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WO 2004/ 007590 PCT/ US2003/ 021752 TITLE LI QUI D
CRYSTALLI NE POLYMERS, PROCESSES FOR THEI R

WORNWSHETIURE, AND ARTI CLES THERECF FI ELD OF | NMEMTS10bS/621752
This invention concerns novel thernotropic |iquid
crystalline polyners, processes for nmaking them and
articles thereof. BACKGROUND OF | NVENTI ON Ther notropi c
liquid crystalline polynmers (LCPs) nmade from a
partially aromatic pol yesgt ﬁ%ESUCh as pol yet hyl ene
t erepht hal ate) (PET), and A or io nore aromatic

hy dr p)QUICECRYSTALLIRG PFOLYMERS, PROCE 8SF SR THEIR d
(HBA) are well known, see for_instance U S _Patents

3,778, 410 MANYFRAATHRE, ANSARHCLES JHEREQT

describes the prepaigti gHPinvERIOROM a partially
aromati c pol yester, —a'n—aty'l'vxya'r'o'rraﬁjc carboxylic

aci dTh@ridventiothi cam)deaxa/ aovebthiecmotropicUingdid Giystalioieypeysers,

produced are saldto nopr e iformin conposition
F’WS%%?% 'HQHP\%'P Elﬂl%ﬁt}\ﬁéﬁ*‘g‘hts The use of

carboxylic aci d BREKERAEND @angvgqﬂ@[qned B. A
Yul ' chi baev, et oKol e oedi neni ya,
Ser . TBeertroplc ﬁquld(c{rgﬁa)lmepmlyrmel& (L@Pajea@de frem a partially
th [l t
et Soiader S0y PoTEulesdeten Rty PRI AR O or

nifie RIFGHANE Ry@oxgaibExyligiadidsTirehus dr@@wmsld SCi@EHBA
anhydri des |ys ngt msny?l oned. U.S. thg{ ent” 5, 326, 848(:lH )

atrewell knewnasee fow instance dhSaPatenits 3.7d8:4 1and Bt4,805.

CHu PSPt popegiz adsciEs Y e Raiba Bt Eciifoma
pattiatly GFomafid ﬁoE@swn dar aoypxyroptdiectarbogdit keid, add 4 n

the form of PET. |s nmentioned that this LCP can be
dl?&d@xwr%lﬁﬁ‘%ﬂp%n aEQPM"&%’ﬁlRfﬁWQ%’sa@fsﬁ'ﬂéﬂ ggmore

h%n‘?[fp (gllﬁﬁbsﬁén GhatcaheiR I‘ﬁg 2 Q%S:H[??&velgﬁtsaeﬂ’ri@ﬁseéjof

using a carboxyli
chtbexyhd aed anhydrides sohotenentiecnedequi red to be present

usi FnJéo A SubPeratare Yussakaekdy g Serdidenidae etk vol.
SR 9B AR oAU SYRAIIBTIC BN partaly

per ies and to be useful in pac agl ng.
a@naﬁmpokyasﬂer (anstexybenzosmliy,exdediacetoxykydroquinpoann the

o S T Lo PESBR IR S EBRE S s et
mentioned.

U.S. Patent 5,326,848 describes an LCP with repeat units derived from
ethylene glycol (EG), 6-hydroxy-2-naphthoic acid (HNA), p-hydroxybenzoic
acid (HBA), and terephthalic acid (T). The EG and T may be added “together”
in the form of PET. It is mentioned that this LCP can be made by reaction of
acyloxy derivatives of the EG, HNA and HBA, or that these compounds may
be acylated in situ by using a carboxylic acid anhydride, but in the latter case
a solvent is required to be present to produce high quality LCP. No mention is
made of using a stoichiometric excess of any ingredient. This LCP is reported
to have good oxygen barrier properties and to be useful in packaging.

Conventional (non-LCP) copolyester resins are known that provide low

melt processing temperatures, isotropic properties, and good optical



5

10

15

WD 2004/ 007590 PCT/ US2003/ 021752 properties. This

cl ass of copol yester incorporates aliphatic noieties
wa@nab4/0edspcycl i cs and consequently they exhi bi trdiu/gh2003/021752

perneati on properties (>160 cnB oxygen 25 m nR2 day

atm . Conventional LCP polyesters are known to provide

ngwﬁﬁI@S(y@'bh; dasmet capolyrsipncoporatestaliphatic meietiasanse

af %qilgé eﬂg%r{ﬁ?y; %f e%ﬁ@g%@grﬁgwugﬁ E)?&pte'rp es (>160 cm?®

oﬁ@&gggl z:d ae¥k). and they tend to be opaque. The
en al so reqw re h| gh tenperatures (>300 C) for

nel t Ganvestienald.Cripatyesters asx kndwn th provide goad waygers

0. n2 d b
or Bt TeRpdies: BvaleRfeha roe snbBlropl b her bt Weaki e
diteBlioh frnsvse té'ﬁﬁfltlﬂdwstﬁey Rala i RisHgiioR%o-break, and they
temcPI ications as films and contai ners.” Mbst packagi ng

ta be epadues Th@cgﬁtenealas%éeqmrrerhlgh temperatutes (BéOO C) for

ot Bcke Rl SR bEr St G el Nl A 03 gt @vgen

/M2 8y atffBuprerfliteidie Abad esPBARLIdSOST 327C. iTHdseduce
gel defects to extruded filmor introduce odor or

PIORRIYES mcbtomilav@sa thegr uaefpmﬂsag@marn/omaclqaglngsapphcatlons as

T B! 508 o5 e B30 M B rosin

tabd dormbitprdtessed ith st2détGral e aA84008tRRAble adhesives
PCT/ US2003/ 021752 SUMVARY OE THE | NVENTI ON Thi s

thatcan star tp deeoanpesa at 24aie dhedraduets of gecompesition can
SR FeERIE R R of RclEBEpP bt oo
tepatkaged fomdd It 8 therefdrel B¥neficial that the barrier resin be melt-
processible into films and other articles below 275°C and preferably below
230°C.
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wherein: 10 each Rl is independently hydrocarbyl ene or
substituted hydrocarbylene; each R2 is independently

wae atowoernsed hydr ocar byl ene or substituted sat upct/esk003/021752

hydr ocar byl ene; each R4 is independently aryl ene or
substituted aryl ene; 15 (V) |s about 0.4 to about 32
nmol e per cent of Slb\MM . the nolar

ot onBiintict Pl R 'fq%s'ab"ié'g%%ﬁpf’%’éd P fepse

uﬂi{g)eﬂ{h@foﬁﬁd[aet he nmolar ratio of (I11A):(I1IB) is
about 5:1 to about 1:2. This invention includes a

process for the manufac ure oﬁa liquid 20
crystalline polynmer conmbri_ kl contacting, in the
absence of added sol ven a partl a P'y aromatic

pol yester, having repeat W)f the formula 0 O 11

, Il GRC(l) and 25 OR2 O (11), with one or nore
conpounds of the fornul OM3-G3{)X2H (I11), one or nore
3 WD 2004/ 007590 PCT/ US2003/ 02%752 conmpounds of the
formula HO-R4-CH (1V),//feh a cdrboxylic acid
anhydride, under,cond formesters of (111)
and (1V) by reaction W gai d carboxylic acid
anhydri de, and (b) hea the m xt (jHA)ranglil ting from
(a) at a tenperature and for a 5 gufficient amount of
time to forma liquid alline |;po|yrrer wher ei n each
Rl is i ndependently b G4 enecor— substi tuted
hydrocar byl ene; each 9 pendent |y al kyl ene or
substituted al kyt@ . IAS | ndegﬁ%&int Iy

aryl ene or substitut ed aryl ene; 10 ea |

i ndepgRdsAtly arylene or substituted arylene; and
provided that (1V) is present in an anount, based on

t he eaohiR! isfindégdndentip hgdtocarbydenalopsubstitlited ar omati c

pal yester, to achieve a total diol
hydrocarbylene;

each R2 is independently saturated hydrocarbylene or substituted
saturated hydrocarbylene;

each R4 is independently arylene or substituted arylene;

(V) is about 0.4 to about 32 mole percent of the total of () present;

the molar ratio of (1):[(11)+(V)] is about 1.0:1.0;

the molar ratio of (1):[(IlIA)+(lliB)] is about 1.0:1.0 to about 1.0:4.0; and

the molar ratio of (IlIA):(1lIB) is about 5:1 to about 1:2.

This invention includes a process for the manufacture of a liquid
crystalline polymer comprising:

(a) contacting, in the absence of added solvent, a partially aromatic

polyester, having repeat units of the formula

—C—R'—C— ()
and
-0-R2-0- (I1),

with one or more compounds of the formula HO-R3-CO,H (lil), one or more
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stoichionetric excess of 0.5 to 15 nole percent. LCPs
of this invention and LCPs produced by LCP

worowgbersbaur i ng 15 processes of this inventi onpaeUsions021752

have good barrier properties to oxygen, noisture,
organi c liquids such as autonotive fuels such as
cgapolhde ohtie folineteeHO-REIQH ¢B)band di c.’arbdreylnrumd anhydride,

addi ti op have good ther apabi lities (that
upger conitiefs émseS&%rﬁtog?ﬁﬁ dgﬂ@ Ry reggtion wWifesaid garboxylic

Reghgadi |y therrmforrred) Furt hernore these
at@%sﬁ@gﬂdoften be processed a 20 tenperatures bel ow

250 () Heeding the opixture essuttigfroine(a) @Ps tempematsire and for a
sifpiare amaed of bt otarmbiacnus el B89 whersin
mul tghay e |§'|r|\dﬁﬁer}%‘en'tl h?éfdcapéyléﬁ?opéﬁﬂfﬁﬂhﬂéﬂ of an

item or sinply as a [ayer i n, a package
hydrocarttydemsr such as a bottl e or pouch. Accordingly,

this in t.ion, further des S r

colrrpie:ag‘}‘/ 'g2@dq#?é‘{eﬂﬁ¥%h‘é' I q%?g'g‘ggg ‘WE‘F’]FW ng
fil , ions or
conpeag FEE Tnd rRARY apieh; BLESB%H?@. AVENET on al so
concetols R¥ iplindesendently @pdéend or pabstituted dryenket qui d

crystalline polyner, conprising, contacting a sur
of ~ aapdpupvidad dhat il Hs presantin anareeintybased;an dhe amount of

(B prRkEht hAiEBRAERY ShSmbBE bRl BhHRAR o 8iaPdiol L Nen

l'e sal I'ne pol yrmer on
staictiiemefrapexcesisaxfto. 5m36|md>leaperd:aast parti aI I y rml ten

2eP (R, 5 GRcHS o LB S, LR MBS
pPo&akes Drtifls FVention J&ﬁ!éll)? Hade gb@%%?ﬁértﬁr% pERied'o %xy%en

solidification tenperature of “sald d crystall
MOls!tOr@,(mgamoiagmmmmmweﬁlelsmucjﬁmgaemdine/fandh

BB L5 SR il o0 A o e BP R "
caebmnﬁés @nat |§¢|hﬂ§l%? rshéageéontam%{e;r%ﬁb 8Ahfbre r§' of LCP P may
crystall |ne olynmer is solid Al LED DESCRI PTI ON CF

bIBREE aediNFarthemaerecthesediGRs pan eftas berprocessed a

D 1 25 ST B, B A

,nmmmuoh papliculatyhesefubint ;mtkbgungf@pT%tuéﬁ@tfoﬁéxaiﬁplerpdmﬁ(é g.a

in US Patent 4,118 372, or an equivalent test.
layeyhipir mubtirkerciim thakisapart af terackagingefi anitem, or simply as

SRR Wt . Baifle QRAAREPE e ol ol o
car béwccatdinglyy thisnmvdnfidre fuzthier paovides shaped articles comprising
the LCPs described above, including films, sheets, packages, containers and
portions or components thereof, and the like.

This invention also concerns a process for coating paper with a liquid
crystalline polymer, comprising, contacting a surface of a paper sheet with a
molten sheet of liquid crystalline polymer to form a coated paper sheet, then
while said liquid crystalline polymer on said coated paper sheet is still at least
partially molten applying pressure by having a surface which contacts said
liquid crystalline polymer on coated paper sheet, said surface having a
temperature below a solidification temperature of said liquid crystalline



10

15

20

25

30

By "saturated hydrocarbyl ene" is neant a dival ent

radical in which the two free single bonds are to the
we ame/oarsodi f ferent carbon atons, and the car bpam/US2003/021752
aton(s) to which these bonds are attached are

saturated, that is there 15 are no nmultiple (double or
ptoiyrperee)ndowhim:' ampliebqnesmebonsahﬂmmd cBstalbme pelysterion

nmeant a r adi cal ach t he free
Bt SFBeE L pificed (glis oS Pofiimer Hosta magh sheet

viHereinesai ligWE & rigtampeipblyménigsolilf nore than one
aromatic ring i s present” it may be connected to ot her

o omgméﬁﬁﬁmmam EMBQDIMENTS

o pndtgPn Gt £ W B BRY BRI alR eny

et heBy ‘ﬂlqwd@y@t@n’hemﬂl*mér a$ nidwg e pcﬁymeﬂtHchsiaﬂlsotroplc
herein i s nea di val ent radical derived

vhaeaiested: by, ehPd Hests Agetringeinlag: E’aﬁ%ntrﬂa%@ Bé2,pr an
formthe alkylene radical. The two free

erq%’%xe?ﬁeéﬁ ‘which are single bonds, may be to the sane

25 orBydihfydmoaribylem’hsrmearurasdlvsben‘t gadicali dontainihg(casbomand

T T M —

sifyi€ C§H3?ﬁltéth196Ft\M @M@?enttd&ﬂso@éﬁ)rhé‘e” under the
process conditions to which the conmpound or pol yne

cont @ynisatyrateskhydyocanpylene” wmmeeot adivalént radisat lnt\Mlmnh the

b BB oot g BaReRH difproly bR fafs! ahd the'®

obyabmgwsﬁ&ywhmhrtaék@b@dd@nré dﬁééhédlﬁlfé Satufeted hat is there
trifluoronethy "stoi chi ometric excess" herein is

aﬁ@aﬁtmwﬁpl@s@@gbla@rt&p@@@nds to Hiqwrbpn@@ms in a

cond Re'B I

ot o &, ahuefle D8 nia = YRR rdhibd WiRAER! pactCthe pwo free
valeneiey isiassdeibtadwite @ differen\Caitdtony 606he or more aromatic
PCT/ US2003/ 021752 the nornal pol ynerization process

rigge- cBRresthan ofe arnadia Kngeis Rresaik it BiaY berepnnsdieghiaother
e t t

ORBURREBIE S R o 4 A RAie Sinpectod by o

oo'valenbbmydi a6 nab:pdlmanyhmrm:ahhqctéd bycdriather ¢mogp as in diphenyl

nol ecul ar we yner the total nunber of nol es of
e ?5?"%\89@5’%‘%08 tge ol ymeri zation will equal the

t ot algyMiYRinc TheiEihds niaril ek tadicat def(éd fri)?ﬁjgﬁglkane

to the polynerization. his ratio 1s not
frome whihy e bydrogeesadicala havemeeg‘rmwedmlfarmalmarhylerm

BAEEE ofnd yolneh ValsBies. wiicH 67 Sppleth Bl by, G e same
or diferehecdrbbalatérsar anount of di carboxylic acids,

then the diol (J are considered to be in
st oi &Y sHbstitpted” (as in substituted hydrocarbylene, substituted arylene,

etc.) herein is meant a radical that contains one or more substituent groups

that are inert under the process conditions to which the compound or polymer
containing these groups is subjected. The substituent groups also do not
substantially interfere with the process. In a substituted radical all of the
hydrogens may be replaced by substituents, as in trifluoromethyl.

By “stoichiometric excess” herein is meant an excess of a type of
monomer present in a condensation polymer such as a polyester. The

stoichiometric amount actually required in such a polymer is determined by
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I 0 excess. In such a case, the nolar anmount of diol(s)

in stoichionetric excess may conprise a single diol
w@eooa/0esodi nati on of any or all of the diols ppepEsi003/021752

Sone types of nononers which are "self polynerizing"

such as hydroxyacids in polyesters can never be

theawsmal polyme:mzahon pEecass andeasamistry af dhee phlgmercfonnmaldm

RS e WRoR srr e whsEERaM: ped P e SaBRInG one or
Abkd Gib%sarm bREIoP Fhdre d|§é’rbb5?ﬂ|cfétfd§-°rﬁ)rhféllp?6569i'e(}8 hih

contai ni ng foods, nedicines, agrochem ca
mﬁlmgtar megight; m:dymgr thedtotal uniber of ancles o diak(sh adiee ts the

B AEERR R e B e R o RS < BeaBSgieaiidls)
aﬂde@ﬂtdetﬁe polyraaiZationr af this FatidEs Mot t Matthén mg%tﬁehtspresent
not 20 added to the process solely to act as a

i8 dhe graatemQl ATB_URIEH Sregeasd inploighiomelis excesss én patishlar,
i kat ?ncﬁ%o?mo\ﬁfl%ﬁd Bl fofitRe uQ?Peoétl b rﬁ%:tﬂg eﬁ?é ﬁg;iaer amount

vent vents hereln are use

dfrmgarhomylmexnds lein ithe HISI(s Pateccdnsidéi2a,t6 468, in Widichiohtetric
h se .solvents

%&r@ggé#%gﬁ%ugggégu tﬁ{?efag %?Tg%i@ngfii% Séu'n gtoichiometric excess
?%bﬁ'ip‘ﬁ@é'aysﬁg@ digrsr 4 E%ﬁ%tnbh%f?nﬁgﬁ' dfof tﬂéi 55s present.

vents" are Carboxylic ac anh es suc
%twéeltmpe%wﬂmdnod‘@rs mh\d:h:aﬂebsgylpob/rmnzimg 'ssuch aash)airekyamds

1 PpBsTrS ARTEVEL B miftseis Plridhiakeii fsess besie iney
coRtEIRDotH ﬂnﬁ!ﬂbﬁa%ﬁ)ﬂﬁé'n@@em% fStRefHEpdliment | on of

carboxylate ester wth a oxylic acid to forma
pol ynEie tegm "cpntaiperst Hé@d\m&el@mﬂw shapgdearticles prioaips)ly

f bl t
PRE0 A SRR PR A BhtoRlt Toobs SR S0 dicricals
mmmalrlmucm ang the kice, fand tercontaingrsUinsludedheaty & films, as
e preferred for both the ocesses and conpositions
weites battlgsrigaws. cups. hes2and ik betiomedmanGainet. 021752

It | 3 pipfBRES D LHALY @&Iv{eﬁt 'g{éf%‘ﬁrlg méﬁ?{t?“@raﬁéﬁﬁﬁgﬂ%d is not

t hat I'S one or nor enyl ene
didedrtaghe pyroaass, salely te adt ada sobunt. e%mmﬁmﬁ@g?dﬁe)‘ated within

1 BaFRAR ICR maaerlsB o SHYRNtS Ematie 43 Togados sadded
SNt s@lents Hetelr %ed“s‘@d%‘fhe 2BAsdas tﬁ%car% (ﬂx@sdﬁ%a in US

ercent of RI is mphenylene. It Is
FEﬂteﬂteﬁ 326,84Bawhizh isdepeby mn:lt.e:lqdebycmﬂarqmcph eﬁrmbm@ theskt

ot o Gabellf ads. Sicbencioadn Loderiasbiatciuged o
thé kidssrf “addediBslvehtdl e Batbvkemeasiadntiyalidss sudiPas acetic
anhydride, and carboxylic acids such as acetic which are generated by
chemical reactions during the process. Such reactions include acetylation
with a carboxylic acid anhydride and transesterification of carboxylate ester
with a carboxylic acid to form a polymer.

If not otherwise stated, radicals (groups) herein containing carbon
atoms preferably contain from 1 to 30 carbon atoms. Unless otherwise
stated, preferred structures for various groups and radicals are preferred for

both the processes and compositions described herein.



10

15

20

25

30

10 carbon atons in the al kyl ene chain, nore preferred
that R is -(CH2)" io wherein nis an integer of 2

w0 bwengisollO, nore preferably nis 2, 3 or 4, eMenUSIV0O/€1752
preferably nis 2. It is well known that in sone
synt heses of PET, sone of the repeat units derived
f r omitds q»resfeared thﬂlﬂtmmmﬂﬂmqre;mpmrmdtthyt Ririglen@or more

h t of d th t
hee et ey P Rer R HEP AR Y Pt A6t 0B PE 80 o
1
BB bFS IR, B B HEng 72 CndpiBylchel inAnBHiet
pcéfeﬁ?édrfaum bfeora@thior8]5 inmole pereent oMRhsqngherMerﬁe:ramioD 5to
forms of R2 to formthe artially aromatic p

18rmoleepascertaftR’ - tlt ISP apepiallx psetert Qadyteat R1is100

polyester is poly(ethylene
"?@%i’eﬂ‘% ﬁﬁw(%;%r More than one pol yester may be
used |ta§ préferiedrthatiR? s Rdependaitl p{abmesi eubstitated alkylene,
exanpl e a conbi nation of PET an et hyl ene

egpecua&pprﬁeaeé)thatﬁz issaligyiene or §ub$t|1 dFakylgn@ﬁ@ntammg 2to
1 c%a‘?nﬁéﬁfqﬁ“e%e FRviaBh BRSNS mudfRirarinatB2 i3 -(CHo)n-
WhBgEH | Sﬂﬁ'nt‘%ﬂaéff?ﬁﬁ‘@pﬁﬂﬁ@q"gf’é pRAERPY N 2206k, oven
Mchetpr%r:alslyonls 2rit mzelilaﬁown ﬁl;airiyilsame smthésfaé?télrggl some
e,. O , el
Hwepr%%@&wyﬂ Sa5uyed froi dip ngﬁgzétﬁe@%a@
efagr%ﬁge {fﬂéﬁﬂfﬁf ab§|€% E(%%#t@ﬁén tla% §8fy esr?zfa't‘on Ncohd nél?,rm
a%oihé?%éferﬁédﬁ’@ﬁﬁ)’@@ 0&o 99.PheSI8 pefébrtiof R2]s CCMﬁt:HgL hh& 0.1

polymer i's one conprising repeat units of

t6 Q0 Imate Peftent 3R2 KELICITRCIE,O0H,CH,- VO 2004/ 007590
PCT/ US2003/ 021752 -ORZ O (112 -DR4-O (V), 0 11

0 \ /Ary prefeNed fonths df R mallbe combined in any way with any
preferred forms of R2 to form the partially aromatic polyester, and be present
in any resulting LCP. A preferred partially aromatic polyester is poly(ethylene
terephthalate) (PET). More than one polyester may be used as the partially
aromatic polyester, for example a combination of PET and poly(ethylene
2,6-napthalate).

It is preferred that R3 is one or more of p-phenylene, m-phenylene, and
2,6-naphthylene. In more preferred forms, R3 is p-phenylene, 2,6-
naphthylene, or a combination of p-phenylene and 2,6-naphthylene.

. ltis preferred that R4 is one or more of p-phenylene, m-phenylene,
2,6-naphthylene, or 4,4'-biphenylene, more preferably is p-phenylene or
4,4’ -biphenylene, and especially preferably 4,4’-biphenylene. Other useful
groups for R4 are 2-methyl-p-phenylene, and 2-t-butyl-p-phenylene.

A preferred liquid crystalline polymer is one comprising repeat units of
the formulae
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(1118), 5 wherein from90 to 100 nole percent of Rl
is p-phenylene, and fromO to 10 nole percent of Rl

wo soomppisenyl ene; from 90.0 to 100 nol e per cent POf/USD03/&21752
-CH2CH2- and fromO to 10.0 nole percent of R2 is
- CH2CH2OCH2CH2-; 10 each R4 is 4,4'-bi phenyl ene; (V)
is fromabout 1 to aboutORf&-dllpercent of the total
of (1) present; the nolAar tig.of (1):[(11)+(V)] is
about 1.0:1.0; and the f@t%{‘ﬁéﬁg’bnt of the repeat
unit (1+V) plus the repeat unito(1+11) is from about
25 to about 35 nole p \{ of|| said Iiquid
crystal | i ne pobyrer: e rarkt—of (I11A) is from
about 45 to about 55 nw ger cent of”?\:‘)x' d liquid
crystalline polyner; and the anount (6 ’(ﬁ'ld18) is from
about 15 to about 25 nole percent of said |iquid
crystalline polyner. Especia erferred is the
liquid crystalline p E-wWhRerein 20 the total
amount of the repeat plus the repeat unit
(1+11) is from about ™ O~about 32 nggﬁg per cent of
said liquid crystalline polyner; the a urzt of (I11A)
i s fmvdraraeimout 48 to about 52 nole percent of said

liquid crystalline polyner; d the anount of (1118
| o aBdbcopmels BesbeiRt o8 21is & PReRdane. i ol s
liquid crystalline polymer. In the process for the
Tamofeapercent of Rhid mephenytenest al | i ne pol yner as

descri bed above, it is preferred that the carboxylic

aci d fRiPR VA0 f£106 ndle patdepbaf Re_i§a('3||q§€3‘b‘|%1: &ndfofh 0 to
anhydride, in other words that it be“defived froman 8

10D 264N peroer 0f RETS LSADOR,OTHH, 2l i phatic carboxylic

acid such as acetic acid, propronic acid, butyric
aci d,eachRbist44-biphengenet c. A preferred carboxylic

id ide i [ hydri de. = Th t of
2 O et 35 o e IR oo
125 I : , f l4V(-
125 MECMECAS VLS Sl o0 unifg 68 st o

ed t6 acyl ate
thé eepeat ainlity(th\Opplus thergpeait nnit e 1) de fromraboatt 26rto dbout 35

Ao B e Bhbes o Voo el
generngé amount of (I11A) is from about 45 to about 55 mole percent of said
liquid crystalline polymer; and

the amount of (111B) is from about 15 to about 25 mole percent of said
liquid crystalline polymer.

Especially preferred is the liquid crystalline polymer above wherein

the total amount of the repeat unit (1+V) plus the repeat unit (I+11) is
from about 28 to about 32 mole percent of said liquid crystalline polymer,;

the amount of (IlIA) is from about 48 to about 52 mole percent of said
liquid crystalline polymer; and

the amount of (l11B) is from about 18 to about 22 mole percent of said
liquid crystalline polymer.

In the process for the manufacture of a liquid crystalline polymer as
described above, it is preferred that the carboxylic acid anhydride is an

aliphatic carboxylic acid anhydride, in other words that it be derived from an
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procedure is to heat and agitate all of the
i ngredients together to acylate the hydroxyl

wazpoensgs present (for exanple at reflux for EbDU$2003/021752
0.25 to 5 hours), io raise the tenperature slowy to
remove byproduct carboxylic acid by distillation and

almhtanatcerbmwheac@rstm q&e@ﬂo}amtﬂ gropiomigraciy, bwtgne@nd
B0 abric atRLBIC Y A RS R Gl e BT e s HcBEE B hSarice.

ThebAtdunbef a@énd@rﬁhydnd@ addediis preferalily bbolif 95tto about 125
nmol ecul ar weight. I't nmay be necessargito rai se the

rp@lq/merpenbmﬁanrgfeéablwa uk#@9 te pBopb! {iratolepetent pkthat
bré 90%8{/@%5@0 ﬁ\g"\‘ﬁ% h%ncgljple%rbgg ﬁ%r ﬂgﬂgm&\g%atrloend for

Mrﬁpleltaoseveogthine(d |h|(HI)c?ml (p¢). determ {1edt by, I or

i nst neasur) n orque ne (0) rn

agi t gﬂdf‘? P"P%'SSVHQE ?ﬂﬁﬂ” act W&q‘éfa%{élel&g’rfgest%@ea&ey%ra general
&ggg&&d’re‘eﬁg% inat 358‘3 itdtaSall b1 Re lng}gglén? TRk rﬁg?cglat% fhe

for soeatlon are re
te}qmexylrmmmurtdls prasehtc(ﬁqmeaxamme abrm’lteod‘beabomﬂ Rhdo 5 hours)
rs _u

OB Rt S b e G Byl srtboxlf g B
SR arRl PRIskarorRitBhof proddigmep (Glgmer SRl S8 ddi,

her ei n. not ed above, a stoichionmetric

anpl e
t@ctaélys/vhﬁn nog} obmeammwdtmt sarhpatioacid has beer reyaovssht |

AR B obuBCATR Bty b IR ' kg pb o HhEF

mblstaldraveighy e mayi Ise pecdssaapty/rapse trnpolymed tarmpéturedo
first process. Mre referabl¥ this stoichionetric
$

'&e&%&t@ ralyraspabove, ity melting,peint $9 itwill ©1ob splidifyt duringsfinishing.
\g\fgwceb:}ﬁe Wéra @%su féégjhea t% QBLiref lﬁ%f%&ﬁé 8@hfhﬁ 12 ry b

nol'e” percen anoun
adte(rhined hpy, éecelnstanbe measmmg:ltrtdﬁtnirqmm néé@ed)tmtwls thd agitator)

CP f t di c rboxylic 30 may be present,

sr\tar?éﬂum%ﬁﬁ ARehe O ’Eé&'ﬁd&%??‘?dca%!sé"%fadf f&e timés
[ re

44 [BthBoratiieet ggéa*f&r\{hls'aparﬁﬁaﬁape iy RAGRAE b

I's one or nore henyl ene
exqﬂrmwﬂntahen mwdepehdmmumglextmt oartheempm‘nne:rsl used, the final

f h (ML) is.
rBREHHION of g potvmed qfidtasd b BXamble s HsbinedPigggand the
a’égffédsaa%h%Wéght SHitAE PoIyPREL IS&e QEB%H\E/ Eaa‘a)nﬁmé@ hBRein.

present to "bal ance" (react with) th
Ther ef®netaghabovsalacsipighiometrin @xeassiat <|w of about 0.5 to about

1 PO SRR oG Dm0 55 el o o
émngoiporated(ih e Vgiéﬂiéﬂyl at@néﬁ@?blymérgls( pfefdrabgsteséitt in a

remai nder of resent wou used in the
RreteEed Bfﬁém@se;x d\é@@ rrgferablyithisrstoichionstes eycesseis about

208MHb Rk 1@%6![9)per8érﬁdbééed 8H¥ﬁe bﬁhohlﬁ?otgﬁtpresent even more
manufacturing

preferably about 1 0 to about 3 mole percent based on the amount of (II)

present. It is noted that in the process for LCP manufacture a dicarboxylic

acid may be present, particularly an aromatic dicarboxylic acid of the formula

HO,CRSCO,H (VIII) wherein RS is arylene, more preferred that RS is one or
more of p-phenylene, m-phenylene, and 2,6-naphthylene, and especially

preferred that RS is p-phenylene. If (VIII) is present, it will “require” that a
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25 nol e percent, nmore preferably no nore than about 10
nol e percent, of the anount of (1) present in the
weemaeeeso | n a preferred LCP, (VI11) would be Ber/ts2004/0217s2
(1) as arepeat unit. 10 In a preferred LCP herein it
referred that [especially when (VIIl) is present
$tﬁlcg|%n%tep ameHTt et {(Wr)lwfﬁﬁéﬁ'@@spa lavice! greaptowith)the (V1)

Tiiétetorg bl BABulaG SR amhnk BPstofifm el ePL 8P R)

meeenhbnen/vcbme fltst%ub&aun‘mmtthe fwncmlrﬂ(tﬁfélls&) d{;%%éur}t(tl’{é ahfount
SiaBiknegsfed g Sackuith i} aprdhe raey e ofilva sresent wouid be
2 afw th8 5?611? fi ﬁ%g&@ﬁicé%% éé“&n R Pf&feﬂa't%y fHeCsiBhnt dtevin)

t he rm ar ra
L(Se)d ([f(any)m the LCB)rhanfaetuving ptocéss istro moeelthatbabdut | t

|
43 Tk PoRienbympE arstiTablyio MosS 1har abquitio mele percenb of the
érﬁﬁgﬁtsofc(i) ;S‘r@g@ﬁ’tﬁhtthé’ﬂﬁ)défsst e avﬁéf&téﬁioﬁgggg%ﬂ?h@yﬁfebe part

LCPs this invention can be c
Qfdﬁgﬁsawp%ymdt her components, and preferred

oFof dh EpeRET PPt Koneioee Rt ESnstibub 3Ry i s
prosentGRghé uemmawa&ctmﬁg:pnd@eds]f@% Bbovﬁ ms%hﬁsut £3.0 mole

the art has to been to produce L

Reseent ¢fdhe totgl ﬂfe@)éprﬁsemﬁatlt iralsQ mref@rrﬁm[asmai vhemaVvIll) is
{RprpEE tCCP hatfifabirll ot s ThA R Aol 1§ 2pout
1/5 ] rmol'e preferatiy glmdtarO ‘t@:abh?m% ?%pﬁdtfll?gpﬁéﬁeﬁgglg about
ar
Lﬁ@}'}ﬁj&?’& ij‘ue @Lﬁ'éf (Qiprgsnt ?Ee present
222 ff‘if“'par'ﬁ‘?; vl rbi'“ﬁ% t@?ﬁ‘?agfﬁ’? of (PR QB 388Pa5:55
toiabout 2bi7s , It isi albo ptefetred dinktithe onolaf ratiet afr(l1 B )g(11#BIcE ab®ut

veB ) uch as acetic acid which are not nor mal |y
g ?Bt st LCP polynerization reactions. This is

adV&rArﬁQ@ﬂhé raAgéSbMEorAposiiéns bftheXNarldd do ?ﬂ%dﬁgs of LCPs

vessels needed, the process time (no time
élwﬁv@/etrn@n G bﬁemmbmpdwtfvwnezmgee@ma@ other components,

I d t t of

A REREI Fo s B BBk coPRoh i B o
préfenﬁe@athotH! thd ECPrrRARtfaetiringairot6ss é&ﬁhé’[CPQ'tﬁemselves

Jﬁsventl on and/or fromthe present process are nelt

geked NBrainpel ow 250C, more preferably about 190C to
5 abou Zog%émln 2R REGH Yeloh BHFbEIAR! #PRRT e VP2 Gesribed

about
herein that are uniform in composition (and hence exhibit uniformity in

processing such as little or no gel-like materials), and to make polymer with
higher molecular weights (higher inherent viscosities), and particularly to
accomplish these two goals simultaneously. Surprisingly the present process
accomplishes these goals, producing uniform, easily processible polymers of
higher inherent viscosities, without the addition of materials such as solvents
such as acetic acid which are not normally added to most LCP polymerization
reactions. This is advantageous in terms of the size of the reaction vessels

needed, the process time (no time needed to remove the “solvent” by
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Preferably the LCP has an oxygen perneability of |ess
than 0.25 cnB8.m1/100 in 2-day-atnosphere, and/or

wowtognoser neabi ity of less than 0.1 cnB. mi |/ 1®O/U$2003/021752

2' day- at nosphere, and/or oxygen perneability of |ess
than 0.25 cnB.m1/100 in2*day-atnosphere after being
dlsélﬁamm)aandme amoont abenengy rneeded canitieoneed tordiofeds

uring, perneabilities to oxygen and water. LCPs
asa'f'PH?@Shem'gﬁisr on are often "anorphous" (i.e. have

very @préf@w@lﬁhatqt\ecumsé af thiginlehtiomandice floai the p‘d&%@nt
tested for a nelti n?ﬁ)gm nt D fferential Scann

peteassiaretmsit proessib eﬂ@mii Ceﬁmf?mieiﬂra'élyfachwm%

i e e

Palefesabl nge RCPClessS an bx§gan Qéhﬁéahﬂfm}cufi’osss nhfan mes |cm9dm|/1oo
the LCPs of this invention may &ducg in m)l3ecH &5
lmag'fﬁtrr@yphe@a@méﬂﬂ WA aTARMAL o 1558 1Rep Coh g il

i 4t fOspRerel BRAIdr 45obfl pbieabity S lesettfito 04 Entifi1 00

R Parm I ncluded b
mzm‘ee/rammphéremfeérdrmml heatect ato‘rZalI°thpr B@ nhind rSBQ/below for

tg g ed functi onal 8 20 and a
Bpd FEamer o P A UL dR RS S MptEFenol . Once
the W.W@ﬁthﬂimvéﬁ‘t'l& ard %‘ﬂbnhéﬁ\o?ﬁ%hsﬂ’ U &.1 leOry Idw Ivels

bel i eved that the nol ecular weight (or | nherent
oflcmllmlW)Dmamwarly ivdwarsiested far b melingmeintdsy Dilierential

iy CRIgRTISE ARl i hERb A oG s P Bnd RLETEH plyses.
viiigh RiodTes ho o?%wmstémﬁw ed by the process of this
patent is useful for 25 all of the uses and in all of

t he iAftardormealion by thenabeyendessribedracessrar anypibes pegsieps, if
&%@Sp‘?ﬁ% Ys'aﬁiccgfsthfs%n\%ntrd?} g& %888&5‘9?9\05%@& W%ﬁﬁf by

shear sec ',

reaetiof withla mehomerioffunédional eomnpbudddaddéscribiee |h(I‘PS Phtent
this invention can be nelt pro ed into various

652.%@&8 (899 forivsfapge kiR )pw855§§ ereRyt Inchided iy r&ﬂ%{ﬁnce
SRIBEES RSB S Ul dor 80 a o
arrcbai poefdrrbgi dioltis hydmgqupronesssk4’-biphehalt @sce the process of

ERratent i psbRariad o pelirrb et rasryiaThiaht &
iRhefdnb¥isBbsit gﬁérﬁﬁbﬁ mé&s.rg@m&b%e%m@ eholGelllar \Héigﬁfb is

extrusion coatin t her mof orm n sheet folding and
meaa stablel When @he;pnlymelrus beatey, fnr instrace intosminguseful aticles

TG PORIRIR- EoVBPHEeeH Y e resor Bl delpl ipaseu or

am éffthetuzes apalivi a8rof th@;temsmésscﬂb@a herdig$omnpess tLICRS
é'} ol yet hyI ene, pol ypropyl ene et h)éwene- CO- Vi n¥l o
eierably th §ap@lhwsp@at ety § i @5ed \At least@bout 10% at a

shear rate of 1000 sec™, using the analytical method of US Patent 6,294,618.
The LCPs of this invention can be melt processed into various shaped
articles by known processes for conventional polymers and are particularly
suited for forming sheets and films. Hollow shaped articles can be produced
by extrusion processes or what is specifically known as blown film processes,
injection stretch blow molding, extrusion blow molding, uniaxial or biaxial
stretching, extrusion casting, pultrusion, extrusion coating, thermoforming,

sheet folding and heat sealing (form-fill-seal) or like processes.
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pol yet hyl ene- co- net hacryl at e,
pol yet hyl ene-co-net hacrylic acid; polyester 5 resins

w6 h/oersIpol ybut yl ene terepht hal ate, pol yet hyl B@EUS2003/021752

terephthal ate copolyner and pol yethyl ene napht haI at e;
and EI’_C" yam de resins such as gyl on 66/6 copoly
Thus ThellGR$ af this fnvention shadeformed éfo m@lﬁl@yeaﬁwu@m@s with

oo G PR S PO BRIAE S

poR@thylenéad-vinyl taeetand, sapomified pélgemymhleocm-vmyl é¢é¢ate
processes. 10 Lam nat ed cont ai ners such as tra P
@S{ ﬁglyes er

palyethiene-ee- raaihasaﬂ@ieoagwgﬁ\w: cerathaenlicar ,
oGS STP sty S BUBE (ARoRRE ol My Bl eRbhthalate |

chhlqmml ﬂ}drmlp%thyfe@emalr@tmmtaelasdspolﬁ'rifwide hrebihaismzed as nylon
romthe i cr this i

65461 COR e i i %@y'énﬂﬁafﬁ%%e?e{tﬁa%ms'sﬁén% 8 an
bte;k%dé{:@d bg IcB: @A cfr?rsggé oﬁrﬁﬁﬁ s he fgeéllﬂ xtrusion
having a t m or

i ckness ess have sufficie
corting,rovederycoating andr sintepiag etherinial lamninatiors alrdigeprocesses.

PR ARl 8P B HELY, o8 4 Rk b3t yoduced by
n‘gé@ﬁd‘r@mdﬁmh@ BbwsheRfirfy, ARk slictestrétcAmBIdW endiging, of this

0 i nvention can be heat stretched unjaxially
thermafarming, vacuwsforaisgscempreassian meldinger hlesatnoldmg or

. at least 2 x 2 tines or at least 3 x 3
f@%éﬂﬁgﬁ%gneousl y or sequentially. The LCPs
desc Hiledobtairesd fromtthe ligaldecrystallidepdlymgrs éfdhlmbvdamttqn can
and stretchabl li tgctt npr oved over conventiopal 1.iq

hsw@fiw plohaneseatact tanspareny Whem they aiahig ageéar example
rﬁg g}fgr%ag%&ﬂﬁ/é tr&{:_.}ﬁfgasgu% . drbss hQ\)’(—?Eﬁi‘ﬂef@zpt

acturlng processes

ttdﬁs%aréh@ntswh thavspar@nofimisadreiselddm obedihalsie fion previously
gen, noisture carbon di oxide, organic |iquids
@ﬁ@ﬂb%hwﬂ&wa%ew@@t@@ch as gasol ine and di esel

éﬁb\'ﬂedt Agtiel! A" tuﬁﬁxgaf@g%r Lheltd é'riﬁéd ?Fogg'mes LR of this

jon are usefu ications
|bwﬁmgw1 b bibatistretehdd nataxdbily er driadally,. lorrangtscaaesctbe f|lm

appl e ui.c [ her fruyit and

e nel stietendil Stlarst 2 x Shmes oraticads™ X Bies

s‘?ﬂHltéﬁé’oqu?s?@%ﬁt%ﬂ}( E'LWSSS&?bé?fﬁ@f(enﬁ@#@f?ﬁave

stews, dried ood paste, soups and soup

moidebmty. Aoresalaility andrstretelmbjlltg im@oved opeces)ventiond liquid

20 4(1 75%% PCT/ US2003/ 021752 condi nents such as
BHRPYeHE Y ard, and mayonnai se; pet food; cosnetics;

| fﬁ%rd@ﬂmi toqeumggg@&w HAnRHGIMIAG cb@@bihﬁés?tLQ;P§ BRI Bivention
oam soaps 00S,

and LCPs produced by CP manufacturing processes of this invention have

good barrier properties to oxygen, moisture, carbon dioxide, organic liquids

such as automotive fuels such as gasoline and diesel fuel, and flavors.

As a result the LCPs of this invention are useful in applications for
packaging beverages such as carbonated beverages, orange juice, apple
juice, grape juice, other fruit juices and milk; solid foods such as meats,
cheese, fish, poultry, nuts, coffee, applesauce or other sauces, stews, dried

fruit, food paste, soups and soup concentrates and other edible items; spices;

12
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lotions and the |ike; pharmaceuticals; fragrances;
el ectroni c conponents; industrial chem cals or
whoengebmsbad chemi cal s such as fragrant | aundry BCT/US2003/021752
detergent, fragrant fabric softener agrochem cal s,
medi cal devi ces; nedi ci nal qui ds; fuels; and

qgr@l"ﬁ@ﬂ‘éaﬁ“@tﬁ?s'f%ﬁ'@% mysigr %cﬁﬂdamﬁw&n%lﬁ% @ﬁcf?@@] gagmetics;
@Egﬁél@aﬂe B?&Bl}ﬁ?s gucP{ a5 'tc%lﬁaﬁ%}@p %?’xavi Hﬁ'l % %gaég as}ﬁsampoos

caps repare bmsh uum or
Ipnmamdatrfeomke rpguarmlaaewcam dragrancdsy etaﬁnmnw eanpanerts;

ALy icalean a3 Bl arDIcE I CH A AR [undry
&%Fge&g')f@ggh%ﬂe sBﬁéhétg @r&drﬂirﬁﬁélboﬁ\gﬂﬁéﬁ H%blcggol‘?(edlcmal

he i ke; es prepared by injection
Iimlid;ﬁ;lﬁmls;canmmemglcm smblstamgsor ot her nol di ng
proc a_sheet, and

- d hy foldin
hear DEsronighers 388 pacRagha materis i be Be fadaic e
@ém&i tféy%t euEer@;ﬁr oPMQmﬁwecﬂrﬁbﬁ{ sRédts cuBhier

the L i nvention include, in addition to
nrﬁsgt@eff@rm@a shapefeplepared bydeepiisawingampnsisetehed sheet

(e 5o BRRERER B ek 58 90 B

stestcing bﬂd\maﬁ paPiBPhs Sinfidtion stretghiBlbwsiblding)rand the like;
conpri sin e LCP, and those coated with the LCP. 20

@?mﬁwgmedt%mﬁqﬁl@n rpelgings carpressign maidingras sithgy molding
&BEQ%%%é E@ﬁ%‘ﬁ%%% ﬁg@;ﬁgﬁ g@l&é&p%%@?ﬁnd RBLY ES4ifg its edges

resi ate and
slmhyémagbbieetdppedmrﬂmal ate and pol yani de resins such

as ny. ona t her nopl asti ¢ pol.yam de el astone
T TS ine o pr PRPKGY ST I APERHSHILING S8 af this
|H9ér‘\tﬁinylnefud§hﬁ‘fﬁdﬁm%t@fﬁdﬁ'f@ﬁné@ Sﬂtiut@ﬁ%gé riﬁose

appl i cations for exanple not
ctcunpmmng albilend n@thedrﬁalaMerihelpmsm gtlnmse)tompns;agner s,

Th "o h
TR PR sFUSRigk pBrhE ek choHies reaneross REp iRm0 a
IBARSA St RO pridind the DEP, GHA ﬂ%&d&od”fé& ithedhe-LCH)

Cont ai ners conprising these LCPs. 30 2) Containers of
Bxamples«if the pthes resips ase QOIynleflmqesmsmL@h gs polygetbylene and

PR ehYCpeb s ResiPR 0T SRRt Pad jepfltdiate ang

Mlymwibhbd&l@phfthélm’e arfP POy EFidE redires SlicH1a$ AyloRYARHdS
onprising LCPs of this invention, the LCP- cont ai ni ng

thﬁ?’@??'§§“‘b@9'r¥§"’é¢¢ elastomess. partial |y LCP. 13 WO
2004/ Wé%’e E@Bsﬁ%ﬂg%@g&%%re useful in a wide variety of shaped

articles used in packaging applications, including for example but not limited
to the following containers or portions of containers, films and sheets. The
term “comprising” in these uses means the LCP and/or other named
ingredient(s) may be present alone or with other (unnamed) materials.

1) Containers comprising these LCPs.

2) Containers of 1) wherein these LCPs are in the form of films or
sheets. The films or sheets may be in the form of single layers which are all
or partially these LCPs, or multilayer films, comprising one or more layers
comprising LCPs of this invention, the LCP-containing layer(s) being all LCP
or partially LCP.
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3) Filnms less than 250 urn thick conposed entirely of
these LCPs. 4) Multiconponent filns | ess than 250 m

wo boogkomsempri sing these LCPs as a bl end or anpCT/US2003/021752
LCP-containing | ayer being all LCP or partially LCP.
5 Afilmor sheet of 2) bonded to a substrate
sel ecd)dudlns leas tian g00 won thick epripeset gntirelypaptiese LCPs.

br Pe i WhivoRpe e tinsdens s 23 yriR bR R pT g Gicse LCPs
R4 BRI PSrsRIY ﬁ%nﬁé.ﬁglméﬁ opgb}&{yamymdp dene

fluoride) or polyamd bl axi oriented
poI ypﬁ)dpgzlrreneslmeetmﬂ%) (b@lnldydéo@ substpte Mleated)fromrtlﬂe group

B8 pter s2pefPardoan b R A SR aidyapsmateria) or
tb @a ﬁﬂ‘ﬁ §|5bs‘tﬂé@§ @o#@ﬂ&n@%théﬁpcﬂ?ﬁieﬁ Vselebfédﬁrbmﬁéﬁgr@urb

t he out si de surfaces | ms of

qqﬁ\&tsttng\ﬂé paty(viegidenefiuarides or pnbaarmd\% (rné@m) &5.i maxle&v

FHRPETEOWPIIRYIg) R adl g Wteph@BidiS) And bt By

IMlo&Oeﬁrus’ién 8bafihd o8 cofexBlsivh c%)atlhb at can be
stretched at least 5 % w t hout I’L%pure of the film

9) chtMy H%?@P@Feﬁt)f"mé?fé’f)ﬂ'héé‘@ ge &CP oeompEsS ane or
I f 3 4
rﬁggfag{éﬁétbﬂ%ﬁébggge ﬁbﬁé{{?és of]*(ﬂéf inl M8 of 3) or 4),

ese ave near anced 20 nol ecul ar
or i ent)diimmnof 3) e thabhaveatleastorsilnyenthat has been oriented

g Setafehedhactancn atineitdial siuse sibssARoRey dirmeion) at

|@Qétqb;§s~ﬁgn hé&ggla@,@\,el‘@og}ont ainers of 1) in the form
pouches or bags. 25 13% Containers of 1) in the
€

f or m&Filmg ofriii)e@rs‘} thahcan be streighed, atheastd Ur withoteapture of
é4 Single |ayer sheets nore than 10 mls thick
ising these LCPs. 15) Milticonmponent sheets nore

t han (%@oﬁthih@k@&f FPWREISINREe LITPLare Sfiredsarfolh %Qt Sdalable

an L containing layer being all LCP or partially
laygr. 30 16) Containers having at |east one opening and

cCoNpPriesi r

Cher rsp gt D Coeteh s R EFEFRVE sBoshalancating
rnolecalanprieatsition inthelirags\drbe wetsusanathing dretlioms adindicated
I | ning with 3) or 4)) 14 WO 2004/ 007590

ligp trns/le podipi.

11) Containers of 1) in the form of squeezable tubes, pouches or
botties.

12) Containers of 1) in the form of pouches or bags.

13) Containers of 1) in the form of cylinders, conduits, pipes, hoses or
tubes.

14) Single layer sheets more than 10 mils thick comprising these LCPs.

15) Multicomponent sheets more than 250 um thick comprising these
LCPs as a blend or an LCP-containing layer being all LCP or partially LCP.

16) Containers having at least one opening and comprising a layer of
LCP (for example by thermoforming from sheets of 15 or injection molding or
compression molding LCP with another polymer or lining with 3) or 4))
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including but not limted to trays, tubs, cups, bows,
cans, buckets, pails, and bottles. 17) Containers
w0 gooaearsde om or [ined with 4) or 5) includi ng bUt/Usmn3/021752
limted to boxes, cartons, tubes, pouches, bow s,
trays. 5 18) Containers of 1) that are rigid
ingloging pretrmot dignitedi toitrayst tuhxse cupRhowls neansd bugkets; paits; and
b(%)thg%t ed to trays, cups, cans, buckets, tubs, boxes,
bow s, tubes, parisons and cartons. 19) A

conpoww)em@ntefneas forfiiedl fieh drdineld vith 4) 6185) inelRIBlINg H&not
lid, screw or other closure) conprising these

lipigged to Q@X%Paﬁ@% éébﬂ&@%ﬁﬁ‘ﬁﬁn@@w olip¥sed of these

LCP181eBameR br TPthat IO bR BARER E5hbAYRG tndd Ees,

or e rontc conp nen om OXl

inClodirgy Inetrreot difmitel tbhedysaceps, etans| blidiets, subgrboes! pipesed
and/ or m crowaveabl e such as but not limted to cups,

b%‘\ﬂ?beﬁo%ms an °?[FB€§ 22) Containers of 1)
t
o SN S S 8 e 1, g

met ha hanol , ers’ o

topl spothenpldssee)aosuensimg thesel lyRs. whi ch as for
noi st ure, ,or odors

o SO Y PR e trboBen OF 1R 118 Slclh 2n bk gt

lifidédto ﬁl@téctloﬂycﬂ‘rmet@%ﬁblecﬁbhic% J%d&ﬁt@ﬁon%xﬂéf&@n
coated filmlayer; 20 polyviny ene chl ori de;

pol y&i yeentainess pfi1) they a@) rﬂtartables s@fam_;tenhzed 'an@/ounder

s te SH80 3R bR o Ziba NG SR apdaler,
bal | 2B)Gontaiiiersibfb) esntamingpflel evmpoRBhts@Uthasgasolink,
mgb‘ or contai ner conmponents 19) or sheets 14) or 15)

amafneéaanqhmqw conpri se a pigment. 29) F| | ms of
30) " Pgtalers Bh 6) R ARG sHnfGad sk fRyBE Wnichas for

sdewyeegmgconygesemonﬂtumserbﬁeas 31) Articles that are
coat th.,a co i uous | ayer of these ynmer s 30
32) f&%ﬂt@w%a h&@?samrﬁmagvlow.&t@dﬂ@ﬁ@u%sq%@? aof
mefa $6i I%gbb‘rfﬁétél sm%%% f¥iRa Obr HSH% afdd fﬁﬁ\)lagblth' n-a

rigid cont’ali ner tha |spense I qui s suc
pohpdnylidentl chlaride; mrpl@iyg}'ydwcrwkh 34) Cont ai ners of 1)

g;]aggﬁﬁen Iain%trse of ¥ jaﬁw are ungier uum ) or gon altnha fvaL&er‘smof

26) Containers of 1) that contain a gas or gases.

27) Containers of 26) that are balloons, inflatables, or pillows.

28) Containers of 1) or container components 19) or sheets 14) or 15)
that additionally comprise a pigment.

29) Films of 3) or 4) that have contact or read-through clarity.

30) Rigid containers of 18) in which a heat-sealable layer comprises
these LCPs.

31) Articles that are coated with a continuous layer of these polymers.

32) Articles that are partially coated with a layer of these polymers.

33) Bags or pouches of 12) within a rigid container that dispense
liquids such as wine, medical fluids, or baby formula.

34) Containers of 1) that are blister packs.

35) Bags lined with films of 3) or 4).
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15 WD 2004/ 007590 PCT/ US2003/ 021752 36) Squeezabl e
tubes of 11) containing foods such as but not limted

wao okeeshup, nustard, cheese, or mayonnai se, pErBEUSHD3/021752
care products such as but not Iimted to toothpaste,
creans, lotions or soaps, or industrial materials

such 363 Saueerabletubes eti1 1 )ocantainkiafgods suah @sibus nosligitgd to

PEED, Ty, Cerd. of Bipy DT, b8t el ReR bidflts s
bRt nBElimfte@to tobMpdste Nere@mstlotionstor woaps eehdusteibE®aterials
fish, poultry, nuts, coffee, or_ other food. 39)

sgehtas g met Bimited fo eautkingeiadiesdd®s such as pet food,
appl i i LNENG ;e
o oot %5 RaRbAF L1 T oftdting SfarkRNLEELINR g8, AR,
sfoupgbalb?f&md’gsouﬁ?bngéIﬁerei’isa.;]p,ﬁ)pkeCﬁrdr::hi ners of 18)
cont ai ning ba oods, relishes, ketchup, mayonnajse,
ot 248 Flgis A hae WER el CRgsba1s BDUbY” Btk ApHER o
Ojé r]féggont ai ni ng pharmaceuticals or nedical equipnent.

? ntai ners of 1) containing pet food, dried fruit,

f ood 3B Cantaimerst af, 21)aontaihing fedddbach ag et md, sippasauce,
sgf 18(1)) that.contlﬁin.rpressurilzed roducts such as but
BYS. 91 SAUPSHOF EOTiaKNNg Bisgiica Pt ed water, shaving
Cr eamo)xdpainaR 6 {)%main?r@bdétéﬁjérw,lfﬁb@an&géher, the
n

LCPs of this invention ca e used for producing
ggroehemicalsd as coating agents and al so as adhesi ves

and pai\t s, Fil u : T : [ N t he
fil m%?’ft?'|“§{ﬁgq>%| %%?%ﬁhn%p%%h%@ééﬁx?’{%%'ﬂ%“"{y@'
rahyoiidise mastary, dirtgdr ofldveringssihébt. | nvention can
general ly be by any such  nmethod as practiced in the

art. 49 éf%ﬂ',nefqn@f 1) GaRtaning phaRTaceubEalF OF Teagicalequipment
typi cadyl ] : I : X t

the 1SR of M ERing ol BOR b T fobd Bastf fnoats
drictképédiplesby vari ous net hodol ogies (e.g., cast film

cast fjlmfo]lowe orientation, or plo bubbl e
Feonri4\e)ainsis of 19ng caMeR RespuL POH e B A% not
. : n
RN OB OTALANRIE, st ALl fams
ipségtioidésc  structure or nulti conponent structure

Con”prlj-'usrjtr?e(%, 81%' PCPs io‘t: this gnvré%ﬂgr(w) lcgﬂ%rei sed for producing fibers

and as coating agents and also as adhesives and paints.

Film Manufacture

The actual making of the film, multi-layer film, and corresponding film
structures according to the instant invention can generally be by any such
method as practiced in the art. As such, the film and film structures can be
typically cast, laminated, extruded, co-extruded and the like including
orientation (either uniaxially or biaxially) by various methodologies (e.g., cast
film, cast film followed by orientation, or blown bubble techniques).

Films or sheets of polymeric materials employed to make a package of
this invention, in principle, can be either a single layer or multilayer polymeric
structure or multicomponent structure comprising polymeric and nonpolymeric

materials. Also, in principle, any such film grade polymeric resin or material
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materials. Also, in principle, any such film grade
polynmeric resin or material 16 WO 2004/ 007590

WOEDDANBARAD3/ 021752 as generally known in the BET/USS003/021752

packagi ng can be enployed. Typically, a multilayer
polynmerjc structure is to be enployed. Typically the
gaeeneraleknowe wt@ ait of ppekaging kaatbegmployadolTypicatly, a

ERFveh BoRma GaRAbAT: O BE i b SyPRal B apherey,

pmymen@alm ioeshéet vajldmvolvndt Rast thres eawgdn@méye@hhaqdmg
t w.th and conpatible with the intended
tﬁg gﬁ?‘&er‘%%%‘&ém&gbst&ﬂﬁiuE@é@é@b@%fawfe@raﬁ inges barrier

IQF&E%&%YI ihRErm&¥iGh 'rﬁé’l«ﬁg%oﬂfa%gmh 3 ﬁgm %yp@gthe

thin th akae I's 'are pre

mﬂenldedtcoamﬂabf mqopnqmgesand&dwblé ayfﬁrmm@Seatb fh@ﬁb?sary for
ayer.s 0 elp

BTG o R io e GoMtames Wilinthe backade dheumaeare
dr@ﬁé@é@y%ﬁnéw ﬁ@éttgéa%|§§>b%ae' XSt ayRfs. g{dy%&ﬂe

pol ypropyl ene, can 0 |nclu
RFessRite @@rvera@edheay@ os "tie"dayers 6 @eﬁblbcynd these layers together.
unaf fected by the

Sont tieh bERalsE BYefLdd WaRaly rtnEd e oxdrgnisa
poypropylngebitcadl 4160 ifchrdeBriertitBd Pelfarhiae. eI'Wfﬁe'SE;ePagl/yers are

thj ckness of the nultilayer structure. These | ayers

prelerably reyersetpsinahie apg advantagesysiyrinatiegtashby thaustaling

a I ude
BB inalS o B3k R Ay e
tbmmghtthe entifothyderss bf thaimutilawsristhense, Cﬁfe*é@ﬂayers may
t hat ote tla||é/ can affect the product

%q?e 'PY]@ INgRIgmeN|Sstiiah aniitapium dinxide.
| aye"'l‘he"iHﬁér I%?Ep(éér? F?\cid?a% &ﬁ@ﬁ?ﬁforéggﬁ'{er@?é/rgnaéﬁéhading on

oxygen barrie ayers 1nc

wdhicly atmegphietig! comiditimims| (pxygen, mgurmd itynethylshe,; Z&arb@n disdide)

gk ey S RIS e mict nslile iy Corvaiesr. e Atlesst pee of

tusee lageFd MUsPERABHsd B SresBRl ICEY! tional barrie
pol y( 2eta Xyl &1 eﬁe adi @%1 de) areoébepen onYgen barrer

Iaxgrgmou@mgwy ot-yzthy_@m{vmyl alcolnsl) havnegtfrcrm aiboat 20 to about

4030816l 6 Sl SENO e PB4 Kb be HeuBamickT s
pblwaTyIldélﬁle ahleride YAl Heye s®tHR gé‘§b§me'r¥>ro§érﬁ@§ Bf B&WE\?M nd

b}lz mer. As such, LCPs of this invention are use
me,

%gsyla@nﬁga@mdeb@rwﬁ@e@dqu r@iﬁilvadltpmmt;d d)CPoof
ati.ons.
tlf&é/ E@eﬁ@gb%ﬁg ? Faflvaf/ mé ﬁ@g t&h@&cg@g (? gcp BL LGl iONg
mmsmpmtrgnmlmssnmt alL(DPz eﬂtms)im@hﬁ@u lags asﬁﬁiﬁb m@fe He#Rallyym
30 .al um pa, carbon or conposites of the
gagﬂlfet %Xf)% SRPYIUNSE oS SYERY bfns &f thisinvestion gse pseul for
répﬁé{éihg EVOHB8(Held-«fIABRE GafarhiBe), 6PV DC b thébatrdf
layer in packaglng applications. Other barrier layers can be, for example,
PVDC homopolymer, metallized polypropylene (PP) or aluminum foil, silica,
alumina, carbon or composites of the same as well as related copolymers
thereof. Barrier layer thickness will depend on the sensitivity of the product
and the desired shelf life.
The structure and barrier layers can be combined to comprise several

layers of polymers that provide effective barriers and bulk mechanical
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and the desired shelf life. The structure and barrier
| ayers can be conbined to conprise several |ayers of

w@olognersso t hat provi de effective barriers and bal/kS2003/021752

mechani cal 17 WD 2004/ 007590 PCT/ US2003/ 021752
properties suitable for processing and/ or packagi ng
ptr%erﬁ%@u&ablesfg&nroa:@sswgmd(q: packagingethe praduct, such as

BT HUGEHESs ST ROBRL ST ied Tnto a shaped
art i ¢heomectasts, a sheay compHisingair LEPT thisenvértdnasormed
addi tional 5 closure neans such as caps, lids or filns

inig\a shanpcarticle sushaeadray, cuprhaitie er thaikeard edditiohsl
e Mcans SUHES cE5 05 oF (SR be BXEA (T BemPRiabns.

cbntahmdamnd: aseiese theecontehisl. ayiewcbtdalses Udi €eglafPlayer Rthyaiot

hi t filmor sheet that is
bgergggge% Smgg{t%%ﬁgcl)rggfﬂgé "&g’rﬁa‘éP%‘érg Hean$.o package of

thi s | ByRsHdaE8s, the rﬁHIﬁ'&g@ §ﬁ§+¢ﬁtu¥‘é;ggwgﬁ%ggaﬂsglgé’cﬁglag{ o

the package I's the sea
imansiopimayrbeacfilmeen sheet thattie sealeddolitself dd fornea container or

rRERRER b e BwBRiofy St Peres. ISicReBEOR lquPeot the package
|sllfl'@|%&tlént glrrﬂa':@@alaﬁmtselé&ed fehave Rinimlg eﬁ‘éaaér?gsté or

E/gﬁl cally a yneric layer or coating that can
Ch

@ithe Qontﬁﬁtﬂ 1‘0 bs m@éfac@d)b)athetmapectaaudée V\?thstand
t of . a
SpHf%] eahaiRbhy (R Iy BBl Bl 6B k). The
seataat iotypidatly F{pdﬁpéig@lay]?r or f@gﬁﬁg ﬂ"ﬁgbah gigfllﬁ%rﬁied tg C|tesselsf
cte es
(S A brature ruraralY, ba}@w She metingstemperabie of at
s
T P e
ogtermast Ie@@r b wpdenmcewwb oloy ee faﬂeettml !:Sjtfbl%‘féealingrkﬁaéeé@éihd
tal | ocene

wﬁﬁﬁé@%@ﬁ %1’%%9%8 8|bfﬁeeE§pta9ﬁ | sRalgnierisediinmultilayer
pébkﬁ@imé@ﬁﬁ@h@efu( s i?nbe@ﬁ‘ﬂckﬁfer é(tm%ﬁreiﬁolﬁﬂ@@ éU@ﬁ as

| ene and acrylic I'C acl
IQVEWSIQOWWQWHWB (&@HE))nbnmrslo(wdens;ty patyetayiéye (LLDPE),

ey dthyiene TRt b Pondiagrsst Sbbisrenyil wehacetate
E;‘MA))br d@uﬁwa@mt@rompwmlcﬁr&hﬂeﬁ@bhw ncggig%w

ers are typically fromabout 10 to abou
%/%wllq AciddrA)aoRtONally aglienomens (ie., pantietly oeutngﬂzml with

N T tion
PRSI E o LT P Ll
polgzmyadmedcmbnde|(onc)tmqjolmob¥]lend @bpolhiEts] SRhlant layers
con i s invention can be

& gtfrom about 10 to about 60 pm thick. In some cases, in addition to
functioning as an oxygen barrier, LCPs of this invention are also suitable as a
sealant layer. Whereas conventional LCPs are difficult to heat seal under
practical heat-seal conditions, LCPs of this invention can be sealed at
temperature ranges from about 210 °C to about 240 °C.

Polyamides suitable for use herein include aliphatic polyamides,

amorphous polyamides, or a mixture thereof. “Aliphatic polyamides” as the
term is used herein can refer to aliphatic polyamides, aliphatic copolyamides,

and blends or mixtures of these. Preferred aliphatic polyamides for use in the
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30 tenperature ranges from about 210 C to about 240 C
Pol yam des suitable for use herein include aliphatic
w@uioyaenseles, anor phous pol yam des, or a m Xt UPET/US2003/021752
thereof. "Aliphatic polyam des" as the termis used

_herein can refer to aliphatic polyam des, aliphatic
in¥epligry ara aan 6, am@nb@@ﬁﬁ@omlymﬁmﬁr&,s and nggiees thereof.

PEREITGS Sud aR09luts BR) Y3 Rt hel dhy Sailabid Dfadiind®,
et s s itomdace s o
tra@;%fﬁraa (Be 03X Mt LibarBdasties Ln 4 Ga | and b
50 LSt iy furtRRCBARRee dindtfiiarhitRs SUACRIFRE, " Lo
desmible_elrin g.b&p Piamtsgt?)e%?ﬁﬂ;mzﬂ‘g,@gﬂs)gﬁg3ﬁg gcfggzﬁos;
237306 b4l 3% 1a¢ EBhiRats,ounh e MenRosed hein by

reoraheat s of which are incorporated herein by
reference. The filmmay al so conprise partially
ar orrhie §lnp Mrapaalisa@oMBisepartiallyuanoamatic pelyamidesy Some

s bifiefi 3otk Lok AmAR ol Usbilf uRL PR kffkn A
therghaorghoastnyisterssis c@ahirdially Baifabirufdér thdUrddumanite

Nenour s and_Conp or conmercially availabl e under.

Selae® PAntremdrsd. &y F%Qa)ét deNenwurs anddGompBNLIos commaciallyr

BB, FrocRaiaferBme Sovdvid 71 bR SRy GPai 6. o
exgthiet hyl ene pol ymers and copol yners conpri sing

ethyl ene or propyl ene. Polyethyl enes useful for use
her ePalyelgfing suiipbledpetsein thepresenyingentian awdsslected from

oA B8 500 o AL ST B stvne
OFiprdPlen@s RulgetByehes Usejul forisy harenear Be prepanedtby a

ol ymFrl zation (see for exanple U. S. Patents. o
vayiety of methegw induding welbknawiy Ziggler-Natta gatalygt polymerization

(REIFBAAARL 0TS, PRGHEIDNI€ 808 RNDTBAS 4495 HbaIbECE ¢

can I nc i near pol ye enes suc ensity
catalygtpolymenizati¢hip¥de forlexample UoS\- Ratesits. \b, 188,401 apbene

5 405 552) SO IERS Tadicm OB SE: JoR NGRS ARNRTau
héreyk é'@rﬁ‘ﬁiddﬁ&ﬁéé‘?tﬂ%)%egﬁﬁ?ﬁé@?@h ad i’l@lﬂ-&%ﬁ%g e;gt?yé’tﬁylene

I_i)ol éet_hyl enes suit or use int
(HRREtinear lavrgensityopolgetbgieng/ (LLDPE), Velg10wgbE oidra-low

dé}\%ﬁjﬁoﬁe@k%ﬁ%g% k@ﬂ@ﬁ’g é)rrUIl_JlﬁsEk)1 %rngibr}aﬁc%]eci Bgl%&cy)/[e%teg such
as low-density polyethylene (LDPE). The densities of polyethylenes suitable
for use in the present invention range from 0.865 g/cm3 to 0.970 g/cm3.
Linear polyethylenes for use herein can incorporate alpha-olefin comonomers
such as butene, hexene or octene to decrease their density within the density
range so described.

Polypropylene polymers useful in the practice of the present invention
include propylene homopolymers, impact modified polypropylene and
copolymers of propylene and alpha-olefins. A particularly useful

polypropylene is PROFAX® 6323 polypropylene resin from Basell Polyolefins
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such as butene, hexene or octene to decrease their
density within the density range so described. 30

waedogpospy| ene pol ymers useful in the practi cepof/usines 021752

present i nvention include propyl ene honopol yners,
npact nodi fi ed polygropylene and copol yners of
'ﬁPdﬂ@M'% anARpasepBe Viscoay, atal i fs apparentshaasfall550 Pa-s

FHSOPCRRK FOELEDs FLER o (RTca B} HAGEREIR 1T 67"

PCT/ wsaeﬁehezésm (“ibmemelslyaredonit copoNRsis ol olefin such as
bSCOSI t ég /s apparent shear of 550 Pa-s at
atgyens vy | salef anyyesaiHeatad carhnxylie asidd suek amastylic

add, (Fneih%'&FWErdc‘fd r&%@%léadl@%ﬁ%ﬁtl mﬁl&%oﬁ%ﬂlr@hmgnﬂ@pg. At

copol yners of an ol e such as ene W
leasttonef oramoren abkiali magtaly tusmonyhetal alrlalkaIBieCéIarﬂrSmetal cations,

e sy RS BPtasiin O sisnerecissd to neulzenees pABRe of the

#idialgrouy |ﬂ|the%®ﬁﬁﬁrﬁérq@sﬂmﬁé‘lm aQhe®hdihsierezi th;bltlng

metal cations, such as sodium potassiumor zi
enhanced prepariasi For §k§ﬁ@ptﬁ;r“EtMlerm‘/ méth)am;zllcjamanbmpsuated

SR TRl S R
(aﬂbmiae@medwﬁwmyleaeﬁﬁetﬁaé?gb R1H EibRevigt W@?

mean?e a copol ymer of et hyl ene bbrevi ated E) /ac

afe @l leash partially nesdralizgd BM @neror énergl alkall mtaiatra;xsutmn metal,
&%Ilgallh@%rﬁvﬂn%ieﬂ%a%ﬁg tmrﬁ%m%q%nﬂ%t (,;Ileerﬁ{bllyﬁ}eg% lc%hl so be

neutralized by one or nore a
madeafrom an olﬂfinaéuohea&eﬁhyhaneebﬁlun@atumtw ¢bbRID Y and

| b f
QT ERRonA B ReSREn %a&@@@?@ﬁ%ﬁa@@&yﬁ%@ “Z&t& sesins that
chh b H@utr&ﬂ&@@% 75t saﬂéhoﬂén@rgylo,@mé,lg) es to

provide "softer” resins t neu z dto
copvemtingtally mnddheirenathotl @f preparatior |skd\esmmed in, for example,

t pd th thod of t
RPN T 38 ool o1 U S, “Pab No. 3. 944 014
Anhy oXritgarige o@@cﬂr ﬁ%@iffédeé{hﬂbh 'a%eprga IcRE d_co-

hono- and co- pol ymers can e use S ex Jga
pQitfees\aan Q@/US%d @al%trudablmacﬁ@si\na layers| (ajser Ie)oWrDas “tle"

SRS B ek Bt pBeRS tagREShen the Raymers
domutadhege ived td @eh otifer, ﬂmrm?ﬁ’bﬁﬁg e \dyerdoBdr 'ahﬁgéﬁbn in

str@:ture The conpositions etie |"ayers 'wl
eh SHuckis. ol 6@rcgvmnpsstmsﬁrtbe§etlamr§ vl berdetermined

| AR
_ mEJ’? ';ail aglbgtrh Iest r uﬁ ?gl.ll@s e S?Ld?qlﬁ‘égqg%&ﬁgzlp%?%b%??”ded
icamutilayet sﬂnhxetu rap@nep;klll@ti&n thee pbigyasr dresatiselect the
other.rm% % in the structure
appropriate tie Iayer ase on the other materials used in the structure.
Various tie layer compositions are commercially available under the
tradename Bynel® from E.I. du Pont de Nemours and Company, for example.
A particularly useful tie layer is BYNEL® 38E536 co-extrudable adhesive,
having an apparent melt viscosity at 100 1/s apparent shear of 650 Pa-s at
190 °C and 500 Pa-s at 230 °C. and melting point endotherms at 50 to 72 °C.
It should be appreciated that various additives as generally practiced in

the art can be present in the respective film layers, provided their presence
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Various tie layer conpositions are comercially
avai | abl e under the tradenane Bynel (r) fromE. |. du

waznt/oasoiNemrour s and Conpany, for exanple. A PCT/US2003/021752

particularly useful tie layer is BYNEL(r) 38E536

co- extrudabl e adhesive, 3o having an apparent nelt
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legenéerting 20 techniques. For exanple, a filmuseful
in the present invention can also be made by
coextiExamplessif raultilayar barries akdctuyes awitable fenrusenindhisne

BirRIEPELRE, e erop BR i ™ | Lorer, oo

i ncl ysteyethyleneftid layswsCPIte lapegpopsthyled-co-methyl
pol yethyl ene/tie layer/LCP/tie
mg

yet hyl ene- co- net hyl
polypropylenef/tie layer/LCP/tie layer/polyethylene;

polypropyleneftie layer/LCP/tie layer/polypropylene;

polypropyleneftie layer/LCP;

paperboard/LCP; and

polyamide/tie layer/LCPitie layer/polyethylene.

The thermoplastic film may also be laminated or extrusion coated to a
substrate such as foil, paper, paperboard or nonwoven fibrous material to

provide a packaging material useful in this invention. For example, an LCP of
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nmet hacryl ate; pol ypropylene/tie layer/LCP/tie
| ayer/ pol yet hyl ene; pol ypropylene/tie |ayer/LCP/tie

wo a00e067390 ypr opyl ene;  pol ypropyl ene/ ti e | ayerpdaZBs208£021752
paper board/ LCP; and pol yam de/tie |layer/LCP/tie
| ayer/ pol yet hyl ene. The thernoplastic filmmy also be
thisninmention ean é&zﬁxtrysm qosdedantogpaperboaist asifaliowsc [dried

' d ' jal
bl BB ek 5 BRI IBRIBLED AR, CBLST b
invertitn can bé&onelepriteissed an 19T of loder\ighepP 44RO fevels

PCT/ US2003/ 021752 . this invention can be extrusi on
W P@'@Uérﬁ‘%t%'é‘g%ﬁ*%aﬁ daperyasrd i@ achieved abgre 3002 srelt.

. .. f
TR 18Sg 5 5 By b B g e
d¢urtsdm., The gnhrdtegamlgaﬁh \deo;bseirr]u_m ﬂwedmiotks)/i(r)llggm%rou?: sglkl?atbgb_lpﬁe

i eved .a :
TedApERHRepd oAt ad tiate A0H AeNhss B4 Susrichydpm.
ol t ethePPEPIESated Pabetdbard %y;@%g&ﬂ?%g@é %h?@@@%rﬁdﬂé gy

the noving porous substrate t ately presse
foleiing torprov figigt container aecit he @ tinx ar cartorc hAdarton prapared

e EPEN S RRFLRRE o wif A LEP it dnfer iR ag pealed
Bsflamb esalirg.C Hithe Bartén @rbbR's RIrRTRY 6 d Strliétar8 of a high
paper board extrusion-coated with an LCP of this

temperatuem filoa instrad ebparerbegrd; heatsealing ofd.CP$ of this invention

i f. hi_gh
G200 bl 0T LHRENSAHELHE i el e
usedLiGRoNtdin | for exampletorange fLice beothiet fititgdicas, aPmilk or milk

248 E()‘{ﬁ Cartons constructed in this manner can be used
R'dUYAt ai n, for exanple, orange juice or other fruit

] Ui capig viEIFABWK 4t EVOK barmePlagdhésherldnck FSevere
B Y SHiter

known t hat OH barrier layers experience su
thiwingeat theibationycatners é.eb the areacof tnamsitidn betwaenetharateular

o . 4 th

i 357 e Ses st 1k erbrEy fal eliarrical shapaucuPa by of

théﬁﬁ@i@frﬁé&‘h%lmé?bi lag'}é? bubé!YSévéﬂéP?echﬁﬁib{Eers%a\feg%EH WEdto
d fo 20 all ['em For

have been use eviate that pr
alleyiate that protgenpalt enexample2U4 87 Patart 3982447 ases BiéRids of

S L N B P BBt o B g s
thiphirey 6f. the E\PORtBAfEr al thBcaPhershilg cohft4SHLOMS of this
ig%egngﬂgéﬁyinalgosvﬁoevng%y%iggﬁ thtir|11r|1i28 Iart] ?heagortng(ras gr?(; g(raé 3seful
as the barrier layer in place of EVOH.

Surprisingly, paper, paperboard or cardboard (collectively paper) can
be coated in a continuous process by contacting the paper with a molten
(above the melting point or if amorphous above the glass transition
temperature) film of the LCP and then quenching (cooling) the LCP in contact
with the paper in between a pressure applying apparatus such as a quench
roll. For example the LCP may be extruded through a slit die to form a molten
LCP film, and then while molten brought in contact with moving paper so that
the LCP coats the paper. Before the LCP solidifies completely, the LCP
coated paper is put through quench rolls or the LCP (side) is contacted with a

single quench roll while tension is applied to the paper [the temperature of the
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as the barrier layer in place of EVOH 25
Surprisingly, paper, paperboard or cardboard
w@ eookbesdi vel y paper) can be coated in a contPaLos®03/021752
process by contacting the paper with a nolten (above
the melting point _or if anmorphous above the glass ]
relt mresintactiwith hede@ Btisi belows theraadigification epind feneltingrpoint or if

oFHFRRE eSS BeEBh PP IBTLEE oo td P et
tél wﬁnk&mireqhb. roff®) appBpressuredo th® coatedqsapt! g @@lieved

through a slit die to forma nolten LCP film and
the,presstre Enproves e eonight betweenibadCRand the parer rg/er

i SRR 559 b S ELESRale g v
high engiigrtioeprelss tied LEFomeltlomtd €@ paperd)utilow emoughined to

cPHEe biﬁe%ieﬁtqila %cﬂﬁﬁ%&qs[q‘ﬁ}“éa%“éﬁg%ﬁ%ﬁ%%g@g%gg L0
U IRRPO2BSAI chBbE iR tnitikhdsdeieardB: por

Icatron poirnt (nelting point or |
appeaEnwedonthesisCPr andie downstrepmrsidel obiheotiptame indve §oal

he L d ' h | | whi | he.
e pradity 15 bedetef owes rissurb il pitlised fof Rigber
t?@bbﬁat%s ﬁaeﬁsh,gﬁgtsérwraﬁok GPpeNRferrhét fRbLgsputtate@esaper

e LCP and t paper and/or 5 i nproves the adhesion

take-off¢aieapod highrr patesitit paper@nskisueadiiedetermimedi by  be

PoPaFRBRR, GnB5e o5y SBet EFEbindtd 0 SofaRSIiPite LoP
eithenkkimitanebaslynmtsegaentalie 10fs tidtmetiepsary$o chediterfunctipnal
of LCP will cause | rre%ul ar LCP thicknesses and/ or

gieups oa dirRARRCaNd/BF LERdor agegvateadhesions bHERSYNBe of

. ;o . final i )

8PP b8 pEBAul, PRty e i OB g may be
flaemexbtoatreatssmoee functibnghgroupathereonf Ifpislpyeferredethat the LCP

B o e PRt Bt 17 g T4 Rortif ther

im@iémgm&%ﬁz One or both sides of the paper can be

coated w LCP, either sinultaneously or
sequéltd padkaging matera maecalee e processadciurihef bycfor example

AR rELRiEu B boRle b phBhag 5 ¥R pactaaing

rhferialN) SrovRiel iRRrdtibALs 1R comurRgéPaiouTtalie Produdt a&ein
to create nore functional groups thereon. It is

andéorctorrravidr plepsingeppegsinasoifhpdackaadr i ses a
contai ner. Exanples 11 and 12 herein further
illustrate this process.—20—Ttre—packagi ng materi al nay

P o BB P o S ARy Brpronta
PEMHISF CAIRGERBE(MIC) at a heating rate of 10 °C/min, using ASTM
Method D3418. Melting points were taken as the peak of the melting
endotherm, while glass transition points were taken as the midpoint of the
measured transition. Melt viscosity was measured on a Kayeness capillary
rheometer having a capillary of 30-mm length, 1-mm diameter, and 180-
degree entrance angle.

In the Examples, the following materials are used:
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material to provide information to the consuner about

the product therein and/or to provide a pleasing
wappeaoaEace of the package. 25 Melting poi nts eamugioarse1752

transition points are neasured by D fferenti al

Scanni ng Cal orineter (DSC) at heating rate of 10

C/ mn, @8 ngn mswﬁetﬂmmﬁwa@@%ﬁgg ananhydridg e

h dpt whi | :
i e iER asatatb Sosiutedile, CRERHRT. Rhvifgiametjindex
Asw mzsemmga"@rﬁﬂé D hd AMBIting s6iRsbt 75%@5#&%&% E.

on Kayeness capillary 30 rheoneter having a
Idalpﬁ’olhfaie/N@mC&Ds l&nCDe dmtngionnﬁEIﬁQﬁ@BéJSAand 180-

degr ee nce an [ l.owi n
ma? eri a?g a %M??é‘& QB’QM iﬁ%&gp‘g 1%%0 Raving'a Melt
intfel( M@Qﬁ%%h%&;i of\B 92, AWallaslBny €. |.OLFORY de REARIUS B
38F586, an anEé/ rid nmodi fi ed et hyl ene/ vi nyl acetate

CeneMiiminatep) B Hﬁr’\ having a melt index (ASTM

avai | 41 | ?gﬁpﬁépﬁan"e A Sl 74 g ljadiE rom Basel

VEA ThBgEmton DEDLOBSB USA. s PE - Low density
pol yet hyl ene, DuPont DPE 1640, having a mslt i ndex of

5 and a density of 0.92, Exampledl e fromE. |. DuPont

PoI y é‘?’éﬁb % %'(ﬂ‘g?%@gﬂ?@é%%g val IeEFe from

t@@phtHalat@ﬁ&O 4 goof 4, £ Bipbencl VBD&. 8 éf hisikoxyl Aapithaid &cid, and
4%6@8 %E@éﬁ I fcg%?@b\ﬂ@épi?%rg?g )ir’gtgsai?f@@%@%eg f3 liter reaction

- f d
IO Shpefns, $nd i ERRIRALS i B8 e

readtioat \exbsgl was ditted avtix a Mrgreaex selunan and maﬂuwemaatcu permit
The agitato s of, the_helical ribbon t
PR e o Bt BIRBYUR | TRt WaucretalRd éfafﬁeﬁﬁn%snunder
dg%hb'% bg@dphéétfoﬁ@f RRUGH and e8] with nitesfdn The

pr odu The m xture was deaeaedthreetlrres under
d@get%tedoagltgtechppxmai@vwagrhaated/txz:miwaydarsmg alliquigl mietah bath

wheised8 ths are 1S st AR e, St Pt By S alactrc Moatss
THRIMRALRNY BiXHRE w%%t hél& qoﬁ&ﬁé’h%ﬁnd%?%bﬁéﬂ@%‘t%gﬁhhg the

el ectric™heaters. he refluxing m xture
acetylation of alhawailablst laydronyllgmupsylrpfélermgreui&nts After one h, the

tERBPLIAE caoksLPoBhan e IS TERb Brat BABas iset0°c
RBHD0 Fiin UMl thektt Do ivitls 86EIC. BLRR hid\GeridPbiftrezling
temperatures, the reflux ratio was controlled to give approximately two-to-one
reflux-to-takeoff ratio. Once evolution of acetic acid by-product slowed at the
300°C bath temperature set point, the Vigreaux column and reflux splitter
were removed and replaced with a three-neck flask with vacuum take-off.
The flask was covered with dry ice to serve as a condenser/trap for any acetic
acid removed from the reaction mixture from this point to the end of the
process. While maintaining a constant 300°C bath temperature controller set
point, the absolute pressure in the reaction vessel and vacuum trap were
reduced by about 17 kPa every 15 min by application of vacuum, until the
pressure in the vessel was about 130 to 260 kPa (abs). The pressure was
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every 20 min until the set point was 300C. During this

period of increasing tenperatures, the reflux ratio
wowm4/00m1390 ol | ed to give approximately two-t o- OPET/282003/021752

reflux-to-takeoff ratio. Once evolution of acetic acid

by-product slowed at the 300C bath tenperature set

hetd gt this leyelfogthetemaindenaf thedunefThix veg.lurnmas maéntained

RERRRERBNreS hr b de R eBRBR K Ui e ablpotcc 1

inCreueedstha a"gnaﬂﬁnéwlbﬁérwpépmlmna (RPM)Were&fécﬁeé@é@M@ﬁ\ the
fromthe reaction mxture fromth point to the end

igitiat $@ REWM e adwat valugiaf SOHRPM: ai\hﬁhﬁgerw efdhethiee-Bageeriod,
B FRRE LI 0% VOLAg iionsf e ey AN

pregsuredvitty nitdogeh, drd Keapelymiey wids reicovérgddpnddrapingaut of the
vacuum. until the ressure in, the vessel was about

V365 0lth B atb cngdRen Renghed il Vataas 24 v

2004/ I ;

Che. o poTiEF htaEtH RSO terfiforaidtl df TE°C, Biftho hifting
faint, aenareasured pytHbee The elitviigcosdy ati 490U wiasedl 000Pa's at
askpbhalt Shdatnft ol OF H6E T eoe0t PB4t dndareRbatiass Tete of
e a éﬁﬂﬂn

thr eée&houébmklmﬁbwegpgﬁécuums\//\\g%'gkﬁe? aof f, y E)E%smg 3gof
pobgaet bameendmte(gﬁ@‘i@)z;ﬂdtme inBrasppression pwess,szurdethwftlrlms

e 8o ruialonBlid B3Ec R rmeeb e oe nifiadE et betpw)

2 gl I f
WL T T T ReNT Wi Bt ROVt A GBS
melt vi scosnty at 190C wexapdfle Pa*s at to an
rate of and 600 Pa*

appar ea 100 _sec' t an
appar ﬁt’“@{é’é’ﬁw‘?‘%&‘@ %f“afgb%y gﬁéamg@&nsgal %?%Pa agdNgm
Exdrfipel1. %aﬂ@rﬂnﬁémwﬁd&wymﬁ 8880 Wifldodaektic POI yner
bet ween hot (200C) platens in a conpression press, and

aagid/dichlaremelikane (vhgrat r19pCcnfy1 B dligheits meltxicosity at 100 1/s

AEAER Yl e A7 el Aofh-SSpd el Pacs 58250 1BV Bikc the

réBinEheRTRd méﬂmﬁ; éh@ibthéfm@ @bﬁ/@én POSC FREBSRYC! Mhis BBKmer is
general neth as in Exanple 1. It had an I nherent

oallsd polyryen 2A Heraio. tri f | uor oacet i c _

20 AP0 KNl il Sangls Pt
§7294,648) 169 Colgntbr Wy dRzy lerde®dR.0. By%LGE-bipheRS poveder.
'IB}ngI%gpnvFésf #eggpend b Q@r&k@mhﬁtgﬂ @%(S(Edgrn gt g’ ?_28/% Trr]\lesscrew
was set to 150 rpm. The ten barrel sections were set at 250 to 280°C in order
to achieve a 300-315°C melt temperature. The resulting polymer had an
apparent viscosity at 100 1/s apparent shear of 1300 Pa-s at 190°C and 180
Pa-s at 230°C. It had an inherent viscosity of 0.97 di/g. The polymer had a
glass transition temperature (Tg) of 72°C. The polymer was anisotropic by
the TOT test. The polymer is called Polymer 2B herein.

Example 3
Five-layer cast sheeting (a PP/AP/LCP/AP/PP sheet) was made from

PP, AP, and Polymer 2B. Polymer 2B polymer was dried at 65°C in air for 6 h
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In order to reduce the nelt viscosity (nolecul ar
wei ght, see US Patent 6,294,618) this polyner was dry
whb@adedon t h 0. 75% 4, 4' - bi phenol powder. Thepdi/esad03/021752
was fed into a 30-mm WP trilobal extruder at 9 kg/hr.
The screw 25 was set to 150 rpm The ten barrel
paercto wss e sesies were ﬁesbfr@m sipgle-safewexdiuderspofad Bra do

[
o RO TR & iy O TN P Bl pefe
séﬁ ntawere2 10V Mdgﬁd 2ba°G respélifﬂély IFPoI!?mér aB was run
erent viscosity of 0.97 di/g. The poly

agnaésc + Thednelt @ﬁe@@ﬁm@rauwned cr’rgﬂ %F"W'Q@Q n?ﬁ% v%u ajﬁér cm

o578 B985 SR i o BOH ot o1-
CZ*FT)WEHG S'thé lmé]ﬂu%éﬂi@ﬁrﬁﬂaﬂ’?ﬁh&&ﬁ)om@gﬂmk@da@ma P,
an (0]

bgtyeen, twe gu%gq:h COQ%&%%@% (ygzla;té pendmg on taﬂeoff
EQJA H%Qﬁgétqaﬂcﬂﬁéss Yaribd fr‘b?ﬁgog'ié 7%9§er3 Twsrtﬁ.ci(ﬁgss of

e-screw ex

tith RPEYIas AR layetivas 286tt6 360 rh @ ordsikde/and MtoDBD@pm on
AP temperature set-points were 210C to 240C and 200C

theopeesitevsidg. Tibellgyarrof Holygmer 2Brin the shestovasAG0 A 2P0 um

13667 T ket PblEhrath aru B ROR MBI dht P S
tésting. SDGSIRSatd 2I8aedm d\n@e film sampléesiterd teste®bh apur t ai n
(nom nally 15-cm drop- N\RAQJeiended inanp between

Insteon@idniversabiTiest l@étww 1122 {kstion Grspefantad, MA

UsATR P 7ol SsitEn o' SoBRR ol au e st

s§§@|nb0 TO2B Iyt Hadarsadightéeddht hodale oM G A1E %
opposite side. The | ayer of Polynmer 2B in the sheet

sitain and aﬂcelqwtmtohﬁe@&of 4%/@@ yeri th@sdlr%y@n transverse to
oS5 BEAGA I AU EBLIR B el Sl Mg wer
0.8% GREnarid Wei(v685%W. Tesde de?sﬂtts d@mdnsh‘bdeetheldéﬁrable
(Instron Corp, Canton at azg c%n
t@&@%ﬁs&ﬁqeg%wsfpamstqea QQW%H plizatiogs. Ihe %W t 5

spRiEhthe APJafft Ay e Pyt RSPt AESHBL: R sy
uéthg the- InstrofdU niverbad 'Ebstlegtlnstrumeahssmgsan 6édcmvidd i | m
directio

In the n rection, the respectiv
spefron. e Goued PRGREARE Syt qulRa Sorsiia Rubmer 28
Ié)ﬁa?léttaSS aeERmiiA %B(ﬁerfsttfh e WhikltRe hﬂﬁgﬁ@r%% ﬁ@ﬁi@ﬁsﬁéé/ held

f'or nost packagin pplications. The adhesion

ab et Ybdeagreesanygre ng‘@rdlmlonmrf egnaien. e m@»@murqurm
d?vnggé bwa%ﬁe spgg’llrjﬁe% width was the 90 degree T-pull value for the
adhesion between the AP layer and the Polymer 2B layer. That value was
0.05 kgf/cm. This level of adhesion proved sufficiently high to allow the sheet

to be processed downstream into articles.

Example 4
Five-layer cast sheeting (PP/AP/LCP/AP/PP sheet) was made from

PP, AP, and Polymer 2B. PP was fed from a 3.8-cm diameter single screw
extruder at 200°C. AP was fed from a 3.2-cm diameter single screw extruder
at 190°C. Polymer 2B was fed from a 2.5-cm diameter single screw extruder
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using the Instron Universal Testing Instrunent using a

2.54 cmw de specinen. The conbined PP and AP | ayers
wowneg/opisbd ed fromthe Polynmer 2B | ayer at a 5p@BUS2003/021752

cmmn extension rate while the unseparated portion

was held at a 90 degree angle to the direction of
atet@03@s i The tothldhramghpuhrate meas atsoutis® dghrby hetraelt streams

BT S A B e 15 e
digg]‘??; a gﬁ*}gﬁ OW{V% At aBghR plﬁgbéﬁmrh%élt CaMsin @ominally 5-

lently hiigh to allow the sheet
crhveblicab doape kength ) dandesitin eanipi betweean thive lquencitxaligpteoldd Sth

2Bl eRBEDN TP thenosbEIERvaS YA from
4?% g; ?Jrﬂfg %'ngmgﬁg hiSkrtbsCofihé PR pRSLAR ﬂéi}er@Wa%%‘l?gvetP%a%/‘ﬁﬁl on

.2-cmdi aneter single screw ext
theéfufsidecndniinsid2B TweesPolgoher 2Brhagefwas dif tdi hpinethicki nidies
screw extrud 26 WO 2004/ 007590 PCT/ US2003/ 021752 )
re&tﬂtmgd%@ymﬁbd@w WHT 86BA, J ?raﬂb“\ﬁa@sh g sirugture and its

p& &Y bility Reas kb iretic AWater VaibBr rah8@iksidh Wad neddlired on a
P 428y

Iameter neck that was 1 ong. The coat - hanger
Pdimatnani®aVafhricmade iy MOGONI(MinredRlis, MNg3M 28 éSApusing

NS P A B s oS o
B
100 95 réRtiveakiemidityd RH) Abatep dAbifigfoe. THeoxjen pernsaubility

inside. The Polyner 2B layer was 15 to 30 mthick. The
wag sgasuigd ps| THEMethas D885 opaay Qxsan®rpitmare Pyst

VGiGERE A VL REDS D cRSFTERAb 8 R TR i 2

ang 9oeY, 'R ( "Fh'e\/e\!lélrﬁ@étidm%%r%k WasBetivieArerRd 17%, Wdicating
55428, USA) using ASTM F1249 with liquid water on one

adough filMe wat er vapor transmission for the Polymer 2B
layer was 1.1 (+/- 0.5) g water 25 mn2 day at 38C and
100 %relative hum dity ERMnpleber driving force. The

oo sbufiEiar heet kit FXample A aps TRoNRERM SaETos) Tbe
159 bt oAy SLfriey BBl
(LabforbT®Modeli 1620ifrogn Hydrotrigh Coirp.nV.Byank, 8Y5 USA) for testing
t%h\é‘fclgg?/aet{ﬂﬁi I?r? Stba{crhqmo e?rmclagt vs’aswgllrsipI?euaI frcl)rwa? 3? §°c§ bf’:lrgk-
body radiator from above and below the sheet during a 30 to 40-second dwell
time, during which time the surface temperature of the sheet rose toward the
nominal forming temperature of polypropylene of 165°C. The mold was an
unheated, uncooled ceramic mold to provide a shaped article that simulates a
pet-food can measuring 3.5-cm depth and 7.5-cm diameter. At the end of the
heat-cycle the sheet was immediately positioned over the mold and clamped
to the mold perimeter. Vacuum from within the mold during 2 sec drew the
sheet into the mold. The molded sheet was ejected after 15 sec. The sheet
had completely reproduced the inside shape of the mold. A grid pattern
marking the original sheet indicated that the new surface area for the can was
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15

20 sheet was applied in a horizontal position to a
| aboratory thernofornmer (Labform(D Model 1620 from
wolgarooTsoon Corp., W Nyack, NY, USA) for testipgr/us2003/021752
thernoformability in a batch-node. Heat was applied
froma 315C bl ack- body radi ator from above and bel ow
crgated pukef that pﬁa of thotiginabsheatyythin e diametarof heGang
ns(gwch time the surface tenperature of the sheet rose
oward the 25 nominal formng tenperature of
pol yjphegheenefoohed @56. wé’sheutn'nlh;hlfvﬂasnme edgmfatthd other edge
uncool ed ce vi.de a a t| cl
PRGN i c88lsT pherBiskness O B8 e FardioBes Frlyei e
I8 t ti
WA e hat B e Pofiifer ol IS uRBla SIS 'Qﬁfa‘“"a
aot ampeptical mncﬂmeccnm wltpeilgutaimcronmteu aaligeromabteni showe
I rew the 30 s into the . nold. Th
i repufher 28, iy 2BF eRisiiéneecseirs Ttion i fod BEHER: ormer
trf@a@fh e AitonLR DEBIS ptmidiRl 9.83bde mAgpe of the nold. A
grid pattern marking the original sheet indicated

that the new surface area-qig@fe yhe can was 27 WO
2004/ 007590 PCT/ US2003/ 021752 created out of that

Dif@hde fIm &die oP T IFPLRR )] ef-’oleérQBTT PE+AH @R5UCT Ralio PPWAP to
carcanfi@mgl. The¢ t her nofof ned (AN cut in half Forymer 2B
one edge 1O € other edge througnh tThe centger. TIne

— Ui CKQESS Oof (he wpner and qgger HP plragg AP ([T ayer 52

“Was_c@npar ed W tiggrat pf—thg; PO yTeT 2B tayer usiyg &
surfage T ommat BT —aymd- dl102)pll Tl THggT 0ST Ope Wi
drgrtgt—mcronet 6[15d,dH BTS 571 abi g T sfigws [tiat G
Potyngg—2B8—did ||utg7cxpc TencgSeveretg g —at—tg
bottomrcornet u‘lL re—cphn— rttons—ag, 3t 9 5—rmaRd
96 tg ) 16:{% t(fb')‘._ggt atfe #r&%% etge—of PE‘%/—\P
—Pelyrer &r 2 - Rai,éeo PR-HAR {%3 eaf—) 51

—Peobyrer—2B0—427 D 39—2- 020210923214 12D
102 ’)XR 2 1 15 2 &~ 1b1 ol_@ 2.5l g7 @4 0511 9 le-zn':
A TR Tk 7 B i I Tl M : M

8 210 90 175 2.1
8.5 178 91 152 1.8
9 157 81 117 1.7
9.6 118 60 86 1.7
10 114 58 103 1.9
10.5 98 60 90 1.6
11 132 69 117 1.8
12 193 99 188 1.9
13 254 132 229 1.8
Example 6

Thermoformed cups from Example 5 were measured for height and
diameter before being steam autoclaved at 121°C for 30 minutes using a wet
cool-down cycle. Surprisingly, the resulting cups were unchanged in diameter
and height even though Polymer 2B is soft at 121°C. The oxygen barrier
properties of the Polymer2B were also essentially unchanged after treatment
by steam autoclave at 121°C for 30 min.
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8 210 90 175 2.1 8.5 178 91 152 1.8 9 157 81 117 1.7
w®204/048960 86 1.7 10 114 58 103 1.9 10.5 98r@0US03/021752

1.6 11 132 69 117 1.8 12 193 99 188 1.9 13 254 132

229 1.8 Exanple 6 Thernofornmed_cups from Exanple 5

were measured for hei ght EXBMDPI&Y apet er before being

st ea - ] '

15" cabp-aREr Engst i Exelifie Kwah o 7.5 nadfEhes
andreachrsguang easithenaforhed irtod deép bup ef 8r6-timadeyptth and 8.5-

o epmetcests DAL aleoRsoiosn S A aopons v
s ORI St TPl eB SSRGS Sakddofine
trilargsiseof ih@ various tayees/ fronstieeedge dorttiexeenteeoftheestipc ut
revRated naderots g o6 e §Eias 224 BV 0 RO EPRIET
(PSEitth3R8% PtR6 lf%m?ef/th:eq%'rmba\c@pmrébierm). and a

40- second dwel | i me. The inner shape of the nold
was conpl etely replicatedygfabysis of the thickness
of the various |layers fromone edge to the center of

10 the cup revealed no severe thinning of the Polyoer 2B
Distapge from edgenef chpt t RIfPAor nBP'Ymgfp?o 5 PP 6T 1 Batioof PB +BA tafjolymer
of _t @Mar ned clup (@bl Apm) Table 2 10 |Di st ance?® rom
edge of cup PP+PA Polynmper 2 PP+PA () Ratlio of PP+PA

33 28 08933 o 22 3 3.2

0 394 117 344 3.2

0 382 132 343 2.7

1 295 89 224 2.9

2 203 79 142 2.2

3 147 29 137 4.9

4 97 32 97 3.0

5 67 18 58 3.5

5 61 20 57 2.9

6 76 30 72 2.4

7 77 43 74 1.8

8 104 29 94 3.4

9 102 51 100 2.0

10 104 37 102 2.8

Example 8

A polymer similar to Polymer 2B but having a melt viscosity of 1000
Pa-s at 190°C and 83 P-s at 230°C, all at a shear rate of 100 sec™', was
15 extruded at 210°C through a 1.9-cm diameter single screw extruder. The melt
flowed through a 2.5-cm diameter annular die. The melt was blown into an
upward bubble with a diameter of about 5 cm. The resulting film was 76 pm
thick.

Example 9
20 Five-layer blown-film was made on a Brampton Engineering blown film

semiworks using PE, AP, and Polymer 2B. The film structure was PE on the
exterior sides, Polymer 2B in the middle, and AP bonding the Polymer 2B to
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0 394 117 344 3.2 0 382 132 343 2.7 1 295 89 224 2.9

2 203 79 142 2.2 3 147 29 137 4.9 4 97 32 97 3.0 5
wW®20018058 3.5 5 61 20 57 2.9 6 76 30 72 2.4 pdr/¥52048021752

74 1.8 8 104 29 94 3.4 9 102 51 100 2.0 10 104 37

102 2.8 Exanple 8 A polynmer simlar to Pol%g:er 2B but
thieaRE hayess mét @ totad M@ugppuﬁ raieobabqy-20 kg/hn.dberesias were fed

Aol A ¢ G B

180IEWT R imeltistreanb élowebtlntd‘ amardulah dizugfim S cih dianmter and
di anmeter annul ar die. The nelt %/jas bl own into an

1. 8Smruganpbine flinwasextrudrd Bpward and gxranded withir to a
dueﬁ?é{laf bi”&b&g'é@ JRS THS 1Blal filth %:ck#ééé@b& 189§9n The Polymer

ayer plown-fil mwas eona

2§ftl|bﬂﬁ@§s Was 19 eva,fi arfd oﬁ@momf aﬁpeataﬁde PEheRRygend
Pol yner 2B. The f| | mstructure Was PE on the exterior

pemwmtmfyme mLmBayef filimewas 3t em” eviigeP- Bonuh of Pohener 2B
Pol Bt 20 4/ 007590 PCI/ US2Q03/ 021
IR UPE- ket 23" Grwhich ST Aton ARRIREURSS 800 UNOTE&ygr 28

|a§@4 hﬁ\ atnhae &?ﬁé‘ﬁ\dﬁﬁéferfq?ﬁ\ whé a8t88 Bﬁraﬂia%o%tag) SR Geto

truders’so that tenperat ures were
Flexi Tester, emmg ASDikedlethadF392-93n GloaditidneA,ofxcept the unit was

di t . JThe fil t ruded

nffL R Sa e hScal Siof and Spbeul RS i heabilty
rat@ wds meguute@t @&erfedcmdé@aabnﬂ%xm@s A&Q an10TheoPahy 1800
2B thickness was 5 to 6 pmand of uniform JAppear ance.

flaxes, divg gaygerppemeealility waso3, 3.8e3nand 32 e’ dxyganw& pm/m?2

: a%z z?@gw‘g f;%%ee Fosi6 telstintisle 0p0 AL T e Phpmer 2B
| ymer

Example 10
A monolayer of the Polymer 2B film was separated from the multilayer

sheet of Example 3. A 2.5-cm wide sample was uniaxially oriented while in
contact on both sides with 0.6-cm thick copper blocks heated to preset
temperatures. High tension was maintained on the film during its rapid cool-
down. The width and thickness was measured before and after orientation.
Inspection of the results provided in Table 3 shows that, at orientation

temperatures above 105°C, the film could be given substantial stretch.

Table 3

Block Temperature, °C Before stretching After stretching

Width, cm | Thickness, um | Width, cm [ Thickness, um

92 2.5 53 2.1 53
100 2.5 56 2.1 53
105 25 46 1.6 41
110 25 46 1.5 25
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| ayer. A sanple of the nultilayer filmwas tested on a
| aboratory built CGelbo io Flex Tester, using ASTM

wo/kiohoa7spiB92- 93, Condition A, except the unit REBUSI0031021752

for a specific nunber of cycles and stopped. The

oxygen perrreabl lity rate was nmeasured after each
decag@nyiles pktherppoverqrignted filng werg @xpased nain heptaddss

155‘9(3 O)i'}‘ngqgg@m"s gﬂk?é géghél ?r’é m.%ﬁglé lg%rbeégﬁﬁ :g’r%) afi@Pneating

r@mlmnselym spoplediicralbdfoteyarad 3tdne affel simek anaﬂieﬁamlple 4.9
| ayer. Ex 10, A noIaroftePoImerZ ilm
CTESTo AP G PRI T HBH {30 AgTBONSIHERroB) 2tocardsloc 3.
shrickayeem W de sanpl e was uniaxially oriented while in
cont ct on both sides with 0.6-cmthick copper bl ocks

heated to preset 20 te AHhSeest H gh tension was
mai nt ai ned on the fil mnm rapid cool - down.
The Wiraft papedwhbiextrasion coatedwith IRatymbePBroh aodntididtss

orientatign. Inspection of the results provided in
extiusien :§3°§H69v§”? Ratfolioyys. oKrafhpaperd@9-ure ﬁb'@k'&@f‘eﬁr)é/éasaﬂﬁme

L0 o, P BE o 08 SIS AP L b 2 s
sé«fev\eextsmdataﬂﬁZ‘ng mldtémpemtt]i’el CReem@it flnsw\)éﬂdhhuglﬂa 61 cm

Thi ckness, 1 53, 100 2.5 56 2.1 53
wide;caogt- ’18@9411'6 hwng 651 Qm)-unswziﬁ opENNY 26@)@/%?59@% fell

155H it Briclind vh oFHEIER: Hpedfuaiiy Befledi8hgrd 1.
nyatimites lmedlaquuﬁteﬂtchﬁctrthe amslt/paperreieid £8ip having

respectively one cm before and 3 cm after and
QHABEBFUEE AHBE"G, 81 adﬂwaéifahe@ffaamed apsaymplerhauing aHi6s pm

o4 & PORRLTZEHES gbhBiRted: R alife e e BERng o

66 mrabann@us PoRMiers waseticrated! iTesting of td auesid af t
per (89-mthickness) was flane treated offline.

betwe;ﬁrfb olymelzB Bsing@de§4am widri specmengnt aOfrdagiae I-pull
on'th!ifstron Universal Test Instrument gave 0.11 kgficm and 0.43 kgficm

for the 66- and 163-um thick samples respectively.
Example 12

An extrusion coating trial similar to Example 11 was conducted except
that Polymer 2A was used in place of Polymer 2B and the melt temperature
was 300°C. A sample of coated Kraft paper having 48 um of Polymer 2A had
an adhesion of 0.09 kgf/cm and a sample coated with 33 um of polymer 2A
had an adhesion of 0.08 kgf/cm. In both cases the failure of the peel primarily
was due to a cohesive failure within the Kraft paper.

Example 13
Articles created by folding or shaping thin sheet or films having a layer

of polymer on one side will usually require sealing of the polymer to itself in a
fin seal. Such sealing requires heating the seal layer by applying heat from
one or both of the opposite sides. Paper coated with Polymer 2B was

prepared in the laboratory by pressing a 127um thick film of Polymer 2B onto
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i 0o screw extruder at 225C nelt tenperature. The nelt
flowed through a 61 cm w de coat-hanger die having a

wd doomsw de opening. The melt curtain fell 1BCTUOSI0Nd/@1752
a noving web of the Kraft paper traveling between 3
and 8 nmimnute. Inediately after contact the

9%wim xrpdp papenate? Kl Causing 3pdPa g:re%ﬁmﬁéw Hmins The wated

okt b oneRrs e oSATiEThE A Terd e e Phde o
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Ingkistripsa [ric. SHyammisy Mé, $i5) usimg arkiS4-coowitiegbarcand 280 kPa

piEbeh i, W PR otindf Tefberbiie ot 134 bAEHAS ARG dfidthe dwen

tifRRAES sre%&nqéﬁge/rethé pobfin&xeoiderl thatsdrt a@(”hﬁlé:%t@by cohesive
coat i nt% trial simlar to Exanple 11 was conducted

failuce it the: paper tayerndi hemthebaieaperatuse aes 930°Coandrihe dwell
C. A I f

e P 13 S 0Tsts B TR A S8 oy oA had an

adhesi on of 0.09 kgf/cm%&ge@npl e coated with 33 m

of polynmer 2A 25 had an of 0.08 kgf/cm In

bot h A¢RAES cidited FohthfckOshddt@uBR s dafalnﬁgrpdp)érbcym f@#ue
to a cohesive failure within the Kraft

cadons requiesheatsgaliog by a‘nﬂllaatﬂ@ @f h%ammraf»‘gyﬂmthe bmteﬁeal

ey A3 itk Bpafion st e /BBy 2205e3 bt ateq by
tHi® niethod &%l useszbfczhplfb@ahe ngrche %ﬁ@bo@@&toaled Wit PeBimer 2B
| ayer by applying heat from one or both of the

mwgpa@dsmdbg latpggtary bmre%sm an %uny thiek sieetenf Polymer

fﬂa%ﬁﬂ hl,ﬂfpé%bfgr A R%ED 8@}@6%%?(3”3‘85% ?or1 min.

TB@Udéfé’@ng&%béﬁ?ha@% dBI&rrhbﬁhcﬁ@BQf‘ng?lt Tﬁé%pé%d&d s cut

he coated Tpaper

essure for
inio Wgr@m Wldﬂﬁtﬂpatea@ ofWi@le wagretdad totall@Mdﬂ_ie p,cdyreer-nch

setE fat it Blhedl NropRnd BEW Nk Hopieatd e foslae Sithe
fati dom1 Sec MAd iMPEdisRiyWepeattdrdightpitisdardats %@ Ilé’@ﬂ)r@@ec

5 pressure. \Wen the control tenperature of bar
toa2-2 cocsayrretaiea dobpnd the moligaotyraet Beewyﬂ ¢@$t81($@e

f
SPE BB b bl A0 RS TRE AU Hetes ht
Pohan@BRE veasdsddied twitsdlf. tine was 1.5 seconds t he
pol yner bonded to itself. Exanple 14

Example 15
Lap seals require the inside of a film to be heat sealed to the outside.

To demonstrate this type of seal a 1320 um thick sheet of a terpolymer of
ethylene with 28 mole percent n-butyl acrylate and 8.8 mole percent glycidyl
methacrylate was melted while in contact with a 152-micron film of Polymer
2B. The press conditions were 1 min preheat and 1 min hold at either 210°C
or 230°C. After rapidly quenching the sample to ambient temperature, the
terpolymer was pulled from polymer 2A at a 5.08 cm/min rate on an Instron®
Universal Test Instrument. The 90 degree T-pull results were 0.9 kgf/cm and
3 kgf/icm at the 210°C and 230°C press conditions, respectively. These
results demonstrate the heat sealability of LCPs of this invention to another
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10 Articles created fromthick sheet such as coating
paper board for cartons require heat-sealing by
wappkiesbo on of heat directly to the heat seal pCt/Eg®N3/021752
usually by direct application of flanme. Polynmer 2B was
heat sealed by this nmethod by use of a propane torch.
patymer Bodithe @aémi glycidy! mtyﬁ@wlaz@s tanbpsmpa bpsised con t he

e%@ﬁ%ﬂ% %P}éegﬁ%gnﬁm%%oﬁh}g%%hmﬁk sheet of Polyner.

paper board ‘at 210C using 120
MPa pressure for 1 mn. -The ed paperboard had a
pol yner-rich coati ng. T@%%%’-éﬁﬁ)ard was cut into 2.5
CM WAGRulSifdyePBlowaRlifh Whs \Waddthar wdsadigidr tothat bPBkamsle 9

polymer-rich sides to face each other. A propane
exqeptdhatds piass ofeana BEdayer seppmlymer ofethylesieqwitio 1 0Telec

@b GG, 4o ASUBAIR L Wi S oF BETEH Gl v ARRseEtie.
amdrt(ﬁﬁkarr)oﬂry peice oTQI@e ptHer AR Blyer PHewas alBed eThelorionger plus
npl e gave a 0.6 kgf/cmpull force. This result

tle ,ﬁYIGE thigknassavas %uwrépta;t thigkressanped44 amitandd the Polymer

25 RFRnFe< Bar 3 357 A 2 Gy, TtmesBhgfarkan Masinatles
frodRvodf these nﬂnma%)r filisBye keafs%%mngfomﬂreé réadgwern-eéms of

ethylene with nol e percent n-bu acryl ate and 8.8
ccmlwnpen@molmc Py @PPIYiRg nmsyr%a@d as° %letaé&omam

apPiEORE T sCuas TR et 6's R LS tne it e
(af%atlh@lé feo Essentidl30is Caf, tFasrtiamdi ORY UG vwedy Iﬁcédﬂﬂwsnde the
npl e to anbi ent terrperature the 30 terpo )ﬁ_rrer was

p@le@h edpeapninhel yasplacedin apathergdentical mushe &8 REYiches

RS ten VBT lsrTEdod SHEMTYRYc)I0 et gt
fraﬂrﬂﬂ)(iipdw ﬂ!ﬁQ&PE l‘fr&ﬁfar@dm@dtwmnpepp@ﬂmmémd' epFarminesits. One
results denonstrate the heat sealability of LCPs of

h @ifes thepewchesvers sarlethestrang favopaoames wsye being emitted
frﬁﬁﬁ!ﬁ??ﬁ;}??%ﬁ@éﬁ%%%ycﬂ@é.y fﬁd?%#é“&.% ém.&xgg@nng&' dyl

orm-a basis extru
rrmithayaénmd\es cobizning Polymér2B:nThismesiik deploastréted the

[ til bl own fi was nade that was simlar t
U{ﬁﬁ)ﬁpféfat}/ cRNtaInNg ng’ﬁ@zﬁ'st'm‘éﬁm@ﬁ 13 1agt @s pverandppdor
bhReps. a copol ymer of ethylene with 10 nole percent

methacrylic acid neutralized with 1.5 % sodi um cati on
was used (i.e. an 'Ono'"E%[a)m |ér>17pl ace of the other PE
| ayer PP was used. The i us tie layer

t hi cRoaskeswerd®mhate ushtgithd multkaes filmakestAedin Brample16
ir¥ g%shion similar to that above example, except approximately 13 cm

by 15 cm in size. Each pouch was sealed using an impulse sealer on three
sides, filled with about 500 ml of water, and then sealed on the fourth side. A
small amount of entrapped air remained. One pouch was sealed through the
ionomer layers. Another pouch was sealed through the PP layer. The
pouches were steam sterilized or autoclaved at the Steris Corp (Erie, PA,
USA) laboratory in a Finn-Aqua® steam-air mix sterilizer at 121°C and 350
kPa pressure for 30 min. The pouch sealed through the ionomer layer burst
during the sterilization cycle. The pouch sealed through the PP layer

remained intact without any leaks. These results demonstrate the utility of
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2B thickness was 4.5 m A 5 cmby 10 cmrectangul ar
pouch was made io fromtwo of these nmultilayer filns
whyoheertsoseal i ng, on three edges, fin-seals ofPCT/US2003/021752
copol ymer to copol ymer by applying pressure and 100C
heat fromjaws applied to the outside surfaces.
L@Bpob tiisinventioo for steanFstpalizattiepauches haying eixygen sensitive
from Essential Gls Co., Portland, OR, USA) was placed
COHEMGe the pouch. Spearmint oil was placed in another

i dentical pouch. The ponEs(a |91|3 were then seal ed on
their fourth edges. SimTar pouches were constructed
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arriers es were nmade usi‘ng th
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382bfGx By FA18indM lidid nsetapBathavhdde tehigsatird &as set and
h%‘@ﬁ%d g J\'?vlth Z\boultn§50(l)dq?ﬂéll of aWater and th‘gﬁaséal eo? Soen an
heldeatf 100° Crbyséxternah elestrid heaters. nThefreﬂ;mmg\ppﬁdrawas held for

o peHE ndsGRRRITS LI PG CeAeaERYOabf eialbie T

S B&l, tHEErberd st
=19 e, AR oty

tHe liquidmetal heatingavathiwasniaisest 2090 eyeny Hi mir2 untit the ¢eBpoint
kPa ressure for 30 mn. The ouch seal e
Sk | Hybathteriperatyre rgnir eseétpemnwafg‘w'gﬁ?gggfé?or one

AR R A o0y T 9

téfﬁbér'a‘h)/reoéet%%lﬁf@a@%°@7@9ﬁn§ﬁé %ﬁ@@%‘f Fkédsing LCPs

this invention for steamsterilizabl e pouches
tarapenaduresy therreflux satia wes cootrolied to gl@mﬂr@umtely two-to-one

%‘B{% et%ﬁépﬁﬁét?%cpgﬁggﬁ{)ﬁ:ipg é%)cewg |dgoygppoduct slowed at the
36540 PatPisRstrate et Poing, tﬁe‘\h?ﬂ!é@l&' col @A i refuxeplitter

charged into an agitated er reaction vessel at
wege nemenpd eatreplacet itheg thrae sreckdiask wittheagwaim take-off.

ﬁet}%sﬂ wé@ covergg wnﬁ'na& { 'l&-:p tovggr%g as' 5 oﬂcjié seeq/tééfptflar gny acetic

acid removed from the reaction mixture from this point to the end of the

process. While maintaining a constant 305°C bath temperature controller set
point, the absolute pressure in the reaction vessel and vacuum trap were
reduced by about 17 kPa every 15 min by application of vacuum, until the
pressure in the vessel was about 130 to 260 kPa (abs). The pressure was
held at this level for the remainder of the run. This vacuum was maintained
for approximately three h. As the torque required to turn the agitator
increased, the agitator revolutions per minute (RPM) were decreased from the
initial 30 RPM to a final value of 10 RPM. At the end of the three-h period, the

vacuum was shut off, the vessel was repressurized to atmospheric pressure
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Vi greaux colum and reflux splitter to permt renoval
of reaction byproduct. The m xture was deaerated

wo oeeotspmes under agitation by application of PADUS2003/021752
vacuum and refilling with nitrogen gas. The deaerat ed,
agitated mxture was heated to reflux by raising a

with q\urqgafeaad thapielymerouas easverad by sampingoutefdhe yvessel

with st R Bl "R BRI WISt Cnder coral reflux to
per nThe poneargirptatt ey anh uﬂdéreﬂt\/\ﬂsd:@ilﬂye)fh){@ctg)dh@ as
groups in the ingredients. After one, hou

me@ﬁp@damflﬂuqr@ﬁwm agid{dighipramethane Vighde $ag¢s@aﬁé@%nmque

N T T

sisartatavas hel d at 230C for one h, and then the set
poi nt was again raised 20C every 10 mn until the bath
tenperature set point was 305C. During this period of
increasing tenperatures, the reflux ratio was
controlled to give approxi mtely two-to-one 20
reflux-to-takeoff ratio. Once evolution of acetic acid
by- product slowed at the 305C bath tenperature set
poi nt, the Vigreaux colum and reflux splitter were
renoved and replaced with a three-neck flask with
vacuum t ake-of f. The flask was covered with dry ice to
serve as a condenser/trap for any acetic acid renoved
fromthe reaction mxture fromthis point to the end
of the 25 process. Wi le nmaintaining a constant 305C
bath tenperature controller set point, the absolute
pressure in the reaction vessel and vacuumtrap were
reduced by about 17 kPa every 15 min by application of
vacuum until the pressure in the vessel was about
130 to 260 kPa (abs). The pressure was held at this
| evel for the remainder of the run. This vacuum was
mai nt ai ned 30 for approximately three h. As the torque
required to turn the agitator increased, the agitator
revolutions per mnute (RPM were decreased fromthe
initial 30 RPMto a final value of 10 RPM At the end
of the three-h period, the vacuumwas shut off, the
vessel was repressurized to atnospheric pressure 34 WO
2004/ 007590 PCT/ US2003/ 021752 wth nitrogen, and the
pol ymer was recovered by scraping out of the vesse
with a spatula and then quenched in water. The pol ynmer
product had an inherent viscosity of 1.049 dl/g as
measured in trifluoroacetic acid/dichloronmethane via
t he Goodyear technique. 5 Polynmer nelt viscosity was
173 Pa-sec neasured at 230C and 1000/ sec shear rate.

35



35 WD 2004/ 007590 PCT/US2003/021752 1. Aliquid
crystalline polyner conprising repeat units of the
wozowoé7ago o O Il 1 I1 GR C (1)5 -OR2-0O (11BGT/US2003/021752
-OR4-0 (V), O 11 o0\ /7 C(INIA), and O \ \c o/
/" (1116), wherein: 10 each Rl is independently
hydr ocar byl ene or substituted hydrocarbyl ene; each R2
i s independently saturated hydrocarbyl ene or _
substli.t ut ulliquidtonysialtite polymterasdmyprising repedt uRits iof the
i ndependently aryl ene or substituted aryl ene; 15 (V)
f?rémjgsut 0.4 to about 32 nole percent of the total of
(1) present; the nmolargratio of (1):[(l11)+(V)] is
about 1.0:1.0; the nolaf] ratiofof (1):[(111A)+(111B)]
is about 1.0:1.0 to aboGt—R'9:@6+ (Bnd the nol ar
ratio of (I11A):(I11B) is apout 5:1 to about 1:2. 2.
The liquid crystalline pOH§m& M) Caim 1 wherein 20
from90 to 100 nole perg q@_ﬁ‘_@ i s p-phenyl ene, and
fromO to 10 nole percenht o i's mphenyl ene; from
90.0 to 100 nole percept—of R2Qs -CH2CH2- and from O
to 10.0 nol e percent R2 is| CH2CH2OCH2CH2- ; each
R4 is 4,4 -biphenfrene ~Gs—fromabout 1 to
about 3 nol e percent N ¢ total of“lgb\l))a'gdesent; t he
molar ratio of (L):[(I1)+(V)] is ab(gu 1707 1. 0; and
the total anobunt of the repeat unPt (1+V) plus the
repeat unit (1+11) is m t 2C_t9 about 35

-—0
(11B),

wherein:
each R1is independently hydrocarbylene or substituted

hydrocarbylene;

each R2 is independently saturated hydrocarbylene or substituted
saturated hydrocarbylene;
each R4 is ihdependently arylene or substituted arylene;
- (V) is about 0.4 to about 32 mole percent of the total of (1) present;
the molar ratio of (I):[(11)+(V)] is about 1.0:1.0;
the molar ratio of (I):[(IIIA)+(1lIB)] is about 1.0:1.0 to about 1.0:4.0; and
the molar ratio of (llIA):(11IB) is about 5:1 to about 1:2.
2. The liquid crystalline polymer of Claim 1 wherein
from 90 to 100 mole percent of R1 is p-phenylene, and from 0 to

10 mole percent of R is m-phenylene;
from 90.0 to 100 mole percent of R2 is -CH,CH,- and from 0 to
10.0 mole percent of R2 is -CH,CH,OCH,CH,-;
each R4 is 4,4"-biphenylene;
(V) is from about 1 to about 3 mole percent of the total of () present;

the molar ratio of (1):[(I1)+(V)] is about 1.0:1.0; and the total amount of
the repeat unit (1+V) plus the repeat unit (1+11) is from about 25 to about 35
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36 WD 2004/ 007590 PCT/ US2003/ 021752 nol e percent of
said liquid crystalline polyner; the anount of (I1I1IA)

WO soofimansvebout 45 to about 55 nol e percent of BEE/US2003/021752
liquid crystalline polyner; and the anmobunt of (1118)
is fromabout 15 to about 25 nole percent of said 5
nolguiedcentyafsald liquid soisyaitime palynire | i quid crystalline

f d h .
e T8 ot A G 48, Bk 58 oS Bt s
IlhD@TGr?@l@mne?pﬁ)lfmeﬁw 32 nol e percent of s_al dliquid
crystalline the amount of (I11A) is from

abouﬂhaamwr&%ﬁil%é femeabsuit d&rip abous 2bdnolepereentiad said

and the anount of (I11B) is from
3 “gg {r@%t'g'll{ﬁ% Fgg{g%F‘PZZ nol e percent of said liquid
crystaal | i ﬁ'madﬁjwdrerystaclhneTbelyhiewlﬁf@Ialhy?rtowz WI‘i@reIimI ymer
of a%oeo been treated

a nmoribei? tal:ameHet mﬁsweeeﬂwuh@ﬂ/bpwédheéew@ wm(iﬂh)ss
fithaBRUt 48 1 aBof EAMdi¢hercnt oPSdifhid dRiifle pdifitbr.

crystthé Ia'rmmrpolf (i) is tompabait 4§: to (aout S2traciei pegceritrof said
the absence of added solvent, a partially aromatic
10 "BU|‘V§¥§@H eI"PaQJYWSr'r%}g;at units of the formula o o 20

| I - Ripd lantcbint oR1MB) Qﬂ?@mcébddt |1)3 toVéHd&t 92%&@ pE&Eént of said
|Iqu:$ ounds of the fornmula HO R3 ), one or nore

sladingfpalymef.or mul a HO R4- ()—I (I\/) and a

ot ot of TR IGUERIHILTE poS et A B SR of L 13 witbhhas
behitreated vithas nfbrivafsHl fuletiorrd) ConiPoumeiabi reduéd s melt

mxture resulting from(a)_,at a tenperature and for a
15 viseosity pbasheanate affl 00D sect dyratraast 10%ui d crystal | i ne

hycl Ghar byt Brsess 1L g el rabFEEF RTEh crvaiaiing poymer,
daihprismg}dependent ly al kyl ene or substituted al kyl ene;

(a) contacting, in the absence of added solvent, a partially aromatic
polyester, having repeat units of the formula

0
|-
20 ——C—R'—C— (I)
and
-0-R2-0- (1),

with one or more compounds of the formula HO-R3-CO,H (lll), one or more

compounds of the formula HO-R4-OH (IV), and a carboxylic acid anhydride,
25 under conditions to form esters of (lIl) and (V) by reaction with said carboxylic
acid anhydride, and
(b) heating the mixture resulting from (a) at a temperature and for a
sufficient amount of time to form a liquid crystalline polymer wherein

each R is independently hydrocarbylene or substituted
30 hydrocarbylene;

each R2 is independently alkylene or substituted alkylene;

each R3 is independently arylene or substituted arylene; and
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weE20h08R490 s | ndependently aryl ene or substit utsdr/us2003/021752

aryl ene; and provided that (1V) is present in an
amount, based on the amount of (Il) present in said
part |eabh>R4a|sondxepenqamltlymylene otrcsubstttumzbaraletrwt aI d| oI
st oi chi,onet r.i

The BnHaEBYdER BRCTITs Rinsentin 3o AmOuay bBRGT BR the dmunt of

(nmse@éhﬂm defid paﬁ%mycar@maﬁa rpbg%ste? toléhiBv© 8 a5t 8fol
aim5 or wherein: from9 nol e percent of

smchlgmmemw Oém@wrrnﬂhemetr@entlo mol e percent of

| & " ERrBlEss ploale et SRR BRhigfie

dc@tlcﬁmw - each R4 is 4,4 -Dbi phenyl ene;
(III)|samxtur o o\ / C(IIlA, and 0 o 15
(1116}, tlhe procass pb@'atﬁnéfor(ﬁlwhp(qn) +(V)] is about

about o §018 Oy RbiRrbanGir s arphehiikieandipl
10 mbld peicent off B) id m-gHeaiterts; 1 to about 1:2; and the

stoichionetric excess is 1 to 3 percent. 20 8. The
pr odditomn 0.0 toe1 G owis persentinf/Réie-CGH,CHat asd fron60do 7.

. The process as recited in claim5, 6 or 7
1@dhmql%pﬁg:etnﬁ@f R&dﬂr@HgGhlzoﬁl'ézCIdﬁ- treating the |iquid
crystalline polymer with a nmononeric functional
conp&aEh R‘g'sr"eﬂufé@hﬁ'ﬂ)ﬂeﬁélt viscosity at a shear rate
of 1(29 ssgqutm_goqt | east 10% 25 10. A contai ner
conmpri |ng a }I qurd crystall | ne pol yner any one of
Clainms 1-4. 11. A contag ﬁ)rlsmgthe product of
claim8. 12. The cont g of aim10 or 11 that is a
pouch or a bag—™0

a
=

(Il1A), and

0
I
0
(B),

the molar ratio of (1):[(11)+(V)] is about 1.0:1.0;

the molar ratio of (I):[(IlIA)+(11IB)] is about 1.0:1.0 to about 1.0:4.0; and

the molar ratio of (IlA):(111B) is about 5:1 to about 1:2; and

the stoichiometric excess is 1 to 3 percent.

8. The product of the process of any one of claims 5, 6 or 7.

9. The process as recited in claim 5, 6 or 7 comprising the
additional step of treating the liquid crystalline polymer with a monomeric
functional compound to reduce its melt viscosity at a shear rate of 1000 sec™
by at least 10%.

10. A container comprising a liquid crystalline polymer any one of
Claims 1-4.

11. A container comprising the product of claim 8.

12.  The container of Claim 10 or 11 that is a pouch or a bag.

38



10

15

20

25

30

38 WD 2004/ 007590 PCT/US2003/021752 13. The contai ner
of Cdaim10 or 11, conprising said liquid crystalline
w@olognerso t hat is a rigid contai ner sel ected fronusives/ 021752
group consisting of a tray, cup, can, bucket, tub,
box, pipe, bow, tube, parison, and carton. 5 14. The
cont didner Tdte «znraaumenefc 1Gom1 t,ammpris;ingpaidel'tﬂlﬁd om
aid i

RPN Pohaelo ks 498'Fhidthons GBHEn i chepraups

cohaistihg oﬁattl“s@lf '269 O&4TE butket, RS, pipdy BowsUlbe, parison, and
conprising said |qU|d crystall|ne polyner as a

CBHPR| er | ayer 16. The container of daim15 forned
B | _ ; T D or
| ayerd coniie Siftamst bt Elitha e B MG ePal e bt

paperboaFd rytragion-coated dithragid Hdnhudrtfrys;lellmwol rdér h
co-e rud | e adhe3|v Iayers bondi ng
pol y opyl ig\?ecqrﬁ%feéo Glaimi 1B thabis A ﬂaery@qf@!mﬁad@ultllayer

d
R XOBcdriRing L hyfd LSRRI B 2R B4 9
A fille or TsHee@mtaionpof @Iang ’tﬂwiarme?dm a)muml%yemrseruofure
m of or et ai

BB g e yiscAapas g RolYPrOpYIBHe 205N BNALYI d
cbhﬂ#ls %éé( étllahld &?sféﬂin)érﬁﬁr%mgp w&'ﬂ‘Sofek{rwgﬁle?%%%lv%flayers

Caim IS a ayer structur

besding said @otwaromdeme tayers toysaid digurisk crzysta@jlreapajymeqlayer

| I 1. The fi
whor dn <& BRPaY FRket el e ol EryRiEinealunetp sy one
of @gings t40pri si ng pol ypropyl ene and an i nner | ayer
conprising said liquid crystalline polyner, with

co- exiBr uddbfilen aaﬁlé%ﬁtxﬁ@mmgs@agtheb@rmuﬁbofsmwone of claims 5, 6
oP9 ypropylene layers to said liquid crystalline
polymer layer. 25 22. The filmor sheet of Claim17 or

18 bd8ded,Theyfilireofi arashieet Claigx17 081 8nthaldgta menélayer blown
ﬁg_g extrusi on aﬁatl ng, to a substrate selected fromthe

SOPIREITY 89! iguisk Crysigtline pRlYBEBoar d, al uni num foi |,
fab .
abrixg, NaMEMRTor SRR bF @llalgmaffj é %rO%%grtl?%@gﬁgucture

conprising anot her pol yner
compsisitg aljeast qred \ayer oymprising saidiiquid &:)fystaMhe pofynter.

or 1 eied’ B TE ayana B VAt wharein Saithsiayar agture

aeies SIS M P ek
cpBIpyisig said liquid crystalline polymer, wuth co-extrudable adhesive layers
bonding said polypropylene layers to said liquid crystalline polymer layer.

22.  The film or sheet of Claim 17 or 18 bonded, by lamination,
extrusion coating or co-extrusion coating, to a substrate selected from the
group consisting of paper, paperboard, aluminum foil, fabric, nonwoven
material, and a film substrate comprising another polymer selected from the
group consisting of poly(vinylidene fluoride), nylon-6,6, biaxially oriented
polypropylene, biaxially oriented poly(ethylene terephthalate), and polyimide.

23.  The film or sheet of Claim 22 that comprises Kraft paper
extrusion coated with said liquid crystalline polymer.

24.  The film or sheet of Claim 22 that comprises paperboard

extrusion coated with said liquid crystalline polymer.
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24. The filmor sheet of Claim22 that conprises
paper board extrusion coated with said |iquid
w@eoogheadsbo ne pol ymer. 39 WD 2004/ 007590 PCT/US2003/021752
PCT/ US2003/ 021752 25. The contai ner of claim 14 which
al so conprises a heat seal wherein said liquid
cryst2al | i ndepeantawer obelain H4twhish ddso codmprses abeat seal

.26, The filn heet, of claim20 that shrink
b s oo AL e Bt TR S SO
coat i2eg pamey filii dihstieet oflBiathn Q0yihbakhiimes ek i 4% when
conpri si contacting a surface of a paper sheet with

hgatgsl 1090 $heet of liquid crystalline polymer to form

S Gryetdn i REIGeSRIR codibGhetet Wt i Heilipe potymer,
coriprisirgy, coptetingar $urfddeyofrpaseT s Withnd nivitehsieet BFliquid
having a surface which contacts said liquid =
C&%’i'%? PPW@‘?rotorf@T"Q Regoated paaershentphenswmiile said lingid
o L I
amp,ym‘rg presisues by pge'mguzr wrlle:r:eswh'rd:hl dm{m%@is sejdslicPJ_idl bf}?talline

t r t t r ce a I I

o pafpderon Foaleapes FhBc st RS S SiRarerdidispeiow a

sbiigifiestic wehparhture of BN b@/sﬁﬂiﬁéjPo@ﬁ\e?%nfiﬁg}ﬁlcla applies

process as recited in claim?2 ereln-sal
pEesasrato said liquid giystallinenpelymes onreoated)papershest &b protce a

G F5bte e oty RBE oSutal Y Sher Eieraih £l 1AL Gh@Ryine
polyenerierelidrol I's. 30. The product of the process of

claim?27. 20 31. A container conprisingt he_JJI[OddUCt of”.
iquid crystalline

15 cl ai #830. Thegyocess as recited in claim 27 wherein sai
polymer comprises the liquid crystalline polymer of any one of claim 1-4.
29. The process as recited in claim 27 wherein said apparatus is
one or two quench rolis.
30.  The product of the process of claim 27.

20 31. A container comprising the product of claim 30..
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