005/092595 A1 |00 0 0 0 T 0 O 0

(@

Title: MACH NE DI RECTI ON ORI ENTED MULTI LAYER FI LM5

Abstract: A nethod for nmaking filnms is disclosed 'the

nmet hod conprises orienting in the machine direction a
(12VINTERNSHIONAL APREICATIONPURTZSHEHANDER AHE BANT @OOPWIRATION TREATY (PCT)

give the filma dart-drop strength that increases wth

(0 VR IRQGUFuaVPrdpuny T at i o/,:‘;;\._- multilayer filmn

conpr i Seganvhtidreast one | af
e at | s (el ! SO g o o
densi typol yet hyl ene or a Ngiywh density pol yet hyl ene.
ME) 1BRE&GARRESTcIR6d DAIS2005/ 0 0 4 7 19  MAOHIEnDloRECTbICNiIon Number
ORIChobeD2003L(06.L0BR) FI LMS PKELD OF THW(ONZD03 /092598 A 1
invention relates to polyethylene filns. Mre
(51) Ifd@KatibnaHaREtlassitledlB®n7i NV BBSC 02, T BL)2ibeSiSnale® States (unless otherwise indicated, for every
symcHsemeradizs/act i on ori ented mnul ti | @yefnafondi Prection available): AE, AG, AL, AM,
BACKGROUND OF THE | NVENTI ON Pol yetthid, en@AlBsB Bli, BRASEIBY, BZ, CA, CH, CN,
(21) Tiitengagonhl Aypkicel@n Nutyer{ HDPE, density @) 9R1Y 709% Dy DMt EC, EE, EG, ES, T,

greater), medi um dENEFIPIONDPE, 0%31§E %’éﬁ% LUITVISM j\P;ﬁ;

0.940 g/cnB), |owdensity (LDPE,
o T ST P SR 08 0
%%J?PE density from 0.910 to 0. 923MiemB)LT, 1B, AGTIY VC, VN, YU, ZA,
(25) ¥ B¥8: Standard Speci'f¥'¢ati or?™M.6W. Pol yet hyl ene
Pl asti ¢ Mol di ng and Extrusi on Materials. Polyethylene
(26) Plifption Iegeuis di vi ded by nol"8&UI @ l)velg ot St EnldsyyseanC @dicated, for every

0 P rltl‘ﬁlathl gh 15 nol ecul ar wei ght pdé};y ‘éﬁ’é’e‘ﬁ@’rﬂ‘j‘t’lé@gi ’S*;‘H;g(ﬁg Sﬁ
/ 4 Whi'chyohavies, YRS, ayer ag W)gj anw z"@ 1‘9;@11(2 MD, RU, TJ, TM),
greater than 3, 000, 000. See g}, an CH CY, CZ, DE, DK, EE, ES, FI,

7 A%h B, BOsTA SienieRLEGw! BEUYE] ghtrrDGH, xaet}hyiﬂaaer USUAMCYNL, PL, PT, RO,
tr@ScehthtoRe! Whrishby BiaveHafonMy f rmst, Sk3MR), 0801 (BIOBJ, CE, CG, CI, CM, GA, GN,
TekgsOOO9 @80. One of the main uses ofQ Y YeyNess TOHOPE,
MDPE, LLDPE, and LDPE) is 20 in filmapplications,
(72) Inyenéoky BREESE. Do Byap: HaResamiida Htivet ubybbhed and consumer can
L?Vrlﬂlér%ﬁo “lfeehandi se bags, shi ppi 'Y "Eaeksy robE
. A l®vng f| I rrs rrul ti-wal I bag [ neers rglgucewba Srefertothe Cuid.
pan Lgo;l es es’ter%lke ewtown @gﬁ ennsy anc ofesﬁ jfz Cﬂﬁgsgyﬂbbtgtﬁ%eons %gyearmg at the begin-

ning of each regular issue of the PCT Gazette.

(54) Title: MACHINE-DIRECTION ORIENTED MULTILAYER FILMS

(57) Abstract: A method for making films is disclosed. The method comprises orienting in the machine direction a multilayer film
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 and at least one layer of a high density polyethylene or a medium
density polyethylene.
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properties of polyethylene filminclude tear strength,
i npact strength, tensile strength, stiffness and
wo passmapency. Filmstiffness can be neasured BYT/US2005/004719
nmodul us. 25 Modulus is the resistance of the filmto
def ormati on under stress. Machine direction
orientation (MDO is known to the polyolefin industry.

o ent at X TENESHEEGROBRERAERWLEIfLBYERGHERR pulT
For instance, U S. Pat. No. 6,391,411 teaches the MO

of high nol ecul ar FAElLDIOF THBEIKNVENTEON Mv greater than
1, 000, 000) HDPE films. However, WO 21)1)51092595

oPER, MBSt (< Bolletoliate imes dloi iayay. Ho Alenton

relitdsf toathdhihedpédtvh@nichtedaniitigherdii@e- down ratio. The
current polyethylene filnms typically conprom se
several properties, such as nodulus, yield strength,
and break strength, to neet the package requirenents
s for dart dr opBAGEKEROYNDEDBTHE IRMBNEON il ms that do
not conprom se such properties are desirable for

ccoraeRbG e oL A IB g oS BBRE" 1Bl o4 Wom® o
groatgs), nﬁamhura%nipﬁ)e(Mb?E |dan$|tgafsonngo ohe tnﬂﬁ@dmg/wﬁoi folvedensity
(PG steBaley M st A SEG Lae HGoR gereeiy polyethylene

(LODRBAL ideineidy Glony @OSHD \tthld 823 gicah i NGek AS TR 0497@93 Standard
con

after being handl ed a
SHRSHIGRUS with o FoHEawSNa ot MPRREG Fidhe sy Materials.

Pdpsh@Ene | Idaw Aeb Nk W1V BY dhdle@AaNRIgHS. Of ort MBtahick! UM-high
pr ocess. Q%ful ncreasing the yield strength of the film

melgeulpa gyeigii ISty enes qelnR@Isyﬂi%;e ity dtaveuadaeight average

mélte&ﬂgﬁw@ tg\h@; Sféé"t& thé‘r% o"o@to@'on éél@u%'@étnﬁb éh@@%m High
and is This ul d reduce the anount

meeedRre mhihp@w@thvl@@al w%@lly rclﬂflptqﬁie thasemvpickl Bavey aélnMW from

13@%@%”\906’(5@@.& oagl. Al so, the pri n.t epl sur face of the

e distorted, nmaintaining the aesthetic

quallty of the packa e and enhanci ng brand recognition
by 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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the consuner. In addition, the filnms that do not
conprom se the aforenentioned properties 20 could
w@bdosmwaste reduction in the filmthickness, fupdes2005/004719
i mproving the econonmics associated with the products.
MBI hofi lﬁiEﬁVl‘abie@Dlar a/v@glﬁi'eEIDlF’EJIfl?nst aréllimiied bé@ub@&M%se films are
dut shi ng sac ustr or creating new products
d‘?fﬁ:éa/t tBISEWFCEéO%d?'ah 5@"1’ PYEA té’ and econonic benefit.
SUVMARY OF THE | NVENTI ON 25 The net hod of the

i NVETHé @IremNpslySthgiens ifims itypdcally mcbh‘tprbm%%fsé‘veidfmmdpdrtﬁ& such
rati o e ectiv

a3 Greglue. P SHERRE: dab Tar pre s helRytwe s PAGieps adgrements

de @é‘rt'd}ébem%dw sttt ownPoRHieP - filtiae tHatl §d Ir@yeéonﬁmbmlse such
nprises at |east one layer of a linear |ow dens

p@@ﬁ?@shw&%'rebm)'mawr& the| Rerérmanee oA flg bags, a-?\Sh\rvglh as the
eSSty é’é%lolrf%tt&ylvﬁﬂ? &'5@? Ynd2 filfRg! HH@ degsi t ¥or ample, by

pol yet hyl ene ( MOPE) . 05/ 0925
INPERSUR2 005 S3) arralhthe yield |strengthspf dhe Hikg, larger bags can be
| ' ; -
pisRhbed ARichwoh naﬁ’gﬁfﬁ?é%aﬁ%r“%gé%ﬁ%@'ﬁ%%%%ﬁg?s e reteining

theirl ghislpayaster foeling handied dytteel consunidre Bagshwitie higheeotodolis would
Y. ' t : -
aI§$ ragﬁ\g/ttﬂegﬂntgf\wgsg{) i ?%\é\ér}e n%rjogxwp tﬁg oqglral e% Rtgmlcs of the filling
prbcags.down rati o and the oriented film can 5 event ual l'y
have a dart-drop value greater than that of the

or i gB)é?r#creéé ﬁ'% J‘n-@yl%ld H? tIH 0¥ e lﬂﬁ’ﬁ] @E%’ég@e\ﬁmﬂg %%Wess likely to

met h h i ne-direction™ori
el(ahﬁm)e urrddrtsrtﬂeayemdfthémfmimtbhy hetasindhe aniginaashawe efd Hinggnsions.

AR hRire S picrATicus pERBRe MR ke Rl i atcing
am@tH’nmlngxﬁmﬂhneloadv@rlﬁo dine pomipd issiface@ bt et baggvauld not be distorted,
mamtglnlngytﬁe afelslhetlc quaPty of the package and enhancing brand recognition by

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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machi ne-direction (MD) at a drawdown ratio effective

to give the filma dart-drop strength that increases
WOWRM0R0923¢F easi ng draw- down ratio. The nul til ayeeT/f/81003/004719

conprises at | east one |layer of a linear |ow density

p0| Yeheyl £fign (4-bREEhedits adrt-tisop Rasdct efienytAyuaf isareduced as

h d t | yet hyl H d d
B SeRAas L TNISPE) SUESRe @UDY St et & P& §im s oriented
in QH@Ha\HFﬁﬁé dREctRIndyRng abdhiR drdw-YolA rdbo Vhe ()cﬁarthro&l strength of

l'ong chain a-ol efin such as 1-butene, 1-hexene,
the- 88T dnereasas t Wish eneledping PrryY-dews fﬁﬁ'@s@”%ﬁ“@hoﬂ'ﬁﬂ%‘j dilm can

b
R R T

ingention do rawrdes| newaneihog forpmoylu@lhg|aemécfolw1§|wg§tlon oriented (MDO)

m@.\a&%ﬁ.ﬁn%@?ﬁ r%%nﬁ:@ﬂar‘t b?fvﬂl%tg@dg[bgf Fellp Egnd?’ﬁ@h dart-
drdpmspagt sirengtm the range of about 0.926 g/crrB to

about 0.940 g/cnB. More preferably, the density is
within the range of about 25 0.930 g/cnB to about

compri Ses 1 1BRT Al DEs g oy Db SBE BIENT oG

recurring units of ethylene and fromabout 2 w %to

abOl]}helfmmo%@lf thee invientioy dmhptrSeeforaarﬁBgta) rﬁllllﬁl)ayer film in the
olefin

mﬁplaa?-pérﬁghoa%meq{ea %%av%éiﬁyvgnr@?o 1e%?g£%q.]§o give tﬂgeﬁlm a dart-drop

stéeriet tat | mBRALes ewitidNfcredsiagt arza@v dawd idie. | ike rantlayer film
m xtures thereof. 30 Preferab

|
COHNRHSGS ab}ea%pﬂﬁdaxs%n ofn%|haea'i E%N aévﬂwt po'mtgﬁﬁmklr%% and at

let BRE {Rer NBKiangidpi BAS elr’@3 ﬁbPEPPcﬁf IaS MEIRWA - density
For 3 2005/ 092595 P /US 005/ 004 I nst ance,

palysghyleme (MRPE)s, 486, 270 t eaches the pr epar ation of
MDPE by a multiple- zone process. Suitable HDPE

pr SfS?J‘taéHIé( LD BPEapestably Vs Wopbliymetder RpidRe Aithad el to 15 wt %
of a long C%aln 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 glcm®  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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to about 0.970 g/cnB. Mre preferably, the density is
within the range of about 5 0.945 g/cn8 to about

wO®2®686939xnB. Most preferably, the density is RET/H82005/004719

the range of 0.958 g/cnB to 0.962 g/cnB. Preferably,

iristendd . DPE, PYDMNo.afhd86iRPE thasteesathe Mrapdration abMDP© bQla multiple-
to about 1.5 dg/mn, and nore preferably from about
28N®P'AS5Sqbout 1.0 dg/min. Preferably, the LLDPE, NDPE

and HDPE have an MFR from about 50 to about 300. to

Mel t Suidels I—(DIPIZ)Jréfsrahﬂwlaéé | deaaty wmangembymro 941 g/om®
used

I ht , d t
19 G0RER 070" B o MG ety e Aty it i e [Siiogept about
oMAQs gleilits abest ROEDYRM MG Wreferabd), ey derfsityas d@kinM&range of
dicatgs a broadey nol ecular wei ght di stribution.

Ohﬁfllﬁ 9/emt fROERLI%CBT- the high-1oad nelt index (HLM) to
M2. The M2 and HLM can be neasured according to

ASTNPEéfé%’iﬁf thea LMPRE | MDPEasHE a4DRE H:livelzﬁﬂﬂlyfﬂr@ﬂf aBotJtGO 01 to
k tpress re, The HLM is neasured at 190C under
£ o

Aramn. BBBPrELPE FeBPEPONDSE 1 5%09'[}%#@ 0 dg/min.

Fhanéeaisly, THEDE DPEY RIBIE ol IOHE Mave R NIPR fKoM‘)abéMtté@l t8 about 300.
t he ran%{/el of about 10, 000 to about 500, 000, nor

Mstidpdex ivilz) or vl s tQL'Te@QWGtRP'%[B%VUWC’@GU’@OWE'%‘ECPW melt flow
rm;(MP fgrt‘?@dytcf rn"?é'ﬁs@l?é)%e %OIQQQIaF Qvé?gﬂ’gu&st%gu@oﬁ] 08Qarger Ml,

Preferably, E, ve a wei

ingicateg@ lqwremojleamlaweg;ht (Mlgrgwr tMﬁRl Imqﬂ@ateg@gbm@fjer molecular

0) £
tdl% lft%?by%%g?t 0 a%'gu%qgggg%%?aan%lpkr@segr @ilﬂl\/i){) to Miz. The
Miﬂ efe -ibVycdn bennzdrsured adaaréing to ASHHG I-12%D, 006 Mi; is measured
SFoBOTTH 2 s EM TRR I s e v

podssalmut 3 t o about 20 nore 25 preferably from about
4 to about 18, and nost preferably fromabout 5 to

per meLT e 7 KEPEE Mie, MLEBPE R BB, i mgecular
\AJalgyﬂ] (Meimpéhatthe eamgesd)frahmanhtl 0860itp pbdutvﬁ(lomw) nmrg @cefotbly from
aﬁgléq’ i?,'[o:dﬁ‘gpl( gg%%gﬁ@g#@bgndmr%gs pre#“er;bly I}rom 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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(TCB) as the nobile phase. The nobil e phase is used at
a nomnal flowrate of 1.0 30 nL/mn and a tenperature

wW®H00349395 No anti oxi dant is added to the nobi | BCPhs®e;/004719

but 800ppm BHT is added to the sol vent used for sanple

seinpied arel wntedPat YIBIC fof 1O UBSWRIP 3BR%e agitation every 30 minutes.
PCT/ USZ 05/ 0045(3 F[F Ies are heated at 175C for two
Injgetag W‘ﬂrﬁeé‘%ﬂl 8"%(@ ‘i on every 30 m nutes.

Injection volune is 100 mcroliters. The Mv and Mh are
cal crhat\ad arsi Mg dreecateunatedtusing uhiatc;urrhumgux% maichbfga%i @ilibration

Erocedure mpl .e%by §tc]eferp {Ilgrﬁ%uaeﬁ\lgreg{)] jea (llhls involves first

geAbidihgtd EHlibeationecuned D8NG ARFBW ﬁWstFréNé era@daldenH8sdproducts of
(PSS, gg{roducts of Waters Corgo tion), then devel gpin

p
Vgatﬁbﬂ PRFRERR. dBgn KeNEPBINgL ethyinpefalipration by the Universal
Ceftbidibatdreddr@cedure. Suitable LLDPE, MDPE, and HDPE
can be produced by Ziegler, single-site, or any other

et | Suita LLEIE BubR a8 OB daache Pradbgr ey dasalry Irgle-sie.
of nemyu dehdri 6Iéf|":h %Bl;hﬂémz#t@n &atb@@ﬂsu mZ?édfé’rX b@'t@ﬁystsV aradiei Mknown.

des, and mxtures thereof. Ziegler catalysts are
E@@mplew phsuiable Aisgerscatalysts iggluge i nugpd}ﬁhﬁgsm titanium alkoxides,

vﬁﬁ&m HSides) é\gj Bisdties tﬁ?fe@“ Y Sy &Gautdigstdavd d&d Wit Bocatalysts

rreta | ocene non- et al | ocene.” Metall ocene
sytings @lkyl algmirralopstrouade transiti on metal conpounds
that contain 15 cycl opentadi enyl (Cp) or Cp

der i ¥l 8jtd 'CQFH‘;%?S cgﬁrbeeﬂmdemt&m%talﬁﬁéne MAd non-metallocene.

4,542,199 teaches netal |l ocene cat al yst
Masallarenal Binglensitesioaialysisi are éraﬂang@t@etaéo@qr@wwndrsgm@@scontam

cgﬂBSéntEGi%pr?cgy héﬁe{j P%tﬁ@”ﬁgsa‘ﬁrﬂ% ¥drC example, U.S. Pat. No.

aracter trc ocene non- netal | ocene
4364291% deachesamataliocenereatalysis.ai NOhemQtaHmeom gngle-site catalysts

L r y I

QhRRDBRgPs Gune” Bl o ket SERTESIRY RGgtprstcs as
nietalBtehad, T51,e7r5cﬁ1 fktallogade SingR/sittotatblgsismay contain heteroatomic
non- et al | oce . .

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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catal ysts. Optionally, the nultilayer filmconprises
ot her layers such as gas-barrier, adhesive, nedical,

wo baseorses ar dant | ayers, and the like. SuitablBCT/US2005/004719
materials for the optional |ayers include

bRk ity hi eenglkcmb@éssda)d tmimﬁcydkeybr@eggmtﬁa,t in the high-stalk

d | I t
péqq%;;gg];h@eg}(tﬁﬁ g@&gdg @foteé%q?%ﬁgggcl:q E\m) the length of the stalk) from

tl‘?é BYr&516n TRL, Mtile A6 Textradisd ﬁ%%%ﬁ@'irﬁp&cﬁ@f\brocess is inflated as the
thyl ene-acrylic acid copol yners (EAA), |ononers,

tlﬂﬁ exits thapxbibsigs dif-af t ed pol yol efins, K-resins
(styrene/ but adi ene bl ock copol yners), and

pol Yfl'ﬁbhﬂuﬁifé%/etreﬁh%p@t hatai s@r@ﬁfﬁkd e hﬁ%hm@n@r processmg)

m xtures_ thereof. The nultilayer filns can

CEOHS 1 eV Scoasllen D Onriok sy AHap, TregH M ATamHtG Hgwh-fim line
oP'RRES FifrR - prEB?é(s %ﬁeg%d@dﬂ%n%n&ﬂéférﬂ%rﬂﬁer@tlﬁ@“ Ftéfg?ﬁgly, the

processes. rocess includes h-sta
oriprisdor etenraiaiise ds. bGTMI@edi B@%r ohdbe @fmnzeowtwg%g&e glass

ETREREARA L5, 50 ISR DSBS Wi

(Pmpceskor instareet riflthed btamdehas a wpl eft 28° ca atidsa afmoeof 125°C, the

ofibioniPBeRRtE e BlerbBy bR hnd el b BBt Srlgabout 125°
The Heatihglieprederablyeerforhed efilizirg makipextaatisg oolletds.e. s
The multilayer filmis uniaxially stretched in the

machj ( ' r Thins, 1S I .
vy NS A AR Aok b EShh Bl Syl e St s
thor sanbevllihg|lspepd asabs heatihg adlleds. t aihalﬁlrmrtmandarate'rsom fast draw roll.

ThE RS el Faghacr SRR i Zoieo L BRbRreRs hEME R Eraw o
whichneffddtioalytstreubtieatthe #in{ 39k cntinddwe besis i ng point (Tm

and the rrel ting terrperat ure 10 (Tnm). For instance, if

t he S AT C and 5

or e PSSO P 1 SN SeRUP R iAr Pl (i gl siress
relfxationuiby AOBirgothabimt atlé?r’ﬁ@.evaféheteimatatm fos apregiberaiime. The
aRnegl%rgnt%%puetréture lsnpqreWably |3\ntﬁ|n t‘ﬁe rangqe ofoabout 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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Next, the heated filmis fed into a slow draw roll

wth aniproller, which has the sane rolling speed
wa@ssooshesbeati ng rollers. The fil mthen enters BCT/ES1005/004719

draw roll. 1s The fast draw roll has a speed that is

2f ; oThe dn:tlﬁaElSpdirﬂSie@bnd h\ﬁﬁbl’? the drtewoplvalverintreasesmite Araw-down

ef fectively stretc t he n a continu asi s.

S CEPPETR IRt M R DI e SAPTaTES Wrtig) EverS, the fim

pFéddser Sondittinghard tieavNsibOessnditiop axXRidi@ably thelddhwdoivieratio is

filmat an el evated tenPerature for a {)erl od of

orgrter Hanedili nilore RpRfPE dne Jray-8pwn 48119 Isyotastsr tﬁﬂﬁ@ 8:1. Most
p'?él‘@%l}pfthéaﬁéﬁ dé\gﬁ%t‘i@lsfﬁ?é’é{br fanGo20 Iafé‘f'erﬁbl@ @{éﬂﬁ@lltl!a%r film is

time i's wth eran? about 1 to about
ogieaigadto. amqa@@ntythat thee srsmnf thecHlan elart Wl@mm@ﬂa@mdn@rmmg a
nﬁ@{ lv\%rlsmﬂqo an anbi ent tenperature. The ratio of the
m t hi ckness before and after orientation is call ed
"draw down ratio." For exanple, when a 6-m | film
st r et BRSAVERFiaN. B'LCPquS heeME; stiertsdudim meds by the: ﬂlethOd of the

uﬁ“e‘ﬁﬂ&q' Nehd ﬁ%vér'?tﬁm'@&@ Réies the muRveAl hlﬁ{‘maﬁg%y the mhethod of the

draw-down ratio Is 25 sufficiently high at which
inventionlr op he tfilrargftthe dnventien frot enlyritasea Sieh mpﬂhiUﬁ ta@d high tensile

g%ﬁ#hl @9:‘&&36 Eillta's%%hb‘%lal il gtlﬁl ac V‘QF‘e’ﬁ\gH‘ ﬁr'nl @fyt‘FlE lnventlon is

orient ecre
partidulariyc uesfs! rior mmmd\mvy-dutyobagbmveeto it combmatlon of high

BB, APl A B e EREenbl ot o Vel e 1 mor cases

with draw down ratio. As the orientati on conti nues,
the Eréferabiy the film chtheniavention s & it ecatat MD 3od dilofiransverse

SRR TEOL ML B (BIoA LSRR La e rdPacoco

pbie\amadmoki pleférbblydaeated tiam 2%0,0@€0 pancrl&ladelssws tdsted according to
%@@f—ggﬁl\@ l}atl o depends on many factors, including the
8 of the layers, the film process conditions
and the MDO conditions. Preferably, the draw down
r at i @referabdy, dbe dilm thasrare MD) tdvisile spemdte rcdlyle)d anthat break greater

LA o5 e, b GRl brett i o BBT s, g, ragtpreferaby

gRsatk ethahl40,0aesimuT drisilagtrengthlisrieisted 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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oriented to an extent that the layers of the film

start delamnating and forming a nulti-wall film The
wo eweneasem | ncl udes the MD oriented fil mnade ByT/UR®05/004719

nmet hod of the invention. The invention al so includes

the multi-wall film mdeEXAMPhESMe8hod of the o0

ni g rsr BRI RN DREVEAERN R, (R RgBe

hi gh dart-drop inpact THRERQAVERTHEME | m of the
I nvention is partl cularly useful for making
heav

ut i,ts l.pat i n_of. hi .
nodu u@ed%lpbﬁgte%& l)ée(%la)ﬂ%nen ! ﬁpgr u ttgfel%@,?ﬂer Chemicals, LP,
M5 0. BSHESYTWI kiensity: 10.938 gleen®| MrerBiono, e 2091600 e€ atextruded
transyv

VD and e is di i on | us greater
Wi e o UG Fafatnyieas é¢§%ﬁ‘>§/ @%@%&téﬁ FRiSLo0eD5e's, LP,
dBBsity: mmgﬁﬁn%mz ew. 200 )dgﬂﬁlﬂaMhr 3bhm RRD, @ﬂpomland converted
Modul us is tested accordi

inse eneeally, layeredrthra leyer a?r%/M&E’@UeDPE} ém;wﬁha thickness of
14icehndl REbatt mBY &iéWwﬂhr?@tn% did 8@15‘ $he ’ﬁﬁ)@s 91%' pro&%e% in the pocket

preferably greater t han psi, and

apd et bloabil ratins U2t han 40 000 psi . TenS| | e
strength is tested according to ASTM D- 882.

Pr ef ?HQ%MS e{)?qh%h ls%{&ﬂéd %tEg@ﬂn%?ﬁl d mat'ﬂe%g?/ mﬁé‘ irection with

nore prefera ess an o Ihe haze is
deaye-dpdinngtio® 4A5Tﬁl D18GHIgR3: 18naEvdaampjesr a4, r&epzembdely‘ ofThe draw-
d@éi&aﬁl@ﬁo*‘@ WOEIJQ%% F}% ergtg?\?/ O%RI\{ Sﬁr% thy the orlentatlon
eglmeateefc andarmt20e patymenrrﬁn‘re ﬁ'l’neffémaﬂzrbpelgeeateehstehanTaﬂle 1. ltis

Th 25 L ASTM D245

G et 88! Grabiiahs. 476 B8R Bl Ge LR A s Fmsing araw-

dEwhn‘atI@ends Sapécted! Aster apartidutarfdoaw eado) thedanplt@svalues begin to
B T A L R

the spirit of the i nvention and scope of the clains.
30
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2005/ 092595 PCT/ US2005/ 004719 TABLE 1 Properties vs.
Dr aw- down Rati o ofOMPARAZNME EKAMLES(-1br aw- Dart MD

TD MD Tengjd fildbiFeitdh! Griddt@Rs e Monolayer Films

Examples 1-6 are repeated, but the films are made as a monolayer HDPE

structure (L5005, product of Equistar Chemicals, LP, density: 0.949 g/cm®, Miy:

0.057 dg/min, Mn: 12,600, Mw: 212,000).
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-

The film properties are listed in Table 2,

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



No. Down Drop Modul us Modulus Strength @Yield

Strength @Break % Ratio F50 kpsi kpsi Kpsi kpsi
wE2@I®925945 41 136 122 149 8.85 13.8 22 39 2 5:ACTES20031¢04719

155 16.5 20.2 26 34 3 6:1 134 170 160 24.3 26.7 29 31

4 71 155 200 164 32.0 33.0TABLB® 5 8:1 190 236 167

39.5 39.5 32 258 293 171 47.9 47.9_31 33
COMPARATI VE E?&WE@@S ¥s lqraﬁ’ “WhRAlo pf Mepplayer Films
ECY | eiag-af pamropf| MEDPE [Wbnol nsitel | Mp MECXeadnP] €S | & | akz
NP'epQ%‘edegrpsut LT i| ILHE" ar g AB@&Gs SEdehttay er  HIPE
styucture (LbQ05, prjoduct of Equistar Chemicats, LR,
odensnty 199. 949 2g8 cnf 2341 2:6.530. 057 dedani n, Mnh] 142,600,
—Mv—2127000) [The fitnrproperties are istedinfabte
8, 5.wh| Cluvsshowssd hat| 2gene wawt drop| v ues 14 |56
stgnitipanttydecregse—whth—nereagtng—draw {o
ceatl 13@ ahgs t he |ggast i|esdupt V] in dar §5(plrop vaI Wwes | geen
—wi-h—the—ru-tayer—Htas—+Ar—Exanptes—31-—6—+i5ne
copserveds; The [dgaw dgym rlagds0 of 7| Qql IS th(_1gra Lgrum
\AL i i h +hn

anf nf | on aul-nhent
LI %A oot

h oL
candl, 09t | By thd ol yisg, fillgp, 9 WO POOS/ 092595, | ,,
PCT/ US2005/ 004719 ABLE 12 Properties vs. Draw down
Rati o of Monol ayer Fil nms Ex. Draw- Dar t Drop MD TD MD
Tensile MD Tensile 3 oss Haze No Down F50 - Modul us

Modul u Strength Yield Stren Break % Ratio
5 Ganms k si s k pstOMFARATIYE AM ES 12-19

Machine Direction Orientation of Monolayer Films
From MDPE - LLDPE Blend

D
D
b
D
5

A L
VVIIIMLI\JIIIIL llllllll

['T|_"'C)_

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,

10 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
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

15 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.

20
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C7 4:1 137 218 234 6.53 15.3 12 60 C8 5:1 105 239 236

7.17 20.1 14 56 C9 6:1 86 261 238 7.81 25.0 16 52
WE105/6925981 286 240 8.45 29.8 19 48 Cl1 1 7. 98CBBSR1D004719

241 9.02 34.1 23 44 5 COVPARATI VE EXAMPLES 12-19

Machine Direction OientatTABLEB Mnol ayer Filnms From

MDPE - LLDPE Bl end Exanpl 1-6 are repeate but the

filnms that are %@@eﬁg%ﬁiﬁy RaA ok Men@lp¥eid of

MDPE (XL3805, product gpbHUisPRBIERERSS! S, LP, M 2:
0.057 dg/mn, 1o density: Q0 938 g/cnf3 Nh: 8_000

mhve| D20, DERD) ~ ARkl DEE.( CERAT e paodliEn 'éfsreﬁqu‘?"éﬁi i

Charretpal 5550 LP,| kidiensi thesi Q<815 g/ cnBesiM 2: 0. [700

dallm ﬁramson faYaYa NN V| 120 _000) The eptt_in
Uyl III II, vIT. v, UUVU, IVII\I LU, \JUU/ . III\, \JU"PU TCTIU T
Cuwe 40l en:i14laave 16421 1 0$,050 |t/hat the pgr,cent age| gf each
matlerial presed i nit-he—gverall il nn.ie the sapel-as
CHwa t;. ,of rzg milsy | ayess fill,ps repr esgnt ed in| Bxapp es
1-8 Thelfilmipropefties are listed in Tabhle 3 Wwhich

C,ﬁpcvg% 15 go_gat _t]gée ddHo dr391val ues qu gni fi can314l Y| o7
dedreaselwthl!increasinag rraw-_down rml o_andi__the
astic ppturm,seen|w.thit mul ti| erfllrrsin
C%(af{nl es|T-6 iégﬁnot osspr\?gg The %‘r aw down 3r63t %5 of
6'1 I 5_the | nmaxi mum draw down ratjo |imted by|the
C2)6ri ént at ?J7n e ,E'?%prrenf“sanc 'gt by th23'9pol ymer| il nf? 20
0 V\D 2005/ 092595 PCT/ US2005/ 004719 TABLE 3

Cﬁrcﬁértl ¥ vs | 2B awd fwn [BAPi o of M3dol ayer

39 24

c18 | 10:1 86 249 154 36.9 38.1 39 25

C19 [ 1061 |89 272 156 39.9 40.5 9 26
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VMDPE- LLDPE Bl end Filns Ex. Draw Dart MD TD MD Tensil e
MD Tensile A oss Haze No. Down Drop Mdul us Mdul u
waLosngtshs @ Yield Strength @Break % Rati o FS5BCRPS1005004719
kpsi Kpsi kpsi Grans Cl2 4:1 140 104 129 7.32 13.4 27
I3RimC13 5:1 120 120 135 12.2 17.5 30 29 Cl14 6:1 105
139 140 17.1 21.6 34 27 C15 7:1 93 161 145 22.1 25.7
36 2 6 8;1 87. 186. 148 27.0.29. 9. 38 Cl7.
To15 AsTeuRIGompng Srishiing 3 gniliayergitin s i airegion at
dwm%wnﬁhﬂo Kifebtivie 89gidd 2nd fifn %gdé}t-éﬂmp%tﬂar%@w thiat nWQaases with
2005/, 092455 PCT/ US200 /0047% rA
INERBTNG i FIVGONEETIRg WReR ¢ ‘FJVBrCCTmFPrIﬁe?rlatt ﬁ@sﬁrﬁ'&%’%@r of a

lideareinv aensty J@Iysﬂmmweiqvmmatarw ef feRet bMe 14y@r ¥ ehiyh&ensity
op str h that jncreases with

fil d
pP'h/@EPa/ %@Qﬁ%ﬁrmﬁpg{wsﬁme% hylengdMOREh conpri ses

at | east one layer of a |inear |ow density

opol yerhbyh@tn@d Ok LIRAF) \aisheiat the ISIPE GRS d doifdity Afithth fheHBnge of

densi t hylene (HDPE) or a medium density
Op‘%ﬁ1y%/f3%wcgﬁ8¥§ 3e 2. The nethod of claim| wherein

t he HDPE has a denS|ty within the range of 0.941

39/ cnBhé mé&hS8J of a8 widereihitae MEbPEthasfa @érwltmmﬁtth@%ng of
t VDPE hg\é@ er§S|ty within the range of 0.9
o 10849 95

4, The method of claim 1 wherein the LLDPE has a density within the range of
0.865 to 0.925 g/cm®.

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

effective to cause the film delaminating.

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.

12



4. The method of claim 1l wherein the LLDPE has a
density within the range of 0.865 to 0.925 g/cnB. 5.
wabmsnoetsbod of claim| wherein the filmis oriBrt/Es2084/004719
a draw-down ratio effective to cause the film
10el amhéahethgd &. cldine 10EtWhekirfthe Ik ng lvindiernied Habde 11,000 to
%ilﬁlis oriented at a drawdown ratio to give t
%0 a dart-drop strength greater than that of the
original film 7. The nmethod of claim1 wherein the
18 L DPEn oHBRed filrn enddeRly #aahethad oficlaiveii ght aver age
nmol ecul ar weight (Mv) within the range of 120,000 to

d o a erein the Mvis
&nthgﬁ“‘ﬂﬁ&’aﬁé'ﬁag“%ﬁys@e binse @6‘6‘ 000. 9. The
met hod of claim7 wherein the Mvis wthin the range
of 140,000 to 250, 000. 10. The nethod of claiml
wherein the LLDPE, HDPE, and MDPE each has a nunber
aver age nol ecul ar wei ght (Mi) within the range of
10, 000 to 500,000. 11. The nethod of claim 10 wherein
the Mhis within the range of 11,000 to 50,000. 12 WO
2005/ 092595 PCT/ US2005/ 004719 12. The nethod of claim
10 wherein the Mn is within the range 11,000 to
35,000. 13. An oriented filmmade by the nethod of
claim1l. 14. A nmulti-wall filmmde by the nethod of
claimb5- 13
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