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WO 2009/ 130200PCT/ EP2009/ 054710 1 OXYGEN BARRI ER

woShdvHSRbLd | ON The present invention rel ap@Frpr009/054716

generally to the field of oxygen. barrier polynmers,

and nore particularly to the blends of polyolefins

and oxygen barrier polynmers for use in food 5

packagi ng. It is well known that limting the

exposure of oxygemeErEN HARRIBRICIAPOSITIONXYgen

mai nt ai ns and enhances the quality and shelf-life of

the product. For instance, by limting the oxygen
r@sel@tfzn%ldﬁ& fe?d% oBhPHHAD thel ﬁk]@oﬂlﬁ?&%@aﬁ&r §M§l§1€t§n and

the qual ity of ood Product I s mal nt ai ned

foropRrSqyAy dey @eub§@w@ pobiglciing angornygerdiprriay @nlym@lfgrgmﬁ én food
seeps 10 the product in inventory |onger,
PRIt
eT eby reducing costs incurred fromwaste and :

resit mmgpwmhay bmehgmlse expesund efaixyganssensitivg poedekia &t erygen
mgahgrBsLa%l grrﬂ}alnges tﬁe glgagd glﬁa 1? ig%? Elgé?odg&oﬁor“%ﬁ%ta ce, bX limiting
thamy@gleng)son'e of emnhszaste;mdtfctsrm eyprdeping ejrmm |thﬁe;uahty of the food

.beca

o e o Yoot T Rge R VOISR, iacisp SoE e blsSkeeps

tHeeddag in gweiatﬁry\/lbi]@h thostgasdichgions lmﬁlrédyﬁ'cﬂﬁ exdanieitestocking.

R ML AT R —

égﬂ 1&%[‘?[:)&3&{& tRdiCusk OIS @m%rmg ol@htaiRFsSor oxygen-
| es of  such oxygen bat her yners include.

SeBpiHyS w@eh@mwyls apft Q5K Ibeganseihyir amg% BaYgh RiPRFEics pigynsufficient.
Ty Rb.Gakd yarhé} fﬂﬁg}ﬁa&iginﬁ% AR LANS phARMIE ﬁtrévﬁitédrf?d'm |

formone | ayer tilayer ackage or ey can

_ elﬁe“mgltbﬁrmlﬂagma MVHPIIRINGis ﬁw@ma@nm'gl lnéheeﬁwdapaokmng indushy-
' Slﬂ:ﬂl ?%e%fﬂafheré ﬁ‘%ﬁovﬁ'l a%‘ﬁaé%ﬂ%vﬂ%rrfe?s EL: dsl%s} Eﬁ Qéh%aﬁ/%r

er 1n a barrier ayer SucC
pcumﬁr@ 8h@s Sthiylene-viny] lcghel @Wmmlmldgs{&ﬁ) Typicaliy in

o ERFEIRIE 08 SR GO D Al BB, oy on

becldempled with enstherguatiaiging mepiaiapsich ask delfolnbn. thois elsp bmivtngto biend

Rt T g L

pol i anisdmoan acagpasicosposites] mﬁsﬂﬁﬁﬁygmmﬂm distlesed for

ar e, po i ons cont ai N nan
Bl Moo G788 RSk PR S5t SRR ABRERRED
naeww&xtmaivémmw(;amgme bid bl discioted. NeUS 7R70962,6d Bend of 2
i%i gglch is t he nanometre ragg The pode of
polyolsTiping e PelvapidseReromRAE iF fisslese NegeompRpsiigserg polymer

coﬁ:?fabﬁﬁ&ﬁ;' c)énitﬁlrﬂﬁr RABEHS ($otletihel EAlleld Rairildss] tv;hléhQ:hffer from
hi ckness). The startlng clay materials are | ayered

cog'rqnuew filgrs swhe?ﬁ 3l egheippaticly sizey veighos yiniBe napgmelrg range. The
t I
m@:fe of "actfol?lgﬂqcég b(a)&réggﬁgﬁﬂﬁfs i& Hﬁ’eeﬂ)??fé&{ %:t‘f'r{e%%fy%ﬁ’ggl R B85 (ratio of
Wid@l to Hickaessh The stacting claytasérials 4t layereil gmstirese whemiseorporated in
ﬂo@%ge? xﬁa%w %h&%@é} bdlefil & gﬁneéilckﬁn&l‘lh%‘f\&k€ oSl
apout "mmwhi ch are sperse pol ymer.
orfanspldlic mx@@;ammmmeiammm@mm eéuchr & id‘&dtalilzﬁec;asahleads 1o
lnﬁélﬁﬁﬂgia\éﬁem i ;ma{}ﬁ?s%s ?1‘ hﬁﬁl @ I%%ogfn The f%i}ﬁner
exposure invol ves |ncorporat|ng an oxygen scavenger
into the packaging structure. Incorporation of a
scavenger in the package has 5 mainly been used to
renove headspace oxygen within the package in a short
period of time. In this case the oxygen scavenger
typically is contained in a polyner having a hi.gh
oxygen transm ssion rate, which ensures that the
headspace oxygen in the package quickly reaches the
oxygen scavenging site and the oxygen | evel be
reduced in a short period of tine. 10lt is also known
"to provide a blend of an oxygen barrier polynmer such
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5In a second aspect, the present invention provides a
woSBRiRdbAgr or closure nenber, preferably a pcr/Ep2000/054710
nmonoconponent cap, conprisifg a conposition as
defi ned above. - By "active oxygen scavenger" is
meant any conpound which reacts chemcally with
oxygen and is consuned by the reaction. This
DidafiRMRES] WikthaRbQeRosited lafel th? Gy SRspasive Waid @Y BRdifficult to
.scavengers from those conpounds which renove oxygen
meGrPATHESINOACIYIGEAt r apnent / absor ption. Polyam des are
KN ONWbHhe? 1k Fo LML O%geﬁ Byl nvolves incorporating an oxygen
ent rapnent/absorpti on: wever they are also known to
scarengerintedhe mekaginarimcuealpeprgeriongfascavangen & (e pakpgedas
it i : t ,
iR Bt o L bbb e o e FRLERY Bl SRR of
tiinale tis case th oxygen seavengeetypisaly 15 poritsingd ine'polymel havingaddgh
Lvanm.de whi ‘ . _
o el T BRI MLl Rih e eBndh PR e BB quicty
rescteathyg ok ygenstakngindidteand the oppdey deveide redvicedhinisshort pgramdtofl
.together with a catalytic ampunt of a transition

&t al is categorised in the present invention only as

© an It inalsb ¥eovaxts gesvidecablarigeah oxygen badsler podynips ksidhi ds EVEH and

- _is neant any conpound.,which inproves the . .
oG DD BOPRRY, ST O R et e gt material.

Swfl biwpest detibed in US W0Ro02e88 A SwHeRA: & 8%pl&ain&f thithBcause of the |
| ongest. I ength of the particles to either their width
logracegsshiliteqt oxygra to Bieysy esn;speveasipg ralupessiug tothe presence of th?

_ m@ﬁ&'y&ﬁﬁ%lp%f}ﬁmﬁ lonlYatate baR%h fithes Be oydih Q6kveRBROPIRE:, which
_thereof I'n"the case of 'polyethylene, it may be hr?h
is gerpdpre poronsumed yuishly aodiopEpquentinhag@deiznpripd plusefy ifsnka

’ gﬂ Eﬁéf’:?ﬁ b B&y‘l? Sablc Ry l%gﬁ? yﬁ'ﬁ@f%%e%leﬂﬁﬁﬁ ngo Fded

ol yet ene nay onopol yT ner “or copol yner.
copfpTiReg etitwtiensiy polysthylateoatiN OR o/ith ar acid-Euiafablexzigen
0 r I A VJ :
kAT SRRIR e S o St RO DE Y ORH e
used spydompiatiltlisels, Fohexamelep BXI8RY0HA B 4afisctobes thewsent EFOH

cofRB S 50 S hah 5t 00 wyS R e B SRl BB

- andbphlyblefifs. Wobglerabmpiniblilishey promeirtics fequlea hiphptHiche osnéms, and

r ef er abl en 3.and % 30The pol yam de can
arfpS b aR R e YR HEERe AR ey SR pol yanides ar e a
e Baxhehe Rew Al e p&tiEslarambiEs of B variRRliiREbHskyBen
based nyl on. Copolynmers and terpol yners of these .
bapisy gafreHin SPRPOSEHoNE h@ﬁ@g,@&?ﬂpegﬁé& gopd gviEen BRrEFTRTPRSies.
ar ﬁc&ﬂiiﬁgl i a"ﬂf&t‘&%:e@t 8 presefftnvention provides a composition
20091130200PCT/ EP 00910&4710 4 anor phous pol yam de;
CORRAS™™Yy| on 6,12. The anmount of polyamde in the
(ofe}:79]0) : : ay or
R B e B e e L i e
" Thé loxifgebe stanethigene-visylglehdmebmer switaning betveend At and
| stkng of netal powders having a reducing
44%%%%§$%§Q§§%%ﬂghs reduci-ng i ron powder, reducing zinc
pofvller5 Bt¥aoiknraetivicenygett scavgmgeier , | ow val ence net al
~oxides such as ferrous oxide and tri-iron tetroxide,
and reduci ng netal conpounds such as iron carbide,
iron suicide, iron carbonyl and iron hydroxide. The
oxygen scavenger can be used in conbination with an
assi stant such as a hydroxi de, carbonate, sulfite,
thiosulfate, tertiary phosphate, secondary phosphate,
organic acid salt or halide of an alkali netal or
al kaline earth netal, or active 10 carbon, active
alum na or activated clay according to need. Mst
“preferably the oxygen scavenger is a reducing iron
powder, a reducing zinc powder, a reducing tin
powder, a | ow val ence netal oxide, or a reducing
metal conpound. The anount of oxygen scavenger in the
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When the clay or nucleating agent is present in the
conposi tion independent of any pol yam de, the anount _
of clay or nucleating agent in the conposition s’
preferably between 0.1 and 5vvt% based on the total
wei ght of the conposition. Wen the clay or

‘nucl eating agent is contained within a polyam de, the

anpynt g wivof AiHepHEke ﬁéxjiﬁggar?ﬁﬁe&g raiga of ﬁ%a@@i% kg, 3'( & least

preferably between 0.1 and 2wt % based on the tota

20, japrg refepblicdt dapstifc preranvicipatingpeart. Glansysotigenptidenllyshisining

odr%,t' i i.S.preferably selected from an
Smglpoxy-olrrrgﬁc#i_l%alﬁe a%g‘i’g%‘?yr ene ycopol yner, an

et b+ & meoaf hytropatibilistrydri de- acrylic acid copol yner,

an et hyl ene- et acrylate copol ymer, “an et hyl ene-

o e et dhs GRrabt Roeai bRy s otaibin g ivtre member,
-pﬁ:ﬁ!? { b dnBBhdnRek da@! &fnh prisidgconsi®RRIohYs defined above. .

pol yethyl ene, 'a mal ei ¢ anhydride nodified (graft)

| i Rea ' [.y hy: - ad kvl .

e e PR Sl B AN P S AL 8185 Bty i

- oxygéngnd issobsungt by theyrbatien. iy vaesible procedshijstingidshes myrive
cetate copol r, a maleig.anhydride nodif.ied

B P n R inL % PR TP O Bt

cregthdnt/aimbiptons Pblyenies arekaowib e romett oxyeal By pigsical

e R AR e e oh ShAY At HoR IR (e o8 ACUNE oRygen Stavengers

wiai iy 6k bRemDsH danGtlomeakl WhiR ik da1pdd fr 8% BUHARA reaction.

acrylate), poly(ethylene vinyl acetate), or .
Fag Shelpuppses afise preseyt diventios) therefaes, 6 fRsws pplyaniiedis intgaded to

méal W @BLARRe FhRA abB &l HHBsRAI @&Fél@ﬁ@ﬂ%ﬂ% a poWRinfRwithout any

antioxidants i nclude nmaterialls which i nhi~bit

- aswyiaisd catalticraginlavhereens patvasids which iskiresgntaogegior yith p satalytic

am%?l%ti_oglé \ér?z?sg%j)? yﬁﬂﬁ%{%ﬁf&lgﬁﬁes ﬁne %1(0‘3 lpzeé?_nl;f;)in’venﬁon only as an “active |

- oxggepseaventghy’l enebi s(6-t - butyl -p-cresol),

{ " bPREYLARASPAL biansbE) 35 000X VARG B RRLRL Sy or
miSsilfiy ¢ the tempdsitionl 4- hydr oxyphenyf | - pr opi onat e
- met hane, .and di | aut vyl £ hi odi propi pnate_are suj table. -
Ty BT 10" faled 8 el rbiie gt RSt So e it it
theerigh tor Sibmetde . conposi ti on. O her additives which
cap be ingluded.ipn the, conpositiqns of the invention
in e@al@'?ﬂﬁa i5 PR Terehia FbEegieae of agmrﬁwlfét?s 9r: blpgly qopelymer
thefiofl IB1AE Sase Gfﬁﬁ?étﬁsfl&ne, R ) b h I Rasi RERASIRI FADES), low
p| astici zers ire retardants, and anti-fog agent’s, _
derig pojy<giviver DB orineaTioy desis epbei erLLIPER Ton
pOlpUBYLA Sy A8 « RofoFlIFmEOS b, 8_cOmpoSi tion

according to the inventioh.” Preferred articles are
c ok gthilienesvingl| abenbplkpolymesd EY OF) dckeagdony comizardr of ethylene and
- Di : : j ' I everal form
ol POBSRILBSS St eI B TP DR ST
connaiitipdsaf ére ifiteaiorbtaatain eteeencl 7madde sihd ddraollayfeeth idng ivtlits,

' L til igid t ai .30 Typical .
T T T N
the barhfdsition &pedferablyjbaiveen Gand 8wkl s, soft drink '

-cqpt ai.ner.s, therndforned tra r cups, .which have
P BoIpiFE o B e ing ol Toe SubpRpinitig e » metaeylene

diarine 6 aeh (EXD6H o @RbHaRRTe CHIERT tyddn) Copol a6 asd fe'g:@g'mers of

hed GO di %gat(gb t he éi%g% 1 OZ%%PCT/ EP2009/ 054710 6

these aylons mapalsobe smploved; 1cally prefsred prgnylop Gamgen @b nk
applications. However it may alternatively be for
non-food itenms, for exanple.a drumor fuel tank.
Preferred containers are bottles. The conposition of
the invention can forma single layer in a nultilayer
article of the 5 invention, or can conprise the only

| ayer. OQther |ayers nay be nmade of paper, paperboard,
cardboard or plastic. Suitable plastics for other
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WO 2009/ 130200PCT/ EP2009/ 054710 7 Mast er bat ches

. yam de MXD-6 (86007, manufactured by
WO(I\%/P(%@S |ghi Chem cal Corporagion), EVOH (SOAR]F\l(a/EmO%Sﬂm
ET3803, manufactured by N ppon Gohsei Osaka), a
conpati biliser (Medic AP-M/04, manufactured by
M t subi shi Chem cal Corporation) plus an anti oxi dant

adSighdus ¥Slg&hfd%ﬂ>ﬁy%ﬁ%§m. VRS Bndubf FpokHihRE 19 cbingbHitichl

60- 5 100C under vacuum. and then conmpounded on an .
whgsher ponqt eQntaiging AClaRY npvpating agcdiy i PEER Bl Deivest §iZend Swite.

ext ‘ ' '

G g SALGRE Y AR o it S
pavislersdinking 2 cwsleing PepStLy, avdh aqredupiag iren payglegiredueingizineipewder
anﬁgrgdu%in%%%%g&‘ﬁ%ﬁw&*cg efaP IR NG + LN bhiO RS tri-iron

10Screw speed =300 rpm Nitrogen setting = nmaxi num
teTexifre ut mdwingTzdtalcop@O@)ds TR as irBShide #on silitipGrom@bonyl

=.T175 #. 2 LE 1 2 Pol m 99 ,J .
orf v AR T KR eise oot MR bl P bstan
suChvdd hyl(ardd%;id&, &Ib(.ikﬁl;]kf Slﬁ!ﬁte,dgigplﬂfatvgtert@r}t dhesphats Bﬁbitlrmjc h

was. dried.over ni ndey. vaguum hen ..
P R 1 ST el 6 38 ol L AR s Tyl v
cafboffactensinhina pp hytivaay clap acdofdingets nEBAORM IddiErably the oxygen

cont ai.ni ng t he nor addj tj ves ac%ag(ej) lg;el. lets at a
SCREP e s ar%g‘r‘céngo'fm’r RN e ANE Eo‘f LEJGAupIng tin powder, a
loROaKa HtEINRiIdeFbiBlededBRAs Rt doRPoika MR WRtHuRbof oxygen scavenger

.conditiogns , 20Screw speed = 400 rpm Nitrogen setting
in thepgppgiianTie pisErakly pewea Ay S andipd%- 773 = Tz4 = 230C

TZ%_I : . £ ot > ¢ is t L
Ca T B D g et

inregricelesoin theofermdiof gartorsis peitisjes beviear YR high 2gwct rgtio fraferred

SRR AR 180, POPRE 2y ek b ERe Tt
‘expandelye stongtyse. dkinplss bEdnmatite Ty cdayp srewemgmerilbmite tronechite,
be.tdgli i%e? %IE&SQ&%? h%&ﬁg, b@ﬁt‘bﬁ i?e? S’:ﬂ: 01‘?’1{69 Eaﬁ%niitgnnagad ite, kenyaite and
vermiculite. These cia}fs are composed of packets of face to face stacking of individual
silicate layers or sheets. The thickness of the sheets is about 1 nm and the longest iengfh of
the sheets is typically from 50 to 1000 nm resulting in aspect ratios of 50 to 1000. _
Preferred are bentonite (aluminium magnesium siliéate) and hectorite (magnesium lithium
silicate) clayé, with hectorite being the most preferred.

. The nucleating agent 'mﬁy be sodium 2,2’-methylenebis-(4,6-di-tert-
butylphenyl)phosphate, or a sorbitol-based agent such s (1,3:2,4) dibenzylidene sorbitol,
(1,3:2,4) diparamethyldibenzylidene sorbitol, However it is preferably an inorganic filler
having a sedimentation particle size distribution (Sedigraph 5100) characteriséd by d50 <
2.5 pum and d95 < 6.5 pm, where d50 is the average equivalent spherical diameter at 50
cumulative mass % and d95 is the averége eduivalcnt spherical diameter at 95 cumulative
mass %. Most preferably the micleating agent is talc. '
When the clay or nucieating agent is preserit in the composition independent of ény

polyamide, the amount of clay or nucleating agent in the composition is preferably
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WO 2009/ 130200PCT/ EP2009/ 054710 8 Mbul di ng

ure (C) Zone THIO = TH13 = 250'; THL o

W";ﬁ%@g‘iﬁgsoo; T1116 = 220'; JHL7 = THIS = 210%73#%’99/054 !
Tenmperature CC) 10 Injection Tinme (S) 0. 9 Hol di ng

Pressure (bar) 1100 to 1200 Holding Tinme (s) 2
Cooling Tinme (s) 3 Cycle Tine (s) 9 EXAMPLE 3

bt ORRRT 21 5% base.ra%ﬂcesé Bt 9«9@2 . fﬂ\e%mﬁ@slﬂmn heR¥Hdr

Mast er bat ch of -nanoclay-con ni ng pol vam de + EVOH

niviesting agantdheontairied it %mﬁ@@%ﬁ%@@?ﬁ@@ﬂwﬁ'ﬁﬁmlaﬁ@ﬁ ﬁi

o et 38 R O R ER 1 358 YR ot Lo L RGP
§@M$FaﬁmtmplmomMi biliser (Mdic AP-M04,

ot e A G S SRR b
ccmnﬂrép? Imn Sgﬁgxgdethyleﬁe;mhydrm~ :mn}:lmm:sl caprdymﬁtg a:] ethylenesaing
wRRE o st cod T RIie h e RODR MRt Ty ide
m&ﬁﬂecﬂ%rgfﬂh Bigh%gf&%ﬂﬂﬁﬂaae}ﬁd‘nel ihﬁaiﬁi:a\dnﬂ;ﬁnﬁweu:gdﬁ'ﬁd Gpaft) linear

U EY Bas PR EYIeRS fikel MR Co-SROHS i Gorelioe

et lﬁ%utylﬂE@ﬁﬁtekbﬁ:lﬁﬁ&?@;ﬂ&ﬁyl%-ﬁﬂﬂdb&at@&ﬁmmm Bgkiew. -
Qsi tion conpqundi n COI’]EI tions Screw, speed

arﬁydf@e nrosgﬁp od S0Pt} iy ?Pes\élesfha?ﬁéa g aragifications ghereof,

can bd used Tﬂgfcrrcdlgdﬁ%a{gﬁzers T}%ﬂjda (a %% anhf@®ide 1&{7{@@&%&5—

3 Masterbatch (w ?
density polyethylene, an arihy nde-modlﬁed or acnd-modlﬁed poly(ethyiene acrylate)

poly(ethylene vinyl acetate), or polyethylene.

~ Preferably the compositions of the invention also include an antioxidant. Typical
anﬂoxzdants include materials which inhibit oxidative degradation or cross—hnkmg of
poiymers Antioxidants such as 2,6-di{t-butyl}-4-methylphenol(BHT), 2,2"-methylene-

 bis(6-t-butyl-p-cresol), triphenylphosphite, tris-(nonylphenyl)phosphite, vitamin E, tetra-

bismethylene 3-(3,5-ditertbutyl-4-hydroxyphenyl)-propionate methane, and |
dilauryithiodipropionate are suitable. Typically, they are present in about 0.01 to 1% by
weight of the composition. _ ,

Other additives which can be included in the compositions of the invention include,
but are not necessarily limited to, ﬁllers, pigt‘nents, dyestufis, stabilizers, processing aids,
plasticizers, fire retardants, and anti-fog agents, among others. '

A further aspect. of the invention provides an article comprising a composition
according to the invention. Preferred articles are containers, closure members, packaging
materials or pipes. ‘

Containers typically come in several forms such as a single layer flexible container, a
multilayer flexible container, a single layer rigid container or a multilayer rigid container.”
Typical rigid or semi-rigid containers include cartons or bottles such as juice containers,
soft drink containers, thermoformed trays, or cups, which have wall thicknesses in the

range of 104 to 1000 micrometres. A container comprising a composition acceiding to the



10

15

20

,25

30

90 EXAVPLES 4- 6: -nanocl ay- cont ai ni ng

Worﬁ%s%@fl bde + EVOH + oxygen .scavenger 20Mast eﬁ@?fkﬁfbe%swlo -
nanocl ay- cont ai ni ng pol yam gde + EVOH + oxygen
scavenger WD 2-009/130200P / EP2009/ 054710 9

Mast er bat ches of a pol yam de Nyl on 5034C2 cont ai ni ng
2wt % nanocl ays (manufactured by Ube Industries, Ltd),

Tﬁ&ﬂ?ﬂg %%%’fox‘ ﬁﬁ@%&&k%ﬁﬁﬁa@ﬁs Nt.{&@é?i@ri@ﬁﬁ ei
Gsaka a co at| bi |

|'tser (Mdic AP-M/04, manufactured

aWWVQlE bbfos nen-foied itema fowqa@@katdmm pr fyelfanky Breferred containers
al%r%{ﬂgg(l dant additive (Irganox B225) were dried and 5
conpounded in the sane anpunts and under the sane
c oridke eoropositims of the Exwa:npd}recaz form a singfe leyer doapolidaienerticlh ef the

B R 5 R 00 o O
cand!ichrda)r blagg:. glﬁmglﬁtgl:sﬁod %e?/ﬂ;%ﬂ laym;i 1@:&?1@2)02}&4@2‘.@&1]1@4 fpnsity
R A et e S B T S
pcﬂﬂiBﬂMEnb,qioQ,Winyl&Hbﬂ'tﬁ efhp%mahyllaedftatﬁ,wﬁgldmm-dihyg(meth)acrylates
e ieire F}ﬁ@ S PR R amices ol piobyipts 9hs ISterigtyaorstic

acmag;,meyzs = 170C EXAMPLE 4 I\/asterbatch (vvt% 10 10
10_1-11VWE (mt % 89.3 87 87 Oxygen scavenger %
shaht plogrse memberietygically 2 fgrpce ST AP B&P@@@SI?%@E inventior:

m%ﬁ Qart or all of the closure. Particularly preferred is a monocomponent cap.

The packagiﬁg material may be rigid or flexible, and may be a single layer or one
léyer of a multilayer material. Typical thickness is 5 to 250 micrometres.

The article comprising the composition of the invention can be used for any product
for which it is desirable to inhibit OXygen démage during storage, e.g. food, beverage,
pharmacenticals, medical products, cosmetics, ceﬁbdibie metafs, or electronic devices. It is
especially suitable for food or drink packaging, and more particularly for packaging
products for which it is desirable to maintain a high oxygen barrier for a long pertod of
time, such as beer, wine, and other beverages. ‘

The c{}mposrtmn of al] aspects of the invention is preferably made by blending the
‘components together. All the components may be blended together in a single eperation, or
alternatively a masterbatch comprising some or all of the non-polyolefin components may
be made first, and this blended with the polyolefin and any remaining components, which

themselves may be added separately or pre-blended.

EXAMPLES
All EVOH products used in the Examples below contain between 27 and 38mol% of

ethylene.
EXAMPLES | and 2 (comparative) — polyamide + EVOH

Masterbatch of polvamide + EVOH -
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0.2 Sodi um Sul fitea2S03) Vitamin C (Ascorbic
salt) E302 3 15Shel fplus 02 2400 i s manufactured

wo Joyo/Gohe The final conposition was fhen fPOIER1009/054710

into caps by injection usigg the sane procedure as in
Exanples 1 and 2. EXAMPLE 7 - nanoclay + EVOH +

oxygen scavenger 20Bl ends of nanoclay + EVOH + oxygen
scavenger Bl ends of a nanocl ay (Bentone 109;
meMiadterbsiires of Hyoliirende MXR-6SREM anarngsiuredbyOuiteubGARNOL

ET38 nu ' j ; .
CHpR RO 2SS SER B SO SR
Osiiey), & cdmpatibiseeviddinPay 7 anufactared babiiswism Chemical
Co%%ﬁ%ﬁ%ti%ﬁﬁé %@6?#@%&%%2?)}’%?% h%gx%d overnight at 60-
108Q0HSRARECHRA &._%a Q0pEndddleh dhOATRN A ENB T TI52 Sinwamstrew
Iabg%[u{;g lﬁ%liﬂeg?%é‘qf%%[aé&é%%ﬁgﬂm%%@&eﬂﬁﬁgg Qt?ri:é %ia.meter 19 mm and
ba®Q RS IMO/DS QAeH: tcaBBoving corditdAe aAMBURd Qiishgven in the Table

bel ow. Bl end conpoundi ng conditions 5Screw speed =
belowo rpm Nitrogen setting = nmaxi mum Tenper at ur e:

TZﬂ{aﬁaM%onI@nainé é@fditiohd3 = 147C, TZ4 = TZ5=TDle =
1 nociay (W% 5 EVOH (wt% 4 TETE
( WRIgW gBed5 30k yen scavengers (W9 :

Nitrogen sefting = maximum

Temperature:  TZ1 =230°C, TZ2 = 235°C, TZ3 = 240°C, TZ4 = TZ5 = 250°C

EXAMPLE T 2
Polyamide (wt%) 15
EVOH (wi%) 55 75
Compatibiliser {wit%) 30 20
Antioxidant (wt%a) 83 0.3

After compounding the masterbatch was dried overnight at 100°C under vacuum, and
then compounded in the APV-19 twin screw extruder with a high density polyethylene
(Eltex B4020N1343 - containing the normal additives package) pellets at a weight ratio of
10wt% masterbatch to 90wt% polyethylene.

Final compesition compounding conditions

Screw speed = 400 rpm '

Nitrogen sefting = maximum

Temperature:  TZ1 =TZ2=TZ3 =TZ4 =230°C, TZ5=250°C

The final composition was then formed into caps by injection using Netstal Synergy
1000-460 injection moulding line (Injection unit: 460; single screw: diameter 40mm; an
Antonin 12 cavities mould and a Husky hot block) with the temperature and injection

profiles below. The caps were then stored in sealed bags under nitrogen protection.
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Afier compounding the masterbaich was dried overnight at 100°C under vacuum, and

then compounded in the APV-1

9 twin screw exiruder with a high density polysthylene

{Eltex B4020N1343) pellets in the amounts shown in the table below, under the

compounding conditions shown below.

Final composition compounding conditions

Screw speed = 400 rpm

Nitrogen setting = maximum

Temperature:  TZ1=TZ2 = 170°C TZ3 =TZ4 = 175°C, TZ5 = 170°C
EXAMPLE 3
Masterbatch (wit%) 10
HDPE (wt%) 90

EXAMPLES 4 — 6: nanoclay-containing polvamide 4 EVOH +- oxyoen scavenger

Masterbatch of nanoglay-containing polyamide + EVOH + oxygen scavenger
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(measured by OxyDot in the |iquid phase of the

wo o0®f30z00) EX | (conp) EX 2 (conp) EX 3_( conPCTEP2409H%4710

5S EX6 041 16 10 1 17 8 41114 20 16 33 87 67 10 142
36 73

(MP19TC-25) twin screw laboratory scale extruder {manufactured by APV Baker) with a
barrel diameter 19 mm and barrel] length 25:1 L/D under the conditions and in the amounts

shown below.

Compounding conditions
Screw speed = 200 rpm

Nitrogen setfing = maximum
Temperature: TZ1 = 175°C, TZ2 = 185°C, TZ3 =190°C, TZ4 = 200°C TZ5=TDie =

210°C
EXAMPLE 8 9 10
HDPE (wt %) 93 875 90.875 92.0
EVOH (wt %) 5.625 5625 40
Oxygen scavenger {wt %) 0.5 0.5 1.0
Talc (wt %) NONE 3.0 3.0

The final compositions were then formed into caps by injection using the same
procedure as in Examples 1 and 2. -

Oxyeen ingress measurements - Non-Invasive en Determination (NIOD

There are several methods available to determine the oxygen permeation, ot
transmission, into sealed packages such as boitles. In this case, non-invasive oxygen
measurement systems {e.g., supplied by OxySense® and PreSens Precision Sensing) based
on a fluorescence qguenching method for sealed packages were employed. They consist of
an optical system with an oxygen sensor spot {e.g., an OxyDot®, which is a metal organic
fluorescent dye immobilized in a gas permeable hydrophobic polymer) and a fibre oi)tic
reader-pen assembly which contains both a blue LED and photo-detector to measure the
fluorescence lifetime characteristics of the oxygen sensor spot (e.g., OxyDot®).

The oxygen measurement technique is based upon the absorption of light in the blue
region of the metal organic flucrescent dye of the oxygen sensor spot (e.g., OxyDot®), and
fluorescence within the red region of the spectrum. The presence of oxygen quenches the

fluorescent light from the dye as well as reducing its lifetime. These changes in the
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flaorescence emission inten‘sity and lifetime are related to the oxygen pariial pressure, and
thus they can be calibrated to determine the corresponding oxygen concentration.

The oxygen level within a package such as a bottle can be measured by attaching an
oxygen sensor spot {e.g,, OxyDoi®) inside the package. The oxygen sensor spot is then
illuminated with a pulsed blue light from the LED of the fiber optic reader-pen assembly.
The incident blue light is first absorbed by the dot and then a red fluorescence light is
emitted. The red light is defected by a photo-detector and the characteristic of the
fluorescence lifetime is measured. Different lifetime characteristics indicate different levels

of oxygen within the package.

Test Cell A

The test cell for evaluating the barrier performance of a cap against oxygen
permeation is constructed from a blow-moulded polyethylene terephthalate (PET) preform
of standard PCO28 finish in neck size and design (as used in the industry to blow mould
into PET bottle for carbonated soft drinks), and having the following characteristics:
weight = 35g, neck size = 28 mm diameter, fotal tube length = 123.2 mm and wall
thickness = 3.24 mm.

The base of the PET preform is seated in a brass block from which two brass tubes of
different lengths extend into the preform. The other ends of these tubes terminate outside at
leak-proof valves to ensure air-tightness of the test cell (as verified by a high pressure
leakage testing procedure). The shorter tube is used to introduce deionised and
deoxygenated water into the preform fo create a headspace below the 28mm cap which is
screwed onto the neck of the preform. The longer tube protrudes into the headspace above
the water level, and is used for calibrating the initial oxygen levels within the headspace
and the water.

Two pre-calibrated oxygen sensor spot {e.g., OxyDots®) are attached to the inner
walls of the preform, one in the headspace (for oxygen detection in the gas phase) and the

other in the water (for oxygen detection in the liquid phase detection).

Experimental method with Test Cell A at 40°C
The cap to be evalnated was first screwed onto the test cell using a pre-defined torque

of 25 Ibs-in {unit of torque in pounds-inch). The closed test cell was half-filled with
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deionised and deoxygenated water (covering the shorier brass tube) and subsequently
purged with nitrogen for 24 hours, until the oxygen level in the water stabilised at a level
well below 50 ppb.

The OxySense® 4000B detecting system was calibrated at two oxygen
concentrations before each measurement: (i) at zero oxygen level using a solution with 1%
added sodium sulphite which scavenges and removes all oxygen in the solution (under 24
hours of conditioning in a hermetically sealed test cell); (ii} at 21% oxygen using water at
standard ambient condition (which was saturated with oxygen over 24 howrs of
conditioning). The accuracy of the calibrated detector was subsequently verified by
measuring the oxygen level of a pre-mixed niirogen gas with a fixed concentration (e.g.,
0.5% and 2%) of oxygen, from 2 certified gas bottle provided by the gas suppliers.

For each measurement of the oxygen level within the test cell containing the cap

under evaluation, average values were determined from 10 readings made at each of the

two OxyDots® (i.e., in the gas and liquid phases) following the appmpriafe calibrations as

described above. All the necessary precautions to account for the effects of temperature
and ambient illumination on the oxygen measurements were appropriately taken.
‘The barrier performance of the caps at 40°C was evaluated continually over a 6

month period, with regular oxygen measurements on 3 samples of each cap mounted on 3

individual test cells, on a test rack that consisted of several test cells with caps of a

reference formulation, as well as metallic caps which were evaluated in order to bench-
mark the reliability and repeatability of the measurements. The test rack was stored in a
temperature-regulated room at 40°C, and was removed periodically for oxygen
concentration measurements. The measurements were actually taken ai room temperature
(23°C).

Experimental method with PET bottle at ambient conditions (23°C)

A PreSens non-invasive and non-destructive oxygen ingress measurement equipment
(Fibox 3-trace meter, fibre optic cable and trace oxygen sensor spots) was used to
determine the oxygen permeability of the caps at room temperature (23°C). This system is
very similar in measurement principle to that of the OxySense® 4000B system, based on

the fluorescence quenching method.
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For & typical shelf-life test, the trace oxygen sensor spot was first adhered onto the
inner side wall of a 500 ml transparent PET bottle having a standard PCO28 finish in neck
size and design. The bottle was then filled with dejonised and deoxygenated water ﬁp toa
headspace of 20 mi, inside a nitrogen circulation glove box where the oxygen level of the
water inside the botile was stabilised at a level well below 50 ppb. The cap to be evaluated
was then screwed onto the hottle using a pre-defined torque of 18 lbs-in {unit of torgue in

pounds-inch).

For each formulation, 5 bottles with the formulated caps were employed, together
with 5 reference bottles sealed with caps with metallic plates inside to monitor the ingress
of oxygen through only the wall of the bottles. These bottles were then stored at ambient
conditions and the oxygen ingresses were monitored as a function of time using the

PreSens oxygen ingress measurement equipment.

Ata given time of measurements, an average value was first obtained from several.
readings (about 10} taken on the output of the {race oxygen spot for each bottie. This was
then repeated for all the 5 bottles so as to achieve an overall averaged value for the oxygen

ingress through the formulated cap and the wall of the bottle.

The similar exercise was performed at the same time to obtain the overall averaged
oxygen ingress through only the wall of the reference bottles sealed with metallic caps.
Thus, for a given time, the oxygen ingress through the formulated caps will be given by the

differences of two averaged values.

RESULTS
~The results for caps conditioned at 40°C, using the OxySense® 4000B detecting
system, are shown in Tables 1 and 2 below, and are represented graphically in Figure 1. It
can be seen that the compositions of the invention provide significantly better barrier
properties than the comparative examples and the control. Indeed it can be seen that some
of the comparative Examples are not significantly better than the control, showing that

barrier performance is not always predictable.
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Ox é:oncentration in ppm(msasured intheliquid
hase bottl e
Ti e g&%ﬁ mﬁ&ﬁ’%@%’fﬁﬁﬁ b ea bfb F%EQE (B40)20)
0r181q LEXsI I B IR uu -u 01956605 -0. 004
Qdays (comp) | {comp) | (comp) | EX4 | EX5 | EX6 - .
0 41 | 16 i0 1 17 8
4 14 20 16 i3 37 67
10 142 36 73 75 o8 102
30 117 44 76 91 77 74
50 | 298 34 153 104 72 59
60 361 36 189 124 34 70

90 568 380 606 225 235 118
110 656 439 735 327 337 164
120 725 562 882 281 430 224
140 766 574 937 279 532 300
150 783 667 971 246 572 317
160 806 711 1025 260 592 334

TABLE 2
Oxygen Concentration in ppb
(measured by OxyDot in the
liquid phase of the preform)
Time . | REFERENCE
(Days) | EXAMPLE 7 {(B4020)
0 19 147
5 30 153
14 49 281
. 28 52 356
45 48 592
84 29 695
110 87 771
139 83 755
188 426 1494

The results for caps conditioned at ambient conditions {23°C), using the PreSens
detecting system, are shown in Table 3 below, and are represented graphically in Figure 2.
It can be seen that the compositions of the invention provide significantly better barrier

properties than the comparative examples and the control.
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TABLE 3
Oxygen Concentration in ppm {measured in the liquid phase
by Sensor $pot inside wall of capped bottle)
Time .
{days) EX & {comp) | EX9 | EX 10| REFERENCE (B4020)
1 0 0 0 0
3 -0.003 0.001 | -0.001 -0.010
5 0.005 -0.004 | 0.003 0.004
12 0.014 0.009 | 0.008 0.027
19 0.038 -0.005 | -0.006 0.029
26 0.042 0.038 | 0.044 0.034
32 0.104 0.043 | 0.038 0.102
39 0.099 0.063 | 0.058 0.104
46 0.113 0.087 | 0.072 0.103
60 0.165 0.100 | 0.046 0.154
75 0.203 0.12% | 0.049 0.193
105 0.322 0.127 | 0.101 0.254
135 0.346 0.200 | 0.063 0.269
151 0.257 (.202 | 0.111 0.275
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or T&—ortéenfiomglyalsne aﬂdé?coﬂl‘%%'ﬁﬁ?"ﬂ @0155%1? Brial 1y

. ?Ogh\%lt g(i) Wi %@i&*&ﬂy@n&hﬂyn AMohBUShyRR: bAtkiREE Bétive@ ik and

a conpat I bil1ser.
44mol% of cthylene units;

0.1 — 5 wt% of an active oxygen scavengér;

0.1 — 10 wi% of either a clay having an asi:wect ratio of at least 10, preferably at least
20, more preferably at least 50, or a nucleating agent, or a polyamide optionally containing
su_ch a clay or nucleating agent; and '

0.1 — 5 wi% of a compatibiliser.

2. Composition according to claim 1, wherein the polycleﬁn is high density
polyethylene (HDPE), low dehsi'ty polyethylene (LDPE), linear low density polyethylene
(LLDPE), polypfopyiene, or a block copplymér of polypropylene and polyethylene.

3 Composition according to claim 1 or 2, wherein thé polyamide is a
polyamide 6 based nylon, preferably nylon &, nylon 6,6 and nylon 6,12, or a2 metaxylene .
diamine 6 nylon (MXD6). ‘

4, Composition according to any preceding' claim, wherein the ethylene-vinyl

alcoho! polymer céntains 27-38 mol% of ethylene units.

5. Composition according to any preceding claim, wherein the oxygen
scavenger comprises a metal-based reducing agent, preferably a reducing iron powder, a
reducing zinc powder, a reducing tin powder, a low-valence metal oxide, or a reducing

metal compound.

6. Composition according to any preceding claim, wherein the compatibiliser

is a maleic anhydride modified linear low-density polyethylene.
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2. CanoSition according to claim1l1, wherein the

woRGyBbRbi N i s high density padl yethyl ene ( HDPE}T/EP®Ob/054710

density pol yethyl ene (LDPEJ8 |inear |ow density
pol yet hyl ene 15 (LLDPE), pol ypropyl ene, or a bl ock

copol ynmer of pol ypropyl ene and pol yet hyl ene. 3.
Conposi tion according to claim1 or 2, wherein the

p 0I7y am d €oingositigpaicyarding ¢o Srylpaseding) ylhmn wheredf be glay having a

.”h%g ednﬁ q%§ﬁmﬁgﬁ? and nylon 6,12, or a netaxylene

'VDCD6) . 20 4. Conposition

accordlng to any precedlng claim wherein the
nol

et erne Vi n al cohql pol ont ns 27- 38
| ene CltpaiSteseSling B, wHRR b Frgofay By mocti@clay,
mﬁ&e@gdhﬂgnﬁhﬁm&ummgerein t he oxygen 25 scavenger
conpri ses a netal -based reducing agent, preferably a -
reducing iron powder, a reducing zinc powder, a
reguci ng Cbﬂn?os’&lm&ordﬂg Pty \ELREEL taet ﬁher@i)ﬁl tﬂeenucn:amag agent
reduci ng ne

-Is g wornis Gliediaging aﬁﬁ@@éﬁ%@i i@mlﬁ‘rﬁ“e\ﬂ‘#@ﬂt&tﬁn (Sraleraph 5100) |

chlafae%gﬂ;eu*ﬁ lis$£5.53 | b o5/ §' o, aﬂaxqm g%m@}aga eshivalent

near W densi'ty po yet ene.
spﬁ@ﬂ:@l di802GGPRIT: ¢1Emﬂ&t£3@/rﬁs4%1ﬁaid 1185 is the avzmgegq;rpwém prdwarical

d wh h I
A B G L NN P

Cbnp05|t|on according to cIa|n17 wherein the

clay snmec rabl onite o
nadBor 1Y GhmpSsitTgEbasig Sy e BliEe bR mpeR e b Poic 8
po@aﬂhd@ micldaﬂn@ageﬂﬂﬁ‘ﬁﬁhdtldy{l& polighidt dongind @ anb&aydt nucieatmg

i nofganic fi havi ng a sedi nentation particle size
ag&?%‘?%"ﬁ‘tﬂ?@r? ‘l’%dl graph 5100) characterised by d50

2.5 gmand d95 6.5 gm where d50 is the average

‘equi val ent -10_spherical dianeter at 50 cunul ative

madh o ahemprsiongcesding troany gecceding Hfaire we'@mﬁ%*qn@awoly&mtie '
coﬂﬂa&fﬂ%ta‘?fan&ﬁay%? nfiBHNB b MR i PRESnt e RInBAR R 9&%{:&? 'oPnucleatmg

Conposi tion accordrng to any preceding c

agvuier @i polysraide isqueierably hebrapa filged 2rithe besged ion gheatg'féhwelght of
Hi%ﬁﬁ{ nt ai ni ng a nanocl ay or
nuc eé@%ﬁagfggﬁggﬁgb@]sﬁgron10.2 to 5 wt% 11.

Conposi tion accordlng to any preceding claim wherein

-~ wh a p,

ahes 2, POAXATIR EORAL I oRcDANPGLEY wBerclitifk GRbIRSr
ethylent-gilyl algphalymibymérris friva 3o Byettd. de i s preferably

between 0.1 and 2w % based on the total weight of 20

nanocl ay/ nucl eati ng agent pl us pol yam de. 12.

C?]Imosi t.@@ﬁpo?ﬁn@ﬁ tchiofding @ aap l)&raﬁlécﬁﬁgﬁd?lﬂg wlhlanaime m?rm bh

t he anmount e e;,vinyl- al cohol polynmer is from
Uxﬁﬁ?ém%@%?@ﬁgﬁgh@?%%ﬁﬁ%éIt|on according to any

precedi ng claim wherein the anmount of oxygen

scavenger is from0.5 to 5 wt% 14. Contai ner or .

cl Bsur e GResaer of HlpBremsmby:, BreFRbLDRBRATOMPORGH AP, comprising

ac&ﬂﬂ&ﬁkﬁ%EGdﬂwEQﬂﬁﬁﬁh&hﬁﬁg%ﬁugef'ned in any preceding
claim



