WO 2006/065651 PCT/US200S/044643 RHEOLOGY MODIFIED RELATIVELY HIGH MELT
STRENGTH POLYETHYLENE COMPOSITIONS AND METHODS OF MAKING PIPES. FILMS.
SHEETS, AND BLOW MOLDED ARTICLES This application claims the benefit of U.S. Provisional
Application Noi0@M687d05, filed on December 17, 2004, incorporated hergim/uRzites@mirety, by
reference. s This invention relates to coupling of relatively high melt strength polyethylenes, more
specifically coupling of relatively high melt strength polyethylenes for use in forming pipes, blown
films, sheets, tapes, fibers, and molded articles such as compression molded, injection molded and
blow molded articiggpbolyeQ¥evieo DI E BrREDAINWIZIgh RESWME DR TR NG B¥E non 10 corrosive.
In addition, their rigidity is relatively high so that they can be laid under the ground, yet their flexibility
is such that they cREEMEIANIEENE SAMEOILIQRS AN, NLEL HODS QL MAKINCHIEES4hese
advantageous cChaggckShesr INESANPBI POME D YIENE Aercuge is rapidly increasing in recent
years. In addition to the above desirable characteristics, polyethylene pipes is should have (1) impact

resistance sufficient to endure impacts given at the time when and after they are installed; and (2)

excellent long-term durability undgs gasietviaiesiny assbesERECNICah v ApaRialaingss cracking
resistance, slow crack growth, rapid crack propaegation, and internal pressure crecte}P Bresistance).
e

Further, in the maifié3 t&?é’ﬁﬁ‘}é’bﬂag%ﬁ‘?ﬁér Bibe PE& AR B B R NN FLa5 Yo Ristance from 20
gravity flow for sugegssfidt extrusion of large diameter heavy wall pipe with minimum wall thickness
eccentricity. Likewise, film resins need to exhibit an imprqved %)al nce of extrudability, bubble stability,
dart drop, and®FAR (Film Appedrdf &' EeRds Wisife BRMGEIE 8“6’51%%&%@: hﬁgfe@%ﬂhded at all
commercially requirggeling speass:RpsiME10r avimaitethavisiescheadtarpiptigel sapylesistance
and a good balance of stiffness 25 and I}:}E)CR nvironmental S ESS %@ack Regsistapceﬁ]‘.
Thermoformed shé¥éssIEh AEBEERIDEs PN HHSHU G850 e AHERSHTHED Buch resin
properties are alseogdgsiaiia inodiberiapeplicatiansedand®12@asiEE6E1cRET/US2005/044643

Polyethylene pipes are light in weight, easy to handle, and are non-

10 corrosive. In addition, their rigidity is relatively high so that they can be laid under the
ground, yet their fléxibility is such that they can follow ground contours and
accomfnodate earth movements. Due to these advantageous characteristics, the amount

~of polyethylene pipes used is rapidly increasing in recent years.
In addition to the above desirable characteristics, polyethylene pipes

15 should have (1) impact resistance sufficient to endure impacts given at the time when
and after they are installed; and (2) excellent long-term durability under gas or water
pressure (specifically, environmental stress éracking resistance, slow crack growth,
rapid crack propagation, and internal pressure creep resistaqce). Further, in the
manufacture of the pipes, the pipe resin must exhibit excellent sag resistance from

20  gravity flow for successful extrusion of large diameter heavy wall pipe with minimum
wall thickness eccentricity. Likewise, film resins need to exhibit an improved balance
of extrudability, bubble stability, dart drop, and FAR (Film Appearance Rating), while
being able to be successfully extruded at all commercially required line speeds. Resins
for blow molded articles need to provide sag resistance and a good balance of stiffness

25 and ESCR (Environmental Stress Crack Resistance). Thermoformed sheets also need
resins that provide good sag resistance and extensibility. Such resin properties are also

desirable in other applications.



High-molecular-weight (HMW) ethylene homopolymers and copolymers typically exhibit improved
strength and mechanical properties, including high tensile strength, impact strength and puncture
resistance. However, attendant with such increases are difficulties in processability and extrudability
of these HM\Wieging0&¢éra 5 approach to solve this problem has been to broadenaisermelzcular weight
distribution (MWD) of the HMW polyethylene. One method to achieve this is by catalyst selection, for
instance, it is known that chromium catalysts tend to produce a product with broader molecular weight
distribution than either traditional Ziegler-Natta (Z-N) or the newer metallocene-based catalyst

systems. 10 Another method usgghtenoueitameiiie (voRsing] iffissign Basasiaie doyitnidW
polyethylene has beenéo increase the MWD of the polymer by providing a- blend of a HMW polymer

with a low-molecutdR e, RENORRAPROIShTSee g a1csh HoRTHERaifshdinghigkdrisie excellent

mechanical propestiesg@i, thephigbtragiacaiapweighirpalyeibyensywhilaeisepr ovid RgHmprovements
in processability, resulting is fro&l tlle improved extrudability of the lower molecular weight component.

For example, U.SPESSE §19 AHFYIES Bsorstsadiimand arpideulipbntibesn BMYesennolrker film
resin comprising agsbatiercend iok alodh campenenbaadea Yl compeaertdEhaiignds are said

to be capable of bei rmed into high strength thin films. 20 High melt strength polymer

compositions, con%%#ﬁgég%f‘éﬁw %W@%WLMW mstetHoar e b HRErETERSISsthat are

suitable for use infpingsandeiitts kpplicatiancrammisdasedtitdddSo 20ARQ0EHOLtiRsArpRRIgd herein
igh melt strengths, higher melt viscosities at very

by reference. Although these compositions have hig
low shear rates af@ij%ﬁuéaés‘ﬁ%{ﬁmrag%qmﬁ'r%‘rtmgI?‘Q@EH@%B%“&%I%%M H&G- Dy hESIBYodification
techniques. As useedthitraine thedésaalsResglagmaodification” means change in melt viscosity of a

polymer, as determined by creep measurements and dynamig mechanjcal, spectroscopy (DMS).
Preferably the polymer melt st%ﬂgﬂﬁeﬁp\?%(?geéﬁ?datf’ﬁv SRES &é%?ﬁ%}%@i@?‘ﬁﬂ?ﬁé‘ fﬁ&ﬁ‘?ning the

polymer viscosity aithigivstgatyatstenttias bz B0rntreaio gy Modiliedipohonaice shipitsidagea resistance
to gravity flow, Sag%irrl]dgbto A ng%ép \915 53 OE)N(;I;IFA e§u%9rc-)v5v{39éﬁ?ﬂ§4W) polymer. The goal of -

such a formulation is to retain the excellent mechanical properties of the high molecular

weight polyethylene, while also providing improvements in processability, resulting

15 from the improved extrudability of the lower molecular weight component. For
example, U.S. 6,458,911 and U.S. 2002/0042472 A1 disclose a bimodal ethylene
polymer film resin comprising a polymer blend, of a LMW component and a HMW
component. The blends are said to be capable of being formed into high strength thin

, films.

20 High melt strength polymer compositions, comprising a blend of HMW
and LMW polyethylenes, have been developed that are suitable for use in pipe and film
applications, as disclosed in U.S. 2003/0065097, incorporated herein by reference.
Although these compositions have high melt strengths, higher melt viscosities at very
low shear rates are still desirable.

25 Higher melt viscosities can be achieved by rheology modification
techniques. As used herein, the term “rheology modification” means change in melt
viscosity of a polymer, as determined by creep measurements and dynamic mechanical
spectroscopy (DMS). Preferably the polymer melt strength or viscosity at low shear
rates increases, while maintaining the polymer viscosity at high shear rates. Thus, the

30  rtheology modified polymer exhibits more resistance to gravity flow, sagging, or



stretching, during elongation of molten polymer at low shear conditions (that is viscosity measured at
a shear of less than 0.1 rad/s by DMS or creep measurements), and does not sacrifice the output at
high (that is approximately 10 rad/s and greater) shear conditions. An increase in melt strength is
typically obsewedowdienckigh 5 molecular weight species, long chain branalesweeinil@sstructures are
introduced into a polymer. Polyolefins are frequently rheology modified using nonselective
chemistries involving free radicals generated, for instance, using peroxides or high energy radiation.
However, chemistries involving free radical generation at elevated 10 temperatures also degrade the

molecular weight stitohigh, dhaing stisgiainnesihraci adiypisypehaniers teaiainogiéast{gmt ydrogen, such as
polystyrene, polypropylene, polyethylene copolymers, etc., Another technique for theology
modification, is a%’ﬁfg%gﬁ%ﬁaé%rgé?ﬁé %%S’/r ere&%%qué%ser%y Se%%r%e%%lgﬁﬂgﬁ%ﬂﬁ?poIysulfonyl
azides, as taughtafidrdexaumpleciifice heboh 82 A gt Giiatlie Qp28k itd B ey 3D AA/arald daker) is 6,379,623.
A relatively high melt strength polymer composition is coupled with a. polysulfony| azide, in order to
obtain articles Wi?#lﬁa}rrtﬁoélrg fcr%ﬁor?r%ve mel agfrglnlélﬁ?t T eé’l%@t%? fgé?%tfgeﬁ‘g?f&ﬁf&ﬂ’ It strength
polymer compositiariecolmpricightafedy, Ipodyetiiylbradempeneiirandauthiié potyeibydane

component, wherginofhe olymer 20 composition has a substantially single peak in an Lamella
Thickness Distribuﬁorﬁf_ D) curve, and a PENT (Pennsylvania Notch Test) value of greater than

approximately 1,000 hours, clraigctefiizedpieqdd&tly rbedldZ300diAtdbong BOESclativapproximately 2.4
MPa. The novel r Seipnf:?n%EOSitiR/ri]ﬁ Wipéanrggt%ri atgd iarl'{ tgefformtof gipe.meets a51d e c%ads the
industry's PE 340 and PE 108 retrirements. The novel r%rsllﬁsca(l)lrcnpgssll ﬁ)%e%lmeas\)? bé&sed as a direct
(drop-in) replacereemgfordesios diioreaitty, cheadiitres mvartingdtepipéi calagentaaton ageratesses, and

can be formeéj inttgrgllepipe diglrsn

When the navel résinis. Fé%srlca?zég éﬁ%@% rﬁ%%) Qfﬁ%@?ﬁ%ﬁ%‘%ﬁ%%@%%@%%%mﬁgg Ii??')dus”y.
resistant film respitymvith ot rengy tediadoiityy daogbin s biens tabbylityrepeopelspadpiitynand high film 30
ggggfg gggg ! %@%ﬁ?ggg@%&ﬁ@o'd&% UCIRSMEP REQYE ?0P¥Ré’o€f5tgi9%1%%{h9a‘°ﬁ%?%e 3 WO

achieved by coupling polymer chains together by means of reaction with polysulfonyl

azides, as taught, for example, in U.S. 6,143,829, US 6,160,029, US 6,359,073, and US

15 6,379,623.

A relatively high melt strength polymer composition is coupled with a
polysulfonyl azide, in order to obtain articles with further improved melt strength
characteristics. This novel high melt strength polymer composition comprises a LMW
polyethylene component and a HMW polyethylene component, wherein the polymer

20  composition has a substantially single peak in an Lamella Thickness Distribution (LTD)
curve, and a PENT (Pennsylvania Notch Test) value of greater than approximately
1,000 hours, characterized per ASTM D-1473-97, at about 80°C, and approximately 2.4
MPa. The novel resin composition, when fabricated in the form of pipe meets and
exceeds the industry’s PE 3408 and PE 100 requirements. The novel resin composition

25 may be used as a direct (drop-in) replacement for resins currently used in conventional
pipe manufacturing processes, and can be formed into all pipe diameter and wall
thickness combinations, commonly found in the industry. When the novel resin is
fabricated into film, a high dart impact (per ASTM D-1709-03 Method B) resistant film
results with good extrudability, and bubble stability, processability and high film

30  appearance rating (FAR). Blow molded articles with improved properties can be made



from the novel resin composition due to its combination of high melt strength and sag resistance
(characterized by viscosity measured at a shear rate of less than 0.1 rad/s by Dynamic Mechanical
Spectroscopy (DMS) or creep measurements, and excellent balance between stiffness (characterized
by density, flexorodudisssand 2 percent secant 5 modulus per ASTM D-790e03uvhetlioesBiy ESCR
(characterized by ASTM D-1693-01 Method B), and impact resistance (characterized by ASTM
D-256-03 Method A and ASTM D-1822-99). In particular, the invention provides a composition,
comprising the reaction product of: to (a) a first composition comprising a LMW polyethylene
component; and &diMi¢ potyktesrecenposipondi taitsl (b bistioond ighpesisioengbnpdising a
coupling amount of at least gne. polysulfonyl azide, and wherein the first.composition has a
substantially singfgsﬁsetglkcf:n@}ﬂ%n%eéj% r\\'\/(%c,ogln& I\iflv??grlé?n aescl:lgarﬁﬁzggi |§ﬁ saré%#-’}zﬁcﬁsv%‘fue of
greater than 1,000 houms: M<8b@)ahd@choseppliddMijesscofnboub@einbtPaatid exelembodiment, the

composition has a PENT. value of greater than. 3,000 haurs, a referably greater than 6,500 hours
at about 80C and%gé)%ﬁ? & gl.l Sﬁgﬁlﬁe Sgr{gf%ﬁ%arc tg% ec%%%eeﬂﬁi tfﬁ?%%r%%%iﬁ?bﬁgﬁ? 8r%€éln§f‘t(§?rétreater
than about 0.940 glat)lanmver S el8otaMedigh B BEGIOR (chan2e060031A8I0/ADA 6Bxel, and a

flow rate ratio (12 f 15 to 50..In angther embodime W}{V lyethylene component
includes a comor%é?]}l%rdrse é%?%c]i Pgr% Eﬁ%%g%cﬁgcggrnaﬁgﬁﬁa O[S'C%% 0 a p%?a%%%‘?gsggﬁ in 25
particular, C3 to GI®rMiphatiz2afdha-olefins. In a further embodiment, the comonomer content ranges

from greater than 0 to 6.0 Welg&}t1 ercent |chlud|n9igll indiv elsj"éllc\é%lu§s§tign%§Ub“aﬂl%?%gggn%:§e?'0

weight percent. In another embodiment, the EMV po@gfﬂ‘f}lene component iInciides
selected from thergrougmgoodisting of C3 to C10 alpha-olefins, and in 30 particular, C3 to C1o aliphatic

alpha-olefing, In yet a further egofiNe L, 08 isn UhOARELEORT Sy RAICRMHAS and
a HMW polyethylene component, and
(b) a second composition comprising a coupling amount of at least one
polysulfonyl azide, and
wherein the first composition has a sﬁbstantially single peak in an LTD
15 curve, and
wherein the composition has a PENT value of greater than 1,000 hours
at 80°C, and at an applied stress of about 2.4 MPa.
In one embodiment, the composition has a PENT value of greater than
3,000 hours, and preferably greater than 6,500 hours at about 80°C and about 3 MPa.
20 In another efnbodiment, the composition has a density greater than about
0.940 g/cc, an average molecular weight ranging from 200,000 to 490,000 g/mol, and a
flow rate ratio (I3/I5) from15 to 50.

In yet another embodiment, the HMW polyethylene component includes
a comonomer selected from the group consisting of C; to Cyy alpha-olefins, and in
25  particular, C3 to Cg aliphatic alpha-olefins. In a further embodiment, the comonomer
content ranges from greater than 0 to 6.0 weight percent, including all individual values
and subranges from 0 to 6.0 weight percent.
In another embodiment, the LMW polyethylene component includes a
comonomer selected from the group consisting of C; to C)¢ alpha-olefins, and in

30 particular, C; to Cyg aliphatic alpha-olefins. In yet a further embodiment, the



comonomer content ranges from greater than 0 to 3.0 weight percent, including all individual values
and subranges from 0 to 3.0 weight percent. In another embodiment, first composition is bimodal, or
multimodal, as determined by GPC. 5 In another embodiment, the HMW polyethylene component
comprises frovo 4@¢&éspercent, by weight, of the combined weight of thee€iiviiAz@sroqaossent and the
LMW component. In yet another embodiment, the LMW polyethylene component comprises from 33
to 52 percent, by weight, of the combined weight of the HMW component and the LMW component. ro
In another embodiment, the composition has the following properties: 1) a density of at least 0.94 g/cc

as measured by AShdAMRIRe At FRZRTMethes B idhd m%'bfkgwgfﬁtﬁef&atfrﬁmu@ig%;‘alﬂ--5 /10 min;
3) a flow rate ratio (121/15) from 20 to 50; and 15 4) a molecular weight distribution, MW,/Mn, from 15

to 40; and whereffiKE VRIS KR YRsAREE INso Adn S oM#Eas™eh 30 to 70 weight percent of the

composition; has a dengity.@ftatieasodifRd/ estemeased BimdRl M Rul$i3 Method B; has a
melt flow rate (12§ from 0.01 to 0.2 g/10 min and a flow rate ratio (121/12) from 20 to 65; and wherein

the LMW polyeth RiFERSH B 20 comprises from 30 to 70 weight percent of the composition; has

a density of at least 0.940 g/cea asomensHFRAREASIMIP YIRS Bpdirat sppitiflw rate (12)
from 40 to 2,000 %/IO min; and has a flow rate ratio (121/12) from 10 to 65. In another embodiment,

the concentratio SR QURORFSE2I R B8 5Bt PR sFIShE rilr N reserensntz08 gg/g. 25

The invention alsgIMWES-ap SRMPAEHIQNS QOB RHBOEREN DiRANNG pof g Rh e eHReROdIments
as described herein. The i?vention also provides for an article, comprising at least one component

formed from a coffipB¥li B IR RS bh st megimhiecd weight b thatidMo, blow molded

articles, pipes, filisnpheeisaafehothervadielpsnnVO 2006/065651 PCT/US2005/044643 In one

embodiment, the invention provides a pipe with a wall thickness ) )
10 In another embodiment, the composition has the following properties:

1) a density of at least 0.94 g/cc as measured by ASTM Method
D-792-03 Method B;
2) a melt flow rate (Is) from 0.2 to 1.5 g/10 min;
3) a flow rate ratio (I;/Is) from 20 to 50; and
15 4) a molecular weight distribution, My/M,,, from 15 to 40; and

wherein the HMW polyethylene component comprises from 30 to 70
weight percent of the composition; has a density of at least 0.89 g/cc, as measured by
ASTM D-792-03 Method B; has a melt flow rate (I;) from 0.01 to 0.2 g/10 min and a
flow rate ratio (I,;/;) from 20 to 65; and wherein the LMW polyethylene component

20 comprises from 30 to 70 weight percent of the composition; has a density of at least
0.940 g/cc, as measured by ASTM D-792-03 Method B; has a melt flow rate (I,) from
40 to 2,000 g/10 min; and has a flow rate ratio (I;;/I;) from 10 to 65.

In another embodiment, the concentration of polysulfonyl azide is up to
200 pg/g, and more preferably less than 200 pg/g.

25 The invention also provides for compositions comprising combinations
of two or more embodiments as described herein.

The invention also provides for an article, comprising at least one
component formed from a composition of the invention. Such an article includes, but is

not limited to, blow molded articles, pipes, films, sheets and other articles.



of up to 4 inches (10.2 cm), or more. In another embodiment, the invention provides a pipe with a wall
thickness of less than 4 inches (10.2 cm). In another embodiment, the invention provides a film
prepared from a s composition that is coupled with less than 150 pg/g polysulfonyl azide. In another
embodiment, W@ 2onseatien provides a film that has a higher dart impact strecmig2than4as48m made
from an otherwise identical polymer composition that lacks a coupling agent. In a further embodiment,
the invention provides a film that has a greater side-to-side bubble stability, than a film made from an
otherwise identical polymer composition that io lacks a coupling agent. In yet a further embodiment,
the invention provides a film tHaeMahetirachigherinisrtionaoy sengtheanicha grabfecisidesto-side
bubble stability, Al gmctq r therwige identical polymer composition thaHglcks a
coupling agent. ﬁ%%&h%?ﬁembodgm%%?&g invénﬁlo%}%?r%\giggépoé}%?g\}é rﬁwlglﬁéglgﬂ?c%o‘f f Aas higher
tensile impact arifgSttihdpset drrkassoefdess Ibastduthas ESCRmalues, is than a blow molded article

mad from an otherwise identigabAUPISHGORREHRN DAL acks o souplig agent. In a furher
e . |

embodiment, the blow molded article is a bottle, drum, or automotive par fohlso provides
a method of makiRBRCpien tiskipdehied ayitelesstihend Bohgtearotpwifositiondeaving@isubstantially 20
single peak in an.lahEHEHENE 1R SRURIDY SRS o BEE osition with a polysulfonyl azide; and c)
extruding the polymer composition to fo.rrél%hle pipe. Tﬁ%ll?r?\?éﬁt%g%l 515%%}%9%“&% rﬁﬁf‘t% improve
the creep flow 2B!BeR SR ategsiNe enhed poinprisiogrestimthat polsutiomimzigenwith a

composition thatlggmg{jgf.%ﬁmwegg%%tMQ{}g&Emggseihﬁmn%gﬁ%ﬂ\a{vc%%%[@gwl%g&wmponent,

and wherein the composition has a substantially single peak in an e, and &in the

reacted compostidiPisaéehi Enhanafile sragefioar trantherode itouisbp@PGeanshabainappled stress of

2.4 MPa. In g funthet dipaptal this.30 methad.dhsse ition, after the coupling,reaction, has
a melt viscosity, at a sr?éh;? gg W% 2006?865651 PCT/USZOg%I}(%i%X t%r)gt%r%‘flieif nrlagﬁg, that is
2-fold greater tharS2HLR Mgk eyt dmprstigrpadranbreregmpikitonide tibdameiheahaate. In yet a

further embodimgmt afadyFoIRthosthti@ise identical polymer composition that lacks a coupling agent.
In another embodiment, the invention provides a blow molded article
that has higher tensile impact and Izod impact values, and at least equal ESCR values,
15 than a blow molded article made from an otherwise identical polymer composition that
lacks a coupling agent. In a further embodiment, the blow molded article is a bottle,
drum, or automotive part.
The invention also provides a method of making a pipe, comprising:
a) selecting a polymer composition having a substantially
20 single peak in an LTD curve;
b) coupling the polymer composition with a polysulfonyl azide; and

c) extruding the polymer composition to form the pipe.

The invention also provides a method to improve the creep flow
25 behavior of a resin, the method comprising reacting a polysulfonyl azide with a
composition that comprises é LMW polyethylene component and a HMW polyethylene
component, and wherein the composition has a substantially single peak in an LTD
curve, and wherein the reacted composition has a PENT value of greater than 1,000
hours at 80°C and at an applied stress of 2.4 MPa. In a further embodiment of this

30 method, the composition, after the coupling reaction, has a melt viscosity, at a shear



composition, after the coupling reaction, has a melt viscosity, at a shear rate of Ix 10-5 rad/s, that is
5-fold greater than a melt viscosity of the polymer resin composition at the 5 same shear rate. In yet a
further embodiment of this method, the composition, after the coupling reaction, has a melt viscosity,
at a shear ratevof2bhod@e5asad/s, that is 10-fold, or more, greater than a meltPeisasgitysofithe polymer
resin composition at the same shear rate. The invention also provides a composition, comprising the
reaction 30 product of (a) a first composition comprising a polyethylene component prepared in the
presence of a chromium-based catalyst system, and (b) a second composition comprising a coupling

amount of at leasl@e | RASHIANYA U3 In.00E EIMACHUERLRG IS GUBRORILPR foe polvethyiene

component is unimodal as determined by GPC. In another embodiment, the pdlyethylene component

has a density frofRTAPRS1Ie8 & SEsynscshentr prefEraply Srbeisiyteimanogthis mebol.ghec. In yet
another embodirggaf JiEROLEIEBS.SARABAGIINAR & MUR TR0 3 Pl 92t Qi and more

preferably from 0.1 to 15 g/10 min. In another embodiment, the 20 polyethylene component has a
MI21 from 1 to 50:¢(BLhaAk s, Safeddgiaatenthan prediviscesitp 0 Dthmppdirasiatsy combediiveat thhe

polyethylene; corgpangnt.pasLaly ReHZeAHLSIEE) ERAMAMANAESBIE He L SHsDstG Y FpEpP gONSIsting of

C3 to C10 alpha-olefins, and in particular, C3 to Cio aliphatic alpha-olefins. In another embodiment,
the comonomer FOUBERETERF el yieesHistihg 8%‘9&6?59@?1@‘, I hiadimethat isedfrdole, arhexene, 1

25 heptene and af&fezeg?@atanﬁamgqﬁ&refm%\/m&gmﬂmm%&ﬂb%giﬁm@met%gmer consisting

of 1-hexene and 1-octene. In another embodiment of this composition, the composition has a gel
content that is l[e¥$%han 10 percent, preferably less than 5 percent, more preferably less than 2

percent, and even more prefeigbly (258 shARPRRRISEN oo SIEFS WEREhASERHINE40HS TM D
2765-90. In yet another embodiment, the composition 30 is coupled with less than 200.tg/g of

polysulfonyt@zide. The inven®?PfaféSrovides 7 WO 2006/065651 PCT/US2005/044643 for
pompqsitions comprising con@b@gﬁmg&ﬁﬁmfgﬁm@&m@ngM@@&%%&% &saky ihhe
invention also provides for articles comprising at least one component
the presence of a chromium-based catalyst system, and
(b) a second composition comprising a coupling amount of at least one
polysulfonyl azide.

15 In one embodiment of this composition, the polyethylene component is
unimodal as determined by GPC. In another embodiment, the polyethylene component
has a density from 0.890 to 0.975 g/cc, and preferably a density from 0.930 to 0.960
g/cc. In yet another embodiment, the polyethylene component has a MI2 from 0.01 to
20 g/10 min, and more preferably from 0.1 to 15 g/10 min. In another embodiment, the

20  polyethylene component has a MI21 from 1 to 50 g/10 min, and an MI21/MI2 from 4 to
200. In yet another embodiment, the polyethylene component has polymerized therein
a comonomer selected from the group consisting of Cs to C,g alpha-olefins, and in
particular, C3 to Cyo aliphatic alpha-olefins. In another embodiment, the comonomer is
selected from the group consisting of propylene, 1-butene, 1-pentene, 1-hexene, 1-

25 heptene and 1-octene, and more preferably the comonomer is selected from the group
consisting of 1-hexene and 1-octene. In another embodiment of this composition, the
composition has a gel content that is less than 10 percent, preferably less than 5 percent,
more preferably less than 2 percent, and even more preferably less than 0.5 percent, as

measured according to ASTM D 2765-90. In yet another embodiment, the composition

30 is coupled with less than 200 pg/g of polysulfonyl azide. The invention also provides



formed from such a composition, including, but not limited to, sheets, such as thermoformed sheets,
films, pipes, blow molded articles and other articles. Such a 5 composition is especially suited for
thermoformed sheets. Figure 1 depicts low shear viscosity profiles of inventive and comparative
resins. Figurewdadepistssédw shear viscosity profiles of inventive and compaativs2oesiase480 Figure 3
depicts tan delta profiles of inventive and comparative resins. Embodiments of the invention provide a
new polyethylene composition for making water, oil, or gas pipes, and other products, such as sheet,
film, tapes, fibers, caps and closures, and molded articles by molding processes, including blow

molding, compressigmpaelding arpiRiasiemmolding Jskahotienissafhadnyentignpiovide a
method of making water, oil, or gas pipes. The method includes selecting a polymer composition
having a substaf§&iR- SIHEIEYEERIRISA RreTides fog el @ arnmmyneat &eisi 9B8i AR BIM a pipe. The

new compositiorsgamapises AdM Wb REBUeRs, RUNBRE CPRANERtARS kW gihylene polymer
component. Preferably, the LMW component and the 20 HMW component co-crystallize in the

composition, sudheiRraadishects-dilige iPSu by nalird g rep aak e ALFDse Ve T he ethylene

polymer for the LMy anshing SMYIsAmRQNBR B GabRERINGERomopolymers or ethylene
interpolymers (or copc:{lﬁymers). Preferably, both components are ethylene interpolymers (or

copolymers) of the sarh®¥E difepisit ohipeaitéHaPre il HY Qiiviesd gifereatizdmonomers). 25
The bimodality ofcthg, MWD of the new composition is due to the difference in the MW of the LMW
component and the HMW component. The individual comtglgnents preferably have a unimodal MWD.

Preferably, the moleculBWeiGHERISIHRVISHRAT HSePSHNAY Esh il dmeatt/ s Ani famamatire different and

distinct from each@ler, such that, when mixed, the resulting composition has an overall bimodal
molecular weight 30 distribution. Multimodal MWD resins may also be used. 8 WO 2006/065651
PCT/US2005/044643 Pi@srrelfRiGH BRctAkr H10d8er of iRLPOYSEtM ROMPUBHISSRURS of the invention

include C3-C20 aliphatic alphprbefinsendfmerpriaieranblds@alinbatigiene composition

for making water, oil, or gas pipes, and other prodlicts, such as sheet, film, tapes, fibers,
caps and closures, and molded articles by molding processes, including blow molding,
compression molding, and injection molding.

15 Embodiments of the invention provide a method of making water, oil, or
gas pipes. The method includes selecting a polymer composition having a substantially
single peak in an LTD curve and extruding the composition to form a pipe.

The new composition comprises a LMW ethylene polymer component
~ and a HMW ethylene polymer component. Preferably, the LMW component and the

20  HMW component co-crystallize in the composition, such that it exhibits a single or
substantially single peak in an LTD curve. The ethylene polymer for the LMW and the
HMW components can be either homopolymers or ethylene interpolymers (or
copolymers). Preferably, both components are ethylene interpolymers (or copolymers)
of the same or different composition (that is, with the same or different éomonomers).

25 The bimodality of the MWD of the new composition is due to the difference in the MW
of the LMW component and the HMW component. The individual components
preferably have a unimodal MWD. Preferably, the molecular weights of the LMW and
HMW components, individually, are different and distinct from each other, such that,
when mixed, the resulting composition has an overall bimodal molecular weight

30  distribution. Multimodal MWD resins may also be used.



alpha-olefins. Preferable the comonomer is selected from the group consisting of propylene, | -butene,
I-pentene, 1-hexene, | -heptene, 1 -octene, 1-nonene, | -decene and s 4-methyl-lI-pentene. Particularly
preferred comonomers are selected from the group consisting of propylene, 1-butene, 1-hexene, and
1-octene, andvpomqresenably from 1- hexene and 1-octene. In another ernbodimerstpii@polyethylene
component may also contain at least one polyene, including, but not limited to, conjugated and
nonconjugated dienes. 10 In the following description, all numbers disclosed herein are approximate
values, regardless whether the word "about" or "approximate" is used in connection therewith. They
may vary by 1 percent, 2 percemféiraewefmmsmmeﬂme%mttgzlaﬁbmf@ﬁm@ﬁ@mt}@/er a numerical

range with a lower limijt, RL, mit, R |sd close anyn mber falling withjn the range is
cpoetically 15 cigEIBHED RS S SR PG A R ORGSR b L REARER
disclosed: R=RL#l¢{Rulin). \Whekeiblk tﬁc&mﬂﬂ&i&f&ﬂ@n@ém& pRIge ddlingercent, witha 1

percent increment, th tls Kis ercent, 2 rcent, 4 percent, 5 percent,..., 50 percent, 51
percent, 52 percé’ﬁ?p e§§ 6etf' ﬁ) éé’ffgﬁ?gi %ﬁ%"eﬁﬁw@ﬁ 6e$ &R 5’@?55&%911 %‘iﬂﬁ)ﬁ“ﬂercent

Moreover, any n4rmesicgal- [apsrgﬁedefmadlaﬂahy tm&feRdﬂwmbedismﬁsdﬁa‘ et ied thenabevgoip also

specifically disclosed. Num rlcal anges for melt indexes, density, molecular weight, number of
carbon atoms in SASHPRRS IBfﬂ? E%EI’CBF j)g‘ﬁi‘(? i HRERNG A BREF REFSHAD i?’r?@’f'érlm "coupling

amount," as usehheieiandefarsdaeannanatiat @hboalmplngtrgestytialdacafbagibmeineougiog polymer
chains, but that does not r sult in 2&} the si nlfécan crossIBnkl of the. flnal‘i)olymer product, as

evident by very IGSPhE! G BISBAY T tnE RGP BoV S BRI TR AR BBlymer is used herein

to indicate, a homomdymmedmhmwrpolymer (or copolymer) or a terpolymer. The term "polymer," as
used herein, includes interp uch ag for hgers %p)i g)%the copolymerization of 9
WO 2006/06?5651 PCT/USZOO%énﬁ?jgi Scn nrgl%lr Fhore o) %\fbﬁ olefin(s) or
polypropylene Wmbpmxamaimm@@ém@‘at@l@mhheﬂieﬂﬁ(es}vdméalmmti"bntap}poiymm > asugsgthherein,
refers to polymer, SoRNERE re?hb%wnh They may vary by 1 percent, 2 percent, 5 percent, and
sometimes, 10 to 20 percent. Whenever a numerical range with a lower limit, R, and
an upper limit, RY, is disclosed, any number falling within the range is specifically
15 disclosed. In particular, the following numbers within the range are specifically
disclosed: R=R™+k*(RY-RY), wherein k is a variable ranging from 1 percent to 100
percent, with a 1 percent increment, that is, k is 1 percent, 2 percent, 3 percent, 4
percent, 5 percent,..., 50 percent, 51 pércent, 52 percent,..., 95 percent, 96 percent, 97
percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical range defined
20 by two R numbers, as defined in the above, is also specifically disclosed. Numerical
ranges for melt indexes, density, molecular weight, number of carbon atoms in an
alpha-olefin, and other properties have been described herein.
The term “coupling amount,” as used herein, refers to an amount of
coupling agent that is effective in coupling polymer chains, but that does not result in
25 the significant crosslinking of the final polymer product, as evident by very low or no
gel content in the final polymer product.
The term "polymer” is used herein to indicate, a homopolymer, an
interpolymer (or copolymer), or a terpolymer. The term “polymer,” as used herein,

includes interpolymers, such as, for example, those made by the copolymerization of



the polymerization of at least two different types of monomers. The generic term 5 interpolymer thus
includes copolymers, usually employed to refer to polymers prepared from two different types of
monomers, and polymers prepared from more than two different types of monomers. The term
"ethylene/a-ofiotatésgane interpolymer (or copolymer),” and similar trrreTas2ese04hesein, refers to
an ethylene-based interpolymer that contains 10 at least 50 mole percent ethylene, and one or more
additional comonomers. The term "unimodal,” as used herein, in reference to the overall MWD of
comparative examples, or in reference to the MWD of a component polymer of the inventive

composition, meagibylbeeMWHH arGrRIPesigaiiphaClsfiiagienpi fARE WEH bR 085t
substantially exhig{qra%&i%)l%fo onent polymers, that is, no humps, is shoulders or tails exist, or are
substantially discelibRIaE'SPC curve. In other words, the DOS (Degree of Separation) is zero or

substantially close to zero. TheTtermrmbimnegdsdlyasrrsedifi@dreifin) esos thabihadM\Wehirea §3PC curve

exhibits two comppnent polymers, wherein one component palymer may even exist as a hump,
shoulder or tail, ré%tR?%y%elﬁ aW/éyﬁ [ﬁ‘?étm‘i’eql ST SRR SIgREReS0 Cittimodal” as

used herein reans:¢hatl yhe:MWEOioladSREptunesexhillitsompleytdan wie eopapanenprhreders,
wherein one component polymer. may eyen exist as a hump, shoulder or tail, relative to the MWD of
the other compon%?f?l %{/&P‘?g;e?ﬁg?gél% "H?&?ﬁ&?{s’ﬁ%‘é@%‘ﬁéf&%% 8%W6W&e LMW 25
component and thieffdehitganponensnasans there is no substantial overlapping of the two

oo ol S R SEC S I Sgecr

weight distribution is sufficiently narrow, ana their rage
that the MWD of bodsitmitaponestssaisbs tantiallyefexhibits ahybselnsadrintsrptlidesita asnvurls as on its

LMW side. In otheglvvor%@ th<130 D(%? g Zt least 1, preferably at least 2, 4,5, 7,9, or 10. 10 WO
2006/0656510PC1'1 Lfésé gﬂ? %%gge ﬁ Y?Pﬁ’%? s%r(ﬂ%? i ,lpé’ SEHNE B ribution of the lamella
thickness, Lc, of a polymer. ThEhtereri'Substadiidllyssisgiharepe akidferesedtbeiesvavilh vBfeapence to

of comparative examples, or in reference to the MWD of a component polymer of the
inventive composition, means the MWD in a Gel Permeation Chromatography (GPC)
curve does not substantialiy exhibit multiple component polymers, that is, no humps,

15 shoulders or tails exist, or are substantially discernible, in the GPC curve. In other
words, the DOS (Degree of Separation) is zero or substantially close to zero.

The term “bimodal,” as used herein, means that the MWD in a GPC
curve exhibits two component polymers, wherein one component polymer may even
exist as a hump, shoulder or tail, relative to the MWD of the other component polymer.

20 The term “multimodal” as used herein means that the MWD in a GPC
curve exhibits more than two component polymers, wherein one component polymer
may even exist as a hump, shoulder or tail, relative to the MWD of the other component
polymer. 4

The term “distinct,” as used in reference to the MWD of the LMW

25 component and the HMW component, means there is no substantial overlapping of the
two corresponding molecular weight distributions in the resulting GPC curve. That is,
each molecular weight distribution is sufficiently narrow, and their average molecular
weights are sufficiently different, that the MWD of both components substantially
exhibits a baseline on its HMW side as well as on its LMW side. In other words, the

30  DOS s at least 1, preferably atleast2,4,5,7,9, or 10.
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LTD curves to mean that a peak does not substantially exhibit two or more peaks. But 5 a
"substantially single peak" may not follow a Gaussian distribution, may be broader than a Gaussian
distribution would indicate, or have a flatter peak than a Gaussian distribution. Some substantially
singular peake/maydi@desa tail on either side of the peak. In some embodimenisaeinasdse possible to
mathematically resolve a "substantially single peak” in an LTD curve into two or more components by
various io methods. In some embodiments a "substantially. single peak" in an LTD curve follows the
equation: PH -PL x100%510% (1), P; where P; is a point in the LTD curve having a value for the

percent weight fraction betweahdhatof I bighasteveighiriraatiedivalbetdidf afdhekilD trace, and
the lowest is point, PL, ha};‘l g)ﬁé\ ??ggalue between the Lc value of P; and the Lc value of PH. In
some instances, t |§ gent 9 less than approximately 8 percent, or less than

approximately 7 percent. In some aﬁbo&mmaﬁab@mwyﬁm@mpeﬂfmﬁmeﬂmﬂ@m@e of

approximately 5 ent or lessor a roxim 2.5 pe ent less. Of course in some embodiments,
there is no point ﬁ%&%‘é@ﬁqﬂnaﬁ asQ)e%Zi%e t’&%‘ﬁf‘ %W&a‘ B Y 6T oG RsA e, the term

"theology modlificatieibsmeans ehangseik mely meaw @m@@ﬂmtﬁaﬂetemmwﬂwaaéeep
measurements and The term. "catalyst rsor " as used _herein, jn particular reference to
magnesium/titanl?nﬁ“& @%Séfﬁwg TIRRLIORVS F&a@oﬂ{ ¥ﬁ1%f1ﬂta?ﬂ8ﬁqj‘atrt} AP RBsium
compounds and alllsewwaassmwmaﬂamy silﬂgﬁlhepmkmﬁ%hs&dbswut@delfﬂéewﬁbsmtltmlOn with
atoms or groups Wf](l do not uré eiiswabl lnterf re wit es ed rea |on ?or desired properties
of the resulting cBtpred pERYHer éEPé’gT léﬁ ¥t purposes of the
present disclosurésibweareatiosiriplovbuaks’ ﬁnaﬁmﬂm)tm@eane)ctwadmemeeta)mﬁmas?bpl@thmlecuIar

weight polymer is known as the "h| olecular cto ' Alternati h{the reactor in which the
conditions aré conﬁc\ﬁlle ommlglng aflhwerl}ltts)l%cmar Welg Sb’%ﬁ rﬁ%a IRr‘i‘S\E %gfﬁ’ee?j v?”ﬁolecular

the equation:

Py —P
AL 100%<10% (1),

i
where P; is a point in the LTD curve having a value for the percent weight fraction
between that of the highest weight fraction value, Py, of the LTD trace, and the lowest

15 point, Py, having an Lc value between the Lc value of P; and the Lc value of P}i. In
some instances, this percent difference is less than approximately 8 percent, or less than
approximately 7 percent. In some embodiments a substantially single peak has a
difference of approximately 5 percent or less or approximately 2.5 percent or less. Of
course in some embodiments, there is no point P between P; and Py so the percent

20  difference is zero.

As used herein, the term “rheology modification” means change in melt
viscosity of a polymer as determined by creep measurements and DMS.

The term "catalyst precursor," as used herein, in particular reference to
magnesium/titanium type catalysts, means a mixture comprising titanium and

25 magnesium compounds and a Lewis Base electron donor.

The term “inertly substituted” refers to substitution with atoms or groups
which do not undesirably interfere with the desired reaction(s) or desired properties of

the resulting coupled polymers.
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5 weight reactor." The term "melt processing" is used to mean any process in which the polymer is
softened or melted, including, but not limited to, extrusion, pelletizing, film blowing and casting,
thermoforming, compounding in polymer melt form. The term "extruder” is used for its broadest
meaning to inslodeose#ss10 devices, as a device which extrudes pellets orQelistizeyoHaesterms
"blend"” or "polymer blend," or similar terms, as used herein, mean a blend of two or more polymers.
Such a blend may or may not be miscible. Such a blend may or may not be phase separated. Such a
blend may or may not contain one or more domain configurations, as determined from transmission
electron microscopy. 15 ResirFeensipysenst the psesed dyctbadrohiracdes dispiagament method,

ASTM D 792-03, Method B, in isqpropanol. Specimens were measured within 1 hour of molding after
conditioning in 2 OEUHBEAGFEAIAEISEBIE TG AL R AV EEAN DR
measurement. Thiggipeoineins wegceatpessiemaidead theearduignokshltv tbddifiond@rédnnex A,
with a 5 min initial heating periqd at 20 approximately 190C, and g 15C/min cqoling rate per Procedure
C. The specimertHHSCESLE 5 HEEIRT (R GFALE AR BRI COMLFS At R3bME - Houch * Melt
flow rate measuregightsexedse performed according to ASTM D- 1238-03, Condition 190C/2.16 kg and
Condition 190C/5.0 kg, which \ﬁére known as 12 and 15, respectively. Melt flow rate is inversely
proportional to the molecular WBfgREBf 25 HREOSEIT e r SHSES (AR RiRe PIRESH Siakbidt Weight, the
lower the melt flgwliater ialibfoangh dhenetitationstdinis batdineaditddel, kewusade, gelleniinations can also
be performed with even h%her.weig{ﬂs, ch.asin accorgance Wilth ASI-!Q-%{ItP 1238, Condition

190C/10.0 kg an CEREREh T B OHNGE O RROWN 88 115 3G ?-ggpectively. Flow Rate
Ratio (FRR) is the ratio of melTilowratext2dortasnedt fomitsate iYW AMUOBLREE such

PCT/US2005/044643 (12) unless oﬁeﬁwise ggeciﬁiged. Fo&ixam le, in some instances the FRR may
6P i i

be expressed ad T 1TE° ALV SIS PAPFIET

é‘f\ polymers. The amount of polymer
fines in a given sample Thasetatebiindton Sindyiie bidtalliog sinethadihd) @sgrash Bepdipatyemen were

added 103 S G 55 RS BRI LS URAIA 2 NS5 TGS 38 80 120. 200

blend may or may not be phase separated. Such a blend may or may not contain one or
more domain configurations, as determined from transmission electron microscopy.

15 ' Resin density was measured by the Archimedes displacement method,
ASTM D 792-03, Method B, in isopropanol. Specimens were measured within 1 hour
of molding after conditioning in an isopropanol bath at 23°C for 8 min, to achieve
thermal equilibrium prior to measurement. The speciinens were compression molded
according to ASTM D-4703-00 Annex A, with a 5 min initial heating period at

20  approximately 190°C, and a 15°C/min cooling rate per Procedure C. The specimen was
cooled to 45°C in the press with continued cooling until “cool to the touch.”

Melt flow rate measurements were performed according to ASTM D-
1238-03, Condition 190°C/2.16 kg and Condition 190°C/5.0 kg, which are known as I,
and Is, respectively. Melt flow rate is inversely proportional to the molecular weight of

25 the polymer. Thus, the higher the molecular weight, the lower the melt flow rate,
although the relationship is not linear. Melt flow rate determinations can also be
performed with even higher weights, such as in accordance with ASTM D-1238,
Condition 190°C/10.0 kg and Condition 190°C/21.6 kg, and are known as I, and I,

respectively. Flow Rate Ratio (FRR) is the ratio of melt flow rate (I;) to melt flow rate

12



pm, 500 pm, 250 pin, 125 pm, 75 pm) and pan. A Rotap or Gradex 2000 shaker was used to separate
the particles. The materials which pass through the 120 mesh screen, and remain on the pan, are
classified as fines. The geometric mean is used to calculate the particle average particle size (APS).
10 Bulk densiyoofadseggobimer was determined using ASTM DI 895-96 (rePapprsaest@0a3). A FAR
value was obtained by comparing the extruded film to a set of reference film standards, both at 1.5 mil
(38 pm) thickness for the pipe and blow molding resins. The film resin was fabricated to 1 mil
thickness (25 pm) and compared is to the 1.5 mil (38 pm) film standards. The standards are available

from The Dow ClimigkS{snpany {Jashddethad:Rkp¢ 5] o RitireeathsgsirRsnaxospt film resins,
the following method is used. The resin is sg;lbilized prior to extrusion by thoroughly mixing 0.10, 0.05,

and 0.08 weight [FERIENEFES FaldinisRE R PFNEHTHY Ueri SeigRbPYHEYESin: calcium stearate, zinc

stearate, and a phenolic stabilizgg, .arsastesolyaneli-faes A0 Byt oy hithaciamate,
commercially available from Ciba Specialty Chemicals under the trade designation Irganox 1076. A

Model CE-150-2d"sgimvingmathioss 10p gampsipelyaent e atdaidne drdtdsmyhedted air-cooled

extruder, with 7 heatisgngatese(Bhevnak Ugateshddie) 1asd)saddn makeothe filon speriotens). A more
detailed extruder descg)iﬁtion is 83 follows: 25_Extruder Manufacturer: MP Po&mer Systems, Inc.
(5% i) f

Type: Low Boy [68Pm CeRér 1 HB) TPERE BB EPSE CBRELAENE BaTEOnly on
hopper (water) Speedo Vepdahtadbatie. Mae uhaciiaBrivid b RotiroethSKs eI s ditCsckenV O
2006/065651 PCT/US2005/044643 Type; 20:1 standard low density. polyethylene screw bored to
midway of transifibh 'SE&BA™ smﬁeééﬁ?ﬁﬂﬁeé?%‘% S 18RS R TR SR B Polymer

Systems, INC.  the particle average particle size (APS).
10 Bulk density of the polymer wés determined using ASTM D1895-96 (re-
approved 2003).
| A FAR value was obtained by comparing the extruded film to a set of
reference film standards, both at 1.5 mil (38 pm) thickness for the pipe and blow
molding resins. The film resin was fabricated to 1 mil thickness (25 pm) and compafed
15 to the 1.5 mil (38 um) film standards. The standards are available from The Dow
Chémical Company (Test Method PEG #510 FAR). For all resins except film resins,
the following method is used. The resin is stabilized prior to extrusion by thoroughly
mixing 0.10, 0.05, and 0.08 weight percent, respectively, of the following additives into
the resin: calcium stearate, zinc stearate, and a phenolic stabilizer, octadecyl 3,5-di-tert-
20  butyl-4 hydroxyhydrocinnamate, commercially available from Ciba Specialty
Chemicals under the trade designation Irganox 1076. A Model CE-150-20, 38 mm (1.5
in) 20:1 L/D, MPM Custom Equipment, electrically heated air-cooled extruder, with 7
heating zones (3 barrel, 1 gate, 3 die) was used to make the film specimens). A more
detailed extruder description is as folldws:
25 Extruder Manufacturer: MPM Polymer Systems, Inc.
Type: Low Boy [610 mm (24 in) Center Line]
Heating: Electrical 425°C controllers
Cooling: Only on hopper (water)
Speed: Variable
30 Screw Manufacturer: MPM Polymer Systems, Inc.
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Diameter: 100 mm (4 in) Gap: 30 mil (0.762 pm) Type: Deep Side Fed Blower Manufacturer: Buffalo
Forge i0 Air flow control damper on suction Air flow control valving on discharge Motor: 1.5 hp (1120
W), 2 speeds Air equalizing chamber between blower and air Air Ring Manufacturer: MPM Polymer
Systems, IncwiReEyoaes7108 Diameter: 172 mm (6.75 in) I.D. Type: AdjustablesipoowersHeight: 914
mm (36 in) Collapsing Frame Length: 343 mm (13.5 in) 20 The extrusion conditions for the FAR test
were as follows: Screw Neutral Hopper Water Full Flow Temperatures (C) Zone 1 210 25 Zone 2
210 Zone 3 210 Gate 225 Adapter 225 Die Zone 1 225 30 Die Zone 2 225 14 WO 2006/065651

PCT/US2005/044643 Screen ?ﬁg‘é{ steinigag.stasly mashARQIRU SR SRS WS im Blow

up Ratio 2/1 5 Lay flat width 12 in (304.8 mm)
transition section.

Diameter: 38 mm (1.5 in)
L to D: 20/1
5 Die Manufacturer:  MPM Polymer Systems, Inc.
Diameter: 100 mm (4 in)
Gap: 30 mil (0.762 pm)
Type: Deep Side Fed
Blower Manufacturer: Buffalo Forge
10 Air flow control damper on suction
Air flow control valving on discharge
Motor: 1.5 hp (1120 W), 2 speeds
Air equalizing chamber between blower and air
Air Ring Manufacturer: MPM Polymer Systems, Inc.
15 Layout 708
Diameter: 172 mm (6.75 in) 1.D.
Type: Adjustable lip
waer Height: 914 mm (36 in)
Collapsing Frame Length: 343 mm (13.5 in)
20 The extrusion conditions for the FAR test were as follows:

Screw Neutral

Hopper Water Full Flow
Temperatures (°C)
Zone 1 210
25 Zone 2 210
Zone 3 210
Gate 225

Adapter 225
Die Zone 1 225
30 Die Zone2 225
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Frost Line Height 103 in (254 nun) Tower Height 36 in (914:4 mm) Film Rating Test: Nip Roll Speed
254 ft/min (1.29 m/s) 10 Film Gauge 1.5 mil (0.038 m) Range for Film Gauge 1.3-1.7 mil (33 - 43.2 m)
The screw speed can be adjusted to give proper throughput rates. Frost line was measured from the
lower level ofwe2adsingsThe nip roll speed was varied until a film thickneBsTof Se@®304d438 m) was
obtained. Film thickness was measured is using a Federal dial indicator gauge according to ASTM D
374. After the extruder had reached thermal equilibrium, and uniform film was being produced, a film
sample of 3 m length was taken. Ratings were based upon the worst section viewed in each sample.
This rating is based on the level %FEE@ ashetpyesisited finsha gédfal term for a discrete imperfection
in polyethylene film. 20 Gels mayhg,fermed from high molecular weight material, either clear or
discolored, lint or other foreign contamination, or resin cross contamination. Gels are the most
common defect encountered in fiff&Y &Recdccount for a lafferportion of the film rating. Other defects

were noted but normally were ngjfiipelydrdin the film appearance value. If needed, reference is made
to a set of high density film standards during this 25 evaluation. The values given are in increments of

10 units, rangifig from +50 (besth#8 180vidiBrst). All of the Y2 sulBfehomed here were generated via a

TA Instruments Model Q1000 G$Ss¢ ggféim?glyvith an RC&irﬁgi&gﬁr%tgﬁi cooling system) cooling
accessory and an auto sampler, A nitrogen purge gas flow of 50 mi/min‘was used 30 throughout. The
sample was pressed into a thin fiRW eidiffagitpress at 175C3 il (25608 niS)WO 2006/065651

PCT/US2005/044643 psi (10.3M1%q)\m§g<if@§{m pressure for about 15 seconds, then air-cooled to
room temperature at atmospheric pressure. Approximately 3 to 10 mg of material was then cut into a
6 mm diameter disk using a papg&PH osfch, weighed td HdteiarEsDIo6L mg, placed in a light

aluminum pandca 50 mg) and tirgp, ¢t d shut. The th : jar,of the sample was
iRe ernoalis BRI

investigated with the following temperature profile: The
S Range for Film Gauge 1.3-1.7 mil (33 —43.2 pm)

The screw speed can be adjusted to give proper throughput rates. Frost
line was measured from the lower level of the air ring. The nip roll speed was varied
until a film thickness of 1.5 mil (38 pm) was obtained. Film thickness was measured

15 using a Federal dial indicator gauge according to ASTM D 374.

After the extruder had reached thermal equilibrium, and uniform film
was being produced, a film sample of 3 m length was taken. Ratings were based upon
the worst section viewed in each sample. This rating is based on the level of gels
observed in the film, a general term for a discrete imperfection in polyethylene film.

20 Gels may be formed from high molecular weight material, either clear or discolored,
lint or other foreign contamination, or resin cross contamination. Gels are the most
common defect encountered in films, and account for a large portion of the film rating,
Other defects were noted but normally were not included in the film appearance value.
If needed, reference is made to a set of high density film standards during this

25 evaluation. The values given are in increments of 10 units, ranging from +50 (best) to -
50 (worst).

All of the results reported here were generated via a TA Instruments
Model Q1000 DSC, equipped with an RCS (refrigerated cooling system) cooling
accessory and an auto sampler. A nitrogen purge gas flow of 50 ml/min was used

30 throughout. The sample was pressed into a thin film using a press at 175°C and 1500

15



sample was rapidly heated to 180C, and held isothermal for 3 minutes in order to remove any
previous thermal history. The sample was then cooled to -40C, at 10 C/min cooling rate, and was held
at -40C for 3 minutes. The sample was then heated to 150C at 10C/min heating rate. The cooling and
second heativgocunse®were 10 recorded. An LTD curve refers to a plot of Begaweigistogereent as a
function of the lamellar thickness, Lc. Additional information can be found in U.S. 4,981,760 and U.S.
2004/0034169 Al, which are incorporated by reference herein in their entireties. LTD data were
obtained and analyzed in the following manner. Samples 15 were cut directly from the fabricated

polyethylene progHH‘F@.E)%5%&1%&(%&&%1‘@?&%9&6@s@&ﬁdﬁ{%ﬂeﬁimu&ro@@ﬂﬂ%%ﬂised for PENT

measurements. Samples can also be taken from the pellets to gain an insight into the effect of

pelletizing conditfemFAETE afmePHEBFiBENSH Hrodcpsexarnisbt Yield0merfonsieibirg detidification
profile, samples wie(g{akemiromAiferankRaks %Hg@rqﬁ%gf&;ﬁhsﬁ (wleatans e Adiccansss:, This 20

may be important in extruded pipes, if the pipe was cooled from the outside to the inside by cold

water, such that the ebsiedg ateetieleforaadaee st frmrptddhsateitersy e indiethemple pipe wall.
To reflect these gjfieranrep R JSastd VRS RRMRIES Wl HR KR AR A6aulsid e JRiddigand inside

layer of the pipe wall. About 10 mg of sample was analyzed by DST using a heating rate of I0C/min.

To better comparéiidermgmpidndeated ips BePHy, andlbeld asotkaimslder aiguipgificerdsnthistory of the
sample was standardizgshasdaiawielha EQW%M§%Wétmuz%gm%Qliw,ﬂaﬁ%pecimen— in the

DSC sample holder at 190C, and then cooling it down to 30C, at the rate of 20C/min, to eliminate

artifacts in the DSE/BihvacHng FrigHIGHaIR S Be9bsdrredmngcto Pre sl s sms catmhepitdcesses. 16
WO 2006/065653,HEFE 22000/44 d3ir theeersien pragadutecyapHiaghls Firststhed TD in products,

such as pipes or film, was determined by scanning the sample from 30C to 190C, at the heating rate
of 10C/min.*The Ef&Fdeferistic of the resultant LTD is associated with both the material variables and

the processing condition. The gampis Wags RAIRIAINGIRLS hOQE 8T Jeftintie deuaenonistely relax the

molecular chains. Second, the sample was cooled at the cooling rate of 20C/min from 190C to 30C, to
allow the sampleli‘HlFél-""r thickness, Lc. Additional information can be Tound in U.S. 4,981,760 and U.S.

2004/0034169 A1, which are incorporated by reference herein in their entireties.
LTD data were obtained and analyzed in the following manner. Samples
15 were cut directly from the fabricated polyethylene products. DSC samples were takén
from the pipe wall, film, or plaques used for PENT measurements. Samples can also be
taken from the pellets to gain an insight into the effect of pelletizing conditions on
LTD. If the fabrication process did not yield a uniform cooling/solidification profile,
samples were taken from different parts of the product to reflect these differences. This
20  may be important in extruded pipes, if the pipe was cooled from the outside to the
inside by cold water, such that the cooling rate therefore decreased from the outside to
the inside of the pipe wall. To reflect these differences, at least three samples were
taken from the outside, middle and inside layer of the pipe wall. About 10 mg of
sample was analyzed by DSC using a heating rate of 10°C/min. To better compare the
25  differences caused by molecular variables, the solidification history of the sample was
standardized as follows: The specimen was recrystallized by melting the specimen in
the DSC sample holder at 190°C, and then cooling it down to 30°C, at the rate of
20°C/min, to eliminate artifacts in the DSC curve that might otherwise be observed due

to previous fabrication processes.
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crystallize under controlled conditions. The temperature was maintained at 30C for I minute. Third, the
sample was heated at a rate of 10C/min to determine LTD in the re- cystallized sample. This LTD is
used to investigate the effect of material variables by 10 eliminating the fabrication factors. First, the
DSC melting peatoosasssiegrated. The melting temperature and the correBponsingsinteerated partial
area of the melting peak were recorded. The melting temperature was then used to calculate the
lamella thickness, 1, of polyethylene crystal according to the well-known Thomson-Gibbs equation
from the melting point, Tin. 2ve s T.=T(I Ah) (1), where T is the equilibrium melting point of an infinite

crystal, 6e is the surface free engrgy eégheobanakRianescand, s the en gwtgfsﬂbgigp per unit
volume. In Die Makromolekulare Chemie, 1968, 113, 1-22, lllers and Hen egg)erimentally

] , us
determined the caiREa At etaRdeisTTetRY reARBing thrrpaels T AMS; indR0arsb®20 calculated
from the melting peiifad F&ISY 185RHRWS HE-BiradibAib @ AAhé sullak?): TDQS AseiVRRMBIIND

temperature from the DSC melting peak, the corresponding lamella thickness was obtained from

equation (2). LarRaibthaimateid varkahlss apf s rronesinreqnditionin Theamele var mainiaingd o3 (1997)
by Zhou, Hongi, 25guoiWilkasmiaesisalprwr aflhichis lRerRbyHRGerBeratrd Yy Jﬁﬁ%ﬂ@ﬂ@a@- The

integrated partial area of the melting peak is used to calculate the differentiated weight percent of the

crystal for a giverPRONE RS HficRALRE rath At O émindreom k0t to BEE Mnalimy %Eé‘i&nﬁg tes

2006/065651 PCTHL2000/044043trisiassbnancbie. DEnRieRQEIANA) Jadheaiabt RereentRfithe lamella
crystal within this partial area. The differentiated weight percent, wt percent, of the lamellae at the

thickness Lc,i is tAURS#Ere! Btk e senny Lehai ety @%ef%flb%g./’ﬂ’(’b\tﬂ Jetgmine L2 itharsr

cystallized sample. This LTD is used to investigate the effect of material variables by
10 eliminating the fabrication factors. First, the DSC melting peak was integrated. The
melting temperature and the corresponding integrated partial area of the melting peak
were recorded. The melting temperature was then used to calculate the lamella
- thickness, 1, of polyethylene crystal according to the well-known Thomson-Gibbs

equation from the melting point, Tm.

T, =T, o
15 teAh, (1),
where In is the equilibrium melting point of an infinite crystal, % is the surface free

energy of the basal plane, and ARy s the enthalpy of fusion per unit volume. In Die_
Makromolekulare Chemie, 1968, 113, 1-22, Illers and Hendus experimentally

determined the constants in equation (1). The lamella thickness, Lc (nm), then can be

20  calculated from the melting point, Tm (K), as follows:
_062-4142
© 4142-T, @)
For a given melting temperature from the DSC melting peak, the
corresponding lamella thickness was obtained from equation (2). Lamellar thickness
distributions are also discussed in Polymer, vol. 38, issue 23 (1997) by Zhou, Hongi,
25 and Wilkes, the disclosure of which is hereby incorporated by reference. The integrated

partial area of the melting peak is used to calculate the differentiated weight percent of

the crystal for a given lamella thickness. The partial area, AH;, of a DSC melting peak
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s d(L,) (3). The plot of the weight percent from the integrated partial area as a function of the lamella
thickness gives the LTD curve. In addition, the total heat fusion of the melting peak can be used to
determine the crystallinity. The detailed data io analysis process is discussed in the following. Analysis
of the LTD cuwe 2abstainesd from the procedure described above, can be apaivgized/ a4 analysis of
(MWD) or polydispersity index (PDI) based on the weight (Mw) and number (Mn) average molecular
weight, the thickness average, Lt, and number average, Ln, lamella thickness are therefore defined by
equation (4) and (5), as follows: L=mL'X ~,;fl Ln,15; 1(4), IL,;n;IL=;_,m_OFL L.r(5).
Similar to the polydigparsiy i8espBHisH\Yihe MR- whicT tivesfsRatanIagaaing the
molecular weight distribution, the lJamella dispersity 20 index, LDI, is hence given by equation: LDI = L'

(6). So LDl is a qPEHatate dhsddienatiate] tHaahiastrrbrtheercrr e lamsliarstsbn6/065651

PCT/US2005/0446dckntse 10l Wihag: e cREbHE WA'S yspadertiaic lpR.the molecular architecture of
various polymer compositions. The chromatographic system consisted of a Waters (Millford, MA)

150C high temperature gel permeation chromatograph, equipped with a Precision Detectors
(Amherst, MA) 2-angle laser light scatteying 5 detector Model 2040. The 15 angle of the light scattering
detector was used for caI(t:(;JI ion purposéaH)gta collection was performed using Viscotek TriSEC

w =

0 c,i
software . d(L,) 3).

The plot of the weight percent from the integrated partial area as a
function of the lamella thickm;ss gives the LTD curve. In addition, the total heat fusion
of the melting peak can be used to determine the crystallinity. The detailed data

10 analysis process is discussed in the following. Analysis of the LTD curve, obtained
from the procedure described above, can be analogized to the analysis of (MWD) or
polydispersity index (PDI) based on the weight (Mw) and number (Mn) average
molecular weight, the thickness average, Lt, and number average, Ln, lamella thickness

are therefore defined by equation (4) and (5), as follows:

=

p c,i""i [l AH.
Ll = °°l = Z Lc,i AH
2 Lc,ini =
15 = (4),
i L n; 1

-
P G
. 2} &y

().

Similar to the polydispersity index (PDI = MWD = Mw/Mn) which
gives information regarding the molecular weight distﬁ'bution, the lamella dispersity

20  index, LDI, is hence given by equation:

L
LDI =
L"

(6).
So LDI is a quantitative characteristic of the breadth of the LTD curve.
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version 3 and a 4-channel Viscotek Data Manager DM400. The system was equipped with an on-line
solvent degas device from Polymer Laboratories. The carousel compartment was operated at 140C
and the column io compartment was operated at 150C. The columns used were four Shodex HT 806M
300 mm, 13 ghocolwrmssand one Shodex HT803M 150 mm, 12 gm columpCTs2®slvantused was
1,2,4 trichlorobenzene. The samples were prepared at a concentration of 0.1 grams of polymer in 50
milliliters of solvent. The chromatographic solvent and the sample preparation solvent contained 200
pa/g of butylated hydroxytoluene (BHT). is Both solvent sources were nitrogen sparged. Polyethylene

samples were stirred gently ati1@Q6liiwifeRuEsd kb RISSI0R YakimmdeRINRS,2Q0 microliters, and

the flow rate was 0.67 milliliters/min. Calibration of the GPC column set was performed with 21 narrow

molecular weight SRR PHSRQYT ERL QISR A nSRtRIPYRIHRRIG AYRERYCPSifie 580 to
8,400,000 g/mol, yehishpseramanaeniin) @ soeckiail impdiras wilh ahleasi AR S Lleparation

between individual molecular weights. The standards were purchased from Polymer Laboratories

(Shropshire, UK) ctt@nsdiyéthra REdpiomRiicctore (A mhepsir M 2orngls lgranhiehh Setaingiters of solvent
for molecularsweighis-@anabde) 208 araMe shanyid AR SRRl AN AL Q8-SR 8P milliliters of

solvent for 25 molecular weights less than 1,000,000 g/mol. The polystyrene standards were

dissolved at 80C T GHARSUBRSHoPF S9/ ReHARSES PRETEGH PR Narsriek ARt Efe o e run first,
and in order of d%@aﬁirsgaﬁmﬁhmﬁ&w@bwabmmwwm.WW@H%@aﬁwThe

polystyrene standard peak molecular weights were converted to polyethylene molecular weights using
equation 8 (as de¥EBBPIRAIRYYRIL #6505 Ae3156 AToBI SR SY6%/044643 and Ward, J. Polym.
Sci., Polym. Let., 6, 621 (1968)): Mpolyethylene = A x (Mpolystyrene)B (8), where M is the molecular
weight, A has a value of 0.41 &fiet BarswsgualmpattfieiitheaSyptenedtit XopComdnfocdhendetermination of

(Mourey s Bl R L ar B B o 13 LB S B AR AT o, Cheung,
Mourey, Chromatiifraphy1P elyneo Dot 28 (teENdoptiifigild tihaetéZion column. The ‘
solvent used was 1,2,4 trichlorobenzene. The éamples were prepared at a concentration
of 0.1 grams of polymer in 50 milliliters of solvent. The chromatographic solvent and
the sample preparation éolvent contained 200 pg/g of butylated hydroxytoluene (BHT).
15 Both solvent sources were nitrogen sparged. Polyethylene samples were stirred gently
at 160°C for 4 hours. The injection volume used was 200 microliters, and the flow rate

was 0.67 milliliters/min.

Calibration of the GPC column set was performed with 21 narrow

molecular weight distribution polystyrene standards, with molecular weights ranging

20 from 580 to 8,400,000 g/mol, which were arranged in 6 “cocktail” mixtures with at
least a decade of separation between individual moleqular weights. The standards were
purchased from Polymer Laboratories (Shropshire, UK). The polystyrene standards
were prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to,
or greater than, 1,000,000 g/mol, and 0.05 grams in 50 milliliters of solvent for

25 molecular weights less than 1,000,000 g/mol. The polystyrene standards were
dissolved at 80°C with gentle agitation for 30 minutes. The narrow standards mixtures
were run first, and in order of decreasing highest molecular weight component, to
minimize degradation. The polystyrene standard peak molecular weights were

converted to polyethylene molecular weights using equation 8 (as described in Williams
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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 io molecular weight data for
off-set determination was obtained in a manner consistent with that published by Zimm (Zimm,B.H.,
J.Chem. Physyol804/086511948)) and Kratochvil (Kratochvil, P., Classical kgt Soatteriae 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 15
refractive index detector calibration from a linear polyethylene-homopolymer of 115,000 g/mol
molecular weight, whighas BgasuERd ipJiefereacestaNIgbepglyethylene homopolymer standard
1475. The chromatographic concentrations were assumed low enough to eliminate addressing 2nd
Virial coefficient effects (concentration effects on molecular weight). 20 Molecular weight calculations
were performed using in-house software. MREYEHRAAGEA of P HBRIEAveragSnolecular weight,
weight-average molecular weight, and z-average molecular weight were made according to the
following equationg)assvniinbethaldhdarefraghorictes sigrhad i didéciy Propadidnal @ weight fraction.
The baseline-subtracted refractometer signal can be directly substituted for 25 weight fraction in the

equations below. Note that the ﬁ‘.@'§9§i@ﬁéﬁ9iﬂﬁqu%%&t}ﬁrf{%é@ﬁnﬁﬁ%ﬁ%?%ﬁhﬁ?eqw@p‘B?fs%%’sr"? or the

absolute molecular weight from the light scattering to refractometer ratio. An improved estimation of

z-average molecuteas dasig bt amangs sipa st trabr it isbadibyi Ryl ki Mawan peak ibstinsted for the
product 20 WO 20060GE0TS PEIHSA0RHES, o eSO AURBIR el ek

fraction in equation (9) below: tw ="Mw= wf. wf ¢)- E(Wf*M;1) (9) Mz = ki M.) 5 The
term "bimodal," as-hseehdfeire Polymi s BC (A9 extbringdual daipderent

polymers, Wheremo%r}%sﬁﬂm&ﬂ%\p%mw}{@ﬁ%% to the narrow standard column calibration

results from the narrow standards calibration curve using in-house software. The

10 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

15 refractive index detector calibration from a linear polyethylene homopolymer of
115,000 g/mol molecular weight, which was measured in reference to NIST
polyethylene homopolymer standard 1475. The chromatographic concentrations were
assumed low enough to eliminate addressing 2nd Virial coefficient effects

(concentration effects on molecular weight).

20 Molecular weight calculations were performed using in-house software.
The calculation of the number-average molecular weight, weight-average molecular
weight, and z-average molecular weight 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

25 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. An improved estimation of z-average mb]ecular

weight, the baseline-subtracted light scattering signal can be substituted for the product
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exist as a hump, shoulder or tail, relative to the MWD of the other component polymer. A bimodal
MWD can be deconvoluted into two components: LMW component and HMW component. After
deconvolution, the peak width at half maxima (WAHM) and 10 the average molecular weight (Mw,) of
each componeat wandoestbtained. Then the degree of separation (DOS) bstwesmihe4tns3 components
can be calculated by equation 10, as follows: DOS= log(Mw)-log(MWI (10), WARM t; +WAHM L
wherein M " and M L are the respective weight average molecular 15 weight of the FIMW component
and the LMW component; and WARM "and WAHM L are the respective peak width at the half maxima
of the deconvolutetiwmgié eutaagmeiglecdiatisighs nrslimweagdithaismnvaehmpdAebtland the LMW
component. The DOS for the new composition is approximately 0.01 or higher. In some embodiments,
DOS is higher than approximately 0.05,0.1, 0.5, or 0.8. 20 Pref. (ably OS for the bimodal
components is at least about Iaprhigh Mor example, POS.is %a@t 1.2,15,1.7, 20,25, 3.0, 3.5,
4.0, 4.5, or 5.0. In some embodirﬁéﬁt‘?is between aﬁfﬁ(:))?i_'—IYS.O to approximately 100,
between approximately 100 to 500, (i(b We]en approximately 506t 1,000. It should be noted that
DOS can be any number in the above range. In other embodiments, DOS exceeds 1,000. 21 WO
2006/065651 PCT/U82005/04c 643 IEﬁﬁ‘mMé)ﬁbC{g'ments the bimodality of the distributions is
characterized by the weight fractier af-the-highest temperature peak in temperature rising elution
fractionation (typically abbreviated asY.REF:) data as described, for example, in Wild et al., Journal
of Polymer Science, Poly. Phys. Ed.. Vol. 20, p. 441 (1982), in U.S. 5 4,798,081 (Hazlitt et al.), or in
U.S. 5,089,321 (Chum et al.), the disclosures of all of which are incorporated herein by reference. The
weight fractiosn corresponding %g}%’ hi‘qahestdg?mgge{getﬁ 3 I%ealéngﬁgtﬁgﬁge?% tE}?a igh<density
fraction, since it contains little or N6 Short chain Branc mg.lPhe remaining fraction is therefore referred
to as the short claimdeanbiing (SCBpdnactiprlysiacevwheegresentsnipenaicidpmehiohycortains 30

neatly al the shotchain yASAg BRSSP R RO RERWES FARIAIRRLHE: JoNydersy
A bimodal MWD can be deconvoluted into two components: LMW component and
HMW component. After deconvolution, the peak width at half maxima (WAHM) and
10 the average molecular weight (M,,) of each component can be obtained. Then the
degree of separation (DOS) between the two components can be calculated by equation
10, as follows:
log(M ¥y~ log(a1 £)

DOS = i 1
WAHM " + WAHM

(10),

wherein M7 and M: are the respective weight average molecular

15 weight of the HMW component and theA LMW component; and WAHM * and
WAHM * are the respective peak width at the half maxima of the deconvoluted
molecular weight distribution curve for the HMW component and the LMW
component. The DOS for the new composition is approximately 0.01 or higher. In
some embodiments, DOS 1is higher than approximately 0.05, 0.1, 0.5, or 0.8.

20  Preferably, DOS for the bimodal components is at least about 1 or higher. For example

DOS is at least 1.2,1.5,1.7,2.0, 2.5,3.0,3.5,4.0,4.5, or 5.0. In some embodiments,

3

DOS is between approximately 5.0 to approximately 100, between approximately 100
to 500, or between approximately 500 to 1,000. It should be noted that DOS can be any

number in the above range. In other embodiments, DOS exceeds 1,000.
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In analytical temperature rising elution fractionation analysis (as described in U.S. 4,798,081 and
abbreviated herein as "ATREF"), the composition to be analyzed is dissolved in a suitable hot solvent
(for example, 1,2,4 trichlorobenzene), 15 and allowed to crystallized in a column containing an inert
support (for ewampe/ostainless steel shot) by slowly reducing the temperaeaeUTessahsnin is
equipped with both an infra-red detector and a differential viscometer (DV) detector. An ATREF-DV
chromatogram curve is then generated by eluting the crystallized polymer sample from the column by
slowly increasing the temperature of the eluting solvent (1,2,4 20 trichlorobenzene). The ATREF-DV
method is described in further detainin e d99¢nt21d bime ddisiyl o tre didtrithithrisiindarpaeated herein

by reference. WO,99/1427.1 0.describes a,sujtable deconvolution technigue for multicomponent
polymer blend co?ﬁ%{é?si‘ﬁglﬁg?# %ng\nl'ﬁl':&f:ﬁilﬂﬁ{}%sts% g}g(e)r?rlérc? gﬁkﬁf/ncg & r%‘é%ﬂ%ﬂgcr%%\tilﬁrbranching
distribution (SCBDigcinesiitnitipattly hbvesimedyatHd RERTDdomer déarridedipl ex 2bphe xe Ne)ds

distributed throughpuyt the sa in that as elution t tu rea an r content
increases. The reﬁgégﬂ Poum qul et Clenc_ YR, PR ﬂ%ﬁggtﬁbéﬁgﬁlﬁn rrlﬁli}l"log;, and the
differential viscom&iéB d8teftarimtaridds @nreStinaes 92 h Chisrosity. aier dgel oaalecefial weight. A

discussion of the ing._may be found. in L. G. Hazli Appl., Rolym. Sci.: APRPL. Poly. Symp., 45,
2637 (1990), whioh A RSt R e 1o SER ity it

ereirr by reference.
PCT/US2005/0448i4BesT henmstusovethihviagefteadured thy thehBlevsityafiasive|l smethibchmvdich consists of

ing the ti ' [ t to t L —~detepmingd distance of 230
e oo A S e e B e A e o 2

mm. The Gottfert Rheograp arrel, and~equipped Wi
used for the measireshebpin Thedicasbtdméncthwameartisdrotentsthe 6@ tmntwiidixeshshear rates, 300

-1 and 1,000, Lnigapafiive oAt YRR eaintelebaalpier g ee stiard shfdravels, and

the longer it takes to cover 230 mm. The swell Is reported as t300 and 11000 (s) values. The sample
was compressionlavoliediinidaatigick for rheology measurement. The disks were prepared by pressing

the samples into 0.071" (1.8 mm)an-ggr&lkﬁlfe%@gﬁﬁﬁ‘e?@fi’x&@iﬁﬂﬁ(@é@ti&%@gﬂ%%%& into I in (25.4

mm) disks. The compression molding procedure was as follows: 365F (1 r5 min at 100 psi
described in U.S. 4,798,081 and abbreviated herein as "ATREF"), the composition to be

analyzed is dissolved in a suitable hot solvent (for example, 1,2,4 trichlorobenzene),

15 and allowed to crystallized in a column containing an inert support (for example,
stainless steel shot) by slowly reducing the temperature. The column is equipped with
both an infra-red detector and a differential viscometer (DV) detector. An ATREF-DV
chromatogram curve is then generated by eluting the crystallized polymer sample from
the column by slowly increasing the temperature of the eluting solvent (1,2,4

20 trichlorobenzene). The ATREF-DV method is described in further detail in WO
99/14271, the disclosure of which is incorporated herein by reference. WO 99/14271
also describes a suitable deconvolution technique for multicomponent polymer blend
compositions. The ATREF curve is also fréquently called the short chain branching
distribution (SCBD), since it indicates how evenly the comonomer (for example,

25 hexene) is distributed throughout the sample, in that as elution temperature decreases,
comonomer content increases. The refractive index detector provides the short chain
distribution information, and the differential viscometer detector provides an estimate
of the viscosity average molecular weight. A discussion of the preceding may be found

in L. G. Hazlitt, J. dppl. Polym. Sci.: Appl. Poly. Symp., 45, 25-37 (1990), which is

30  incorporated herein by reference.
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(689 kPa); 365F (185C) for 3 min at 1500 psi (10.3 MPa); cooling at 27F (15C)/min to ambient
temperature (about 23 C ). The resin rheology was measured on the ARES | (Advanced Rheometric
is Expansion System) Rheometer. The ARES is a strain controlled rheometer. A rotary actuator
(servomotor) weptiws/efsesr deformation in the form of strain to a sample. IRCEEEpIOSO44b43 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 20 parallel plate set up, at constant strain (5 percent) and
temperature (190C), and as a Theotiom sefellamping daeqae hg yhORivtbHOveT) mkie étohadge modulus
(G", loss modulus (G"), tan delta, a omplex viscosit (ﬁta? f the resin were determined using
Rheometries Orcﬁ%r(sstlrsatz%oo? s%??\?\}%n r%/g.eg?gl.g%?i%ﬁ s e%lar/? 2 8%)?2:%1‘ c eérsggflerf?a{ffgr%\ﬁggeberformed
on a RheometricsleREn8RE0NOtancstrd SS Comirollbd Gitdlet BingraphRo08, patalielmphatesréixane. This
SRl i SR b R M s
during sample loadin , thus reducing redidual stresses. reep measuremerits were carned out at
170C and 199C. Afterazaxbing 1h&9§aP, betwe Encthshparalied, SR0e?, ankliofiperatupecrirasyincreased to
220C for 30 sample loading (about 5.min) in order, to accelerate the relaxati f normal stresses, 23
WO 2006/0656%6&?&&%?}83%% %%%%“SB{ Sftestas inéa%ee%téﬁé%%e?é’“ Al Creep
test was performéuaenecie? ) miresshefs2@1Pm, reploittdisstti® bast gofipimibeto have a good signal to

noise (S/N) ratio, while remaining in.the li low deformation) regime..The deformation was
recorded with time up to 30,03@%%%? unti '31%5&?(%%?9 feve %gdl%tf?,%%g g%rnrgﬁ %%%F}'he steady 5 state

was reached. Thexsteardpnenatd iisdiokity wea srdptaditinecussigghtheaptenmatic). 68t (leSofuthie
Rheometrics Orc r f ( .8). Sey repea er until the standard deviation on
50 &?&l @%’%%Q %@Wb }%1 @vére gubssg Sgr?tlly Rf m‘i% V& &g’éﬁ%& clllsgsp Sf?

the steady-state viscosity decreased below 4 percent.”A Dynamic al Spec reoscopy (DMS),
also called frequenapreweapneddninpsaessoreoras ol dolmod 8 08 (h85f6infiadc nafore 180 gpafter the first

creep run o 10 chagiiendneradaian e ARAHIRT SRS PRI NAPNALIR I A4 [osiEfiiptls with 2
stress amplitude of 1000°Pa, which cofresponds to strain amplitude$ betwéen 0.1
to ambient temperature (about 23 °C).
The resin rheology was measured on the ARES I (Advanced Rheometric
15 Expansion System) Rheometer. The ARES is a strain controlled rheometer. A rotary
actuator (servomotor) applies shear deformation in the form of strain to a sample. 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
20  parallel plate set up, at éonstant strain (5 percent) and temperature (190°C), and as a
function of varying frequency (0.01 to 500 s™). The storage modulus (G’), loss
modulus (G”), tan delta, and complex viscosity (eta*) of the resin were determined
using Rheometrics Qrchestrator software (v. 6.5.8).
Low shear rheological characterization was performed on a Rheometrics
25 SR5000 in stress controlled mode, using a 25mm parallel plates fixture. This type of
geometry was preferred to cone and plate because it requires only minimal squeezing
flow during sample loading, thus reducing residual stresses.
Creep measurements were carried out at 170°C and 190°C. After

zeroing the gap between the parallel plates, the temperature was increased to 220°C for

30 sample loading (about 5 min) in order to accelerate the relaxation of normal stresses,
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percent (at 100 rad/s) and 10 percent (at 0.1 rad/s). It was concluded that stability was good. On the
subsequent runs, the DMS test was run only after the creep test to avoid introducing perturbations
due to shear history. is The steady-state data point from creep was combined with the viscosity curve
from DMS to exdendbitsssaccessible range of shear rates down to 10-6 Vs, e USted/ewitksshe
4-parameter Carreau-Yasuda model: 11 =cl0 +(c2x)c3)(c40/c3 (11). Antioxidants, such as Irgafos 168
and Irganox 1010, are commonly used 20 to protect the polymer from thermal and/or oxidative
degradation. Irganox 1010 is tetrakis (inethylene (3,5-di-tert-butyl-4hydroxyhydrocinnamate) available
from Ciba Geigy ¢ thegdfeseasd i thisrasuding rerhpryd phenGieemisspiteraviitabicufrdenaAldrich
Chemical Compa, jon. (}; 2| let g sin sch 25 Model
ZVI100 Grinder T v 0 e T B il rage aze
of 0.5 mm. The pailele wawigiederthed receniled defdrmiayon) nigowge nlpeidefomgaingings Agoprdzdmately 2

grams of polymer, %Rl tR1d fofoY SRR L 0 ANG RO B0 ALIIIITRIGR A added To

cool the polymer. Approximately 50 mL of liquid nitrogen was poured into unnel of the grinder to
24 WO 2006/065681 PesirasizdoF/oa deady-gais! tiseomecranicttrpared, yotigwedisymaining the liquid

and the pellets f1oghe o PRIYRNERRR LD RLAIA BHOARLFRHTE A SURAIAMSRIIE boyuder was

extracted with 40 mis of carbon disulfide (C2S) by shaking with an‘automate aker for 72 hours.
Five mis of 5 thevaskir g siaadand Reyighomoth the egd tretaspasessitiodesrazspdbofothd B8 mxtract, and

dried under a gently flowing dry @%@ ﬁf@%ﬁ'ﬁﬂicﬂ@pé@ﬁ%@ vr&ﬁ%ﬁ%{\@s&gigﬁggﬁ%iﬂﬁ ml of

isopropanol with gentle heating on a steam bath, cooled and filtered Using a 0.2 p nge filter into

a HPLC sample \A&ERn 8 ARRIse e ipled rapdorinperé tmedionon apdmitudtie fastiether PLC
instrument was atb'&é&@ﬁ»@d’@@&ﬂ%ﬁ@"ﬁﬂéﬁ&%%@f%@ﬁﬁ%@y WACVHE ROHNEIME fdvRgAAGRlumn from

Keystone Scientific. The column packing was Waters Spherisorb ODS 2. Column size was 150 x 4.6
mm, pore size 807 Stress amplitude of 1000 Pa, which corresponds to strain amplitudes between 0.1

percent (at 100 rad/s) and 10 percent (at 0.1 rad/s). It was concluded that stability was
good. On the subsequent runs, the DMS test was run only after the creép test to avoid
introducing perturbations due to shear history.

15 The steady-state data point from creep was combined with the viscosity
curve from DMS to extend the accessible range of shear rates down to 10 1/s, and
fitted with the 4-parameter Carreau-Yasuda model:

n=ci(1+ ())& (1),
Antioxidants, such as Irgafos 168 and Irganox 1010, are commonly used ¢

20  to protect the polymer from thermal and/or oxidative degradation. -Irganox 1010 is
tetrakis (methylene (3,5-di-tert-butyl-4hydroxyhydrocinnamate) available from Ciba
Geigy Inc.. Irgafos 168 is tris (2,4 di-tert-butylphenyl) phosphite available from Aldrich
Chemical Company.

Sample Preparation: Polyolefin pellets were powdered using a Retsch

25 Model ZM100 Grinder fitted with a 1.0 mm sieve. The 1.0 mm sieve produced

particles with an average size of 0.5 mm. The pellets and grinder were chilled with
liquid nitrogen prior to grinding. Approximately 2 grams of polymer was placed in a
polystyrene cup, and about 50 mL of liquid nitrogen was added to cool the polymer.
Approximately 50 mL of liquid nitrogen was poured into the funnel of the grinder to
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angstroms, and particle size 3 m. The initial solvent was a mixture consisting of 30 percent water and
70 percent acetonitrile. At 10 minutes, 100 percent acetonitrile was is introduced, then at 15 minutes, a
mixture consisting of 80 percent acetonitrile and 20 percent isopropanol was introduced. Total run
time was 20 mioues/atsesflow rate of 1 ml per minute. The 276 nm wavelar@ivseassmsanisored.
Calibration for each additive was performed by making up a known concentration of the additive in
isopropanol (about 0.03g per 100 ml). For oxidized 20 Irgafos 168, the calibration was performed by
oxidizing a standard isopropanol solution of Irgafos 168 with excess hydrogen peroxide for 1 hour.

Sample Preparatigp) felyRlfinRaleiaveie Rewseredriiing &Raisnl ModabeM 0@ Grinder fitted

with a 1.0 mm sieve. The 1.0 mm sieve produced particles with an average size of 0.5 mm. The
pellets and grind@PWEREERiAWR WRESENIRA® nitrogen prior to grinding. Approximately 2 grams of

polymer was placed in a polystyreRgdaupiegahatB0jnk-df lavidpitpaanyas afdgd to cool the
polymer. About 50 mL of liquid nitrogen was poured into the funnel of the grinder to cool the

mechanical partsSFIRMERHide Gt §XiieadRa R anutpend shakerie Pohpswsrehize silp #ito the
grinder. 25 WO 2QQe436R631:8 GildY 8QQRIM4E ABasirantioeA Rionex Medel 200 Ageelerated

Solvent Extractor (ASE) with solvent controller was used to extract the bis-sulfzonyl a.zllde (BSA) and a
by- product, 4,4'-8itsdpdes srisatipfownaiti: erechshirife pBaESHEEmBEIANS Vs gissoketitely 0.5 g
of powdered poly®&myyas BbesshHaioan g&f&quﬁgmmgtéa@w}e@b%ﬁmml@ﬁe@1& the thimble

was then filled about 3/4 to the top with small glass beads. The contents were stirred and the thimble
placed in an Il mO-2etrbivimge AL itiee ABECamamio Hie vk aaalyzad Ris HEE G prgrding soviea)

pressure, 120C, fRIphaak peédeignre minute, static time set to 5 minutes, flush volume set to 150
percent, purge time set to 60 seconds, number of cycles = 3, cell volume = 11 mL, collection 10 vial

volume was'80 mL, extractionvtﬂﬁfﬁé%tﬁﬂﬁ%méﬂ? 3690 pvariable GomH ewdstiReskntst a mixture

of 95 wt percent isRPHARANThaMh TS RAICORItY Hohakapenéfiaefntractiqnuda e piashyas

immediately filtered with a 0.45 m's ringe filter (25 mm, CR PTFE available from Acrodisc) then
Waters Spherisofb ODS 2. Column size was 150 x 4.6 mm, pore size 80

evaporated to dryes
angstroms, and particle size 3 pm. The initial solvent was a mixture consisting of 30
percent water and 70 percent acetonitrile. At 10 minutes, 100 percent acetonitrile was
15 introduced,.then at 15 minutes, a mixture consisting of 80 percent acetonitrile and 20
percent isopropanol was introduced. Total run time was 20 minutes at a flow rate of 1
ml per minute. The 276 nm wavelength was monitored.
Calibration for each additive was performed by making up a known
concentration of the additive in isopropanol (about 0.03g per 100 ml). For oxidized
20 Irgafos 168, the calibration was performed by oxidizing a standard isopropanol solution
of Irgafos 168 with excess hydrogen peroxide for 1 hour.
Sample Preparation: Polyolefin pellets were powdered using a Retsch
Model ZM100 Grinder fitted with a 1.0 mm sieve. The 1.0 mm sieve produced
particles with an average size of 0.5 mm. The pellets and grinder were chilled with
25 liquid nitrogen prior to grinding. Approximately 2 grams of polymer was placed in a
polystyrene cup, and about 50 mL of liquid nitrogen was added to cool the polymer.
About 50 mL of liquid nitrogen was poured into the funnel of the grinder to cool the
mechanical parts, followed by pouring the liquid and the pellets from the polystyrene
cup into the grinder.



under a gentle flow of dry nitrogen. The resulting residue was immediately dissolved in 15 0.5 mL of
acetonitile followed by 0.5 mL of nanopure water. This dissolution technique was necessary to allow
for good peak shape of the SA in the HPLC. The solution was filtered into an HPLC autosampler vial
with a 0.2 pmvegriageofifien (13 MM, LC13 PVDV available from Acrodisc).HCBURpaviamidthat the
HPLC analysis follow immediately after the extraction procedure to minimize decomposition of the 20
BSA. The conditions for the analysis for BSA and SA by HPLC were as follows: Agilent 1100
Quaternary Pump Mobile Phase: A: Water 25 B: Methanol C: off D: Acetonitrile 30 26 WO

2006/065651 PCT/US2005/044543cindient Riaauesiel 10 LA XRos Mk Elawrale A-1)) (mL/min)
------------------------------------------------------------ $005820400.75 10582040075 2.0 40 200 40

0.75 9.0 40 20 0 ¥psokreat conolenyss yaeq ép extract the bis-sulfonyl azide (BSAkqngeitie: 15 min Post
Time: 10 min ColbiaHicZ ordayiSBRheskulsingtnils GN)1 Edxangier:d3:8dpilymer.

Approxamitely 0.5 g of powdered polymer was placed into an extraction thimble
5 (available from Dionex) and the thimble was then filled about % to the top with small
glass beads. The contents were stirred and the thimble placed in an 11 mL cell on the
ASE. The ASE conditions were as follows: 1500 psi (10.3 MPa) pressure, 120°C,
preheat set to one minute, static time set to 5 minutes, flush volume set to 150 percent,
purge time set to 60 seconds, number of cycles = 3, cell volume = 11 mL, collection
10 vial volume was 60 mL, extraction volume was approximately 30 mL. The solvent
consisted of a mixture of 95 wt percent isopropanol and 5 wt percent cyclohexane.
After extraction, the extract was immediately filtered with a 0.45 um
syringe filter (25 mm, CR PTFE available from Acrodisc) then evaporéted to dryness
under a gentle flow of dry nitrogen. The resulting residue was immediately dissolved in
15 0.5 mL of acetonitile followed by 0.5 mL of nanopure water. This dissolution
technique was necessary to allow for good peak shape of the SA in the HPLC. The
solution was filtered into an HPLC autosampler vial with a 0.2 pm syringe filter (13
MM, LC13 PVDV available from Acrodisc). It is important that the HPLC analysis

follow immediately after the extraction procedure to minimize decomposition of the

20 BSA.
The conditions for the analysis for BSA and SA by HPLC were as
follows:
Agilent 1100 Quatermary Pump
Mobile Phase: A: Water
25 B: Methanol

C: off
D: Acetonitrile

30
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Packing Diameter: 3.5 m Autosampler: Agilent 1100 Autosampler with Injection Volume = 10 L
Detector: Agilent 1100 DAD UV/Vis Absorbance Detector Wavelength: 254 nm 2 o Data Acquisition:
Agilent Chemstation Initial Peak Width: 0.087 min Verification of the peak as BSA was performed by
retention timewoawpaxsen of the sample, a sample spiked with BSA and skmawmetandasd. The
estimated limit of detection was 50 parts per billion, ppb, ng/g. BSA levels were 25 measured between
2 and 20 parts per million, ppm, g/g, with a precision of about 10 percent relative standard deviation
(RSD). The level of the sulfonyl azide-coupling agent in the polyethylene resin was determined
indirectly by measuring total sgjfidiitpg,palymer using wavelength dispersive X-ray fluorescence
(XRF). Resins with varying levels of azide were 30 characterized for total sulfur using XRF
fundamental parameters analysis. THEM87 ¥t 2568/065651 PE/uSh0U81944643 fundamental
parameters software was calibrated ﬁ{.ﬁmg NIST traceable sulfur in oilnStaRggrds. From these
characterized polyethylene resins, a linear calibration curve was generated on the X-ray spectrometer
covering a range of 10 to 42 pprirsutfur.Priorto -tharacterizatiorn and-unknown analysis, 10 g of resin
was molded into a 50 mm plaques 5@iging sgplate presspor equiyaleng as temperature sufficient to melt
the polymer. The precision was evaluated on separate days with a percent RSD of 1.67 and an
estimated 95 percent confidence intéal ot.763%0r a%ingle%lue.(’ﬂﬁe analysis of Al and Ti in
polyethylene and polypropylene canpg dejgrmingg by gither Xgray flupgescence (XRF) or inductively
coupled plasma (ICP) io atomic emission. Either technique gives comparable results at levels above
10 g/g for Al and | sg/g for Ti, but at?eQ/eIS‘%IOW%ﬂesecbonceﬁ?ratioﬁsﬁCP analysis is preferred. For
XRF analysis, 10 g of polymer are mpided into 50 mm plaques)gsinggeyplate press or equivalent at
temperature sufficient to melt the polymer. Polymer standards which have been characterized by ICP
analysis are'lised to calibrate tHe Wavelength dispersive 15 XRF spectrometer. For ICP analysis, 4 g of
polymer are ashed in sulfuric 8¢ig #iBO0G min

Post Time: 10 min
Column: Zorbax SB-Phenyl
Length: 15 cm
15 Diameter: 3.0 mm
Packing Diameter: 3.5 um
Autosampler: Agilent 1100 Autosampler with Injection Volume = 10 pL
Detector: Agilent 1100 DAD UV/Vis Absorbance Detector
Wavelength: 254 nm
20 Data Acquisition: Agilent Chemstation
Initiai Peak Width: 0.087 min
Verification of the peak as BSA was performed by retention time
comparison of the sample, a sample spiked with BSA and a known standard. The
estimated limit of detection was 50 parts per billion, ppb, ng/g. BSA leQels were
25 measured between 2 and 20 parts per million, ppm, pg/g, with a precision of about 10
percent relative standard deviation (RSD).
The level of the sulfonyl azide-coupling agent in the polyethylene resin
was determined indirectly by measuring total sulfur in the polymer using wavelength
dispersive X-ray fluorescence (XRF). Resins with varying levels of azide were

30 characterized for total sulfur using XRF fundamental parameters analysis. The
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in a muffle furnace, and the residue is digested in hot aqua regia. After dilution to 20 g, ICP analysis is
performed. The ICP is calibrated using NIST traceable aqueous standards. The relative standard
deviation or precision (percent RSD) for Al and Ti by XRF and ICP analysis is typically less than 5
percent, depemdin@gapsnsthe 20 concentration. The quantitation limit for AlPamdUFdy/d@Rsanalysis
using preparation outlined above is 0.25 g/g, but can be lowered by increasing the weight of polymer
used in the procedure. Brittleness temperature was measured according to ASTM D-746 Procedure A
using a Tinius Olsen Brittle Point Tester with specimen Type 1 for fixture 25 type A, tightened with

torque per Note SgiR@ahiSIBLMAdiND WAsI IR ANeHAEISAREIPR T INE IRl Fabiliyy was
measured according to ASTM D-3350-02 by a DSC technique. Thermal Stability is also called

Oxidation InducticitPiiaidswiFeiRdh s ehisristirednelastivdenaromyce el bogsmewss 1as
PCT/US2005/044643  MinisnyRe seeyipdcsisanashOVRS) Ratipg ovas M@é@i@@g#&.aﬁﬁgmame with

ISO 9080 using a 1 inch pipe specimen with standard dimension ratio (SD diameter / minimum
wall thickness) = FHerHHE SRR BRLPRkROWA colyisd MigPidgananta le g e mamlaHsErsed in a

water bath atshe spagifiethiepiearatuRimithearestpstifine sam@seRpragierizes pyemeaguring the
Flexural Modulus at 5 percent strain and Secant Modulii at 1 percent and 2 _Eercent strain, and a test

speed of 0.5 incHFfS AR HHFAINYEL PSSP 926 vbveser R S efdpttand AR shidratesbmpression

molded accordinggg)pelggdwc&ﬁag}@@gtm%xdgggit{g,laa@iggl@ {nitial heating period at approximately
190C and a 15C/min cooling rate per Procedure C. to The specimen was cooled to 45C in the press

with continued cooling until "cobtdpesiERichl et hsir rabvstytinst Ané RP RREPRYSHG£ABR At break were
measured accordingrinifed bylehbSR-A3. tRetBsRAasIXRPEM MINRIR A9 TarprarAlgaGiep)rigid type IV

specimens, which were compression molded per ASTM D 4703-00, Annex A 15 1, with a 5 min initial
heating peridd at 388Ut TH6W h A EARIEE Sivs F&f@pﬂ{é’lblﬁ%%’étalﬁ?ée@lsﬂ%’%&ﬁﬁ/&f%as cooled

to 45C in the press] mm@m,m&ﬂ&vels below these concentrations, ICP analysis is preferred.
For XRF analysis, 10 g of polymer are molded into 50 mm plaques using a plate press
or equivalent at temperature sufficient to melt the polymer. Polymer standards which
have been characterized by ICP analysis are used to calibrate the wavelength dispersive
15 XRF spectrometer. For ICP analysis, 4 g of polymer are ashed in sulfuric acid at 500°C
in a muffle furnace, and the residue is digested in hot aqua regia. After dilution to 20 g,
ICP analysis is performed. The ICP is calibrated using NIST traceable aqueous
standards. The relative standard deviation or precision (percent RSD) for Al and Ti by
XRF and ICP analysis is typically less than 5 percent, depending upon the
20  concentration. The quantitation limit for Al and Ti by ICP analysis using preparation
outlined above is 0.25 pg/g, but can be lowered by increasing the weight of polymer
used in the procedure.
Brittleness temperature was measured according to ASTM D-746
Procedure A using a Tinius Olsen Brittle Point Tester with specimen Type 1 for fixture
25 type A, tightened with torque per Note 8. Heat transfer medium was methanol or
1sopropanol.
Thermal Stability was measured according to ASTM D-3350-02 bya
DSC technique. Thermal Stability is also called Oxidation Induction Time with the

time to failure measured at 210°C.
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until "cool to the touch." Rapid crack propagation was measured in accordance with ASTM F-
2231-02a using a compression molded specimen per ASTM F- 1473-01, except that the 20 thickness
was 2 mm and the notch depth was 1.5 mm. The temperature at the testing machine was 23C. The
PennsylvaniawoobsMesiS(PENT), a slow crack growth test, was performepidfolisanempthetprocedure
described by in ASTM F-1473-97 at 80C and 2.4 MPa, unless otherwise specified. In the PENT
method, a single edge notched test 25 specimen is exposed to a constant load in an oven under a
well-controlled temperature. The time to failure can be measured with a timer, and the rate of failure

can be measured with a micrgeaReQFdieh Jakgsn THR SPtehHenth swengkally about 35 percent

of the sample thickness. The width of the notch may vary from approximately 15 to approximately 25
mm, and the sid@GRIBIRSS B VSR IEALEIHEDXiMERENp OSBeH ApibraRidakdimensioniatie pending on
the width of the SRRy AiARGIGTE: RETAISPO0P4EGAD B he RENT Iestvamnotch is

made in the sample by pressing a fresh razor blade into the specimen at a speed of less than 0.25
mm/min. At spectBhIBYE PREPreEsIS AR IR EGOitist Rt ?&S?b“érﬁhﬁ@%eﬁﬁﬁ&‘%m“ﬁf’&ﬂ&és a reasonably

short notching time. At notching.spaada@fgsealetiRat@NRH LI 2RATHIY td Metalireibimeuls 5
significantly increased. Notching speeds for the side grooves is not particularly important. The

apparatus shouldehReirsrhifame b Rasanh ediitbbyesnicaed pRFisFnt Bt RE &5t 8578 should be

taken to ensure g the SPEGTEN SRS APRIORI 2! aTaged.TaitBatraedpibaneripg hould be
aligned and centered with respect to the longitudinal axis of the specimen. During grjEping the notch

should not in be“ABtRFSEE b BERAATGBI RS LiAG THE RptiGindh ARy v A g EBE used to aid in

properly grippingthe HneR depaliamingyoriescand 40 seoisi Densling rafepashingedig gpecimen. In
addition, the grips should have serrated faces to prevent slippage and the ends of the grips should be
at least 10 Atm frbff %ﬁ@%@&h@ﬁﬁ@%&fﬂdﬁ&@r@&mﬁ% copttaad sarling weilicerstQ 1B%er loading
is device. A 5:1 gJgumer on ratio has been found to be very convenient. The grips may be attached to

the loading machine by tabs which have a universal action of that the
Tensile strength at yield and elongation at break were measured

according to ASTM D-638-03. Both measurements were performed at 23°C on rigid
type IV specimens, which were compression molded per ASTM D 4703-00, Annex A-
15 1, with a 5 min initial heating period at about 190°C and a 15°C/min cooling rate per
Procedure C. The specimen was cooled to 45°C in the press, with continued cooling
until “cool to the touch.”
Rapid crack propagation was measured in accordance with ASTM F-
2231-02a using a compression molded specimen per ASTM F-1473-01, except that the
20  thickness was 2 mm and the notch depth was 1.5 mm. The temperature at the testing
machine was 23°C.
The Pennsylvania Notch Test (PENT), a slow crack growth test, was
performed following the procedure described by in ASTM F-1473-97 at 80°C and 2.4
MPa, unless otherwise specified. In the PENT method, a single edge notched test
25  specimen is exposed to a constant load in an oven under a well-controlled temperature.
The time to failure can be measured with a timer, and the rate of failure can be
measured with a microscope or a dial gauge. The notch depth is generally about 35
percent-of the sample thickness. The width of the notch may vary from approximately
15 to approximately 25 mm, and the side grooves can vary from approximately 0.5 to

30  approximately 1.0 mm, depending on the width of the specimen.
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applied to load is pure tension. The applied stress is based on the un-notched cross- sectional area.
The value of the applied stress depends on the testing temperature. The recommended value is that
which produces brutal fracture as fast as possible. Higher 20 stresses produced ductile failure and
lower stressewprglemgibe testing time. For polyethylene samples, the mapdmunr@sessior brittle
failure, the applied stress should have the values of 5.6, 4.6, 4.2, and 2.4 MPa at temperatures of 23,
42, 50, 80C, respectively. In general, the stress for brittle failure by slow crack growth should be less
than one half the yield point in that particular testing temperature. The temperature 25 should be

controlled within f 05C. It s nofggoppRenceck hatPRYEIRY RneRepRIEY pahays BAGsbecguse

significant morphological changes can occur.during the test. Generally, depending on the test

temperature, a 1dkedane tb_etﬁee?iame?ﬁpéfﬁa@_m@mFhéhﬁr?éénmﬁmﬁbmf@ﬁysim 15 percent.
PENT test at 80Cvas modified [oaus6 @ B%%é&ﬁ%ﬁ&iﬁ%?o@i%? 2D d0e 80N ARG RiPe samples.

This represents a more 30 sever test than the commonly accepted stress loading. 30 W
2006/065651 PCTius2808p0diaerdeoicsintentitonhoan fdostrassinr dekdrduisiameds (ESCR) was

measured peg ASEMGRCIGS. IQ&M%H?%o%h%%ﬂé@@ﬁﬂﬁé%i&?%%@é@%%@Bbgtit&xr%ﬁ’g'\" D 4703-00

Annex A with a 5 minute initial heating period at about 190C and a 15C/min 's cooling rate per
Procedure C. TheimpetdanenTaarpansiad teonBieisuadhatdrangich eahtidaelewsimg @mindool to the

touch.” In this test, the susceptig‘qugog‘egﬁ;&?i&tgsm@@g@mﬁq@j%l};g &E@%Q&Je&ﬁﬂ&?@ﬁ{ﬁed under
ara

constant strain conditions, and in the presence of a crack accelerating agent such as, soaps, wetting

agents, etc.. MeagbpPErREAIR EFengetrid@ 81 srintbrpaes shoskbesrabsnsdiand sonisesdaitd by volume,
Igepal CO-630 (venglerRhanaReMAm N ASEOUR SRIMIODRAINAIPEH #5Rkn TRLRPRIIMeNs

were evaluated per measurement. The ESCR value of the resin Is reported as F50, the calculated 50
percent failupé tinke Fe8ivieebyromsisgTgrastnertie Ipeamsth oD St SR et RE BIM) DR HEcd &eifhined for
notched 15 compigssieYdsstasigsahR3GANEn 4R A6 akling 10oNDEMiBy 2 exddiMethod A,

using a Tinius Olsen Izod Manual Impact device with a 200 inch-pound capacity pendulum.
the specimen. In addition, the grips should have serrated faces to prevent slippage and

the ends of the grips should be at least 10 mm from the notch.
The testing apparatus may be a direct loading device or a lever loading
15 device. A 5:1 alever on ratio has been found to be very convenient. The grips may be
attached to the loading machine by tabs which have a universal action of that the
applied to load is pure tension. The applied stress is based on the un-notched cross-
sectional area. The value of the applied stress depends on the testing temperature. The
recommended value is.that which produces brutal fracture as fast as possible. Higher
20  stresses produced ductile failure and lower stresses prolong the testing time. For
polyethylene samples, the maximum stress for brittle failure, the applied stress should
have the values of 5.6, 4.6, 4.2, and 2.4 MPa at temperatures of 23, 42, 50, 80°C,
respectively. In general, the stress for brittle failure by slow crack growth should be
less than one half the yield point in that particular testing temperature. The temperature
25 should be controlled within + 0.5°C. It is not recommended that polyethylene be tested
above 80°C, because significant morphological changes can occur during the test.
Generally, depending on the test temperature, a 1°C change in the past temperature will
change the time to failure by 10 to 15 percent. PENT test at 80°C was modified to use
an applied stress of 3.0 MPa in the testing of the pipe samples. This represents a more

30  sever test than the commonly accepted stress loading.
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The Tensile impact (ft Ib/in2) measurement was carried out per ASTM D 1822-99 with type SA
compression molded plaques, short with holes and 3/8 inch (9.5 20 mm) wide tabs, using a Testing
Machines Inc. Tensile Impact Model 43-02, with 2 foot pound (0.276 m kg) capacity pendulum. Both
Izod and Tensvle mompsession molded plaques were prepared per ASTM BPCATG360904mu3ex A, with a
5 min initial heating period at about 190C, and a 15C/min cooling rate per Procedure C. The specimen
was cooled to about 45C in the 25 press with continued cooling until "cool to the touch."” Dart impact
testing was done according to ASTM D 1709-04, Method A, by the staircase technique with the dart
dropped around the circumference of the film sample using film specimens with 0.5 mil (13 gm) and
1.0 mil (25 m) in thickness. The specimens were taken from a blown film line after at least 3 min of

blowing the 31 WO 2006/06565 P PEH T8I HIEIEHAEHEE iR eifasioeresd RRE Ry wasdvensredatches. To

avoid aging effectgedaBTVIRAHOR 1 NRASH B Bkt dnb ki offeldair.samipiRs IveseNaken. Pipe was
extruded on a Davis Standard 2.5 inch (63.5mm) 24/1 L/D extrusion line, 1e%)ié)ped with a pipe die for

the manufacture of HoMHhA itk AmLif-iBd heinsRse A phaye fadin W< B mixed

with a carbonlacksmiagteteatspioRdMeQuirentegdeaiiiende tsystemn4 sadimas siéssonueyed into a
gravimetric feeder. The temperature profile and all process conditions are given in the example below.

A vacuum sizing fEtHBERELERHBIE L8 dMBREBHRIlY size the pipe. An additional cooling water

tank was employed to completehyisiglichfyttReRipptialopetingywate rienpetatpRs S erappXimately
10C. A variable speed puller, which was run under constant speed conditions for the pipe size tested,

was used. The exitiftf2Sipe WALCE GRS BIRREETO AN 18 RIREFERIHBSEATCAEEHSI 8 8ing. Pipe

burst performancegassuthasyseshaceetiipgdenB eV DidbORhtsARTMNaRi B t-2nbaBed 167 and
ISO 9080, at the temperatures and times gc}a{c'fied in 1s Table 1. The blﬁﬁ?'gle stahility is measured as

the speed of'the HiRTIIMETEP 3ot R FtuPe Yo RS EFRAL - A AL {eRior hesEadeHAtY o failure,
indicates higher bathllenssisintiity, maikitsened busible Stabilycimaefined asthadnahiliiédacarrol the
bubble, and The ESCR value of thé resin is reported as Fsp, the calculated 50 percent failure time |
from the probability graph.
" The Izod impact strength (ft.1b/in) was determined for notched
15 compression molded plaques at 23°C and -40°C according to ASTM D 256-03 Method
- A, using a Tinius Olsen Izod Manual Impact device with a 200 inch-pound capacity
pendulum.
The Tensile impact (ft 1b/in?) measurement was carried out per ASTM D
1822-99 with type SA compression molded plaques, short with holes and 3/8 inch (9.5
20  mm) wide tabs, using a Testing Machines Inc. Tensile Impact Model 43-02, with 2 foot
pound (0.276 m kg) capacity pendulum.
Both Izod and Tensile compression molded plaques were prepared per
ASTM D 4703-00, Annex A, with a 5 min initial heating period at about 190°C, and a
15°C/min cooling rate per Procedure C. The specimen was cooled to about 45°C in the
25 press with continued cooling until “cool to the touch.”
Dart impact testing was done according to ASTM D 1709-04, Method
A, by the staircase technique with the dart dropped around the circumference of the film
sample using film specimens with 0.5 mil (13 pm) and 1.0 mil (25 um) in thickness.

The épecimens were taken from a blown film line after at least 3 min of blowing the
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to form film with excellent gauge (thickness) uniformity. Bubble stability is measured 20 on the
following blown film line, commercially available from Hosokawa Alpine Corporation under the
following conditions: Extruder profile Barrel Zone 1 390 OF (199 C) Barrel Zone 2 400 OF (204 C) 25
Adapter Bottonp20®&0B6204 C) Adapter Vertical 410 OF (210 C) Bottom Bie/d30@p4{e40 C) Middle
Die 410 OF (210 C) Top Die 410 OF (210 C) 30 Output Rate 100 Ib/h (45.4 kg/h) 32 WO
2006/065651 PCT/US2005/044643 Blow up ratio (BUR) 4:1 Neck height 32 in (0.81 m) Frost line
height 42 in (1.07 m) Melt temperature 410 OF (210 C) 5 Lay Flat Width 25.25 in (0.64 m) Film

Thickness 0.5 mil {13 mihBlewanfilie g RmeN HRSEHDID ARingHSHAS s alianapsaxision system
50 mm 21:1 L/D grooved feed extruder 10 - 60 HP (44742 W) DC drive extruder has a cylindrical

screen changer stRASFEESHRE A Hith BesrerlemyssdrsFa- controllers Alpine Die BF 10-25 - 12
spiral design 15 - complete wittpipserisdexiaka up AI3A0sSahgieidiameiecARiag AifRing HK 300 -

single lip design - ea)i{rllilgismfl_cﬁn%, ]éggig?)g& (\?Jiethdeila;)rirll)gtgiz for the manufacture of nominally 1 inch (25.4
s mm) IPS (iron pipe size) pipe. The resin was premixed with a carbon black
masterbatch in a McQuire feeder/blender system, and was air conveyed into a
gravimetric feeder. The temperature profile and all process conditions are given in the
example below. A vacuum sizing method was employed to dimensionally size the
pipe. An additional cooling water tank was employed to completely solidify the pipe.
10 Cooling water temperatures were approximately 10°C. A variable speed puller, which

was run under constant speed conditions for the pipe size tested, was used. The exiting
pipe was cut into 18 inch (457.2 mm) lengths for hydrostatic burst testing.

Pipe burst performance was measured according to ASTM D 1598-99,
ASTM D 2837-02, ISO 1167 and ISO 9080, at the temperatures and times specified in

15 Table 1.

The bubble stability is measured as the speed of the film line just prior to
failure in ft/min (m/s). A faster film line speed, prior to failure, indicates higher bubble
stability. 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

20 on the following blown film line, commercially available from Hosokawa Alpine

Corporation under the following conditions:

Extruder profile
Barrel Zone 1 390 °F (199 °C)
Barrel Zone 2 400 °F (204 °C)
25 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)
30 Output Rate 100 Ib/h (45.4 kg/h)
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- 7.5 HP (5593 W) blower with variable speed AC drive 20 Bubble calibration Iris Model KI 10-65 -
layflat width (LFW) range 7 to 39 in (0.178 to 0.991 m) Alpine Take-Off Model AS - collapsing frame
with side guides with hard wood slats - maximum LFW: 31 in (0.787 m) 25 - roller face width: 35 in
(0.889 m) - maximusnsakaoff speed: 500 ff/min (2.54 m/s) - 4 idler rolls Alprieisunigag4vader Model
WS8 - maximum LFW: 31 in (0.787 m) 30 - roller face width: 35 in (0.889 m) 33 WO 2006/065651
PCT/US2005/044643 - maximum line speed: 500 ff1min (2.54 m/s) - automatic cutover Unless stated
otherwise, gravimetric feed is used. Blowing and winding are begun and established at an output rate
of 100 Ib/h (45.4 kg/h) and wingirgvaipdath @tuR)in(0.42 m/s) with a neck height of 32.0 in (0.81 m)
with a lay flat value of 24.5 in (%G%é}m%hwith a syn!}rgetrical bubble producing a film approximately 1.0
mil (25 m) thick. These conditidf& Al&fiaintained 16/t least 20 minutes, af&FWRikh, a 10 ft (3.05 m)
sample is collected for rating thedsAlmeasigheviousdp described. Then the hagl-@fim$peed is increased
to 165 ft/min (0.84 m/s), such th ﬁthe film thickness is decreased to io 0.5 mil (13 m). Enough film is
taken on a roll, to avoid wrinkle¥ “tbITRREHECtion B &t least 8 dart impact éBstilement samples.
Both the neck height and lay flatawitith widtinaintagsezb ithhe sample is taken@emnat least 3 minutes
run time, with a clean die lip to voiﬂ}s ratches. Continying the conditions of 100 Ib/h (45.4 kg/h)
output rate, 165 ft/min (0.84 mlfgf‘h 'I‘-%‘PF@‘?)eed, ) (0.81 m) neck heigHt AR 24.5 in (0.622 m) is
lay-flat, 0.5 mil film thickness (Hdwn)filiae:quiphiebiieveripadhe process is visually observed for helical
instability or bubble diameter ?iglatigﬁé(&le number of amps re%lijired for the extruder and the
extruder pressure are recorded if 4& RBUBBE B BEHAGE Y stable as long as neither of these
conditions is observed, even thai{gim@ne L/D grooved feed extruder

10 - 60 HP (44742 W) DC drive
- extruder has a cylindrical screen changer
- standard control panel with 9 RKC temperature controllers Alpine Die
BF 10-25
- 12 spiral design
15 - complete with insert to make up a 100 mm die diameter
Alpine Air Ring HK 300
- single lin design
- air lips for a 100 mm die diameter
- 7.5 HP (5593 W) blower with variable speed AC drive
20 Bubble calibration Iris Model KI 10-65 .
- layflat width (LFW) range 7 to 39 in (0.178 to 0.991 m)
Alpine Take-Off Model A8
- collapsing frame with side guides with hard wood slats
- maximum LFW: 31 in (0.787 m)
25 - roller face width: 35 in (0.889 m)
- maximum takeoff speed: 500 ft/min (2.54 m/s)
- 4 idler rolls
Alpine surface winder Model WS8
- maximum LFW: 31 in (0.787 m)
30 - roller face width: 35 in (0.889 m)
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bubble chatter may be observed. 20 Helical instability involves decreases in diameter in a helical
pattern around the bubble. Bubble diameter oscillation involves alternating larger and smaller
diameters. Vertical Bubble Stability is also examined. Further, the maximum bubble stability is
measured by Wiasginénesa constant extruder output rate of 100 Ib/h 25 (45C4/kgth)smaailesthe haul-off
speed is increased to decrease the film thickness, until the bubble becomes unstable, or neck height
oscillation or increase and decrease of neck height is observed. The haul-off speed is increased in
approximately 10 ft/min (0.05 m/s) increments, while the air ring blower setting is adjusted to maintain
the neck height, until vertical oscildationnislmbspewvé:ds0DHehialuRoH speed where oscillation of 34 WO
2006/065651 PCT/U82005/044_64{1§0 I%%elgu g‘g greater than 4 inches (100 mm) is recorded as the
vertical bubble stability value. TAIS 16 recorded in ft/min or m/s. In the embodiment suitable for pipes,
the HMW component has a melinfiswstatie] dtBef$IQCgravitddoseidh udd T M1 d2i38-03) wansipg from

0.001 to 1.0 g/per in. In some embodiments the t flow rate ranges from 0.01 to 0.2 g/per
10 min. In some earrl?;b%cj)g rﬁ]earﬁél?ﬁ%mn%ﬁ I%{\i\?l}é)ﬁat%%lré‘s%%ﬁa@%ﬁé%a /9 G M EHR 2t Seterably the
component is chaftotarifet? as/HavitigparedR Hegaint 6f3210ta (0B piaPwiing 1aycAe: paafesably fram 0.005 to
0.05 g/I0 min, mog praferably, from 0.0085 t 17 g/10 min. All individual values and subranges
from 0.001 to 1.0 %/:10 mir??jllzlg Are to fr?lffﬁéglé?ﬁgr%ﬁﬂq{gﬁaﬁs% OsEE rﬁé?&?{?}%ﬂeoﬁ’?@ﬁpom)ate, 121,
(190C, 21.6 kg wehitk; ASTMarBg:08)reanabeaindhéraniesfrodmindeipafid ghansaneriid oynutes,

and is preferably inthe ange .25 10.4 er 10 minutes, In some_embodiments, the melt

flow rate ranges frljl(')?)m O.%S t% i«%%%e%%grsrggr}%@%%&eagﬂrﬁ ‘98 So%'hdeetscgsh?g]()(% Brﬁg ]E‘ﬁE*l'ﬁglt flow rate
ranges from 0.28 $pe@dbisanetdasediier efblodint@Rtsmits)s sahghs frerfilt Bhiokadssgsamseaaidtd minutes.
All individual,yalugs; g s4banges .20 ta 5.0 g/10.min (121) are included herein and disclosed
herein. The flow rate ratig), tiIIZEIZ, éP eﬁggli/sn%ag(re ?:é)ﬁg %éo}ﬁm%g(vroé(riévél ﬁ%f%r t%%?iﬁﬁﬁtbof’soﬁreferably

from 22 to 50, andf Iested gectrasigt freanzenentig;aplcsmBsthphefaeelbhe fghnar2ddp (85 wAdthingividual
values and subrangesfom. Zﬁ@sgéﬁpe%}@@na{ﬁeﬂql%gﬁ% r11nel¥1%Itr<l,sarﬂrq t(ljrlr?eczlev?t%da clean die lip to

avoid scratches. Continuing the conditions of 100 Ib/h (45.4 kg/h) output rate, 165
ft/min (0.84 m/s) haul-off speed, 32.0 in (0.81 m) neck height, and 24.5 in (0.622 m)

15 lay-flat, 0.5 mil film thickness (13 pm), the bubble blown in the process is visually
observed for helical instability or bubble diameter oscillation. The number of amps
required for the extruder and the extruder pressure are recorded, if desired. A bubble is
considered stable as long as neither of these conditions is observed, even though some
bubble chatter may be observed.

20 Helical instability involves decreases in diameter in a helical pattern
around the bubble. Bubble diameter oscillation involves alternating larger and smaller
diameters. _

Vertical Bubble Stability is also examined. Further, the maximum
bubble stability is measured by maintaining a constant extruder output rate of 100 Ib/h

25 (45.4 kg/h), while the haul-off speed is increased to decrease the film thickness, until
the bubble becomes unstable, or neck height oscillation or increase and decrease of
neck héight is observed. The haul-off speed is increased in approximately 10 ft/min
(0.05 m/s) increments, while the air ring blower setting is adjusted to maintain the neck

height, until vertical oscillation is observed. The haul-off speed where oscillation of
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20 herein. The M, of the HMW component is preferably in the range from 100,000 to 600,000 g/mol
(as measured by Gel Permeation Chromatography), more preferably in the range from 250,000 to
500,000 g/mol, and most preferably in the range from 260,000 to 450,000 g/mol. All individual values
and subranges érames26B000 to 25 600,000 g/mol (Mw) are included hereir@ritsdissiosedsherein. The
Mu,/M of the HMW component is preferably relatively narrow. That is, preferably the Mw/MO of the
HMW component is less than 8, more preferably less than, or equal to, 7.5, most preferably in the
range from 3 to 7, and especially in the range of from 3.5 to 6.5. All 35 WO 2006/065651

PCT/US2005/04464)itnd vidaak vrdHes @ihdsqu00anas ss FQt &aa Sitvuiita aipinctugachherein and

disclosed herein. The HMW component typically has a lower density than the LMW component, as

described below. ¥ ddA&F BTaTdsd A SEH B SHent generally ranges s from 0.890 to 0.945 glcc

(ASTM 792-03), preferably in theikaad oomeek St GoP 46 alChe NINIMS AMPERIMENIs e density
range from 0.915 to 0.935 g/cc, and more preferably from 0.920 to 0.932 g/cc, and most preferably

from 0.924 to 0.989y7ate: RIARGiduLh k& veehing SIM A8 smneing som B UHy/LE &Reincluded

herein and disclogegliensiBorke émboisneRRdivehav it eaferhlpwniimse.dhe noeltiow rate, 121, of
the high molecular weight polymer component is in the range from 0.01 to 50, preferably from 0.2 to

12, more preferaByrdiseBeEmbogimems Simab Lo/ o m 165 15 & gABlian.- A ifiiual values

and subranges frorafei4blytehdQuaibOnatini{ tRiaeeiroe ludes iNeien) Aos UITVOELD heyeinmihe flow rate
ratio, 121/15, of the polym?r is advantageaously 15 at least 6, preferablélat least 7, and l#) to preferably

15, more preferaB\SPTe T30 H P T SIERAr G O RaR RS e b?@élq&gﬁﬁé‘b oh 7

Chromatography pafithish. palymaeivishadvaniagedushrindher@an0obom 18%/00aie #42:800 g/mol, and
more preferably fro ,000 to 440,000, and most preferably from 250,000 to 435,000. All individual
values and éﬂbraﬁ’ﬁg’léi‘zfaa ri@ﬁ%é‘f %ﬁg%ﬁ@‘b/m%?ﬁ\ﬁ% QeI dd Do heretanE aclosed

herein. The densiysoMhie polyinesisatvartaggetsky aeass. OBaAsg/ec! @rchiadgefarably in the
range from 0'8901}3: efglﬁg g‘ll%'?e rlrz]igt[;ee g%%e&%lgl}/oig grams per 10 minutes. In some embodiments, the
melt flow rate ranges from 0.25 to 1.00 grams per 10 minutes. In yet other .
embodiments the melt flow rate ranges from 0.28 to 0.6, and in other embodiments, it
15 . ranges from 0.3 to 0.5 grams per 10 minutes. All individual values and subranges from
0.20 to 5.0 g/10 min (Iy;) are included herein and disclosed herein. The flow rate ratio,
I1/1,, of the polymer can be in the range from 20 to 65, and is preferably from 22 to
50, and more preferably from 23 to 40, and most preferably from 23 to 35. All
individual values and subranges from 20 to 65 (Iz)/Iz) are included herein and disclosed

20  herein.
The M,, of the HMW component is preferably in the range from
100,000 to 600,000 g/mol (as measured by Gel Permeation Chromatography), more
preferably in the range from 250,000 to 500,000 g/mol, and most preferably in the range
from 260,000 to 450,000 g/mol. All individual values and subranges from 100,000 to
25 600,000 g/mol (M,,) are included herein and disclosed herein. The My/M, of the
HMW component is preferably relatively narrow. That is, preferably the M,/M,, of the

HMW component is less than 8, more preferably less than, or equal to, 7.5, most

preferably in the range from 3 to 7, and especially in the range of from 3.5 to 6.5. All
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the range from 0.920 to 0.932 glee. All individual values and subranges from 0.860 to 0.940 glee are
included herein and disclosed herein. In an embodiment suitable for blow molded articles, the melt
flow rate, 25 121, of the high molecular weight polymer component is advantageously in the range
from 0.01 to 300preéarebdy in the range from 0.1 to 12, more preferably frorc0XStO0R/@4eemMS per 10
minutes, and most preferably in the range from 0.15 to 0.8 grams per 10 minutes. All individual values
and subranges from 0.01 to 50 g/10 min (121) are included herein and disclosed herein. The flow rate
ratio, 121/12, of the polymer can be 36 WO 2006/065651 PCT/US2005/044643 in the range from 20

to 65, and preferabiyviishevianae iDsIb2hiesAeerAl diVidyal1 yakdescaid ShREangesdiRpsed to 65

(121/12) are included herein and disclosed herein. The density of the polymer is advantageously at
least 0.860 g/cc, BHER preferably in the range from 0.890 to 0.980 g/ee, more preferably in the range

from 0.920 to 0.980 g/ce. s All fadivifig! valeRAPL SRignges KRR 8890 10.4-884 f6e are included

herein and disclosed herein. In the embodiment suitablefor pipes, the LMW component has an 12

melt flow rate thatPrERIemiypTaagaerbbrlag. «d Podegrofitin HiTeremnoner asompbriengss
characterized as hg)ingsap {9 gak %&W(@?M%%}%MQQ%Q iR FRORRI G5 Jrom 400 to

1100 ¢/I0 min, and most preferably from 600 to 1000 9/10 min. In some embodiments, the melt flow
rate is in the rang&9Yfortt SO0G6MbIbReN thsidensifmangeifam/aRicstaAd Bupkengkmesm 40 to 2000

G/10 (12) min areggtuglsd aiRiuAnd dissinsed hereina e oy aleyaling 2139 ofdbisolymer, o

copolymer, can be in the range from 10 to 65, and is preferably from 15 to 60, or 20to 50. In some is
embodiments, thé"fHEifmwaes sadrshiapgstotinm ARIARRA ¥4rmse npkdsddieagesdrom 10 to 65

(121/12) are includggkhagegineadid disclosed herein. The Mu, of the LMW component is preferably less

than 100,000 g/mol. Preferablgl, the Mw, of the LMW component is in the range from 10,000 to
40,000, and*tmore preferably i ﬁ‘féefﬁ?@@rﬁ%‘i‘@b'@(f%%,G@d‘ﬁ‘?rﬁ%ﬁ.‘?ﬁ“sﬂ%réﬁﬂbd%@ﬁts the 20

Mv, of the LMW agpniasrekkaResshirpsn2eQ0thiRmhi0thahiehAlkndividval yaluas.aps subranges
from 10,000 to 40,000 g/mol (Mw,) are included herein and disclosed herein. The Mw,/MO of the LMW

component is prem& 123 Hﬁ?f%??‘?fo@b’rgféPa%%,to 1, and most preferably from 0.2 to 0.5 g/10

min. All individual values and subranges from 0.01 to 50 g/10 min (I3;) are included
herein and disclosed herein. The flow rate ratio, I;1/Is, of the polymer is advantageously

15 atleast 6, preferably at least 7, and up to preferably 15, more preferably up to 12. The
molecular weight, M,, (as measured by Gel Permeation Chromatography) of this
polymer is advantageously in the range from 135,000 to 445,000 g/mol, and more
preferably from 200,000 to 440,000, and most preferably from 250,000 to 435,000. All
individual values and subranges from 135,000 to 445,000 g/mol (M,,) are included

20 herein and disclosed herein. The density of the polymer is advantageously at least
0.860 g/cc, and is preferably in the range from 0.890 to 0.940 g/cc more preferably in
the range from 0.920 to 0.932 g/cc. All individual values and subranges from 0.860 to
0.940 g/cc are included herein and disclosed herein. '

In an embodiment suitable for blow molded articles, the melt flow rate,

25 Ip, of the high molecular weight polymer component is advantageously in the range
from 0.01 to 50, preferably in the range from 0.1 to 12, more preferably from 0.1 to 1.0
grams per 10 minutes, and most preferably in the range from 0.15 to 0.8 grams per 10

minutes. All individual values and subranges from 0.01 to 50 g/10 min (1) are

included herein and disclosed herein. The flow rate ratio, I)/I,, of the polymer can be
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in the range from 1.5 to 4.8, or from 2 to 4.6, and most preferably in the range from 3.2 to 4.5. In some
embodiments the Mw,/Mn ranges from 2.5 to 3.5, or from 2.7 to 3.1. All 25 individual values and
subranges from 1.5 to 5 (Mw,/M.) are included herein and disclosed herein. The LMW component is
typically the highesod®rsisy component. The density of the polymer, or copaiypueepcadsesin the range
from 0.940 to 0.980 g/ec, and 37 WO 2006/065651 PCT/US2005/044643 is preferably in the range
from 0.945 to 0.975 glee, and more preferably from 0.968 to 0.975 g/cc. In some embodiments, the
density of the LMW component is from 0.955 to 0.965 g/cc. All individual values and subranges from

0.940 to 0.980 gigaiareaiiedacabeses) andpissiasiehhsieind ionrefared A maiptandhe LMW
component at the s highest density, and thus maximize the delta density difference between this

component and valesv sbnapersdiem? Qe ShBndinarstisclidpdd esribraddifithassdhereirelt flow rate, 12
of the low molecylar weight palymer component is in the range. f .5 to 3000 g/10.min,. preferably
from | to 1000 g/ em%%qsgﬁ ?E(%‘\%Hﬁmeglheas \éarllléa Stibra aé?squrto%ﬁg%%g%%cig 00 ra rﬁgl ihn(i{lg) are
included herein anoigdisonde89aoedSVhgctionorataetatian] 2l liGramgfktiispoBiies ¢aRMgdn the range
from 5 to 25, preferably from 6 to 12. All individual v branges fr 0 25 (121/15) are
included herein ané l&égfé)gé]dvﬁgfgi%{l%ue rarﬁ%?%?lﬁ)llgﬁ v%ggﬁ%n@hﬁg Fn%gérﬁcr%l[gcgé %%Pérégrmeation
Chromatographydi@REy3 bémtiis polymer, is generally in the range from 15,800 to 55,000 g/mol. All

individual values 15 and subrgnges f : 0 . g/mgl (M%) are included herein and
disclosed herein. The densit%?@ﬁi%%(%ﬁgg%ugﬁggﬁ%’%ﬁ glcc, and 1s | Brotgfcérlga?baﬁ/aﬁée?n 0.940 to
0.975 g/cc, and miskt fhreferaishafmaietaBiE0anees $Bgle ¢o AN0M divitmal, \ratdestdnthisubranges from

0.900 to 0.975 g/ ' ' isclose j IS. pr intain the LMW
component at the hi @é@%kggg%&(gﬁﬁﬁ%&%n%g §og ftﬁ@ﬂéﬁ% g‘é’%ﬁ%ﬁ%‘?@?@ between this
component and thets Mutebingome A0 m aHe mbodimentduisizefoablpmomddet dfdles the LMW

component has a2 MSlfiothRie Mt LilaRNiANAEs AT 04000 P ieorygiprably this
component is characterized as having an 12 melt flow rate from 100 to 1500 g/10 min,”more preferably
from 400 to 1200mgrl OAthimdAdidudividiueal arell wels-anges from 40 to 2000 g/10 (I) min are included

herein and disclosed herein. The flow rate ratio, I)/I5, of this polymer, or copolymer,
can be in the range from 10 to 65, and is preferably from 15 to 60, or 20 to 50. In some

15 embodiments, the melt flow ratio is from 22 to 40. All individual values and subranges

from 10 to 65 (I1/I) are included herein and disclosed herein.
The M,, of the LMW component is preferably less than 100,000 g/mol.

Preferably, the M,, of the LMW component is in the range from 10,000 to 40,000, and
more preferably in the range from 15,000 to 35,000 g/mol. In some embodiments the

20 M, of the LMW component ranges from 25,000 to 31,000 g/mol. All individual values
and subranges from 10,000 to 40,000 g/mol (M,,) are included herein and disclosed
herein. The M,,/M, of the LMW component is preferably less than 5, more preferably
in the range from 1.5 to 4.8, or from 2 to 4.6, and most preferably in the range from 3.2
to 4.5. In some embodiments the My/M,, ranges from 2.5 to 3.5, or from 2.7 to 3.1. All

25  individual values and subranges from 1.5 to § (My/M,) are included herein and

disclosed herein.
| The LMW component is typically the higher density component. The
density of the polymer, or copolymer, can be in the range from 0.940 to 0.980 g/cc, and
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25 subranges from 40 to 2000 g/10 min (12) are included herein and disclosed herein. The flow rate
ratio, 121/12, of this polymer, or copolymer, can be in the range from 20 to 65, and is preferably from
20 to 40. All individual values and subranges from 20 to 65 (121/12) are included herein and disclosed
herein. The demsiyeddhes MW component can be in the range from 0.948¢o(s986/gre@3and is
preferably in the range from 0.960 30 to 0.975 g/cc. All individual values and subranges from 0.940 to
0.980 g/cc are 38 WO 2006/065651 PCT/US2005/044643 included herein and disclosed herein. It is
preferred to maintain the LMW component at the highest density, and thus maximize the delta density

difference betweenghigr40iRARE Rings drthe -IMBNaROTR QaentnlHbe: preResipeRLsoitakle for pipes,
the blend or finale‘?roduct can have s a melt flow rate, 15, (190C, 5.0 kg) in the range from 0.01 to 2.0

/10 min, and préterabl/fadla1s RAPETIAGe s erpBYPL theds DRSS ErbBdiméhts, the 15

of the compositiop 95 4rgue. 0 Al ten@iB@/0,anies prefaabids fae @oae:lowed.Diderdifcialtd min, more
preferably from 0.05 to 0.45.g/10 min. All individual values and _subrams from 0.01 to 2.0 g/10 min

(15) are included REERPAhdiFsed berfigrefhismrelertrd e miripinthe Y rgE®9RsH! & the50 g/10 min.

In some embodimgitiss: g dienthhamsanataliie thedenagriiRyiBitee’t o ReedOumiRoRiRigrably from 4
to 10 g per 10 min. All individual values and subranges from 2 to 50 g/10 min "121) are included herein

and disclosed hérsiberHY b RPmRRERfo, 121/15, of the blend can be in the range from 10 to 50, and

is preferably in the range fromaade#bodifitntReitangeiowadited 2 Al clbipdivdaual sahees and
subranges from 10 to SgF(ﬁl/B)‘?i;i}e included herein and disclosed _herein. The molecular weight, M,
9 bR

of the blend is, geheraMF i th¥ T RBROBE S4B B 68T BT At AN V&hiRs and
subranges from 2064061136420, 00 @ingl (viky. asdl inclvided hereinaandulisalesatbiersin In some

em_bodirr_len_ts, 20, H@ E} d ha ? broa %an(‘p da} mole u(I; rwel ht distrib tion.aThe kgr ag molecular
weight distributioR e fT§cIf88 ﬁf A i rg?fS BEM 15 fé 58! ﬁcéf‘ersi %ﬁf?&ﬁ LR j@, &nd most
preferably from 26ftaid oKdhbrdirmicheahihtuasgarfebsib rangas-dfanblSion 48 Viw/M! mheitheiuded
herein and disclosgd her e o O Sy N (M IoR IS RS Snarar iz ed AS.Ngying an overall
molecular weight, M, (as measured by Gel Permeation Chromatography (GPC)) of this
polymer, is generally in the range from 15,800 to 55,000 g/mol. All individual values
15 and subranges from 15,800 to 55,000 g/mol (M,, ) are included herein and disclosed
herein. The density of this polymer is at least 0.900 g/cc, and is preferably from 0.940
to 0.975 g/cc, and most preferably from 0.960 to 0.975 g/cc. All individual values and
sﬁbranges from 0.900 to 0.975 g/cc are included herein and disclosed herein. It is
preferred to maintain the LMW component at the highest density, and thus maximize
20  the delta density difference between this component and the HMW component.
In an embodiment suitable for blow molded articles, the LMW
component has an I, melt flow rate that preferably ranges from 40 to 2000 ¢/10 min,
preferably this component is characterized as having an I, melt flow rate from 100 to
1500 g/10 min, more preferably from 400 to 1200 g/10 min. All individual values and
25 subranges from 40 to 2000 g/10 min (1) are included herein and disclosed herein. The
flow rate ratio, I;/I,, of this polymer, or copolymer, can be in the range from 20 to 65,
and is preferably from 20 to 40. All individual values and subranges from 20 to 65
(I2)/1) are included herein and disclosed herein. The density of the LMW component
can be in the range from 0.940 to 0.980 g/cc, and is preferably in the range from 0.960
30 10 0.975 g/ce. All individual values and subranges from 0.940 to 0.980 g/cc are

38



25 density greater than, or equal to, 0.940 g/cc, preferably in the range from 0.940 to 0.962 g/cc, more
preferably from 0.944 to 0.960 g/cc, and most preferably from 0.945 to 0.955 g/cc. All individual
values and subranges from 0.940 to 0.962 g/cc are included herein and disclosed herein. 39 WO
2006/065651WCTd8&2086/044643 The weight ratio of polymer, or copolymarpgrepanddin the high
molecular weight reactor, to polymer, or copolymer, prepared in the low molecular weight reactor is
referred to as the "split" of the polymer composition. In some embodiments, the split of the polymer
compositions, described herein, can be in the 5 range from 0.8:1 to 2.3:1, and is preferably in the
range from 0.9:1 tecli@ed htein aptidirenssplteisifroinid pefeteed 16:thalntsiane EMbocimpsisnthe split is
from 1.0:1 to 2.0# HAILin iv{d&:al. aluggt nd subran £s Hg{n (9.8:.1[ t% 3:1 are inclucl}]gd herein and
disclosed herein.THE SR AT I CLLE AP HaAG e B Hhatw ‘éﬁfﬁ%"rés?ﬁ%? ¥ 10 HMW
component and thenpdiwhcandpba &M W thenpbanst. composition. The HMW polymer component can be

present in the composition frorir;1 .5 1099 5 percent, based on the total weight of the HMW component
o e HORO T o B

and the LMW component. All ifdividtial VAR HHP SUISFANREs BIRSHESAR A

component) are inetetdthwensinl;a(idehischsag)ieriratzsaoie @nbhodingnGntheeamposition
comprises from 65

to 35 15 weight percent, mg ferably from 62 to 45 weight percent of the HMW
ethylene compoﬁéer%r?_g ei\s}\%/’iss(%r,l elgp?o flfﬁn ec%fﬁﬁr()%rsﬁ‘f%iﬁ ﬁé@%@méi%ﬁ&ﬁ%@%@ﬁ@%\%ight
percent of the LM\\‘eorapensint hiaSednon ithe totgl Meidt) tpod e HMIh € amgofienteridioths LMW

component. In some embodiments, t ove ition comprises fro 5 to 65 weight percent,
preferably from o 55! W‘S‘,’jﬁ? ﬁee?(r%cr:%gr%%fo a b&g&%@é f@ (génﬁsitf? eﬁthny gﬁeU%ovr??Bﬁsonﬁer component.
All individual valuebrangts tilorarfigEstérd g6 o9 bapeitadmicd Midi camnd pivetrstddredincl@tied herein
and disclosed herein.Alternatively, the nov. { C ition can be characterized as.haying M,i/M"2
ratio of less than ,nberﬂ efthouvgl (t)e?%fé?xpﬁ%ﬁrr%%ly cés?s(yn%g(ﬁ%rrl'e%lusgmg,e ) % rhr%‘arréts’p%‘éif lr%“gllba}%ss than, or
equal to, 0.4, whendVin, ﬂ&tfmg.dsihmiﬁjtqv@raga ohecuiae26hie fghh af tthE0lg\deY | Bigindedkity
component, and Wi 5 1€ BSOS SKBIANS RS SH'SY YRIONE TS L MM R, Qnerpolymen
component, as determine :

disclosed herein. The flow rate ratio, I)/Is, of the blend can be in the range from10 to

50, and is preferably in the range from 15 to 45, or in the range from 20 to 42. All

15 individual values and subranges from 10 to 50 (I;,/Is) are included herein and disclosed
herein.
The molecular weight, My, of the blend is, generally, in the range from
200,000 to 490,000 g/mol. All individual values and subranges from 200,000 to
490,000 g/mol (M,,) are included herein and disclosed herein. In some embodiments,

20  the blend has a broad, bimodal molecular weight distribution. The broad molecular

weight distribution is reflected in an M,,/M; ratio from 15 to 48, preferably from 18 to

45, and most preferably from 20 to 40. All individual values and subranges from 15 to
48 (M,/M,) are included herein and disclosed herein.
The polyethylene composition is also characterized as having an overall
25 density greater than, or equal to, 0.940 g/cc, preferably in the range from 0.940 to 0.962
g/cc, more preferably from 0.944 to 0.960 g/cc, and miost preferably from 0.945 to
0.955 g/cc. All individual values and subranges from 0.940 to 0.962 g/cc are included

herein and disclosed herein.
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using ATREF-DV analysis, as described in detail in WO 99/14271, the disclosure of which is
incorporated herein by reference. WO 99/14271 also describes a suitable deconvolution technique for
multicomponent polymer blend compositions. 40 WO 2006/065651 PCT/US2005/044643 In a
preferred emivoditmertyse inventive compositions do not contain a propyléaa/iemajp@lyaser or a
propylene-based interpolymer. As used herein, the term "propylene-based interpolymer" refers to
propylene interpolymers containing at least 50 mole percent propylene, polymerized therein. s In an
embodiment suitable for blown films, the weight ratio of polymer (or copolymer) prepared in the high

molecular weight reactor to poftaere(glit copalymevhpiepaceshinnibe pesyairalgcti@hieight reactor can
be in the range from 30:70 to 70:30, and is [ireferablé in the raﬁ%e from 40:60 to 60:40. All individual

values and subralESHBIY S8 857D: SPRET R R eaP HEmsh RFBPERS b Redomemale it he density of

the blend can be atigasefcf4Qsgitarant is pieferaithoinitb edignge amposifd 5 iipsesR60g/cc. Al

individual values and subranges from 0.945 to 0.960g/cc are ingcluded herein and disclosed herein.
The blend or finaFﬂ%’d@@f’g§ ﬁ%?ﬁB%E’% 5t ‘1%'8‘%@88}?851’888750?0? %F D AR Phte, 15, in the

range from Os2 tordnRegitbch i, freferghbydftopiefs2blioid theghh@afiomAlbindividual vidleies and
subranges from 0.2 to 15 1.5 g/10 min (I e included herein and disclosed. herein. The flow rate
o 191715, 15 FPHBTRAEE TS0 ol breleriy ot HOMR S B ANTHB GRS Vil ana
subranges from 200ta.5A1(I2iLiksgate, dhals dedisheraipeafididisddsed Berain iddhadahbéesitladveight, Mw,

of the final produ;f‘](t5 iéggef{\ﬁrau , in the range from 90,000 to 420,000 g/mol. All individual values and
subranges from 3600t 420" 000 g/mol 20 (M,w) are included herein and disclosed herein. The bulk

density can be in the range fraie Iglicc@0apalinds eatidiyreffoatdaydhs peaferphiegretfies than 22
pounds per cubchI\gig}{7 2%%? 0%%:‘[‘}8%[%%%%&“015‘ rgggnc?%tll\{% .eﬁ\ill éleVldi : IY?E"Z endsubranges

from 18 to 30 pounds per ¢u ot are ed Rerein and disciosed hereim. has a broad
molecular weightmhistnibutionpovieicitaadaptedncarntivecharatten fech 525 9805l perosta) bided broad

T e A R A S PR 0

values and subranges from 0.5 to 99.5 percent (HMW component) are included herein
and disclosed herein. In some embodiments, the composition comprises from 65 to 35

15 weight percent, more preferably from 62 to 45 weight percent of the HMW ethylene
component. Likewise, the polymer composition may comprise from 0.5 to 99.5 weight
percent of the LMW component,l based on the total weight of the HMW component and
the LMW component. In some embodiments, the novel composition comprises from
35 to 65 weight percent, preferably from 38 to 55 weight percent of a LMW high

20  density ethylene homopolymer component. All individual values and subranges from
0.5 t0 99.5 percent (LMW component) are included herein and disclosed herein.

Alternatively, the novel composition can be characterized as having

M, 1/M,; ratio of less than, or equal to, 0.8, preferably less than, or equal to, 0.6, more
preferably less than, or equal to, 0.4, where My, is the viscosity average molecular
25 weight of the LMW, high density component, and M, is the viscosity average

molecular weight of the HMW polymer (or interpolymer) component, as determined
using ATREF-DV analysi_s, as described in detail in WO 99/14271, the disclosure of
which is incorporated herein by reference. WO 99/14271 also describes a suitable

deconvolution technique for multicomponent polymer blend compositions.
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In an embodiment suitable for blow molded articles, the blend or final product can have a melt flow
rate, 15, (190 C, 5.0 kg) in the range from 0.01 to 5.0 g/I0 41 WO 2006/065651 PCT/US2005/044643
min, preferably in the range from 0.05 to 5.0 g/10 min, more preferably from 0.1 to 2.0 g/10 min. All
individual valves znad®aeranges from 0.01 to 5.0 g/10 min (15) are includercharginoanetaisclosed
herein. The melt flow rate, 121, ranges from 2 to 60 g/10 min, preferably from 3 to 40 g/I0 min, more
preferably from 4 to 15 g/l 0 min. All s individual values and subranges from 2 to 60 g/10 min (121) are
included herein and disclosed herein. The flow rate ratio, 121/15, of the blend can be in the range from

10 to 50, preferably in the range,fipafeadtenith @ s drafaraimpdsifidnog R dnda 42. Al
individual values and subranges from 10 to 50 (121/15) are included herein and disclosed herein. The

resin compositiorPTeRSE ChRIPLPRTEH 42 RERANGRSPaRASr Ife TP HBMEin S PEF e AfEs it 5, 6T qual to,
0.940 glcc, prefergily iNHaa, AR HR RSB0 00188t NRER BRRfRIBi Hiom 0.PRA:1G.975 glcc.

All individual values and subranges from 0.940 to 0.980 g/cc are included herein and disclosed
herein. The com%ﬂ%@&%?@é%ﬂlﬁ%@%%@ht percent, more preferably from 70 to 40

weight percegt of the HMW coppaRaibbditdntivicibnd %3 URwa TS hanaemitaid 65simad are
included herein and disclosed herein. In one embodiment, the high molecular weight component

and/or the low miSeeRnaPWETYRIESFRDEhbE e MR iyKesbistrBRIe Re RrEWolymer(s), typically
produced by ZieglgpdWaterfyRe Satbiy S, 16RreNHalR (e gD RARQBAORNAAHS raistiiRismon of

comonomer amorgtg the molecules of the interpolégwer. 20 In another embodiment, the high molecular
|

weight componertCafftiidr &R i sretbixir G Esn ForeHt:f0 Lrfdbyabadsiftthanched linear

or substantially lingassethyleBeiparrehPenE)oropalymeria)d Theitesna dinaasathalane/a-olefin
polymers" represents polymers that have an absence ofé%rég cgain branching, as for example the

linear low défisity'28 SEISYRNIEIP 1581, FaBIRE 81 Rl 1 Sp?fﬁfgf?\‘g)h‘aﬁ'eﬂﬁ?o‘mﬁ%fgomade using
uniform branching.(ésid . Ssupegeatdnslyibianched)adistibtatiges plyinevdzat om qeesses (for

example, US, Pal g, 5,645,092 (sion) e diselosyre oL s, ncolparated e, n s
second reactor, may have a melt flow rate, Is, in the range from 0.2 to 1.5 g/10 min,
preferably from 0.25 to 1.0 g/10 min. All individual values and subranges from 0.2 to

15 1.5 g/10 min (Is) are included herein and disclosed herein. The flow rate ratio, I/1s, is
in the range from 20 to 50, preferably of from 24 to 45. All individual values and
subranges from 20 to 50 (I,)/Is) are included herein and disclosed herein. The
molecular weight, My of the final product is, generally, in the range from 90,000 to
420,000 g/mol.. All individual val.ues and subranges from 90,000 to 420,000 g/mol

20 (M, are included herein and disclosed herein. The bulk density can be in the range
from 18 to 30 pounds per cubic foot, and is preferably greater than 22 pounds per cubic
foot (288, 481, and 352 kg/m3 , respectively). All individual values and subranges from
18 to 30 pounds per cubic foot are included herein and disclosed herein. The blend has
a broad molecular weight distribution, which, as noted, can be characterized as

25 multimodal. The broad molecular weight distribution is reflected in a PDI (M,,/M,,)
ratio from 15 to 48, preferably from 18 to 45. All individual values and subranges from

15 to 48 (M,,/M,) are included herein and disclosed herein.

In an embodiment suitable for blow molded articles, the blend or final

product can have a melt flow rate, Is, (190 C, 5.0 kg) in the range from 0.01 to 5.0 g/10
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comonomer is randomly distributed within a given interpolymer molecule, and wherein 42 WO
2006/065651 PCT/US2005/044643 substantially all of the interpolymer molecules have the same
ethylene/comonomer ratio within that interpolymer. This is in contrast to heterogeneously branched
interpolymersyw@pivaligjosoduced by Ziegler-Natta type catalysts, and conta@ingzeton4éiomogeneous
distribution of comonomer among the molecules of the interpolymer. s The term "linear
ethylene/a-olefin polymers" does not refer to high pressure branched polyethylene, which is known to
those skilled in the art to have numerous long chain branches. The substantially linear ethylene

copolymers or intgrpoharelb(RIaqnKRawe s BloE Rs5)(pEa eane il preferied rortbstaially linear”

means that a io polymer has a backbone substituted with from 0.01 to three long-chain branches per

1000 carbons in t#é baikbSAEPATERINRI¥ES 10 B enessdTRIR - Chier 1 & €raia Pk 21000 carbons,

and more preferayfrRMHEER 1A PBRIRIGIHAIM PraRGRes fsk 1200, cahansidhhe guistaially linear
ethylene/a-olefin inj[erpolz/mers of the present 15 invention are described inU.S. Pat. No. 5,272,236

and in U.S. Pat. N§ngPpeigrshly feomf (9 bt sty merertsiiebla it iyl regerAte. Bileful

substantially inear&thylaneitues afiniamelymers a9 se Miyhishihe apmeneranis randomly
distributed within a qﬂiven interpolymer molecule, and wherein substantially all of the interpolymer

molecules have tHE<ETS istisile dde ST FFTaH P abie Wit bitnh f8fpbty e renes Soaulidantially

linear ethylene/a-glefir:inteyRalymeraisadiavs & INAermaaitnernesl.AhoRRRsedo heterpgeneously
branched linear ethylene polymers, which have two or more melting peaks. In one embodiment, the

ethylene interpolyMigrdieLY el AR ehbtARRRidFPBY Lbinshdm s, e sdhred®Mdnomer content

of polymer fractiofisclc¥eerss. e Raiacdmpyiaionts angeihibeintarpalyies aMaRehy less than 10
weight percent, preferably less than 8 weight percent, more preferably less than 5 weight percent, and

even more prefers®iy 8L FrateoaBi R EARILIN L LSS A erbiX Seho s s v fSlecular weight
distribution (MWDYang aaitve phesrahqiftdananasing alistsipuion (Sedijuandinaydae prepared as

subranges from 0.940 to 0.980 g/cc are included herein and disclosed herein. The
composition comprises from 75 to 35 weight percent, more preferably from 70 to 40
weight percent of the HMW component. All individual values and subranges from 75

15 to 35 are included herein and disclosed herein.

In one embodiment, the high molecular weight component and/or the
low molecular weight component is a heterogeneously branched interpolymer(s),
typically produced by Ziegler-Natta type catalysts, and containing a noﬁ—homogeneous
distribution of comonomer among the molecules of the interpolymer.

20 In another embodiment, the high molecular weight component and/or the
low molecular weight component is a homogeneously branched linear or substantially
linear ethylene interpolymer(s) or copolymer(s).

The term "linear ethylene/a-olefin polymers" represents polymers that
have an absence of long chain branching, as for example the linear low density

25 polyethylene polymers or linear high density polyethylene polymers made using
uniform branching (that is, homogeneously branched) distribution polymerization
processes (for example, U.S. Pat. No. 3,645,992 (Elston), the disclosure of which is
incorporated herein, in its entirety, by reference), and are those in which the

comonomer is randomly distributed within a given interpolymer molecule, and wherein
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30 described in United States Patents 5,272,236 and 5,278,272, relevant portions of both 43 WO
2006/065651 PCT/US2005/044643 being incorporated herein by reference. The SLEPs exhibit
outstanding physical properties by virtue of their narrow MWD and narrow SCBD, coupled with long
chain branching 1006B95d51 one embodiment, the MWD is from | to 5, preferatiyfzons/d4%46 4, and
more preferably from 2 to 3. s U.S. Patent 5,272,236 (column 5, line 67 through column 6, line 28)
describes SLEP production, via a continuous controlled polymerization process, using at least one
reactor, but allows for multiple reactors, at a polymerization temperature and pressure sufficient to

produce a SLEP haiagtidegisech priapertigsliialy melizakio Raws efesahly arpurs Vigndmaldli oo
polymerization procggss tﬁt a te%leratureé_ f from 20C io to 250C, using constrained geometry catalyst
technology. Suitabl& EofatPEieERY YREm AN BathRonizash o hrieressboni#Rred line 29 through

column 13, line SefpblyeRatepicald 20236 Py pratpreedisiahid hasayaumhe tafEisie G non-

characteristics, ope of which ésl an ethylene content that is between 20 and 90 wt percent, more

preferably betweél 30° 15 4R 188 SRR S BARSRE ol Rf BRdtsrabRRcEomonomers.
The ethylenesandrhemandtiraceniénts e diagetyarSLERs Weightrandighe selacioiriiiain a total

monomer content gf 100 weight.percent. For cgain lengths up to six carbon atoms, SLEP comonomer
content can be nPé%%eﬁgé’ '?JGSS%I -i%ﬁﬁ‘m'ﬁ 54 8??0%‘&@?5@/‘. Lﬁ‘é%‘ﬁ Boos AREREF At 19 1 SBRIBE polymer
composition is rhiealagys?20 modified, also known as coupled, by polyfunctional sulfonyl azides as

disclosed in US 6,521,306, incorporated .herein by reference. To modify theology, also referred to
herein as "to couple,” the polﬁ&ﬁ%&ﬁ%‘&ﬂﬁglﬁeﬂﬁ%ﬁﬁ“ﬁ RIS RbHISARYAREB Al that is an

amount effectivektoincaeaSeERe Joue shpataligpositydat <SAuluiadis) ohtae palyipatpreferably at least
25 shou s rece ch SPRIE IR U SR el et jes o a e e
ASTM D 2765- Proeecarteus. ikthidibikise slkillefdribithfait0all toecedongaetiant thadrmqant of azide
e 0 L ST HEGRA R Rl 5% 10 SRR AR el e oe! v
carbons.
The substantially linear ethyléne/a-oleﬁn interpolymers of the present
15 invention are described in U.S. Pat. No. 5,272,236 and in U.S. Pat. No. 5,278,272, each
incorporated herein in its entirety by reference. Useful substantially linear ethylene/a-
olefin interpolymers are those in which the comonomer is randomly distributed within a
given interpolymer molecule, and wherein substantially all of the interpolymer
molecules have the same ethylene/comonomer ratio within that interpolymer. The
20  substantially linear ethylene/a-olefin interpolymers also have a single melting peak, as
opposed to heterogeneously branched linear ethylene polymers, which have two or
more melting peaks.
In one embodiment, the ethylene interpolymers have a uniform
distribution of comomomer, such that the comonomer content of polymer fractions,
25 across the molecular weight range of the interpolymer, vary by less than 10 weight
percent, preferably less than 8 weight percent, more preferably less than 5 weight
percent, and even more preferably less than 2 weight percent.
SLEPs are characterized by narrow molecular weight distribution

(MWD) and narrow short chain branching distribution (SCBD), and may be prepared as
30 described in United States Patents 5,272,236 and 5,278,272, relevant portions of both
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30 azide used and polymer; the amount is preferably less than about 5 percent, more 44 WO
2006/065651 PCT/US2005/044643 preferably less than about 2 percent, most preferably less than
about | weight percent poly(sulfonyl azide), based on total weight of polymer when the poly(sulfonyl
azide) has awomosiassseight from 200 to 2000 g/mol. To achieve measuprahi®sheslagymodification,
the amount of poly(sulfonyl azide) is preferably at least 0.0025 weight 5 percent, more preferably at
least 0.005 weight percent, most preferably at least 0.01 weight percent, based on total polymer. The
polymer rheology modification process is described in greater detail later in the text. Compared to

past generationsyafipdysiyosiadMdi AR MRE 340810 materiaki siResmaAds,igmpolymers
described herein have PENT values of at least 1,000 hours. Some E|pes have PENT values of greater

than 5000 hours PEIRETSSBY 281000 HbRIFNEFINIYEVER 204 pAQ WA i eifr loariehain25,000

hours are 250 tigjesmAEq resisiant Rlaw st imuiieLGonhnes sompaiss iRdhe mest stringent
requirements for gas pipe in ASTM D2513-99. Some pipes have PENT values greater 15 than 1,000

hours, and up to“% BT ershbolicrbate, or more, at 3.0 MPa. Some pipes made from the

polyethylene,described herein gyajify.assRhy 108 (esisyathiRgranaiaddifpimesiel 480 years, and
validated by 1SO 9080-99 for lifetimes of 250  years at 20C. Pipes also have superior rapid crack

propagation proptasedeh ShERSPIoduiTar dnifcantapsrerniolve pabyen errrEINPESSEHaISPE The Tc

and Pc are detergpiagd o0 3CLHIDG: IdRP 3K RUSIRIRPAD) HpaRsadGRieggdzed Required
Stress), is listed according to Plastics Pipe Institute (PPI) Technical Report TR-3, at 60 and 80C, of at

least 6.3 and 4.0 CRYTE EWABHSHRRr A RSt A PR B S BB d RSB MR EBRF8ERbN has
surprisingly high yiseesity tcvesyioWssherh foahierHsiaeR flovwconditionsriiest o ddfold

increase in creep flow viscosity can be achieved without substantially comprising other product or

process chafactdfiZiesCTysnsenshaimerhasneraiy sei st Sytaatngy R s s st to prepare the
blend, are magng%&hﬁ@(@%ﬁihﬂ%@%?@&i%@éﬁ%%Mﬁlﬁmé; whiob gasubR @xemplifiaddyothre catalyst

system described in U.S. 4,302,565; vanadium based catalyst systems such
U.S. Patent 5,272,236.
A preferred SLEP has a number of distinct characteristics, one of which
is an ethylene content that is between 20 and 90 wt percent, more preferably between 30
15 and 89 wt percent, with the balance comprising one or more comonomers. The
ethylene and comonomer contents are based on SLEP weight, and are selected to attain
a total monomer content of 100 weight percent. For chain lengths up to six carbon
atoms, SLEP comonomer content can be measured using C-13 NMR spectroscopy.

The final polymerization product polymer composition is rheology

20  modified, also known as coupled, by polyfunctional sulfonyl azides as disclosed in US
6,521,306, incorporated herein by reference.

To modify rheology, also referred to herein as “to couple,” the
poly(sulfonyl azide) is used in a rheology modifying amount, that is an amount effective
to increase the low-shear viscosity (at < 0.1 rad/s) of the polymer preferably at least

25  about 5 percent as compared with the starting material polymer, but less than a cross
linking amount, that is an amount sufficient to result in less than 1 weight percent of
gel, as measured by ASTM D 2765- Procedure A. While those skilled in the art will
recognize that the amount of azide sufficient to increase the low shear viscosity, and

result in less than about 1 weight percent gel will depend on molecular weight of the

30  azide used and polymer; the amount is preferably less than about 5 percent, more
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30 as those described in U.S. 4,508,842; U.S. 5,332,793; U.S. 5,342,907; and U.S. 45 WO
2006/065651 PCT/US2005/044643 5,410,003; and a metallocene catalyst system such as those
described in U.S. 4,937,299; U.S. 5,317,036; and U.S. 5,527,752. Catalyst systems that use
molybdenum wxidessossesilica-alumina supports, are also useful. Preferredpreatalysosysiess for
preparing the components for the blends of this invention are Ziegler-Natta catalyst systems and 5
metallocene catalyst systems. In some embodiments, preferred catalysts used in the process to make
the compositions of the present invention are of the magnesium/titanium type. In particular, for the

present gas phasgpeiyBIeIZIReRSHHG o ImBRsR a8 AR BEMIREMRIEINEMagnesium and

titanium chlorides in an electron donor solvent. 10 This solution'is often either deposited on a porous

catalyst support, BP(EWEPT iy, basaion tekinsiskt aEre By ity prlrabenyberitsal

mechanical strengih iedbiecRarticias: Tomsebid ivastiolestiomeithei skrrarumsibadsars often slurried
in a diluent producing a high viscosity mixture, which is then used as catalyst &recursor. Exemplary

catalyst types arérﬁ’é’éﬁfﬂi%’ifpﬂgl’@%?,f%’éyéﬁ#@@ szids) 15 peclerblyit le2ss LBPRE A& Bthoth of

which are hetein jegiRoraesarspiatencestPoeppiiatgnl/ cerstallizraicatalhsystemsogych as those
described in US 6,511,935 and  US 6,248,831, the entire contents of both of which are herein
incorporated by réfeibh & TR ARLBLAR S B erably the catalyst precursor has the formula

MgdTi(OR)e Xf (ED)g 20 whetginglisnanakplalieendQmatisrhydiocashamnsasicathaving to 14
carbon atoms or COR' wherein it is a aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon
atoms; each OR &r‘ﬁﬁﬁ’i@?ﬁ@‘%ame or different; X is independently chlorine, bromine or iodine; ED is

an electron donor; d is 0.5 to 5€Rpar&l b fHsLadnisaAitRsldGnAnd-gsianmidreng R b 3&fd + 3. Itis

prepared from a titanium compound, a magnesium compound, 25 and an electron donor. The electron
donor is an dtgarffE{CERls BRSEMRGIHUR RpuTares e e adgyedtiBd tebspes ahitfich the
magnesium and tita0iLKBEONFIRL IS @B OPEDlE. vERR Sl cHAROARO s CRNMBaMNEs I aketsometimes also

referred to as Lewis 0%8%%?1}51-?% (e)lec'%rgg Igi/{(})norpcan be an lgélﬁ/,}%s}er oft an ali%hatic or aromatic
carboxylic acid, a%S, o eat 2. a. Pipes with a alue of 25,000 hours are 250
times more resistant to slow crack growth (SCG), when compared to the most stringent
» requirements for gas pipe in ASTM D2513-99. Some pipes have PENT values greater
15 than 1,000 hours, and up to 1 1,000 hours, 15,000 hours, or more, at 3.0 MPa. Some
pipes made from the polyethylene described herein qualify as PE 100 resins with
extrapolated lifetimes of 100 years, and validated by ISO 9080-99 for lifetimes of 250
years at 20°C. Pipes also have superior rapid crack propagation properties in the S-4
test for critical temperature, Tc, and critical pressure, Pc. The Tc and Pc are determined
20  according to ISO 13477. Burst property performance (Categorized Required Stress), is
listed according to Plastics Pipe Institute (PPI) Technical Report TR-3, at 60 and 80°C,
of at least 6.3 and 4.0 MPa.

As demonstrated in the Examples, the coupled polymer composition has
surprisingly high viscosity at very low shear, that is, creep flow conditions. A nearly

25 10-fold increase in creep flow viscosity can be achieved without substantially
comprising other product or process characteristics.

Typical transition metal catalyst systems, which can be used to prepare
the blend, are magnesium/titanium based catalyst systems, which can be exemplified by
the catalyst system described in U.S. 4,302,565; vanadium based catalyst systems such

30 as those described in U.S. 4,508,842; U.S. 5,332,793; U.S. 5,342,907; and U.S.
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30 aliphatic ketone, an aliphatic amine, an aliphatic alcohol, an alkyl or cycloalkyl ether, or 46 WO
2006/065651 PCT/US2005/044643 mixtures thereof, each electron donor having 2 to 20 carbon
atoms. Among these electron donors, the preferred are alkyl and cycloalkyl ethers having 2 to 20
carbon atomwya@mllepsslizryl, and allcylaryl ketones having 3 to 20 carbon&torms@sd4adkyl, alkoxy,
and alkylalkoxy esters of alkyl and aryl carboxylic acids having 2 to 20 carbon 5 atoms. The most
preferred electron donor is tetrahydropyran. Other examples of suitable electron donors are methyl
formate, ethyl acetate, butyl acetate, ethyl ether, dioxane, di-n-propyl ether, dibutyl ether, ethanol,

1-butanol, ethyl farmatgoineiavl masiRienetviipRispieneiivleResaLRenas.d5iBY dropyR, and ethyl

propionate. While a large excess of electron donor may be used initially to provide io the reaction

product of titaniurd-SofmblolPitf atid élettrort tdnbr GralTvi sy eiatatyaat pre sitsbdenmainsessproximately
1 to approximately;20, molesof HIRSEORSRETRETI MAlgeicHianiyh SRRRUBH AR TgfaEably

approximately | to approximately 10 moles of electron donor per mole of titanium compound. Since
the catalyst will a6EBoR¢B fntherBlends of GurrnserHenFER AifslerNatis @édurrapiemt 8¢ catalyst

precursor be conygrted ot s.emid siisteRéso essential that the resultant solid has the appropriate
particle size and shape to produce polymer particles with relatively narrow size distribution, low

amounts of fines and good flulBisemeRebRiiRsasshedemt R this bR tsPeresifstkse,

magnesium and #{aRiPSAHRONNES PRAYRSVBRISIRRIBHHRIR ARQTHHIMRRAT AR dried to form a
20 solid catalyst; it is preferred that the solution be converted into a solid catalyst via spray drying.

Each of these mdtHoqe thSTEFIE U 3D BREY BAkARFEIZAHORS tisreatriyst dhPaaF e ffel @atalyst product is
then preferentiallylased ltaARidRRaEALaU S it heniseesilkahthedpencashanahusy diluent is

sufficiently low, so_that the slurry can be conveniently pumped through the pre-activation apparatus,

and 25 everitually GBI RS- SRS FeRRtisrd PRE Py SRt YPTRIAG: adilrdasdded: feeder. A

progressive cavity RidR)BnSubkegscat Meyarpu) pris/ g caliidasadthisccaminarsiptkeaation systems,
while a dual piston syringe um;l)iis ty _icallé used in pilot scale reaction systems, where the catalyst

flows are less thaf 87 BuEISSOHH RATEID TP e YBRETPEbPeH aff ggjen slurried in a diluen

producing a high viscosity mixture, which is then used as catalyst precursor.
Exemplary catalyst types are described in US 6,187,866 and US 5,290,745, the entire

15 contents of both of which are herein incorporated by reference.
Precipitated/crystallized catalyst systems, such as those described in US 6,511,935 and
US 6,248,831, the entire contents of both of which are herein incorporated by reference,
may also be used.

Preferably the catalyst precursor has the formula MggTi(OR)e Xt (ED),

20  wherein R is an aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon atoms
or COR' wherein R' is a aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon
atoms; each OR group is the same or different; X is independently chlorine, bromine or
iodine; ED is an electron donor; d is 0.5 to 56; € is 0, 1, or 2; fis 2 to 116; and g is >2
and up to 1.5%d + 3. Itis prepared from a titanium compound, a magnesium compound,

25 and an electron donor.

The electron donor is an organic Lewis base, liquid at temperatures in
the range of 0°C to 200°C, in which the magnesium and titanium compounds are
soluble. The electron donor compounds are sometimes also referred to as Lewis bases.
The electron donor can be an alkyl ester of an aliphatic or aromatic carboxylic acid, an

3o  aliphatic ketone, an aliphatic amine, an aliphatic alcohol; an alkyl or cycloalkyl ether, or
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47 WO 2006/065651 PCT/US2005/044643 A cocatalyst, or activator, is also fed to the reactor to
effect the polymerization. Complete activation by additional cocatalyst is required to achieve full
activity. The complete activation normally occurs in the polymerization reactor, although the
techniques tawghtors/EB631200,483 may also be used. 5 The cocatalysts, whitlusr@seduang agents,
conventionally used, are comprised of aluminum compounds, but compounds of lithium, sodium and
potassium, alkaline earth metals, as well as compounds of other earth metals than aluminum are
possible. The compounds are usually hydrides, organometal or halide compounds. Butyl lithium and
dibutyl magnesiumixecs Xample sh ubefu cdonpohndsedf ntheciiam ioakinineny hesactivator

compound, which is generally used wijth any of the titaniu ed catalyst precursors, can have the
formuin ATRaxURSE EIENTSetk RALTEOAC A0 AR ST, SIS RE! k6 LU FGR sach R and R
is independently a&osaiutiatied allphétimbytkyleaibemhadicaifayingd datch aamomadamsl b is 0 to 1.5;
cis 015 or 1; and a+b+c=3. Preferred activajors inclyde alkylaluminum mono- and dichlorides,
wherein each al F%efrc%"i%{gyfal%‘)éyc%%ﬁn"é’i‘i‘sﬂﬁgaaaﬂ?&%ﬁ%&&ﬂﬁﬂﬁ%ﬂ&g %)?a%ﬂﬁ?égoﬁre
diethylaluminum ablasidehznadosifrefexydadlsnion dondbrut GahtoflAnMOtes; nehplesferably 0.15 to 2.5
moles, of activator are used per mole of electrgn. donor. The molar ratip of activatqr to titanium is in
the range from l.sflfsbieoiefc Rt fgnﬁbs ﬁf%fg?ﬁﬁ'v?ﬁnﬂﬁ@rgﬂ a’f’%ﬁfﬁ?&q’ga‘gﬁ?‘ﬁ’ﬁgﬁﬂgﬁbarbyl
aluminum cocatalystaendie-iappesemteddiyuthie:foemetanR3 Abotaft2 AdKy Miaial) gathiR is
independently alkyl, cyclaalkyl,.aryl, or hydrogen; at least one R is hydrocarbyl;.and two or three R
radicals can be j3|X & tc?%’&fl:ngnésﬁ%tee?& 8ﬁc°§r§%ﬂfret.e }Xﬁgﬁfﬁeﬂraﬁ‘?seﬁ'ﬁyﬁ%’%ﬁ radical, can
have 1 to 20 carbon 25 atom3&VhilelgireferalushateletacdioashanpbenmedXistial jatogenidereferably
chlorine, bromint , or iotdine. E artn(ﬁlﬁ of h drocaﬁ%l a|(lIll’Tfin{Jm om C%Hnlgs re sftollows:
triisobutylalﬁ?ninurﬁ,r ﬁgﬁ%‘e%/) atiminum: 6 |-ig%188?y -alﬁnmi%ﬁ?nr%‘yoor?d)e’, Findk fﬁfﬁ%slnum hydride,
di-isobutylhexylajutesinsom cistdingydpghtoaiotabiyriine appririinetieifA0miiernof tiiatihytadomoimem,

tripropylaluminuy g ppr R i 0 2 AR Ay i ridsefaluminum.
tridodecylaluminum,

of electron donor per mole of titanium compound.
Since the catalyst will act as a template for the growth of the polymer, it
15 is essential that the catalyst precursor be converted into a solid. It is also essential that
the resultant solid has the appropriate particle size and shape to produce polymer
particles with relatively narrow size distribution, low amounts of fines and good
fluidization characteristics. Although this solution of Lewis Base, magnesium and
titanium compounds may be impregnated into a porous support and dried to form a
20  solid catalyst; it is preferred that the solution be converted into a solid catalyst via spray
drying. Each of these methods thus forms a "supported catalyst precursor".

The spray dried catalyst product is-then preferentially placed into an
mineral oil slurry. The viscosity of the hydrocarbon slurry diluent is sufficiently low, so
that the slurry can be conveniently pumped through the pre-activation apparatus, and

25  eventually into the polymerization reactor. The catalyst is fed using a slurry catalyst
feeder. A progressive cavity pump, such as a Moyno pump is typically used in
commercial reaction systems, while a dual piston syringe pump is typically used in pilot
scale reaction systems, where the catalyst flows are less than, or equal to, 10 cm>/hour

(2.78 x 10® m?/s) of slurry.
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48 WO 2006/065651 PCT/US2005/044643 tribenzylaluminum, triphenylaluminum,
trinaphthylaluminum, tritolylaluminum, dibutylaluminum chloride, diethylaluminum chloride, and
ethylaluminum sesquichloride. The cocatalyst compounds can also serve as activators and modifiers.
Activators cawioeaddeshso the precursor either before and/or during 5 polpaTaviszatiom4dadne
procedure, the precursor is fully activated before polymerization. In another procedure, the precursor
is partially activated before polymerization, and activation is completed in the reactor. Where a
modifier is used instead of an activator, the modifiers are usually dissolved in an organic solvent such

as isopentane and, where a sappéeitaissusedictinprgnales frdeothe sappeth ighawing 10 impregnation
of the titanium compound or complex, after. which the supported catalyst precursor is dried.

Otherwise, the NSRS ZARAMLNGLRRISEF 5y R A AR krRcaa st riAbisidrashe s lAr in

chemical structueetant) furafigshisldheadiivpiore asBye cosdiallisin e vatistionmieee for example,
US 5,106,926, incqrporated herein by refere in_its entirety. The cocatalyst is preferably added
separately neat 81%@“&*&@%&%%? ?fl"i‘%ﬁ%ﬂng I&&Qﬁ,’éﬁ%ﬂi%q% SiSfe, to the polymerization
reactor at the same time as thadloy¢apdlgshyleniet sipitatethel Bothhes e @badimenisdhataise a support,
the precursor is supported qn. an inorganic oxide support such as silica, aluminum phosphate,
alormina, Silcala KRS A ANC I SAHED LS bl FRBAHISA I T o QLB RGT EBmpound
such as 20 triethylikalirmisiim nasnddssdicadn ad fiechwitlidigthiybzinahlm e erahediments silica is a

preferred support. A typical support is.a solid, particylate, porous material essentially inert to the
polymerization. IPf§-u8&d e&%ﬁ%ﬁ@?eﬁgg%hﬁgaé@aﬁgaﬂgﬂﬁf i Dalide WP 9m and

preferably 30 to Ba@/nhitlawtrdaddianey nhahdeiast 20Qmaigdeand upptieabhpaideastiBbbimaz/g; and a
pore size of at legst 100 x 10-10 in and preferably at 25 least 200x10-10m. Generally, the amount of
support used is that which will provide 0.1 to 1.0 millimole of titanium per gram of support and
preferably 0.4 to 0.9 millimoleAafditantoncpapgrainvdfishppgtielsiipiegh atitnany tiehaboardgumentioned
catalyst precursor intp a silica support can }?)e agcomplish ixing the precyysor and silica gel in
the-electron conbF BCaHLS) LR O5k il P oy S8y oo ok 5

independently chlorine, bromine, iodine, or OR'; each R and R' is independently a

saturated aliphatic hydrocarbon radical having 1 to 14 carbon atoms; bis 0 to 1.5; cis 0
15 or 1; and a+b+c=3. Preferred activators include alkylaluminum mono- and dichlorides,
wherein each alkyl radical has 1 to 6 carbon atoms and the trialkylaluminums.
Examples are diethylaluminum chloride and tri-n-hexylaluminum. About 0.10 to 10
moles, and preferably 0.15 to 2.5 moles, of activator are used per mole of electron
donor. The molar ratio of activator to titanium is in the range from 1:1 to 10:1, and is
20  preferably in the range from 2:1 to ' 5:1.
The hydrocarbyl aluminum cocatalyst can be represented by the formula
R;Al or RyAlX, wherein each R is independently alkyl, cycloalkyl, aryl, or hydrogen; at
least one R is hydrocarbyl; and two or three R radicals can be joined to form a
heterocyclic structure. Each R, which is a hydrocarbyl radical, can have 1 to 20 carbon
25  atoms, and preferably has 1 to 10 carbon atoms. X is a halogen, preferably chlorine,
bromine, or iodine. Examples of hydrocarbyl aluminum compounds are as follows:
triisobutylaluminum, tri-n-hexylaluminum, di-isobutyl-aluminum hydride, |
dihexylaluminum hydride, di-isobutylhexylaluminum, isobufyl dihexylaluminum,
trimethylaluminum, triethylalﬁminum, tripropylaluminum, triisopropylaluminum, tri-n-

30  butylaluminum, trioctylaluminum, tridecylaluminum, tridodecylaluminum,
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WO 2006/065651 PCT/US2005/044643 under reduced pressure. When a support is not desired, the
catalyst precursor can be used in liquid form. In another embodiment, metallocene catalysts,
single-site catalysts and constrained geometry catalysts may be used in the practice of the invention.
Generally, 5 wetalbeoessicatalyst compounds include half and full sandwiehBompeumdsthaving one
or more it-bonded ligands including cyclopentadienyl-type structures or other similar functioning
structure such as pentadiene, cyclooctatetraendiyl and imides. Typical compounds are generally
described as containing one or more ligands capable of rr- bonding to a transition metal atom, usually,

cyclopentadienykdbsivathligainds oriphemababiiamuin cemipinayiaumitm, tioBitidmineta) selected from
Group 3to 8, pre ei')rab% 4,5 or %’{fr 1‘50 .ttehnthanide nd actin('idglﬁfqies. of the Periodic Table of
Elements. ExenfBraby orHHEH ﬂ%-Fyrgée AN RS BeRRs 4 SRLAHBUEYR. for example, U.S.
Patents: 4,530,94kq4i 81ritie5 PO 5t:Otipolhds baR2BA3Byea:006:860fs anli2foddiers, 124,418,
5,198,401, 5,210,352; 5,229,478, 5 264,40%; %igggﬁz78 264; 5,278,1&9; 56504’6 4. 5,324,800;
5,347,025, 5,350,723; 5,384,798 BI96 40t dde o des mresybu siher pEieTg padwting7. 5 455 366;
5,534,473; 5,539¢l2eh7abdn/ Th oheGRdct A DB A9800169a]y 36 we@88a¢; 5,710,297; 5,712,354,
5,714,427; 5,714,55{%;&5,728,64%;9%7%8,839; ,7153,577; 5,767,209;. ﬁ’77ct)"753d§129 5,770,664;
European publicBiBRAER:RT0 BFfAE: REPEA BBt PE5u50" EPRiBT AT HE RS0 485 822;
EP-A-0 485 823;poRrieilzddch 324 dchvAtiOnad 8ddgetainie Reteqatdrlivationa: iR 042457; WO

92/00333; WO 93/08221. WO t93/08]@% vg 94/01471: v(\j/i? 9ﬁ/2 233: WO 97/]?558t2; WO 97/19959;
WO 97/46567: W88 a8 o o BodE 1St AR RS B BT AS T AT 5% QslLe sofkent dish 25¢

erenc

incorporated heiedpetnatieaindg itety 2 Bypiefesnsed, 2 Segialnte naiahesispiarutedidwetein, preferably
include constrained rgeometra/f aet%léé%s as disclosed in U.?éﬁzaﬁent lt\lloﬁ.tEéZYZ 236 angISég78,272,

. 10 1m ation m CO Oou or com arer winic Su ed -
which are Both incorporated in their enlﬂre%y%g/ reference: monocyclopen?g |enﬁa‘[ra¥15|t|on metal

olefin polymerizatierursatadydsisdaGyhdrinidd, eRatdiftelon! 0 6 208t he teelfldingsl pfonhich are
incorporated 30 grein RY (RIRICNCE ARARRHIRR R AR SAANF IR LIS ME TS as are
cocatalysts. For variations, see for example, US 5,106,926, incorporated herein by
reference in its entirety. The cocatalyst is preferably added separately neat or as a
15 solution in an inert solvent, such as isopentane, to the polymerizétion reactor at the
same time as the flow of ethylene is initiated.

In those embodiments that use a support, the precursor is supported on
an inorganic oxide support such as silica, aluminum phosphate, alumina, silica/alumina
mixtures, silica that has been modified with an organoaluminum compound such as

20  triethyl aluminum, and silica modified with diethyl zinc. In some embodiments silica is
a preferred support. A typical support is a solid, particulate, porous material essentially
inert to the polymerization. It is used as a dry powder having an average particle size of
10 to 250 pm and preferably 30 to 100 pm; a surface area of at least 200 m?/g and
preferably at least 250 m%/g; and a pore size of at least 100 x 10"'° m and preferably at

25 least 200 x 107 m. Generally, the amount of support used is that which will provide
0.1 to 1.0 millimole of titanium per gram of support and preferably 0.4 to 0.9
millimole of titanium per gram of support. Impregnation of the above mentioned

catalyst precursor into a silica support can be accomplished by miXing the precursor and

silica gel in the electron donor solvent or other solvent followed by solvent removal
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WO 2006/065651 PCT/US2005/044643 The foregoing catalysts may be further described as
comprising a metal coordination complex comprising a metal of groups 3-10 or the Lanthanide series
of the Periodic Table of the Elements, and a delocalized a-bonded moiety, substituted with a
constrain-indwoinzpemoistf1 Such a complex has a constrained geometry alrsuytiseossratabatom. The
catalyst further comprises an activating cocatalyst. Chromium Based Catalysts and Resins In a
separate embodiment, another type of catalyst based on chromium is used in a single reactor
configuration, although it is not limited to a single reactor and can be used in two or more reactors in
series. 10 Polyethyidreredsinsg paiysureriXbefranutipesdsaimotedited hasesttadapystsrsaneaagihods to
make them, are glelgeec{%lllyi kng\%n in the art. This includes gas-phase, solution phase and slurry-phase

polymerization processes.q parrrfll(:ular interest to the present invention are resins made in the

gas-phase process, those madh asirtienewhrdiniom catalystrendiiypaticigersie trnaeduehromium
catalyst. is Typical, yse t ists. of a chromium (V1) compaund. (typically as the oxide)
supported on a hig Hgtué#gg%aégreaer???%%%?y%&@’eggHrs)gp&olrl}.th%%gﬁgggﬁf%ﬁéeslﬂ%%%ﬂrﬁs gﬂ‘% rphous
microspheroidal sitict]lsitize atahistaosipoandsantiude adifrmiddpheaplvats. cbhecatadysiviagpsapared by
activating the chromium- containing support at temperatures of 400-1000C, inadry, . .
oxygen-containing %‘gfﬁ&%’%@g%ﬂ%‘% Wcr?‘gl%trlﬁlgt@%%ge ﬁzgirieg)él'tﬁ@ﬁ RIFHCEAES G SHEE il Fenerally
added prior to théumctivatipnstBensraliyh eatelyaticasedpeipriadthyidingnaammeal cBlavailable silica
to which a chrome source has been fgt?d The silica substrate may be treated with a titanium ester
r

RTFA RSt at SPE B At QIeBayelssuiserRibds #6&-Cr compound

(titanium tetraisopcr%IBWélt% OF it &R
is deposited or priomitirthie depasitionmkhe soppstidlygentspiitddiensiediatd BRn0QE to remove
physically adsorbed water. The titanate y be added as a solutipp to a slurry of the silica in

Bl R ke

isopentane sOlvent or direety i omgnﬁﬁimzea BEEEPLmsEs SRRy 18 nPIHE &N Yry is dried.
Generally, the Cr4compounttarhibh lisxtanuertibde tarle-&hasodltedktyibdie TasddefiBRthatsupport. The
51 WO 2006/065651 PCT/US%Q&%%@%@%@ metallocene-type catalyst‘compounds are described in, for
example, U.S. Patents: 4,530,914; 4,871,705; 4,937,299; 5,017,714; 5,055,438,
5,096,867, 5,120,867; 5,124,418; 5,198,401; 5,210,352; 5,229,478; 5,264,405;
15 5,278,264, 5,278,119, 5,304,614; 5,324,800, 5,347,025, 5,350,723; 5,384,299;
5,391,790; 5,391,789; 5,399,636, 5,408,017, 5,491,267; 5,455,366; 5,534,473;
5,539,124, 5,554,775; 5,621,126; 5,684,098; 5,693,730; 5,698,634; 5,710,297;
5,712,354; 5,714,427, 5,714,555; 5,728,641; 5,728,839, 5,753,577, 5,767,209;
5,770,753 and 5,770,664; European publications: EP-A-0 591 756; EP-A-0 520 732;
20 EP-A-0420 436; EP-A-0 485 822; EP-A-0 485 823; EP-A-0 743 324; EP-A-0 518 092;
and PCT publications: WO 91/04257, WQ 92/00333; WO 93/08221; WO 93/08199;
WO 94/01471; WO 96/20233; WO 97/15582; WO 97/19959; WO 97/46567;, WO
98/01455; WO 98/06759 and WO 98/011144. All of these references are incorporated
herein, in their entirety, by reference.
25 Suitable catalysts for use herein, preferably include constrained
geometry catalysts as disclosed in U.S. Patent Nos. 5,272,236 and 5,278,272, which are
both incorporated in their entirety by reference.
The monocyclopentadienyl transition metal olefin polymerization

catalysts taught in U.S. Patent No. 5,026,798, the teachings of which are incorporated

30 herein by reference, are also suitable as catalysts of the invention.
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support is then converted into active catalyst by calcination in air at temperatures up to 1000C. During
activation, the titanium is converted to some type of surface oxide. The chromium compound
(generally chromium (lIl) acetate) is converted to a s Cr+6 oxide of some kind. Fluoridation agents
may also be addedbdusiagithe activation process to selectively collapse sorta fuseessitu#hies support,
modifying the molecular weight response of the catalyst. The activated catalyst may also be treated
with reducing agents prior to use, such as carbon monoxide in a fluidized bed, or other reducing
agents, such as aluminum alkyls, boron alkyls, lithium alkyls and the like. io Catalysts of this type are
described in numerous patentﬁlﬁijfblfeg&in@/@?ﬂ%&)%ﬁ%,ﬁ%ﬁé&%ﬂ&d@é&@@ﬁ&ﬁg angbtile
references cited ther n Each of hese references is i orpo (4 in jts ent reference. For
example, a usefuf °Cata f/tslf’ rllscgrgﬁ poﬁga%%%r%me eﬁt‘i.%c 21 t k‘c‘fr[t?fg %/ tB?(lde
catalyst) which |§’snbd;taﬂiuhlld:wﬂdn-ﬁmmmalandiﬁr&:go&aﬁ:hemapﬁad@hdd\aﬁ, aubscagepadible size 15
distribution, with at Ie?st 70 percent of |ts ROY %volumj % %ore of dlametE (—;étween 200 to
500 Angstroms SOeh é"éd%p%"r‘ 01rer%lexuccan R %afiec? iR gfﬂ'ﬂ?g)b? QU188 of oxygen, at

a temperature frome850Gro Tie sinigrinfptdirmerapuitesoin e aippededabpmplex. Catalysts such as
those described in US602293 also corgalnl g.2 §§6 C éoonent are also useful in the invention.
This reference is also 20 mcorpc%—?&%rﬁ%@@%reference In a preferred embodiment,
unimodal resins, based on poljiethydesietd Ebodseeht poiyinenspand cimarissdd onahbighusiansity
polyethylene polyme $, are cou led b azide coupling proce escnbe herein. In another
embodiment, a blené Ilifa e or'more reégfn r(a:tcl)(r)l aﬁ#gg % £54 nglén SReSRGH %fgﬁy?éﬁngolyethylene
polymer, 25 is caaplegusydan awide umnpmtpmmess described herein. In one embodiment, the

Cr-catalyzed polymer has am It ate 90C, 2.1 weight, ASTM 1238- 03 ranging from
0.01to 20 g} 0 min. In some gm% r[ﬁ'rel%s “thet ar{lgzgs i %91 %qgngl}peraiﬁdmm )fr?%ome
embodiments theafi@ ns:thesis thmk@nmaruge@cla@m:mn iait prefditablpdudes ghsrpbass
characterized as 3 haV| an 12 of from 0.5 t more prefer b from Ito, 10 g/10 min. In
52 WO 2006/065 ]itllg Ejgﬁ %é "h?fe p& gon processes. E?tf paﬁl lar 1nterest:l'o tﬁe

present invention are resins made in the gas-phase process, those made using a
chromium catalyst, and in particular, a titanated chromium catalyst.

15 - Typical, useful catalysts consists of a chromium (VI) compound
(typically as the oxide) supported on a high surface area refractory oxide support.
Generally the support is an amorphous microspheroidal silica, silica alumina, silica
titania or aluminophosphate. The catalyst is prepared by activating the chromium-
containing support at temperatures of '400-1000°C;. in a dry, oxygen-containing

20  atmosphere. Modifying materials such as titanium and fluoride are generally added
prior to the activation.

Generally, catalysts are prepared by using commercially available silica
to which a chrome source has been added. The silica substrate may be treated with a
titanium ester (titanium tetraisopropylate or titanium tetraethoxide are typically used)

25 either after the Cr compound is deposited or prior to this deposition. The support is
generally pre-dried at 150-200°C to remove physically adsorbed water. The titanate
may be added as a solution to a slurry of the silica in isopentane solvent or directly into
a fluidized bed of support. If added in slurry form, the slurry is dried. Generally, the Cr

compound which is convertible to Cr+6 has already been added to the support. The
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another embodiment, the 12 is from 0.0085 to 0.017 g/I0 min. All individual values and subranges
0.001 to 20 g/I0 min (I12) are included herein and disclosed herein. The melt flow rate, 121, (190 C,
21.6 kg weight, ASTM 1238-03), chromium-based polymer, can be in the range from | to 50 grams per
10 minutes, awd ®is/@wfarably in the range from 2 to 30 grams per 10 mimatesSnosomies3
embodiments, the melt flow rate ranges from 5 to 20. All individual values and subranges from | to 50
9/l 0 (121) min are included herein and disclosed herein. The flow rate ratio, 121/12, of the polymer
can be in the range from 40 to 200, and is preferably from 50 to 150, and most preferably from 55 to

130. In other io emieedinianis, dhe d2dl idoidie: palymebiscilchaitangaifrarnapdatdd upnel preferably
from 80 to 120. Ai%lag%idual values and subranges 40 to 200 (121/12) are included herein and
disclosed herein. The Mu, of this polymer is preferably in the range from 100,000 to 600,000 g/mol (as
measured by Gel Permeation Gilipgmatogtaphye maituprafesabiydd td sothe tppgesaffiam 200,000 to

500,000 g/mol, and most preferably in the range of from 210,000 {0 450,000 g/mol. Al| individual
values and subraiy&s i&%‘%@ﬁ‘ﬁ% QSmQBng%eaWﬁ Y GO Fﬁﬁiﬁagat%éﬁe‘iﬂnﬁﬁaeéi@c‘l‘osed herein.
This polymek haga Uexigiy fhaingenet aliyuanpes frornme. 820 ABOR Addgl chifASTVaZdADR), preferably
in the range from 0.920 to 0,970 F%’CC. {n some 20 embodiments the dg@it ranges fr?m 0.930 to
0.960 glcc, and ﬁf8F§SBF8f§‘TJ§6W' RS SAROPRIE A S ePaes: gred R Aiues and

subranges from O.&2ht iesfbAstbogttie analinel e dibrayd and gisslosaidoeratateinadhromium
catalyzed resin made.be prepared in one regctor, or ma be. regar&déas I%nd in,two or more
on a VA

b
reactors, operaté: |‘r11C1r5‘§ra¥leerf,S’lﬁ”soerr}gs‘?f%r%caaﬁgaﬁom ination theteof 1A g?)er 121 %8 ual reactor
configuration, theedatatgsigenecuishraanthihiewnaditglyioase atktybyl lidedninak fissindtettikeand the

polymer!zingomixture IS trans@r{aeldsiio g ﬁﬁss cogd r%\%:togff% furthergjogg%zati n. Additional
polymerization processes are gstribed hereh. B3WE 2606/865651 PE TS 25057044643 The
novel compositiow ©angf8HF IERIBAN ZH I o heditdanshthibd fef¥vecomponiahtras. disctisded in the
prior SeCtionS’Caﬁlct:)s% L egeencb 6% szlicr(i)et rgIem?m%desﬁtE&g/, by reference. For example, a useful
catalyst is a supported chromium-titanium catalyst (or titanated chrome oxide catalyst)
which is substantially non-spherical or irregular in shape, and has a broad particle size
15 distribution, with at least 70 percent of its pore volume ranging in pores of diameter
between 200 to 500 Angstroms. Such a supported complex can be activated by heating
in the presence of oxygen, at a temperature from 850°C to the sintering temperature of
the supported complex. Catalysts such as those described in US6022933, also
containing a Cr™® component, are also useful in the invention. This reference is also
20 incorpbrated heréin, in its entirety, by reference.

In a preferred embodiment, unimodal resins, based on polyethylene (Cr-
based) polymers, and, in particular, on high density polyethylene polymers, are coupled
by an azide coupling process as described herein. In another embodiment, a blend of
two or more resins, containing at least one chromium catalyzed, polyethylene polymer,

25 is coupled by an azide coupling process as described herein.

In one embodiment, the Cr-catalyzed polymer has a melt flow rate, I,
(190°C, 2.16 kg weight, ASTM 1238-03) ranging from 0.01 to 20 g/10 min. In some
embodiments the I, ranges from 0.1 to 15 g/per 10 min. In some embodiments the I is

less than, or equal to, 0.1 g/10 min, and preferably the polymer is characterized as

30  having an I of from 0.5 to 10 g/10 min, more preferably from 1 to 10 g/10 min. In
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example, it may be made by blending or mixing a LMW polyethylene component and a HMW polymer
component or by melt-blending the individually melted components. s Alternatively, it may be made in
situ in one or more polymerization reactors. In a preferred dual reactor configuration of the process of
the present ime@ntisrstagicatalyst precursor and the cocatalyst are introdweautiseeh&ofisstyeactor, and
the polymerizing mixture is transferred to the second reactor for further polymerization. Insofar as the
catalyst system is concerned, only cocatalyst, if desired, o is added to the second reactor from an
outside source. Optiogtzzllelz}_/ th c§ta(l%st {fé cursor may be partially activated prior to the addition to the
her i TERTEh StibatiGiey #i8 e se ARl Itmie prifedbdidalalaieaciad

reactor, followed byaPur

configuration, a relativelydeightopleay1 veight.Jaw malidawdrien£ae9 sg‘ ris prepared in the first
reactor. Alternatively, is the low olecr{:ﬁr weight copolymer can be prepare in the first reactor and
the high molecular weight copol)ﬁi‘éplc? BY b’r%pére M the Belba o eighttod Pdr pagoases of the

present disclostre dierméasinselghife onsiions:atg.candidy S aking high, molepular
weight polymegls I<.no¥v %Q?%ﬁlsgh molecular weight reactor.” Alterfatively, the reactoriwhich the
aki

el?eaa I 4 . R
t AN8H/ A et BRI ht atipvtes. idnkevoverembdiiendiayy molecular

. dS
conditions are conducive to

weight reactor.” Irr@b@edh&owfrwhi@hge@mmmtjg mads dishuth e idyre afbggn%gsl ro%nog an a_ctive
catalyst is preferalgb( gtg?@gféred from the first reactor to the second reactor via an interc nﬂectlng

device using nitrogen na rr‘é%%fﬁf%@&?ﬂﬁ?é’s@ﬁ%hﬂﬁ%dium. The polymerization in each

reactor is preferably conducted Thtogaatid)asausingepsontinuousditidized be cproz&%etss. Ina
typical fluidized begor@%%t(?rsthr%fbeg iﬁ?usug(}h/ made u& of the same granular resin that is 0’be
produced in the reactor. Thus, during thE' c3uPst 8t 1A Pew et foté bledl 8eniprises formed

polymer parti@les,egubvdhgepbl)ﬂfﬁd&1¢Bﬁidl1&5p@l§}ﬁhﬁa§ab'a§m5%@|g§,ﬁtg§lil%eﬁp’yaﬁ%)@%grggﬁtion and
modifying gaseou %%né%fonigg inﬁaqdu_ced at a flow rate or velocity sufficient to 30 cause the particles
to separate and act a8 a fuid* The fiiRd¥iAbAG % vesArdie bisnsestd) 62000, 200GOGEMSIed
PCT/US2005/044tdiinitial deedsénakesyp feed, and cycle (recycle) gas, that is, comonomers and, if
desired, modifiers and/or one or more inert carrier gases.

The M,, of this polymer is preferably in the range from 100,000 to

600,000 g/mol (as measured by Gel Permeation Chromatography), more preferably in

15 the range of from 200,000 to 500,000 g/mol, and most preferably in the range of from
210,000 to 450,000 g/mol. All individual values and subranges from IO0,000 to
600,000 g/mol (M,,) are included herein and disclosed herein. |

This polymer has a density that generally ranges from 0.890 to 0.975
g/cc (ASTM 792-03), preferably in the range from 0.920 to 0.970 g/cc. In some
20 embodiments the density ranges from 0.930 to 0.960 g/cc, and more preferably in the
range from 0.940 to 0.955 g/cc. All individual values and subranges from 0.890 to

0.975 g/cc are included herein and disclosed herein.

The chromium catalyzed resin made be prepared in one reactor, or may
be prepared as a blend in two or more reactors, operated in parallel, in series, or in a
25 combination thereof. In a preferred dual reactor configuration, the catalyst precursor
and the cocatalyst are introduced in a first reactor, and the polymerizing mixture is

transferred to the second reactor for further polymerization. Additional polymerization

processes are described herein.
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A typical fluid bed system includes a reaction vessel, a bed, a gas distribution plate, inlet and outlet
piping, a compressor, cycle gas cooler, and a product s discharge system. In the vessel, above the
bed, there is a velocity reduction zone, and, in the bed, a reaction zone. Both are above the gas
distribution plate.2f0éygorsal fluidized bed reactor is further described in USPLE8R68704haxntire
contents of which are herein incorporated by reference. The gaseous feed streams of ethylene, other
gaseous alpha-olefins, and to hydrogen, when used, are preferably fed to the reactor recycle line as
well as liquid alpha-olefins and the cocatalyst solution. Optionally, the liquid cocatalyst can be fed

directly to the fluidized bed. The pastialy.agihaied %@%ﬁhgfﬁ@#fﬁ@viéoﬂ{ﬁgﬁéﬂPAXdimgﬁwnto the

fluidized bed as a mineral oil slurry. Activation is generally completed in the reactors by the cocatalyst.
The product comgsuBhimantats Biscustreshibihe paing iegtipssipe fforkadeios wiritte efortméss Fatroduced

into the fluidized beg, Abe BraguetiaqenyBiitborRRIRISR M aRUIRy B RRHIGHIRIE fpam from the
reactor as the bed level "buildS up with polymerization. The production rate is controlled by adjusting

the catalyst feedHdE nedysietremnopeepay el phlenstingshnipdidediotarelted prafemmertsnode is to
take batch quantifigs pfRragduehitomhadish 28, eaniob: AR RNGREIAASE (K lhigSecond reactor

using the differential pressure generated by the recycle gas compression system. A system similar to
that described in US 4,621,952,%@%@@@@%&@%@@9&%&%@@ Hehsinrnseoy pbrateEcEteference, is

particularly usefu gl SREWIRISRRKLING SAAeIobat e brskBnstSpEPAY FRAGHALR: 25

Depending on the specific method used to transfer the mixture of polymer and contained catalyst from

the first reactor tgthdhsdobrperartopi e s ERgrEsS torthsreesenfasaagr ey &ilst higher than or

somewhat lower thap thababthe,fiish fie SRA0RAJRBLIY SIRSAUE b IPWRN S Rresse differential
can be used to facilitate transfer of the polymer catalyst mixture from Reactor 1 to Reactor 2. If the

second 30 refactdp preedindhie Srme et frirettiaipidssiarsea Patentlly (e righet EFAMSEsor may
55 WO 2006/06562] RGIAAR 0404318 thead Ree Metive i asifowaoye mahengr. The

pressure, that is, the total pressure in either reactor, can be in the range of 200 to 500 psig (pounds

In the preferred dual reactor configuration, a relatively high molecular
weight (low melt flow index) copolymer is prepared in the first reactor. Alternatively,
15 the low molecular weight copolymer can bé prepared in the first reactor and the high
molecular weight copolymer can be prepared in the second reactor. For purposes of the
present disclosure, the reactor in which the conditions are conducive to making a high
molecular weight polymer is known as the "high molecular weight reactor.”
Alternatively, the reactor in which the conditions are conducive to making a low
20 molecular weight polymer is known as the "low molecular weight reactor." Irrespective
of which component is made first, the mixture of polymer and an active catalyst is
preferably transferred from the first reactor to the second reactor via an interconnecting
device using nitrogen or second reactor recycle gas as a transfer medium.
The polymerization in each reactor is preferably conducted in the gas
25 phase using a continuous fluidized bed process. In a typical fluidized bed reactor the
bed is usually made up of the same granular resin that is to be produced in the reactor.
Thus, during the course of the polymerization, the bed comprises formed polymer
particles, growing polymer particles, and catalyst particles fluidized by polyrneﬁzation
and modifying gaseous components introduced at a flow rate or velocity sufficient to

30 cause the particles to separate and act as a fluid. The fluidizing gas is made up of the
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and is preferably in the range of 280 to 450 psig (1.38, 3.45, 1.93 and 3.10 MPa, respectively). The
ethylene partial pressure in the first reactor can be in the range of 10 5 to 150 psig, and is preferably in
the range of 20 to 80 psig, and more preferably is in the range of 25 to 60 psig, (68.9, 103.4, 138, 552,
172 and 414 mPapresgestively). The ethylene partial pressure in the secanirregotsnig st according
to the amount of copolymer it is desired to produce in this reactor to achieve the split mentioned
above. Itis noted that increasing the ethylene partial pressure in the first reactor leads to an o
increase in ethylene partial pressure in the second reactor. The balance of the total pressure is
provided by alpharlaiifeedherateanp dtoyeneé anit ardide) gas buch, asnnitiagas atiiedénest,

hydrocarbons, sur%rggian inquced condensin a%ent, for example, isopentane, hexane also
contribute to the &VET: &

Ff)s’rég QrETS e B s ?:rberrogﬁsge%b their vapor pressure under the
temperature and pressure exparigpiatfinitiedagston. ildudee Adcdgenesthyddire, mgle ratio can be
adjusted to contrc()i. verage rp?le(:l[n?r ei%@. The alpha-olefins éoél-uer thanleth lene %n be present
in a total amount &t H%uto T Beer’clélnet 6131/ V\C/’elgehtp %Rlﬂ%eac%)gl {/?%Sé)rr’aH SiBUsEd, AréPHrafer 85 included
in the copolymer itisaHaia amenntiotii: vdod aperednt tnd wWeighis ovehois pdateiabiy?,ai0, 4 percent

by weight, based on,the weight of the copglymer. 20 The residence time of the mixture of reactants
including gaseouénéﬁagﬁ\gu?ger%cg%)t'éﬁ?g? cgéﬁy °4 %V?etzlf’n%%s §asllﬁg é?&‘lfiﬁebé’}it&\'ﬁafe in the range of

1 to 12 hours andlisdireddrabilyaiticdhi farige ddstrbéd in DS F8TJ08 T ahectanscarntzatswh whitte
condensing mode, if desired. The a%:(%ﬂgen ing mode is described in US 4,543,399, US 4,588,790 and

US 5,352,749, thgrezhfreerll ire Contents of which are herein incorporated by reference. While the

polyethylene blends of subjectTihegntanafepretarabdf gtrodocedhier thscgasajiiiasddiipy/andus low
Combination o S0 e S R L e D i o eiher
oder, by 30 conveitenclefecimid tiescagtitysastdwtipre Spiiasillyothediesdune pgabce ssebedid typically 56
e
injected into the fluidized bed as a mineral oil slurry. Activation is generally completed
in the reactors by the cocatalyst. The product composition can be varied by changing
15 the molar ratios of the monomers introduced into the fluidized bed. The product is
continuously discharged in granular or particulate form from the reactor as the bed level
builds up with polymerization. The production rate is controlled by adjusting the
catalyst feed rate and/or the ethylene partial pressures in both reactors.
A preferred mode is to take batch quantities of product from the first
20 reactor, and transfer these to the second reactor using the differential pressure generated
by the recycle gas compression system. A system similar to that described in US
4,621,952, the entire contents of which are herein incorporated by reference, is
particularly useful. ,
The pressure is about the same in both the first and second reactors.
25 Depending on the specific method used to transfer the mixture of polymer and
contained catalyst from the first reactor to the second reactor, the second reactor
pressure may be either higher than or somewhat lower than that of the first. If the -
second reactor pressure is lower, this pressure differential can be used to facilitate

transfer of the polymer catalyst mixture from Reactor 1 to Reactor 2. If the second

30  reactor pressure is higher, the differential pressure across the cycle gas compressor may
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Preferred operating temperatures vary depending on the density desired, that is, lower temperatures
for lower densities and higher temperatures for higher 5 densities. Operating temperature will vary of
from 70C to 110C. The mole ratio of alpha-olefin to ethylene in this reactor can be in the range of from
0.01:1 to 0.8: W@edvepraferably in the range of from 0.02:1 to 0.35:1. TheoTals2@tiowbt4sydrogen (if
used) to ethylene in this reactor can be in the range of from 0.001:1 to 0.3:1, preferably of from 0.01
to 0.2:1. 10 In an embodiment suitable for pipes, the operating temperature is generally in the range
of from 70C to 110C. The operating temperature is preferably varied with the desired density to avoid
product stickiness 1§ #iedreadomotive fseta sy opelyher-oldfrptesaitsy badis de et dhptiessuaenige of from

0:00001 to 0.6:1, pgferablu in dheyanagahion ORR8: é; : ole ratig of hydrogen to
ethylene can be 151in the ragge of from 0.0?L:%t% 3:1, a%égg ré%]éggh?gﬁﬁ%q}lgrﬁglg%}f%g g0.5:1 to
2.2:1. In an embodfithisirsfaiieirdherenss fifnaS ot Hi§sizlbaBldrdbeldhit andctondperating

iomperature Is denesalbL e e o EAGA QAR HIRHREIBNS SbAIRRICnIo Py ene i

less than is used in the high molecular weight reactor and advantageously at least 0.0005:1,
preferably at 18ast'0.000®ti8. ardiiaateiprehie sudiy rRogeet M4n 6P eoigaind BGelpmfeombladyantageously

less than or equal i@ gl Pis ey Al saaaTeY £948! 1922 P75 A IRIPRERIRLERlY 555 than or equal

to 0.007:1, most preferably less than or equal to 0.0042:1. At’!east some alpha otefin accompanies
the high moleculaf ¥&igpigrsRatiot arawsnte imHe paetad sthstor nydrogendiogihtienmaan o in the

range of from 0.01:3,y3:Ly ARddespeares BRINIR MGHRRER Of AR hIQAitileARdRaRg/pbodiment

suitable for blow moldgé?, the high molecular weight reactor operating temperature is generally in the

range from 70C to e Geted thatiraeapiotin dipheneremial peasyre irthe i ressteoleedntbenin the range
of from 0.0:149 Oi§ckeaBhistRyRIRr PRI RS EANBaIR SIAROAA O Sk balhe BIale {gﬂ? of hydrogen
e

(if used) to ethylene in this reactor can be in the range of from 0.001:1 to 0.3:1, 30 pretferably of from
0.005 to 0.2:1. ThE'RSWIRSI@ERifedEiphe nebhn sesaing el lerpd e iogs es1smE TUS2005/044643

temperature is genaraliyin ORFIRIEHTORARGHOIRG Fhamalp dakieahaahar Alsin i, alhylene can
be in the range of from 0.0:1 to 0.6:1, preferably in the range

isopentane, hexane also contributé to the overall pressure in the reactor according to

their vapor pressure under the temperature and pressure experienced in the reactor.

15 The hydrogen:ethylene mole ratio can be adjusted to control average
molecular weights. The alpha-olefins (other than ethylene) can be present in a total
amount of up to 15 percent by weight of the copolymer and, if used, are preferably
included in the copolymer in a total amount of 0.5 to 10 percent by weight, or more
preferably 0.8 to 4 percent by weight, based on the weight of the copolymer.

20 The residence time of the mixture of reactants including gaseous and
liquid reactants, catalyst, and resin in each fluidized bed can be in the range of 1to 12
hours and is preferably in the range of 1.5 to 5 hours.

The reactors can be run in the condensing mode, if desired. The
condensing mode is described in US 4,543,399, US 4,588,790 and US 5,352,749, the

25 entire contents of which are herein incorporated by reference.

| While the polyethylene blends of subject invention are preferably
produced in the gas phase by various low pressure processes, the blend can also be
produced in the liquid phase in solutions or slurries, or as a combination of slurry and
gas phase, or gas phase and solution, or slurry .and solution, each in either oder, by

30 conventional techniques, again at low pressures. Low pressure processes are typically
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from 0.0002:1 to 0.01:1. The mole ratio of hydrogen to ethylene can be in the range from 0.01:1 to 3:
1, and is preferably in the range from 0.3:1 to 2:1. 5 Some blends are made in a single reactor using a
mixed catalyst. In such mixed catalyst systems, the catalyst composition may include a combination of
two or more Biogi@sMlatts catalysts, two or more metallocene-based catalpsigisirohsag4iose
described in US 4,937,299, US 5,317,036 and US 5,527,752 the entire contents of which are
incorporated herein by reference in their entirety, or a combination of ID Ziegler-Natta and metallocene
catalysts. In some embodiments, a dual site metallocene catalyst may be used. The ethylene-based
polymers of the inueatipresniaysiieprepare gswarekaaghiressind prtipies aackRa PR MPple,
ethylene may be homopolymerized, or copolymerized with at least one comonomer, in a single or
multistage slurry ?{gﬁi}"%s %de'ﬁpl)SpO&@ﬁféZ‘géﬂy(?ﬂ%}géﬁg?’iﬁeﬁ’g‘?ﬂﬁi’éybr multistage gas phase
polymerization process, in a Smgfered opeiisiaoemplulionPalyraspERIMN RN ARy iRGLLMbination
of polymerization processes, such as a slurry-gas phase polymerization process, or a gas
phase-solution p(t)%ﬁ‘\%r WAL BRSERRIESNRT RS gls e ek dempeetures deskighed in U.S.

Patents 5,047,468 asides. 18Berathothenpaiitere QnEs of hoth aredincarnp@teg 2R herain, Ry reference.
Two or more reactoys maﬁ be run in parallel or in series, or in a combination thereof. The catalysts

feed may be seletRY o\rirelens MU A6 cAthGdmGe FrRes oF Al Ab | dosdifdoprditataly st
system, a spray giefrgstialysheyaigans Rba 6@ian o5 SquidiiecheRtalNs I SIRIRR AbIB&TjZation

catalysts typically o%tain a 25 supported transition metal compound and an activator, capable of
converting the trgtﬁg Bh B rEsp GHh eIt s agahaany SdRleltaridrPretrabbonh flen.

Supported catalygioeanfigarations typically contain at least one polymerization-active metal compound
with a porous support, such as porous sjlica. Typically, the active metal compound is impregnated
within the poéfous metal oxideiﬂ%‘\?\?@%%@@%é@%ﬁé%?}Mﬁgmﬂ’%é@”?ﬁa&%@%t morphology
may be modified gesingikize thiassificatiGomardiy oy 10radifitatigrefieh emisahRrepeptigs:Hlither forms of

catalyst Conflgur%téggg vﬂﬁ“ﬂg (?esslgrgge(rjlgi?ydtg %I\yotfg r};rgauct stickiness in the reactor. The mole

ratio of alpha-olefin to ethylene can be in the range of from 0:00001 to 0.6:1, preferably

in the range of from 0.0002:1 to 0.010:1. The mole ratio of hydrogen to ethylene can be

15 in the range of from 0.01:1 to 3:1, and is preferably in the range of from 0.5:1 to 2.2:1.

In an embodiment suitable for blown films, the high molecular weight

reactor operating temperature is generally in the range from 70°C to 110°C. The mole
ratio of alpha-olefin to ethylene is less than is used in the high molecular weight reactor
and advantageously at least 0.0005:1, preferably at least 0.00001:1 and advantageously

20  less than or equal to 0.6:1, more advantageously less than or equal to 0.42:1, preferably
less than or equal to 0.01:1, more preferably less than or equal to 0.007:1, most
preferably less than or equal to 0.0042:1. At least some alpha olefin accompanies the
high molecular weight reactor contents. The mole ratio of hydrogen to ethylene can be
in the range of from 0.01:1 to 3:1, and is preferably in the range of from 0.5:1 to 2.2:1.

25 In an embodiment suitable for blow molding, the high molecular weight
reactor operating temperature is generally in the range from 70°C to 110°C. The mole
ratio of alpha-olefin to ethyiene in this reactor can be in the range of from 0.0:1 to
0.8:1, and is preferably in the range of from 0.0:1 to 0.1:1. The mole ratio of hydrogen
(if used) to ethylene in this reactor can be in the range of from 0.001:1 to 0.3:1,

30  preferably of from 0.005 to 0.2:1. The low molecular weight reactor operating
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slurry system, each containing an active metal. The catalyst system may be spray dried 5 directly into
a reactor. These spray-dried systems may also include fillers, binders, slurry agents and/or activators.
Examples of spray-dried catalyst systems are found in U.S. Patents 5,589,539; 5317 036.5 744,556.5
693,727 5,948,@7pH¢B61,606, 6,075,101; 6,391,986; 6,069,213; 6,150,478T/6366/658465,365,695;
6,251,817 and 6,426,394, which are each incorporated herein in its entirety by reference. Additional
10 examples of these catalyst systems are described in U.S. Patent 6,689,847 and U.S. Application
2003/0036613, each incorporated herein, in its entirety, by reference. Additional catalyst
configurations intshugerstutive gretakip mpbermigdpositéd anlpEciptatesishiesapattigptiar, polymeric

metal adducts to micron- sized rou article ExaHrepj_ s of suitable orts include

microparticulate ?Eg(ﬂgltoléﬂg oxides gf“}rr}g%prrwaél ?J(r)rf:ﬁ(grr%u'p' N gﬁetﬁr?ﬁ%irap&tgf’ EB#Sxide moieties.

These supports fry BEbWpiA.edunditermelwititipaftiglés sinds dkjiveenah te bOtwickyes. Examples

Of theses catalyMNIAITS W13 DUNE 100 B PRITHE 333,338 204 Py 8, fpplications 2002/006195
eac 8 ad'h i itirety, o

and 2002/0037979, which are Incorpora erein, its entire y, by reference. 20 Mixed metal
catalysts systems, containing%vroedriendsarcatalisintypeglofeaifiesntgnaleatd anatysctisenchay also be

used in one reagiar. fy %Et%@{@%;en?s "xed, s

LR ETSORRINING 3 eglerNats be Satast and a
metallocene type catalyst, or & Ziegler-Natta type c%\tafys and a chromium t'yf)é Cat Wgt,ofnay be used

in one reactor. Immﬁiegi,eahim@mtﬁYaﬂywercmmalhn@msdﬁfmb&tziﬁgie&d‘dhﬂ‘sa catalysts, 25
two difterent me(allogne: £5IyS/5, a0 cifsrent shramivm atabyss, may alsg be ysed in one

reactor. In two or more reactors, a diffefent catalyst type may be 'used in each reactor. For example, a
Ziegler-Natta typehedtalgsnmayobed dectin bnefeacto m dmir antinetabo aenentypaiocatalyst, or a
chromium type catalystnmay, Qc‘?r%&ﬁd@ ggg;%qe react ré%o Two.0r more reactors also each
contain a different%spectiveaZiegler-Naetta S &Q’lg 51(1)%0 6%%]?@8“[‘7038% %?8&% cgg?alyst, or
may each contafftalfiffexesmaasgkctive metallocene catalyst, or may each contain a different

respective chromium catalystr e RYDEELAHANFHLSR RS M e drlsad o as coupled,
reactor or in multiple reactors. For example, ethylene may be homopolymerized, or '
copolymerized with at least one comonomer, in a single or multistage slurry (tank or
15 loop) polymerization process, in a single or multistage gas phase polymerization
process, in a single or multistage solution polymerization process, or in a combination
of polymerization processes, such as a slurry-gas phase polymerization process, or a gas
phase-solution polymerization process. Multi-stage gas-phase processes are described
in U.S. Patents 5,047,468 and 5,149,738, the entire contents of both are incorporated
20 herein by reference. Two or more reactors may be run in parallei or in series, orin a
combination thereof.
The catalysts feed may be selected from several configurations,
including, but not limited to, a supported catalyst system, a spray dried catalyst system,
or a solution or liquid fed catalyst system. Polymerization catalysts typically contain a
25 supported transition metal compound and an activator, capable of converting the
transition metal compound into a catalytically active transition metal complex.
Supported catalyst configurations typically contain at least one
polymerization-active metal compound with a porous support, such as porous silica.

Typically, the active metal compound is impregnated within the porous metal oxide.
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by polyfunctional sulfonyl azides as disclosed in US 6,521,306, incorporated herein by 5 reference.
The poly(sulfonyl azide) is any compound having at least two sulfonyl azide groups (-S02N3) reactive
with the polyolefin. Preferably the poly(sulfonyl azide)s have a structure X-R-X wherein each X is
S02N3 and Rwepm@smntssan unsubstituted or inertly substituted hydrocarbgd;inyshesadaysether or
silicon-containing group, preferably having sufficient carbon, oxygen or silicon, preferably carbon,
atoms to separate the io sulfonyl azide groups sufficiently to permit a facile reaction between the
polyolefin and the Ifon¥l azide, more preferably at least 1, more preferably at least 2, most
preferably at least 3 CarBan ShRGRM e M PeIrortifisslyiegisin cefisdietwadrfbgctional groups.
While there is no criticaiflimiiciothentemeih@bfRrgach R advantageously has at least one carbon or
silicon atom between X's, and preferahbly has less than 50, more is preferably less than 30, most
preferably less than 20 carbon, SARSEPBRSAfALES sesfizvranionsHeckdinaitrigrdresdisddatter dor
reasons including tkiermyalyatch sbpkcsiabiling aMHaDRnls Straighizehaip.alkyl hydrocarbon, there are
preferably less tha%.? gﬁ\rbon atoms beMeggl‘the suﬁ%ﬁézﬁ%ﬁ%ﬁ%@%‘dﬁ% ﬁépﬁ%ﬂeﬁ ity of the

nitrene to bend” back and FEE& Wi tsdirshiseresredirgray oupeiseiodedsilihes, andadpxanes, 20

preferably siloxanesuiifegetin ingtdhasirsbisted 48106 12 sHbstitution, with atoms or _groups which do
not undesirably interfere with ?ﬁ desired reactionoggg or dess'?lirllgéS H%%ﬁgé of the ?éé%%lﬁﬁ cBupled
polymers. Such groups IACIIAE AERE, ARPALAE: oF /A Tfatio0mEr7 sHOAanE las wadj6as sulfonyl azide

groups, when mores (hiEm10t 6/30ly. 015, 0B 268 gg’lng,cgg%g;ébl’it&%% ggéf&%ﬁgggggu e R as aryl,

%ne, siloxane or heterocyclic, groups’and o hich are

alkyl, aryl 25 alkan%, Y ‘lfyl ?]il ) clic,
inert and separate the sulfony A2l dEe GRS PR pratsimseinvote gaaRsydtylyeRrinckideddtioleast one

aryl group betweerthesiaifofiyigeaiapsymnastaieistal r u when R is
yiNgs Bén%é@?x?ﬂ‘é’%éﬂt@%ﬁsﬁ% 13

4.,4' diphenylether qr 4,4'-bi I en R is one aryl group, itis preferré p has more
than one ring, as irg‘ elzl%az%g?@%) %(\ﬁglmﬁyf@ﬁg BRDORRY haisbte ) 16 GNNE 20064066651

PCT/US2005/044643 Poly(sulfwmde&ﬂngwd@qﬁ@sﬁﬁ&mma%é@ﬁ%@@ﬁ@ﬁ%@su'fo”y'
C

azide), 1,8-octane épi ..1,10-decane bis(sulfonyl azide), 1,10-octadecane bis(sulfonyl

' Sé%#e':%’QX' agige? ted ar, polyme tal add i
azide). l-octyl-2,4. egenzene tﬁrs(csm %ﬁylr%]ff(?gftlﬁa]'- » polymeric metal adducts to form micron-

sized round particles. Examples of suitable supports include microparticulate metal
15 alkoxides of magnesium, Group IVB metal alkoxides or aryloxide moieties. These
supports may be grown in round form, with particles sizes between 5 to 50 microns.
Examples of theses catalyst systems are found in U.S. Patent 6,399,532 and U.S.
Applications 2002/006195 and 2002/0037979, which are each incorporated herein, in
its entirety, by reference. |
20 Mixed metal catalysts systems, containing two or more catalyst types, of
different molecular structure, may also be used in one reactor. For example, a mixed
system containing a Ziegler-Natta type catalyst and a metallocene type catalyst, or a
Ziegler-Natta type catalyst and a chromium type catalyst, may be used in one reactor.
In addition, a mixed catalyst system containing two different Ziegler-Natta catalysts,
25 two different metallocene catalysts, or two different chromium catalysts, may also be
used in one reactor.
In two or more reactors, a different catalyst type may be used in each
reactor. For example, a Ziegler-Natta type catalyst may be used in one reactor, and a
metallocene type catalyst, or a chromium type catalyst, may be used in another reactor.

30 Two or more reactors may also each contain a different respective Ziegler-Natta
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diphenyl ether bis(sulfonyl azide), 1,6-bis(4'-sulfonazidophenyl)hexane, 2,7 5 naphthalene bis(sulfonyl
azide), and mixed sulfonyl azides of chlorinated aliphatic hydrocarbons containing an average of from
| to 8 chlorine atoms and from 2 to 5 sulfonyl azide groups per molecule, and mixtures thereof.
Preferred poly{sutbosybsestide)s include oxy-bis(4-sulfonylazidobenzene), ZZmegplthalane bis(sulfonyl
azido), 4,4'-bis(sulfonyl azido)biphenyl, 4,4'-diphenyl ether bis(sulfonyl azide) (also known as to
4.4'-diphenyl oxide bis(sulfonyl azido)) and bis(4-sulfonyl azidophenyl)methane, and mixtures thereof.
Most preferred is 4,4'-diphenyl oxide bis(sulfonyl azido) (also designated DPO-BSA herein). Sulfonyl

azides are convegigiily RreRaaehsigr e anigRRiapdidit Agidowitl &Q@f&[@%ﬂ%&g sulfonyl
chloride, although oxidation of sulfonyl _isﬁrrfzgrazines with various reagents (nitrous acid, dinitrogen
tetroxide, nitrosGANAT tedtERtRtJBREHEYHFASBEBR G&alysPolysulfonyl azides are also described in U.S.

Patent 6,776,924, incorporategkheieifein s suiiehivmesferencsifamaditsiaoloay,also referred to
herein as "to couple," the Eé)ly ulfonyl azide) is used in a rheology modifying amount, that is an

S
amount effectiv@Y RO HRE &%&%@%ﬁ?ﬁ%ﬁ%ﬁ BLS 6:3253)8) BrenoptgREeBRYerably at
least about 5 pergeRinds. CPRaRAIREuMIhy NSt fingeatesiRna A REY aDidhdessothiam A 1aagslinking

amount, that is an amount sufficient to result in less than | weight percent of gel, as measured by

ASTM D2765-PrESERRE eNuHrectsssibdihe adkyalsbin  frrferrebolsinexisat il amdrinherazide

sufficient to increagedhe:IRurRsSREMerisEeaHY XS BINEsidtHNdpRsdamakRuskineiohitnereent gel will
depend on molecular Wei%g/t of the azide used and polymer, the amount is preferably less than 5

percent, more prRPSEABRA Twdzogashyh Berosarovherbeire it raeaningeranpigrirablent poly(sulfonyl
azide), based aini@iglsveigiehofpRyimaipdien shragsklipnytasisehias ongasiaiawveight from

200 to 2000 g/mol. To achieve measurable rheology madification, the amount of 30 poly(sulfonyl

azide) is préferaBioRY I 0P WGP IS feRTTHIG B HIeferabny BEtEewes poleleiseh
PCT/US2005/044643 fdagisiAde0honeighlcrdicanteinostisriorakiviy inast-00 1 weightAgycent based

O Ot PO e e, Oy on o S iton DreTarably carbos, Ster bascen Mngtional
groups. While there is no critical limit to the length of R, each R advantageously has at
least one carbon or silicon atom between X’s, and preferably has less than 50, more

15 preferably less than 30, most preferably less than 20 carbon, oxygen or silicon atoms.
Within these limits, largér is better for reasons including thermal and shock stability.
When R is straight-chain alkyl hydrocarbon, there are preferably less than 4 carbon
atoms between the sulfonyl azide groups to 'reéuce the propensity of the nitrene to bend
back and react with itself. Silicon containing groups include silanes and siloxanes,

20 preferably siloxanes. The term inertly substituted refers to substitution with atoms or
groups which do not undesirably interfere with the desired reaction(s) or desired
properties of the resulting coupled polymers. Such groups include fluorine, aliphatic or -
aromatic ether, siloxane, as well as sulfonyl azide groups, when more than two
polyolefin chains are to be joined. Suitable structures include R as aryl, alkyl, aryl

25  alkaryl, arylalkyl silane, siloxane or heterocyclic, groups and other groups, which are
inert and separate the sulfonyl azide groups as described. More preferably R includes at
least one aryl group between the sulfonyl groups, most preferably at‘least two aryl
groups (such as when R is 4,4’ diphenylether or 4,4’-biphenyl). When R is one aryl
group, it is preferred that the group has more than one ring, as in the case of

30  naphthylene bis(sulfonyl azides).
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polymer and heated to at least the decomposition temperature of the sulfonyl azide. By s
decomposition temperature of the azide, it is meant that temperature at which the azide converts to the
sulfonyl nitrene, eliminating nitrogen and heat in the process, as determined by DSC. The
poly(sulfonyl sid®pdeginis to react at a kinetically significant rate (convenieryfseawss4svibe practice of
the invention) at temperatures of about 130C and is almost completely reacted at about 160C in a
DSC (scanning at 10 C/min). io Onset of decomposition was found to be about 100C by Accelerated
Rate Calorimetry (ARC) scanning at 2C/hr. Extent of reaction is a function of time and temperature. At

the low levels of azide, used ip & pBRiGE, Rf-RRYERHAN IR RN E%mﬁé are not reached
ctic

until the azide is essentially fully reacted. Temperatures for use in the practice of the invention are

also determined B trdosytendey ddmeitedipsriendsaias tHE-ferpnsdiseatmylrridsdials. For these
reasons, the tempRyRfYadS,AEYAN %%d%%&&@@,@-@&z@ﬁ%fﬂ%m}f&{ﬁaiﬁHéﬁ‘%rhi-zoc’ more

preferably greater than 150C, most preferably greatér than 180C. Preferredtimes at the desired

decomposition tdinperdteies biseulfreyd ardehletshiridienfonreiiorhendbetiareof.the coupling agent
with the polymer(s)nwithaut20stideaitaRie theama degirdation £t Wenolymes majki;Preferred

reaction times in terms of the half life of the coupling agent, that is, the time required for about half of
the agent to be fesseesarbens prataneged rveipes affremid Kbddilsrhwipivesatitiiereclislihg agent. The

naltlfe is deternyingi i ARG LMD 6I00ADREHINLARIE: (Rrcios@nendiugaction tme is

preferably at least about 4 minutes at 200C. 25 Admixing of the polymer and coupling agent is

conveniently actefspligideipganyistieadonitraidehensripinZifiaarhtiplear dip@Eiapyitasii. different in
many cases, deRePding:RRoM1aLIheRIpaLs! Rranafics Arae: BRI 1R AQRapelyer or

copolymer it is desirable to have as homogeneous a distribution as possible, preferably achieving

solubility of‘the &Aadiphans safgmbisrierebagidsn oot roxdesifony prissplislimabass: pidferred
processes incluggatleaaipns ofihe fellewdads 23 diyiendixadbacapinagaas tawih the polymer,

preferably to form a substantial}l(g/ uniform admixture, and adding this mixture to melt processing
equipment, for ei%ﬁ%?é‘?dg)ﬁ% S8 achieve the coupling reaction, at a temperature at least the

Sulfonyl azides are conveniently prepared by the reaction of sodium
azide with the corresponding sulfonyl chloride, although oxidation of sulfonyl
15 hydrazines with various reagents (nitrous acid, dinitrogen tetroxide, nitrosonium
tetrafluoroborate) has been used. Polysulfonyl azides are also described in U.S. Patent
6,776,924, incorporated herein in its entirety by reference.
To modify rheology, also referred to herein as “to couple,” the
poly(sulfonyl azide) is used in a rheology modifying amount, that is an amount effective
20  to increase the low-shear viscosity (at < 0.1 rad/s) of the polymer preferably at least
about 5 percent as compared with the starting material polymer, but less than a
crosslinking amount, that is an amount sufficient to result in less than 1 weight percent
of gel, as measured by ASTM D2765-Procedure A. While those skilled in the art will
recognize that the amount of azide sufficient to increase the low shear viscosity, and
25 result in less than about 1 weight percent gel will depend on molecular weight of the
~azide used and polymer, the amount is preferably less than 5 percent, more preferably
less than 2 percent, most preferably less than 1 weight percent poly(sulfonyl azide),
based on total weight of polymer when the poly(sulfonyl azide) has a molecular weight
from 200 to 2000 g/mol. To achieve measurable rheology modification, the amount of

30 poly(sulfonyl azide) is preferably at least 0.0025 weight percent, more preferably at
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5 decomposition temperature of the coupling agent; (b) introducing, for example, by injection, a
coupling agent in liquid form, for example, dissolved in a solvent therefore, or in a slurry of coupling
agent in a liquid, into a device containing polymer, preferably softened, molten or melted polymer, but
alternatively iwpaxicuietesform, in solution or dispersion, more preferably rCieteprocessing
equipment; (c) forming a first admixture 10 of a first amount of a first polymer and a coupling agent,
advantageously at a temperature less than about the decomposition temperature of the coupling
agent, preferably by melt blending, and then forming a second admixture of the first admixture with a
second amount ofAs@ARRRALINRL IR, SXATPRIZRERNENAICNbAERMP G AARRE ASMBIRD With at
least one polymer, and optionally other additives, is conveniently is admixed into a second polymer or
combination theré@\‘}’@ﬁ‘ﬁonally with other additives, to modify the second polymer(s)); (d) feeding at
least one coupling agent, prefegably:ifoS0HE 5B AR RIGIGHARLY DRI SR pkias, for example,

powder, directly into softened or molten polymer, for example, in melt processing equipment, for

example, in an e3AHBET 28¢ Be s Hafosestibsdsroranasiiny anseratateed horponrhari¢raRilar 20
particles, and a s@%ﬁa&ttmﬂqﬂﬁgﬁabmwﬁm}wfs elUaTidR.PRIVEBLGRMPINNG doagther. such
olu

that the solvent/coupling agent solution completely coats all the side stream polymer granular

particles and the RUHARY thEioRy T trasdtraeHecHIBRea 288 et inthreprasestatt dried polymer
resin has the CO%@%ﬁ%mwg@f”’[*}{eqﬁﬂﬂ%{Iﬁgnﬁr&ﬂ&%grl)?e:%&s“éﬂ%ibmﬁﬁ‘l&ﬁ&i@eﬁﬁ%‘i‘gﬁm@@ﬁ'y with the

additives per procedure (c) above. 2 Among processes (a) through (e), processes (b), (c), and (e) are
preferred, with (cﬁamopé??f%%r%?@? Pfﬂcéﬁ?ﬁ ;ﬁ‘l’é,lb‘fm fejaspoptvemienahousette make a
concentrate with a4, fistRGMRHLEARRESIOR AV PIGWETMERRS (CIREIEUTR -Bhiatageously at a
temperature below the decomposition temperature of the coupling agent, and the concentrate is melt
blended into@ se@osadl Yolyenamesitigositiofeumsl/in§eabmhigher h)eﬁmlmékmﬁelommplete the
coupling reaction GRRARURGS ars-CiVEXEA06I0aRGR FL ARaPOR T AaRsRIRlY gy eferred

when temperatures are sutficiently high to result in loss of coupling agent by evaporation or

decomposition, ﬁbplbadln@bMQNWMﬂ@_ptﬂvmeqf@ve @h@rtmndjﬁgn@whmhmmesylt in that
effect. Alternatively, SOmECaHRIRG LeaSAUGINaIRICOARS SfdhGliRERORYMEL ANnflcoupling agent,

but some of the coupling
practice of the invention are also determined by the softening or melt temperatures of

15 the polymer startirig materials. For these reasons, the temperature is advantageously
greater than 90°C, preferably greater than 120°C, more preferably greater than 150°C,
most preferably greater than 180°C.

Preferred times at the desired decomposition temperatures, are times that
are sufficient to result in reaction of the coupling agent with the polymer(s), without

20  undesirable thermal degradation of the polymer matrix. Preferred reaction times in
terms of the half life of the coupling agent, that is, the time required for about half of
the agent to be reacted at a preselected temperature, is about 5 half lives of the coupling
agent. The half life is determined by DSC In the case of a bis(sulfonyl azide), for
instance, the reaction time is preferably at least about 4 minutes at 200°C.

25 Admixing of the polymer and coupling agent is conveniently
accomplished by any means within the skill in the art. Desired distribution is different
in many cases, depending on what rheological properties are to be modified. Ina
homopolymer or copolymer it is desirable to have as homogeneous a distribution as

possible, preferably achieving solubility of the azide in the polymer melt.
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5 agent remains unreacted until the concentrate is blended into the second polymer composition.
Each polymer or polymer composition includes at least one homopolymer, copolymer, terpolymer, or
interpolymer and optionally includes additives within the skill in the art. When the coupling agent is
added in a dryvifoemsitsispreferred to mix the agent and polymer in a softeretan2msliesstate, below
the 10 decomposition temperature of the coupling agent, and then to heat the resulting admixture to a
temperature at least equal to the decomposition temperature of the coupling agent. Yet another
method to combine azide coupling agent with the polymer is described in US 6,776,924 which is

incorporated herein in its entifisferfod trresseselcpiRcadeivgors a6 fAMAAR f¥RrOcess in which
15 the polymer iglgggt%n or melted, sutchi%s extrtision, peIIetizin?, film blowing and casting,

thermoforming, compo r?lg?ncgo ki ?bncﬁﬂ SO} B RSIR AR SIS R iR 8 substHialboly olefin(s) and
coupling agent areifsuitedslynoaméjned dddanythivairersbishitessissn daitsd daagior hsieof,
preferably by mixitrIllglErg)a( tco&;lgl@n% }f;\gen&lwith tqﬁ}golymer(s) under coﬁjﬁoﬁg which aIIov? sufficient
mixing before 20 reaction to avoid Lnevas SHBUTREBF1SRati R FRSEREH i3S tisecting the resulting

admixture to healesurffimiettiofoterepatione Bf éfe eyl sgém;am}ialﬂwmﬂfggm@m%@g’ebﬁf coupling
agent and polymer is.formed b[a}‘lore ex&gslu}%r%e IrgE%ﬁcon%i{g’rions in which chain coupling takes place. A
[

substantially uniform admixture IS ofe mw HHi B o ESUNRh g dgehient thegiorsmer is
sufficiently homogénesiusrioobecdleygdenned byqinpivmedbavingamelh issasity alierigatment
according to thesgf%%]g e 8ftgr11%inv$t§)n Fither highﬁ:r at low angular frequency (for example, < 0.1
rad/s) or about equal of lower at hig %rpé)ngﬂféTl?P g %HES}V(\%rlﬁkamﬁr&ta@%@fﬂlﬁwmt of the
same polymer whiphrfias, moirb@erfaredsed wilh thesepligipgent pyibasiiesRrsulissiggto the
same shear and thegmal history..Thus, preferably, in the practice of the 30 invention, decomposition of
the coupliﬁlgo agcéorgt)ﬂ1 (flc?éﬁ?rsngﬁg{gr% r%?ﬁ%g% icler; ﬁoar%%‘iﬂilgéf% ‘3{76%%%%1 BET/US2005/044643
in a substantialljeumifornralissistenetniu dupliagagesit antpplymmes. oftiis pignggsgeeferably attained

e o SO e L R T e
melted form is riéHeaesferdeanennt of a second polymer (for example a concentrate of a coupling
agent admixed with at least one polymer, and optionally other additives, is conveniently
15 admixed into a second polymer or combination thereof, optionally with other additives,
to modify the second polymer(s)); (d) feeding at least one coupling agent, preferably in
solid form, more preferably finely comminuted, for example, powder, directly into
softened or molten polymer, for example, in melt processing equipment, for example, in
an extruder; or combinations thereof; (e) taking a side stream of polymer granular
20 particles, and a solution of coupling agent in methylene chloride solvent, combining
together, such that the solvept/coupling agent solution completely coats all the side
stream polymer granular particles and then drying the mixture of the methylene chloride
solvent. The resultant dried polymer resin has the coupling agent uniformly deposited
on the resin, which then can be fed similarly with the additives per procedure (c) above.
25 Among processes (a) through (¢), processes (b), (c), and (¢) are preferred, with (c) and
(¢) more preferred. For example, process (c) is conveniently used to make a
concentrate with a first polymer composition having a lower melting temperature,
advantageously at a temperature below the decomposition temperature of the coupling
agent, and the concentrate is melt blended into a second polymer composition having a

30 higher melting temperature. To complete the coupling reaction concentrates are
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5 insure homogeneity rather than localized concentrations at the surface. Any equipment is suitably
used; preferably equipment which provides sufficient mixing and temperature control in the same
equipment, but advantageously practice of the invention takes place in such devices as an extruder or
a static polymepo mixinga@evise such as a Brabender blender. The term extraaasmoaadsfior its
broadest 10 meaning to include such devices as a device which extrudes pellets or pelletizer.
Conveniently, when there is a melt extrusion step between production of the polymer and its use, at
least one step of the process of the invention takes place in the melt extrusion step. While it is within

the scope of thedgp@itignpibatibewaactionakarelase sitrrisrNenER PRI madiyar dbhisimgferred that

the reaction be in a bulk phase to avoid 15 later steps for removal of the solvent or other medium. For

this purpose, a FERHhRY SYBBR/EHAR Aretampesiion totisubng i ractinmpitybe neligeven mixing and
for reaching a rgaciiQRAemMREr MM %alaieés@mmqam%f&@m@@f%&ﬁ&&}@&&l@ﬁ@?&é&)@n a
n

preferred embodiment the process of the present invention takes place in a single apparatus, that is

mixing of the codpring Bgdrenstresbithn Srtnalumpneed orypkingoacainbyus spyasaf Siaconabnmg to the

reaction temperapsa RithpcomelingAasntht RedpRaiatidDisREARIBII ScontipyomsMixer, but is also
advantageously a twin screw_extruder or a batch mixer / extruder s%;tem. The apparatus more

preferably has at98RSIHIB: ZBHAPIBARIRE R FRSERIAPATKIR A0FY R BASt 9P first zone is
preferably at a tesnp@Rluier sedfsipntly tighriensftemibenokerendnstialay ihip.gambine with the 25

coupling agent through distributive mixing to a substantially uniform admixture and the second zone

being at a tempdfSHiNESUAIR thaskibicrsarss WbBeadhphripeAseTdsadsier ter Rt %eff and

resultant cost ofisgrRrtrsian andtte ipshfendhllfhrcaunibigRIeN S lkRiendadyirte the polymer, in
alternative preferred embodiments it is preferred that the coupling agent be added to the post-reactor

area of 30 A°pol PP G PTEATr £oF BR AR SR UK TER A RS IBR EFMIAS a gas phase 65
WO 2006/06565uiGhid 520051944643 aprasessudhe teuiitg@gaiinscpigierallyadded in either

powder_or liquid form.to the P deregtgol ethylene before the densijfication ex r sion, In an _
Cremative ombd LA TREL oy e BT SR MBS M BT LR T BB added in
either powder ondiqetictHiesinnaihe, proadaredipoly eibytphatedteerthe isolyentiiay.
The term “melt processing” is used to mean any process in which
15 the polymer is softened or melted, such as extrusion, pelletizing, film blowing and
casting, thermoforming, compounding in polymer melt form, and other melt processes.
The polyolefin(s) and coupling agent are suitably combined in any
manner which results in desired reaction thereof, preferably by mixing the coupling
agent with the polymer(s) under conditions which allow sufficient mixing before
20  reaction to avoid uneven amounts of localized reaction then subjecting the resulting
admixture to heat sufficient for reaction. Preferably, a substantially uniform admixture
of coupling agent and polymer is formed before exposure to conditions in which chain
coupling takes place. A substantially uniform admixture is one in which the
distribution of coupling agent in the polymer is sufficiently homogeneous to be
25 evidenced by a polymer having a melt viscosity after treatment according to the practice
of the invention either higher at low angular frequency (for example, < 0.1 rad/s) or
about equal or lower at higher angular frequency (for example, 10 rad/s) than that of the
same polymer which has not been treated with the coupling agent but has been
subjected to the same shear and thermal history. Thus, preferably, in the practice of the

30  invention, decomposition of the coupling agent occurs after mixing sufficient to result
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s removed by decantation and prior to the drying and densification extrusion process. In an alternative
embodiment when a polymer is made in a solution process, the coupling agent is preferably added to
the polymer solution prior to the densification extrusion process. In a preferred embodiment, the
coupled resinvarmsuisssantially gel-free. 10 In order to detect the presenaecofpsavdswinens desirable,
guantify insoluble gels in a polymer composition, simply soak the compaosition in a suitable solvent
such as refluxing xylene for 12 hours as described in ASTM D 2765-90, method B. Any insoluble
portion of the composition is then isolated, dried and weighed, making suitable corrections based

upon knowledge faf diebeampasitiafols fdoriexaenlecpenweight Alin@ypRlY MTRIiGnS@hseRt-soluble
components is sub%rga%igad from the, iﬂi]tial weight and the weight of non-polymeric, solvent-insoluble,

components is stBTFEEREY BB ql‘?ﬂ&?’iﬁ&“ﬁﬂﬁ?lﬁ?@i@ﬁﬂ‘ﬁlwg Motk EgKseRerecovered is

reported as percentsgalifpaicrnégptrSorRientinkafi RYIpasesRkh g ippeaiioshdiBsbaiaptialy, gel-free”
means a percentggel content that is d@iira% 10 ZOFéJercent, mare desirably < 8 percent, preferably
< 5 percent, mordBrtEFHBRT O3 PHUSEHE KhIPmEPe PRl pRyelies fumdnmensaneliBed Breferably < 0.5

percent and gnosinguefesatlychelgwadriatiabie-Ainis whemtaiogswieeawmtbe solvent. For certain end
use applications where gels can be tolerated, the pi}(,ercent gel content can be higher. Preferably the

inventive compositions do notBhESHESE SRR I rabherapmastrdimaKg Sgent.

Examples of crossiifikiag agenjsatedesaibed iontQ0885:30: icprnerated hergingiyigentirety, by
reference. Examples of aﬁ} itional crosslinking ageé%tfihinclude phenols, azides, aldehyde-amine

reaction productd SHBSAtURSANEAS ARy ShaRidRYLRSS S8 BR UK SR HitEE PSlFHTuted
dithiocarbamatesniiligdecnptaiching sBNpewdslcideh ahthiazoieeuinidazeleoG6 WERN06/065651

PCT/US2005/044643. sulfenamijdes, thiuramidisulfides, elemental sulfuy, paraquinonedioxime,
dibenzoparaguind) %‘8.‘%%&%‘%388% %%fS%%@S%}Eﬁ“ﬁﬁWé%WWH&W%mposmon is
particularly usefuCinviabrichtingdnathsraissionnrdisisibutep pipesiorvhiaionasts pslgmther liquids or
> slurries, for PE O RS R e A e, DA e Tnaran ERResfally;pipes that
extrusion step. While it is within the scope of the invention that the reaction take place
in a solvent or other medium, it is preferred that the reaction be in a bulk phase to avoid
15 later steps for removal of the solvent or other medium. For this purpose, a polymer
above the crystalline melt temperature is advantageous for even mixing and for
reaching a reaction temperature (the decomposition temperature of the sulfonyl azide).
In a preferred embodiment the process of the present invention takes
place in a single apparatus, that is mixing of the coupling agent and polymer takes place
20  in the same apparatus as heating to the reaction temperature of the coupling agent. The
apparatus is preferably a continuous mixer, but is also advantageously a twin screw
extruder or a batch mixer / extruder system. The apparatus more preferably has at least
two zones into which a reaction mixture would pass. The first zone is preferably at a
temperature sufficiently high to soften the polymer and allow it to combine with the
25 coupling agent through distributive mixing to a substantially uniform admixture and the
second zone being at a temperature sufficient for reaction of the coupling agent.
To avoid the extra step and resultant cost of re-extrusion and to insure
that the coupling agent is well blended into the polymer, in alternative preferred

embodiments it is preferred that the coupling agent be added to the post-reactor area of

30 apolymer processing plant. For example when polymers are prepared, in a gas phase
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equal or exceed a PE 100 performance rating. In other words, the novel composition can be used to
increase the service life of the pipe. Such pipes may be formed by extruding the compositions
described herein by any convenient method. US 6,204,349, US 6,191,227, US 5,908,679, US
5,683,767, U648/ ®6d5and US 5,290,498 disclose io various pipes and pagtiveei®ié4vaking the
pipes which can be used in embodiments of the invention. As such, the disclosures of all of the
preceding patents are incorporated by reference in their entirety. In the fabrication of pipe, particularly
large diameter and heavy wall pipes (>2.0 inches (51 mm)), increased resistance to gravity flow

induced sag is a FEfitdNficerPhingawvds pesiiprablyredindoorriiusitiondeprovigeidapinaeased sag
resistance up to apshiaaeiriagy Aehd LR MENIRickwall pipes as per th% demonstration data in

Table 8. From this demonstration run, the novel polymer composition &% fgaﬁitfh melt strength such
that all pipe sizes EBPRABIRS-UBSC ivrmhEraerss stipradwichainel sainy baee dsilyonpanyiaeihtRddag)
Compared to otheh piRRIKERHELSIIKE SO HRALA le.(C DGDB-2480) or CS B
(DGDP-2485) the novelﬁvention rezlijn has btc?ttﬁ{ ?h%%gﬁe%%ggaf i[%l? f:?ﬂ%sﬁiﬁ%%tﬁf all diameters
and wall thickhesE8B%Ad Ry feststasisncradasoperthrdrmimerpdofsestias (REMTLRGRaes Mgeting the

PE-100 pipe bursiieséng#ROMISEaeRts: 1he, S gtive CS F and CS B samples have excellent
melt strength 25 but inferior solid state performgﬂr?ggﬂ)ré\é%}%%%slwgfﬁl??@ﬁfcﬁigéﬁégﬁ%"@specialIy at

elevated temperat&FBEIRFfferebly Added te fhe nolymsi dodusion peidotorthn densibpeidieshusi daferior melt
strength. The inverdbegspolymer composition has both superior melt strength and superior solid state

performance properties solvin%he problem of having the best of both technologies in a single resin.
67 WO 2006/065651 PCT/US2bBBIkasAssipenietis tabpicdtesinrtivtestsamiiyngiiedeom the

novel rheolagy miadifiéd wogefesitioprsisslateshBSIRIR: fQISaMple ol erations can be used
to form useful fabri?ated articles or parts from the compositirons’r(ﬂ !l > & ool &5 dfh@ling various

SCIOS erein,
injection moldingPBrSTEESER PR IA3En My sk db epipaesiHom bte snit FitasticenEnciicionedia/89, Mid

October 1988 IssufluMajicg@bioN urmaaksla, RBeilid i A& TR HEHHSION 19.lniggliop Molding™ by H.
Randall Parker aﬂlgo?&f)epp 270-271, ’ - Any

ortion of the composition is then isolated, dried and weighed, making
suitable corrections based upon knowledge of the composition,

15 For example, the weight of non-polymeric, solvent-soluble components
is subtracted from the initial weight and the weight of non-polymeric, solvent-insoluble,
cdmponents is subtracted from both the initial and final weight. The insoluble polymer
recovered is reported as percent gel (percent gel) content. For purposes of this |
invention, "Substantially gel-free" means a percent gel content that is desirably < 10

20  percent, more desirably < 8 percent, preferably < 5 percent, more preferably < 3
percent, still more preferably < 2 percent, even more preferably < 0.5 percent and most
preferably below detectable limits when using xylene as the solvent. For certain end use
applications where gels can be tolerated, the percent gel content can be higher.

Preferably the inventive compositions do not contain a peroxide and/or
25 another type of crosslinking agent. Examples of crosslinking agents are described in
WO/068530, incorporated herein, in its entirety, by reference. Examples of additional
crosslinking agentg include phenols, azides, aldehyde-amine reaction products,
substituted ureas, substituted guanidines; substituted xanthates; substituted

dithiocarbamates; sulfur- containing compounds, such as thiazoles, imidazoles

3
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"Injection Molding Thermoplastics" by Michael W. Green, the disclosures of which are incorporated
herein by reference) and blow molding processes (for example, that described in Modem Plastics
Encyclopedia/89, Mid October 1988 Issue, Volume 65, io Number 11, pp. 217-218, "Extrusion-Blow
Molding" by Ghaistephesshwin, the disclosure of which is incorporated her@@tyspeésranes), profile
extrusion (that is, for pipes), calandering, pultrusion, and the like. Fibers (for example, staple fibers,
melt blown fibers or spunbonded fibers (using, for example, systems as disclosed in U.S. 4,340,563,
U.S. 4,663,220, U.S. 4,668,566, or U.S. 4,322,027, all of which are is incorporated herein by
reference), and g&tienamiitrss shiformidisntidethdesyaiemutisclosaguinddeSiodifht3. 110, incorporated
herein by referengﬁ;erg%wovggna gxprggwoven fabrics (for example, spunlaced fabrics disclosed in
U.S. 3,485,706, incorpo ate‘ﬂ'lhereln(by refgrecﬁgétinoz}'tﬁ?ﬁ&ﬁ'@g'made from such fibers (including, for

example, blends of these fiber§hvithvotherbiogysmitali fxpeopiseRvatipdena 29, teigahhalate, PET, or

cotton) can also from the novel compositions disclosed herein. A blow molded article of the
%W&Eﬁg%%}s i gfls B%’\H%Bmﬁﬁ FhEAHosRYTRied s polymer

present invention may anuractured b
composition throghfirtks f@sé’BBéO&@WﬁﬁJmidnlmmmaldiBgmﬂﬁbme,aaﬂeéﬁm}a& tiiision blow

molding machine, 25 eploying ¢envsntional conditions. For example, in the case of extrusion blow
molding, the resin emperatureglds typfil(ggﬁg Jetwveen %%Eh%t OErdpribeRysE commRabioad coupled

polymer composi¢irbRavidg aintoper fenpeiatuite s exdpipledS IR mali@cinthedgym of a molten
tube-shaped pariéggli\]ﬁ& ng arison is held. within a shaping mold. Subsequently a'gas, preferably
air, nitrogen or carbon1d|OX|de?%‘80(§* i L?Sr%%c (%’refkrtrgﬁ%f}j’d’ BRY TR YEHBH SR pkop@ A3 48, blown into

the mold so as td/88:V0022006/H6568 5 PCUAIHBIENAUSA3H Bheme-theyaasison arcardipg to the

profile of the mold, yisldir llow, molded article. Examples of blow molded articles include bottles,
drums; and gutomoti\?e ai ﬁic%l;s{aslﬁgﬁhoag %?ﬂl}?f hKed lggiﬁg 14can Reuerfdecmbediaeptsister, a glove

box door, an instifierintanet sssbdnipedisdiapaofmper begmcalbfl gk 6QRSOIR:APtake manifold,
a spoiler, as Sidﬁﬂ@&@ﬁe%ﬂ&@f’eﬁtfé&or trim, an airbag cover, a HVAC duct, a spare tire cover, a
fluid reservoir, a rear window shelf, a re_gonator, a trunk board or an arm rest.

In the fabrication of pipe, particularly large diameter and heavy wall

pipes (>2.0 inches (51 mm)), increased resistance to gravity flow induced sag is a

15 critical need. The novel polymer resin compositions provide for increased sag
resistance up to and including 4 inch (101.6 mm) thick wall pipes as per the
demonstration data in Table 8. From this demonstration run, the novel polymer
composition exhibits high melt strength such that all pipe sizes commonly used in the
industry worldwide can be easily manufactured.

20 Compared to other pipe products like comparative sample (CS) F
(DGDB-2480) or CS B (DGDP-2485) the novel invention resin has both the melt
strength to fabricate pipes of all diameters and wall thicknesses and superior solid state
performance properties (PENT, RCP, and meeting the PE-100 pipe ourst testing
requirements. The comparative CS F and CS B samples have excellent melt strength

25 but inferior solid state performance properties (PENT, RCP, burst testing especially at
elevated temperatures) while CS A has superior solid state performance properties but
inferior melt strength. The inventive polymer composition has both superior melt
strength and superior solid state performance properties solving the problem of having

the best of both technologies in a single resin.
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Adequate parison sag resistance and polymer melt strength is necessary for producing acceptable
blow molded articles, especially large blow molded articles such as drums and automotive articles. If
the polymer's melt strength is too low, the io weight of the parison can cause elongation of the parison
causing probleagsmaoksast variable wall thickness and weight in the blow nralded2antiolespart blow-out,
neck down and the like. Too high of a melt strength can result in rough parisons, insufficient blowing,
excessive cycle times and the like. Alternatively, the coupling can be carried out in an extruder which
also is forms the pipe, film, sheet, blow molded article, etc. In a blow molding machine this is
preferably an extrusion blow mglgling-fipgBine: e RAY BEbasAIINg HIAWY faisfonyl azide

and optionally additional components are introduced into the pipe, film, sheet, or blow molding

extruder to formBogHfisthesmappsisanselisaiRsedhsictind s Xappleipddinaenestsnssandnpetture,
sufficient to resulf i he&guPing QtdhaRORAY IRk iesming someliefbRalRAAY-Er composition.

The molten, coupled polymer compasition is extruded into a molten cylinder, for pipe or film or sheet
or a tube-shapdBHHHRG YA thETETIRAMNERE BREFSIROIERIF RIS ibhdesarhedas Modembed

hereinabove,. Rhegleayrnediipdpobiners aaaspesisliuseiiasbevaiiisrian 25 besier bubble

stability as measured by low shear viscositg. Polymers rheolo% maodified according to the practice of

the invention aré &ip@HERdurtos klrissHondiaidinembulficRepll frekeantng PRatdizddfor these
applications due tgjébeoglR¥sitian ahvistsiy:Qf vyefrmbivatdeast hparsashatdomaheastates (< 0.1

rad/s), sufficiently high melt strengths to avoid deformation during thermal processing or to achieve

bubble strength BEVRESAEHRIEESBY 1eBEeRIEISBA SN AR AN ERIAFFG BN HTSIIRL 418 sufficiently low

viscosities (meagss@bet & 6@ Pletadds hydpddn)de fagiltrievaiolddsdsans extisias,
Advantageous toughness and tensile strength of the starting material is maintained or improved. Film

and film strifcturSSPasHsliRiy Hemert frorripeniiendalang nChanstorhedtigitke conventional
blown film fabricatigpsigslvfiatirg o iathasontedarably bhimtiatnesjepisiier NregessestSycbas tenter
frames or double bubble g)rgcesses.1 Canentioplak, lown film Process s are described, for example, in
The Encyclope Fip§ ), calan ering, pultrusion, and the like. Fibers (for example, staple tfibers, melt

blown fibers or spunbonded fibers (using, for example, systems as disclosed in U.S.

4,340,563, U.S. 4,663,220, U.S. 4,668,566, or U.S. 4,322,027, all of which are

15 incorporated herein by reference), and gel spﬁn fibers (for example, the system
disclosed in U.S. 4,413,110, incorporated herein by reference), both woven and
nonwoven fabrics (for example, spunlaced fabrics disclosed in U.S. 3,485,706,
incorporated herein by reference) or structures made from such fibers (including, for
example, blends of these fibers with other fibers, for example, polyethylene

20 terephthalate, PET, or cotton) can also be made from the novel compositions disclosed
herein.

A blow molded article of the present invention may be manufactured by
blow molding the abovementioned coupled polymer composition through the use of a
conventional blow fnolding machine, preferably an extrusion blow molding machine,

25 employing conventional conditions. For example, in the case of extrusion blow
molding, the resin temperature is typically between 180°C and 250°C. The above
mentioned coupled polymer composition having a proper temperature is extruded
through a die in the form of a molten tube-shaped parison. Next the parison is held
within a shaping mold. Subsequently a gas, preferably air, nitrogen or carbon dioxide,

30 of fluorine for improved barrier performance properties, is blown into the mold so as to
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Chemical Technology, Kirk-Othmer, Third Edition, John Wiley & Sons, New York, 1981, Vol. 16, pp.
416-417 and Vol. 18, pp. 191-192. Biaxial orientation film io manufacturing process such as described
in a "double bubble" process as in US 3,456,044 (Pahlke), and the processes described in US
4,352,849 (Mvalen)ssS64,597,920 (Golike), US 4,820,557 (Warren), US 28817 08ds(Wassen), US
4,865,902 (Golike et al.), US 4,927,708 (Herran et al.), US 4,952,451 (Mueller), US 4,963,419 (Lustig
et al.), and US 5,059,481 (Lustig et al.), can also be used to make film is structures from the novel
compositions described herein. The film structures can also be made as described in a tenter-frame
technique, such abapathegedison asveriand odharuditterfshOtivdd, vialtitayendilnowmmiddhaiticlag
techniques for fo j At . ihed in Rackaging Foods With. Plastics, by
Wilmer A. 20 Jer%%%@ﬁaﬁ%@ﬁﬁlﬁ%ﬁ%ﬁ%@gﬁ%&é1%1395,’gﬂ%gﬁm&lgé%rﬁ%ﬁgﬁsﬁlé%ﬁcs" by
Thomas |. Butler aFrfehtanisiapeManckala Pratess, MaterhalsieRmplertie®ppod] 0nfpulakahed by the

TAPPI Press (198;3@1,1;%54{5%&@1% Qﬁdﬁ%%ﬁ%%ﬁf 9 rcés’f;]félrticl:%%

SlMSathe Al Made Lol his
invention can also be coextru with the other layer(s) or t Fiifn'Can be 25 TAMMARY'5AtS another

layer(s) in a Secondnyobfiagatioilasuekdans thax desitibe coiver Radkadintp Soosimid/itte Blastjes, by

Wilmer A. Jenkinﬁlggq Qél%?? g’ elaammg;m}(gﬁgal M q,t ibed in "Coextrusion For Barrier
Packaging" by W.J. Scehrenk éncri C.R. Finch, S’oc?g%§ o&mgﬁ%gﬂangé?g RETE Proceedings,

June 15-17 (1981), pp. 211- 229. If a monolayer film is produced via tubular film (that is, blown film
techniques) or 30 flat die (that/cBLEEMAT AL BeLeFiHarrs g relonsssrelthtenathns Desiehasyin “Plastic

70 WO 2006/06565 hB&EIkSR0GRMBAA64% il Zachaalgaviand RackasindAralicaties”

(Technomic Publishing Co., Inc., 1992), the disclosure of which is incorporated herein by reference,

then the film musP Qo BIRHEH AHRMRIHE BHekee xR0 STBg smsiisnathos ssaresiotiamination to
other packaging meifesiat iy ersito-feum AU Hiays STMGHY Bartbthe SIShisA-B IEREXiYSIQN of two or

more layers (also described by Osborn and Jenkins), the film may still be laminated to additional
layers of packagitfy Arat SR ShigkRess amlyesiei dodhsdrlophpeidss At ehrcrae I8 Browengakl film.

“"Laminations vs. dsaexdnidsigntikey Doo high of a melt strength can result in rough parisons, insufficient
blowing, excessive cycle times and the like.
Alternatively, the coupling can be carried out in an extruder which also
15 forms the pipe, film, sheet, blow molded article, etc. In a blow molding machine this is
preferably an extrusion blow molding machine. The polymer, a coupling amount of a
sulfonyl azide and optionally additional components are introduced into the pipe, film,
sheet, or blow molding extruder to form a polymer admixture. The admixture is
exposed to a melt process temperature, sufficient to result in the coupling of the
20 polymer forming a molten, coupled polymer composition. The molten, coupled
polymer composition is extruded into a molten cylinder, for pipe or film or sheet or a
tube-shaped parison for the formation of a blow molded article is the same as described

hereinabove.

Rheology modified polymers are especially useful as blown film for
25 better bubble stability as measured by low shear viscosity. Polymers rheology modified
according to the practice of the invention are superior to the corresponding unmodified
polymer starting materials for these applications due to the elevation of viscosity, of
preferably at least 5 percent at low shear rates (< 0.1 rad/s), sufficiently high melt

strengths to avoid deformation during thermal processing or to achieve bubble strength
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Dumbleton (Converting Magazine (September 1992), also discusses lamination versus coextrusion.
Monolayer and coextruded films can also go through other post extrusion is techniques, such as
radiation induced cross-linking of the polymer and a biaxial orientation process. Extrusion coating is
yet another tegbrigpe@dsrsproducing multilayer film structures using the noreraswostions described
herein. The novel compositions comprise at least one layer of the film structure. Similar to cast film,
extrusion coating is is a flat die technique. A sealant can be extrusion coated onto a substrate either in
the form of a monolayer or a coextruded extrudate. Generally for a multilayer film structure, the novel
compositions dedarifyebl dvenaisl diogn prid eudfi deastydoe laigessiddhaiatal-saultilyen b strgture. Other
layers of the mulﬁglaﬁ?\/r[ tructur .'{ntclud(ifbut ar% not Iimite?\é:) barrier layers, and/or tie 20 layers,
and/or structural fayers: Various materale ean be Hedd o thABEE50RT OVshAesssRtkigtie being used
as more than onettaygthioftthe siartiegfitimtsitial ¢tunainfinee &fidipesedaterials include: foil, nylon,
ethylene/vinyl alcohol (EVOH ol rs,. polyvinylidenge hIPorid VDC), PET, oriented
polypropylene (OPP), ethylen)g}:\frllﬁga/ djz:lg(i:(?e akt%%ﬁg}(ﬁ)gégbcg e §‘,“?§h R RO G A
copolymers, 25 dthyledelniethacryditiacit {EMARM)chpsibyner ssdhhQRE ¢ineqk, prwreansity
polyethylene), HDPE, L DPE (low density polyethylene), nylon, a[étﬂ?tﬁh jve polymers (for example,
maleic anhydridelggﬁa{?tléanﬁgfééﬁ?y?é%% ,yggg%lxp}%%setﬁn reﬁ%‘r}/léify?rt%r%u HFa@%P’fﬂ?ﬁS%‘ffuctures comprise
from 2 to 7 layer§:onimenttoael ddywmn didiifi @cb pokanaksdaswlibett MorettiateteyBeThtoBmak Bélia of '
rheology-modified. pal S may he dg{grrlie in inatign with one or maore 71 WO
2006/065651 P e 2 ’lg((si%(lflona eﬁ’gf)?rlﬁ(efr%g?ﬁoél’pg yrr\%’t%ﬁ.| ené.0 {}éﬁ% Wa%&ﬂﬁonal polymers
are present, theyl 9%9gyWok $6)eptet 6rdt7 amd/ \GoitHE, ppdified 9. Ubimddifisenhaimofgraneous polymers
described at(;)ove for tl%g invention ang/ rany mogiged of dm&no ifﬁ?{? J,weten?)ﬁeneo polymers 5
EXAMPLES OF PR ASVERFHESRF TR Fo R Airg SSaih Bl B & RIS 2HC Rt htion and to not

limit it. Ratios, parso.aad (Pehtieniiagdsharprinesvesightaniblesm 0 drdizg40qdddelexamples (Ex) of
4,597,920 (Golike), US 4,820,557 (Warren), US 4,837,084 (Warren), US 4,865,902
(Golike et al.), US 4,927,708 (Herran et ai.), US 4,952,451 (Mueller), US 4,963,419
(Lustig et al.), and US 5,059,481 (Lustig et al.), can also be used to make film

15 structures from the novel compositions described herein. The film structures can also
be made as described in a tenter-frame technique, such as that used for oriented
polypropylene.

Other multi-layer film manufacturing techniques for food
packaging applications are described in Packaging Foods With Plastics, by Wilmer A.

20  Jenkins and James P. Harrington (1991), pp. 19-27, and in “Coextrusion Basics” by
Thomas I. Butler, Film Extrusion Manual: Process, Materials, Properties pp. 31-80
(published by the TAPPI Press (1992)).

The films may be monolayer or multilayer films. The film made using
this invention can also be coextruded with the other layer(s) or the film can be

25 laminated onto another layer(s) in a secondary operation, such as that described in

Packaging Foods With Plastics, by Wilmer A. Jenkins and James P. Harrington (1991)

or that described in “Coextrusion For Barrier Packaging” by W.J. Schrenk and C.R.
Finch, Society of Plastics Engineers RETEC Proceedings, June 15-17 (1981), pp. 211-

229. If a monolayer film is produced via tubular film (that is, blown film techniques) or

30 flat die (that is, cast film) as described by K.R. Osborn and W.A. Jenkins in “Plastic
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the invention are designated numerically while comparative samples (CS) are designated
alphabetically and are not examples of the invention. 10 Comparative Sample A (CS A) A polymer
composition was made on two gas phase reactors in series, with a Z-N catalyst made in accordance
with US 6,18 868 @idi6s8 5,290,745 fed to first reactor only. The HMW p_mtyettlsyﬁestmmmnent was
made first. TEAL co- catalyst was fed to both reactors. The reaction conditlons in the HMW or first
reactor is were: H2/C2 typically in the 0.015 to 0.04:1 range, C6/C2 typically in the 0.025to 0.065:1
range. Ethylene partial pressure controlled to 20 to 60 psi (138 to 414 kPa), r_eactlon temperature of
70 to 85 C. IsopEHahd srmelemeredRadising hm@m’umemstaﬂgCmagﬁtuon
conditions in the;566pngLr&RGILA 6 W29 dub 10 1. C6/C2 of zero to 0,006:1 with a reactor
temperature of 105 "to 115 C and 20 ethyl?ane &rtiggf%%%eeé%lﬂl?) of %frtlgeﬁﬁlbge(_ﬂﬁg’é’tﬂ‘s)t58 kPa). The
HMW componedPHBEaghiz i diomtow s yisionisted S26esDOB2:xgrasivd demsiyoaayene copolyércr)ler
having a Mw/Mn,gfof 3084 ok FRTPOR I_lJ% 12 of 600 to 1 0 min,, 0.965 to 0.9_
g/cm3, hexene copolgme?%tﬁglr#t%\gaMwan (?;a 3. %t%ong@a ré?é%rﬁ%rghgﬁgs%}&? ﬁl?/lW component is 55
to 65 percefit of P& IS EIPHSocHAIE iebers Kithal dsrodbed b GG Celding)] hertfinn|Rkyis 5d to 11R
o p ' _ . . _ PN 0 and ME
g/10 min; densigyis0- Q460 P hGiemiBidind 1?5?%?9 o MER {3%21’ 'E?é's §0.10,150; and
(121/15) is 17 to 35. Estimated intrinsilc viscdc?s%%’ylxgtb135~ f_%oasee(gl1 ‘ont Mt I§] )O?oreao&?ﬁrgllo min 121
is 5.6 to 7.2 dg/PhitfFbiegpmemens othe nzl digm. NRRGRINTIAN §sCoR2EYS0"YADI. This product is CS
A 72 WO 2006i0656R1oR QT SARINRAAAAS RERcBECRIHANS [pLMaking the G5 A resin are
shown in Table 1, where the abbreviation APS means average particle size. 5 10 5 30
coextrusion. Monolayer and coextruded films can also go through other post extrusion

10 techniques, such as radiation induced cross-linking of the polymer and a biaxial
orientation process.

Extrusion coating is yet another technique for producing multilayer film
structures using the novel compositions described herein. The novel compositions
comprise at least one layer of the film structure. Similar to cast film, extrusion coating

15 is a flat die technique. A sealant can be extrusion coated onto a substrate either in the
form of a monolayer or a coextruded extrudate.

Generally for a multilayer film structure, the novel compositions
described herein comprise at least one layer of the total multilayer film structure. Other
layers of the multilayer structure include but are not limited to barrier layers, and/or tie

20 layers, and/or structural layers. Various materials can be used for these layers, with
some of them being used as more than one layer in the same film structure. Some of
these materials include: foil, nylon, ethylene/vinyl alcohol (EVOH) copolymers,
polyvinylidene chloride (PVDC), PET, oriented polypropylene (OPP), ethylene/vinyl
acetate (EVA) copolymers, ethylene/acrylic acid (EAA) copolymers,

25 ethylene/methacrylic acid (EMAA) copolymers, LLDPE (linear low density
polyethylene), HDPE, LDPE (low density polyethylene), nylon, graft adhesive polymers
(for example, maleic anhydride grafted polyethylene), and paper. Generally, the
multilayer film structures comprise from 2 to 7 layers.

The rheology-modified polymers and intermediates used to make

30 rheology-modified polymers may be used alone or in combination with one or more
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73 WO 2006/065651 PCT/US2005/044643 Table 1: Process Conditions Used to Make CS A. Reactor
Conditions 1MW Component LMW Component Temperature, C 180 110 Pressure, psig (kPag) 282
(1944) 421 (2903) C2 PP, psia (kPaa) 40.3 (278) 100.3 (692) H2 to C2 ratio 0.028 1.79 C6to C2
ratio 0.058 0.0@B20d&pem3le% 75.9 29.4 H2, mole% 0.378 41.3 C2H4, mate¥Uk3065284632H6, mole%
0.887 3.99 C4H8, mole% 0.006 0.02 IC5, mole% 8.56 2.31 C6H12, mole% 0.79 0.058 Hexane,
mole% 0 0.069 Triethylaluminum (TEAL) 9.9 (4.49) 4.3 (1.95) Flow, Ib/h (kg/h) Production Rate, klb/h
(Mg/h) 48.1 (21.8) 35.2 (16.0) UCAT-J Feed, Ib/h (kg/h) 18.0 (8.16) 0(0) C2 Feed, kib/h (Mg/h) 47.0

(21.3) 35.2 (16-Oédﬁiﬁdﬁepﬁblkbﬂarélﬁg/b):61%&1(5&‘3)1.Om&(ﬁh@@i%ﬁa)p&%e%%}egﬁ/&&ﬁg{m .66 (0.30)
112.8 (51.2) N2 Feed, Ib/h (kg/h) 1202 Sggtzts) 384 (174) IC5 Feed, Ib/h (kg/h) 880 (399) 2 (0.91) C6 to

C2 flow ratio 0.038bRSoFIgsAraB I hegradsiederuamedifia] hemqamerioalnmey) 94.8 (43.0)
193 (87.5) Uppen#kigizacibil Bensiynlendidd ARd/Bahy 4R fitabPUnt B3 WD obftcous

polymers
s  EXAMPLES OF THE INVENTION _
The following examples are to illustrate this invention and to not limit it.
Ratios, parts, and percentages are by weight unless otherwise stated. Examples (Ex) of
the invention are designated numerically while comparative samples (CS) are

designated alphabetically and are not examples of the invention.
10 Comparative Sample A (CS A)

A polymer composition was made on two gas phase reactors in series,
with a Z—-N catalyst made in accordance with US 6,187,866 and US 5,290,745 fed to
first reactor only. The HMW polyethylene component was made first. TEAL co-
catalyst was fed to both reactors. The reaction conditions in the HMW or first reactor

15 were: H2/C2 typically in the 0.015 to 0.04:1 range, C6/C2 typically in the 0.025 to
0.065:1 range. Ethylene partial pressure controlled to 20 to 60 psi (138 to 414 kPa),
reaction temperature of 70 to 85 °C. Isopentane or hexane condensing mode was used
to control static. The reaction conditions in the second reactor are: H2/C2 of 1.6 to
2.0:1. C6/C2 of zero to 0.006:1 with a reactor temperature of 105 °C to 115 °C and

20  ethylene partial pressure of 70 to 110 psi (483 to 758 kPa).

The HMW component has an I;; of 0.20 to 0.5 g/10 min, 0.925 to 0.932

.g/cm3 density hexene copolymer having a Mw/Mn of 4 to 8. The LMW component has
an I, of 600 to 1000 g/10 min,, 0.965 to 0.980 g/cm’, hexene copolymer, having a
Mw/Mn of 3.5 to 4.5. The concentration of HMW component is 55 to 65 percent of the

25 polymer composition. Final product I; is 0.03 to 0.11 g/10 min; I; is 5 to 11 g/10 min;
density is 0.946 to 0.951 g /cm3; Mw/Mn is 22 to 35; MFR (I;/1;) is 80 to 150; and
MFR (I1/1s) is 17 to 35. Estimated intrinsic viscosity at 135 °C (based on Mw SEC)
for a 0.4 g/10 min I, is 5.6 to 7.2 dg/l and for 500 Ml is 0.5 to 0.7 dg/l. Mw for HMW
1s ~ 225,000 g/mol. This product is CS A.
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WO 2006/065651 PCT/US2005/044643 Table 1 Continued Reactor Conditions 11MW Component
LMW Component Lower FBD, Ib/ft3 (kg/m') 13.9 (223) 20.6 (330) Bed Level, ft (m) 37.2 (11.3) 46.5
(14.2) Residence Time, h 2 2.3 Space time yield (STY), 7.1 [114] 3.8 [60.9] Ib/(h ft3) [(kg/(h m3))]
Superficial gag @eloeitys8578 (0.543) 1.87 (0.570) (SGV), ft/s (m/s) PerceneConsmnsings4st% 6.33 0
Production Rate Split, wt% 57.8 42.2 Ti, g/g 2.62 1.47 Al to Ti ratio 81.8 93.4 Melt Flow rate (15), g/I0
min - 0.35 Melt Flow rate (12!), g/10 min 0.39 7.84 Flow Rate Ratio, 121/15 - 22.5 Density, kg/m 927.8
948.9 Bulk Density, Ib/ft3 (kg/m) 23.6 (378) 26.7 (428) Average particle size (APS), 0.028 (0.711)
0.030 (0.762) in (rum) PercentReRtéey, sotsitRns o:Sashple thel0S A Aewe tecahupieth Wil DPO-BSA in the

form with 5 preferjag RIAEeSH D A LSRR mg range. of 75 to e00 g/g with 125 to 155 .Lg/g being the
most preferred level. There are no gels formed as &xhi ecﬁoy%e‘ high FAR ratings and the

phosphate additive is not usually consumed. Product does need special technology for improvement
of FAR up to acceptable levels of +20 or better based on the reactor technology not the azide
chemistry technology. This can be accomplished as 75 WO 2006/065651 PCT/US2005/044643
taught in US 6,485,662 incorporated herein by reference. Product does provide both a PE 3408 type
pipe performance and a MRS 10 type pipe performance according to ISO

)
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9080 which with the excellent PENT and bench top RCP values is otherwise defined as PE 100
performance as shown in Table 2 through Table 4. s The novel resin composition embodies both
superior melt strength or sag resistance to enable the formation of all pipe diameters and wall
thicknesses awocwneraly found in the industry standards worldwide and suparinsolid&tate
performance properties. The demonstration run exemplifies the superior nature of the melt strength as
up to 4 inch (100 nun) wall pipe could be produced against to comparative samples CS B or F which
are known to those in the art as having exemplary melt strength. Another evidence of the superiority

in melt strength of the gyehcoprpasiieniaiicnOerEY Ml iFprovement in viscosity at 10"5 s 1

shear rate (Fig 1). Fro

skilled in the art, it is c:

region. Thus, the visc
higher viscosity than th

run data. The novel re

100 performance. PEN

accelerated PENT tesiing con

resistance and about §

Impact strength per Fj2
strength industry leadi

performance has poor

manufactures have be
outstanding solid state

in a single resin. 76 W

m calculations of the velacity profile from gravity flow that is known to those
blculaRereton Geadisionsty of the rBEYFWeCompimenthear fMW Cionthentots
Sity TegsTeIRDE Sigow that the Tovet position potymers ayeeverrslightly
e comparative samples CS B or F which was validated in the demonstratjon
5in cdi’rmsitimialﬁd’e@hsisv of supe?&ir([b@‘l‘fbrmance propéXiéaNeeded for PE
Tval PR EREE ﬁ%’%ﬁ 10,000, and eVEy JIEXTESS of-15,000 s;atthe
itioh with Pa demonstrate the utstandinq slow crack growt
a 100 foItHIanpﬁi@\xement ovel the melt s()ré?.@th of industry leadin@pipe resins.
2231 cu trates-subystantiat-fo 1esmpro ' melt
g pipe resms #ﬁe tsa sample while avmq excellent solid 25 State
br melt stﬂé@gﬁvbﬁ’d can notjproduce th@h®avy wall pipes as apdve. Thus, pipe
freontintadst |L6>)r\|||g for-gresin thatoi“éﬂ both uuta%@ﬁﬁ@ﬁ??‘?ﬁ?ﬁ@ﬂ] and
erformance propertles THe novel conipaosition resirnf now solVes this prgblem
D 2006/QB8%65 MBPIE/US2005/044643 KLLAd O~y U r 23
C2H6, mole% 0.887 399
C4HS, mole% 0.006 0.02
ICS, mole% 8.56 2.31
C6H12, mole% 0.79 0.058
Hexane, mole% 0 0.069
Triethylaluminum (TEAL) 9.9 (4.49) 4.3 (1.95)
Flow, Ib/h (kg/h)
Production Rate, klb/h (Mg/h) 48.1 (21.8). 35.2(16.0)
UCAT-J Feed, 1b/h (kg/h) 18.0 (8.16) 0(0)
C2 Feed, klb/h (Mg/h) 47.0 (21.3) 35.2 (16.0)
C6 Feed, 1b/h (kg/h) 1140 (517) 0.019 (0.00862)
H2 Feed, Ib/h (kg/h) 0.66 (0.30) 112.8 (51.2)
N2 Feed, Ib/h (kg/h) 1202 (545) 384 (174)
IC5 Feed, Ib/h (kg/h) 880 (399) 2 (0.91)
C6 to C2 flow ratio 0.024 0.001
Vent Flow, 1b/h (kg/h) 5(2.27) 40 (18.1)
Bed Weight, klb (Mg) 94.8 (43.0) 193 (87.5)
Upper fluidized bulk density 12.8 (205) 18.1 (290)
(FBD), Ib/ft? (kg/m’)
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WO 2006/065651 PCT/US2005/044643
Table 1 Continued
Reactor Conditions HMW Component LMW Component
Lower FBD, Ib/ft’ (kg/m’) 13.9 (223) 20.6 (330)
Bed Level, ft (m) 37.2(11.3) 46.5 (14.2)
Residence Time, h 2 2.3
Space time yield (STY), 7.1[114] 3.8[60.9]
Ib/(h ) [(ke/(h m))]
Superficial gas velocity 1.78 (0.543) 1.87 (0.570)
(SGV), ft/s (m/s)
Percent Condensing, wt% 6.33 0
Production Rate Split, wt% 57.8 42.2
Ti, pg/g 2,62 1.47
Al to Ti ratio 81.8 93.4
Melt Flow rate (Is), g/10 min - 0.35
Melt Flow rate (1), 8/10 min 0.39 7.84
Flow Rate Ratio, I/Is - 22.5
Density, kg/m’ 927.8 948.9
Bulk Density, Ib/ft° (kg/m°) 23.6 (378) 26.7 (428)
Average particle size (APS), 0.028 (0.711) 0.030 (0.762) |
in (mm)
Percent Fines, wt% 2.4 3

Samples of CS A were coupled with DPO-BSA in the form with

preferred process (c) or (), in the range of 75 to 200 pg/g with 125 to 155 pg/g being
the most preferred level. There are no gels formed as exhibited by the high FAR ratings
and the phosphate additive is not usually consumed. Product does need special
technology for improvement of FAR up to acceptable levels of +20 or better based on

the reactor technology not the azide chemistry technology. This can be accomplished as
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taught in US 6,485,662 incorporated herein by reference. Product does provide both a
PE 3408 type pipe performance and a MRS 10 type pipe performance according to ISO
9080 which with the excellent PENT and bench top RCP values is otherwise defined as
PE 100 performance as shc;wn in Table 2 through Table 4.

5 The novel resin composition embodies both superior melt strength or sag
resistance to enable the formation of all pipe diameters and wall thicknesses as
commonly found in the industry standards worldwide and superior solid state
performance properties. The demonstration run exemplifies the superior nature of the
melt strength as up to 4 inch (100 mm) wall pipe could be produced against

10  comparative samples CS B or F which are known to those in the art as having
exemplary melt strength. Another evidence of the superiority in melt strength of the
novel composition is the nearly 10 fold improvement in viscosity at 10° s shear rate
(Fig 1). From calculations of the velocity profile from gravity flow that is known to
those skilled in the art, it is calculated that the velocity of the resin results in a shear rate

15 in the 107 region. Thus, the viscosity measurement show that the novel composition
polymers have even slightly higher viscosity than the comparative samples CS B or F
which was validated in the demonstration run data.

The novel resin composition also consists of superior performance
properties needed for PE 100 performance. PENT values in excess of 10,000, and even

20 in excess of 15,000 hours, at the accelerated PENT testing condition with 3.0 MPa
idemonstrate the outstanding slow crack growth resistance and about a 100 fold
improvement over the melt strength of industry leading pipe resins. Impact strength per
F-2231 also demonstrates substantial four times improvement of over of the melt
strength industry leading pipe resins. The CS A sample while having excellent soli‘d

25  state performance has poorer melt strength and can not produce the heavy wall pipes as
above.

Thus, pipe manufactures have been continuously looking for a resin that
has both outstanding melt strength and outstanding solid state performance properties.

The novel composition resin now solves this problem in a single resin.
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U+OcdOof cd™~i FU.Nv][~84 WO 2006/065651 PCT/US2005/044643 The pipe burst
performance data listed in Table 4 was generated on pipes prepared per the.extrusion conditions listed
in the following Tables 5 and 6 and tested per ASTM D 1598 and analyzed per ASTM D 2837-99 and
ISO 9080-99.veolabte&cmyventive Resin Pipe Extrusion Conditions for BurBCTTesting/lRseperty
Example 1 Example 3 0092 CB MB, wt% 6.50 6.50 Heat Zone Temps Zone I, F (C) 350 (177) 380
(193) Zone 2, F (C) 370 (188) 390 (199) Zone 3, F (C) 380 (193) 400 (204) Zone 4, F (C) 390 (199)
410 (210) Zone 5, F (C) 400 (204) 438 (226) Die, F (C) 409 (209) Melt - Probe, F (C) 425 (218) -
Barrel Pressure Head (highesthdsiise BReg 20803, 2000 (144l Wead Lawesh. RsigMPag)
2020 (13.9) 2030 (14.0) Screw Speed, rpm 62 70 Motor Volts, volts 200 230 Motor Amps, % Full
Load 47 40 Pull%ﬁﬁg‘ﬁé‘éae‘fﬁlﬂﬁl?f‘tﬂﬂﬂﬁﬂﬁ%‘%‘@%}@@’I‘Uhg fpligvensg Bables) Fandk6 mh taetsth) 119.2

(54.1) 121.2 (55 Rseasuya sk Hgd(Rag:d 838D 398)7-85 MO RH96£06RO51
PCT/US2005/044643 Table 5 Continued

5 Table 5: Inventive Resin Pipe Extrusion Conditions for Burst
Testing
Property Example 1 Example 3
0092 CB MB, wt% 6;50 6.50
Heat Zone Temps
Zone 1, °F (°C) 350(177) 380 (1}93)
Zone 2, °F (°C) 370 (188) 390 (199)
Zone 3, °F (°C) 380 (193) 400 (204)
Zone 4, °F (°C) 390 (199) 410 (210)
Zone 5, °F (°C) 400 (204) 438 (226)
Die, °F (°C) 409 (209) -
Melt - Probe, °F (°C) 425 (218) -
Barrel Pressure
Head (highest), psig (MPag) 2080 (14.3) 2090 (14.4)
Head (lowest), psig (MPag) 2020 (13.9) 2030 (14.0)
Screw Speed, rpm 62 70
Motor Volts, volts 200 230
Motor Amps, % Full Load 47 40
Puller Speed, ft/min (m/min) 9.3 (2.8) 95TO9.7
(2.9T03.0)
Rate, 1b/h (kg/h) 119.2 (54.1) 121.2 (55.0)
Pressure, in Hg (kPag) 10 (33.9) 9 (30.5)




Property Example 1 Example 3 OD Gloss Ok Good ID Gloss Ok Very Good OD Roughness Ok Good
ID Roughness Ok Good Gels No No Die Plate Out Ok Smoking Normal Normal Odor Normal Normal
Pipe Dimension OD, in (mm) 1.325 to 1.328 1.328 to 1.332 (33.65 to 33.73) (33.73 to 33.83) Wall
(highest), in (mitn}61868663.30) 0.129 (3.28) Wall (lowest), in (mm) 0.115 (RC32)00244(8435) 86 WO
2006/065651 PCT/US2005/044643 Table 6: Inventive and Control Resin Pipe Extrusion Conditions
for Burst Testing Property Example | Control A 0092 CB MB, wt% 6.5 6.5 PA, wt. percent 2.1 2.1
Heat Zone Temps Actual Actual Zone 1, F (C) 350 (177) 350 (177) Zone 2, F (C) 370 (188) 370 (188)

Zone 3, F (C) 380 (193) 380 (}9R)e Z00éniedC) 390 (199) 390 (199) Zone 5, F (C) 400 (204) 404
Q\ 409 (900\ Melt - Drnhp E ((“\ 425 (21 R\

(207) Die, F (C) 409 (2

27 (21 Q) Barrel

(highest), psig (MPag) 4080 (14.382W80(14.0) He

Screw Speed, rpm 62.2

Pressure Head

hd ( e dsig (MPEEI™PIE@ (13.9) 1980 (13.7)
©2.28 0D Gloss Ok Good
ID Gloss Ok Very Good -
OD Roughness Ok Good
ID Roughness Ok Good
Gels No No
Die Plate Out Ok
Smoking Normal Normal
Odor Normal Normal
Pipe Dimension
OD, in (mm) 1.325t0 1.328 1.328 to 1.332
(33.651033.73) | (33.73 t0 33.83)
Wall (highest), in (mm) 0.130 (3.30) 0.129 (3.28)
Wall (lowest), in (mm) 0.115 (2.92) 0.124 (3.15)
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Motor Volts, volts 200 200 Motor Amps, % Full Load 47 47 Puller Speed, ft/min (m/min) 9.3 (2.8) 9.3
(2.8) Rate, Ib/h (kg/h) 119.2 (54.1) 116.3 (52.8) Pressure, in Hg (kPag) 10 (33.9) 5 (16.9) 587 WO
2006/065651 PCT/US2005/044643 Table 6 Continued Property Example | Control A OD Gloss Ok
Dull ID Glossw@Ok®k@idssRoughness Ok Ok ID Roughness Ok Ok Gels Na'NoskiesPiase3Out Ok
Some build-up Smoking Normal Normal Odor Normal Normal Pipe Dimension OD, in (mm) Wall
(highest), in (mm) 0.130 (3.30) 0.131 (3.33) Wall (lowest), in (mm) 0.120 (3.05) 0.122 (3.10) 88 WO
2006/065651 PCT/US200S/044643 Examples 2 and 3; Comparative Sample B: Large Diameter,
Heavy Wall Pipe Extrusion Demonstration Pipes were prepared from CS B and Examples 2 and 3 as
shown in Table 5. CS B is a commercial pipe resin DGDP-2485. CS For DGDB-2480 s embodies the
same pipe technology as CS B. DGDP-2485 is a chrome catalyzed pipe product and is made in

accordance withE4516 S2 ISR ©JRERE B TRIIHARioh (BBRGH i IRPRUSlmEXamples 2

and 3 are CS A resin co vels of 100 and 150 pglg, respectively. The
equipment used was a EW Example 1 Control A
0092 CB MB, wt% 6.5 6.5
PA, wt. percent 2.1 2.1
Heat Zone Temps Actual Actual
Zone 1, °F (°C) 350 (177) 350 (177)
Zone 2, °F (°C) 370 (188) 370 (188)
Zone 3, °F (°C) 380 (193) 380 (193)
Zone 4, °F (°C) 390 (199) 390 (199)
Zone 5, °F (°C) 400 (204) 404 (207)
Die, °F (°C) 409 (209) 409 (209)
Melt - Probe, °F (°C) 425 (218) 427 (219)
Barrel Pressure
Head (highest), psig (MPag) 2080 (14.3) 2030 (14.0)
Head (lowest), psig (MPag) 2020 (13.9) - 1980 (13.7)
Screw Speed, rpm 62.25 62.28
Motor Volts, volts 200 200
Motor Amps, % Full Load 47 47 .
Puller Speed, ft/min (m/min) 9.3(2.8) 9.3 (2.8)
Rate, Ib/h (kg/h) 119.2 (54.1) 116.3 (52.8)
Pressure, in Hg (kPag) 10 (33.9) 5(16.9)
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barrel extruder (30 to 1 LID) with five barrel heat zones. The die used had an internal 10 diameter of
24.89 in (0.6322 m) and a mandrel size of 19.99 in (0.5079 m). Pressure sizing method was employed
to form the pipe. The pressure sizing method for large diameter pipe is one in which a series of
floating plugswaenplosfesiito seal and about 12 psi (82.7 kPa) of gas preseUraiusad4aforce the
resin up against the sizing sleeve. The pressure can be maintained or changed by adjusting the
opening of a smaller valve 15 that is attached to the end plug. This also allows for inflow and
exhausting of gas from the interior of the pipe during cooling. Due to the relative smaller internal
volume of the 24 in (0.61 m) pipe size, heat dissipation inside smaller sizes heavy wall pipe is even
harder to control compared to that of the larger sizes with the same wall thickness, for example, 24 in
(0.61 m) SDR (Standard P &8 % o) 7.3 versus 36 in (0.914 20 m) SDR 11 having similar wall

thickness. SDR is equal
24 inch (0.61 m) heavy
that can be successfully|

to the outpidpaigmeter dividedgRyhg.minimumcyglFiigknelss. Therefore this
wall trial was the-uitimate. ispi | i I any pipe resin
made in82#1fth (0.61m heavy%ll pipe|using Bﬁiésure $izing method can

most likely be successflly made ipig;lagsger size pi

bes Withhgt Teast @qual opeavierwall 25 thickness.

The pipe extrusion line ysed forthis trial has.-a sizin
gap between the sizing box to tREReEEEEiSy chan

ber is 1K feet 3

chamber of 8 fgdet 2 _in length (3.39 m) and the
n (3.12¥). The \water spray

chamber is 57 feet long [(17.4 mjpRQ{ £ coolin

s 89 WQ 2006/065651 P(

) takes gjace afe

mbergxcept by ambient

cooling. Cooling water

reasonably consistent year round. Vdelsum sizing id

not emifloyed in

CT/UUS2005/044643 60 OF (15.6 ) which is
these Merge sizgs due to its cost

and pipe buoyancy issues. EXTTy§0p 19k Egmpie 2

TOdUCER| Pipe T

TS BT e wall thickness

tolerance of the 24 in (0

m) SDR 7.3 (3.3 1in (84 1

mm) wall) size. 5 Switching to the|Example 3 for the

same pipe size also profuced pip&maiig specification. Mowving to SDR 6Mdrth (100 mm) wall)
resulted in a uniform w H‘WCRFF&‘;WDWW e PIPEH] [reter: inveNt&ve uFaiu pipe fabrication
observations as are follows. 1) The temperature prpfile fopgﬁ?é!inve#ve resins versus an industry

standard resin DGDP-

Pipe Dimension

OD, in (mm)
Wall (highest), in (mm) 0.130 (3.30) 0.131 (3.33)
Wall (lowest), in (mm) 0.120 (3.05) 0.122 (3.10)

88



10 2485 needed to be lowered in the front end to 350 OF (177 C) and then on the last two sections
325 OF (163 C). 2) The extruder speed was adjusted from 35 rpm for the DGDP-2485 to about 47
rpm for the inventive resins. 3) Head pressures remained the same and electrical current was equal to
20 less on a besewhB88BamMperes for the DGDP-2485 resin. 4) Melt tempeecaturedszvessed from 388
to 403 OF (198 to 227 C). 15 5) Outer pipe surface was unchanged. 6) Wall thickness was within
specifications for both Example 2 and Example 3 and the pounds per foot of pipe was about 92 (302
kg/in). The die settings used are listed in Table 7. Table 7: Die Gap Settings Position Die Gap Top

3.03in (0.0770 m) 3 o'clock Z-ﬁmiﬁ&@%@- §g{£ﬁg};ﬁ3g @#fgqg&gi SRk 2y (0.0597
m) 20 The die has a floating bushing So the top, bottom a oth sides can be adjusted. In this trial

only necessary adjustments were made&Xalhk

PCT/US2005/044643 bottom pmggr‘%,% éigl!?egoﬁ?(@ ggm@ it ﬁﬁ%%&%ﬁ for the melt

strength assessment. The pipe wall thickness variation was within the tolerance for the pipe size. The

die gap separatiohdbmi-t6p5tB ot réabipig sepad KB this B @Fe2H8P outside diameter

and final outside QIREBQ{QW‘?EM@B& tBeFBEFIRTRRIGS: D oAk Qu U 5aie AR 78 Ipdh (353 ka/h)
for SDR 7.3 pipe, and 650 Ib/h (295 kg/h) for SDR 6 and 5 pipe. The large diameter heavy wall pipe

extrusion conditidedisé s Badeisier darcyvdh US PaBIb B 3T Asdrel uiss eygafaengeiterated

using a die size %@Ea%&?c iH?&%ﬁé&?@@%ﬁé@@@H&ej 22e 9 RIPBNIALEH R rOARi. 0 a “former
is size" of 24.678 inches (0.601 m). 15 20
levels of 100 and 150 pg/g, respectively. The equipment used was a standard smooth

AL ARE XY

barrel extruder (30 to 1 L/D) with five barrel heat zones. The die used had an internal
10  diameter of 24.89 in (0.6322 m) and a mandr_el size 0f 19.99 in (0.5079 m). Pressure
sizing method was employed to form the pipe. The pressure sizing method for large
diameter pipe is one in which a series of floating plugs is employed to seal and about 12
psi (82.7 kPa) of gas pressure is used to force the resin up against the sizing sleeve.
The pressure can be maintained or changed by adjusting the opening of a smaller valve
15 that is attached to the end plug. This also allows for inflow and exhausting of gas from
the interior of the pipe during cooling. Due to the relative smaller internal volume of
the 24 in (0.61 m) pipe size, heat dissipation inside smaller sizes heavy wall pipe is
even harder to control compared to that of the larger sizes with the same wall thickness,
for example, 24 in (0.61 m) SDR (Standard Dimension Ratio) 7.3 versus 36 in (0.914
20  m) SDR 11 having similar wall thickness. SDR is equal to the outside diameter divided
by the minimum wall thickness. Therefore this 24 inch (0.61 m) heavy wall trial was
the ultimate test for this pipe resin. It is said that any pipe resin that can be successfully
made into 24 inch (0.61 m) heavy wall pipe using pressure sizing method can most
likely be successfully made into larger size pipes with at least equal or heavier wall
25 thickness.
The pipe extrusion line used for this trial has a sizing chamber of 8 feet 2
in length (2.39 m) and the gap between the sizing box to the water spray chamber is 10
feet 3 in (3.12 m). The water spray chamber is 57 feet long (17.4 m). No further

cooling takes place after this chamber except by ambient cooling. Cooling water was
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60 °F (15.6 °C) which is reasonably consistent year round. Vacuum sizing is not
employed in these large sizes due to its cost and pipe buoyancy issues.

Extrusion of Example 2 produced pipe that was within the wall
thickness tolerance of the 24 in (0.61 m) SDR 7.3 (3.3 in (84 mm) wall) size.
Switching to the Example 3 for the same pipe size also produced pipe within
specification. Moving to SDR 6 (4.0 in (100 mm) wall) resulted in a uniform wall

thickness around the entire pipe diameter.

Inventive resin pipe fabrication observations as are follows. 1) The
temperature profile for the inventive resins versus an industry standard resin DGDP-
2485 needed to be lowered in the front end to 350 °F (177 °C) and then on the last two
sections 325 °F (163 °C). 2) The extruder speed was adjusted from 35 rpm for the
DGDP-2485 to about 47 rpm for the inventive resins. 3) Head pressures remained the
same and electrical current was equal to 20 less on a base of 380 amperes for the
DGDP-2485 resin. 4) Melt temperature increased from 388 to 403 °F (198 to 227 °C).
5) Outer pipe surface was unchanged. 6) Wall thickness was within specifications for
both Example 2 and Example 3 and the pounds per foot of pipe was about 92 (302
kg/m).

The die settings used are listed in Table 7.

Table 7: Die Gap Settings
Position Die Gap
Top ' 3.03 in (0.0770 m)
3 o’clock 2.53 in (0.0643 m)
Bottom 1.92 in (0.0488 m)
9 o’clock 2.35 in (0.0597 m)

The die has a floating bushing so the top, bottom and both sides can be

adjusted. In this trial only necessary adjustments were made to make the top and
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bottom uniform enough (for example, eccentricity less than 12%) for the melt strength
assessment. The pipe wall thickness variation was within the tolerance for the pipe
size. The die gap separation from top to bottom were defined as normal for this size.

Pipe hot outside diameter and final outside diameter were within the expected ranges.

5 Total output rate was 780 Ib/h (353 kg/h) for SDR 7.3 pipe, and 650 Ib/h
(295 kg/h) for SDR 6 and S pipe.

The large diameter heavy wall pipe extrusion conditions and pipe
‘dimensi.ons are given in Table 8. The data in Table 8 was generated using a die size of
23.892 inches (0.607 m), a mandrel size of 19.998 inches (0.508 m), and a “former
10 size” 0f24.678 inches (0.601 m).

15

20
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WO 2006/065651 PCT/US2005/044643 The improvement in the pipe characteristics is believed due
to the nearly Whfaldbinex@ase in melt viscosity of the coupled composition acvarszlowghear rates of
10-5 to 10-6 rad/s as shown in Figure 1. As described in the description of the Test Methods, the
steady-state data 5 from the creep measurement was combined with the viscosity curve from DMS to
extend the accessible range of shear rates down to 10-6 s 1, and fitted with the 4- parameter

Carreau-Yasuda model per therpequigkshnsielinet egiyrtianddehte ka6 8R G fmdedi(1 D)

10-fold increase in melt viscosity of the coupled composition at very low shear rates of

10” to 10°® rad/s as shown in Figure 1.

As described in the description of the Test Methods, the steady-state data
s  from the creep measurement was combined with the viscosity curve from DMS to
extend the accessible range of shear rates down to 10° s, and fitted with the 4-

parameter Carreau-Yasuda model per the previously defined equation 11.

n=c(1+ ()& Ves (1)

10 The Carreau-Yasuda parameter values are given in Table 9.
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Film Example
- Films were produced from the CS C and CS A resins and also
from the resin from Exainples 2 and 3 as shown in Table 10. The films were made with
the process conditions listed in Table 10 with the equipment and process conditions in

s the bubble stability test method section above.

* The azide modification improved the bubble stability to commercially
acceptable levels. What was unexpected was that the dart impact of the resin of
Example 2 showed superior dart impact levels to the comparative CS C resin giving a
superior bubble stability/dart impact combination. Example 2 when extruded into film

10 resulted in equivalent bubble stability at high levels and dart impact improvements over
an industry standard of 40 to nearly 50 percent on 0.5 and 1.0 mil (12.5 and 25 pm)
film respectively and nearly 30 and 5 percent over the CS A control resin on 0.5 and 1.0
mil (12.5 and 25 pm) film respectively. Therefore, the invention improves bubble
stability with increased dart impact levels. Resin of Example 3 was found to have

15 inferior dart impact. So there is an optimum window of coupling that achieves this
improvement. From a resin utility perspective at low shear rates the viscosity was
improved by an order of magnitude without sacrificing extrudability and the solid state
performance properties were retained or improved. The further unexpected results were
that the coupling reaction did not interfere with the stabilization package and no gels

20 ' were developed in the pelleting process.

Fabricators are always looking for improved solid state performance
properties at equivalent or improved processability. Example 2 solves this problem by
having an improved bubble stability/dart impact combination. This can potentially lead
to down-gauged films.

25

Blow Molded Article Example

Azide coupling post reactor modification of resins aids blow molding by
increasing melt strength and decreasing parison sag. This allows the production of

large parts at down gauged wall thickness. Moreover, the resin’s improved stiffness
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Example Films were produced from the CS C and CS A resins and also from the resin from Examples
2 and 3 as shown in Table 10. The films were made with the process conditions listed in Table 10 with
the equipmenvarmiopr@sesss conditions in s the bubble stability test methodrsaetisretsavet3The azide
modification improved the bubble stability to commercially acceptable levels. What was unexpected
was that the dart impact of the resin of Example 2 showed superior dart impact levels to the

comparative CS Cresin divi erj ubble stabilit rt impact combination. Example 2 when
extruded into fiIm%gﬁzésﬂ%ggg%%a%ﬁ%ﬁﬁﬁ%I\éersst%so%figgﬁ%n]%\&e slgﬁ‘ﬂ%’ﬁﬂt ﬁ?ﬁﬂﬁdimprovements
over an industry standeridiof 46 ite.nEheliisipdsndnt iapReastifthsmilthbataaAd ARmB ditm
respectively and pearly 30 and 5 percent.qver the CS A control resin on 0.5 and-1.0 mil (12.5 and 25
gm) film respecti\?égis?%aélrcgfcv)vcrigl,ct 2 Roven Fone?%lps)%v%%bes}g SR ?S\R/ﬂﬁcfh\‘ﬁjé{dg‘ér&adﬁ‘?t impact
levels. Resin of Exampien8rwathdédiMdodnguedd. inferior dart impact. So there is an optimum window
of coupling that achieves this improvement. From a resin utility perspective at low shear rates the
viscosity was improved by anG\iErRspYRa geRebinationts prepastiticiidamadnyabdityvandivthessolid state

performance propeigpIuesa. e asshenIRAIALEh THAJYIRA HIRKREFIRd iesls were that the

. . A : ) b € comparison .
coupling reaction did not interfere with the stabilization package and no ge were &)eve?oped in the
pelleting processCPaMteYGs afes b0 OfoerindravenspdvEturs!id shans petibmiamosve

resins have improved or equivalent sag resistance to incumbent large part blow molded
(LPBM) products. The decrease in the inventive resin tan delta (F igure 3) is the result
of increased cross-linking accompanied by an increase in elasticity and melt strength on
coupling. The inventive resins have improved processability (Table 11) as
demonstrated by the inherent low swell (allows greater control of parison programming,
faster line speed) of the Ziegler-Nata resins, greater shear thinning (ratio of viscosity at
0.02 rad/s to viscosity at 200 rad/s) and higher melt flow ratio, broader molecular
weight distribution, imparted by the bimodal design combined with azide coupling.

The inventive resins have better impact properties and a superior balance of ESCR-

stiffness compared to the existing products.
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properties at equivalent or improved processability. Example 2 solves this problem by having an
improved bubble stability/dart impact combination. This can potentially lead to down-gauged films. 25
Blow Molded Article Example Azide coupling post reactor modification of resins aids blow molding by
increasing meitatengthcand decreasing parison sag. This allows the prodectiorsafiiangetparts at
down gauged wall thickness. Moreover, the resin's improved stiffness 99 WO 2006/065651
PCT/US2005/044643 allows vertical stacking of 5 drums versus the 3 drums limit of incumbent
standard blow molding resins. The higher density improves stiffness without sacrificing ESCR
performance, which is possible because the new resin design has selectively increased comonomer
in the HMW component. The improved combination of properties obtained by the inventive resin
(Examples 2 and 3) are demonstrated in Table 11 and Figures 2 and 3. The comparison of viscosity

have improved or
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Azide Coupling of Cr-Catalyzed Resin

The following is the description of the reaction process, along with the
pelleting process and the product description, each embodying the technology invention
for thick sheet extrusion and thermoforming, and, in particular, thermoforming sheet

s grade HDPE resin. Other applications may include blow molding of the resin to large
size containers, and the preparation of films and pipes. Each application will benefit
from improved melt strength (as measured by ARES Rheotens) and improved low shear
rate viscosity, without sacrificing extrudability, and while retaining critical solid state
performance properties.

10 Representative Polymer Synthesis:

The catalyst used was UCAT™-B300, a CrO catalyst, modified
with a Ti(OR)4 compound, and, in particular, a Ti(O-iPr), compound. The UCAT™ is
trademarked and is a property of Union Carbide Corporation and The Dow Chemical
Company.

15 The polymerization took place in a single fluidized bed, gas phase
reactor, with UCAT™-B 300 catalyst, fed as a supported catalyst, or as a slurry catalyst,
or in solution form. Oxygen was added to the reactor to adjust the melt flow properties,
and to increase the comonomer incorporation. The 0,/C, flow ratios were in the range
0f 0.005 — 0.050 ppm. Reaction temperatures varied from 90 to 105°C in the

20 production of the resins. The H2/C2 ratio was in the range of 0.02 to 0.10. The C2
partial pressures were in the range of 75 to 275 psi. The C6/C2 ratios were in the range
of 0.001 to 0.004 both reactors. The chrome productivity was in the range of 1 to
5,000,000 pounds per pound. Typical product particle sizes were as follows: average
particle size of 0.020 to 0.045 inches (0.51 mm to 1.1 mm), with a bulk density in the

25 range of 20-35 pounds per cubic foot. Fines were generally less than 9 weight percent
through a 120 mesh screen, preferably less than 1 weight percent through a 120 mesh
screen, and most preferably less than 0.5 weight percent through the 120 mesh screen.
The polymer may be compounded with other additives, and was typically compounded
with one or more stablizers, such as Irganox-1010 and Iragos-168.

30

103



06 UUOONE" azvay7-rdG?0 Ca OAApOOoaaw coCU -ap4d,adNyW c.tjoW
Op~N 102 WO 2006/065651 PCT/US2005/044643 Azide Coupling of Cr-Catalyzed Resin The
following is the description of the reaction process, along with the pelleting process and the product
description, eachzemberdying the technology invention for thick sheet extrosiousadstvarasoforming,
and, in particular, thermoforming sheet 5 grade HDPE resin. Other applications may include blow
molding of the resin to large size containers, and the preparation of films and pipes. Each application
will benefit from improved m%osglrl%p@h%ﬁ m a@%&ed by ARES Rheotens) and improved low shear
rate viscosity, without sacrificing extr oabi |‘§/s‘,l ﬁ?fgrlﬁg?ﬁ'mg critical solid state performance
properties. 10 RepresentativeMrilyndex &fththersiduct e erbslrsd bgadivias/biGARENMBINM a CrO
catalyst, modified .with a Ti 4 com oungj, ' ticular, a Ti$-iPr)4 compound. The UCATTM
is trademarked and %nﬁeprlgﬁsee%%}%g' non" aeragr‘:gl%ad%g%o%i‘hfﬁ%ﬁd A FAGT e HrIgRI Company.
distribution, as measured by MI21/MI2, was in the 75 to 200 range, or in the “Mw/Mn”
s range of 7-25. Hexene was used as the comonomer. Polymerization conditions and

base resin (random ethylene/1-hexene) properties are listed below.

Polymerization Conditions

Temperature °C 99
Total Pressure (psig) 348
Ethylene Partial Pressure (psi) 249
H2/C2 Molar Ratio 0.05
C6/C2 Molar Ratio 0.0019
02/C2 Flow Ratio 0.023
Catalyst Feeder Rate (shot/min) 1.0
Superficial Gas Velocity (ft/sec) 1.69
Bed Weight (Ibs) 80.7
Production Rate (Ibs/hr) : 29.6
Residence Time (hr) 2.72
Fluidized Bulk Density (Ib/ft%) 19.1
STY(Ib/hr/ft’) 7.0
Base Resin )Properties

Reactor MI(12) 0.14
Reactor MI(I5) 0.66
Reactor FI(I21) 12.6
Reactor MFR (121/12) 92.6
Reactor MFR(121/15) : 19.1
Density (g/cc) 0.9486
Residual Cr 0.28
Settled Bulk Density (Ib/ft) 30.2
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15 The polymerization took place in a single fluidized bed, gas phase reactor, with UCATTM-B 300
catalyst, fed as a supported catalyst, or as a slurry catalyst, or in solution form. Oxygen was added to
the reactor to adjust the melt flow properties, and to increase the comonomer incorporation. The
02/C2 flow ratiowensissthe range of 0.005 - 0.050 ppm. Reaction tempaatuwensssigaisrom 90 to
105C in the 20 production of the resins. The H2/C2 ratio was in the range of 0.02 to 0.10. The C2
partial pressures were in the range of 75 to 275 psi. The C6/C2 ratios were in the range of 0.001 to
0.004 both reactor, ST 1e chrome productivity was inéh(%éange of I to 5,000,000 pounc_ls per pound.
Typical product particle sizes were as follows: average ~particle size of 0.020 to 0.045 inches (0.51 mm
to 1.1 mm), with &Fnetk(hensit§UrBthe25 range of 20-@3520unds per cubic foot. Fines were generally
less than 9 weight percent through a 120 mesh screen, preferably less than 1 weight percent through
a 120 mesh screen, and most preferably less than 0.5 weight percent through the 120 mesh screen.

The polymer may be COmDOUWQ%%EP%rp%gﬁéy&& ﬁ’i‘&‘é@%&?@ﬁﬂ g’ggggfﬂ'fgﬁd with one or

more stablizers, such as Irganox- and Iragos-168. 30 103 WO 200

PCT/U 32005/04@@1!81%R%dfircbiﬁ%%@rmb%#gebhatb@fenzaﬁqnnmlmmtdm)mmﬂmms measured
by ML, wes e s?Suo/s0n BIRBPSS. 5 AENSHNBS 0 115,024950, 855 alccgnoe. The

molecular weight distribution, as measured by M121/Mi2, was in the 75 to 20 ra%ge, or in the
"Mw/Mn" 5 rang@Rfrugslerdod i QRSdsiadhermecreabihsriiabilizetion eddisiion setditions and base
resin (random ethylegg/lonexenehpiResiies are listed below. Polymerization Conditions Temperature
C 99 Total Pressure (psig) 348 Ethylene Partial Pressure (psi) 249 H2/C2 Molar Ratio 0.05 C6/C2
Molar Ratio 0.0019 02/C2 FIdpiRatier &loh SMdAtisvhe FedscanR 263 (Sisbteatia plerel/mixture of

Irganox 1010 and DPO-BSA. Carbowax 400 in the 50-600 ppm range was added to
retain color during the compounding of the resin. The MM was added as any other
additive into the mixer. There are no gels formed, and neither the phenolic nor the

10 phosphite additive is typically consumed. Final product had improved melt strength,
compared to the incoming feedstock or unmodified pelleted product. Improved melt
strength was measured via low shear rate rheology, Rheotens melt strength and
extensional viscosity at 1, 10, 20 inch/inch/sec.

The "Molecular Melt (MM)" is the specific form of the azide coupling
product received from the manufacturer. It is essentially a 1:3 molar ratio of BSA with
Irganox 1010. This is not a physical mixture, but rather a co-precipitated blend. This
blend is essentially a eutectic, whose melting point can be tuned over some range by
preparing the product at. different levels of crystallinity. A more full description of this
blend can be found in US 6,776,924, incorporated herein, in its entirety, by reference.
Molecular melt is treated just like an additive and is added along with the other

additives in the additive package at the manufacturing facility.

Azide coupling was conducted in a ZSK-30 extruder. Samples were
then analyzed for basic resin characterization data and rheological properties.

Thermoformed sheet were then made. Resin formulations are listed in Table 12.

Commercial Resin S (Comm. S) is a Solvay Fortiflex G50-100 resin
(polyethylene-based copolymer with density 0f 0.952 g/cc, and a MI2 of 10.5 g/10 min).
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Superficial Gas Velocity (ft/sec) 1.69 Bed Weight (Ibs) 80.7 Production Rate (Ibs/hr) 29.6 Residence
Time (hr) 2.72 Fluidized Bulk Density (Ib/ft) 19.1 STY(Ib/hr/ft) 7.0 Base Resin )Properties Reactor
MI(12) 0.14 Reactor MI(15) 0.66 Reactor FI(121) 12.6 Reactor MFR (121/12) 92.6 Reactor
MFR(121/15)w0.200bemnsity (g/cc) 0.9486 Residual Cr 0.28 Settled Bulk Drengity2(is/fi8i80.2 104 WO
2006/065651 PCT/US2005/044643 APS (inch) 0.037 Fines (thru #120 Sieve) 0.252 The polymer was
post reactor azide coupled with DPO-BSA (4,4'- diphenyl oxide bis(sulfonyl azide)) in the form of a

molecular melt (M), an 50~ 200 A with 75-125 ppm
being the optlmll?m Ievelgoafpg&%l @g@%lﬁg}% R/Bresence o rﬁiﬁl qsfgf)%agtgl)onrh z%g? 09069 as 5
Irganox-1010 an&n@a@ém@&amdmhnmm(wﬂdhsmythm%g/nammdeﬂ eﬂtemlg/bdﬂﬂﬁlmlxture of

Irganox 1010 anﬁggf’%ﬁ Q |n t 50 600 was add retain color
during the compounding §the r i?s as aé‘gleedc y ot er a?isd égotl%cfnixer. There

are no gels formeud aMheﬁh@gth@rphemﬂla NG2 thdlibgfR@sphite additive is typlcally consumed. Final
product had improved melt strength, compared to the incoming feedstock or unmodified pelleted
product. Improved melt strenBPiRisstatva sttBioRCcRiShrestreditathiologle Rhendensmelt strength

and extensionalyiseosity AL fstd@i2Pathighlinch/sec.
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The "Molecular Melt (MM)" is the specific form of the azide coupling product received from the
manufacturer. It is essentially a 1:3 molar ratio of BSA with Irganox 1010. This is not a physical
mixture, but rather a co-precipitated blend. This blend is essentially a eutectic, whose melting point
can be tuned woersemsssange by preparing the product at different levelspafrevgstadiinitys3A more full
description of this blend can be found in US 6,776,924, incorporated herein, in its entirety, by
reference. Molecular melt is treated just like an additive and is added along with the other additives in
the additive package at the manufacturing facility. Azide coupling was conducted in a ZSK-30 extruder.
Samples were then analyzed for basic resin characterization data and rheological properties.
Thermoformed sheet were then made. Resin formulations are listed in Table 12. Commercial Resin S

based copolymer with density Of 0.952
T/US2005/044643 Commercial Resin M
Bolyethylene-based copolymer with

5110 is a gas phase ethylene/ | -hexene
nin, and a MI21/MI5 of 22.5.
d resin properties are listed in Table 14.
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(Comm. S) is a Solvay Frtiflex GRe-1p0 resin polyethylene;
glcc, and a M12 of 10.5 gi20 min).210 V0200 §06565(EPC
(Comm. M) is a Chevronl?’hillips \arlex HXM 50<100 resin (
density Of 0.948 g/cc, and a M12[gf 10.0 g/10 nji). Resin Ds
copolymer with density of 0.950 gf&c, and E;l\/ll@f 10 g/20 1
Representative extrusion| €bnditiof& are listed in%able 1B, an
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Resin viscosity data is shown in Table 15. The viscosity data taken at 100 sec”' shear
rate simulates the viscosity of the resin during an extrusion. The viscosity data taken at
10“_‘ sec shear rate simulates the sag resistance of the resin, for example, the sag

resistance during a thermoforming process.

Based on the similar viscosities at a shear rate of 100 sec™, the coupled
resins are expected to have similar extrudability, as that of the uncoupled control or
commercial resin (Comm. S). In addition, based on the similar viscosities at a shear
rate of 10 sec’), the coupled resins are expected to have similar, or improved, Sag

5  resistance, as compared to the uncoupled control or commercial resin (Comm. S).
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bOOUj.N+"cUUUO.~U A048W'G U cL 111 WO 2006/065651 PCT/US200S/044643 Resin
viscosity data is shown in Table 15. The viscosity data taken at 100 sec' shear rate simulates the
viscosity of the resin during an extrusion. The viscosity data taken at 10A sec 1 shear rate simulates
the sag resistanc@ftbwyesin, for example, the sag resistance during a tRermaimoniRgoprocess.
Based on the similar viscosities at a shear rate of 100 sec', the coupled resins are expected to have
similar extrudability, as that of the uncoupled control or commercial resin (Comm. S). In addition,

based on the similar viscosities at a. shear rate of 10-4.see!, tgke upled resins are expected to have
TherGANGE [l fEha B oug%%%ct:%}ﬂﬂé’@f‘lébﬁﬁ%ercial resin

similar, or improved, sag 5 reS|setance, as compare eun
(Comm. S). 1120diQtROCEH O85BE NPT OBI04 4648 ThEatayisdistddYinaQes 16T r wU aE N

NNNNN.-W 'FheinvJerXiVe: fe?mcs)hal\\llev cgm}())ar%%l olg improved results over the control and

commercial resins.

Samples exhibiting a larger strain at break (more extensible) can
accommodate more extension in an extensional prdcess. Resins having a higher
extensional viscosity will have the ability to resist drawing behavior, and will have
reduced thinning during an extensional portion of a process. Resins having lower
viscosity (or elasticity G”/G’) will flow better into mold cavities, and will be useful for
filling out finer details of a mold. The coupled resins showed relatively little or no
strain hardening. The coupled resins had iinproved extensibility and low viscosity, and
thus, had improved thermoformability properties. These features, in addition to
improved resistance to sag, make the inventive resins especially suitable for

thermoforming processes.

The Hencky strain, sometimes referred to as true strain, is a measure of
elongational deformation that applies to both polymer melts and solids. If an end-
separation device such as an Instron tester is used, the Hencky strain can be calculated
as I(t)/Lo-1, where Ly is the initial length and L(t) the length at time t. The Hencky

5 strain rate is then defined as 1/L(t)-dL(t)/dt, and is constant only if the length of the
sample is increased exponentially.
On the other hand, using an elongational device with a constant gauge length, such as
the dual wind-up device of Sentmanat (described in U.S. Patent 6,691,569, relevant
portions incorporated herein by reference), a constant Hencky strain rate is simply -
10  obtained by setting a constant winding speed.

A SER (Sentmanat Extensional Rheometer) is a commercial version of
the device described in U.S. Patent 6,691,569. The SER consists of an attachment for a
ARES control strain rheometer (TA Instruments, New Castle, Delaware (USA)). The
attachment fits inside the ARES environmental chamber, where temperature is

15 controlled by a flow of hot nitrogen. Testing was carried out on strips, cut out of a
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~wwwwww-~, .Uy 113 WO 2006/065651 PCT/US2005/044643 The resins were tested for
strain at breakv@ b@@tadasat break is an indication of the thermoformability et hieszesinddche data is
listed in Tables 16-23. The inventive resins have comparable or improved results over the control and
commercial resins. Samples exhibiting a larger strain at break (more extensible) can accommodate
more extension a0, havin igher, ex en5|onal viscosity, will have the
ability to resist dtrs;wmg égﬁg%@%ﬁ%%qﬁﬁtgﬁh rgbu%ce %%‘rﬂlﬁg g(&lnbalgnr%‘;(t‘gﬁss?é?ﬂ f‘bortlon of a
process. Resmsdﬂd\ﬁmglmwéﬁfpmdemsﬂyewM@Hbﬁeﬂmﬁé&ﬁt)mwﬁa‘hnmmmfouqtm mialeheaxitiprs, and will
be useful for filling out fi Is of & cou led resjns showed relatlvel I| tle or no strain
hardening. The gz)gtfb?ggé?egsgfﬁg F%gsl%rﬁg??v%lge enaibl )‘/ 3Ad Tow {/}lsné%@"t‘ g srowt

coefficient, was obtained by dividing the stress by the Hencky strain rate.

Table 16: Strain Data for the Control (Uncoupled)

Hencky Strain rate (s™) 20 10 1
Extensional Viscosity (Pa s) 81090 12430 306000
Time (s) 0.13 0.31 2.7
Hencky Strain at Break (Hencky 2.6 3.1 2.71
strain rate x time)

Table 17: Strain Data for D5110

Hencky Strain Rate (s”) 20 10 1
Extensional Viscosity (Pa s) 50700 58660 v 137100
Time (s) 0.1 0.17 1.35
Henvky Strain at Break (Hencky 2 1.7 1.35
strain rate x time)

Table 18: Strain Data for Commercial Resin S

Hencky Strain Rate (s™) 20 10 -1
Extensional Viscosity (Pa s) 29700 76730 225800
Time (s) 0.07 0.2 1.89
Hencky Strain at Break 1.4 2 1.89
(Hencky strain rate x time)
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thus, had improved thermoformability properties. These features, in addition to improved resistance to
sag, make the inventive resins especially suitable for thermoforming processes. The Hencky strain,
sometimes referred to as true strain, is a measure of elongational deformation that applies to both
polymer meltsvanm@olidssif an end- separation device such as an Instron mstarsmusedsihe Hencky
strain can be calculated as L(t)/Lo-1, where LO is the initial length and L(t) the length at time t. The
Hencky 5 strain rate is then defined as 1/L(t)-dL(t)/dt, and is constant only if the length of the sample
is increased exppigotialgQn ﬁﬁgf&e@mgm%iﬁ%@n longational device with a constant gauge

length; such as the dual wind-up device of Sentmanat (described in U.S. Patent 6,691,569, relevant
portions incorp ratedRargindamkeferened), a cqnstangfiencky straipjate ISTSimptyjoobtaimed by
setting a constant winding speed. A SER (Sentimanat Extens|onal Rheometer) is a commaefrcial version
of the device desciihasdrdiS/iRalaRt(Ba691,569. The§&ER ¢onsistsaf an attachmgpt for p ARES
control strain ripeometer (TA Instruments, New Castle, Delaware (USA)). The attachment ffits inside
the ARES envifonmental chi@imbés) where temperatueedss 15 contralleel by ajflow qfgaot nitrpgen.
Testing was cdrried out on strips, cut out of a_114 WO 2006/065651 PCT/US2005/044643 0.5mm
thick compressgion mdlgecksSéein At Eseaitant Hencky btrain rate was.applied, and #8 time-dependent
stress was determined from the measured torque and the sample time-degendent cross-gection. The
extensional viscositg,{%ﬁi%%& ‘:‘?ﬁ“eéé”ﬁFéwth coefficient, was obtained by dividing the stress by the
Hencky strain rate: - f e-Control-{(Uhcoupled) Hencky Strain ratel (s) 20 10 - 1
Extensional Viscosity (Pa s) 81090 12430 306000 Time (s) 0.13 0.31 2.71 Hencky Strain at Break

(Hencky 2.6 3.1 geh " @inifA% e KPELLR1 150 FY3In Djg for DSL10
Hencky Strain Rate (s") 20 10 1
Extensional Viscosity (Pa s) 51740 48940 243700
Time (s) 0.1 0.16 2.52
Hencky Strain at Break 2 1.6 2.52
(Hencky strain rate x time)
Table 21: Strain Data for Example 2 (71.2 ppm azide)
Hencky Strain Rate (s) 20 | 10 1
Extensional Viscosity (Pa s) 36540 73700 143900
Time (s) 0.08 0.21 1.94
Hencky Strain at Break (Hencky 1.6 2.1 1.94
strain rate x time)
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Hencky Strain Rate (s) 20 10 1 Extensional Viscosity (Pa s) 50700 58660 137100 Time (s) 0.1 0.17
1.35 Henvky Strain at Break (Hencky 2 1.7 1.35 strain rate x time) Table 18: Strain Data for
Commercial Resin S Hencky Strain Rate (s) 20 10 1 Extensional Viscosity (Pa s) 29700 76730
225800 Timew(®)2000¥686211.89 Hencky Strain at Break 1.4 2 1.89 (HenckyGivasroatesstisne) 115 WO
2006/065651 PCT/US2005/044643 Table 19: Strain Data for Commercial Resin M Hencky Strain
Rate (s) 20 10 1 Extensional Viscosity (Pa s) 29050 38570 87630 Time (s) 0.08 0.16. 1.03 Hencky

Strain at Break 8,1 lgg rain rat i éTabIe 0: Strain Data for Example 1 (39.7 ppm
azide) Hencky s]{?%% %atg%ﬁ%_‘%}%i fﬁg(?&l?es?oqg ViBRBSH%/(Pa s) 51740 48940 243700 Time (s)

0.10.16 2.52 Henc:Ky{g;@Spsq;aﬁ;r%{% 1625 (He%bky Straim ratg X time _Ta'uic_lzl. Strain Data for
Example 2 (71}2 ppm azide) Hencky Strain Rate (s") 20 10 1| Extensional Yiscosity (Pa s) 36540

73700 143900 Tins (R4 :ddodiHFPESNCKY Strajgyas Break (FeRelY 1.6 Z-h3g3g,Strain rate X
time) 116

Time (s) 0.08 0.12 1.34

Hencky Strain at Break 1.6 1.2 1.34

(Hencky strain rate x time)

. Table 23: Strain Data for Example 4 (137.4 ppm azide)

Hencky Strain Rate (s”) 20 10 1
Extensional Viscosity (Pa s) 39820 60700 171800
- Time (s) 0.07 0.14 1
Hencky Strain at Break 1.4 1.4 1
(Hencky strain rate x time)

Thermoform Sheet — Sag Results
Sheet samples were prepared from the D5110 resin, the Commercial M

resin and an azide coupled resin (Example 3- scaled-up). Each resin was extruded into
a sheet with the following dimensions: 24 inches wide, 36 inches long, and 0.120

s inches thick. The sheet samples were prepared on a conventional sheet extrusion line
using a 2.5" diameter extruder, with a length to diameter ratio of 30:1, and a 2-stage
double wave style screw to plasticate the resin. A 26" wide extrusion die was used to
form the extrudate into a molten sheet, and a horizontal 3 roll stand was used to size
and cool the sheet.

10 The sheet samples‘were subsequently thermoformed on a ZMD

International Model V223 shuttle thermoformer. Each sheet was placed in the clamp
frame of the ZDM thermoformer, and rigidly clamped on all four sides. Next, the
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WO 2006/065651 PCT/US2005/044643 Table 22: Strain Data for Example 3 (101.7 ppm azide)
Hencky Strain Rate (s) 20 10 1 Extensional Viscosity (Pa s) 50720 49560 220200 _Time (s) 0.08 0.12
1.34 Hencky Strain at Break 1.6 1.2 1.34 (Hencky strain rate x time) Table 23: Straln Data for
Example 4 (18042qppussmzide) Hencky Strain Rate (s) 20 10 1 ExtensionaIMiBﬁlssﬂg_s((R@ﬁxy 39820
60700 171800 Time (s) 0.07 0.14 1 Hencky Strain at Break 1.4 1.4 1 (Hencky strain rate x time)
Thermoform Sheet - Sag Results Sheet samples were prepared from the D51 10 resin, the

Commercial M r%%ﬁ&%gqr%qugtgqﬁghg%m%g&%%?]((?%H%%%go% gﬁ:‘!v%gr?alextruded into

a sheet with the following dimensions: 24 inches wide, 36 inche ] edthick. The
sheet samples wéteshresdreted RyauarvdHmspdraheuthestetsion thrdeugiergter® i tidiaheeter extruder,

with a length to dAmEtEh R Al 0:L PRAAAIR0R, dpubleave sl serew tp plasicate the resin.

A 26" wide extrusion die was used td form the extrudate infto a molten s cercs) Aftal 3 roll
stand was used tB%Tzéeinpodititersh seasuoed heimheeindanp s filewessubse Qightiydhanmoformed

on a ZWD Injerglioqal MAelVZ &3 Al Usdheipa/aimety fachshert was plaged o he clgmp frame

of the ZDM thermoformer, and rigidly clamped or all four sides. Next, the 88651
PCT/US2005/0438132EfafRfed ahidernshe! ihddxednitydeeand aeStatibn dithed iidshesmoformer,

where the sheetiy@gdaeatest i gualizptraradsadiant heaters. As the temperature of the sheet
increased, the sheet began to sag below the clamp frame. The distance of the sheet sag from the

clamp frame was measured uSisgatlinfbrereiesifinghsstaratedifnt I S0rtamndstivahwasepasitioned to
detect sheet sagsab#eoRlsle Phiheevane IARV AR QS 106508 ited Tower sag than the D5110

10  resin and the Commercial M resin.

Table 24: Sheet sag

D5110 Comm. M Azide Coupled
(Example 3)
Average Measured Sag 2.5(6.4) 20(.1) 1.5(3.8)

in inches (cm)

Surprisingly both the rheological kinematics of sag and extension
15 demonstrate that the inventive coupled resins are more favorable for sheet-forming
processes than the commercial product and the unmodified product control.

The azide coupled resins of Cr catalyzed resins have shown that the melt
strength, as measured by sag, is improved to levels similar to, or better than, the control
and commercial counterparts, while the extensibility, as measured via extensional

20 Viscosity, is maintained. In addition the viscosity shear rate response at high shear rates
is very similar to the control and commercial resin control, such that extrudability
should not be compromised. This means that inventive resins will possess both
improved shear response (sag), without loosing extensional response, such that both
rheological responses are improved over the competitive counterparts. This should

25 translate to products that have favorable rheological performance in the sheet-

thermoforming marketplace. Thus, products from this invention have preferred a
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sag was recorded at the end of the heating cycle, and before the clamped frame was indexed out of
the oven, and into the form station. The results of sheet sag for sheets heated for 150 seconds in the
oven are shown below in Table 24. The azide coupled resin exhibited lower sag than the D51 10 io
resin and the wonwsereiediM resin. Table 24: Sheet sag D51 10 Comm. M IZidessDoupled3 (Example 3)
Average Measured Sag 2.5 (6.4) 2.0 (5.1) 1.5 (3.8) in inches (cm) Surprisingly both the theological
kinematics of sag and extension 15 demonstrate that the inventive coupled resins are more favorable
for sheet-forming _pracesses than the commercial prqoduct the unmodified product control. The
azide coupled r&ls(?ﬁlsl? lgf'lgornc%{é f/’%g)gl T §‘ﬁo%?ﬁﬁﬁ%?[%?ﬂ?§ﬂ”%%ﬁ@ﬂ%{%§%&§ﬁ?&d by sag, is
improved to levetsssiofilaide modifatidoihamprtheseant ol bandskemMerciad epuntaspaimwdile the

extensibility, as measure via extensional 20rtviscosity, is, maintained. In addition the viscosity shear
rate response atuﬁld(r? Shear” rg%ggasgo\l}gpgogo.%n.'.gsr to the control and commercial resin control, such that

extrudability shdldachsids c@upshetatilyigdaans that inventive resins will possess both

improved shear response (s without IQosing extensignal response, such that both rheological
responses are improved ovear]gf R, é%ﬁ% %%ﬁ%% ﬂg’.mfﬁirsegw&f‘ug PRSI ducts that

have favorable rheplatiisal Hiertatananierrbsitessbedlotheineiemsglmarksiptacierthusiapgeducts from
this invention have prefgnﬁad a 2118 WO Zq?p/f%SGtSl PC /UF?EZOOS/ %4643 combination of
BT A R ORI PSR AR FE I AP AR P USRS S itification,

. anfl rapid s t
rheological proper eSO shedland Hharmo
improvements irRbsibnsbetar gy add exdelesionalifiodepesd unexpdeteadagiatidgennaiproperties.

Concusors SO SLSI R e b e
are large and rapéidsshedhe acgp@xteinsion sipdefddafationmng dhéshelkt aadlthe praiormiaggrocess.
deformation type. In this case, both shear and extensional flow measurements make
significant contributions to the extrusion and thermoforming of the parts. Extensional
flow is a deformational flow that involves stretching along streamlines, which is not the
case in shear flows.

15 The azide coupled resins show improved sag resistance, in shear flow, as
measured by viscosity at low shear rates. The coupled resins also maintained |
extrudability as measured by viscosity at 100 sec shear rates. In the extensional
viscosity measurements, both viscosity and the strain rate are improved. This |
combination of improved sag resistance in shear flow, and improved viscosity and

20  strain rate in extensional flows are unexpected, as these properties generally run counter
to each other. Thus, resins from this invention have a particularly preferred
combination of rheological properties for sheet and thermoforming applications. In the
inventive resins, the improvements in both shear flow and extensional were unexpected
results.

25 The uniqueness of the azide modification is that the technology works
even on polymers that already have high melt strength, in comparison to other low melt
strength polymers like polypropylene. The effect is a significant change in the low
shear rate viscosity at 10 or 107 sec” shear rate. The azide modification makes the Cr

resins respond nearly equivalently to the competitive counterparts. In addition, there is
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Responses to large and rapid deformation depend on the size and rate of deformation and the
kinematics of the deformation or the type of deformation. Thus, one can not io measure the response
in one type of deformation, and use this result to predict another deformation type. In this case, both
shear and exwosiowalsieonr measurements make significant contributions rrthesexisugiomand
thermoforming of the parts. Extensional flow is a deformational flow that involves stretching along
streamlines, which is not the case in shear flows. 15 The azide coupled resins show improved sag
resistance, in shear flow, as measurg‘(]jdsy viscosity at low shear rates. The coupled resins also

maintained extrdASHHY RO HELSHRBAYSASE S RiOsPRGD ews. serasproducts femae asalnsional

viscosity measurgibiizal nqtt yissasiéoomd toepstigindatemre improved. This combination of
improved sag resistance in she?rrﬁgg : agt?girr@%[?pved viscosity and 20 strain rate in extensional flows

are unexpected, as these prop® FMRSOTRsH RATEHR R ARCOTHIFES FReMEVAISAY this

invention have apéréiattadylpdebsiied consbinaienaishsalpsicalasenatiesigahoshantx
thermoforming aeglic ions..In the ,inve%tive resins, the improvements in both shear flow and

extensional werd e A CRRE RPrs oL, ATGETdA SRa ik RAE A EkReS MRS IEHER the

technology workanddetngn felynessringlopbadcl. e Figh Ripleaiaeathing CONDaTsOmdgother low
melt strength polymers Iikei; P%Pépropyle@% he effect is a sigﬁnificar_\t change in the low shear rate
o :

viscosity at 10-0°0F TO'EPEE HERY PR R PR T R SRR SRR HEDRESTHE SR T¥fhs respond nearly
equivalently to tipectimabpe2itiveldghuiterparts. In addition, there is 119 WO 2006/065651
PCT/US2005/044643 no significant reduction in the active phosphite levels, so the products remain
well stabilized in the presence of the coupling reactions. Extruded sheet and thermoformed part
surface smapthness is equivalent to the uncoupled resin. Extensional viscosity is improved over the
competitive Marlex 5 resin. Such viscosity is preferred in order to maintain part thickness during
extension and during a thermoforming operation. The "Film Appearance Rating (FAR)" for these
sheets is preferably zero or higher, more preferably ten or higher, and even more preferably 20 or
higher.
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10 120 MCSLLP CLAIMS 1. A composition suitable for pipes, comprising the reaction product of: 5
(a) a first composition comprising a LMW polyethylene component; and a HMW polyethylene
component, and (b) a second composition comprising a coupling amount of at least ongcgelysulfonyl
azide, the coupling amount being at least 0.0025 weight percent based on the weight of the total
polymer, and 10 wherein the first composition has a substantially single peak in an LTD curve,
wherein the composftibAAlsEa PENT value of greater than 1,000 hours at 80C, and at an applied
stress of 2.4 MPa (ASTM D-1473-97), wherein the HMW component has a melt flow rate 12 (190C,
2.16 kg 15 weight, ASTM D-1238-03) of 0.001 to 1.0 g/10 min, wherein the LMW component has a
melt flow rate 12 of 40Q to 200@@tifoghionZuitatsinfimspipess ivainiei fon b i mdilotgywprodising the
reaction 20 product of: (a) a first composition comprising a LMW polyethylene component; and a
HMW polyeth9ﬁine component, and (b) a second composition comprising a coupling amount of at

least ones polysuIfon()g)a&gﬁ&twggﬁﬂﬁ.@mg%g%@lmWﬁg&)@gﬁwgJ@trﬂp@@@ﬁt; ahdased on

the weight of the total polymer, and wherein the first composition has a substantially single peak in an
LTD curve, wHMEMW phéyetpositieniz@naENT value of greater than 1,000 hours at 80C, and at an

applied stress of 2'4(l\b/l)P & S%AC%;I‘I-M c%i%ﬁggﬁ?o?ﬁ’c%%%lng‘}%‘laFéoupling amount of at least one

polysulfonyl azide, the coupling amount being at least 0.0025 weight percent
based on the weight of the total polymer, and
10 wherein the first composition has a substantially single peak in an LTD
curve,
wherein the composition has a PENT value of greater than 1,000 hours at
80°C, and at an applied stress of 2.4 MPa (ASTM D-1473-97),
wherein the HMW component has a melt flow rate I, (1900C, 2.16 kg
15 weight, ASTM D-1238-03) of 0.001 to 1.0 g/10 min,
wherein the LMW component has a melt flow rate I, of 40 to 2000 g/10

min.

2. A composition suitable for blown films, comprising the reaction
20  product of:
(a) a first composition comprising a LMW polyethylene component; and a
HMW polyethylene component, and
(b) a second composition comprising a coupling amount of at least one
polysulfonyl azide, the coupling amount being at least 0.0025 weight percent
25  based on the weight of the total polymer, and
wherein the first composition has a substantially single peak in an LTD
curve,
wherein the composition has a PENT value of greater than 1,000 hours at

80°C, and at an applied stress of 2.4 MPa (ASTM D-1473-97),
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wherein the HMW component has a melt flow rate 121 (190C, 21.6 kg weight, ASTM D-1238) of 0.01
to 50 g/10 min, wherein the LMW component has a melt flow rate 12 (190C, 2.16 kg Wgight, /ASTM
D-1238-03) of 0.5 to 3000 g/10 min. 5 3. A composition suitable for blow molded articles, comprising
the reaction product of: (a) a first composition comprising a LMW polyethylene component; and an

HMW polyethylene component, and 10 (b) a second composition comprising a coupling amount of at

least one polysulforyyharaie, et IWingrapement being ek 4k 0. 0029 weld berebhtkBased on the
weight of the total Eﬁ%}{%wﬁq f/&%%geg% @@Rﬁtﬁpmms&ﬁn has a substantially single peak in an LTD
osition has a

curve, 15 whersiy valge of greater than 1,000 hours at 80C, and at an

applied stress of 2.4yWRec{ASTM DI E3:8phrvheheinhediMicorpbnetias 2. héelglow rate 121
(190C, 21.6 kg weight, ASTM D-123V\89)é%f 0.01 to 5%%10 min, and wherein the LMW component has a

melt flow rateWQigi@O@SI%[Rguf{)g At ket pl ﬁé%’fﬁiﬁf 40 to 2000 g/10 min. 4. The

compositipn of Claim 1, 2 or 3, wherein the composition has a PENT value of greater than 3,000
hours at 80C and 3 MPa. 25 5. The composition of Claim 4, wherein the composition has a PENT
value of greater thar6,500 AcrepogoCmsitiBNPrdTHaeolded sitlel &F CHmArisiGMS, wherein
the composition has a_density greater than 0.940 g/cc, an average molecular weight ranging from 122
MCSLLP ZOd%iﬁ?&féB%&g%%!mol, and a flow rate ratio (121/15) from 15 to 50 (15; 190C, 5.0kg

weight, ASTM D-1238y08¥irét EbmposipositompfiSitaima LMW 3o lwbirglenihedrpdhsnpoyethylene
OO AW oy ety lene component and o 0P
10 (b) a second composition comprising a coupling amount of at least one
polysulfonyl azide, the coupling amount being at least 0.0025 weight percent
based on the weight of the total polymer, and
wherein the first composition has a substantially single peak in an LTD
curve,
15 wherein the composition has a PENT value of greater than 1,000 hours at
80°C, and at an applied stress of 2.4 MPa (ASTM D-1473-97),
wherein the HMW component has a melt flow rate I (19OOC, 21.6 kg
weight, ASTM D-1238) of 0.01 to 50 g/10 min, and
wherein the LMW component has a melt flow rate I, (190°C, 2.16 kg

20  weight, ASTM D-1238-03) of 40 to 2000 g/10 min.

4, The composition of Claim 1, 2 or 3, wherein the composition has a

PENT value of greater than 3,000 hours at 80°C and 3 MPa.

25 5. The composition of Claim 4, wherein the composition has a PENT

value of greater than 6,500 hours at 80°C and 3 MPa.

6. The composition of Claim 1, 2 or 3, wherein the composition has a

density greater than 0.940 g/cc, an average molecular weight ranging from

122



consisting of C3 to C10 alpha-olefins. 8. The composition of Claim 7, wherein the comonomer content
ranges from greater than 0 to 6.0 wt percent. 10 9. The composition of Claim 1, 2 or 3, wherej gﬂe
LMW polyethylene component includes a comonomer selected from the group consistir%coglg to
C10 alpha-olefins. 15 10. The composition of Claim 9, wherein the comonomer content ranges from
greater than O to 3.0 wt percent. 11. The composition of Claim 1, 2 or 3, wherein the first gomposition

is bimodal as 0AfirtedtB).6e/molanthe Bewipatitieh of kidinh omoktavbi&in kAR first
composition i§ w{%%%%mrﬂj%%% PC. 13. The composition of Claim 1, 2 or 3, wherein the
lyethytene '

HMW 25 po ponent comprises from 48 to 67 percent by weight of the combined weight
of the HMW component and the LMW component. 14. The composition of Claim 1, 2 or 3, wherein the

LMW polyethylene component comprises fro éﬁ‘%to 32 ercent by wei (Et the 30 combined weight
of the HMW componént an ecﬂf%af’%‘rﬂ'ﬁéﬂj 1P ’I\%Dég p PSS 1 ¢ ition of Claim 1, 2 or

3, whereig th%@g@ﬂ%ﬁ@i@@d@ﬁ badellaning &y arssiietiobé density Phajneast 8:8dg/cc as measured
by ASTM Method 5 D-792-03 Method B; 2) a melt flow rate (15) from 0.2 to 1.5 g/10 min; 3) a flow

rate ratio (121AB)ifM0ME 5 endalphenedtdtisiar weight distribution, Mw/M,,, from 15 to 40; and
wherein the HMW polyethylene component comprises from 30 to 70 10 weight percent of the
composition; has a density of at least 0.89 g/ce, as measured by ASTM D-792-03 Method B; has a
melt flow rate (12) frém 0.0The composition of Claim 7, wherein the comonomer content

ranges from greater than 0 to 6.0 wt percent.
10
9. The composition of Claim 1, 2 or 3, wherein the LMW
polyethylene component includes a comonomer selected from the group

consisting of Cs; to Cy alpha-olefins.

15 10.  The composition of Claim 9, wherein the comonomer content

ranges from greater than 0 to 3.0 wt percent.

11.  The composition of Claim 1, 2 or 3, wherein the first composition
is bimodal as determined by GPC.
20

12.  The composition of Claim 1, 2 or 3, wherein the first composition

is multimodal as determined by GPC.

13.  The composition of Claim 1, 2 or 3, wherein the HMW
25  polyethylene component comprises from 48 to 67 percent by weight of the
combined weight of the HMW component and the LMW component.

14.  The composition of Claim 1, 2 or 3, wherein the LMW
polyethylene component comprises from 33 to 52 percent by weight of the
30 combined weight of the HMW component and the LMW component.
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0.2 g/10 min, and a flow rate ratio (121/12) from 20 to 65; and wherein the LMW polyethylene
component comprises from 30 to 70 weight percent of the composition; has a density of %ﬁﬁﬁt 0.940
g/cc, as measured by ASTM D-792 15 03 Method B; has a melt flow rate (12) from 40t /10
min; and has a flow rate ratio (121/12) from 10 to 65. 16. The composition of Claim 1, 2 or 3, wherein
the concentration of polysulfonyl azide is up to 200 g/g. 20 17. The composition of Claim 1, 2 or 3,
wherein the composition is coupled with less than 200 g/g of polysulfonyl azide. 18. A pipe,

comprising at least o r Q ' i . lpe of Claim
18, wherein the pipe has aW;ﬁn %‘5}: %%?80’{[?{{:&%& nchgeéd.l](? 0.2 cm?qﬁ(glfl\gl%&l LPJé}g.}PAé%ilm,

comprising atﬂleaﬁwﬂnwmgrmopertﬁésrmed from the composmon of Claim 2. 21. The film of Claim 20,
wherein the composition is éked with ss 5t r%() pa/g of polys Itb(:}?yl m Tae film of
Claim 20, wherein the film Jz?sa ﬁTbsr‘f’é’r (,Brrb% aisian ﬁséy’i’ﬁ# éﬁgﬁ %Pé) erwise
identical golymer composmgmbgtdgq@mwlplmg agent. 10 23. The film of Claim 20, wherein the
film has a greater side-to-side bubble stability, than a film made from an otherwise identical polymer

composition that lacks a codpingelgdlammealpneamiet idim 20 Quméiein the film has both a
pher G mpact sUenath i T oy iy e i mace o e
comprising at least one cordpanentl fourtwedy 2 fitodis thidwidonp dditidn, o ffairh33to 40; and
wherein the HMW polyethylene component comprises from 30 to 70
10  weight percent of the composition; has a density of at least 0.89 g/cc, as
measured by ASTM D-792-03 Method B; has a melt flow rate (I,) from 0.01 to
0.2 g/10 min, and a flow rate ratio (I;/I;) from 20 to 65; and wherein the LMW
polyethylene component comprises from 30 to 70 weight percent of the
composition; has a density of at least 0.940 g/cc, as measured by ASTM D-792-
15 03 Method B; has a melt flow rate (I;) from 40 to 2,000 g/10 min; and has a flow

rate ratio (I,,/I,) from 10 to 65.

16.  The composition of Claim 1, 2 or 3, wherein the concentration of
polysulfonyl azide is up to 200 pg/g.
20
17.  The composition of Claim 1, 2 or 3, wherein the composition is

coupled with less than 200 pg/g of polysulfonyl azide.

18. A pipe, comprising at least one component formed from the

25 composition of Claim 1.

19.  The pipe of Claim 18, wherein the pipe has a wall thickness of up
to 4 inches (10.2 cm).
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26. The blow molded article of Claim 25, wherein the article has higher tensile impact and I1zod impact
values, and at least equal ESCR values, than a blow molded article made from an othﬂyy%pentical
polymer composition that 25 lacks a coupling agent. 27. The blow molded article of Claim 25, wherein
the article is a bottle, drum, or automotive part. 125 MICSLLP 28. A method to improve the creep flow
behavior of a resin, the method comprising reacting a polysulfonyl azide with a composition that
comprises a LMW pdfethyldnélBbrapoiisifing did $amenssigatrpreit (smeddea Wiserein the LMW
polyethylene ¢ less than 5 100,000 g/mol and the HMW polyethylene
component hé’&%v%@@%%%%%oo,ooo g/mol, and wherein the composition has a substantially
single peak in an LTD curve, and wherein the reacted composition has a PENT value of greater than

1,000 hours at 80C and at apn applied ss 0f 2.4 MPa/ (ASTM D-1473-97). 10 29.. The method of
i 28, wherein the bompL AT T A5 3HREEF A FORARC ik YSE0UIS A oA rate o
1x10-5 ragl/s, thahis Ay E@%}g{pﬁgﬁggﬁmﬁgﬁ@ﬂd@cosity of the polymer resin composition at the same
shear rate. 15 30. The method of Claim 28, wherein the composition, after the coupling reaction, has
a melt viscosity, at a shear rate of 1x10-5 rad/s, that is 5- fold greater than a melt viscosity of the
Polymer tesin composyion FISAING CRER 501%,R% & dbameiRdohalainh whaan he

composition, after thé "Coupling reaction, has a melt viscosity, at a shear rate of 1x10"5 rad/s, that is
10- fold greatairihastts thett wisiesityadktfiepolymeheesiscataptsitlgoéy e sameostiear thae.

lacks a coupling agent.

10
23.  The film of Claim 20, wherein the film has a greater side-to-side
bubble stability, than a film made from an otherwise identical polymer
composition that lacks a coupling agent.
15 24.  The film of Claim 20, wherein the film has both a higher dart

impact strength and a greater side-to-side bubble stability, than a film made from

an otherwise identical polymer composition that lacks a coupling agent.

25. A blow molded article, comprising at least one component formed

20  from the composition of Claim 3.

26.  The blow molded article of Claim 25, wherein the article has higher
tensile impact and Izod impact values, and at least equal ESCR values, than a
blow molded article made from an otherwise identical polymer composition that

25 lacks a coupling agent.

27.  The blow molded article of Claim 25, wherein the article is a bottle,

drum, or automotive part.
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25 32. The composition of Claim 1, wherein the LMW component has a density of 0.940 to 0.980 g/cc.
33. The composition of Claim 1 or 32, wherein the LMW component is 30 the higher d@ir@sét‘ym
component. 126 MCSLLP 34, The composition of Claim 1, wherein the HMW component has a melt
flow rate 121 (21.6 kg weight, ASTM D-1238-03) of 0.20 to 5.0 g/10 min. 5 35. The composition of
claim 2, wherein the weight ratio of the HMW component to LMW component is from 30:70 to 70:30.
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28. A method to improve the creep flow behavior of a resin, the
method comprising reacting a polysulfonyl azide with a composition that
comprises a LMW polyethylene component and a HMW polyethylene
component, wherein the LMW polyethylene component has a M,, of less than
100,000 g/mol and the HMW polyethylene component has a M,, of 100,000 to
600,000 g/mol, and wherein the composition has a substantially single peak in an
LTD curve, and
wherein the reacted composition has a PENT value of greater than 1,000 hours at

80°C and at an applied stress of 2.4 MPa/ (ASTM D-1473-97).

29.  The method of Claim 28, wherein the composition, after the
coupling reaction, has a melt viscosity, at a shear rate of 1x107 rad/s, that is 2-
fold greater than a melt viscosity of the polymer resin composition at the same

shear rate.

30. The method of Claim 28, wherein the composition, after the
coupling reaction, has a melt viscosity, at a shear rate of 1x107 rad/s, that is 5-
fold greater than a melt viscosity of the polymer resin composition at the same

shear rate.

31.  The method of Claim 28, wherein the composition, after the

coupling reaction, has a melt viscosity, at a shear rate of 1x107 rad/s, that is 10
fold greater than a melt viscosity of the polymer resin composition at the same

shear rate.

32.  The composition of Claim 1, wherein the LMW component has a

density of 0.940 to 0.980 g/cc.

33.  The composition of Claim 1 or 32, wherein the LMW component is

the higher density component.
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34.  The composition of Claim 1, wherein the HMW component has a

melt flow rate Ip; (21.6 kg weight, ASTM D-1238-03) of 0.20 to 5.0 g/10 min.

35.  The composition of claim 2, wherein the weight ratio of the HMW
component to LMW component is from 30:70 to 70:30.
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