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measured by 25 nodul us. Modulus is the resistance of
the filmto deformati on under stress. Machine
direction orientation (MO is known to the polyolefin
i ndustry. \When a polyner is strained under uniaxia
stress, the orientation beconmes aligned in the
direction of pull. For instance, U S. Pat. No.

6, 391, 411 teaches the MDO of high nol ecul ar wei ght
(both Mh and Mw greater than 1, 000,000) 30 HDPE fil ns
However, MDO of such high nol ecul ar wei ght HDPE fil ns
are

(54) Title: MULTILAYER POLYETHYLENE THIN FILMS

(57) Abstract: A multilayer thin film is disclosed. The multilayer thin film has a thickness within the range of about 0.1 mil to
about 1 mil and 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). The multilayer thin film has high tear strength and an excellent
combination of other properties.
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limted because these filns are difficult to stretch
to a high drawdown ratio. 1 WO 2006/ 086134

wEFeb6AEA006/ 002130 The current pol yet hyl ene fPETES2006/002130

typically conprom se several properties, such as
nodul us, yield strength, and break strength, to neet
t he package requirenents for dart drop inpact

roporti s aMTEHLYERROF BT oL Rl THINTLREL Y For mance
of the 5 bags, as wel | as the econom cs associ at ed

W t h produci ng and HIELDIORTHEENYEgS IONFor exanpl e, by

i ncr easi ng the nodulus and the yield strength of the
film can, be ced whi ch, woul d

packal gjg?%ﬂt@ gea%tgﬁt fq P eg}y o&'gnswh ey B?%’PW?\%@ the
trivennorsmwesa:‘memldyerm@hmdl ed by the consuner. Bags
with higher nodulus would also allowthe filling

lines to run faster, inproving the 1o overall

economi cs of t hBACKAROUNDrOE g3 INSENTIONeasi ng t he
yield strength of the film the bags would be |ess

et a1 BOYHEYERE o Aledh BB S AR P B aSndh; 0 b5 dren or
gt trieamreammtyotmbpeal@nwty ¢rla>naroegzeewld 840 fg/émﬁ‘) low-
the fi ]gnd thi nni ng under ad. Al so,

?”%We@-%'f Q%'és' fTeMeOF4g 1os Lzl a/%é Bid di@@bﬂ@\@@lensﬂy
ﬁaz@thguene l’(QLDPE aesdityatdrk ooemi totdggé d/&lﬁ:")P@é@%TMﬁmg?a-

anci ng brand recognition t he_consuner.

GRrdstansiArd ¢ Seediioatien 1At P%eth)dﬁn% JpstismiMeding eand Extrusion
RiaedrRIE n'i:"o%ﬁﬂllerfé" QRed1éd BS dﬁ@@d%rygllnb%\e’ufap ﬁleég%‘fl Ugbt R8tance,

in the fi hi ckness, fur rovi
BlEariveh @@l@@%@cwawéa palyethyiene @ﬂw@a:tt@seswbhh have a weight

' r@gsy@tnh& Suld Geff® ém\p @ %At‘ér%én IFPoddie san yuén%t No.

retal er bagTn or creating new pro
©.286,50fovHigh wotasulapevdiontnpeiyshylace esoalnilendtesdhoge which

%I{M\@ﬁq I invention is a nultilayer
I'n \Agfor-é"'f%o Wﬁ!}ﬁ@d—&e mean that the film 25

has a thi ckness within the range of about 0.1 ml to
aboutOrle af the rpaiafuseabf polfetbytenakidPEQMDRE, ILLiD 5 it DPE)

3,8 oSy S0, JIRE, Mol 38 by on

llilmStmeWbahdiy@magS @hi;b;bin@i'sacksavﬁo?djpaﬁ{agwgofnlmsewwﬂl-wa& bag
a hi ~

rer g e, LRl W BS <HBR wPdpsn A OSEK Rideh erbe kev

;QFMQ%) prcﬂiért@:snafepd)lyahyibnﬁmlmnhduw téarl mmgﬂﬁ impact strength,

BRI s 3 bongitnde SSicEn fpepsired by

medulus.eMoaulus is the resistance of the fllm to deformatlon under stress.

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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2 WO 2006/ 086134 PCT/ US2006/ 002130 m ni mum t hi ckness.
We surprisingly found that a nultilayer thin filmcan

wheooengdsk | y made by nmachi ne-direction ori ent ap@DIS2006/002130

(MDO) froma thick, nultilayer film W found that
t he rﬂ[het blllragfﬁrpdly'dtlnvlémé filned tytplieally rmerrprd)mn;ehga/eaal properties,

rt
SI gnl g@@?% ¥)'8@t t? 'fgﬁ%mgwowgf} I eﬁeﬂgﬁ"t E? aﬂ?%‘?t Rackage
rfelqumertsemﬂsu fdn bant$ drgpalmpdut cdtrepgth. bu: Pﬁ‘qﬁ%rdfllhﬁfﬁha 8Y not
Q- extrusi on wi arti e
ST ISFE pidh MiobeRis A deubibls tremaBicy Mo BP (FsiameNessaf the
Isdgseagtwell asTthe dadrbhlicy assochitet iith Prédifiry B rﬁmhg 488 pags.
tear stre th of 44 grans/m | reater.

GRS PN IS ARKTENTyield Stranod bt iecliar larger

Bafysfbafnl H)éTbﬂfdubB@ Wﬁ&ﬁ%uﬁ”alw pécl@é@'ir@lﬁ?g%? cwg htiﬁ% 5frb900ds

of about 0.1 ml| to about
W*N@ Fﬁli@'flingatpév &pra gter rheings handledntzykth@s@onmumern Ba@ with

.H@ﬂbgemeaulﬁg%ul@ a?sdnah?vtr Qhé‘%*ﬁ? I%ﬁ 8 hm fe‘? improying the

pref erab I m has t hi cknes

Q/\ﬁefaﬂeponﬁ@l%aqu@e 8lfln@bm¢t33$) 5 ml to about O 8 is
ml. The multilayer thin filmconprises at |east one

| aye
oy oBaeing U8 yieRs LA of ineDfiY e Ba G ol 48 Tobs, ety
to Hedprgaty undaiestrasm a@d@hevgequenyueyhysltameth(al\mgﬁ)al shape and

ofﬁ‘r\bﬁﬁglb%mkfllggp lmg%ﬁu%b{ rﬁoo??r%ﬁ ?F a(?% Eééu%fg from
tegdilm vieldingfand thinamgasgnder mﬂcbnexlsouhaepmted smnfﬁc?] of the bag
YRR FBD %, M8, B0 PACkARES B0R MEIAD Bt ans
embau@ln@bm rgtogritionSuy thalboasurh®PE al so i ncl udes the so
called very low density polyet hyI ene (VLDPE).

Sui t abl [ 0. 865
oo P R 68 Yl g 0l e
psorRsties cquldiallpwrihe medudiingén dﬁe alhotl’ucl@erQ,GfurtgblCnﬁprbmng the
R0 R4 8 U MO 80 B bdRrebRgngn n
ﬂgﬁ! calBlmd?raaﬂeeiaéer MQ?Edm&trya‘ocgrgahrymﬁ/éw;pkﬁuc@mﬁppﬂo%@%tboth
out % of recurring units
pe 8%%% ecé’ﬂaml’? %‘?‘Heggout 2w %to about 15 \g/]vt % of

recurring units of a C3 to Cep a-olefin. 30 Suitable

C3 to Cl10 a-ol efins include propyl ene, 1-butene,
1- pent ene, 1- hexBUMMARY @t IYEINVENTI@Ne, and
1l-octene, the like, and m xtures thereof. 3

The invention is a multilayer thin film. By “thin film,” we mean that the film
has a thickness within the range of about 0.1 mil to about 1 mil, preferably from
about 0.4 mil to about 0.8 mil, and most preferably from about 0.5 mil to about
0.8 mil. The multilayer thin 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).

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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WD 2006/ 086134 PCT/ US2006/ 002130 Preferably, the NDPE
has a binodal or nultinodal nol ecul ar wei ght

wale@bnosdist i on. Met hod for maki ng bi nodal or mubeT/IreHa86/002130

MDPE i s known. For instance, U S. Pat. No. 6,486,270
médrmbes thidkoeps. epNea&drpmsimg‘ly KERE bwtaa multiiayepl tRinzfiinecan be
rqQcess., s, Suit e ,.HDPE pref a _den .
BBl iciscoy dhadmsr et s RoRioR JRanar iRt Bomicd resayer
@fm nBle f]gybmgmt ffemhilayer tmefnmeamgteM?we‘nﬂgagtsrﬁe;a %Jgﬁbi%ﬁotn of
e 0 ou abou cnB. st
ORBE Sops RS ictiave vg iy Dafer themdiat a7 g dnghageroae fim
WhienBike equiGRickrdsRBut Ri-akad r@@ﬂy/ by &&l%xmwﬁ%?ﬁ@l Bod More

HDPE have an M 2 fraom about 0.0 i 0 about

%@'?H'W? : é%l Myffiayep tap 8 bes CPF%iﬁs?@BbMtanM VB ta%@tfength

f I L
A8 ] o G o R, P

9r¢a@sual |y used to neasure pol ymer nol ecul ar wei ght,
and nelt flowratio (MFR) is used to neasure the
nol ecul ar vvei%ht distribution. A larger M2 indicates

a | ower nollek A%%E@&RIPWQM%ﬁHWENHIQMt es a
broader is nolecular weight distribution. MFR is the

rati ‘Th%f mhiﬁ%y@if ﬂﬂi 'ﬂf?ﬁ‘@f R hvéﬂ%%xh#%%llknekgfmr@ &rg'%nge

M2 and HLM “can measur ed accor
ofhabouty &1 @”n‘@a%@mé& auil. 1 Jorefarabler the nﬁJlﬂldquirﬂélgslﬁh'e has a

@F@%ﬁ/}@ﬁﬁ%@ﬁ%%ﬁgﬁ&%ﬁ%ﬁ e{ﬁ E‘BEBF;%% gﬁﬂﬁg n@%f’e%&y the

raulékaagrethmmmﬂmm@ thicknege iwithinsthé vangenptt d{bdutott'emﬂamgbomfo 8
@out 10, 000 to about 500,000, nore preferably from
about 11,000 to about 50,000, and nost preferably from
about 11 000 to about 35,000. Preferably, the LLDPE,
NDPE Tharaultipper th@\)férﬂmlrrg:mses at/leaawmyexm.fladmeaelog\hdmsﬂy

a O 00
B30 55098 o8 ind 2PNt o8B! onsipyene
(BOPE)G0,a madlunndenszls mmmm (WI[D!PE)‘n Shitalile l&DPEQﬁ)‘efSﬁably
ef e

€ B0HO et 8P v GBI b a6 E & WRE 1vaPRrh 14, e T erang

ahaimg e-oleffn abduta331-ﬂouteilbom-hé5®nemh]§ pbgtl‘eﬁé?bLsxautéwlen&LDPE
0 b ef erably from abo

085, hpsS sgh bafia GRS for 08 <fiAbauh o By e to
a@eumatzs @vr:m%osmtarqumfaE AYinCIRSS tl@bcﬁce\%ﬁfifegy low density
ﬁcﬁ'&’ h.temperature instrunent e UIB

¥R %olémﬁﬁb lePGi YRR hag aiensity withip-t s)ra%aﬁjof 0.365
glerd’ 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® 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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WD 2006/ 086134 PCT/ US2006/ 002130 trichl orobenzene
(TCB) as the nobile phase. The nobil e phase is used at
flowrate of 1.0 nL/m n and a tenpeCEUS2086/002130
of 145C. No antioxidant is added to the nobil e phase,
but %@mwblﬁl-fﬁel MDREQF!St@ ﬂ‘ﬂheda?br\/ﬂﬂﬂtlrﬂ(ﬁ@i fhgreculali 7\/\ée(l:ght
ion. Pol yner sanpl es are heated at
Gyl nBitasd ey Hinped dg Paumeak MIE $oknown. For
iRstaHESSU.3.NPaEt NON 6\UBEWTD teachOd tﬁé%r@ hia@b8  of TNOPRV by a
and Mh are cal cul ated using the cumilative matching /o

rE'&l'l‘“P"Srzé’tnred’r*io‘1‘:ﬁ3§cedure enpl oyed by the Waters
MIlennium4.0 software. This involves first

genel'émitabl@ ADPE! prbfe@ébl@ha§ @r ¥ehshtp '\Aﬁ@llrﬂﬁtfertféw e of about 0.941
(PSS, products of

Qgﬁpyg’r él{)q?@ﬁ)}% ar3déY}‘é'1€o?5Pf?@3‘?iy pBe wenaiy @ﬁlélthln &he range of

ékﬁliut broasi %BmE’Yo bB@utLﬁ‘Q@@gk%:’ Gabstosratdramly, pth@‘bga(ﬁ'é&)‘? is within
Sui t abl e LLDPE IyDPE an can be produce

the Ea198;of %:9589/em 9@62@’0% other olefin
pol yneri zati on cat aI ysts. Ziegler catalysts are well

knO\MPre@%ﬂﬂW'tﬁé LebpsuMHY §n<¥HmiEeria\i‘eaérﬁh/N§1*r§m'a{b%hH6%1 to

titani um alldes titani um al koxi des, vanadi um

bouf des d9hmin, ANG tropresPrefrsakli fironyiakgui . atoapeitst.Qrdg/min.
Mé%#abl}&hmﬁ_bp@mlatﬁh%@#é hade aﬂll\h%h fg:ln"f‘ QBBHE‘%O o about

npounds. Singl'e-sife catal ysts can
39& dYielbndgay (th isnisvallyrsed todn@aﬁyre W@lymar(mmée@lar welght and

FALAE BH AR LS BReds B R B BB ion
laﬂggawﬁizslndlcetesea(mmr molem;u&r weiRgttt. ANargef Mﬂ-‘z;mteeabhmjer

ab8s LFE0R REBLYG MERE e ofihR PRtbad b
tsam{e. T:lm Mlyand HLdhacamche mesisUiesl a?cz:or’c&m@ltd (A@G‘WBS—QTSB? The
I\ﬂlgtr?seﬁea[%gl:ﬁ%‘:e{] "?%(z’rcl’,n am?ee( ﬁgtlg Cgrt?rgl,:\ o STEH?HLIB\EI ||s measured at

180D andén 26 kgiprepsurel i nyl . For exa le, U S Pat.
Nos. 6, 034,027, 5,539, 124, 5, 756, 611 and 5, 637, 660

| t | ]

LonC Brasme e AR SRR SRy, AP RS i h§verage
meeularaﬂelgbbs (Mal :wahlnvtbe raveyd afalbout 16,060 ltcebl?cﬂdﬁmﬁ,ooo, more
d.th r| als for
PSR, rOMCaRalE 11ietPita ol B Bony B Gt Brferabliyom about
1pooop(twabymt Bfgboohﬁéferabql WLK_EP!F WD@{E) tancl HDPI|E have welght

ri Vi n acetate CcoOpo
BhE TBleRlet isidite VN A e rendio ot byt BV to about

1€80Ty00D) emeer Wdfé?a@l?l ﬁ’orﬁoam@qlswmmto( oAt 5003@@5%@ most
pol yol efins, K-resin

e SPO et e AGODI00C o BOpH FRRODD, Sheferably, the LLDPE,
MIOPE (S M DPEend R RBiREMEH WeRht §i8FbUtionsd(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-
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WO 2006/ 086134 PCT/ US2006/ 002130 the |ike, and
m xtures thereof. One advantage of the invention is

w0 bmb/osdiese optional |ayers are not necessar yPaDUR®06/002130

used. The polyners of these optional |ayers are often
trichhdrobereene \( TOB) mseﬂqlpaneblleelﬁhdw}l Piod y&&tlﬂ‘lp&l;ﬁme iis used at a
Pref er ayer thin mis, a,three- er .
oy BPutate et S48 g BernE ATt oG anfdhidant i
R &@M%phé@ﬂ&@@@ﬁﬁmﬁ i®1Bfded to the solvent used for

FnRle ST, GROb st samis s BUE L6t S Brig Toff o hours with
geRE &difaibhid fil
In Whlé-égh eac%%%@@%@?gﬁmgg nallklr;b]\fge;r%n't "

Pr ef er.abl ch | ayer ual thickness.

mul ti %%/e'% tﬁf’a FA %fcar%‘;t 9 dhe cemyat 'Yﬁad@atﬁﬁﬂng %
BRIbRAter Fch@@lImeOém RYEEBY ahé WaleMOMillhniur 4.0 'seﬁﬁ/ére This
thick film The nu t|Ia er thick filmcan be. nade

ERowgE MR igsneratinaa ?ﬁj'braéwa e YeiRgmarram prlystyigne standards
PSS epr6ducts &Y Wé‘t@r@ecorﬁﬁ%oﬁy { 'dégﬁlggwgst o yelgﬁ) lene

processes. Blown film process 1ncludes
FalbrRHaRdYY the diuivesea) Calinkatian pregeditse bet ween t he
hi gh-stal k process and the is in-pocket process is

that $uitdohe L hbBh; MK Q{QOHQPE cérhSe S¥ddusds é/tZ'ngleLssmgle-

inflated a distance (i. length of th
fifordTt AY SfMerualetm Rﬁlyénermtwre cataéysés(t rdigglar cetedysts rare well

ki, NERARK RS o?rsg Zﬁe%lér'ya {-I\}s@l ﬁw%qﬁarﬁltfrkﬁ%a%)éb% S'tltanlum

t he extrusion er t

' @lhpés@%wa@aduunehelmsl and mxﬁmtheeeqforzlggleceaislyag) are used

@Fﬁ gséétap%s%%@g%ra@fﬂmuﬁ Enayébpro];gg? fgeheat ed to

an orientation tenperature. Preferably, the
ori erdiBgiPtie tcatpisiat oare be Yiides 7ictdemetallotrneresnd ngon-

eransEatd!r ﬁ/le@illo(:@ ﬁé%r si ea\%’a%lystgoiréf %nSﬁtl %&?ﬁ&érﬂgounds

IS preferab mul t
hat rentain mqpentadeertyb@mobrfw demaatmdngamjs; Eosbmmple U.S.

Idéfla‘Nongf 54‘%'4 g"\fgégl't\%elrﬁ %IIEJ(%Aee Ip'gt'FSrNolrE@%ﬁllpﬁw%gHgle site
@talgsts @oﬁ’@m Iim_delram'emgthani ICp Tb?t fraste dlp]avvsamer @atalytlc
that 2 1o, 10 ti ast er. a
i RS b ! B BB Bl LB e
cotdin rmedersatoasic $gaﬁ'd1;e e0y.] botaadylf pyrrolflheraiRdIRKE or quinolinyl.

nneal |Fﬁ%nbg§ ISI%I &{0 ?}%2 qz,wﬁ,%;i@ %o‘é‘;g i‘{ﬁaggbl and 5,637,660

téauwaomnmalcfceneaaﬂ@%tsod of time. The annealing
tenperature is preferably within the range of about

00 RO 35 G, B Sl h i A e
BAeié SHeeve024&dIcal, 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),
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seconds. Finally, the filmis cool ed through cooling
rollers to an anbient tenperature. The ratio of the

wo pdorvgdhisLkness before and after orientati on i BCDES1006/002130

"drawdown ratio." For exanple, when a 2-ml filmis

. ﬂfe R, ethdt Mix@ures thérebf.| ng Bevarftagh aneiwvnvedtiom id tat these

1. The drawdown ratio varies dependi n
Pafaqrel LY PIRINPGN]ISES YU IP REqUF5% mT'E“FnPé’g’ %n?f“%/ﬁ?% optional

RiyeRe4reiofen sthfticaHty mory é‘n'slv@théﬁ polGéHyIeRe. W found
t hat for an E/ LLDPE/ H Ethreelayer ilm the M

t ear ren of nmul t er thin fil i ncre

ool Bierea ot mANGAT TR (B 14,2 thiss- Pst UM Cre Sa R drom the

grohpt0cah§1§ﬁng4 JofanPiDnE/mer:@seNDFaE/LMDPEAHDPE and
hereafter. i o E/ LLDPE/ NDPE t hr ee- | aye

MDF’rﬁ/LHHBEWPEarM@,ﬁ@ﬁ@ﬁrwm@eanwwaxer thig file etsederéed from
tHeAYRRAWN cdretét.ﬁg off ﬁ@pEiLuﬂ)FﬂE/Hﬁbe am tnnﬂ)nﬂmmﬂﬁ/mdpé mree-

has normal I zed  MD tear stren reater than or

tayeu fingy ianshiah leach HigrEer i \Wa arge op oiffenert. @r%ferably,
th\,ﬂ %k@ﬂqgshﬁ] WHiGhesMD tear value by the film
i C

ess r iI's neasured according to ASTMis
D1922. Preferabl , the multilayer thin film has a
nor nal & Byltiayer 35!? filgn Ptethgtlmveng%a%bemm hysmachine-direction

Sﬁ@rﬂﬁﬁdﬁ MDU?) gaglrt@@%? ahby it hﬂwé?’ﬁ‘uitilé Sick } El'nﬂcéﬁ b8 made

has a tear stren er t
gy msemﬁuswnmeaﬁm tgrdagey othﬁrriamma&ngfprpeesseaveﬁln%bnan be

exgceelq{g/en spﬁ%oﬁblgwﬁ I?IInqu?c%%e]esélB\?lﬂ i r&étss @ﬁ@&ﬁg@&alk

| oNn O r proper I es.
20d trheodkiel prosessdse The differérme Hedgeen s Kiglo-atalk mcasmlaﬁcbthe

ﬁﬁt ;Sc?&éy @rroﬁgss |srtﬁ§ttul1 hlgR @H:IIIP ro%?%ttﬁe E%tgl?cgzgéggeg ﬂflated a

grea
Mstﬂmlcas{l é. stheelsngeﬁbh afdbe isthliggrdro tRSENrEsidrl died While the extruded

e df R npogsREpiPee Lo fittel sring s 250 B8 Hrupg 3l e
anittilager ehipk dilrerialthgn guhelada(ﬂly drieatedoin tﬁeuabcmne (815 pncee$ing)
tilay

Preferably, th
st < Bhdnathe A5RY g Wy oitre e rhivaiglns: of other fim
Prode8s pSiheatddr ® BA edrihadioy @RpRERUrel hanﬁef%%@pothepementanon
and nost pre (Srabl greater t han 25, 000 tg@ Tensi |

MRSHAILFP i1 Ot elowr thengeltihoaisTrErRigE of the outer layer
F’él?lfnéf abhy hehtlify |3‘8Féfel‘a@}$/e§erﬁdﬂﬂn€dfuhhi?ﬁd“ﬁﬁllt%(l;.hﬁéeﬁmb%ﬁers
9

han 80% nore preferably ess than and “nost
prefera

ly | The h
accoriffig d‘%/SQ Tﬁl'é %‘{ a%ﬂ%‘(ﬁ %mhr?grggltw*j?e@ RiRirofigy which
i thea88ne ToMky 2POEd Qgﬁﬂéﬁeﬁ’% kHRRO6TRO 2N Ghen enters a fast

drawing roll. The fast drawing roll has a speed that is 2 to 10 times faster than

the slow draw roll, which effectively orients the film on a continuous basis.

The oriented film then enters annealing thermal rollers, which 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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Lum nous Transm ttance of Transparent Plastics, Cct.
1992. Preferably, the filmhas a gloss greater than

w®@2008m08b180r e preferably greater than 30. The gPOBES2006002130

tested according to ASTM D2457-90: Standard Test

Matdndd. f GinaBpethd dim IS astedthrBLgs tdoolifg Irokerand Sl drfbient

FI astics. s In addition, the multilayer thin film of
ﬁ%‘%t. on has an acceptable dart- drop strength.

Preferabl y, the multilayer thin filmhas a dart-drop

st r enfteh ratiy editthe filmathiGMegs adﬁoreaadd Nefte® Memftﬁro@blsy called
op str

ST, IR T 20 AR BT ARG 5 RriENeah 8 0 fim, the

diawaioah rabie is BvienThe RirddoviR atiolsR s d%'ehﬁlrrg f‘tﬁgﬁagg Q%c:tors
i

ﬁgb'ﬁ'%w lygeﬁf))é g*ﬁmf' l'%?gagﬁgﬁ X&Ptéﬁgisﬁg%{& multilayer film
strucngsh wWhifglind g féit érﬁPIWE/LIQT)‘IdE)F-IEQ*E mr@éha;%fﬂqllrw kD

strengt hs, .there is an increasing demand for "such
fear sieengt of empyitiayer thin film g1ereasesdast(Hoberdraneeyn iatio in
ﬂh@%n@é‘%f‘-ﬁboﬁh@ £ 85 b8t @ﬁoéMd”Q rRRRNESse Elaly“ﬁat thereafter.

m i ndustry over the past sever al
E%fr@éMD%E/éLDB’E{M@P%@fGﬁ Lasers%lm o Mih deqrestiengtiahas a peak

repl aci ng paper bags.
R ACRERAARAGHHS o Yr 2ol £

gs are typically used to transport purchased
goods fromthe retail store to the consumer's hone.
The clier attilgysr {hire film inegnorpplizedl M) tesnpirendt greater than or

SRMEfRL4 EF&%@HI' %inor?dé%?ecﬁalﬂ@ﬂé‘&lﬂﬁmﬁg'bglo%a’h{;ngﬁ]% sured

and break stren requ renen
¥Brteaayalugiyghe rf'b'adhlcmesen Jgvn taardlstmaaswed engmrthntha ASTM

[EPéZQmPreffé%p@ H%ahuﬂﬁ ?tthlﬁof rﬁ)e[g' 3%@@%&@ I&g)]? fe eaf, gﬁength

are desir rovi ng
Pragter dkamdISD gasamsb'mllecMnmptEferablsfodheltrmdtllwyémthm flm has a

R RS ook e 0 20 R e Y T

manuf acturers to reduce the total thickness of the
fi I mghef muttiyer thinpiilov of ¢he h'e/eet'tannmm oslyaba®a aighdMD tear

el 3 BSORE R TR o LA B RS ey,
tma !ﬂlmr@‘ctbtgnlmejtrmnbag/ ar 1%t seast MDRtanar T:‘Dthrbhwméél &lirection)
Tl aRse BanHeEReS Bels 208 7158 SieSocabl resSales Hidpioo
@I.mﬂmlﬁlﬁrmﬁﬁbﬂm@ ASR/E-1DRBY MOPE THREE- LAYER
COEXTRU

Preferably, the multilayer thin film has an MD tensile strength at yield
greater than or equal to 4,000 psi, and more preferably greater than or equal to
5,000 psi. Preferably, the multilayer thin fim has an MD tensile strength at
break greater than or equal to 9,000 psi, more preferably greater than 20,000
psi, and most preferably greater than 25,000 psi. Tensile strength is tested
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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A nmedi um density pol yet hyl ene (XL3805, product of
Equi star Chemi cals, 5 LP, M2: 0.057 dg/mn, density:

w@2888gsLnB, M 18,000, Mw 209,000) is COERCT/USIGG6/002130

with a linear | ow density pol yethyl ene (GS707, product
ltmipgus Jtramsmitthrse ofMTsgnspRrent esticy,: O6t, 9PDg/ ch&eferMI? the

5.2 b o ndl AR e R BB I Y The aloss

:s. ﬂemedoancmﬂngm ASTMi Dmlwkgg nBtha(hHUQroQ aréstt Nhﬂéfﬁwd‘d fd{ﬁsﬁécﬁllar
n nec
gﬁfs%ﬁpérﬁﬂ? agggogg 8? se;ndI g?eawbl OV\?up ratio

BUR of 4:1. The filmthicknesses in Exanples Cl, 2,
3 4, In Bdition, the amfl!tll@yéif thin Filrf of thenveéhtidn h‘és%naa”béeﬁtagle dart-

e he fi 5
h %rergﬁan%rﬁ}’ E{% Iréec{n%WaYﬁrl &‘HTEgE"th"S fi ﬂ%l't drop strength
grlaaixek tress50 gsasns facl n?honél Prefdraitly YaddtQUnad MAOURMMs. The dart-
(’:@é Fr tThe fi dm of 3§ﬁﬁl e Cl does not subject to
R ﬁ@ﬁ'?@@q oerFCBFq'%flo DRE: machi ne direction
orientation is performed on a comerci al -scal e
I—losolTawan@ltliaye\rethNDﬁDm ofhiihe. inveérgion Nak reaiBissss Whhile there are

B e sy v el 62 comhinalon diot Rt 58 e
l‘mg!’r fdartrm’bparr@fact bﬁerh%\_ht hlgﬁnt@aprsﬁgh@tﬁ Bhé "Fﬁgl’f"'b‘iﬂé‘ad{t di yield

g_e5| roperti.es reheati ng drawi n
H’%r%é%?l‘ drereasiag &gma@ﬂefer stich &tmser §pu|eagmple the T-
sappbagl(gwc@&yyb&g; K Eéén Bﬁé QW tﬁ@?aéf@éttgrewnr@eé@ggﬁ%y 'S the

the_outer |ayer fi he cool 1 ng séct
p(g Bt g é{'tdué%l%ﬁf tb%rﬂﬁsﬁs@ﬁgra| Teers, ilpigefyr dpertoi e costs

salifigb iahb %rﬂoﬂnaﬁ’&' @nﬁlancgltﬁ% '@s%@i%fe \7°\’ntr"fl ﬁé%bég <bags.

val ue, i.e., the neasured t ear va
Such hagh s ﬁ@@"y %emnanﬂ&mpmmm@mmsmmm @il store

RS e L e T o Recarens P ok ffiqly comblomise

spegrebpregertias hsuph atemsiltlys, y3€ld ;strby@mha.h@bmwlsﬁ@agth to meet

tl%%%ﬂ&%{qe 66@%%}@’ négfhﬁghc rg,powacmtreggt% aag)tegg strength.

- Potysarr fildesd thatt Woanbi rmearrprdnmwe dadtsigryperaby edrby HegiRable for

E5BG SBETT ase T Bd Nl Becreappiis ssppoitiod win

pfhdmmgdagidnﬁllmg ts:bag0, mumye&&ma fIRDdF MRdnEIHYBIHISWSs the
ln 3 a# | ayer edq HDPE/ LLDPE/ HDPE t hr ee-| ayer
POIYMRL I(IJ‘H rg%@u ﬂpﬁ(x&qrg tQi"efuee ¢he total thickness of the films, further
improving the economics associated with the products.
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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mm di e gap. The films are produced by a high stalk
technique with a neck height of eight die dianeters

waomemaseiad bl ow-up ratio (BUR) of 4:1. 5 The fiPemwusf006/002130

Exanples 8, 9, 10, 11 and 12 are nachine-direction
oriented to final thi dAEdBLESSIs6than 1 mil with

A B A ERENT AR L YBheA iR Eh DA 1 i

propertl es are |i $PYER OOEXTRIEED FALNRXAVPLE C13
MONOLAYER HDPE THI N FI LM A hi gh density pol yet hyl ene

Convels Tt s abihakRe (kT le’ Product ol Eniletas Ghegicats
h?] Minn @067 nayg/ichire d\m‘tsitlyioi@ggngﬂcm"e Mrap18 gbﬁefc\:ﬂlﬂ h”Zé(IDQSOOO) is
SSBHGEE i SBe N alledenced SRNREShenl ety s of Barystar

Ohenticals, TR, sdénditn IO$91r5@tcm3TTHQ\hl2ﬂ© o agtnmhiAn MH ' §@b@é‘ Mw:
i ncumbent filmused in

f'the
ﬂ#@%@eﬂiﬂi P et eualinay e MBS Ed P MOPE Horee-layer
filmsnarp LoD @firhi 86 wathe2.birdinedle ! dap. Tﬂ@é ﬁlnﬁaﬂé)p\éﬁuce? 8ylaoh|gh
2006/ 086134 PCT/ US2006/ 002130
fieJk teehnifuq witicp neckibeiaht of gight Ei@ diametars @nd at aNbIvwap ratio

(IEIUWVJHL N BhealimPthickhO&e)in 'ExBnfdledNc ¥937 45 arld Mare 0.5,
1.0, 2.0, 3.0, 4.0 and 5.0 mils, respectively.

The films of Examples 2, 3, 4, 5 and 6 are machine-direction oriented to
final thickness less than 1 mil with various drawdown ratios. The film of
Example C1 does not subject to machine direction orientation. The machine
direction orientation is performed on a commercial-scale Hosokawa-Alpine MDO
unit. The unit consists of preheating, drawing, annealing, and cooling sections,
with 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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R.916g6R0, Wiz 0G'000dg/@in, Wire 05000, Mw:W2D,000) @mlcbillwrfedg%to an

AN rf (D CILL Co co C
%%I& l%xareﬁ?—l@%%.%%&’% @%—@ygr_ hl@scon %08 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.

10
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cMg efgim:. A nultilayer thin filmhaving a thickness

within the range of 0.1 ml| to 1

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



ml|, conprising at |east one layer of a |linear |ow

density polyethylene (LLDPE) and at |east one |ayer
W@fzooalokrilgh densi ty pol yet hyl ene (HDPE) or a meRCTISZ06/002130

densi t et hyl ene (MDPE), and having a normalized
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ml. 3. _The nultilayer thin filmof claiml which has
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nfilmof., claiml said fi
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h h a nornalized
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Thé5®r00® pbiagdiaze fuss thar 60%/ asd 8lgfBs3 JkUE kNLS oBY | ent e
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e . The mul tilayer thin
10¥\1 ?:?r: gf-mc% @Pﬁ@%ﬁ%ﬂ glfrh‘)ft‘ﬁ@"m MReFOViR aﬂd\ﬂDB\élLiLDﬂE/MDPE three-
t hlayerfimge of 4 to 6. 10. The nultil ayer thin film of-
claim5 wherein each HDPE has a density, the sane or

he raneof 945 to 0.965 g/cnB
g:nel“f f L:ﬁf_ Bﬁgﬁﬂ)ﬂ, t@'“ Ba gb &y Wrﬁhnh@fh@ n@rﬁgeélzeﬂ machine-
0. CSEEEtIOImt@rQﬂSngIh@ré’ateﬂthanWB@ gF@Hq&/Mllayef thin film of
claim5 wherein the LLDPE and each HDPE have wei ght

di fferent
R R R R A e C O Ml p—
15 ofdiregtioro®ar stergth @fs8Chamdongrdes. aver age nol ecul a;
wei ghts, the sane or different, within the range o

t er thin film of
gO'aE’? |(r)no5Th \%h'?gﬁ’a&gp th'ﬂ'th ﬁgg‘u vd‘Jt ihieh [SeCHeHg@ in dhe gnachine
t ¢lirgcomwith aalravgdaven razledvmmmerrangb bEZid ®N tear
strength greater than 44 s grans/nml, a

TG eRgASBRIERER] PR TN e P St witin
at‘fﬁ%'iaé‘@l% Oéﬁéaﬁér than 9 000 psi, a 1% secant

20 18.  The multilayer thin film of claim 13 wherein each MDPE has a density, the
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

25 120,000 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



machi ne-di recti on nodul us greater than 150,000 psi, a
dart-drop strength greater than 50 granms, a 1% secant

WO ean®s@Esse- di recti on nmodul us greater than 158010082006/002130
psi, a haze less than 60% and a gloss greater than

20nacghinet@irection temdllblsltrayig’m éthjréalf g}d@t&fthéﬁ ] ODO%péNhé 95 secant

AR R i oS 6reet; fhans 15R00H Bsis & diridrop strength

ncgremtblr thed Bmgllalmte-a ﬁ%rﬁbhpﬁaﬁﬁéfsescﬁlfe%ﬂgﬁ '?ncgflﬁ.?st g,r ater than
| ayer thin P

The nul ti

W§BI'RJO§SDS\M%6‘}H‘F H%\%S @aﬂgpl{ealaﬂgécglﬂ%?cgfﬁﬁ@f than 20.r ecti on
tear strength greater than 200 granms. 16. The

mul tilayer thin filmof claim13 which is oriented in
the machine direction wth a drawdown ratio within
the range of 2 to 6. 17. The multilayer thin film of
claim 16 wherein the drawdown ratio is within the
range of 2 to 4. 20 18. The nultilayer thin film of
cl ai m 13 wherein each MDPE has a density, the sane or
different, within the range of 0.930 to 0.940 g/cnB
and the LLDPE has a density within the range of 0.865
to 0.925 g/cnB. 19. The nultilayer thin filmof claim
13 wherein the LLDPE and each MDPE, the sane or
di fferent, have wei ght average nvol ecul ar wei ghts
within the range of 25 120,000 to 1, 000,000 and
nunber average nol ecul ar wei ghts, the sanme or
different, within the range of 10,000 to 500, 000. 20.
A multilayer thin filmof claim13 which has a
t hi ckness within the range of 0.4 to 0.8 ml, a
normal i zed machi ne-direction tear strength greater
than 44 grans/m |, a machine-direction tensile
strength at yield greater than 4,000 psi, a 15 WO
2006/ 086134 PCT/ US2006/ 002130 rmachi ne-direction
tensile strength at break greater than 9,000 psi, a 1%
secant machine-direction nodul us greater than 150, 000
psi, a dart-drop strength greater than 50 grans, a 1%
secant transverse-direction nodul us greater than
150, 000 psi, a haze |less than 60% and a gl oss greater
than 20. 16
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