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OXYCGEN BARRI ER COWPCSI TI ON The present invention
relates generally to the field of oxygen barrier

welwne28) and nore particularly to the bl endsPGE/EP2009/054710

poi yol efi ns and oxygen barri ér polyners for use in
food packaging. It is well known that limting the
exposure of oxygen-sensitive products to oxygen

mai nt ai ns and enhances the quality and shelf-1ife of

t he product. For iﬁ§ﬂéﬁﬁ@ﬁﬂﬁ¥§ﬁﬁd&ﬂﬂﬁgﬁﬂﬁg_oxygen

exposure of such food products in a packagi ng system

the quality of the food product is naintained and food
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P16 s InSinflhed bad@ldoY spyileye kedldddl Bradeitios kichgatidging also keeps

envi ronnent, i s already kpown t he
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nmers include ethyl ene-vinyl al cohol
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package, or they can bl ended wi anot’her packagi ng
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is also known to use nanocomposites as passive oxygen barriers, as disclosed for

example in W0O2003055792, in which compositions containing a polyamide/
nanocoimposite or EVOH/nanocomposite blend are disclosed. In US 7270862, a blend of a
polyolefin and a polyamide/nanocomposite is disclosed. Nanocomposites are polymer
compositions containing nanoclays (sometimes called nanofillers), which differ from
conventional fillers such as talc in their particle size, which is in the nanometre range. The
mode of action of clay-based nanofillers is due to their extremely high aspect ratio (ratio of
width to thickness). The starting clay materials are layered structures: when incorporated in
a polymer matrix after chemical treatment and intercalation in order to be made
organophilic, exfoliation and delamination occurs, which - in an idealized case - leads to

individual platelets with thicknesses of about 1nm which are dispersed in the polymer.
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conventional fillers such as talc in their particle
size, which is in the nanonetre range. The node of

w@eavasn2ed cl ay- based nanofillers is due to thRCT/EP2009/054710

extrenmely high aspect ratio Zratio of wdth to

thi ckness). The starting clay materials are | ayered
structures: when incorporated in a polyner matrix

after chemi cal treatnment and intercalation in order to
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are not known in EVOH having a lower ethylene content.

We have now found that particular combinations of the various types of oxygen
barrier can result in compositions having unexpectedly good oxygen barrier properties.

Accordingly, in a first aspect the present invention provides a composition
comprising

70 — 95 wt% of a polyolefin, and incorporated in said polyolefin —

0.1 — 10 wt% of an ethylene-vinyl alcohol polymer containing between 27mol% and
44mol% of ethylene units;

0.1 -5 wt% of an active oxygen scavenger;
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containing from50 to 95nmol % of ethylene units as a
conpati biliser between pol yam des and pol yol efi ns.

WoHometaoconpat i bil i sing properties require a PCTHRP2009/054710

et hyl ene content, and are noi known in EVOH having a

| ower ethylene content. We have now found that
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barrier can result in conpositions having unexpect edl
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HBY &R Oy, @S an "active

The polyolefin is preferably a polyethylene or polypropylene, or a block copolymer
thereof. In the case of polyethylene, it may be high density polyethylene (HDPE), low
density polyethylene (LDPE) or linear low density polyethylene (LLDPE). The
polyethylene may be a homopolymer or copolymer.

The ethylene-vinyl alcohol polymer (EVOH) is a random copolymer of ethylene and
vinyl alcohol. EVOH products can contain varying ratios of ethylene to vinyl alcohol; the
compositions of the invention contain between 27mol% and 44mol% of ethylene units,
preferably 27-38mol% of ethylene units. The amount of ethylene-vinyl alcohol polymer in
the composition is preferably between 3 and 8 wt%.

The polyamide can be aliphatic or aromatic. Preferred polyamides are a metaxylene
diamine 6 nylon (MXD@6), or a polyamide 6 based nylon. Copolymers and terpolymers of

these nylons may also be employed. Specifically preferred are nylon 6; nylon 6,6;
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oxygen scavenger". By "conpatibiliser” is neant any
conpound whi ch i nproves the conpatibility or

wor@eiidizdi ty of the conposition. "Aspect rati oPCT/EP2009/054710

defined as the ratio of the 4ongest |length of the
particles to either their wdth or dianeter. The
polyolefin is preferably a pol yethyl ene or

pol ypr opyl ene, or a bl ock copolyner thereof In the
HREBIYF PRIy e AR @ilen 6;12. Fhemauntaigrlyawidsiip {he composition,
PRI LY PRaibHPRE)ay dr QWI%H% %e\flt ﬁ%%ré’f@ltah%l b%ﬂv?eeﬁ bDRRY Swi%s.

or Linear |ow density pol yet ene
pol Ve pyieen scaengehis Peeftraty pdeojaseonpthe gmye |cymﬁes;tmg Thiaetal

Mrls%ﬁng L uciftk PR)E RYAT Rk Fr%lgc?%p(?ﬁde E&E%g%dqg énowder

copol ymer ~of eth e “and vi nyl
andmedvioing inmovdery OngaleaaW wstabxideaslsydhew éertays vkidy and tri-iron

%Jérgﬁv\aﬁebg %nd I%E'&:I @?gﬁglsdghfﬁo S Qéchtagﬁr + géégﬂ%lu%ﬁ sf %meai'r(ﬂr carbonyl
qued éfor hadroyid 7Fh8 Swme%wvemehydndnelscmwmnbiﬁmmm asgiftant

S%E}l? ?J arelggifcggi%y %arl%n%% sulﬁtg,othr%anﬂt {f: { h e AP Isetconrﬂlr)be

prefe ween 3 n1de can
ozt orgarde acd SHiHIrlhaleeereﬁ e&aledae‘abnbryaﬁ{ﬂldesar{arrﬁetﬂ, or active

t ax .en di an1n am 6
R ST Shagh Bty Re el e M by R Bt FREIRe Srvgen
eyenns ;mgedad;ﬁg)lr@ﬁpcﬁm} ay&ftcinDpRe pbwea) d diigf @f sRdler, a
are pxlon 6; |l o , 6. anor phous ol¥an1de d nyl on _
lgwl\fﬁ € %etgm Oroaf’eﬂmlfﬂ'%‘flﬁt é:ornﬁovf gfin Qpigen scavenge:
imetda oQﬁorﬂl@bre@'ﬁﬁﬁlﬁbéﬁweﬁl ®5 GBIt P, nucl eati ng agent,

etween 0 2 and 5wt % The oxygen )
@g;ﬁpclay is meant

I S er a
sca3 Eﬁa gfay ?"é‘%/%oar gl pspestyatiods arefesaply & eareelae

iRGBSliSEhnG R fo@iﬁto@ ha&%ﬁaﬁrcﬁ@ﬁhﬂﬁg @vér? fisgi 'aE}:Qct ratro Preferred
property, such as reducing iron powd reduci ng

9By akEihe $lawsoé Prertits daxsovkieh are IZdWEeallﬂIé@rﬁéélC#éi wth an
QPSS e SRS hRDLEO Hﬁsn@é’u%s Tu blerhdrfonil gtgnbtg Q’loq{“?omte

and reduci ng metal conpoun as Iron c
bepdgHite; yplkprp&oity, h@ﬂ’ﬁordarbb@tnyute sapdnite; evconjidr magadis, kemeite and

e e TR
sillvateduefsar eheetseThd ickngshofsthhsiteets issouridan ynd the longest length of
the sheets is typically from 50 to 1000 nm resulting in aspect ratios of 50 to 1000.
Preferred are bentonite (aluminium magnesium silicate) and hectorite (magnesium lithium
silicate) clays, with hectorite being the most preferred.

The nucleating agent may be sodium 2,2’-methylenebis-(4,6-di-tert-
butylphenyl)phosphate, or a sorbitol-based agent such as (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) characterised by d50 <
2.5 um and d95 < 6.5 um, where d50 is the average equivalent spherical diameter at 50
cumulative mass % and d95 is the average equivalent spherical diameter at 95 cumulative
mass %. Most preferably the nucleating agent is talc.

When the clay or nucleating agent is present in the composition independent of any

polyamide, the amount of clay or nucleating agent in the composition is preferably
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phosphate, organic acid salt or halide of an al kali
metal or alkaline earth netal, or active carbon,

w@eaopaan2el uni na or activated clay accordi ng t oPCEEPR009/054710

Most preferably the oxygen stavenger is a reducing
iron powder, a reducing zinc powder, a reducing tin
powder, a | owvalence netal oxide, or a reducing netal
conpound. The ampunt of oxygen scavenger in_the
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I ket t '

o He @l AFPERER RIRTE, Emfhic sREEUE meiERe Firir e
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t m 0 nmresul tin
e iR Pt htso At F P U 2 el
Aniadriviaind o2l fledl (ghgﬂﬁ&tﬂﬁbl’lféa@ﬁb? Sttt Sdﬂoly@rﬂ:li' &hd &[bd;ﬂb@ﬁc%l@ ke f,
ne i um iC ectorjte
%g%% aseﬁr%nﬁﬂﬁé COPpRa Ei%ra ?m%@aﬁ@ feaa'ﬂw gdea@f&*ﬁ?e%alﬁew-
c&ﬂﬁty%@l@t@ienﬂ%%hﬁ!ﬂﬁ@hﬁﬁ%d ér %ld»ﬁl@ﬂﬁi@&‘b&lﬁf&'ﬂ%‘]ﬁﬁk )acrylate),

ate, or a sorbitol-based agent such as (1,
poty(atgylam@o‘éwﬂmta@ﬂ@r RObYHIEBE, (1, 3: 2, 4)
di p@lepWe@bQﬁaﬁ%rﬂs@thg nﬁ)@ﬁtk}linta‘i%]o n'r@ﬂ(tﬁ\ﬁ% nﬁ&xﬂa?lt yglcal

pre er ab y an |norgan|c aV|ng a sedinmentati

%ﬂﬁ?’@lﬁ%ﬁe‘n@'l’@é{mﬁﬁw whigh i"‘cbl#blf(cséiﬂfm dasradsti@oyr CrOSS—lmkmg of
ARRAC! Aok fj‘g‘égﬁ?guc‘ﬁ%%, %%%uwmgthgg PG i e
kn&ﬁmbam/l-wren@i},érlpl@eaﬁahqsglﬁtq SlSt(h@y@hené@howqm,wahmmE tetra-

L) AR o IRh iy Ly U D TR elut B . 01 oy

@hulmﬁbibéatqpmgatagmrﬂuxtmlﬁe ﬁwalsdbt then altetpeese:unqnaismt 0.0hto 1% by

' nt of.any polyam de, the ambunt of clay or
»‘:Jﬂ%ﬁgg{ﬂ?%om%om 8- n the conposition is

pr ef(ﬂhakak!mheémﬁech €in be drthdbivirdthdasgsiviond dfahd @tdition include,

bw?arg not necessarﬁy EReS fso hflers plgvn\!]e%’ps yestu?fjs sYabHrzers 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 100 to 1000 micrometres. A container comprising a composition according to the
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nucl eating agent is contained within a polyam de, the

anount of clay/nucleating agent in the polyamde is
Wpewpasrhl y between 0.1 and 2wt % based on t he RGE/EP2009/054710

wei ght of clay/nucleating agent plus pol yam de. The

conpatibilizer is preferably selected from an

epoxy-nodi fi ed pol ystyrene copol yner, an

et hyl ene-et hyl ene anhydride- acrylic acid copol yner,
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met hacrylat e- acrylic aci
letfemylble rmeeatlutOWprlam:ﬁly balb/éayco Othey hvcr,s ngy betrrlaylb enper, paferboard,

cadc El%r iﬂr%{)le p‘?e%s ICS fgr &Per 1dSrH|‘lC L(l]de ALy dye¥hyga (Igw %ens}

ene VI ny acet e Copo 'ons
ﬂ(ﬂb&ﬂ@"ﬁlﬁ, \ewﬂobeienlsaﬁdmiyﬁm@em mﬁdi-lowrdpmmylpbiylemﬂeﬁe, high density

d f | it
B SL R S 5 TR B8 bR P Res
qiplisneginbirhenaicacklyPEY, @blyaply pelypidhelege, bt ety lerc@ictth)rylic

ol yethyl ene. Preferably the conpositions of the
a}cwgﬁ’ﬂr’%/%ﬁ al so include an antioxi dant. Typi cal

ant MaXEdaind memb& iselpichm @ftbﬂieﬁo%ﬁia PriertBimPbditiedraiad ihVetion
degradation or craoss-1|inking @%ners Ant i oxi dant s
ragyclira garp ol f the depuga }’alﬁwﬁr{wﬂgﬁ B I2(ERmpyomponent cap.

2, ZTH@BJ&ﬁ%ﬂ?ﬂh@{xal%a‘}/ He b o reRibfel SROhdy be a single layer or one
tr| phenyl hite, tris-(nonyl phenyl)phosph |%
loyer §hd ﬁuglayp@matgmlsmq@thgkgess is 5 to 250 micrometres.

3- ( Fnoafibik %Bﬁlgh‘st@/é thé c&%?cg sROY BRGR vk atRinQRh B0 8L £ %r any product

met hane, and ['auryl t hi odi propionate are suita
mwh@aItIlwesmvéwtoanleblpﬁwemdamage diingt stcﬂagtieigofom%bbyerage
- t he. e

p\bf‘fglln%%%trtﬁgdlg, dnﬁiﬁ&?ﬁ}é&g&é%ﬁg%e%l% Q@Fod?)qgﬁt&a}/s St e\{\%&rg;ﬁc &8ces. It is
gspesiali eyitabletfofoed nndrlrrkexaei@gagJ dnyl ntqrwpa:rewlatrb/ fof pdckmng

' . st stabl
AR BER R Rt leble o £ o P RERE B a drion of
tamomghatherSWnAaﬁmbﬂmemwaagﬁct of the invention

pr O)H_léil (?Osrnpa()gltlgrr; E) eﬁl aspec?sr@the 1mrr] t[gn ?s%rg%grggltyizga%e by blending the
components together. All the components may be blended together in a single operation, 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 1 and 2 (comparative) — polyamide + EVOH

Masterbatch of polyamide + EVOH
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according to the invention. Preferred articles are
containers, closure nenbers, packaging materials or

WQRes302@ont ai ners typically come in several fRCHEPROYOSF4710

as a single layer flexible container, a nmultilayer
flexible container, a single layer rigid container or
a nultilayer rigid container. Typical rigid or
seni-rlgjd contai ners include cartons or bottles such
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1@ board or plastic. Suitable plastics for other
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poI%@FWVP 'Y/ density pol yet hyl ene, pol yvi nyl
Ch|®ﬁﬁ@@nsﬁﬁmy¥ﬁﬁ§m“Mﬂy| acet ate, ethyl ene-al kyl
(neth)acr | at es Iene (et h)a :¥|IC acid

e

PET
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acid ionomers  The closure nmenber is typically a
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dﬂﬂﬁﬂﬁaﬁ@nay be rigid & fllexiBfe, fand may be a single
ayer e ayerof—gruhtHayer mat eri al. Typi cal
ﬁﬁ%%ﬁ%%g%”{ ’@ 50 1M cr det Fas. [The article
CoEpXidSit (gtobhe conposnljon of 0.Re 1|jnvention can be
usedforany produst for which it i's desirable to
i nhi bit oxygen damage during storage, e.g. food,

bev afiRgemANAIABEE WaseMdakh WiB dii&BdveRfi g HCI0B°C under vacuum and
cosnetics, corrodible netals, or el ectronic devic

then Gospgunsied imihe APVl § 3B &b pXIFUgSVEE 2 bigh ﬁf@srmewa@thﬂene
(ﬁﬂg{ BRONRIS J &Hiaﬁﬁx@fthé Rdr nﬁﬁ&iﬂﬁgﬂepﬂackage) pellets at a weight ratio of

10wt% masterbatch to 90wt% polyethylene.

Final composition compounding conditions

Screw speed = 400 rpm
Nitrogen setting = 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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Wh2wp/1302)he,

products for which i

oxygen barrier for a long period of tine,
and ot her beverages.

all aspects of the i

bl endi ng t he conponents toget her.

may be bl ended t oget
alternatively a nast

t is desirable to maintain a high
such as

The conposi t PGHERZ009/054710
nventior8 is preferably made by

Al'l the conponents

her in a single operation, or

erbatch comprising saone or .all. of

YpeldingdepperpivreefCh ¢
this blended with th
conponents, which th

oRpeBA L= THY3 H@ShadELlf Fr2d0s; ThHG =230°
e pol yol giidL an ity L 4k 0iTg:
added separately

ensel ves may

Mbpulg rTembdaretmt:t:e(dC) EXAN

Cvyannl ac

/PLES Al EVOH prodd@ts used in the

R s |

H—bet we%ﬁ—?—and@?nﬁ—%—of—————
and 2 (conparativ - pol vam de +

R Phsées pai)ch of

pol-vam-de MXD-6 / Sea

pol vam de + EVOHWasé ¢zdwat ches of a

ﬂ? manufactured h\/ M-t-subi-shi

A A~A~

Heolding dipe @yr por ati of

), EVOH (SOARNCL ET3803,

&L Fthdiispd DY N pQ
(Modi ¢ AP- 04, _mani

on Gohsel Osaka) xB conpatl biT1ser
factured hv M t subishi Chem cal

@&*Eﬁﬁmt@)on) pl us ar

anti oxi dant additi%e (I rganox

—B225) were first dri

ged—overm glll at—60=—1000Cunder

vacuum and then conpounded on an APV- 19'(|\/P19TC- 25)

at Maetertatchersofglpmbaarrmde NyHen Smb(IE cdmhnmg 2WvHs mﬂdoaw h

dJFQEVr@@{and bar reI
0

ondi ti ons, and

s GRS B R BR DO IOPRRN D R Tt 8y

Bon@%@i@akﬂjﬂccﬁnp'ﬁﬁ&lﬁer@ﬁ@%w Ve o4, egnnpftnehidribg Mit@bishi

gestel

Bgrtp%pati\g% plusran%gtzgﬁ arn?la 1t1ve rga]r'ngg %925%{3% dr\llead anHm

compounded in the same amounts and under the same conditions as in Example 2.

After compounding the m

asterbatch 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) 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 (wt%) 10
HDPE (wit%s) 90

EXAMPLES 4 — 6: nanoclay-containing polyvamide + EVOH + oxvygen scavenger

Masterbatch of nanoclav-containing polyamide + EVOH + oxygen scavenger
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then conpounded in the APV-19 twin screw extruder with
a high density polyethylene (Eltex B4020N1343 -

weawwasnding the nornmal additives package) pel | REBHERZ00%054710

wei ght ratio of 10wt % nastersbatch to 90w %
pol yet hyl ene. Fi nal conposition conpoundi ng conditions
Screw speed = 400 rpm Nitrogen setting = maxi num
Temperature: TZ1 = TZ2 TZ3 = TZ4 2300C, TZ5 = 2500C
The Maswdiathcﬂqf@siotyiamme\hééort HEACT omntaining Awty o oanpslaby

g% 4@5% j
(:pr{'}h %thl‘g%ﬁ‘ %J'b@?llcﬁj@éig% ;ﬁo %‘u{]@g% é L 8'05‘ rﬁﬁl‘ilfag{ﬁred by
leipmm@dmmha,) acordpatibitisar (WR2dic ahF-vi7es mmufadtumddwa/htsublshx

k l.ock) wth e r e

o & *%%P%@.F)‘ ' QL FRRR T, P S

dma@sunﬂadi &‘l‘thﬂ isetmarglmnmaoﬂ ender tha sixAddAlEoBs {sdo Fpanglt Qv e)
oc I a n| n

nan Rl Oy s 0D R PR . and

taerpcﬂmpamdée uNylb AP V5 OBG2 scednaiudemgit?aidh daRDE bély&hylene

nuf by Ube Industries, Ltd R
EISEHARTNIAED atlerv 2 P ricp S Stash il RsEoHpi hown in he table
KO @tunéa ittlel B @ipok MR ondiBol¥&Bdwn paGMf act ured by
M t subi shi Chem cal Cor poratjon) plus an anti oxi dant

S GRUEBIORY | ed and conpounded in

thesglam @@m&ﬁgs( 1gnd under the sane conditions as in
g&lr After conpoundl ng the masterbatch was dried

ove %esmn&m@@%er vacuum and then conpounded

in tr@ﬁﬁe%{rew tryh O SR LywRextzddefz M {fsoa Py oh degpsity

poI yet hyl ene (EI tex B4020N1343) peI l et's in the amounts
bIIUV\III I ] l ) S UBI OW, LIIUCI4 lIIC COUTI UUIIUI 'y

condi tions shown_bel ow. Final conpopition conpoundi ng
ddastirttabebi{stBer ew speed = 400 rpén Ni frodén settiHy =
TERYE ide) 89.3 87 87
Oxygen scavenger (wit%o):

Shelfplus O2 2400 0.5

Magnesium Chloride (MgClz) HMC23D 0.2

Sodium Sulfite (Na;SOs5) 3

Vitamin C (Ascorbic salt) E302 3

Shelfplus O2 2400 is manufactured by Ciba

The final composition was then formed into caps by injection using the same

procedure as in Examples 1 and 2,

EXAMPLE 7 - nanoclay + EVOH + oxvygen scavenger

Blends of nanoclay + EVOH + oxygen scavenger

Blends of a nanoclay (Bentone 109, manufactured by Elementis Specialties), EVOH
(SOARNOL ET3803, manufactured by Nippon Gohsei Osaka), an oxygen scavenger
(ascorbic acid + ferrous chloride) were dried overnight at 100°C under vacuum and

compounded in the ZSK 25 twin screw extruder (manufactured by Werner with a barrel
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Tenmperature: TZ1 = TZ2 = 1700C TZ3 = TZ4 = 175°C, TZ5

= 1700C EXAMPLES 4 - 6: nanocl ay-contai ni ng pol yam de
WGO-2@Y0892600 oxygen scavenger Masterbatch of PCT/EP2009/054710

nanocl ay- cont ai ni ng pol yam dé + EVOH + oxygen

scavenger Mast er bat ches of a pol yam de Nyl on 5034C2

cont ai ni ng 2w % nanocl ays (manuf actured by Ube

I ndustries, Ltd), EVOH (SOARNOL ET3803, manufactured

Hymegipisonm@nh savel nataR; 1 laDg viith athighi depgerpolythaleae (Eltex

@PUZMZIQ?'AB 'm)ﬁé‘rftﬁﬁ gncm( Mnh@ﬁ:l}?éa%'a nﬂé%moﬁ %shown below.

Cor porat nantt oxi dant additive r ganox

8225) wer e dr| ed and corrpounded in the same anounts

d| n j ) sterbatch was dried over ni ght at
108%%% Bee?i v%@uﬁ% and then conpounded in the APV- 19

t W Niseeswetdxd udeimum t h a hi gh density pol yet hyl ene

é?n% ARBHRLE shddn 1 O hd 20301 B Bel s 1ol 2 ha 25 Dl

undi ng conditions shown bel ow. Final conposition
Conrhnllr'rh no r\nnr*ll fl ons—Seraw Speed 400 rpm N| t rogen
setti kg MAKMum Tefper dturd: TZ1 = Tz2 = 1700C TZ3 =
WNehodayl(kasdy, 125 1[0c°§ shelfplus 0 2 2400 is
manuf actured by Cilpa The filnal conposition was then
eVt o caps by inffectijon using the same procedure

WWWLE 7 - nanoclay + EVOH +
oxvqe(n sCavenger Bl ends of |nanoclay + EVOH oxygen

Qagwevenatrend@/)oi a nanogl ay (Bentone 109,

et a\,L' e RttS ~peCi al ti eS) , EVOH (SOA\RNQ
EC%%B %ﬁ‘ﬁ%a&ﬁ'ﬁﬁi &d by Nigpon Gohsei Osaka), an
%ygwcm@qugag) (ascomwi c lacid + ferrous chloride)
were—dried overnight at 1000C under vacuum and
conmpounded in the ZSK 25 twi n screw extruder

( mayé asd1¥bRFodYorMedsMIRN Mintel ido BAKLS it AR LSHg &R shiatdn

and barrel_length 42:1 L/D) with a high density
pretegae ay indirampstland 2.

EXAMPLE 8 (Comparative) — EVOH + Oxygen Scavenger
EVOH (EVAL F171B, manufactured by EVAL EUROPE) which were first dried

overnight at 60-100°C under vacuum, and an oxygen scavenger (Shelfplus O2 2400 is
manufactured by Ciba) were compounded with a high density polyethylene (Eltex
B4020N1343) on an APV-19 (MPI9TC-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 in the Table below.

EXAMPLES 9 and 10 — EVOH -+ Oxygen Scavenger + Talc
EVOH (EVAL F171B, manufactured by EVAL EUROPE) which were first dried

overnight at 60-100°C under vacuum, an oxygen scavenger (Shelfplus 02 2400,

manufactured by Ciba) and talc (Steamic OOS, manufactured by Luzenac Europe) were
compounded with a high density polyethylene (Eltex B4020N1343) on an APV-19



B4020N1343), under the conpoundi ng conditions and in
t he anobunts shown bel ow. Bl end conpoundi ng conditions
wzremsepeed = 200 rpm Nitrogen setting = maxi PCREP2009/054710
Tenperature: TZl = 1400C TZ21 = 145°C, TZ3 147°C, TzZ4 =
TZ5=TDi e = 1500C The final conposition was then forned
into caps by injection using the sane procedure as in
Exanples 1 and 2. EXAMPLE 8 CConparativei - EVQH +
(MB1§EQ-2S bwin agrew [ED@QHPIY By eRtqieB{manafagfuaest r 4BV Baker) with a
' . - st h . ‘
EY OB Dt Rk et L AL 08 Y BRI AL tn e armoum
shShebélplbus 2 2400 is manufactured by C ba) were
conpounded with a high density pol yethyl ene (Eltex
B4020N1343) on an APV- 19 (MP19TC 25) twi n screw
| abor at ory. scal e.extruder (manufactured by APV Baker
V\Atﬁg‘g%%%é}%ﬁggﬁﬁ%&er 19 mm and barrel length 25:1
L/ Dpcrewdpeedt=omoaepmdi ti ons and in the amounts shown in
t he Tabl e bel ow. EXAMPLES 9 and 10 - EVOH + Oxygen
Scab@HEr sefingT MaBM (EVAL FI 7 1B, manufactured by
EVAlrelbirR) i€ 75ne) 74 + 183°COTZRd 100°€), TZgRt208¢C TZ5=TDie =
10 60-100 OC undgpecvacuum an oxygen scavenger (Shel fplus
0 2 2400, manufactured by C ba) and talc (Steam c OCS,
manufactured by luzenac Europe) were conpounded with a

hi gh SEANELE pol yet hyl 8ne ((EI t & B4020M343) on an
W&w I9TC 25) o8 g5ET eW JoaagT gt orgs gscal e extruder
(manu ac/pured by Apvvmgggzgr) with a|barrel djaneter 19

X

EVCHhOvtSar rel | engt h 2&51 L/ Ds.6dder| t héOcondi ti ons and
Hiotheanpunts stopn—below—Compounrding-condi ti ons

& F%E%/r\} S§%"é!’8 rlwtz%b rpm'ﬁ'cs 05 r.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,
15

Oxygen ingress measurements - Non-Invasive Oxygen Determination (NIOD)

There are several methods available to determine the oxygen permeation, or
transmission, into sealed packages such as bottles. In this case, non-invasive oxygen
measurement systems (e.g., supplied by OxySense® and PreSens Precision Sensing) based

20 on a fluorescence quenching 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 optic
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®).

25 The oxygen measurement technique is based upon the absorption of light in the blue
region of the metal organic fluorescent 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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Ni trogen setting = maxi num Tenperature: TZlI 175°C, TZ2
185°C, TZ3 = 1900C, TZ4 = 2000C TzZ5=TDi e 2100C The

WO pewafizenposi tions were then formed into capsPEIEP2009/054710

injection using the same praezedure as in Exanples 1

and 2. Oxygen ingress neasurenents - Non-Invasive

Oxygen Determ nation (NIOD) There are several nethods
avail able to determ ne the oxygen perneation, or

fycagssence sinseion iinignsity azd kgtipaalkagletsd suibh oxgseh oettizberesspyg, and

D PR SRR R e RS- B ST BV,

Sendihag¥ydendeyd! withia afpaciegessbnse bqtule reeth begpermptel dyy aftaghing an
k
SERPLRFSERUES, G DARBPLONE e e SIS ShaP Ln spot s then

an ‘oxygen
1ﬂmyk|mte@ ngth anpuil e blluB lghtrﬁ‘bla th@h@ﬁmfd‘hef fihgo DE}BI:I@mier-qiyleassembly

RS ERE tihe s HRL ABEIOEIR e BUCHRONGR R S Rl b tint i
dm;nﬁkd artel reed hiﬁﬁ)f lartﬁ:tqnﬁdtlﬁy deplead-dotecta@ ﬁf?laﬁiﬁr@afdﬁﬁrlstlc of the
uor escepce i et| haract e ristics of .the.o
BT e Gty Barer I i EhoGreraenes AR et lovel
5fe>g§aganq;ﬂelmﬁlefmgagg,upon the absorption of light in the
bl ue region of the nmetal organic fluorescent dye of

t he oxygen sensor spot (e.g., OxyDot(r)), and
fdstioglescence within the red regi on of the spectrum

The resence of oxygen quenches the fluorescent i ght

f r orhhe Hestospdl £ %@?/ ti%@sqfreea%reprn@erﬁr@amef &f jangapr Ferdesh oxygen

&Hﬁ@e&%ﬁ id donbAR{ YRIMES SRACRoRFIS IR hyIdRE @é?&if&ﬁéla@é‘@ET) preform
fetime are related to the oxygen partial pressure,

ﬁﬁ@nﬂﬁéfmﬁWriﬂ eckosizs adaesitn (3 used rthe insugtieto blow mould
G ﬁ@? Reag c‘&?%H&E%Q&’f‘E‘%%H%%aEr}dOHavmoh& Of&’l%ﬂlrg ﬁm\égalcterlstics
Wi thin a pac ch as a bott e e

age su e carf measu
wtighichi3ng mkmg%%smmcbmmstpotto@bt@ﬁ,lel@tly Po1233 ynm and wall
ckage. The oxygen sensor spot is then
th'zﬁfgngng?gg% th a pul sed blue light fromthe LED of
t heThe base obfht |PETrpeea“dm rspwedamstdmmh YlocH Fremi widetoiswotbrisk tdbes of

4 f t ensagaf ! % ep nﬁc% e gr%gcmn{ il“% doethefﬁzgdsr g’ghqu i Fs? ﬁeé%gate outside at
lekeki- ]ﬁodifeihl\tty ta ep:hmet arr-dlghtﬁeslso:tf thencbst fidl Ghaeatiddeby athigh priessure
lE:EH(?lge testing procedure}). The shorter tube is used to introduce deionised and
deoxygenated water into the preform to 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 evaluated 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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fluorescence lifetine is nmeasured. Different lifetine
characteristics indicate different |evels of oxygen
wawraobisn2othe package. Test Cell A The test cel | PEEP2009/054710
eval uating the barrier perfddnmance of a cap agai nst
oxygen perneation is constructed froma bl ow noul ded
pol yet hyl ene terephthal ate (PET) preform of standard
PCO28 finish in neck size and design (as used in the
deinnipsd rapd tdsoB 2RO RlT i(sRvErimEEthepRPTFre bR, tubg) %‘n&tbé"cﬂ“enﬂy
SREdd W Im‘r§%en 8ol H@h\fé Qlﬂtllt H1€ ok Rleh RWENY the water stablhsed at a level

characteristics: weight = 359, heck size = 28
delbprdave PO petot al  t ube Iength = 123.2 mm and vvaII
thi gipe 445908 TicBAS €5 NGasPEIIRARE OGN ik
sea?gg ?)2{ %en%?%ss Ioc fcro vﬁ{ecmh %/\S/o brlass t ubes of Oxygen
@mﬁ@@n@ms bb@rﬁgwahks mgaguesmeEnt: ) ot zeheoxygef lsvehusiiae solukier with 1%
a%rd P so% te Mﬁ&?scﬁf&éﬁ%ﬁ%xﬂw‘ﬂ?' ﬁ%x?gté:n i ﬁ'lé ?fu?&ﬁ (under 24
ves 1 sure alr thes

hoars Cff' cenid}hxym@ ini agiferpetes By sealed aesk aglB; (u@aatfllﬁ@; oxygen using water at

The,.short er, tube | ed.to_introduc
SRR dhear, ORI R MRS Ot A 2 oues o
@hdigibing). thadspaaey bélthhiﬂt&athBmecmp wilai swibsdqserslyr eandetd by

onto.the nec h refor The

Bt RS CrvRe Tk ohe RHSBRES MBBTLE R AT Fagaaton .

@5 ah& 243 600:yeEn, Gl Adeatificd gad hratld fﬂbindai byorhy gaBupiiesd. S

V\nthlntge headspace ndthe &/a%ier \ﬁ/ogs i:allbrategl

oxy Eh % ﬁEﬁ'F“@'ﬁ‘B‘F c(fe"- %Oxyg@’q} tnhb“)t gt tﬁ?I SeHping gne cap

idrfder é\ﬁﬂﬁﬁoﬂ\@bérﬁgeofra}ﬁelgﬁvv@é @été}ﬁmedm 10 r&éa bapds Féﬁ@d%h of the
or ox en etectlonlnthe gas ﬁoase gthe ot her

'i(“ﬁ Qb @F- {7188 ctpdngdiquidabases) ighowins flﬁélppqoamta cHibsations as
AL Rel laBe: ARRE ﬁé&%ﬁaﬁregﬁh&%dto%whn‘;r &5t tth Cetrd oo B mperature

40°C The cap to be evaluated was first screwed onto
qnd @ambiest illgainatipns pije axypee mgasuremeaistvone eRPTaRiately ke | n

(un'Tﬁe QhrrieP Pﬁﬁn{aﬂceogiuﬁg%agéqglmw The &l9364 dd gﬁﬁua;ﬂg lrclver a6

P w t hdel oni deoxygenate
el periiqdg with gegsibeo okegen yreassementredn hseinesod @gehesapIngounted on 3

1B§&gﬁg t‘é@tt 119I (Sr{ 29&] rgcgg h%c%@g ed of l’k@%r{a tteg eﬂé(mﬁlncaps of a

er st
reference formulatlon as well as metallic caps whlch 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 at 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 frace 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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wel | bel ow 50 ppb. The OxySense(r) 4000B detecting
systemwas calibrated at two oxygen concentrations

whefons2ench neasurenment: (i) at zero oxygen |RYVEEP2009/054710

using a solution with 1% add¢d sodi um sul phite which
scavenges and renoves all oxygen in the solution

(under 24 hours of conditioning in a hernetically

seal ed test cell); (") at 21% oxygen using water at

st afian? &/pigehsheHtlife dasklithy eave (OwFgesrsenvas spratap 4e ddigrechonto the

@ﬁéef dfad vr% & 2340 gig Qlfentcﬁqldb squ% eyagrdWS shQh neck

cal i rated tec or was su verifie y
siascesd diesign. fThe boily gas thee Vidled vfith depneedﬁr»d@iﬁowgten@gbwatga@ toa

ﬁtl)gi?&y%g%, Jf?ﬁ%gl 96 g%t#o% Qipcaugaqig lg OIVQ b %% OVIE}g t%‘%}iy%%rhlevel of the

certi
e isuppthe eotﬁe wepstatihekd atre Iwelrvmﬂelmovoﬁo prive Tox yapan be evaluated

5P P a5 BSOL 46EL L 2P RB R 35 R B cre
mmaﬂhnge.nade at each of the two OxyDots(r) (i.e., in

the gas and |iquid phases) follow ng the appropriate
calibrations as described above. Al the necessary

pr Seaueeicﬁ rtsrnhﬁ:atmﬁ,_c@lmttlei Mithtthe f@ﬁaﬁ:eeeﬂ&api weengepladed] tgether
anpi ent at,l on on, measur enent s
L %% &Oﬁkf &Py e W &ﬁ’quy rﬂr%e&ﬁs FhBARIEPT Ghe ingress

dfhﬁy%ﬂﬂﬁroagh 400 Genagl BViRk l&@ﬁtl@:ﬂ TheR Yok ka WeYe B¥EERIGE ambient
nont eriod, with regular oxygen neasurenents on 3

@a%wesal@f the ABP2eh NSFRIBRT He GRONEOTeA (ASVA ditngfion @fttime using the
I‘r@éeln§ox3%@n ﬁ1gFe§§ﬁle£s@Felﬁ]eH@ﬁupﬁﬁHts' sted of several test

caps of a reference fornulation, as well as
netalllc caps whi ch were evaluated in order to bench

mar %@veﬁq;nﬁ@@ ﬁléésyreﬁggts,rﬁpﬁ%gp%l?% ?a?ﬁrs%ggtained from several

neasur enent s. he test rack was
reasiings ahout éﬂ)ﬁ@@u loattksdoutpstof e 0O Gxygam spotdes qactnbettiel This was

t&ﬁ{ tjeﬁéé'te(a% Al tBQ 5 b81.)ﬁ¥9§)nasctc9 Qﬁ%\]ﬁg ﬁ‘&{re%lll %@?%lécﬁ @Hﬁg}o‘? the oxygen

asurenents were ac
ihgpysdieravgirthe (R30IE)kd capeirthmaﬂ of thevestiod wi t h PET
bottl e at anbient conditions (23°O A PreSens
non-i nvasi ve and non-destructive oxygen ingress
meaShe emélnt execpisepmasnierformed 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 | 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.



(Fi box 3-trace neter, fibre optic cable and trace
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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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Conposi tion accordlng to claim1 or 2 mhereln the
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eis a



10

15

20

25

30

pol yam de 6 based nylon, preferably nylon 6, nylon 6,6
and nylon 6,12, or a netaxyl ene diamne 6 nylon

W@ rDE302004. Conposi ti on accordlng to any preceRiTEP2009/054710

claim wherein the ethyl enel¥inyl al cohol polyner
contains 27-38 nmol % of ethylene units. 5. Conposition
according to any preceding claim wherein the oxygen
sca er. conprises a netal -based reduci ng agent,
pre&i&i@by a reducing iron powder, a reducing zinc
powder, a reducing tin powder, a |owval ence netal

oxide, or _a reducing netal conpound. 6. Conposition
accérdlngCP@pﬁﬁV“HP%@QﬂP%g claim wherein the

conpat.iohiwiesdh pb@o@ﬁﬁainalufcoadatwarm dad pogbiefied || near
Iom#den3|t%/pol yl ene. 7 sition according
A

any Ogreleti’hgtal %Fflh‘?“%wlé'mh%lrp@lmeayoqt@wg] Betyoe @xpol% and

4@%@@%%faﬁ%kg3h§sa nanocl ay. 8. Conposition according
to claim wherein the nanoclay is a snectite clay,

prepérabWVéﬁéﬁT%ﬁVQ@Q@@1ﬁ@ﬁﬁ@@lte 9. Conposition
accgrdi ﬂgwlt"/s)ofa@ﬂﬁepj cl&)} l%!v ah al ctq tl%’[edrt RL& lbhﬁ‘eferably at least

nucl eating agent is an in rga havi ng a
Hedioreeamelatablorit pastts0otre ngclz@mguasw,u ds s toplyam{dS@giigradlp ontaining

sﬁﬁ??lla)‘?g%{u%&gﬁ 260 hy d50 < 2.5 mmand d95 < 6.5 nm

e aver age equi val ent spherical di ameter
at B0 <cuwtth af & venpatibdis® and d95 is the average
equi val ent spherical dianmeter at 95 cunul ati ve nass %
preferably talc. 10. Conposition according to any
preeedi ngCoinabsiniomlnewrémg td dlgimalyowheteinte pmii«g&afr‘nﬁ 'deh,igh density

ERGEE oB” R ot REFufline r BB KB B0 e

(LLDPER ppBpidplefie, 3E € Bloelt &ifpotytheRBYpdiyRsiSina gndpaidiiylene.
wherei n when a pol yam de contai ni ng a nanocl ay or

nucl eating agent is present, the amount of nanoclay or

nuckeat i ngoAgedion Acdrilifg ROLYiAN 6ter, %e@fn&ﬁ@ﬁcﬂ nYlde isa
between 0.1 and 2wt % based on the t ot al ‘&
polyamide 6 based nylon, preferably nylon 6, nylon 6,6 and nonn 6,12, ora metaxylene

diamine 6 nylon (MXD®6).

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

alcohol polymer contains 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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nanocl ay/ nucl eati ng agent plus pol yam de. 12.
Conposition according to any preceding claim wherein

wa bwoasisont of et hyl ene-vinyl al cohol polynmer PGI/EP29AY/B4710
to 8 wt% 13. Conposition a¢&ording to any preceding
claim wherein the anbunt of oxygen scavenger is from
0.5to 5 w% 14. Container or closure nmenber,

referably a npnoco nent cap, Gconprising a .
P oBos £ SABEREREHBnE 1 it s SR, vbpisitihe clay having a

high aspect ratio is a nanoclay.

8. Composition according to claim 7, wherein the nanoclay is a smectite clay,

preferably bentonite or hectorite.

9. Composition according to any of claims 1 to 6, wherein the nucleating agent
is an inorganic filler having a sedimentation particle size distribution (Sedigraph 5100)
characterised by d50 < 2.5 pm and d95 < 6.5 pm, where d50 is the average equivalent
spherical diameter at 50 cumulative mass % and d95 is the average equivalent spherical

diameter at 95 cumulative mass %, preferably talc.

10. Composition according to any preceding claim, wherein the amount of
polyamide, nucleating agent or nanoclay, or polyamide containing a nanoclay or nucleating

agent, is from 0.2 to 5 wt%.

11. Composition according to any preceding claim, wherein when a polyamide
containing a nanoclay or nucleating agent is present, the amount of nanoclay or nucleating
agent in the polyamide is preferably between 0.1 and 2wt% based on the total weight of

nanoclay/nucleating agent plus polyamide.

12. Composition according to any preceding claim, wherein the amount of

ethylene-vinyl alcohol polymer is from 3 to 8 wt%,

13. Composition according to any preceding claim, wherein the amount of

oxygen scavenger is from 0.5 to 5 wi%.

4. Container or closure member, preferably a monocomponent cap, comprising

a composition as defined in any preceding claim.



