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15 properties can be seen in an increase in shear thinning behavior, an increase in

elasticity, an increase in melt tension, a reduction in swelling during blow
molding, and an increase in bubble stability during film blowing. Although not
wishing to be bound by theory, it is believed that an effect of tailoring is to
introduce low levels of long chain branching in the resin.

20 Polyolefin resins having bimodal molecular weight distributions and/or
bimodal composition distributions are desirable in a number of applications.
Resins including a mixture of a relatively higher molecular weight polyolefin and
a relatively lower molecular weight polyolefin can be produced to take advantage
of the increased strength properties of higher molecular weight resins and articles

25  and films made therefrom, and the better processing characteristics of lower
molecular weight resins.

Bimodal resins can be produced in tandem reactors, such as tandem gas
phase reactors or tandem slurry reactors. Alternatively, bimetallic catalysts such
as those disclosed in U.S. Patent Nos. 5,032,562 and 5,525,678, and European

30 Patent EP 0 729 387, can produce bimodal polyolefin resins in a single reactor.
These catalysts typically include a non-metallocene catalyst component and a

metallocene catalyst component which produce polyolefins having different
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have improved methods of extruding polyethylene, particularly pelletized bimodal

polyethylene film resin, to provide resins having improved bubble stability and
gauge uniformity when processed into film. '

20 3. SUMMARY OF THE INVENTION

In one aspect, the present invention provides a process for extruding a

bimodal polyethylene resin. The process includes providing a polyethylene
homopolymer or copolymer resin having a bimodal molecular weight distribution;
conveying the resin through an extruder having a feed zone in which the resin is
25  not melted, a melt-mixing zone in which at least a portion of the resin is melted,
and a melt zone in which the resin is in a molten state, each zone being partially
filled with the resin; and contacting the molten resin in the melt zone with a gas
mixture of 8 to 40 % by volume O,. The resin can further be pelletized. In a
particular embodiment, the pelletized, oxygen-treated resin is used to make a
30 polyethylene film, the film having improved bubble stability and gauge

uniformity.
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Figure 2 is a schematic diagram of a Farrel mixer.

15
5. DETAILED DESCRIPTION
The polyethylene resin preferably is a medium density polyethylene
(MDPE), i.e., a polyethylene having a density typically in the range of
0.930 g/om’ to 0.945 g/em’; or a high density polyethylene (HDPEs), ie., a
20 polyethylene having a density greater than 0.945 g/em’ and up to 0.970 glem’.

The polyethylene can be a homopolymer or a copolymer, with polymers having
more than two types of monomers, such as terpolymers, also included within the
term "copolymer” as used herein. Suitable comonomers include a-olefins, such as
C3-Cyo a-olefins or C3-C); a-olefins. The a-olefin comonomer can be linear or
25  branched, and two or more comonomers can be used, if desired. Examples of
suitable comonomers include linear C3-C» a-olefins, and o-olefins having one or
more C;-Cz alkyl branches, or an aryl group. Specific examples include
propylene; 3-methyl-1-butene; 3,3-dimethyl-1-butene; 1-pentene; 1-pentene with
one or more methyl, ethyl or propyl substituents; 1-hexene with one or more
30  methyl, ethyl or propyl substituents; 1-heptene with one or more methyl, ethyl or
propyl substituents; 1-octene with one or more methyl, ethyl or propyl
substituents; 1-nopene with one or more methyl, ethyl or propyl substituents;



30 nethyl, ethyl or propyl substituents; 1-heptene with one or nore
methyl , ethyl or propyl substituents; 1-octene with one or nore nmeSHAY,2006
et hyl or propyl substituents; 1-nonene with one or nore nethyl, ethyl or
propyl suwetsbdressts; 2 9 MAY 2006 WO 03/ 047839 4 PCTI USGtiraRod322¢3 hyl ,

met hyl or dinmethyl-substituted 1-decene; 1-dodecene; and styrene. It
should be appreciated that the |ist of conononmers above is nerely
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i ncl ude propyl ene, 1-butene, 1- pentene, 4-nmethyl- | -pentene, 1-hexene,
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produces a desirable propertics. The catalysts can be fed to the reactor separately or as a

physical mixture, or each catalyst particle can contain more than one catalyst

compound, When the catalysts include two catalysts producing polymers of

different molecular weight and/or different comonomer content, the polymer

20  product can have a bimodal distribution of molecular weight, comonomer, or both.

Such bimodal products can have physical properties that are different from those

that can be obtained from either catalyst alone, or from post-reactor mixing of the
individual unimodal resins obtained from each catalyst alone.

For example, U.S. Patent No. 5,525,678 discloses a catalyst including a

25  zirconium metallocene that produces a relatively low molecular weight, high

comonomer-content polymer, and a titanium non-metallocene that produces a

relatively high molecular weight, low comonomer-content polymer. Typically,

ethylene is the primary monomer, and small amounts of hexene or other alpha-

olefins are added to lower the density of the polyethylene. The zirconium catalyst

30  incorporates most of the comonomer and hydrogen, so that, in a typical example,

about 85% of the hexene and 92% of the hydrogen are in the low molecular
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15 A typical resin has a HMW weight fraction of about 60% and a flow index of
about 6.

The bimodal resin is processed in a mixer, such as a co- or counter-
rotating, intermeshing or non-intermeshing twin screw mixer. Such mixers are
well-known in the art, and are commercially available from various sources, such

20 as Kobe and Farrel. The resin is fed to the feeding zone of the mixer, where the
temperature is below the melting temperature of the resin as the resin is
compressed and conveyed toward the melt-mixing zone. Typically, the
temperature in the feeding zone is 20 to 100 °C, and is maintained by cooling the
extruder walls. In the melt-mixing zone, the temperature is increased to at least

25 partially melt the resin. In the melt zone, the temperature is sufficient to melt
essenﬁally all of the resin, to provide a molten polyethylene resin. Each zone is
only partially filled with the resin; ie., there are no completely filled zones.
Although the terms "mixer" and "extruder" are often used loosely and
interchangeably, one skilled in the art will appreciate that mixers, such as the

30 commercially available Kobe or Farrel mixers, operate at relatively low pressures,
typically about 100 psi or less, and the zones within the mixer are generally not

completely filled with resin. In contrast, extruders, such as are commercially



25 partially nelt the resin. In the nelt zone, the tenperature is
sufficient to nelt essentially all of the resin, to provide a nolt r@
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and "extruder" are often used | oosely and interchangeably, one skilled

in the art-w !l appreciate that m xers, such as the 30 commercially
avai |l abl e Kobe or Farrel mixers, operate at relatively |ow pressures,
typically about 100 psi or less, and the zones within the m xer are

generally not _ conpletely fill W th.resin. 1n contr X rs, such
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zone 12, a mxing zone 14, and a nelt-conveyi zope 16. si n, and
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1 in the nelt-conveying zone 16. As descri hed oug, the resin i

general | y afX|{ngope dgrapééﬂ? Q‘eﬁﬁf’?‘@éﬂqgﬁoﬁf er’ngﬁag%ég si%f‘ﬁﬁsn%eé%lﬁ%éal ly,

but not ypeceszAid fym thERIRRbhylng Z6RETTE. CAf bptidHRl vene 22 s sBwi ircligirey i ng

zone 16. The resin Is conveyed™ through the m xer discharge 18 and
further prodessthd melteimvering gonsel §. e s desryibed sbaves thegsindneersratlygth e 2,

speci fic reference. |,s to_a.Far ' r ' es a
feed zone Bé?asgpﬁﬁg'l%gm”ageﬁemsmﬁc#@é r#aq ?&‘%‘:&%@%ﬁ}&ﬂg@oﬂﬁg%gg we’si n and
optional addiséentifiy edrepleeBVineied ih andif-conve)dtl zonetlite Theadsiadneon3@yedand t he

resin is conveyed in a downstream direction tr&;&u‘}gh Ehe%ﬁn'.x.i ng zone 34
and the melthrosghtheymnixer dissharegd 8 and fug@erRrPEssse @S bY ReHeHEEy j 5

gﬁt”e;]g't ! ﬂr?egtes'sgflsll‘u:% B@&tthﬂﬂi% QP&CpEaﬁc 1éFetthed RndeNE a Fameiitkegs0CT al |y,
y, essentially onpletely nelted in nelt-conveying
zone 36. TheMies B inchudes a\fegdezbnt B2 o glixing gone 34, and a melt-conveying zone
36. Resin and optional additives are provided to mixer 30 in the feed zone 32, and
the resin is conveyed in a downstream direction through the mixing zone 34 and
the melt-conveying zone 36. As described above, the resin is generally at least
20  partially melted in mixing zone 34, and generally, but not necessarily, essentially
completely melted in melt-conveying zone 36. The resin is conveyed through the
mixer discharge 38 and further processed, such as by pelletizing. The Farrel
mixer does not have a gate such as gate 20 of the Kobe mixer separating the
mixing zone from the melt-conveying zone. However, mixing zone 34 and melt-
25  conveying zone 36 are effectively separated by a narrow clearance region shown
by dashed line 40 corresponding to the apex 42 of mixing element 44. An
optional dam (not shown) can be inserted between mixing zone 34 and melt-
conveying zone 36 at the position of line 40.
The resin can be processed at a melt temperature of from a lower limit of
30 220°F (104 °C) or 240 °F (116 °C) or 260 °F (127 °C) or 280 °F (138 °C) or
300 °F (149 °C) to an upper limit of less than 430 °F (221 °C) or less than 420 °F
(216 °C) or less than 410 °F (210 °C) or less than 400 °F (204 °C), where the melt



m xer di scharge 38 and further processed, such as by pelletizing. The
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apex 42 of mxing elenent 44. An optional dam (not shown) can be

i nserted between m xi ng zone 34 and mel t - conveying zone 36 at the
position of line 40. The resin can be processed at a nelt tenperature of
froma lower limt of 30 220 OF 3104 C) or 240 Cfﬂgllﬁs,c or 0 OF (127
C) or 280 Otempezahuts)isshe tepppratyre(af by dgwnstear, eng 9F the mpxing gene; KA  han

430 OF (221 L 1ef; 4 OhePlendptifurt 38 Patd 30, &4 0210 O
or |ess thar?%‘ﬂgleo‘?e%%‘%h%}fw it Cbmpardtife {torBRhut A0Bag 20, &1 0210 1)
PCTI US02/ 32Figurt 2the neltieraperstutens thedemparattmera thetapeh42.downst r eam end of
the m xi ng zone.

Far xanple, in Figure 1, the Lt, te rature is the
tenperature at gat$hosld %Pﬁrqcﬁtedﬁpﬂd‘%éerﬁf’ h@%@?@rﬁ&g&%’@r@’% t he
t enper at lsreiﬁﬁsutag:‘ﬂh@fé%(czﬂ%edsédﬁhom d be appreciated that m xers ot her
than the Kobe and Farrel mxers 5 illustrated herein can be used. The

resin i s contact &heviiesin isxcogtanteil rwitth oxygsnt incthe vagli-eepveping . zomhe Thexygen

can be provided, for,exanple hr ou one or i 0. e .
Referring tPEEguedR be prayided Ieé‘f“%]lﬁ’ @H%gheﬁg%glr %@%&@%@’{FE nhg'an be
provi ded t hridferingn® PigufPne foileRifpledin Behe enbdihents;i @tygen 2an fher
exanple, in 10 sone enbodi ments, _OXé%;{] can be provided_through one or
mor e i nl et s pravided threygh ang aremers inletsi24: cRefemag o Fogge <pfricrampleninet

positio are ner . . V) 2Rl N§d nuous
fl ow of Yas OF° %ﬂc’g}rﬁéﬁredé‘? ?y" W;%%ﬁr%glggél@g o{’/]l&dglgﬁ?nt er&rﬁ ﬁ)'e%tt ly.
Oxygen gas cshoulddepppretidied tita thse greifininlet!doyitipny are gresely exemgdarpart of a

O e e oS S AR s S P BB T
oxygon’ di | LenTeen B ovilatldtanty & Y S vben and nitfogen can be
fed to the extrudexygeh gaepar bt proyidedbasoaneessentially pure gas, or as part of a gas

15  mixture, such as air. The oxygen can be provided in a pre-mixed gas mixture, or
co-fed to the extruder with a diluent gas, adjusting the amount of oxygen in the
resulting mixture by adjusting relative oxygen/diluent gas flow rates. For
example, oxygen and nitrogen can be fed to the extruder at separately metered
flow rates to provide oxygen to the extruder at the desired concentration.

20 After the oxygen treatment, or "ailoring", the resin can be extruded
through a die and pelletized and cooled, or can be directly extruded without
pelletization to form a film, such as by a cast or blown film process.

Various additives can also be introduced into the extruder, as is
conventional in the art.

25
6. EXAMPLES

Film gauge was measured according to ASTM D374-94 Method C.
Film gauge variation was determined using a Measuretech Series 200
instrument. This instrument measures film thickness using a capacitance gauge.

30 For each film sample, ten film thickness datapoints are measured per inch of film
as the film is passed through the gauge in a transverse direction. Three film

samples were used to determine the gauge variation. The gauge variation was




flowrates to provi de oxygen to the extruder at the desired
concentration. 20 After the oxygen treatnent, or "tailoring", the rggimw 2006
can be extruded through a die and pelletized and cool ed, or can be

directly wotososesh Wi t hout pelletization to forma fil mpEgdnrasady a
cast or blown filmprocess. Various additives can also be introduced into
the extruder, as is conventional in the art. 25 6. EXAMPLES Fi | m gauge
was neasured according to ASTM D374-94°Met hod C. Fil m gauge vari ati on was
determ ned using a Measuretech Series 200 instrunent. This instrunent

measures filmthickness usjng_ a aci tan a .30 Fqr each film
sanpl e, ten "‘quﬁl’ﬂeﬁi Bl g#’&p%ﬁﬁﬁgﬁr@cﬁé‘gsﬂ‘?@&eﬁﬁe&‘%@%mqsl m as
the filmis passed) b &@Jg@a&@%ﬁmg ﬁd?viaiﬁgafevl%sﬁebp hW&CThe Baughhr ee

film sanples were” use eterm ne the gauge vari atlon. The "gauge
vari ati on waarigtién iviges@itebasapd&hiet sBmgpabtuubte/a8aags 8 det er mi ned by

di viding the full f filmthijck j ' by th
aver age t hi cknesDarbRin Farast urs et dtcmued Fogde mresfura ASHE oY on
i's preseny edDpR9DIRIHIA AJRxEPpRRRLR tRE FlAdgduEe v@a‘é%@&@rcd%ﬁ&rd@f'%gﬁ | npact

val ues were neasured usi ng the procedures Tn ASTM 5 D1709-98 thod A,
except that ABBMIDITh-YuMegthod&s neasured according to ASTM D374-94 Met hod

C. El dorf T ' ' i . " MOl
G rection 1o TAEPRERE Tt Rk (Hhdrfe, oferion CMDT " fad (PRRUESG .
except that dikgtién, MYYUGEre WaEasiRASubiRd tHRC froteHuAg no ASTM/LR22-9344, Met hod

C. 10 The term"Melt Index" refers to the nelt flowrate of the resin
measured ack¥eeRiithay thedilmepanepwaymegasured ageardiag teA P TMOD Y 4-H G oaq),

and i s gpnvent i ofjal ko, el GRALE el thanefhoi RSt 50 E1rh bl Tef er s
nme

to the t flow rate of the resin neasured according to ASTM D-1238,
conditi on F 4t&ding, t®IASIMK §-1238d)conditidn i B 8090 L2ilénkg| loadlesingnest ed as

2L Vel e Sl Lo ACEE, 1S rhEe SRk A B el by 16 o
i s di mensi onjaRSs¥-the resin measured according to ASTM D-1238, condition F (190 °C, 21.6
kg load), and is conventionally designated as I;¢. Melt index and flow index

15  have units of g/10 min, or equivalently dg/min. The term "MFR" refers to the
ratio I3 ¢/I5 16, and is dimensionless.

Specific Energy Input (SEI) refers to the energy input to the main drive of
the extruder, per unit weight of melt processed resin, and is expressed in units of
hp-hr/Ib or kW-hr/kg.

20 "Elasticity” as used herein is the ratio of G' to G" at a frequency of 0.1 57,
where G' and G" are the storage (or elastic) and loss (or viscous) moduli,
respectively. G' and G" were measured according to ASTM D-4440-84.
Measurements were made at 200 °C using a Rheometrics RMS 800 oscillatory
rheometer.

25 Density (g/cm’) was determined using chips cut from plaques compression
molded in accordance with ASTM D-1928-96 Procedure C, aged in accordance
with ASTM D618 Procedure A, and measured according to ASTM D1505-96.

In some examples, "Bubble Stability” was determined visually and
qualitatively, and is designated as poor, good, etc. In examples wherein "Bubble

30  Stability" is given a numerical value, the bubble stability was determined as the
maximum linespeed obtainable before the onset of instability was observed, as
evidenced by vertical or horizontal oscillations at a blowup ratio (BUR) of 4:1.



Specific Energy Input (SElI) refers to the energy input to the main drive

of the extruder, per unit weight of nelt processed resin, and is 79 Mgy 2006
expressed in units of hp-hr/lb or kWbr/kg. 20 "Elasticity" as used

herei n i swplg47ss 0 of Gto G' at a frequency of 0.1 s' IpcT/vdeeseess and

G' are the storage (or elastic) and |loss (or viscous) noduli,

respectively. G and G' were neasured agcording to ASTM D- 4440- 84.
Measurenents were nmade at 200 C using a Rheonetrics RVS 800 oscillatory
rheonmeter. 25 Density (g/cm was determ ned using chips cut from plagues

conpression nolded in accordance with ASTM D-1928-96_Pro . aged

I n accordance Ww ’ﬂ’%&ﬂﬂﬂﬁﬁﬂ%&f&%ﬁ?@%@%‘?ﬁ?ﬂ éﬁf‘%‘&ﬂ 'aggglrﬁér?%"bg to ASTM
D1505- 96. | Nepd) RpasoattlicRiSby vaBviap ke flative fiows of Waggaeind fitrogeh. VIkeual | y

and qualitatively, and is _de5|3§2t ed as poor }e%ood, etc.. In exanples
wher ei n " Bubdyeen yelgepestad inhe daja gables vas calenisted drm the Yelumetre tloMbb e

stability was, d rLm t he maxi mum | i nespeed obt ai nabl e before the
onset of ins %?B?ff%fgﬁd\)\'ggog%éerved, as evidenced by vertical or

horizonta oscil | Bie duis tetlesaddhavinpludafile frBhdRiesofor 4helbas? (Antefiofe@D06 WO

03/ 047839 9 PCT/ US02/.32243 Oxygen was praovi ded | o] n-nitrogen gas
mi xt ure. TheresiRy giage if iy usuallip S0t passitle It‘é(fawa‘i?aﬁlr};? ch-t ﬁé‘%f% étwge fl ows

of oxygen anﬁhb%iep%ap emﬁnm%&g% hSY&dn, ﬁegeéa:fl s mbdberoddkpoh@d! s was

calculated fromthe volunetric rates o and nitrogen. 5 The
dat a t abl es granulart resincindee nbu-taitored cppeditioes afd runt enbthe Alpmatdin bred)

resin, since it .i al.ly not possible to fabricate film¢(i.e., develop
a stable bu'b"ﬁaé‘)a‘ﬁx‘?ﬁj%’fmgﬁ’@nlﬂlﬁ%ai lored resin. As such, no attenpt was
made to gpnpound granul ar resin under non-tailored conditions and run it

on the Alpine filmline wused in the follow ng exanples. 10 Exanples 1-4
A medi um densi ty Examplesiitene (MDPE) bi nodal resin was produced using a

bimetallic catal ygt,igga S poflatyRhe Rmbe) Hikat REfh La8 Pruced e
using a bimetallic catalyst in a single gas phase fluidized-bed reactor. The
bimetallic catalyst was a Ziegler-Natta/Metallocene catalyst as described in U.S.

15 Patent No. 6,403,181. The resin had a density of 0.938 glcm3, amelt index I, 15 of
0.07 dg/min, a flow index Iy ¢ of 6.42 dg/min, and an MFR (Iz21¢/I2.16) of 92.
Oxygen tailoring of the bimodal resin was carried out on a 4 inch (10 cm)
diameter Farrel 4LMSD compounder. The Farrel 4LMSD compounder has a 5
L/D rotor. Referring now to Figure 2, an oxygen/nitrogen gas mixture (21% O

20 by volume) was added at a flow rate of 10 standard f°/hr (0.3 m*/hr) in the melt-
conveying zone 36 at 0.5 L/D from the end of the rotor. Optionally, a flow dam
can be inserted at about 1.0 L/D 40 from the machine discharge end, and oxygen
is injected after the flow dam in the melt conveying zone 36. Several samples of
resin were thus processed at different melt temperatures.

25 Monolayer blown films were produced from the tailored resins on a
50 mm Alpine film line with a 100 mm die and 1 mm die gap, at a rate of 120
Ib/hr (54 kg/hr), a blow up ratio (BUR) of 4:1, and a 28 inch frost height. These

Examples are summarized in Table 1.



bimetallic catal yst was a Ziegler-Natta/ Metall ocene catal yst as desirl bed
in US. 15 Patent No. 6,403,181. The resin had a density of 0.938 gZd&ndaY 2005
a nelt index 12.16 of 0.07 dg/mn, a flow index 121.6 of 6.42 dg/mn,

and an MARo(3gddssy 12. 16) of 92. Oxygen tailoring of thepdyidedaissesin

was carried out on a 4 inch (10 cn) dianeter Farrel 4LNMSD conpounder.

The Farrel 4LMSD conpounder has a 5 L/D rotor. Referring nowto Figure

2, an oxygen/nitrogen gas m xture (21% 02 20 by volune) was added at a
flowrate of 10 standard fl3/hr (0.3 nB/hr) in the nelt- conveying zone

36 at 0.5 L/D fromthe end of the rotor. Optionally, a flow dam can be

i nserted at about 1.0 L/D 40 fromthgalhlﬁéhl ne di scharge end, and oxygen

i s inject ed—after—the—ft+ow—damn Euc mett wnw¥ ﬁ one36. Sever al

sanples of resin were thus proce d at differ t enperatures. 25
Monol ayer blown films were produced™romt he ta|2I ored Be5| nsdon a 50 mm
Al pine fil 120

M=t=fre—t=t=-—a—1-00—rrm—tre—amt—t—mmrdre—ygap—at—a Tate of
| b/ hr (54 kg/hr), a bl ow up raFPrBPTMC%‘Idm&ml and a 28 inch frost
hei ght . Thesgltn@éﬁmhggr /@r e summari zed igniJabl e1fe, 2 @I2BAY 2996 WO

03/ 047839 PC‘W;%/ 32243 10 Table 1 Exanpllse Nog.196 2 30.206Compgendi ng
Condi ti ons SEI, (] actual. (hp-hr/lb,0.112, 0.2119, 0.125, 0.137

KW hr / kg) 0. 18xleys! 9Bms %060 225 02 | evel 2vol umdloy21 D1 2128 el t T
(C) 239 241 214[31% RResin Characteristics Ejgow I rml;ex I2136 (d2p8mi n) 6. 42

5.54 5.575. 6 4 eto O 0556—0560. 046
MFR, 121. 6/ 12. 1692 91 101100112 Fﬁ‘?é‘ﬁlc t‘EF% t| o] tvro) at 0 1110, 51 0.61
0. 640. 660. 74Fjow Index, I s (dg/min) 642 554 557 561  S.14
Melt Index, I; 15 (dg/min) 0.07 0.061 0.055 0.056 0.046
MEFR, I3 6/I2.16 92 91 101 100 112
Rheclogy
Elasticity™ at 0.15™ 0.51 0.61 0.64 0.66 0.74
Increase in Elasticity (%) 20 26 31 47
Processability
Melt Pressure 7590, 7760, 7760, 8020,
(psi, MPa) ' 52.3 53.5 53.5 553
Bubble Stability at 0.5 mil poor some good good
[13pm] vert.®
Film Properties
1 mil (25pm) Gauge
Dart Drop Impact (g, g/mil, 473, 482, 527, 479,
g/um) 473, 482, 527, 479,
18.6 19.0 20.7 189
Elmendorf Tear, 33, 32, 32, 32,
MD (g/mil, g/um) 13 1.3 1.3 13
Eimendorf Tear, 338, 304, 258, 211,
TD (g/mil, g/pm) 13.3 12.4 10.2 8.31
0.5 mil (13pm) Gauge
Dart Drop Impact (g, g/mil, 449, 548, 518, 401,
g/pm) 898, 1096, 1036, 802,
354 43.1 40.8 316
Elmendorf Tear, 18, 25, 23, 28,
MD (g/mil, g/um) 0.71 0.98 0.91 1.1
Elmendorf Tear, 203, 128, 130, 110,
TD (g/mil, g/pm) 7.99 5.04 5.12 433

® Specific Energy Input; ™ G/G"; ™ some vertical oscillations observed



Increase in Elasticity (% 20 263147 Processability Melt Pressure7590,

7760, 7760, 8020, (psi, MPa)52.3 53.553.555.3 Bubble Stability at 0.579 May 2006
m | poor somegoodgood [13pn]vert.( ) FilmProperties 1 ml (25m Gauge

Dart DropwDropaemss( g, g/ m |, 473, 482,527,479, g/ m473, A38C1002/4083 18.6

19. 020. 718. 9 El nendorf Tear, 33, 32,32,32, MD (g/ml, g/pm1.3 1.31.31.3

El nendorf Tear, 338, 304,258,211, TD (g4/m!l, g/m 13.3 12.410.28.31 0.5

ml| (13pm) Gauge Dart Drop Inpact (g, g/ml, 449, 548,518, 401, g/ pm 898,
1096, 1036, 802, 35.4 43.140.831.6 El nendorf Tear, 18, 25,23,28, MD (g/ml,

g/ pm0.71 0.980.911, 1 El nendorf Tear.203, 128 L :
g/ m I7|. 99 5.045, 1518 d%%%??‘?’%%@ﬁ&?’% ’Hﬁﬁﬁ?ﬁcgéé%%é‘%‘%gd bl ?“%gﬁ%é =
osci 11 ati onspahfeagy BRSASERE i bubl sthhiliy20: nGApAEE SThelchang
PCT/ 11S02/ 32243 As E't‘%%ye gegr e?eof gx gen tg_(ilpr i.ng ?%ic)r ea es,c as ;Easur ed

by an i ncr edsecsimchasastaristicsoasarresuliofionpean tpilring is roflectad Phthe INCreaps i ¢y of

the resin i MHasticity of I;Iijht% tf7h p%?&xelt. It is surprising that with the use of a very high level

5  of oxygen (21 volume %), an excellent balance of bubble stability and film

properties is achieved.

Examples 5-9
A high density polyethylene (HDPE) bimodal resin was produced using a

10 bimetallic catalyst in a single gas phase fluidized-bed reactor. The bimetallic
catalyst was a Ziegler-Natta/Metallocene catalyst as described in U.S. Patent No.
6,403,181, The resin had a density of 0.946 g/cra’, a melt index I 14 of 0.066
dg/min, a flow index Iy ¢ of 5.81 dg/min, and an MFR (I2).¢/12.16) of 88. Oxygen
tailoring of the bimodal resin was carried out as described above. Several samples

15  of resin were thus processed at different melt temperatures. Monolayer cast films
were produced from the tailored resins as described above. These Examples are

summarized in Table 2.



in resin characteristics as a result of oxygen tailoring is reflected in
the increase in elasticity of up to 47 percent. It is surprising tz 00
with the use of a very high level 5 of oxygen (21 volunme %, an excell en2t
bal ance ofyglgieplsy stability and film properties is achi gwegseamedsmp! es
5-9 A high density pol yethyl ene (HDPE) binodal resin was produced using a
10 binmetallic catalyst in a single gas 2Dhase fluidi zed-bed reactor. The
binmetallic catalyst was a Zi egl er - Nat %/ Met al | ocene cat al yst as
described in U S. Patent No. 6,403,181. The resin had a density of 0.946
g/cnB, a nmelt index 12.16 of O. 066 g%mn a flowindex 121.6 of 5.81
dg/mn, and an MFR (121.6 2.16) of 8 b@ygen tallorlng of the binodal
resin was carrred out—as UeSCTl U(—ﬁu above. bever kﬁp&f{ﬁbes I5 of resin
were thus processed at different e t t enper at Ures nolayer cast filns
were produced fromthe ta| I ored F‘%é" ns as desG:rl bed7 above& Thede Exanpl es
are summar i-ze . A C 243 12
Base Resin Table 2 Exarml e No. » und| nq Condltlons Fl ow Dam
at 4th SegneRowilanpdaliRsgaMesf M xer SElnd ') alt ual Nohp- hydsl b, Oyei 15,

0. 129, 0. 147, Widedl, 0. 145, kWhr/kg)0.189 0.2120.2420. 2150. 238 2 | evel

vol ume ¢ 2121 212 T (C) 2312532 56 Resi te ics Flow
I(ndex 12/()1 63 é;‘gi 'gﬁ’gh’ 5, ggé 465. 33‘%’%& %33%91\/03?’ 147, g;gﬁlzﬁig

(dg/ i n) 0. 0615 0. 0510. 0420. 0540. 04 31 60224 6882451087 103125
0, level (volume %) 21 21
Melt T (°C) 231 253 281 256 282

Resin Characteristics
Flow Index, I, ¢ (dg/min) 581 569 546 533 552 538
Melt Index, I, (dg/min) 0066 0.062 0.051 0.042 0054 0043
MER, Iy, ¢/I2.15 88 92 108 127 103 125
Rheology
Elasticity™ at 0.1s™ 052 054 069 076 067 079
Increase in Elasticity (%) 4 33 46 29 51
Processability
Melt Pressure 6500, 6450, 6400, 6300, 6250,
(psi, MPa) 448 445 441 434 43
Bubble Stability®® <200, 280, >300, >300, >300,
(fYmin, m/s) <1.0 1.4 >1.5 >1.5 >1.5
Film Properties
Dart Drop Impact, 1 mil 270, 350, 345, 300, 315,
[25pm] 270, 350, 345, 300, 315,
(g, g/mil, g/um) 106 138 136 113 124
Dart Drop Impact, 0.5 mil {13 410, 420, 360, 390, 270,
pum] 820, 840, 720, 780, 540,
(g, g/mil, g/um) 323 33.1 28.3 307 213
w Spec:ﬁc Energy Input
GVGII

©) maximum linespeed achieved before onset of instability

As the severity of tailoring, as measured by SEI or by melt temperature,
increased, the bubble stability as measured by maximum linespeed increased. The
presence of a flow dam also increased tailoring. It was surprisingly found that

even with use of a high level of oxygen (21 volume %), a balance of bubble




Rheol ogy Elasticityrol at 0.1 s-'0.52 0.540.690.760.670.79 Increase in
Elasticity (% 433462951 Processability Melt 2 9 MAY 2006
Pressur e6500, 6450, 6400, 6300, 6250, (psi, MrPa)44.844.544.143. 443. 1 Bubbl e

St abi | i t yiwwobs@sRs0, >300, >300, >300, (ft/min, ms)<l.01l. 4pcirgsedinhai. 5 Film
Properties Dart Drop Inpact, 1 m |l 270, 350, 345, 300, 315,

[ 25pn] 270, 350, 345, 300, 315, (g, g/ml, ¢f pn) 10.613.813.611.812.4 Dart Drop

I npact, 0.5 mil| [13410, 420, 360, 390, 270,” pm 820, 840, 720, 780, 540, (g,

g/ml, g/pm32.333.128.330.721.3 Specific Energy Input ro) YYG5 W

a1 or i ng, - aSua Orabi iBoath BugpiyThar g BB bk e BopReET 0¥

bubbl e st abi Lt achaset®asur ed by maxi mum | i nespeed i ncreased. The

presence of a flow dam al so increased tailoring. It was surprisingly
found that even with use of a high I evel of oxygen (21 volune 6/0), a
bal ance of bubbl egZ B MAG, 2406 WO 03/ 047839 13 PCTI US02/ 32243 stability
(maxi mum | i nespee an 300 ft/mn (1.5 ms)) and properties was

achi eved. § Exanpl e4 Ligh d&fsitp plybihglene HBPE) binwidyletesin [veas pr¢duoREpsing andal

resin was produc usi a binetallic catal.yst i,n a ,single.ga hase

f1 ui di zed- be uﬁl‘“é»ejldé? stalyyhin pisHglenges Bhiase Buitidedbed Tedkecr. "$he bifataiic
catalyst was a Ziegler-Natta/Metallocene catalyst as described in U.S. Patent No.
6,403,181, Oxygen tailoring of the bimodal resin was carried out as described

above.

10 ExxonMobil HD-7755 was used as a comparative resin (Example 12C).
ExxonMobil HD-7755 is a bimodal ethylene copolymer produced in a series
tandem reactor. ExxonMobil HD-7755 has a density of 0.952 g/em®, a melt index
I516 of 0.055 dg/min, and a flow index I;; 6 of 9 dg/min. ExxonMobil HD-77535 is
available from ExxonMobil Chemical Company, Houston, TX. This example is

15  summarized in Table 3.

Monolayer blown films were produced from the tailored resins on a 50
mm Alpine film line with a 120 mm monolayer die and nominal 1.2 mm die gap
at a rate of 200 Ib/hr (90.7 kg/hr), a blow up ratio (BUR) of 4:1, and a 48-52 inch
(122-132 cm) frost height. These Examples are summarized in Table 3.
20



catal yst was a Ziegler-Natta/ Metall ocene catal yst as described in U S.
Patent No. 6,403,181. Oxygen tailoring of the binodal resin was canrg ggy 2006
out as described above. 10 ExxonMobil HD 7755 was used as a conparative
resin (BExwomse47d8C). ExxonMbil HD- 7755 is a binodal etpoyreseesnepol yner
produced in a series tandemreactor. ExxonMbil HD- 7755 has a density of
0.952 g/cnB, a nelt index 12.16 of 0.035 dg/mn, and a flow index 121.6
of 9 dg/m n. ExxonMobil HD 7755 is available from ExxonMbil Chem cal
Conmpany, Houston, TX. This exanple is 15 sunmmarized in Table 3.

Monol ayer blown filns were produced fagughe tailored resins on a 50 mm
Alpine filmline with a 120 mm nonol ayer die and nomnal 1.2 nmdie gap
at a rate of 200 |b/hr (90.7 kg/hrpasea bl ow up ragiapple®dy) of 4:1, and a
48-52 inch (122-132 cn) frost hepgd® TFhrese-Barptes—are—sumrartzed in
Table 3. 20 2 9 MAY 2006 WO 03/ 047839 PCTI U¥h2/ 32243114 Tabl %8 Base
Exanpl e No. Resin") Conpoundi ng ¢diiyahddingd®on "~ actual (kWir/kg) 0.176

0.181 02 | e@%w%%hmg@%me
(10 kg/ hr) 25ERS acmal(kBihefeg) se Vater Cool i Mgl76x f OnOR8ki n Characteristics

Fl ow | ndex, |%Jle\;@,é(,g%gt,g) 6.56 6.14 6.44 1441 Meltghndex, 12.16
(dg/min) 0.083 MFR 121.6112.16 84 106 124 186 Density (g/cnB) 0.9519

0.9512 0.951 Miredfaghy EEhsticity i'1 at 0.13664 0.4982%. 612 0. 740

Rate (10°kg/hr) 25 25
Barrel Pulse Water Cooling Off On
Resin Characteristics
Flow Index, I; s (dg/min) 6.56 6.14 6.44 14.1
Melt Index, I3 1¢ (dg/min) 0.083
MFR, L6126 84 106 124 186
Density (g/cm”) 09519 0.9512 0.951
Rheology
Elasticity at 0.1s™ 0.498 0.612 0.740
Increase in Elasticity (%) - 23 49
Processability
Melt Pressure 7775, 7610, 7175,
(psi, MPa) 53.61 52.47 4947
Film Properties

Gauge Variation (%) 16 11 20
Dart Drop Impact (g, g/mil, 204, 169, 203,
g/pm) 408, 338, 406,

16.1 13.3 16.0
Elmendorf Tear, 11, 11, 11,
MD (g/mil, g/pum) 0.43 0.43 0.43

® Values represent the average of two samples
® Specific Energy Input
© GG

5 All patents, test procedures, and other documents cited herein, including
priority documents, are fully incorporated by reference to the extent such
disclosure is not inconsistent with this invention and for all jurisdictions in which

such incorporation is permitted.

10 What is claimed is:




Increase in Elasticity (% -- 23 49 Processability Mlt

Pressure7775, 7610, 7175, (psi, MPa)53.6152.4749.47 Film Properties GhfdéY 2006
Variation (9% 161120 Dart Drop Inpact (g, g/ml, 204,169, 203,

9/ pm 408, 338, 406, 16.113.316.0 El nendorf Tear, 11, 11,11, MD (g/m |,

g/ m0.430.430.43 (') Values represent the average of two sanples (b)
Specific Energy Input (') G/G 5 Al patents, test procedures, and ot her
docunents cited herein, including priority docunents, are fully
incorporated by reference to the extdAt such disclosure is not
inconsistent with this invention and for all jurisdictions in which such

' t d 2 9 MAY 2006 15 1. A
or ocebs. for oA PRSI GF SRR RsdH mAGH.PRDSYERE Foit i progess srwbig:
conpri sing: (a)grovidi Rﬁmﬁn@@bﬁﬁ&fﬁ%ieﬁ@ﬁp@ﬁ@ Eyﬁe‘folggf ni‘e?l?éljlﬁ'ﬁﬁﬁné;]gs' n

having a blnDdaI nDIe ular weight distri conveylng t
resin through an extrud(bnnmmgacalafweighlzdistdbhmnn V\/m ch the resin is not

nelted, a melt xing zone jn ion of _.the resin is
melted, and a n@)t zongoqvﬁyWﬁllghrFﬂ%aﬁr@gghanleém?‘ n%qvt‘%asffﬁ‘{]é‘m"eé{bh zone
being partially filledwhidhtht RRin i€ b melta)d n%é?: h%ngﬁ%ﬁeaﬁtwm& dthgastrol ten

resinin the nelt zone with a gas m xture risi 8 to 40% by vol une
02; wherein step (a) cempﬁloyesrthe)resmdsmgedmndmét zxmwﬁnivéiiqigtheu'ttsw ene

gpgglrj c epg| ymerization Coﬂldrln;[)ften S t\é\f ;[:ach zorsléJ %9 %Etp%glaﬂy \!vftl(l: tllcea}egil yst to
and
10 (c) contacting the molten resin in the melt zone with a gas mixture
comprising 8 to 40% by volume O;;
wherein step (a) comprises contacting monomers comprising ethylene under
polymerization conditions with a supported bimetallic catalyst to produce a
polyethylene resin having a bimodal molecular weight distribution.
15
2. The process of claim 1, further comprising after step (c) palletizing the oxygen-
treated resin.
3. The process of claims 1 or 2, wherein the monomers comprise ethylene and at
20 least one C3-Cy alpha olefin.
4, The process of claims 1 or 2, wherein the bimodal polyethylene resin has a
density of at least 0.93 g/cm’ or of at least 0.945 g/cm’.
25 5. The process of claims 1 or 2, wherein the bimodal polyethylene resin has a

density of from 0.93 to 0.97 g/cm’.

6. The process of claims | or 2, wherein the gas mixture comprises 10 to 35% by
volume O,, preferably 15 to 25% by volume O,.
30



pol yet hyl ene resin having a binodal nol ecul ar wei ght distribution. 15 2.
The process of claim1, further conprising after step (c) palletizigg fken
oxygen- treated resin. 3. The process of clains | or 2, wherein the
nononers conprise ethylene and at 20 | east one C3-Cl2 al pha olefin. 4.
The process of clains | or 2, wherein the binodal polyethylene resin has
a density of at least 0.93 g/cnB or of at |east 0.945 g/cnB. 25 5. The
process of clainms | or 2, wherein the binobdal polyethylene resin has a
density of fromO0.93 to 0.97 g/cnB. 86 The process of clains 1 or 2,
wherein thé ¢gée prboesmoéclaims}ir orsh svhietein the36ppdnged biroétalhe caﬂlyspwoa!ipﬂf'rsedol y 15
to 25% by vol une 025@ VAY. 2006 16 7. The process of clains | 2,
wher o n 2 he_ S BTERIONSSAioR TReLrayst At MeBNlogensoaThioa Pk ne
transition nmehglysgatal yst and a netal l ocene transition nmetal catalyst. 5
8. A palletized ‘polyethylene filmresin having a binodal nol ecul ar wei ght
di stribution produced according to the process of claim2. 9. A

pol vt vl ege L1 LITIBde ekl 1580 kY o8 ikl OIS bRl o @l

distribution produced according to the process of claim 2.

9. A polyethylene film made of the palletized polyethylene film resin of claim 8.



