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WO 2008/ 003020 PCT/ US2007/ 072320 1 PCLYETHYLENE FI LM
HAVI NG | MPROVED MECHANI CAL AND BARRI ER PROPERTI ES AND
wORIDBIE0a- MAKI NG SAME 5 FI ELD OF THE | NVENTI QrCT/08007/072320
The present disclosure relatﬁs to pol ymer conpositions

and filmmade from sane e specifically to
pol yet hyl ene conpositions for the manufacture of high

POLSEHHALIMEE StV HAVING $OPROVED MiIEH ARMEKERRH B ARRIER
THE | NVENTPEHPERTIRO ARID MO S O$1AaIR P A6 C©

materials useful for making a wi de variety of val ued
products due to their conbination of stiffness,

ductility, barrlerFﬂﬁgp@FQ~ gkat ure resistance,
optical properties, ava|I ity, and | ow cost. One
th
[OOGQrt . ?B{fgl%gen gl%é;/fgs;a esllre%%g (t:c% éoé?% %ﬁéstl%oglé alé(# ﬁﬁ%n!a@e from same,

more sggcefs ca%l?/ fgoepoqgeiﬂ? ?en% %?1%13?5%90?1?3 !E’Iom’?hehma%ltfac of h n%lnmolecular weight,

. relati to other pol ymers and alternatlve 15
mgﬁﬁ?@?Yﬁﬁ? such as glass, netal or paper. Plastic filns

2ppl i oati Elf Lﬁg@%@g%@%%ﬁ@fﬁi he
, [ [ [ 0]
00BE" ¢ Pt i sl e S S0t R GAoduct

are usually dlff enti a t he pol yner densit )

ducglp dpgTreRRpIsion eéSaHHO&EWd@ﬂl?jrpaqp@ale% 6@@5@&%@8%%19“%1
density . 20 p et hyl ene (LDPE), nedium density

proptisre pTRYRRIHY. ew%b&a Cogh anehquhe a@ﬁsYWd PERdpete 134 @ﬁ%lc films. In
(HDPE) wherein each density range has a unique

parfigsi nedtcthyiene fPH ivihe prq eshqiatepsi golume palymats|censumgd ingthe world.
particul ar application. For exanple, a HDPE film may

It ihe verspdity notynea dhes gfferg high p@rf@a@m@ﬁglatwert@ qiietr pohygnasypelraltgmative
i npact properties. HDPE is a type of PE conposed

maigriplpandh| ag gidss,| roete), orl fapesar Plaptyadiilbsaudoas Bhdilns argrdostihaised in
resultant polyner is tightly packed and crystalline.

packiRpEs apliedtioneb@3heyoalet fiet uttly i fhesgiieiltnet, abddeaf ard ¢ngmeering
t oughness, rigidity, increased tensile strength,

fieldbr asi on resistance, stability and chem ca
resi stance. WD 2008/ 003020 PCT/ US2007/ 072320 2

[0003] PE films are manufactured in a variety of grades that are usually differentiated by

the polymer density such that PE films can be designated for example, low density
polyethylene (LDPE), medium density polyethylene (MDPE) and, high density polyethylene
(HDPE) wherein each density range has a unique combination of properties making it suitable
for a particular application. For example, a HDPE film may be used in packaging applications,
requiring superior impact properties. HDPE is a type of PE composed primarily of long, linear
hydrocarbon chains and the resultant polymer is tightly packed and crystalline. HDPE relative
to other PE films is notable for its toughness, rigidity, increased tensile strength, abrasion

resistance, stability and chemical resistance.
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[0004] Despite the many positive attributes of HDPE

the filmproduct is perneable to gases such as oxygen
wo@eroosmedoen di oxi de. Thus, it woul d be desirabl BCT/0S2007/072320

devel op an HDPE film product, exhibiting a conbination

of good nechani cal properties such as a high inpact or

tensile strength and good barrier properties such as a

000V OXVGRR (NARRKy bosANS MfiBht@Nof BDOE, e FUNNARN Ok peBeable t
[ ﬂIVE %%I 0005Y%ISSC | osed he?el nis g pol'yet ﬁylsene e

gasfeé dubh ngénsdr'&grb@n @19!(1}1@5%& ORRSIH bk QiR k@ velbh§n HDPE film
characterrstics of a total energy dart drop, neasured

progﬁbt o Bﬁlﬁ%ra\c&)nﬁdﬁho ?%%&Z&am@ﬁtpr%ﬁﬁ% &l 5‘5’35‘ h?g?oiﬂ&oact or

a dart p 1 npact r measur €

tenQ%%Q&%?{:}gﬁ 5%& lpa d\@-lp- mg)ellaégs(&gh Q@lg&%xf%en Ql'%ﬁ)og EI‘%?S&I&JSIOB Qaﬁ@

I sture vapor ssion rat

10 neasured in agﬁghagﬁgq?yﬁhﬁIﬁ@ﬁN%ﬁ%§49 at 100 F and

90 @6re|at|ve hu ess t about 0. 85
nch/

[00g§]e per %F%Euaerlr? 1s 2 O e}ée ylenB g(l:rfl rcrgmprl,]sn\lﬁ ng&l}/ﬂ ¥ cgm%oTﬁon having
|sclosed herein is

the 55%05?}% ?Se%% t?ﬁaf%ﬂe%rﬁﬁﬁ L3P0 JER UG ﬁ%cpfd%%p%%ﬁ PP D4272, of

t he ristics of a total
gre?fr:”h LRk @ i %@&E?pdlgwa@ S RS Hsa 5B v ASTM
eat rt |_bf dart drop inpact.
§\0ﬂ A n%fagrﬁ?t%rdth% ag@&opéa%c"’él v& W%@rmammsmwsm rate,
thhod A, of greater than about g, and an oxyge
megsugd dhfeserdaee r“afﬁleASTl\ﬁEé%‘l?raé 300 55 9aléc,98 P eskie BPTpMIAS TN than
D3985 at 73 F and 0 %relative humdity, of |less than
aboyh 8P caDd180rsausta Inglgdt Sgwdiceen it /A4 My ﬂestswﬁ% peifgimed o a test
ASTM tests are perfornmed on a test specinen having a
speging@n hiying H(.8 KuldBisknesd [ 0007] Further di scl osed herein
is a polyethylene filmconprising a polyner
[008@npogisei dsslostrhbirpig it hepodistyieoe é\?mwmési@ﬁ a goofymres |composition
energy dart drop, neasured in accordance with ASTM
havithe chofctgrstet eira tdt renerigp Wert Glreps nfeasurdslf in agcetdance avihpASTM
i npact strength, measured in accordance w th ASTM
D47 00gieigthtbzh dhoud.4pftdat edart hap imbatstrehdth, geasard imaddsdance
machi ne direction secant nodul us, neasured in
with ASTMI BN TE Methbd ASIVigia882thah aliodit 23 ngrland an oofeee qardmikon rate,
or greater WD 2008/ 003020 PCT/ US2007/072320 3 than
meaedtin 3@0rdaAR vagi ASTWIAD3HIM ac20 OF AFTM/ ¢t rekatig lamedity, of less than
performed on a test specinmen having a 0.8 m|
abouh @KOESHIl/ 100 square inch/24 hr, wherein said ASTM tests are performed on a test

specimen having a 0.8 mil thickness.

[0007] Further disclosed herein is a polyethylene film comprising a polymer composition
having the characteristics of a total energy dart drop, measured in accordance with ASTM
D4272, of greater than about 0.45 ft.Ibf, a dart drop impact strength, measured in accordance
with ASTM D1709 Method A, of greater than about 135 g, and a 1% machine direction secant

modulus, measured in accordance with ASTM D882 at 10.2 mm/min, of equal to or greater
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[0008] Further disclosed herein is a polyethylene film
conprising a polyner conposition having the
w@h@smeloer i stics of a total energy dart drop, PEEES208T072320
i n accordance with ASTM 5 272, of greater than
about 0.45 ft.Ibf, a dart drop inpact strength,
measured in accordance with ASTM D1709 Met hod A, of
thaf b6k €50,0008R1, 3RRKtn HRPASTMARG fre bUrirRD DY @ISR specimen haying a
direction 'secant nodul us, neasured in accordance wth
0.8 B8 at 10.2 mmm n, of equal to or greater than
about 170, 000 psi, wher ei n said ASTMtests are

[Oﬂﬁﬂr f oFﬁ?ﬁQr gﬁclés[ %%%Ite 0y 1@% ylgﬂéaﬁ er%) Em? a%o'lymer composition

i ckness. |sc 0S eini1s a
havﬁ%ﬁ’lg Hyrllc%}gpésvééfna ?0?%%5% egtgré?ircg)hlanﬁe edﬁﬁlr%gﬁga{ncg erqh ASTM
D4f’{2ao§§1{e§)[ﬁr té%{ %Joz)ug(ﬁ % ot % %dlg) N acé)s(til'e%gth B@as%u’efl? gcsrdance

Wit£ §Tﬁ Z%I\/{Yeﬂgﬁ?@loaq ur%gl oHlan a t 1? S?U b%) transxlfelfjse direction
sec%nrt %rl]qsdn]uig%gag&r{e tnﬁ ?%g&a%&@%ﬁg%ﬁﬁgg %{312) rzglgﬁiz%lwfﬁqual to o

24 n I r r
erelgh i ¢ uﬁﬁ@?@ﬁs&?‘wﬁeﬁ%ﬁs BAS ofate pisRRmed BES P Specimen
det er accordance wi th ASTM D4272 when
havﬁb%raf(bégnwgdhlﬁlﬂ‘eﬁ test specinmen having a 0.8 mil
i ckness. . BRI EF DESCRI PTI ON OF THE DRAW NGS_[ 0010]
[00@]gur gurj_her gmtéo%ﬂ derewr s grelysy lspg il cwégrgﬁlg a polymer composition
dlstrlbutlon of the five experimental resins of
VE;gaaﬁ*p["cé’ vplue pfy Wil}anpab@lg OgtSparn ‘sety Zgp ovalpg oftlpss than about 4x10°
nol ecul ar wei ght di stribution for all of the resins of
Pa.faadrpl @u £ta”[val0g of I Gur eogt § 8 vehep|fivied &1 thy Comensii Yapudaseagation
function of frequency for the resins of Exanple 1.
with @013 [ HR galue and whergin giedtimglisplaiva plhatiec wapgl teangmisgon rate equal
function of the conplex nodulus for the resins of
to @Edetnppiha about\WBS2008/ 0302 0V RECTOSR0AYTIGEaBMce with ASTM F1249
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014] Di scl osed
andretori encagyalapalropeiipydt @fi equaPi)or gatenthiat almos | .0 B dslde®ymined in
and nmet hods of nmaking sane. Such nethods may conprise
accprdeppa mithgASTMPB42 Tnplasipetfaimed ol a et spediget leeing a 0.8 mil thickness.
conmposition into a film The PE conposition my
conpri se a PEBREFEDFSHRINTEINI O6HEBDRAMWINGS

[0010] Figure 1 is a plot of the molecular weight distribution of the five experimental resins
of Example 1.

[0011] Figure 2 is a plot of the molecular weight distribution for all of the resins of
Example 1.

[0012] Figure 3 is a plot of viscosity as a function of frequency for the resins of Example 1.
[0013] Figure 4 is a plot of the phase angle as a function of the complex modulus for the

resins of Example 1.
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5 additives or nodifiers. In an aspect, the PE
conposition conprises a nultinodal PE resin and the

w0 pdosomoepar ed there from may di spl ay enhancedpPCT/US2007/072320
mechani cal and barrier properties such as increased
i npact strength and a reduced noisture vapor and/ or
oxygen transm ssion rate. [0015] The PE base resin may

be a uni rmd@ETA@@mDE@bk@m@N(y}e*rMEquNtrumdal resin.
Herein, the "nodality"” of a polymer resin refers to

[ooife f Qﬁsmog’é(d llletrén AR ﬁcﬁ&’éﬂ%ﬁen@@l’ﬂﬁ&onﬂio%ﬂ%ﬁsb Bl @, ;;191 methods of

curve, i.e. the appearance of a graph of the polyner
e f &
M

cong&fsﬁ5§ (‘?atﬁhrﬁ \Pﬁll qJEcofn{rPg)gl{lﬁpﬂla? omf)"l%l %CI% S%e%snf"‘argll %%Gnally

resin two or nore conpon
add1t1ve§ O%X%gc%s d a‘?'lt I ﬁkehlewén %po&tﬁéﬂ c?oﬂlgor@gg%t fnggéa? [35 /resm and
L ecul ar but |

the 11 3 pr?pgrlj:fl Itl%)err]e %htr Vrrga{y ngtaipll%/eeh angf)d m 0310 ?18 %%ﬁme I%opertle; such as
. 0le] T
1ncri$gqelg\érhq)a§€ Stﬂﬁﬁ@gﬁ?d’] él{cpﬁfl B}bls% Vag ra\98/§¥ ?%:ggq ?ﬂ sm1551 n rate

uper i osed onto

di v nmponent s nma ]
ool g bR § teas‘i PR e wamerdl R ?"%ft?‘ BT 2P GEoga) rosin.
the pq' y@r@ ". a'pglmgrsrﬁgg ?%I%tth%{’? woleﬂ%arwﬁ%hh%iﬁtﬂbuﬁon

re3|n as a may be nul ti nodal or show n di stinct
CUrkfa 4R gh wpﬁaé%rﬁs ﬁ&i‘ argplt of the B@W?ﬁéfrel% ﬁaﬁw&nﬁr@qu%yz% number as a
di ffering nol ecul ar weight distributions. For exa
fungtignafyigmiolasalor weight Nk eeimar welghtdfretiongicters fosha W%‘Eht fractlon of
curve showi ng a S|ngle peak may be referred to as
mol ¢ lefoefzfl SN Y4PerA PalypeT Lerie rmayHigye AP of Bolie\cemppioRts lgat may be
two distinct peaks nay be referred to as a bi nbda
distnguizhable frem pot¢ gnether, forasxample daged rupen thhiowidingduaheweposition and/or
di stinct peaks may be referred to as a trinodal
molsollgnregight distributidho |Aymelesulérandight dinoibeteml carve wely dph prepared for each
di stribution curves showi ng nore than one peak may be
indRilueladompotanved the padfrearresch. t o as nul ti nodal pol ymers or
resins. Furthernore, the distinct peaks may WO
[002€]08/ ODIROAOleRGK/ dGHD AR DA OurvS foothe esfiddeh] tamponents may be
components exhi biting distinct characteristics. For
supediap@keontd a bbmmda thapab Yorey the weightdisialyutish owivé WD the polymer resin
di stinct peaks corresponding to two individua
as £AAPIONENRLS sweh sdpdiihpoiifich, tHEokaChitt@urvagdrhE Solydad @sin as a whole
bi nrodal pol ynmer resin nay have a first conmponent that

majTBy HEtImIEN & ahby L BRARE hedis ZRetePSnEnd kDR lolyiRr @Gkbadents of
wei ght pol ynmer conponent and a second 5 conponent that

diffeRg l@leleglﬁﬂemlgﬁtmls@mh%t €61 S@FpRS a PolyMEhavif £61dlcBiilar weight
wei ght pol yner

distribution curve showing a single peak may be referred to as a unimodal polymer, a polymer

having a curve showing two distinct peaks may be referred to as a bimodal polymer, a polymer

having a curve showing three distinct peaks may be referred to as a trimodal polymer, etc.

Polymers having molecular weight distribution curves showing more than one peak may be

collectively referred to as multimodal polymers or resins. Furthermore, the distinct peaks may
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conponent. Alternatively, superinposition of the
nol ecul ar wei ght distribution curves from the
w0 padsde@l conponents may show a singl e peak PECEHUS1087/072320
broadened in conparison with_the curves for the
i ndi vi dual conponents corresBondlng to pol ymer
fractions having different but overl appi ng nol ecul ar

corve%soahtm SingfohéfUEihbishe didlindthsaRosline rrtor k1 bihdmO Iy mer

10 conposition conprises a binodal PE base resin.

resﬂ;r}ﬁayr SR QAelistkt febe DrSPaadhon Wd fndlfv%&lsco%onéﬁ'tsr@d(ﬁi}fermg

E conpositions wth the understandi ng that other

mofé&gélﬁ@&lgﬁs C%"ﬁh&hﬁ% A da? resif 1R Mabe Qq}fét%nﬁﬁbﬁ 3‘? il nay be

al1ty, may be enplo in various aspects an

gen%%ﬁ? %%&F%?ﬂs EghgrE%le%ﬁ)lQIa Rx%[ght IVpg £ c§15h%1le§td (ajllxdnla second

e art COprOSl tl on
corie gt%agfbé gsnerqlﬁyca{zpa%%h N g—
corxg)eon%nq grriatlvely, 81?1%1 %ge sfion ?f af mqll‘%g%r wglgﬁ?’f%rﬂ?uu% cwrv¥%from
the é‘?ﬁﬁ‘égli‘%%‘%lpontﬂi’%g PR BB oDEESRT LBE ARy i Rl i he
oot e wgﬁaﬁgéql OB SOTRRARE o TRV GH LDy e Uiferent bu

-olefln cop ynmer. ( conponent. The conononer of
overlgppingy mMalgRH ﬁﬁ@ﬁ@nh%‘”ﬂ?’i’é PEIC Of‘inéfﬁt BléltWQal PE
sane as or different fromthe conononer th

COTRROMT O EHRDTISES AP e PEbassptih bl s reBpifs ﬁ%ﬁhg disﬂ{§$1%‘éflll focus on
wi thout limtation unsaturated hydrocarbons having
binfodln¥' B copoticnarwigh thet wiAsTsERg 484t prtessyirobmecric 1compoaiens, for
1- pentene, 1-hexene, 3-nethyl-|-butene,
cxampieelaripe-diffqsens modality, 1mayebst emrloyed i yare aspecth arrberabodiments as
decene, and m xtures thereof. In an enbodi nent, the
WO@éh@ﬁ@ﬁﬁmﬂb@neﬂ%@ﬁﬂmﬂwe@nponent and 25 HNMVconponent
of the PE conposition is 1-hexene. WO 2008/ 003020
[00PTT/ USROOF/ @npadton énd/@0ndyidud ecorBormbspalsihe iPFnsongfosition may
this disclosure and/or the base PE resin nmay include
congirlsep homdahiltmer ascapslylrpwnblewdstthwed.  Fkanl dnggbdinrent, fie camponents
Exanpl es of additives include, but are not Ilimted
of the PEatmipsditdin mayaben tepolymmdr @v@ptissd of b @blylicz ef &hylene with one or
nucl eators, surface nodifiers, pignents, slip agents,
mogendoinfoh@adss suchac kipha elefins. [10lay B@boimeeHs PAGombokSticArdmprises a
conmbi nations thereof. In an 5 enbodi nent, the PE
high@ POkt ilir0 felpBRthyRas 1 ORfik Otvpblyark . (HEUWh cad@bidny @sd nayower
be used singularly or in conmbination and nay be
molcBihrsieighti dihylldhe/1 RN AHNENH o5 BIIP ANIW) @O mBedear. € Thel Bsh@nRf of the

HMW component of the PE composition may be the same as or different from the comonomer
of the LMW component. Examples of suitable comonomers include without limitation
unsaturated hydrocarbons having from 3 to 20 carbon atoms such as propylene, 1-butene, 1-
pentene, 1-hexene, 3-methyl-1-butene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-
decene, and mixtures thereof. In an embodiment, the comonomer for the LMW component and

HMW component of the PE composition is 1-hexene.
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after preparation of the PE conposition as descri bed

herein. In an enbodi nent, the conpositions discl osed
wegogioesoconpri se | ess than about 1 wei ght per ceet/Us$007/072320

nonpol yneri c additives. Sucg addi tives may be added

via known techni ques, for exdnple during an extrusion

10 or conpounding step such as during pelletization or

[oombse%@pﬁ cOMRKERDA! HiSthis Qﬁs@lo%e %lﬁorlﬂ%ebas@PE r&tremayl ROR& other
he PE conpositions disclosed herein may have a

addYtWeé &l ¥n®fn BJ ﬁ’i@&r iR iANEk aPaTFRARbIE! Sf g(ﬁﬁt?\feb %ﬂld@eﬂnﬂ\’é{re not
either singularly or in conbination. Mthods

11mE§f fof £Hu'§1%é Qgég§fcolcg£}f?§ %taf?ih%ﬁ‘f rnh&l@ﬁo gqg‘é’%rﬁ&% ‘[? g ;%{eﬁts, slip

nownh to one Inary s

age-IE ea%l&ﬁylﬁékaﬁ@rgggglylﬂérsg &QH#% ngi by t%nﬁ)fmah&% Efeo% In an

orrp03|t|dnrm cter eratio o

emlx\’oedﬂrgghtt @1\4 eﬂvE\gggrﬁﬁg%itf\?\)ﬁ uéoﬁ{prléﬁl on tgi ctkhe Lfatngc?c{ltlv%%/ %aygl?e used

ecular SO ref erre
sm% §r SpceorrnS |1I%a¥10 aﬂ% ﬁ/l(‘lb%nc)luc%g/ énrrrgagolﬁrg%g) chapgﬁ,ltl%beté%? during or
f th | |
st ohi ALY SSOPoTie ea%? dretbe 5%6@5“&@2@3’?' e e

nol ecul ar m5| ht of 20. n ecu

corfms Tt Il HginStapiieh ARD T Hooffol SEfERF Bersdi T@l@gpolymeﬂc

| ec a poI nmer c 05|t| n.is

addie ﬁ%ﬁé@dﬂé@é 8% P%ﬁwﬁé agoary @%hniquei %r cxampliy g agyeyfjusion
=i niM WD 2008/003020 PCT/ US2007/072320 7 where ni

or ?%nmﬁgd%ﬁ%ﬁucefas (e DFlEZA8Pn b PRRSEUARt RRTHTHE Mo amppd use
‘nnlecular wei ght averages are expressed in gram per
ﬁ%le (g/mol). Various nonments of the MAD include M M

and Mre. [0021] In an enbodi nent, the PE

[00é2irrpo§h€t iPBnceRpostipRs diselesed sherain ey havwed gticta el pigeertios and
nol ecul ar wei ght of from about 180,000 g/ nol to about

pargB@ere descyipadoiclos aiderrandulagy yr inf qobinatiés uvleth gy, foodtagmmetion of
to about 300,000 g/nol alternatively, from about

the@QOQBOBs gidmranteteradyo known to one of ordinary skill in the art.

[0020] The molecular weight distribution (MWD) of the PE composition may be
characterized by the ratio of the weight average molecular weight to the number average
molecular weight, which is also referred to as the polydispersity index (PDI) or more simply as
polydispersity. The number average molecular weight (M,) is the common average of the
molecular weights of the individual polymers calculated by measuring the molecular weight of
n polymer molecules, summing the weights, and dividing by #. The weight average molecular

weight (M) of a polymer composition is calculated according to equation 1:

(D)

2
zniM;
1

Y nM;
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300,000 g/nmol. In an enbodi nent, the HMN conponent may
have a PDI of equal to or less than about 5.5,

w@bdosnooseo vel y equal to or |ess than about 5. 0PCT/US2007/072320
alternatively equal to or less than about 4.5, or
alternatively equal to or less than about 4.0. In an
enbodi nent, the LMN 10 conponent may have a PDI of

wh&aualk the ‘i’iul‘%erl o@%l&h@poﬁme&ulé Queight 12 rmtﬂove%hmr @agﬁl avbi@ges
or |ess than about 8, alternativel y equal to or |ess

arete;'(‘lﬁf@ss@rpﬁllgranz perchrlolélf b1 ?aVbN&JS YnoRfHRlor 1R MWD Befdd Zbla'M , M,
about 6. ~ The resu PE conposition (i.e. incl ['udi n
éﬁh the LMW and HNM/conponents) may have a broad NMD

equal to or greater than about 8, alternatively
to or greater than about 10, or alternatively
l00éﬂu al it gn embeflimentethe tHapompssition pp thiy gisploppe hasTh averghgy pverage
| oad nelt index (HLM) represents the rate of flow of
molgcyy weightr dsfram abeit d§GAOG /M itd et 360,000 82! jalierpatively, from
di anet er when subjected to a force of 21,600 grans at
aboud (ROO00 el de ehoni FALN0 Y/ mdadedathcl . WhmmbagPA).0APE80] to about
The PE conpositions of this disclosure may have a

300100 ¢/roél. fIn emembalimert, th¢ HOMY reompombouey BOvegy RIDNifrequal to or less
alternatively fromabout 2 g/1Omn to about 25

thag AbdOn® 13, alernaiVdle equat fowellass fhraorbaitv St alengtivériequat @ or less than
about 15 g/1 Omin. 20 [0023] The PE conpositions of

abouh#s, di skdriosivele cqeal tber flesk tthear aboh@d.actlardnzeanbddimdng then @MW
a density of equal to or greater than about 0.940

congjjonént naly thavaePD V& eyjuat (U@l lesk thad ab@it @@ taiternfith@ly egud or less than
0.950 g/cc, alternatively equal to or greater than

aboabQlteratRok g4l € or Ihre L St ¥, of ah@hfivElD chid@to JTRSSthR Ebout 6.
unit volune of polymer and may be determned in

Th@&ﬁﬂtﬁﬁ’ﬁ’]ﬁ&m&ﬁoﬁlﬁo ¢ Nh&udh th the Q2] and MW omponents) may have

conmpositions of this disclosure may be further

a bRAAMAGDESI 4R RS HaMdrNBindbém 4, brhRGell RE@H RY6CALater than about
breadth. Rheol ogical breadth refers to the breadth of

lobpﬁwhﬁﬁaﬁyE1ﬁﬂo%ﬁg%ﬁawﬂﬁh%98§b003020 PCT/ US2007/ 072320
bet ween wt oni an and power-law type shear rate for

[OOQZ]DOI e ifngﬁ rlo&dhl%elft tilﬁlgk' %HEM‘Rgf%BI% ?sn@lg rathof tﬂla% of a molten resin

viscosity of the po yner eol ogi cal breadth is a

thr(glgﬁ Gh bl‘?iﬂce%ff Ob§ V\%I ﬂm@t&%&ll @ecteqlltég E‘dr%f'ﬁ%BO@ %ragls at 190 °C

yner resin, In turn a function

as {eﬁe%ﬁ%%?%h%& gv'itfl ;&SLI“I{{ ﬁe% 80 glﬁl%%& é stjttlﬁls of\ﬁl%sgdﬂcf&ure may
havcall—&llk/ﬂatf%d b f I t t (p a{blogtvg {Velrsl agtgrrr}a?trv%f %dom alabout 2 g/10min
$ 19 Rl o) Pl Padt ¢

Finear - VISCO am<c o
suda (CY)

to heliap SORL 4 1 H}aa}s Lk dad® s bR %F?‘%@F F@ Buat i on’

[0095]1 The PE compositions of this disclosure may be further characterized by having a
density of equal to or greater than about 0.940 g/cc, alternatively equal to or greater than about
0.950 g/cc, alternatively equal to or greater than about 0.952 g/cc. The density refers to the
mass per unit volume of polymer and may be determined in accordance with ASTM D1505.

[0024] The PE compositions of this disclosure may be further characterized as having a

limited rheological breadth. Rheological breadth refers to the breadth of the transition region
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E=EO0 [1+(T,Y)ar where E = viscosity (Pas) 10y =
shear rate (1/s) a = Theol ogi cal breadth paraneter T4
wWGe-20080083024 i on tine (s) [describes the | ocati onPCHUSI00E072320
of the transition region] % zero shear viscosity
(Pas) [defines the Newtoni an®plateau] n = power |aw
constant [defines the final slope of the high shear

bet&v@énq\k{vﬁ&hﬁfgnd pbwel- Q@%ﬂ]e sﬂ@ar reﬁé: Fdr latpdlyghcPBioat frfsdpfeﬁéyr&pendence

t he power | aw constant at a constant val ue.

of 1HE tv@sb(l)s%?r ok tﬂe%lyﬁeg Nirhi %Bﬁ)glcﬁntgea'dﬁlt € ra%ﬁ;ttl%ﬁ '0@ Ehqulai'ﬂl%n time
CY nod

and derlved paraneters may be found C.

dis\f\b twn)e&%r 0 whgﬂ al‘?ﬂgn 1s@%ﬁ$tlon’%(ftt@ ' oD mo?éﬁl}lar structure or

H|e er an I ang, Polym

arcf?i&'atu&g :f'ﬁéasnz g th(3 :li%g S\)f%y ﬁpéj tﬂg rhé%floggj [ﬂeadﬁl m%f bé%a[ggfa{e(a %9 fitting

nam c yneric ‘Liqul

ﬂoxg%urlilfnse%e%lsrg{%l ullr Hne’yﬁws?%%m?c %%Qrglc %g& l'itg ’fr {!1 %C%W ée%yexgénments

i hcorp
ef her t

il CRBATRE e R e e e fi%rn%e%r 385 Bllowine pyaion:
an "eta zero" (Eo ) value of less than about 4x105
Pa.s, alternatively |esg_thgn ( 1x105 Pa.s,
alternatively less than ab 04 Pa.s when the
dyngmgr€ conpl ex viscosity versus frequency scan are
fitt edistQitgtratshe Carreau- Yasuda equation with an
n=0; 18h&ryat ug) | n an enbodi ment, the PE conposition

of thé Q §£%ﬁ§%ﬁ%m@§ém9n "a" value of greater t han
10n sgrlbes %he 1 cat10 1n gme of the ?ralilsetlon reglon? y
Vi glg'%SI

shear VISC%SI‘L?I 1nes ]?la % d t th
Gar el %A%Vﬁ%%stsmg i a}‘ Paﬁ “Iope %“g‘%e iy Y AE SR an
[OOZﬁb tgctllétate hn:r%f F\ﬁg fsﬂoltwlgg \X? Eg%palag gS]fe?cg latg g%ror?star;l‘fa%alue
] t t. y WO 2008/ 00302 PCT/ US2Q007/ Q72320 |
De@ﬂsae t %ﬁ'%ﬂvf iqange ang) ptERDREAOH @ @erce‘% Bof¢{ 2Ad 4B p@fa@steésﬁ?ay be
wherein the dynam ¢ conpl ex viscosit .
foupg é’qufen%ﬁ%k@éﬁndalfler@W@dR@@l 45 é%rrﬁééwﬁ%éfu@&ﬂeber and H.H.
equation with an n=0, 1818 val ue. [0027] The PE
Chigegrdosin Eas St 3(21;183 brl@dPhtnddR s | Bikhi Re Ce Afmyiong anchi@dHpgpeger,

any olefin
Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley & Sons

(1987), each of which is incorporated by reference herein in its entirety.

[0026] In an embodiment, the PE composition of this disclosure has an “eta zero” (Eo )
value of less than about 4x10° Pa.s, alternatively less than about 1x10° Pa.s, alternatively less
than about 9x10* Pa.s when the dynamic complex viscosity versus frequency scan are fitted to
the Carreau-Yasuda equation with an n=0.1818 value. In an embodiment, the PE composition

(13 ”

of this disclosure has an value of greater than 0.30, alternatively greater than 0.40,
alternatively greater than 0.45 wherein the dynamic complex viscosity versus frequency scan

are fitted to the Carreau-Yasuda equation with an n=0.1818 value. In an embodiment, the PE

composition of this disclosure has an “tau eta” (T: ) value of less than about 5 s, alternatively



10

15

20

pol ymeri zati on nmethod known in the art, using various
types of polynerization reactors. As 5 used herein,

w0 p@B@aIed zat i on reactor™ includes any pol ymerPCEUSINT/072320
react or capabl e of polynerlzbng ol efin nononers to
produce honopol yners or copolynmers. Such honopol yners
and copolymers are referred to as resins, polyners,

lessPRArY éﬂoﬁtf 1 @%lterﬁz[twa? lesd RRA BbGRBI5E s whlcHBe dy%laﬂﬁcr dbmplex viscosity
gas- phase, solution, high pressure, tubular or

ver%tﬁ%g&e%&ﬁscﬁﬁﬁ% FREBto thPCarRBATEsulif BGhRSSwitTEYN-HATPS 3.
I zeéd bed reactors or staged horizontal reactors.

[00?9]‘” M¥nd SECLQhSosEBY oFOnE ?@t?%'éﬁtsﬁsé{@sMé €l b0 ol BPBhRIcfin

oops. High-pressure reactors nay conprise autoclave

pol?r%erlztaﬁl&u}ngﬁé El?o%n hShe B?ql%ﬁl validiR q%peg 3p Pd)lpr%laltﬂ%ﬁor{ Qgcctgrs As

erred to’as ontlnu US.O
useggn rélﬁ,ﬂg‘ oslyrggr?zg S?%acgogﬁ égchﬂi%g n g&gﬁlgrtiz%ﬁ&n orE:a[ctor capable of
[ ec

pol}gm%nz néolml m g{s t% progg%eqlg ngpolym%rls]éy olpo mleﬁe g%lcehaliqénopolymers
t st
. d?%@%%raég ??‘é%sﬁﬁ St SR tn S gl P TRREZO0G inctue
ste It| r eact or of the same or dl% er ent
Sl“‘t“iv/ IP‘bﬂné’f Plsot'y ulay gr a‘ﬁ‘Eﬂ PV Jrastope a B PRasgpctors

|nclude everal stages in at |east two separ

may, SOPREY ﬁ%}@iz bpd GEE RS O Piecsr BRI EeaCtB{; - iy gtears may
device making it possible to transfer the polyners

comppsis | VETtigY 9r laﬂﬂzomﬂelom?slr sHighoIAwEe i roastqro may eCQHlPBPe PHpqdave or
t he second reactor. The desired polynerization

tubplain Eppetps N s RoStar fynsh §abinchufe thoge theomay ke yeferecddp fap spatipuous or
fromthe operating conditions of the other reactors.

batgl). {(eonfigiouy priogessas 6pylérbse] intamiitent prropiimuopppredyce diseheres. Riggesses
i nclude the manual transfer of polynmer from one

may elae inghude pargytys delLidirect jeeveds ¢run-rpasted ammoingy eig-reacted comonomer,
pol yneri zation. Miltiple reactor systems may include

andgmgdilegstrbi nat i on i ncl udi ng, but not linted to,
multiple | oop reactors, nultiple gas reactors, a

[0028]bi Relymenzaodn teadpr sastamgyaiSthe paenodisglosod maypdomprise one type of
hi gh- pressure reactors or a WO 2008/ 003020

rea@QTih WISPOY 10T ABRO readtOrs ©6 tib isarad oraliffaént hipg hPjodesion bEpolymers in
with | oop and/or gas reactors. The nultiple reactors

muliple octoro pay atddici sBvesd Ista@ss Mrat ildastpoakpdte pplPhd@iation reactors
According to one aspect of the disclosure, the

intddEUn} ¢RI B/ fradSfef @aGdcQhakdnesSit PERsiBRY0 taMTRIthsol@her @R8lting from
one |l oop slurry reactor. Such reactors are known in

the tfiA@ palfync@RdoMAYCtEIORRI thERcord r¥Rtdr] TA d@freiIyrA@RE@In conditions
| oops. Mononer, diluent, catalyst and optionally any

in &{émﬁmactﬂﬁyrngﬁbe different from the operating conditions of the other reactors.
Alternatively, polymerization in multiple reactors may include the manual transfer of polymer
from one reactor to subsequent reactors for continued polymerization. Multiple reactor systems
may include any combination including, but not limited to, multiple loop reactors, multiple gas

reactors, a combination of loop and gas reactors, multiple high-pressure reactors or a
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continuously fed to a | oop reactor where
pol yneri zati on occurs. Cenerally, continuous

wWEe@ses®es nay conprise the continuous introdukCT/o82007/072320
a nononer, a catalyst, and a diluent into a
pol ymeri zation reactor and t H& continuous rempval from
this reactor of a suspension conprising polyner

corﬁﬁﬁe&ﬂoﬁ lo@ SNkt velinl 1885 g/ §tr9arct0?sf f Th’@ﬂlﬁlhﬂﬁ%eg@ors may be
| ashed to separate the 10 so pol ymer fromthe

Omﬁhgﬁhgéﬁ%gp&lﬁﬁﬁarlse the dlluent mononer and/ or
conononer. Various technol ogies may be used for this

[00§§1|°ar AL inS Ioe%e' o AGdcHOF Y dREbs RO tind ﬁc}?rrgi&gta reé&cﬂ%gétﬂﬂ may

hat may 1 nclu any conbi nation of a |t|on

co@rﬁﬁgtﬁ&%t 5n%qifog)t rreit?ogas%h' 2[2:‘[0%’ are EX&% A 't}?e a?tcaﬁlh %y cgmprlse

a cyc ydrocyclone; or separa ion
3
verfié alrl1 Blr ﬂorlzgn%%l 150%5 Cl@[oncgn%% c? iluFﬁA‘ éa{a s? %d 0? é’iﬁﬁ}’ arg/ %omopomer may be

ocess
i n tBe art

Conorméouf@sgé B joon e Wp‘?rﬁ g, S5, ppon

4,501,885, 5 5 5,175 575, 979, 239, 235 2
PrOGHYFS @y Mpiibe 858‘?%1“8?’“5\% ey 015%@8?%? at %agﬂlss\? ind % diluent
: refe&ence in its entirety.herein. {0 31 SU|tabI€
intgyf PR APEZaER geartyr &p th)FO% S Heremestli i Jre rRery © '1’18 ension
in the art and includ but are i m
COWRSHB‘&@P%@F REJUSIeY 3pruths dignta Maﬁ%e? eah BBhES ﬁ?ﬁ%?d @rssparate the
I qui ds under reaction conditions. Exanple
Sohéumh&mrefr@m the riagids {Batuenpripg thea FlucA L memoCE éad/% comonomer.
hydr ocar bons such as pr opane, cyclohexane i sobut ane,
Vaiius echpriogis-Tpraheaned for desseprration step msBidagtbahrot ligpigd to, flashing
n- hexane. Some | oop polynerlzatlon reactions can occur
that, g ringduglekany cepmthinafioh of i rasldition dingl psgssurg gedystead; sgpgration by
exanpl e is polynerization of propyl ene nononer as
cycHingiceneid either e lompagr byrdrodyelond ongBargtiondy opkirifigali ferce.
i ncorporated by reference herein in its entirety. WO
[002Q108/ B03P2D sPEY/NIB2G07407 2BREss (4140 kiBRd2ds ticpastiak fogmtppocess),
yet anot her aspect of this disclosure, the
whigbliy mwetli knatvh an the ait tiodisohased, fwrgermple, @t UlSe &stentoNes. gaktd, 179,
phase reactor. Such systens are known in the art and
4,50B885e rFpi66y 78 5,6THATON6ERAS,28 % oy 2426l 93 t andladBiAit5aicaihn gl ovhéch is
or nore nononers continuously cycled through a
inchporawdtl be ebfdrade imittdagrepriesdnce of the catal yst under
pol yneri zation conditions. A recycle stream5 may be
[0084 ]t hdsavuBlef ditimt heed ilkldirg @dlyarezand dreeyl ledwhaigkhe art and
into the reactor. Sinultaneously, polymer product nay

inchige, Wut B @Minfile@ R, e nfoBaGEObei bIIBMZ8d ahd BFdtodiRIdAHat are
may be added to replace the polynerized nononer. Such

liqB&SunRAA8R 6 ESHURDEs. "BUMPREIBY JufkoldiRIcAS @RFudt Yut are not limited to,
hydrocarbons such as propane, cyclohexane, isobutane, n-butane, n-pentane, isopentane,
neopentane, and n-hexane. Some loop polymerization reactions can occur under bulk

conditions where no diluent is used. An example is polymerization of propylene monomer as

disclosed in U.S. Patent No. 5,455,314, which is incorporated by reference herein in its entirety.
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mul ti-step gas-phase polynerization of olefins, in

whi ch olefins are polynerized in the gaseous phase in
w@rooBee®eo t wo i ndependent gas- phase pol yneri zap@DnS2007/072320

zones while feeding a catalyst 10 contai ni ng pol ymer

formed in a first polynerization zone to a second

pol yneri zati on zone. One type of gas phase reactor is

[00@2]5CI AsEfdih ¢ @andﬂ%r %Hectmsthls disSodue] X dpo‘ﬂ}ﬁﬁ%dt% r&¢hr may

436, 304, eac which is incorpora by reference
corhﬂ}lsé bSleRPE S &b %ha@@fe%&t@r §u99 g’}%lenﬁ%?@l&%\vﬁgn 1R afttahl lnay employ a

anot her aspect of the disclaosure, hi gh- pressure

conﬁ%&ﬁg‘?&ya@tsir% c&ﬁaﬂ&h% "onéTE% mSI%O"F?é}WrsacoBHMhQ& N{%&&Pﬁl@d’ugh a

or an autocl ave react ch are kno

ﬂu@%gd beli3n ﬁlre:ﬁ)resg-ﬂég ld% TS c£t§l?§ituﬁcﬁe§ 5'19%6%\’1 q%ﬁfﬁoﬁé £ Pe@?&e stream

ere fresh nononer, S, or catalysts are
may nggthdrg/v%] qd rthgﬁ%dlzgd l?er&tarngl &:eged Qacgrllnt{) ﬂ% Eac%?s g%u?taneously,
eam and roduce one
or s, satal ysts d/or cat S onents
B L e R L D R

o b ﬁ}@ %1%81% BaRohEr SY s PSR, 5}58 ?églgﬁﬁyﬁe  piggess for
muﬁ'- PSS PORREERLOT Y gt dr PR RO S AV REEEH i fhg cescous

et anot her, aspect of the discl osure,
pha,s% F‘%//?Fe]:eﬁ‘si 5¥9 GHepRURY psRhgye PUBHBIER 218y W&}ﬁ? degding a catalyst-
ymeri zation reactor wherein the nonomer is

Coné%m%e@ fRrcRforRcd ie? St APl BEriZalghpgyi ©itoreay @qhxrtlf‘aﬁﬁtém zone.
stlrrlng or other neans. A carrier conprising an iner

Ong typgnefceadi nhgenteactey is edivcdased b HorreltatarhyNopeSddpl4dy 838 199 and
desired, the nononmer may be brought in the vapor 25

5 A¢fhidecich pbwhighis drcprnaratad by tieferengedn ift erirgtebrrein.on
product, in the presence or absence of liquid WO

0033108/ BOB0AE RGHIIUBHOTIOTL YL e displope.cr high-presies polymerization
pol yneri zation zone is maintai ned at tenperatures and

reagipienaUecaRrithatubwil leagt@n ki autpaiavie igacfoo rbetht af gvrhiahfaregknown in the
solution of the polymer in a reaction medi um

art. Agiibalar eactomynap davesayirad yets tvbero itesti moilpetetr, gnitiators, or catalysts are
tenperature control and to maintain uniform

addod| WroapinZramayole mitceinad @san inbt gasghie Ltrednh endointrydueed ztadnk aone of
zone. Adequate means are utilized for dissipating the

the Ye@¥00t Neikiabe, bedystOhn@ad gamtyst zahpodents Thag e dheaiGédinSa gaseous
are known in the art. [0035] Polynerization reactors

stregbhl dna bdt@ dhl atis@tlcn zéef Picasandr. dihs ghsoSidits MBY bé thitdreded for
conpri se any conbination of at |east one raw nateri al

poliR@eatist eMat alnd | gastreOMay fiReEmslysdde H@ﬂr@frlategattcmo%&tn @ptimal
cat al yst conponents, and/or at |east one polyner

poly REDMESYrefYiSh BdNditol. t abl e react or

[0034] According to yet another aspect of the disclosure, the polymerization reactor may
comprise a solution polymerization reactor wherein the monomer is contacted with the catalyst
composition by suitable stirring or other means. A carrier comprising an inert organic diluent

or excess monomer may be employed. If desired, the monomer may be brought in the vapor

phase into contact with the catalytic reaction product, in the presence or absence of liquid
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systens for use in the present disclosure may further
conprise systens for feedstock 10 purification,

W@ 21084093920 st or age and preparation, extrusion, PEHUSNT/072320
cool i ng, polymer recovery, I actionation, recycle,
storage, |oadout, |aboratory “analysis, and process
control. [0036] Conditions that are controlled for

maf3Bh1Y TBE ba@hlb%usﬁ fdrelienENtafRd af ®mPerAUicd nd ﬁ*@dsﬁ‘res that will result
properties include tenperature, pressure and the

in HREAMkLALI AN So1@fon VA $he Lf)%lyﬁlﬁia(fﬁ ANfeSetion RRIAAIRT '@ﬁttah&hn may be

tenperature can affect catalyst productivity, polyner

emﬁsf% Flﬂﬁm ke Rl RAHrd QonfBI G W] AlinkR &ﬁ%mﬁbo"i%ﬁér%dn%mures

e po merizati on tenperatures nmay be any

thr&u?ﬁ&ﬁrtﬂ%;ﬂt i t%h%g %{g} d%d@(?daye”ﬁ{ehlgsaglleoﬂtlﬁz@&'%f %ltlsgfbgtmg the

cor di Free energy equat

exo@é%ﬁ %lealt%f é%l#rrﬁer zgt%dlu d[%gse rga%{&saap% &/(énq? gieta about 280

froma 0 about 110 C,
[00?i ! ggg olglgllertl gg?n r%lthrsy ﬁ,ﬁta@ fgf luX msn; L‘Shze:sérllgg%gaél%al?%lr% SSnatyofurther
. 20 T
corbigRe PR s o s o g it MR ot weﬁé’{ﬁsﬁ%‘%@m for

Pressure for

caII | ess than 1000
curg i AL G Sk BT SOt e e Sy actor
h_pressur rlzatlon [ ubul ar. or autocl aye
syspgwg {og rusc 18 15% ﬁg?sg%rgls‘f OfHIey fnagbggﬁerzgpn%@e {SySteTBs 6@o¥eedstock

Pol yneri zation reactors can al so be operated in
purg“wétwe Ic?:t'rﬂb’%tl CURSer Wi AP PRI ORt et efoalingy Polymgh &geovery,
tenperatures and pressures. Qperation above the
fragtiongtion gpcyglsi vieragss loadqyt.daberaiasy pahisisr A prasesszenteplagr am
supercritical phase) may offer advantages. WO
0036108/ GoBbR@s PET ASREO 7D 728 polymedzafig 8ficicTpyeand to provide resin
concentration of various reactants can be controlled
propastigsr dieplisle  reapieraireai pigssutse andii the piopedngationanef various  reactants.
mechani cal properties. The proposed end-use product
Polyeatizapr teniperafuny padafidsy cathlgst reeduntiatyd polmenepkodarofveight and
form ng that product determ nes the properties.
moNbdiramdiglaldistrguiogrer Suiebleipalyimedeative naifdesturéd mayubadny temperature
i npact, creep, fracture (inpact and sl ow crack grow h)
beldw rths i detpalyoerizaion esmpdrath@x adcbingated theaGibbe I3et esdrsy.  equation.
Physi cal properties include density, nolecular
Typ&dlig filis indRl@ckdnabboveb@ht tcddbstitr 180WTT R exdiglld, lafi@ from about 70 °C
tenperature, glass transition tenperature,

b i I arity, long
R

[OOS@nC e?ltll a% e p?gé’g'urgéK \F,HDJ}%F%I}Y ac ggrdp;gqg MR e waflg 9glprélerization type.

ers ron donors

Th r{’ES%{IIIe r 11 Al s%dp% i zgtl%gss & arlgospI fad 9P teyrpltc!al?ysléss than 1000 psig.
‘dDnononer e

Pressure for gas phase polymerization is usually at about 200 — 500 psig. High pressure
polymerization in tubular or autoclave reactors is generally run at about 20,000 to 75,000 psig.
Polymerization reactors can also be operated in a supercritical region occurring at generally
higher temperatures and pressures. Operation above the critical point of a pressure/temperature

diagram (supercritical phase) may offer advantages.
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10 used to control product density. Hydrogen can be

used to control product nol ecul ar weight. Co-catal ysts
weanshasoased to al kyl ate, scavenge poi sons andPCDO$2007/072320

nol ecul ar weight. Modifiers f£an be used to contro

product properties and el ect Fon donors aff ect

stereoregularity. In addition, the concentration of

[00B8)| SOMe bSnchthkioh 6?%&% SRR Y (B@Scohﬁmfé@tto tpﬁ%luce resins with
reacti ons and product properties. 15 [004

cerft ARkt aﬁ@ﬁ‘f@&rﬁh&dl QRpeRiRabHR RhpoRLLGY %%@Qro@uc?%at will bﬁe formed

conp03|t|on may be enployed 'in the production of

fhk 'n%ﬁlodwgérﬁﬁ{fptgéttlﬁ&gﬁ GOMRRS it éﬂgﬁlﬁe@ at pE@Mnical

enp oyed 1nclu ort ron1un1c ysts,

proéérﬁ%l ﬁElub\?{eBQIeC ﬁgﬁlr Sh@acﬁ%}e@é‘_pt?%’ﬁl?g (iﬁ%&&la\ﬁats%w Qlack growth)

i nations thereo or exa t al

resfgtg%osst}e% %ﬂxg‘[ on a%ﬁ‘ %%18{16%9%%‘[% 9F§(s9cfal ﬁogeﬁl ?gmcfgscieﬁgit%)/pmolecular

net a
Welﬁﬁl :ng?tlggllag:'lc%g q’:\ ftrlﬁugm%l,f énre}e{ln gr’%o tﬁ{reordg %I aﬂ%l on .ﬁ]mé)erature
tall cene na be use r.aduc
ervpligRERe e Psﬁv%‘é“laﬂ% Ry BER a@%arﬁﬁg P
nt a a substituent that inclu a term na
1008 flat | iR T QB EO A5 REOM TR MRS becLGUD - grodifiers,
roduce the LMW conponent, eneral ly not bridged
andSiEFUIOR s e EBIEY JLPgiGH RS TE ATREFon ?‘B%‘@’é‘}?f gnay be
such as_ hydrogen, than the first metall gcene.
USee a@mr@b@wé%ct %ﬁ‘}ﬁl%e Hydrogeshesm s dssdl towoaﬁﬁolyéqquefdpglﬁcul%ﬂvelght
al um num al kyl conpound, an ol efin nmononmer, and an )
Cogptalysth oD 200sH0D3ePlPCTrgIEONYiENS3Ng conrok snlsale rveight.
to produce the desired binodal polyolefin. The

Mogiersieian Pe msed tq eratrplrisedyet proparyes apd eletronglgpers giéct sterporpgularity.
relatively high. As used herein, the activity refers

In additipmdhqgoaeatratfonsd byipams is Ipmbnia@é@czp@fr p@soasringfactghy jegetions and
catal yst charged per hour, and the productivity refers

protlest propergesans  of pol ynmer produced per gram of solid
catal yst charged. Such catalysts are disclosed in U S.

[0030]Pat &ny cAgpiticoapdstion Sgrablalof Noducliy PRDc@Q®sitibn meylbe employed
August 22, 2005 and entitled "Polynerization

in thiapatiysivs oAthd PPrcompsstidnor TyBiceldtaciyngedBipusideds tRalcymbs amployed
In A Single Reactor,” and U S. Patent Application

inclog¢ isappoNed chilond0@, Gufalysts | ZieglerSeta ecanedysts] Smet2Aneatadalysts, or
entitled "Polynerization Catalysts and Process for

contfifulioad B@reBf Modhal exkHaply MR rctalydt dorppdRBlog BeAGL Prodicti®RACH a PE
of which is incorporated herein by reference inits

cor@ikitib@inay ddude0R4dabt twd BEtalEBRM ithae Afe seecalsadhybt the polymers
conposition conprises a first netall ocene conmpound,

produced therefrom have two distinctly different molecular weights. The first metallocene may

be used to produce the HMW component, and may be a tightly bridged metallocene containing
a substituent that includes a terminal olefin. The second metallocene, that may be used to
produce the LMW component, is generally not bridged and is more responsive to chain
termination reagents, such as hydrogen, than the first metallocene. The metallocenes may be

combined with an activator, an aluminum alkyl compound, an olefin monomer, and an olefin
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a second netal | ocene conpound, an activator and

optionally an organoal um num conpound. The first
woredoalboeene conmpound has the formula: (X1 PCT/US2007/072320

R1) (X2R22) ( X3) (X4) M wherein (X) is cycl opentadi enyl,

i ndenyl, or fluorenyl, (X2) | fluorenyl, and (X) and

(X2) are 15 connected by a disubstituted bridging

corﬂJn@Hl@r © PRIRILESHhE BesREELIH@NPBROLRS 1R 4@%@ dndhe ?’r‘@huctlvny of the
(X2), wherein the atomis carbon or silicon. first

cata‘:l&g?%{ ?rt‘t}éergltatn%iy ﬁlgﬁ 9&5 %&ﬁﬁér&h‘ttﬁg a@lfv'itﬂ;i QY to HeQbthnd Sf %d]ymer

aromatic or al’ipRatic group having from1 to about

prog'?dée 519%? SOI@[‘C?%WM értlfoﬁlug thQ roHG&WH refers to the grams

_ tuted oup can aromatic or
of %41%@{3%*6@0%928%% Jtﬁl?%”ﬁ%anf%e‘%?ﬂt el MPlored o Us.

Patgr{t iA(%)%ii Plg E}Qrga:‘l) o:aibgouﬁf(‘)?,gﬂg(gr %l%tt S 2%[)5 Q}ﬁéntlﬁeﬂr}%gqnerlzation
CatlaiI g?tgtg Iljlr]lcrl g%og?% %’ %r 1:&11%01% Egrrnﬁhlaﬁ P >)/\flmlergr a4 pﬁng}lg Reactor,f / O(Iﬁ'nU%o Patent
Ap}%l?g aongggla?‘ rﬁ{fegiﬂgég%?iﬁs Sep(ljﬁn?%ghg 0%003 aélatelnzéer)éz )‘Po‘?ymerization
Cat§]|y§tf) ]?reg%%g)p ggpg'u 1ng l3 @%ngoqﬁa?rs pg 161g]€ ?Q(eeﬁt%rd each of which is

: derlva ive thereof, having from1 to about 20 carbon
inogipeed hegPin by FElPFRRS in BRI ML s Zr or HE The frst
substituent of the disubstituted bridging group may be
lﬂﬂéllp herdy Pn EPSODENGFIGR6! PEPLUSIRITPG TS 3365t ekl lgeee ﬁompound
The second substituent of the disubstituted br|dg|ng
a S@)p@(b gle}ffﬂ?ceg@cq;nmq@qhym a@t‘iw an@ﬁptloélplby pn @r,ggtmg ungnum compound.
but enyl group, a penten group, or a hexenyl group.
Thq fypupdtalipgencsempernd as the ¥Q§@Blﬁe conpound has the
f or mul a: (X5)(X6)(X7)(X8l 5 wherein (X5) and (X6)
are i ndependent |y aCeyRIIRY Xﬁdﬂéﬁﬂh, i ndenyl ,
substituted cycl opentadi enyl or a substituted indenyl,
Wh@amﬁX§ubsmkmmémhmwhH¢MEM(&ﬁmm@mﬂ)Oibwﬁmq@pﬂnnﬁmeymd(X)aw
selected froma linear or branched al kyl group, or a
conngatelaby erdisobsintdiebtidgingegrylp gmguising wine rainn bortdaé t@bdtyr|(X") and
group or al kenyl group is unsubstituted or
(X’$ ubstdit tHeethm angarlsmbs tsilicoentA it XS ucanadf the Mepbstianddnigridging
from1l to about 20 carbon atoms; (X7) and (X8) are
groum theppedrciamic o a&iphﬂibigpch@t}iaeing@rogf DtPaboan2@cabat 4téms. A second
group, a cyclic group, a conbination of aliphatic and
subStytGdnit ©f GleQifBstit@Ed BrideSnidgbid tdneisk dedromatid Mealiph@ice®bup having
having from 1 to about 20 carbon atons; or a halide,
fro@Ntko MBouit S0 carbon atoms, or the second substituent of the disubstituted bridging group

is an unsaturated aliphatic group having from 3 to about 10 carbon atoms. R'is H, or an
unsaturated aliphatic group having from 3 to about 10 carbon atoms. R*is H, an alkyl group
having from 1 to about 12 carbon atoms, or an aryl group; (X3) and (X4) are independently an
aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic and cyclic
groups, or a substituted derivative thereof, having from 1 to about 20 carbon atoms, or a halide;

and M' is Zr or Hf. The first substituent of the disubstituted bridging group may be a phenyl
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Zr or HE [0043] In an enbodi nent of the present

di scl osure, the ratio of the first nmetall ocene
w@oropoeseh t o t he second netal | ocene conpound NMeYTI/D82007/072320

fromabout 1:10 to about 10: 15 According to other

aspects of the present disclosure, the ratio of the

first netall ocene conpound to the second netal |l ocene

orof® MPRUREIBYibdReuch! Grth &bk tithicd bh@glﬁ%@ﬂéﬁp Rray- be a phenyl group, an

According to yet other aspects of e present

olkffi PG 0P8yt £ & B PErolf1er  ExShy TRAR | oCene

compound to tThe second Aetal | ocene conpound may be

[(E‘)df"‘g];nh aBQU ecdnPmb QH&P&;&IS?%OJM 984 mlf. an embodi ment

e present |sc the activator may be a

solid oxide 20 actlvatora§§%§§£§7?@n&hen1calIy

treated solid oxide, a cl a'pillared clay,

wh&in® &%l Io;fgi dgxr)rg #I5; in genl%xﬁt é/lr ggtcsfgl] ‘%n 16961I Elge ypt %ubstltuted

an Ot er X, ner a
cyc?qpentacL ongr? sté 1‘%{%@ dg{rlglln%rc 11‘,1]bs 1tg§:/rgzlog Cﬂ%% anrc}] (XO?SIF lmdg%?ngently
sl Ty P PR TG o o 4P Bt Bopheren

treate

a conbi nation thereof The t chem cal

the &I}t G088 op ke eroug iy ppuBsed %ch(‘W‘é‘itBULn oSG an 1K) and
e.aci.di¢c activator-support" r-su

o< fiving Eamigo 80w Boatag Ay Q%%e %% fswggpf@iegw g aliphatic

oxi de conpound"”, and the like are used herein to
SIOMRy N APTBALG D} @ CYGIIS RPN ComRIngion s aliphatiaend gyglic jgrqyps. or
porosity, which exhibits Lewis acidic or Bronsted
subgfetpigdl deratien thereof. havnsdrore i to Aest Beemban aems @r pubelifleggnd M is
el ectron-w t hdrawi ng conponent, typically an anion,
Zrgid#f. whi ch is calcined. The el ectron-w thdraw ng
conponent is typically an el ectron-w thdrawi ng anion 5
[004Hur c én congmehedanentThfighe priagenic Hieetbseied, [the tatie aafettie it retallocene
oxi de conpound conprises the calcined contact product
comgfound t¢ dlwstecomie mslladng xdmweovod myoyubd fiwint #boat 1118atetabowtel0:1.
el ectron-w t hdrawi ng ani on source compound.
Accoyging ad logher tasgectshefirtheapresent dsalbeue, stbé ireticoxf diee first metallocene
conprises at |least one ionizing, acidic solid oxide
cong@upd um dhe Fevend enawalot @i pgarpbiindandy " sc friomabi@ut St porbdut 5:1.
are not wused to inply these conponents are inert, and
AcSudihe €O panksitaSpesonfl te pakerdaliscomngt,r the datisSofathe fikQ metallocene
i nert conmponent of the catal yst conposition. [0045]
conffd@ndfodiad ¥eednd HhaMllot &0 BPaptudd e 8e MbihAbdae:2ns esan?:1.
di scl osure nmay have the formul a:
[0044] In an embodiment of the present disclosure, the activator may be a solid oxide

activator-support, a chemically treated solid oxide, a clay mineral, a pillared clay, an exfoliated
clay, an exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-
layered silicate mineral, a layered aluminosilicate mineral, a non-layered aluminosilicate
mineral, an aluminoxane, a supported aluminoxane, an ionizing ionic compound, an

organoboron compound, or any combination thereof. The terms “chemically-treated solid

2% ¢ 29 &, 2% ¢

oxide”, “solid oxide activator-support”, “acidic activator-support”, “activator-support”, “treated
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(R3)3A1, in which (R) is an aliphatic group having

from2 to about 6 carbon atons. In sone instances, 15
w@ Ryosiossoed hyl , propyl, butyl, hexyl, or isobutBeT/US2007/072320

[0046] In an enbodi nent, therataIysts are chosen from

compounds |i ke those represented by the chem ca

structures A and B with sulfated alum na as the

solﬁcdxhdéaéoﬁfpoﬁiﬁppﬁfdtth@ﬁge WetRed hérzini QMaYé @lsélm‘ m&%amc oxide of
( IBA) as the co catalyst. A B t- Q/

reldg04y hich ﬁor Wilich Snidits 1RMs_deidRChr ]er;ansted acrﬁlgHehaqor 288 which
% /7003020 PCT/ US2007/ 072320 17 [ 004 In an

has%@@%ﬁ@d]gnh LRI a@&f&ﬁﬁ&%.ﬁ%%gmpéneh@ y}nc@inf 941 Q%A CanliSwhich is

fabricated Into thi's disclosure

calﬂﬁéﬁv\ﬁ@heo Elggfb%%f(hka?/a]ﬁgéy cd’lﬁ% EQ{Q i€ %gééﬂ? %ﬁ ol %ﬁdr&%ﬁg Sanion

to one s e art or” the production

sou(“ée cﬁﬁwgodnrd s “EP—: %Frﬂi%gléyhtréatk% B T & 4 poﬁl%f‘EPo n‘sés%‘e galcined

rned r ou

It i
COI}%ﬁP Bryduet gn at 1 r?u Pn? so%ld otx1d§|08mpﬁ%n&rar\?1f}} at l%al,sf" one eftf?c?ron w1thdraw1ng
thi then. b d
anig Sl ey B g By o Bﬁséﬂf”%%p?ﬁﬁéﬁqe%t

. _tube | IIoon nted on to t.he die,
lonﬁinéha%(bi %lada‘? er‘foﬁé’%fr%/bvxﬁh oty tSILﬂ@”E‘otanﬁl 1Y S&‘B%qrt are not
The tube of flln]then contlnues up ,
useg 6%@%31@?%08@8%1%9“@ B and pychsomperents ﬁﬁ@ﬁ%ﬂotme GORsypgdkas an
where the tube is flattened to create what is known
“w%§0%9¥%?*fﬂﬁ@m?ﬁﬁéoﬁpmﬁﬁmnl This lay-flat or collapsed
0 tube is then taken back down the extrusion tower
[006$la mbP oregnqaynurncompeye rusedithitthe piseant displgsurgmay have the
i nside the bubble is al so exchanged. This is known as
formpleer nal Bubbl e Cooling (1BC). [0048] The |ay-flat
filmis then either kept as such or the edges of the
lay-flat are slit off to(BBéluce two flat film sheets

and mound up onto reels. Typically, the expansion
in wlgehi @) is an aliphatic group having from 2 to about 6 carbon atoms. In some instances,

(R?) is ethyl, propyl, butyl, hexyl, or isobutyl.
[0046] In an embodiment, the catalysts are chosen from compounds like those represented
by the chemical structures A and B with sulfated alumina as the activator-support and with tri-

isobutylaluminum (TIBA) as the co-catalyst.
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bet ween die and bl own tube of filmwould be 1.5 to 4

tinmes the die dianeter. The drawdown 15 between the
woredos/ooskd t hi ckness and the cool ed fil mthi ckp@&BES2007/072320

occurs in both radial and | gngitudinal directions and

is easily controlled by changing the volunme of air

i nside the bubble and by altering the haul off speed.

[ooI’f]e fid melﬁwdmt ftﬁ@P‘E R, g&mﬁ%ﬂﬁl@@m&ﬁlré Bifsbricated into a film.
di sclosure may be of any thickness desired by the

Th@ﬁﬁ{s -of Alid ﬁﬁﬁ@khfe%yybe Fri&ic&Fo e iddl 20 3@ any Sinitions known

di scl osure may be fornmed into filns haV|ng a thickness

to Qi]fn gl&ﬂ’é@ ﬁbﬁ LarOfot tflré %ﬁod{l&oﬂbﬂlr‘g e %L gﬁlbodlr.nent tﬁe polymerlc

ternatively fromabout 0.2 m

corﬁdé)g?g{éa%{r% \fcg‘lﬁl\écé f tQ gﬂ%ﬁ?&ugg agolM filnk ?Borcﬁsg 8"1’1§ a%loQ)gEil%process
plaﬁ% egts s e n(f'edggxrou n gﬂnu% MUiE u{sr%{lg V%J&\%Qﬁ Yo ?0@1?%”&1% \galled

ani ca arrier propér éxa

tub? Alr nﬁ}én %gnrgroagcted Vnacar éc’ f}\}ﬂ (? t(éern rr‘%% Flg >§l nﬁ%‘fow ﬁpctha tube like a

a8l §Punce ness r 2
ot 308 505 e SR8 P G v ER] B il e mhe
o Fg n#O&é@%flfﬁ%%; 8 faé’néﬁ? e LR By s olls where
the g G FEHBON I FR0 G AR L g HE or collapsed

t ot al fallure ener gy absorbed by a fil m speci nen .
tubg fphen taken h§9k éo‘mhp .eﬁfglswa ﬁ‘fW‘EE ifmorg g@llﬁrsr drighss t)utput lines, the

condi ti ons. Y , a38.1 m (1.5 in) dianete
air peige Gy hebhleiplsn é?gaaltgﬁﬂt Tlpl&ISdfﬂ@\ﬁlp@%dnwefr@thle&ﬁo@%(lBﬁ)
and inpacts a test specinmen. After paSS|n9 t hr oug

[00¢8]e t &8¢ lagdlat filve i, thenhathgraleopt frasisiear thiy edgeyle ﬁleé%}’eﬂ‘ﬁ are slit off
trap made of a pair of photoelectric sensors that

to predupgrtwot fiae filnpebedty andavennd wp onteercelar tTypsalliovies expansion ratio
given distance. The tine it takes for the dart to

betpeagnsdi¢ mrdohlgin tube o§ fledotlddp 1f todrtimadhd dig diameudhne tdreavdown
specinmen is referred to as the test-fall tinme, while

bettvban thie meclt vald ulgbkrtckrearglpthe dodled gilnv thivkudss acapeoi bah radal and
10 called the free-fall tinme. The energy absorbed by

longinelimp dotdrens nsd esqmﬂﬁdomtmllbdh@yl c:bmn:gm)g thel vidlirhe of einengye the
of the dart and is determned using the formula: E =

butbty 2g) hydAfetihf itiee Haul bff2Pped+ Thg 2y fdrh@d frotmZ®) porprgitionsEof this
is the energy required to rupture the specinmen (J), m

dis¢1Ssute@ayBSse aaf tHidk@ewd aedire( b the 1Ger. i Mtetla@vddy,aNd PRt riFvitions of
constant (9.81 ms2), dis the distance between the

thisk REe 8y e FoBRA SR FiltadMhavingtd thickndshef fée@bduabll rhilseg about 5
(s), and t2 is the test-fall tinme (s). In an

mil€ HROEbER AL frorh BBouk 2Nl @rdB& 1.5 mils, alternatively from about 0.3 mils to
about 1.0 mils.

[0049] In an embodiment, the films formed from PE compositions of this disclosure may
display enhanced mechanical and/or barrier properties. For example said films may display
increased strength, impact resistance and, stiffness while displaying reduced moisture vapor

and/or oxygen transmission rates.
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15 fromthe PE conpositions of this disclosure have a
TEDD of equal to or greater than about 0.45 ft.|Dbf,

w@bdosnoosee vel y, equal to or greater than aboutPOI/¥S2007/072320
ft.lbf, alternatively, equal go or greater than about
1.0 ft.Ibf as neasured in aclordance with ASTM D4272
using a test specinen having a 0.8 m | thickness.

[00661051}, ADeABbaaABe dicrmat fidiRd friokiBE Eé}ﬁgﬂégmfﬂ eMnREisclosure may

conpositions of this disclosure may di spl ay an

t
PR3 R RH 88 LA Ml it 5 s

(T | Q"Et])]j' ﬁlgé%l{eg gnettQtalcﬂ £ eéegéo ﬁ{so%&fﬁ)ﬁg ﬁfnll E&Pm{eg impacted

ai'l by |npact roma I ng under speci

by taefﬁﬁmg ngf d.\tn é@?ﬁ%ﬁ%&%@%ﬂ%l}{s’ o ?9@ amﬁt Q%galgﬁgi glne irg t‘Eﬁameter
hengl rﬁ%l%ﬁ%ﬁélﬁ{doﬁn%m flf&q%e& frgrn 86 g\g f(r Om %Egc’ts :! pesfagbemmen After

orne

f this. dis h d
posgpe SR hE S E B RlSHE it A ?1?% §P68%u Bt 8 Xpair of

ool R atsor g §F 4t et PR YR 4P 8 shen . e

asur d in.ac

RGPS B3 PO NEIHEH IR DS 4 e G BEl e secimen i
o0 Bt R o b B T REAT i

scl osure may_ di splay an increased inpact streng
Caﬂa% the igedalt wae- bVlea?ﬁerugh ébserbse By issprcipen lﬁﬁ%‘fe tCSB‘é rlfz:Sé Pf kinetic
npact neasures the energ necessa )
enewrﬁttheaﬁa@ apghis deteripied @fngéhes%@%ulﬁ% ( gﬁﬁfi (eldtl b+e%/w§ér(g A1 -
two rings with a 3.5 inch dianeter. The follown
")} wherpiEas tragnorsy raauigd forupstedhaspasimen fpae is theangse of the dart (kg), g
ules: E=RC 100 mhere Eis the energy to rupture,
is tl]mmh\et@tlor@l ¢agstaié9. Qhpar ad iishedipasi bytwagthe Phdteslachis sensors (m),
scale reading 10 on a 0 to 100 scale. In an
ty iethb dgeidhtime tsheanfl itd inghef testri@bitinhe Gvn {then @BEbalongmo she filomgformed
of this disclosure have a Spencer inpact of equal to
fromthegitfeamegpositibra vt dirodiscl@ud havk, a BIRR oheafurie bygreajerahantabout 0.45
or greater than about 0.55 J, alternatively equal to
ft.llefr algreatdy, dghano abgtebteOtheld) aboua 8. 7nfe b, Luitechatively, equal to or greater
accordance with ASTM D3420 using a test specinen
that abdun g .0aftMbfBasnnéasiirbd Gk B&sRlandcOOBBASTM DA2EThaeh ot specimen
the filnms fornmed from PE conpositions of this
haviligen) ©sUrigcla@ys. 15 di splay an increased tear strength
as indicated by an increased El nendorf tear strength.

[00311€  In an embodiment the films formed from PE compositions of this disclosure may
display an increased impact strength as indicated by an increased dart drop strength. The dart
drop strength refers to the weight required to cause 50% of tested films to fail by impact from a
falling dart under specified test conditions. Specifically, one method employs the use of a dart
having a 38 mm (1.5 in) head diameter dropped from a height of 0.66 m (26.1 in). In an
embodiment, the films formed from the PE compositions of this disclosure have a dart drop of

equal to or greater than about 135 g, alternatively equal to or greater than about 165 g,
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El mendorf tear strength refers to the average force
required to propagate tearing through a specified

wo enwgbbBoed pl astic filmor nonrigid sheeting OPCHIS2007/072320
El mendorf-type tear tester. _Specifically, test
speci mens having a pre-cut slit are contacted with a
knife-tipped pendulum The average force required to

altcPiaPag @a@dl L& aF 'gﬂﬁtef $haf a6t zﬂoe% af hiéﬁ@ulréaempa%m&k{n%nwnh ASTM
energy lost 20 while tearing the test specinen.

D1’§’®%etﬁ@cyA*a§nQ£ %@@9@&@1& 1Bhvind80, 8 il EHL@«nEﬁ@Ch' ne dir eCt i on
or transverse direction (TD). In an enbodi nent,

[00§£]e ] MBerh dﬁﬁéillt ﬁ}fe(E)rfnn ﬁnP fromg&hﬁdsﬁﬁﬁ Qif thIshﬁ&losure may

I'scl osure ave an tear strengt

dlsﬁ%/uglﬁﬂl%lea&g iAbaddLf as 1&1@1?['«88@839 Wb ifdRealhd @eh%f “ﬁ%dcy eb%(encer

to or greater out al ternat

o R £ BT L TG e
bewﬁe@gﬁl?lrﬁllép eSﬂS{ a r%bvgoéll ng aléngtgc)% ﬁéo F‘?IF Pngr}é{j%g (Fnu?_gg%o obtain an

S|tJons of this disclosure may display inproved
HmﬁggEFSPyBPS%ertleS such as a reduced oxygen

transm ssion rate (OIR) an%égc |sture vapor

transm ssion rate (MTR). 190¢ he nmeasurenent of

t he anount of oxy t hat passes through.a fil .

whigg Eyis e @PV@htOﬁEPtP‘%dJO“*Pgsqs iSrief %Pagfa%ca@aﬂtmﬁg% i hgasplc soading
range of 5 relative humdjty conditions at_a range of

on FQn‘Bépgﬁﬁﬂl%sIn an gnkodimspt, t%fhélnés. fgemegk frqm gher FE gompositions of this
exposed to the o en pernmeant. As it solubilizes into

disglprarefhay orp §P@C%émﬁ%'g?%%luﬁlﬁ? ugRAteHRan abawdl43 Tnelicaratingly equal to
ni trogen sweeps the opposite side of the film and

or grezdgid qbgutton% b eligvsatively eaual sxgrgmenterdhaclipwd)-G0d ag measured in
coul onetric sensor. This value is reported as a

accpidanes i SO P30 usingariest spigpigen Aavang as0.Jruiltthipkricesd by
t he average thickness of the material, the results are

[0083Insi &eweembpdingenp drerfdmbifdrimey fioat BE compaitioasrblodisdesetosure may
the films fornmed fromthe PE conpositions of this

dispglays el swrsed haw strangthGF Rndfataigyadn moreoed Ebsadotdear stomgth. The
400 cnB-m /100 sq.in/day, alternatively, equal to or

Elnheadaf tdaantrathutcfcd/© thorBveradel0ee sequinad da@ypropagate tearing through a
alternatively equal to or |less than about 350

spe€iffid redgthl Q0 agtic riflclayr asnrigihsShdcdnl ion ac Gdhhelriogaypy tebr tester.
ASTM D3985. [0055] The MVTR neasures passage of

Sp@EREIDY SestiPtidhOMGhga fralkciit it arc TotadvddRithra Ynifd-Bpld $ondulum.
be referred to as the water vapor transm ssion rate

Thd MWéR forddy Riqgiaddl 16, prépagatdAéiifnd B cal¥Blad f@eh 1hB pandRGE bidkgy lost
chanber, divi ded vert?%ally by the substrate/barrier

whf@{eﬁlﬁﬂgaﬁhe tt 8He¥imen. The tear may be propagated either in the machine direction
(MD) or transverse direction (TD). In an embodiment, the films formed from the PE
compositions of this disclosure have an Elmendorf tear strength in the TD of equal to or greater
than about 85 g, alternatively equal to or greater about 100 g, alternatively equal to or greater

about 120 g as measured in accordance with ASTM D1922 using a test specimen having a 0.8

mil thickness.
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at nosphere is in one chanber, and a noi st atnosphere

is in the other. A 24-hour test is run to see how
WOorR@k/0eoeEt ur e passes through the substrat e/ baPe1/€82007/072320

fromthe "wet" chanber to th "dry" chanber under

condi ti ons which can specify“any one of five

conbi nations of tenperature 20 and hum dity in the

[005Et " ICHASRRIdimdnP tRNFBITEOGIEm PE REmpdsiiFRs Bptmec@sctorsﬁammay

the PE conpositions of this disclosure have an

dlSquy f?ﬂﬂé\ledtbgrri@f pljoﬁéﬁes sDaNasePRUlcel ogyﬁgeg Wik rate (OTR) and/or

sg.in/day, alternatively equal to or |ess than about

moﬁtu?esv omra{n/s%lggor? glté )3 (91" i %rtﬂéhhééﬁ%}{leﬁ%%e anlRnPS oxygen

ess han out -m 17100 sq.in/day as neasure

gasitﬁﬁt gﬁs@gﬁ%ﬂ%ﬁe Lt y&ffﬁ%%@%ﬁ ?%18% é%g bg c&ﬁgctgcplﬂ‘fder a range of
relafl?l%;r/ 31907/ % n%oat Igé’l‘ (%Ooqlst@ ér!l]tul%g ﬁgl m§| SC élg? the film is

rom ositions of osur

roveq sti €SS ev, nce
explols,]%rtgd[he xy§éC g%p eant. i) 1t soluHE]]hzes io the tlil Cé upse\{m%ates through the

ase e secan

sarfFGC BAERHpIGET e el dartisdd o G ?8@ &nda ufRedh B vpipined
force, a d cros&»sectlonal rea, divide

by the. .

OXYSH% g}lol?g tP PSP og?trlf ASFOTst gs\féﬂup évgli)orte& £s %tr?rgmlssmn rate. When
gener al | nst nt befo e the terial ches the

thisyieni mlt Il O o e 1018’:3?50? ¢ gpfaly ﬁ@'@ i aﬁe f%lSIdered a
occur. In an enbodinent, the filnms fornmed from

PerRISHRNEE iTHForl8 2f en@h@ri%nena.téfc ﬁ%%@@n?éaﬁoeu @ﬁnngcoanpf%lons of this
secant nodulus in the TD of equal to,or greater than

diselprthayymn ORR of caual ©eF feat habpuedism’ wgl/ Kl sgrndayepltemnatively,
t han about 180 k S|3 alternatively equal to or greater

equehiarer lah e aligo3 i/ 1gfbtcepidhn atiern#iivaly cavad dmerelesrithan about
ASTM D882. In an enmbodi nent, the filnms 10 formed from

350pmn’ d@luh‘ﬂ)@ﬁsﬂqtm/d%sasameawmdsln@wtdaw@ AeIMA38Pt.ay a 1%
secant nodulus in the MD of equal to or greater than

[008F out ThBIWFsingasates paspage iof gdspousdli) throoglor byrieratTde MWEAR may
about 140 kpsi, alternatively equal to or greater

alsd barcfalxdub al 4 wgsi vapsr ttatsmissionede (W VAR orlgameldy, wha MVTR is
ASTM D882, using a test specinen having a 0.8 m |

medshied kines specip D Bmriber, nlivadedevdnid i lyrdptthe sitatrite/basepmedtided dry
by the conpositions and nethods of this 15 disclosure

atmioEpherdi is [l @y charbtser, e a @it ath@dsplere ©fin the ©theA e2U-hour test is run to
t oughness, increased stiffness and inproved barrier

sec[Ho@PRnEH BBis@ite plsesdhsaiome dushadsibhires frothhBe fivbtMBhhber to the
this disclosure may be used in the formation of any

“dry’adhiabt v@ller@BAltitiHE whichictd §SciUmR oasoff e cEBXBIRRIORS of temperature
mer chandi se bags, t-shirt bags, trash can liners,

andJh@BAMY i UK SwetPlcRLHEE DRSS chBREnBACHANIAY h@ed from the PE
contents such as cereals,

compositions of this disclosure have an MVTR of equal to or less than about 0.85 g-mil/100

sq.in/day, alternatively equal to or less than about 0.75 g-mil/100 sq.in/day, alternatively equal

to or less than about 0.70 g-mil/100 sq.in/day as measured in accordance with ASTM F 1249 at

100 °F and 90% relative humidity (RH).
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crackers, cheese, neat, etc., shrink wap and, other

itenms as known to one of ordinary skill in 20 the
W@eaos/08¥20VPLES [ 0058] The invention havi ng berer/US2007/072320

general |y descri bed, the fol#Pmﬁng exanpl es are given

as particular enbodi nents of the invention and to

demonstrate the practice and advantages thereof. It

[005@1 undesstRRdiddiatind Miens S5 Rt BE ol as%nwf mydletosure may
lustration and are not intended 25 l[imt the

dlspE%eﬁﬁerw%@sﬁmssoa{s ey Ihe LibyBinRerkdle AlR¥a n'tTﬁB G&hs. \I‘\Qb secant modulus is
08/003020 PCT/ US2007/072320 22 [0059] Five

i
a n&’eM%Ié_%SJS bfg%?(tri%ldn %8 Ss{lg‘l’ie)s(éj gﬁ%%?ehgld Sﬁ/g%g(ailc\%@?gﬁep lgg?[ee%ﬁg('stress

bas k;r&e %égekh%ld R ?elc QP ﬁﬁﬁc@l}}ﬁzﬁhe 0%&:?\:#&%]?%19 Tt tggtgff%s% Yevel. It

are presented Ny

s R %tgp bgrgwxﬁgg%ef LA RS Ml fraion

with BP0 55iE I8 ?&%@m e i‘%ﬂé 9?5&5%3%?”3@ Fostibifiigns his

st e Siice I%N%%%?mdésox B35 8y oreriedégpugistoout 170

s b By S5 R0 s R RO DB LHOb U0 B ! Jmeareater than

abogi 9 l%sf}% PR Mg %%%393@89” R gn@%ggen?éﬁzﬁlms
0. 951 8 0.02 191 D574 AUL336274 700 ppm FX9613 0. 8

forme @0@3’@ epmpogitigns of g dipgdopure Ay E®INGR P00HprneEkds 1 the MD
0.8 20 0.950 2.8 0.01 283 Al athon L5005 0.8 20 0.949

of @uag tg ongreaigy thangbaytép kpss odgrnerivslyicguy togogieater signgben 140 kpsi,
alte%n]é?ively equal to or greater than about 145 kpsi as determined in accordance with ASTM
D882, using a test specimen having a 0.8 mil thickness.
[0057] In an embodiment, the films produced by the compositions and methods of this
disclosure may display a unique combination of increased toughness, increased stiffness and
improved barrier properties at the disclosed densities. The films of this disclosure may be used
in the formation of any variety of end-use articles such as for example merchandise bags, t-shirt
bags, trash can liners, grocery sacks, produce bags, food packaging for contents such as cereals,
crackers, cheese, meat, ctc., shrink wrap and, other items as known to one of ordinary skill in
the art.

EXAMPLES
[0058] The invention having been generally described, the following examples are given as
particular embodiments of the invention and to demonstrate the practice and advantages

thereof. It is understood that the examples are given by way of illustration and are not intended

to limit the specification of the claims in any manner.
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ExxonMobi| HT 0.5 13 0.9524 8.75 0.05 146 Titanex

HF- 0961 0.5 13 0.9486 12.00 0.08 150 MIEO5-2-230X No
WO-E008/083028 0. 9529 7.98 0.11 73 MIEO5-2- 33X 40RCPPH007/072320

FX9614 0.5 13 0.9578 19.50 0,,15 130 MIEO5-2-31X 400

ppm FX9614 0.5 13 0.9535 8.42 0.10 84 MIEO5-2-30X 400

ppm FX9614 0.5 13 0.9537 7.01 0.10 70 D574 AUL336338

[003%0 PPRL FXB&knt Fesid, QesBdted- 1\§T@0§323O§<9]MT]§%7342X MTE05-33X,
AUL336274 700 ppm FX9613 0.5 13 0.950 4.3 0.03 143

Mﬁo§t3'ﬂﬁrhnh510ﬁ%09 35)(]-@61@ p?é%%reﬁ u%m@ 0<‘I{Lual’Z gl%tallgéeﬂé Q8Q16§t5@ﬂ)c5resm
0. 9490 8.38 0.04 ExxonMo

dm§ﬁ %uRﬂQﬁd%ﬁéﬁz T ABEN 1Rrq961 0. 3 8 0 9486 AR R
MIEOS- 2- 230X No FE 0.3 8 0.9529 7.98 0.11 73
NWEOS 2- 33x 400 ppn1FX961i]% 8 0.9578 19.5 0.15 130
MTEO5- 2- 31X 400 ppm FX961 8 0.9535 8.42 0.10 84

LA~ SOX AR M FXIGEF 0 @m0 10 Bady 7 Ok~ 1076k HLMU
o [00UBUJ JI'n sone 1 nst dn(zrﬁhS, afcrohNdl Gabk’ed I iolad! [€ (gl min)

Ae FSs| ns cont ai ned ei ter | DyheanTP4EXI61330r 0.04 210
EPWME’)']\IFI'TTI\/I EX9614 fl uoropo S\ 2p/\hl ch 0954 o Inr adacceli nef06 146
Tifadex HF-000L |~ L~ T T T PP Py T 0 094386 P _T200 " | 008 150
W sgmerctatd; g avartrabize—frpm by Resn HEC sCakdatg;

Memnesol 4. ThewexXperi mendsal [r esi s _abe: conparied, | Wies e | 145

Ve edt ed,  t49 imfiROUHMM HDRE {1 [2fn rlesiofps HTJAODHSHD 0.15 130

Mo al | VORI o fiom 16° Exxodfibbi 1 FRTANEX 210

?ﬁb&gé X, 2490 EHLn]F‘X%l}I‘ 0.8, "i’% E S R T e
DI AUToRs  qV alzdodiie et T O Tdstan otp—aRH Alathan (1Y 191
i B005274 ayal [7a@Bin@xobiE OM| EQuki ST aro Wi CIoow | T meas be 0.03 143
ppfuleed| yel yoprefxpiped [t gotas [t i@ gonpaitatilve I%esins. oo 283
U@ H%yve lexperinental [re¥ins g ong With thre¥ 004 207
AN~ At “nlu.. Aot ne \vweda—Ff Aariheea v'ij’\ Il ~Aaa £ 31 A~ \ A
ML sH ;AL TTVE T TOT TS WCITT 4 UT TTEUY, T 11U U BihJIvi FTghdllT Vv 0.04 210
EORSR03020 PCT/ US2007/ 062320 13 23 UShig & PEG BGE 005 146
Tybeo@irtost | |[m W t h | nt er mal °sbubbli®e goolob4rg. [Spexwpfijcaldoy, 150
NIFE2B8ndilt i onollere ad  $ol [ ovs: |a 89%nch di’8 ol oq0!
DT S DR A TN (R o Rl L b LBk 4 A 1950 T 015 130
s R € a0 el - T 1 dsat €7 G0 T4 65k bhowp
TrabshBox( BUR) 400 ppm FX9614 0.5 13 0.9537 7.01 0.10
D574 AUL336338 700 ppm FX9613 0.5 13 0.951 38 0.02 191
D574 AUL336274 700 ppm FX9613 0.5 13 0.950 43 0.03 143
Alathon L5005 0.5 13 0.949 83 0.04 207
Alathon L5005 03 8 0.9490 8.38 0.04 210
ExxonMobil HT 03 8 0.9524 8.75 0.06 146
Titanex HF-0961 03 8 0.9486 12.00 0.08 150
MTE05-2-230X NoFE 03 8 0.9529 7.98 0.11
MTEO05-2-33X 400 ppm FX9614 03 8 09578 19.5 0.15 130
MTEO05-2-31X 400 ppm FX9614 03 8 0.9535 8.42 0.10
MTEO05-2-30X 400 ppm FX9614 03 8 0.9537 7.01 0.10

[0060] In some instances, as indicated in Table 1, the resins contained either Dyneon™
FX9613 or Dyneon™ FX9614 fluoropolymer which is a processing aid commercially available
from Dyneon LLC, Oakdale, Minnesota. The experimental resins are compared, where
indicated, to the HMW-HDPE film resins HTAOOIHD commercially available from
ExxonMobil, TITANEX HF-0961 available from Titan Group and Alathon (Oxy) L5005
available from Equistar which will may be collectively referred to as the comparative resins.

The five experimental resins along with three comparative resins were formed into blown film
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42 inch frost-line height, 210 C barrel and die set

tenperatures and 0.8, 0.5 and 0.3 m!| thick filns.
wab@spbdoekness of the filmmay al so be referrePlCT/USAY7/072320

the filmgage. 5 EXAMPLE | [0061] The gel perneation

chr omat ogr aphy and t heol ogy aracteristics of the

experinmental and conparison resins were eval uated.

usitig O E@BEEDRWSHNGiIERERYBIbbRYSo18fs. SP&ifichil E% &he condltlons were as

experinmental resins. Resins MIEO5-30

fouMJUE% 1%81?&11@ %4%&%%@% 2580 1h.nPRENL ] 'RPME‘ Lyt M@Jv 3(1? L8 (BUR),

sare w MV ¢ohponent peak posi'tions but vary

0 nlrélé #E}%N&lg gﬁtaEfOVO"c Gl SaQfic & Ebn{p\éﬁglgegqmgggbg 551{11- 88 mil thick

I On i ncreases I n e or

MIEQ5- 3 31X < errlng to Tabl e

filn. Ergﬁfhéc ?§8P Y Egﬁ’? A& ﬁléo bfhre%ﬁ‘ %/{’% Sﬂ‘in $¥action is
consistent with a Iomerkggpgﬁkkhe HLM from-23 to -7.
Resin NWEOS 230X has a § dlfferent GPC profile

npar. the ot her experi nent al S|ns nd is . nost

100 1 | 3 &1 BEMIPEG TR erep Yut¥ Shedinis che iSOt the
bot h the experlnental 15 and conparative resins.

SXPEFIERE a0 SorpRpsISeThEt e X ey et FipEsil BOWhiF é‘]PC overlays of the
dlstlnctly bi nrodal. in character show rel ative

fivrgpe et Tesitsh uRedrsMIEOF-ARX ) MWESTTA R YARERIW2X and MTE05-33X
conponents. In particular, the differences in the GPC

all W@Mnay%atla@lytthﬁesameglhgwdelﬁw Mhegmpengnt prak@ogtions hat vary in the
experinmental resins have the high MV"tails" seen with

relq’aﬁ@ ragio 9p Hie dv e vempaasith s ThodfighMytfactinh gisrqgeps tipth @rder MTEESF 32X

y theory, this nay be the consequence of the narrow

< MNEO&Q@XC al MY EQH3 @bséMEﬂ)SvﬁONq Reeming dudalde hythis increase in the
net al | ocene catal ysts. The broad and bi nrodal MAD of

high-ve, wkishiOfactiers isnconkistelt wish plodune df wei HgMaA from ~23 to ~7. Resin
Ziegler-Natta catalyst in a dual reactor is also

MT&05-Q80X had  elighBy giffeeen? GPLO062E chinprredeto3thel bthpl expsrimérgal resins
dynam c viscosity behavior of both the experinental

andaif hosconplartatr¢sueMTESF-AX. Bjpmed 1 slaals|tys GFC gifibeth3hé exparimental
pl ot of the conplex viscosity as a function of 25

andf doBGpdRriCy redibs. 1 81gufe.2 SHoes ttiine ekeihentall @sihwhilgdiktehcBy bimodal in
shows behavior |argely as expected from WO 2008/ 003020

chab¥ctbt WBa0 QAR ER3 i rowl disabitibd @Uthe ao® rﬁndV‘m% M.heorfacnts. In
data. Al the experinmental resins while show ng

parfidulr] &k dif¥dr&ResS it dhe GRS bl @Ryt hbidh U ehdfheAUBAGYne of the
(shear rate) end around 100 rad/s s om1d|st|nctly

expdtibbRsienting RAR! MOIEA MREARKY %enaliwtﬁ hﬁe LapakiREYEMEY Without
end as is evident in Flgure 3. Wthout

wishing to be limited by theory, this may be the consequence of the narrow MWD typically

observed with PE produced by metallocene catalysts. The broad and bimodal MWD of the

L5005 resin which is produced using a Ziegler-Natta catalyst in a dual reactor is also evident

from Figure 2.

[0062] Figure 3 displays the dynamic viscosity behavior of both the experimental and

comparative resins. Specifically, Figure 3 is a plot of the complex viscosity as a function of

frequency at 190 °C. The rheology data in Figure 3 shows behavior largely as expected from
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es are ate tot e [ oW

anyf dl{lg'?%gf%e%ﬁ élll; X n%nsc %Er s1 ql?fg%htnle\\zll%egfslﬁréoﬁl%ﬁl b?lln%gﬁl%@éjB) n
eri rre ta re. co

el ShestiirSRORpNS ii%%?l?fslg?{&h%aﬁglsr%@cws Sty vith a
bropi ARAES igﬁ?ﬁ\%iaﬂ%%%e%%gvnﬁ ARG GRS %argﬁ%{lstws of
the s v i PR S B & BRGNP PMABI0E Bereriig 1 g the van
G Hneabt “Eihts Nt Bph el D PhRG AePEhTars f pcomplex

t est accordlig to ASTM D4272 D1709 and D3420
moghdusy slpgsv Ty . fonhe p0gmena 2esiCThiokindigatey 798 Joucholgwer clastic
Table 2 Fib w n-t e:mer yes n t: script an mery+x
chairac'@r pf theS@r@ms—nE]&:Iow xcalpq@-ﬁure felatnd  to fhe lpw fregpengy @y lofgor time
?tv t" "-A) Mtfr Inj gl LO Exao7 tiFil k.
dorpaip where @}@segelq_s@c. dl,-f&r,enges areqnestngticgable, Blhg rheolggy and (GRG results for
~F-nl 09 a .: a3 v.3 u 1713 6!7805-4-230 rto FE UU. a
the @perimental 1@ginsarg c@usBtent wigh the alxgnge of kigBMw Zailny thegakpof LCB in
0.a 34 175 v.:39 5 0:467 G&il1l.51Iri.~. 8 1lifTE 3
theseZe@isg 0) plT FX. P' 614 0:9 548 19 0. 4 3 1.5 0.644 ti
4a 9:3 164.5 R 47m -2-31z. 4Xi fpm F?f7A14 U a 2u$
2x8 4.58 5.7 1.U51 1.3 &XAMBALB2 k785-2-8li?c K. p2n+n
FXA" 14 00 248 :0 0,69 1.3'M1.7 1,4 U1
[0063] The impact toughness of the experimental resins at 0.8, 0.5 and 0.3 mil thickness

was evaluated and the results of these measurements are shown in Table 2. The impact
toughness was evaluated using the total energy dart drop test, the dart drop test and the Spencer

impact test according to ASTM D4272, D1709 and D3420 respectively.
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[0064] The data in Table 2 shows that for all three gages, the experimental resins produced
films exhibiting very good toughness properties and show a systematic trend of increasing
toughness with increasing M,,. The data also indicate the films formed from experimental
resins exhibit increasing toughness with decreasing HLMI. These trends are true for all gages
tested. For example as the HLMI decreases from ~23 for the experimental resin MTE(05-32X
to ~7 for experimental resin MTE(QS5-30X the dart impact increases from 140 g to 248 g

respectively for the 0.8 mil film data set. Likewise, the TEDD for the same resins increases

from 0.5 ft-Ibfto 1.4 ft-Ibf. These results are unexpected when considering the high toughness
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tested. For exanple as the HLM decreases from-23 for
the experinmental resin MIEO5-32X to -7 for

wezpsoovent al resin MIEO5- 30X the dart inpact PCUSHSEE72320
from140 g to 248 g respectjvely for the 0.8 ml film
data set. Likew se, the TE %or the sane resins
increases from 0.5 ft-1bf to 1.4 ft-1bf. These
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to thyes mepsed inegippncrties fayspralgfilpre cyphges rﬁ%ﬂeh&qu,zr@anwpdj@sa per
denonstrates the increased i npact toughness of the

unif {qngemilobatisd  Fyaduating dhceipaet piopertes vy s gagndofmplipgtealucs
shows an increase in the inpact perfornmance with

dengstrasesshqpefepdenimprctongmsss ofdhe films Ermagh frem the ¢xperimental resins
formed from MIEO5-31X increases in n-Dart inpact from

and2fgBhey/shows gnoin@e@e igthaiiinpaco petBBmegicpiwithf dgereasimeg UmBthickness. For
and 0.3 m| films respectively. Thus in effect, the

examppadiims foougthfremsMEE0I-hieX fricteases Sn nAdarteiaphetgfrom 258 g/mil to 396
decreasing filmthickness. [0066] Table 2 al so

g/miilndid8ateasil tdrahd 0.8nG65 hud 0@ dnif filim detpectexiyerimme it afifect, the impact
resins exhibit good tear strengths in both the MD and

toudtdessl of theadMiniiCiutradsingtwieh dethesngf fomnkidkdessom t he
experinmental 20 resins TD tear strengths are

[00ggner &hily 2 aGuahdidates Qlic figtstfermed Fam the @xpdrintthtal RKiE xhibit good
fromthe conparative resins as shown in Table 2. For

tealt@ARhLIn Boltethd M @ad TDf Th RertitulhrMik amie ebhrine@Pom the experimental
experinmental resin MIEO5-31X is 164.5 g conpared to

resthSEDY td@r k@éngtb@rd ighdBrAIQr Q@A for &Mbetter than the films formed from the
comparative resins as shown in Table 2. For example, the TD tear of the film formed from
experimental resin MTEQ5-31X is 164.5 g compared to 138.7 g for the film formed from
comparative resin L5005 at 0.8 mil gage. The TD tear strength of the MTE(0S5-31X film is

significantly higher than that of L5005 film at all gages.

EXAMPLE 3
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conparative resin L5005 at 0.8 m| gage. The TD tear

strength of the MIEO5-31X filmis significantly
whe@heesoehan that of L5005 filmat all gages. BSI/US2007/072320

EXAVMPLE 3 WD 2008/ 003020 PCT 82007/072320 27 [0067]

The barrier properties of th fllns formed from

experinmental resins at 0.8, 0.5 and 0.3 m| thickness

[00$RS eYad b'aﬁ‘ﬁ&q)r@ﬂéﬁleg stth& %Hi torm&@f fr&rﬁ% iRABHFSHERMES, 0.5 and

are shown in Tab MVTR and R were eval uated
0311 AG&RE %g; %Vé{‘ﬂlattéa dﬁ@TlM 1%5111-‘[3%9 tlﬁ@mgsg’r%&g’nts are shown in Table 3.
respectively. 5 Tab hsi n
Thd %@TRC'@ éﬁR-Ew&gFJVg%édv <;n aEeogg‘éri{c%\/l(\:ng}l: ﬁém F 1y ; A3 B 3085
RO ST 8 e 1 PR Td T
si.:e hr.-thS] 11.8 3.42 mMek :.) Ez: ;:cpr: :ii4d
MIEU5-4-2::85,. na FE t. K 33: 6.53E+3" .493+7

N E. 1 s1 MAT2il:-2-322: o FE 11,9 B2 5 SAF1Q)
xa v.47t1 156 | «Mf05-2 -3i X 4fa) Ts... Fii:614 10.3 | reoseras

Qi 30 SERYSLER WEe KGR al AGIT Y | TEY o gloy | e
Alt+ Fda. F?114636:4418+8, 68~-2p49-9 130 | o

o e Sl

D~ Ny RIGESE | | Raeh

N4 [ & 2 Y. 1 A\ O +
Enln'thkh—ﬂmﬂ-ch .- L7 OU /N % T 1, ITIEANTOLAG 1 )] I . USedel [ - aazdal i
H4 QO A’)”?* 479 341 1 B74 R=|' | 3R E 1A a7
f 1&1 -4 By Vo FE kXD il N N EERANEES 131

€D 74 AU [3F67 74 #8171 I\H]r ~ ...
QPOpA-3_ [ K A A (- pq S 2 R o) R
Wkohs sx— 0 enlFaeede L QW T ITF L s I T AU LIl

T om0 1: 28 ATOT: WL 500517

Sk,

EPAULRIETAE | OmmFagelz | o 17 DGR
ErONIBHTE "R (Gl L U - TIE 4440
EETIAULIFGTEY Al O vor ARG o p8 8 A 126N 11| 92E-
LY e S IILa s . LJIJ L L] &J,
X 1-4 -10% 13.510: 4&1 " Tc?.:
Slarion LEIT ab PXH 424
Exuenfiohil HTARIIHE a5 pRey
Thmwx HF - 0‘361 s T8
wn FE an S.B2
400 pon FROETS | GE G.EE 5
450 powm FRSETE LR G.EE 208 B RIE RS 134
181

30 pown FEDETE [ AR GBS 281 F2E5ns

LEF4 AULBIR33G o.E 82
BETY AL33E2TS e 521
Aatme LRIDS s 445
Aattun EROERS o3 AaF 344
Exateobil HTARSIRG L] B S5
Titanex HE-094] L] L 87
MTEIE-2-230% o FE o3 $.7¥ 3T 131
WTEDG-2- 33 400 poon PXGELY | O3 .68 251 155
AYEDE-2-31X A0 ppw EXPELL 03 fER i 159
TEDE-2 - 30X GO0 ppon FXTELS 0.3 TeE 351 141

[0068] The results demonstrate the films formed from experimental resins at all gages
exhibited significantly better (i.e. lower) MVTR and OTR than the films formed from
comparative resins. Specifically the MVTR and OTR properties of the films formed from
experimental resins are reduced by approximately 30% to 40% when compared to films formed
from resins such as L5005. Without wishing to be limited by theory, while the higher density
of the experimental resins may be partly responsible for the improved barrier properties, the
density does not appear to be the primary factor as a comparative resin HTA001 and
experimental resin MTE05-31X having similar HLMIs and densities exhibit markedly differing

barrier properties.



10

15

20

MIEO5- 2- EXX nn FE 05 0.62 _ul-+ 6 V5E)4 531 131

| RTE:!;---339 4a) Fk 614 {i.5 0.62 5f.+ 75st>J .”". 4959
w@20088030207/, 1KTE: u-1--31X 4') p Fii614 405 0.BSI/ES7047072320

6. 89E4t) x.4681 1345 E9Y7E|&§2 :90?.° 4Q0 ,, Ft3614

{+-5 0.63 -M ;D. 42179 4 141 .574 A)L336339 7: X- pm

R2:,1.ar+.5 - 2:..:41'% U5,74 - cae A 3L3:i&274 ti

[006§]r- . TE %ﬁicidiat%_tﬁ@rlﬁoﬁéfcﬂf differsnck@bflo theAeslﬂﬁsmnrh teréOquantitative
.5 St v t L5011

mannel?’ Sclg e§1ma$ioﬁ oﬁhe ré&%ab@‘s‘ﬁ@é} sF a19 Eﬁrﬁmbt&v V%s)lfnﬁérilaﬁgn IEotrmg’lly, the

F, tsa+cx .-TyF .3 4 c~Tn,

G A Bt BB

" 6t 331 5. 7SErtad 0. 485& C. 460 155 PATELK- 2-3 X
47t 11;~n FX61 1-1 36 89E, x34Ei (A6e: ~ 7:. 422 |
?2A-ED -2-31, X 4. 7451 paro F61 0.3 5 62 353 7,13 e+54

whé’rﬁe g&ﬁ ?fls]; ﬂJr?hal red34ift 0088 a ?hsethF iyl §t§essdaﬁfﬂ?§aﬁs‘%5@ﬁﬁhe book

ormed from experinental resins at a gages

by %.yl’lg ﬁ %q? ﬁfle g?lsibrunanl{/llel)( eeél&%r an% 1tsqlole 1nvﬁas)[1c Ivlyr-gcessmg Theory

s’ fornme npar ati ve re

and BRI ol 0 Sl 15%"’1%?%% B 6@560‘38 fl%ltegeﬁcowted by

0
B B K D BERR  b RSe o
linmted by theory, while the higher density of the
be eduildPi mental resins may be partly responsible for the
i nproved barrier properties, the density does not
appear to be the LHHE¥_factor E §3ponparat|ve resin
HTAOOl and experi ment Bj*|resi n MTE05-31X havi ng

lar HLM s and densj s exhi bit rke dfferin

whg_rs 5qp|re[s%t}ls eo @?11: PULC o% %ﬁm %g{@%lus qule |77”!| and o represent

PCT/ US2007/ 072320 28 [0069] To el ucidate the
thet mawyitadas cefl thei sriernondiag campley Yirresiesisig tha @xnieg rule) and

quantitative manner, an estimation of the recoverable
freqylqreys respectayoty. p“anpébmtérs apprexipatier indiedow ficowarey fagge (ere0.03 s
the values for recoverable shear strain parameter were obtained for each resin. The choice of
the low frequency at which y, was estimated rests in the fact that differences in the elastic
character of various melts are magnified at low frequencies (or shear rates) since they probe the
longest relaxation time behavior at these conditions. Furthermore, the approximation in
equation (2) above is only valid at very low frequencies or shear rates. The values of the
recoverable shear reported in Table 3 were obtained as described above using equation 3, and
were multiplied by a constant factor of 1000.

EXAMPLE 4

[0070] The tensile properties of the films formed from experimental resins at 0.8, 0.5 and

0.3 mil thickness was evaluated and the results of these measurements are shown in Table 4.
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recoverabl e shear strain, y., for a rubberlike (Lodge)
liquid can be stated to be equal to yanr N 2z Eqn.
W@ 2008003abere NI is the first normal stress di f PEF/E8O7/072320
and z is the shear stress aszgdi scussed in the book by
J. M Dealy, K F. Wssbrun,“"Melt Rheology and its
Role in Plastics Processing: Theory and
SpeDIRAING fHeifRAS (1 6 wANGRLE @B RR MMl hdNBW SYQNKMofulk @GR khe MD
which is incorporated by reference hereininits
and®Fd hdcBiddnceAlithl AWM DRYYMENCi es, the recoverabl e shear
can be estimated to be equal to 10 y~ - Gf Egn. (3)
CO1l g* | where Grepresepg.lihe elastic part of the
dynam ¢ shear nodulus while 1 77*1 and CO represent

+hoa mmanttudoac ~f +ha ~raorreoccenondlno - ecoml ey vi cenact 02
CTIc 1raytintT t UutT o 1 IS LUl 1T CTopuIlitul IIU L:UIIPI CA VITOUUOT Ly TR TG
1 il o it A et Ll Ml Bk ¥ phd Th Beaak T Breepis Serast Sxcant
ﬂe(in%ls:§fn'-ﬁ¢!;]g _te,J;l]nga}‘s C()(gjg\: [\/?V‘E‘nz rﬁ}f!&t%_ S‘vtrag" j S*rm;f;Q r éalQl\ge n“§'¥m’ Strewth | Swwin M :od
respecrirvely] Applyl ng thrs pQr Xtmatronjrn t
foid [ PR~ T8 | A NE M (5 it
Aesencyrange e =50 038 T e A EP w01
Bl MR o] o ¢ BR O PF8H r AT N 93957 y el il'e
Tidowdy RG] [ AT O IIF e M soeed H T 15 T %Ak BRI

V exde e

"EEEIE eSO e choi ce® of ™% | Fhe 1EF1EE\ B 5| 155 0a7 B¢
MTEDE2-32% av FE 0.8 . 320,48 13,72 PR 188,582 & 43003 IR ED 181.776.8%
WrH=-€N > RS | @51 ARl et [ o3t | [=Fk [ A Frats | =3 204,926 83
BTEOR o714 400 poR FRBEIS - O 8 Joz 13 12 5% - B AL 28 L 24 30 B4 2 . & 154 51 =5 . | 19318332
Aﬁbﬂiz- et 1%@%&@3 e er ﬁﬂﬁt I7Gamar © I?Eaéﬂ_f

Dua Ig;gs&swn P A
Lard Wbt b T Irbl el FReel Y o
SEFATE eV
Alatisn LEING 71

dat _t hese Cconur

AYEh o 1LIBE
P ey
B2

2RILT

B |

e R P AL A Y .

Eabrb Bk O (2 ) 1&

%@ i oc _MNF 5.0EL83
ANTESE- X150 Mo Fe [ U 7| 1es ez 85
Tecoyerakire s = fe ; R
MTFE‘S—Z—:RIX = HQ ol F}(?ﬁﬂé XY &. 35051 153 FR0 &% | 122 378 42

e e ig| € AT 24

g | eI VE | USs kT

ot pm ooy || o [ prEees

B EY ¥ .53 THO Seringe Y o B v
ﬁf_ﬂfﬁmﬂ] The tenas
ey | nental (ke
Eeondhobil HTADHRE | N
RS = Vidl Udl E oA

3iTary
A Db s G

o84

173 833
17439708

[aVattVa diz Il a)
oz VA PR L | B ¥

OG- Sn o real Py mist | ffmess a2 e aESEr 169, 294,23
MTEOE-2-30 4 g FRReIs [ 0@ | T3 EEEFANER RN S 341,26 05, 955 £5
getermning tne I voaurus rm tne

[Ooglc]corﬁlﬁmc.e W t h BAS M %2. Tabl e 4

¢ yield strength refers to the stress a material can withstand without permanent
deformation of the material while the yield strain refers to amount of deformation elongation
that occurs without permanent deformation of the material. The break strength refers to the
tensile stress corresponding to the point of rupture while the break strain refers to the tensile
elongation corresponding to the point of rupture. The yield strength, yield strain, break strength
and break strain both in the MD and TD of the experimental resins are similar to those observed
for the comparative resins as shown in Table 4.
[0072] The results demonstrate that all three gages, the films formed from the
experimental resins exhibit significantly higher MD and TD moduli values than the films
formed from comparative resins. For example, at 0.3 mil gage, films formed from L5005,

TITANEX and HTAO0O01 resins exhibit MD modulus values in the range of 130 Kpsi to 160



10

15

20

1 #bTL: Fil
Er-k; T U YVYls:
wozmlomm L: e'
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IK.3. s iMR'11, Awr h: ant EOCY B lesc::r, 17 & ?4LbO
25tE 4755 5.87. S.v' 574' 7. 3KC 4 14 c134i:. Ex<e

Kpﬁ‘ wWhilE w%rﬁlwﬁbm%gpéﬁme%ﬂ-rfés1ﬂWx¥1ﬂ)lt4D@D nZoduﬁls Qf@lﬁ&an the range
45X+14 1-, ] ,3 ¢c; TITAT %. - 006

of f‘?O"Kpsl‘P tog2 154Kﬂs§ gﬁ’nﬂaﬂg tge Tﬁzmgfdulus]valuééfog 11%500ﬂlpaf%§5e ﬁlznsg}ange

,49 6, 7612.5:
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S e e gyl aeiéiac"az*?g%o%%e%%%%n " 1he ogibptifien and

SS, Ha, 574 AVL336274 7 31 FY , 7 147

exa@ple@f d.eg/crlbe(f< %ergg AL ggg:elp en y,&gtd. arg | not 1nte§ged ‘E? bellirgrylgg AMany
162281171F 7OB&E2'Ck5"72~L5

varigiqng  and -ynod E:a’[,IOZ]a_ oigh@ igxgnkign dlgeéosscy heygin argppygible gl greqyighin the
tE7C5 t1 $ 4,7C. 4 1537 2°5,S7 25J-6T 445:.]12 135

scope oggrzgqultlon Vghepes nurgericg raggengalgIgltqjlogs grpg%xgres@g staggde such

wit

Sp2 :2 18?.2S 4:2.4:,0 - .692.14. 436.;;>l. 355:
eXpreys, rqngesg;r ﬁl@p‘r@p(pnsghq)uld b¢ ij@@tqog t0 inglude (gergm rggeq_g]_hm@nons of
c.il 12. . ~'"4 5ria .3. 4.1:..x"3 ..1 b."v,33
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6,47?.e8 111.23 2p:c20.T7 155.:1 4. 42 4.52 4. 36&37

cleiBeis requirkd,&of Alfokn A eld./if not2eduded. XRoth peHhiddives2ir Sinkndet! to G4 within
pp- FX3614 0.5 5 351.53. 12.5 40,035.97 176. &3

the 4¢dpb 2f $hé chiBl (se G F0aB2 teBRY s1o# ad bAnRHES, dallulid? hBilids, 4. should
MI615-2-S[ +X 4,1 m Fx, 614 6.774.3: 12.13 L', 39625.

be IhferGSod (b povitle dipfait Fob AZrradver 3&%hs dulB, £46nf8ing of, consisting

".,5e7.24 35 7ut ud4 FY?. t1'.'. 11574 AUE336...r 6,

esseidlIyLSY; do?n&i?&ﬁsﬁuﬁﬂar&il@ﬁ&, dc- 15 \2:2 5"v 65, X,;7

1?574A44336.4 7612FI . 7. 1'? X15 276 C5 1k2p s-1 , . &4

[001421 0 Adcodingly, the &0%4 oiié'_pr@tect@’n)@s bt Binidxed by the%le@:rlptlon set out above
. 44ut h: ntSC% 13:92 221 1, ~,.1. 4,

but4s 'oglé/zlﬁﬂ'i% b%zthé%la??ﬁ‘ié)mﬁlhtfoﬁé@]t hat scop%l"mclt[dmg1 af? Jeqﬁﬁv&‘leﬁ'fs of the
7 4.12 4 y: .72 142.3.'6. W-
subject matter of the claims. Each and every claim is incorporated into the specification as an

embodiment of the present invention. Thus, the claims are a further description and are an

addition to the embodiments of the present invention. The disclosures of all patents, patent



Exta.l A..L+Il 4 A0011-:b 0.3 7. M7 3Y 121 )2 ~, 83P.68
.0.1" 34S3.Ce 78S L. "P7v 2.76.7: _50..8>5B B.3Y 7iM
WO 2a08000961. 0., e4 7 ], r 20 31-2 J3 3& c | T BS/8S2007/072320
D1 ?x:'28. 5510.: ]~ . tt ]E65-2-Y3Gk na FE X1 3
6,38?7.17 16.:3 G 103.24 126 ~ 411 4.481.35 4.61. 3.73,
gll 24x..78 173,757 64 1 .0.5.33 ;ATf05-2-3",X 44'"Cl

appBBatioRd 48d fulllications o4 IRRin 58 Bereb§ gcomGAteA%g-rg’fgregee%?‘ehg Lxtent
4, 97 2tL ?7 475035 15C, 441.54 174.34' 7. 0&

O Bide S P Ty o5 10l femengly DS oYt heein
1171,1 .'.~4 187?,225.2: M. EO05-2-3C+X 430 pm Fx5614
7324.27 13.77 1J, .:85 124.41 5.25451 4.71 7,341.29
365.70 2 '.;8 5;959.'5 5 [0071] The yield strength
refers to the stress a material can withstand w t hout
permanent deformation of the material while the yield
strain refers to anmount of defornation el ongation
that occurs w thout permanent deformation of the
material. The break strength refers to the tensile
stress corresponding to the point of rupture while the
break strain refers to the tensile elongation
corresponding to the point of rupture. The yield
strength, yield strain, break strength 10 and break
strain both in the MD and TD of the experi nment al
resins are simlar to those observed for the
conparative resins as shown in Table 4. [0072] The
results denonstrate that all three gages, the filns
formed fromthe experinmental resins exhibit
significantly higher MD and TD noduli val ues than the
films fornmed from conparative resins. For exanple, at
0.3 ml| gage, filns fornmed from L5005, 15 TI TANEX and
HTAOOL resins exhibit MD nodul us val ues in the range
of 130 Kpsi to 160 WO 2008/ 003020 PCT/ US2007/ 072320
30 Kpsi while the films fornmed from experinmenta
resins exhibit MD nodulus values in the range of 170
Kpsi to 217 Kpsi. Simlarly, the TD nodul us val ues for
the comparative filns range from 130 Kpsi to 165 Kpsi
whil e those of the experinental filnms range from 206
Kpsi to 270 Kpsi. 5 [0073] Wthout further
el aboration, it is believed that one skilled in the
art can, using the description herein, utilize the
present invention to its fullest extent. Wile
i nventive aspects have been shown and descri bed,
nodi fications thereof can be nade by one skilled in
the art wthout departing fromthe spirit and
teachi ngs of the invention. The enbodi nents and
exanpl es described herein are exenplary only, and are
not intended to be limting. Many



10

15

20

25

10 variations and nodifications of the invention

di scl osed herein are possible and are within the
W@ e@pmodo t he i nvention. Where nunerical rangeRCDUS2007/072320

limtations are expressly stgfed, such express ranges

or limtations should be unde€rstood to include

iterative ranges or limtations of |[|ike magnitude

falling within the expreggl A at ed ranges or

limtations (e g., fromabout 1 to about 10 includes,
Vﬂ%twghﬁﬁﬂlﬁtc greater than 0.10 includes 0.11, 0.12,

3, etc.). Use of the 15 tern1"opt|onally W th

I reS,Qe ydiR 1R fifh Ui N &indoBtiGN dedink OB

t hat %e @u eclt ISI% gs&r)g%w re 1r m% flowing

al tgrnatiyely, is not required. Both alternatives are

i nt %h%g%lﬁggbe within the scope of the claim Use of

br oa NG u v

et C %?a{ile ?érngzb Hr%% drgrs rgcrlrﬁ{ %c%gr%?nocs W él g upporfﬁ? oqP "greater than
nar d& such as consisting of, conS|st|ng
essgﬁ?|é1ﬂﬁ%g? conprlsed substantlally of , etc.

[ 0074 di th f t
o %@%ﬂ?’&t”%s%g&fe TET B CaeOSPS I %‘fﬂ%f()f’m?%%ﬁw A, of
limted b whi ch follow that scope
|hé¥ﬁ$?ﬂ§' W“ g%gﬁﬁ ents of the subject natter of

the clains. Each and every claln1|s i pcor p. to
t hé® %‘B’é@FGfYa@%rt‘Faélﬁmﬁ%‘o%Wte BB Atco n‘i%‘ﬁlﬂb‘?é 1349 at 100

i nvention, us, inms are a further description
and Fand 9 o YGQHYSH ltqnaﬁ% 6f {eretharmahsn g 8ild PO paredndLdry
i nvention. The disclosures of all patents, patent WO
2008l B ERHABOY) texspuor HrRabe 2 94 spasprandaringng.8 mjhiickness.
publlcatlons cited herein are hereby incorporated by
2. r ef Bieeflaeof ¢laint hevhsyaiefie polyiwaer compagsitpnoias dedeasiempl egugl to or

procedural or other details supplenentary to those set
f orgreatdvelraaiOP40@c.2008/ 003020 PCT/ US2007/ 072320 32
CLAIM5 What is clainmed is: 1. A polyethylene film

3. confirei Bimgf alapol ly mbercinotlp goiynico wompesitivg ¢onmrife| 4 eupahgmer of
characteristics: 5 a total energy dart drop, neasured
i n dindordahomlpliatoleliIASTRDIDARY.2, of greater than about
0.45 ft.Ibf, a dart drop inpact strength, nmeasured in

4. acchredfilnc f Wairh 3JAGhdEID1RO Qe tdictth &ymaibmer comprises 1-butene, 1-

pentene, 1-hexene, 3-methyl-1-butene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-
nonene, 1-decene or combinations thercof.

5. The film of claim 1 further comprising a Spencer impact of greater than about 0.35 J as
determined in accordance with ASTM D3420.

6. The film of claim 1 further comprising an oxygen transmission rate of equal to or less
than about 400 cm’-mil/100 sq. in./day as determined in accordance with ASTM
D398s.

7. The film of claim 1 further comprising a 1% transverse direction secant modulus of

greater than about 170,000 psi as determined in accordance with ASTM D&82.
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greater than about 135 g; and a noi sture vapor

transm ssion rate, neasured in accordance with ASTM
wo-1@800320 100 10 F and 90 % rel ative hum di t ypCDUS1005672320

than about 0.85 g-mi /100 square inch/24 hr, wherein

said ASTMtests are perfornmed on a test specinen

having a 0.8 m | thickness. 2. The filmof claim1l

8. WherRl fiind beciRial Y B#nes %ﬁgﬁglﬁg er%‘%clﬁnéj@ﬁe%h&i/ s&fantelﬂb{ﬁhus of
to or greater than 0.940 g/cc. 3. The filmof claim1l

Wh egr&{té} tﬁaﬂ%b&ﬁ hYor&do ﬁ%Palmet%hﬁlh&ﬂn %%ah&%ﬂ%@ﬁﬂ@%ﬁe r
5 ethylene and an al pha ol efin conmononer. 4

0, i Imeqﬁmcolf@fa B BT S pd e LB Bk &fﬁapa%fgﬁm@ge molecular

conpri ses ut ene, ent ene

3 n@& lof {‘ralg Yb&h €80 &TO%SM!) aﬁoupﬁ-(‘)t()%pr%/mo]f hept ene,

nene ecene or conbinations thereof.

5 irﬂleﬁl& Eﬁ‘af?ﬁ whér' ﬁ‘tﬂe Jogqﬁe?l‘ér oxﬁlgc!lﬁfon?s' Iﬂgal%a(?'dt‘i’encer

nmpact O rea an a erm ned

f ur eerrrngo 5 &61m wileére %16 (B&BIEAE:%(C) tc?m?]ossmon is b1m8¢a?f claim1

rrsin m-ssion rate of

eq l.es han about 4 ..
12,7 2 e QFEF R SR QEIRERTH e e g vense
7 Thefllm claim11 furthe conpls.in a 1% :
t r aHEGEE 6%4 QY ﬁf?ﬁte%@%‘h?houﬁ{? S(stegpinedg a‘gcroé‘?éf%erw“h ASTM
than zgout 170,000 psi as deternm ned in accordance
TM D882. WD 2008/ 003020 PCT/ US2007/ 072320 33
8 The filmof claim1 further conprising a 1% nachine
13.di r Beetlierpf sbtrad oviviriuthe oy merigrepoaition ainap@gero” value of less
130,000 psi as determ ned in accordance with ASTM
Deghan @outméof P3-nivbm the dyngnic %ﬁ@%eéw#ﬁw% VpSYyfgpeney scan data
conposi tion has a wei ght average nol ecul ar wei ght of
f r oie Btislue theddITe0EY ¢ quﬂtcsmam 1380365001/ nol . 5 10.
The filmof claim1 wherein the polynmeric conposition
14.i s Thelftlinbdlaim 1 whareinThepdlyrhericebmppsaiiomhas gihéy eplpe pigseater than
pol ymeric conposition is binodal. 12. The fil m of
cl a3 whénuthe deramgoaqniled visposity Eryve fidquehcyt gan dsth resrigted to the
in the transverse direction of equal to or greater
t hatarabousuds cqpation Wigt @rmON&d8 valucaccor dance with ASTM

15. The film of claim 1 wherein the polymeric composition has a “tau eta” value of less
than about 5 s when the dynamic complex viscosity versus frequency scan data are
fitted to the Carreau-Yasuda equation with an n=0.1818 value.

16. The film of claim 1 further comprising a dart drop impact of greater than about 200 g as
determined in accordance with ASTM D1709, Method A.

17. A polyethylene film comprising a polymer composition having the following
characteristics:

a total energy dart drop, measured in accordance with ASTM D4272, of greater than

about 0.45 ft.Ibf:
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D 1922. 10 13. The filmof claim1l wherein the
pol yneric conposition has an "eta zero" value of |ess

wao b@s/osdoout 4x105 Pa.s when the dynam c conpl eRCT/US2007/072320

18.

19.

20.

vi scosity versus frequency sgdan data are fitted to
t he Carreau- Yasuda equati on th an n=0.1818 val ue.
14. The filmof claiml wherein the polyneric

CONP@SH drb® MnAeSstr@th, AncaViRbdiB a8or@n&aL K ASRSID 193 ethod A, of
when the dynam c conpl ex viscosity versus frequency

scaf.fAat@nabSutiiss f.edat o the 15 Carreau-Yasuda
equation with an n=0.1818 value. 15. The filmof claim

1 }"A?Fcfxgifzéﬁl thaBEniRQIN IR thCasRRIMORE driABe ﬂgﬁ ﬁgTM 1346884773 °F and 0

val ue ess than about 5 s en t ynam ¢ conpl ex

Vi j S f ] fi to

{ o can b PN ALY o S AR SR ATy D
16._.The fi. i f er [ Sihn rt.
ki Ml E P Chebid 01575 3R Ay 3 ke MR

I n chr arfgn% W’n% hcoﬁls-rril\{lnD.la? 0901 ml\é?t Iﬂ]ocr)lr(i-j o'saﬁi ril' 7}ia f?f . the following
pol yemﬁ/ﬁ enecf il cor]?pFl g ngp 4 pol ‘§/m5pr c%rrpo§| £i 01

havi nlg tt hf%. following characteristics: a total energy
dar P3P 8% easured i n accordance with ASTM D4272, of

%E:%a%e 6%?;?386}92% 8lp{t lggeségqj%{ %chjﬂ%fﬁ\é\f)"ﬂ%%%%f‘&ﬁ 81 ¢f greater than

nmeasur ed Ihtn ?ccor dance with ASTM D1709 Met hod A, of
gr R0 REabout 135 g: and an oxygen transni ssion
rate, neasured in accordance wth ASTM D3985 at

[ I 73 F
anck ¢rrt GpR BNRRet SEENgHy MR ingrogrdasee Wi ASANORE 708d\ethod A, of
cnB-m |1 /100 square inch/24 hr, 5 wherein said ASTM
t estreatethenghodt d3hede¥n a test speci men having a 0.8
m | thickness. 18. A polyethylene filmconprisi n%[ a
pol e maglypgdectionpacanampditiuss measigll irpagcrgance with ASTM D882 at
characteristics: a total energy dart drop, neasured in
ac cixDamapinygiichuad STV Ry than gouly @08 psit han  about
0.45 ft.Ibf, 10 a dart drop inpact strength, neasured
i n wloron saho 8T tedts ISTIVoDAFD dMett Kerdingn hafing a 0.8 mil thickness.
A polyethylene film comprising a polymer composition having the following
characteristics:
a total energy dart drop, measured in accordance with ASTM D4272, of greater than
about 0.45 ft.1bf;
a dart drop impact strength, measured in accordance with ASTM D1709 Method A, of
greater than about 135 g; and
a 1% transverse direction secant modulus, measured in accordance with ASTM D882 at
10.2 mm/min, of equal to or greater than about 170,000 psi,
wherein said ASTM tests are performed on a test specimen having a 0.8 mil thickness.

A polyethylene film comprising a polymer composition having:

(a) an “a” value of greater than about 0.45;



greater than about 135 g; and a 1% nmachi ne direction
secant nodul us, nmeasured in accordance with ASTM D882
w@0080@020 N mi n, of equal to or greater than BPODUS2007/072320

130, 000 psi, wherei n said AS; tests are perfornmed on

a test specinen having a 0.8 | thickness. 15 19. A

pol yet hyl ene fil mconprising a pol ynmer conposition

hav(}bpg tahe efa0klo®WhINof 16N RaRGb&H UBTOP PSs; afg t Ot @l ener gy

dart drop, neasured in accordance with ASTM D4272, of

gr e@f er at-hRRw»3RAULS s HRnfabolt B, @ dart drop '"paCt
strength, neasured in accordance with ASTM D1709

Nét\bﬁ)éﬁ fﬁted % thezé)arﬁﬁlg%ﬁlrda %ﬁ@ O@Qf?tﬂtan ][136 18918 @aﬂg: aﬁld]wﬁerem the

transverse direction secant nodul us, neasured in

SRS Mo AT PHBR e ol T B Y i
t eSfO% s%r cﬁg glet%ﬁ]glggi %nacg(fr&ﬁ[%% w?tBeACé % fﬁ‘é'aﬁ@ aqotgl (§nergy dart

['ene In1co Fisi

gr e rrer p:'c:lg 6%161 oorr] érré:%\ér tﬂ%{bw Bblgﬁ‘ éﬂ)%gli Sea%ermlned in accgrdance with
PCT/ 320 . 35 " eta,zero" | ess
t hatﬁéﬁﬁgt%ﬁﬁ%peﬁa%e g e g0 G X Bl i ot

| ess than about 5 s, when fitted to the Carreau-Yasuda
equation wth an n=0.1818 val ue and wherein the film
di spl ays a noi sture vapor transm ssion rate equal to
or |l ess than about 0.85 g-ml/ 5 100 sq. in/day
determ ned in accordance with ASTM F 1249 and a tota
energy dart drop inpact of equal to or greater than
about 1.0 ft.|bf as determined in accordance with
ASTM D4272 when perfornmed on a test specinen having a
0.8 m | thickness. 10



