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FABRI CATI ON BACKGROUND OF THE INVENTION 5 Field of the Invention The
present iwoasseporel ates to a plastic closure (or cap) f@CT/usosriBbaers
such as gl ass bottles and PET bottles. The closure provides barrier

agai nst transm ssion of gases such as ﬁi[ Eon di oxi de and oxygen and al so
exhibits a reduced tendency to "scal p" vor_conponents from 10 the
packaged pr oducPLAGTIGGRARBIER 450 SHREANDLMIE TH@DASE FABRICATION

descri bed. Description of Related Art Plastic closures for packaging
containers, including glass and plastic bottles, have been commercially
avai l able for a nunber of years. 15 The nobst common exanpl es of the

pl astic caps are internal | BACKGROUIND ORTHEWNVENTIGN be screwed onto the
neck of PET bottles used to package a variety of beverages including

car bonat eg Sgitl !drfi!]nkﬁ'veTh!ng nost comon caps for carbonated soft drinks
conpri se an | ded polypropylene with a |iner nmateri al
usual Iy made fromThe greBgheineemioniel®8s de atptastiqelbyurer(oe eapofond. The shel |

is fabricated either by injection noldi ng or conpression nolding. The
liner is inscantaRergsuey as@ass belties ans: s dottles. " Phe glogHee PIoYIdes where a
pr e- nol ded dinsk.: Qf P LiSei | bs t and, 2)
"i n-shel | mo|b§|hr'1ég}"a%$eﬂa§{s§ﬁr%§?'?%ﬁgggé%@%?ggg%ng'tdé'?us‘@f‘4@ (()-:ani ted in
t he shel | andntradso ewhithitd a nedpted éerdenby ta “sdalpidavor Compoapnts fnem f uncti ons
as a nechani cal sket, or seal that il ] prevent the | eakage of carbon

di oxi de d8s fRQRACKROGIPN @HESMGB% g}daf?é”ﬁ?%m@r?‘wq8|°§§re'?%oalﬁ?ece" caps.
More recentl yesafddier kind of cap design has been introduced to the

mar ket. Referred to as "one-piece” or "linerless" caps, these are 30

I nj ecti on-nol 0fr ' nol ded caps that are nmade froma single
pol ynmer, nos D&@n ﬂo'q%wgg@%@fanpl es of such closures are described in
the foll owi ng pat &lastic clbsures doepackagingocantainers; inclbdingrglass and\O 03/ 086890

D 03 110 asticBotles’ heive baen commerdially avdilabla for a futhber of yamrs. "

15 The most common examples of the plastic caps are internally threaded to

allow them to be screwed onto the neck of PET bottles used to package a
variety of beverages including carbonated soft drinks. The most common
caps for carbonated soft drinks comprise an outer shell of molded
polypropylene with a liner material usually made from an ethylene vinyl

20 acetate polymer compound. The shell is fabricated either by injection
molding or compression molding. The liner is installed using one of two
methods: 1) “pick and place” where a pre-molded disk of material is
mechanically placed into the shell and, 2) “in-shell molding” where a small
mass of melted material is deposited in the shell and then molded in place

25 by aplunger. The cap liner functions as a mechanical gasket or seal that
will prevent the leakage of carbon dioxide gas from the cap. These caps
are referred to as “two-piece” caps.

More recently, another kind of cap design has been introduced to

the market. Referred to as “one-piece” or “linerless” caps, these are

30 injection-molded or compression-molded caps that are made from a single
polymer, most commonly HDPE. Examples of such closures are

described in the following patents, which are incorporated by reference:
1



Through a proper conbinati on of geonetric design and material, these caps
can provi de adequate nechani cal seal against CO2 | eakage, for exanple,
froma cawbonasao beverage. 5 Although cap desi gns as desecirhmsds/abose can

bt event: ny/SE a0, 58P 4,828 2B 1"y n B8 BRT = R R 24T 8000 ee e
pol yol efin pryugh & prypecedrniinatied o_hgé@nkﬁ’icﬁélésdgﬂé “ndQnatedias thedd | er

properties. For some packaging applications, a better barrier agai nst gas
per neati on i $ap$GanddPYide adgayatmbeiechanigphsasi @gainst £Qq lgakage, dPbsures with
I nproved bar réxﬁfn Ié‘%}’&alﬁe@é}bgﬁéfe@m&@the prior art. One approach is to
repl ace the I|nerp 'used Th a two-pirece tap with a liner fornmed froma
barrier naterial . ARRough 34D dessigrizeas tescribed afove carl priovideegosd r uct ure where
at | east one Iae/er_l provi des a barrier rtEgai nst gas perneation and at

| east one ot Fe? haﬁ‘iﬁ.ﬂﬁseﬁh‘?&%‘f‘%‘r@%@a age.HBeY| arf Bal eligddive| g pepveniipg.
07137754 desgyl i WSy ' | kth a barrier

| ayer and a g&ﬁ@ﬁﬁ%ﬁbﬁ%&ﬁ@ugﬁ@%l\n@é@éﬁ%ﬁé%ﬁ%ﬁ%ﬁ%tﬂ%@@mﬁ@hl i ner. EP
926078 descr ipobsners tgpigdliyhngséd have celatively pagr gas batriesprgpertiesl Fer nat i ng

| ayers of matrix nmateri al 20|. and barbi ﬁr mat.eri al .. tn bot h EP. 62340 and EP
926078, the [SOM&RACKAING APRUFAIGNE T BRUGLRHTISE againstyar Pedretie]] Sagai nst
gas | eakage adirag. a barrier |ayer against perneation of gas. An
alternative approach to a barrier closure as disclosed in EP 233414 is to
coat a conventi on&l ngmast ot appmaches & plastic glosheespvitie émproveddiaitiece) with a
coating of " r.25,1 r e terial" i ' r rma solid
and is perna\rﬁ%ﬁgiéfe%a(zﬁ?@%g‘?@m%@@aﬁ' Qﬁgt%ﬁ%@%ﬁ%@ﬁeﬁ%&gh%%% er cap
i's to produceisadiia teio-piebechpssith 8 asécforheafom BEdatiepnatérad]. ERhi bi ts good
barrier properties rather than fromHDPE, which is preferred. Mst conmon

barrier polyf2340 teaghessthe uwe efmultdayrr sdructyrevhereatdeastiangdayer difficul t

per usos) S 10680 Me TR i ipind e ARt s S e Gt 055
provi des for fanglionstascthel mectani¢alrseai@yef.0dP & 0TIBN7H4rdascripesta cul arly a

contai ner having an externally threaded neck ]
closure comprising a multilayer liner with a barrier layer and a seal layer,

with the closure body molded over the liner. EP 926078 describes a
sealing liner consisting essentially of alternating layers of matrix material

20  and barrier material. In both EP 62340 and EP 926078, the liners
described function both as a mechanical seal against gas leakage and as
a barrier layer against permeation of gas. An aiternative approach to a
barrier closure as disclosed in EP 233414 is to coat a conventional plastic
cap (presumably one-piece or two-piece) with a coating of “vapour

25 impermeable material” which is cured to form a solid and is permanently
adhered to the cap.

Another concept for a barrier cap is to produce a cap of linerless
design from a material that exhibits good barrier properties rather than
from HDPE, which is preferred. Most common barrier polymers, however,

30 tend to be stiff and hard making it difficult to achieve a good mechanical

seal against gas leakage.



t hrough which the contai ner can be filled or enptied, such as bottles and 5
the like. The neck of the container or opening of the container is a
tubul ar worbeseseonnected to the contai ner at one end andPoparsoaiiovhe

ar - wont c _ i e end and rapa
ctge. The tubul ar nonver SR SYINARY OF PR RO Or de ur face.
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screwed onto) the bottles as treads on the inside of the closure engage
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conponent s f meembbecommdotettb they cshiainer ahene endwnd spemat thesopposindgy and a
barrier layer. 20 25 30 The body conprises a A disc-shaped top wall having

an insi de suengddton adge pErimy; Jhesin has arsinngr edge apd asy ovterefgecdh€act t he
[ f th ' ; ' Gal sid
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mechani cal - seadmpagapRstbrabBakRg 810alrd RSsetiPdt bRRorS@BWeR drito) thet al | ed on

the container. The seal conprises at | east one sealing nenber that is
attached to hoitles@strdads onihe insidenof the closuracngagettheeadsrviiiel , i s

conent 1 ekl By R b ey s Sl BB BB e
bottle may be employed.

15 The closure exhibits good barrier against the transmission of gases
and reduced tendency to absorb flavor components from the packaged
product. The closure comprises a body and a barrier layer.

The body comprises
a A disc-shaped top wall having an inside surface that is
20 disposed so as to contact or nearly contact the rim of the

container neck when engaged on the neck,

b A cylindrical side wall attached to and extending from the top
wall;
c A means for securing the body with the neck; the means
25 preferably comprising internal threads in the cylindrical side

wall that engage corresponding threads on the outside
surface of the neck; and
d A seal disposed so as to provide a good mechanical seal
against leakage of gas when the closure is installed on the
30 container.
The seal comprises at least one sealing member that is attached to
and extends from the inside surface of the top wall, is concentric with the

cylindrical side, and is disposed so as to continuously contact the neck of

3



the container (top of rim inner or outer edge of rim or side wall of
neck) when the body is engaged with the neck. Alternatively, the seal may
conpri se WOAB/0gasber seal ing menber that is attached to ane@CH/uski/emds from
the inside syrface, of t and osed be veeh (ﬂ% nsi de

L
surface of tHee Eont a\‘ﬂ:ﬁ'rl(gofﬂ OP@Pd@q%PfOHt?&etdﬁlg G Y yal bottl e

openi Nng SO FphdrPtheBddy s @nghyed WiHAhE dtR. t op out si de edge of r| m of the
cont ai ner neck when the body I's engaged 10 with the neck; and ii An inner

seal i ng nmenber corfdtemativelyuthe seakmayicempriseéal i ng mermber and ext endi ng from

cont act the i nner edge of ¢ f PERY sRding SEmEtna s ARk ed SEAN 1

neck. Thesbody is made of nmextaispr@ntthe ingidssuacd of el topdtEand iEhe

barrier layer, which is incorporated into the top |1 of the_ body, is

sel ected from materials knowiSRasegrhgfvaen H‘%}lﬁ‘éd’eo%# 3cg ofthgiqylindrigilr neat i on
of gas and al so exhibit a | nts from
the packaged product. The b%ﬁ%@rﬁﬁ%ﬂggpég &?%égég%égﬁyr@biﬂe

barrier polyners including Bd@s tor‘(;dnmnuoaslgl cpntact sheetop qﬁuutsldetatlgagonGT, 3GT

and bl ends of 2GI and 3GT po) hous on or .3GI pol yester is
preferred. The barrier Iayer”%&i %‘Eﬂtﬁ'@eﬁg?‘élﬂ”i"@ é‘ﬁ@h’dé{ésﬁpﬂ m 25 An

al ternat jye enbodi nent Comvtﬁ%e%é&dﬁn&"'th a seal that has a single
seal ing nenber that is attached to and extends fromthe inside surface of
the top wall and is di dsiposedrsinnassealingomembes eohgenrtantwitit theruteout si de

edge of the container rimwhen.the body is, e ed W t the eck of the
cont ai ner. When only an out efa g%mq@bm?ﬂg é‘ﬁﬂf‘lﬁpz %e 30 seal,

the barrier material preferapiacedftmciop Wgwof!h@wdyté'@agwt ainer with the
closure is engaged with the container neck. The barrier |ayer is

i ncorporated into the body sontineousiycetashthednner eggeref theodm whem

03/ 08689(}5 PCT/ US03/ 11096 the body is engaged with the neck.

The body is made of molded plastic, most preferably HDPE.

The barrier layer, which is incorporated into the top wall of the
body, is selected from materials known to provide a good barrier against
permeation of gas and also exhibit a low tendency to absorb flavor

20 components from the packaged product. The barrier material can be any
of a number of barrier polymers including EVOH, nylon, and polyester
(including 2GT, 3GT and blends of 2GT and 3GT polyester). Amorphous
nylon or 3GT polyester is preferred. The barrier layer can also be metallic
such as aluminum.

25 An alternative embodiment comprises a body with a seal that has a
single sealing member that is attached to and extends from the inside
surface of the top wall and is disposed so as to continuously contact the
outside edge of the container rim when the body is engaged with the neck
of the container. When only an outer sealing member is employed as the

30 seal, the barrier material preferably contacts the rim of the container with
the closure is engaged with the container neck.

The barrier layer is incorporated into the body of the cap by one of
two methods:



a. a nelted mass of the barrier polyner is deposited in the pre-nol ded cap
body and then nol ded into pl ace by nmechani cal nmeans. This nethod is
referred wo @a®s86som- shell nolding". 5 b. The barrier |ayerdrasShaired in a

separate step and thgn I T%R? hi s met hod
Is referred to as %I ckz‘hgthr‘\%it Efggseé Bf@ﬁ@”%{é@gﬁ# ‘@%@{ W NGS 10
Figure 1. is a vertical preanoked cap !mdysélm\:thwl moldedsintoeplave bgccordance
with the invention bei ngrg g I|e to the B.eck %Q a co t ai ner gér? 2. is a
vertical sectional view 'SR d“%?’b%u-lr Is; et 9d6|’%§ﬁ'@9 Qidsh n-Rhel
invention, installed on g@g »al ner, where an inner concentric ring

provi des nmechanical seal. 15Figure 3. is a vertical sectional view show ng
a closure5in accordancelke barrielnd;ayern\i?efw'hmd inialsnparabdstep amddbaenai ner,

where an outer concentr.ic row des ngd the barrier

| ayer functions as a po'Q?tlaFIe% (%e pﬁﬂlﬂﬁ (i]lcaﬁ’ ogyviﬁsl Qﬂ"%‘c\'étional vi ew
showi ng a closure in 20 respedRnge pitk Bnd pfadenvention, installed on a
container, with an alternate configuration to Figure 3 where an outer

concentric ring provides nechanical seal and the barrier |ayer functions
as a positive stop. DETAILED DESCRI PTI ON The present invention provides for
a generally cylindrical BRIEFDESORIPTHINI@F fIHE HEAVMNGShe open end of a
contai ner neck (or cap) in a way that provides superior barrier to the
transm sgoon of gagmm ds aeduticall settorid vigw Sleowingar Closlieviar conponent s
from product packag§ n the seal ed cont ai gr. Such a cl osure IS

especi al |y u@eeqard ea\""ﬁh fhednvemtionsbeing @pplied ie theprackefia certaln®n as are

used for carbonat ;ﬂ%@@fé Igél\)émca' Q@@for%Qstﬁé\p‘ﬁp é)@'ggu,%qﬁs The cl osure

may optionally in € a guarantee ring or evident strip. This
cl osur e conpracsesiamceavith tHeahveMdmthtaH&chpn asdm!mdel(, wheere amdmheg a

general ly disc- shafged to{gr V\@ W t.h a%agyl I pdrical or 5 WD 03/086890
PCT/ US03/ 110$6"CERhiGITE9 RiPYE'e el s68l-al | y perpendicul ar to and
%ltle”g:c ”?g‘;fglmotsnﬁfégﬁr%% wehlvertafl sBctisidl Vi SRoRihg '@Bs e iat €d into the top

accordance with the invention, installed on a container, where an outer

concentric ring provides mechanical seal and the barrier layer functions as
a positive stop.
Figure 4. is a vertical sectional view showing a closure in
20 accordance with the invention, installed on a container, with an alternate
configuration to Figure 3 where an outer concentric ring provides

mechanical seal and the barrier layer functions as a positive stop.

DETAILED DESCRIPTION

The present invention provides for a generally cylindrical plastic
25 closure for sealing the open end of a container neck (or cap) in a way that
provides superior barrier to the transmission of gas and a reduced
tendency to absorb flavor components from product packaged in the
sealed container. Such a closure is especially useful as a cap on glass
bottles and PET bottles such as are used for carbonated soft drinks, beer
30 and other beverages. The closure may optionally include a guarantee ring
or tamper-evident strip. This closure comprises a body that is bottle-cap

shaped (i.e., having a generally disc-shaped top wall with a cylindrical or

5



The body of the closure, as wll be nore clearly understood from reference
to the figures that are part of the disclosure of this specification, 5
has a neawe oBosessecuri ng the closure to the contai ner andPaTmEsassiober

provi ding a Lcal e ]S, S t tai ner.
The neans fo @gﬂ%@%gméﬁggéﬁggﬁ}tfgmﬁg%k@eéf&é@ﬂ%}@tol ﬁ%&ﬁgpaﬁqrﬁ%gﬂ hat
engage with exp eualiphnd lrissder Ryet imeonsstitedf intdhectoptwainsftheatodusedepi ct ed
in Figure 1. Wiile the closure of the present invention has been 10

described as utiliieRedy efithe frsyrenamyldihsmafe clearyaindsrstapddiomeck, it is
under stood t r}gﬁ]rpé | ; ' | . ans

for securi ng@%&%ﬁgesﬁ%#‘%a cr o%n@??%hgﬁwh?gﬁgﬁ%:“ﬁ%§fjteh\‘%§§‘?ﬁﬁ£?qg°”ﬂﬁ lized.
The means5f ohagsramednsdorsemringrthe losseato threedantainkey andrameaas $or one or
nore sealing rrena,ers attached to the inside top of thg cl osure, 15 and

ext endi ng t h&RYIFEH I BEL apigaL.eeal .en(t}ipg RRUNE &t Sefde Jadhe ﬁ_@?tqu’én t he
the closure is seaifichs idiediihgineloslidisitosicaAiferhafPRbsds thet! osur e

i n accordance with the 1 nvention eing applied to the neck of a container.
The body | ofenghgedvitieexternat thrpads ep the nepk whthe eontaimer nasisrdepistedhr eaded
sidewal | 3, and.a seal,,4. 20 The seal, may consist of an jnner concentric
ring 4a, an Jutrygure nc\élml?i%'&ec |SH[;e ﬁ%ot,he#eﬁ?)'{’}ﬂnyq’ﬁ@nslé%ﬁ b%?('f ends downwardly
from an ipneidestribed as tilizihda thRsaded éngayément Wifbeasbritainenaade itige neck
of the container so as to provide a good nechanical seal against |eakage
of gas when tunderstoad that the aftendartdoenafits may hsoraalised withvgther meaagpr eci at ed

The. pri o ar fOTRRISER A PELFuEr Sercolivgt Bsfle aFbeRe R 2 "
section or secti Orfhedehhs forsrayidirig 4 htechianival Seallprefbrablgomnipriseggage t he

neck of a container to affect a good nechani cal seal against gas |eakage.
The seal can g€ orgnefseealingdnempaieatiachastothsringide tep Af thendeswie the rim 7

t heci ngj | ' 3 ' : |
’5 Fot or 2 iiextndiig tnétefion?Se aRo Bhcl fhe'fledy of hHonedheRangh &' 20T
hi gh-densi ty pol yat byl ene CLEPEL- w6 b 63/ 086890 PCT] U0, 11096

i gh- densi ol yet hyl ene , .| ow :
degsi ty pol gefhyrfh@/réﬁﬂ@ygprﬁgpﬁﬁsl%?%ﬂﬁl"éﬁ@c?rldlaﬂ,ceWﬁ e IBERHAMY |
chloride, polueiy BpARdFto thB HetR 'of BeditaiRB THY BSH Fof te'ciBstRy 2l -

comprises a top wall 2, an internally threaded sidewall 3, and a seal 4.

20  The seal may consist of an inner concentric ring 4a, an outer concentric
ring 4b, or both. The seal extends downwardly from an inner surface of
the top wall and is disposed to engage the neck of the container so as to
provide a good mechanical seal against leakage of gas when the closure
is screwed onto the bottle. It will be appreciated that the body 1 of the

25 closure may also be of a different configuration. The prior art contains
many designs for such plastic closures where a section or sections of the
body of the closure are disposed to engage the neck of a container to
affect a good mechanical seal against gas leakage. The seal can be
disposed to engage the neck of the container on the rim 7 or on the inside

30 wall 8 or on the outside wall 9. This class of closure is referred to as
“‘one-piece” or “linerless.”

The body can be made from any number of plastic materials
including polyolefins, such as high-density polyethylene (HDPE), low-

6



t hernopl astic polynmers are preferred al though thernoset polynmers can be
used. For many packagi ng applications, and in particular for packaging 5
car bonat ea096/0868dr i nks, HDPE is the preferred material of pconsos/uobé on for

t he body. HDR hi.Ri i ' ' eLLiEeS5.(in
particul ar, oty RpVeli e LORE] afipSlvelBiiate E, BHRRACPLYERNL . "o

ef fecti ve nechigrideapolyearbargie, nxdlystyreast andeolyester. fogeperdiagi ng
applications involyvi n%:‘%)lhot-fl |1 or re(ig&t process, dependi nhg on pressure

S

10 and t enpetB@imepla WaErs gte preferred gebeughthermosgl Polyaless saB beas a
body materi al n ' ' i ri ﬁﬂ] bt § kaher t her mal
resi stance tﬁgﬁHHgyéﬁinﬁﬁQQ{sé‘g&q 5@'?'!5’8?? gﬁ'eérgirﬁ‘ y O%Lfﬂht]%d;qatée&kgglgper red.
The body &an caehgnatedseft diimkagHbétmisthe peefemedanaietiapobemistiuction fiet hods

h i j 2d i nj ect | | di ng.. 15 Th ier | 5
of “the. ol oeutes Bay» Ftis Exr R A iinange CEmecRamieat PERbRrtes (et or 4l <
| nol uding ampepaidr, kol R i Bhidress) Wl Ditetdiptagedmy! al cohol

(EVOH), polyvinylidene chloride (PVDC), polyester (PE), including 2GI, 3GT
and bl ends ofeffeciveimechanioghsgalagainst aeprjaingaony | loen paakagingThe barri er

ol heti ¢ bar r POPGRIERN PO EEF hot it retin proteds; Mg S BB oeur
functi ongot o apdetemiperaerEADPEMaY notoffesadéliate sertd] Pesistiines iadea and
oxygen thr ougggt he closure. It also may exhibit reduced tendency to

absorb, or " degypnaterinhylirthesegortications: oyatenals egaiéitiatgéagiperdbaﬁnabr i npart
desi r ed o
barr i er | ayor o Senes thin LIS AR ae pllygrongleerop ol tharbe prfivad o

Nermours and Qiweieady. cdrobe proguckd ysindg agmngon thepmgplastic proressinyar ri er
mat eri al s, anorphqus nyl on rovi des the best. conbi nation of gas barrier
heds sush
properties afmPheds SHEN FSHPMRIEESPRARRIEING ingctiogndneldigy material is 3GT

pol yesters whi ch G@*hgeg%égsgﬁ%ggpe%f% EISLr E4PBE théde ABM AP RufbePlPcessi no.

In particular, 3 ocessed at | ower ne enperatures than the
ot her conmmon chaimorr barner materials inc@ingGa b8 dusRylon)SedticdQlineThe barri er

el udi ng t navis edaRs vioyl alabelEY TRt eoum et hioaRe 1BVEITa) i s
deposi ted on JofiRstdISPES, including 2GT, 3GT and blends of 2GT and 3GT polyester,
and polyacrylonitrile. The barrier layer can also be made of metal, such as
20 aluminum, but, in general, a plastic barrier material is preferred. The
barrier layer of the closure functions to prevent permeation of gasses such
as carbon dioxide and oxygen through the closure. It also may exhibit a
reduced tendency to absorb, or “scalp”, flavor components from the
packaged product or impart undesired components to the product. A
25  preferred material for the barrier layer is amorphous nylon such as
Selar®PA from E. I. du Pont de Nemours and Company. For liquid
packaging, among the common barrier materials, amorphous nylon
provides the best combination of gas barrier properties and non-scalping
performance. Another preferred material is 3GT polyester, which offers
30 good barrier properties and ease of processing. In particular, 3GT can be
processed at lower melt temperatures than the other common barrier
polymers.



surface of the top wall of a pre-forned body and then nolded in 5 place by
an actuated plunger to formthe finished barrier layer. This process is
referred wo 0amséspn- shel | nol ding." The nelted material megThSozoYEent i onal

phy i cal bl ow ng Aqeareriayer £ah Bk indfibphieq R8T, UBLIRe GARFLIT. 7

control | ed sgatibas méthod9ircludind thk fdllowirgj.ons of the barrier layer are
mai ntained within acceptable |imts. The face of the rml&:ggg plunger is
designed to 13i ve A Meltgddnasspoidhpibairien material isdrresited an Redngide: he barri er

ayer. I Fioure ZurfaBs dpid iohfwhiFA pre-fomiddboay Bnfibll RRidedif 4, Lhe

barrier 15 | ayer I's contou SO a rovide a raised area that serves
as a stops5for the ptace by apactuated plufger pd forgethedirdshetdebaririer &ayeed slightly

[ 1 th th || est di t f the i t | [ f th bod
s that there i's e ReED Laialriced BoanaBr I BRiNG o Nede ehe seal ring.
as the plunger colpsBRaRMal /bR CBHVARoRATdNferMRid: the AfblieH Ratdifhi Dody.

Equi pnent that utilizes this in-shell g process is commercially
avai | abl e from compaybefoamed wsingochSagical amphys@sat blnwigg Bgghtsedihieng AG. The

barrier layer 5is retained in the . pbody |. of. th l osur di rect

adnes on (o the baPUTp ReptemaGrial fetesiieRdn cORPSAATHS Pt cve
nmechani cah ret ent ifipishedtfmehsons ®f A% batherlayer dpé ehsintied dftRingned Wi th an
undercut 6 at the root of the seal ring 4bas illustrated in Figures. 3

and 4, such that tsecpigbia bnits.| dheface af the maldingplinger isciesigned tosomrewhat

| arger than the ingi ' | L 4Db, 2) The
barrier layer 5 n@%@ef%s%g@ﬁ%&ggggér g?éo%%g%@@%%é ngett%gﬂépllaxg?al | ed
into the prefornmed body | by nechanical neans to produce the finished

closure. This process is referred to as the "pick and place" process. The
barrier |ayer 5 idnFiguedethe hatries laysay is i tBFiggesod andid, the bREIECal

oL, £ an et 8GR A ol e BHESEor R Bt L 1o
an 5 interference stog farehaveentaine rign 7 oTiveeplubger diametelyiersizedasliyHtiye body
smaller than the smallest diameter of the innermost seal ring of the
body so that there is minimum clearance between the plunger and
the seal ring as the plunger compresses the melted barrier material
20 into the body. Equipment that utilizes this in-shell molding process
is commercially available from companies including Sacmi and
Oberburg Engineering AG. The barrier layer 5 is retained in the
body 1 of the closure by direct adhesion to the body, by mechanical
retention, or both. To achieve mechanical retention, the closure
25 body 1 is preferably designed with an undercut 6 at the root of the
seal ring 4b as illustrated in Figures. 3 and 4, such that the barrier
layer 5 will have a outer diameter somewhat larger than the inside

minimum diameter of the sealing ring 4b.

30 2) The barrier layer 5 may be formed in a separate process, and then
installed into the preformed body 1 by mechanical means to
produce the finished closure. This process is referred to as the

“pick and place” process. The barrier layer 5 is retained in the body
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1. The preforned barrier layer nust be sufficiently flexible to survive
the installation process wthout cracking. This nmethod of installation is
especi al I'wogaiosasdo f or nmetallic barrier layers and ther no®etr/yshastove

barrier |ayers but‘| @?”‘%%haﬁﬁgg{#éﬁfﬂf’a' f the barrier 10 layer is formed from

a thernoplastic materi a ‘ive method for preparing a plastic
barrier cap of the present design is by use of a coextrusion injection
nol di ng process. In _this process, two extruders are used to produce nolten

material; one ex#iulstrated in higusesy angt rthaibodyrisdesignasiwih@huder for
the barrier 15 magguial v GTQtetPE‘JI){)P&tﬂBts%a @J@ﬂr ds@r&?%ﬁﬂhe'ther

si nul taneously or ~sequentti a nhto a no avity to e finished

plastic cap. The isteersrel fitbeiweentheprafomaked batrlersaysr&and theebody o be
nore conplicated and costly than the equi pnment and tooling used in either

the "in-shell nolldi e Prfedead barriarnayergnest keneufficiently fipxiblectos. 20 The
benefits of the p%@?\ﬁv”é tHé"ﬁ%[HllbﬂBn@F&ceEE%tﬁo‘u&%F%’&ﬂ% T thisTe@da ofPar i er
properties of the barrrter 'Iayer RRECTI Al Ar & at qoast ong order of

magni t ude hi gher fifstalldtion isagpeorligsuitdd formétatlietbaariat layemsand wo orders of
magni t ude hi gher. For exanpl e, referred enbodj ment of the .invention

one )
conprises a HDPE KRRANQSSY Péﬁ?t'&rhﬁrﬂ?u&a!éerﬁﬂ‘ﬁr?aﬂ $9 be usggdt therargan phous
nyl on exhphbits a | ' HDPE. [In one
enbodi ITEI’II? of this wﬁ%ﬁrhﬁﬂﬁg@%fﬁﬁpgﬁg%ﬁaﬁ ?gure 2, the seal in the
body | conprises @ul glternativesmethed fargarepaning e plasterdzeriedeap ekthendi ng down
fromthe top wall 2 digiﬁ.oied to fengag)g t he inncgr edg@.?a of the rimof the
neck of the @@ﬁed]tﬁ_@ls' BIPH YRS @1 J5RPETISION KUTEONGHCEHS RECEESc dht ai ner .
At er nat i vel nis (pi6cddin o €RRGABI 416 LRRAlo rBBudArioRdhindieriaflionBosed {o
engage the inside wall 8 of the neck of the container. The 'inner seal

menber 4a pr extruder fan¢henbotymaterials andl asgpiondtexyader ferithgdagrieD 03/ 086890
PCT/ US03/ 11096 , an he barrier, |layer 5 provides..the.primr arrier

ngai nst dds  Miateab, ToH ety s BR AU St G RUIFRESRERE | o, as

i Ilustrated isBquEhtiBliyaato 8 nidld cAvity ttefosraheififished plastic daOMRei ses only the
outer 5 concentric sealing nenber 4b extending down fromthe top wall 2

di sposed to eAyiyeentrandiooling eiggd ithispragessitend &3 be meoreccamplicated
and costly than the equipment and tooling used in either the “in-shell
molding” process or the “pick and place” process.

20 The benefits of the present invention are most attendant if the gas
barrier properties of the barrier layer material are at least one order of
magnitude higher than the body material, preferable at least two orders of
magnitude higher. For example, one preferred embodiment of the
invention comprises a HDPE body and an amorphous nylon barrier layer:

25 amorphous nylon exhibits a CO; barrier about 100x higher than HDPE.

In one embodiment of this invention, as illustrated in Figure 2, the
seal in the body 1 comprises only the inner concentric seal member 4a
extending down from the top wall 2 disposed to engage the inner edge 7a
of the rim of the neck of the container when the closure is installed on the

30 container. Alternatively, the inner concentric seal ring 4a could be
disposed to engage the inside wall 8 of the neck of the container. The

inner seal member 4a provides the mechanical seal against gas leakage



contai ner when the cap is screwed unto the container. Aternatively, the
outer concentric sealing nenber 4b coul d be di sposed to engage the outer
wal | 9 ofwohe/osmek of the container. The barrier |ayer 5 iPE€TAG03/NWOG por at ed

cdge 7 (P quPEtdnedRridReflls LIRS R M B OERa RSl o " "uen

the cap i s spewnedtiv® the neck preferably by being screwed on using the
proscri bed installation torque, typical I%/_ 14 to 18 inch-pounds for a 28-nm
cap. The design ofln@nrefpirad embpdiment afthisdnventiopeas ilpstraiadyr e 15 3) t hat
contacts theg:l o : | o that the
barrier cont zft": @%h??ﬂgﬁg ttﬁ%%é?ﬂggggﬁlﬁgyallé}ﬁ'{?ﬁlﬁsﬁ{%@%ﬁé%& the barrier

| ayer 5 fsinciconoentris saafing ndmisersdly pxtendingedown $tonetHestopngalal ed on  the
container. The outer seal nenber 4b of the body | provides the primary

mechani cal s&i3PosgditAHNogas the sltrjedged b ﬁfa“l?dr‘yﬂ“iQ_irthfle agelk o6theo provi des
secondary m%@ﬂﬁ%ﬁ&] wﬁ&?'th fs%%&v@ﬂ%tn% \t/d}@@orﬁ%ln@?r YalRdhLfivdly, fagal nst gas
permeation. I this preferréd enbodl ment, wihen the closure is 'properly

i nstal | ed on ouber comteatritesealihh engrabkngb dopidble disposed th@ngage theli r ect
contact with the body material, and the optinum gas barrier and
non- scal pi ng opéarrwalhilof thewneek pkthegardaingr. The barrieslayee8dsi zed t hat the

oy opti Sl R RoEH 1T 0 Pt e Sl ol el SR BeoBEe | T

the caps and tisé eiftitopSeddeiPgFigure Inetthertutilé oetiwe rimbiinenedgeaiza gFigueats, slip
agents, and oxygen scavengers, am)ng others. 30 Wile a common utility of
8

the present i 1be Gap is secereskliortBe nesk prefierabyy by being serewedr @t ogni zed
th | . K ' ' [
eyt indri oal | SRIPhe HrouaRiRsRMSh Riable, yBRAUPARTE 18AHLABoBES TS o 1Y

metal . 10 WOa0Z3-0Hh890. AGE d&kign di tHisbavidATayes nfdythadela b8ad 7.c (kiguresure for
a container having a cylindrical neck_havi n%’| an outer _wall, an inner wall,

and an opéni 9y thatrmaptadis dhe riRnep adgge’ shinaymawaa aresdGiguwdmperdhaly a body
and a barrieg,l B&ﬁ%e@é&?&%@oﬁlyﬁﬂgﬁﬂ&% FLH thiCSmbbdirdert! fife shaped top

wal | having an i nsi ace
barrier layer 5 functions as a positive stop as the closure is installed on

the container. The outer seal member 4b of the body 1 provides the
primary mechanical seal against gas leakage and the barrier layer 5

20 provides secondary mechanical seal and functions as the primary barrier
against gas permeation. In this preferred embodiment, when the closure is
properly installed on the container, the packaged product will have no
direct contact with the body material, and the optimum gas barrier and
non-scalping performance will be achieved.

25 It is recognized that the materials used in the fabrication of both the
body and the barrier liner may optionally be modified with other materials
as are commonly used in the caps and closures industry. These modifiers
may include pigments, slip agents, and oxygen scavengers, among
others.

30 While a common utility of the present invention is for closures for
PET bottles, it is recognized these closures may be used on any kind of
container having a generally cylindrical neck, e.g., bottles or cans made
from glass, plastic, or metal.
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di sposed so as to contact or nearly contact the rimof the container neck
when engaged on the container neck, (ii) A cylindrical side wall having an
i nsi de suwbacemesdse cont act 10 or nearly contact the neck eCTiuses/ciopd ai ner
when engaged on the neck attached to and extendi ng essentially

per pendi cul aWHAIHS GEAIMBDAE: | ; (iii) A means for securing the body with

the container neck; and | i he . S at

| east one seali ngkl' neng*e?'g’?H'(aetf\é’.}E%&?‘?%}éﬁ%%még3&&"'@@&'@%3"&*3‘%&@@&. nsi de
surface of t hatdrapaliain inneswalaehan ioperinghrirh wthcah indriedgle arri ate, and is
di sposed so as to continuqusly contact the_ container neck when the body is
engaged wi t h OUtRY elge-eRNRIiFIBg akedy antha bariierdayri,whesein ayer is i ncorporat ed
into the kop wal | aOfth%hf'o@péjé’m Algl is made froma barrier material selected
to provide barriér against pe‘r)rreation of gas and absorption of flavor
conponents of contaifier cAmisnsisapdttoptwall bavipg ias insidersexfazs that ishe neck of

the container. 2 The closyre or,Caim1l erein the seal conprises an inner
seal i ng 30 menber and an ﬁP@?e%é%laFg]ﬁcﬂﬁ%éPf ngarly, goRact: esnpémq?EBe menber

that is attached to and exi@gfher nEeR _hgheedg%gbﬂ%nsﬂhref&ﬁﬁaiﬁér hb& top wall,
side, and is disposed so as to

Is concentric with the cylindrical si

continuously cont acii) t heAmytisdrital sisle walbkavifig @hdnsidetsairiace tocoktaghen t he
body is 8gaged wi th the contai ner tng@h‘ 11 V\i) 03/086890 PCT/ US03/ 11096 b
the inner”sealing menber PhBTAMNCHUY Y G qeLs © Hz,eg%t@mw'mﬁ@%gq si de
surface of the top wall ofnthenbeidttadted OUHEEHENEING ddsehfigiyout er seal i ng
nmeans, and is disposed so as to continuously contact the inner edge of the

contai ner 5 neck when t hep@pepdicylasipaythe taptwal:he cont ai ner neck. 3 The
closure of Gaiml O(iii)c1 aAnr%gar\'@%rr%'e@urIi#gethseeEgé)} Wih 15&3ntainer neck;

and
15 (iv) A seal, wherein the seal comprises at least one sealing
member that is attached to and extends from the inside
surface of the top wall, is concentric with the cylindrical
side, and is disposed so as to continuously contact the
container neck when the body is engaged with the
20 container neck; and
b the barrier layer is incorporated into the top wall of the body
and is made from a barrier material selected to provide
barrier against permeation of gas and absorption of flavor
components of container contents when the body is secured
25 to the neck of the container.
2 The closure or Claim 1 wherein the seal comprises an inner sealing
member and an outer sealing member,
a the outer sealing member that is attached to and extends
from the inside surface of the top wall, is concentric with the
30 cylindrical side, and is disposed so as to continuously
contact the outside top edge of the container neck when the
body is engaged with the container neck;
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conprises internal threads in the cylindrical side wall that engage
correspondi ng threads on the outside surface of the container neck. 4 The
cl osure oWo@amsspd wherein the seal conprises an outer se&ciTnggos/iderenber

di sposed to engag the [ of the
cont ai ner, and wh ﬁlgélian% f%ggﬁnd; erqggglsoégggh?aftoéngaed@&f e top edge
or inside edge of the i theef inklore mwcﬁfahetow\/wn dfiee bbdguse is installed
on the container. 5 The closure of Claiml or 2 where the body is made from

15 thernopl asti c mat er CRNSERIECHtNErqURT $eRingBeaANs @l i disRpssd so
pol'yol efins, nylon, po'a%‘ﬁbrb\‘)bpﬁl?&m Wﬁntaﬁ? h%clﬂﬁQPQ%@Pf?@%’&ﬁ%‘éPe and

pol yester. 6 The cI osure of erernt are sel ected
from theSgroup consi shen@vﬂfer*ﬂ'lgfbadiynsehgagediwlzthhhéfeoatauhexvnetﬁmm ty 20

pol yet hyl ene,_ | i near | ow dens oly and po ropyl ene. 7 The
closure of Caim 1 pRUre @ﬁ%’l’q q?' rPHb'iB'F;ﬁ?%ﬁf‘B MeA® the top

Il of th I
wal | o e cl osurg ggﬁ%sqﬁtbﬂ%lttﬁ%aﬁg |ﬁ¥l€é é;yliﬁ@hgél@dé)ﬁlé%ﬁ& \Ar;]b'eargteehe

pi ck- and- pl ace proc he closure o aiml or Claim?2
barrier is made froomespéndmgélnneabls omethecmﬁsidérsurfacaef g'ra)umtamwnst:kng of
anor phous nyl on, m cr }ldl ne | ene vi

pol yvi nyl i deﬁe chl QJ%S g'ﬂélj w ?‘[8%%‘? @9?@9('??%?@ OLger‘I{??ea“@posure of

Caimb5 yhere the phadpet &sEa fdeﬁgégéthed@\nér bdge aptneeélhnélrww of$Re 10 The
closure of Claim8 where t barrier 1s made from anorphous | on or 3GT

pol yester. 11 The neclsfithe epntaingrnand whér%thawbarﬂghtaaenamss%e bottl e.

12 engage the top edge or inside edge of the neck of the container,

when the closure is installed on the container.
5 The closure of Claim 1 or 2 where the body is made from
15 thermoplastic materials selected from the group consisting of
polyolefins, nylon, polyvinyl chloride, polycarbonate, polystyrene,
and polyester.
6 The closure of Claim 5 wherein the polyolefins are selected from
the group consisting of high-density polyethylene, low-density
20 polyethylene, linear low-density polyethylene and polypropylene.
7 The closure of Claim 1 where the barrier layer is incorporated into
the top wall of the closure body using the in-shell molding process
or the pick-and-place process.
8 The closure of Claim 1 or Claim 2 where the barrier is made from
25 materials selected from the group consisting of amorphous nylon,
semicrystalline nylon, ethylene vinyl alcohol, polyvinylidene
chloride, polyester, and polyacrylonitrile.
9 The closure of Claim 5 where the body is made from high density
polyethylene.
30 10 The closure of Claim 8 where the barrier is made from amorphous
nylon or 3GT polyester.

11 The closure of Claim 1 where the container is a PET bottle.
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