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WD 2006/ 086134 PCT/ US2006/ 002130 MJILTI LAYER
POLYETHYLENE THI N FI LM5S FI ELD OF THE | NVENTI ON 5 The

WO pwessdleh rel ates to pol yethylene filns. Mr ePCT/US2006/002130

particularly, the invention relates to nultilayer
thin filnms. BACKGROUND OF THE | NVENTI ON Pol yet hyl ene
is divided into high-density (HDPE, density 0.941

Promo-626 t 3P BB VERGEYETHREERER N Ao
density from0.910 to 0.925 g/cnB), and |inear

| ow-density pol yetMELBGF THEDREENT#OSI ty from 0. 910
to 0.925 g/cm. See ASTM D4976- 98: Standard

Speci £ cation fo Lyet hyl e Plastic [ di n nd
Extrufsrb%ﬁ]“’%koér ?%{5%_3 ol@gjé\‘(eﬂ1 Ieé}?e%'ﬁ:rgﬁ Zﬁ‘é ebga'g'wliaﬂ%dthe
wentidrecidtas toneutiittyer bt filmsst ance, 15 ul tra- hi gh

nol ecul ar wei ght pol yet hyl ene denotes those which have

a wei ght average nol ecul ar weight (Mr) greater than

3,000, 000. See BABKARDOUNNOF THEZBE/EPHONT gh
nmol ecul ar wei ght pol yet hyl ene usual | y denotes those

whi chg_h My £ 1130, 000 t , , 000.. f

the. nBoNETEBE i tylesiy RiohetenblBRBraonsitv R4 T ghem or

ga%Es)r), mdimtl-'d?néiiyl l(mapal ideAbityD fioHm swisl a6 @OHTEJ¥M?), low-
acks, i i tutional a opsuner. can , liners, _

AEFRa e HEoRD " Bamo Bl Ba 05 o abk dgiea low-densit

polyemylert! (LLDRE! beldy frdrh e t&@.@dgcg?crﬁ?QSSeéjNSiTM D4976-
a sf%r&ft re%ch_wr aps,, and shrink waps. The key .
y% ar‘ﬂ)r RRAHGAESN ofer paplyinrgnendlagtic dYieldippuaed ¢ rusion

Rt 2. h PolyERAIEneSEdneA88 Be dividdhy @oficleR Weiyht. ggr instance,

stiffness and transgar ency. Film’stiffness can

HEasigle dnaigeulars waighitPalyethvistal denates tiaser whicht bauseaoteight
higadé |mpikouide s t(lvﬂ\? I\%?%rr Rf @80, hige us Pat. No.

direction orientdtion ( nown to t'he polyol
6286800y . Highmmelesufss| weight pelysthylane esualid denoies dkose which

ﬁé\feeéﬁMvJ ﬁ&{‘o'%ioﬁaoqfii(}?&? A mes aligned in the

Irection of pu ance, U. S. Pat. No.
6, 391, 411 teaches the MDO of high nol ecul ar wei ght
( bot HOWR ohihe meingises oépolyetayiene GODPEOMDPE) LUDIRE, fandrtePE)

_ ; | g !
SOHCH apifel, Eh o, 8o b PG T Bl cr
narst wRrchenaiséibgigs dshipeiogusacks, ifood patRgRaDBlESGAdt-wall bag
P 30 T t t hyl filns:

FEH LBRR0RL 305E ot W 8 IS LD Y oo o
piysidal propeiridsdof polgethylene dird ihcledd tedrr stragighh, impadesiength,

ERFUESHHANE Y b e ol S8 B meayed b
r}g?d?lﬁ:.t Wuals&s thesiesiginee fop thd fiTIrte \defgniaien RABEOSERBCE

Machine direction orientation (MDO) is known to the polyolefin industry.
When a polymer is strained under uniaxial stress, the orienta;tion 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, MDO of such high molecular weight HDPE films are

limited because these films are difficult to stretch to a high drawdown ratio.
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5 bags, as well as the econom cs associated with
producing and filling the bags. For exanple, by

w0 p@sesEBdng t he nodul us and the yield strengt hrof/Us1966/002130

film larger bags can be produced, which would allow
packagienguirentgeryeaiiopdene fiines typicaljp adenprovihiseesavetali properties,
[ ft handl ed by t he, consuner, Bags
St HERTHE b BB BhaI Bt BS e ndD PR g Peckage
ﬂeqnesmbntsrfm ﬂa|$t@nOp Infrop vitreggtithe  Polyewr filds that do not

f the fi th .
SHTBMAMLES s WoBetenar HeSfetie,brimptovisng hesoriaaace of the
bades lay wetlloaﬁr@l@@ir\@nwﬁj@éso‘étaﬁé%ﬁﬁ/ltﬁﬁﬁoddl‘ﬁ‘fgeéﬁdl ﬁlllh&%(e bags

et ain pﬁehz) ar i | nal shape and di nmensions. This woul

%ﬁﬁi@@ YRl ﬁ?'”%ﬁh%mgk@s\ﬁﬁﬂéh‘e yield $t€%ﬂﬂﬂﬂ etitherfiim Iar ger
it édn' 523 bf&‘u@é@gwﬁiﬁﬁi dellmallldw paafégfnd I%?% qglaﬁ{‘?’ﬂe oods

surface of not storte

t
Bhlenieffinmeiheh sraes: e  mgiBandid Gy Tccqnsskizge. Bagd with

: rﬁ@lﬁ@nﬁbaglugr\%lﬂd ra%‘ooamw Ty fﬂﬂmlg Inm%sct%nﬁh‘\nﬁrsﬁqr' thproving the

di tion, I'ms that do nof conprom se
W%ﬁ\?ﬁmfh%%p@pt%@ss coul d al l ow the reduction
inthe filmthickness, further inproving the
eCcongy iAgreasinG thayRM i
i nno?gﬂtll ons |a?e (SeIS| rg\&éﬂbtﬁ Bﬁgﬁﬂﬁﬁ?@%b?@eﬁ@gw b3 lesp fikely
tgn@lopgaty; w&erb%tgeSSnanrétth?rerqre bepatetaig thewoniginaiushape and

dlt‘ﬂ@ﬁSlQﬁé’VWﬂ% \QS’GIB %%refo%%ﬁrﬂﬁ&tad? rggl&n\?/mcﬁ & Pgéqlitgg Jrom

THE | NVI nventron I's a nu
th«ﬁ,flﬁn fqulqlmg Ry thmnmgf Under'ioace rdsan thmatlnted$uﬁabmof2}5e bag

S 1 ml
1 ol B SRS ety e el 5o e Raptade an
ephgneing brandorenwltlmlajmeaimhyurheom about 0.5 mil to
about 0.8 ml|. The mJItllayer thin fllmcorrprlses at

| !
2 M et 4EP DO AR ALY M e
poerertiesh oo Wd @lloWMDRE reductian mﬂadineu frhrrdﬂnskrteys plirtyiet myprevieg the

aebiics aSo B R Bradliss 'S iPeovaERs Al desieplegip i

tlne)cmlmerkayldcretaémt agsindustryr foc ereatime new peo atdthhey@iide both
peﬁg%éﬁc% %ﬁ?\ég@%o%"eg}?(ﬂyr PCT/ US2006/ 002130

mnlrmmt urprlsmglyfoundthat a
multilayer thin filmcan be readily nade by
machi ne-direction orientation (MDO from a thick,

mul tilayer fil nPUMMARYIQF THEINVERTHONt i | ayer thin
filmof the invention has a conbination of physical

pr opgké irﬁ/%ntMH Brh ﬁ‘lﬁﬁllﬁbgfﬁ V\I;Lfllﬁﬁ %y %hiﬂﬁr[lﬁg?w% nttll?éeltthé)blm

a nmultilayer thin fil nessb
hag gethigkpess Wighip jhe: rnegtaf @boeh0 Wi mih tmabcm_bo mN/bpreferably from

h
SRS o A P i 06 o
Ol | 59@mmulhlamerf thimfilna somprieesrat |Ieeesdj okB Ingar ofsarlieegt ow
dehsifi? pBIRIRIH' (O'DPE) and at least one layer of a high density

polyethylene (HDPE) or a medium density polyethylene (MDPE).

Conventional multilayer films are relatively thick. Multilayer thin films are

difficult to make by co-extrusion process because each layer requires a
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greater. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
multilayer thin filmof the invention has a thickness

wowahiossishe range of about 0.1 m| to about 1PeH/US2006/002130

Preferably, the nmultilayer thin filmhas a thickness
mirtitium thiekneasgeNef suaprisingly fdumd that a atwtuaydb.tﬁinnﬁlm can be

R R ML BT ool orsPion ok it & Bidk, guutiever
flilrrB \{befoundi thaTlm multuaﬂeaym flln’ﬂ bﬂtgial ihmrm@ﬁma'ts&‘eﬂ%rﬁl?mation of
east  one | near W € ene |
DL oRRE e i dh et g BT o it oBa digyer i i
which &b ehesehickidBBut afade diediypy Qﬁéﬁtrﬁcég%rﬁ)WtM&‘ithén More

1S

UI tabl e LLDPE preferably
éﬁ%%% b Dy tﬁ%ﬁ#ﬂﬁé‘ﬂ? hgs gengigdersblyyaproves MP tegpstrength.
TR endflagetahin Anoh&d brho?'M‘éhze%GMb Rigl ef@ngth- &re. E?am@ﬁﬂ or
1-octene. Suitable LLDPE includes those which have

EASty within the range of about 0.910 g/cnB to
about 0.925 g/cnB. Suitable LLDPE al so includes the so

called very |l ow density polyethyl ene (VLDPE).
Sui t abl e VLPREARED RESERIPTNONOFHTHE INEENZHON of 0. 865
g/cnB to 0.910 g/cnB. 25 Suitable MDPE preferably has

a deﬁf’detry\ulﬁlatygf fhlﬁ i Bﬁ‘ﬂ%em?ént%ﬁ%s 9. tl%gigwesg/\ﬁlfﬁt?’n YR range

about Mor e pre erab ensit
i 2o Q ﬁemrl atﬁg@b%ff 1 awbutPr@feyawygIWulwawmothun Gl 4ms a

ekl D B GGl Eob 2 B0 ST oA, BRIy e

lﬁﬂ“'@ﬁ/ﬁmhe“h&lm barda thigkneab aithinzthetrasge of atuh0.5 Hilid abooif 0.8

@currlng units of a C3 to Cl0 a-olefin. 30 Suitable
 to Cl0 a-ol efins include propyl ene, 1-butene,

1- pentene, 1-hexene, 4-nethyl- 1-pentene, and
1- octT@ﬁénUItllﬁéeﬂ mkdllmalﬁmnﬁsgs at legst drex lapér. of iNBar low density

ARMBRLTE %] LORSLEGEIS0 o 4 Y b Wy
(HIDRE)ids @ nediunvbehsity pfodyetm;dénm@/lthE))dSUItable m:uDREmmé%rabl

T SRERURe 8 Bl i DROB e 250 ol 170t a8 @ lon

ghiaivc esefirb sGeii tasbhfbutﬁéE 1p|n@teaealahy1 h@&te@ede@itébﬂe LLDPE
W, thin the r /cnB to ab

a of
s g M Pl gensth i 1o (710 o atinch B9 grem to
ab@nfge gqg lg/@bb usquab%E%PE ifsd utaﬁlab@yfhﬁ)s&ééﬁlea/\@?ﬁow\m{sny
ef era ensij is Wthin e range o
v& etyiens ¢/ Léhdﬁg?%h‘eb'eé{lé?%? HB6 @ dansty wi Mﬂbm%hemme ah1865
gﬂDﬁ’E(ormgeog;@nMZ fromabout 0.01 to 10 about 1.5
dg/ mn nore preferably from about 0.01 to about

1.0 %%Itg?ole MDPE preferably has a density within the range of about 0.926
g/em?® to about 0.940 alem®. More preferably, the density is within the range of
about 0.930 g/cm® to about 0.940 glcm®. 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 C4q a-olefin.
Suitable C3 to Cyo a-olefins include propylene, 1-butene, 1-pentene, 1-hexene,

4-methyl-1-pentene, and 1-octene, the like, and mixture-s thereof.
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Preferably, the LLDPE, MDPE and HDPE have an MFR from
about 50 to about 300. Melt index (ML2) is usually
wais@dosasreasur e pol ymer nol ecul ar wei ght, andPCTEE2006/002130

flowratio (MFR) is used to neasure the nol ecul ar
\NE‘I gmref#!rsﬁlyl that IVHDPE Aas| argebdMLer indtiraed £ Smalecare fweight

cuI ar R i nd] cate a broader 15
iBEtar e dhicrdnekih Biinedal orvPRrEoahaMIRE o kppwhpcFor
|hSighcé oas.nPht. NodexseHiAd Yeaches Nha- pr@@ﬁra%@ SNHoEMpy 2

@gbe nmeasur ed accor di ng to ASTM D-1238. The M2 is

¥rzeR0®SC under 2.16 kg pressure. The HLM is
neasured at 190C under 21.6 kg pressure. Preferably,

t hle lsullaaae IVDPE, préfé!ﬂaﬁ'r@ﬂﬁ? h@a&@}sﬂymm mée;;aagg of #bout 0.941
no ar wi thin the range of abou

Ql.lﬁmg a?wtﬁﬁ%ﬁgém odere nfﬁfeéablbrtaeaeaautsylwmw ﬂlﬁntﬁnge of
dbbu® 0 450y/80 td aEQMtO@QBS g’%:’mbsﬂ%r@féﬁélﬁ? ﬂﬁefd&%ldg%ow&hm
11, 000 to about erably, the

the dangsref hartgiee éc’h@ 963\9é‘?r%ge nol ecul ar wei ghts (My)
within the range of about 120,000 to about 1,000, 000,

mor e Fpefetalahy LEDPE MDPE aAdPIOREOn AR é\’PW{ fréu%b%@% 01to

and m)st 25 pref erabf from about 140 0 about

aoyt Jdp d gﬁ’f"@f apadgngre @negerg@m@m aboPED.0dnte alomet hAvdg/min.
F”?@fe%bﬂ/athe\ﬁm@ I\ﬂﬂDISE anFIIDPE%a(/WnW#R‘%JnH‘ aPo&lP@O to about

ranﬂﬁ about to a 0, nore E’referab
e'hlrld@XéMhms q%lallxahaedﬁogneaw@fpe alsiryndlegharaeight, 8nd

thét %Bw%tlﬁmggéjqﬁ'\{}e’ed“@ m %cﬁ‘é&né’rt\{y@bﬂ?&sﬁ%u%ﬁ A

per neati on romat ogr aphy
lzgep bhoiodichtesta lowep srdeauitas waightr inkarger l\é‘a%mrquﬁa:lesr\a tohoaler

e el BB IE M P et o Bliigsa it Al L
to Mllg.nToe Mg ane M-\ TeB) b@mdds??eg\?véx;dgﬁém ?@ ASTM n?/_trﬁ | The
R0 SBbarth Sho phestie g dferdsr atne ol Satetives =
190EC nmbed 21. 6Ikg$aeesslurﬁ 800ppm BHT is added to the

sol vent used for sanple dissolution. Polynmer sanples

ot LFRRD v Trne, MISPE T MRk i ey pgerage
molecwan weigbts (Ving withinathd rddgeasfeaboat t00a0 eslabsutsP0id08, more
iRt (AP0 fo it Db And TosFif&Erabil b eabout
i OCEJttogaﬂumet a5,000. Prefatdby; #id DLl’DIQErM@P‘ESbﬁQ HBPE Gve weight
BEIAGE HoRRAT AR T i P P B Abpitastdgo to about

16600, mrraatmone btsefér’aal ummeétﬁﬁlt 1@@|0d@rg;t b@éht%@@@@bgrﬁad most
can e rod

d
SRR o8] Agout P00 Ko abawy 250008, olFEpierRbY, the LLDPE,
MIDPE "Eid ABPEORaeahaleyalb P wehEais BbubsH NI i) i B! 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-
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known. Exanples of suitable Ziegler catal ysts include
titanium halides, titanium al koxi des, vanadi um

whadostigda34 and mi xtures thereof. Ziegler catal yp¢ BHUS2086/002130

used is with cocatal ysts such as al kyl al um num
d:mhtmulv&iuen@i (MGB2 -asi the mabild pisdse. Cine hﬁlﬁlbmmd isnised at a
net a cene a on-, netal |l qcene.  Met gene _ .
BB i RERa e 1P S plt prETBR YR hirBrCe o anfigidant i
tbdéd mmambney@hawrmcﬁoepym $l¢D)ns @ﬂdéav t(dﬂﬂ\’ldgg@l?émmhsed for
eaches

i ds. For

s Bl Sleasitliorn, BRYERS saiules wediralns f6 19 a0 fe: ba Bogs wih
gahitd yGitadion @NER 30 Mirgdsdds Irpsdien vbiate SR 0BuYhiches t he
same catalytic characteristics as net al | ocenes. The

non tal |].ocen e-sit t contain

het erﬁ%& dc @ Pg &':’i‘dgr aécu?atg% tﬁe pﬁmwﬁﬂl‘f’e matching %

aamjwtmi prickdae émgmgédi rbylthe \Nafe@mnminfmm vy @soﬁ@bre This
034, 027, 124, 756, 611, and 5,6

TRRIYRS 16 PP B sl %‘{% using r@ﬁpwmystxfen@ iandards

(FB$$| |ppy@uctd hom Whderd C@&Bblfa‘%ﬁ} Ofﬂé‘ﬁr de%l%?ﬁnrgs UCh R thylene

g barri er, adhesive di ca ane re dant
y%a@n %@etl-ﬂ"évﬁrﬁ%&a“b[ﬂt'f’ﬁkﬁr@edﬁﬁﬁ erials for the

optional layers include poly(vinylidene chloride),

IOOI y(Suitple LBDPENMDPRE, péHcNﬂIfﬂP@ece(rMé ®Rdduced by Zle%gr single-

acr Ionltrlle et hyl ene- V|n¥ acetate copo
5 %v M%n@eﬁ%tnwm%r@ay%t@ avsiol yAesler (camysts are well
RidW. eES?arﬁBfe)é'df SuReIg 7 lé“rcb%f’il fn%ltfd%muhwml%é Stitanium

mal ei ¢ anhydride grafted polyole |ns

- plspxides o/apadiye balkles) ao noisiuedsytheredf, Zegler catalysts are used

Rith %@&Q'Xét%%%gﬁ%é%ﬁﬁwﬁ{nﬂw C&ﬁggg,nds 5 WO 2006/ 086134

PCT/ US20 m xXtures thereof. One
advantage of the invention is that these optional

| ayer@ngFsithorcaplds saay be B¥ideskednioThmefadpgens samd  non-
ﬁw@?a?l@cé’r@ ' M’é@allocéﬁé’ §fn§lea§lfé Egtéﬁ&?sdrgq an'sfﬁ@ﬁtrhytam(grﬁpounds
erer ab y, the

Fensn ve than P | ene T er abl
thal epntaipeeyclapentadidny! (&p)zortGp derivatiyerlighintisn Fot exareple, U.S.

Y g AP P B, o R e

eatalf/etsalsontain hiigamdbt iothey e tharhi ©p f buim hasres ehe c sanhef rcatalytic

iRt ie ARk’ TR0t 51 R sis catalystEmay

mntm%tematdnﬂc sigamdsre.glj bbeaent pyrfongf azadralingl eaghinolinyl.

Y st En B RN AR, ! 47 i O k60060

teactenbrmetalldchratafystaul til ayer thick film The
mul tilayer thick filmcan be made by co-extrusion,

o ol ARG IRDRRT ey R e EERE IR ers R o gas-

tﬁarhen padiEshe, Im@dhcﬂalles‘lameghel%tc@nk lapdre, ldﬁdDﬂfé@ike Suitable
[ocesses The diff e]rence bet ween t he hi gh-stal k )
'ﬁﬁ?@@és oén@et petional Tayers include poly(vinylidene chlorlde) 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),
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15 i n-pocket process is that in the high-stalk
process, the extruded tube is inflated a distance

w@ aoe/og618he | ength of the stal k) fromthe extrRSI/U82006/002130

die, while the extruded tube in the in-pocket process

e likd, | adephipagret thelteohe Gnd bavaMiggeext s irvantiore is Tr’_rae these

R Ioh o PO a5 g be KSRb Mo ROV 3 thive optiona
s drfB@fiehlsirificarty rrdbgirsivelthan poigetaylepther film

process i s heated tO an orientation tenperat ure.

EQFL&F%%% e Guk BRI e 1S A e - BTy SejeqtSd fiom the

|ﬂﬁmnercon5 bmdﬂeaifl nan%/mm@v&mw pHﬁF:E/gﬁfQPFthPEI Ngand
g rol e ilmis

MRF’dE/ELQPEWQPEW Mafer railefef%)'%h’fhs fﬂ'ﬂ'B'aV%ﬂ thisy filmusi %qlﬁc’f%éf om

tHéegﬁﬁgecdrﬁhdnhggofsmgﬁé/@ﬁmﬂob@aah@MBPE}L%WE/I\TAWE three-
en enters a fast 25 draw ng rol f

@yanfineg inovhich gach He @r (MRIPE iiss the $ana or wiffasents d3reéarably,
Eﬁéﬁla %ﬂ?assérP SHi Aekfsk, Wwhich effectively orients

?/ m on a ontinuous basis. The oriented filmthen
enters annealing thermal rollers, which allow stress
rel axbBi§ mﬁlltweﬁg’l'@ﬂ%(’f the inveniiom can he anasigdemachine-direction

bﬁéﬂ’cﬁf GH WiBO) of m%iltﬂ)ﬁfe'r %cl@ﬁlmt 'ﬂ?e Wﬂ‘ﬁye@'ﬂﬂ@l@hlhpgan be made

erature 1S referab hi n e range of about
mm@@-qwus@na@@a ngl 28d amd Otthﬁé lamingsing r@owsma sTheyt Bam be

RBe LRSI ooRENh i bociBes. By i oFLEs FRAKRS high-stalk

godirepockiet pwghsmﬁha ghffemm@r@tweelath@mglnﬁtalk process and the
gﬁ%ﬂ%&fgﬂ%&s EQEatrlffi‘% hlgf'n sEerlF g{?c&@ tﬂ%\gom . ap&g 'i)srfﬁf._lated a

orientation
distamgok €i. e.wtrenleagth- ofi the fstdlih fram diné ertrasion die) whilaithe extruded

e Th ot et BSR4, P o e e BB R bt e

fridltihaytehitiikk ditra, |s fthdamnmrax;wy tdrleatedalndthmﬂnhchla@f G(Dr prdoassing)

cture f or an
Sigalh, oy Dining the Q! 168 Ao, arigoRnai g o other fim
prolcbéd @y eeatddi b bh| dentstionagahetaate. WIPtrbfehitﬂy dﬂh@"@rﬁé’iﬂatlon

’feérhchqr at ] ?ﬁt‘g%ﬁé%ﬁ@,@ ?‘fb ?)p@?vb?r}%tep«@gflrp&%maqeggt}dﬁ :Ogﬁhe oulter layer

kL PRENEIRT it PererabBymrforinedutifiZigy mtgoeeaﬁee&mbeamrg

as a peak value at the drawdown ratio o abou

lth (rae . %‘%Mﬁ'ﬁh’ﬁ f%‘im”r’fgé@gﬂ% g5 l\l\laris? ‘?wgﬁg% &ip rofer, which

A& Ifﬁ?é ‘sérﬂé erﬂh%%pééd @bttﬁé 'h@dtlrlﬂ_z réler. drrﬁ@ f1rh Qhéweﬁtewg fast
MD t ear val ue | mt hi ckness.

HPATE o, LTl e Tetbas, & SEEbAt Br 2 dATES feer than
Rl i, aYRY rauhm.chléfﬂ@bm é‘nM Rl ikesh é@:ﬁt%ﬁuﬁbé&@ gth

greater than 150 grans/m|. Mbre preferabl
mul tilayer thin film has a normal i zed MD t

str enﬂiqqor@ﬁrggq gim thegrenigre agpgg,lgygrphqarmal rollers Wthh allow stress

relaxation by holding the film at an elevated temperature for a period of time.
The ahnealing 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
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The multilayer thin filmof the invention not only has
a high MDtear strength, but also has an excell ent

W@ oovbiosdsd on of other properties. Preferably, PQDUS1966/002130

filmof the invention has a 1% secant MD and TD
¢¢camasy eFirelly thecfilnony comtbd deroggieadodling ralerd 50, 80 Gambient
E‘%&Qﬂra@d nore preferably greater than 200,000 psi.

'$'s tested accordi ng to ASTM E-1 11-97.
Preferably, the nmultilayer thin filmhas an MD tensile
str en'f,j‘cdﬁ ratio \oif ethd ﬂlgr dtlerest Hepforer and) sftert orieht&0 RBSkalled
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nore preferably greater than 30. The gloss is tested
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according to ASTM D-882.

Preferably, the multilayer thin film has a haze less than 80%, more
preferably less than 60%, and most preferably less than 30%. The haze is
tested éccording to ASTM D1003-92:-Standard Test Method for Haze and
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density 30 polyethyl ene (L5906, product of Equistar
Chemicals, LP, M2: 0. ®BY¥AMBLEBN-6 density: 0.959

o e PR M GRRR A be Bl OB RibE W

Equi st ar Chemni cal $AYER COEXJIRUDED ¥11\is 2006/ 086134
PCT/ US2006/ 002130 0.915g/cnB8, M 2: 0.700 dg/ mn,

oy er ol R EOHBEP BB efiP CEER e pr e BrTEio0 c‘rﬁﬁmucans
bR e Mii:t 6.087 0dg/min, ddensiigp 0. 9'BBeg}fcrH3!TMrﬁf £8, no?d gfwdzdigfdo@o) is
G bl SFBOAHE) b BelER Bl i oS it
Chemicalsf B adeisity: 8.91%g/ch, | Wl,and7ob dafsin, Mn: 30 000, Mw:

iented to final thickness Iess

[RE000°300 CaiarRa i, GUSRere MDPES. DRRRTIRE Hhe-layer

frsngr 20CTeaRs wipt 2.6 Uhinedit dad, nﬂ%ﬂn did B@‘dh@é‘dl_b% a_high
rientation. The film propertles ar Isted in Ta
53 'lke‘ ChIGYGPVEN él’B?Ckl\VG‘@_M(EFBhHQBEdIHTHet@rFIaIDMa&ehlplgw-up ratio

(@tn@l &y molnﬁétﬂw w&néés%Q,QEdE | ﬁ%&gbﬂmno? i §t o| 6 are 0.5,

Chem cal s, LP) converte ayer’
Wt%oa:”f’hffé’lélﬁ'@ﬁomﬁ fAspedfiyeB00 nmdie with 2.0 nm
die gap. The filmis produced byahlgh stal k

i . alk
and Q"t“@?@?‘a‘&ﬁxgﬁrat.“‘?é%%a%‘“fﬁ%ff%% YRR BRRAS o
|

fIRRE HNiskess legs i than of inathivén dardoust drayvdoa\m calimst atTiheefilod of
E2@ndl@ TaeBE riok |Sibikeedh ?ﬁéé:hm{egalrécﬁlgﬁ'é n?ét[o'ﬁn%? maghjne

thin fil mapplications. oer I es afe
difgctigrprientationig pmozn@@pwmmmwewm@mmmm (v 0)le]

LFPntt 'Tr‘@ ufi cgnéﬁs% Bpth‘éaﬁﬁg ermg) al%gahh'é, anchoohng sec{\lons

wnth each set at specific temperatures to optimize the performance of the unit
and produce films with the desired properties. The preheating, drawing, and
annealing sections are operated at temperatures approximately 5°C to 7°C
below the melting temperature of the outer layer film. The cooling section is
operated at ambient conditions. The film properties are listed in Table 1. The
MD tear is a normalized value, i.e., the measured MD tear value divided by the
film thickness.

EXAMPLES 7-12
MACHINE DIRECTION ORIENTATION OF HDPE/LLDPE/HDPE THREE-
LAYER COEXTRUDED FILMS

The general procedure of Examples 1-6 is repeated. A high density
polyethylene (L5906, product of Equistar Chemicals, LP, Ml,: 0.057 dg/min,
density: 0.959 g/cm®, Mn: 13,000, Mw: 207,000) is coextruded with a linear low
density polyethylene (GS707, product of Equistar Chemicals, LP, density:
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z OI- pYcUWw-~0: N(Y)y CONNLO ti C3) 0) O
CO15¢/cm”) Ml 0L Z00Qigimd, Mn:\80|000, Mw:cl20D00) bihd doldrtddGhid/an

~ 7 T- r- W
gqﬁ)ﬁmc%gergg)INIJ\'PERLBP%QHBP\élmlreeQIaygr fil\r/nvsoorz 7208 mm die with 2.0
mm die gap. The films are produced by a high stalk technique with a neck
height of eight die diameters and at a blow-up ratio (BUR) of 4:1.

The films of Examples 8, 9, 10, 11 and 12 are machine-direction oriented
to final thickness less than 1 mil with various drawdown ratios. The film of
éxample C7 does not subject to machine direction orientation. The film
properties are listed in Table 2.

EXAMPLE C13
MONOLAYER HDPE THIN FILM

A high density polyethylene (L5005, product of Equistar Chemicals, LP) is
converted into a monolayer film with a thickness 0.5 mil on 200 mm die with 2.0
mm die gap. The film is produced by a high stalk technique with a neck height
of eight die diameters and at a blow-up ratio (BUR) of 4:1. This film is not
machine-direction oriented and it is representative of the incumbent film used in
high tensile strength, thin film applications. The film properties are listed in
Table 3.
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1. A multilayer thin film having a thickness within the range of 0.1 mil to 1
mil, comprising 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), and having a normalized machine-direction tear
strength of 44 grams/mil or greater.

2. The multilayer thin film of claim 1 which has a thickness within the range
of 0.4 mil to 0.8 mil.

3. The multilayer thin film of claim 1 which has a thickness within the range
of 0.5 mil to 0.8 mil.

4, The multilayer thin film of claim 1 said film being oriented in the machine
direction.

5. The multilayer thin film of claim 1 is an HDPE/LLDPE/HDPE three-layer
film.

6. The multilayer thin film of claim 5 which has a normalized machine-
direction tear strength greater than 150 grams/mil.

7. The multilayer thin film of claim 5 which has a normalized machine-
direction tear strength greater than 200 grams/mil.

8. The multilayer thin film of claim 5 which is oriented in the machine
direction with a drawdown ratio within the range of 3 to 6.

9. The muiltilayer thin film of claim 8 wherein the drawdown ratio is within the
range of 4 to 6.

10.  The multilayer thin film of claim 5 wherein each HDPE has a density, the
same or different, within the range of 0.945 to 0.965 g/em® and the LLDPE has a
density within the range of 0.865 to 0.925 glcm?,

11. The multilayer thin film of claim 5 wherein the LLDPE and each HDPE
have weight average molecular weights, the same or different, within the range

14
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same or different, within the range of 0.930 to 0.940 g/cm® and the LLDPE has a
density within the range of 0.865 to 0.925 glem?®,

19.  The multilayer thin film of claim 13 wherein the LLDPE and each MDPE,
the same or different, have weight average molecular weights within the range of
120,000 to 1,000,000 and number average molecular weights, the same or
different, within the range of 10,000 to 500,000.

20. A multilayer thin film of claim 13 which has a thickness within the range of
0.4 to 0.8 mil, a normalized machine-direction tear strength greater than 44
grams/mil, a machine-direction tensile strength at yield greater than 4,000 psi, a

15
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