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v PCT/ US97/ 02777 FOAMED GASKETS MADE FROM
HOMOGENEQUS CLEFI N POLYMERS ' This invention relates to
: foarre_d gaske OP%LP’J rom hormgeneousl y 5 branched ol ef i pciRfisyRTH.
especi ally nove astic substantially linear olefin pol ymers. The
gaskets are capabl e of conpression sealing various containers,
wi t hout contaminating the cont ERAMERGARESMADE RO art i cul arl y benefit

fromthe use of the nomMM' ISJOIEBFEN POLYMERSC| osed herei n.
Gaskets have been nade froma variety of structural materials, 10

I ncl udi ng pol ynmers such as ethyl ene/vinyl acetate (EVA) and pol yvi nyl

chloride (PVO). mmee&mk&tea% S ifrdh Rdtloperidoddy 0S €S
plastic closures which_ have a_seal ing | i ner conpr|3|n a bl'end of
et hyl ene/ vithyl hwﬂmd@ldnwmﬂsfespedaﬂnm plasticisubstantially ineariolefisonposi t i on.
Depending on th ]z.ﬁ@“erﬁ,b 886 ate ca Bﬂg&hﬁ (AVI T} s 15 of
properties. Forso anpl e kQ‘ﬁcorros?ﬁg service condit Oﬁnt g;%:et nmust
be i mpemithou kcoptaminatingthegontents, qpideanitainers panticelarly itfromdhe
enough to form ggs gqﬁhgiﬁs e food and beverage area
have sim | ar reqw rerrents 836 % anno con am nate the foodstuff.

Furt her nore, dependi ng M&Metbpgmwde&mdmnd&ofstmm:ﬂma&nﬂw d

contents e fi r I room 20
terrperatured] ll,%&p %‘TE"E ég%#ease%mn{j la‘?%Iﬁe(%;a%tAr@% yi@hl ae

Vari ous attenpt PYD. §¢WH§PW.MMMM&MMM oi |
additives or el astoner..a tlves anpl e, USP
5,137, 164 (Bayeif W%lfnq?fﬁu%m?/myhm{eﬁé &ic closure to
with a thernopl alﬁmnﬂaiﬁt&lﬁshmenhpbmpﬁmtﬁms a non-cross |inked 25

curabl e, vinyl chloride conposi.tion whi has, been astici zed
with an epoxi di FP‘dgg Ryironmegt: gas iﬂ?lca‘éb‘ﬂ’ér aﬁﬁ%é 8P ng
agent for 15e elbohpioperties. Forexample in corrosive s¥icé ctidiitions Ahé gadkbraatst band USP

i S e T e
bl end of pol yet mhl@ﬁ-ﬁus%ﬂihmeﬁb‘draﬂiﬂm geGareatoR® bintilf tequiteiments, bAPEINHEE
(such as a bl ock copol r of ene and hut agj ene) . The bI nds ar.e
said to general I€ ?%Pﬁ'“\?@ramg’&ﬁ and/or USP
4,872,573 (JOhniﬂmd%n&hs)m@hﬂﬁh%h&fémﬁhtméﬁoimghéH%%&ﬁ |
20 temperature, thus placing greater demands on the gasket.
Various attempts to solve these challenges usually involve the use of oil
additives or elastomer additives.
For example, USP 5,137,164 (Bayer) discloses a method of lining a
plastic closure to with a thermoplastic. The thermoplastic is a non-cross linked
25 curable, vinyl chloride copolymer composition which has been plasticized with an
epoxidized oil, an organic diglycidyl ether and a curing agent for the ether.
USP 4,807,772 (Schloss} and USP 4,846,362 (Schloss) disclose
polypropylene and polyethylene closures, respectively, each having removable
liners made from a blend of polyethylene and a thermoplastic, elastomeric
. 30  copolymer (such as a block copolymer of styrene and butadiene). The blends are
said to generally include 20-50 weight percent oil.
USP 4,872,573 (Johnson et al.} discloses barrier layers for closures
selected from the group consisting of ethylene/vinyl alcohol copolymers and
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selected fromthe group consisting of ethylene/vinyl alcohol copolyners and
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PCT/ US97/ 02777 poI yvi nyl i dene chloride, especially for retarding
oxygen contai ni ng gases' m gration. uspP

5,000, 992 ( KMQIPMIBscl oses a plastic container closure nadBCHPEHOR777
coextruded nultilayer foanmed film The filmhas at | east one solid | ayer of

a 5 pol yet hpolpvigylidene chiofide, dpetisiiysfor fb @ﬂ?&ﬂ ﬂimﬂé econd
pol yet hyl ene bl epd. The pol yethyl ened{n?en s can be Dblends of- |inear
| ow density polEtHPene (LLDPE) . and | ow density pol yet hyl ene

(LDPE). This type of a IUSPS[000,892qKelek) distitRéek 4451hste container closuié Ridle frbin® OF
cast film process, u‘{}lg'lré@hiﬁh P%tggééli}dl scl osed and cl ai ned herein.
The pol ynmer bl e‘??ﬁ"tﬂ Him hag at jeastionesolid Javeref@ t o ot her
10 nat e al 01 lafe Bl&id’ﬂﬂtaﬂeaﬂtronﬂﬁaﬁ{eh' bf d%econd polyeth leneblend
USP 3, 786, 954 (‘Shul I”) di scl oses Iam nat ed askets corrprl sin

eghylenehlends él?m

conbi nati on of Thepel Wmme@maml’ﬁ) air

and MO S{ri 16wl dERGiEy} pﬁ ]Thfs fco gmff{@q;;?% Y, The Dow .
Chem cal Conmpany) “l"ayer “adher ed ){o th poI yet hyl ene density
pol yet hyl ene (L‘@PE)'lﬁ!.IBOIC“b process, unlike the dSCl&mdel( Kni ght)

di scl oses i Wroﬁﬁ%ﬂ Fﬁ&m qp&? ";EQr (eTe IS o 9{ propyl ene
adhesi on pronoters. “Kni ght al so g oses aﬁrls)near Itgw ensity

pol y](ca]E hyl élﬂte l(ammd t Is swchoas polyester aravetallicfilpise and shows that it hagp

i nsufficient bond tenpe f £rd C -

4,529,740 (Trainor) di sgﬁs%é?ﬁg‘ g’%ﬂ"%ﬁ(‘:&#@?“@ﬂ‘?ﬁﬁ'ﬂ’ma

el ast oner s suchcombisationefia thick fpeined polpetbylenesheeti material and a thinkir andount of a

USP 4,744, 475 (RN AR B SAUARRR Rtk of T ol By T Sy B

one subst ant i al Cympariy) dayeriadhetedrte the polyethylend bya low density|polyethylahe (LIDPE)ed
| ayer of %}% sane polymer. The polynmer can be ol efins, styrenics,
pol yest er *

USP 5,104,710 (Knight) discloses improvement of gasket adhesion
through use of propylene adhesion promoters. Knight also discloses a linear low
density polyethylene (LLDPE) as a comparison example and shows that it has
insufficient bond temperature of 200°C. '

20 : USP 4,529,740 (Trainor) discloses foamable structures made from
elastomers such as styrene-butadiene block copolyniers, a small amount of a saltof a
sulfonated styrene polymer, and a blowing agent.

USP 4,744,478 (Hahn) discloses a molded closure comprising at least
one substantially unfoamed polymer layer and an integrally molded foamed layer of

25 the same polymer. The polymer can be olefins, styrenics, polyesters,
polycarbonates, or other suitable engineering resins. A preferred polymerisa
copolymer of propylene and EDPM rubber.

Polyviny] chloride (PVC) polymers have also been used extensively as
food closure gaskets, but these are increasingly coming under environmental

30 | pressures. Other polymers have also been used for their softness qualities, such as
ethylene/methacrylic acid or ethylene/acrylic acid copolymers, but these often
times contribute negatively to taste and odor problems, since the polymeric gasket
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pol>ycar bonates, or other suitable engineering resins. A preferred polyner

-is a copol ymer of propyl ene and EDPM rubber.
Pol yvinyl chloride (PVC) polyners have al so been used extensively as
food cl osure gaskets, but these are increasingly com ng und gprent al
< 30 pressur ’a’?ﬁer pol ymers have al so been used for their softness
qualities, such as et hyl ene/ nmethacrylic acid or ethylene/acrylic

aci d copol ymer s cotbes intchmtact with b food and certain pelymetinconistituents faguintobey t 0
taste and odor %(%I ems, since the polyneric gasket
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PCT/ US97/ 02777 Cidigher dmmmytmmumammm maddsdoseaiamumhly meri

tit ts | to t d t
ol yet hyl ene ( HEPE gagtEt, des he B densty polystiene has eletively gp T 0! 'Y
gaskets, siBce hhdoﬂmghepad%bﬂMpdby&tMMﬂﬁsu&Mmﬂahqb@ammaste 5

gggaaggrtﬁreopert | F%% as ,,not been %orw%gteéé%su%:ﬁss{ul h}o? date

reduce the har dmﬁactamésenc:ease, usaaega refiINory reqiifeandnts folfood bagadt) RO

regul atory requirenents food co tact ditiaqn V\/mIe

het er ogeneous | i ‘GWE q’i‘é@‘ﬂWé‘ﬁ%”W@m M)éﬁsbeﬁer
sof t ness proper tshResk than HDFE, ah&@maetaamamm&hﬁgmtai n

pl astic 10 cl osures for ?xarrpl e, gwypropyl ene, which is often used as
a closure Mteri hichiigpften used-aserclosurematerinlgs i n a
. 1 oose pol yet hyl %&rme&mtxsp mmﬁmgsnaloosepolymyﬁwg&mwm%
dependi ng on theea Iyner s ensity, can al so adveérsel ffect taste
LDPE,geperadip éﬁna%/rr@nelspﬁé

and odor . g an theipglyanes’
solutions to th? &{OIIS gasketing materials, nost of these
I ncorporated additives causing other problens. W have now

di scovered foaned subst aW&WWHM@FM@#@WlW@%WMmM
Vr;aﬂlggt gasist \?g%ﬁ]ay contri bu?%ﬁ‘%lcgﬁt iaggitﬁgéﬁgﬁﬂgﬁmgﬁﬂgﬂ%{qg”
product We have now discovered foamed substan’aally linear ethylene polymers useful in
making gasket materials, without additives and, in the case of foodstuff, without
adversely contributing to the taste and/or odor of the product.
Foamed gaskets comprising at least one blowing agent, and at least one
20 homogeneously branched linear or homogeneously branched substantially linear
olefin polymer have now been discovered to have these often conflicting attributes.
The homogeneously branched olefin polymers have an unusual combination of
properties, making them especially useful for gasket materials. Preferably, the
homogeneously branched olefin polymer is an ethylene polymer and more
25 preferably, an ethylene/alpha-olefin copolymer.

. The homogeneously branched substantially linear ethylene polymers
have the processability similar to highly branched low density polyethylene (LDPE),
but the strength and toughness of linear low density polyethylene (LLDPE).
However, the homogeneously branched substantially linear olefin polymers are

30 distinctly different from traditional Ziegler polymerized heterogeneous polymers
(for example, LLDPE) and are also different from traditional free radical/high
pressure polymerized highly branched LDPE. Surprisingly, the novel substantially



Foanmed gaskets conprising at | east one blow ng agent, and at |east one 20
honogeneousl y branched |inear or. honbgeneously branched substantially

| i near ol efin pol ymer have now been di scovered to have these often
conflicting attributes. The honobgeneously branched ol efin pol yners
have an unus P 9¥¥S nati on of properties, making tﬁsﬂﬂgﬁﬁd; al |y
useful for gasket materials. Preferably, the honogeneousl y branched
ol efin pol ymer haamnhﬁnbpbuuenpehyaaﬁﬁnmd&mnmaaﬂﬁmmmmamﬁhe6ﬁﬁhﬁdbﬁﬁm;

et hyl ene/ al pha-glefin ner The honogeneously

br anched substag? f&@ é’ gPﬁ%F@H&"B@?yners : have t he
processability S|n1lar ﬂmemmghkwmmynm@haﬁykﬁyyuummah dhatariibed £avingDPE) |
but the strength and_tou S of | i near | ow density polyethylene (LLCDPE) .
However, the holbye @ﬁggﬁ'ﬁf ?ﬁh@*ﬂﬂtlally linear ol efin polyners
are 30 @ stinctly di fi)&rxﬁatﬂdwﬁﬂoilﬁé‘ﬂ Liggml Ziegler polynerized

het er ogeneous pol yners (for exanple, LLDPE) and are also different

fromtraditional free rzb&lhmmagm@tdmﬁbupmmm/k!npdﬂﬁmébymm@ﬁ y
branched LDPE. Surpri si nw‘w/ ”;810/ veI subst antially
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PCT/ US97/ 02777 %?:E] S0 differe f rom

| i near honobgeneous ol efi L po yn@@%ﬁ?wﬁ&\sﬁr@é%&&un AhEF grep {e
distribution. 106 e/cmz The substantially |inear ethyl ene
polymers are characterlzed as having various properties, alone or
in conbinadon: 5 d) a critical shear rate.pf onseff surface el e at Jeast5P/ | [err],

5. 63,
Ver i1 Moorr] %??ﬁ%“ﬁ%&%%@%ﬁ“’mg%%”%‘%ﬂ@m% B \ferr]

[err](I[err]/I [quﬂfyﬂwlez!eselynﬁhhpvmsaboutﬂtesamelzdem:ty,aoqlh&»tMmanddbr shear

dynal enferr] 107 O °°% HpbokedhB Sl T lebnth of ORALE abputm gl o
surface nelt frEBbefarcomparativelineabéthylene polympeataboit the saniedp, dehisity, e critical
shear rate set of surface nelt fracture of a _ | i near
et hyl ene p'blfJl FAeWé&"ng about the sane I[err], density, and Merr]/Merr],
and/ or Gaskets comprising elastic substantially linear ethylene polymers are
especially preferred. A complete olefinic system (such as a foamed gasket
comprising the substantially linear ethylene polymer and a cap comprising a
polyethylene or polypropylene polymer) can also be recycled together. Potential
20 uses of the recycled polymers include melt spinning biconstituent fiber, as described
in USP 5,133,917 (Jezic et al.). .
The term "linear ethylene polymers" used herein means that the
ethylene polymer does not have long chain branching. That is, the linear ethylene
polymer has an absence of long chain branching, as for example, the traditional
25 heterogeneous linear low densxty polyethylene polymers or linear high density
polyethylene polymers made using Ziegler polymerization processes (for example,
USP 4,076,698 (Anderson et al.), sometimes called heterogeneous polymers. The
Ziegler polymerization process, by its catalytic nature, makes polymers which are
heterogeneous, that is, the polymer has several different types of branching within
30 the same polymer composition as a result of numerous metal atom catalytic sites. In
addition, the heterogeneous polymers produced in the Ziegler process also have



e) a processing index (Pl) less than or equal to about 70 percent of the
:Pl of a conparative linear ethylene polynmer at about the sane I[err],

density, and 15 Mn/ Mh. - Gaskets conprising elastic
substantial ly linear ethylene polynmers are especi al | d. A
‘conpl ete ol ef Wﬁ%mg?/’gtem (such as a foaned gasket co¥rrg?I|EJS| ng-h?he

substantially |inear ethylene po r and a cap conprising a
pol yet hyl ene or lpod molegylarwe ggmmqmm)wtbemwmewgdmm
Potential 20 uses of th IECéC| ed polyners include nelt spinning

bi const i t uent f j 19Hp concurrgaly. in USP 5,133,917 (Jezic et al.).
The term "l inear ethyl enqh@&kmmmﬁremﬁmgmyﬁm a&aa&kﬁmm
!he | i near

et hyl ene pol ymarbrdoes no{ have | qng chain branching. That is,

et hyl ene leng, ethylens Linyhacetals sopglymers i siholmafvings f or

exanpl e, thet raﬂ&&ﬂo?é@o%swhﬂﬁhﬂ%ﬁﬂ@@ﬂﬁsé KRG in W UrEBBabd Humerous
pol yet hyl ene pol ymers or “I i near hlgh denS|t% polyethylene pol yners
Ths e dinearsthylene ol

made using Zi egl Sﬁhﬂ"}/h@ﬂ Yanerssaa refer to polymerssp

% ggﬁefggofﬂgﬂ?ﬁt I on %‘!r“ou)c?eg\s by gsﬁghﬁggltdal %ol c nat ur e, nake%%‘g%‘rir'er-srhe
which are called homoganeeus polymess, tSvch ar homogeneous d| fferent
e e e 0 e SRS
pol yners prlﬂjucemmeiﬂeébmqshdusma&hcbmmehawrelahvely\mgméﬂﬁg%
WAD i nor cases. t FEOTmp PP GF albtn tls MY 088 (CaRh] SR 1S Pl 25 11
The term"li nearSmmqh»lqﬂmsemdmwnmmndhedgdmehy@hhmw&wbm
5 "ol conol” copSPyREne e R en ieh Ykt Ru R sorits UG B8 v
numer ous smmk&embempmvmmmm(&mammmmmwm
Sglnyirg]; ie;atﬁopm ¥mar!s ,lé’g made E’%I'egsg upi for rP br anChg‘Eﬁégl stributi on
Such uniformy bfaa;a 1ﬂhbhﬁ mmea:m:{vhekeﬂ hose made
ngl e si Pidc;{‘a#ﬁg gl g%ﬁzeeﬁiwﬁa&aanﬂﬁ“ ea' TOR SR TR o doRe
concentrations (afiod@Eeeah tHaehtdrpolirnér, bﬁi&hﬁbﬁboﬁu@@ho&%é%ﬁi&oﬂbngﬂﬁh S.
Pat ent branching.
20 The term "substantially linear" polymers means that the polymer has
long chain branching and that the polymer backbone is substituted with 0.01 long
chain branches/1000 carbons to 3 long chain branches/ 1000 carbons, more
preferably from 0.01 long chain branches/1000 carbons to 1 long chain
branches/1000 carbons, and especially from 0.05 long chain branches /1000 carbons
25 to 1 long chain branches/1000 carbons. Similar to the traditional linear
homogeneous polymers, the substantially linear ethylene/a-olefin copolymers used
in this invention also have a homogeneous branching distribution and only a single
melting point, as opposed to traditional Ziegler polymerized heterogeneous linear
ethylene/a-olefin copolymers which have two or more melting points (determined
30 using differential scanning calorimetry (DSC)). The substantially linear ethylene
polymers are described in USP 5,272,236 and USP 5,278,272.
Long chain branching for the substantially linear ethylene polymers is
defined herein as a chain length of at least 6 carbons, above which the length cannot
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5, 055,438 (Canich)) or those made using constrai ned geonetry catalysts in a
bat ch reactor also having relatively high olefin concentrations (as
described in U S. Patent 5,064,802 (Stevens et al.) or in EPA 0 416

815 A2 (St evwl .)). The uniformy 15 br anched/ honbgeneous pol yners
are those pol n which the conpnomer is random?"‘Elﬁ“é“f"t’q2 t ed
within a given interpolyner nolecule and wherein substantially all

of the inter pol hedistimgiished using MMMWM% SCRORD e lon ratio

b
Wi thin that int ut thesq rrerstoo have an a encecﬁ | ong
chain %ﬂf’ﬁﬁ&“&sﬁ dr ot Polyaners iscof sawrserat lepstpne | near "

pol ymer s means ¢alibdn Iohiger mercaibaﬁslessﬁ\anﬂmekémaglﬁbﬁhg g and that
t he pol yner backbope is ubt'tﬁj ed with 01 lon chain

br anches/ 1000 c%9P8 W%?‘&H’Gﬁé@fﬂvﬂﬁl'sé}mmm&y

pr ef erabl y & r onkirkad yﬂegﬂmahguhhﬂ&aﬁ&ﬁ&mﬁ %n’%;“ hain
branches/ 1000 car bo%osl, and especially fromO. E)%a{tong charn igr%es/ 1000
car bons 25 tH°Y°Y%rf§eMﬁh%bmmm¢’rmsbbmsﬂ1&amel asmbe ]
tradi tional |inRAgth of the m&e@ I'EEH? | i near
ethylene/[err]-olefin Cg’?:?l yners use dm ho f“&th&'r? o have a
honbgeneous braﬁ?@ﬁbﬁ&' amhds ipself mgémeouslybranchewhgsu@ poi nt,
as opposed to tﬁﬂ?&de ‘%‘ﬁ“&'ﬁﬁg zed het er ogeneous | i near

et hyl ene/ rr] olefin co I C avetvvo or nore nelting points
(determin usi ng HﬁhwraChun&mch@mﬁbuﬁmmﬂexyo(mQ)) The

substanti al | y escrj bed in USP
5,272,236 and 05%35?; “honmxg&xyn%egng Ifgen ercept of 8¢ ng f or
t he substantialpqum”mdmdediwmgeqonbme&m&ntmmmsoﬁﬁ:&hmd\élﬁéﬁﬂ as a

_cgei n | ength ofvﬁiﬁyﬁgwg&n&t?gg&ﬁnﬂ}hc&lt heer%Q ﬁannot
PCT/ US97/ 02777 dataobtamedhendédtﬁqtgukﬂdwnﬂiithgat&,eﬁéﬂﬁ forl G kel Il&ﬂ%é
resonance Jgpect L osc Ih haj n h of the substantially
i near et M %I end" PO éﬁé‘? h?%‘m%?"%é&h’?éa%ﬁe‘?‘é‘ﬁ ¢) as described, for examplesnger
than two car bomWM&aﬂm@Mwﬂlﬂﬁ’hﬂjﬁd VBD!Z@?E 1(1982),oras

0

CoBot et a0 S 61 S sch) it Mmoot | e
seven car bons ibrahehedtlihear or homogertdousty Bfmcﬁé&%ub%aﬁ?ﬁh&r%l&iﬂ%lﬁ@é}s Be as
long as. about ttll)le resent i nl'ngerr]x gxt]maggea%erx]'%xan 50 percent, preferably greater than 80 percent,
20 and especially greater than 90 percent.
The density of the homogeneously branched linear or homogeneously
branched substantially linear ethylene or ethylene/a-olefin polymers in the present
invention is measured in accordance with ASTM D-792 and is generally from 0.85
g/cm3 to 0.93 g/cmd, preferably from 0.895 g/cm3 to 0.92 g/cm3, and especially
25  from 0.895 g/cm3 to 0.915 g/cm3,
The density is obviously related to the amount of comonomer
incorporated into the polymer; the higher the comonomer incorporated, the lower
the density. The Food and Drug Administration (FDA) currently limits hexane
extractables for polyethylene for food contact to not more than 5.5 percent. The
30 method is described in FDA regulation 21 CFR Ch. 1 (4-1-94 Edition) §177.1520,
pages 252-253. Even though molecular weight distribution influences hexane
extractables, larger amounts of comonomer, especially for heterogeneous
polyethylene copolymers, causes higher levels of hexane extractables. For example,
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Iength of the polyner backbone. For substantially |inear

et hyl ene/ al pha-ol efin copol yners, the long chain branch is al so
itsel f honbgeneously branched, as is the backbone to which the
branch is attached. 10 The SCBDI (Short Ch

‘Di stribution W93, coBl ( Conposi tion Eﬁstributlohégﬁéﬁa% index)
I s defined as the wei ght percent of the pol ynmer nol ecul es having a

conononer contemhmmwﬂmdmwmmmwhamgdma&mpaw
cononomer content of, s readil |l ated from
dat a obt ai ned fr@ﬁr#@?ﬁﬁl 3’8&?1 %g‘ﬁ“ ftracipples %W&@“gmxmt
tenperature 15 fméxma%mgamﬁgmsmlmr&g%@nm Kivier AS

"TREF") as described, for exanple, in WIld et al Journal of

Pol ymer Sci ence leofinga Ma&hsta!dbwasﬁﬁﬂég/mﬁ mﬂ@&m&)lﬁmdﬁﬂafﬂgllﬂnmtes.
described i US. P eneously
branched |i fear }(')arﬁ ‘{r}figgegtn%(%ﬁgﬁg%%rancﬁg%%% ?%ﬁ%aﬁgc efl n

pol ymers of especidllydesstimgedpercentient i on i s greater than 50 percent

r ef ér abl reater than erce nd espe r,.t han 90
Bercent 9 Rheaf q&@?ﬁ@%&“ﬁﬁﬁﬁﬂﬁﬁg‘bﬁéﬁ%@”@%ed

| i near or honpgesthyglend wlymmﬂammnﬂymmaexﬁtyyfhepemwmée or
et hyl ene/[err] i n ners i,n th nt t|on I S asur ed
in accordance WT&MM ?ydﬁ‘ﬂ% T%}‘@Pﬁ'ﬁ'@(@?? Fg?Eff'err]
to 0.93 g/ oy er rpranéhed} mwmm&fﬁ%aﬂﬁmmﬂdﬂt&ﬁw&c%@é@ﬁf&rﬂﬂ and

The densi Ty i3 oRYBRCStcalm elbinieo; Meldheiolv %[?Ems#armwyhnw

i ncor porat ed int éhjylkRe pot liscohhméaﬂhnhe flhe olpiAed Bhvihg two L Ne
| ower t he dens The Food and Adm ni trat lon (FDA) currently
limts hexane °rm°'e"é<%? ‘§’§ 319" @me@lewq%d’neehwa@m o not

more than 5.5 peﬁlﬁﬁ@l%‘&ﬁﬂd%@mbuﬁ%mu d gog&hgﬁﬁe fredidnarhen 21
CFR Ch. 1 (4-1-94 Edition) 177.1520, T Even though
mol ecul ar w1 ght 1owes theidengitynf the substantially leme"&ﬂ"a'efﬁﬁ%ﬁng
| arger amounts OMQW%pIe,%HQQM%WcaiﬁﬂeHﬂ& 8 (68 Hiwdsured using ASTM D-
pol yet hyl ene copol2¥)ners causes higher levels 0 hexane ext ract abI es. For
exanpl e, Hensity for various substantially linear ethylene/1-octene copolymers:
PCT/ .US97/ 02777 a heterogeneous ethyl ene/ 1-octene |inear
pol yet hyl ene havi ng densities from 0. 9017
Tablel
Density Vicat Softening Point (°C)
(gm/cm3)
0.93% 125
0.922 100
0.903 84
0.886 63
0.884 58
0.872 44
20

Some gaskets must withstand temperatures higher than room temperature (about
25°C) for brief times, particularly where the application is a "hot fill" application.
. For example, products which must undergo pasteurization must have gaskets that
. have melting points greater than 100°C. Thus the substantially linear ethylene
25 polymer can be selected specifically for the application in question by selecting the
appropriate density for use in the gasket environment.
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to 0.91 g/cnB generally have hexane extractables greater than 5 percent. In
.contrast, for exanple, a honbgeneous substantially |inear ethylene/
1- oct ene copol yner having a density at |east as |ow as 0.8976
g/cnerr] and a nmelt index of. 1g/10 minutes, 5 has hexane extractabl es
‘T'ess than SWRYERMS, preferably less than 2 percent and FCTUSEEREE o) |y

| ess than 1 percent Melting point (and Vicat softening
poi nt) of the substant Themplecularweight of the hotidgehevnsly bedrnch&l ineapor €l at es

primarily with the dens h o], [ Si the tantially
| i near et hyl emm#m éﬂ“‘é&ﬁﬂeﬂfr&(ﬁ g""‘ﬁﬁﬁ’?ﬁgﬁ chain 10
branched) fracdy m%ahmeﬁimm@tﬁmm aﬁatum fsifiph BeltliRdexei ght

of the pol yme i ndi cat ed |t i ndex) Meltln |nt vari ation of
t he substanti 2P pccording to ‘ﬁqﬁ/ EBP‘}‘HE’F‘%WQ?% & Grmally vi t h

het er ogengous &idWH APEoRGHNTE) Sarldaliooias In). Melt irtfex WihFerbdy L i Ng pOi NtS

(due to their broad branching distribution), one of which is about
126[err] C and pmmmmmwmomwwummmgaw ene

ol 12 el P e e 1

Vi cat sof t eni nMihepnéltindeasor annthyl\;né&fhﬂeﬁhhomogmousl;aﬂﬁr)dumsus

_(Ij_gglsieti/ for valgl ous l%l%!t‘)'.’stanmwlz;\,l ¥ * pe%&ﬂg%l ene/JI Foctﬁne c[(‘)'g% ﬁme_rgi: "

([err]C 10 wgeneranyﬁomomgrams/mmmutesqgjmﬁ\ﬁ)fo]moog/mm erably

0. 939 125 922

100 from 1 g/10 min to 100 g/10 miry, angiespecially from 3 g/10 min to 50 g/10 min.

g8886 Molecular we:ghﬁas mdlcatedby thezmeltmdex, will be dependent u g %shear

Sone gaskets mnWt%MMWé@M}‘“{ han roomterrperature
(about 25[ err] MWW&W&&W&E}

application is a "hot fill" application, For~ exanpl e, pr oduct S

whi ch nustd undﬁwg@nwwemlymml jngat orhameseneonaly branphed substantially 5y e

mel ting poi nt sy polyRibre'fd BonverlBiily a4 B g B nichihilex thélffenhlY | Cne 25
pol ymer can be se ecte ecifically ffor the application in q“uestlon by

sel ecting the according Pr3238, Condivion 190°C 410 kes(formerly known ax iGondition

eNnVironment.  nnw and also known as I1g). The ratio of these two melt index terms is the melt

flow ratio and is designated as I10/I2. Por the substantially linear ethylene/a-olefin

20 polymers of the invention, the 110/12 ratio indicates the degree of long chain
branching, that is, the higher the I19/12 ratio, the more long chain branching in the
polymer. Generally, the I10/12 ratio of the substantially linear ethylene/a-olefin
polymers is at least 5.63, preferably at least 7, especially at least 8 or above. The
upper limit of the I10/12 ratio can be 50, preferably 20, and especially 15.

25 For gaskets made from the preferred substantially linear ethylene
polymers, the melt fiow ratio ([10/I2) can be increased to compensate for the use of
higher molecular weight polymers (that is, lower melt index polymers). Other
elastic properties of the homogeneously branched substantially linear ethylene
polymers are also important, especially when the gasket is a closure liner, where

30 Thigher amounts of long chain branching yields lower viscoelastic recovery ( more
inelastic), such that the polymer, when plunged into a closure, will adhere to the

closure, rather than "bounce" out of the closure during fabrication.
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PCT/ USQ7/ 02777 The nol ecul ar wei ght of the
honmogeneously branched |inear or honogeneousl y branched
substantially linear ethylene or ethylene/[err]-olefin msy.gﬁ used
‘in the presentWPRYR¥S on is conveniently indicated using a mgf:? il exr,,s,

nmeasur enment according to ASTM D- 1238, Condition 190[err]C/2.16 kg (formally
5 known as "Condition Qtﬁﬁpmrabagmlsorhmmémeﬂﬁ«éﬂre]ﬂ)echmouhmmd s

TR Ch i ghe BB o i Pl e BB M
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omogencous! y. br AR ERsERan Ticds PORTHTAREH B RRttl pormre spat Sl 2
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[ Rdex, I will be deaﬁ Mﬂﬂm&h@cﬁﬁﬁ&s eﬂ;ylene/alPhableﬁﬂanh @ftEPDNIY) process

t he polyner into as « Anot her

useful in charact®F g’l‘i‘bexﬁ lastigviglcanizates (TRY's l@orex E’mﬂlﬁésly

branched |i near %W@WWWWd&M g agents), therhiopRatic
ol efin polyners I's conveniently indicated using a nmelt 1 ndex neasurenent

accor di ng t 30 ASTwhipbeysy surh agshyrene/ Iattadiensanbber (§ MWTQ%W@YSI‘EH
" Condi tion é&‘)\parﬁ'ﬁ‘ﬂlﬂtﬁﬁe&]w?h@a%d x{at“pﬁfymers (Plﬁf\dﬁxdf@ﬁﬁ two
melt index ternms Is the nel low ratio and is de5|gnated as

I[err]/1err]. Fdydhesiee Bolpmensmadsby The Dawsrhegien Cemppnys Oflreayaaisobeadded,

pol ymers of the iuaididddhdmbendhselr]/1[err] ratio indicates the degree of
| ong chain branching, that is, the hi gher the I[err]/I[err] ratio,

the nore |ong chain branc’Fh efs made from honpge:}qtm;y e9l'°1t he

[GHIIEL R oS oy
pol ymers is at | east refera at {east 7; espeCla at ast 8 or

above. The enonglpervnﬂls’wnd cmpmm patrstil sofk emquighsuchi tbatmadgqu&;@seal is

preferably 20, an
fromthe pref erre%n%?bgﬁaﬁt |%ﬁear enemvmglég%gﬁyrrers %nhle mel t

flow ratio (I[er rdepériding 4n) the ase. Mvmméhmﬂ@meﬂbﬂdm(@se of

Qfor o] AR RTI D20 bt SRl ARk hadPEE °)

substanti al 20 | i hearogendopsly bemched substantially linear ethylene polymers which comprise
the gaskets, the Shore A hardness ranges from 70 to 100, even without the use of
petroleum oils commonly included to reduce the hardness of the polymer and
resulting gasket. For the foamed gaskets made herein, the Shore A ranges from 40
to0 95. Table 2 summarizes Shore A data versus polymer density for substantially

25 linear ethylene/1-octene copolymers used to make gaskets:



pol yners are also inportant, especially when the gasket is a closure liner,

where 30 hi gher amounts of |ong chain branching yields |ower

vi scoel astic recovery ( nore i nelastic), such that the polyner,
when plunged into a closure, will adhere to the cl osure, rather
than "bounceWO&¥8398¥ the cl osure during fabrication. PCTAUSTI2TT7
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PCT/ US97/ 02777 Q her polynmers can al so be conbined with
effective anounts of the honngenﬁgﬁsay branched |inear or
honogeneously branched substantially i le et hyl ene polyners to

—

make t he gaskets as wel |, depengj € CRfofede properties

ast Hardhedgy MErs (that is, nelt 5

areghed | ow density

pol yet hyl ene, het erogeneousl}
et hyl ene/ vi nyl acetate copol
i nt erpol yners, thernoplastic

Ity polyethyl ene,
al-phé=glefli n/ di ene (" EPDM')
(- T1o\83") (for exanple, EPDM

bl ended wi t h pol ypr op} using8%yl fr or peroxide curing
agents), thernoplastic 10 | rubbe@®2suychlas st®ene/|but adi ene rubber (for
exanpl e, KRATON* nmade by Shej |l 09080 | Conpan®¥ and et hyl ene/acrylic
acid copolyners (for exanpl e PR MOOIX err 95 AdHesi ve Pol ymers nade
by The Dow Chenical Conpany)l G| mgg2al solbe added, depending on
t he end use.- Thegegaskels madgyfrog\the honobgeneousl y
branched |inear or 15 honbgeneousTy br anched substantially |inear

et hyl ene pol yners nmust be hard enough to withstand conpression, but

still soft enough such Additivessushasantioxidants (for example, hindered phenolin(for t he

har dness of. the_pol r e S _varyvi skets .ta be _

dependi ng %n tﬁégﬂg%ﬁwgﬂg@%ﬂr%g%%% P?l')hg‘é%gphﬁggse’ﬂmﬂ&rdness (as
det erm ned usi Rgrafs®eBmad igy Corp ) QG iRk SRmpROPIR) A8g" or 20
honogeneousl y braanched subgggﬁ??gny Ifﬁear ethxleni«&glyngggpﬁzﬁﬁﬁ

conpri se’ additiyes orsxample, eryeanide)y @ﬁhlqehaé%g@-mﬁgmhmwbom 100,

even w t hout t : e&gfyr ﬂ\ﬂaﬁoﬂﬂiﬁﬂﬁ% ' Jdfgg t o reduce
t he hardness opﬁ?He p’gfthfnlllaormofﬁﬁ Uikaei Mﬁ% _

'~ substantially i polyethylene compositions, to the extent that they do not

- 10 interfere with the enhanced properties discovered by Applicants.

) Weight Distribution Determination
The whole interpolymer product samples and the individual
interpolymer samples are analyzed by gel permeation chromatography (GPC) on a

15 Waters 150C high temperature chromatographic unit equipped with three mixed
porosity columns (Polymer Laboratories 103, 104, 10, and 106), operating at a
system temperature of 140°C. The solvent is 1,2,4-trichlorobenzene, from which 0.3
percent by weight solutions of the samples are prepared for injection. The flow rate
is 1.0 milliliters/minute and the injection size is 200 microliters.

20 The molecular weight determination is deduced by using narrow
molecular weight distribution polystyrene standards (from Polymer Laboratories) in
conjunction with their elution volumes. The equivalent polyethylene molecular
weights are determined by using appropriate Mark-Houwink coefficients for
polyethylene and polystyrene (as described by Williams and Ward in Journal of
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resﬁlti ng gasket. For the foaned gaskets nmade herein, the Shore A ranges

from 40 to 95. Table 2 sunmari zes Shore A data versus pol yner
densi.ty for substantially 25 | i near et hyl ene/ 1-octene copol yners used to
make gaskets: - 9.
PCT/ US97/ 02777 Tabl e 2
Pol ymer Density FPolvosesSeience, Polymer Letters, Vol. 6, (m)l%s)mdmvehfon%@s?”{ err] )
Har dness equation: . 0. 87 _
0.871 75 0. 884
85 0. 886 87
0. 902 93 0. 908
95 Mpolyethylene =a * (Mpolystyrene)P.

5

In this equation, a = 0.4316 and b = 1.0. Weight average molecular weight, Myy, is
calculated in the usual manner according to the following formula: My = ¥ w;* M;,
where wj and M; are the weight fraction and molecular weight, respectively, of the

ith fraction eluting from the GPC column.

10 The molecular weight distribution (Mw/Mp) for the homogeneously
branched linear or homogeneously branched substantially linear olefin polymers of
the invention is generally less than 5, preferably from 1.5 to 2.5, and especially from
1.7to23.

15 Processing Index Determination
The rheological processing index (PY) is measured by a gas extrusion
rheometer (GER). The GER is described by M. Shida, R-N. Shroff and L.V. Cancio in
Polym. Eng. Sci., Vol. 17, no. 11, p. 770 (1977), and in "Rheometers for Molten
Plastics" by John Dealy, published by Van Nostrand Reinhold Co. (1982) on page 97-
20 99. The processing index is measured at a temperature of 190°C, at nitrogen
pressure of 2500 psig (17.2 MPa) using a 0.0296 inch (752 micrometers) diameter,
20:1 L/D die having an entrance angle of 180°. The GER processing index is
calculated in millipoise units from the following equation:
PI =2.15 X 105 dynes/cm?2/(1000 X shear rate),

25 where: 2.15 X106 dynes/cm? (215X 105 Pa) is the shear stress at 2500
psi (17.2 MPa), and the shear rate is the shear rate at the wall as represented by the
following equation:

32 Q'/ (60 sec/min)(0.745)(Diameter X 2.54 cm/in)3, where:
Q' is the extrusion rate (gms/min),
30 0.745 is the melt density of polyethylene (gm/cm3), and
Diameter is the orifice diameter of the capillary (inches).
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.96 0.94 97
Additives such as antioxidants (for exanple, hindered phenol ics (for
exanple, Ir ano err] 1010 nade by Ci ba Geigy Corp.), phosph tes{q(%f or
‘exanpl e, ¥gaf os[err] 168 made by C ba Gei gy Corp.

addi tives (for exarrpl e, PIB), slip additives (for exarrpl e,

erucam de), an{ThiPhis thexpgpatentwiscosiinel athgisitl nteasired afdppareitshear stress fNCl uded
in the hormgeneousl branched Iin‘;e,’ar or honobgeneously branched

substantial [y Rip&d W@%"r@ﬂ@ﬁé ositions, to the extent that they do

not 10 interfere W tgy iy 21 Qﬁﬁ[&hﬁﬁlyq{emghw&eﬁ%&s%ams

Mol ecul ar Wei ght Distributi on Det erm nat i whol e
i nt er pol yner pHhsanee equsl iplipercentiofithat of adempatative linear ethylemet polyroénatebous anpl es

are anal yzgd bﬁmgsg*{,e chromat ography (GPC) on a 15 Waters 150C
hi gh terrperature C roﬁat ogWﬁﬁfe unit equi pped with three m xed

porosity col urms (Pol yrmiaﬁpmuanafbmwbgd’rhggﬂéﬁﬁit} lb?is&fsédtoxa&d:@l%),
operating at a m t enper.ature of_14 The sol ven

18- i ohl or ob el fraqiE Pepuiati0 Agcoriing © RpERErgY ByICRRELAEheSlogt i ons of

t he sanpl es ar mmy,wmymgborabmm&nowﬁw thbBserved extruliste 1 0
mlliliters/ mnpute_apd the |ﬂ% I on S|ze is 200 mcroliters. .20
The nol ecul ar FEegaritiesmay ke eriBtR e gin tisespupface melt fracture

ol ecul ar @i glahd Bioss ficlt Kattare, PO yst yrene standards (from Pol ynmer
Laboratories) in conjunction with their elution volunes. The

equi val ent pol yet hyl enmwmm% rgpparentle det er mi ned by usi ng

appropriate Mg inl dkail from loss %sﬁ’ ha B
pol ystyrene (as d%fs)crl bed ; WII and V\arnél I n Jour nal 42%22A

Pol yrer Sci enc&gverfoymef ¥ hmms@mmmﬂxf@emmmt
fol I ow ng characterized @t/ begifining of losing extrudate gloss at which the surface

15 roughness of extrudate can only be detected by 40X magnification. The critical shear
rate at onset of surface melt fracture for the substantially linear ethylene polymers is
at Jeast 50 percent greater than the critical shear rate at the onset of surface melt
fracture of a linear ethylene polymer having about the same I2 , My/Mp, and
density. For the purposes of the instant application, “about the same” means that

20 the 12 , Mw/Mp, and density values of both the substantially linear ethylene
polymer and the linear ethylene polymer to which it is compared is within 10
percent of each other. Preferably, the critical shear stress at onset of surface melt
fracture for the substantially linear olefin polymers of the invention is greater than
2.8 X 10¢ dynes/cm? (2.8 x 105 Pa.)

25 Gross melt fracture occurs at unsteady flow conditions and ranges in
detail from regular (alternating rough and smooth, helical, etc.) to random
distortions. For commercial acceptability, (for example, in blown film products),
surface defects should be minimal, if not absent. The critical shear rate at onset of
surface melt fracture (OSMF) and critical shear stress at onset of gross melt fracture

30 (OGMF) will be used herein based on the changes of surface roughness and
configurations of the extrudates extruded by a GER. For the substantially linear
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Npclyethylene = a * (Molystyrene)[err]. | 5 In this
.equation, a = 0.4316 and b = 1.0. Wi ght average nol ecul ar weight, Merr],

is . calculated in the usual manner according to the foll ow ng
formula: Merr] =Jerr]* Merr], where wWerr] ] are
"the wei ght frYO%"8¥3dnd nol ecul ar wei ght respectively, of t'hé

i[err] fraction eluting fromthe GPC col um. The
nol ecul ar wei ghtoﬁ@cMrMMmﬁ%ﬂhe@h@mmmmeWWt

branched |inear or honogeneously branched substantially |inear olefin

pol yners of frachxrexsprefe{qbygrgﬂgrrﬂ\m, 1@ dymespem2  x Y Pag  and especial l y

from1l.7 to 2. 3. enFéiﬁ 8d lAge 6 mﬁ%&g 15
The rheol ogi cal processin |nde§< I\ﬁﬁs rreasuredr by a gas gx‘?%t‘fgr%n
lgsam tign caanpediomapolymers/

rheonet er (GER) . subslentiziiy usefudyn the psesenkinventinn

gﬁchg I gheomet ers %@W%ﬂ% Ipié@}&ﬁne'st I C -%%teﬁene&g é/‘,;?77) ,

publ i shed by Vammmmmmwl@mmﬂﬂﬂ&tmmo%leﬁnmd/chm 99.
The processing index is _nmeasured at a tenperature of 190[err]C, at nitrogen

20 pressure WMWWQ'%'@I@M ey

t d I
mccrlggt[eeer]s) 'gﬁ&&o ocessr n |n e:g(@&m%nkén[%ﬂl?eﬂ ca cuf%%%vc‘stﬁng ©

m I I | por se uni tsatﬂewtmtehé 2@ erolefing diolefins and/ or acetylenically

Wnere 2. 1)5&0}(0 dztﬂgy C%F‘I’I&g‘g’%@&‘he‘gr rat%‘?‘%"‘t’?@"sﬂ?&f“m

stress at 2500 "mterpoiﬁnef'n&&t\smiﬂthaﬁ&?&bhamdlehmwsf be (bﬁ»&ﬂ?lébear
gl 10

rate at the wall as represent ed_b equati on
32 Q/ (60 sec/ nfapphunerland tlésn)ereﬂsnhmm@nrﬂom e,
Q is the extrusgpg % lme/alpha-olefmcopolymersarep&f&fera s
the nelt density of poI yet hyI ene rrtc err
Di ameter is the bewevepand (armeeaﬂymefme&

15

Suitable Blowing Agents .

Foaming agents suitable for use in the gaskets disclosed herein include
physical blowing agents which function as gas sources by going through a change of
physical state. Volatile liquids produce gas by passing from the liquid to gaseous

20 state, whereas compressed gases are dissolved under pressure in the melted
polymer. Chemical blowing agents produce gas by a chemical reaction, either by a

thermal decomposition or by a reaction between two components.
Suitable physical blowing agents include pentanes (for example, n-
pentane, 2-methylbutane, 2,2-dimethylpropane, 1-pentane and cyclopentane),

25 hexanes (for example, n-hexane, 2-methylpentane, 3-methylpentane, 2,3-
dimethylbutane, 2,2-dimethylbutane, 1-hexene, cyclohexane), heptanes (for
example, n-heptane, 2-methylhexane, 2,2-dimethylpentane, 2,3-dimethylpentane,

2 4-dimethylpentane, 3,3-dimethylpentane, 3-ethylpentane, 2,2,3-trimethylbutane, 1-
. heptene), benzene, toluene, dichloromethane, trichloromethane, trichloroethylene,

30 tetrachloromethane, 1,2-dichloroethane, trichloroflucromethane, 1,1,2-
trichlorotrifluoroethane, methatnol, ethanol, 2-propanol, ethyl ether, isopropyl ether,
acetone, methyl ethyl ketone, and methylene chioride.
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PCT/ US97/ 02777 The Pl is the apparent viscosity of a nmateri al
nmeasured at apparent shear stress of 2.15 X 10[err] dyne/cnferr]

(2.15 x 10[err] For the substantially |linear
‘et hyl ene pol‘yﬁé?@ ked herein, the Pl is |ess t han P&"‘é&ﬂ%”’to 70
percent of that of a corrparatlve | i near ethyl ene polynmer at about 5 t he

sane I[err] and MerrL/%ﬁbkkwemblomgagmmd ;ncludecartbozﬁﬂmi&mf %&Bith 't
stress vs. apparent s i s used to .ident, e ne
fracture phenonena. Ac%?ﬁf’ﬁ&ﬁ‘f‘g‘cai’ gfﬁﬁf‘qiﬂdﬁg mmm‘mﬁﬁ@gy,
30(2), 337- 357dhﬁﬂ&opmﬂg1eaew&mm dydiazides, add BearbdiBnidsSEsr €d

extrudate rrequl ma ebroadI C|aSSIerd |ntotvvo mai n
types: surfaceet‘FéT‘R’le'fég a{ﬂeﬂégfo ﬁ%qqucql ) Brioly F’@s ‘m}'
Surface nest frsaﬁtcwbeaae@amn ,rm&ﬁaﬁm azodicar

etall

condi tions and ranges I n from/l oss of specul ar oss e m)re
severe form of dihydE-k3draxa MW&S‘W’@‘,‘Y@G onset of surface nel t
fracture is C haf1RCaniunt gp[,lg,t,mﬁ t&’itﬂe date

gl oss at which the surface 15 rou SS of extrudate can on

det ect ed by 40xedustion.f Pnegansalculyiedth Wmafblgmagﬂ*mquﬂedmbowhgﬂmet of

thrrgggt nglot pfercent grggp{’mr th?épﬁ?g{%frltlc #éaﬁear&&{%%%%set of

surface ndPt  desired depsityneductiopfordaigetdensity) fonal desiredapiplinationh For chgmadabut t he

netant appl i o i ane Mol the il is 02 104 per SR dfndspls i iy s 2

Merr]/Merr], parcentthyneeight. Thisuegesan blse be adjustesliby thermtliditioh pf adtivation et hyl ene

I N . e T L A

onset of surfadeefesably, ﬂmmagentr&nmdtmﬂmfbnnulhﬁmsnnﬂnﬂta&ﬁnaﬁﬁylemxem olefin

pol ymer s t he r vent i,0 reater, th er
dynes/cn{2$r] & '&W@Pﬂwﬂg’f °“&%“t°mceﬂ‘at°%t§eélﬂ§'%' r?ﬂ]’t (Wacture
occurs at unst e IEJazudiaﬂbdﬂnuda)s and ranges in detail from '
regular (alternating r h an ot I[;&§e etc.,) to rando
di stortions. For com%‘ﬁg‘yiﬁ?gﬁﬁ‘s B"?‘?I%t l@?ﬁﬁ%‘ﬁ'@"‘ %ﬁl"tﬁﬂﬁa?i | m
product s), described ixf the ColldefingUS. Bdrentd: 05,088,760, USFS8,340)880, USP 588983, . The
critical shear t,.ons surface nelt fracture (OSMF) and
critical shear ‘@’ﬁ@?ﬁ‘?"tﬁ%ﬁ%@ﬁoss melt fracture
20 '
Suitable Gasket Configx :
Gaskets can have many different forms, including "o-rings" and flat
seals (for example, "film-like" gaskets having a thickness commensurate with the
intended use).
25 Suitable end uses include gaskets for metal and plastic closures, as well
as other gasket applications. These applications include beverage cap liners, hot fill
juice cap liners, polypropylene cap liners, steel or aluminum cap liners, high density

polyethylene cap liners, window glass gaskets, sealed containers, closure caps,
gaskets for medical devices, filter elements, pressure venting gaskets, hot melt

30 gaskets, easy twist off caps, electrochemical cell gaskets, refrigerator gaskets,
galvanic cell gaskets, leak proof cell gaskets, waterproofing sheet, reusable gaskets,
synthetic cork like materials, thin cell electromembrane separator, magnetic rubber
materials, disc gaskets for alcoholic beverage bottle caps, freeze resistant seal rings,
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30 (OGW) will be used herein based on the changes of surface roughness
.and configurations of the extrudates extruded by a GER For the
substantially |inear -12-
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*PCT/ USQ7/ 0277 WO9MBIN5S 4| ofin pol ymers used in the invention, PCHRRMRT; cal
shear stress at onset of gross nelt fracture is preferably greater
than 4 X 10[ er r ] gasisete for pirstie gaptiigs, expasiaay jeintsnd waterstops, corrosion-resistant The

honpgeneously br gnc q I LRRR ﬁ“ﬁ! Vi .

substantially Ii near yrrl:l;éﬂ%ébelp | EI n ? e pr%@é%ﬁ%rﬁl%n can %goof
honopol yners 5 plastm‘luti[xdr geprealechridaboutletspinagnetis faced friamed asticles) jarvings,

Bt byl ene.ui th at IS ERERS s sl g sV peling lipesk Vs bR, (7 L7 T
acgt EII etm c?:s y umﬁutfchbaﬂecaprmdn&axaaﬂ?mtuﬁeﬂage ]:oﬁltemhefsxmstalﬁibe o
substantially i near nmers o e.pres i nvention can al so be

i nterpol ymers of S5 ARRIESANES OF s?ﬁa%:sfmme ei%f ﬁe“Sme ‘he above
Jerr]-err] [err]-ol ef iGasketsinadefrem thetidiiogencdastyy braahatiineyr 60

unsat ur at ed rmno rsin rg)rl nation wt ther saturat ed rmnorrers The
term W& aﬁ’FS'ﬁ‘h ?t€ have nymergys

COMDNONEr s (for %ﬁﬁﬂg&,e@eﬂanywhenudéﬂmfmfa’p@ﬁcﬂioﬁﬁ 'meémdaaenvre t han

two conono S (for ex t er pol yner s) Substant ially |linear
et hyl ene/ alr%ha OFEP"PW‘C@@%FM%’ Fl")éi %ﬁbﬂm/awl
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15 Suitable Bl ow n oam ng agents

sui tabl e for useglaps) t“ﬂ%c*'d%t dordow torguetemexnlaf the dlosureqgap; low Cﬁh%l cal

bl owi ng agents Wgof C {eb ek Sbdie 5.5 PEER DY RIgHIP (dld usbiuPids Pood-stiia e Of
physi cal state. Volatil'e |iquids produce gas by aSSI ng fromthe liquid to
gaseous 20 st gepecially reguding regirtenyrompliance); 8 ko/non-prlersubstratess ur e
in the melt g4 (for example, polypropylene and high density polyethylene (either linear

homopolymer polyethylene or linear heterogeneous high density polyethylene)).
Good adhesion in a cap or crown can be described as sufficiently

adhering to the substrate. A liner exhibits this type adhesion when it can only be

removed under a cohesive failure mode. Adhesion to metal (such as beer crowns)

20 requires a lacquer that is both compatible with the polymer system and bonds to the
metal (for example, a lacquer such as AL 1296-01M sold by W.R. Grace). One such
example that provides good adhesion is a modified polyester provided by Watson
Standard (#40-207 or #40-542). Modified epoxy lacquers have also demonstrated
good adhesion.

25 . Additional benefits include adequate gas and water barrier properties;
high melting point relative to incumbent polymers (for example, ethylene/vinyl
acetate); good stress crack resistance; good chemical resistance; variable hardness
(useful for specific packaging which may require more or less gasket stiffness,
depending on the degree of torque required to seal the container and the internal

30 pressure of the container); and most importantly, for the homogeneously branched
substantially linear ethylene polymers, excellent processability achieved by uniquely
controlling the melt flow ratio (110/12) independently of the molecular weight
distribution (Mw/Mp). Substantially linear ethylene polymers having My /Mp
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poiyrrer. Chem cal bl owi ng agents produce gas by a chem cal reaction, either
. by a t hermal deconposition or by a reaction between two conponents.
Sui tabl e physical bl ow ng agents include pentanes (for example, n--

pent ane, 2-nethyl butane, 2, 2-di net hyl propane, 1-pentane a%{i% tane)
" 25 hexandO¥#BPSexanpl e, n-hexane, 2-net hyl pent ane,
2, 3- di net hyl but ane, 2, 2-di net hyl but ane, 1-hexene, cyclohexane)

hept anes (for froml. bﬁ%llo/lzmﬁmmoa!h@tahﬂﬂhmmﬂmlyuseﬁdm

2, 2- di et hyl pept ane, di | pent ane, 2, 4- di net hyl pent ane,

3, 3- di net hyl peﬁwkéi-“&t“ﬁ g‘% ne, 2,2,3-trimet hyl but ane, 1-

hept&ne), bﬁnlzene t ol LveaRidus gHsk &Imﬂhl mw egméuuam%mhosedm

trichl oroet hy tetrachl or - di roet ha

trichl orof | uor @%Fﬁiﬁ@y a{)) gﬂ%ﬂ’@ét&ﬂ‘?’i éﬁ%smlﬁanol
et hanol , 25 pr oggdl Iuszesimdmm 1); USPA/9BD231 (Kinkpit); USP 4,717,034 TRintoRL); et hyl
et hyl ketone angg (K:hlgl?l)d » e )

-13- m%gﬁgg,USP3779%5(Lefforgeetal) USP3,493,453 (Ceresa et al.);

PCT/ US97/ 02777usp3183144(Cawglm),USPs,3cﬁtmMﬂjﬁ%ﬂ,@s&) pi8pi ncl ude
carbon dioxide and nitro ul tabl e chém cal bl ow ng

agents i ncl uded4 MG %w:deﬁraw%w(sayer).wsls?ﬂmmayer) and USP 5,000,992

1 i e N o T

p-t ol uenetQl folmhonsfthe palymersind then iminedia

di i sopropyl hydEﬁ%ﬁ%ﬁ ‘m&‘ﬁﬁ%g‘”ﬁfﬁ‘"ﬂgﬁ %aﬁl:sﬁ
di hydrol, 3, 4- oxadl azl n- 2- on sodi um Dor ohydri de.

The amount of bl owi ng é@'@m&ﬂbpwfmmmwmm@sdmd

Lﬁg\?mfc;;go?hemeh&%& %%%%M%cef% r am %?@%?‘%w ng ag%rnt at a
gi ven tenper at filmes bycbnivimtiohdl technitpres ashlows.restioy extacsian doated fitms, fellogel
range 1o 81 {9 TR ARRraTh Gl i B Rer imsipee by Yiy0R° < 11
percent by wei gididedimdmoretgatralavergasket dimendjons ircistiy ptokess;amdtiter on  of
ULV 0N sapen P LA BB B B RES e  (7 1
formul ati on sudfont $mils tdww(&mi&%tbhem))c
Preferably, the one step process for forming a gasket having a Shore A
20 hardness from 40 to 95, comprising the steps of :
(a) combining at least one homogeneously branched linear or a homogeneously
branched substantially linear ethylene polymer with at least one blowing agent to
_form a mixture,
(b) extruding said mixture through an orifice,
25 (c) cutting the extruded mixture into a pellet,
(d) positioning the cut extruded mixture into a closure, and
(e) compression shaping the positioned mixture in said closure.
More preferably, for closures having a 28mm diameter, the cut pellet
weighs from 120mg to 300mg.
30 Multilayer film structures are also suitable for making the gaskets
disclosed herein, with the proviso that at least one layer (preferably the inner layer
which is located adjacent to the product) comprises the homogeneously branched
linear or homogeneously branched substantially linear ethylene polymer. Foamed

A6



15 oxide is used at a |l evel of one and one-half to twice that of the

bl ow ng agent (for exanpl e, "azodi car bonam de).

Foanms useful for making the gaskets clainmed herein can be nmade as
described in the followng U S.. Patents: 5,288,762, USP 5’34909é&"?H§F
5,369,136,  WOIMBPEP 5 387,620 and USP 5, 407, 965. 20 i

Gasket Configurations Gaskets can have many di fferent

forms, includi ngmhhﬂajdenpketadmpm&ehomgmwmsmdwd&nemmke "filmli ke"

%ﬁ??ghfehg\rﬁengse thl Ckeodggg%%%%r rreyalf“ egﬁ osﬁ 35 éé_g weII

as ot her gasket mpph-eseﬂtmmn&on.These applications i ncI ude beverage cap

liners, hot fill juice cap:liners, polypropylene cap liners, steel
or alum numcap liners, high density pol yet hyl ene cap |iners,

w ndoew gl as$ gas [Egiraples b6 had CompantiveFamplés14d0® caps, gaskets for
medi cal devices, filter ment essure venti agkets, .h melt 30
gaskets, easy twist off %ﬁ?’%ﬁ%ﬂ%@@m&%ﬁﬁ feswt?‘g i ger at or
gaskets, coiiiprésdivnGetat hhmas tefitiperatire Giboif 25°C) £l at eleditécBiemperature

wat er pr oof i ng sh reusabl_e e synt hetjic cork |ike
materials, thin @STCD W&ﬂ!‘%&r‘&ﬁ@%ﬂ Hctspe sebsiantiatly linegrpolyethylenes
materials, disc h@&ﬁm&ﬁ&aﬁﬁg&&&ye&mm@y%ﬂ&mb&&m

resi st ant seal ri
WO 97/ 3393510 J%mmdarew“ﬁﬂ\vmmsmofabbwmgagem(mogmmm

PCT/ US97/ 02777 | mage by U6 Cherh@il) PhclfrbL K 8 sheMiAden 8PS 10 s a2
wat er st ops, corrosion-resi St ant conduit connect ors,

nmagneti c pl asti Cdensity aeauoatmmesgqadns,,amatﬁ&&auomﬁame&mmamoleculaxpl astic
lid and hinge for electrical outlets, magnetlc faced foaned articles, jar

rings, f | weight distglution, Mw/Macef 2044 Rolymen? s agudltiodex (2 of 30g/10i ner s,
pressure applicators, 5 conbi nedcmgttl e cap and_ straw structures, |arge
condi ment bot t | enHRytes a densisy 9f 0. melt gy ratign 119412 Rf7 Isndamealecylar s

honme canni n j ar Gaskets made fromthe
W ﬁ?@ayﬁg&ghw/mm of 214

honngeneous br an¢ honogeneousl y branched

substanti al | y l'i near et hyrthe pewiiered BRMwing\dpeat i8 iritofporidted into each of polymers 1
| and 2 by preparing 20 pound (9 kg) lots of dry blends of the blowing agent with
each polymer. The dry blends are prepared by preweighing and then adding the
ingredients into a large bag and vigorously shaking the sample until a
20  homogeneous blend is observed, usually after shaking 3 minutes. In order to
account for some small loss of the blowing agent on the sidewall of the bag, the
blowing agent is added at levels of 110 percent of that targeted for a particular
blend.
The foamed samples are prepared on a DEMAG injection molding
25 machine at a melt temperature of 410°F (210°C). Instead of injecting the shot into a
mold, the shot is injected onto a piece of polyester film (for example, Mylar™ made
by E1 Du Pont de Nemours & Company). The foam is then allowed to freely
expand and cool to room temperature {(about 25°C).
- Comparison polymer 3 is a heterogeneous linear Jow density .
30 polyethylene (LLDPE) having a melt index of 25.6 g/10 minutes, a density of 0.918
g/cm3, a melt flow ratio, lg/12, of 7 and a molecular weight distribution, My,/Mp,

of 29. Comparison polymer 4 is an ethylene/vinyl acetate copolymer made by E1
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advant ages, especially when used in food-stuff applications. These include:

-10 | nproved taste and odor over incunbent polynmer gaskets such as

et hyl‘ene/vi nyI : acetate; | ow adhesion to polar substrates (for
exanpl e, ne terepht al at e, gl ass) which is useful for Iow
t or que rerm e cl osure/ cap; |ow extractabl es PCROISSW2AT| e,

| ess t han about 5.5 percent by weight) (also useful for food-stuffs,

especi al |y renglgdeNgnioutmmw adB)11 peRent vaal] Q&dtAtE cdrilentON- pol ar

substrates 15 r _ex ol | ene and hlgh density pol yet hyl ene
(either linear °n{Pa9°°n %ﬁ% ﬁ’é %Méf'ﬁi\}i‘ eﬁ@!‘@d@w@\‘bus

hi gh density pésqlmaﬁybyﬁd)l)uPontdeNemours&Company,an@@ﬁﬂl Z : c?p OL
ubstrate

crown can be des [ as, sufficiently, adherin

liner exhibits ?8&@%%@%%&82&%%*%%%0%333/« Cemparisenl under

a cohesi ve5 f ai ptilyted® iba méEbRAd 6f p l&ﬁdﬁ&i?& ?Eﬂoﬁae éno q )
an

requires a | acguer t hat | bot h conpatib t he pol yrrer syst e

bonds to the yfis?mmmemamaeq 38 perrend plasticis@ 4B 1M sol d |

by WR G ace) ethipliexyl)'phthalate), adenﬁ?%mhﬁ Qs SR&:S%IEF %g esion is a
nodi fi ed pol yester provided g? d%t an g@

#40- 542) . I\/bdi ﬁpmwm G%?MM@fEUC@dbMaaMtprepmdbygood
adhesi on. mmbmmé@ﬁ_#ﬂg ts include adequate gas and

‘wat er barr| er Br operties I'ng point relative to i ncunbent
pol ymers Wor exanpl e, (&Wmseimgﬂmdmmrdaawwmgbmﬂﬁteﬂﬁaacrack

resi st ance; rdne useful for
specific packagq,eg whi reqU| re m)re og‘ﬁb‘?as“%?sass?kéﬂ*ﬁﬂwéeﬁ

de|toend| Ing on tmmgﬁmes:gﬁ\ @mq&jbhasuussrcbthbngdymbx;smmdaanaaﬂi\p&afﬁﬁd Eﬂe

i nterna an S antly, for e
hom)geneousl y ncﬁslg' 3 '%8%% b; #SHF(’??’%% ne pol yners,
excel | ent processablllty achi eved by unlquely controlling the nelt

fl ow ratifs(l[err]ll[err]) independentlﬁw?f t he nol ecul ar wei ght
distribution (Merr]/Merr]). Substanti Ilnear et hyl ene pol yners havi ng

M err]/ M el iBxamp. Percentblmnﬁ@/@a@ﬁ&sm i Shore| Densi Density
PCT/ US97/ 0% agentfadded |. Setia® : &fﬂg‘%ﬂri/me r &?'i ORefta@ibn] tO
as hi gh as|2@sed)e pamtpod;uharl)(guﬁa{tldstl Npercent lost)t hese gasket i N9 ( percent)
applicatio s.1*¥) I 0 30921 1{oUS GASKET amgr actgiggany L ecigruges _
i ncl ude theser@ysEl osegagn 1895 [, Z1%6as’ (VL @gNTerg 383Uy ot =1 USP
4,085,186 (RapfigT), U5, 019, 84g7gRMgHT &0 1 H%‘ﬁ@%:—
(Knight); BSPEEyOBT 23T TR Q) 14 §SP 7 Tgs: 5T 0317 649

2*(2) 0 30.3 69.5 96 0.913 0

4(2) 0.25 28.8 65.6 92 0.561 38.6

5(2) 05 24.0 59.2 75 0.358 60.8

6(2) | 1 214 644 75 0.321 64.8

3*(3) 0 329 723 95 0.918 0

4* (3) 0.25 32.3 709 92 0.581 43.6

5* (3) 0.5 32.3 68.3 NM | 0359 60.9

6* (3) 1 319 67.9 NM| 0339 63.1

@) 0 26.5 76.3 94 0.943 0

8* (5) 0 384 75.2 N/A] NM 0

9* (6) 1 30.3 65.8 70 1.191 0

10* (7) 1 29 60 NM | 0.608 49.5

*Comparison Example Only; not an example of the invention
N/A = Not Applicable
NM = Not Measured
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USP 3,786,954 (Shull); USP 3,779,965 (Lefforge et al.); USP 3,493, 453
(Ceresa et al.); USP 3,183,144 (Caviglia); USP 3,300,072 (Caviglia);
USP 4, 984, 703 (Burzynski); USP 3,414,938 (Caviglia) USP 4,939, 859
(Bayer); USP 5,137,164 (Bayer); and USP 5, 000, 992 (Kel

Preferably, tH¥O8#3R¥ is namde in a single step process by eﬁh’gﬂqﬂgﬁa 10

portion of the foam ng substantially |inear ethylene polyner and then

i medi atel y conpr ieiresaltninditateghititisdre jsarsignificantiinprovetyenkint .

The one-step process used faor. form nd foam n asket i sclose .
nerein i s a1 iR et e himossfened ot b oty ten 4R frrmine
sheets or maéisldﬁg;mcaﬁmsdmmd%&@amgéwseﬁnmﬁmwmm%e

extrusion coated filmns, . foll gwed 15 st anpi ng. or, cutting,the gasket
fromthe sheet %hormmﬁ@a&ﬁmmxmgwtﬂgmdmw 8FF 1AM Fror
contr-ol overs gagised sighifi@ARy Bétter kot the HhARd REMEEMEcusAHRI YRilyethylenes thaa@dant age
of the 1-step process is achieving_|ower gasket thickness (for exanp]e,
from5 mils to 1 wed i qlgpute iperapplications. Examples 1-3 and 4-6 exhibit

Preferably, thejpneambiit RiipeRire boihprestidH sebithan BaAkahtiARPlesd 1580 kA4 6+, 20
har dness from 40 to 95 onErél sin steps of: (a) conbining at

o t'he
| east one homogExanaples i3 aad; if Jowen Forapreggion g SAKothan gomparative expmples hed
substantial ly | i rm LY . 'ogﬂ%rgqmggq&d&ggﬁ% ' ent to
forma m xture, 1R (%ﬁﬁft‘@ud?ﬁﬁb@ai m xture throug %ﬁﬁ% ce, 25
(c) cutting10heexsmplesddod nand Ty Al not pik of the comparison examplespreforimedithy t he
cut extruded m EHEE' bR is%s vgj(-!g lﬁm:]u'u:em ﬁgﬂ&ggﬁk@g ]Ehapi ng
t he positioned ?nx ure ?’%hgal E#(%'Zsﬁre. entsfof-ﬁﬂp re
preferably, for mihiowmssy thegsholdjvaluodhene df below whichithemeterialp opdddp be. Further,
wei ghs from 120 ml' Eiggt E’g ison is bet £ ¥|“|| '”mﬂiuctures
are al so suitab?‘ge orf‘iR mé% gas’ﬁé’tes the I'sC céé%ﬁ'ﬁgreln, Wth the
provi so that at stlstatialylindansthylegesubstantdily\linedrethylererpolyners and unfoamedihi ch
is located ggdjagent to t [ t rise he_h eneous br anched
| i near or hggog %@@V"@? gg‘&%ﬂ%ﬁﬂg%e ?ﬁ%%ggg?ﬂ%ﬁgfﬁf‘m&
Foaned branched linear ethylene polymers samples. - 16- WO 97/ 33935
PCT/ US97/ 02777
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mul til ayer gaskets conprising the honogeneously branched |inear or
.homogeneousl y branched subst anThisSheet Has BremRe t;t:ddy ene polyners are al so
useful in the present in ﬂmﬂ "Exanpl es 1-6 and
Oon;rparatlve Exanpl es 1*-10* Pol ymers 1 and 2 and
‘conpari son PYOPTII 3-6 are este corrpre55| on FETRFPTT ent
tenperature (about 25[err]C) and at eI evat ed terrperature (60[err] Q.

Polynmers 1 and 2 are etﬁ%ma{eamm inglafRat oR®! Yet hyl enes

produced by the constrain eqQ ca al yst . technol ogy,. as described in

USP 10 5, 27homogenepyst aﬁen%@egﬁw%mm # leashopa blowing agentovherginagent

(Cel ogen[err] gmerhasad obﬁoﬂmﬂswabsgam&ai&chﬁmaé a melt
g

index (I[err]) of /10 m _nufes, enS|ty of about 0.90

g/cnjerr], a memolequisy WMM%#WW@ baving a B
wei ght disgri blé}éa H\MBQ%}CEM err], of 2.04. Polyner 2 has a nelt index
(I'Terr]) of 307g/ 10 m nutes, a denS|ty of 0.913 g/cnferr], a nelt

flowratio, I[err]/I[err], of 7.1 and a m)lecular 15 wei ght

distribution, Merr]/ Mfrﬁlegamagfciaﬁnl W] eeth¥lenepolymerJQe powder ed

bl owi ng agent is mcorpg;eat mm;gdeach po yners nd 2 by
preparing 20 psulbstantiglly lijpear mm@mﬁmwwm with
each polymer. The dry bA) mr%e‘q@;g prewei ghi ng and t hen addi ng

the I ngredients |nto a vi gorously shaking the sanple
until a 29 hormgene%)%mmm@ba&&mmtmwMgdaﬁeawWﬂoﬁ
mnutes. In order to : account for sone small | oss of the bl ow ng

agent on the sidewal | ofMi/iMpysdgn/12)k4.63, and bl owi ng agent is added at

| evel s of 110 percent of that tar et ed for articul ar bl end

The foamed sanpl es are PRSHHsl sfﬂl?ﬂ@*i“ﬁg‘@ k‘ﬁﬁ?ﬁ&ﬁ?}“?ﬁ“‘“”‘mchl ne
at a nelt terrquedﬁ{eg/cg{z(ﬂiﬂs%?]] F (210[err] Q). | nst ead of injecting the

shot into a , the s is injected onto a piece of polyester
film(for exanple, Mylar[err] nade by E.1. Du Pont de Nenours &
Conpany) . 18he foamis tdef, ‘f‘Gf«t’lBﬂ\i Wﬁﬁ*&nﬁ\eeﬁ\ylene%%ﬁiﬁ‘d cool to
roomtenperature (about 25[errl9me Corrparl son pol yner
3 is a het er oganbatantially linear ethyjgng pplymey whirh is fugthes charagterized asihapingy having a
melt index of 25.6 g/ 1Oa)ry,ﬂgm§w,ﬁmdﬁap%ty55§ 0.918 g/crr[ err], a
melt flowratio, I[err]/1[err], of 7 a nol ecul ar wei ght dlstrlbutlon
Merr]/Merr], bﬁm&e&hr@oﬂgl&rdnsﬁbuﬁijWM,ﬂdeﬁmﬂrby&hhgqmﬁmm nyI
acet at e copol yner nade bﬁ&
/Mns(llollz) -4.63,and
20 c) a critical shear rate at onset of surface melt fracture at least 50

percent greater than the critical shear rate at the onset of surface melt fracture of a
linear ethylene polymer having the same I2, density and Mw/Mn.

4. The gasket of Claim 1, wherein the ethylene polymer is a
25 homogeneously branched linear ethylene polymer, which is further characterized as
having less than 0.01 long chain branch per 1000 carbons.

5. The foamed gasket of Claim 2 or 3, wherein the substantially linear
ethylene polymer has from about 0.01 to about 3 long chain branches per 1000
30 carbons along the polymer backbone. '

HlS SHEET HAS BEEN
REPLACED

|
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-17- WD 97/ 33935
PCT/US97/ 02777 Du Pont dermd@hmﬂsﬂﬁe and has 11 percent
vinyl acetate content. Conp |s an et hyl ene vi nyl

acet ate copol yner tradenmar ked El va 650 made bﬁ(ﬁ' b ont
‘de Nemours & , and has 12 perce VI ny acet ate content and a
nmelt index of 8 g/10 mnutes and a density of 933 g/cc. Conparison 5

polymer 6 is a nelt blené Bnefpm&wkes@ﬂupmfmm@mmvmmd a
bl qﬁ@ﬂ# ﬁm'ﬁ“
pe(r)\(l:\llegtg pl asti c?g)er gzgl 2 gswmgi%l%ﬁ xyl) pﬁﬂ?a ate), E%@é'!r’]‘é’ln of 1.19

g/ cc and a shor eMy/May foaeks 912.5%5. Conpari son polynmer 7 is a mel t

bl end of PVC and bl owi ng agent prepared by physi cal Iy conbi ni ng and
extruding the materials. 10 Conpression set is tested in
accordance g th ASTM D3ﬁ5mélﬁiﬁéajg£ketofanyoftﬁé’ﬁecédﬁ\g&lalﬁ£)%em&e Shore A
Is tested as descri bed suPra Tabl e supmari_zes conpressi on set and
Shore A hardness“%@“?%ﬁyﬁﬁ?wg‘l%@‘%ﬁﬂ conparati ve pol ynmers
3-7 with varying anmounts antgﬂgm_ﬂ@ Béllymer) COT porat ed: 15

Tabl e 3 Exampl e Percent bI oW n n&rﬁ;on lar;Presm on _Shore

Densi ty Densi ty gmr ong Garea0@lphaolgingoc A
(g/cc) Reduct i gn used) to pol yner (percent | ost) (percent |ost)
(per cent) 1%(1) 0 30. 0 71.5 94
0.903 10 O 1 (11C)acopolyﬂ@ﬁofeﬂ1ylmethha1®3-2malpha-oleﬁn66 1 89
0.493 45. 4 2 (1) .5 17.6 65. 6

60 0.411 54.5 3 (1) 14. 8 65. 1
45 0. 317 64 9 g?,g,ga lakts 69.5
96 0 913 ysketofanSy&ﬁxepreceedmgc %vhereué

92 0.561 hoﬁegeﬁeousl hﬁd\@de&lylmwpolﬁn&hasadmsityfibhﬁl895g/m3m05?5 2

75 0. 358 0 8 6 (2) 1.4 64. 4
75 0.321 8/ : 3*(3) 0 32 9 72.3
95 0.9185 0 4*(3) 0.25 32.3 70.9

92 0. 581 43. 6

9. The foamed gasket of any of the preceeding claims, wherein the

foaming agent is a physical blowing agent, gaseous blowing agent or chemical
blowing agent.

20 10, The foamed gasket of any of the preceeding claims, wherein the
foaming agent is sodium bicarbonate, dinitrosopentamethylenetetramine, sulfonyl
hydrazides, azodicarbonamide, p-toluenesulfonyl semicarbazide, 5-
phenyltetrazole, diisopropylhydrazodicarboxylate, 5-phenyl-3,6-dihydro-1,3.4-
oxadiazin-2-one, or sodium borohydride.

11. The foamed gasket of any of the preceeding claims, wherein the
foaming agent is carbon dioxide or nitrogen.

. 12. The foamed gasket of any of the preceeding claims, wherein the
30 foaming agent is a pentane, hexane, heptane, benzene, toluene, dichloromethane,
trichloromethane, trichloroethylene, tetrachloromethane, 1,2-dichloroethane,
trichlorofluoromethane, 1,1,2-trichlorotrifluoroethane, methanol, ethanol, 2-

THIS SHEET HAS BEEN 21
REPLACED
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5% ('3) 0.5 32.3 68. 3 NM 0. 359 60. 9
6%(3) 1 31.9 67.9 NM 0339 . 63. 1
7*(4 0 26. 5 763 94  0.943 0
8% (.5 0 38. 4 752 NA NV
- 9% (6) WO 97733 30. 3 65. 8 70 1. PEFUSITN2TTT
10*(7) 1 2.9 60 NM 0.608 . 49.5

*Conpar i son Ex prapatokethyl ethien; isaproppl athet, acetdne; inethiyhethyltkethe; methylene

\I>V\DA9;/ ?gtgc,)éppl Icﬁl%gde'zsobutane n-butane; or 1, 1-difluoroethane. NM = Not Measured

PCT/ US97/ 02777 The results indicate that there is a
significant inprovenent ression set har dness of the
homogeneous | i near pol yit rh&ﬁ‘@ﬁé?ﬂg%siﬁfs orha ‘Fg & ,
significang dgemeamused dbidgSSTM m,%mmmmwemma%u@d in the

Shore A hardness. The resulting conpression set and hardness properties are
in some 5 c&‘?E%Ofm gnificantly better for the foamed honpgeneous |inear
pol yet hyl enes than for i ncunbent materials used in closure |liner
applications. Exanples 1-3 and 4-6 exhibit | ower anbi ent tenperature
conpr essi on set than colfy) sembining atleaskone hompogengously branghed linear orxanpl es 1- 3

and 4-6 exhibit | ower co eﬁ%ﬁﬁm}n iﬁ.é&éﬁ@ exanpl es

1* - 8*. Exanples 1-3 anmﬁégexﬁla a?%wer Shor e i A hardnéss than

conpar ati 8@ 10 exarrpl es miymuwmmmmmmmofmwﬁxm conpari son

exanpl es are foaned, sanceal i d because the
@?l ons agggq)ypl calreﬁ“"fl’ﬁg'l§£rl >

requirenents for appl iC m ni nuns or threshol d
val ue above or bel ow wWh{Q) buiting thesxbnded mixtwre dnto @ pellet, Furt her , t he

nost i nportant conparis i “g%;gﬁﬁ gg f qwqemﬁgug branched
substantially |inear et@lpé’%e suBs %Hh a dgéllgls%g%r et hy enéL)p{)%l ymers and
unf oamed 15 het er ogenéE) oshpreteicnshaping ithepositiosedupidwe ipsdig pleswgeand t he

f oaned he&grogeneously branched | i near et hyl ene pol yners sanpl es.

14. The process of claim 13 wherein the cut pellet weighs from 120 mg
to 300 mg.
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P-19-7 go320A ' ' 1. A foaned gasket characterized as
Pconmprising at least one =~ honoggenéquslyibranched ethyl ene (fol §itgr” and
" at | east:one blowing agent, wherein - ° the polyner. has a; densi'fy ot
"fromO0.85 to 0.93 g/cnferr], and is chardcterized as having"'5 a *

ol ecul ar et ot ik o) Pl Pkl ¢ Vo 15469 dece e Ry 2

‘equation:

Mpolyethylene =a* (Mpolystyrene)b-

5 _
In this equation, a =0.4316 and b = 1.0. Weight airerage molecular weight, My, is
calculated in the usual manner according to the following f_ormula_: Mw =2 wi* Mj,
where wj and M; are the weight fraction and molecular weight, resf;ectiveljn of the
ith fraction eluting from the GPC columnn. .
10 The molecular weight distribution (Mw/Mp) for the homogeneously |

branched linear or homogeneously branched substantially linear olefin polymers of

the invention is from 1.5 to 2.5, and especially from 1.7 to 2.3.

Processing Index Determination
15 The rheological processing index (PI) is measured by a gas extrusion
" rheometer (GER). The GER is described by M. Shida, R.N. Shroff and L.V. Cancio in
Polym. Eng. Sci., Vol. 17, no. 11, p. 770 (1977), and in "Rheometers for Molten
Plastics" by John Dealy, published by Van Nostrand Reinhold Co. (1982) on page 97-
99. The processing index is measured at a temperature of 190°C, at nitrogen |
20 pressure of 2500 psig (17.2 MPa) using a 0.0296 inch (752 micrometers) diameter,
20:1 /D die having an entrance angle of 180°. The GER processing index is
calculated in millipoise units from the following equation:
PI=2.15 X 106 dynes/cm?2/ (1000 X shear rate),
- where: 2,15 X 10¢ dynes/cm2 (215 X 10° Pa) is the shear stress at 2500
25 psi (17.2 MPa), and the shear rate is the shear rate at the wall as represenﬁed by the
foll—owing equation: ' |
32 Q'/ (60 sec/min)(0.745)(Diameter X 2.54 cm/in)3, where:
| Q' is the extrusion rate (gms/min),
. 0.745 is the melt density of polyethylene (gm/cm3), and
30 Diameter is the orifice diameter of the capillary (inches).

i
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| lé'ﬁ!, |

great @%n 50 percent ' '. o 2. .The gasket of claim ],

—wher ei et hyl ene polyner is a I substant Lall'y |ijnear—ethyl; e’n,e,ﬂ—__—_

tzpol.ymer having a pol ymer backbone Whl ¢h is 10 : ,Ssubsti} ut,e,d W th fraagm.

:to 3 long chain branches per 1000 car. bons “whi’ ch 'S o Purthert 0% emelmm
characterized as having: . a) anelt flowratio, - -

ti[err]/I[err], [err]5.63, with 1[err] bei ng determned in

" accor dance vvi.th ASTM D- 123 aﬁ‘?é@% g; %g! %{19 bei ng '
~determ ned in ac%o‘?cfiance ok ﬁ%é%%é%%& err]C/2.16

" kg, 15 o homogeneousljo)ormcherl ethylene polynghind asleastione bhumng/[agent]wnéreihr]

.. defined by the I on:

* Merr]/Merr] [eﬁ%m& ’r}ﬁsla[@?‘ﬁ“&%‘gés 0, P 8/ cm®, andlscharactenzedasha\@}ga -

critical shgear ghiddeculatwagnatistAbuirOns/ MR ok FbiACS W25 Sh@ad Y
106 dynes/cnferr] (4 Xx lv‘(,)[err Pau), as/lggtoerm ned using a ga‘tgﬁée]%t&rrﬂ%l on

“rheoneter. 20greaterthan50percent. 3. The gasket of Caim1l, wherein the

-ethyl ene polyner ' is a ~ substantially linear ethylene polynmer having
a pol ymer backbone which is : substituted vvlthfromo 01 to 3 long
chai n branches per 1000 Z:arﬁfcgasket\mfltlahnll,Swheremﬂmeeﬁiylénb yohaliegt eri zed as
havi ng: | t flowratlo err/I

[err]5. 63, wths?ftséﬁqﬂaﬂﬁépﬁﬂ%ﬂ% %*WV%POY%E ?%%%W%CPHSASTM

'D-1238, Copfi ti
accordance wit h%&%&%ﬂgg&&cgm|t??gbrﬁg[fg%{[rﬂebrr?’fég/agP%?oﬁb BarBEAS, Which is

: b) a nol ecul ar ¥weithprchatiagterizdslasitawingy err] /M err], defined by the equation:

: err]/Merr err](l[err /I :

; (';/I[’I t ]ca:\/[shellr[rat]e(aE o??]sae‘?‘ lghmls")dﬁ'fl%tj@/i% ‘s%s‘r‘%{gb&f’gemﬁgeﬁ%’eﬁllﬁed 30) 2

- using a gas ext Q&@E@&CE ORAIRE A DYHHSCEARLBE 1é ?g ah& &zﬁcféﬂ’i &Pa”
the critical ear rate . at. t he onset o ce ne %ractureo a

| i near et hyl eneagmrdaree WwithVASTM D-1238, Condmon190°C/2 16 kg,

- 20- 15 " b) a molecular weight distribution, M,/ M, defined by the equation:

My/Mp<(T10/1p) - 4.63, and

ca critical shear stress at onset of gross melt fracture greater than 4 X

106 dynes/ cm? (4 x 105Pa.), as determined using a gas extrusion rheometer.

| 20 : 3. The gasket of Claim 1, wherein the ethylene polymeris a
i substanually linear ethylene polymer having a polymer backbone which is
| substituted with from 0.01 to 3 long chain branches per 1000 carbons, which is
further characterized as having:
* a) amelt flow ratio, I1g/I2, 25.63, with Iro being determined in
25  accordance with ASTM D-1238, Condition 1909C/10 kg and I; being determined in
| accordance with ASTM D-1238, Condition 190-C/2.16kg, |
b) a molecular weight distribution, My,/Mp, defined by the equation:
Mw/Mp, < (I10/12) ~ 4.63, and
c) a critical shear rate at onset of surface melt fracture, as determined
30 ‘using a gas extrusion rheometer, which is at least 50 percent greater than the critical
shear rate at the onset of surface melt fracture of a linear ethylene polymer having

s ||II|II| Ly IIII N
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42322@322’A . and I[err], I\/[err]/lv[err] and den5|ty val ue.whigh is

oy e n mm—

Wt hi n-«lﬁ percent of that of the R substantlal lyalin®ar cet hque‘he S
" pol yrmer 4, The gasket: of G ai m 13 avvherel R°6Re ¢
ethyl ene -pol yner is a 5 honogeneousl y branched |ihear” et hyl’&ne*™ L
pol ymer, which &1 f Wit har 4ER than 0.01 """
| ong chai n branch I%er m 0 ca Wdl hﬁﬁ1sw1fhm10percé?ﬁ“6fﬂﬁgbﬁtﬁlﬁe f oanmed S
gasket of any oa‘ubstaahﬂl)ehmdethgleubpplymerMerel n the

honogeneousl y branched et hyl ene pol yner is: 10 (A an

et hyl ene honopol yner, (B) an interpolyner of

ethylene with at | east angHelgasket of CRih N, wheresr @k @ftylene polymer is or

(C© a copolLynmer of ethylene wth a Cerr]-Cerr] al ylkllbell-l pIe}ﬁ‘n 2 15

6. The foafed daRegengpusinyraschedinegy etbylene polysen which ifarthencharasterized as

h | | f /
fomggpeousty bﬁ%@&%&%boﬂ&f&%&&?&ﬁo@@éﬁb&ﬁ% r$hmeof ggﬁeg S?sﬁre“

of any of the preceedl ng cl ai ns, wherein the foam ng agent is a

physi cal bl owi ng agent, equs bl owi ng or che
bl owi ng agent . 5 Yhe foame gaSkewf ‘P g‘%ﬂfﬁ‘ﬁé@“@ékf@? wherginther t he
preceeding clai H@moﬁ@ﬁ&@élf‘bfalﬁ%ed ethylene polymens

10 (A) an ethylene homopolymer,
(B) an interpolymer of ethylene with at least one C3-Cp alpha-olefin,
or |
(C) a copolymer of ethylene with a C3-Cpq alpha-olefin.
15 . 6. The foamed gasket of any of the preceeding claims, wherein the

homogeneously branched ethylene polymer has a density from 0.895 g/cm3 to 0.915
g/ cm3. |

7. The foamed gasket of any of the preceéding claims, wherein the
20 foaming agent is a physical blowing agent, gaseous blowing agent or chemical
blowing agent. '

8. The foamed gasket of any of the preceeding claims, wherein the
foaming egent is sodium bicarbonate, dinitrosopentameﬁylenetetranﬁne, sulfonyl
%5 hydrazides, azodicarbonamide, p-toluenesulfonyl semicarbazide, 5- _
phenyltetrazole, diisopropylhydrazodicarboxylate, 5-phenyl-3,6-dihydro-1,3 4-
oxadiazin-2-one, or sodium borc;hyd'ride.

9. The foamed gasket of any of the preceeding claims, wherein the
30 foaming agent is carbon dioxide or nitrogen.

-
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foan nmsam}ent', I s sodi um bi car bonat e, di m%msopent anet hyl enet etramipne,

:sul fonyl 25 hydr azi des, azodi carbonam de, p- toI uene;sul fonyly” 2~
%.sem car bazi de, 5- phenyl tetsrazm BT s SENELY! : . ;
: di i sopropyl hydrazodi car boxyl ate, 5-phényl -3, 6-'di’ hydro 1 3, 4-“ oo

“oxadi azi n-2-one, or sodi he
f oaned gasket of any of H;ne pre%:%‘éei% ng .c ?fmﬁfmﬁ%eceed%dm'wgﬁemtﬁ

' foani ng agent ' i foamingegentiiva peteams; henane dgptane, benzene, toluene, dichloromethane,
-21- 42322A oaned asket of any of

f
the preceeding Sichieromefhane trighloppethylene, tetrad%loroq@:ﬁmeh grqeghaae,pe nt ane,

hexane, hept anem@ﬁ&%ﬁﬁ@muﬁéﬁﬁéﬂﬁ@lﬂﬂh&mmﬁéﬂﬁg methanol, ethanol, 2-
trichl oronmet hane, trichl oroethyl ene, tetrachl oronethane,

.1, 2-di chl orvet h@mpanol ethyl ether, mopgqpyémhgx afetome, mhyi@myl ketone, methylene
21,1,2-trichloro d ne, hano pr opanol ,
Eﬁ h % % Race oafnl “%@‘@‘Fg%ﬁﬁ% ket one;

et hyl ether, |sopropy1 nethylene
chl ori de; |sobutane n- butane or 1 1 di f| uor oet hane.

~11. A one-step process of_ form ngpa gasket having a Shore A hardness,
as measured using ASTM Dlb2A@ne-stepmreonessef 9mamk%tﬂlawg@r$éwa%&aré@§s,by

the 10 D-2240, of from 40 to 95, hfcﬁksﬁﬁ?&&éﬂz@ d east
one hom)geneou% %s&ncﬁs%get ene o from 2770 powyrrer aving a gztr%lty of

fromoO0.85 1b Ostﬁﬁsgﬁ‘cnﬁ WhICh is characterized as havi ng a
ol ecul ar wei ght distribution Merr]/Merr] of from1l.5to 2.5 and as
havi ng a

(A) combining at least one homogeneously branched ethylene
polymer having a density of from 0.85 to 0.93 g/cm3, which is characterized as
having a molecular weight distribution Mw/Mh of from 1.5 to 2.5 and as having a

15  CDBI greater than 50 percent with at least one blowing agent to form a mixture, .

(B) extruding said mixture through an orifice,

(C) cutting the extruded mixture into a peliet,

(D) positioning the cut extruded mixture into a closure, and |

(E) compression shaping the positioned mixture in said closure.

20 -
_ 14. The process of claim 13 wherein the cut pellet weighs from 120 mg
to 300 mg. |
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15 CDBI. gragat er than 50 percent with at |east one bl ow ng aggr%Q%"f%rgn’ﬁ

i xture, (B) extruding said m xture through an
ori f.i ce, (C) cutting the extruded mxtyre into a
pel l et (D) posi tioning the cut extr xture
into a closure, w ‘ SOIR ssion ¢ g the
positioned m xtu 1?1 sai d cl"CSHRmLLEC %)R o 14,
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