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MACHI NE- DI RECTI ON ORI ENTED MULTI LAYER FI LMS FI ELD OF

THE I NVENTI ON The invention relates to pol yethyl ene
woi2beswo239bre particularly, the invention rel at B6THS2005/004719

machi ne-direction oriented nmultilayer filmns.

BACKGROUND CF THE | NVENTI ON Pol yet hyl ene i s divided

into high-density (HDPE, density 0.941 g/cm 3 or

0. 540 g) MARINGRIREE Ko PRERREBTRL LA B H I o10°

to O. 925 g/cnB) , and linear |owdensity polyethyl ene
(LLDPE, density frorfEQDOPTHE IBIVENSTIONCNB) . See ASTM
D4976-98: Standard Specification for Pol yethyl ene

Pl astic. Mol di n nd .Ext rusi on rigls. Pol y. .
can_ AISEV Rt BaRE S peNsTuBheL i ke pBRERG LR 0Gventon
reldtés & Mmiaghinewlirectidresrientedymultizyey Bitsy| ene denot es t hose

whi ch have a wei ght average nol ecul ar wei ght (M)

greater than 3,000,000. See U S. Pat. No. 6, 265, 504.

Hi gh nol ecul ar wei ght pol yethyl ene usual |y denotes

t hose whi ch hav8ASKGROUNINOEIHBOWVENTIONOO, 000. One

of the nmain uses of polyethylene (HDPE, NDPE, LLDPE,

and %ﬁg%ﬁ? IF él{nhgﬂj @l Hgﬂtde‘ﬁgﬁy (?IWE a(Zer% 0651 giem® or

sacks i ona nsumer’ can |i'n
gr&atemhamekdlsm -deagity (MR depsia dlom Of%ﬁdtop@.@lfza@/cng ), low-density

ro e ba

(RFpece iy il Ve 1338 LR S Bt R klyly povetnytene
(LY, Cednsity ofpsm t 0.0$0 ab @etslej/m?)ense‘ei AsTivh@49de-d8eeStandard
str th np r tensj |l e stren stiffn

fe‘iagﬁﬂspggf eﬂ%&}yg{éﬁfl trhlq'sfi'ﬁes ood¥ b@ngreagﬂf'“@ifrbyﬁasfe”als
P@I?Qﬂﬂhklléﬁe can also be divided by molecular weight. For instance, ultra-high
molecular weight polyethylene denotes those which have a weight average
molecular weight (Mw) greater than 3,000,000. See U.S. Pat. No. 6,265,504. High
molecular weight polyethylene usually denotes those which have an Mw from

130,000 to 1,000,000.

One of the main uses of polyethylene (HDPE, MDPE, LLDPE, and LDPE) is
in film applications, such as grocery sacks, institutional and consumer can liners,
merchandise bags, shipping sacks, food packaging films, multi-wali bag liners,
produce bags, deli wraps, stretch wraps, and shrink wraps. The key physical
properties of polyethylene film include tear strength, impact strength, tensile
strength, stiffness and transparency. Film stiffness can be measured by modulus.

Modulus is the resistance of the film to deformation under siress.

Machine direction orientation (MDO) is known to the polyolefin industry.
When a polymer is strained under uniaxial stress, the orientation becomes aligned in
the direction of pull. For instance, U.S. Pat. No. 6,391,411 teaches the MDO of high
molecular weight (both Mn and Mw greater than 1,000,000) HDPE films. However,
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Modul us is the resistance of the filmto defornmation
under stress. Machine direction orientation (MDO is

wohe@i092505 t he pol yol efin industry. When a pol yPET/UBR05/004719
strai ned under uni axial stress, the orientation

MDES asfesighl ﬂngmdlairn/vélblet HIiDF&lﬂinﬁm a0¢ liputdd. bé®iuse these films are
,41 1 teaches the MDO of

39
dﬁp‘iﬂﬁﬁﬂﬁlﬁgﬁﬁ g, KR@P GHW'FBW{‘HE‘ and Mv greater than
1, 000, 000) HDPE fil ms. However, MDO of high nol ecul ar
vei ghihe IIDPENT ;bd)lV@thyleeelfllm‘s tﬁnbduﬁmmom%s@vé'rdl mjﬁowrﬁes such

agi@% thJS b/é%lges?gﬁbg n}d%rﬁgﬂsgﬁp%h?r@ Wﬂ.ﬂ{ al I@@ge requirements

fosse&@ﬂadiroEr mﬁ&(d?tlﬁi%ng@hwh palyrRg Ufiliss, thdtels rﬁitr@ﬂﬁlérbmlse such
and break stren nmeet the package requirenen

pmsrt@ér@reﬁwab%p%ﬂmmvmgme p%crrm@fsequr% b@a%uanwe" as the

e&@ion‘ﬁ@érpéﬁ@cfa@e&%% Hreoed ﬁ% %ﬁwdarflﬁmgeﬁ'ler abbe f‘%r example, by
i mproving the performance o bags, as wel | t he

insEansElg & deeddvatand e Hies @éraagwg SRikee fiim) .Iafgert hags can be
pll%lgl%ed F@lﬁlcﬁx\ﬁﬁﬁg?alltow p?ﬂﬁ%ﬁ@ %%rﬁlgar{mgé“oﬁ"%oeag WHIE retaining

iel'd’'stren
tt‘éﬂr(ﬁjhap@daft ety handled &I thavcpasikagji n@gg?%g/gighlgher modulus would
f [ ter
algéiaanlb%tg%mllgg I%%Qﬁﬁ erw?; gé]sg%rgmﬁbﬁrlogfng%é %?/Efahlsét%ﬁﬂgm?cfs dtlthe filling
pnrmdadsus woul d also allow the filling lines to run
faster, inproving the overall economcs of the filling

pr chg%crgé{sm@%§§ 'Icpgtr%rlf@h |36.f hd fig'{‘nrﬁl'égk%%gs%oﬁla%e I'egénhkely to

t he s woul ess ely to der 'stress
elangaitehmda‘r@rtresslwyl thetedone they retainghhaaerMpbamdnd dimensions.

AR OB gD 5f BRURR, e AP UL BES i gt
anchdrennihgaddeload, Aldw the printed ssifata o€ thef bagweoldd grotoelbistorted,

B B R P A AR BN Fofon o

the consumer.

In addition, the films that do not compromise the aforementioned properties
could allow the reduction in the film thickness, further improving the economics
associated with the products. Such innovations are desirable to all in the heavy duty
shipping sack industry for creating new products that provide both performance and

economic benefit.
SUMMARY OF THE INVENTION

The method of the invention comprises orienting a multilayer film in the
machine-direction (MD) at a draw-down ratio effective to give the film a dart-drop
strength that increases with increasing draw-down ratio. The multilayer film
comprises at least one layer of a linear low density polyethylene (LLDPE) and at
least one layer of a high density polyethylene (HDPE) or a medium density
polyethylene (MDPE).
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the consuner. In addition, the filnms that do not
conprom se the af orenenti oned properties could all ow

wao b@soexsoaction in the filmthickness, further PEPUSOFE4719
the econom cs associated with the products. Such

i anNﬁéhOéliﬁlrﬁlr@sﬁi@t&hé@htﬁdé@-d&bd inhsadt tseeh@taw;suduy Ls reduced as

shi ppi n sack i ndust for at t )
030 RSSO LTS of AHIREEITSHCIoB RS0k e 8T 8V RN entec
in@he MdeHINY! Eh@étgﬂ B_é%nﬂ%t BathiRldrdiRolWAvans, tBe dartmbh §ﬁ§ngth of

orienting a nultilayer filmin the machine-directio
thenMijn dnceeaseawviiovinCieasing Eravedeygeratis @P@e’fh?h%”‘?rlt?(i’nfﬁm can

\g%maugirﬁé\/essr@ana%ptmue lgRe4tePERS Wat br | 'tHé%ﬁ@ﬁélntgm Thus, the

raw-down ratio. The nul tilayer filmconprises at
invertion piwidesyenewfmethpd femprodyging énsipeliinpslirpeiaayerianted (MDO)

m&f‘h,a?gﬁhl g/ﬂne@ripég %or&&ﬁatlo%yc?ffh nﬁ:dmu@hhgjﬁrléﬁ i% and high dart-

a nmedi unt density’ pdlyethyl ene
mppmﬁﬁacvwmﬁngmfilnwls stretched, its dart-drop inpact
strength usually i's reduced as the film becones
t hi nner. surprisingly found that when a nultllayer

certain Siéﬁﬁﬁi%né@b%%dﬁﬁﬁ”lcﬂﬁﬁﬁﬁp}%@é of the

filmincreases with increasing drawdown ratio and the
or i emheednéihoth ofathee rarehtian | gontiaises aoritanting da opultilayerefilm in the

iRk Sireian dWi s Rk Rt ettectift it Sveng fim a dartarop
stfErgti NPrali iheklakes With anb@dsﬁwb{D@bawrubwnl atier  fTemmdtialer film
has a conbi nati on of h

nod h tepsi
cOMmgiFcaapt IF95h OPRAL" S #AHGEh ODEeAT ey EBOR 1 CRLBeand at
Iegﬂthé\'\/W@rQ\f a high density polyethylene (HDPE) or a medium density

polyethylene (MDPE).

Suitable LLDPE preferably is copolymers of ethylene with 5 wt % to 15 wt %
of a long chain a-olefin such as 1-butene, 1-hexene, and 1-octene. Suitable LLDPE
includes those which have a density within the range of about 0.910 g/cm® to about
0.925 g/cm3. Suitable LLDPE also includes the so called very low density
polyethylene (VLDPE). Suitable VLDPE has a density within the range of 0.865
g/cm®to 0.910 glem?®.

Suitable MDPE preferably has a density within the range of about 0.926
g/cm® to about 0.940 g/cm®. More preferably, the density is within the range of about
0.930 g/cm:3 to about 0.940 g/cm3. Preferred MDPE is a copolymer that comprises
from about 85 wt % to about 98 wt % of recurring units of ethylene and from about 2
wt % to about 15 wt % of recurring units of a Cs to C4o a-olefin. Suitable C3 to Cqg a-
olefins include propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, and

1-octene, and the like, and mixtures thereof.

Preferably, the MDPE has a bimodal or multimodal molecular weight

distribution. Method for making bimodal or multimodal MDPE is known. For
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The met hod of the invention conprises orienting a

multilayer filmin the machine-direction (MD) at a
waele@dooses ratio effective to give the film a PEF/USIHODE4719

strength that increases with increasing draw down

insadnce, U Be Patll No.| &186,2f7 0 teacrmsphegespattibreas MIPE by a multiple-

| ayer of a linear |ow density pol yethyl ene (LLDPE) and

2P PEYESSone | ayer of a high density pol yethyl ene

(HDPE) or a nedium density pol yethyl ene ( MDPE).

Sui t shitable HINEE prefeerbabhys asleasipolijtie tre @ngetdipbeme.941 g/cm®

Seapup 470 e ke orSiestbty oR T A€ i, i Bie® of about

0| sms ﬁé tcs Bpost 0/\965 /chily aVigstQhesratdbyy, Whe bémsityhe witdiRgBe range of
0.910 9 to about 0.925 g/cm 3. Suitable

OLQ_@F@C'& §01%eIUMBs the so cal | ed very | ow density
pol yet hyl ene (VLDPE). Suitable VLDPE has a density

Wi t hPEelftereaaly étﬁée_l_fCEfP@,bllelﬁﬁ’h/aﬂﬂﬁ-éDBEQneﬂléoarQMEfﬁr-olqw about 0.01 to
UIt e era as a_daensi thin the .
Qe S 9o CuPlaR Pl B5BLE00T B e At ot@ do/min.
P@éf@fm@kthaublm@ d,ﬂDlSEtahdl ISDPE traive ahmﬁFRmmeagéutajwq@tabout 300.
0.930 g/cm 3 to about 0.940 g/cnB. Preferred NMDPE

'Vi%fdaﬂ%é'v”zi %WSL@HWﬁ@%&maéHﬁea%mers@olﬁ@u% psiagbnd melt flow
b WFH) 6 QALK inidasit e GhoRLK SRSaiRNdsEbAMRADRUger M,

%to about 15 wt % of recurring units of
lrdlcaje%%loyﬁrnﬂolsgulﬁawe&fms Adargep ddeatas o h@ladaremolecu!ar

m%ﬁﬁg%’c@ﬂ_&ino% *Rh#@rhethelaa‘%@”&ﬁﬂs high- l&%gerﬁﬁte index (HLMI) to Miz. The

ent ene oct ene;
Mtz end bk ey beﬂneaaueé%aamrgimgtthé\WE)-hw.aTbe el measured

o6 013l TRl el Bt WAL I SULLAUIOD, (PN GKher 15 kg

maki ng
pFessuresst ance, U.S. Pat. No. 6,486,270 teaches the
preparati on of MDPE by a nultipl ezone

Preferably, the LLDPE, MDPE, and HDPE have a number average molecular
weight (Mn) within the range of about 10,000 to about 500,000, more preferably from
about 11,000 to about 50,000, and most preferably from about 11,000 to about
35,000. Preferably, the LLDPE, MDPE, and HDPE have a weight average
molecular weight (Mw) within the range of about 120,000 to about 1,000,000, more
preferably from about 135,000 to about 500,000, and most preferably from about
140,000 to about 250,000. Preferably, the LLDPE, MDPE, and HDPE have a
molecular weight distribution (Mw/Mn) within the range of about 3 to about 20, more

preferably from about 4 to about 18, and most preferably from about 5 to about 17.

The Mw, Mn, and Mw/Mn are obtained by gel permeation chromatography
(GPC) on a Waters GPC2000CV high temperature instrument equipped with a
mixed bed GPC column (Polymer Labs mixed B-LS) and 1,2,4-trichlorobenzene
(TCB) as the mobile phase. The mobile phase is used at a nominal flow rate of 1.0
mL/min and a temperature of 145°C. No antioxidant is added to the mobile phase,

but 800ppm BHT is added to the solvent used for sample dissolution. Polymer
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process. Suitable HDPE preferably has a density within
the range of about 0.941 g/cnB8 to about 0.970 g/cnB.

woRs/omsed er abl y, the density is within the raPgEUs5005/004719

about 0.945 g/cnB8 to about 0.965 g/cnB. Most
spmpley atel ryeatédh at d2ps3 for tive heiutwhh gbetle agigrioafeverO3Bminutes.

/cm3 to . Preferably, the LLDPE, MDPE and
l’%ﬂﬁ@”ﬂ‘ﬁ?}‘émﬁr‘ls %%%?'?rgﬁﬁegbout 0.01 to about 1.5 dg/nin,

and nore preferably fromabout 0.01 to about 1.0

dg/ nirhe Nwedrer Bipl are daieulate DRsingMBREcuandatveRhatvhirg %ncalibration

RS Ao B ae A et YERnIfE) &0l Falbvarei gris nelves fret

g@ﬁéﬁatuﬁb%élmat@n(dw\@ uSIﬁg lﬂ}%ﬂdwtpbly”s‘%&éhé @tahbgrd@fqbssubwducts of
ht di stributjon M2 indicates a |

el @oanvor@a@@mthemqea%@gm%wm'wy@eega prafesaBbrine Universal

o‘gnb%q,ghq{ro(y&w@t distribution. MFRis the ratio of the
hi gh-l1oad nmelt index (HLM) to M2. The M2 and HLM

can bhe. neas rdin STM D- 1238. e M

meas %}Jg@blgtﬂ-@%%\ﬂbﬁ’&@@ I-i@Pégceeré%gmdélce; @Eéﬁ rjsingle-site,
a lyk f aFed

oTCsraciePhaiasl 8k pras suafe it o

Examedien af Swtﬁ%tz'%m ctplyatsninelHde rt'éﬁ’fb‘é“dTa“QB%u"ita'il(}”O@box'des
vé@a@@&uﬁalﬁgg Wmﬂﬁfe% tRERLET %’é@ferf R a8eH uddy QA9 cBé’atalysts

out 50, 000, nost preferably from about 11, 000
suploas 2| 9001INWNEOEAMINGS. t he LLDPE MDPE, and HDPE
have a wei ght average nol ecul ar weight (Mrv) within the

rang@lrﬁ{) —§@@létatalrf§?s QA Eé’ dRRRdt info RRAaIRRENe 'HP]Henon rorlletallocene

referably fromabout 135,000 to about 500, 000, an
gllogenef eingls-siter rqumlygqjgu@re transition metal compounds that contain

cyclopentadienyl (Cp) or Cp derivative ligands. For example, U.S. Pat. No.
4,542 199 teaches metallocene catalysts. Non-metallocene single-site catalysts
contain ligands other than Cp but have the same catalytic characteristics as
metallocenes. The non-metallocene single-site catalysts may contain heteroatomic
ligands, e.g., boraaryl, pyrrolyl, azaborolinyl or quinolinyl. For example, U.S. Pat.
Nos. 6,034,027, 5,539,124, 5,756,611, and 5,637,660 teach non-metallocene

catalysts.

Optionally, the multilayer film comprises other layers such as gas-barrier,
adhesive, medical, flame retardant layers, and the like. Suitable materials for the
optional layers include poly(vinylidene chloride), poly(vinyl alcohol), polyamide
(Nylon), polyacrylonitrile, ethylene-vinyl acetate copolymers (EVA), ethylene-methyl
acrylate copolymers (EMA), ethylene-acrylic acid copolymers (EAA), ionomers,
maleic anhydride grafted polyolefins, K-resins (styrene/butadiene block copolymers),
and poly(ethylene terephthalate) (PET), the like, and mixtures thereof.

The multilayer films can be made by co-extrusion, coating, and any other
laminating processes. They can be made by casting or blown film processes.

Blown film process includes high-stalk and in-pocket processes. The difference
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140, 000 to about 250, 000. Preferably, the LLDPE, NDPE,
and HDPE have a nol ecul ar wei ght distribution (Mv Vh)

wowrakiosesvhe range of about 3 to about 20, norePCT/US2005/004719
preferably fromabout 4 to about 18, and nost

befveda ey Mugfhtﬂamq&@uéséam tie Mpockét pldiesdlis tHda, m md high-stalk

Ma Mh obt d t h t
PreSSEp: %]r?egxtwéil 't @é%@g@%{ﬁqgﬁnééﬂéf @‘%ﬁ?@é’tﬂ of the stalk) from

th@éktfrlh‘é'[@lﬁ"dlee%llﬁﬁﬁg e%rhbe@tdﬁexlﬁ%@ﬁﬂ ?Fddé%‘ls inflated as the
(Pol ymer Labs m xed B-LS) and rlch or obenzene

t%W't%@e%U%qul% phase. The rmbl | e phase is used at
a nomnal flowrate of 1.0 nL/mn and a tenperature of

1450¢he'\‘@1uﬁﬂﬁ e‘PXﬁlﬂa%t uh@x@ﬂ@%@eﬁ&eﬁhﬁ RbiLnPRagS, processmg)
but 800p is added to the solvent used for sanple

dipeiicy)- ut %Snls ota)ied MR | [dyingr the MRP ethedt m1osn the lpwn-film line
o? WRhBO s Wo&@s&%‘tﬁeﬁt&g td il Qﬁerﬁ‘c’lﬁéﬁ’ tﬁgpgﬂaﬂh‘%esmeferably, the

I njection volume is 100 mcroliters.

ogiahigtirat einReyBkGe tIRebetweenabP e ofrdhe hilifgravice abelivieani e glass
; n

SBERRE oI AR Y Sl 781 Rl B apporaur

(Em).ve bei ingptarme; oi/vtl‘pmlbimdth@ Jpavfdab s aBSsS, Tm of 125°C the

BEFOLEh o Bhe SE SRR TR b BB S RBER Balngyt 125°C
Thedeating és prederablyl p@ribtrﬁé’&utllmmmummb hdéFiRg callerbe
produced by Ziegler, single-site, or any other olefin

I . : )
Knonn e e AL KRS SUCH] oS RkplsZa 3 (B} gunich has
thé sameunilihglspeed ast the dweating adlleoi Tes fllmalnmdemtms a fast draw roll.

lflasﬁnaxiatx{\?go lcg% %%@?éd gﬂ%trlg?;fo F(;q) leglrfa%}%hﬂﬁstﬁwe W draw roll,

\Amb:np@ﬂfmnimly%tr@giressm ilncah al gsitisumarbdses. di vi ded into
met al | ocene and non-net al | ocene.

The stretched film then enters annealing thermal rollers, which allow stress
relaxation by holding the film at an elevated temperature for a period of time. The
annealing temperature is preferably within the range of about 100°C to about 125°C
and the annealing time is within the range of about 1 to about 2 seconds. Finally,

the film is cooled through cooling rollers to an ambient temperature.

The ratio of the film thickness before and after orientation is called “draw-
down ratio.” For example, when a 6-mil film is stretched to 0.6-mil, the draw-down
ratio is 10:1.  According to the method of the invention, the draw-down ratio is
sufficiently high at which the dart-drop strength of the film increases with the draw-
down ratio. As expected, when the multilayer film is MD-oriented, its dart-drop value
decreases with increasing draw-down ratio. However, | surprisingly found that when
the film is oriented beyond a certain point, the dart-drop value increases with draw-
down ratio. As the orientation continues, the oriented film can have an ultimate dart-

drop value greater than that of the un-oriented film.
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Met al | ocene single-site catalysts are transition netal

conpounds that contain cycl opentadienyl (Cp) or Cp
walesosweaspve | i gands. For exanple, U S. Pat. NoPCT/US2005/004719

4,542,199 teaches netal |l ocene catal ysts.

Non- rr‘ataairitloaiqqutsbeyghévmndretheaiaaﬂmp valternhaeasdd ghamdsaw-down

th but th t
A CREERRT <1 Oy PR IERRE theraonotiSsnsf dne deusrs. the fim
p‘sd;mlsec@w\omﬁar@aé@d yisd SM!U@Yc@fd’ﬁoﬁth ReffeaBRt ane Qiraw—down ratio is

%g?l’isaﬁyg1 Moror g%g?lag’ly, rd?%yé-lfjbwﬁé’g?ggsoél@% ot an 8:1. Most
p'i_’efé?a%hl%ﬁe draw-86wh }atlo |sag?gat5r 2R, 1060 PRA&RDLY, the multllayer film is

non- net al | ocene cat al yst's. tionall the multilayer
orlen‘mdctmam@@@ﬂothﬁbihq Byersso tr@hfllass:éatsd@amma@ﬂg and forming a

ﬂg\g”\fmn nmedi cal, flanme retardant |ayers, and the
Suitable materials for the opti onal | ayers
| ncI ude pol y(vinylidene chl oride), fp yvi nyl al cohol)
m

pol ydRedavemaroRicludss| achi erpated | @@ﬁm@hm.mﬁmod of the
irfeptiah & Wﬂb&%@alé%ude@&ﬁy hﬁmﬁwgﬁnhthaae rb¥/|tﬁé Bhethod of the

copolymers (EMA), ethylene-acrylic acid copol yners

ivERApD. | Gherfisnsof thﬁl'@YQf\tlQﬁHWPﬁUéWaﬁr%fﬂt%*dmsdll e mgh tensile
5G9, AR D Bk g IS e o8 rvertn s

paiticuiarlys uséfet dof makirg meayvydatyebags [dve tmmtSbeom’a@etI@y of high
07 ext r US| 0 C als t her | am nating
I"Sgiordou léssgﬁr{. %ﬁ'éeygr@ah@gémﬁggte by fg]astl ng or blown film

processes. Blown filmprocess includes high-stalk and
i n- pbeifetahiy, doe dike of tRhimveiidrehase dfiesorsmh Mhend TD (transverse

ahe st .
O Ay BE B33, 00 R0l P8ORS gRA9BSERk i i 20000
psihfdnat mdstbpeiferabiycgreéier éhan 25&00@pgit hMofiultbas $tsdddk pccording to
f trusion die, while the extruded tube in the
ﬁﬁ@%m% ocess is inflated as the tube exits the
extrusion die.
Preferably, the film has an MD tensile strength at yield and at break greater

than 30,000 psi, more preferably greater than 35,000 psi, and most preferably
greater than 40,000 psi. Tensile strength is tested according to ASTM D-882.

Preferably, the film has a haze less than 30%, and more preferably less than
50%. The haze is tested according to ASTM D1003-92: Standard Test Method for
Haze and Luminous Transmittance of Transparent Plastics, Oct. 1992. Preferably,
the film has a gloss greater than 20, and more preferably greater than 30. The gloss
is tested according to ASTM D2457-90: Standard Test Method for Specular Gloss of
Plastic Films and Solid Plastics.

The following examples merely illustrate the invention. Those skilled in the art
will recognize many variations that are within the spirit of the invention and scope of

the claims.
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The multilayer filmis uniaxially stretched in the
machi ne (or processing) direction. This is so called

wOoRK0s/0393 ng the MDO, the filmfromthe bl own-PCT/Is10051@04719

or other filmprocess is heated to an orientation
tenperature. Preferably EXAdPbEBeR6ati on tenperature

transi brort BB TR DRI RS N DR A A EDp

and the nelting tenpeMHREBLAYER.FIEWIS | nstance, if the
bl end has a Tg of 250C and a Tm of 1250C, the

8;' Z gﬁ%b@?ﬂ)t&&@%&r agfﬁtﬁ)i%@%@&ei@g?ﬁ@y\%%gmétgre ch@Ms, Lp,

Mis:€0. eﬁaldempﬁrd%Qﬁlm?CD 988 blcm nmmulstdqml, ;e/lmezag,m(ftp) is dcoextruded
L fed int a. 0 raw
i ¢ Fgenlon Heps b cratiativians (GERAD bt i futar Speicals, LP,

depsied 08138 Genifeallh:n@ 700 ldgshis,; MT]h%Ofodomvhem®MC§raﬁ1d%onverted
fast draw rol|. The fast draw rol | has

igo 134 g@uquynl@ger]egstp@e laﬁﬁrrl(LthepEéM&ﬁEdFWEbﬁm V‘%ﬁl%Fh'Ck”eSS of
18fd @A onvEI00 Skl &lahies2 Eemidié Fa@NTAe iPRY él%%}%u&@% $he pocket

The stretched filmthen enters annealing thernal
apd|at sloyv-upsintizs BURDWI2itess rel axation by hol ding the
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down ratio. As expected, when the nultilayer filmis
MD-oriented, its dart-drop val ue decreases with
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MD and TD (transverse |rect| 0 eater than
150 000 psi, nore preferabI%/ greater than 200, 000 ﬁ) ,
and Fyampfsset-8raBl ergpiedt brt theaiimssyeonade gis.a munglaysr HDPE

stricluRS (EE0®E GRbHi &% BotistM Ehiehmitds TP, density: 0.949 g/em®, Miy:
0.057 dg/min, Mn: 12,600, Mw: 212,000). The film properties are listed in Table 2,

which shows that the dart drop values significantly decrease with increasing draw-

down ratio and the drastic upturn in dart drop values seen with the multilayer films in
Examples 1-6 is not observed. The draw-down ratio of 7.9:1 is the maximum draw-

down ratio limited by the orientation equipment and not by the polymer film.



Preferably, the filmhas an MD tensile strength at
yield and at break greater than 30,000 psi, nore
w@e@beva y greater than 35,000 psi, and nost PCT/US2005/004719

preferably greater than 40,000 psi. Tensile strength

is tested according to ASTVABLB82. Preferably, the

filmhas a ha Iesth 30% d . nore preferably
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EauiStar Chem-cal M-2-

HeatS; 0- density:
O 938 g/cnB, Mh: 18, 000, M 209 000) s coextruded
with a linear | ow density polyethylene (GS707, product

of Equi star Chem cal LP, densit 0.915 g/cnB, M 2:
0. 700 dg/ nin, %ATIM@EW%@@@QQ}% convert ed

into an equabeh.hémreeﬁoﬁ bf@ﬁa{.msrmehagg AyRE/ LLDPE)

filmwith a thickness of mMmmdie wth

2.5 mmdi e gap. TheFfamMPRF e L3FuBletdi n t he pocket
and at blowup ratios (BUR) of 2:1 .

Examples 1-6 are repeated, but the films that are made as monolayer from
the blend of MDPE (XL3805, product of Equistar Chemicals, LP, Mly: 0.057 dg/min,
density: 0.938 g/cm®, Mn: 18,000, Mw: 209,000) and LLDPE (GS707, product of
Equistar Chemicals, LP, density: 0.915 g/cma, Ml,: 0.700 dg/min, Mn: 30,000, Mw:
120,000). The components in the blend have ratios so that the percentage of each
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material present in the overall film is the same as that of the multilayer films
represented in Examples 1-6. The film properties are listed in Table 3, which shows
that the dart drop values significantly decrease with increasing draw-down ratio and
the drastic upturn seen with the multilayer films in Examples 1-6 is not observed.
The draw-down ratio of 10.6:1 is the maximum draw-down ratio limited by the

orientation equipment and not by the polymer film.
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The filns are then stretched into thinner filnms in the
machi ne direction with drawdown ratios 4 , 5, 6 , 7 ,
wW@2@ad9%938: 1 i n Exanpl es 1-6, respectively. ThRCTUS2005/004719
down ratio of 9.3:1 is the maxi nrum draw down ratio
limted by the orientationTRBUEBMent and not the
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Exanples 1-6 are repeated, but the filnms that are nade

as nonol ayer fromthe blend of MDPE (XL3805, product
wWo@R00EM533 ar Chem cals, LP, M 2: 0.057 dg/ m n, PAENS1005004719

0.938 g/cnB, M: 18,000, Mwm 209, 000) and LLDPE

|c@M07, product of Equistar Chemicals, LP, density:

0.915 g/cnB, M2: 0.700 dg/m n, WMn: 30,000, Mwm
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p,q[)qeitvm% DRE)RE & Hediiansnstty polyethylensi(Miider ved. The
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t he pol yne .l m TABLE 3 Properties vs. Draw down

OFQ“H &C#W@-ﬁgpgm-wg LLDPE Blend Filnmsl claim 1. A

met hod conprising orienting a multilayer filmin the
3machirhe néthed of olainat! whaleiavhe ONDPE dak & @EAg twithth the range of

[ve thg filma, dart-drop strength that increases with
O%?@r@ﬁ@i Ffbba%\ﬂlcﬁfbvm ratio, wherein the filmconprises
at | east one layer of a linear |ow density _
4pol y&hbyhethed 61 tIBRE) vévdleiatthé EBBPEGRS 4 aysdityafithin thedange of

It | yetzhyl ene (HDPE) or a nedium density
0 t@tq\g?/fiwém(i\/DPE) 2. The nmethod of claim1 wherein
the HDPE has a density within the range of 0.941 g/cnB
5t 0 0TRE Umegthodf GaimThewimgtinotheofiimclsadnaritedvae raeiravi-B@wvn ratio

e%g&%/quscaﬁsg ﬁ*lnesfllll%yde\i\ér%mlaﬁné.he range of

6. The method of claim 1 wherein the film is oriented at a draw-down ratio to

give the film a dart-drop strength greater than that of the original fiim.

7. The method of claim 1 wherein the LLDPE, HDPE, and MDPE each has a
weight average molecular weight (Mw) within the range of 120,000 to 1,000,000.

8. The method of claim 7 wherein the Mw is within the range of 135,000 to
500,000.

9. The method of claim 7 wherein the Mw is within the range of 140,000 to
250,000.

10.  The method of claim 1 wherein the LLDPE, HDPE, and MDPE each has a
number average molecular weight (Mn) within the range of 10,000 to 500,000.

11.  The method of claim 10 wherein the Mn is within the range of 11,000 to
50,000.
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0.926 g/cnB to 0.940 g/cnB. 4 . The nethod of claim1

wherein the LLDPE has a density within the range of
wO286/892585 0. 925 g/ cnB. 5. The net hod of cl ai m BRCTHIS2065/004719

the filmis oriented at a draw-down ratio effective to
12ausEnhé haethol nofdelbiami 10atihegein Ghe The iseiitrod tied rahgd M11000 to
rein the filmis oriented at a drawdown ratio to

35&@9'the filma dart-drop strength greater than that

of the original film 7. The nethod of claim1l wherein
18he AhBREntediBRE madedoMbEEnethod ohaging1wei ght aver age

nmol ecul ar weight (Mv) within the range of 120,000 to

, 00Q, - A erein the Mvis

1%;th?ﬁgﬂﬁ3W$gwgg%g¥ﬁ§§@gd@%h§%3@%%@533_ 9. The net hod
of claim7 wherein the Mvis within the range of
140,000 to 250, 000. 10. The nmethod of claim 1l wherein
the LLDPE, HDPE, and MDPE each has a nunber average
nol ecul ar weight (Mi) within the range of 10,000 to
500, 000. 11. The nethod of claim 10 wherein the M is
within the range of 11,000 to 50, 000.12. The nethod of
claim10 wherein the Mh is within the range 11,000 to
35,000. 13. An oriented filmmde by the nethod of
claim1. 14. Amulti-wall filmmnmade by the nethod of
cl ai m5.
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