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(54) Title: PREPARATION OF POLYETHYLENE FILMS

(57) Abstract: A method for making high modulus and high density polyethylene films is disclosed. The method comprises orient-
ing in machine direction (MD) a polyethylene blown film to a draw-down ratio greater than 10:1 to produce an MD oriented film
having a 1% secant MD modulus of 1,000,000 psi or greater.
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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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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.
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abkrIgntsAdN)owithin mﬁjrarﬁsgtofab@flbﬂ%ew tg .aafwt %%@QO m@ecm@ferably
t qroﬁlﬁ%tﬂou?ﬁq d@f@)oto é?dcﬁft @“o&ﬁd/ ,anahﬁoﬁ%r)éf‘éra%kﬁmﬁn "a%éutnﬂ 000 to

has a nol ecu ar MEIg |str| buti on
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bout
obhanerm@fmbge‘rorpebnehtﬁoo@m:mm 660.8pAyang caés:) preferably from

V4515 RGO B AR o1 ROk SR o o
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andbooxrdant i s added to the nobile phase, but 800ppm
BHT is added to the sol vent used for sanple

di ssol l’ll‘ﬂe()l(}lw, 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
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ent ene; and 1-octene
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ope si'ng Zi egl er
catalysts are well known. Ies of suitable
z| egl eSingledlitpstoatalyris ugant |sta ividehalntelesretaliocane ugnd non-

I'Icgjc%ﬁﬂle ﬁé@%'o‘é&@%‘dgﬁjee%te @thlyg}s)(éﬂért?aﬁﬁsﬁtreﬁrl‘ﬁg{a1 compounds

cata s are
that contaln cyclopentadienyl (Cp) or Cp derivative ligands. For example, U.S.

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

teach non-metallocene catalysts.

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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Pr eeﬁlkgbplc}(nt%gn Iarr]1dt’c e megl'tnr% 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

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.

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

temperature.
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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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according to ASTM E-1 11-97. Preferably, the M
5 m)dul usThss filngg @se dhert Reiched 0T dmon@rsﬁlmsSmBég aching glirection
u e 0Li gnte r S )
L it Wa‘ﬂ as”é‘a’?““ﬁ% rgpezr B 405! g’rz‘féep%b o6 3 E3prples 1-11,
f| temoheds/ean Vihdretrel dmvwsdaoven atio ist1: 1,ythe| filmgiseatt arientedn  The

or 0. 7,0 I, I 0 ield 23
CraEsFowh dale 05 1851 b wE BT Rt PP ERHEE by the
gr edgreatidrhaquipmeatiadd nbdiothd @oboterdim, Tr@rftllml\@operties are listed in
ngation at break greater than or equal to 40%

10 g?@ Pdbly, the to oriented filmhas 1 % secant TD
(transverse di rection) nodul us greater than or equal
to 300,000 psi and nore preferably 350,000 psi, TD
tensile strength at vyield greater than or equal to
4,000 psi, TD elongation at yield greater than or
equal to 4% 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 is
tested according to ASTM D-882. Mddulus is tested
according to ASTM E-111- 97. Preferably, the M
oriented filmhas a haze | ess than 50% The haze is



tested according to ASTM D1003-92: Standard Test
Met hod for Haze and Lum nous Transm ttance of 8 MARCH 2007
wae@sepmuent Plastics, Oct. 1992. Preferably, p¢EBUDOMDI217
oriented filmhas a gloss greater than 20. The gl oss
is tested according to ASTM D2457-90: Standard Test
Met hod for Specular 3 oss of Plastic Filns and Solid
Pl astics. The follow ng ex%ﬁ nerely illustrate the
i nvention. Those skilled in Tart will recogni ze
many variati onspioBafieahs. Mﬂatnbdzlcmﬁ R@tl@@f Mbbhmé t he
i nvention 25 and scope  of MPLES 1-11
Machi ne Directi Qt'feEi*qneﬂ'ﬂ%'tt?Q)H"'SlF SH”@ﬁ'%@r@W% (0. 959
'ee C)JDrawt il |G- St at krpBr ovprpFi | BTDdL]) A {@MSi { Y Gloss H/aze
ob-yletor é’H@'U{ L5908 pried, S| il cals, %
P, %ﬁa 2|78 057 |/ ni ], %?\3“" "gaareﬁ QE;F o %Q?:E Vh:
3,000, 2071000, rVd I\AA// 6.1 8si MARCEN 2007 WD

1) 1) 511)|77641) '|PCTI US20115/ 111121' 16) i|s conyert éd
rit o %4 | ne'84E%®h a1 qKlAtss p#516. 0 |/ onSBE0 MAPdi| &°

2—m—dregap. e fiinpg—are groduced at—a statk
4 Of §§er %@ tlgrs andgat  blou- Upgkati Qg | o
%UF;H'%f £ EB? I'ms are then|stretc¢hed into

hi nner flil ns in the machi ne|directlion wth dfaw down
atilost 1,| 287,308, H279.500 (@po 7, 86619, 1Q4,9@nd4212. 6|6A |80
x_a_r_ﬂplpq 1-11, respectivelyl \Whenl!the dnawdown ratio

s 11, thhe filmis ngt oriented. The drnawdoyn ratio

4 1146: 1| 3182Phe| FAPCMIA? dr apldown ['&8%0 | *18 t ed? by ©°

h i
m

—TL

— N

m= '-"/\j

he ui" ntatton—equipnent—and ot [the—putymer (it

Fi] MnLOREr 1 £5.R sl I SteGGI N | 25000 | 4252 |17 |57

—l""O_'

6 6:1 451,000 331,700 | 58 464 33,100 | 4,000 23 47

7 7:1 537,000 343,300 | 38 380 42,700 | 3,800 28 38

8 8:1 639,200 353,400 | 25 303 52,600 | 3,700 31 31

9 9:1 761,000 362,300 | 16 242 61,200 | 3,600 33 28

10 | 10:1 906,000 370,200 | 11 206 65,600 3,700 33 28

11 | 11.6:1 | 1,197,600 | 381,500 | 5.5 227 55,263 | 3,900 28 40
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io Table 1. 7 8 MARCH 2007 WD 2016/ 077640 PCTI US MARCH 2007

0115 /11111 21 7 TABLE | Properties vs. Draw do
worRatos07@lh0 Machi ne Direction Oiented, H gh-stedkuslooswni217

Films Ex. Draw MD TD MD TD MD TD A oss Haze No. Down

Modul us Modul us Tensi |l e genappleshensi | e Tensile %

Ratio psi psi Elongation Elongation Strength Strength

@ Break @Mpehire @irBeicikO@mateikoifdiph @@nsuy ©- 515918/80)600

196, 200 470 651 5, 500 Scidet BISRH Fitm<: 1 224, 500

248, 600 310 677 10, 9005'3%1% 3.5 90 Iﬁ% 3:1 267 300

279, 300_200 661 14,900 4712 6.6 80 4 4:1 318

301, 000Eeser!ea 4-1flcarggepepted bib theofiims ase masvmaata@@ocket film line.
5 317h@;gf8n E%p’éﬁﬁesﬁa@e%%%djﬂ&%bfb@ Whlcl@sl‘ﬁnvéls t‘?\é%th@%achme direction

34iegted, 38-Pesketfims dave, sanld}arz\éDsasld ‘ED Moﬂuda:a@ thednigh stalk films

263 850 rspestie oin Jrdifatils Jihe Aol gplOdng 131 s the
370N Urape066 raii) whichos ligtted dy thed oddntstidn 4quiPmes0and not
38&16%%%r§er5ﬁh%.27 55,263 3,900 28 40 5



EXAMPLES 12-22 Machine Direction Oientation of
wdensioti4q 0, 959 g/ cc) In-pocket Blown Fil ns Exemnpsm®ss/o01217

1-11 are repeated, but the filns are nade at in-pocket

filmline. 5 The film propgigiires are listed in Table

2, which shows that the machine direction oriented,

i n-pocket fil nsPieaediesivei Praw-dawmRatiapf Meabing as t he

high stalk filmpy, %ﬁoﬁ Bﬁéﬁteﬂelﬁ%%két"%lwg’ﬁnwéém dr aw

10 8 8 MARCH 2007 WO 2005/077640 PCT/ US2005/ OOlE#gHRCH 2007

ratios. The draw maxi_num
IgssH IHaze
dr%J.W- (g?\mm m%hs ! \-&P‘dlul Fr"% lJ I l' ? yTel%smee J s?ent acf_c] %n%
qui predat | gind Not psit laydn”e fElofghtionT] Stidng 2007
2016/ 077640 PCTI USZ 91?5“/ 9151%'( e Bpeak T‘%gteE‘ 2
Rroperties vs. DrawdowT Ratijo of VEChtme ui rec,
Orientgd, | Lfpech Dy Fi EL T
Q 0B %28 LS 5o %a '\4% Da7
ND TID d o$s Haze Down Mjdul us ul us enS| e
Tensi|l e Tensile 'I'en5| le % Ratio ps| psi El ongation
El1engatti on285{10engbd2,68t [ 209t h |@Br eak11@8r patoo @ Breakss@
rea % 9% psi pgi
L L
14 | 3:1 268,200 | 285,900 | 120 630 16,100 | 4,900 |57 |78
15 | 4:1 319,500 | 302,400 | 53 660 21,100 | 4,600 |11 |68
16 | 5:1 380,700 | 315,300 | 39 610 26,100 | 4,400 |16 |59
17 | 6:1 453,600 | 325,700 | 40 530 31,100 | 4,200 |21 |51
18 | 7:1 540,300 | 334,600 | 38 470 36,100 | 3,900 |24 |45
19 | 8:1 643,700 | 342,300 | 29 570 41,000 |3700 |24 |41
20 |91 767,000 | 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 | 11.3:11 | 1,147,300 | 362,100 | 19 500 57,500 |2,900 |20 |56
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12 1:1 189, 000 222,800 640 750 6,200 5,300 3.6 97
2:1 225,100 262,600 290 600 11,100 5,100 2.6 88 g JARCH 2007

w@2@58884200 285,900 120 630 16,100 4, 900 5. 7 FSr/uiH05/001217

10

4:1 319,500 302,400 53 660 21,100 4,600 11 68 16 5:1

380, 700 315, 300 3LHHBARATIAD EXARRE E662530 17 6: 1
453, 600 325, 700 40 530 31,100 4,200 21 51 18 7:1

540, 300 334 MNamiresDugaiiopdrintationad Gopisthyieneidogng

643, 700 342,300 29 57 02008 s41 20 9:1
767,000 349,000 28 61 lr{f‘r%GOOO 35508%l 41 21 10: 1

913, 700 355,100 19 550 51, 000 3,200 22 45 22 11 ,
1, 147, Idtesebquigier 1jalsodensity s pelvethylsne 2 oesies. %(93§05 denSlty

2 Y 2
C@%@WM&\V/\Q 83 %}gﬁﬁﬂg) g\gﬁ‘% 'c\J/g’gT M\]Ag %lélarlégct) | Yabbio2density.

OrQ 840aiee. dl208. 1RcIgjim WMIRintS, @G 179,880)0 498 (drnsity: 0.949

a6, S0 D78 SRy A Dfa U BNEERE) Q00 PR 50 Bty 0,949

dgy/ag, iVil2VA; 051’81gbmm Mav: 132000, 006) 21X08Y18re( clewertey into films of

BR8P e b A0

14h80i0-pddket b@:ﬁ:e@@odescabeld LiBOBgarfipless12-92. 0 T949fingy @re then

M 2: 057 .d N 13 . Mv. . 212, 000 . . .
visTistchiednh o e Pingitpdch e MGl PG ko Tatios, oListed in
hi Table Balré thi MiCessl TBsnsduiarf cabh bramtpd éitm at thkiransxitnam draw-

]E Ih q\aiénn_ iggr ﬁéﬁ %b?g glfsfdc’ws(,j ﬁ‘lsé‘t: hescg,3 ?I he%xeal%' l\‘731[c5 aln%_ﬁg hwo-lc-irﬂlﬁ.

11



stretched in the machine direction to their
draw down rati os.
won@shi7eaf each oriented filmat their
The table shows that these filnms have | ow
8 MARCH 26(Hi E WO 2016/ 077640 PCTI US2
MD and TD Modul i

down rati os.
MD and TD nodul i .
0115 /11111 21 7 TABLE 3

Listed in

Table 3 are the MD
maxi munPcir/ase005/001217

maxi

VS.

gﬁﬁAﬁSH 2007

Density

and Mol ecul 3D @gd Jift Mogyli Yo JAemsity W@MWFNH@%TS Ex.

Density Mv Mh M 2 Fj{ ﬂ%&@g@@h Ygecant

g/cc x103 x103 dg/m n rocess |rrum 1D Dra

Motul | (Rensih LV{‘l”us “q%a |g“2 si| 0959 20 S3anio %SSFCW

H 'Gh- Sl k 1% 169™8( %%Si,e w0 MSZOMMUS

0. 057 | n-packet [11.3:/1 1 147, 300 |36@, 100 | p€23 0. Deb

209 18 0.0587 High-stalk 8./3:1 354,900 227, 000 024

0, 949 58% 182%. 95731 n- %Q%kéi'gh?fa% 1 %71 80" 93801 81500

@25 Q.940 175 16 0.12 Hi gH-stal k [6.5:1 235,100 2{12, 600

(282 (. 949 178716 0312 qcﬁz oeReket 2. 21131 14 6303PAD, 3PBAPO

@27 Q. 949 195 14 0.075 ngh stalH 11.9:1[617, 000

2883400940C2829. 9498 19502 |GlighyERIk|In- §Gdket|' 392999 1| 227,000

514, 900 307, 200| C29(0. 949 212 13 0.057 High-stalk

1j0628:| 105404 | 38® 2738 6QM.05CI0nPocBAq 272113 (03FFPO | 223,100

I [n-packet 10. 071 /737,200 312,600 12 8 RCH 200}/
C25 0.940 175 16 0.12 High-stalk 6.5:1 235,100 212,600
C26 0.940 175 16 0.12 In-pocket 2.2:1 114,600 142,700
c27 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
Cc29 0.949 212 13 0.057 | High-stalk 10.6:1l 514,300 275,600
C30 0.949 212 13 0.057 In-pocket 10.0:1 737,200 312,600

12



WD 21)1)511) 77641) PCTIUS2 0115 /11111 21 7 | cl aj
1. A nmethod conprising orienting in the machine b WarcH 2007
walkasptican (MD) a pol yet hyl ene bl own fil mto BCT/US2005/001217
draw-down ratio greater than 10:1 to produce an NMD
orligitred fil mhaving a |1 % secant MD nodul us of
1,000,000 psi or greater. 5 2. The nethod of claiml
V\/nrel orlentedf|l hasal%se
nove SBER. PR PooP R Ja B 0000 dietgp (MD) a
gr;ﬁﬂyeihylerae bt firet tth cﬁéw@lo&/lnnnallovméét@r Ehetnheo bltevmoduce an
[ om a et ene. resin
o BiarBrig i abis s AMstan WDGBEHuIGS of 5560 He 8% orbreater
5 The netrlm@dm@ﬂqoal @ﬁ énaulm whigem theevibl evehidd Fifh ilasM®d9; secant
froma io | ene resin which has a density

tfarﬂsﬁertsﬁéj'ﬁeﬁmﬁ ) oS @T3A9, BiEpsi oegreater- The et hod

ofs cl aimhel nYIRE® 6F chfinDh OWRefdih NhiS pFARE ﬂrﬁom é}nade from a
po thyI ene resin which has a density with

taylene wsp wiich haga dgngity wighin ’rmﬁerampm@ 9510 t@|0a$7ra g/cc.
Wﬂ@f ei fThbh%m{Ih&dWoff 'clafPRt § ki gl Blomfﬁo'fh’rﬁt @'n@%om a

resin which aver age | ecul ar wel
10 wi patyeihylere resi wram@éa@a deseihoathin (txha_;ramge adO®557to 019 glcc.

TS0 8 FANL BB T W8 Ml "y KR8 o
whe wstiny | eerelstn \ivlsiclwihab ardenkigy winig emeefangéfo)f 0@®8tto 0.962 gl/cc.
200, 008 shod 5, A0 She LB 4 WS o o
nqddllyﬁihpéne:falmwﬁlchmsel weighteavelragenmbiekc otar Wermﬁl el\/If/vD Qfithin the
s ol PEIUIER Rl e o rorer everae
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.
20 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.
25 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
30 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

13



the range of 10,000 to 500,000. 25 11. The nethod
claim 10 wherein the Mh is within the range of 118&%&CH2NW
WO 20054064000. 12. The nethod of claim10 wher epar/ukmodvbni217
is within the range of 11,000 to 50,000. 13. The
metéod Af MO @iierntéd)pmp@ml'ene filh® nddlel 1 the hidtiod brecidignge
of .11, 000 bo %&g(ﬁo 000. 14._ The net hod of CoLal m. 1
whif-ei i\t ¥D QislipdiBaiMetnyens filng mpgebyghe giadicep! clais 5.
Theg Met AR Dodrieded Bbl}eﬂ“@l@ﬁ@'ﬁlﬁn Ha@je aﬁtﬁ@hﬁe@héd bMBIAAVS. NY

a l %secant MD nodul us of 1, psi or greater
1318 M&M%@ﬂtewwbslﬁwﬁmWaﬂemw@ammfﬂazm .
An MD oriented pol yethylene filmmde by the nmethod of
claim1. 17. An MD oriented polyethylene filmmade by
the nmethod of claim5. 18. An MD oriented

pol yet hyl ene fil mnade by the nethod of claim9. 19.
An MD oriented pol yethylene filmmde by the nmethod of
claim13. 14
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