9 and 12-Ibs./hr. for &cmaplei0. The three examples showge effect
(control) extrusi epélﬁ&gﬁﬁ gﬁé%mer segment siz%' &Ztgbgtéon at three diffgrent gETPeI;Iru?%

(control) extruda
LMV hydr oxy PBD iraté8Eaf 20 Ibs./hr., 12 Ibs./hr., and 8 IbS./Mr3 These extrusxon rafes affordédo

LMW hydroxy PBD in PET, 2nd extruder 4% LMV
hydr oiy pB%I) i19 peextrusion res?dence time of abo t(;i 3&3% minutes. In all gvee cases, %W\,
hydroxy PBD in Phld termmated PBD (MW aont $230) was extrusion cépolymeriZed WK
hydroxy PBD in PE 5 PPM Cobal t ( 0. ) 8 P éoHMN
hydroxy PBD in PERET200 PPM Cobalt 0. 50 20

EXAMPLES 9 TO 11 gures 3 to 5 cover Exanples to 11

respectively and showFfeseach of the CORS%!’E?"ﬁ@d Exomples; m1é§116aerepb@tpmmograph

gn5cr oscope (TEM 416040160000 MABhifitstion were prepared similar to the partial plate of Fig.

16 2. Fig. 2 shows a cross section cut of a film of copolymer prepared identically
to that of Example 5. All sixteen frames for each of Exampies 9, 10, and 11
{which were also cross sections of sheets as in Fig. 2) were then subjected to
an automated process which first estimated an average diameter for each
segment in each plate and then subsequently calculated an average cross

20 sectional area for each segment in the plate on the assumption that each
segment approximated a circle. The process also collected the segments of
similar size into groups covering a convenient wave length range and tallied the
number of segments which fell into each grouping. The wave length range for
the groupings was larger at longer wave lengths so as to accommodate an

25 exponential display of segment sizes. For each graph of Figs. 3 - 5, the X axis
shows average diameter size (by groups) of the polyolefin segments in
nanometers (nm, 1x10°? meters). One nm is equal to about 10 Angstrom units,
e.g., 300 nm is equivalent to about 3000 Angstrom units. The Y axis of Figs. 3 -
5 shows the area of the segments (in square nm) multiplied by the number of

30 segments of that area, i.e., (the number in each group) per frame |t is
convenient to characterize segment size distributions using such bar graphs
and also to sum up the total length of all the bars in any given graph. For this
invention, when the sum of the length of all the bars at 300 nm or less exceeds
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WO 98/ 12244
PCT/ USO71 L4733 e ! PR SRERRREN opolyref S g
PLACE

. %2244
ol i goner segnent sizes for the opol yners 0o

i nvention. The copol yners had been istain D ith Jerr]O[err] which
adds color to the unsaturated polyolefin oligonmer segnents only.
The copol ynmer of Exanple 11 was prepared in the manner as descri bed 5

above. The copol yggr s, of (xR &5 Heflayllr WRIiark! BRASRmER: 3L BRFHution is

simlar to that descfl above except that the extrusi rate was

| bs/hr (9,1 Kg/ hr pofisidered to be prefnminztely urded 30D hive (3000 Angsétrbm/ imids). f As
Exanpl e 10. The three exanples show t he effec on polyolefin .

ol i gomer segment PIEVIPYSI F'Bﬁ?‘?'dﬁ'saﬂre tg?# ﬂ'@rmo'?@l’smgﬁﬁd‘smb“m"
rates of 20 | bs/ hpe(eddifinaily (d22dbifed Sove ufdO8000 ARGStras BRit Wheh bidi
Kg/ hr) These extrysi(pgp ratnes %gforded ] 10 extrusi onar.eﬁpden_ce tierre %}Fy
about 3 to 5 n$nuisean impprtant prapesty requited ofghecopolymers of thisdpyerntione (Genesallyd
PBD ( MV about 123 | ' | : i
For each of the cgp Rﬂgﬁ%%é%%@gp%?ggb%méq%ﬁgls%%@enr? ‘Sﬁ%%’nﬁ' &%P g hnsnble
pl ates at 60, 000 hgtyrii.ei,daterfere witheclanitghand avese rignaredtio théabpee tdoasidedatives
of Fig. 15 2. . Fi %'% shows a cross section cut of a filmof copol yner
pr epar ed identicaFP?‘:a wiations. -t o that of Exanple 5. Al sixteen franes for
each of Examples 9, 10, and,( 1l whi ch were al.so cross sections of
sheets as in Fig. 2) mﬁ?&af‘lp&ns%‘ﬂb?’%taﬁsé gxamples, more 5“?\"’5"(‘%9\‘;—?{*’&“’3?(5’5@%

which first esdi mpspslymer PAyAERh DiRgoRier’ sdgertagizes (ie., predo?ﬁiﬁﬂﬁt?t shihlier
each plate and then subsequently calcul ated an average cross 0

sectional area fofiaBuiersouyal mouldnetiptasier witd yisitie lightaansraltyrransiderashiorbe
segment appr oxi Majreghelrafrige AfCabolit B0B HAQS Satdut 806 qrﬁ)ﬁﬁ&&ﬁ% G he ?&g@ggﬁﬁmagr

simlar size into groups covering a convenient wave |ength range

tallied the throughputinates.o Based earihesadesults asimitarefiectwoiid drecenpeated fohe

wave | ength range,for. he. qr | NgS, ay ger. at..l onge e,

| engths so as to CBWSH;S‘E%G‘%"I w&g%%%r&%ﬂ&g‘ﬁﬁﬁ#eﬁ g&“s?ﬁ‘!b aﬁﬁ”@@éﬁ%n’te"
sizes. For eaef gsioper efrobgigsut rdte (Iongdrhvesienze sime) would produgBOMBreafaobabiR:
di ameter size (by %rou s) of thegorle%olﬁfin segpent,s. i.n.. . .
nanoneters (nm 1R yple ‘P]°'198Fé‘?’j57.9 : lameter. 5178 distnbutigns with Mﬁ%‘?’?'&_ﬁﬁe'y
units,  si@aller digPBtePstHal dOHOt émste with vidiBEtiighP00 Angstrom units.
The Y axis of Figs. 3 - 5 shows the area of the segnents (in
square nm) multiplied by the nunber ofgxAMPLES 1xFQMENts of that area,
i.e., .(the nunber in each group) per frame It is convenient to
characterize segment spa@ firStxdrhples OIS td! 35§ Usd fdldHd WF@u?e 6. These four
and also to sumup the total length of all the bars in ané gi ven graph. For
this 20 | pxamplesnshoxhdhe taygen scavenging |capgeity of the | copelymeis ofathis

ggo nmor |ess exgGeffon at two PBD MW values and at two temperatures. Example 12 is data

for a biaxially oriented film of 2 mil thickness constructed from a copciymer of 4
% hydroxy terminated PBD (PBD MW about 1230) and PET extruded at a
throughput rate of about 8 Ibs. per hour. Also, for Example 12, 10 grams of
25 copolymer film were placed in contact with 500 cc of air and the percent oxygen
in the air was monitored with a Mocon HS750 analyzer unit over a period of
days at 22 °C. For Exampie 13, all parameters were the same as for Example
12 except that the test was run at 60 °C. Example 14 was the same as
Example 12 except the PBD MW was about 2800. Example 15.was the same
30 as Example 14 except that the test was run at 60 °C. As can be seen from the
graph in Figure 6, the 2800 MW PBD is a much more effective oxygen
scavenger than the 1230 MW PBD at an ambient temperature of 22 °C even
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WO 98/ 12244
PCT/ US97/ 16712 50
segnent sW@HIZ#4 i bution is

0,

total of all bars, the
THIS Srdﬁiﬂs?ﬁ!@sﬁzﬁéBNto be preddGHEIN§linder
300 nm (3000 Angstrom units). RE! metr[’ew ougly discl osed, i t i S
preferred that the polyolefin s ution

predom nantly Sﬁé?ﬁ%dtﬁ‘eﬁa%@éfsehéﬂg %09%%3% feves Uﬂ?ét ALY oc'rﬂ{nbéiy

5 is an inportant property require t he copol yner's s 1 nventi on.
Ceneral ly, orientatiorsiowasied teiatley Emg:ées 1 24n 1ab@st arielbbgation abinedsheets

scatter signifi tly visibl h er

clarity) and v@zgit'ﬁe 8P g %cénogb%‘\}he BLAH‘% él' é’gtﬁ%&% (QE Igrqg x\gléi‘?dm Fig.
cal cul ations. 2)and 4.0 timesina dnréauo:aa the pwwwoffmeraﬁebese deyrees feom the RS
favorabl e dlstrlbutlon of the ol efin oligoner

segrent si Zes {ifeteN (e.gr.otanp r\'&rft@ >2)s iy gggrge of b*ax'a¥@r'aﬂtﬁ!'eﬂésmwm| d
not interfere gt Boﬁh@ Qh&uéthg@ndgw&héhrg r@fﬁ?ﬁé&i%egsttﬂebé 5 x 40 bnglrhp

t he range of about 400" nmto about 800 n occurs at the | ower extru

t hr oughput r aterent8dared on these results a simlar effect woul d be expected
for t he hi gher nol ecul ar wei ght hydroxy term nated PBD ( MV about
2800) i.e., 15Alsel shown inhFiguge Suarer date for angentrolessnisia ceersistiny ofcid d
produce nore favora

G otr1 but i ons AT o R BET A inéo oF oilyefigfE el TRRbrn AT L85 o6 *°

interfere NthTNésuhl'r@:diﬂeﬂhtPET control showed no oxygen scavengmg capacity
EXAMPLES 12 TO 1 Data for Exanples 12 to 15 may be found

in Figure 6. TWBQ@OBWrat50°C 20 exanpl es show t he oxygen scavengi ng
capacity of the copolyners of this i nvention at two PBD MW val ues
and at two tenperatures. Exanple 1EXAMBLES16and17 for a biaxially

oriented filmof 2 0, o

% hydr oxy term nated %}‘%%é%gbﬁpé@ég%é %w%ﬁgx e)ljrg?gerat% 4he PBD

t hr oughput rat motécwdnoueogat &lss HaB, &n Iégyctmn tHaoabsolmlestoandparen‘:Eyéaiarhtg af2he 10
grans of

and the peFﬁenFoQﬁw'g‘E?F yE%ureJ7shows &ltg g’@'ﬂ@? %ngg;&a ej% of air

HS750 anal yzer supiift 1Q¥iesd BRixidMY @fented (2.5 x 4dabfaxaé| aaerﬁtaﬁdsr].)cshsetr of
Exanpl e 13, all paraneters were the sane as for Exa

except that theopelymenaeomprising @0 Ak rand. 4E%nBBe Pfl 3&9@9 thRiesdae \ﬁ@ght
Ex le 12 B t
Scam 12 oxc gl GRS AU BBl UG g 0 Wb

seen fromthe weightwas 1230 dpie dlarityirgeasurémentscn 2800s M/p&rBEN tsarsmissionobr e
te ];];rggﬁ :azlﬁr gxg? ﬁg!@t tqgr\ﬁneug sca|e%gg$sr o} P&q énhe?g% %&)’eq'e%gs%[r)eg tonag Swpx'a‘a%
UV-160 spectrophotometer. There was enhanced clarity for the lower
molecular weight PBD of Example 17 at all wavelengths indicating that when
clarity is an important consideration, it may be necessary to balance the
enhanced oxygen scavenging capacity of the higher molecular weight PBD
25 versus the better light transmission properties of the lower molecular weight

PBD.
EXAMPLES 18 and 19

Clarity of the copolymers of this invention when used in film sheets was

also affected by the degree of orientation imparted to the film sheets. Data for

30 Examples 18 and 19 are shown in Figure 8. The clarity measurements in terms
of percent transmission of light for various wave lengths of light energy were
measured on a Shimadzu UV-160 spectrophotometer. Example 18 was for a 2

mil thick film sheet of copolymer comprising predominantly PET segments and
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PCT/ US97/ 164d3sn2244 L NoOugh both exdmb$ SsicErnmsat {gh 4 % PRBy. }I%yﬁ{muThe
degree of biaxi al orientation rrpar tReEP,_p\@LgI \f Exanpl es
was an el ongation of the sheets ne direction of the

pl ane of the sheet (e.g., along x axis |n F|g 2) and 4.0 tines in a
direction of the plane of the sheet 90 degrees fromthe 2.5 5 stretch

thehot 11 no” i ndude Wy S RBH seaeneIs) 1A impisslas WeiShe ThS shesyfes Bxampia 18
orientation. totally unﬁhéﬁteah%rhﬂeﬁm§ pPeprd GdertichB/ tot Ot%'ﬁp’oivmer

sanpl e conS|st|ngo grans of unnodified PET in the formo
pul veri zed pel | et earier used mrcEmmm 5 and alsp shown imiig. inkxarmplect WET identical

control - showed  ng, @y0ef, 18 SRUAhEONEHIASpbkt for ExaI8 B VL biadlan Lrentes

[err] C
I'n addition tosoxygen 4Ocbiaxigi oripntativn) idand was selectetiestpas tt be @, mif tisicleBiter the

The 15" copolyrmePuniat S 7 Tow el pHepfeck Rt of EXera 15 showes Ihpiabeds
was a 2 m leidri@y %ﬁicumy thith& NS tHi 700 airhywweleﬁgtﬁdrahgeS Wh&n lete

bi axi al orientation) 'sheet of copol yner conprisin ET and 4 %

PBD of 2800 nol ecé@xplanationyand accountingefosths eeasengdlatithe Mlvwm@mﬁmwgs
except that the P _ t T,

measar emont s 1 t 18 et than unoHEhRH, nAAE cliacllyin' Bt ofé b o numper of
wave | engtns ab | icotipeting factorse involveds uibel anmssas&tlamﬂmmeters of theé pokyOlefin

spect r ophot onet er The e. was enhance

o eeul o vl oht | SaBSRIsCiETRasES MATT Bef] Bid kland L 448, (s8F o, 2) bbtne gmsn

clarity is an inpeetwdiral ¢R@sihdhe afireetion iof tmzatxts mﬁﬁﬁsmauottnembmom@

enhanced oxygen scavengi ng capacity of the hig nol ecul ar vvelght PBD 25

versus the bett er tavghactually, dpreeases &’%H@rP‘FE@?EVe@He 'F&/\E@'eNB ¥ ARpiicants

wei ght PBD f a
Jarity of the co;t)h?t this dlmu}lshrﬂent 0 nt\l/\gnste?gg}]en\}\ﬁé nmﬁtggsd;q the/ eet"gﬂptré&'

al so af f ect ed 1by shmsdégr segmenb sizen disttiutionnpwen guoneo prmrmmamﬁ ledes 3000
Data for 30 ?\ﬁg{rgﬁl Exg“itsan% ji? fifther Bgiﬂﬂehntrﬂ HE elaEgﬁrTQ% Cdff%leté’e ment

measurenments in ter percent transm ssion o or van
wave | engt hs of |d@rt;eteraealgyg\ﬁmnand y axes aftexsbe baxiah s&eﬁhlhmdmle eﬁedam the '

spectrophotorreter.scaEééinrH%I gnégt.was for a 2
' EXAMPLES 20 TO 22

20 Clarity of the copolymers of this invention is an important consideration
for bottle construction, especially in terms of the clarity of the copolymer when
compared to unmodiﬁed polyester. Example 21 in Figure 9 shows clarity
measurements in terms of percent transmission of light for various wave lengths
of light energy as measured on a Shimadzu UV-160 spectrophotometer.

25 Example 21 was a 2 mil thick biaxially criented film (2.5 x 4.0 biaxial orientation)
of a copolymer which was 86 wt % PET and 4 wt % PBD of 1230 molecuiar
weight extruded at 8 Ibs./hr. Example 20 was a control consisting of unmodified
PET also used in the form of a 2 mil thick 2.5 x 4.0 biaxially oriented film. As
can be seen from the data, the clarity of the copolymer for visible Iig.ht

30 (generally considered to be 400 to 800 nm) was at least 70 % the clarity of the
unmodified PET. Example 22 was a theoretical calculation for the percent light
transmission predicted of the copolymer at a thickness of 1 mil and was

This Sheet Has Been Replaced

ERANCE




ml (0.0051 cm) thich filmsheet of copol yner conprising predom nantly PET

segnents and S —— 38 WO
08/ 12244 WO 98/12244 trs SHzcl HAS BEEN PCT/US97/16712
PCT/ US97/ 16712 4 Wt 9% PBEPISHihtent s ¢f 1230 nol ecul ar wei ght .
The sheet for Exanple 18 was totalTy unoriented. Exanple 18 was
prepared identically to the copol yner earlier used for Exanple 5
and al so shown in Fig. 2. Exanple 19 was identical to Exanple 18

except that the findiudeshtecshovopredictenptblarityGatitlass low end asé ievel indetmsiof bottie Xall
(2.5 x 4.0 biaxi iﬁ’ﬂeis%nt ation) and was selected so as to be 2 m| (0.0051
cm thick after t & ) bi axi al stretch. The biaxially oriented film

of Exanple 19 showed i nproved Exxhyﬂégéigpt#éul arly in the 400 to
a

700 nm wavel ength range. A conplete tion and accounting

for the reasons that th | ax} al riented fi.lm.was e. )
transparent than un- ohcg‘ﬁ'? O#$I"%¥F®°ﬁﬁ?eﬁﬁc‘ﬁtﬁlysfmﬁx%qulﬂ?%‘?a&gﬂ‘é INNEAen
of 10 cospetdrapaficity dhfudnited| thedratel BE whichs xygedt Was dcaverif@Rt €'The Yatd Ne
pol yol efin segment s _increases along both the x and y "axes (see

Fig. 2) but the @sgadated with Examples; &hin 28 ate:prasented ig) Table Randeleatiyshow
axis, which is aks di | ' ; J
decreases fromt ﬁ@gtﬁf%?(tl' a %?‘Pleetgz?iol ths ig}sg%gfelpea\'/.ee% ’%&/Hd?é%h’%ﬁﬁ%%@%w above
that this dinini sxaeepitthal thelrovere pasniesitakantions ai largen giloli plat trun mnd fwere giat
travel 15 shy | z LSt richuti eyen r edom nately
under 3000 Sublebielrtd FERFendh” Snfipdd S o SE kR kS ophuer

| arger size ab tlmmsslaignemta Sandvik metaldiettrtet esslingl privg th RRoppifgibeletiRS Thd er
the biaxial stretch has | itg e eﬁ{;‘egi on, 1 he scattering of |ight.
EXAMPLES 20 TO 2509Polymebdor Examples &80, ?é/ s MadecBpadniepe eapalimeyization
invention is an iugRRr4 3t %CPBD SEMWidbout 1230 and 96 Wt WHET.© THE BLIfS WePd
especially in terns of the clarity of the copolyner when conpar ed
to unnodi fied polcpatained incheatRealent failbagsfor stagage orier & ase.t yThe pellets were
measurenents in : r ; LSS | -0 Bt LAUS,.

'engt hs SRR Prortte, CforeSiB YRbERD 20 rhilblickrthe gk gt fder
spect r ophot ortét ewere biaxiglig stretthadhih the2sarnmmanngr as Heg@ibed i pho) exdmplés into

biaxially oriented film/(2 5 4.0 biaxial orientatiaqn) f

copol yner whi ch %agmg%'%e% ﬁé?eghd?g?ﬁx%%p%éﬁgfarﬁ%. rﬁﬁh&cm”&f’exg DMR
vv]?i ght gx; r uged dtotfaltl ewl:;) E@raté?sﬁdtégbigegl.iﬁxmmﬁm gfiritsavas added | (gda c;ggrlgibﬁﬁ)d ng
of unnodifie so, used.in the for a , c

Chi ok 2.5 x 4.0 GPRQYEET  syieindaritio agheve 18b Hpi of cobar. S diaoqhatiwtene
data, the clarityudghd tdExs@MpRIsYZPand 05. ‘Fbﬁh#’bﬁEkérﬁ?lbs 23 to 280 10@5&%@&'%
considered to be 400 to 800 nm was at least 70 %the clarity of the

unnodi fied PRP. Ahigkfnss biaxialy cgeplesofin waal expeseditat $Qh ce aif ainavithe peringic
i ght monitoring of the percent exygen remaining in the 500 cc air sample using a
Mocon HS750 analyzer.

The resuits obtained for these four examples are shown in Table 2 which

follows. Examples 23 (no cobalt) and 24 (150 PPM cobalt) were run at room

25 ‘temperature of 22 °C and should be compared with each other to see the effect
of the presence of cobalt. Note the data for Day 42 which shows only 3.98 %
oxygen remaining with cobait (Example 24) versus 19.9 % oxygen remaining for

the same copolymer without cobalt (Example 23). Also for Day 42, the oxygen
scavenged with cobalt was 8.3 cc per gram of copolymer versus only 0.4 cc of

30 oxygen scavenged per gram of copolymer without cobalt. It should be noted
that the value 0.4 cc of oxygen per gram of copotymer appears to barely make

the threshold requirement, but the value was about the same as that found at
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transm ssion predicted of the copolynmer at a thickness of 1 ml (0.0025 cm

| and was 3 712
oal 1ooqy  WO9B/I2244 BcrrussYe

PCT/ US97/ 16712 i ncluded to show predicted clarity at the | ow
end use level in terns of bottle wall t hi ckness.

EXAMPLES 23 TO 26 Inclusion of a transition metal

o Futneed " her 22 st W e SR Damga, poadmgt B ikt cona e
associ ated with EExaRiphs$273 AGirflarcéffedtwasastierdvhén Exlimpled 28'(haLatalt) ¥ing W

this effect. Exanples 23 to 26 were prepared in the manner descri bed above

except that they W3QGPENpoRaN) a5k cAmPARRA Butthe iBprayement by adding.cohait ws aot

not S ubhﬁ rafati® bCd¥e SHYRE Hbreastd B@den 3bhfendind fzitg o tHcopolymer
extruder, the copolyner 10 was laid on a’Sandvi k tal belt tor

cooling prior §o eh6PpCrayepavithout gobalt. The copol ymer for Exanpl es
23 to 26 was nmade by extrusion copol ymerization using 4 wt % PBD

of MWV about 1230 and 9Figure 40 REOWsTthe datd bETabled, delow, corresponding & Exdmpies
heat - seal ed foi l 0S.f.0r st.aarage prior to use. The pellets were

ground prior to cgaﬁ'}@s'giwn{ﬁﬁg?'ﬁgati nto 20 m| (0.051 cm) thickness sheets
whi ch | ater 15 were biaxially stretch‘g{h"iﬁnzt he sanme manner as
described in prior exanples into r't<(0,0051 cm thickness

catalyst di ssol ved | n FTRECRIOGORALT GREEERANER axvaen seaverclc

copol yrmer in suf fiucertmgiaiictiyimt-gmaehi-03 =l 50—RRM.of .cobaltmNo—coball—
was added to Exanpl es 23 and 25. ForE%I43 offXddnpifel 253 tRX28 10
grams of 2 m| (OFeRET 2€ Tk g at T yser et gy o

ERATURE, °€> o o
exposed to 500 cc of arr vmﬁn‘peri odi c noni toring of the percent
oxygen remai ni ng DAY Qe PHRCENT&®y sanpl e usi n@0B8 209 2Aeon A0
anal yzer. esults obtain or these fqur, exanpl es
are shown in Tabl PAY aﬁféﬁcér“%z fol I ows. %Igjarrpl €523 (ﬁg'ecobalntgr and
24 (150 PPM cobal DAYVRL®BRCENT @p0m 25 20a¢5per anig e ofg.@2 C &Jsh
shoul d be conpared with each é&?er to see the effect of the

presence of cobal DAY\ ¢ o PERE £ or Day 42 h sh&f2 onlfﬁi’. 08 h42

oxygen renai ning ) ropl e 24) versyg 3l9. 97%PXygeug enap489
for thgﬁs\grzrg ??&?éner i t hout cobalt (Exanple 23). Also for Day

42, the oxygen DAY 28-P M&2d with cobal 20vlas 85B%c p&0ranPdfe
copol ymer versus gy 49. peRCENT O, 199 398 109 006

DAY 42 - O, UPTAKE IN CC/GRAM 04 8.3 9.3 10.3

10
EXAMPLES 27 TO 30

The data for Examples 27 to 30 are displayed in graphical format in

Figure 11. Examples 27 to 30 demonstrate the superior oxygen scavenging
ability of the copolymers of this invention versus a commercialized system often

15 referred to as the Camaud Metalbox (CMB) OxBar System. The CMB oxygen
scavenging system comprises a blend of about 96 % PET and about 4 % of
poly(m-xyleneadipamide) which is a polyamide made from equimolar amounts

of the two monomers (1) metaxylene diamine and (2) adipic acid. This
polyamide is frequently designated as MXD-6. U.S. Patent 5,021,515 discloses

20 CMB's OxBar oxygen scavenging system in detail. Example 29 was prepared
as 4 weight percent MXD-6 blended with 96 weight percent PET and also

41



30 oxygen scavenged per gram of copol yrrer wi thout cobalt. It should be
not ed that the value @ gr gram of copol yner
appears t X2 make 'l“ﬂ%(sf g%ggﬁgﬁwl r ement POIHSITMEI1Y al ue

was about the sane as that found|a REPLAGED

40 WO 98/ 12244

PCT/ US97/ 16712 22 [err]C for a commercially avail abl e oxygen
scavenger used without cobalt (see Exanple 27). A simlar effect

was seen when Exaoptaising200nBPdbbabal) which B6a preferred rheHhod RiIMse0 Beddring 18

bechuse of i he | :POEBIRN BRIet1Es c COBRSnel Hend as tested frimvoen uptai

60 [err] C even Wi hwhaﬁﬁbﬁétfmlar to that gzven for Exﬁhﬁl%&@?ﬂ@ ﬁ‘%é he. %;q?ar%
Tabl e 2, below, cor I‘ESPOI’ldI ng anpl e - in gfaphic
f or mat of 2 mil thickness b«axnaliy onented film wqrgaigpoged to 500 cc of air with

EI;(FE% GIEXCO; LT gg}{oé?b%g%ﬁﬁgwé%ﬁwuﬁgaw% in the 500 cc air sample

22 22 usBg a MocongldS750 analyzenY The-CMBRAENT designaled as Example 27

38 3 2?' 9 %ga testedzgt °C. thﬂ%; c%lcg,ggégﬁqzmm gp?cfe ]Example 27 had ap.

11.8 8. 02 Fm@gen scavenging/ 4phéity BERGENE dﬂdizlygén per gram of copolﬁﬁef‘at 22
9. 49 3. 67 %Y 21 - PERCENT q

7 41 2. 49 6ngéhe absence bal. Bxampie8y th same as Example 21) ezcept
5. 32 2.02 7

306 1067 O was testeq £ %?9 g gﬁ%%ﬁﬁ& NEXRPRleR) 20 and3y were

8.3 9.3  cbpolymers &bthis invention both comprising predominantly PET _ and’
-glg-?aggl cal format 4% PBD a‘t"gF‘g’gf ge@mggr’?ﬂ% J&g%ép’é‘@ﬁ@%?ztfmﬁgwta't%(me
superior oxygen P@awsstEstdl for oxygen uptake at 22 °C and Example 30 was tested at 60 °C.
The examples using the copolymers of this invention had less cobalt (150 PPM)
15 than the PET/MXD-6 system which had 200 PPM of cobalt. Also, a less
effective oxygen scavenging PBD molecular weight of 1230 was used (see
Examples 12 to 15 in Fig. 6) for the copolymers of this invention. In spite of
these factors which favored the PET/MXD-6 system, the copolymers of this
invention were far superior in terms of oxygen uptake at both temperatures

20 tested as can easily be discemed from the graphs in Figure 11.
EXAMPLES 31 and 32

Exampies 31 .and 32 demonstrate unexpected and surprising results
obtained regarding the oxygen scavenging capacity and efficacy of the
copolymer compositions of this invention. It was noted earlier in this

25 ispeciﬁcation that appiicants believed that substances having secondary and
tertiary hydrogen atoms would make good candidates for oxygen scavenging.
Before it was selected as a preferred oxygen scavenging hydrocarbon, tests
and calculations were made to discem the intrinsic oxygen scavenging ability of
oligomeric PBD and also to estimate its theoretical thermodynamic oxygen

30 scavenging capacity. Example 31 (iwo separate runs of identical samples)
consisted of 0.4 grams of hydroxy terminated PBD of MW 1230 which was
heated to about 270 °C under a nitrogen atmosphere and held at that
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ability of the copolynmers of this invention versus a conmercialized system
often 10 ¢844 €d to as the Camaud Metal box (CMB) OxBar Susfes9y15h@ CVB

oxygen scavengi ng system conprises a bl end of about 96 % PET and
about 4 % of pol y(m xyl eneadi panm de) which is a polyam de nade from
equi nol ar anount s of the two nononers (1) netaxyl ene di am ne and
(2) adipic acid. This pol yam de is frequently designated as MXD- 6.

U S Patent 5,02 =B p@gﬂ stem
n detai L Exanpl STEE GRS S asout # Mnulsdhs o i P%ﬁé‘éﬁt‘ﬁw%"% ¥
bl ended with 96 v(@nrgatseparatemnmdmmahsmpleﬂ conSlstedo 10 grams of a copolymer
41 WO 98/1 22

PCT/ US97/ 16712 ¥tnis invention COTIRISING RIEIUBInapIY PESSSOMENE 2nd At RRIP MWLy

met hod of use accabolitMR30) segments. Fdd é“achPot the tﬁe@l@arﬁﬁlés oThEﬁar@{B 32, 10
pol ymer bl end was tested for ox%gen u in the manner simar
to that given % or9remEnpf eargiym eWh'Fh @t the ¢ G qubdmg level provided the

ml (0.0051 cm téyrﬁémmtafaswldsym@ﬁﬁ@sw I.L«.-mmeofeiﬁgg% BPCBQQIHH‘I%I‘

of air with periodic nonitorin he percent oxygen kenal
the 500 cc air seaffarded 0.4 grams OWIQW@GImnNHSYSGaMW Xaﬂh’es@VBrm 3d

desi gnat ed as Ex e t h
cal cul ations wer %d%iazg(énngpg %%%néﬁtsggleg O@%ow%ée%mg}(%‘\?’gen&ti %Bd then
capacity of 0.41 maintdined ptigd °©euvegaqmnoﬂ of dayd.y Dering: thi® ime the percent[c@clygérc

in the absence of cobalt e same as Exanple 27 excep

10 that it wis tfhesRir ms%%e*h qjahakssak?* eantaigers) was maniared with anMogm
wer e cqwe’ryasrahanyeér am ana raéfﬁaavcauy J@%Fueﬁo ”‘Pﬁé sémspsr@gﬁla%ﬁgappk}pof

PET segnents and nmol ecul ar wei ght 1230 wt

cobalt present. Eéanghe same amOUHthGMQ efehydsey tarminajed PBR) wasedeamatizally
[err] C and Exanplgg e#@c?wé %tﬁpoﬂfggﬁ%cg%ni%qb ‘after ? nas m}ﬁ@d &8 ‘3%@171%?}15”&' 4'Y

t he copol yners of t IS 1nvention | ess
t he PET/ MXD- 6 sysammmmahamaomm af visamus| fluid. AThis, was lunsefutable evidence

ffect PBD, | | ht of 123
Exanpl s 15 15 14VEH FRobwel hat TRRRTPRiaRan Mot SV teRUBARR FED htid o
of t hes@pofyesfiryieMed B Jsaid comhpbbifioBRd Wrbvifed % Sictyeffebifve medium

copolynmers of this i nvention were far superiar in ternms of oxygen
upt ake at bot h t SHpED sghanced the oxygens scavenging: akilibs Qf | thep Bydroxy cterain #fbm

the graphs in Fi gyigoidfin olt%xmer substantlally beé ond its capacity as commercidiy’AfEiEse31
and 32 2 denonstrate unexpectéd and

surprising resul t!g Fig. 8 it was no t&ahBETriayaahﬁqhgelwr@ eX/EeanseRYaNaingi aapacity
capacity and &f fiGagio@fer! Bkample 31 demonstrated that the hydroxy terminated PBD was a

poor oxygen scavenger when used as commercially available. Thus, neither of
the two starting materials, PET and hydroxy terminated PBD, were potent
scavenging substances. However, when the two starting materials were
formulated into the copolymers of this invention, the result was a truly

25 outstanding composition capable of scavenging oxygen at capacities and rates
required for commercial application. Regardiess of the reason for such
behavior of the starting materials, the full thermodynamic oxygen scavenging
potential of the oligomeric PBD was realized only after it was made into a
copolycondensate of this invention.

30 Examples 1 to 32 above illustrate the improved properties of the
compositions disclosed, methods of preparing the compositions, and utility of
the compositions and are not intended to limit the scope of the invention as

defined herein. It will be understood by those of ordinary skill in the art that the
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copol ymer conpositions of this invention. It was noted earlier in this

25 specification that applicafpt vadhd ubst ances havi ng secondary
and WO98/1%244+t | ary hydrogé¢ ﬁl?%&ﬁ@ﬁwﬁ%ﬁi good candiF§E9TREH2
oxygen scavengi ng. efare b ~was..seledted as a preferred oxygen
scavengi ng hydrocarbon, tests and cal cul ations were nade to
discern the intrinsic oxygen scavenging ability of ol i goneric
PBD and also to estinate its theoret.i.cal ﬂfrm)d am_c OXK?en go,
scavengi ng capacPRYBSEAYENES5omp '%'Epﬂ %“lsﬁ "bia graatyaely of paskaging
consi sted of 0. 4canRtions NWHICRXVin' egpitenaf edamitiang! iMVYebiB OcabEditiolRs layer

heated to about 270 [err]C under a ni trogen atnmsphere and held at that
42 WO 98/ 1ggnﬁ9urabon end use, or other aspects, will nevertheless embody and beneﬁt

PCT/ US97/ _16712 from e, Zmesé:ﬂ”ﬁﬁk?h £ Fafné? Whie' dfl fﬁaﬁﬁgﬁ tefs) | an{g{e Ls)

to extrusion. r'ee sepafate run

consi sted of ao gxemnhfud in thisspegification, those obdrdirtans skillire the art mﬂ)ﬂppreciam]
predom nantly P e d. 4 % P about 1230) ts.
For each of the ed%sa 9%’2 8@%@?@ ggyg’myfo oligomegrs, which ,are. fy B
were used whi ch irmirzed with| priybongehsatioh gndogrotips chbild easnly be m§&ﬁ§ra@é@h'ﬁ6
of PBD as in Exanple 31, i.e., 4 %of 10 granms of copo

afforded 0.4 graRiesCcoBPlyERNABNSatesYch AS) °W@"§ﬁ?ﬁ;l°@8°é¥“'§§§rﬁﬂpé’b’ssﬁ°md
32 wer e [ o] ed r .
envi ronment - and Dagos: BopOfefErtDEhRtines; Pk §itriing SBedf scgvaraine
days. Duri ng1@ hi Brapeftiestthdhess addiional ggralycondepsatgs prep@rem therek,y de each of
the seal ed containers was nonitored with a Mocon HS750 anal yzer
unit and periodically recorded. The results are shown in Fig. 12.
The sane anobunt (weight) of hydroxy term nated PBD was dramatically

nore effective as an oxygen scavenger after it was converted to segnents of
a copol ymer than when used as a viscous fluid. This was unrefutable
evi dence 15 which showed that incorporation of the hydroxy term nated
PBD into a copol yester yielded a useful conmposition and provided a
very effective nedium whi ch enhanced t he oxygen scavenging ability
of the hydroxy term nated pol yol ef i n ol i goner substantially beyond
its capacity as conmercially avail abl e. In Fig. 6 it was noted that
PET had absol utely no oxygen scavengi ng capacity 20 whatsoever. Exanple
31 denonstrated that the hydroxy term nated PBD was a poor oxygen
scavenger when used as commercially avail able. Thus, neither of t he
two starting materials, PET and hydroxy term nated PBD, were potent
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scavengi ng substances. However, when the two startl ng materials were

for mul at ed B'e copol yners of t hi s—Aventt u.r, gsul t
outstan"gl ng ?:%gnpom tion capabl e of Bﬂ& n@%ﬁﬁé@n at c‘agg’g’éﬁ? 'gﬁgl%nd

rat es required for comercial |appli B&PLAGED Regdrdl ess of the
%e&ﬂﬁstﬁbtcﬂtbptaced behavior of thé starting materials, the full

the en scavengi ng potential of the oligoneric PBD was

rea ‘m{% mm it was made into a CLAIMSpol ycondensate of this

i nv Exanples 1 to 32 above illustrate the inproved

properties of the conpositions disclosed, nethods of preparing the

conposi tions, and util We claim: t he conpositions and are not intended

tolimt the scope of the invention as defined herein. It will be

under st ood by those of 1or Bolyaoiyderisalibn icopblymers tcaphble tfhabsorbing oxygen in the
43 WO 98/ 12244
PCT/ US97/ 16712°  Solid state at temperatures. below,their glass tansition, temperatie wcosmiisingn

a great variety Ofpr@fsiknahi0 polyester seé‘fﬁ@ﬁt&rﬂﬁé'Qﬁ‘so%bﬁhscé@nﬁmﬁé%ngunt of

variations in resin conposition, |ayer configuration,

ot her aspects, wi Ipol qltaeme§§esmeet§y and benefit from the
present invention. Further, while onl copol'yesters have been 5
exenplified in this spécilheceppymers ﬁf)éblmf“ whereirathy pollydlefin oligonerds seletteld

AT funct i onal 1y "o e ' B0 BERSEE) B0 DO/BRRIRNE, | BaSABRRAD A e o

easi |y be i ncdppopalybdtadiene, and mixturesathemof.copol ycondensat es such as
copol yam des, copolyi m des, copol ysul f ones. copol yol s,

copol yet hers, copol ykeﬁoﬁ’ete copblyoents of ClaimdewheeiythegpoNblefin oﬁébm@fmrts'ees
to these addltlonal L 8 &%Lglcondensat es prepared thereby.

4. The copolymers of Claim 1 wherein the molecular weight of the
polyolefin oligomer is in the range of about 100 to about 10,000.

15 5. The copolymers of Claim 1 wherein the molecular weight of the
polyolefin oligomer is in the range of about 1,000 to about 3,000.

6. The copolymers of Claim 1 wherein the polyolefin oligomer segments
have a cross sectional size distribution predominantly less than about 3000
Angstrom units.

20 7. The copolymers of Claim 1 which, after 2.5 x 4.0 biaxial orientation
into a film of about 1 to about 10 mil thickness, have a transparency at least 70
% that of similarly oriented films of the same thickness of the unmodified
polyester from which their polyester segments were derived, and wherein said
70 % transparency is in the light wavelength range of from about 400 to about
25 800 nm.

8. The copolymers of Claim 1 wherein the polyolefin oligomer segments
comprise from about 0.5 to about 12 wt % of the copolymer.

8. The copolymers of Claim 1 wherein the polyolefin oligomer segments
comprise from about 2 to about 8 wt % of the copolymer.
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1. Pol ycondensation copol yners c

state at WEBH22ddur es bel ow t hei rj GHESSHERTAMNSS BEEN
predoni nantly polyester segnents jand aREBXAQEN scay
pol yol efin oligoner segments wher

45 AMENDED CLAI MS
oxygen in the solid

t enper at BEEUSBHIA7IZBI ng

engi ng anount of

| oligoner is selected

fromthe group consisting of polypropylene, poly(4-nethyl)1-pentene,
unhydrogenated pol ybygadi fe. ol it U Llaikd'ef SPheref'%he polyester segments

10

15

20

|

T

comprise repeating units selected from the group consisting of those
encompassed by' Formula IV and Farmula V and wherein n in each of Formulas
IV and V has a value in the range of 2 - 4.

9 O
Formula IV ( -C—@C—O—(CH;);;-O)
fo) .0
Formula ¥ ( c E-o-(CHz)n-<)

11. The copolymers of Claim 1 which, in the solid state at ambient
temperatures of about 0° C to about 60° C, exhibit oxygen absorption capacity
of at least 0.4 cc per gram of copolymer.

12. The copolymers of Claim 1 which further comprise an oxidation
catalyst.

13. A process for preparing polycondensation copolymers capable of
absorbing oxygen in the solid state at temperatures below their glass transition
temperature comprising predominantly polyester segments and an oxygen
scavenging amount of polyolefin oligomer segments comprising the steps of:

(a) providing an extruder having a heated mixing zone, at least one inlet
port to the mixing zone, and an exit die opening;

(b) feeding polyester and a transesterification catalytic amount of a
transition metal carboxylate via an inlet port into the heated mixing zone of the
extruder;

(c) conveying an oxygen scavenging polyolefin oligomer into the extruder
mixing zone via an inlet port at a rate sufficient to impart oxygen scavenging
capacity to the copolymer formed, wherein said polyolefin cligomer is at least
singly functionally terminated with end groups capable of entering into
polycondensation reactions;
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wherein the nol ecul ar wei ght of the po fin oligoner is in the range of
100 to 1 O, 2. The copol yn T]ﬂscg £val, grein efin
ol i goner covggg?’é?é“‘unhydrogenat ed pol ybuta RHEPEC\agA% %EE\Q 3. Th{"gg’é’gﬁ’%%s
of Claim1 wherein the nol ecul ar wei gt r!‘:lq/nl efijn oligonmer is in
the range of 1,000 to 3, 000. 4. The copol ynmers of Claim 1l wherein
the polyolefin oligoner segnments have a cross sectional size distribution
predoninantly |ess thamd)ahomtg SnG)DGaﬁmggﬁ'termivememshe carboxylate, ahdethe polyolefin
copolynmers of Ca e on into a,.
FrPm ot 1 to 10 moepmepyader ngstmaesdre sy L@t St lor o resiledse e
| east 70 % that ofin Sdvinivnd Zorss, lsammhtftmhmmé p‘oly&smrmdtdiltsbﬁmsreﬁét wittethe
unnodi fi ed pol yester from whi ch their F?%n q(?‘ster se ments were derived, and
I

wherein said 70 %WW%W&‘BW teninated pRiyp grends mmRRlycandegaatian QQRPIYTRET
800 nm sggmw% g Caim1l wherein the polyolefin
ol i goner segrrents corrprl se rom%@ to 12 wt % of the copol yner.

The copol yners of d al ang e I éh‘ﬂ‘?ﬁj e
from2 to 8 wt % of th cop Mtﬁg CMMR%'E%[I}RE %opo yrrée)raesﬁm(;%I @ énﬁ
wherei n the pol yesxtrudingghe copolymepthiesefrompeat i ng units sel ected fromthe
group consisting of those enconpassed by Fornula IV and Fornula V and
wherein n in each of FddmilThesmethadnof Galm g 3awhereinethe palyelefinopligondr i@ seledted

46 Formila ¥ m the ghdUd ! consisting of polypropylene, poly(4-methyi)1-pentene,

10 polybutadiene, and mixtures thereof.

15. The method of Claim 13 wherein the polyolefin oligomer comprises
polybutadiene.

16. The method of Claim 13 wherein the functionally terminal end
groups are selected from the group consisting of hydroxy, carboxy, amino, and
15  mixtures thereof.

17. The method of Claim 13 wherein the polyolefin oligomer has a
molecular weight in the range of about 100 to about 10,000.

18. The method of Claim 13 wherein the polyolefin cligomer has a

molecular weight in the range of about 1,000 to about 3,000.

20 19. The method of Claim 13 wherein the polyolefin oligomer comprises
from about 0.5 to about 12 wt % of the mixture in the extruder.

20. The method of Claim 13 wherein the polyolefin oligomer comprises
from about 2.0 to about 8 wt % of the mixture in the extruder.

21. The method of Claim 13 wherein the temperature in the extruder
25 mixing zone is maintained in the range of about 250 °C to about 280 °C and the
residence time in the mixing zone is in the range of about 3 to about 5 minutes.

22. The method of Claim 13 wherein the extruder further comprises a
vacuum zone between the mixing zone and the exit die and the copolymer is
transported through said vacuum zone thereby removing any volatile

30 components.
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Formula V. [err] 9. The copolynmers of daim1l which, in the solid
state at anbient tenperatures of O Cto 60[err] C, exhibit oxygen

absor pti owQapmsey of at | east o] T :B% qf copol yne®CI/Us97/167110.
The copol yners of Claim21 which Wgtﬁ%ﬁ%@% | g}éj an oxidation catal yst.

11. A nmethod of protecting oxdygen ',%l I've sufistances from oxygen
degradati on whi ch conpri ses packagi ng said oxygen sensitive substances in a
suitable article of uf-get oS a6t I Imlin.
sufficient quantity {Tga’seﬁ{\;eeh%gmgn ox'bgﬂéﬁg%@?‘g‘?m t%&ﬁn%.etg’rﬁé@ﬁ&'ﬁ@d'sof
d ai m 11 wher ei n intreduret i ipfoethef extudeéramixings zbne tdieng withpthes palyaiefinadiijomern

metal catalyst which sefves . to facilitate the rate of oxygen uptake.
13. The met hod ofn%f%?ﬂ{‘fﬁ"meﬁo@{%t?rhe article of manufacture further

conpri ses photoactive rial a | xygen, upt ake upon irradi ati on
with UV light suffici 24t e @eﬁ#ﬁ?ﬁm%gﬂﬁ%nﬁasﬁenﬁﬁew@@ Garboxyigteris
upt ake. 5 l4epQardg htRAUEEEIntE &Y SitAEE mbaRPEbsé.NY One or nore | ayers
of the copolynmers of Caiml. 15. The containers of Claim 14

conprising an inner | agemheiméthed &P DN whedeir i &p%lwﬁﬁffdmb&%sg;dyée@r
| ayer is sandw ched between pol yester |ayers. 16. The contail rers of
Cl ai m 14 wher ei n segmestidaryad frombiher groue corsisting: of PEEgNE MEN.der i ved from
the group consisting of PET and PEN. ) )

47 17. OxygenZ2Bar riher meshed ofe Claimo@Br whiergint the funstibpallyr derpiinatedi m

1 blended with p e . : L My

mat erials conpri ?!oyé)@%ﬁea m)r'es P%%/rg’rtys %ﬂzﬁé@iﬁ(}d ﬁm&'rgée Wﬁm%!ecular

19. The packagi ngveigitteini the ange Cf siboul 3,000etoeabouth®, 000 mieipjoyed inothpriangs of
about 2 wt % to about 8 wt % of the mixture in the extruder and the

transesterification catalyst is cobalt octoate deployed in the range of about 10 to
about 300 ppm.

27. A method of protecting oxygen sensitive substances from oxygen
15  degradation which comprises packaging said oxygen sensitive substances in a
suitable article of manufacture comprising the copolymers of Ciaim 1 in

sufficient quantity to serve as an oxygen barrier.

28. The method of Claim 27 wherein the article of manufacture further
comprises a transition metal catalyst which serves to facilitate the rate of
20 oxygen uptake.

29. The method of Claim 27 wherein the article of manufacture further
comprises photoactive materials capable of oxygen uptake upon irradiation with
UV light sufficient to activate them and enhance the rate of oxygen uptake.

30. Oxygen barrier containers comprising one or more layers of the
25 copolymers of Claim 1.

31. The containers of Claim 30 comprising an inner layer of the
copolymers of Claim 1 wherein said inner layer is sandwiched between
polyester layers.

32. The containers of Claim 30 wherein the copolymer comprises
30 polyester segments derived from the group consisting of PET and PEN.
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pol yester segnments derived fromthe .&HHSUSHMN sting of PET and PEN.
f REPLAGED

33. Oxygen barrier containers comprising the copolymers of Claim 1
blended with polycondensates.

34. Oxygen barrier packaging materials comprising one or more layers
of the copolymers of Claim 1.

5 35 The packaging materials of Claim 34 wherein the copolymer
comprises polyester segments derived from the group consisting of PET and
PEN.
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