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pol yet hyl ene fil ns which have hi gh density and high
noghip oA BACKGROUND OF THE | NVENTI ON Pol yet hyl ene i s
divided into high-density (HDPE, density 0.941 g/cc or
greater), nedi ( 926 to
0.940 g/ cc), E%IE%Z\M@N @%@E’L@?@@Né F@N% 910 to
0. 925 g/cc), and i near. | owdensity pol yet hyl ene

(LLDPE, density fronfFElPOFTTHEINASNTICON). See ASTM
D4976-98: Standard Specification for Polyet hyI ene

Pl astl Mbl. di ng and trusi teri ene

can al sé’%@vﬁng?'aeﬁl Sadtie] QQM‘Ft Y elRi @Fﬂs F@P Cﬁ’tl:aély’ the

ulnh\v@”rrti@hgkela@bewlp@lyewlaﬁt filped werikty | reive ﬁ@hodeﬁsmyheﬁﬂ high
have a wei ght average nol ecul ar wei ght (Mn)

gr@%‘f“@k’sthan 3,000, 000. See U.S. Pat. No. 6,265,504,

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

t hose whi ch have BACKGEROUWNMD CBOTABINY/ENT|ORN0, 000. One

of the main uses of polyethylene (HDPE, LLDPE, and

LDPE) IFg'olyl/er%hylene is divided into high-density (HDPE, density 0.941 g/cc or
greater), medium-density (MDPE, density from 0.926 to 0.940 g/cc), low-density
(LDPE, density from 0.910 to 0.925 g/cc), and linear low-density polyethylene
(LLDPE, density from 0.910 to 0.925 g/cc). See ASTM D4976-98: Standard
Specification for Polyethylene Plastic Molding and Extrusion Materials.
Polyethylene 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, LLDPE, and LDPE) is in
film applications, such as grocery sacks,.institutional and consumer can liners,
merchandise bags, shipping’sacks, food packaging films, multi-wall 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 stress.

While there are few polyethylene films of modulus greater than 100,000
psi, there is an increasing demand for such films. For example, the stand-up
pouch has been the fastest growing segment of the flexible packaging industry
over the past several years. Such pouches are used to package a wide variety
of goods, including foods, industrial, and agricultural products. One of the key

benefits of the stand-up pouch is its physical shape which gives the package a
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HDPE films. However, high molecular weight HDPE films are usually by cast
film processes, which are more costly than blown film processes. Further, MDO

of high molecular weight HDPE films are limited because these films are difficult

to stretch to a high draw-down ratio.

It would be desirable to prepare a polyethylene film which has a modulus
greater than 1,000,000 psi. Ideally, the high modulus films would be made by
the MD orientation of high molecular weight HDPE blown films.

SUMMARY OF THE INVENTION

The invention is a method for preparing a high modulus, high density
polyethylene (HDPE) film. The method comprises orienting in the machine
direction (MD) an HDPE blown film to a draw-down ratio greater than 10:1. The
MD oriented film having an MD 1% secant modulus of 1,000,000 psi or greater.
Preferably, the MD 1% secant modulus is 1,100,000 psi or greater. Preferably,
the HDPE has a density within the range of 0.950 to 0.970 g/cc, a weight
average molecular weight (Mw) within the range of 130,000 to 1,000,000, and a
number average molecular weight (Mn) within the range of 10,000 to 500,000.



packager to produce stand-up pouches in |arger sizes,
t hi nner packages, and/or nore unique and creative

W@ b@p®sI64Buch i nnovati ons are desirable to al | PCTUS1965/001217

10

15

20

25

30

stand-up pouch industry for creating new products that
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film processes nore costly than blown film

are
prijeegRiederaplyy ih?eciensrsb@ withip thgrange <& Q1908 el 964 9/pPE
films are limted because these filns are difficult to
stret Cf'Pr’éQarabIDl ghe dctyettiyiane makinOhas ta V\mﬂwlgerbﬁverage molecular

desi r abl repare a pol yet genefllm whi ch has
o (\mesitBn i anoe GGEPIbA0.HEP o erl Sy, CRthdn e gieferably
ﬁ%hh lé?ocfdt |1Pf&)000w shhig Hmiﬁ) ké)ﬁdtrhﬁst“@e%raﬁlmnh %Boeﬂ‘ 11 ooo to

mol ecul ar wei ght HDPE bl own fi |

| | ZN0PRe .W@é@ﬂabl&n the polietheaef easirpridsas M@!gbt average
Thrgblﬁeﬂ%]%‘r' g*'@%hthﬁ'\?@e@ﬁ@?: ﬂgﬁtr’leﬁ & %‘i‘ %b@f‘%é U@B’ﬁb dbolif™,000,000,
more preferably from about 150,000 to about 500 OOO and most preferably from
about 155,000 to about 250,000. Preferably, the polyethylene resin has a
molecular weight distribution (Mw/Mn) with‘in the range of about 5 to about 20,
more preferably from about 7 to about 18, and most preferably from about 9 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 samples are heated at 175°C for two hours with gentle agitation every

30 minutes. Injection volume is 100 microliters.

The Mw and Mn are calculated using the cumulative matching %
calibration procedure employed by the Waters Millenium 4.0 software. This
involves first generating a calibration curve using narrow polystyrene standards
(PSS, products of Waters Corporation), then developing a polyethylene

calibration by the Universal Calibration procedure.

Preferably, the polyethylene resin has a melt index Ml from about 0.03 to
about 0.15 dg/min, more preferably from about 0.04 to about 0.15 dg/min, and



direction (MD) a n HDPE blown filmto a draw down
ratio greater than 10:1. The MD oriented film having

W@roos776% secant nodul us of 1,000,000 psi or gPEHUS2005/001217

10

15

20

25

30

Preferably, the MD 1% secant nodulus is 1,100, 000 psi
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for making the filmof the invention has a
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CF)’rcse1 ei-aldfhs H&ﬁldéegﬁipwanbs b GtBhE, ﬁ%n&é{&a ﬁéx@#éow_methyl 1-

5 to about @1‘@9 More preferably
deestang. jandyl-peteneand tharse, and ml@W@Sttber@ofgez g/ cc.
Preferably, the polyethylene resin has a nunber

aver aggabee o irghtedind ca Bdiplod itedr B Tedr catalysts or
about 10, 000 ?oggbhgﬁ 500, 000 mrgﬁogefer%l éfpé y

amwly vewered siMiesiteocafalystsandZies ﬁﬁ‘téhléﬁsaﬁr%/ “Walbrkown.
p?;é'?ogp §Lﬁ‘ta3f%°%egﬁgﬁ O&Qalxﬁéefr%hﬁ@ Xﬁtarﬁlﬂﬁ halldes titanium

ene resin has a wei t average nol ecul ar
m@llgmde(am)anaﬁwm halides, aaﬁ@@lxtwe%Mmo 138ieytr0 cetrlvsiv are used
1,00 r f s 50, 000 to about
508" U%Q'Qa'x%@r?ggﬁﬁg ﬂ%?@ﬁ? Equ'ﬁrom aghﬂ% 155, 000 to

about 250, 000. Pr eferably, the AOOl yet hyl ene resin has
a Slngle -site catalysts can be divided into metallocene and non-

metallocene. Metallocene single-site catalysts are transition metal compounds
that contain cyclopentadienyl (Cp) or Cp derivative ligands. For example, U.S.
Pat. No. 4,542,199 teacheé 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.

The polyethylene is converted into a thick film by a high-stalk or in-pocket
blown extrusion process. Both high-stalk and in-pocket processes are commonly
used for making polyethylene films. The difference between the high-stalk
process and the in-pocket process is that in the high-stalk process, the extruded
tube is inflated a distance (i.e., the length of the stalk) from the extrusion die,
while the extruded tube in the in-pocket process is inflated as the tube exits the

extrusion die.

For instance, U.S. Pat. No. 4,606,879 teaches high-stalk blown film

extrusion apparatus and method. The process temperature is preferably within
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measured at 19CI)C under 2.16 kg
During the MDO, the film from the blown-film line is heated to an

15  orientation temperature. Preferably, the orientation temperature is between
60% of the difference between the glass transition temperature (Tg) and the
melting point (Tm) and the melting temperature (Tm). For instance, if the blend
has a Tg of 25°C and a Tm of 125°C, the orientation temperature is preferably
within the range of about 60°C to about 125°C. The heating is preferably

20 performed utilizing multiple heating rollers.

Next, the heated film is fed into a slow draw roll with a nip roller, which
has the same rolling speed as the heating rollers. The film then enters a fast
draw roll. The fast draw roll has a speed that is 2 to 10 times faster than the

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

25 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

30 temperature.
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copol ymer that conprises fromabout 90 wt % to about
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pent ene, - oct ene the I1ke m Xt ures
th@ﬂe@tﬁl’th%uﬂflgﬁl(?@omﬂlyet hyI ene resins can be produced
by Ziegler catalysts or newy devel oped single-site

cat al ySpssided @ f\f hcﬁlbah%%ihﬁlsaﬁ% Bﬁérlntegr’fm’ﬁ’”rerr%%%'mi'gﬁsat other

of suitable Zieg cat al stsmc ude titani um
haplygésal prPFteéﬁiﬁSu rTmeR@biné”iﬁ ofjeiHed filimhiealanddb, teagile strength at

I t
T e 5l 8 r LA 09718 KBS Bgta s M dsater tan o
Si eqad teua"/a & teingie stre@a’chtaé bekak dgredtarriban neealial de 39000 psi,
an n i.pal.e-sjt t
2 SRTESGLARERTR o A Bee IR P ULl FoR! by,
c yarierged tfitnd ihaisy1 %(s(a@)anb'rI'Dcctradsreirmmlire@iolnb gmddms ¢reater than or

e TR o S0 Bl iy sl & el 289008l p RTE Shrength at

coyitRi grelbteganas optelganl toh400Cpsh D bwvgatidreatsyak greater than or
Caégtlﬁlttcl) %f% TD tensile strength at break greater than or equal to 4,000 psi, and
TD elongation at break greater than or equal to 700%. Tensile strength is
tested according to ASTM D-882. Modulus is tested according to ASTM E-111-

97.

Preferably, the MD oriented film has a haze 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
MD oriented film has a gloss greater than 20. 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.

EXAMPLES 1-11
Machine Direction Orientation of High Density (0.959 g/cc)
High-stalk Blown Films

A high density polyethylene (L5906, product of Equistar Chemicals, LP,
Mi,: 0.057 dg/min, density: 0.959 g/cc, Mn: 13,000, Mw: 207,000, and Mw/Mn:
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the range of about 6 to about 8 mls. The blown film
is then uniaxially stretched in the machine (or
processing) direction to a thinner film The ratio of
the filmthickness before and after orientation is
call ed "drawdown ratio." For exanple, when a 6-ml
filmis



stretched to 0.6-m |, the draw-down ratio is 10:1 .
The draw-down ratio of the method of the invention is

w@e@aner4d han 10: 1. Preferably, the draw down PEL/US2005001217
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5 |51 378,800 | 317,900 | 88 546 25,200 | 4252 17 | 57
6 |61 451,000 | 331,700 | 58 464 33,100 | 4,000 |23 |47
7 |7 537,000 | 343,300 | 38 380 42,700 |3,800 |28 |38
8 |81 639,200 | 353,400 | 25 303 52,600 | 3,700 |31 |31
9 |91 761,000 | 362,300 | 16 242 61,200 | 3,600 |33 |28
10 | 10:1 | 906,000 | 370,200 | 11 206 65,600 | 3700 |33 |28
11 | 11.6:1 | 1,197,600 | 381,500 | 5.5 227 55,263 | 3,900 |28 |40




The stretched filmthen enters annealing thernal
rollers, which allow stress relaxation by hol ding the
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greater than or equal to 40% Preferably, the oriented
filmhas 1% secant TD (transverse direction) nodul us
greater than or equal to 300,000 psi and nore
preferably 350,000 psi, TD tensile strength at yield
greater than or equal to 4,000 psi, TD el ongation at
yield greater than or equal to 4% TD tensile strength
at break greater than or equal to 4,000 psi, and



TD el ongation at break greater than or equal to 700%
Tensile strength is tested according to ASTM D- 882.
woL@alT®40 s tested according to ASTM E-111- 97PCT/US2005/001217
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%5 ng\m . ﬁfﬁ&dar duIFS‘ Jhcd:errs@r Dgﬂ aiens Cgos%r;aze
| ast|iretioFi| bss andl p I Erbrbast EGyation] e gml Skt g
xaml es fMerely i I | ust 1 @ ™t i Bkl g} ek Privse
et T theant—wt{~ recognrze many varrati ons tjat
r8 Witihi 48y SPLsdghy Phaot NE |i7BYENT | PEHHANH; SHOPEs O | o7
he dl ai mg. EXAMPLES 1111 Madhine Djrectipn
yientati on of Hijgh Depsity (|0.959 ¢g/cc) Hi gh-stalk

| 1Bwn 2R | re2sMohi ¢ be2den s 20y pclsytet hyl emeo (L5906, | 26 |88
roduct of Equistar Chem cal V12 0,057 d ,Ija |

oGt

mO—9 00T

densijty: 0. 959 g/icc, M. 13, COO MN 207 DOO, anh

M IVH 3116) 238200 ny @78 | 120t o f[i%hs W {50% ﬁ?‘)&kne%?s pfe

6 0T t—omn 200 die wth 2 jmmdiegap. f[he fi re

prduggd Aty oSt alsgz,m@l ght of| g, di e gf,@getgygog anp| al gg
16 | 51 380,700 | 315,300 | 39 610 26,100 | 4,400 16 59
17 | 61 453,600 | 325,700 | 40 530 31,100 | 4,200 21 51
18 |71 540,300 | 334,600 | 38 470 36,100 | 3,900 24 45
19 |81 643,700 | 342,300 | 29 570 41,000 | 3,700 24 41
20 | 9:1 767,000 | 349,000 | 28 610 46,000 | 3,500 24 41
21 | 10:1 | 913,700 | 355,100 | 19 550 51,000 | 3,200 22 45
22 | 11.3:1 | 1,147,300 | 362,100 | 19 500 57,500 | 2,900 20 56
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bl own-up ratios (BUR) of 4:1 . The filns are then
stretched into thinner filns in the machi ne direction

wowrdos/oteaw- down ratios 1, 2, 3, 4, 5, 6, 7, 8,POr/ustos/001217

10

and 11.6 in Exanples 1-11, respectively. Wen the

draw down ratio i@dMﬂDARWTWEiEXWI\}IFSLE@QBQUi ented. The
draw-down ratio of 11.6: is the nmaxi mum dr aw down

ratio |imtddagyne ﬁ@etzfson&ﬂemta’fm EqdsriRneR@Rot t he

polymer film The fi Iﬁnnpggfg%rrdug@eg\gﬁegl sted in Table
1. TABLE 1 Propert| es vs Dr aw- down Rati o of Machi ne

Direction Oiente -stal k Bl own Fi | nsEXAMPLE
12- 22 NHEf n':eqlﬁbﬁtlaéc‘i“%nd@f‘?"‘é‘nPSWPW'e@\e RS, Dé(tl’r§f3@@ (density:

( Op.928q/8¢,CRIl.: 'mo@P%%InBl Wm1§lobms MKk aspd, @éo 1- %Lhaaoe (density:

epeat ed, but | ms are nade at mgoc et fil

I | 8409/Re Mhl ﬁa@rdﬂﬁ@m,l'\é@x @00, iMwed75.A0Gabra0D (d%‘ﬁ'tb}ho 949

PIEE HRbOTSSRTIRR ShoqEgT ol iy bopnalaly. o

fig/ee Mt ORI rdg/eipddin:i %O%MWUBMQ@W argt cwerttfﬁento films of
O 5010 B 1 DR O SHIRA e 111 anc

antie nint-padiet ;podaqaserdésdrlbed“ ABLExanEIeep& -PRes The. films are then

sé{retghe mF?’%‘“ %cﬁlne'\éar%h atidh %QT\{P i'?‘R'% 5 mEc?r<a'A‘\,y-F> o%v% ?os Listed in

Table 3 are the MD and TD moduli of each oriented film at their maximum draw-

down ratios. The table shows that these films have low MD and TD moduli.

11



Machine Direction Orientation of Polyethyl ene Bl own
Films of Various Densities Three Equi star
wW@oiogetisyd ene resins,

XL3805 (density: 0.9409g/BCT/UR0BS/001217

hi gh density

0. 057 dg/mn, Mn: 18,000, Mwx 209, 000), XL3810
(density: 0.940g/cc, M2: OfAR glg/ mn, M 16, 000, Mw
175, OOO) L4907 (density; 0.949 g/cc, M2: 0.075
dg/ nin, Mh: MR2apgdD Medulies Qﬂb‘é)ty ane Malesmies V(’%'@h*sl ty:
0. 949 g/cc M2: 0.Qp gg{um DravMi Q,
21$2. %ON%arﬁ,llco vertR @a qf# OWE‘?R%% koté;shtg‘ 630 t
m B yPepste (HYah | Mal K Mer oc '§des . hERA Vg Secan
1% |88 tné olgn-ilgcket /B'Poceoscgssd caﬁaf\,'dm&négl lri“/bdﬁgam &B8lus
12-22. Thelfilng are|then |stretcheaudtd n t hesinachi nesi
di reqtion tlo their maxi num drawdqown ratijos. Listed in
Tabl & 8% ¢ £¥e |MP?and®fD ATk |of 1E8kh |ot19%APed 35! PR
at their maxi murm draw down ratiog. The table shows
that |t R&€%% |f P¥ng Have 9B INDPRA |TD'hdUul|i 1 PARICE| 335k1HP0
and -TD Moddli vg. Density jand Moliecul ar Wei ght Al
MESE3 U A9 aw2Wown TRat|i &1 |dighisik (1. 8& Tmet|h§er.200 227,000
conprlisingjorienting|in the machilne diredtion (M) a
pot3tet Bptene 28 gwisf il (8ST g a-petkvi- daWr r at i3¢Y.8§P eat €8.100
than [I0: 1 tfjo praduce [an orientled fiTmfhaving a 1%
seczant oD rodwl us 16f |10.000, 0dGtahsi  Gr5:1gr gat2en100 2 F1ae00
thqod of glaimL wherein the NDjoriented 1ilmhas a
106mgcanto 175 16 0.12 | In-pocket 2.2:1 114,600 142,700
Cc27 | 0.949 195 14 0.075 | High-stalk 11.9:1 617,000 286,400
c28 | 0.949 195 14 0.075 | In-pocket 7.7:1 514,900 307,200
C29 | 0.949 212 13 0.057 | High-stalk 10.6:1 514,300 275,600
C30 | 0.949 212 13 0.057 | In-pocket 10.0:1 737,200 312,600
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transverse-direction (TD) nodul us of 300,000 psi or
greater. 3. The nethod of claim 1 wherein the bl own

wo dos7e40made from a pol yet hyl ene resin whi ch PEEU82005/001217

10

15

20

25

30

density within the range of 0.950 to 0.970 g/cc. 4.
Thieclaigt: hod of claim 1l wherein the blown filmis nade
froma pol yethylene resin which has a density wthin

th net h f
ol i m 2 neeth e Bing, RBn e T higyanee e a3fecton (D) 2
pod)glﬁthyllémeld\msfllm W iacdrabwaowa chdio sireytenvtiidn motihe produce an

WPt haers 5k sebaREMD rodlinhb B0LOR) Fal & dredter.

resi n WitheChiche &f M@inﬂhtwlﬁ’éfr@rnam@ WDl §6dHiad fineiraiRta MVksecant
wi thin the range of 130, 000 to 000, 000. 7. The

nef HEYCSE-drest '?ﬁ 6 LB @IS ?fr%)%{?q RSI®F OF3#T he range

03,150,120 nM&ah&P0e0RKIMmS1 hRerdikt thad bR;fwrP|fﬁ‘rhm56 made from a
wherein the Mvis within the range of 155,

300l yriylere repewiigh hag a&renémawmle thé wemf@@mq @70 g/cc.
Wi 4 hi n tHae maRse & clarn, QOQ,thel@SfﬁeO%%wle LG m T Re ARIOtbm a

of claiml1l wherein the blo Imis nmad rom a
pabsjeathyierseesinewhish WP @hﬂetma%y wntmnrﬂmrar@e@f QAgH5 to 0.965 g/cc.

mod ecul@ly WRlHO  $MMaif t1h;\/\)ﬂerein the blown film is made from a
polyethylene resin which has a density within the range of 0.958 to 0.962 g/cc.

8. The method of claim 1 wherein the blown film is made from a
polyethylene resin which has a weight average molecular weight (Mw) within the
range of 130,000 to 1,000,000.

7. The method of claim 6 wherein the Mw is within the range of 150,000 to
500,000.

8. The method of claim 6 wherein the Mw is within the range of 155,000 to
300,000.

9. The method of claim 6 wherein the Mw is within the range of 155,000 to
250,000.

10. The method of claim 1 wherein the blown film is made from a
polyethylene resin which 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
100,000.

12.  The method of claim 10 wherein the Mn is within the range of 11,000 to
50,000.

13.  The method of claim 10 wherein the Mn is within the range of 11,000 to
20,000.

14.  The method of claim 1 wherein the draw-down ratio is 11:1 or greater.

15. The method of claim 1 wherein the oriented film having a 1% secant MD
modulus of 1,100,000 psi or greater
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t he range of 10,000 to 500,000. 11. The nethod of
claim 10 wherein the Mh is within the range of 11, 000
wo 20030076@00. 12. The net hod of claim 10 wher ei PCT/820841001217
is within the range of 11,000 to 50,000. 13. The
rrfetl ﬁgdomo MEl m’éegt%@(p)w?uzgtlie_?ﬁ filme rﬂwrz]deidts/ fpéh’lm'tlﬁbd ?&m&nﬂe
0 : 0 : : . et hod of claij erein
b7 22 MG emited Boshiiens Fih Miatectuiane et AR hod
of 1gl ain MDWrQé@pblb@thgléhéﬂtrﬁd]efd!e' By tha ViMoo fldim 9.
secante%D dulus of "1 100, %&g@pm or greaterl16. An NMD
or 1%nt Mﬁo oRanisd ealkethyiers a5l Ryrbe mathrsholgdiaipy B-m
1. 17. An MD oriented polyethylene filmnmde by the
method of claim5. 18. An MD oriented pol yet hyl ene
filmmade by the nethod of claim9. 19. An MD oriented
pol yet hyl ene fil m nade by the nethod of claim13.
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