7 March 2002 WO 99/ 15 COPCOLYAM DE ACTI VE- PASSI VE
OXYGEN BARRI ER RESINS REL OTHER APPLI CATI ONS This application
Tt e R T
23, 1996 havi ng Serial Number Q is also a 5 continuation in
part of a PCTWFPJ? ication. file on Septenber 22, 1997 having Application
Nunber ‘US97/ 1 ASASETATEMENT REGARDI NG FEDERALLY FUNDED ‘RESEARU$#8/029%bt
Appl i cabl ) FIELD OF THE | NVENTION 1D The invention generally relates to
conpositions, articles, and nethods for packaging oxygen-sensitive

subst ances, especi @‘DPDLWME ROTIVEPASSIVE. OXVSENBARRIER RESINEr ected to
oxygen barrler material s having. inmproved passive oxygen barrier properties

and al'so having active OXXEEATICNSMINYEIOPHERGAPPEIEATIORSACt i ve oxygen
scavengers ‘of this invention are 15 condensati on copol yneric. substances

whi ch ‘can be used fThis Bpplidationasd cdmalsawmm amlohaﬁeeafnl@ @8 dppli¥ation

consune, deplete. or_ reduce the anmount of gen in or-from "a given
envi ronnent i filkthenRantemBeng3. h?gﬁah@l"égtﬁeflﬁb e@bgr 08~Z47,370Fdt isualse iaons.

are disclo ed ot her
koo ng By Gl 6 BT b Aich Bl BB gebdthad 22,287 1Bl S

mat eri al s havépplisatioruNdmber USST/#B792i f i cant advancenents into the
packagi ng industry due to the design flexi-bility of their naterial and
their ability to bSTATEMENT REGARDING FEDERALLY RUNDEMRESEARTMNI Yy used in
the packagi ng industry. The deploynent of plastic materials into packaging
25 articles such as filnms, trays, boNét Rsplicebley. bow s, coatings and |i ners
is already comonpl ace i n the packagi ng i ndustry. Alt hough pl astic

mat erj al s - of fer the_packagi ng FIEIUOFYTREYNVENTIONS. With . an unlimted
deg're’é of =~ design f1 exi bi lity, -the utility of plastic materials has

-remai ned, l1ﬂh| bi tedThe isvdritidhi cyew&wgr felafds 118" oBFrle?u'ttbh?S drficiéd, mapRheri ¢
gases (primarily oxygen) 7 March
) methods for packaging oxygen-sensmve substances especaally comestible
products The mventcon is d:rected to oxygen barner matenals havnng
lmproved passnve oxygen ‘barrier propertles and also havnng active oxygen
"scavenger propertles The aotlve oxygen scavengers of thas mventlon are
" 15 condensation copolymenc substances which can be used for bottles and
packaging and have the ability to consume, deple_te, or reduce the amount of
oxygen in or from. a given environment in the solid state at ambient
temperatures. _Forrnu.l'atiens'i are disclosed which may be fabricated into
plastic botties and other packaging articles.and films.

0 - BACKGROUND OF THE INVENTION |
N | Plastic matenals have oontnnued to make sugnnt' icant advancements
B |nto the packagmg mdustry due to the desagn ﬂexlblllly of their material and
'thelr abllnty to be fabncated in vanous suzes and shapes commcnly used in
- the packaglng mdustry The deployment of plastlc matenals mto packaglng'
_2'5' " articles such as f Ims, trays bottles cups bowls coatmgs and lmers is
'already commonplace in the packaglng mdustry Although plastlc matenals
'offer the packaglng mdustry many benefits wuth an unllmtted degree of
| ) des:gn ﬂexnblhty, -the utuhty of plastuc matenals has remamed |nh|b|ted in
) _sutuatuons where bamer propertaes to atmOSphenc gases (pnmanly oxygen)

*ACTION*




WO 99/ 1:.432 PCT/ US98/ 02991 2 annecessary to assure adequate product shelf
life. When conpared to traditional packaging materials. such as glass and
steel, plastics offer inferior- barrier properties which I'im#gakhods2-
acceptability for use in packaging itens that are sensitive to atnospherig¢
gases, particuylarly when the exposure to 5 the at rmspherl c gases wl|
entail ext end&f”ﬁ’i’rt‘é3 peri ods. The packaging industry :conti RGEZS¥28Yek
packagi ng materials which offer the designa flexibili ty of plastics and at
the sane time have the barrier properties of glass and steel. The '

packagi ng. i nduem_ylr ‘bessaly te|asset adedquaté gogduch shefirlifee When d@nparem -
properties of tic, contalners de eIo ng c offer
i nproved barri @Pgﬁ'f’ﬂﬁle??? '%’BF'@Q%H%E{X ?%? f%‘ﬁﬁ!ﬂ@ﬁ@s er ffeley.  of
gl ass, steel, paficprobonias WhIcHIiMRSE thel aecerﬂé&m fof e@é ¢ pRrkSgiSg items
terepht hal ate EJJ;%T) -and-.si m | ar packagi ng pol yesters have gai ne w de

accept ance, |a§e|§erts6wedetatm0ﬁghermogam mﬁ@ular ly when/the expesweatoi ty.
and 15 ri gi |t Te tfsh

i nroads mtg %%%f gﬁﬁan %}a‘ﬁ!ﬁng&%‘pp |ca Igtlrggg:fer% expg:}bsgedkégm{ghe use
of glass cont mdmtry borhtmuem toaisebly patkagingi materials witieh coffdrethee @esighor
barrier propert| es ni fi capt exanp s the use of PET for-
soft ‘dri nk botﬂﬂ‘ ﬂg\ﬁgggtcs ?’Ld?agﬁ? iS8me, {']’Bﬁg?atvieeb‘enbgg'qr i RrPperies: of yse.
in the 20 p'ac?péysrg;,dog te€xygen sensitive products. is generally accepted
I n the packagi ndustry that polyam des } have superl or passive oxygen

barri er propertles Wﬂ?ﬂpé‘%&?ﬁ'{g‘aﬁ\dhgtﬁ'ﬂgs' éével&ped’gefétﬁbldw’t@%%ve the

constructions. A use SI've oxygen barri er p I's one that
exhi bi ts the albnrrierypmpertiaSaofdplasuc pentainers bytqeveropmg/geuatrtereulgat offer 25

when conpared w | ] n h.oth f,es

" Further, it hi®8 'r?&&ﬂe‘?%ﬁs ﬂ%ﬁ/aﬁpfb’%ﬁ;@ﬁd? ppﬁﬁ%ﬂmggr%tg h}gg.eso)f
active oxygen lghdss| esteel;2BAQI hwmIMﬁDG B¢ aow(ymwéemginpapb ethyldriech i s
‘a polyani de ma e-from equal mol ar- anpunts of ' the two nononers (1) neta-

xyl enedi ani ne' terﬁahmatadtﬁﬁﬁ ard similar. parkaging BQWQ%WT%MPeQa'F‘Egl‘H'qes a 30
chor cal T oact (SSeapTEe PRty Wing ApRCHRHS 1Y Rk oFhe'ShEIFAr,
March 200215  rigidity assocrated wrth PET bottles. PET has made significant inroads into
| bottling and packag_l_ng ap_pltc_atrons at the expense of the use of glass
containers but primarily in applications where the needs for barrier

properties are modest A srgmﬁcant example is the use of PET for soft dnnk
bottles. However, PET barrier properties have limited its use m the'

20 packaging of oxygen SBI'ISIUVG products |

It is generalty accepted |n the packagmg tndustry that polyamides
have supenor passive oxygen bamer properties when compared to similar
polyester packagmg constructrons A useful passwe oxygen barner polymer

. isone that exhlbtts the ablllty to retard the permeabrlrty of oxygen through it
25 when compared wrth the permeablltty of oxygen through other resins.
| Further it has been reported that a polyamcde known as MXD-G has some
acttve oxygen bamer capacnty MXD—6 is poly(m-xyleneadtpamnde) which is
a polyamlde made from equal molar amounts of the two monomers (1) meta-
_ xytenedlamane and (2) adrplc acid. An aotlve oxygen bamer resnn is a
30 substance capable of mterceptmg and scavengmg oxygen (by undergoing
chemical reactron with the oxygen) as |t attempts to pass through the



WO 99/ 15432 PCT/ US98/ 02991 .3 Packaging: This nethod also affords the
opportunity to elim.nate unwanted oxygen fromw thin the package cavity
wherein said oxygen may: have been inadvertently introduced7.mahH 2002
packaging or filling. This... method of providing oxygen barrier
properties whgj, stance consunes or reacts 5. with the n. is.
known as an ac§| ve %bgygen- barrier and . is:a different congg%.gﬁiolz%%
passive oxygen barriers which attenpt to hernetically seal a product. away
from oxygen via the.. passive approach. Wen MXD-6 (about 4 wt 9% is blended
with PET (absutraskagingy This maihod alsgl affards Hieceppariunity deelimiratesnwaptedmeabl e

to o d T bl
hi S50 % | mpr cuyBeh ffom B CRETHREYE BB wHRR ol gl may s EE”
i nprovenent i n.ipadwsrientlyaintioducedr dyring |mka@mg her dfikrige e Mhiso meeihdd eofd
When an . oxi datlon cat al

st ed tp t Ien ., about 50-200 PPMI
cobal t with redNewamgofygen m'ghtroaﬁﬂﬁ#e%remiu SRk tTunen rreaRts |
enhanced- acti Veuifh YK BxyGe & @dWh a8 &1 ORAIb ﬁeﬁ MR %amsaé)utfféramof the

blend' is 'di'm nished under these conditions the active
scavengi ng capaoncgpbfromhpassivenoxygen brsrierst which attempdde meeneqmaﬂveaetai @

IS A HOAYS hhfpn 0 0 P
R e

packagi ng.  LowahaGrestitingDblend A5TENdUD TI0y 98Tiadesermeable &5 oxydeh ¥8la siritam

pol y( hexanet hyl eneadi pam de) have the i E) roved passive ‘:barrier properties
of . p dJeyam s . mnsw %96“0‘“6@“9&35{5 &?W"éﬁb%rtbﬁe?'q % §mproygment gver
. nee

'S an g@ebddifed s 399 ya’tt??bﬁt“ebq’t‘&’ G?é"nrﬁ&ro(/gﬁ\ mPﬂL%ﬁQQuQ& ?'f'l CbaSEd

-resin which nay. "be produt reasona cos i ent
oxygen scave ng | prgpemésbaf thee aquempatld:meﬂs blendof When ran mmtlm |Gatalystf is

‘target shelf .liv he .ra : t for oxY.

sensitive procﬂfasegl fo EPH? ?'?'ﬁg@ﬁgv ?Poégﬁgégﬁs'ﬁ Rﬁ@é t%\p"@UI\/NARY
AND REVI EW OF %tgﬁ SthePierld), the m&byoa%aham @memygmmnging
application' file ept enber - 1996. and havi

ing Serila
08/ 717, 370, 15 ¢ m;ggeﬁqegd §§d07 pﬁgpegblhyogf the blend is & m?mshecl un er fhese
-¢onditions until the active O, scavenging capacity of the blend- is depleted.

‘The ‘barrier properties achieved by-the blend are suitable only for less
demanding.pad(aging requirements and then only with very heavy use of
the blend. However, MXD-G‘is a relatively expensive polyamide and the use

20 of ‘iarge amounts of itin a'package serves to undermine the economic
N o 'vuablllty of such packagung Lower cost more common polyamides, such as
the well known poly(hexamethyleneadlpamlde) have the improved passwe
- ‘barrier proper,tles of polyamides but- a_re devoid of active barrier pro_p_ert:es
:Wltat_-is ‘needed is an active-passive polyamide ngen barrier polyémide-
.25 - based reStn which may: be. produced at teesonable cbst and which has
: .-fsuff cuent oxygen scavenging and barrier propemes to offer the possibility of
: target shelf lives in: the range of. 6 months to two years for oxygen, sensitive
- products ‘This mventton addresses suoh need.

_ INVENTION SUMMARY AND REVIEW OF PRIOR ART
30 " Ina commonly assugned and co-pending appltcatnon fi Ied on
September 23, 1996 and having Serial Number 08/717,370 it was disclosed



WO 99/ 15432 PCT/ US98/ 02991 4 that certain hydricarbons, such as

pol yol efins, (especially polydienes) when present in snell anpbunts as

pol yotefin oligoner blocks in a block copolyester polyner add@gch2002.
substantial active oxygen scavenging capacity to packaging polyesters "
whi ch showed no active oxygen scavengi ng capacity 5 what-so-ever in- he
absence of t h&"QH¥#2efin ol i gomer bl ocks. The oxygen scaveR§TAL§98/02991
copol yesters of the above-referenced appl gcation were conpri sed

predoni nant |y of packagi ng pol yester segnments with only an oxygen

scavengi ng anothy: ceftairpiejdrotarbons, d;c?mmhym(qucraﬂywuydmeseWmhy t he
oxygen- scavengln ca aC| ui. r or the jnte

appl i cati‘on. p é‘é%/?é{ SAmoynis ,as aB?JY?'E i 8 e'p?éc'g'&séa. 2 YRfver g
081717, 370 ""EESpélwst%?‘beff-neFaHBGd sabdtantial e&.@e&qeﬁh StaveAgingicalagn) to! ef i n

ol i goner segments W th remal nder comprisin ester se rrents An
especi al I'y pr epeckamnemb@ﬁt%ﬁMMsepw p@l%d!!@egxyg@ﬂ ésemnganwcawamty

pol yol efi-n et st nts.
D2 Loch bl obk S8HIsoB0REFL R hsehich 1F 1 BRGNS L BhokG:  Ble SEUEH
pol yolefin ol lsﬂQVéﬁ girig 0 BBdigesterss  of oter talwsvetrefareneed mapplicationoi were
Vi. sc05| ty, and cl arl ty) very simlar to the u mdlfledlﬁ)rgl yester from

whi ch ' the pol geapeised ﬂgﬁ@mr@ntlmfep%ﬁasmpot}ﬁsw&rﬁq § . with,\aqly, an,
am nar packageyGe! spaebigifig difmdof ReiyRlefinCbhigétet %Véﬁﬁw'ént)e pregati fo ed

pol yester and on ayers oxygen- scavengi ng b

copol yester as sdpplyrthb@atyg&mumvengmgecapabity eatjuinedrfor mnm;leat;pa@aem cles

Roent on. 18pnAPBFRE o s cobRRREFs B7 e AHIGEM, R S Juifl, " °
capaci ty 0xygemgFPaNSTE wede Rppivallyein theotdrgesl abewtne st s 1226t P/ntpmyolefn
pol yam.des' form ng bl ock copolyam des conprisi ngvgredom nant | gol&c‘am de

segnent s and aPligange segmepts withy M@remnﬁ@r CAMPIFINY IPOfYester 69

gggmeggtsu on havi ng faﬁﬁférﬁmber d@ﬁ%y@% eéscﬂb&g%%g %gtlmg?i%lhs}e“owt%l S

i nvention have pmma”m oligomerT sagnints With the remaiadpo bengi myestemswmemm he 30

Do s 387 B EER chRoivitts Gutiricd low BRI, BN BRIe

March 2002 oligomer segments have properties (such as melting point, viscosity, and
clarity) very similar to the unmodified polyester from which_ 'the_co_lyester
segments- were _deri_ved.. _ln paﬂiculer. layers in taminar pa_ckages'and
bottles having one or several layers of unmodified polyester and one or

20 several layers of oxygen scavenging block copolyester as described above,
were self-adherent and packagmg artlcles appeared to be a monollthtc

_ (rather than Iayered) constructlon

For this invention; appltcants have extended. the' concept of

|mplantmg ‘high capacity oxygen scavengtng polyolef in oligomer segments

25 into polyamides forming block copclyamtdes cornpnsmg predommantly_
polyamade segments and an oxygen scavenging amount of polyolef n

oltgomer segments. As was the case for the copolyesters dtsclcsed in the'

application having Serial Nurnber 08/717,370, -the'c‘op'clyamid'es of this

cnventton have properttes very similar to the polyamlde from Wthh the

30 polyamtde segments were derived. - A typtcal use for such polyamtdes

comprises a layered construction such as a package film or bottle wall



WD 99/ 15432 PCT/ US98102991 5 having outer.., and inner |ayers of polyam de

and a mddl e-layer of .copolyam de (wherein the pol yam de segnents of the

copol yam,de are derived fromthose. of the inner and/or out erpmiralye6o2

pol yani des and the oxygen scavenging segments conprise a polyolefin

oI i'gonmer). . T Jangenment serves to provi de propertles far the
' copol yam de %@g;}ls\%l ch are very simlarto the properties Spr{(ﬁ%s/ozsm

unnodi fied polyanide layers which is an i Bportant concept of this

i nvention for |am nar-censtructions. A mgjor concept of .this invention,

however, is the haydg sokeftiapd dInesi layers offf polyamide canydjea siddlentsyery of -

polyoleflnollg ﬁﬂ{ga y OIeV|n the:
copol yam de wi t(h%ggbgé gé’ﬁsgdr“ qhLn&flgr 6 ?%rqgw\r%gé* ?h%(]mpr? oaé'e The
hi gh active oxyganivedsiamdhose. coipﬂnel inneo fanidhar outecqaﬁén/pmydﬁﬁdéb apdaped is
derived fromthe active ox%@en scavengl ng capacity of the polyolefin

ol i goner segnment®Y9eN £C3XE B9 p$RAMRNIS | SPMPTRS \Ba RO @j,efrb(ghgg@er)are This
general |y cogsi %‘Pfa‘?@eﬁﬂnh@&ﬁeﬂ@%rbﬂﬂﬁg?éﬁér%s Yor W@@bl i'db%?ﬂ'%/ﬂﬂﬁ” I €s

as conpared to polyesters. Thus, "anot ortant concept of
i nvention.is th&reyan similacte the propestiosoof thesrsmoduf eldapotyamudprleym'stwhm g th

active oxygen sgav en c a to the. se of unmodified.
pol yester al one(\aglr ?'E}%r'r%g @Q@%&o&y‘ﬁ% ﬁge@%@o ﬂﬁ"’?&rt"r% 5%9%1 Ak,
resin is a substcanceptcofthis invehtiom! eowever, 130the? fhcarbratisty eh Highly @ficisit ( by
under goi ng chem cal reaction with 't he oxygen) as it attenpts to pass

t hrough the pac MQ%SC%PQW RolyRiefin Qligemer geqments isdp memfee while
oppor tuni ty 440 %é\mté: %%W??oé&ﬁ&@r\/é@'srﬁﬂap‘?ﬁdthes B%@dﬁéd gen)
age cavity wherel een. _

fromwithin the .-pac sald oxygen may ave
i nadvertently i polyamided dThendhighcRetiiengxygeni |scangwgurrgn sapacityo dof23hef

-pl’ ovi di ng oxyge P e e consurres or _.reacts
with :the oxyge%opg&éh@/ﬁ gis%%?ﬁ%b ﬁst \Hgﬁ edojiPd'g HOXYERN gcayenging
di ffer ent Concelcépéclt}mdﬂam \pelmefﬁeroubameresegmémsh aAseﬁ@Fedt praviotsgal |y

seal a product avv?)égﬂrom 0X en via the. passive approach. Only active
oxygen scavengeiP® desnRRfe ﬁ-nﬂéﬂttggﬁeﬂmﬁﬁ’ﬂs(‘@f&ﬁv@r béYﬁI%ﬂﬂeﬁPf RAseiE 30

during packgagin é&marh&sppfdlp% Y dompdiel’ i6° fits S CAHRRY dAdth
i npl.i es, therefm consu afea n”ateréﬁgl I N orporated in the vvaelrl of
a 7 Mar ch 2002 lmportant ooncept of this invention is the comb:nataon of superior passive

' barrier properties with active oxygen scavenging capa_caty when compared to

the use of unmodified polyester alone or unm_odified polyamide alone.

" An active oxygen barrier resin is a substance capable of intercepting
20 and scavenging oxygen (by undergoing chemical reaction with the oxygen)
as it attempts to pass through the packaglng Active oxygen scavenglng

&

also affords the opportuntty to ellmlnate unwanted oxygen (often called head
space oxygen) from within the- package cavnty wherern said oxygen may
have been lnadvertently mtroduced durmg packagmg or fi lhng This method
25 of provudmg oxygen barrler propertles where a. substance consumes or
reacts with: the oxygen is known as an actwe oxygen barner" and is a
dlfferent concept from passnve oxygen bamers whsch attempt to physically
seal a product away from oxygen via the passwe approach Only active
oxygen scavengers can remove unwanted oxygen (tnadvertentty introduced
30 durmg packagmg) from the package cavuty Active oxygen scavenging

implies, therefore consumptlon of a matenat incorporated in the wall of a



6 package. The material is progressively consunmed so that the active oxygen
scavenging ability is eventually depleted or at |east dimnished. However,
this eventual depletion of the active oxygen scavengi ng noi etyugaR 2662
adjusted so that the depletion occurs only well after the required.oxygen.
free 5 shelf life of the-packaged product @hich is typi cal | y: one ;yedr o} -+,

| ess. US Pat ent 5 ; ~ _dL: ' ' ar - oxydgen®* L
scavengi ng syst SRR ChR ik BRbd=HE BN ARFRuIE & (aCe ALY Shvaen,

(bl ended wi t h- pcdcprenging ahilitpiis acentuallyxiggleted onat fapst diminBhgd. THews B

Pat ent di secl oses‘ { he use of a] ol yanmi.de bl.ended with a bottling polyester

10 such ‘as. PET Qﬁdeﬁfﬁ?ﬁlefj_ef’égﬂri‘ r‘gsmﬁh@c Y SXNIYN Fravenging dT_‘?)gEY, cad® as a

transition. netaladjfuted sbhiratdhe desleton DBURN Iy waf BREY 812 2OuRsd Bﬂ'eg%agﬁ | se

} at least one layer in a single or nutti-|ayer package or bottl

Accor di ng t.oSt heshelmifeat @mgaOﬁﬂ@eqamqﬁa:m whidhris typicallysime yesr ohiessoi et y
responsi-ble for the active oxygen scavengi ng capacity of the, blend. In a
preferred 15 enmbodi MnPatent §,021,618 (BMB faterstth ditcloseBETMBSs OxBadedygeri h 4

hade 1 rom equalRreng g 156 B et oliaeba i Redrsniga ROViRi ne
and (2) adipic (pRinded With nf??émé bheittive oxyyéh G8hvendde mdmgd THa OB

presence of about 200 PP ‘- cobalt which Serves to catalyze the active
oxygen 20 scavdi@jelgdiscipses e usP-of 3 polyamide bignsdedowidh abeftingopalysster for .

scavengi n 0. el iCall . fr rbon '
pol yme? agdq)gygf%r?@i %?grﬁn%ﬁgﬁug%%afyydslﬁgs &*ﬁeﬁ_frg&?ﬁ%}#”f%\%ﬁﬂﬁgnﬁﬁg % Pect ed
to the use of cdparisiteom detal.c SpabbiEndsfarecaubsaqierglycdepieyed so ahid comprifest at e
conpry sin r edomi, nat el ol yam de, se nts and an oxygen scavengin

armmﬁ ﬁ\,t of gpgl yo|331#???t‘ 8[‘%5%(%)1‘(” agingle of g"rn?‘\‘ﬁ@’e' Baﬁéﬁ%ﬂﬁv‘g%e Welly mcgord%g
invention are t}pitR@ICNB tRilemy 8 ,’bclslyérhtae P hE e & the rRdleR/ éShonsiiE fodS - @

transition metal, and conprise at |east one |ayer of a single or

‘mul ti-layer wal Ithef agtiveaOr¥ERN icavenging. capagityt Pt dhe. blends erdena eprefastageen
this inventi naé}gtﬁ - t ' ~ (1o t8r r -V [ i_S
directed to 1§ copo cé/cgﬁ%e e c{(?%pﬁwgl ﬁggﬁk"gﬁa%ﬁ%m y'§g%P;8/§Er’11v%® f%ﬁ@%{é‘
whil e the CVB Papadyamide Seequently alesignatad as/MXDyGniMED5 ishh qrotyamide Imade.
predom nantly pqglyester, (the CVB Patent does not disclose the use of
Dol yol ef i n what JEF B9l Mo st B HodiheSLF Melgmsmecfine Hnd

(2) adipic acid. The PET/MXD-6 blend is typically deployed in the presence

of about 200 PPM of'coba!f which serves to catalyze the active o}kygen

20 scavenging function. .
' gen comprising an

EP-A-0 507 207 discloses a composition for scavenging OXygen t.
.ethy1enic;ﬂy unsaturated hydrocarbon polymer and a transition metal catalys

The current invention is directed.to the use of copolyamides capable -
of scavenging oxygen in the solid state compﬁsing predominately polyémide
segments ah_d an oxygen sc’avé_hging amount of polyolefin oligbmer
segments. The 'cbpoly_amides of this'inv'elnt'ion ére typiba_lly deployed in the
'présence of a catalyst, such as a tr'ans'ition” fnetal, ahd comprise at least one
layer of a single or multi-layer wall of a pack_agé or bottle. Significant
différences between this invention and the CMB Patent include (1) the
current invéntibn is direéied_ to a copolyamide comprising predominantly
polyamide éegments whil_é the 'CMB P'ateht discldées_a polyester/polyamide
.blend which is predominantly pdlyést_e_r '(the CMB Patent does not disclosé
the use of polyolefin what-so-ev'er). (2) the polyolefin ol_igomér segments in

AMENDED SHEET



AMVENt | SHEET 7 March 2002 WD 99/15432 PCTI US98/ 02991 7 the copol yam des
of his invention are the noieties which react wwth and scavenge the oxygen
whereas.in the CMB Patent the pol yam de reacts with. and scauwgsgrsodde
oxygen, (3) the -:oxygen scavenging ability of the . copolyam des of this
'. invention. are substantially greater than those of the 5 PET/MXD-6 bl end;
;id (4) the ¥@BYIY¥mi des of this invention are typically FREIQSPE0291
poI yanm de bused packages and bottles whereyas the PET/MXD-6 blend is ained
at pol yester ('PET) based packages and .bottles. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi g. - |thescapoftyameese:ftthm&ivemum/vacé trtetmcneteése%wﬁ ALY With and

to bottl | d f | Fi howhich
Shows the oxygetraveade i ryydronatiasyh e G, Baiest k.eryamice dars win
i nventi on Ver synd &ica0bigds thé Obxydei ﬂ(s tRETok)den RESRGY Qi '

PREFERRED EMBCDI MENTS As. previ ous no% ed, polyanm des, "I n eng gtH
Superior passi \mpoh@rostggaﬁ thisrinventi etaesubsienttajlypmeeterttbamthoseaof the

pol yester pack rue f t.ne lL.ess expensive and
wel | . known %pofﬂ%fﬁ%léﬁgéfehﬂ é §3?§%$@$¥?@PSE€5%'BAPH%P" @'e\fﬁ for
the nmore - exotiysedih-poliyamide bpses Tpaekéyebym pofles Uueherasas\ie PETMIXD-6 .
pol yam des used for fabrication o |Lastic. bottles and ot her packagi ng

articles can -b&'endisamedat palyasten (FET) based packagesaedbettiesni de segnent s
are derived i.n the oxygen scaven §C§b'? oI arri des disclosed in this

invention. It is well  knofRIER B | EH‘I‘EW WINGBEr e pol yani des by |

pol yneri zi ng together étyplcally on an: equal nol ar basis.s .and in the
presence of suitabl &£iga d?y%wsstﬁﬁ@t'@@a#%@fé'h%tﬁ%fal’fedmg%{h@éa\fﬁmmrs as

depisted i quor%wL“%g fl@&cﬁ%‘rﬁ%ﬁll to formthe repeating polyam de

uni't-/depi ct ed i rul e di carboxylic' acid rmnorrer of '-
‘Formula | is any su uhst it ted or ani c dival ent di,cal and
mmy be aromt o al et 158 or8Ph hiEH s, thh B 802 BEoerbinbrroRengf o1

~di ani ne rmnorrersewaFesimwbathis inventigtyersud ddridust smtrol regiifslbst i t ut ed organic
di val ent radical and may be 30 aromatic, .aliphatic, alicyclic, or m xtures

thereof. In certai DETALED GESCRIPTION OF THE PREFERRED EMBODIMENTS
. As prewously noted polyamides, in general, have Superior passuve
15 oxygen barrier propertles compared to similar polyester packaging
‘constructions.  This is true for the less expensive and well known
polyamides such as poly(hexamethyleneadipamide) as well as for the more
exotic and rather expensive polyamides such as MXD-6. The polyamides
used for fabrication of plastic bottles and other -packaging articles can be the
: } 20 same polyamldes from which the polyamvde segments are derived in the
| oxygen scavenglng copolyamades disclosed in this mventlon It is well
5 known in the polyamlde art to prepare polyamldes by polymenzmg together
(t_ypacally -on an equal molar basis and in the presence of st_ntable catalyst)
~ two separate chemical substance menomers as depicted in Formula | and
:_25 ' 'Fo'rmma Il'to form the repeating polyamide un'it'depioted in Formula Il
| ' R1 |n the ducarboxyl:c acxd monomer of Formula I is any substltuted or
_'unsubstltuted organlc dlvalent radlcal and may be aromatxc atlphatlc
. 'allcychc or mnxtures thereof. 'R2 in the diamine monomer of Fon'nula is
'any substututed or_ unsubstltut_ed .orgamc divalent radical -and may be
30 aromatic, aliphatic,' alicyclic, or mixtures thereof. In certain instances, R1



7 March 2002. WO 99/15432 PCT/US98/02991 8 and R2. (both, individually,
and/ or independently) may. contain olefinic wunsaturation. Such unsaturated
species, if present, are envisioned to be wthin the. scope aftatcheopz esent
i nvention.. Further, those skilled in the. art wll| recognize-that other
forns of the S represented in Fornulas | and 5 11 may be used and

R gl

will still ssentially the same pol yanide, as depi EFEYSHP2Er nul a
111. For exarrpl e, the nono or diacid halige derivatives or the nono-or _
di-ester derivatives of the diacid of Fornula .| would yield (after

pol ymeri zati onandsR2n(botih, yndmet.sltyneancﬂort ymletxendehﬂwyn may . leontaith aolefihik.

Slmlarly .substituti.on fgr..sone four dr oge ns sh |nthe'.
10 di ani ne~ spedf! %@u@f'c’ﬁorg’dﬁ:@;\ uffaé)%?}ﬁa W@teﬁ at?rpgent \é ‘f%?
essentially t{fthinawe WooH e B@éﬁt thbrﬁi&h”UF@rtﬂéﬂ th&eoskllledJ rthhe5ah

HO0-GR 1-C0-H H  H2N R2- NH2 0 20 I 11 111. _(- -C N R2): l.

HH25 In sonewﬂb&ecgg@léﬁéhat(ﬁhai fomswéﬂterwee@pmepm ueFaewlasleoﬂt abl e
for use in the V, I (o] MVE:] S s ' those
wherern. e il RBF IR Ugbd S WO shifTesif o dsBEall Ing” BaitE pIVER¥ g,

list = which i ndepidteel oy Fohmtladllleoc edamptaptheamondlopuiacrdmeﬂde nanmrves acid,

isophthallc acid terephth aci d, the r S.na hal rboxylic
30, act ds. _andoniha o0 BF digstersiermiatie of e i oh Hasmuli | wauid e
di am nes .- incl sg@ SHviia
aromatic dia neg@tﬁéﬁér&éﬂ% ?e@'éi W?iﬂg?lmﬂgﬁmgg%f th enp
preceding. 7 n/smnlarwo(sgbsmnm/fmsmeFmaereme)mmy@rogens shown in the

10 dramlne species of Formula Il would yield (after potymenzatlon) essentially

the same polyamlde shown in Formula .

o o

—_— LI

4 L H-O<CRI-C-OH
. HN-R2-NH,

0O O

20 : oo |
m - (-N-C-R1-C-N—R'_2)_
| |
H H
25 “In somewhat greater detail, the preferred polyarmde resins surtable =

for use in the present mventton include linear polyamrdes such as those

wherein. the Formula | dicarboxylic acid component is selected from a list

which mcludes aliphatic diacids such as. adrprc acid, phthahc acld

isophthalic acrd terephthallc acid, the vanous naphthalene drcarboxyhc

30 acids, and mixtures of the precedrng list. . Preferred Formula | dramtnes

| mclude polyalkylene dlamlnes such as hexamethylene dramrne aromatic
diamines such as the xylene diamines, and mlxtures of the precedtng



Pol yam des. prepared fromthe above conponents are well known in the art,
and can be prepared .,via polynerization reacting the dicarboxylic
acid. (or .suitable derivatives) Sf :Fornula | and the di am ne #{@4.cKgbdRb! €

derivativesof Formula I'l. In may cases, polyam des suitable for use in this
5 . .invention. Iablefor purchasefroma variety of S£ liers such
as the Anpdei ?’cf’t) serl es of polyanides avail able from Amco HI394/02991

Conpany- and the Zytel (r) series of polyansdes available fromDu-Pont. In
sel ected enbodiments, the present invention also contenplates the use of
recycl e polyanides, Pglyamdqs prepared fogrnithe apovgs;nmenemsdarel\ﬂel(](hm |n

t abl | f | u
o ot en hanipdoar 8ha e bY drlSrBlRAE Mo AkS Tebfily U, (RRESOR
di fugct i onal caadndx(phsu@blei deplpmnmsp(qfrﬂ? ethehﬁrttm tdiammt@(orcaﬁutéb(d' ic.
NDNONEr S n cti reater than two and then
ngCIymerl zing th %’é"'aégFg)s°’J\#]‘E"ﬂ‘“B%ﬁyMﬁg)§ Casgs PPAMIdRS Suitable:fer vea iR g es-
i's could be ®represtibrlaid\GvalblY tor Pupchiais o arR r%t;l eﬂ%ﬁtﬁfe{%&& 29TRe

- pol yam nes having. nore than two am ne groups an ymeri zi ng
t hese pol yani neAmadel® series -of inelyanides 1&V§llabi¢drommm Chémwail Gempanypci ds

o T o Gt S T 4P o e, g

nononers of - For embadlh'lentﬂahb presertti ineeritivn aied adhntdiplatasiteunse oF regydr| a
[11, this type' p ynerization i s known as pol ycondensation. or

condensati on poP?} tqso??rt pralt ‘PféhB(PSWam'@_@SQARY OF CHEM CAL TERMVS' by
C. A Hanpel .and G G Hawl eg Von Nostrand, 1976, .a definition for
condensat i o‘rP pol ymer@PHhersiitable pelyamides for yse iathe saresent: rveation inaluden

r ef erence,. Oﬂgﬁaﬁ a?:ﬁbé!é"e "THeSebrahed sp&fneé BhGR 6 'ﬁgﬁéggﬁﬂﬁlfg,g Wi th

-nmacr onol ecule ma e reaction of two organic nolecul’es

the formation amewm @ﬁmcﬂerhaiotarbo:@ehcaauy typedn@ome?hetogeﬁaetlw:[h | sbme
‘repetitive or |t e s_the macronol ecu . Thege etitive
steps are known ﬂ%ﬁm&%ﬂ’% av'ﬂ%ﬁ"\”ﬁ%"%%ﬁfﬁ%@’ &%chen%hen
condensat i-on. wly:ﬁeﬁﬁngrtaewhwestvﬁtrﬁpavélnmbyamedﬁawelw b}SR&neoCe;Bé&é?r S
(W H. Carothers, Am Chem Soc. 51,2548 (1929)) proposed a Mar ch 2002

WO 99/ 543¥ p | gpg/ Frepared using malnly diamine monomers together wuth some
' .~ -polyamines having. more than two amine groups and then -polymerizing

~ these polyamines with multi-functionality acid monomers. Examples of acids

having functionality greater than two include trimellitic acid, and pyromellitic

acid (or their anhydrides)
20 ‘When monomers of Formula | and monomers of Formula Il react to
) . . give the repeating structure of Formula Ilt, this type of polymenzatlon is

known as polycondensatlon or condensatlon polymenzatuon In the book
“GLOSSARY OF CHEMICAL TERMS" by C. A Hampel and G. G. Hawley,
Von Nostrand, 1976, a definition for condensation polymerization is offered
.25 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 known as polycondensation. Among the examples given
30 as condensation polymers are polyesters and polyamndes in 1929
Carothers (W. H. Carothers J. Am. Chem Soc 51,2548 (1929)) proposed a



general ly useful differentiation between two broad cl asses of polyners. One
of the Carothers' classes ,. was condensation polyners in which the

mol ecul ar  fornul.a of the structural (repeating) unit or uni tarkm26de.

pol ymer lack certain atons present. in the nonomer or nononmers from which-
It was forned, o/ which it maybe degraded by chem cal neans,

Car ot hers' ot heragcféggé was - addition. polynmers. in which the .P%P%!’é@?%n
fornula-of the structural (repeating) uni®e or. uni ts in the polyner is

identical with that of the nononer from which the polyner is derived. The .

pol yner s. and - c cgnefaliy useful differgptiation: etweenttwo hragd eldsses of polgmermsOnehi ?h
Caroth |
et "oyt DAY BaOneRs Haese ok bR AL Bl AU e Bl

units-in ' the fpuhuﬂamfsthe\sh'usumalt(mmtmb) uhi¢ d'o.mlth rig tlmlpowee ladkcéntain
aspect of ‘this invention 'B@'??/ condensati on co rs.are. disclosed

conpri sing predSRMAABFSN qPngmes of monamers S wasdagned, or to
hydr ocar bon ss egufibh st meytdaede&aae@%?tdﬁ‘nﬁrealtmuané 0 GH ; ff ﬁé; é|§ wagd
u

oxygen scavengi ng_capacity be expl ained in l-at er,
t hese hydrocar 't!ﬂ!gnMY@etﬁ lﬂh&hl@bnﬂi\snsmlﬁwa(:otmwt&rofanhe| atructw:ail ity

o focus on evarasHipay Unftor UL in e POHEE 3 lnsiEelvR BSiot M meBlnsne . -
which coul d be frcrmowpmhathed po%ernisOdérWétl)O' Yhsi F@Iymﬁb %‘nﬁor‘;dpéltaﬁersewssary
oxygen scavengi,n aC| t |l e not detrinmental affecting the salient

features and prf QFt? "P'ﬁe'“"ﬁ&@?ﬁg?@ ‘bBF?aW!fé‘s %ﬁfﬂ@é’ﬁn‘&@#’g faveved
th from | hat -
erefrom foor dopBidered!ty "B con&@ﬁéét%nbagrlﬁyggg:?gﬂeﬁgg}e‘ﬁ;}@@“ﬁ%%%ﬁ a

hydrocar bons such as pol yol efi ns (especi good
oxygen scavengichgragedstisscang thaciormutasdobshe|repkatinign units dpothee polymers\s -

Wi ll.be verifi section of this specif [t her
anal ysi's and e%&%&nﬁh%gt &(ﬁ\@:’tggﬁ\f ﬁé' B‘l?BPe?ﬁﬂ?cgé’gf%@ﬁt'QV?ﬁw"
-copol yami des wanidve! adedeasation wwgmere@ueawweaamﬁpﬁgrng Pré@boimEntgs i n
a manner sinilar to that which was observed for copol yest-ers havi ng

pol yol efin oli W‘HP&Q@G%RBQQWQG(&GG@WW@W racairmeggnentajadhe i es
of the pol y@m dRgoutIctideassd topPovi
ol igonmers were used typically havéliﬁ\“1e g F‘?& %V%W@ég@ywﬁ%z ..
PC:. /1, 1e98 10?9Mill . be explained in further etarl later, these hydrocarbon segments of the

,. condensation copolymer are in actualrty oligomers of an addition polymer.

Of course it was necessary for applicants to focus on evaluation and

selection of apprapriate hydrocarbon segments which could be incorporated

20 intoa copolyami_de .and afford the necessary oxygen scavenging capacity
while not detrimentally affecting the saiient_ features and properties of the
.packaging poiyamides and segments derived therefrom‘for the copolymer.
Applicants recogmzed and establrshed -that hydrocarbons such as
polyolefins (especially polydrenes) afforded good oxygen scavenging

25  capacity when added as blocks in a copolyester As will be verified in the
examples section of this specification, further analysis and experimentation
confirmed that polyolefin segments in copolya‘mrdes' would add active
oxygen scavenging capacrty to polyamrdes ina manner similar to that which

was observed for copolyesters having polyoleﬁn ollgomer blocks. Generally

30 the oxygen scavenging capacities of the polyamrdes were best when low
molecular weight polyolefin oligomers were used typically having molecuiar



wei ghts in the range of 100-10,000. Especjally preferred are polyolefin

ol i goners havi ng nol ecul ar weights in the range of 1000-3000. The

preferred polyolefin oligomers for. use as hydrocarbon segnentparci26die
oxygen scavengi ng copol yam des are pol ypropyl ene, poly(4-nethyl)1.5 pentene
and pol ybut adi evesyiskizl e it is not a hydrocarbon material as :p&ehisodionger *: -
pol ypropyl ene oxide glycol oligoner also was also identified as a ** e
potentially useful oxygen scavengi ng subsfhince. O these,. pol ybutadi ene

bt opensi ty and welebts {0 EitdeCr 3085 HSnrtialhe peale bl re iroivalgin ©
necessary for ‘nedligtgnér® kA riEEELISE AVAGKs NG qee%vg%#%@bdd&bs The

i nventi-on by the preferred mnethod of this invention. . previously stated,
the polyol efi n OPiefRIiRe POlygIRliAt Qligrsaerst for use @se bedtocarbanh eegrogntsy emittites of

thi's invention 06‘529 o ' A Y.L0 ~afL e desired. oxygen
scavengi ng capaci t'y .e hﬁ%&@sﬁ?ﬁ%@?%@@%ﬁft &f @gg’%@&?@?ef?ﬁy@r%my-
segnents at @énl yperitené ené polybytadiere. i While itignios Byhyidnecarbbn aritériat a8fsueRepi g
t he copol yam des&a sim/lar aisdﬁﬁssi b| e to the -poléam de _honopol yner. In :

| a . . .
practice, it hadPPRAPPYIENRQXidRlyqo Qligormeralse Was pspyeentified asa patemtially

segnents in the yHIgEoRHER%e % aheef % ; | .of_'

t he copol yam de l'i’s a tﬂ%i cafgvv&&.gg}ﬁgu%%%%et rahgg}qgge 'ear&r}g%ﬁ?%'eﬁ%eov@@qg? &sence
of polyol efi n ol ¢spesiallypegierrdssinae it hasrahigh ofygebosdavBngingYpropensiyoarid 8 wt
of pol yol of i 1 ol 1'30eFaaut i PR TerFaly LR i LB Grmoncaessay, BT AN o w
%based on wei ghtheobxyden sexvehyingi espolydmideonst! iaeTiifesntidh byiithe i prérIHdON
have .t he ability t&@b%?r,b_oxxégé{l. 25 in the glassy solid state at anbient
tenpératures of ASRAd PlisinyegPen.-d 60 C. This functional range- for the

copol yam des is below the glass transition tenperature (T9) 'of these
conposi tions. This behapreyously siatacrthepavstelinaligomer megments needy disn
"scavengers whi ck Yarg L OO r der ut
St1 T above t he PReoe R R e POME AR A G e BN Flreah B
gr eat | y .i ncr eas aaffard dhe desicedioxygen scavangirgg eapadityi Ome réasogdor keepnd thd and

e el o S T Slehy oibbhel WEaRERCIPRR Hid hdvel Bhubes s S ENSF T 7
©objective of keeping the copolyamide as similar as possible to the polyamide
" homiopolymer. In practice, it has been found that thé presence of polyolefin
oligomer segments in the range of Abew{ 0.5 wt % to ,ébeai 12 wt % based
on weight of the copolyamide is a typical wt % usage range. Preferred is the
20 presehce of polyolefin oligomer segrhents in the range 'of about 2 wt % to
' ) o -about 8 wt % based on wéight of the éopolya_mide. Especially p_referred is
the presencé of polyolefin 6Iigomer seg.me'nts in the range of about 2 wt %
 to about 6wt % based on weight of the copelyamide. |

. The copolyéfnide_s of this invéntion have the ability to absorb oxygen

25 in the glassy solid state at ambient terﬁpératures of abeut 0 °C  to abett 60
°C. This functional range for the copolyamides is below the glass transition

temperature (T,) of (hes'e compositions. Thls behavior is in marked contrast

to prior art oxygen scavéngers which absorb oxygen at room temperature (or

even colder) but still above the T, It is well understood that gas

30 permeability is greatly increased above the T, when the material is no longer

a solid and .there'fbre serves to nullify the scavenging utility of such

- AMENDED syee



. PCT/ JUS9&02991, . ' . ' 12 scavengers.. Another mgjor advantage of

t he copol ynerF of this invention, particularly as conpared to oxidizable
nmetal /el ectrolyte formulations, is that they will scavenge oxwgen200p t he
absence of water or noisture (as well as in the presence of noisture or _ -
water). This pewodoasssse of the oxygen 5 scavenger copol ynmers; of_ & his$ - .
invention for packaging dry materials such as electronic corrppgc‘r?élf‘?&mga'ry .

snack -foods, nedical itens/-" . This abilitito. scavenge oxygen in a dry -
environment further distin hes t gen -scavenger copolyners of this
i nvention over niRYPRFG 39?1?‘?551%9@\@ ¥%ﬁ @Whﬁe‘éﬂﬂo?)@'ﬁfh@f;ﬂmesm(aonf

bygen_scaveng: nr aonel os HPRSEYS oA A et KB RE R oot cn

oxygen scavengi n?‘wopol yani des i sclosed abov
conpri ses addi ngtheyngll ﬁéﬁéﬁﬂge)pwgenm theeaMemeef matem:rendnﬂum‘ @isafpdiyasTRy €)

of the term nal Al I Ln avengi n ol efin oligoner -
which is to be |®L0ﬁ§e§§é%d Q%Eet wl"‘f? -t hg ég’i)%WérrPﬁl%so WegKX‘QQm nal .
functional ity adsteenyed lgmensi &‘ttms]iﬁvéﬁ Q

nyed cdplym l%bﬂoﬁ‘ Qékag"}{geaﬂy hQFs Such as

pol ycondensati on reactions and form ng polycondensation a es
i ncorporated int@e QermPO“Fﬂt%dw spack fmde.r sedicdl KMSrwerTmzmyllliyetormr e.

E?ggsfmksﬂg zlrt anc P 'ﬁe pr?n&fde@aﬁ.‘en})%‘l"@'b gis "W'?n?ét c@’éygﬁﬁere

di..or multiple fsaayen@erabopqumers:@ﬂttbisplr&baﬁbn %Qegeﬂi@fyabhdr iakt ¥édvien§ers
rrultlpl es of th\gﬁ functional ré%/e al | hydroxy, all carboxy, or
all amino added WRiCQrequife thePrese fowqtﬁ'é""pﬁfl‘ t@fmw56¢n\gr@ﬁment nol ecul e.
Those of ordjgnary skiéndrBily & t

be . practiced even when réirrffyer’zéh!tﬁéﬁatﬁt%éﬁ ear‘;le@g yégr(‘)r#%g%ewgﬁ ctog&ﬁgrhgl%s

f unct4 onal grOuF@sgpgqgab@@mllbmvplvaralstemﬂhs:ht@mpmtses raeldipgl funttiinaity to

ol i goner 25. nol usI uirenent is that

t hegt ermnal f 3%3%?%‘&{1%3 ?{)9\50?%[%% gft?é Eﬁ?ﬁ\% r@f g‘é?ﬁ ayailaple inithe

“pol ycondensat i orscaweag:hgmrbyoleferhgmﬁefewh%HS& Itey %e'uh@drp@ifaté@éénsggﬂnents i
o}

f uncti onal grouga I ncl udes hyg,':f car boxylic acid, carboxyl aC|
anhydri des, RofoPalyarpides '"%rﬁ-‘ﬁ@mfﬁhw éﬁ@?@/ mqﬂﬁebQ)laeMetgd

terninal fungti Qﬁﬁabw OHPS eAtefing?. |bedr Béglcoﬁ@érﬁgﬁéﬁ | ?efcﬁrbﬂs %ﬂ ew gSI ng

wi |l -be obvious that this steg I'n the eparation can be aval
poI yol efin ol i gRRlYePNERNSHicRY nlsageéawinerx ineerphrated dnto a polymer. It will be

understood that there may be more than two end sites available for

functionalization when _there is crosslinking or branching in the polyolefin
oligomer. ‘In instances where di or multiple functionality is contemplated,
20 generally it will be multiples of the same functlonallty. i.e., all hydroxy, all
| carboxy, or all amino added at. plural end sites of the polyolefin oligomer
molecule. Thase of ordmary skill in the art wilt recogmze that this invention
can be practiced even when dlfferent but chemically compatlble terminal
functlonal groups are present on p!ural end sites of the polyolefin oligomer
25 molecu!es As noted prewously, the only requirement is that the terminal
functionality groups must be capable of entering into polycondensation:
reactions. ' A non-exhaustive list of terminal functional groups .includes
“hydroxy, carboxylic acid, carboxylic acid anhydrides, alcohol, - alkoxy,
phenoxy, amine, and epoxy, The preferred terminal functional groups are

30 hydroxy, carboxylic acid, and amino. It will be obvious that this step in the
preparation can-be avoided by using polyolefin oligomers which are already



wo 99/15432 PC 1Jl1i'S9%l (12991.. '" 13 appropriately.termnally
functionalized and comercially available as such. 1In this regard, hydroxy
term nal functional groups are especially preferred by appl izqasts2602nce
hydroxy term nated polyolefin oligoners suitable for incorporation-into- -
t he oxygen scav oRgys£0opol yanm des of this invention are 5 cofmer ci’ aI-I.K
avail abl e and offer atfractive properties. Further understandiGlBi ¥ he
proeess may be gai ned by con3| derl ng the chedri cal species depicted by
Formulas.. IV, V, and VI, : 10nit JJIV. HOGCG(POO-CGOH V.

H O ( P00) - O-H 15?PVF°PFIEI§IIV Imalmynmmzﬁmam ¢qrnmercndhdawlabkem);uch

d For V,
e V1 Show d 1 ui s rERd AR eidP o BBy Folond ol SRR RRY bYeo
or may be funct.cappnmsi sinca mrdggrteanma«e@d epolydlafint vfigariers eURasé | fel Ny

or branchi ng of the: %@off more than two termnal functionalization -
sites. In,- For nmul&arke Inte Oweﬂoﬁ@apaevag cegplyaRugesof this inventionare,

the (P00) is di hydriarciafy m For 0) i | am no
t erm nat ed. Vﬁl I )et%For mﬁ%gys ld&%ﬁ%ﬂgnd I &T; ﬂgeﬁ]ydr gtféf‘?f@%?m f%%rgi"%ese
species, it wll Ltmdetahamiim obmdaprctdeesen%befgmneld rtoger gorrskddringl thetdhemicuit

t hat fromoneto % Q Ln e hof Formulas IV, V and VI
could be repl acedP §'e§|q B'rcgeﬁ?yc \(Ic,aﬁ‘ - al kyl, cycl oal kyl, phenyl
and still serve the same purpose in: pr eparation of t he oxygen scavengi ng

copol yani des of this invention. Using the substituted forns 'of the
species of Fornmulas tV, V and'VI would sjnply produce different 30
byproducts in fornmation of the copol ynmers. As Gbt ed above, this i nvention
could be prad@iced with only one functienal greup per (P00) or with nore

VENL "BEY 7 March 2002 WO 99/@543%_@(_%/_% 82(99_} 14 than two functional

--groups per (POO) In Forrml as |V

v, 'H-0-(POO)-O-H
5 " VL HiN-(POO)-NH;

in Formulas IV, V, and VI, "(POO') represents a divalent polyolefin

oligomer mdiéty. Although Formulas IV, V, and VI show difunctionality, the

(POO) may be only singly functionalized or may be functionalized to a

20 - degree greater than two when crosslinking or branching of the (POQ) offers

) . more than tyvo terminal functionalizatibn sites. In Formula IV, the (POO) is

dicarboxy terminated. In Formula V, the (POO) is dihydroxy terminated, and

in Formula VI, t'h_e'.(PO_O) is diamino term,in'a,ted. While Formulas IV, V and

VI show the hydrogen forms for these Spet';ies, it will be understood by those

o 25 of ordinary skill in the art that from one to all of the hydrogens ‘in each of

" Formulas IV, V and VI could be replaced by an arganic radical such as alky!,
cycloalky! phenyl/—e%a/ and still serve the same purpose in preparahon of the |

- oxygen scavengtng copolyamldes of this invention. Using the substituted

forms of the specnes of Forrnulas V,Vand Vi would 'simply produce different -

30 byproducts i in formation of the copolymers. As noted above, this invention

cquld' be practiced With only one functional group per (POO) or with more |

| .AMENDED SHEET



di functionality, , is shown but represents one of many | evels of possible
functionality. The nethod of formation of these functional Iy term nated
species is uninportant to the disclosure of this invention. Gojxekrebed Ly 5
avai lable fornms of the Formula -V (which is especially preferred) i1nclude
Elf Attochem products R20LM and R45HT ac, w pol ybut adi enedi ol.s. The
simlarity in WROM¥ER structure of the species represented iPCT/ASBNA%S |
and IV is easily discerned. Since polycondgnsation occurs by reaction of'
the term.nal groups, copolycondensates can be fornmed 1o conprising

predom nantly paianamwdefmmtgrmﬁdﬁ pReNPO0). yollrefF@rmtﬂés AQUeY apgnemts. -
For easi er under tandl n e conposition, It m useful . to thinkin:

t
terms of substi FW’P‘ES‘H’“@%‘Vt ¥ Shwn Rt Eﬁﬁﬁ%?ﬂ"t%foﬂen8¥§5%¥ develgfofFprssible | v
f I t
or an equi val epinchoRal b‘ﬁéeﬂe%dm %éﬁkn E‘Pttﬁl%c 'hﬁ"P:tlelal v %ﬁhaﬁehgorfer

yi el'di ng copol ycondensa ‘es havi ng both polyani de
segnents. As noswlﬁ d¥ iunirppgrtantto ttmpdispbemm of this rln\aenttm p Qlommentiailyat es

bol ymer (act bl PYAERIG i & tn e, N Cupi i dRpciei reeref) inciior EY
speci es of FornuhacﬁémWaManM/Anamsmwmmadneﬁmb&condensat es may

be formed by substitution of the desired anmount of 20 the species of
Fornula VI for a nol &he esimilarty cint chemicat stmctureeoépbmmctes rapgesentediin. The

nature of the p | m ondensat s for
t hese two types?é%@ggﬁeﬁfyw $$f F@Sﬂi’g Lﬁlacéé’%l@%ﬁﬁ 'PB A %éfund
for formation ofedctiont iofetrer termmdi f grotps0lcepoiygenddrisatew dsh tse eropmetied

that the by-products., formed are simlar also. The 25%8e0|es of Formula V

are- di hydr ol t EPMPHENEd Predoraisanty RAYAMIdeof Sagmants m-@&“%?myﬁ@f”
substituted forg R ffe@ﬁ&n& mea%.e%na tan'it fe"ﬁe%m d%ttgiﬁ' ﬁrhé

.produce a sllghtl nt type of copoly en prepare
manner, a condewuseftl tmthlmopdleyne rof isybstdiumrd Of/\ﬁ@r desited, ampuntafdbe |specielse

M ”Liysﬁﬁmzhfafé?*ﬁv'ﬁgyﬁof SRR AP (Beepelin ol of shi spciep fi° °°
exanpl e, of nonFaﬂhmamymdingrﬂo@e AdenLAOhaVIAG 61 PdIgamiie0shis pellydielfar ch

2002 . WO 99/ 15432 . PCTNS98/ 02991 15 h VI ng.sone pol yest | i nkages. are
sui t abl e f ofS puf ??Q"Fé% Jus’fsa Qoted, previously, the ?ymers are true

copolycondensates with the unusua! feature that some of the segments

consist of addlt;on polymer (actually oligomer). ln the same way, the

similarity of the _'species of Formula | and Formula VI is easily seen.

Copolycondensates may be formed by substitution of the desired amount of

20 the species of 'Formula VI for a molat eqdivalent amount of the epecies of

‘Formula Il... The nature of the polyeondensation reaction forming the
copolycondensates for these two types of segment substitutions would be

- sumllar to that found. for formatlon of the tme or unmodified polyamude it

would be expected that the by-products . formed are . similar also. The

25 spec:es of Formula V are d:hydroxy termmated A desired amount of these

specues may . be substituted for an equivalent amount of the specues of

Fonnula ifto produce a shghtly different type of copolymer. When prepared

in this’ manner, a condensation copolymer is formed where the I_lnkages in

the vicinity of the polyolefin oligomer segments are polyester linkages. As

30 will be shown later, these represent only a very small percentage, for

example, of non-polyamide linkages and copolycondensates produced



copol ycondensates of this invention prepared with 100 % pol yam de | i nkages
bet ween the segnents. The significant matter is that tho polyolefin '

ol i goner.w th oxygen scavengi ng capacity has been inpl anted i7n\fch PsoD
copol ycondensat e, as segnents thus. providing oxygen scavenging capacity to
the product formed while retaining virtually all-of the salient features of
the origi nal “WRME&2ng/ bot t | i ng pol yam de. These techni quesPFEUSIS0291 .

i ntroduction of desired polyolefin oligoggr into the- pol ycondensate when
used at the low levels disclosed by the applicants provide a very precise.
and effective Jt&vmyamné polyestdndinkagaasi suitabfe fox pyrIvses heradfijost aaret y

throughout t.he co ond nsat.e At t ai nnment  of rsi on of
oxygen scavengﬁ"ﬁ& K‘g? ?Ft‘l’{eﬁﬂﬁ)p@V?@%&fEB?’@gM%qug]e% ngg'ifﬁ'é‘d?* -
properties-of. lfnhs?&é Béwmrtha%byaahée Ttﬁaﬁgkmtaﬁﬁﬁétqus@ﬁattthwowbvm i on
whi ch further -distinguishes the oxygen scavenging copol ycondensates of

thi s. i nvent i-on oligomee rwithh ©Xygen rscavenging teapgcity hiasobesmdiiplantsd dalg the

scavengi ng t f I _
colyvoratis B i-goRalviafdenddiy ol ke IR n BliElh SlvolR SeRieAgg cpadly |
which. is not 146 ehel prdduict fqmaamuegetaimwvmauwwof thessdlientieatures bf the
o o R0l Yorsial hadadlagboRing.polytids, These achriHas 101 PHRGRION pE.
copol ycondensatg;g ﬁﬂ}}o‘ie@rﬂbﬁ@%rr&”m% the pB%&Bhd&fsa{éa%Fnt&e‘aoﬁeWbW“ by
transesterification. erefore ends and xtures of-functionally
termnated pol ylevalsidisdosesbrbyr thewiappligants arovide awery. préciselcandyeffectiveas

ot otesces ob pagerh SB° 4R Wsntiohob, b shffertind Woel) BSLOGAT

conpési ti ons - ofcdpbiyzohderisdten. Atesinmesf esfr exl sifoyl efispersibhg @frebxygderr ti ng

material is the dihydroxy term nated:. (POO) species having a nol ecul ar
wei ght in the re¥Ryengng 5.'1'52!95’ inthe w&@ymens%weliﬂ)mew P?)PE‘?%":‘%’W
‘polyolefin oli qgg%reea&& 4B S keySreh edéfhmr HbntiBh Wieh Stlrther

pol ybut adi ene ( specl aving a nofecular. - wei ght in the range of

about. 1, 000: 31:&01Qulsmpoﬂ1pnex)@ehosmangsgr@nemondm%tes ohdhigr lewemtrqm
7ol SouLS" o) ey bt . PRGBS KRGy e BN efod B AR by
Cal ori et ry) ofmeakiagt a ibﬁ?slcéIS(IbI@d of unfunctionalized polyolef' in olrgomer and
polyamide generally produces a non-ngld emulsion which is not useful for
packaging. ‘However, wﬁen the functionally terminated polyolefin oligomers
are mixed or blended with polyamide at temperatures in excess of 200 °C in
20 order to melt the polyamide, the copolycondensates of this invention wiii
y e form, ‘at least to some extent, by transesterification. Therefore blends and
- mixtures of functionally terminated polyolefin oligomers with polyamide, even
if designated:as such, may be within the scope of this invention as the
blending and mixing processes at polyamide meit temperatures produce the
25 - - copolycondensate composmons of this invention.
The: preferred polyolefin ollgomer starting materlal is the drhydroxy
terminated: (POO) spec:es having a molecular weight in the range of about
100 -10,000. . The especially preferred polyolef in oligomer starting material
is the dihydroxy terminated polybutadiene (PBD) species having a molecular
30 weight in the range of about 1,000 - 3,000. - Copolymers formed using PBD
within the preferred molecular weight range will generally. have a single Tg



and offer the ability to absorb oxygen at tenperatures below the, Ta. Wile
the single T. copolyners are preferred, it wll -be understood by those of
ordinary..skill in the art. that nmultiple- T9 copol ynmers are 7ahiseh 2002 -
applicable as 5 long as the | owest glass transition tenperature is a

t enper at ur e _afoyv, packagi ng use tenperature. The benefit of having a
T. above the g&ﬂ?ﬂ%@gg use tenperature i's to afford contai n®FTHERGHP!

flexibility associated with container riggdity. It is well understood that
container rigidity can also be. controlled by wall thickness allow ng for

flexible fil ms(asantwsprenﬂbyéﬁﬁerpntlébSdawmggmlorjﬁetr’yh osabdumool-yeer%:
One objectlveo S . nv on_ i o _produ s _hayi n

predom nant |y f?ﬁ(ﬁ'@e §§Ef£¥et?t §bs£‘|'é gmﬁggﬁt"%%péggﬁ 80"%1%*! gyh"e
polyolefin oli mrngw Biyuirs arar srafarish i will bebéﬁdérsmd Q}ﬁtﬂt@bf
anbi ent t-enmperatures below their glass transition. tenperatures. I's means

15 that the coPEHigaRyrskilkimthenga tbal quitinie Ta eapolymenst aresalsaiapplicakleras whi ch

oo S"En, 12 FEREL IVRE oiles Blrhd BAIPeRREA W TBRbsPAlEl aflbin B 3"
t enper at ur es, pa&agum@hsateméraﬂme Thedensfil dfl ravingla Th @bové tid packs ni ze
the  many advant a%(; of scave ngers whi ch are solids, including the ability -

to have 20 a HF®PBIPCERIHES P FHFArEhcoRtpinge dasign dlexibility ya§§P°‘?f&d Mol yner
and still ret abant'atn%rfrfﬁl t Itatm&ﬂhnaémdaﬁté‘t Eontdi Hér ﬁ@l’dft%'ctgﬁeétgb%

“anbi ent t enperat ur es- ypi cal storage tenperatures | e range of
about 0 C'  t coollied am viall thmeseraltommglfmﬁembleof imis k0 beppiddaeed dns, t he

anbi ent er from about 0 C . ‘to about 60 C. The 25

copol yner squ f’%ég‘r‘@ﬁﬁ&' r'?aé'i ’é@egsol I ds even over the extended anbi ent .,
tenper at ure-range fOnE ebjettivelofCiHi® imksrilion6id 16 PriueencdpoRInides Hahirg -
I nvention may be E roduced using. any- form of ~ pol ycondensati on processes

i ncl'udi hg direPf® F?WUOB@'VEW%PB%?BW and 2Bt PHIFeRe3GRAYEBIINENEMAURt 8Ked i n
“maki n ol yam e tead of
vaing. Tor” exnhefioieliCoffinier Saments whitn! dre' Gépdlid W1 osciih S0y B B

Formula -1l s eatr@zentWratﬂreabetwaﬁtem:glassﬁaﬂdﬁmﬂtdtﬁparbt@éﬂ2Th¥t\ﬁ1é)éhts15432

PCT/ US98/ 0%?91 qttpé REPbne?t schveiBd 8Rydek as'a 8biid" it IS tid batdiwnind 2

correspondlng
distinguishes the copolymers of this invention from many prior art- oxygen

scavengers which are employed as scavengers above their glass transition
temperatures, i.e., not as solids. Those skilled in the art will recognize the
many advantage of scavengers which are solids, including the ability to have
20 - a film or container which may be made entirely of the copolymer and still
retain its form at ambient temperatures. For this invention, ambient
temperatures-means typical storage temperatures in the range of about 0 °C
to about 30°°C. In order to tolerate hot fill applications, the ambient
temperature range would be from about 0 °C to about 60 °C. The
25 copolymers of this mventlon exist as solids even over the extended amblent
temperature range from about 0 °C to about 60 °C
The copolymers of this invention may be produced using any form of
polycondensatlon processes including direct continuous andlor batch
reaction methods commonly used i m maklng potyamndes The only deviation
30 - inthe process is that instead of using, for example 50 mole % of a Formula l
species and 50 mole % of a Formula 1 species, some of at least one of the



amount of Fornulas | or Il species is wthheld fromthe polynerization.
process. Alternatively, the copol ycondensates can be prepared by taking a
pol yam de .:and. polynerizing it further :with the functionaldpmadkgpoonat ed
5 polyolefin .. -oligomer by heating the conponents to obtain nelt -
honogeni zat i.o_m,bgw& extruder. The extruder heating may be acconplished
under vacuum or - hon-Vacuum condi tions. Those of ordinary ski IPCTU$9¥/889%,y ¢

w | |" recogni ze this formof processing astreactive extrusion. In such
reactive extrusion processes, pol ycondensation occurs and the product is,
in part or ‘10 ispeqies| ef. Farmaupsil ITJ arovbis inchedestgndra corbspdraing andlang -

I i de.” and ' polyalef.in .oli t her t -a,_sl.npl e
ol bl end of RO Eefiued d, 8P R8tbS /8 Ak fidn Pochoimenzeian o
deser.i bed aboverocess. tAkernatbfety,ithd capblyosndnsabds &dh bl répued YyaBkipgsAt es -
of this invention. In direct eol ﬁ_c,ondensati,on processes, substitution of .
the desired '15’°2¥?GE]H?"6 MERENBo Hafurther ewsthn the: fupatiopally f teminated

ol igoner' fog a Lt e ui | URJy i of. th i,fied
condensatioﬁ p%@e@rﬂmrrgh cr)rreprétg r suﬁ‘?éstmlan ﬁ%h%n%@fgggﬁ{;sr gf\)/_ei gﬁﬁaﬂf%@m.
In this case, - themogeaization imaoextruder. f The exirudér heatingmaybe cacoomptistesd n

ol i gofrer can replace_ equival ent nol ar _appunt s_of ong of the pol yam de
nmonomers. In t ﬁ@dgﬁgg%ﬁ“ﬁ %PFV@EPU%MD n%?%?’e?rt@‘%bﬁt'"éﬁe art
functional l'y t evillrettigpikzep®is/fotmiof Prqc&ki’ngcaﬁbabwé extRbSicH. D fuehdeBcthan - be
varied w dely as I.o_ng as the resulting copolynmer exhibits the . desired
end state prop@drHEionNiesesEss seAlyeonsangatiompedirs andrihe product ys,risarted for -
the intend en i . D, ad A v, f ACqQrp tion

| nt 0--packagy ng Ta T, & eOppimeY colpRind e S driAg kit Podial i
copol’ycondensatsegmentsaof theepalyalefm oligomet rather triars & Giragle. melt iblgrb bf the

prosent - hs sodn@ss SERKE trifkedinte.. Rbaive, SsEBE A%, er-absn AROVPOlP

‘period has el apseprefdied RRY bfthakihg the ESYAYENERNS %S A tH@*thﬁ?ion.
significantly dimnished if |eftexposed to oxygen (or air) tor lengthy
periods. 30 Furt helhslieect |polgcondensaliony peocesses, g aubstitytiona ofithe | desited

Fhes Copol yer SHigeiiL of e ScBa S iistolf pRIRER ABAE oL BeBRRRRAB. ", |
a packagi ng. ar @ncquixatent ramaeuidcef wine pbdke hunmodified oforideasation polymer
: monomers results in high molecular weight copolymer. In this case, the
. desired amount of functibnally—tenninated polyolefin oligomer can replace
equivalent molar amounts of one of the 'polyamide monomers. In the case of
20 direct polycondensation‘,_ the amount of functionally terminated polyolefin
; ) B oligomer that absorPs oxygen can .bé varied widely as long as. the resulting
copolymer:-exhibits the desired end state properties such as scavenging
- capacity and clarity féquired for the intended end use. -.-Generally, when
- prepared in-advance.of incorporation into packaging articles, it IS neCéssary
25 to maintain-the oopolycorid_ensates in-an inert_'environme_nt dUring storage.
lr_i most. instances; the c';kygen scav.engihg ability of the copolycondensates
is present.as soon as they are formed: and an oxygen exposure inductidn
period -has elapsed. ' The bo_tential for scavenging -ox_ygen' ma_y be
signiﬁcah_t’ly.diminished if _I.eft_expdéed to oxygen (of 'air') for lengthy periods.
‘30 - Furthermore, Iéngthy exposUre to high temherature in the presence of
ongen can further reduce the oxygen absorption capécity of the copolymers



deconposition and degradation if overly excessive. Premature | oss of
oxygen scavengi ng capacity prior to conversion of the copolyners into a
packagi ng article can be controlled by storing in an inert emwirempeso - or

by 5 addition of suitable stabilizing agents. Wile the copol ycondensates -

of this inventy] ; be made by any suitable process, the
nmet hod of 'mkwl%)gb{ﬁycopol ycondensates of this invention i S%C?hrgé%@ Mve

extrusion as briefly descri bed above and i18 nore detail below and al so
again in the exanples section of this specification.- As 10 part of the
reacti on extrudvhen madedeto aipackaging @nticle andrintroducenthei passiktility. of iaermal

fabrication ste rtlRY ' ' he uder j Lotai.n

under an i ner%&h@?ﬁﬁ@ﬁe%b%r%?@raé%ﬁj?hgpé Oe\e/x?é@é%b'%y g*%?%iplé%éﬁéso?gnket.
The functi onaldxygenrstavengifigpedpagite fprior ab i mversiors of eaicdpolymeroey2d t o
the extruder and, introduyced into the extruder m xing zone. The rate of 15
i ntroduct i on ofP3GEPGING; ATHCIe FAD P%@M“%GJM sfogingdn @ 1Bat LaVEINMENLAT By

sufficient resi aco Ld : am de and cause it to react with
5 ﬁi@:\?&\ &f ﬁ?tab% .I‘-O‘igfag%{ngeaggﬂw ;

the functional term nate fi-n ol i gomer to produce copol ymer by

transesterification.Whilke the ebpelycondemsatesofcthis inventéorr mag beh madedy enybout

Funct onai Ty t SRS bGeREs e HefRBH Tl 4 oond fif cdibivconddivatgs & *°
separate. port tRig ihbéntin i byTeadtive diision' &5 Brieflyddseribed aBové and remore

pol yolefin oligoner is -adjusted to provide the anount of polg_ol efin
ol i goner segnerﬁeéa'hbé@%%ﬁéabP@Q?@'hlfbt@@ examplegisagtion of thiy seacideatiam ihg

o goner s agotiart SEPS KRR BRARn ook bfifer SRRET [TkarlBpiieFpifine, )

\(/vtei' ght oI pr.?dua?ﬁcatilqtmttpppu;ésst;aytktgepowgmﬁieaﬂytf!a extrurc]l_e,r is -mta:]ntained under
ransesterification/transam datiqn i.C €, achi eve -
t ransf or mati on,@% éé'"%lsé}f'a&ﬁs Pfﬁ?@)ﬁbmm HfaY'HgaﬁYaFé?““_’%l‘y%éﬁ"é@‘- The

‘optional ly be RéHily-tefniharRd -gg BISHRT oligdnier’ RN SEpathteRp Rdhvédyed t3We PPM

of the mxture in the extruder. dal t carboxyl ates are the preferred 30
transest erifi cxtnudes aand yistradusad drtgethen edrugpefmixingd zpgecobiie ralet oht e

Somercl o (B STUSHEPS, BhARCERNE T RN Figuar s8Iy b
at ready to usesufficiertTesigence tine/ol meit the palyaideband:cause it to react with the
~ functionally terminated polyolefin oligomer to produce copolymer by
transesterification. The.'préferred'residen'ce time is from about 3 to about 5
minutes at the preferred temperature range of about 260 - 300° C. The
20 functionally terminated polyolefin ofigomer is introduced through a separate
port on the extruder and the rate of introduction of the polyolefin. oligomer is
adjusted to provide the-amount of polyolefin oligomer segments necessary
to achieve ‘the desired oxygen ~scavenging capacity in ‘the
_ copolycondensates. A typical range for polyolefin oligomer segments is
25 from about 0.5 wt % to about 12 wt % of the total weight of product
" copolycondensate. A catalyst -(tranéesteriﬁcationltransamidatiqn) which
| helps achieve the transformation, such as a transitioh metal carboxylate,
niay also optiona'lly be employed in the. extruder in a range of about 10 ; 300
PPM of the.mixture in the extruder. Cdbalt carboxylates are the preferred
.30 transesterification i:atalySts and especially preferred is cobalt octoate since
it causes thé reaction to prboeéd quickly and it is available commercially at



the transesterification reaction was permtted to proceed in the extruder
for about 3-5 mnutes at a tenperature of about 260-3000 C. Under these
conditi-ons, the functionally-term nated pol yolefin - oligoners f4achBoge 5
copolynmer with the polyam de via transesterification. For understanding .- .
purposes, transesterification may be thought .of as a reaction-.-wherehy: the:-,,:;
functional I y-t eVA%R4t84 pol yol efin ol i goner speci es are subst:iRQRSIFHT .0 W
some ‘of the former polyam de nononeric spegjes originally present in the
starting polyam de. Regardless of the mechanism copolyner is fornmed for
singly 1o and nmpéasqriapld tostandratirbady & ssaabssknpativelieidisl Alsi e above.

speci es.. Wien prepared vig a _reactive extrusi on process in which pellets

are formned and'@méﬁaﬁﬁﬁﬁ(%%?cap?n ireaGlos: wa perailpd 1 Preesrd i therrxtruderiior of
noi st ure upt ake L, 9.5 ARt ' OnfThiskh 11 Feyol Arnoneed LYL Ng
prior to fabri ca%ii)c?‘r'\lhign?o pacg%iénge @é%&%@s‘?%‘{q%@ o#bbrmnlé'st Hi’@é’u@te gée

can 15 be acconpicoatiéidngy thet viunstionallpterminatedri palyolefie cadigomeneformst radat e
can be cool ed using a non.agueaous subnersion quench process prj.or tg

chi ppi ng i nt o° pelPBRYyMEL Wit e Salyamide i Arasesifigalons d:ne daerstangiag
process al | ows f%gs&sespfreﬁ@és_aéﬁm_ﬁ@ﬁ MaPbERhSLGH DFRR B Yelctididhede § the
pellets are sealed directly in. noisture proof containers (e.g., ca ss‘. for
storage. 20 The flendtionallyrieyminated palyplefimaligomegspecies @re substituted Jetjsame

o | i ligo ve pubsit .
ext rus on bl ow wSY Y EriBr BRD e RaRERIL 3b08s BEGERM Beaddf IRheRidlifo
melt coating] epolyamidg.i r%eg'ajsdl'esﬂ::f llmimé&ehiﬁnﬂ&ﬁbf@h}(@tké‘odﬂ?ﬁhﬁ@&gm| ets
In a vacuum oven or .| a des) ccant oven I C .S anketed W nitrogen.
25 1 or dor 18 nPREmUBPY SEReftpaBinated Boliglenn Al PMES SB1Cithe copol yrrer

t he ‘copol yner can be Wﬁ@yﬁ@%ﬁfi& Vid% Fé&ti%'éﬂrﬁ@i@ﬁiﬁaﬁ@i Bh pefels taPe

make -t he packagi ng article. I s dependent on the exibility, of the

fabrication procésnesh@ndstheppstoed, yit jsemest slesirable et costroi they pmopnbefsses
copol yrer s 5o ar FOEref SbiEHG' @ne opalirsr et MR ki osaBr chdpo . e
i ncor porated i nipeioa td edtrication irfto |packagindgEticles:OCLnkrdl 6f Migisture20take can
V\099.115432 '; 1; Ib'e: aczc%e'lplished by a two step process. First the eopolymer extrudate can
be cooled using: a non-aqueous submersion quench process prior to
.chipping into pellets as disclosed in US Patent Number §,536,793. This
process allows for the preparation of low moisture peliets. Next the pellets
are sealed directly in moisture proof containers (e.g., cans) for storage.

20 The pellets may be used from storage directly in subsequent melt
T S prdcessing steps commonly 'employe'd in the packaging industry such as

"'ex_tr_usion blow molding. film caSting. sheet extrusion, injection molding, melt
coatingj=et¢ If drying is required, it is desirable to dfy the pellets in a
vacuum oven or in a desiccant oven which is blanketed with nitrogen. '
2.5 ' '~ Inorder to minimize loss of ongen scavenger Utility of the copolymer,
_ the cop'olyme'r can t_)e' proauced &uring the melt fabrication step used td
* make the packaging article. This is dependent on the flexibility of the
| _ .fabrica'tion process and is typically preferred for e'xt}usion type processes
| sueh as fbfm daj sheet extrusion;_ As will be explained Iater,—th'e'copqumers '
30 are relatively safe from blatant oxygen attack once they are incorporated
" into a bottle or film. |
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Addi tives which may al so be present in the copol ycondensates of this

i nvention include heat stabilizers, antioxidants, colorants,
crystalllization nucleating agents, blow ng agents (when foammschessied),
firlers, biodegradation accelerants, branching agentss. chain-extending
agents, 4p ' 5 wi Il be appreciated by those .of ordi rmary: ski.kf..kn
the art, incl us+§§m§$2 such additives yiel ds copol yirers whi-ch PETAISHANF h
the spirit of this invention. The copol ynegg of this invention are also
suited for use in opaque applications such as rigid opaque.crystalline
copol ycondensat e tr apdditives whiehredy afst ibé prdsent inarelcapelcsridens bl iof @ison
nucl eating agents_io,.such Ftsa pEIgoI'ef i.ns. Al so, the copolyners of this

i nventi'on coul d BYeHUeR inGludgsRect. stakiizars.s ptiexidants wRlorants, nervstalizaliner s
woul d be foaned i 7 NShibWirse ! 4 t t r of
t he cont ai ner. .Fg[gcgg{rlrg@egpg)gﬁl?'ca?l?:&g %Pgﬁas?@% hﬁ%p%dﬁ%r?ggﬁsgftﬂéés'of
this invention woindegrrdationcdagelorants; beanchinghagedrits: rettiaimgexterdding agemtspliser s

f this i i dabed,s . w h | yeand i al |
ol yam des. - Hovelsr W AR Wit of apeticialef ey el et FaEY SR i etk dvaigon
certain applicat bﬁmhv\bdﬁiﬁvé@wél@%@omﬁé@rwhi@hf%W&ﬁhﬁtﬁé‘%ggﬁpé’f' rs

of ‘this invention using %I ycondensati on nethods, those skill in the art
wi | | recogni ze t Hentithe dBBotapebinersonl ¢hisdnyentiendare alsedevitedefarause in

ci rcunst ances, b L1 N yrerjzat | p S _O[ by a

conbi nati on of pg’P?@%%ga sa t?'dorfr% sgﬁh %éi#?odﬁ%gﬂ?yﬁgﬁ‘?ﬁ@f [ %‘%R"Yyﬁf’%%i?é?y It
was noted that Rirays viuchwaeuld comtainolowRRaviels Bbcrgstailiddtioneyucteating getits

| east one ol s:fi ni.c .unsat ur atj-on ?i t The, avai | g}iﬂ,lj't of. olefinit '
unsatyrat i on'&j t 84K HSPHEV‘?E%!JF%% %%3@?88%‘9"%98 ISEVENQSHAWT BA USRALP eby
pol yof efi n ol i goFmRikeSERIRRI! strueRire s whRrd the Béﬁﬁlﬁﬁét%t_@éhlb@eqoéﬁﬁgﬁ?!ayle%?e by
an addition polynerization process. Alternatively, .the availability o

ol efi ni ¢ unsat ur 4eNSlY $ENERA ita fuRbehdeguer dee asstiohdhe cantainers Forosatnei on

‘wher eby unsatura - 4 et : L. i nt.Q. pol veondensati on
could )l;e attac'heéﬁg '6‘5%?1?@%§F§‘Err§%§‘£§k%‘%°éy&g\§gé%£§ﬁcﬂ?t‘ﬁﬁﬁﬁ%’%{fﬁ@"rﬂ% iBﬁ.
Mal ei ¢ anhydri deuseftil.adypicatly #w bieadingoot theIdpolyaidrs iof &i jnventsH woalese and
are good exanpl es.pof such i eti,es ich may, be attached to the pol yam de
backbone at (hsat¥ atoz fSi BJeatRIPE: o??pﬁﬁﬁ’")? RRYER!I”Fy 2 eyef 15487
PCT/ US98/ 02991  @#Amiscible blends could be appropriate for certain applications.

While applicants prefer to fabricate the copolymers of this invention
using polycondensation methods, those skilled iri the art Will recognize that
the copolymers could be formed, under certain circumstances, by an

.20 addition polymerization process or by a combination of polycohdensatidn
i l.'j.;) - and addition polymerization. Previouély it was noted that R1 in Formula |
- and/or R2 in Formula Il may contain at' least or{é olefinic unsaturation site.
The a'vailabililty of olefinic unsaturation sites in the polyamide backbone
creates a condition whereby polyolefin oligomer segments could be
25 “incorporated into the polyamide by an addition ‘polymerization process.
Altematively, the avaitability of alefinic unsaturation ‘sites in the polyamide
ba'ckb'ohe' creates a condition whereby unsaturated moieties capable of
_ enterihg into polycon_densétion coulcj be attached to th.e polymer backbo_né
by an addition type reacti_oh. Maleic anhydride and acrylic acid are both
30 olefinically unsaturated and are gobd examples of such moieties which may
be attached to the polyamide backbone at unsaturated sites by addition and

. AMERGEU Sitec!



create pol ycondensation sites at the other end of the nol ecul es. These
recently added pol ycondensation sites could then undergo a condensation
reaction . with species as depicted in Formulas 1V, V, and VI tﬂggmﬁggbfg

pol yol efin ol igomer segnents to the polyani de. Even when Rl an romb5
Formul as |: =an 11 are bot h saturated, another possible route to adding
pol yol efin ol i ¥2gnents is still available. The saturat RFTHHYBIPHe

chain coul d be react ed with an agent, suchpias nal ei ¢ anhydri de, capable of
reacting with the pblyanmide, for exanple at the pol ycondensation sites :
avai |l abl e at: t'hereateispobfconquaﬁbynasﬂaseamr othiet en'dIGfStheSuOiecureeat TRese of 1o

polynmers is.well wn jn the art dof en o'as "num| eation"

Once attached {?PE‘@K 84RO EXF"E‘S‘BP {%rﬁ%’gﬁ'& erge @n@oﬂq‘?@sﬁﬂ‘a’kbone
or at the endSresa‘ctubhewmoIspeéraelesrraéﬁewdem) Foﬁﬂtﬂa@wavhsﬁd TRl $ius Sl de
creates. ol efinical I¥ unsaturated sites which are subject to I ncorporation

of olefin ol i gpAYPETPPligAmEaPEMERts/todne p@luam(dgooﬁmwmnnaandﬁz from
| yol ef
el fneois EoffidRs L8ad e MU bkl el oo el it o

be'wi thin the polgpbﬂnfoltgmmerlsagnmr\tsns sﬁlteavlaaatklegl The satlratod detygm‘dé hi s

di scl osure are. I n rte. era ey are prepare

pol ycondensat i o ? CBH@/\@? %@%‘f}ﬂt afé'F’b %sdﬁ 'ieésa’mypﬁdﬁn%a%b'%ézer al
di ami ne speci esrdseiag Wik Mﬁ@%iﬂ?érﬁfdeorfoﬁ @Rslbie0BP &b Anb RS Si6e Of 2

sui t abl e pol ycondensati on catal yst Such con ations to
pol yami des are availabig pt the: entscof thamplmme memomoiemleae Such tesaiment of no

. d
D ot o t of ncPotBrf Nk b A ot Bid gl 88 ARG 2 s
?ﬁl yd][n des ar etattadwed momeln;?mcbdtm pc{ctﬁmuﬂewmrratmng lhd_llt_fhdckan@Bﬁi?t 4
‘therefore are ol yanmi.des of thjs.invention ese preferre
pol yani des i ncl ‘E‘B %Fﬁ %{ %Wﬂ?'&@l ﬂ“#ﬁﬂ-‘ 1ethes @ttached Jmalgicc a"ﬁ@‘i’ﬂﬁe
‘phthalic acid, ¢raary BRbihicalf hﬁsatu?éié&@”tb?%&\ %gé gub BaPLt fﬁ%l?é?atlo nof . of

di car boxylic aC|d substitut’ed derivatives pr cedlng a
30 the precedi r@eﬁnMGOmWM@mddﬂlpegeeﬂIMeQwelyarmm bavhlygrpolkntefimcl ude

gglogmet hyggﬁSﬂWjﬁéﬁggﬂﬁlcgeél%n?éb%@gebg a"%ﬁ? of Thetsreem% ce aneOusMar ch
' methods are well envisioned by applicants and considered to be’ wrthm the '
scope of this invention. -
~ The- packaglng-polyamides of this disclosure are well known in the
"art. . Generally they are prepared by polycondensation of oné or several
20 diacid ‘species with. one or several diamine species under polycondensation |
_conditions ‘and in the presence of a Suitable polycondensatlon cata!yst
o Such polycondensatrons to form polyamrdes are also well studled and well
- 'known in the art end form no part, per se, of the current invention.. While
most polyamides are ame'nable to the benefit to be realized from this
25 mventlon certain polyamides are more commonly used in the packagmg
B rndustry and-therefore are the preferred polyam:des of this invention. These
preferred polyamides include those having diacid moieties such as adipic
acid, phthalic acid, isophthalic acid, -terephth_alie acid, népr__\thalene
dicarboxylic acid, substituted derivatives ef the preceding ‘and mixturee of
30 the preceding. The diamine moieties of the preferred pelyamides'--include'
‘polymethylene diamines including hexamethylene diamine, - the xylene



di am nes, . nononucl ear. aromati c di am nes such as the benzenfk di am nes
pol ynucl ear aromati c di am nes such as the napht hal ene di am nes,
substituted . derivatives of the preceding and nixtures of t'?‘?\/la%t?m ng.
Those skilled. in the art will recognize that various derivatives of the

above 5 nenti opgdyslésasi ds and di am nes may be used which wll resul t
in formation of the sanme pol yam des under pol ycondensati on C%‘ﬁ}djr'#fygﬁgl .

General ly, the pol yanm de segnents of the @@pol yam des of this invention
will be conprised of segnents of the polyani des which result from
condensation cfiap¥nesa RANONUCIOAE Aremalis d@rranels guelviasethe barizenrediamingsar ed:

by transesteri f‘?&gﬁd&ggrt ré}gﬁé([#dza %}rﬁﬂes ng gt 'tl¥§ "?%‘ﬁ@gﬁ a‘?ﬁdescrl bed

above, the copo ondensat es I nven n are
pel l eti zed and sumhttqbed)cdewativesmb tpeqkegﬁng barid Insigtupds Tof! mé preteding.

referred type agk I oftle wall or filmconstruction: corrprlses
g three't ayglroed 9# %T Iﬁﬁ'{"\,@? reces ﬁ\zﬁtﬂ‘ét !a”%g?ﬁ')’@wﬂé of theypbeye
bottle or packapentierdd Aacids BABNERNINEs Bb%s% rfﬁmﬂf s TRl nr’Fd

packagi ng pol yam de_and may be conprised of recycle am de since it
does not “cont acfP"F%@'bétfkm}e same Wlmlﬂﬂfe qﬁ@@kag@dcomiemaaon danditiamsi de

o e oy s roBherBf A58 polfaad Sellilih of e ATRNTHBESY AR BB T, oo ¢
Iﬁ%e(r]I 30 t20f | ?mmrppniwam‘egrﬂwts:ofahbm%dﬁdl ?s)f.vhtohlr&sulﬂﬁ@ﬁ't t:?rﬁient%ttorﬁ Ehlel
enbodi ment of Figure uire special extrusion equipment, it.is sti
preferred for réeaPBY?n’E%kF %‘é‘i?sﬂ?fg&a@i')esrt creates g sltoructure with a

rel atively fghi ck I amﬁe@fpreﬁét%%sw M@é@t@riﬂ@ mﬁ’gnssa?ﬁltﬂst?oﬁsinsmat hggth\%asm veh-

barrier to oxygen from air I nner ayer In con
packaged nat er i@xtrudgr gs sdesgri lﬁeﬁ)aby&en the capoblicondsnsatés of thussmerytum‘ aresage ./

ol vt s’ o BRI Selizst e R Bk SRS balRioet holld s
"pol yami de with jgmcprpmweyﬂmrcm packayeO RN | B6ttle S Wallt 86 - il CORSHEIoN
scavengi ng copol rs fr with air or oxygen andul;;reserves

t tact
their oxygen s BPAS g%n?? 4@??%38@03'3@%,9&#%\6! Kiguee gxyB@]o
h h f d
passes thrqgg dfhﬁbbﬂﬂ@@rﬂa@kb@@hﬁ@ﬂ@fonh@d% : Oogﬁ)emg%%g%ﬁigfw e

and the unnodi fi ed pol yam des "are of such
CTN89870299 1 Ppackaging polyamide and may be comprised of recycled polyamide since it

does not contact the package cavity or the packaged matenal The inside of |
the bottle or package wall 22 which defines the package cavnty is formed by -
a thinner layer 28 of unmodifi ed packaging polyamlde The middle layer 30
20 is comprised of the copolyamides of this invention. While the embodiment
-of Figure 1 may require special extrusion equipment, it is still preferred for
the, followmg reasons (1) it creates a structure with a relatively thick layer of
exposed polyamlde which serves as a 'good passive barrier to oxygen from
air, (2) the inner layer in contact. wuth the packaged material is also
25 polyamide which has a long history of usage and acceptance for packaging
of consumable. matenals (3) placing the copolyarmdes of this invention
between two Iayers of unmodnﬁed polyamlde with good passwe barrier
-propertles tsolates the oxygen scavengmg copolymers from direct contact
W|th air or oxygen and preserves . thelr oxygen scavengtng ability to be
30 applled only to oxygen whlch passes through the unmodified polyamlde
layers, and (4) the cop_olyamtde and the unmodified polyamides are of such



simlarity that they bond together when co-extruded w thout the need for or
use of a tie layer of adhesive. The preferred three | ayer enbodi nent

descri bed above is nost easily achieved by co-extrusion of qngartiyen2 of
copolymer with the two layers of 5 unnodified polyam de. The -- copal yner
is.so chem cal | yoshadhsar to the unnodified polyam de that the' three l’ayers .
uni formy adhere to oach other and forma monolithic structuf&T (H38%029
cooling. No tie |layer adhesives are requi r:ed. However, in the articles of
manufacture of this invention where recycling is not inportant, additional
non- pol yani de | ayaiariyathabtheyhondrtogether athed capeitmpden withollidisé osedifopoove

barri-er pr'opert|¢§ey%¢€gg@%§e§§g&%sw%lt may be possible to achieve the

preferred t hree | ren y techni ques ot her than co-extrusion

such '-as by coating Whepmférrd thrse Riyer bﬁr@bdfmt%s@ﬁbé@ﬁﬁé@tr@m f%@é‘rgy Any
nmet hod ot her than co eg(;trum on may ‘have di sadvant ages of uct1 dn

scavengi ng- pot en?GHigv bﬂﬁﬂa‘?ﬁ@ﬂ"’f‘@ 2N Byer vhoeeplyamar ‘e!ﬂ'ptt@um @lyetshef
oxygen scavengi Ngnhhodfed aﬁﬂea*ﬂ'\eog P@?%@?nrs qgd cﬁ%h%ﬂ? %W@@ﬁltgym&s by

processing steps. For abrl ation j O ni ng
adhesr ves woul d m&dlﬁg@lrmb,tamlﬂmtr(aibjtbeumm layersrmgorh'ﬂjoebhére tordaeRsothée
"adhesi ve was pola/cggr de base am de atl For production of

films and wraps, adren V‘"r"§ fﬁé‘&’Pr‘f% gﬁp‘dﬁ {3x8e a@heswes are

consi deration yeleqaied! Hewéwer, Pofhe! &siclesnof ﬂ‘t‘éhufafcﬁireféf'tm% inkdntiTRYwheNen be
desirable to use |layers of t he copolynmers of this disclosure 1n .

canj unction wit HeF¥§lds inf net Q}POﬁﬂﬂ r|a91|d$logabhn%ppmaymdmyllawrevrqaw be

| cohol . | | { i |
?hégez copal Bre, BESERAANG hfrol & uBhSeiol ol d BB FoRSHEE BN Sh, | one
are™25 al so avaMIIEmyﬁHpmwheachrbeeaﬁ@@kmea thead ﬁ{@@dlﬁnﬂi’mﬁeﬁﬁ a
concentrate th})’fﬁcﬁaﬁe'o'y m des for filmor bottle manufacture, or be

used as an inn %féF'an SOEXMSIoN $uRFeas byneaating Mitbrselieiens, of or
‘exanpl-e, in paqrem'fagoﬁla%éﬁaﬂats rsw’eonﬂﬂ& ﬁnethad%thép%neéﬁ)-eﬂm%ﬁ ésJ“ :
at | east one

this-invention discloses a |am nar - conposi tion conprising
| ayer of .a packdgﬂvﬁgd'ﬁﬁﬁ‘@ﬂfégesa@fdﬁatfedum obseavenging potentialaby unwaotegdgen

scavengi ng Cﬁpo‘cgéfﬂ%?érdigria%&e}{t%xb&iﬁ@tdf(me o%n testehoind BEfl %0 Qe

99/ 15432 PCT/ US98
_ _ oxygen; and (2) additional processing steps. For fabncatron of bottles,

joining the three layers by adhesives would work against the objective of
recyclabrluty unless the adhesive was polyamide based or polyamide

- compatible. For productron of films and wraps, recyclability is not nearly as

20 importént a consideration yet as it is for bottles. In fact, for films, it may
{._,.._._). o ‘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 : r_ayers. While immediate co-extrusion of these
copolymers may'be the most preferred use for them, other use options are

25 also available.. For example, the copolymers could be blended as .a
concentrate with other pelyamides for film or bottle manufactur’é “or be used

as an inner liner or Iayer in a multi-layer constructron sense, for example, in

_packagmg electronic components.

In a broad embodiment, ‘then this mventron dtscloses a laminar
30  composition compnsang_ at least one layer of a packaging material and at
least one layer of an active oxygén scavenging copolyamide of this invention
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24 wherein said copol yam de conprises predom nantly pol yam de segnents and
an active oxygen scavengi ng anount of polyolefin oligonmer segnents.

Predom nantly, as used above, neans that the copol yam de is atmdrenz¢0250 w
% pol yam de segnents. Typically, the polyolefin oligomer segnents 5 '

conpri se aboutw@oddyss about 12 wt % of the copol yami de, pref ut
2.0 to about 8.0 Wt % and nost preferably about 2.0 to about q{éﬁ@}%/wﬁplof'

the copol yam de. The | ayer of packagl ng @dterial is typicall y' a

therrmplastlc kagi n, | A list of preferred thernoplastic
mat er i al s™may H@" Si'j‘naa'% Rﬁ)ﬁ@m'dmc'e@msw prédprinantly, polyamide (segmesis as of-

April 1, .4997. gHy 4RWRHGS oxjdh §é‘£@n§ﬁi§ ﬂggu foft &l?ollaﬁr‘( %ﬂbbsﬁ@r g@@{rpgﬁtsused

as active oxygen scavengers to con space’ oxy orm of an
i nner coating Ryedominandy, 3s used phows, hoearisdbat ﬁhe ddpedyan‘aqt@is atdeastrs) wt he

| ayer ot "packlhi AgYARGE, familh, ORiAIRS S PoSlent] igunet, Fegments
preferred ase mhﬁmcmmWo hﬁouhﬂzmt%%fﬂﬁe%ﬁb%nﬁdiﬁfﬁéfe?aﬁl doldet

copotyam de were rived. Another preferred |ayer packagi rrat eri al

conpri ses* pol yé&s? & gbodFHamt3p epdimest %@f?tﬂhlhgb@éﬁl &@é@ ébQUt @ 36 of ths e
listed in. USA %op dg 7. ﬁ%g% F%Y'p%@ﬁ'aglﬁi nteA8Y is tg@ %%eﬁ“&gl#&?c of

t he copol yam des I's invention in a m nar con I on
conprising a pqﬂapkaglag matedal. |Asl|slsqfq:refarrley tﬁéhmplaatdmatenntsenapbe%w gas

par 1 cul - beds UoRr ¥ECERCE B7AB0 07 388 raviskdcas GhABH budSHAd

renove headgspadwever ohe, capslydniiays wﬁas HVBALIGE M4y bé es&?se e Bky qiérPX' de
from escapl ng fromthe bottled beer. A polyam de based scavengi-ng Tayer "}

woul d pr ovi dez sgavenaers &0 conswNe hagdrspase axyger duthe fom Qfsarap\eeocoatmd)gnf
Certain appli oo eans"dr BeBS e RicRles) " hesd ABNEons™ i tavee BEBadBRINEES, i ng

‘properties of thatedalcwpald/cemprise anetabioe giddseCiA peeferrbd rlayaradiopackaging
oxi dation cat alg%/st coul d be o tlon%gl dded to th copol ymer during the
product. fabric JigrialqarpRriseppalyqmi egrecially Rreteried %’9 Rfyamides rem t o

aid in thegpt Wih@bb%ﬁu@@@egﬁ\eh& mdwkbtwfw,téimaewHadenvea' dﬁﬁdtﬂé’r

catalyst, if any, remal ning from-formation t'he copol yner he Mar ch
2002 | V\D 99/ 1p4ggrred layer of pacgkaging material comprises polyesters espec:ally the

bottling polyesters such as those listed in USA 21 CFR § 177. 1590, revnsed
~as of April 1, 1997. The use of the copolyamides of this invention in a
faminar construction further comprising a polyester layer is especially
20 attractive when passive gas barrier properties beyond those available, e.g.,
from PET, are needed. In particular, beer bottles must be able not oniy to iy
keep oxygen out and remove head space oxygen, but they must also serve
to keep carbon ledee from escapmg from the bottled beer. -A polyamide
based scavenging layer would prowdes a superior passive bamer to reduce
25  escape of carbon dioxide from beer aver a polyester based scavenger layer.

When desired for certam applucatlons methods are avallable to make

the oxygen scavenglng properttes of these copolymers even more effectwe

For example an -oxidation catalyst could be ophonally added to the
copolymer during the product fabrication stage. This is a separate addition

30 - of catalyst to aid in the uptake of oxygen and is in addition to residual
oxidation catalyst, if any, remaining from formation of the copolymer. The



25 presence of such a catal yst when added and enpl oyed in the range of 10
to 2,000 PPMw th respect to the weight of the copol yner serves to
facilitate the rate of oxygen uptake, often dramatically. The nureh eoged
catal ysts are the nmultivalent transition netal:s such as iron,and enganese.
5 Cobalt is-: esa,%; ﬁ%}/ preferred. The copol ymars of .tNis. |nvént'| on.iay: be
used in conj ure 9 th other oxygen consuming systens. ForPﬁ?Iﬂéﬁt?w?é"bne
enbodi ment fror enhanced oxygen scavengi ngsfor fabricated products of this
i nvention involves the optional inclusion of photo-activators (such as

smal | anounts. presénce Qfeﬂmb;ﬂmtaiyet)when added dnbempiiyed t@[ﬂédléﬁﬁé otlaglgy W th
the copolyners. gin 0?9 u Fabri cated products such as’ bottles, -
contai ni ng the ﬁé)tt? @? mt‘%’ﬁhéﬁwg‘ uthe |V‘éﬁ'S"E)ta§f {ha coplymear seores! terer s
of this disclosaegita®uhd kfe ST BRRA hﬁtakﬁ/ 'o'ft@thr%\-HJtic‘éllye”tTﬁé) &gf)ér%%te t he

photo-active materials toward oxygen upt ake prior ttl e
filling) or shiGRt@iistsHre the multivalent teamsition rmtatsusuch amqur%ndl mhrfdaﬁee@t

enhanced emgOdlmltc'g\aﬁ;?b&éﬁ%ﬁtef%%ﬂet hescaveng| ng materials are deployed

wi thin the package use of. the copolynmers of this

di-scl osure which wo rise t ack material . Normally, these

addi ti onal oxygen S(L:t\? ﬁ?}gqqgnﬁﬁupﬂﬁﬂﬁ ‘%9?@89 ay e Wsed in camjgnetion with

especi al l'y for diRer &9 wvéareum@%st%ﬁﬂs' tF&e exBRf | GHed Wirﬁént for,
substa

el ectronic conponents For consunabl'e oxygen -sensitive nces
addi tional oxyd¥iaosed «PXyigRg AeAvenDings fari !Catﬂdeprdniudtsrah thixf laveraionas is

often. used in I u Addi nal

oxygen scavengeM'eéEe( e%%ﬂ?@@aljfﬁg lbrhoﬁ; Hﬁ’%r%gé?@&‘ 'ﬁ?‘éa éﬁé%l ayer.
FggydentJOdl rhampt;énqﬂe) sn. tma:fabnlqahed ptrhducisldlldngonmh theﬁmllyma@ayqn@er

enpl-eyed is one ch is_an.entire ent emtan

C(r)er yani des of® ﬁ#%urfenveﬂ fgied Pro a/"ipg% sé"ﬁé Poé RafCR@NRDH YR @pHenalt he

copol ymers of tgHoto-a@iecinatetats as Weﬂ%@ﬂh@l‘.@ﬁol?@s?é;?f vmsea@ahsﬁe%d?@ pkor a

"glass or netal - 30 container/can either alone
gl'ass/ net al corﬂ’@Pﬁ@Cﬂ te 6M light géficientrte. actinatel mleephoato{aahve owtertats towardsi ve

and active Oxy%ggﬁ%iaekre pr?c;reto R, %oﬁileEﬁlTna) Migﬁ‘ Bm%gnpgf the fabricated

15 product.

In yet a different enhanced embodiment, additional oxygen
scavenging materials are deployed within the package cavity along with the
use of the copolymers of this disclosure which would comprise the
packaging material. Normally, these additional oxygen scavengers would

20 take the. form of a sachet, especially for non-consumable oxygen sensitive
materials such as electronic components. For consumable oxygen sensiiive
substances, the additional oxygen scavenging materials might take the form .
ofamatasis often used in butcher shops under a cut-of meat or poultry.
Additional oxygen scavenger may also be deployed in the form of a bottle

25 _cap layer. In many embodiments of this technique, the additional oxygen
_scavenger employed is one which is an entirely dlfferent system than the
copolyamldes of this mventlon '

In "yet another enhancec_i embodiment, the copolymers of this

disclosure .are' deployed as an intemal coating for a glass or metal

30 cqntainerlcah either alone or along with known glasslmetal container coating
polymers. In either situation, both passive and active oxygen barriers are

| | AMEMDED SHEET |



WO 59/ 15432 PCT/ US98/ 0299 26 present since the. glass/netal container
itself is a passive oxygen barrier. In eit ier case, the copolyners of
this disclosure are prepared so as to co. uprise a thernpsety Mf&i #5020F
*resin blend, which could be spray coated onto the interior container

wal l's. A spra in could nost easily be 5 mde by blending a small
anount of a c%)kgaell;@lrr%:rﬁsof ‘this invention with a thernpset re?q%%?’\’?éfll
used for coating cans. It may be necessar;esto prepare the copolymer with a
hi gher percentage of pol on efin oligomer segnents than 12 wt % so as to
require only -a prixsentsincerthenglass/metal contalnerylself iDa pradside wixygert barriger dyabl e
resin..The ben | a taI ont | ner |iner conprising an :
active oxygen s g\%né)%e @\et %gé W‘eﬁﬁfo osbl{)e)oerteumeégj 8"”5’1 Mt e
head space: oxygempriseeaupennbsea resin, |ot'ﬁé§iﬂ mend rWﬁi@hecélﬂéfbeSB@r“a? Soataen
froma can of edible product is: much rore appet|2| ng than use of a sachet

or other arti cl@giherntanor ogptaineswalised A SPf@MaUﬁefeﬁHbGG'élﬂ mast easilyabeled by
the -consuners Ag-88% bﬁ%ﬂdi dj Csﬂtaﬁdah?utﬁegfeé g:lpp{)l&lﬁ'tse?&ff fn(/g rgvfétﬁcé’ cle

of bottles. fabrlcat d usi ng the copolyners %Y

i mpor t ant* i nverthemoseigpsirt notfmallyl usedi for| comting . cdfs! t ltemaytﬁeenéeéesacyawd
bottl es shoul d be sui

abl e t h ot helr pol yam de bott]les
P thout the nediopai Y Gpolviar Wil e didhérypSisentegl alpaalelin Glicamer
depol ymeri zat i ogagrferils!ithiin M £ W8Ws %o taﬁeto%ﬁ-beéh@'é RihfS ”émbuntt BE the

fabri cat ed bottles of this-invention shows recy c e requirements

have been net. pgiieeriblended withcthessprayahle sesios Thﬂabepeﬁ!fefra @diassﬂnetab wal | -

ot 1 e B SBCCH. oS B 3RS Myt 8o BRE I b 0B e '

t hi cker 1ayer. aﬁpomh;twtodatssapascﬂieampaw eRgherbe Thie: ueewfl@damimﬁgndie)
and interior surface- (ﬂx?ack or bottle cavity) is def ned by
t he thinner' | ay&Moy§ r(‘ﬁad %?ﬁ?% |3n°%l%§eﬁﬁ“¥€ Pradyal és mueBrmeee i s

~conprised of thg, f,sw DRNhERAYS 6f agsavcﬁeﬂamm é?{ncle*\bﬁuchrlﬁéﬁtbé’%e SRlted-

typical bottle o pproxi matel y one Iter capacity, oxy

scavengi ng cofem te pragiust and dtsnerdedthylteercepstawhts about- 5 % by vvel ght of
the entire 30 bottle. The remaining 95 % of the ‘bottle is unnodified -

pol yami de. - Under t Hfis hasbeen indicatedin savesltingtacas alreadyc ogryiclenof batties

about 12 % poI Yib&datla LsiY e &pdfymers of this disclosure is an important inventive
aspect of this disclosure. Further, the fabricated bottles should be suitable

for recycle with other polyamide bottles without the need for any special
processing such as delamination or depolymerization. A quick review of the
20 materials present in the fabricated bottles of this invention shows how the
recycle requirements have been met. Figure 1 shows a cross section of the
preferred bottle wall construction, In . Figure 1, layers 26 and 28 are
preferably comprised of unmodified packaging polyamide. Exterior surface
24 is. defined by the thicker layer of polyamide (which may already be
25 recycled polyamlde) and mtenor surface 22 (l e., package or bottle cavuty) is
defined by the thmner Iayer 28 of typucally virgin polyamide. Muddle layer 30
is compnsed of the oxygen scavenging copolymers of this invention. For a
typical bottle of approxlmately one half liter capaclty, the oxygen scavengmg
copotymer layer of the bott|e represents about 5 % by weight of the entire
30 bottie. The remalmng 95 % of the bottle is unmodlt' ed polyamlde Under
the heawer Ioadmg condlttons of the copolymer ‘with about 12 % polyolefin

N



WD 99/ 15. 432 PCT/ US98/ 02991 27 ol igoner, the copolyner layer is still 88 %
by wei ght pol yam de/ pol yam.de segnents and is typically 96 % by wei ght.

pol yam de. when 'the nore preferred percentages of polyol ef imusth oeaper
segnrents are enployed. This neans the. final fabricated bottle is at |east .
99. 4 wei ght .pe | yam'de 5.. and typically. 99.8 wei ght percent

pol yam de. It '?@%?;r‘]?‘g?hi gh wei ght percentage of polyan de i FGIfE98/02991
fabricated bottle which renders it suitablag for recycle with other

pol yam de bottles. Prinmary application for the oxygen scavengi ng copol yners
of ‘this di-scl odligagneg the semlwper'éay_e_r ¢astilb88i %ty waight giolyamide/bslyamide

k . ° t . .- N . o . R . . | -. t . t h
G scrosure. A regaortS B s iBichiy (%P B BoBlanil it dne ripors °
Dor habl e 1 0nds ot L ul 2l he . BT e L o ne Bagka ne e b TS T
eri shabl e foods cul.a . able.to he packaging described in this
gi'scl osure woul @egﬁ%}‘@%ﬁna%ﬁflﬂgam és_ghl?ﬁsfagg-ﬂi W%Shgﬁgﬁﬁﬁﬂt,' pelyamidesam
and cheeses,s pramfrtggichip dgo. 8 Uwbigh @&cg,?te%{ygnﬁdépu is THRAL H?sflfd'“&ibﬁt such
d * beef jerky, e ltlens

as hot dogs, cold cuts, chicken an i - single serv such as
pr e- cooked neal Rersprtageof pelyraide in the fabricated bettla which féndersiy suitalila fars

pasta and spag%Egélewgthepaagéﬁﬁat%&gsuch as barbecue sauce, ket chup,
e e S -

must ard and nayonnar se, ver a as fruit "juice, dry foods.such. as
dried fruits, dried -abl es and .20 breakf ast--cereal s, baked goads, such
as bread, .crackers, .%ﬁgwggéﬁlm@ﬁm.if@% the, QXVORN SFAENGING SARRNMEED @ thisch as.
candy, potato cdis¢lesurdwilleefor fatirichliGl int§ paseyingwh Ay fepdaut
butter, peanut "Qutter and. jel.ly co.rlrt)i 'r?at ?or_ls_, mgjsarrgggg%gé%"?gzgﬂ and
seasoni ngs Wi t HIBViguslygresited in saveratinstances n thils distlesures oAl majpousendors and

I backagi ng ey S RAEE Akl otbiths foHiBGRg dpalithabRi RIS ' oo
food, bevérage@ﬂiﬁhéblﬁe'ritﬁm, Ahinoh-limiting clistsof perishaldlep fawaisn partizularly
cope Yo et oS0t i PAYSRHRD 8Bt F i i s e oy g
sensi tive produsrbductsisuch@ahiiayogen, ieé créint ah@\cABbEEY) pAéhated faddsOs e nabl e
to use for packagi,ng of a wide variety of non-food itens 7 March 2002 WO
99/ 15432 pcth/ TRSOHEWS &d; soups, meat products such as hot dogs, cold cuts, chicken and
o beef jerky, single "se:rVG items such as pre-cooked meals and pre-cooked
side dishe‘_s, ethnic offerings such as pasta and'spaghétti sauce, condiments
such as barbecue sauce, ketchup, must'afd"and maybnnaise, beVe_r'ages
such as fruit juice, dry foods such as dried fruits, dried vegetables and
20 breakfast cereals, baked godds__ such as bread, crackers, pastries, cbokies
and muffins, snack foods such as. candy, potato chips and cheese-filled
-snacks, s_piéads:_ such as peanut __butteé-, ‘peanut ..butter and jelly
'combinatic_:'ns,._ jams .and_ jellies, -and season_ings either. dried or fresh.
Generally, 'the, disclosed -copolymé'fs and packagihg. made'.therefrqm can be
25 used to enhance the b,ar_riér p;bpefties in packaging materials intended for -
~any type. of product, whether- it be food, beverages or otherwise, which
degrades..in the présence . of -oxygen. ,'ln',.esser.ice_‘,'.pa'ck'ages nié_de
. comprising the active cop'_olyamides' of _thi'.s.inve_ntiqn': _seh're.-'to lengthen the
shelf life of _oiygen sensitive pr_ocjuds.- The cop'oiyamides,_o'f this-inventiqn

30 are-also amenable to use for packaging of a wide variety of hqn-fobd items



28 since they have the capacity to. scavenge oxygen in either the presence
or absence of water or noisture. SERIES NO. 1 EXAMPLES COPOLYAM DE
PREPARATI ON AND PROPERTI ES 5 The copol yners referenced i n Tabineschlecoed 2,
untess otherw se indicated, were prepared in the manner as herein
described. The preparations were nade in a Wrner and Pfl ei.derer .ZSK-30
co-rotating twiwoo%tmesa extruder with fully intermeshing SCT evsceesk 8o f
45:1..length to screw dianeter. The ZSK—T% extruder was al so equi pped. with -
a KTRO\I |l oss-in | o weight pellet feeder 3 anor phous pol yani des used were"

o e Lt o E A, oS A T

pol ypht hal am de atsepcé of watenbombistitre. nol e % t'erepht hal i ¢ and about 60 nole
% i sophthalic diacid derivative noieties and 100 nole % 15 hexanet hyl ene

diam ne (HVDA) as the dianine 'noi SERIES N4 EXAMMLES a pol ypht hal am de

conprising about 30 nole %¢terephthalic and about nol e % i sophthalic

di aci d-derivative noi et |@gpgu¢Angnph h(f?; e noiety.
§uced to tﬁe fee sec‘f‘@sn

The dried polyam de -pellets were intro 1on of the 20

e e ot oy o e ot E SO LU, o 2 ke bAROS", |
a .viscous flui dndieated| werdepreparedgien tiasmanaesuas herein dusetibéd. Warhe
R C RN S S S
PBD di ol of abO%‘brét?%QtrﬁGErQﬂtH ﬁrl,{méemsrﬁﬁegéﬂmvwﬂ.ﬁga%&f ;Pég%qﬁh Eégwt e

Attocher’r) The polyam de e was set  at .8'I'b
was: del i vered adiametere T@ﬁ E'B@-@O extreder washal§o iequinnesk thlm aoKTRON toss-in-

copol v de saheyi e i Jocl,*PoLYARIRERORFRRE R db0s0
minut es and the AMODGL@ 804 0poOTAVFEL® ' 380eresivRPleliets atfichisverd RS driddf |t

E0 SEE! overnight at 125 °C in a desnccant oven. AMODEL® 2010 is a

poiyphthalamtde comprising about 40 mole % terephthalic and about 60

mole % isophthalic diacid derivative moieties and 100 mole %

15 ~ hexamethylene diamine (HMDA) as the diamine moiety. ZYTEL® 330 is a

~ polyphthalamide comprising about 30 mole % terephthalic and about 70

" mole % isophthalic diacid derivative moieties and 100 mole % (HMDA) as

the diamine rhoiety. a

| The dried polyamidé pellets were- introducea to the feed section of t_h'e
7 20 extruder via the loss-in-weight pellet feeder under a blanket of nitrogen gas.
' ' The hydroxy terminated polybutadiene (PBD) oligomer was maintained in a
viscous fluid vessel undef nitrogen gas préssure from which it was
separétely.conyeyed via a poéitive displaéement pump to the polyamide
melt through an injection port on the extruder. The 'o[igomer used was a
25 PBD diol of about 1230 molecular welghg (52/81.M available from Elf
‘Attochem). The polyamide feed rate was se“—tlét‘m‘ 8 Ib./nf)while the PBD
was delivered at a rate oﬁﬁfé 062 Ib./nfin order to obtain a copolyamlde
havmg about 96 wt % polyamide segments and about 4 wt % PBD
-segments The extrusion resxdence time was in the range of about 3-4

30 minutes and the temperature profile for the reactive extrusion was

AMENRED SHEET




7 March 2002 WO 99/1543.2 PCT/ US98/ 02991 29 nmaintained in the range of
280-300 C.. Volatiles ::generated fromthe reaction: were renoved via
vacuum punp. The copol yner extrudate was thermally quenched 7anareh Segmlvi k
netal belt and pelletized. The finished pellets were packaged in noisture
and gas resi.st numfoil bags. To 5 keep the copol yner_f{ from
oxygen cont amﬁg%?/i)l}n‘!‘L the entire extrusion |ine process mas.PcHrﬂgsﬁ?(@P%d
wi-th nitrogen gas including pre-flushing @b the storage bags: It is to be
noted that the copolyanides for this run were .prepared in the absence of a
transesterifi camam’tatmdainythe range of 22807360 °Cran\3’oiatllas ‘generiated from the
transesterification catalyst y .al so be enpl oyed in the 10 der. -
ature n t he PeAteRyete BiovBR i yaBuiR P Bk cPrbUmel PR Fos ¢ e
extruder nixtur therhagly b&aﬁﬂie&on@(SaHdwlk)ﬁnétaBbéﬁ gndepélictizeds Tl finished!
above were eval uat ed for ox % gen absorpti-on, thernal glro perties |nherent

‘viscosities, nﬁP%ﬁl“rﬁre\Ré ddPé‘EQ'F‘H[R anghgas resistant eluminym foil bagss Taing
dynam.c 15 ngc hﬁgeﬁ ch & gﬁ??éﬂ colSmirfatioh! tH%%rﬂﬁ‘e @xitlsion line

summarized in T rreo t ets were treat W th osmum
t et roxi de whi chpmmsswasrlt;lankdted pmttymtrtedgem gk gimchuding pr)ﬂuseglgent ghén the

Chin Yoot ons obchramaes: o 1b B8, BpGacel Wis chpBaRIgR I iR sl "

di anmet er segrrenbsepare@trerme 2Bsériteaos iz ansarteriicadon edalyst. 150phibnalipea
results are consistent with:- formation of.. reacted. copol.yesterpol yam de

entities in thetréﬁﬁ'ﬁ'ﬁﬂéFetBIeé"éG§85te('fi‘)a“9ﬂe¢ﬁth% may; Alser kA teroplovediin |tﬁ%) f or
extruded T €54 NS i farn Ao 1B ﬁg“e%f ABolP56IA0Y PPM Wit ? t&fthe

sllghtly depressed copo |l ass transitions terrper tures), and
al so: becauwrg)ﬂoPtHéektmdetenxturtegrrent 25 sizing. In Table 1, Resin
117- ZB vvas prepared using a 50-50 wt %p. bl end of 117-1A and 117-2. Tig) -
was det ermnm ned by di ﬂ'herrreat:iw.d eattmsnonn@srnsl prépaced yas imdicated, abeteeweraed by
C and.

"t he net hod of ASTM 85 TCE 'sol vent  and
Given i nountt s Gvaliaed for; Xyl \AHSoRIon, Jaeriial mBhewEeg thesd, HsfiRliss
chromat ogr aphy  (ibrdddias3 Shsight) ddisibitibids) 0 hiedHanitel Speéisurtied) > eptawas and
hexaf | uor oi sopropanol with sodiumtriacitate buffer as
15 mechanical propertles Some of the resulting data are summarized in Table
' 1. Some of the pellets were treated with osmium tetroxide which stains only _
‘the polyolefin oligomer (POO) segments in the copolymers. ‘Transmission
Electron Micrographs of osmium tetroxide stained thin sections of produot
pellets were also obtained which showed POO diameter segments clustered
~20 in a size range under about 15 NM. The results are consistent with

. formatlon of: reacted copolyesterpolyamrde entrtles in the extruder because

AN

.~ (1) the IV's. (anherent viscosities) for extruded resms were hlgher than
'startlng materials, (2) because of slightly depressed copolymer Tg's (glass
- transitions temperatures). and also (3) because of POO diameter segment
25_ suzrng U . _ '
| In Table 1 Resm 11728 was prepared usrng a 50-50 wt % btend of
. 117-1A and 117-2 T(,, was determmed by drfferentlal scannmg calorimetry.
IV was determined by the method of ASTM 02857 in: phenol-TCE soivent
S and at 25 °Candis glven m unlts of dt/g M and Mw were determined by gel
30 permeatron chromatography (ASTM 03593 and ASTM D4001) usmg Shodex
A-BOMS columns and hexaﬂuorousopropanol with sodlum tnacntate buffer as



J 7 March 2002 30 solvent. Izod inpact strength was determned by the

met hod of ASTM D- 256 and is given in units of (ft-1b./inch of notch. Table
1 RESIN 8 RUN | DS AMOOELM MODEM AMOCELI S MELD MELD NEAT 4W YR84cH2Mo4°8. D
NEAT 4W%°BD PROPERTYU 10 S 117.1A 108117- 2 100117-28 100119-1. I'b. 4.
119-2 glass transition 107.7 121.2 i 18 122 tenperate (Ta ), Cintrinsic
visecsity (1V) 0.85 1”04 0.72 0.78 nol ecul ar w. 17.8 20.9 159 17.3"
(M) (xlo)) nol ecul ar wt, 59.3 91.1 42.2.50.8 (M) (x1 0'')) 3.33 4.36
2.66 2.94 "tzod inpact strength 0.4-146 0.4.1s 0.O0s) .3 0.0 9} (2AM
(L.~t 4.3 a.?9 55Ugnt VAN mpP @Mﬁm etEmineS R B8 heffibd of ST BF  he
Series 1 prepar - upt ake by pl aci ng 25g of
pellets into 508’25#9@ Yﬁ'?gﬁgﬁ%qw P -&ﬁnﬁ%&@ﬂﬁ ing septa. The sanples
were stored at 60 Cin an oven, and the o.rbg - content of the jars was
moni tored on a Mocon HS750 oxygen anal yze ?/ 10 vmthdrawal of "2 cc of
gaseous aliquots at [ -
Tabl e 2 and depi ct e(ﬁgraél +@§I 'y
2-and also in.Table 3 are preced%ﬁﬁwby
was an internal coRff¥PER™hunber| '§6Y7-thfe

5E £ shown in
VO® e Toes] “ub&E® {n Fig.
Jons A enic i BRI P B

B B]-2dt ICAH®28 $héit-tbe ipgmored in

interpreting the f[esults.tratshionl[S @ABI ]y @l.5CErned 17 QM 1 {a LITFSE gt &
t hat . the copol yani i&g=sf«} Wi s [i nventijon have |substanti al oxygen scayenging..
capacity. Thus a friaynFvsedsiyeot i[veoes (i st.anvgnit on nas meen [acthkeved.in =
that active oxygelTmSkawagl Ny [CARACT )y TRy Ugerr addeytoss 73
' B FCYSTTL) ' , - _ :
- . molecular wt, _ §8.3 9.1 42.2 50.8
) | | maeao?y - |
' MM, 333 - 43 ' 265 25
Eompactsenan | GT3% I &N 1 &933 1833
5 COPOLYAMIDE OXYGEN SCAVENGING - SERIES 1

The resins of the .'Serie-s 1 prepafatib_ns ‘were evaluated for oxygen
uptake by placing 25g of pellets into 500 mi Ball ja'rs equipped with sampling
septa. The samples were stored at 60 °C in an oven, and the oxygen
content of the jars was monitored on a Mocon HS750 oxygen analyzer by

- 10  withdrawal of 2 cc of gaseous aliquots at periodic intervals. The data
obtained are shown in Table 2 and dep_ic_ted graphically in Fig. 2. The resin

D numbers in Fig. 2 and also in Table 3 are preceded by the character

- sequence “19440"which was an @n,fe‘rnal .control number for the pn;c}ject and
should be ignored in interpreting the resuits. It is easily discerned .from

15 these data that_the copolyamides of this invention 'have substantial oxygen
scavenging capacity, Thus a major-objeétive of this invéntibn has been '
achaeved in that active oxygen scavenging capacity has been added to a
polyamlde based material, whlch mherently already. has superlor passive
oxygen barrier properties as compared to similar polyester constructions.

20 The numerical values in Rows 2-7 and Columns 2-6 of Table 2 list the
percent oxygen remaining in the air sample trapped in the 500 mi Ball jars.
along with the 25g resin sample. Resin ID # 120-1 is an oxygen scave_nglng

AMENRED SHEET



pol yam de based material, which inherently already. has superior .passive
oxygen barrier properties as conpared to simlar polyester constructions.
20 The-nunerical values in Rows 2-7 and Colums 2-6 of Tabl e 7audrtisbodhe
pefcent oxygen remaining in the air sanple trapped in-the 600-m Ball jars.
along with the JRf¢i8%;n sanple. Resin ID # 120-1 is d@n oxygen scavengi ng
AVENDED SHEET 7 March 2002 WO 99/15432 ...FCT/ US98/ 02991 31 -k@i§ysotyot
di sclosed in US Patent Application No, 08/ 7117 370 and. is included for
conpari son purposes.. a%cr] W|th control sarrpl es.of unnodified Anodel (r) _
Table 2 RESIN & REAN tlmEL(JWWZWELaAdRETncMWfo% WI

%80 NEAT 4 WI "% 0_01 1 111117.2 10#119.1
ID al 119.2 1001o§§§%a4 xgo"@égg% Q%QWNE%@OS@"SSZ‘Q “ﬂﬂ}f%e Asipdel®0. 5 -
19.3 "5 20.8 20.3 20.7 - 18.5 16.7 7:20.8 20.1 20.6 17.5 15.5 14 20.7 .
19..1 20.5 15.2 12.7 2120517420313§bé928205 16.3 20.3 12.5
9.8 5 and Zytel (r). It should be errphaS|zeJ at the tests rimin Table2

were nmade in the absesicerios PRRSTELS
pronoter/catalyst for the reacti Qg {1l w‘F‘Q?

copolyner. "In pramé&%wé&féﬁ%&!ﬂ?@l '6657

A

cer"ZW'Ef‘#A

t f by §
o |2@F\8erlt ﬁgen eyﬂb\?@ lly 1o
PRI'EN (eSpEER | PERY Wei ght

deployed in the prgsence o _ (W
of the copolymer) idf . transitioh néfal caked yst. ¥R tfanid | op nmal
catalyst i's typicgdly added tp tde CPpORIETET| AURIEY | abrdaty omhgat—the
packagi ng article.[sCobDalt 1S [ TogpT el eT st ct-adyst— S = erred
I s. cobalt added imtire—Formpi—£pba *N@i:-bex.yia.t.e,_#nd veryl especiglly
preferred is cobalft—octoate. 15 S LER " 2 IEXARBLES 'CejiG_YAM*BE; >
PREPARATI ON.AND P PERTIES 207 X 035 152 127

_ 21 ) 205 17.4 203 136 10.9

. [ - 205 163 203 125 9.8

and Zytel®. It should be emphasized that the tests run in Table 2 were
made in the absence of cobait or other transntlon metal(s) as
promoterlcatalyst for the reaction with and uptake of oxygen by the
copolymer In practice, the copolyamides of this invention are typ:cally
10 deployed in the presence of about 10-2, 000 PPM (with respect to the weight
of the copolymer) of transition metal catalyst. The transxtlon metal catalyst is
typically added to the eopolymer during fabrication of the packaging article.
Cobalt is the preferied'catalyst, especially preferred is cobait added in the
) - - form of cob.e'lt carboxylate, and very esbecially preferred is cobalt octoate.

15 o SERIES NO. 2 EXAMPLES
COPOLYAMIDE PREPARATION AND PROPERTIES

A second series of copolymer_preparatione were made using MXD-6 |
as the polyamide in the éxtrude"r and therefore as the source of polyamide
segments in the copolyamide. MXD-6 is poly(m-xyleneadlpamude) and has
20  been previously described in this application. The preparatuon for Senes 2
was the same as for Series 1 through the extrusaon except that MXD-G was .
used mstead of Amodel® or Zytel®. The MXD-6 copolymer of Senes 2 was

m_slo any vsion Dies, Inc. (€DV)
extruded throug an ED! 6 inch slot dxe onto a two roll cooling stack and




A second series of copolynmer preparations were made using MXD-6 as the

pol yam de in the extruder and therefore as the source of polyam de

segnents in the copolyam de. MXD-6 i s poly(mxyl eneadi pam de)y pasieh paop 20.
been previously described in this application. The preparation for Series 2
was the sane asw&%,dé ies 1 through the extrusion except that-MXD-6-was
used i nstead of ?{r) or Zytel (r). The MXD-6 copol yner of ‘PSEUSREC299 s
a. d +-. slof~ ++~nv v~ b union Dies Inc. @D 1) extruded throng an DI 6
inc.sat ‘die onto a two ro cooling stack and AMEN D Si. . 7 March 2002 WO -
99/ 15432 ?CT n898mﬁn98.=,coseredt Berfilme onvar eahstart ﬁ‘enlsmmmme?onmﬁtreb@\v&iyon '

w nder. After reg e Lhe seal abl'e foil. bags.
The bags were pu?ﬂé e%i‘ﬁﬁ ﬁ*ﬁd@gﬁa‘ﬁ%la}ﬁﬁ% %P?%Wef%éﬂ'gﬁétvé@ N
' screw speed, exmtrugeﬁ gdsSTHPEr 86416€S, PERAHERCIRY vaegurgcre%vw;’?ge '%?& §ef | MES

wer e adj ust ed. 5 provide for. .stable extrusion o copo yam de
film Table 3 shtamper@tﬁeesmqgmrof presyumss afalt eesmrwestlmecwérter adiattedSey i es

Sopol ymer o GV for Sible it b RO SBANPAR IS i) HARYE sl S, -
al | pressures 44m)extrﬁdét\/ﬂtbnessald‘até$aafe% used forbdth SEriEs0! af Sériks @ resins.
Toress, r'e 30A- S eV— YAM DE _OXYGEN SCAVENG NG - SERIES 2 10

The, . resins of t ?(beg)l]f‘ é’?éﬂé?'&ﬂ?'@ﬁéﬂ‘%%#é\szma’ﬂ@éoﬁ@ivfﬂék&@@ﬁe wifit ake -

by* pl | 0 | o
by placing only g% &ieggﬁfi gé aﬁaagr% 1B3#188-1P5! TRLE 51 b ;&me 9,

WJOINER B g -
stored at 60 C i'n an oveg '@@E%W’@g? &éﬁ%é@ @O\Aﬁz T\Eﬂ/?ﬁ# ed'

on aMbcon HS750 oxygen ana yzer

Sl ik B B i 0 b,
Fig. 2it can b@tﬁl@@bytd@cnndoﬁ@ 10g omﬁpd:mdief DBg fof lpd1éterdd inSsetrar iy a
effective as 25g ogéam de in pel form for oxygen uptake. There :
“are several conpi |59§ Pl Brléf%ﬂ‘&ﬂpﬁ’ﬁa%thdﬁﬁ@éﬁﬂgséﬁptﬂ| sihessamplescuete  The

Scavenger as comait e Aktin A aRd Mle bidfbenoriei of ﬁ%ﬁf%@éé’mpﬁ%eq er

paSSI ve oxygen bef @ dfagon HS750 oxygen analyzer by wuthdrawal of 2 cc of gaseous

' .15" aliquots at periodic intervals. The data obtained are also depicted
graphically in Fig. 2 along with the data of the Series 1 resins. From Fig. 2 it
can be seen that 10g of copalyamide in film form is nearly as effective as
'259_of cdpolyamide in pellet form for oxygen uptake. There are several
competing factors which make direct comparisons difficult. The film samples.

20 allow greater access of the oxygen present to the scavenger as compared to

~—

the pellet samples. Also, polyamides are better passive oxygen barriers
than polyamides making it more difficult for the oxygen to reach the
scavenging moiety in a copolyamide than in a copolyester. In practice, the
copolyamide films are also typically deployed in the presence of about 10-

25 2,000 PPM (with respect to the weight of the copolymer) of transition metal
catalyst. The transition metal catalyst is typically added to the copolymer
during fabrication of the packaging article. As above, cobalt is the preferred
catalyst, especially preferred is cobalt added in the form of cobait
carboxylate, and very especially preferred is cobalt octoate
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exanpl es dat a,
oxygen scavengi ng capacity which serves

ddoH~YYyYyYYYy
W&b&’bg?ﬁmsz PCT/ US98/ 02991 34 As. can. be seeprﬁT/'f§98/m9?he
t he copol yam des of this 44vention have substantial active -
to enhance their already superior

pa55| ve oxygen ' bar rAercaprb@seBnefeomsth\. ex«.mples data, the copolyamides of this

10

. invention have substarmal active oxygen sca\tengmg capacity which serves

to enhance their already supenor passwe bxygen barrier propertses as

- compared to polyester. The copolyrners disclosed herein are most

advantageously deployed as alayerin a multl-layer packaging construction,

| parﬂcu_l_arly when an additional .p_assuve oxygan barrier layer is present to

shield the active oxygen scavenging copolymers of this .invention from
blatant oxygen attack (from oxygen in air) and also when an additional

'adjaéent layer is chemibally similar to the copolyamides. Those skilled in

the art, However, will apprecnate that vanatmns on this basic form of
depioyment are possuble and should be consndered to be within the scope of
this invention.
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conpared to polyester. The copol ymers disclosed-. herein are nost 5

advant ageousl y deployed as a layer in a multi-layer packagi ng construction,
particularly when an additional passive oxygen barrier |ayer 7 akhe8@nt to ..
shi‘el d the active oxygen scavengi ng copol ymers of this invention from. :
bl at ant oxygen attack (fromoxygen in-air) and also when an addi tirpnRal,:

adj acent | ayer WOASM2cally sinilar to the copol yam des. Thosecwisdalasd i n
70 the art, however, will appreciate that %’rlauons on this basic form of
depl oynent are possi ble and shoul d ‘be considered to be within the scope of -
this invention. ' . 7 March 2002 WD 99/ IQ%QQDLHUS na--991 35 CLAIMS W
claim 1. An l1nprevo4 -oxygen barrier |am nar conposition conprising a

Iayer of packagi wemmrl al and a | ayer of active oxygen scavengi ng 5
copol yam de conprising predom nantly polyam de segnents and an active

oxygen scavengi ng anoynt fhﬁggl‘é@ g and wherein

sai d- copol yam de exi s?s QQ a so |dbg%¢e(r)hwglg¢r%?g assa?tgaﬁé%[uf%c?@ﬁﬂé'f‘at%re

and the copol yalﬁ)@e ofs pedfmu'hga méteﬂah\aadgan@yexy@eacﬁ\m |o§<§g§rplgcg\,§,qg?}ﬁ§: at
10

O#Rb icn te te +c~ -

| ani nar corrprrg %gﬂg'g?md ﬂr'mPé?qPT‘H%”tHaE?'é{ng sﬁiﬂ‘%’?tﬁaﬁnq gn @ctlve
thernopl astic reg 3 ing2dm W
packaging nmateri :Yg e|ns ?%?Pyest eraa'?tegf)ﬁa%lb}-h %'gehegéayrgmgéhﬁom ﬁFeErf
Clai m 1 wherein R sapokamidyexists asa selidbelow its ghass,taan sitéan Emp%ui'eammar

conposi tion of rrents n .t he copol yan d
are der![ved f;o%ﬁ]%gﬂbﬁﬁﬁ ?éyfﬁgg%'% ﬁ%@ézw ;ﬁgzgggg?éﬁph‘g ?ate at
conp05| i'on of Chaeibier] tevhperatures,he e no [ gment s
conptiyse from 0.5 to A" a# 12 wt % of . the copolyner. 7. The | am nar

conpoSition o6 Caime. \Aﬂ'heelamméle cbﬁipb@itl@ﬁléf Claim 1 wherein the packagmg
material is a thermoplastlc resin.

.3. The lammar composmon of Claim 1 wherein the packaglng
. material is a polyester resin.

4. The laminar composmon of Claim 1 wherem the packaging
15  material is a polyamide.

5. The laminar composition of Claim 4 wherein the polyamide .
segments in the copolyamide are derived from the polyamide packagihg
material

’\ 6. The laminar composition of Claim 1 wherein ‘the polyolefin
20 ohgomer segments compnse from nbeuf 0.5 to &beef 12 wt % of the
copolymer.

7. The laminar composition of Claim 1 wherein the polyoleﬁh
oligomer is _s'el_ected from the group .consisting of pélypfopylene, poly(d4-
methyl)1-pentene, polybutadiene and mixtures thereof.

25 8. The' Iaminaf composition of Claim 1 wherein the p_olyoiefin
' oligomer has a molecular weight in the range of Abewl 1000-3000.

9. A packaging article conipri’sing a package wall comprising the

laminar composition of Claim 1 disposed within the package wall.

vh. LTV r - ‘““—""‘



oligonmer is selected fromthe group .. consisting of polypropylene, poly(4-
nmet hyl ) 1- pent ene, pol ybut adi ene and m xtures thereof. 25 8. The | am nar
conposition of Claim1l wherein the polyolefin oligomer has & \abesedar
weitght in the range of Aba#4 1000-3000. 9. A packaging article conprising a
package wal | . ing the |aminar conposition of Claim1 disposed:
withi'n the pack 13F JIIVIL.ili.d ~ Vii: 7 March 2002° WEQQsens2
i CT/us9 /02' 91 38 10. A method of extendigy the useful shelf life of an
oxygen. sensitive. substance which conprises packagi ng said oxygen sensitive

substance .in a suitalide Apmelrel dfdxedridi memllsﬁbnmfeafaé\ﬁk@%ﬁ S&Rkliv
corrprl sing the | g%nar mm tion of aim1 di sposed wt the pacﬁage

wal | .- 5 11. An oRYgeance ?Wr&amkegtaa sgishpryigenragneitive substapce jraai de

conpri sing pr edogRame t X

scavengi ng amount of g&yﬁ?é ?‘? ﬂ‘Felgo gg%kgaar\f%ﬁ c'((%fprga g&ﬁﬂ@"’ﬂ%n
met al cat al yst pcewnsmonOfﬁéalmhglsposedﬁ\bmhinlﬁe packageribii th respect to
the weight: of the copol yam de; and wherein the copol yam de i s 10 capabl e

of. 'scavengi ngs oxygen it t heArsobiybent adcavahgingbi MpdsRITRET Edns 1@
ta

oxygen scavengi ng? ng‘%sd?hl on Qf Claim 11l wherein the tran5| t I on
catal yst is coba polx EOBRISIRS, %w@ﬁaﬂ%P@Uﬁmﬁﬁ ﬁegmerais QMdaamattve

scavengi ng. compoc 135 SSiveiding Bt dr, BELERIR oldoriéh sedénd ¥ de) a
mat eri al.s whi ch, transiton smetal catalyst peesenhtin dme bange MIMWO-ZSJGOVEPMQVIth
enhance the oxyge&pse%f'i Y %lg%{ of Tlheecgp%] %%{g and ‘wherein the copolyamlde is

. \) 10 ' capable of scavenglng oxygen in the solid state at ambrent temperatures

12. The oxygen scavenging composmon of Claim 11 whereln the
transutron metal catalyst is cabalt.

13 The oxygen scavengmg composmon of Clalm 12 wherem the
source of cobalt is cobalt octoate.

15 14.. The oxygen scavenging composition of Claim 11 further
comprising photo-active materials which, after suﬁ' cnent activation by
radnatlon serve to enhance the oxygen scavengmg of the copolyamndes
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