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non- provi sional application claimng priority fromthe U S. Provisional
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i ncorporated by reference herein, as if reproduced in full hereinbel ow
Field of Invention The instant invention relates to a nethod for

i nproving the bubble stability of a polyethylene conposition suitable for
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devices into a set of pinch rolls which collapses the bubble so th it can
be wouefdreont beraing af if refrodusad it fubrhebanisppdwt , gusseted, seal ed and/or surface
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gauge thickness is more readily controlled. Blown films are more evenly oriented in machine and
traverse directions; thus, providing greater toughness.

In general, the blown film technique involves extrusion of the plastic through a circular die,
followed by expansion, by the pressure of internal air admitted through the center of the mandrel,
cooling, and collapsing of the bubble. In operation, the blown film is extruded upward through
guiding devices into a set of pinch rolls which collapses the bubble so that it can be wound onto a
roll. It can then be split, gusseted, sealed and/or surface treated in line.

Bubble stability is an important aspect of blown film process. Currently, bubble stability of
high molecular weight high density polyethylene (HMW HDPE) is typically determined by the use
of a commercial scale film line. Although other measurements and techniques such as changes in
g'/g" ratio, gel permeation chromatography (GPC) method, are available, these methods are
insensitive to minor changes in long chain branching of the polymer.

Accordingly there is a need for a rheology method which can be used to predict HMW HDPE

bubble stability, which is more sensitive when compared to other known methods and eliminates the



Summary of the Invention The instant invention provides a nethod for
i nproving the bubble stability of a polyethylene conposition suitable for
bl own fi |IWDertwaest1@n process. I n one enbodi nent, wPhe/usetthoei4bor

i nprovi ng the bubble stability of a pol yethyl ene conposition suitable for
bl own filmextrusion process conprises the steps of: (1) providing a

pol yet hyl ene conposition having a density in the range of 0.900 g/cnB to
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t her elspmipagifioni ng t he bubbl e stability of said pol yethyl ene conposition.
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Contacting the polyethyl ene conmposition with oxygen may occur
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known to a person skilled in the art. The extruder may provide a specific
mechani cal energy in the range of from0.10 kW per kilogramto 0.50 kWh
per kil ogram of the polyethyl ene coffposition. Al individual values and
subranges from 0. 10 kWh per kilogramto 0.50 kWh per kil ogram are included
herein and di scl osed herein; for exanple, the specific energy input can be
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WO 2011/ 090914PCT/ US2011/ 021461 The pol yet hyl ene conposition
conprises at | east one ethylene polyner. The ethyl ene polyner, which may be
an et hyl ewe 2bomopakymer or interpolyner of ethyl ene, nmapChasc@Eanzidgl
fabricated into a variety of useful filnms such as general purpose filns,
clarity films, or shrink filnms. For exanple, ethylene polyner include
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data may al so be calculated fromthe other using the vveII known rel axation
spectrum See S. H Wasserman, J. Rheology, Vol. 39, pp. 601-625 (1995) and
U S. Patent 5,798,427, which is fully incorporated herein by reference.

Usi ng a cl assi cal nechani cal nodel di screte rel axati on spectrum
consisting of a series of relaxations or "nodes," each with a
characteristic intensity or "weight" and relaxation tine may be defi ned.

Usi ng such a spectrum the noduli are re-expressed as: N(09 )2 G (0)) =Egi
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-5- WD 2011/ 090914PCT/ US2011/ 021461 and Mv, the first and second nonents
of the nol ecul ar weight distribution, are calculated as follows: Egli _ HN
Egi i=1 R8D2ws/efidned as: g RSI =g 1 Because RSPCraiss@nsetssve to
such parameters as a polyner's nol ecul ar wei ght distribution, nolecular

wei ght, and long chain branching, it is a reliable indicator of the
processability of a polyner. The hi gher the value of RSI, the better the
processabH
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pol ynerizati on processes include, but are n I"'imted , gas phase
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and c i nati.ons, there u onhventjonal .reactor e. q. a hase
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phas e ppoblnysrized nathi tbanethﬂahutSu@tablp hnaﬁeoppggm@ Hienad ro ihggasbiaheled, or cyclic
polynerlzatlon sol uti on_phase pol ynerization/sol ution phase

pol ymewirsaibep diegpyhavingHae, élbﬁbq YPetPyat] GEr Aemy. Fpﬂﬁa%lhp%qe%@fiidi%ﬁ on;
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poI yneri zation sol ution phase meri zat i on; sl urry

pol ymendluds, f@mkgmplepﬂhsbnﬂptqpmne Zldiblersr(EPRfsd, e@@éerphaspgylene/dlene terpolymers
(EPDM’'s) and the like. Aromatic compounds having vinyl unsaturation, such as styrene and
substituted styrenes, may be included as comonomers as well. Particularly preferred ethylene
polymers comprise ethylene and 0.1% to about 40% by weight of one or more units derived from the
comonomers described above. The polyethylene composition may have a density in the range of
0.900 g/cm’ to 0.970 g/cm’. All individual values and subranges from 0.900 g/cm’ to 0.970 g/cm’
are included herein and disclosed herein; for example, the density can be from a lower limit of 0.900
g/em’, or 0.910 g/cm’, to an upper limit of 0.960 g/cm’, or 0.970 g/cm’. For example, the density
may be in the range of from 0.910 g/cm’ to 0.970 g/cm’, or in the alternative, the density may be in
the range of from 0.920 g/cm’ to 0.960 g/cm’. The polyethylene composition may have a high load
melt index (I;) in the range of from 2 g/10 minutes to 20 g/10 minutes. All individual values and
subranges from 2 g/10 minutes to 20 g/10 minutes are included herein and disclosed herein; for
example, the high load melt index (I,;) can be from a lower limit of 2 g/10 minutes, 4 g/10 minutes,
5 g/10 minutes, or 6 g/10 minutes to an upper limit of 12 g/10 minutes, 13 g/10 minutes, 14 g/10
minutes, or 20 g/10 minutes. For example, the high load melt index (I;) may be in the range of
from 4 g/10 minutes to 12 g/10 minutes; or in the alternative, the high load melt index (I,;) may be
in the range of from 5 g/10 minutes to 13 g/10 minutes. The polyethylene composition may have a
g'/g" in the range of from 0.2 to 10; for example, in the range of 0.3 to 1. The polyethylene
composition may have a molecular weight distribution (M/M,) in the range of from 2 to 100; for
example, in the range of from 8 to 40. The polyethylene composition may have an initial relaxation

spectrum index (RSI) value in the range of 10 to 100. The RSI value is dimensionless. The initial



WO 2011/ 090914PCT/ US2011/ 021461 pol yneri zation/slurry phase pol yneri zati on.
The multi-sequential polynerization systens nmay include at | east two or
nor e pol ywenrnuvdan systenms. Pre-pol ynerization nay al seChasesnploomped f or
any reaction system for exanple, the pre-polynerization reactor would
precede any of the above conbi nations. The catal yst system may al so
be a conventional catalyst system Simlarly, catalysts conpositions that
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inven@bg@ﬂwkmccom@agga@ producti on enbodi nent, pol ynerization may be
conducted in the gas phase in a stirred or fluidized bed reactor, using
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one or nore nononers continuously through a fluidized bed reactor under

r eact itbrVewamdian, brithealngyi Mok R, gir 68EAZE (I95¢ andallyps Patconp @23, ¢1 biwhagh ig fully
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i s addelaxationitinge may he defingdy Haigg such a specpmeeingasaili asiegrexpiessechaty be

i ncluded in the process, provided they do not interfere with the

pol yneri zati on process described herein as well as the properties of the
pol yet hyl ene compuosi tignsg>made therewith. -7- WO

2011/090914@WWIH§2@1 1461 When hydrogen is used as a chain
transfer agent i et hét éiphase pol ymeri zation process, it is used in
amount s varyi ng between about 0.001 nole to about 10 nole of hydrogen per
nol e of tot@l g 18 ¥ed. Al so, as desired for tenperature control of the
system any gas i< Wu+q@xgﬁe catal yst conposition and reactants can al so be
present in the gas stream In an alternative production enbodi nent, a
dual sequential ol yngrigzati on system connected in series nmay be used.

I n anot her @1 er ambggéﬁaoduction embodi ment, a catal yst systemincluding a
cocat al yst, ethyfene, or nore al pha-olefin conononers, hydrogen, and
optionally inert gases and/or liquids, e.g., nitrogen, isopentane, and
hexane, are continuously fed into a first reactor to forma first
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series. The first conponent/active catalyst mxture is then continuously
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react I 1y dr , i bly. i or
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seconds caadtriall yandilibhelrpmdRUS Developmentt Dacehik Wty tnef eatdpo i the edlatasion
continuously renoved, for exanple, in batches fromthe second reactor. A
pr ef erPEdURbiEiculates, thefstant sregdaprmenteal e distrititiopowpishafs anploghy't 9eMa
first reactor, and transfer these to the second reactor using the
differential pressure generated by a recycled gas conpression system The
pol yet hyl ene conposition is then transferred to a purge bin under inert

at nrosphere condi tions. Subsequently, the residual hydrocarbons are renoved,
and noisture is introduced to reduce any residual alum num al kyls and any
resi dual catalysts before the pol yethyl ene conposition is exposed to
oxygen. The pol yet hyl ene conposition is then transferred to an
extruder, wherein it is exposed to oxygen, for exanple in the nolten state.
Such oxygen tailoring processes are well known in the art. The oxygen may
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The oxygen tail ored pol yethyl ene conpositions may be bl ended with other

pol yners and resins as desired using techniques known in the art. In

addi ti on,woanilg9s9iaddi ti ves and agents, such as therno- exirastélon2end

phot o- oxi dation stabilizers including hindered phenolic antioxidants,

hi ndered am ne light stabilizers and aryl phosphites or phosphonites,
crosslinkers including dicunyl peroxi de, colorants including carbon bl acks

and tit di. oxi de, ri cants |ncI netal |l.ic, stearate roceSS|ng
s Mg el dshiserBepRens o ol Sk Rcluirdio pearui®
erucanph@§ys:fi 1l manti bl ock or release agents including controlled particle
size talc or silica, blow ng agents, flanme retardants, nucleators, and

ot her conventional materials may be m xed with the oxygen tail ored
pol yet hyl ene cogposition of the invention as desired. The oxygen tail ored

pol yet hyl ene ¢ )sitions having inproved bubble stability are useful for
fabrlcatlon i nts a variety of finished articles such as films including
clarity fildrs ¢ shrink films. Different nethods nay be enployed to form
such film for nple films may be formed via blown fil mextrusion
process. ! blomn filmextrusion process, the oxygen tailored

oxygen tailore hyet hyl ene conposition having inproved bubble stability
is nelt extgude t hrough an annular circular die thereby form ng a tube.

The tube |s’éxp§§eed by air, for exanple two or three tinmes its dianeter,
and at the same 4ime, the cooled air chills the web to a solid state. The
degree of blowing or stretch deternines the bal ance and | evel of tensile
and inpact properties. An internal air cooling ring may be used as well, in
order to .increase throughput rates and optical quality. Rapid cooling is
essentiHis dingd@peve the crystalline structure necessary to give clear,
glossy filns. The filmtube is then collapsed within a V-shaped frane of
rollers and&ﬂs:ﬁﬂpped at the end of the frane to trap the air within the
bubble. The nip&olls also draw the filmaway fromthe die. The draw rate
is controlled to bal ance the physical properties with the transverse
properties achi eved by the bl ow draw ratio. The tube nay be wound as such
or My e by @Mk OURGiAS (oith b Grchdrl 1 4 gaﬂ%epemﬂeﬂer WeigRufuitldon; The
tube may al so be directly proces into WO
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conditions as well as the bu stability properties of the Inventive
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polymerlzatlon/ gas phase polymerization; solution phase polymerization/solution phase

pol yet hyl ene ca§£55|tlon havi ng i nproved bubble stability is provided. The

polymerization; slurry phase polymerization/slurry phase polymerization; solution phase
polymerization/slurry phase polymerization; slurry phase polymerization/solution phase

polymerization; slurry phase polymerization/gas phase polymerization; and gas phase
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polymerization/slurry phase polymerization. The multi-sequential polymerization systems may
include at least two or more polymerization systems. Pre-polymerization may also be employed for
any reaction system, for example, the pre-polymerization reactor would precede any of the above
combinations.

The catalyst system may also be a conventional catalyst system. Similarly, catalysts
compositions that may be used to make the ethylene polymers of the invention are any of those
known for the polymerization of ethylene, such as those comprising one or more conventional
Ziegler-Natta catalysts, chrome or modified chrome catalysts (aluminum, phosphorous etc.), nickel
based catalysts, as well as any metallocene or single site catalysts, all of which are well documented
in the literature. The use of a mixed catalyst system within or among catalyst families may also be
used to make the ethylene polymers of the invention.

In one production embodiment, polymerization may be conducted in the gas phase in a
stirred or fluidized bed reactor, using equipment and procedures well known in the art. Preferably,
pressures in the range of 1 psig (6.9 kPag) to 1000 psig (6.9 MPag), preferably 50 psig (345 kPag) to
400 psig (2.76 MPag), and most preferably 100 psig (690 kPag) to 300 psig (2.07 MPag), and
temperatures in the range of 30 °C to 130 °C, preferably 65 °C to 120 °C are used. Ethylene and
other monomers, if used, are contacted with an effective amount of catalyst composition at a
temperature and a pressure sufficient to initiate polymerization.

Suitable gas phase polymerization reaction systems comprise a reactor to which monomer(s)
and catalyst composition may be added, and that contain a bed of forming polyethylene particles.
The invention is not limited to any specific type of gas phase reaction system. As an example, a
conventional fluidized bed process is conducted by passing a gaseous stream containing one or more
monomers continuously through a fluidized bed reactor under reaction conditions and in the
presence of catalyst composition at a velocity sufficient to maintain the bed of solid particles in a
suspended condition. The gaseous stream containing unreacted gaseous monomer is withdrawn from
the reactor continuously, compressed, cooled and recycled into the reactor. Product is withdrawn
from the reactor and make-up monomer is added to the recycle stream.

Conventional additives may be included in the process, provided they do not interfere with
the polymerization process described herein as well as the properties of the polyethylene

compositions made therewith.
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When hydrogen is used as a chain transfer agent in the gas phase polymerization process, it is
used in amounts varying between about 0.001 mole to about 10 mole of hydrogen per mole of total
monomer feed. Also, as desired for temperature control of the system, any gas inert to the catalyst
composition and reactants can also be present in the gas stream.

In an alternative production embodiment, a dual sequential polymerization system connected
in series may be used.

In another alternative production embodiment, a catalyst system including a cocatalyst,
ethylene, one or more alpha-olefin comonomers, hydrogen, and optionally inert gases and/or liquids,
e.g., nitrogen, isopentane, and hexane, are continuously fed into a first reactor to form a first
component. The first reactor may be connected to a second reactor in series. The first
component/active catalyst mixture is then continuously transferred, for example, in batches from the
first reactor to the second reactor. Ethylene, hydrogen, cocatalyst, and optionally inert gases and/or
liquids, e.g., nitrogen, isopentane, hexane, are continuously fed to the second reactor, and the
product, i.e., the polyethylene composition is continuously removed, for example, in batches from
the second reactor. A preferred mode is to take batch quantities of first component from the first
reactor, and transfer these to the second reactor using the differential pressure generated by a
recycled gas compression system. The polyethylene composition is then transferred to a purge bin
under inert atmosphere conditions. Subsequently, the residual hydrocarbons are removed, and
moisture is introduced to reduce any residual aluminum alkyls and any residual catalysts before the
polyethylene composition is exposed to oxygen.

The polyethylene composition is then transferred to an extruder, wherein it is exposed to
oxygen, for example in the molten state. Such oxygen tailoring processes are well known in the art.
The oxygen may be present in the amount of less than 21% (wt/wt); for example, oxygen is present
in the range of 0.5% (wt/wt) to 21% (wt/wt); or in the alternative, from 0.5% (wt/wt) to 10% (wt/wt).
The extruder may provide a specific energy input in the range of from 0.10 kWh per kilogram to
0.50 kWh per kilogram; for example, 0.13 kWh per kilogram to 0.27 kWh per kilogram. The oxygen
tailored polyethylene composition having improved bubble stability may further be melt screened by
processing through one or more active screens (positioned in series of more than one) with each
active screen having a micron retention size of from about 2 um to about 400 um, and preferably
about 2 um to about 300 pm, and most preferably about 2 um to about 70 pm, at a mass flux of
about 5 Ib/hr/in” to about 100 Ib/hr/in” (1.0 kg/s/m* to about 20 kg/s/m?). Such further melt screening
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is disclosed in U.S. Patent No. 6,485,662, which is incorporated herein by reference to the extent that
it discloses melt screening. The oxygen tailored polyethylene composition having improved bubble
stability is then pelletized. Such pelletization techniques are generally known.

The oxygen tailored polyethylene composition may further be modified via peroxide
addition, irradiation, azide coupling, and any combinations thereof. Such further modifications are
well known in the art.

The oxygen tailored polyethylene compositions may be blended with other polymers and
resins as desired using techniques known in the art. In addition, various additives and agents, such as
thermo-oxidation and photo-oxidation stabilizers including hindered phenolic antioxidants, hindered
amine light stabilizers and aryl phosphites or phosphonites, crosslinkers including dicumyl peroxide,
colorants including carbon blacks and titanium dioxide, lubricants including metallic stearates,
processing aids including fluoroelastomers, slip agents including oleamide or erucamide, film
antiblock or release agents including controlled particle size talc or silica, blowing agents, flame
retardants, nucleators, and other conventional materials may be mixed with the oxygen tailored
polyethylene composition of the invention as desired. The oxygen tailored polyethylene
compositions having improved bubble stability are useful for fabrication into a variety of finished
articles such as films including clarity films and shrink films. Different methods may be employed to
form such film; for example, films may be formed via blown film extrusion process.

In blown film extrusion process, the oxygen tailored polyethylene composition having
improved bubble stability is provided. The oxygen tailored polyethylene composition having
improved bubble stability is melt extruded through an annular circular die thereby forming a tube.
The tube is expanded by air, for example two or three times its diameter, and at the same time, the
cooled air chills the web to a solid state. The degree of blowing or stretch determines the balance and
level of tensile and impact properties. An internal air cooling ring may be used as well, in order to
increase throughput rates and optical quality. Rapid cooling is essential to achieve the crystalline
structure necessary to give clear, glossy films. The film tube is then collapsed within a V-shaped
frame of rollers and is nipped at the end of the frame to trap the air within the bubble. The nip rolls
also draw the film away from the die. The draw rate is controlled to balance the physical properties
with the transverse properties achieved by the blow draw ratio. The tube may be wound as such or
may be slit and wound as a single-film layer onto one or more rolls. The tube may also be directly

processed into bags.
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Examples

The following examples illustrate the present invention but are not intended to limit the scope
of the invention.
Inventive Example 1

Inventive Example 1 is a high density polyethylene composition which was oxygen tailored.
The processing conditions as well as the bubble stability properties of the Inventive Example 1 are
reported in Table I and Table II.
Comparative Example A

Comparative Example A is a high density polyethylene composition which was not oxygen
tailored. The processing conditions as well as the bubble stability properties of the Comparative
Example A are reported in Table I and Table II.
Comparative Example B

Comparative Example B is a high density polyethylene composition which was oxygen
tailored. The processing conditions as well as the bubble stability properties of the Comparative
Example B are reported in Table I and Table II.

The RSI relationship as well as g'/g" relationship of Inventive Example 1 and Comparative
Example A and B are graphically shown in Figs. 1 and 2, which clearly show that the RSI index is

much more sensitive to low levels of long chain branching, which may impact bubble stability, than

the changes in g'/g".
Table 1
Processing Rate
Density, L, Oy, % SEIL M., M, g'/g"at0.1 1/s
(throughput rate in RSI
g/em’® dg/min | (wt/wt) kWh/kg g/gmole g/gmole and 190 °C
compoundingunit}, kg/h
Inventive Ex. 1 0.949 9.5 6.0 20,400 0.188 215,000 11,600 85.8 0.892
Comparative Ex. A 0.948 9.0 0.0 18,200 0.197 235,000 11,200 253 0.504
Comparative Ex. B 0.948 8.7 05 20,800 0.180 227,000 11,010 353 0.650
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Test Methods Test nethods include the foll ow ng: Wi ght aver age

nol ecul ar wei ght (Mwy) and nunber average nol ecul ar wei ght (M) were

det er m nedoaotowading to nmet hods known in the art using Pcirpiseodseret or GPC,
as descri bed herein bel ow. The nol ecul ar wei ght distributions of the
et hyl ene polyners were determ ned by gel perneation chromatography (GPC).
The chronmat ographi ¢ system consisted of a Waters (MIlford, MA) 150 C high
tenperature gel perneation chronatog&e%E, equi pped with a Precision

Det ectors (Amherst, MA) 2-angle |ase t scattering detector Mdel 2040.
The 15 angle of the |ight scatter q@mg$$@g£or wWas. Used flor cal cul ation

pur poses. Data coll ectiion was per g Viscotek Tri SEC software
Version 3 and a 4-channel Viscot ek E%f MW%} ager 0. The system was

equi pped with an on-li neveotxzent fegasodevi ce fromidkol yrrer Laboratories.
The carousel conpart mentomas-aper at edoal) 140 | C andqotite ol unm conpar t nent
was operated at 150 C. [THE.&REUETTS USEHWeT € [f OUkaodexy HT 806M 300 mm 13
tm col utms and one ShodexHFBO3M-150—+mm—12tm—ecotum—The sol vent used was
1,2,4 trichl orobenzene. The sanples were prepared at a concentration of 0.1
gramof polynmer in 50 mlliliter ofregoMéEidds The chromat ographi c sol vent
and the sanple preparation sol vent "contal ned 200 vg/ g of butyl ated

hydr oxyt ol ﬂenﬂsﬂﬁwndedeﬁwéeﬂveﬁ@ sources were nitrogen sparged.

PO ARG ER VS Db 80t e

m | | i ldete@iingt Accdeding lbs alettods Rhowind GPertaeingiiple ettev@s GPEY, h@ﬂmﬁbw lideid 1

narrow nol ecul ar wei ght distribution polystyrene standards, w th nol ecul ar

melghﬂ§(ang|ng from 580 g/gnole to 8,400,000 g/gnol, mhlch wer e arranged

in 6 "cockt

|nd|V|duaIT%bpgg&%g%q&gggﬁ% ]$L£L§?§%52P%§£3gﬁgﬂ%aﬁg Jh?ron1ﬁ%§yner

Labor geon¢agion chtomoypsdraphsy, (GBK)) TH'dﬁcﬂlrmhtybgtaphrersestsmamdastdé ofve Véatgrs ceMalﬂfecH at
mlliliter of solvent for nolecular wei S eq u

0.025 qr ' 0 to, or
gr eat g\ﬁA? nééf% Elgééﬁn% BUE gFBrmeaHan shiematesIRl, RABPPSH W’iﬂgf‘ ﬁ”fe&}“%‘r g6 oeNt
for mohegithanvAVY.R0RYLQAIMARKEL HSAILIA MAR1 ) GhE $5! S8 4180113000, 000
g/ gnol . The pol ystyrene standards were dissolved at 80 C wth gentle

agi t atstaterihg de@otonivasitgssl. foeraculatrangwrgasan d%utdeollwmruwespwéormed wsingiVristotekand

ot addiSEaroTeE Saryeh ypRhE s meE -l MonfRaP R, Are Sl e onver t ed

t o poleyeippyd ene a%hﬂ%'s@fveﬁﬁegﬂi Sevikse! fign PR rﬁ@IUaBWaaﬁleeqnetdamSélas
described in WIllianms and Wa Polym Sci., Polym Let., 6, 621

( 1968 )cPmppsaERtersyaperedat A4 °C I?/p@) fesaojiiam eqrEpagkBTS Witk PRCIRieE ahhIQ AL I The
ht, |
Aopr oS ARe bR SHode Fir & H0b ook diklon cBrufsd and Bfe SHIUFTRES P 150

mannemmaosist@imwWThe sbivaht ysud nias le @MhB@dﬁéﬁzeﬂh’Uﬂh@sﬂmﬁés wdre pidfatsdey aand
Bal ke, Chronatografhy Pol ym Chpt 92) and Bal ke, Thitiratsakul, Lew,

CheungOndgBtirEsn Olchf sfrm shpdpmg m&Oymﬂﬂeﬁb@f %ent 199 2311)0m8<5$ﬁraﬁhl<z pelyerdaagd

det ec y, rd
col umiispffl biEpAubion 1 At aAth RE\ekT LHERRC) g QubRP ALY B ARAe
usi ng sbmcbowee mtmgempaged' ﬂblyﬂﬂ;éwl sampiﬂe ivgind sttatdagehdy aof 60 Eefor 4 hours. The
determ nati on was obtal onsi stent w t hat | i shed

Zi mm (PEFHANEQmE Yseenuay, %gﬁ’%ro ltﬁ‘:ffsa‘“ 1 CLEA AR E Oa‘}e’dmﬂ}lgﬁﬂ?ﬁ@% libration o
(Krat geh@plcofimn &t 38 :pE@J)rrﬂéd%Eh € AAAY hitfechla? Weﬁﬂllt Mﬁﬁﬁbuﬁ@h biyefyedaef ord,

NY (1987)). The overall injected concentration used for the determ nation
of t hetandirde uhigr nm@icglht weigbtsobnging &dnr ¥8ng/gineleda G108, Oﬂéfgr‘mh whichiydex ar ea

and the refr.act.i ex .detec a fron1 i near

nomopdt JhEe BF rraebBomr TR hal kETdteRid Ghent S thi kS heRRIMERS e
r ef er eRggntd. ThblsRhdpal yetdplremge oo e Labosdisiadsd SAbAbhire] WEK). The

chr omat ogr aphi ¢ concentrati ons were assuned | ow enough to elimnate

addr ePehiigyrenecstapdpaidawegopiepired éh@ 02 giagt @ iﬂcraﬂleletﬁlt elaolwht o medecylag veights
nmol ecul i

- hodSiit gl eker o, TR0 B0p BRI oY b 8D R LRy i ary
Wnh, and wei ght average nDIecuIar wei ght , NML were made according to the
foll owi ng equations, assumng that the refractoneter signal is directly
proportional to weight fraction. The baseline-subtracted refractoneter
signal can be directly substituted for weight fraction in the equations
bel ow. Note that the nol ecular weight can be fromthe conventiona
calibration curve or the absolute nolecular weight fromthe Iight
scattering to refractonmeter ratio. W Wh - 7147.fY - 12 - WO

2011/ 090914PCT/ US2011/ 021461 (wf, .m)




Mv - Resin density was neasured by the Archi nedes di spl acenent

nmet hod, ASTM D 792-03, Method B, in isopropanol. Specinens (about 45 nmin
di anet er woaoab®MM142 nm t hick) were neasured w thin onePhosS2afi/oeabdi ng,
after conditioning in an isopropanol bath at 23 C for eight mnutes, to
achieve thermal equilibriumprior to neasurenent. The specinens were

conpr essi on nol ded according to ASTM D-4703-00, Annex A, with a five m nute

initial . [ pOXI tely 190 C and OOp 6

it v [ e 90 00p Bash b ke bty el e e 6 peR e ) S NAAg e ng
then GeRAtidtfol 30 fikREs. %Qﬂﬁﬁoﬁg&hﬂzﬂﬂs ﬁﬁ‘itﬁre@twe;es% fB*§ﬂ nd ﬁlcbrgeﬂ\d?ﬂgéreﬂ)ﬁﬁg
Procedire Cto 45 C, and continued cooling until "cool to the touch”
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Condi t i 90C kno as .hi gh nel t i ndex
(1) isdtareste Rl sl iokIB By s S e o Bt B bt o
the pohyd®eribelnHWillides ddowerd, Vheomm! SeulParymvgighe, 621 iedspner the nelt flow
rate, although the relationship is not linear. Failure of bubble stability

i s defi ned Msivathe. FrialiMpdyytnd control the bubble, and to formfilmwith

excel l.apte pad e (%I){&:lﬁ%ln\%&%)lt ‘A“l&JsQarJE‘h](ey%/f @@amde%F eq]ghll ol Sﬁlﬁ@&g@%aﬁg on the

fol |l owm ng ¢omer cl a rom pr ne
Cor porpqiplrmh fumle deteheinhidr ofvintlgi-ddevdirtdfiyas wadsxionel thes mantgkricohdistbitrveth that

operati ng paraneters Barrel Zone 1 390 F (199 C) Barrel Zone 2 400 F 5204
O Ad&ybBienby tatkes bpurey; ot @ﬂowa&ﬁ%ﬁalv@,r%remawﬁ@w Polym. Chpt 12, (1992)

and Balke, Thitiratsakul, Lew, Cheung, Mourey, Chromatography Polym. Chpt 13, (1992)),
optimizing dual detector log results from Dow broad polystyrene 1683 to the narrow standard
column calibration results from the narrow standards calibration curve using in-house software. The
molecular weight data for off-set determination was obtained in a manner consistent with that
published by Zimm (Zimm,B.H., J.Chem. Phys., 16, 1099 (1948)) and Kratochvil (Kratochvil, P.,
Classical Light Scattering from Polymer Solutions, Elsevier, Oxford, NY (1987)). The overall
injected concentration used for the determination of the molecular weight was obtained from the
sample refractive index area and the refractive index detector calibration from a linear polyethylene
homopolymer of 115,000 g/gmol molecular weight, which was measured in reference to NIST
polyethylene homopolymer Standard 1475. The chromatographic concentrations were assumed low
enough to eliminate addressing 2" Virial coefficient effects (concentration effects on molecular
weight). Molecular weight calculations were performed using in-house software. The calculation of
the number average molecular weight, M,,, and weight average molecular weight, My, were made
according to the following equations, assuming that the refractometer signal is directly proportional
to weight fraction. The baseline-subtracted refractometer signal can be directly substituted for
weight fraction in the equations below. Note that the molecular weight can be from the conventional

calibration curve or the absolute molecular weight from the light scattering to refractometer ratio.

S,

(")

Mn=
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(210 ©) Bottom Die 410F (210C) M ddle Die 410F (210C) Top Die 410F (2100
Qutput Rate 100 I b/h (45.4 kg/h) Blow up ratio (BUR) 4:1 Neck hei ght32
i nch (0. 3X0rp11/090914 PCT/US2011/021461

Resin density was measured by the Archimedes displacement method, ASTM D 792-03,
Method B, in isopropanol. Specimens (about 45 mm in diameter and about 2 mm thick) were
measured within one hour of molding, after conditioning in an isopropanol bath at 23 °C for eight
minutes, to achieve thermal equilibrium prior to measurement. The specimens were compression
molded according to ASTM D-4703-00, Annex A, with a five minute initial heating period, at
approximately 190 °C and 100 psig (690 kPag), 3 minute heating period at approximately 190 °C at
1500 psig (10.3 MPag), and then cool at 15 °C per minute cooling rate at 1500 psig (10.3 MPag) per

Procedure C to 45 °C, and continued cooling until “cool to the touch".

Melt flow rate measurements were performed according to ASTM D-1238-04, Condition
190°C with 21.6 kg weight, which is known as high load melt index (I»;). Melt flow rate is inversely
proportional to the molecular weight of the polymer. Thus, the higher the molecular weight, the

lower the melt flow rate, although the relationship is not linear.

Failure of bubble stability is defined as the inability to control the bubble, and to form film
with excellent gauge (thickness) uniformity. Bubble stability is measured on the following blown
film line, commercially available from Hosokawa Alpine Corporation, under the following
conditions:

Extruder and film line operating parameters

Barrel Zone 1 390 °F (199 °C)
Barrel Zone 2 400 °F (204 °C)
Adapter Bottom 400 °F (204 °C)
Adapter Vertical 410 °F (210°C)
Bottom Die 410 °F (210 °C)
Middle Die 410 °F (210 °C)
Top Die 410 °F (210°C)
Output Rate 100 Ib/h (45.4 kg/h)
Blow up ratio (BUR) 4:1

Neck height 32 inch (0.81 m)
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- 13 - Frost line height42 inch(1.07 m Melt tenperature4l0 F(210 C) Lay
Flat Wdth25.25 inch(0.64 m Film Thicknesses0.001 inch(1.0 ml)(25 iim

0. 0005 i b 200/@o9rtl ) (13 iin) Blown filmequi pment descrCptisenidkpsne HS50S
stationary extrusion system 50 nm 21:1 LID grooved feed extruder 60 hp
(44.8 kW DC drive extruder has a cylindrical screen changer standard
control panel with nine RKC tenperature controllers Al pine Die BF 10-25 12

spiral design conplete with insert to nmake u 100 mm di e di aneter Al pine
Air Ring e émegglﬁg‘ie Ii‘%l%%ign R1.87)

Melt temperature 410 °F (210°C)

Lay Flat Width 25.25 inch (0.64 m)

Film Thicknesses 0.001 inch (1.0 mil) (25 um)
0.0005 inch (0.5 mil) (13 pm)
Blown film equipment description
Alpine HS50S stationary extrusion system
- 50 mm 21:1 L/D grooved feed extruder
- 60 hp (44.8 kW) DC drive
- extruder has a cylindrical screen changer
- standard control panel with nine RKC temperature controllers
Alpine Die BF 10-25
- 12 spiral design
- complete with insert to make up a 100 mm die diameter
Alpine Air Ring HK 300
- single lip design
- air lips for a 100 mm die diameter
- 7.5 hp (5.6 kW) blower with variable speed AC drive
Bubble calibration Iris Model KI 10-65
- layflat width (LFW) range 7 inch to 39 inch (0.178 m to 0.991 m)
Alpine Take-Off Model A8
- collapsing frame with side guides with hard wood slats
- maximum layflat width (LFW): 31 inch (0.787 m)
- roller face width: 35 inch (0.889 m)
- maximum takeoff speed: 500 ft/min (2.54 m/s)
- 4 idler rolls
Alpine surface winder Model WS8
- maximum LFW: 31 inch (0.787 m)
- roller face width: 35 inch (0.889 m)
- maximum line speed: 500 ft/min (2.54 m/s)

- automatic cutover

— 14 —



air lips for a 100 mmdie diameter 7.5 hp (5.6 kW blower with variable

speed AC drive Bubble calibration Iris Mdel KI 10-65 l|ayflat wdth (LFW

range 7 iwomo0t19884i nch (0.178 mto 0.991 n) Al pi ne TakecOUS2bse146A3

collapsing frane with side guides with hard wood sl ats maxi mum | ayfl at

width (LFW: 31 inch (0.787 m roller face width: 35 inch (0.889 m maxi num

takeof f speed: 500 ft/mn (2.54 nmis) 4 idler rolls Al pine surface w nder

Model W88 maxi mum LFW 31 inch (0.787 m roller face width: 35 inch (0.889
maxi mum | i ne speed: 500 ft/mn (2.54 ms) automatic cutover
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In response, the sample generates torque, which is measured by the transducer. Strain and

torque are used to calculate dynamic mechanical properties, such as modulus and viscosity. The
viscoelastic properties of the sample were measured in the melt using a parallel plate set up, at
constant strain (10%) and temperature (190 °C), and as a function of varying frequency (0.01 s to
100 s'l). The storage modulus (G’), loss modulus (G”), tan delta, and complex viscosity (eta*) of the

resin were determined using Rheometrics Orchestrator software (v. 6.5.8). The RSI values were
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WO 2011/ 090914PCT/ US2011/ 021461 determ ned using IR S(r) rheol ogi cal
software which is commercially available from IR S Devel opnent. The
present iwoentvoomiray be enbodi ed in other forns w t hourCaasaotioagef r om t he
spirit and the essential attributes thereof, and, accordingly, reference
shoul d be made to the appended clains, rather than to the foregoing

specification, as indicating the scope of the invention. - 16 - WO

2011/ 090914PCT/ US 21461 W _Claim. . . 1. A nethod for i ovi ng the
bubbl QAT U EOR 5 6 GRER OBNE CBRiSB SrHHeS D P BB B 1 1 1 o
ext r upPRBloBHREESS conprising the steps of: providing a

pol yet hyl ene conposition having a density in the range of 0.900 g/cnB to

0. 970 g/ cniFhamdesant inedrdiva miayrbesyvetrndiadnn iotpe kor(rRSyihoppdieparting fréra theampget aofl 10
to 10Q; oxyge ilorin ai ol yet hyl ene conposi.ti on; t.her eby
for mi dty SER LA POFebAE SRR T EERGOTRRR Rliedp s prpraisa S ve
of theathai HaPwy e Pork@dih®ERdifRatiyetab il ddieing @iERspé bOMe imengases from 10%to
300% of its initial value; thereby inproving the bubble stability of said
pol yet hyl ene conposi ti on. 2. The nmethod for inproving the bubble
stability of a polyethyl ene conposition suitable for blown film extrusion
process of Caim1, wherein said oxygen tailoring step conprises contacting
sai d pol yethyl ene conposition in the nolten state with oxygen. 3. The
met hod for inproving the bubble stability of a pol yethyl ene conposition
suitable for blown filmextrusion process of Claim2, wherein said oxygen
tailoring step further conprises thernonechanical treatnent of said

pol yet hyl ene conposition in an extruder. 4. The method for inproving
the bubble stability of a pol yethyl ene conposition suitable for blown film
extrusion process of Claim3, wherein said extruder provides a specific
energy input in the range of 0.10 kWh per kilogramto 0.50 kWh per kil ogram
of said pol yet hyl ene conposition.
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5. A polyethyl ene conmposition having inproved bubble stability, wherein
sai d pol yet hyl ene conposition is produced according to the process of Claim

1. - 17 -WO0 2011/090914 PCT/US2011/021461
We Claim:
1. A method for improving the bubble stability of a polyethylene composition suitable

for blown film extrusion process comprising the steps of:

providing a polyethylene composition having a density in the range of 0.900 g/cm” to
0.970 g/cm’ and an relaxation spectrum index (RSI) value in the range of 10 to 100;

oxygen tailoring said polyethylene composition;

thereby forming an oxygen tailored polyethylene composition, wherein the RSI value
of the said oxygen tailored polyethylene composition increases from 10% to 300% of its initial
value;

thereby improving the bubble stability of said polyethylene composition.

2. The method for improving the bubble stability of a polyethylene composition suitable
for blown film extrusion process of Claim 1, wherein said oxygen tailoring step comprises

contacting said polyethylene composition in the molten state with oxygen.

3. The method for improving the bubble stability of a polyethylene composition suitable
for blown film extrusion process of Claim 2, wherein said oxygen tailoring step further comprises

thermomechanical treatment of said polyethylene composition in an extruder.
4. The method for improving the bubble stability of a polyethylene composition suitable
for blown film extrusion process of Claim 3, wherein said extruder provides a specific energy input

in the range of 0.10 kWh per kilogram to 0.50 kWh per kilogram of said polyethylene composition.

5. A polyethylene composition having improved bubble stability, wherein said

polyethylene composition is produced according to the process of Claim 1.
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