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STRENGTH POLYETHYLENE COWVPCOSI TI ONS AND METHODS OF MAKI NG PI PES, FI LMVB.
SHEETS, ANMD 2Bi¢iéd¥D.DED ARTI CLES Thi s application cl ai mpctrhs2émsnefsss of
U.S. Provisional Application No. 60/637,105, filed on Decenber 17, 2004,
incorporated herein, inits entirety, by reference. s This invention
relates to coupling of relatively high nelt strength polyethyl enes, nore
specifically coupling of relativelz high nelt strength pol yethylenes for
use in form RHBOREOGY] RELATAMELY ‘ HL ST sHHnol ded
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accommodate earth movements. Due to these advantageous characteristics, the amoun

~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 resistance). 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.
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PCT/ US2005/ 04d4pte, 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
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and approximately 2.4 MPa. The novel resin conposition, when fabricated in
the form of RelypReThEentainggdertiancdmeenwch axplystyrene, pelygwpsleand PE 100
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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



fromthe novel resin conposition due to its conbination of high nelt
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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 (I)/I5) from15 to 50.

In yet another embodiment, the HMW polyethylene component includes
a comonomer selected from the group consisting of C; to Cyg alpha-olefins, and in
25  particular, C; to Cy¢ 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 O to 6.0 weight percent.
In another embodiment, the LMW polyethylene component includes a
comonomer selected from the group consisting of C; to Cy¢ alpha-olefins, and in

30 particular, C; to Cy aliphatic alpha-olefins. In yet a further embodiment, the
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provides a pipe with a wall "thickness
3) a flow rate ratio (I3)/I5) from 20 to 50; and

15 4) a molecular weight distribution, M,,/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 (I21/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 cn), or nore. In another enbodi nent, the invention
provides a pipe with a wall thickness of less than 4 inches (10.2 cm. In
anot her ewbadéeesdsy the invention provides a fil m preparetd/dseasiodcsd
conposition that is coupled with less than 150 g/ g pol ysul fonyl azide. In
anot her enbodi nent, the invention provides a filmthat has a hi gher dart

i npact strength, than a filmmade froman otherw se identical polyner

it that |ack i t. furth nbodi t, th
oventi on provi des. a f PR PHERiRSaC B-Ghisasof plvidss i vieh + BebBiigkness
stability, bhaptedinchs (M@decrhy, 8fmadre. h RS HESEY It GRL ; Mer conposition
that 10 | acks g coupl i. ng_@agen{. In yet a }‘ijrt H@?%%%’&Q%"n&%ﬁ"“t%%“ﬁ%nti on
provi des a Pinenvithaalliaickiess bf lessthghéincler ¢10i2rgagct strength and a

greater'side-to-si den%gbblﬁ st abi ] i tng, than a filmmade froman ot herw se
i dentical polymer conpb&qtRgsmbedimans theinyentinnmre videsagdlm preparecifiombaer

embodi neat , c@tﬁﬁod-itri'dﬂlaﬁ‘lraf;j SiobfIeY mﬁﬁesg tlpalng\gg rﬁ?{gdfoq s?x[f%ni@a{?gilde,t E@%Qoggs hi gher

tensile inpact and |zod inpact val ues, E fues, 15

than a bl owembbdiewngithe inkentivagrovidesm fifh Gbi1ek Witsshet 88051 stﬁﬁ%ﬁﬁnﬁﬁ a
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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) couplihg 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



conposition, after the coupling reaction, has a nelt viscosity, at a shear
rate of 1 x 10-5 rad/s, that is 5-fold greater than a nelt viscosity of
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conponent has pol yneri zed therein”™ a conononer selected fromthe group
consisting ofte.C3 to Cl o al pha-olefins, and in particular, C3 to C10

al i phatic al pha-ol efi ﬁlﬁ .1 n anot her enbodi nent, the copmpnonmer is selected
fromthe group consi stPfHyvERI AsRprarides 4 cuppastion, sompisiedhercagtitfexene, 1
25 heptene and 1-oct epR w@ nore preferably the conononer is selected from
the group consisting 0151 1-hexene and 1-octene. In another enbodi ment of
this conposition, the(a)adirpadhipositionasmpriged a pelpétRylend dvaiponsntlpegarddian 10
percent, preferably less than 5 percent, nore preferably |ess than 2
percent, and evethempesen¢sraffaghaeinipm-based ealystoystepeddent , " as  neasur ed
according to ASTM D 2 -90. e : ' jtion ~ o
is coupled with | ess {tﬁgﬁg‘%ﬁ’ﬂ cgfé%%lpglgg+15§% 1?%&3%%@?%@9&?%3&%%% %on al so
provides 7 WO 2006/ og@gsmfoagw;@zooy 044643 for conpositions conprising
conbi nations of two or nore enbodi ments as described herein. The invention
al so provides for artnneenhodprens iof thisgomposiionghe pelystpplgeheomponent 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 C; to Cy alpha-olefins, and in
particular, C; to Cy¢ 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 1is coupled with less than 200 pg/g of polysulfonyl azide. The invention also provides



formed from such a conposition, including, but not limted to, sheets, such
as thernofornmed sheets, filns, pipes, blow nolded articles and ot her

articl es.wluods/@msé&i1conposition is especially suited for pcharsomsonsvasl
sheets. Figure 1 depicts |ow shear viscosity profiles of inventive and
conparative resins. Figure 2 depicts |ow shear viscosity profiles of

i nventive and conparative resins. 10 Figure 3 depicts tan delta profiles
of inventive and conparative resins. Enbodi nents of the invention provide
a new pol yefdrebmpesitompmsiprisorg cofrinatipks ofifweatr @rgre embodimentgas dgicribal and

ot her. products, . such as sheet, fil tapes, fibers, caps and cl osures,
and nol ded g?rﬁ“c ﬂi’é’ IBYEnhER a]isﬂgfctyﬂfifég]%fsaégaeﬁ CERRIEINER! BashongspapeRent

conpr essi on gl A T=Te oyl ol = i t he invention
provi de a rrfe(?ﬁgglﬁ%% Slrrg:Eiqncl(f]){H %tg&elpl?’qggm}lqg’% t Béglrﬁ@%gg’. srﬁ%}ge’ssﬁgl{ fod incl udes
sel ecti ng atheshyfoBfied sHEpBsfilms) Pipss \bildvg nidldodiasi ddéitdnd lotheér agicRg! Sugieak in an
LTD curve and extruding the conposition to forma pipe. The new conposition
conpri ses acemRyseianis especigy ywitad feptheonefarmedsghgets: HWW et hyl ene pol yner
conponent . Prefegabl th MA.conmponent and the 20 HW conponent
co-crystallize i lgflﬁ%r Q%Pr‘r‘ﬁf)tol“f f}%?ﬁr,n%gﬁ)@ﬂyPﬁ’gﬁesio?"évfm%eiafngCQH%FWBV% or

subst anti al }e¢ingi Ngl e peak in an LTD curve. The ethyl ene polynmer for the LMV
and the HWVconponents can be either honopol ynmers or ethyl ene _

i nt er pol yners ( oFigusohdépyete bosy shelr ebensip pxofilésaf inveoyoandebspamativet hyl ene

i nterpolyners. (or copolynmers) of the sane or different conposition (that
is, with th®¥ane or different cononomers). 25 The binpdality of the MAD of

the new, £onposi ti’&ﬁrei BdGHEs 140 deh@;l)ﬂniﬁlés%f%%ﬁtii/@aﬁd% ati9¢ rdshhg. LMV
conmponent and the "HMW conponent. The i ndividual conponents preferably have

a uni nodal MAD. Pref eEmbbgimentsefitid ingeriteon preiiddd sevopolyétbylbhd/domybsitidiiV
conponents, .individually, are different and distinct from.each other, such
that, whenfORAKNE VHEn st 835 RPeBARE Qe POuRRsughasEHatim, m?évofﬁqers’

L B
pol yet hyl eneomropiviemnbligf atidimjécive ntolding.i ncl ude C3- C20 al i phatic
al pha- oisef 'ns, and mﬁr%bgéigei{s%t%ltge ig\?;énct:i]é(r)l p?(L\Ei eh;la rtniet%od 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.



al pha-ol efins. Preferable the conononer is selected fromthe group
consisting of propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene,

1- oct ene,wo20en@pes1 1- decene and 5 4-nethyl - | - pent enepcRasstooswhans y
preferred conmononers are selected fromthe group consisting of propyl ene,
1- but ene, 1-hexene, and l1l-octene, and nore preferably from 1- hexene and 1
-octene. I n another enbodi nent, the pol yethyl ene conponent may al so

contain at |east one polyene, including, but not l[imted to, conjugated and
nonconj ugat ed di enes. Prefeyrad gorponasmaryueddn dheqwhvefyienn componentsa dhes

“about~ or TsgRef AR 2 IR A e R R R Pl S C by oy

1 percent, 2ighldleits. FRefRRbRAAE corAdbmd R dcfRSrond thelgPoudonGisEiyr.  Whenever
a nunerical range with a lower limt, RL, and an upper limt, RU, is

di scl osed, a@msp bbufeat,| li-pentenier hihexenlkagl -heptere, 1 ocepgdiddnend, Il ydeténe and

di scl osed. In riicul ar he foll ow.ng nunbers within the range are

speci fical | f'mgfﬁé’]tc'?'(?g'ét&?é' Iéﬁlﬁ%arhm\é\%ﬂ%‘} COHERARSS Rreisgle&tquf’fnégggmﬂlangi ng
from 1 percephsilih eNbutehd 11y § ' U ebhse1 K 1s 1
percent, 2 pgr%en§%9%n3§§%%ht?ufﬁkpef%g%%?ﬁ%?ggggégggsgsgbgg&pe ggﬁ&{ 51
percent, 52 hpe¢reantl,1-octened In pestha@rembo8tingng thepilyetBylene@impenént nBy afwer cent ,

99 percent, or 100 percent. Moreover, any nunerjcal range defined 20 by two
R nunmbers, &8Nai¥3theast one RoAwngHBcEdingbus petimitedtos ?qslwaaﬁ%d@n@m osed.
Nunerical r i ndexes, density, nolecular weight, nunber of
car bon atorrélg?%ﬁliurga&gl p zfts'ol efin, and other properties have been descri bed
herei n. 1dhe term " couph thefoHoWingtdeScripsionisatichuiebess disclésed Bérgintage an anmount  of

coupling agent that is effective in coupling polymer chains, but that does
not result iaAProzEnatyxalypy egardiessvhethes diciwaed ngpoyt” arfaparpxigiateyds Ysediin

broduct, - as £l dA04 afi¥e B YW/ vaPoy IBLoGOM SOLek S Shef gl pol yrrer

product. The term " polymer e 0 rcat onopol ynmer, an
I nt er pol ymekomefime A0ty 08 hircet! Whdneydtal niikical Thspetvaitim lowek gy, RY, a8 used
herein, includes interpolyners, such as, for exanple, those nade by the

copol yner i zanjupperdimit, R WG dgdeyed s8e3mnper fallgzoosiio theganze iespegifically wi t h One
Ay N e
pol ymers pr @palo8ed: 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 polynerization of at least two different types of nononmers. The generic
term5 interpolynmer thus includes copolyners, usually enployed to refer to
pol yner s woeparwsssif rom two different types of nononerspcansd2@sloyssas s
prepared fromnore than two different types of nononers. The term

"ethyl ene/a-olefin,” "ethylene interpolyner (or copolyner),” and simlar
trrms, as used herein, refers to an ethyl ene-based interpol yner that
contains 10 at |east 50 nole 8ercent et hyl ene, and one or nore additional
conpnoner s. cthdencwith On;piigges C3-C wlnl@@épi%é?)@r polypiopylenewith oae emetee .-
overall MAD ~of orwafrrﬁtive exanples, or in reference to the MAD of a
conponent poﬂ? st %) i nventive conposition, neans the MDD in a Cel
Permeati on Chr omat ogr apitefPaterpSlyin¥e” Q880 RQLinSHASS Wdéﬁhérypﬁemealb&
mul ti pl e conmponent polyners, that is, no hunps, 15 shoulders or tails
exi st, or artbe palysieamatical ¢fjat thastdwordifiérent types ohmo@RBersuThe gedenicddriver  wor ds,
the DOS (Degree of Separatjan) is,zero or substantially close to zero. The
torm bi rioagnieamEaBas MePER combARLS LA B MD S 1 (PRSPt bi £ s
two conpone "tﬁ% i o%% HFERY, ist as a
hunp, shoul or}%?lﬂg‘kvxpgf???mr el g?:f\%lggt&gle%he o?rpﬁtegg%{iher lg:lgr\r{?ggannetﬁ{& pol ymer.
20 The t er mdiffateht typekadf" masonused herein nmeans that the MAD in a GPC curve
exhi bits nore than two_conponent pol yners \t/}v{lere' n one conponent pol yner

I,
may even exist as a huRif teERethylene/giolefisy’] “ethyiang intgolymer (s cRRYBED he

h _ boldl | cliplpainiogobp, he
WD of “tne. LI SRTRHRR, s (HOE ARl b Gyl end e BlrbOly o BhEQRRl 11

subst antical @Veki SPRbRgpeddent fllylehd)and ohid GsReRALNGoNR combh@heryei ght
di stributions in the resulting GPC curve. That is, each nolecul ar wei ght

distribution is sufficleetemy “wimodel,” asrided krs¢in, inveleregee tesheevdrall MWRBI ght s

are sufficiengly different, that the f onponent s substaptially
xhi bl s a BASOIPRER SRR eR ol & rerse e Mo FBEREY GeBEE ph s, her

words, the 3QvéXdSelcomPbsiti®dTheahs tHRMNEWED AP BeltermBafi Chroftatograpify (GBC)or 10.
10 WO 2006/ 065651 PCT/ US2005/ 044643 The term LTD, used heréin, refers to

the di stri butirendass nohaibstantédllyzexhibit nwltiplssomponent polymetsi, thatis, noTiennser m
substantial by REAGYH, RERKr atSeubSEdials Wi initid fn BTGB ERESe. & 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 DOSis at least 1, preferably atleast2,4,5,7,9, or 10.

10



LTD curves to nean that a peak does not substantially exhibit two or nore
peaks. But 5 a "substantially single peak” may not foll ow a Gaussi an

di st ri butwonposnsyesbe broader than a Gaussi an di stri buti eorwseeediseds cat e,

or have a flatter peak than a Gaussian distribution. Some substantially

si ngul ar peaks may have a tail on either side of the peak. In sone

enbodi nents, it nmay be possible to mathematically resolve a "substantially

single peak"” in an LTD curve into two or nore conponents by various 10
met hods. 1 n sone enbodlheigs la“Dsleﬁsishesﬁw,irsﬁGWOﬁe@w@bw therlagella TD cur ve

follows th ion: -PH Pl X100%10% (1), P; where Pi is a point in the
LTD curve h:t\l}}%%ggstg’]\‘c/)glolggp?rr {he percent weight fraction between that of

the highest weight frarid tefn ¥albs@ntidly sifpfuldr Peak TOulcidefein #1H rdfhiendeayest 15
point, PL, having an Lc val ue between the Lc value of Pi and the Lc val ue

of PH. In souEDicneeatcmsan thhi spgakdoesmot dulistantiake exhilst tveser hérapeaks. But
approxi mately, 8 percent, or |less than. approxinmately 7 percent. In sone
enmbodi nent s Sghggqté?ﬁ@'iswgfeyp?ﬁnﬁﬂ% nﬁk@goﬁﬁa&m@? &Pé‘rbéﬂ‘g‘b "Eﬂ‘yq’ér?ﬁ?"gﬁ'i mat el y
5 percent or : g r Se in sone
enbodi nment s,th%rﬁég}ggéséﬁﬁggtgg?t%@ ‘I%I%Mgé%&\j\%lgﬁ Olgﬁ anagiagﬁpé%ktt ) ap%%éln 20

di f f er ence idistzbution. Aonusedstaatiaiysingulee ptaks mdyrHaeeh adlyomathef sidadf the” neans

change in nelt, viscosity of a polynmer as_deternined by creep neasurenents
and DVB. Theegkr I somp emiadimepts,df may pe possible teappathanatically regolyan t i cul ar

reference ta Vo i t L xture conprising
titani um and SE%%E%%%%?@%%&?@%@%%%% cgorégglgrléingg{;grngsnbyd\gaﬁgw The
term"inert Inethods th kofhe embbein®hss 4 ‘Gubdihifially bihzlepexltin aA T AMBcu@ve BIOWHS -

whi ch do not undesirably interfere with the desired reaction(s) or desired
properties dhe equaionesul t | ng coupl ed polyners. 11 WO 2006/ 065651

PCT/ US2005/ 044643 For purposes of the, prgsent disclosure, the reactor, in
whi ch the conditions are conducive to—éh—%goe%hil@h () ecul ar wei ght
polymer, is known as the "high nolecul ar wei ght reactor.” Alternatively,

the reactor \bﬁlsrg\’p,' i§ Q ptorh? i &qu”ltﬂ AR ﬁlz;v?ng 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 Pg. 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.

11



conduci ve to making a | ow nol ecul ar wei ght polyner is known as the "l ow
nol ecular 5 weight reactor.” The term"nelt processing” is used to nean
any procewe 00v/06865eh the polyner is softened or neltedpcirnshediongss but not
limted to, extrusion, pelletizing, film blow ng and casting,

t her nof or m ng, conpounding in polymer nmelt form The term "extruder" is
used for its broadest neaning to include such 10 devices, as a device

whi ch extrudes pellets or pelletizer. The terns "blend" or "polyner blend,
or simlar terns, as W&eepurResesPhthepsesantdisqiosurey themreacis, igrwhigh &epol yner s.

Such a bl end or._may not be m.scihle. o) may. Qr may not be
phase separ g?rgﬁ?{orguaé%c%ldg?%'ﬁgo Ir?gif/l%gra %ﬁég,mﬁ%?%ﬁ‘ﬁ?g? tﬁ)% N erblf%n%? éS{J}l mai n
confi gurati opgh nstedhfir Seatn eshclor.0 nAItérﬁ_ﬁlWElf HeQBactdraf Wheth the EdraftfoRRYre 15
Resin density was neasured by the Archi medes displ acenent nmethod, ASTM D

792-03, Met houlugjveito makmgradpwmodlecidperdigigrpslynear és krwaguasdle Wow malectldnour  of
nol ding after _conditigning in an isopropanol bath at 23C for 8 mn, to

achi eve 5th@’reh%1treé‘&i9f'l i briumprior to measurenent. The speci nens were
conpression nolded a in B in
initial heating perio gg%og%% r@%?%&#}g%%%égﬁyg lc%%ntrlna/rt\l?c(}:lgg ing rate
per Procedupelymer Hseftempeicirmeeitedpincludmg] ad nbolidhiél tonetthsigny pdletiving hilm
continued cooling until "cool to the touch.” Melt flowrate neasurenents
ver e per f or REXWVIRE 8wt eASHBE thermg g gompoyndingap palymeppeltdorer.2. 16 kg and

Condi tion 190C/ 5. 0 kg Thké"?én%h‘e?{rﬁdéf’“{%"l‘fgefﬁ)r ¢ bfo%ﬁgﬁt i’n%anihggcﬁfx&gbé/ Slfé . Mel t

flowrate is inversely proportional t e nolecul ar we he

pol ynmer 1o Thdsvicdshes Hiohes whible exealdes pelbsts svejellbfizert he | ower the nelt flow
rate, although the relationship is not linear. Melt flowrate

det ermi nati ons cdhe e “blend’perr polymed bland o viamlan teginaras wegdgierain, mepole as in
accordance wth ASTM D- 1238 Congdi t i 190C/ 10. 0 kg.and nditi,on
To00 21 e°  Hlehd iRl b paonmes 1 Shd e mey SR SR BteCBR SUPR: ¢ Rati

(FRR) is thglehdihd RmdyBlot bé gl?éé’eg tédl Bukch a® ¢ rhayf dr@Muy it Bontdid oMPor
2006/ 065651 PCT/ US2005/ 04464 (1'2) unless otherw se specified. For

exanpl e, i nmeoerdomascanigsatidne, FRRtemmined dromeiarsgEssivh estro® midwFcopgpeci al |y
for higher nolecul ar i.ght polyners. Th nount. of | yner fjnes ikn a

i ven Sampl o ves dot efrAGE S Mty B AR e S amsnefetor

pol yrmer wer @ sgdder792008 MRAFB! i iSIpRMRAnSET 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 specirhens 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;p and I,

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

12



5 consisting of the followng US nmesh sizes: 10, 18, 35, 60, 120, 200 (2000
m 1000 m 500 gm 250 m 125 m 75 m and pan. A Rotap or G adex 2000
shaker wawo 206085450 separate the particles. The materi alPsTwsc@s/opsss
t hrough the 120 nmesh screen, and remain on the pan, are classified as
fines. The geonetric nean is used to calculate the particle average
particle size (APS). 10 Bulk density of the polynmer was determ ned using
ASTM D1895-96 (re- a%prqved 2003). A FAR val ue was obtained by conparing
t he extrudedldiunless ethervges speeified eFerraxample in somptinstencesithe RRR mapbe 1. 5 i |

ns. The filmresin was

38 t hi ck f h i .b | di i nS.
{ 2br ont ed. (PSR A iRy 38 HEh o EXHATar e BEVERIS e 1.5 mi1 (38 m
filmstandards. The standassmt af}%l?,yl@[l ﬁ&@liﬁa%{\@%gﬁgf %gvdet%%cpﬁgﬁ%&onpany

(Test Method PEG #510 FAR). For all resins eXcept m resins,

fol | owi ng nethbéalovang sethodTHE) grems of pelysieatveieiaddel tpraistandard seext setsi on by
thoroughly mxing 0,10, 0.Q5, and 0.08 i ght. _percent, respectively, of
the fol | dwi fFPSaYHE ? ¢ fqllomang P%ém?s §I4??3V@a?€i3én§%t1%%rzgpégo iHie. D08ar at e,
and a phenol j il I - T

nydr oxyhydr ey riape X, BELRIP P mpart i (FRbiapdr Bt 2600 shacer was

Cheni cal s unded td fepatateatiie paeislegn@hé matekiaavinch g throukhMel E10 aEshisofter 0, 38
mm (1.5 in) 20:1 L/D, MPM Custom Egui prent,, electrically heated air-cool ed
ext ruder, wiand romainesthepans grredlassdics ap flags. Thegspmetrig myapys yead tqendenlate nake

the filmspeginens). A nore. detail extruder description is as follows:
25 E_xtruderetﬁ)ﬁﬁﬁl?glz:etaﬁﬁlgg?p?\%ﬁh%ﬁ&%égs?'Syst.em;, Inc. Type: Low Boy [610 mm
(24 in) feenter Line] Bﬁaﬂemyﬁklﬁ?dlyrﬁ@flvéa%meﬁﬂﬂkaqﬁh ASTMEPRBO4196 (el y on

hopper (water) Speed: Variable 30 Screw Manufacturer: M Pol ymer Syst ens,
Inc. 13 WO #@povkdB88H1 PCT/ US2005/ 044643 Type: 20:1 standard | ow density

pol yethyl ene screw bor ed 0, YRV ofined ERUSHARE SSSLL aRl BIRLEL: 38

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 pm) 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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5 Die Manufacturer: MPM Polymer Systens, Inc. D aneter: 100 mm (4 in) Gap:
30 ml (0.762 m) Type: Deep Side Fed Bl ower Manufacturer: Buffalo Forge 10
Air fl owwonbeslssakanper on suction Air flow control valperng2@s/odicsshar ge
Motor: 1.5 hp (1120 W, 2 speeds Air equalizing chanber between bl ower and
air Ar R ng Manufacturer: MPM Pol yner Systens, Inc. 15 Layout 708
Dianeter: 172 mm (6.75 in) |I.D. Type: Adjustable lip Tower Height: 914 mm
(36 in) Collapsing Franme Length: 343 mm (13.5 in) 20 The extrusion
conditions for the FARTymst20nestendasd fowl depsity polBdhydemeNerew biredHoppewayaf er
Ful | Flow Tenperatures F%Cé Zone 1 210 25 Zone 2 210 Zone 3 210 Gate 225
Adapter 225 Die Zone FABYWNSECHN, 74506 2 225 14 WD 2006/ 065651
PCT/ US2005/ 044643 Screen PBFab‘nete?? gg%ﬁ§§5§ﬁ)e'el, mesh 40/ 40 Qutput: Screw
Speed 65 rpm Blow up Ratio 2/1 '

L to D: 20/1

5 Die Manufacturer;:  MPM Polymer Systems, Inc.
Diameter: 100 mm (4 in)
Gap: 30 mil (0.762 um)
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) I.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 Zone1 225

30 Die Zone2 225

14



5 Lay flat wdth 12 in (304.8 mm) Frost Line Height 103 in (254 mm) Tower
Height 36 in (914.4 mm) FilmRating Test: Nip Roll Speed 254 ft/mn (1.29
ms) 10 woloeéasge 1.5 mil (0.038 gnm) Range for Fil m Gragas2oodndscds m | (33
- 43.2 gm The screw speed can be adjusted to give proper throughput rates.
Frost |ine was neasured fromthe |lower level of the air ring. The nip roll
speed was varied wuntil a filmthickness of 1.5 ml| (38 gm was obtai ned.

Fil mthickness was neas j Federal di i ndi cat or gauge
according to ASTM D 37435%\%% le)ér‘}é(f ﬁgfnge% ?tﬁ%}e?]eﬂ’ad ‘?dézgtkhed t her mal

equi librium and unifor@ufgut:m was being produced, a filmsanple of 3 in

| ength was taken. Ratings were based upon the worst section viewed in each
sanple. This rating is bersedpsedthe | evel of5pals observed in the film a

general termfor a disc Eote i operfection in ﬁ)olyethyl ene film 20 Cels may
be forned from hi gh nol @ & ? ght materi%, either clear or discolored,

lint or otsher foreign cg@g&p’@aﬁli on, . or resfﬂng§6)4s§m ntam nation. Cels are
the nost common defect éncountered in filnms, and accdunt for a |large

portion of the filmratFnostLin©OHemht def ect s lweri@(mtrﬁﬁf) but normally were not
included in the film ap,ﬁéaarance value. |If needed, reference is made to a
set of high density fil M¥aHasktds during t36ii8 (2B4ma)uati on. The val ues
given are in incrementspiof LA MRLLS, ranging from +50 (best) to - 50
(worst). Al of the resulp‘{ls rg%gr%%t'ed here were generated via a TA

I nstrunments Mdel QLOQGipST] Segdi pped Wi t Qsawﬂgﬁl(zrgqﬁ,rsj gerated cooling
systen) cooling accessqory and an auto sanpler. A nitrogen purge gas flow

of 50 m/fin was used ol Gasgghout . The sdnpid (WA38 pmdssed into a thin
TS A R e, DI A

psi (10.3 MPa) mexi num préssure out fS

room tenperature at atTHRSPRA ipeedE@IRUHdRstcARP g%i}])ﬂﬁ;ep{h}lO%lB& rgft%s.nﬂog)tf
material was then cut into a nm di anet er di Sk usi'ng a paper hol e punch,
wei ghed to t hi@epesmeessured Gom thadpwesllenskof the aia ringg fihe aipuroll spgedpal visal 50 )
and then crinugfl, §YthicdiiEs SOE5 T8 (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
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5 behavior of the sanple was investigated with the follow ng tenperature
profile: The sanple was rapidly heated to 180C, and held isothermal for 3
m nut es iwoQbEAIG5¢5® renove any previous thermal historycTiUseosamshe was
then cooled to -40C, at 10 Cmn cooling rate, and was held at -40C for 3
m nutes. The sanple was then heated to 150C at 10C/ mn heating rate. The
cooling and second heating curves were 10 recorded. An LTD curve refers to
a plot of the weight percent as a function of the |I|anellar thickness, Lc.
Addi ti onal ipsf @0Or3atiPamasimubnepriessundfor abdut $5 sdco8@d thefGiracvdidd.tSroom

2004/ 0034169 A, which are_incorporated by reference herein in their
entireties. EMPPANFCAREPESPHHRGRIREY G PRAREMakd3 fn! 4 |E of mafesial Was themner .

Sanmpl es 15 wer i T t he fabrnicated | ene cts.
560 samp! e YR § Hil st oA Tle Dkt BRI B e ABGBAOFL T P
measur ement gng, d @52 G ablnsiBuiGan (@K mES MY th&fcrifpddsht. UIhedRdraN
insight into the effect of pelletizi ng conditions on LTD. |If the

f abri cat 5 on bphaaers thig shmpde wgs wivestigaied iwfithr the dlowimgtempeiatiiré pro&id: dhe profi | e,

I t f i ff o t .t he. duct .t ef th
SoTPLeS e S S ASI LSMP A BRI Tl el oS
cool ed f r omyé eyt TirERobAhbRfI hRRIHCTIY s SwiPheR cosblEf 4P, of e cool i ng

rate therefore decreased fromthe outside to the inside of the pipe wall.
To refl ect tOésm aolifigrateeed washeldaastO°€ Hiorslemsaungs! dhe vanple waskien heatedn t he
outside, mddle and inpsjde. |ayer of the pipe wall. About 10 of sanple
was anal yzed® E)§0 gg"él@g')ﬁ‘ané}eﬁ rPWgTﬁlﬁf‘é‘H ang 8eqend heapmerarves Petonpar e t he
25 di fquenqu%r(@eggsed by nol ecul ar vari ables, the solidification history of
the sanple was standardi zed as follows: The specinen was recrystallized by
melting the speci men iAn LTheuRSCefemtp lagldtolf derwdaght p8fdent anduifidien of el i ng it
down to 30C, at the rate of 20C/mn, to.elimnate artifacts in the DSC

curve that mmeiar gridkness. &6 pedBionalipbamatien candefound ip 158 Pl (09and -S.
: [ DB65RE ] 4 . ' d
oed: "R v ot LOpHELTRESA Mtach FHcipelien B itfdehoo Bl itnett afefe@CPTLN 2 ES

scanni ng the sanple f1aD ddEwere dbdified @id dnblgzediaalid fotlowaigemained Saniples. The
characteristic of the resultant LTD is associated with both the materi al

vari abl é8 anvere A difeeibefiemthe tbrented prlyetienesungices. JAEC mamplesveredeken 5 190C
for 1 mnutg to,C0m0l ShElatm! &l SXqdel Gs b EFEUR m& R MRts SEGRPTs cd sSR! ©

was
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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cool ed at the cooling rate of 200 mn from190C to 30C, to allow the sanple
to re- crystallize under controlled conditions. The tenperature was

mai nt ai nesloabocABsSssior 1 minute. Third, the sanple was Ireatusdooatosmas at e of
10C mn to determne LTD in the re- cystallized sanple. This LTD is used to
investigate the effect of material variables by 10 elimnating the
fabrication factors. First, the DSC nelting peak was integrated. The

mel ting tenmperature and the corresponding integrated partial area.of the
mel ting peak were recArhree steff procadure was) usedmbanst therlel Iversprotants, swehchst o

calculate the |anella thickness, 1, of polyet en stal according to
Che viel | - knaRRCTHOHEo HatH HERTTER A eamne R A BT oD A 6. e 15
1 O,y (YeatiMbBiEFTPCHSInt A%e SAML LD ILEE‘JC' hE anpinfinite
crystal, 6ell%e§1 1}tll\%e sar%gyelﬁlpi eee g%gétég?gdg;bmtt e %déﬂsagﬁlpg?ggnaes?&é%%h %ﬁ‘f‘ IS

t he ent hal pybath tHeunaterialpariables dndvhé proeessing cBhéitiolVBKlieosmipbkwhemeintaivediae,
1968, 113, 1-22, Il]lers and Hendus experinentall determ ned the constants

in equatison (9PfC fameminteio cemplgtely selax thejreoleeulyr X%iﬁ%:ns‘icaﬂdaﬁ]ée PopaYeul at ed
f th It i . al A0 414 2-T. (2).
rom e 1Lt Al TP o BB, B LT 2

cor r espondi N@ystallied luddel borttolied SondSorb Tk Mefipdritofd veguadihtained 2)30°C 3ol | ar
t hi ckness distributions are also discussed in Polyner, vol. 38, issue 23

(1997) by ZzhwinutedoHuid, tieSampte wes| heated at meatelpK)°Gamindo détenmtine ATPgn Herreby

i ncorporated by.reference,. T inte ted .partial.,ar of .the.neltin eak
: s usgd to ch,s%’au}zgg éar{lﬂg' Ehﬁmmsg{&’ ny lgﬁFTﬂ't?eﬁf@éh‘ﬁawmé Pf%“aglf%?é’[ya? 1I‘O or
a _given 1|oa”E‘élinﬁnﬁtmg'thg%%catﬂ}ﬁfa&@fst iFgdst, MBS C Bhditing [Rhk ¥aPifedRbd. | i Peak

17 WD 2006/ 065651 PCT/ US2005/ 044643 is assuned to be proportional to the

wei ght per centltiog teneerdtereeint sheceoyesmindwigtinfegratedipartiapanet bfithe arelting peale
differentiated wei ght rcent, wt percent, of the | || ae at the

t hi ckness Lc","‘?reir%w?%gr gﬁ’ﬁt"é"“&f&t@?’ﬁgﬁgﬂe Bgs gﬁﬁéﬁf‘%&ﬁ Cglgs‘a,ateé C ]zB’Iehﬁ)ws: d( OH; )
w gL, ,) _t Ochﬁ:lmes@, 1, of polyethylene crystal according to the well-known Thomson-Gibbs

equation from the melting point, Tm.

2
T, =Tyl e)
15 Lo Ah, 1),
where [ is the equilibrium melting point of an infinite crystal, % is the surface free

Y

energy of the basal plane, an = is 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, Af,, of a DSC melting peak

17



d(L~) (3). The plot of the weight percent fromthe integrated partial area
as a function of the lanella thickness gives the LTD curve. In addition,

t he tot alwbeads/fsssiion of the nelting peak can be used trordstesmidsast he
crystallinity. The detailed data io analysis process.is discussed in the
foll owi ng. Analysis of the LTD curve, obtained fromthe procedure

descri bed above, can be anal ogi zed to the analysis of (MAD) or

pol ydi spersity index ﬂ)llzDI) based on the wei ght gl\/l/v) and nunber (Vnh) average
mol ecul ar vvenglhtumtthe Ipreniontéenal m/tbf: a/geght percend atithg darhella caystal agtn thrs,

ol Lowg: L, Peraaiaret T it tiey NG oeht o8 RfienC O icharidfaed e °°)

(5). SinilafhidBedhe 199tﬁé9ét§ﬁede§énh¥1eh%?%ﬁuz{d°9| ©n a%%ﬁows Mv M) which gives
i nformation regardlngthermecu ar t distfibution, the lanmella

di spersity 20 index, LD, is hence given by equation: LD =L'" L, (6). So
LDl is a quantitative characteri stic of the breadth of the LTD curve. 18
WD 2006/ 065651 PCT/ uszooa@ﬂ% The foll owi ng procedure was used to
determ ne the nol g¢ ie of various polyner conpositions. The
chromat ographi c systén‘i gon5| dAd) of a V\atgs (MIlford, MA) 150C high

t enperature gel perneation chromatograph, équi pped vm'th a Precision

Det ectors (Amherst, MA) 2-angle laser light scattering 5 detector Mdel
2040. The 15 angle of the light scattering detector was used for

cal cul ation purposes. Dagplotof thesicighhpeweent fient be isepratsi pertiv memassk Tri SEC

sof tware 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
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:

15 (4)’

L == . =
c o A}Il
§"f i(AH /
i . L )
i=l o (5)

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:
LDI = —EL
" (6).

So LDl is a quantitative characteristic of the breadth of the LTD curve.
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version 3 and a 4-channel Viscotek Data Manager DMA00. The system was

equi pped wth an on-1ine solvent degas device from Pol yner Laboratories.
The car owwel2o@mmepeant nent was operated at 140C and t he cecwnus208/0e@apart nent
was operated at 150C. The col ums used were four Shodex HT 806M 300 mm 13
m col ums and one Shodex HT803M 150 mm 12 gm colum. The solvent used was
1,2,4 trichlorobenzene. The sanples were prepared at a concentration of
0.1 granms of polynmer in 50 miIliliters of solvent. The chromatographic
solvent and the sarrplBh@ﬁ@pwrrmprmdgrﬂwmseémeémmmtﬁ@ﬁlotﬂ:glaof but yl at ed
hydr oxyt ol uen 15. Bot ol vent sourc re nitr gen spar ged.

Pgl yet hyl ene® @H*‘Fﬁﬁ‘& Q}éﬁf@%?f’ Hc‘g@?ﬂsftﬁfms a?ﬁ‘i%@“f‘@gm@ KSysiem copssted

i nj ection v 2 $

11 or of i AP Ch S A del ferle bl BhdinardiBell: 17

narrow nol eaqulm‘edmthghrredxsmhrl)dmﬂor@OAmbhytsMA)emellglé RBégafglsscattéridg nol ecul ar
wei ght's rangi ng 580 to 8, 400, 000@%/ nol, which were arranged in 6
"cockt ai 1% rﬁeﬁcﬁﬂré\éo@ﬁltzﬁ“%t T]Peeh%tanéle&é&fd b$ca§@mﬂ®m€m vs uegslelar i ndi vi dual

nol ecul ar we ratories
(Shropshire dag%a%o? e?pp?% S?Q?@% g(?]l(lae‘ﬁ’g 39#%?0%\%/@?%1 r esﬁg kzlm;EECILf g‘i‘? gr ans
in 50 mllilvere6:s3 ahd 8alchantel f\/Qé’cof&'MaUM&hagwm}M(ﬁ) ehealstéR was @quifpat er

t han, 1,000,000 g/nmol, and 0.05 grans in 50 mlliliters of solvent for 25
mol ecul ar meawglhmsom—é@g seltient degB0BYBOdrogy Palymerbabopatériest yr ene st andar ds wer e
di ssolved at 80C with gentle agl tation for 30 m nutes. The narrow standards

m xtures were run fi rfhecagoql(ge il n rg]algilof%do%%%geads%ﬁg%%y&gﬁg I ecul ar

wei ght conponent, to mnimze Yhlar d peak

nol ecul afo WedogpaBimat ®as Gbnated AEGO@ PR dihid @R Wikl RGHSRIde\BITI¢U6M USi Ng
equation 8 (as described in Wllians 19 WO 2006/ 065651 PCT/ US2005/ 044643

and Ward, J.300ahsrl3 goi colurpey monﬁéﬂlodeﬂﬂwi\’l(li@eﬁl))u uvalymnhiﬂhene A X
(Mpol ystyrene t he nol cuI ar, wei as a val ue of
0.41 and B i*§ V@H{J‘éﬁ)ed WO&"";]%&%L %tl ?{BBIF%%% W@?ﬁr"t% 2 GRREPIRANRL: | on
of mul ti-detggt p%aﬁlfsf&%@me?lmmﬂgn@ré JF sBIVERN NSk cﬁ%?dt(% Sitlic Wiet mat

publ i shed by Bal Mour & et al. (Mourey and Bal ke romat ogr aphy

Pol ym Chpt tl_'LQ$anQle© QE)Daralndn Ballvérd comtined 26 pglgwif butybavd hyGhremytodyendBIHEY,,
Chr omat o%r a%&h solvgrm s01(1:rrg: ;[ w%r?é "nit olggeg Zznzrgedo pl;oll)r'gﬂ%)llen sgtlljlgies gv%%ees%g'roe(ri 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 st;mdard peak molecular weights were

converted to polyethylene molecular weights using equation 8 (as described in Williams
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|l og results from Dow broad pol ystyrene 1683 to the narrow standard col um
calibration results fromthe narrow standards cali bration curve using

i n- house wofhewissss1i The 10 nol ecul ar wei ght data for of f peetusdeseuwisnat i on
was obtained in a manner consistent wth that published by Zi mm

(Zimm B.H., J.Chem Phys., 16, 1099 (1948)) and Kratochvil (Kratochvil,

P., Oassical Light Scattering from Pol ynmer Solutions, Elsevier, Oxford,
NY (1987)). The overall injected concentration used for the determ nation
of the nol eand Wardydi Bbllymadsi..dtoldan e, 6y62h (@ 9E8)sanpl e refracti ve i ndex area
and the 15 refractive index detector calibration froma linear polyethylene
honmopol ynmer of 115, 000 g/ nol | ecul ar wei ght, which S neasured in
reference to NI ST polyethyl eng}fﬂ’fg}‘ﬁﬁ%?%ﬁnef* SMplystened 75, Ti8

chr omat ogr aphi ¢ concentrations were assuned | ow enough to elimnate
addressing 2 P 161 ehf ects on

nol ecul ar \/vela'gﬁéé)l{/I lggwﬁ}gﬁﬂé%dd a"f?&%&gi érﬁggég lué P??gﬁé({&gérg&ggoflogned usi ng

i n-house software. The cal culation of the nunber-average nol ecul ar wei ght,
wei ght - aver age nol ecul dhe Systergltic Apprdach-fav thealgerminhtenid fanuliedegdttor wifsets made
according to the following equations, assumng that the refractoneter

si gnal issdi Megapge! lﬁradpamer Wlst%%ﬁ@qwublﬁhagby Balke;igurey, et al. (Mourey

basel b | d for 25
wei gt T act FhoHEC GELBARPIRR, Pod EHP! (RIPT a0t BREC A HRRR GATGn: “Can
be fromthe Cﬁ@ﬁhgeMdtﬂé}abhﬁﬁhdt&ir@ﬁHﬂ’bl%r@ﬁ)tQB (1992)3ptilniigg BR1 Aeietidf

wei ght fromthe | |ght scattering to refractometer ratio. AR | npr oved
estimation ofogzreax}@rfaagrenm troad palystyneigyHi83 to ihe naurow standarsd dolunarc cadibirdtiog ht

tteri b bst i th duct 2006/ 065651
PCT] USp005/ CHARRSEOBG BTy Aot P UREE o iR AT g st i on
i n equatipn fn%)ecgﬁi' Wé’ig%‘@)iata férv(\fff-set?)det'enﬁMﬁtloMls ot¥ined MW rianfiée éonWsteh( c) * M

2) (9) M = he term "bi nodal ," as used herein, neans that the
MAD in a GDOmthuhat@ubhﬁledbyslldeZmnnm&lb,rﬂM s16,W0e9 (all9|48)mamd conponent

pol ymer nay Eratochvﬂ (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 mélecular

weight, the baseline-subtracted light scattering signal can be substituted for the product

20



exi st as a hunp, shoulder or tail, relative to the MAD of the other
conponent polyner. A binodal MAD can be deconvoluted into two conponents:
LMW conpowenbocsskst HW conponent . Aft er deconvol uti on, tle/yseas/onicds h at
hal f maxima (WAHM and io the average nol ecul ar wei ght (My,) of each
conponent can be obtained. Then the degree of separation (DOS) between the
two conponents can be cal cul ated by equation 10, as follows: DOS = | og(Mw

) - log(MWI,. (10),, \WAHM VAHM ere e respective
wei ght aver d eVs ‘?‘rg%télgfﬁag? m(’?@u\%?’vﬁ t Eﬁ{lmlgrb%e&ﬁ@th‘fn @P’IEQ?WE LMW
component; and WAHM H and WAHM L are the respective peak width at the half

maxi ma of the deconvol ut ed Iecul ar wei ght dlﬁél’l g\(l‘}l on curve for the HWV
conponent and the LMNa C_o_npo He. The DCS H) QL t conposition is
approximately 0.01 or one errbodl i s higher than
approxi mately 0.05, 0. 1 0.% .8. 20 Preferakklyf DOS for the binodal

conponents is at |east about 1 or h| gher. For exanple, DOS is at |east
1.2, 1.5, 1.7, 2.0, 2.5, 3. 40 4.5, or 5.0. In some enbodi nents,
DOS i s between appr oxi }3 (’.Vto gpproxi mately 100, between
approximately 100 to OW -m—tret—ween approximately 500 to 1,000. It should
be noted that DOS can be ani "hudBer in the above range. In ot her

enbodi nents, DOS exceeds 1,000. 21 WD 2006/ 065651 PCT/ US2005/ 044643 | n sone
enbodi nents the binodality of the distributions is characterized by the
wei ght fraction of the highest tenperature peak in tenperature rising

el ution sfractionati onltettgmh himogaldbdsrused bereid, meansTRER S MY an a&Pdescri bed,
for exanple, in WIld et al., Journal of. Polyner Science, Poly. Ph s Ed
Vol . 20, p. Y Qufdiis o cAmppRENT BOlyiptse Wherpin qik SOAPPIGK Paymer gy oy

5,089, 321 (el hé%n%shohﬂl%r & t%ﬁ | RBHVER tRE MWD Hthe (‘Nﬂér% ﬁedt ES Pr at ed
herein by reference e wei ght fraction corresponding to hest
t enper at ur e Apdakodad MW Decanda decoravslutdieintal tglo-aderpsnengs: LNEBA componsntrané it

contains little or no short é:haln br anchi n%é &R fraction. is
A

therefore ri¥W campancpd Afer decaryq lutigns he ng ]i?ﬁ';l‘eaﬂ SIE‘%!S‘Q‘%KW&ITIW andj nce
It repr e%enttﬁe%ﬂaﬁ%éer Iﬁ{ilte \W@gﬁglrvfw‘?%?%cﬂ?gén@gﬂé?ﬁ%yb%%ﬂtalﬁ%ﬁ ”Fﬂéﬁrﬁ chain

branching in fon 1s ow density
fraction. degree of separatlon (DOS) between the two components can be calculated by equation

10, as follows:

log(M i)~ 1og(M L)

DOS =
wAHM " +warMm L

(10),

wherein M and M© are the respective weight average molecular

15 weight of the HMW component and the' 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 is 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,
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 tenperature rising elution fractionation analysis (as
described in U S. 4,798,081 and abbrevi ated herein as "ATREF"), the

conposi t iwo 2be/desss1anal yzed i s dissolved in a suitabl e protr/isedosenicss f or
exanple, 1,2,4 trichlorobenzene), 15 and allowed to crystallized in a
colum containing an inert support (for exanple, stainless steel shot) by
slowy reducing the tenperature. The colum is equi pped with both an
infra-red detector and, a dlff reptial viscometer. (D etector, An ATREF- DV
chromat ogram curve is Th¥R Bg‘fbé‘fﬂﬂﬁ%oﬁtg%x%?"&@p%ﬁlﬁ%a gnaeher

sanple fromy el uting
solvent (1,2 %“%o*ﬁ?%ﬁ*rpﬁﬂ"ﬁ%‘% A STt L B S T S
further det afthctionalé (tHSitdlB2abbrevidiel 4bi "TRIBFSUdata & desbritel, fos exdngé e MalEd
herein by reference. V\099/ 14271 also descrl bes a suitabl e deconvol ution

t echni que f oft 3l ¥ Hﬁbé’,pm.éﬂéﬂ%ﬂb imPREEF cur ve

Sinee 1t 1 ndradrgl ﬁ%ﬁt"ﬂ‘aﬁ?f IS, ‘5‘%%?7%?@?‘ Bt SbL G

di stributed vhfcAughRidbrpbhitediaiih®y réforehbRt THRSvE tﬂa@ﬂor{&iﬁé@ dHdig&o the
decr eases, conononer content increases. The refractive index detector

provi des t hehighest @ematnre ngak istefemeil dmas the btghﬂiensm fragtidn,tsinge dfi doptaimsnt i al

Vi scomet er ctor V|de est Vi. S 05|t ver

nol ecul ar vveﬁj or nﬂs Slﬁ?égf’@ﬂq?)‘f‘gthgﬂ P’é’b’%ﬁ ﬁ@glr‘?ﬁﬁs de m?‘ﬁtgl?s the
Hazlitt, J. Mﬂehaﬁ’%rﬁﬁ@hu%{SCB)Mﬁon '?FHCM it reptBdents tﬂ@frac@% Whidn!Qfhlns Whi ch
is 30 |ncorporat ed herein by reference. 22 2006/ 065651 PCT/ U82005/ 044643
The resim smmwly\nﬂshﬂdm$mm bpn¢Hing Dbevehiatb tifymilymere tThodfradhibn i dsonthe st s of
measuring th féﬁ?é ggulred by an extruded polyner strand to travel a pre-
det erm ned di% % nmm The Gottfert Rheograph 2003, with 12 mm
barrel, and equipped ¥ tA1RicdQeh d lﬁta{ﬁ'

measur enent. The maasuremerﬁc % ggg{g?aﬁ:lel i aef{gg%@%awg(%l xed shear
rates, 300 sddscabad ih, 0004 §981,08]rﬂmpmbrewwédyherelﬁhe"AWDREF't)Melcmpassltmmetblbs t he

slower the fre travel and t he Ionger it takes to cover 230
mm The swel % )gzeﬁa éspé;ﬁog"(fgé ats’i%’é@ plYeRId c(r§)‘a‘\}%lFu]e%4t‘T‘H€°r§h‘?P&F@)ms

ks were
repared by SRRk poallgil £ F‘h‘?@ﬁ%%’@% o B EURB grof Bt S 1
and whi ch westginkigbstee] shod) by sioully teduicing tHentergpérathranhecofiam is'Et}@ipp@m)iﬂeSSI on

nol di ng procedure was as follows: 365F (185C) for 5 mn at 100
both an infra-red detector and a differential viscometer (DV) detector. An A REF 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 ﬁéquently 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. Appl. 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
(150 /mn to anbient tenperature (about 23 C ). The resin rheol ogy was
measur ed wo 2éw6ARES | (Advanced Rheonetric 15 Expansi eqTSs3608mk4643
Rheoneter. The ARES is a strain controlled rheoneter. A rotary actuator
(servonotor) applies shear deformation in the formof strain to a sanple.
In response, the sanple generates torque, which is neasured by the

transducer. Strain an torque are used to cal cul dynam ¢ nechani cal
properties, such as nod %§S‘gﬁﬁeﬁ\‘fia§Wé??@?byﬁﬁ@ﬁﬂ‘@eg’é‘ﬁafmémﬂﬁi@’ﬁécrhti es of
t he sanpl e - i I up, at
constant. ot 1o TR ElieInd e PRnirelt B B oBnifly BBhRG: ol S I BordD: o1
varyi ng fr egleemined@ifinde@f300nsn.1The GhefertRiicagapheds, wsth(1G mm bagslSand

nodulus (G'), tan_delta, and conpl ex vi scosit%/ (eta*) of the resin were
det er mi ned <q¥iPREd RIBAY iDccapdiasndis twas uerd tobihevpgasurements The gjeasuremenshear

(ol 00 2 RRLARLEN SPHIE, 1A, BRL) AP O SRR 00,

stress contro SI Ay a 25nmm par a t Hy €Yy ype of

geonet ry wasThHengérelthesin@wellfeh@dlowht Bt Gedaemd%Ad kiavdl€ AHE FRIoP 1 tiReRi Mal
squeezing flow during sanple |oading, thus reducing residual stresses.

Creep neasurtegeyar230mra. dhe swelliisgeporte as VA90 and d1 000@S). valifes.er  zer oi ng t he
gap between the parallgl plates, the tenper re was .i pcreased to 220C for
30 sanpl e | oadi ng (abé‘ﬁ}e ngﬁien‘)’ési%WW&‘SBW?‘?@&&O&@%POFHEO 8V axat i on of
normal stre ; NG04 n ased to
t he nmeasuri %&?%rrer%%?ét ure. @éﬁggﬁggﬁkgﬁgﬁé g@%@ﬁﬁ lﬁﬁgggo'tgh?sg?%@és of 20
Pa, whi ch i shickelagesy, andwhichnwese sutsequantty eutgatod isi(Zidmnt)alisks) The (S/ N)

ratio, while remaining in the linear (low deformatiqn) regine. The
def or mat i on cﬁﬁ’?r‘?s@%r"f&g@ng\l?f‘toﬁd‘frle s 6#‘1"8‘”3'0%@8‘6(%@ Q)rf)on?\mup at WO B§i scosi ty

| evel ed of f ,cadichhfadd : { o Th :
evel ed o (6$9“ﬂbagaidﬂaﬁ\&gé33g)fo'?§ xﬁh%@i’yoo%sﬂl@m‘t@,c{)&ﬂfg%%? FISCymin

steady-state viscosity was determ ned using the automatic
Rheonet ri cs t@©ambheat teatperatwof(dboat 23 {(V). 6.5.8). Several repeats were run

until the standard devjation on the steady-state viscosity decreased bel ow
4 percent. A Dynam c NECHSHR Higologyaas msasised on ivR)RES] @yivanged dihepmetsigency

sweep, test gy aﬁgrgéfs})&g)ﬂ%%%ﬂegg gﬂggwﬁs R&Frhi %Wolgéﬂfrﬁéo??e@é}q Ay the

first creep run egradat 1 on. e angul ar Treguency’ was
varied fromaBtudtor (seivdBndten/applvdstshear defortsondfifhe fottfl ®f stkaid @0DsaRple. i ch

corresponds rés?)ogste[ gllensar?lp eI gleglgrggaz tot:'gflev,v‘\an%ri]choi's ;Lneasured 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 cbnstant 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 concl uded that
stability was good. On the subsequent runs, the DVS test was run only
after theworeemesesst to avoid introducing perturbati onectus2603/08dsear

hi story. 15 The steady-state data point fromcreep was conbined with the
viscosity curve fromDMS to extend the accessible range of shear rates
down to 10-6 1/s, and fitted with the 4-paraneter Carreau-Yasuda nodel:

11= X1(1 + ( c3 c4-1)/.c3 1).. Antioxidants, such as _.lrgafog 168 and
| r ganox 1010%%%@%" %%C&ﬁ%?ﬂl%? tﬁ%glggs%g%n%ef%l“&{&?%éesg&% RErlforfr%gl’“n et nal
and/ or oxi dadiie¥LoftROPAJAMiHOR the BeSPRMPrd kL tb Ravel jofal( i
(3,5-di-tert- t?ut?/l - 4hyg?gxyh;dr oci nnar{%lg(ilasga t%@%elag%ﬁggﬁgéggbggk fzgl)?’l nc. .
| rgaf os 168 whild remmir(igg #h the linear (lobudeforotatioy) feginteo Siileide formutiod vl recdrdain

[ j . i.on: ' | |
bowler od usi H AeaPaB 0098 SBiRl b0t IR (- FUGF B el of eve.
The 1.0 j [ M T I- Y - The
pell ets amr?d%é??ﬁ’gg?&gﬁd% eﬁﬁagiégv?n%w*%ﬁ?%@é{n% rogel%'1 ﬁpgéut I‘(r)étglgérrimndi ng.
Appr oxi mat el fgatdregrfah® Rhéompatiyn@rcheamtdrlsaft@arei(n. G581 Beyera) feplets #Hfe, rudnd
about 50 mL of liquid nitrogen was added to cool the polyner.

Appr oxi mat el Yptibgheptangard deyigtign ap thesyieadywiae yistpsiby deaeased briow dpersentof t he

i nd 24 \\D 2006/ . R 44643 h ical parts,
7ol Iowed by pour | ng tH6 TR TRAET Ao ssai P pes AR ehd SR SRS hShe " Clp

into the griswdep, el Edeblcomntrolfed eodd v eRbr ¥ BYOHRA aff} SheEst @64 t h
40 ms of carbon disulfide (C2S) by shaking with an automated shaker for
72 hour sto Fitgehegkdfopdegraiatinn. The @I@liar\f@ﬂ@ertcak\@ﬁvm@rﬂqm@.ldbééﬁ radfs witk par ent

| ower | ayer of the 2 .ex t,. and,dried under a gently flow n ry

ni trogen st ream (ﬁr’lg%ﬁﬁt {(ﬁ)ﬁdj ar‘éf§1°8§8“&§é’8n RSB EgP IMG%LW“H?O'?

i sopropanol patdeht ?_emo@ fadhgakd ['@ﬂ&aerﬁ (&CPAURRT R wak 66t B Rtht Eabiligf w45 USi ng
a 0.2 msyringe filter into a HPLC sanple vial, and anal yzed by "HPLC

accor di ng t @opfie Onfthé bubstqugnpiups,dbicDYIS b6t WiseuiHPLIE aftersthe areeptesttasivaidHP 1090
avai l abl e fr.om Hewl ett - with a Therno Hypersil colum from

Packar | nc.
Keyst one Sci'BRe W?nc,g.peftﬂg’aﬁﬁl tﬁég%irhﬁto%s Wat ers Spherisorb ODS 2.
Col um sj;ze was 150 X theQddHy-sRY BuSpdft R 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+ () Ve (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 (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 m xture
consisting of 30 percent water and 70 percent acetonitrile. At 10 m nutes,
100 percewD 20@missdsitt rile was 15 introduced, then at 15pairust@s/ 04643 Xt ure
consisting of 80 percent acetonitrile and 20 percent isopropanol was
introduced. Total run time was 20 mnutes at a flowrate of 1 ml per

m nute. The 276 nm wavel ength was nonitored. Calibration for each additive
was performed by nmaking up a known concentration of the additive in

i sopropanol cpabbamdh@sepl perts, falwdd)by feoring stiedigueland0hé paltsdeori @&, t he
calibration R\ﬁsﬂ}gerfor med E%/ 0X d| zing a standard isopropanol solution of
| rgaf os 168 RRPECHTERELRINRY T-neroxide for 1 hour. Sanple Preparation:

Pol yol efin pellets wer § der
fitted wtha 1.0 mn si%*—e‘%gﬁﬂf}%ﬁ?%%?@%ﬁ%ﬁﬁﬂﬁaﬁ%ﬁ?@&%th an
aver age si zeatfon@isulfide (CtREbysakinigsvitneh adnidled shakérfoel hdwesl Five m12sf | i qui d
nitrogen prior to?rlndlng Approxi mately 2 granms of polyner was placed in
a pol ystyr dheextiast waredakghdiam 41 dheargranspagent dowartaysyenthods, axterst and cool

t he pol yner of nltro ured .into t unnel of
the grinder qneéglgo?r %CQHL%%%&X AfTIesP ft§&nf oﬁo’iﬁﬁ'ﬁtlweﬂgﬁ? Yvﬁsggllﬁsr?i eﬁi qui d
and the pel ligtsmlfdfag S&Mnspdvm Ed{tRMRatifpldh 4 §tkdn bR, oldddaa filtérd ¥ing a

2006/ 065651 PCT/ US2005/ 044643 “Extraction: A D onex Mbdel 200 AcceFerat ed
Sol vent Ext i0akpwrsy(ingtiiltevinte asldPh@samplervial cindenalyres] byd#RILE eccoxtingiwtthe he

bi s-sul fony zi de gBSAa and a by- product, 4,4'-di oxybenzenesul phonam de
(SA), from tROKBEREIEI" S0l yrer .~ Approxanitely 0.5 g of powdered pol ymer
was plaggd into an extfigGiBianidstH:iBhicya a3y IPRafabié AN the
Chinbl e uas thon filled abont T7ir s ati $000etalablc fijhn WE@%@%@% The
cont ent s weec. stithra Eheranod] yeesilt dolurin ﬁromllée:;ettbne Icmnnﬂd Theoohinln paekinge  ASE.

The ASE conditions were as follows: 1500 p (10 3 MPa) pressure, 120C,
preheat set a5 VYAESmphgHomd 9%30@*“%1 %@twﬁsol 58 X6 e Pore 1iges¥) vol ume set
L0150 pet Cafbsironk! hAPIOE sBEY . $h RRER USSens WATRGixfe GHGIARe Or 3D @ |
vol ume = ) Rion io via T Ume was mL, extractio ume was

appr oxi mat elpychﬁ)t \mlnier éﬂalé]Os;mmeanacetammaa SAteld minutes rTiOOtpefdenDefceﬁ»ﬁltMIe wasr cent
i sopropanol .and 5 wt_ percent cycl ohexane. After extraction, the extract

was i nmedi at@reduesd, tﬂ@m@d 1jimiputss, @ i tugerensisting af $Q paresnt peetorisile axd 28TFE
available fr gfpeﬁqg&gbﬁﬁl)ol &/Q?fﬁtt%&@é%ﬁr %tea‘firJnC}1rgé %HEPF 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.
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under a gentle flow of dry nitrogen. The resulting residue was i nmediately
dissolved in is 0.5 nL of acetonitile followed by 0.5 nL of nanopure

wat er. Thve 20ecsmsdsut i on t echni que was necessary to al | owcrars:@sodcpeak
shape of the SAin the HPLC. The solution was filtered into an HPLC

aut osanpler vial with a 0.2 gmsyringe filter (13 MM LC13 PVDV avail abl e
fromAcrodisc). It is inportant that the HPLC analysis follow imediately
after the extraction procedure to mnimze deconposition of the 20 BSA.

The conditions for theExfnzgtion; & PionesSRdghiPOskcasieratpl Solyent Extractof (NSEIws:

Agi l ent 1100 aternary, P Mobi ] e Ph AN ter .25 R.. Methanol C. off
D:g Acet oni t rYV?é solygn X&Rﬂf%pdﬁfé/‘ﬁ%"s%ﬁg@iﬁ%b@&i%i%(&é)éaft’ éﬁ‘ﬁ" Pr ogr am
Time YA Y8 %okt awiRk§oenzidddlphsaTigYSA), from the powdered polymeér. 0.0 58 2 0

40 0.75 1. O0Approamitely 005 g6f p@wderdDpstgmer ik 10ace8 intd af exPachiOn thidhble0. 75 9. 1

220. 965 0. a?/ai}a%le from Dionex) and the thimble was then filled about % to_the top withsall ne: 15

gi_ n Post T MBasstlalil. MThd Rty w8 5028 st RO SiMble phfB@ i in 1o E Wit 3n Bl2MEL €T

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 pm

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 PVDYV 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 Quatemary Pump
Mobile Phase: A: Water
25 B: Methanol

C: off
D: Acetonitrile

30
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Packing Dianeter: 3.5 m Autosanpl er: Agilent 1100 Autosanpler with
Injection Volune = 10 L Detector: Agilent 1100 DAD UV/ Vi s Absorbance

Det ect or w@vedssgish: 254 nm 20 Data Acqui sition: Agil enrcChsombsaticon

Initial Peak Wdth: 0.087 min Verification of the peak as BSA was perforned
by retention tinme conparison of the sanple, a sanple spiked with BSA and a
known standard. The estimated limt of detection was 50 parts per billion,
ppb, ng/g. BSA levels were 25 neasured between 2 and 20 parts per mllion,
ppm g/ g, with a preciGadientdfroglaout 10 percent rel ative standard deviation
(RSD). The | evel of the sulfonyl azide-co ing agent in the polyethyl ene
resin was determ ned indi ré®fl )%‘gy %%surld}i&#g fg/ﬂ? al Ft’t‘ﬂr‘?tﬁr in the polyner
usi ng wavel ength dispersiyg;X-ray fl uor escénce (XRF)IL/ ¥Psins with varying
| evel s of azide were 30 characterized for total sultur using XRF

fundanent al par anet er s--anal-ysi-s----The---27-\WD--2006/-065651 PCT/ US2005/ 044643
fundanental paraneters software was calibrated using N ST traceabl e sul fur
inoil &tandards. Fromth&sk cR&ract®eriz8d pofYet h{i7éne resins, a |inear
calibration curve was gengratedy,on the Xuray ect ter covering a range
of 10 to 42 ppm sul fur. Prieio.f1 tgg cha?act (e)ri Za?I@OI’I g‘ﬁgeunknown anal ysis, 10
g of resin was nol ded into2g 504pm phgqueg 5 ugpng @7pl ate press or

equi val ent at tenperature sufficient to nelt the polyner. The precision
was eval uated on separate @dys #th 30perBent MED 06.71. 67 and an esti mated
95 percent confidence interval o? 0. 763 fﬁr a Eé nglg gal ue. The anal ysis of
Al and Ti in polyethyl ene é’r}d pofypropyl ene can” be d2t er ni ned by either
X-ray fligorescence (XRE)...or__inductively coupled plasnma (1CP) 10 atom c

em ssion. Either technique gives conparable results at |evels above 10 pg/g
for A and 1 gg/g foilStop TinrudSatinl evel s bel ow t hese concentrations, |CP
analysis is preferredP F,l?r XFE anal ysis, 10 g of polynmer are nolded into
50 mm pl aques using a'pPFat’BCptREEN or equival ent at tenperature sufficient

to melt the polymer. PohypRIzRbA SR/ PHSHyfhi ch have been characterized by
| CP analysis are used to calibrate the wavel ength di spersive 15 XRF

spectrometer. For |CP anal ysngth: ¥5 gnof pol yner are ashed in sulfuric acid
at 500015 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 le?els 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 anuffle furnace, and the residue is digested in hot aqua regia. After
dilution to 20 g, I1CP analysis is perforned. The ICP is calibrated using
NI ST tr aowehbe/mséseous standards. The rel ative standar ¢ctasasiods4or

preci sion (percent RSD) for Al and Ti by XRF and ICP analysis is typically
| ess than 5 percent, dependi ng upon the 20 concentration. The quantitation
limt for Al and Ti by ICP analysis using preparation outlined above is
0.25 pg/g, but can be | owered by increasing the weight of polymer used in
t he pr ocedur Binddnental neseers sofpwamtwasealiastedmsiog NIST fracaabldisnifutia oiSTM D- 746
Procedure A usi a Ti ni ys sen Brittle Point Tester with specinen Type 1
for fixture St%‘ﬂ?%é: rom tﬁ?S@%F@ﬁﬁaﬂ%ﬁdtmhxemy TESENS, AdResr galibrption qupverkaser
medi um was i i1l

accordi ng tggé A%%%&iﬁlg%gg g@%%@&éé&ﬁﬁ r&%@&ﬂfg)eté ﬁ%m‘%ﬁg@?’f iUf{r;r;Oqit% al so
cal | ed Oxi dathapactdrizdtion arahurkinown\ahilpsis, 1@ g dfirsgin tvas fmalded itto BB Sth Plhqaks 210C.
28 WO 2006/ 065651 PCT/ US2005/ 044643 M ninmumrequired strength (MRS) Rating
was det erfni nédng # PRECIIEHL8 CauIXAlent 3t Sanrenaipre sy fficienatommelithe pelypeersBbei nen

wi th standar 1 ' j DR = diapeter [ . AGRA wal.l thickness) =
11. The pi pe}gjr Spgfgﬁnwédﬁ%&gé%%g?écp%ﬁt? ﬁaﬁmﬁmﬁrmngﬁﬁgoﬁ;@gs@g!ag cﬁtHB!a(tF‘ﬁTrer sed
in a water bg4 peraéntchifideRESintdresl of MBS FdidNifele Palldle resin stiffness was
characterized by nmeasuring the Flexural Modulus at 5 percent strain and

Secant Mdulii at 1 peFoeanalysisdofAlped demt pdyatigilene aad golyptopglenspmde  of 0.5
inch/mn (13 mn e TM D 790- 99 od. The speci nens

conpr essi (()n ﬁlf‘g}fﬁ%‘?fd)a*&ﬁ%{hﬁ?ﬁgraif g“ﬁ@ﬁﬁ‘fi %—%@%uﬂﬂ@c%pf%ﬁ??%@éﬁ n
initial ;heaitbmet GkEOE BlithRRhAGuIBIVRS YorSREb1aRGuiRs 2t 3el¥ BoFOR) (;#@,{&at e

per Procedure C. 10 The specinen was cooled to 45C in the press
conti nued co#l andgl uglgifor Tigcbat at {eyelsibelow thassheohcéidmationseIGR anmhygtshs pteferied! d and

O L T e RO Sy AT ARSI O o
corpr oo on LAt ARARAASE G AT st il oy L0yt
The speci merhavabeandiaedttdriaed bICH atdhgsigare ased tuicalibrate kel wareltngihalispesive
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

isopropanol.

Thermal Stability was measured according to ASTM D-3350-02 by a
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 propagati on was neasured in
accordance with ASTM F- 2231-02a using a conpression nol ded speci nen per
ASTM F- 14¥8-20ds/0686s¢ept that the 20 thickness was 2 nm aoa/ush@snedeah dept h
was 1.5 mm The tenperature at the testing machine was 23C. The

Pennsyl vani a Notch Test (PENT), a slow crack growh test, was perforned
follow ng the procedure described by in ASTM F-1473-97 at 80C and 2.4 WMPa,
unl ess otherw se specified. In the PENT nethod, a single edge notched test
25 speci men i s exposeMinhonman capsedstredgta@VRB) Ratingweas dgtedmined in

wel |l -control l ed, tenperature. The ti, to failure can be peasured wth a
timer, and B¢fTdageewith I5Qi908P usipga lﬂg& PHRG SRECERFIW Y Stﬁ’%ﬁ%&ﬂﬁ%r%‘r" a di al
gauge. The h IS : - I

Phi okness. PhoRi ARe: RS Sy widau) -7, IREPRERbedinal B SN o

appr oxi mat ekiow® int@malgstesstiteeand intithegied Gy & S ated bathi at the kpaificapmperanid.el y 0. 5
to 30 approximately 1.0 mm depending on the width of the specinen, 29 WD
2006/ 065651 PCT/ US2008hozesgusiifingss wes qhergrteriged by measyringthe&lemmd Moduiyse

P! b b Lt L sl 5 SR 4G 8581 e BRSR)

| ess than O: notch tip

damage and gt plslind@ui aesmﬂ/rﬁmgm@@m 13 190-H9 Mdtiedd BOThd ép¥Biment wagd chi ng
speeds of greater than about 525 gmnin, the failure time is 5
si gni fi cant tympresyiemswitied Mocwtingdo ASEdHD-4798-G0hAnséxdb wjthooy adn ingtial ot

articul arl jnmportant. The a s _sh ensur.e that e not and

g i de gr ooveg‘e. W%@BB?%%PTOXIIBGH%B'?@%QQ?‘%@?U Cglg}rbcoé’h%faae %?étp{g%(i?g etq‘g_ ensur e
that 1 hgo SP it U5 Res ARRLORMUSAL fl the plesanag dontified Baling | 44361 @'thdS
shoul d be align and centered wt respect to the longrtudinal axis of

t he speci memuchXiri ng gri pping the notch should not 10 be activated by
bendi ng or twi sting the speci nen. An aligpment ] may be used.to aid in
[

\ i
properly gripping the Tepakistangth atyigd;agd éatbﬁniaﬁgr,eaIéW&retrBeaéV@pd bendi ng or
twisting t | ; _@Gdiqt i i V. : faces
to prevant  SicoRBEEITRITM D, AR, B miclGndihiSwERMEmIRNE 25 e T 2O
from t he notga.IVEpeciineas, iwhichopaercainpsessioy mobded pdt ASTM DdAdd300, Amexce or a

|l ever loading 15 device. A5:1 a |ever on ratio has been found to be very
conveni ent . Lwith g § pun wagjal heating negef ababoyt 1HECapdail A%/ ML FAoNBS Bfe Pebs whi ch

have a uni Vﬁosc%hur%(‘d.i gy S s?)];cimﬂkvats rc]:801ed 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 tesbig/desesper at ure. The recomended val ue is tlrat/usheoshsaoduces
brutal fracture as fast as possible. H gher 20 stresses produced ductile
failure and | ower stresses prolong the testing tinme. For polyethyl ene
sanpl es, the maxi num stress for brittle failure, the applied stress should
have the values of 5.6, 4.6, 4.2, and 2.4 MPa at tenperatures of 23, 42,

50, 80C, respectivel yinthe Pg&Tetest| a ndtbleisshadedsn tifecsample Byt pressingial fegsk rdvpr S| ow
crack growth should be |ess than one half the yield point in that

particul ar tkleds indo thespesimen aka spead of lessrhamP.4p mylig-hgﬁﬁnfeé%‘)fd@?ﬁtth@l | ed

within 0.5C,,Lt is .not reco nded t hat. pal yet.-hyl ene be tested, .above 80C,
because s onf 7 QNI B RO GT LR eCRar B P LpO R A P Sort e e
General |y, dﬁmnmtmtcﬁﬁlgts?@eds%greb@frﬂﬁﬁ_abwtgzs@nwﬁi@mgmemhﬁeh@ past
tenperature will change the tinme to failure by 10 to 15 percent. PENT test

at 80C wes nsighificedt]ytiocngssed. MNotchpyg speetisdor ths sidofgraves ivmat parti¢ubaslyt est i ng of
t he pi pe sanples, This represents.a nore 30 sever test than the commonly
acoept 6 st r BUTIagh A HEPPRBE AR I8 SE7 B BEEC PO e BOL FORBA SR oo 1
environmental stress chafly (s bAASRodFEOBkeMASrIERTHE L RELinARTNRD
1693-01 Method B. Specli nmens were nol ded according to ASTM 4703- 00 Annex
A with a 5 nappudmidtely nirahgede Joitha epérthogripst shabldbe ali@C aaddemetd @fithi N 5

cooling rate per Procedure C.  The eci nen s cooled to 45C.in the press
with conti nuEdPEhE &ﬁ}%ﬂmﬂ'%?fstﬁ%mﬁ@% ing gigbing e Raich shopidol

inder conet ant *EReRALSIRUREoFRENA GE mdolher Uy MmBIACHL Ry bl ByeToaH o

under constan rarn-con e pres a Crac

accel er at i ngin popeily gippingthe spearpa, tovdigni the gagse adsto avbiel. bendibg stitvastaipt s wer e
carried out on notched 10 specinens, in_a 10 percent, by vol ung, Igeg:al
CO- 630 (vend®e speramen-phLadditionsthe grips, showldhayg serraterh faceslppreyepeiPRIZesDe.  Ten

speci nens we r value of the resinis
reported as ggﬁ&%@ﬁ%%%ﬁg@%%gf@w é[(gﬁlturet hl'rre fromthe
probability graph. TheTheegtin nistigrgtddifdct loadihp dpvivesr dev@neddigd f or

not ched 15 conpression nol ded plaques at 23C and -40C according to ASTM D
256- 03 Met hodevige. Ai$ilngleserminmiatie ha besn fquaddo haiMerxiconvepicat Hagrps Mgyt a 200

I nch- pound Cz?t?aacﬁé& % th€ ?ora]lglunlgl’}rrlr'}tchine 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 inpact (ft Ib/in2) nmeasurenent was carried out per ASTM D
1822-99 wth type SA conpression nol ded pl aques, short with holes and 3/8
i nch (9. 5v02006m8F6s0i de t abs, using a Testing Machi nes | pcT/URewsioks43 npact
Model 43-02, with 2 foot pound (0.276 in kg) capacity pendulum Both |zod
and Tensil e conpression nol ded pl aques were prepared per ASTM D 4703-00,
Annex A, with a 5 mn initial heating period at about 190C, and a 15C/ mn
cooling rate per Procedure C. The specinmen was cool ed to about 45C in the
25 press with continued cooling until "cool to the touch.”™ Dart inpact

testi d ing to ASTM D 170904, -Met.hod the stai
Lochni que wi th the dar LMERSHLETRPBENA e o areaESCH venperure ©*°°

sanpl e usi ngpréﬂ ASTHIPOqIcYT03 Méthdd B: SpBiimehsiwermaid zfccé}dm lto Q@M’fb In

t hi ckness. he speci mens were taken froma blown filmli fe after at |east
3 min of bl od0ig0@ Aen&IAWGtRHO GidiO6LS Gififial ETHA SR8 a04bbGtt BO0°Ciahdra WHtCGimén ¢l ean
die lip to avoid scratches. To avoid aging effects, dart inpact was
measur ed Wi t AFHINg TS BEr Brocedure fre Tg‘ﬁﬁﬂ?"é@e%?%cqoéﬁ@etﬁ.‘wﬁ? pehoaresswith uded on a

Davi s St andafd.: I & D extrusion line, equipped with a
Ehtiued !:&)?ng(ug?il Jép’ toQtﬂé t]ou*:

pi pe die for the manuracCture nomnallTy 1 inch (25.4 5 nmm IPS (iron

pi pe size) pipe. The r &sthis teasthpsesteptidilityiof b ric@m@hadita¢klui@by eallaaeh in
a MQuire feeder/bl ender system and was air_conveyed into a gravinetric

f eeder. The isan¢nevgd ypdersopstantstraingonditions, endindhe presince oha cragkeacseleratingn t he
exanpl e bel ow. vacuum si zi net hod was, enpl oyed to dimensional |y size
the pi pe. A%igegg\s 1 CidonarPe 30 ﬂ?ﬁgﬁg&é}f’ &<t Mﬁ?%?xrgﬁﬁ’ﬁ?fgﬂj[@c?u&%?@ge@l y

sol i di fyi¢ hesRicions il aG@O)dréteit, Wtvefunte MRPAIAEULEBE (VRS RIePEulRIR))yY 10C. A
variabl e speed puller, which was run under constant speed conditions for

t he pipe sizequeess siutionamaidaided AHE° G xTen spgcinpnp ey alvated ipat meds8reimeoh

s oasuy e BEEOTBIAPaE DASRE ootel Fio let ey S50 e e ana 1 S0

9080, at thEﬁgﬁl’fH@fn%lb%iﬁ%,%%_ti mes specified in is Table 1. The bubble
stability is nmeasured as 'the speed of the filmline just prior to failure
inft/min (ms). A fasThelzbdlimpadt steengfe@dlb/ipy war detaymireid| for mtchieddi cat es

ih Ingglelr i P ysb:) logo&laqs{%%gc}nl I:'{lh]ée% E%Leg{a? gg‘r atljn%b-%‘% gctcgr I1rlgI HxéTQM %e£§£83dM%a105he
- A, using a Tinius Olsen 1zod Manual Impact device with a 200 inch-pound capacity
pendulum.
The Tensile impact (ft Ib/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 pm) in thickness.

The Specimens were taken from a blown film line after at least 3 min of blowing the
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to formfilmw th excellent gauge (thickness) uniformty. Bubble stability
Is neasured 20 on the following blown filmline, comercially avail able

f r om HosokewaosMepésme Cor porati on under the foll owi ng comdirtisessios46kExt r uder
profile Barrel Zone 1 390 OF (199 C) Barrel Zone 2 400 OF (204 ) 25
Adapter Bottom 400 OF (204 C) Adapter Vertical 410 OF (210 C BottomDi e
410 OF (210 ©) Mddle Die 410 OF (210 C Top D e 410 OF (210 © 30 Qutput
Rate 100 | b/h (45.4 kg/h) 32 WD 2006/ 065651 PCT/ US2005/ 044643 Bl ow up
rati o (BUR) 4im widckcleen gisdip3o aveid seraghesy)To avoibaging eféectsedaghimptiet was (1. 07

Melt tenperature.410 10,C) 5 Lay Flat Wdth 25.25 in (0.64 m
E?I m Thi ckne eaﬂl.rgéﬁ’il 11’(]1%:%(3%e‘§h8\§ﬂn?]16§ %ﬁe@cfglfeﬁment descri ption Al pine

HS50S stationary extrupigiyaVxt@ied on 2Datidsehddrdl? Pndk %V?Hm; o4l ropst r uder
10 - 60 HP (44742 W DC drive - extruder has a cylindrical screen changer -

st andard conextobsigraled, equippedowvilKTpiperipefoathermamdarture bf sorsindllypl ieh R $4 BF
10-25 - 12 spir design 15 - co ete.with insert to ke up.a 100 mm di e
di aneter °Al PRi (}roﬁ%}{ﬁ S140) B’@S-n&LE FS3E Wy prempred ivgth a.caghon Blacks for a 100
mm di e di amegkierbatch 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 1b/h (45.4 kg/h)
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- 7.5 HP (5593 W blower with variable speed AC drive 20 Bubble
calibration Iris Mddel KI 10-65 . - layflat wwdth (LFW range 7 to 39 in
(0. 178 t ow0.20&l68951 Al pi ne Take- O f Model A8 - col | apsi rgTiusasms/owicih si de
guides with hard wood slats - maximum LFW 31 in (0.787 m 25 - roller
face width: 35 in.(0.889 m - maxi numtakeoff speed: 500 ft/mn (2.54 ms)
- 4 idler rolls Al pine surface wi nder Model W88 - maxi mum LFW 31 in
(0.787 m 30 - roller _face width: 35in (0.889 m 33 WO 2006/ 065651

PCT/ US2005/ 044643 - nBlawipfatiodBURJetd: 500 ft/nin (2.54 m's) - automatic

cut over Unl ess stated I \W.se, graviyretric feed is use | gwi ng and
w ndi ng . are begun and%é‘%ﬁ%@shed atﬁ;ﬁ1 out put rate of %Bé?l‘@/h (45.4
kg/'h) and wi nding at 8Bygatlife Hdighti n (42 M's) with a ne_ql;_oh%il)ght of 32.0
in (0.81 m with alay flat value of 24.5 in (0.622 m with a’'symetri cal

bubbl e produci ng a fil Meitgempsratueg el y410 W il (25 gm) t H2bK°C)These

conditions are maintaiped_for . | eas . mnutes, after ich, a 10 ft

(3.05 m°sample is coﬂ?%}(::]labgh‘% r raté%%g’cnhe FAR, as pre\mgﬁﬂ)y descri bed.

Then the haul - of f spepﬁniﬁiéﬁggseasedo8%1165 ft/mn (0. Bﬁl%@’ such t hat
' ough’fi

the filmthickness is decreased to 10 0.5 m!| (13 gm. E Imis taken
on aroll, to avoid w BrieSlm équiphée detipiod i on of at |east 8 dart inpact
measur enent sanples. Both the neck height and lay flat width are

mai nt ai ned. The sanpl eAlring HReOS stptiansgxtusioasysemi nut es run time, with a

clean die lip to avoid 3 I Ul conditions of 100 Ib/h
(45.4 kg/ h) output rat e5§%§g§???‘r§?rﬁﬁggg&%&r&%§ul -off speed, 32.0 in
(0.81 mi.neck height, ap@iHR44%742WfOEHZAem 15 lay-flat, 0.5 ml film

t hi ckness (13 gn), the bubble blown in the process is visually observed
for helical instabilityexdrdpiasiacytindiaet soreessbangeat i on. The nunber of anps

e 80100 LD, x5t A ) ST RS EC TS B Rl
conditions is observedgrgyes t hough sone
- 12 spiral design
15 - complete with insert to make up a 100 mm die diameter
Alpine Air Ring HK 300
- single lip design
- air lips for a 100 mm die diameter
- 7.5 HP (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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bubbl e chatter may be observed. 20 Helical instability involves decreases
in diameter in a helical patter around the bubble. Bubble dianeter

osci | | at iwo 20evwskéses al ternating larger and snaller di aoenseesovesasi cal
Bubble Stability is also exam ned. Further, the maxi num bubble stability
is neasured 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

t hi ckness, until the bubble beﬁ nstabl e, or neck height oscillation or
i ncrease and decrease GUAXTERR 1pe P00 HmuB A eHSihe haul - of f speed i s

increased in approximatg gﬁbm]agcgﬁt/o%r” (0.05 ms) increnents, while the air
ring blower setting is adjusted to naintain the neck height, until

vertical oscillation i $ndssefawddtheFrizehauimefric f‘é&ﬁ@‘i&sé’&‘%l@wﬁ%%h'ﬂﬁdlﬁ
34 WD 2006/ 065651 PCT/ US2005/ 044643 anplitude /gr eater than nch %]1

m) is recor @&degyn prbesiablishedst aB@BWPéraéq @fHIOpIHD (44 kpb) athwmding at 82,6 ded
in ft/mn, or Odl i.pes, MWV conponent
has a nel? F(r%glv ©; 84.1? iyﬁ% eég}lt 3 f%%fm)%g%\ﬂlﬂggt\@ ¢ H2AFi1Rg from
0.001 to 1.0(@63%Mm) whthkOsyMirietriéd) bEEHIE pRALaHE H%ﬂh%pfsﬂaﬁem%&elvﬁ'dm%ﬁ'\p@f

ranges from0.01 to 0.2 g/per 10 mn. In sofre enbodi ments t he
rate is | essthitkanlhese cenglitsonstas mgintaingdifor atilenst 2(méfusesabfter vitih, 8 Q0PRSS

h d 0.0 0,1 f bl
f rg;nagt SB%Zte ) 3EmaRy Sk eﬂjfzﬁf&é{lg%«ﬂé#ﬁ%l APy ViaHosubas. Torahohil-of 10
m n. [ ndg}ébﬁﬂbalhcx‘éﬁée'd‘?é léflﬁ/rﬁfﬁl{() her EJCWHH% ﬂg’eoﬂ‘lrr{ t%ﬁ}mgssg/ %eg:r%]%r!t 6! 2)

are 10 |ncIu d herein and di scl ose (190C,
21.6 kg wei gho,mil ASTIMIL2Bn@igh F)maatakbeon B rélh)€o aaid & rinkie) O RO cblechoPoPr aMs

per 10 m nute ? ﬂ% referably in the ran%e fromo.25 to 4 grans per 10
mnutes. In %3?&? g dl‘?“ﬁ%ﬁt“éeas‘frﬁ‘@emﬁé‘lni’le?l Boghy h@@ﬂckélﬁlgééaffdﬂ@hﬂ@ wigthtage 1. 00
granms per 1 | t flo e nges
Prom 026 t o prhal Tl S1ISh sy R R Bl s ¥ MBeovh BHiebT %50

grans per 10avwd1mrashesAICIontmuingnlthmhdmahyﬁsl(mnbi/hs(wbﬂik@&%u Lodte, P20 tO 5 0

g/10 mn (12 re._incl rein_and di sclosed herein, The flow rate
ratio, 121/ 6(5811 Hgsﬁlﬁ’f-‘ﬂﬁgﬁpﬁeg@%@ UIW S(IHB) Regkidsight, ond 26 5t (06622 rahd is

e T g S A A B 1
65 (121/12) etservied ddrudtidal isstshilityanBuishle Giaﬁx‘é&ﬂ 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 1b/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 MW of the HWVconponent is preferably in the range from
100, 000 to 600,000 g/nol (as neasured by Gel Perneation Chronmatography),
nmore preveraddossism t he range from 250, 000 to 500, 000 gkowlys2@s044v08t
preferably in the range from 260,000 to 450,000 g/nol. Al individual

val ues and subranges from 100,000 to 25 600,000 g/nmol (Mw) are included
herein and di scl osed herein. The MWM of the HWVconponent is preferably
relatively narrow. That is, preferably the MWM of the HMNconponent is
| ess than 8,ampitedeggredter than ¢ inches (10Ramm) wreconded astilg veTtica] bulibdd stalplityf er abl y
in the range from,3 to 7, d especially in the range of from3.5 to 6.5.
Al 35 WO 2608t %F?fe‘f@(‘idﬁa‘{szg’@%? 843 individual values and subranges

from3 to 8 (M/M) arg ho H&cﬁﬁ%ﬁ%ﬁhﬂe ﬁg&r@s%k@mﬁ/ cIIoRbit had D eV
ower t as

conponent typically has a ensity the LMW corponent,

descri bed beflowratdHe(1961Gi2t )6 lof weilgkt, WSTM 223808 mhngienoml 0.90r @NYeg/pes from
0.890 to 0.945 g/cc (ASTM 792-03) Preferabl y in the range from0.910 to
0.940 g/ &c. 1GmEn e semssmbedinents the bapsisilow rate rgges e ©0btes02@/mer 485 g/ cc,

and nmore  pr Eleg?géﬁ(le f&ﬁ%%i?ne%?thé Rleﬁ 'ﬂ%%@ra&/ i§ Yess FHAH cg%ﬁﬁal RS ?)fle%/?g lné@f rom

0.924 to O. ndi vi dual "val ues and subrartges fro 0to

0. 945 g/ cc gireferapty thdedmperiait is chathcteflzaldsanemghaneirom 0.001 B an gertham, ment
suitable for blow filns, the nelt flowrate, 121, of the h(i;g%h nol ecul ar

wei ght pol yrfeereaaefshbhiroms0.095 toh@.0f gA@aning mestpreferably fsgn (OWHde A0Y  from

0.2 to 12, abl y. f 2 1 d bl.y,f 0.2t
0.5 o110 mEnCmp- GRS Ml A et M rdrecfBbmTERh BOT G0 00/ g 20 i
(121) arg i ngtlddarherbiaragll Qisaldedihe?éih O TREMRR TR kate] NS (190W, 5 A R WRldh®,

121/ 15, of the polynmer is advantageously 15 at least 6, preferably at |east
7, and up t APF¥fEB38H3Y cabbe imsherange fremab2G/toufp0 granter Thminutes, arslik ar

wei ght, MW (as sured b I ti on Chromat ogr aph of  this polymer
s Savant ag ORI i Brens fgm G oM Agaray | Crso g s anodeae
pref er abl y {10200 R0%hded 4A00.990 1R0GdMRSherRDSHRLER! 1 bt G250, 000 to
435,000. Al individual values and subranges from 135,000 to 445, 000 g/ nol
(My) ar e i ncdmbbdine@9theanadt flowmate dinged Wemd. 28cto &6y and eothigresibodinodtst te

pol ymer is advantageqQusly at |east 0,860 g/cc,. and is preferably jn the
Pange 1 rém GRS 08 B398 0. e R L0 TinGiRer A idivial valudt and Sibrangts from

0.20 to 5.0 g/10 min (I;) are included herein and disclosed herein. The flow rate ratio,

I1/15, 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 (I;)/I;) 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 M/M,, of the

HMW component is preferably relatively narrow. That is, preferably the My/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 from0.920 to 0.932 g/cc. Al individual values and subranges
from0.860 to 0.940 g/cc are included herein and disclosed herein. In an
enbodi nrenwouidimbise for bl ow nol ded articles, the nelt fcowseasnss6425 121,
of the high nol ecular wei ght polymer conponent is advantageously in the
range from0.01 to 50, preferably in the range fromO0.1 to 12, nore
preferably from0.1 to 1.0 grans per 10 mnutes, and nost preferably in
the range fromO0.15 to 0.8 granms per 10 minutes. Al individual values and
subr anges f riogivglugl valeessmd gphrgnggsdromm 2 19 8 Q¥le/Mi)ree¢ indludedbereinand dsclosat | osed
herein. The flowrate ratio, 121/12i of the polymer can be 36 WO

2006/ 065651 ISEMNUS2005/ 044643 in the range from 20 to 65, and preferably

in the range from20 t |1 indivi.dt .subran from20 to
65 (121/ ! 2) are incl ud@fﬁ%@ichmgﬁ%né?@gﬁ%gggﬁfeér%%fg&q“iﬁ’é‘“&m of the
pol ynmer is agvigithasesddsyritiid DeRas t TS &B6it@6 e HMW dosnpRhét @eRdAlly faflgdshe

range from0.890 to 0.980 g/cc, nore %eferably‘in the range from 0.920 to
0.980 g/ cc. 1Bom018%0re Wi dic (Aalllye292a0), prgharahlysthé rapge Gro86D9 1 bto®.BWO g/ cc

i ncl uded_h i d i scl h in. i t itable f
Bl pes. the. Lkl CBTBREMeofRe R denti ity it b AFL RS grerad Bor 't anges
from40 to %%rﬂﬂ@oﬂ@Z@B@f%Q?g&}/aﬂﬂnﬁst prAERBRSIm 0924 196 995 g/fe&.Zﬁgl 35

having anl 2 nelt flow rate from 0 1200 g/ 10 mn, 10 nore préefera
from 400 t o idi9@lugl daduesiand sabrdnges ditonp.89@toeh P46 #/roare 6@uded ha®htang/ 10 i n.
In sonme enbo irrené , the nelt flowrate is in the range from 500 to 1000
9/10 nin. A§CIess ?’ﬁeﬂhal val ues and subranges from 40 to 2000 g/l 0 (I2)

mn are joncluded her elhr&fl%%ogfnﬁﬁxlt %Eﬂgleﬁéf Blo%m ﬁTﬂ?, tfl+ Hl\é,’ltrﬂ%gﬁrta%?%g%’ftﬁezu 12,

of this polyner, or copolyner, can be in the range from and is
preferably fhighmblecular 68ighopol@fiet conifbnentris fothe rahge &obo@) s (s prefdisblpel t
flowratiois from22 to 40. ALl individual values and subranﬁgsosfromlo

to 65 (121/ 159m QrlelojIdemerrcRrefeerbly Homt i ks apdmegt meieerdly, framd. g0t he
LMW componenin SyPEiEAR\Mub SRR uBARed 4D 80190 38l10 BT SIA0lugbdre MA Of

the LMW conponent Is I n the range to 4 nore

preferably iherdihend disglosddrieeid STRODoW @atd tatid) /4 ofthe pblymepivRId eaHIRAbERNT S
the 20 MW of the LNWCO%gnent raqrrllges from 25,000 to 31,000 g/nol. All
i ndi vi dual \#l938s 6, praterablibatderst d and yimta prefaebly & 5.400Boetgrablyluptam2. dihe

nc wied ot gt gl e et 1 T WM, o e Lt component >

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,

2s Iy, 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 (Iy;) are

included herein and disclosed herein. The flow rate ratio, I)/I5, of the polymer can be
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in the range from1l.5to 4.8, or from2 to 4.6, and nost preferably in the
range from3.2 to 4.5. In sone enbodinents the MWW ranges from2.5 to
3.5, or fwom@vobsése 3.1. Al 25 individual values and sworasges/ofi4seam 1.5 to
5 (Mwv M) are included herein and disclosed herein. The LMV conponent is
typically the higher density conponent. The density of the polyner, or
copol yner, can be in the range fromO0.940 to 0.980 g/cc, and 37 WO

2006/ 065651 PCT/ US2005/ 044643 is preferably in the range from0.945 to
0.975 g/ cc, imthe ramgeelrqun &0 éo Ghlapd praferably 96 Sretrangedi@y 30 & 4% . All indsadweal

enbodi nents, the density of the LMWV conponent is fromO0.955 to 0.965 g/cc.
Al i ndi vi diyalueyand sibraniges %@Br%?ﬁgéé (br/ly 19@iedqddiem@8® ¢jseesed hereimc| uded

herein and osed ereln ntaln t he conponent
e the o i dhe GRS s e o ey 6 atbenfssral e Bl 6 aBats Woep ot b Bnee

bet ween t hi I abl e
For "brown f 1T iEe e 0800 (G0956 e MU SRERABEH e T FTBIBD TFOIST it
pol yner sonpdhiedividual valuéshandrsabigegdsrfanm 0.860 t0.980F cgarkGndtuded heppireimy abl y

froml to 1000 g/lO mn. Al individual values and subranges fromO0.5 to 10
3000 g/ 10 nidisctosed hefe. | ncl uded herein and discl osed her e| n The flow rate

io, 121/15, f thi
[)?te;‘grabl y fromg tz) I tﬁw{ﬁ%&%l&é}u%}éﬁrg&& t&rﬁg\i% or{lﬁrels rIﬁ 5to 25

(121/15) ar endltn@dwieeetheprtdratiy thndesfebrasiodo DEIRE/MO mTlhq)refeiab hhlsar wei ght,
M,, (as neasured by CGel Perneation Chromatography (GPQ)) this polyner,
is general | 901innomq1i1éI&Célﬁ@éteﬂﬂeﬂﬁﬂl@vm&ntlnmsk foporatg/framh SON lzqoraﬂ(l/mm,Ial

I 15 d b 55,0
her ei n ahd dIReE PRAERY rerb D ok 80 auGry rumes pEtabiom o8 §10PEeAE0. 000
g/ cc, and '%11Hrﬁfﬁfn%3éxﬁb5dhﬁ8ﬁt9 B Rhelt 1R wWOraf A4S irthe fang8 RSk to R066 £/ 8D y from
0.960 to 0.975 g/cc. Al individual values and subranges from 0.900 t

0.975 g/ cc atin. Atichdidathahesedisrnd sabratiges froaetd 10€2000 g/101(1;) iin aerigdlededed to
mai ntai n the LMWV conponent at the highest density, and thus nmaxim ze 20 the

del ta densi hgreii &rfdeh&qlnsedbenewee”ihetﬂﬂvsra@mo,riaﬁb cefrﬁhlsmlermlelwmc@mbmm I n

an enbodi nent suitable f ded arti ent has an
D e o B ' e Mompl O 4 i sl T 1 orb e 2 SRR omé
preferably thibsdieRERONRMell Bow PAIAS Rk Z2@ 45 Alﬁﬂlﬁﬂgdtﬁ[‘vilgesrﬁhtsul;rhﬁé!s rate
from100 to 1500 g/10 mn, nore preferably from400 to 1200 g/l 0 mn. All

i ndi vi dual Y@huestoadid(I;/I;) are included herein and disclosed herein.

The M,, of the LMW component is preferably less than 100,000 g/mol.
Preferably, the My, 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 My 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 M,,/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 5 (Mw/Mn)vare 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 from40 to 2000 g/10 mn (12) are included herein and

di scl osed herein. The flowrate ratio, 121/12, of this polyner, or

copol ynerwoceass/desssin t he range from 20 to 65, and is prefrarsadispsfeanm 20 to
40. Al individual values and subranges from20 to 65 (121/12) are

i ncl uded herein and di scl osed herein. The density of the LMV conponent can
be in the range from0.940 to 0.980 g/cc, and is preferably in the range
from0.960 30 to 0.975 g/cc. Al individual values and subranges from 0.940
to 0.980 g/ depeferablgdn the raupdr@s 8643 trGY7 Ugzocnd oapte paferably froe®i9¢fetoei n. and

hi ghest - dendl 10 Yehdnish rerimaw tedhahfol b Sy Sormporeat it 35aden
this conpongesys Gg&d Afi"ﬁldm&l@m?%sub}dﬁg&sh%og r@trgegpitt&gpfso Sk bARhuAYY

pi pes, the blend or final product can hav ow rate, 15, (190C,
5.0 kg) in theeein ambésélosachHerddd. dios Prefergddt6 muintainailL MW ebrapadenyathls an 15,
in the rang

of 0,05 to 1.0 g/10 pin. |n sone empodi nents, the 15 of the
conposi t iSOn?il%hePtrQﬁW‘@.” fn% thug nepxynizg the %}taﬂmwﬁrwwe%n thHHEIMPIEHS 0. 01
to 0.5 g¢g/1 i ably from0.05 to 0.45 g/10 min. Al
i ndi vi dual \%g u%ngﬁg%og{ggﬁg{rt\ges from0.01 to 2.0 g/10 mn (15) are

i ncl uded herein and dilaahef®ddirehesuitablElfer blowntilhs, fthomek fbo® ra 1, bafges from
2 to 50 g/10 min. In sone enbodinments, the blend has an 121 in the range

from 3 to 2doy mpeculay weight pelyares campynent i§rin thetrangegragm frto 0G0 miny

i ndi vi dual v r e m . ] 2.1 re.i-ncl uded
herein and pﬁ%@@?@@‘ﬂ“ﬁg?e@ @nd;&%' o‘%\l/1 %naf\gg)l}ag%@?%fﬁ %rg?g%ff%tnh%'sﬁ?end can
be in the range ef10afinQL) are ikfludédlbréif afd @iselbsdlierdim TIRESARISratbOPYRD T O
45, or in the range from20 to 42. Al 15 individual values and subranges

from 10 to B@thigpalymsy cante intles vagaiirpmrseo S aprafesibdyfromddo 18eAdl individvel

nol ecul ar wei ght of the bl i S, rgener al in the.ran from., 200, 000
[0 490, 000" PR andhgubeingst Fom ot 2oufi S et paieth b tchReB herblo 5

490, 000 g/ .0 el ' j ' -

erbodi ment o M o B (IS FRand AR GRTCrtloh SREn AR AR () BF i

di stri buti omolyTke, BieRGaINPaRs AEe BRI BE00dh S5 DD WM AlSndiRfdugCiBsbsi N an
MVM ratio from1l5to 48, preferably from18 to 45, and nost preferably
from 20 160 48d s¥lrhnges diovi 881800 10283068 gnd] QD) ave geduded dwrelbaridadiscl@&ed M , , / Vh)

are included herein and disclosed herein. The pol yethyl ene conposition is
al so char actherein: e Bhesdeniidy phigisanelnanaat least 0.900 g/ce, 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 g/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 (I;) 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 t00.975 g/cc. All individual values and subranges from 0.940 to 0.980 g/cc are
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25 density greater than, or equal to, 0.940 g/cc, preferably in the range
from0.940 to 0.962 g/cc, nore preferably fromO0.944 to 0.960 g/cc, and
most pr efwoabdepssesom 0. 945 to 0.955 g/cc. Al individugcTusbesssans
subranges from 0.940 to 0.962 g/cc are included herein and disclosed
herein. 39 WD 2006/ 065651 PCT/ US2005/ 044643 The wei ght ratio of polyner,
or copolyner, prepared in the high nol ecul ar weight reactor, to polyner, or

Che o1 i~ ToAbgwEhegen gt lselswﬁ%ré’iﬁgh?srmﬁ G meURIMATY, CarmngR | { of
t he ‘pol ymer Sa?g{mﬁgﬂcftsi (‘i’é?l%rtyéf%e sl?r?zgmn %é‘delt‘i%@?&g fgergxl?c% b%tv&e%” gsFrom

0.8:1to 2. IS pr ra y|n erange . The

opti mum spl Id)mpsnérrt@ﬁ@i%ea-‘lMWQoﬂqp&le,ht In some enbodi ments the split is from
1.0:1 to 2.0:1. Al individual values and subranges fromO0.8:1 to 2.3:1

are included herein ardthakmbadisent shidabds for pipies thpblend @laﬁnaépwduttecan have

essentially reflected rcent ent and

the LMV Gonfidhe }1 OWﬁatF?é/ @Pgr%\%c(glﬁ%d‘g I%%E)EE/W }3@/ }n 8 onent can
wei ht of ¢ Ry aa Rt “25%‘%“9%28%%%§?r‘9%%6 RARSGISIOEI Les
and subr anged tHer@mp@sBionags HOmID). b&r@:@gﬂ O(riﬁM/ihefn:mbdmmhe raape fromd).Qlded. her ei n
and di scl osed herein. In so ggl ments, the co ,o Jagn corrprl ses from

65 to 35 15 &l gHb %?E@lﬁ?rab 21045 g4} Omig I adyesiand per cent  of

the HWV et h
rom 0.5t o g8 Rec RO 2 G kEiR Ay ] opled Rt SATBREI AR TR TP
wei ght ab t el caaho raiges osh 2 folt® g/ a0 TReoMS embbdinfkatpthe shadhaent s,

t he novel corrp05|t| on corrprl ses from 35 to 65 weight percent, pref erably
from 38 to 38 luan gerapes fEems e @nstmngrpr#eraabfrfsqmﬁt@ﬂ%gmem@mmmépw yImer

component . Ak el i ko YAMES: B0 SURADAPRLL O e dde iR Pler oE

(LMW corrpone are inc el'n an ose ernatively,

the novel cdieRStd hé@binC AhefRwWehtd rA6d €I£1VIZQﬂt1ﬁ3901&ﬁNdaﬂ%eMthb/ngeZ'rdhﬁltOlt@ of
| ess than, or equal to, 0.8, preferablg/ | ess than, or equal to, 0.6, nore
preferably 58sa lhawfer@blyeqawamgs: frayn A tQA%Pélq\AbirmetfﬂQ@m@é@sﬁ&/ average

T scost 65 ad e aBies f afoHileet PRSP R0 Qe R TGHTRe0 oBR Mepidniler

corrpone‘nt Asreget er m ned

‘The molecular weight, M,,, 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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usi ng ATREF-DV anal ysis, as described in detail in W 99/1427 1, the

di scl osure of which is incorporated herein by reference. WO 99/ 14271 al so
descri beswe eidsadshe deconvol ution techni que for nulti eormspesis{eas yer

bl end conpositions. 40 WD 2006/ 065651 PCT/ US2005/ 044643 1In a preferred
enbodi nent, the inventive conpositions do not contain a propyl ene

honmopol ynmer or a propyl ene-based interpolyner. As used herein, the term
"propyl ene-based interpolynmer” refers to propyl ene interpol ynmers containing
at least 50 nole percEmWVeeggtiapkpolyaery papplyner.psenrarad inshe highn

enbodi nent suyjitahl e f. | fll he ight rati f pol r,. (or .
copol yner) prﬁélpe)g‘?%rdw_lgﬂttrg%c(?%t&#d eer(‘:é D %&ﬁreﬂa@eggfl @Fe IBS' rﬁ@? r (or
copol yner) pr&ap@resttérs tdferddy aSteeeplitiof R fdmdr @ombeNitisrANnR6mk N t he range
from 30:70 to 70:30, and is preferably in the range from40:60 to 60: 40.

Al l indivi duestbodira¢nis sheasplit ofithe pobeer tomposdtionsOdaseribed hgtig can bainl theled
herein and di scl pse rein.. 10, The densi.ty of t b d can. be at | east
0 040 g Ba, Tapky tram 0 LF ks ity and i pFeserabi in herange Tomo 8 g o bodbr cc. Al |

i ndi vi dual vgk: : m . i .uded
herein and dﬁlm%ggﬁiggﬁgmﬁoei'Eﬁénlgs%?iéfe lltngg@m%%%&ct@l 1%lf'fg;rordé\rmr'g)l\'/fé from
t he second 2.@acdripndividuahealeesandshbrafigesdronad.8;1 td2,3:1 aretilidudedigeeid amim 0. 2

to 1.5 g/lOSCEi n, greferably fromO0.25 to 1.0 g/10 min. Al individual
val ues and stgslossdBereiom 0.2 to 15 1.5 g/10 min (15) are included herein

and di scl osed herein. : t ks i I from 20
to 50, preferably of fﬁéﬁspgg&ﬁgﬁ%ﬁ e%eﬁlh?l%%\é%é}%&;?y i\;lglwue'l th%gel{tg)gg%anges
from 20 10 FOMMW 2dhpSnenatid the CMWesbnipeheitiin drebldidsolpssitdomeTied HMWhe

nmol ecul ar weight, M\, of the final product is, generally, in the range from
90, 000 to M COFPABENt cap be prgerny indtha compesitian e OB O3 wgrescent basedo, 000

to 420,000 g/ npl e i i scl r.ei.n.. The bul k
density can%ggﬁf F&%k?see%ﬁg@e ﬁmggég?%%g%lﬁggg&ﬁﬁgﬁp gﬁ%?c‘gﬁ 90 1,““3% is
preferably gifatend sdbidheds rBRALNS S PES perdblit (HMWRbmpdfkht) #SincluaBd hd kg/ nB,
respectively). Al individual values and subranges from 18 to 30 pounds

per cubic faod decwsehbéreidedn banesmbedinientssthe eerappsiimnaomprisesdrdash 6hdb has a
broad nol ecul ar. wei ght di stri.bytion i ch, as . noted, .ca characterized
2 55 miPt et PerREL BreRerrerLy AP Al v e SReFe e BBV EBIE oo (n
PDI (WN, / M)compdhé. fIiREWidS tﬁ@g&ﬁneﬂoﬂf&%i@i@h YndyTcORhA& frém S toAol s waighivi dual
val ues and subranges from 15 to 48 (M/M) aré included herein and
di scl osed hagenient of the LMW component, 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 to 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 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.
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In an enbodi ment suitable for blow nolded articles, the blend or final
product can have a nelt flowrate, 15, (190 C, 5.0 kg) in the range from
0.01 to 5wv0 2gécliBs6541 WO 2006/ 065651 PCT/ US2005/ 044643  wcmuspeosioereabl y in
the range fromO0.05 to 5.0 g/10 mn, nore preferably from0.1 to 2.0 g/10
mn. Al individual values and subranges from0.01 to 5.0 g/10 mn (15) are
i ncl uded herein and disclosed herein. The nelt flowrate, 121, ranges from
2 to 60 g/10 mn, preferably from3 to 40 g/10 min, nore preferably from4
to 15 g/ 10 nmin. Al 5 Inndireededémbedimest, thednenbyaemerpsitionsd@ notecob@imd 10 i n
(121) are included herein and disc|losed herein. The flow rate ratio,
21115 of CREPHFE AP RD Ha O PHDYIRR GeA BRPO T ASUSeErerBBIg: n ¢ he

range from lircgfgléa&bgg{di L& eEBRIY p}togyfgg@ﬁg@g@%ﬁ%&ﬁm@oﬁﬁg %o“ I

i ndi vi dual v S an ubranges from 10 are In erein
and di scl osefole@esient propyderee polymensquiahereinon i s al so characterized as having
an overall 1o density of greater than, or equal to, 0.940 g/cg, preferably
in the range from 0. 940 apsmbgdigent sitable fﬁbblewarﬂémérthwylgmr@g?efmrlwnf:ro 0.975

nat uded hengl Soriae) BePERA A e HhORATR Bt o AR 3 T om 75 10

35 wei ght p%}a@@tcne_rmg@:mmmwxnofewm wéightreddlor coRbg i theedrgefionpf the HWW
conmponent. Al [l individual values and subranges from75 is to 35 are

i ncl uded her3iH tar®:3), sed tspeeferablydn the apgeofiem dRi98de AeAP., AllHadividyal nol ecul ar
wei ght conponent and/.or th I lecyl ar . weight co ent is, a.
o ogoneodaniss apdnRinger fem IR & iR heri B ditlose hein.

het er ogeneou$

Zi egl er - Nat tgheldeRGityERt tAE YRAS carPbttht GOt GO40 H8c, and N proRABESA X Bnge from
di stribution of conononmer anong the nolecules of the interpolyner. 20 In

anot her enbdd?4fent0.96G0gachiAdghindwyiduelivdmeswed gihirangssfrometh94 Satod). W0gtchere | ow
nol ecul ar wei gh onponent.. i honogeneoqus| ranched | inear

subst anti al |198u15?d?}§5n$n§_{1ﬂ915g1§§§% W"é?‘%&%d(%ﬁnﬁfpr%‘bc I‘Vﬁ@?‘(‘éﬁ)i%of‘ﬁg‘et erm
"linear et hyledi Ba@bSal) e ¥ MRl How BRY g,smhéralagé HORIS2 le% o/103M8, an
absence of long chain branching, as for exanple tThe linear |ow density 25

pol yet hyl energfotapheifremdr23 torledg/10ingh. ddnsdividuglotahes hyd sibeanges fromrls2 twade
oL el i ROPRETERI S P R it T
e oL PP 0% SOTFPERBIRORP oS S ATl o
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 (My) 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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comononer is randonmy distributed within .a given interpolynmer nol ecul e,
and wherein 42 WD 2006/ 065651 PCT/ US2005/ 044643 substantially all of the
i nt er pol ywenoemissssul es have the sane et hyl ene/ cononomer pratiseooswisichs n t hat
interpolynmer. This is in contrast to heterogeneously branched
interpolyners, typically produced by Ziegler-Natta type catal ysts, and
contai ni ng a non- honogeneous distribution of conononer anong the nol ecul es
of the interpolyner. 5 The term"linear ethylene/a-olefin polyners" does
not refer tonim, grefeadysuthe rangerfoine 6.05 po 5 Wey/ Hyngn eqorevpietdnatilg fikmdahtd 20t hose

skilled int ar t .have nunerous.| gng chain ranches. The substantially
| i near et hy|?2ﬁ%%p%ﬁyﬂ§?'§ug‘rvr$w&%8+ W%g?‘é‘los ORAOHA0 guntlg) arps ) ar e
especially " 1 . ! " t I has a
backbone. Subaer it Bein R ORRRd K, ThPRRL Noale L Milecddih PO "T500
carbons in tih, prtéchisingronp3d &f 40 gh ynihaoteQréfdrably fome4 kO NYgabaiin., Bllanches
per 1000 carbons, and nore preferablgffrom 0.05 to one I ong chain branches

per 10005 cdpdiyiiial vakeesand subranges fiom £ fnehe/1@ mHy (len eredngpdgd hergimard pol yner s
f th i t4 cribed d , Pat .. .5 2 di
0 € pres ecﬂgc%g,sg(} E,Qr\é%] ,Th%;h(%& ?atglea?lgr%,?gt %f' &H%Hex% cdnbe'in H?e rarrlgelzig%r{x ég g(i’ ang in

U S Pat. No C I'ncorp ereininits e

reference. Upehidferablbsi tiatriidel fiorh il e 8, o MokepeferablPinahé ankofremPGIty R s are
those in which the cononomer is randomy distributed within a given

i nt er pol ynerAliidégduad valuagiandhabeangesstigntlne Sk ylskare insludet eteimandpol yer
nmol ecul es haye th& sane ﬁ%hn\él.ene/corrtono.rreE rﬁt iﬁ wi t.hi n t.hat int quoI ymer .
The 20 substBFRHISH PEEm (HhE TP FOPBRTQR 15 Alspicharp ?%%ef}ﬁi}ﬁ‘@%a’h%%a ave a
si ngl e ngl tiddsiBEstoreAs thé}QBQéﬁKI) {0 008D @/ RIKERLAIHY M E ANENREMI0. I193H

et hyl ene pol yner's, whi ch have or nore melting peaks. In one
enbodi ment, G989 gthyhare preferaldly oy 085G tohh9E glcunAll andividedi]l saluebandi on of

conononer, such th t 0 [ conten f pol r fractions 25 across
Sl et ul Sbaperiom Q040 8 oA ccatintbtio e En kT Bl Rt i he 20 i ot
percent, pr ; ; j : I e than 5
wei ght per ?gﬁ{p,%ggﬁﬁlcgégﬁyrgm%}gg ;7)?’\51‘ %ﬁlwﬁ%t’%%& fpé\xgélgﬁ?&p@rtgeﬁf. SLEPs

are char act ev¢iglegpetnennafitho WMW compoaentwaillgintdivdiugal valims tand subr{dgéDfromritd nar r ow

hort chain b hj di strijbuti SCBD), d b d
shortehat n bgnchl i) 4. B4l (SR, ond e be prepared as

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-homogenebus
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, rel evant
portions of both 43 WD 2006/ 065651 PCT/ US2005/ 044643 bei ng i ncor porat ed
her ei n bywoebhevmwssse. The SLEPs exhi bit outstandi ng physipcalus2@sopsuti es by
virtue of their narrow MAD and narrow SCBD, coupled with |ong chain
branching (LCB). In one enbodinent, the MAD is froml to 5, preferably from
1.5to 4, and nore preferably from2 to 3. s U S. Patent 5,272,236 (colum

5, line 67 throw%h colum 6, line 28) describes SLEP productlon via a
conti nuous cybttrnsiallyalles theraternalymesrmeleadesdhave thsisame ethylane/agiommeermatact or |

but all t t t t d
oreseure. surfiif it %pgﬁ%&@@ﬁsﬁ%%@%%éé&pé@ bra%@%{i?eire -
Pol yrer i zat u@terpogaﬁér@rtgihl:aufgﬁg%ucggg%zleyémmt RN IEAA FntAfin RGESS at

a tenperature of from usi ng constrained geomnetr a yst
t echnol ogy lxgmogaltﬁogs dshrtutian né domg}wmmmpng titeahgletudesaf ehainﬁeqi

colum 6, e 29 through .col u 50 of U.S. Patent 272, 236 A
preferred S I?ﬁ“ﬂﬁ‘s] F‘l’u%ﬁ’@?neé‘? ﬁé‘tﬂomer% HgF%E?téPﬁe’éF’i hgh P’@Fﬁé‘r%tfrawli‘ieéh i's
an et hyl ene t f erably
bet ween 30 %g@ﬁ-ﬁ%e Vbﬁm{c}l l;l)szlgggr?\t%%stg %klp E‘gmb éﬁ\é@ﬁ%vgqﬁghegﬁﬁ&(gp c'i&n nor e
conononer s. bfdnehe&t hyl ene and conmononer contents are based on SLEP vvel ght,

and are selected to attain a total nonomer content of 100 wei ght percent.
For chain lengths up t@C§P§St@ﬁﬁaﬁbhne@?@wn€M@ﬁﬁﬁ@mdmméﬂso can be

reasur ed USiigy . 3R SREGLRSIEMCr e LAgh AR, KL FaLl on, or oduct

pol ymer conposition s r Ped, by

pol yf unati opalynted hionyickbahaabstatedivit s 0.01M10 Wdee @n%%ﬁmﬁ@@anchéacb@f porated
herein by reference. To nodify rheolo also referred to hereinas "to

coupl e, " t hd00Qearhens in tlsBackboriegprefarap %aﬁemqw t@Qﬂhé‘Ulgd@ylnrhymChwpﬁg anount ,
t hat f t.h | t <01
ad s) ot AL S s bt b R AR G Sne Bl EhER brancBeh L0k e e

with the stasbbsg material polyner, but |less than a cross I|nk| ng anount,
that is an amount sufficient to result in Iess than 1 weight percent of
gel , as neasured by AZhy/subsgnesly Fﬁlmeﬂiwﬁee/ﬁcolaﬂmiihemoﬂwsﬂs skthk pederitn t he

o LSRRI Ao, YR el 971 05 SLICLSRE o pgragsedne |ov
depend on My BRidkAEd MGERNE iQknfilRE 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 Stétes Patents 5,272,236 and 5,278,272, relevant portions of both
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30 azide used and polyner; the anount is preferably |ess than about 5
percent, nore 44 WD 2006/ 065651 PCT/ US2005/ 044643 preferably | ess than
about 2 psoeswocsespst preferably | ess than about 1 wei gletTRSL@BNE4643

pol y(sul fonyl azide), based on total weight of polyner when the

pol y(sul fonyl azide) has a nolecular weight from200 to 2000 g/nol. To
achi eve neasurabl e rheology nodification, the anmount of poly(sulfonyl
azide) is preferably at |east 0.0025 weight 5 percent, nore preferably at
| east 0. 005bemp giforprerateé hereinysefepenet e ThdbSLERY exhdasdutOadting pigsighlt per cent ,
based on total polyner. The pol ynmer_ rheol gy nodification process _is
descri bed i RIQpEES &Y virgieAtithelr pareow MY Diqad pasrew SERR) gewrled with deng chain

71 om pol yrerCrguBRIFRRY TN RRNARTs TR Sl Bedon g STBLr

Sone pi pes hamkl M réfetabBsfréth 2@68at er than 5000 hours, and up to 25,000
hours or nore at 2.4 MPa. Pipes with a PENT value of 25,000 hours are 250
times nose resistant {bSdlatent 8242R3¢(wmmn §dae)67 thiosgh edlwpadeling 28)t he nost

tri t ' for,. . pi .in ASTM 13-99.. i h PENT
Val uce. gr eal GRS THEnPEIaT GBRor P SoR TS PRRGHATIG Pras ot Rour <.
or more, at @ikt YR8 reas@fBut RIRRSIOFRARIPIE ﬁﬁbﬁ)ﬁf? atRQorRhAaB O eHPefahirp ed

herein qualify as PE 100 resins with extrapofated 1ifetines of 100 years,
and val i dat eod presduBOnFO8On1I0 pratuct A SEEP mesingidesited propestres. Boly@BGzatRnpes al so

have superior .rapid crack propagation properties in the S-4 es r
Critioal t enisdaRy et gis HeRREH Db EErES AP e o LR BE G o
det erm ned i | 4 .

(Cat cgor 28 FanGr vang forsabeckiels ol isPlecRRRG, SUBRE bBIAEE .,

I nstitute (BEEInethecdulytsireResohsed dioRmmb, 1me 2aniro8gHolumnh 12itlidess@sif 6. 3 and

4.0 MPa. As denonstrated in the Exanples, the coupled pol yner conposition
has surpri $-hdflaemkdgd2¥B8cosity at very | ow shear, that is, creep flow

condi tions. A nearly Z%r%%#e{?'sﬂlzb%% Eﬁﬁ&béﬁbﬁgs‘ﬁ%& thg\ﬂeﬁh&%})&ié&f“ﬁ% be
y er uc

achi eved w t hout subs tiral conprising ot pro or’ process

char act er i sid #Sethyl¥it datent thanisibeivisen 70 taad 90 &l peigsit, ByRigeeErablyiicolicend0d be
used to prepare the blend, are magnesium titani um based catal yst systens,
whi ch can bend{@mbprcertdwil the hidance comMpRYINE GRS G5 QTR SERPIURETS. NS S

4,302, 565; \é&llr)llﬁeglle hd lgc?nslgrgon%earltchlltxgtts ate s & h wweight, 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 WD 2006/ 065651 PCT/ US2005/ 044643 5, 410,003; and a netal |l ocene
cat al yst wpv@messsech as t hose described in U S. 4,937, 29@T1/UskboS04d4817, 036;
and U.S. 5,527,752. Catal yst systens that use nol ybdenum oxi des on
silica-alum na supports, are also useful. Preferred catal yst systens for
preparing the conponents for the blends of this invention are
Ziegler-Natta catal yst systenms and 5 netal |l ocene catal yst systens. In sone
enbodi ment s, prpfesibly essithem atduy 2 perogste thostrprefemblyr lesseban aboutrhiveight percent
conpositions of the present invention.are_.of the pagnesi umtitani umtype.
I nrrpparti cul },'(S‘PIECP"YF f‘?égegrl&sg‘ﬂ?n d “f?h%@@fB%lWﬁbWF;’atgF Bﬂ]é’gsu{fjﬂ’éyall@é‘fiﬁ) yst is
made from a L re Sik [ a i ' j in an
ol cot on dorter “anycaldr BRTR! DO0E 080 LHBICT] abhib AR ABIInLAIGY | 2
por ous cat almpesdifisatfpmothie anmuntoffgoly(eulfang] @ikt ik prefatubbhat least 91003 GRRAt Spray

drying, provides additiqgnal nechanical strength to the particles. The
sol i d pasti diesesnt, maie graferably atilsasr Q- 00 weighispesseat, sraskprefrahly atdepst .M di | uent

produci ng a Ji. Vi i i ich is then used as catal yst
precursor. ‘E‘i‘g’hnﬁegﬁ%§8§%%e§|°?§&%‘§@%e described in. US 6,187,866 and US

5,290, 745, the entire Tie &théolOfy hediticatfon\Wrodcels iddeschBERInréGAehAr at ed
by reference. Precipitated/crystallized catalyst systens, such as those

descri bed i rdatgsinghgtex{.935 and US 6, 248,831, the entire contents of both of
whi ch are herein incorporated by reference,.. al s Preferably
the catal yst precursor(?‘?{’é%ar Cﬁ@ P%B?%‘Fﬂ?%“%o“ﬁ"ﬂ%St%?‘?a(‘gg)ggﬁfgg 3ﬁ{)1§rei nRis
an al i phgt i qnaeriﬁg,qii@éslnqadleﬂyn@[a‘ameﬁ de8bed held M08 PENTQ ahfbs gﬁathgz{;hat ors

or COR wherein R 'is a aliphatiC or aromatic hydrocarbon radical having 1
to 14 car bonl,00tlwnss. SoaedpiErR lpve RENTvAllms of gresteothad iSD0@h@ms, ;anKup so

05 To 5. @50y orpore a1 IRePY mipt T BRE TS o535 0NN SED 5o
3. It is prepadsSok & MRtthtld LiBW &mkcﬁm&%@@,%ﬁ@a%ﬁ%féﬁk&ﬁggg%wgtwéﬁﬁ da“d

an el ectron donor. The electron donor Is an“organic Lew s , at
t enper at ur egequirentehss foagayeipd iInOCTM 225065991 rSowdei pifes thhee PENT esiuanpraater

titani um conpou re soluble, . The el ectrgon donor conpqQunds are soneti nmes
al so reflérrgga"tQg(i%ﬁ‘(ﬂgwaélgb‘ﬁé‘éi!’Og&h@%llé&op@ﬁurdo‘?fdimr&aaﬁ SPEMER. 8Pm§| ester

of an ali ph%ﬁé@ n?a{deaffo%ﬁ}eip%l)%ﬂfy%)éﬁleéc?ib@@h&ein%alify 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 am ne, an aliphatic al cohol, an al kyl or
cycl oal kyl ether, or 46 WO 2006/ 065651 PCT/ US2005/ 044643 m xtures

t her eof , weboslessstir on donor having 2 to 20 carbon at ompcTASRNG/0Ldsese

el ectron donors, the preferred are al kyl and cycl oal kyl ethers having 2 to
20 carbon atons; dialkyl, diaryl, and al kylaryl ketones having 3 to 20
carbon atons; and al kyl, al koxy, and al kyl al koxy esters of al kyl and aryl
carboxylic acids having 2 to 20 carbon 5 atons. The nost preferred el ectron
donor is t ets,4Hy@3ohnd ametdlobere catadyspsysenofuch suthvabdacabeddh b 4HTDR9; ar e

met hyl formate, ethyl acetate, butyl acetate, ethyl ether, dioxane,
di - n- propy!l Iétshé»ﬁ,l’/’é?@lﬁ?l[?ét het! %ét Heatdlyst systenng thatgyse malyRdenyms opideson et hy|

acetate, et af y i hyl

pr opi onat e. ﬁalaa{eiﬁlgﬂ\tag'}l%@gk%rgsggoglgé@?g%%rﬁgﬁa gé;ot‘rrlllggr} Sgr%tg%ﬂ %go%@geggﬂﬁ%@%i ally to
provi de 10 dofiponeds firahe plendbufithio inviehticinire MieptsrNutadaralyst Skesk and donor,
the final catalyst precursor contains approximately 1 to approximately 20
nol es of sel eaetplpreaepBalypgsystemdl e of titani um conpound and preferably
approximately 1 to approximtely. 10 nples .of el ectron donor r | e of
titani um conpound. Si ﬁgéo?lﬁgmﬁggl_g}e%st pr\fn?qrﬁed%tlaﬁ'ﬁtg Uz e ‘T%ff’%esg gorm%ee gr owt h
of the pol yngé cothpositiohsiof tRprERh idberdtdalard JTahE A g Rim/RafiRH t?rﬁé. e
converted into a solid. It is also essential that the resulfant solid has
t he appr opr imattecupay for tHegredentegaa phaschmpenearigatonsdihe satplystyismrade framta cl es with
relatively narrow size .distribution,,h |ow arr%int%fof fi nesél#d rgogd

1 ui di zat | oP"EHERAEPBPTIRE BREIRIY YGRS rE iban dectiompioorsbient

magnesi um anghis {Jrh@sH i@@ﬁ@&@?ﬂ%@@ﬁosﬁ@doﬁ?&?bﬁ% SANGHSEppIi Br ARG IOHRIedUPPOT T
and dried to forma 20 solid catalyst; i1 is preferred that the solution be
converted i ntlucla opshbstquattaprpygdrjng pspridey additignal gneckamtnl sfrengtietoagheret hods

thus forns a "s orted . catalys recursor”. The spray drjed catalyst
product is DAIEsy divesahid p%rrlpfés épgﬂc%@eﬁ spBots nethods aregftepsturigd jp agitiente

i scosity of : . g : i i k.G . so that
vi scosity rwglx{gvadﬁlgg @{s@ﬁfﬁyéﬁﬂwré( éﬂh{:}ﬁfr@ Beny %ﬁhgéa'taqw?gxtebﬁ(rs&pw s

the slurry can be~convVeni e pung oug e pre-acttivation appar at us,
and 25 eventBi@hipyary oitalybiepesciry dactilalih @18 6,087,860 andTh® 5.280,a45;slie drsird ed

using a slurry catalyst feeder. A progressive cavity punp, such as a Myno
punp i s ®ypiceatents of bath ofwhighargdercitbincorpaiateddy relpkangds, while a dual piston

chralyst 11 oTp ey GO R G, iR Fok FPRPR Y SSET 1 08 Te) o5

of slurry. US 6,248,831, the entire contents of both of which are herein incorporated by reference,

2
’

may also be used.
Preferably the catalyst precursor has the formula MgyTi(OR). 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. It is 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 WD 2006/ 065651 PCT/ US2005/ 044643 A cocatal yst, or activator, is also
fed to the reactor to effect the polynerization. Conplete activation by
addi ti onavoeoealssdsyst is required to achieve full acti ycryus200884e3p! et e
activation normally occurs in the polynerization reactor, although the
techni ques taught in EP 1,200, 483 may al so be used. 5 The cocatal ysts,

whi ch are reduci ng agents, conventionally used, are conprised of alum num

conmpounds, but .cor’rﬁounds of lithium sodium and potassium al kaline earth
metal s, as WEKIuresdhersph saghcrlecHon dpperrhaxingilio 2R catben aloms. dymengthesear e

possible. T ydrpi r al, .or, hal i de
conpounds. QE& ﬁg@?@%ﬁﬁ%@ﬁ%ﬁg %téu%hf/ﬁ aﬁ%ﬁgcz(quk meglr%%}q{eg?gﬁpzl tg.zf 05 ?rbﬁg ef ul
conmpounds  Ofatodid) afaliéyhafiaryll Andhllant RetoAds e ing o0 EAFRAAD; ad Uk, | S
general ly used with any of the titanium based cat al yst precursors, can

have the forhoky andrikvbisoxwdsteredimlisdand atyl earbixytie peidsibaving 2 tordOorarbem,
brom ne, iodjne, Qr OR; each R and R i.s independent a saturated

ol ot & gl asanont Reras edio dororis AR R NG, (b aBplEon 1o 1.5 ¢
is 0 15 or 1;: T P i rSaf k | W num nono-
and di chl or %%lé%welﬁghgﬁoga%ﬁﬁgFhrlzlgﬁ)r@gﬁi %:ia lodﬁgtgfegmttgddgetg{ae? %%ﬂ eg{%’rrs and

t he tri al kydalxang, eiHwepropybetrep|ditsutyrethetl ettidnyl, a Huntdniol rethyhfoomaieemathell

tri-n-hexylal um num_ About 0.10 to 10 noles, and preferably 0.15 to 2.5
mol es, of alfstdtatShylanisaigsehylgrg carRanateptetrahydsonysan, arbefBYl Praienalel ar rati o

of activator totitani‘wﬁ;ﬁ ' r ﬁ‘ﬂ% : 1-Se: 320
preferably in the range ér@%k%:e&‘@ﬁ%og?@&r%e ;Lglr%%ég}l%gllalgflmgrﬁﬁﬁ){ldg

cocat al yst @@Yeh@iongpsRreot wdninih doatobind sl éectiBdAloney, tHedihMcataMagr ei n each R
i s independently al kyl, cycloal k aryl, or hydrogen; at |east one Ris

I
hydr ocar by| Pregigox ¢astains @m@@mnteigaht%@moxe@ﬁtebe?q a9laeef eleston dane per
het erocycli ¢ ruct ure. EFach R ieh.s_a hydroeca | radical,..can have 1
Lo 20 car bofoobH it corlpTund Piitpip afbrNBLRIRT B mpfiinfiBlyt 350",
hal ogen, pr ef gleatbdryddilol pér Msle of BtaAin €omundodi ne. Exanpl es of hydrocar byl
al um num conmpounds are as follows: triisobutylalum num

tri-n-hexylal um num &incedlabheatalyst il astraa mtemplpteder the giomalk of ik pedymemit
Iy o, 0 R LT b S e LN
e e o
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 WD 2006/ 065651 PCT/ US2005/ 044643 tri benzyl al um num triphenyl al um num
trinaphthylalum num tritolylalumnum dibutylal um num chl ori de,

di et hyl alwoinesmesdshior i de, and et hyl al um num sesqui chl orcadas2008@40c at al yst
conpounds can al so serve as activators and nodifiers. Activators can be
added to the precursor either before and/or during 5 polynerization. In
one procedure, the precursor is fully activated before polynerization. In
anot her procedure, the precursor is partially activated before

pol yneri zati on, and adt¢afatalysh of activeieplieelsel fddrio thereacserdo sffectiiter e a

difi [ d . instead gf .activyator.. t i fi : | |
i ssol ved | REETepPin & nmtiedr &ion beatiighy SnfBAkt ihtuifide BiOeor . 1 s
used, i npreg@atisd Thelcomiplite SRRt ndrRlallP¥EdSs ihGhd PORENALLR Reablor t NE
titani um conpound or conplex, after whith the supported catal yst® precursor

is dried. Cultizrughghks techrequasdavghtin Eib1,200,483 ingy alddbeluded. i t sel f directly to
the reactor. Mdifi ers.are imlar. in cegerri cal structure and function to
the activators as are [Dg5RS3{alysSs pvduchpge regucing ppegitis conventiqngfly usedniiee, US

5, 106, 926, L&ﬁg{i%?r@ta yl gxggziggquﬂnds,r ﬁJt%F)ﬁlBSﬁhdSQ)f iihﬁurﬁ,gstolggﬁ{s%r}d Lﬁmﬁsium

cocatal yst Is era sepafrately neat or as on 1n an

i nert sol vealkalissedithagethls pgsend] baseconipouidse fodey sath methlsdlianr #@fingm #¢ t he
same time as the flow of ethylene is initiated. In those enbodi nents that
use a suppoP®ssitlteThg eqmponnds arg uguably bwedesoorganamata oF alidecompprardss uppor t

i ca tnat PR R B R Rk for e B RIcs F Lk Pl s SRS 20

triethyho al altiisurh. and silica nodified with diethyl zinc. In sone
enbodi nments silicais a Pr eferred support. A tyli)i cal support is a solid,
particul ate, porous mAfEcH storeosmmeund|which isgeneraliyouse avithny b thedidaniom. | t

breforabry S SaRRA Rty B AHE BRI AT B XiRa pr aror ably.
at | east 2591d€3érﬂént%“&ﬂ@m&05ﬁm§h&€i%&fle,%¥ Oreasth RAAdR' $0ndDehdind

d
preferably at = 25 | east 200 X 10-10 in. Generally, the anbunt o? support
used i s t hasatwatedraliphatic hydmcadben r@lidal havidg 0 tovl 4 tarbayl gows; Ut ist0dnildpecped gram

Suppor = | i ERier B or RS Syb shener BHEAIS Ly Fgept SeRofiRo. o
si l'ica supp@hbrefifdhch a1k FAMAIl hahad suiBatdits daehPiRIYAQhindRd. Silica gel
in the electron donor Solvent or other solvent foll owed by sol vent renoval
49 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 1s
20  preferably in the range from 2:1 to " 5:1.
The hydrocarbyl aluminum cocatalyst can be represented by the formula
R;Al or R,AIX, 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, isobﬁtyl dihexylaluminum,

trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylaluminum, tri-n-

30 butylaluminum, trioctylaluminum, tridecylaluminum, tridodecylaluminum,
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WD 2006/ 065651 PCT/ US2005/ 044643 under reduced pressure. Wien a support is
not desired, the catal yst precursor can be wused in liquid form In another
enbodi mrenwo wmbmkdsecene catal ysts, single-site catalyst ecand2o00s0nsu43 ai ned
geonetry catal ysts may be used in the practice of the invention. Generally,
5 netal |l ocene catal yst conpounds include half and full sandw ch conpounds
havi ng one or nore it-bonded |igands including cycl opentadi enyl-type
structures or other simlar functlonlng structure such as pentadi ene,

cycl ooct at etbsandplpmingm, triphenyialunkpyme finapbgiaimpem driglyaligtisimy descri bed
as _cont ai ni Bﬂ) ?P/gz]ﬁ}lgnnum o ohhgﬁggﬂlﬁﬂ&ﬂgngfh%%dﬁ ancpagglhlﬂgm% a transition

netal atom opent i‘eny 0" moi et i es, in
conbi nati on s&yqtlff&hﬁ)rfﬁé amgé tocatlysetahpaipls 6dredsd debd doabtinitors bl Rodifief er abl'y
4, 5 or 6 or fromthe | anthani de and actinide series of the Periodic Table
of Elenents. Exenpl amtlmdtomabb addaddo tquewétoabxﬂmr belorpoufdsludng
descri bed in,, for. exa Pat ent s 14: 4,871, 705; 4,937, 299;
5,017, 712; BOlyErizaion. °B©8r°§%d7“e éﬁel%c‘g%"f 18 g’“iz’&thf‘i‘ﬂé&%‘“igs 401:

5, 210, 352; g %ﬁ%ﬂﬁz&n In 2Rénh ocedire, theafEufbftis é)%ﬂ?ailg adthvateddeRifé 614,
5,324,800; 5,347,025; 5,350, 723; 5, 384,299; 5,391, 79 , 391, 789;

5, 399, 636; poYORri@dtion, a;da&hvatﬁm 1s5914155:te’dﬁﬁ thd‘rp&:&z.st Whste aﬁp&ﬁ@r i 2ded

5,554, 775; 5, 62&, £26 5, 684, 098; t5 693, 73 5,698, 634; 5,710, 297;

5 712, 354, Bistend oF oy hetiator.fhe medifisrsarg velly disolyed mag orginjilvspysuch as

5,767, 209; . o 0 591 756;
EP-A-0 520 1@52&% ’%ﬁz %ﬂ% iié‘z‘g"ig%ﬁﬁﬁﬁﬁé’%% ‘ggg" ﬂhég&ﬂRgg%ﬁlé‘gﬁggs EP- A- 0
743 324:0 EPirApiegidtBnQ9 e titamdmROIpouid deaimpde)s aftshvididd thé 3ophorté@cadlyei0333;

WO 93/08221; WD 93/08199; WO 94/01471; WD 96/20233; WD 97/15582; WO
97/19959; Wrasyrsaesaried Otheosisethemodifier supueys adéadbyiselbdiredtiviathe Al | of

t hese refer i ef erence.
e it abl e?&%@g ' ;S‘/fsot%lﬁe{}%’lfe f?zﬁﬁ‘ﬁ’gtlxér?]l%caﬁ cﬂl}}bﬁ%ﬁ?ﬁx{ctlﬁggﬁ ﬁlgtgﬁnsvtaf&és A %8
geonetry cat@dayfysis. %rd*laﬁ@tidh@ e ifey ebdaﬁpleP@IS@TI%mS inborgdrdted Hereninbly
5,278,272, which are both |ncorporated Iintheir entirety by reference. The
monocycl opemfgr@n@qwlltswnam t Therromgtalyst iy peefereblp addediseparately dgat g as al yst s

h h
oot ot it ettt ERRRY by PR A sob B CRIH! B R tOh e Bl Bibe s of e

invention. 8fne 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 10"° 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 miking the precursor and

silica gel in the electron donor solvent or other solvent followed by solvent removal

49



WD 2006/ 065651 PCT/ US2005/ 044643 The foregoing catal ysts may be further
descri bed as conprising a netal coordination conplex conprising a netal of
groups 3-W0 2006/d6bes1Lant hani de series of the Periodic Tablrarsedosiohrsss

El emrents, and a del ocalized n-bonded npiety, substituted with a
constrain-inducing noiety. Such a conplex has a constrai ned geonetry about
the 5 netal atom The catal yst further conprises an activating cocatal yst.
Chr om um Based, Cat al ysts and sins In g separate enbodi nent, another type
of catal yst H’é‘%eédeﬁ‘r‘?g‘iﬂlie&ﬁr% iPEN 2 §eRRPIY 15 nof @F‘ﬁ"@ thercatabysbpreewpdricgubat i on,
al though it {;&dNQYiqbidifgd to a single reactor and can be used in two or
nore reactors in Sgl’l es. 10 Pol yethyl ene resins polynerized fromthese

chrom um based cat al ysirsanodited embbdiattst, ntetdlRlsénctdaystsasiRglg SR cathlyits kpwn i n
the art. This includes gas-phase, solution phase and s%urry- phase .

pol ymeri zat i ERNSPRIGEE geuRetrcyatalysts maybewpser in thegsactice of the invgniere rifenerallgnt i on
are resin i - th made. using a hr.om um
catal yat © anieroBele s RE AP LRRHE R bR AR e B s oy ol
usef ul  cat al ¥shreoRBEAdEl FigthdsAnlART YT fe {ahieﬁglmygy&mcg(rw&l i Sinifi? € he
oxi de) supported on a high surface area refracto ox1 de support.

General | y t hBinstigpog strucsurasucnasrehtadieneicgclosqitetrasndisl asd iniides. Typichica
alumna, silica titania or_alumnophosphate. The catal yst is Prepar ed by

activating tfRIMRAEHRIGECneraly dessribegl as seplgininganetcs mnse Hgands sapableada- 1000C,

in a dry, ox 0= t.al 0. e difyin teri.al § such as
titani um anﬁt?ﬁ%l(gf@%éﬂg?%ﬁégﬁ%@%%@%ﬁﬁaﬁ@dCyclfp%egtra}h[eg t%gv%fﬂ['ga&aﬁ Pon.
General | yo cabikiystis canbinpti@paited thysitici Mgtal YIEBRIAdh Gtody Rid 8kgesblyi ca
to which a chrone source has been added., The silica substrate my be
treated withha ond erfiem thedapthanide pndyastinide seniasif sheReaniodicakableoyf Rléments. um

tetraet hoxi de are typi S i ther after the coppound. i
deposited or prior to ?’Eﬁlnl]sﬁ E&poggﬁlett%g)ﬁ%&f%e %agﬁﬁsgf?mpgm%éﬁe&g‘ﬁvgb‘?’ic-’rdri ed
at  150- 200C &xaniphdors. ietid: 4283010130507 RP0h; WaBED09; 191617171429 @66 438y be added
as a solution to a slurry of the silica in Isopentane solvent or directly
into a fluidP¥eehed26i863uppat.t18;15(198d0&05,2 10,332 6/229438:,264¢05s 1 urry is

been addgd to7 (4R% dapr o PBEREE atsiue) bRl e abctiroibess T
5,391,790, 5,391,789; 5,399,636; 5,408,017, 5,491,207, 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-0 420 436; EP-A-0 485 822; BP-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
tenperatures up to 1000C. During activation, the titaniumis converted to
sone typewofwsuskate oxide. The chrom um conpound (genecahysgooshuwas um
(I'11) acetate) is converted to a s Cr+6 oxide of some kind. Fluoridation
agents may al so be added during the activation process to selectively
col | apse sone pores in the support, nodifying the nDIecuIar wei ght
response of the catalyst. The activated cat al aI S0 be treated with
reduci ng agents prior 15 fQEegoing caklysts r&%’rlﬁ»‘ofﬁrtﬁ?? aw%nmsmgometal bed,

or ot her o h| um
al kyl s and t%upqlg%&%?g{p@‘tC%W?\Sgligf%%{ﬁ] w%e arOZ‘”é st(’f?r}?l% “bd(eyﬁ ?ic’u us
patents, sudreriadic TABROSAAO RIBRntsEbA Sdedalizé 8- bOkIed moia ubktRuted wgthances
cited therel n. Each of these references is incorporated, in its entirety,

by refer encé?onﬁcﬁmngemlatyUs%wbla cogwiex| hpg @ corstringd gpemetadabout the
chromumtltal i tanated chr oxi de catalyst) which is
subst ant i°al I'§° ﬁlgagé hi‘? icat] ygtofurtfl?r QYIMNSEs “}nr?cgg%% cogﬁg}yﬁas a broad particle

size 15 distribution, gtbhidh Bla%%atZlgstP%cpﬁ&tmsOf its pore volume ranging
in pores of dianeter et ween ngstronms. Such a supported
conpl ex can be acti vatlead sbyarite &mbndiment) ahbtheqtypsefitaalyst baky ge chroafurm is
tenperature from 850C to the sinteri n%Ftenperature of  the supported

conpl ex. Cat"§f§ ¥y &SIBgE Reaglor € rehieaclthough ftis ndimitedda a sipglegerciiandni ng a
Cr+6 COWO”%’BBge%E&‘i a8 oFﬁﬁ)fré'xlea&tBrs lggeﬁégventl on. This reference is also

20 incorporated herein, inits entiret by reference. In a preferred
enbodi ment , uni nodal rmﬁyaﬂwlerteassmls pmymaiz;eétﬂfoyﬂ these dhcsmiuhatsagel) capaiysyarer s,
and, in part| cular,, on high density pal Mhyl ene polyners, are coupled by

an azi de co@ﬁﬂmrgshqﬂ%eé%eﬁswuémmﬁéﬁy Vel 1 the arta b H%luc’éﬁﬁbﬁl?h?é% a
bl end of * twg, of 0 £s% arnggl -ph%‘s’”t gﬂ'%é‘z%u m%ass%s Vfpar artlcu N ru%{grg%&t gley zed,

polyethylene pol’y cou e ¢co
descri bed h%@eﬂt mbéhtibﬂ%r@ﬁbﬂ@'hﬁﬁéltn tht:g@s T% és‘éztﬂdsenﬁédémfn has a nelt
flow rate, (190C, 2.16 kg weig 03) ranglngfromo 01 to 20

g/ 10 nmin. |r¢h51m;m @m&mlamdnmQartlhldan,ztlﬁ?alﬁ@é§htqrmnm@amlxsb 15 g/ per 10 nmin.

| mbod /10 d
pret oratity Che. pol yror Pk sl EP L8R og SRR X DmibH om b5 1o

10 g/ 10 m n,(typRiaBy B¢ @le@xaf) Yugpoasa dn b BighQuerhdetiréd r@fraét ox&1eWbpR06/ 065651
PCT/ US2005/ 6%3}, ) Yugp gh by b
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 400-1 000°C,>I 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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anot her enbodi ment, the 12 is from0.0085 to 0.017 g/10 mn. Al individual
val ues and subranges 0.001 to 20 g/10 mn (12) are included herein and

di scl osedwben@iossesihe nelt flow rate, 121, (190 C, 21.6prkg/usesghisc4ASTM
1238-03), chrom um based polymer, can be in the range from1 to 50 grans
per 10 minutes, and 5 is preferably in the range from2 to 30 grans per 10
m nutes. In sone enbodi nents, the nelt flowrate ranges from5 to 20. Al

i ndi vi dual val ues and subranges froml to 50 g/10 (121) mn are included
herein and 8YRPeridsenisepedried intaackiyesatalyst By ealeination ip ayrjabtemperatyres wvioy ner
can be in th(ﬁ%?ge from40 to 200, and is preferably from50 to 150, and
nost prefera ?y rom55 to 130. In other 10 enbodinents, the 121/12 of the
polynmer is in the ran@hgasibiohahd BRnivaE BhRIRE dsdme fpOOT $Pfato 120. All
i ndi vi dual val ues and subranges 40 to 200 (121/12) are included herein and
di scl osed hexidenThahleromivrofcomppendygeneralty ¢hsopiuaf dHairetatd)ns cdmeentedtga from

100, 000 to _6QR0, 000 g/ nol . ( measured by Cel Perneatiqn.Chronmatography),
more pref er §bI WX Of%QWI#H“f}AEfE‘ 108 2 %@X@ﬁfbb?%ﬁgé)a‘,’ 515?%13, °%ind nost

preferably | I [ , : . L.ndi vi dual
val ues and E@ﬁ%%ﬁ%ggg rﬁlg%f Cfﬁ)lsﬁ%go%&%ggp%é%&gégg%ﬁpﬁ& &Iz% t%érbi‘gblle%@?guded
herei n and diefht aspehshef dicrcatalyst. sSTigodcyinmed batslyst mtgnddotbe tidased vgener al | y

ranges from0.890 to 0.975 g/cc (ASTM 792-03), preferably in the range
from 0.920 fugingpEenys BHor tp S SHeh asraghon gepnesidedn g Buidireddiedyoroftisges from

gico. AL i g SEm O TR Qi EIRT boldh ATy ERRROAORONEHE, ° 07

i ncl udedo herei n and diCarlyesed thie typleare dderiBdio Rumsioagpatntg edcl &si n nmade be
prepared in one reactor ared as_a blend in two_or nore

or na be pre s ]
Peactors, oPePRAEOT48% EPAFIISRS, USHISBA0D and e Teikremcesmiicd gAML her eof
In a preferped dual reactor confii tion, the catalyst precurs and t he
cocat al yst dpee {AEma BOhAmORty PURDLRR o) MaRRbe ¥ e B8R "t e

i s transf ecdtglsitis a bhshosted eRdnli@aaitiiuh @atafydf fob Btanked ¥RBmezaideQatalyst)
Addi ti onal polynerization processes are described herein. 53 WO

2006/ 065651 WRCTYiySHBoStialiviausspherieal eoiredgulao imdepe, iaoh hasonspadsparticle hise HMW
ComPoneqt A oL e TR0 biro B of 2B S ek hah i Bl e0hs ALRQES can be
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 crt 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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exanple, it may be nmade by bl ending or m xing a LMWV pol yet hyl ene conponent
and a HWV pol yner conponent or by nelt-blending the individually nelted
conponentwo 2806fl6ken nati vely, it nay be nade in situ i n eUe/USRBDISL3

pol yneri zation reactors. In a preferred dual reactor configuration of the
process of the present invention, the catalyst precursor and the-

cocatal yst are introduced in the first reactor, and the polynerizing
mxture is transtherdnsshdierthe 0.60 o/ Td LKy POl ymer i zat i on.

| nsof ar as the catal yst system§2|eics§%?gln%g?gr?te@,o'@(r?l%{dérg&télllVgif‘f‘g‘i‘ vajues gndg,
10 is added t 84BrARges 89 do 2@ gti0ominf(b,p mednclodtiddicten BRIISSoscPRbinal | Y t he
cat al yst precursor nay;qb]egﬁ?rd?i ally activated prior to the addition to the
reactor, followed by furfhsel Wfaéf'aémdﬂg’@ldt?,imeﬁltg)weiglyt,AB&“MMB&BL@Q)?/st. In

t he preferredcgynl f] ion, a relatively high nolecular

wei ght (I ow nelt ffsillug\fftvﬁl n gﬁ%b%o%ﬁrérthqun%%‘ﬂﬁiéﬂs S AmsePer il @ stinytesaandr .

Al t er nat i vel yis prdfsrabhenitiorangd f6ml 260 309 8hs : e prepared in
the first rea&ltpor atgg t he hi gh_ nol em?logrr m?%ﬁ?qﬁlgg%f'yﬁﬁgspmgéen Bg’g’b‘ingspar ed
in the secondTF&t W rate ranges ferndgogp. ikindiyidakbviluediagd bitsatges fibhe feact or

in which the hti : . duci ve t ing a high nolecular welght
pol ymer is kn%pvﬁqi ggb@ hr}ﬁem'%%?eﬁl&ﬁg%‘?g?ﬁllnélpg\?%%ﬁ? &HdBtor." Alternatively,
the reactor in which thEhecORAidte S ' naki,ng a | ow 20

mol ecul ar wei ght pol ymer is kn(;vvn aég[/%é&ﬂpga/&%lﬁre%aﬁlbgﬂn%% e‘%@%é?&?."

| rrespect i ve U9 anghis oFeferghiydrem 60 ites 1 Staded fostgirefetabl ffin 594817, [RQkpeer and

an active cat i ref.erahl ransferred fromthe first reactor to the
second react oe?fg%oﬁgm%nﬁs’ itﬁﬁ gV@&%ﬂ&éqﬁmer 13\the gange fram 68 torldgemdgreferablgnd

reactor recy@dn aa fi E.af di u he po|ynmerization in each
reactor is pref e?g:lg(l) 3@60%%% &lhr‘{auﬁ%a’gaaségrafggsp 90 &krly) aredestededuous

fluidi zed bedemimaebdisclbseddeteypi cal fluidi zed bed reactor the bed is
usual ly made up of the sane granular resin that is to be produced in the

reactor. Thus, during Thedlgofith éfie | ' conpri ses
0o el o 1 A

formed pol yne articles, grow ng polyner particles,

r
particles fl Spﬁpggé/nﬂﬁ} (W?&Wﬁdwcﬁdm’enmadpﬁp]ﬂfdnydt@aﬂ@im pp&éyggg%pjt S

i ntroduced aty, aﬂ%eoéﬁ‘ffo%‘i Qb %{el#ﬁe&oﬁ@gffl cient to 30 cause the particles
to separate and att as a P QPG &(mak 3dygogfpseferablydn theupngefoftfioen 54 WO
2006/ 065651 POLOMBROXBY, (048], AMiddi er up feed cycle
(recycle) gas, that is, comnonel?isﬁdé‘ﬁg?gl?gﬂgseés’{}%lr(%&aggﬁgﬁn?i@(g‘gooatﬁd/or one
or nore i ner 60G80G p/erol GuisPare 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 systemincludes a reaction vessel, a bed, a gas
distribution plate, inlet and outlet piping, a conpressor, cycle gas

cool er, amd20queseduct 5 di scharge system In the vesselpcTalsens/oidses bed,
there is a velocity reduction zone, and, in the bed, a reaction zone. Both
are above the gas distribution plate. Atypical fluidized bed reactor is
further described in US 4,482,687, the entire contents of which are herein
i ncorporated by reference. The gaseous feed streans of ethylene, other
gaseous al pha- ol ef i ns, Themdvel Onipysitiog esmpridignthe SAIW aneponest§and & WWMed t o
the reactor recycle line as well as liquid alpha-olefins and the

cocat al yst $emppne, asgitcressdin (he prresqchiennqan be arda by avanetl obmetheds. Farr ect | y

he fl uidi bed. Th ial l i i
breferably SAeie Sramesr e o Ri oty RahuprerERty e -
Activation iEEMYepelylet yoxﬁﬁtméhe&gg/ mélfbleR@ing GRGHAVRIUBYY hBRed@aRfoabnst . The

product conposition can be vari by changing 15 the nolar ratios of the
nmonomer ssi ntAltednatiodlyi it tmytbeanddeuin gity woprised moThpolpmedzation reactoront | nuous! y
di scharged i n granul ar, or rtjculate formfraomt reactor..as the, bed
level " builds up it n boPyRERd Gudior ReRgilih ol B praes O SRRERbI T ed by
adj usting t heenaah ahy sdall §§reduRoP aRBE Rocatdfit SVt GREed R the Alst RaGSSUres in
both reactors. A preferred node Is to take batch quantities of product from
the first 2@nddegiodymeranink mixtmefietransiiesd to thetsheondeeawtnt forefacdhear usi ng t he
differential pressure generated Dby the recycle gas conpression system A
syst em si ni PRPMESIZRERR e becatdyeystam spneeBed, PRl BRI, CORTEHt 5 of
whi ch are hefgif,i I S Q€ sodrSe {dh b4 The
pressur dli o ahon B SRR BT HELRRAE o, MR lrR catihtthsgy
Dependi ng omadytte papeatlyfacavared prast to stechddiohntatiefreactdrhfellowrd by &urthkr inol yner
and contained catalyst fromthe first reactor to the second reactor, the
second r eacTeACtor geldign &y fiegcasataist her hi gher than or somewhat |ower than
that of the first. If  the ] I r e 18, [ i essure
differential can be ugrégqetpcgéqfé%gﬁp&?atlg%g{&tc ?@,@?%‘J}&Bb% }ef%lg&\g%f%n%@eguglgl yst

m xture fromdRaa¢loar mdit lowRadEd) @bpclyméris bieparse Goihd i3 réRae! Altefabsdir e i s
hi gher, the differential pressure across the cycle gas conpressor may 55

WO 2006/:865@E1loparplesdanstighu@aglyper oanels prgparerkintey fisbrepgiprandthe highe
pol ymer. The pressure. that is tg)e total,.pr,essure Ln. either r, can
be Tn the raHGehE b cobulren e orufadR SRR rhlbrort R Blipb ot e

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 polyxneﬁzation
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
react or owo 2be/desesihe range of 10 5 to 150 psig, and ispprafsesabhacss n t he
range of 20 to 80 psig, and nore preferably is in the range of 25 to 60
psig, (68.9, 103.4, 138, 552, 172 and 414 MPa, respectively). The ethyl ene
partial pressure in the second reactor is set according to the anount of

copolynmer it is_desired to _produce in this reactor to achieve the split
ment i oned ab@yel feedy make-pup fesd. and gy clp frepvci)igay thatds. somonemes pad: ¢f depirgdh essur e

in the first 0 I e in ethylene partial pressure
in the secon Eéﬁggtst%lfl%&%ﬂgOt@ﬁ%g8¥84£§@§€80t al pressure is provided by

al pha-ol efin other than tgiiballfRiEbeANGstam ihdl8dds adasction ¥bssalsa bed, aigagen. Ot her
i nert hydrocarbons, such as an induced condensi ng a%t, for exanpl e,

i sopent ane, dstxibneomplets, ideitand pulle piping, lnsompeassir cysteeges geder, and hiprodecict or
according to, their vapor, pressure.under.t tenperature and pressure
xper | ended HiFFHETRS UaR: dp BETRSH, GoRKIRS hich acef A e v Botar o be
adj ust ed t0 GQRE b, a R4RAiBY Sond THAE teAboVEhE BhSdistfibeicH fike- @l §hicars (ot her
than ethylene) can be present in a total anount of up to 15 percent by

wei ght of t htuidizpd bydreactant, fuithfier dssetibediimeUH B8R 680, the entive corderds ofwhikle
copolyner in a total anmount of %&5 to 10 percent by weight, or nore
pref erabl y (Ar@hersuuingrperiad byrelgEsnght | based on the wei ght of the

copol ymer. 20 The reSiﬂ%‘%@e&ds%d%re&ﬁ?omtﬁ)ﬂ%e?o&fer éﬁ@&fs%ﬁ}h%d;lﬂ I,;lcgl'gng

gaseous and |liquid reactants, catalyst, a resin Tn eac bed
can be i tHedeagegewhén dsetl oard Brefdrably $edeto thd waqioteeychdline dswdls liqaidge of 1.5
to 5 hours. The reactors can be run in the copndensjing node, if desired. The
condensi ng ridefe-plsfipgand the eerafalyst golutions Dritpgally,dhejlipgconglyshepniys fed
5,352,749, t |k e - Whi I in. i by

r ef er ence. \/Yﬂiﬁﬁael; '? %g‘@téié‘ﬁ d;% y td'e %é B ?‘Iélr‘%@g E%Prafge&l %ﬁ@@{s@érﬁe]ﬂé% i%(’)ﬁ’g%?%%ﬂ

preferably ipjeoRdcR@ thfltidizeddsd A @mthell ol RMirBU A dti@utidH ie gentirllyoapRasEs
the bl end can al so be produced in the |liquid phase in solutions or

slurries, orindke waetorsdiyrihe Penstabyst.sThaprodush gompesifignrres de variedpischangisg and
sol ution, o rtgé gn%ﬁlgrégt?cr%dot‘?% @éx'%cgl}lneerg frﬁtﬁ)}é\g\/&egrig@tstgee felu@ijz%& hed gTﬁgegprg 1%ncy gnt i onal

t echni ques, [ ow rocesses are typically

56 WO 2006/ O%athdodByldisshafied i®) dihdiar orfpafticalatPfoR@Ftone theltedceol ad el Sdvel
whereas high pressure processes are typically run at ressures above

15, 000 psi (WBilgsvpndthimdynwrizatipesbeeprodedtipn 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 tenperatures vary depending on the density desired,
that is, lower tenperatures for |ower densities and hi gher tenperatures for
hi gher 5 wenséddsss: Operating tenperature will vary of fPromnszi@sotws3110C.
The nole ratio of alpha-olefin to ethylene in this reactor can be in the
range of from0.01:1 to 0.8:1, and is preferably in the range of from
0.02:1 to 0.35:1. The nole ratio of hydrogen (if used) to ethylene in this

t ' 0,Q01:1 0.3:1, .ef bl ff
001 to 0. 2: e Ueh PR RN e LIABCpiihie e ipeun b e Rl e o
tenperature icithegenaschybd it théRngapoe00to K0OPRiZAouhs JebQ aréfi?l%hgggegti ng

tenperature is preferably varied with the desired density to av r oduct
sti cki ness i rind pepretesablym thi reageof @80 tat450 psiz (ABRIH4 % |1Biand B0l 0a¥hy,| ene can

be in the range of from 0:00001 to 0.6:1, preferably in the range of from
0.0002:1 to Ggﬁfﬁ!vffl-‘/)*rﬂ)«?e r“rg’IYg"“F 8?‘?‘810 HFSSHWE St 5N b dn thesargs of 10 n

t he rangesof t§ rigmfic0dndlist By i L a y e .qf . f.rom
0.5 1 10 3 213 PO indisiBeliably AR PARTUCITIPR Yok ol et BT i

nol ecul ar weitlptange eta2h co 60peizalasiey 10RAPEIBALSE, @ 72 and)enENMRh) Hsjebtitdlg. r ange

from70C to #lloc. #he rm{?ﬁ rati o of al pha-olefin to ethylene is |ess than
is used in t HECKIYIFRErER]PIEsSWRInghe sqcand regptor isrset aseudingdg dwwsiopntef | east
0. 0005: 1, pr . X V, ously 20 |le t han or
caual to 0 b PIpme RRaPh fRodRb N ik AR AR SRR P Rongibol

preferably I[ids sofelidimt dicreginglthd eth@defklpattial Pagssurb hrefhe fd rdact? $&uds had or
equal to 0.007:1, nost _ preferably less than or equal to 0.0042:1. At | east

some al ph% of¥F¢ase Hrethyiphgpastial pressumgiinythespgaad ueastorndhg balancsat thertombnt ent s.

The nole rat| hy dr t hyl-ene can b in the range of fromO0.01:1
to 3:1, and %gesgjrrgw e‘g 8%@%5]?}?1%Pﬁ%'oﬁgﬂg?ghef)g’af‘reﬁﬁﬁle@?@‘?a‘f 8’312%25. suchgg | an
enbodi ment s uitfoeh. Ok indktydrothMbond sudha HAiisiuce® b&kidhahe Weho iy ex&uﬁriﬁfét or
operating tenperature is generally in the range from 70C§to 10C. e’ nol e
rati o of al pHapentard, hexape alshyprinbuterto theioyerallgresoure dmthelveactan atdvedingige of
fromO0.0:1 t eir0\,.218:1 and i g eferablt}i in.the range of fr,orHeO.Ozl to
0.1:1. The nol® YRS %fe%sf'lr%ﬁf G‘Sﬁemliﬁr? T5ag Prosyure peediip thegpactereact or
can be inpsthe range of Thé auar Ok At 0. 005
to 0.2:1. The | ow nol ecul ai{'ﬂ g%?lgeﬁ}tl}*?xeeggggfa%epcea?%f ?ﬁg‘%%?‘p%t%%‘%f%&%l
PCT/ US2005/ Ozwéeglar weights: akhgradphalefersdpthkt than ethylese)rcan e pfesaminydGtdlo 110C.
The nole ratio of the range of from

0.0°1to 0. 6@1}}@1&02!&15 E(gil)f gclar?:%ﬁtt%p"[éﬁ(l)qié{g gglth%rzz%pgl%ep z?ndl, 1[} 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 bolyethylene 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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fromO0.0002:1 to 0.01:1. The nole ratio of hydrogen to ethylene can be in
the range from0.01:1 to 3:1, and is preferably in the range from0.3:1 to
2:1. 5 Sowe éeanssiare made in a single reactor using apoirasdosatalyst. In
such m xed catal yst systens, the catal yst conposition may include a

conbi nation of two or nore Ziegler-Natta catalysts, two or nore

net al | ocene- based catal ysts -such as those described in US 4,937,299, US
5,317,036 and US 5,527,752 the entire contents of which are incorporated
herein by réPRAEprEssuras belosy F0Os) whergas ligh pressunbipraeesesrarofypicallZivagit er - Nat t a
and netallo catal yst | n. ligents, a dual site netall ocene

cat al yst naﬁ’?%gurﬁgé*@?‘y?‘sr‘ﬁzoo&%ﬁ%gﬁ%“@g@gyg%FVR%‘F?@@' the invention may be
prepared in one reactpefeRed bperiitld teRbErah AR Fepefidih %ﬁmeﬁsiwgfe@‘éde“e ey
be honopol yneri zed, or copolynerized with at °l east o%e conononer, 1h a
singl e or mihatiistlewe tempemturgstfaniower ddfsities apd highéryterapératatds dor Hglegess, in a
single or %ti.sta gas phase polynerizatjon process, in a single or

mul ti st aje <E5NitFopsortingdrmperatushwil vrebiron 707G toy 14070 Hag mels ratist of
I i zati . h rizatjon,.
e oness. ~or “PheNIBRERSE IS hidfeatioP L ip IR RSN BR DY ¥ L g i
gas- phase prpoefesbBSnaticradgsef frded.02t Ntold. B:1.PEEERbE rRiPdhydfskeR (i uSod} 49, 738,

the entire contents of both are incorporated 20 herein by reference. Two or
nor e react octylang iphis tpactpricasdredn ithe range ¢fifrone0.603;1 tor 0.3, prefaahtppfifiomnon

t her eof Theocqalttgl 518 feed may be sel ected from several configurations,

i ncludi ng, but not™"limted to, a supported catalyst system a spray dried

catal ystiosystem or dnaRkmbbdimenf suitableifsh fifdd, FRLALYEe RN DEAMre is |
Pol ynmeri zation catal ysts typically contain a 25 suppor% ed transition netal

conpound andéergrallcmi therapge otipmblO_C &6 1 tBEV heiopgratingtentpernst is eferabhyal
conpound into.a, c | yticall ctive.jransitiqgn netal conplex. Supported
cat al yst coﬁf‘?%%wgf‘?}b%iesir%ﬁi%’iﬁﬁ? (s} %ff’au%tst“ﬁ‘é%f moth%reac or. The mole

pol ymer i zat ity Cllphacol B ] etRABRAUA Be W HE rah RAF B GHRRAD g.@mﬂﬁﬁﬁfﬁﬁ?lﬁgr ous

silica. Typically, the active netal conpound is inpregnate
por ous met alin teirgege of FOMNDOQUDE1OBOEG 1. POF MdB2G6S bOUytdRn tT bthyleas ednytst

O e 0, 2T b B S YAt o
include a spray driedysl Uhb@fim@ht 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 netal. The catal yst system may be
spray dried 5 directly into a reactor. These spray-dried systens may al so
i ncl ude fwbl2eecmesdsiinders, slurry agents and/or activat orsT/USt@Bphas3 of
spray-dried catalyst systens are found in U S. Patents 5, 589, 539;
5,317,036; 5,744,556; 5,693,727, 5,948, 871; 5,962,606, 6,075,101,

6, 391, 986; 6, 069, 213; 6, 150, 478; 6, 365, 659; 6, 365, 695; 6,251,817 and

G B T B S i e
H I i i . 3 .
Pat ent 6, 6881efif} {o BiMfichk an be“tﬂgiT)% {F}g%% g%@,@\%pf&ﬁg& rgﬁg%&inqgg AL ate

herein, inits entifety, by r tional’ Ig‘éurations

i ncl ude act from (@002 1 wAPhunThe drpositiv @€ hpdiogenas iefhiyledt esh be ialtBPAREE cul ar
pol yneric rrgt al adducts to formm cron- sized round particles. Exanples of

sui tabl e suPpBrQel tRPdaandis erdprablyiie theqrrgerfeara0.3:1® 24l koxi des of
my b g own 1 round Tor Bty O aee b REE PR o adtieEene S RO,

may be grown in roun parti

Exanpl es  of mixtdsamlgastens] thr)atadE citositiuithy ilclkicn cRatitMondf3Rg op32 and
U S. Applications 2002/ 006195 and 2002/ 0037979, which are each

i ncor por at edorfefieglar-Natia catalystaiwiorasmpore gtatle éemedrasel catllysh sueld anthbs

mol acui ar SYeranG i VA58 GRS A 0L S hi 8 SRt T i B SRl i xed
system cont ghizh g Rcdtp6teMah b3 rdféiRRceaa Y. é%ir&?,%r 3 FRbalalioggpe type

catalyst, or a Ziegler-Natta type catalyst and a chromumtype catal yst,
may be wsedZiegleohatta ead tetalloteneadaiystsolin seameemiaaliimaits | aydital siesheallaend ai ni ng
two differen 1Zie | er-Natta catal ysts, 25 two different netall ocene

cat al ysts, aﬁw%é'i f8F%nt chrom um catal ysts, may al so be used in one

reactor. In two or nofg & ' : V: used in
each reactor. For exanplteﬁe%@%%g% %&“&%ﬁ@%‘?g@@g@y@’?ﬁﬁ;@ buellaﬁesed in

one r eact orreactooran metipleracene Forpramplepdthigiene may be kdinepslymrizédercat al yst ,
may be used in_ another reactor. 30 Two or_ nore reactors nmay al so each
contain a dioPPhiyEZed pithat leptongicampRmelain dsinglooxmubighes slgap stank or

‘ oouoner dempSa or
ot al | oenc. S yag oo Rlase St i Pta S8 b RN Bl SFERalFTC Chr o

met al | ocene cat'a r 2'P%e chroni um
catal yst. Tjrecess)iy aBingloorrasltibiagaisolsticnRiyregizati®iblot@d, orah & QolbRUWForAS

coupl ed, 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, or in 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 pol yfunctional sulfonyl azides as disclosed in US 6,521, 306,

i ncorporated herein by 5 reference. The pol y(sul fonyl azide) is any
conpound wevbesesdsil east two sul fonyl azi de groups (- SO2NB)Usc@3oticy® Wt h
the polyolefin. Preferably the poly(sul fonyl azide)s have a structure
X-R-X wherein each X is S02N3 and R represents an unsubstituted or inertly
substituted hydrocarbyl, hydrocarbyl ether or silicon-containing group,

preferably hawerstaBME hb&IHS n or._silicon, preferably carbon,
atons to separate t%jg 1oﬁjsuﬁg())’ﬁ‘ﬁyq%g? %fe?é%(?'gsﬁ%s%eu‘flﬁs@ﬁémrf d{g byernit a
facil e reacti owdbecatiennf themipdlpyapestidsn and the sul fonyl azide, nore
preferably at |east 1, ggr)d;e fpreferabl'y at least 2, nost preferably at

gitp

| east 3 carbon, oxygen esh, catahyist eandiighsations incinde aba dbet ARIdN or

functional gg [ 1S No.critj limt to the length of R
each R advant agggﬁg?téy%h%"?h%? &Eﬁédéqn Biee E‘ﬁ&agg'hh%‘fa@}’%t PYSn Evap e braywdeed X' s,

d f bl g1 ih A LY.l 0
and pref erabl giréuly ihessrehdion Bidse §PEEdA& sl@z’ét,%fn‘égrga& a¥so'ificifde W“?ﬁ?’ﬂfﬁf%g zte

preferably Iesis t han 20 carbon, oxygen or “sili atons.
limts, |argetUit¥agets and/orpctivaersoisainples ufiimay-dfier cmedlysanbeahiork cahaki | ity

When Ris strgi - j l. .h C on, there are preferably less than
4 carbon at oﬁsggbé%eﬁgﬂngﬁﬁ%ﬁ%ﬁﬂ?@% i%d%%gﬁéﬂﬁgzlé,%gd&ﬂeSI%é%ﬁﬁ,opensi ty
of the nitreng0tH1GEHHE910mEK i-h i S oY o) ont ai ni ng

O OR b AR Pl S TR . Bl et

groups include silanes and sil oxanes, t 1.8 Fpand; er m
inertly subst®#20,2%, vdfigr are eachsinbsrborhtet ihereinntiR eﬂﬁ%b;ﬁ’feferg{c‘épﬁﬁ Wahgh do
not undeslior abéxgiﬂ‘li pterfere wth the desired reaction(s)” or desi reg

2165 of et ffalyst systems prsidpsasibed it h Pateniy689, 8451 anda) §) uor i ne,

properties of

al i phatic or AgsIRABSA SOBYNR661$] | . as.sul fonyl azide groups,
when nore t hanﬁ?v\o pol yol ef | nighgfﬁgﬁg?%%td %ﬁeén’j‘%ftﬁ@mretguwréfﬂr@m@t ruct ur es

include R as aryl, al kyAdditiondl cat5lysd doafiytirati s YA ctisi h@ﬁﬁcoﬁ'duﬂagne or
het er ocyclic s and ot her groups, which are inert and separate the

,1.Qr ou )
sul fonyl azi 0§ ‘@ﬁ“SH 8 PEECIRjided misEepartigylas, nolyhericabétyl dddicts tufdes naitron! east
one aryl gro : | car.oups, nost. preferably at |east two
aryl groupslé%ggg(% a? W}‘g% |as%gé,é 19f9‘3f%ﬁeeﬁwpg%%{g$lug?ngrqpartgﬁugﬁq@m;aj_ When
R i s one 1ar ylalkogides pf mapndstunprGoep reg nid%talﬁoQﬁleQBP#QloQﬁ‘ig rﬁf?ét?eé%qa%eone

I des).

ring, as in the case of 30 naphthyl ene bis(sulfonyl"az
2006/ 065651 PEAHOUSFRYSICoawA 3 roppil Jqray Wittt desi sikes bethebnisleo SOGRrgaMpounds

as 1, 5- pent algg(allg' Y. | de 1, 8-0cta is(sul fonyl azide),
1, 10- decane bi's( %ﬁ gh{;ﬁ%aézalta@ék ?ys}eln,s a{e 8’-“8&frgﬁeqtbgﬁ'én‘bq,%%%ézf@dﬂ.sazi de),
1-octyl - 2, 4, BpbBeatne 2002/6(0651195%9@2‘)023@03@9)9, vhiéh 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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di phenyl ether bis(sul fonyl azide), 1,6-bis(4' -sulfonazidophenyl)hexane,
2,7 5 napht hal ene bi s(sul fonyl azide), and m xed sul fonyl azi des of

chl ori natwo 2aéd/qebestti ¢ hydr ocar bons cont ai ni ng an aver agerafs2dosomczt o 8
chlorine atons and from2 to 5 sulfonyl azide groups per nolecule, and

m xtures thereof. Preferred poly(sulfonyl azide)s include

oxy- bi s(4-sul fonyl azi dobenzene), 2, 7-napht hal ene bi s(sul fonyl azi do),

4, 4" -bi s(sul fonyl azido)bi phenyl, 4,4'-diphenyl ether bis(sulfonyl azide)
(al so k noma&véys_t ®ranay eadh ptm;aiyla dofferdut respe(tivel thetadceng cadalyst, @mohy each

bi s(4-sul fon |g_?€Ehen )net h and .m xtures thereof Mst preferred is
4,4" -di pherﬁ? AR p g ?‘g(r PHBSY Ogi‘}“a'dﬁataeg?so desi gnat ed DPO-BSA herein).
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hydr azi nes by pdlyﬁaacuamulssxﬂﬁagleazidi:s émdltscloseﬂ iATISH, 52,306, ineggordted Hepoth 8¢,

nitrosonium _tetrafl uoroborate) has been used. Polysulfonyl azides are al so
descri béd itafersnse. phe poky(subonyiazigolis anyeqsnprimdiaving et least tvesylfoaykarider et y by
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starting neubstitated hydspaerbyl, hydrotagleyd ethenor Sallcoclrmtalmmgmgp,a)m’fbmbly t hat is an
armount sufficient to res in less.than 1 ercent of
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s than 2 percent, nost

preferably less th ercent, nore prefer
preferably & g*??%??é oy O\Eﬁ)ﬁe@rﬂr Sﬂ’é?%é’ﬁ?fpﬁ?g( f‘?‘fﬁ‘}“ﬁf’éti‘ieﬂ'é)c“ncu‘l’ﬂi’éed on total

wei ght of ht
rom 200 « 9UEE WMIEReiIE np oS NI OB Yhe RS RIERNR MRAAGLAL MR AT
amount of 3€aspohe/asbird mm;rlicoamaimbemmxpxes‘ andipdeferatily hasdsds tBan06@,omovei ght

percent, nore_ preferably 61 WO 2006/ 065651 PCT/ us2005/ 044643 | east
0.005 wi6i ghretsrbbelgss th%ép Wpgmestarshbly lass than, 3¢ carben @xygangsilisen alems. based

on 1ot ﬁ'e RRL I heseTRitd, DEQL Ot TP ir fL581 iR udih theihl RB%ho A%k By s adm xed

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 atlleast 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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pol ymer and heated to at |east the deconposition tenperature of the

sul fonyl azide. By s deconposition tenperature of the azide, it is neant
t hat tenpsoabewmsat which the azi de converts to the sul Pomys2evstonane,
elimnating nitrogen and heat in the process, as determ ned by DSC. The
pol y(sul fonyl azide) begins to react at a kinetically significant rate
(convenient for use in the practice of the invention) at tenperatures of
about 130C and is al nost conpletely reacted at about 160C in a DSC
(scanni ng at 10 C/ m npolyolfandkrides indmde syuhsiotiponndsas 1{%penthrico be about

100C by Accel erated Rate | orinetr (ARC) scanning at 2C/ hr. Extent of
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or nelt tenperatures of 15 the polyner starting materials. For these
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tenperat ur eﬁxlfoﬂ&l?azﬁde{%@uﬁsqﬁ} mofdcBleS Mid hix&BS theRof el‘ﬁ‘éfehegpgl&ﬁﬂgir)%n of the

coupling agent wth e polyner(s), wthout 20 undesira I

degr adat i onazide)$ inelude loyyrbis(4ratlfanylazidobérezend 2,7 eaplithdend biseslfangl adiénns of
the half life of the coupling agent, that ig, the ti required for about
hal f of th‘éga@éﬁl‘ﬂ?‘ﬂﬁﬁé‘df’@é%teégl’ §t4”-glpar~'@ééﬁ@&@l@@ukf@ﬁé@?dﬁl@? T
hal f 1iyes 9l hiGefPURlde RS azi dDParldHid(4 shifGhyl i eRTIRGRarRYaddSC | 1
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pr ef er abl y mixthres gterelfo Mostpretentet] és4,41-diphég] oRide Bd(sukfomy apiko} talsopol ynmer and
coupling agent is _cgonveniently acconplished by any neans within the skill
in the art.dospted PIP-854 bsseinhn is different in many cases, depending on

what rheol ogi cal prop i {.fd or
copolynmer it is desira lfdé‘(;f%ﬁ%%&é&%@%ﬁ‘ggn‘gyeﬁﬁg%ﬁ% @%Fg%?{ﬁ%g |%§Egns

possi bl e, pisdeewabthe cdelespviding saomsb ichlotifle, atthdupd oxidatien bhsdlfe@aylpol yner nel t.
62 WO 2006/ 065651 PCT/ US2005/ 044643 Preferred processes include at |east
one. of 15t hehyYdmzinggivit varigys magers enlgeusgerdndindmgen fatgxuigemitrosgnivin t he

PRI DR RO MR o AR i Al 20 7S,
achi eve t heg gmi924, MgtofRastbd Réteindh i8 ch@Beasyakfkancat | east the
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 S 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 deconposition tenperature of the coupling agent; (b) introducing, for
exanple, by injection, a coupling agent in liquid form for exanple,

di ssol vedwonoa/@wséstent therefore, or in a slurry of coeplriusgoaeestsin a
liquid, into a device containing polyner, preferably softened, nolten or
mel ted pol yner, but alternatively in particulate form in solution or

di spersion, nore preferably in nelt processing equipnment; (c) formng a
first adm xture io of a first anount of a first polymer and a coupling
agent , advaritag®dds|weight perdeetp®stprafeeabl yeatdedsh 80 18 weight pareetdassdpastbtal on
tenperature of the coupling agent, preferably by nelt blending, and then
formng a s&® Tadmi xture of the first adnmixture wth a second anopunt of

TR Doy e o K Ry ERRGAh! B SRl PSR bkea A, AT XO

with at | east one polyner, a I ona Ives, i's conhveniently

15 admi xed ipolydnet afié Biedtel ol Yeuer the deddaipokitiah teipekdtaie@F the safbay@AzidbYBW t h
other additives, to nodify the second polyner(s)); (d) feeding at | east

one coupbi ngeeqepasitiqyrtemperaiirg of the azide.iibismenep thatdempera@festaniich the azife

comm nut ed, for anpl e er irectly.into ftened or nolten pol yner,
for exanpl e,COPYFrﬁé? fﬂ%ps%ff?@v@’iqfﬁ%fee%ﬂ?‘ﬁﬂ‘éﬁ?‘ f’%ﬁnaé’é Ilg?hequoceéﬁ xtruder; or
combi nat i ongefeiBiRAby IR, TRIGAIY syl 82idd) HRARS &f reQ&'aYErﬁfneﬁéaﬁE}!dl(@fﬁcgﬁ)t
particles, and a sol ution of coupling agent 'n nethylene chlofide solvent,

conbi ni ng tratgétdneeniestfohudeliathet practso lof thetinventiph) at tenggpeattires of abouol80°C
conpletely coats all the side stream p0|$/°g_‘§ir ranul ar particles and then
n

drying the @ngisalmogfcompletehyrencted b abayt 4p G éssanning@ [0SEmimnt  dri ed

I i h h | i i f it . in,
i on 1 Aen Otrens eEmERIRmLTR AT ibo Rl FRAR s sk PG PE above.
25 AmoNg pr QARESY 8Sanhig At PPOMENELRM ofREREES BASfuhéon dffime AAderhforatBfeS At
preferred, with (c) and (e) nore preferred. For exanple, process (c) is

conveni ent | yhalowdevals ohdade usadan tleepractice ofithehneenfipn,she gtinyalpropediepesi t i on
havi ng a | ower | tin enperature,. ..a nt age |y at a fenperature bel ow
t he deconpodrt ﬁegﬁ’eflé’ﬁg]a&'ﬁggﬁg ‘%‘?SS‘?’H@HX% |fF?F_ged_(-);‘} fa_“éfﬁ%l%ofﬂ ‘&5 entrate
is melt bl ﬁ%@eﬁ‘:ﬂcé GFt‘He?nv%ﬁﬁ&(‘%eQ%Bﬂ'é?ehn&‘wﬂ?ﬁietéo%niﬁg& A8l et QD 6
melting tenperature. To conplete the couplfng reactton concentrates are 63

WO 20064065 @lpdahél et tng ratktak3 Foe gpecicadony, the ehperatude wheevaritegepesiat ur es

are sufficiently high to result in |oss of coupli ng agent by evaporation
or decorrposig’fﬁia@ﬁ,th%g)(o Ceprgfenply areptenthan 0% mere prefasehly mesater than 19°%Ker

condi tions which l,d I t ipsdhat effect. Alternatively, some coupling
occurs durinhoﬁgPﬁgé%%hl%ﬁrcf?ﬁégkhgp 1$Re&fi rst polynmer and coupling agent, but

some of the coupling Ppreferred 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 halflife is determined by DSC In the case of a bis(sulfonyl azide), for
instance, the reaction time is preferably at leasf 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.

62



5 agent remains unreacted until the concentrate is blended into the second
pol ymer conposition. Each polyner or polynmer conposition includes at | east
one honopolyessseseopol yrer, terpol yner, or interpol ynercansapbiaaal |y
includes additives within the skill in the art. Wen the coupling agent is
added in a dry form it is preferred to m x the agent and polyner in a
softened or nolten state, below the 10 deconposition tenperature of the
coupling agent, and t eat the resulting adm xture to a tenperature

en to h
at |east equal to thegffg@ber%%‘?qsﬁéﬁnql‘&ﬁﬂéi%ﬁmﬂéOﬁfhetfhléowiugwa) dmyg agent. Yet
anot her net : onbi i.de. | ,ng agept with the polynmer is
descri bed iﬁlg%%hg,t 1%7@8@% %gﬁqtﬁ%o%bgggoﬁﬁfeé@\&@%mais bstangiallyt j rety. The
term"melt mifresainigtur, andaeding mimmu@wnﬁh%&%&iﬁgﬂeq\qﬂ.ﬁt,f e)gag,g,leool yrer
1T m’bl oW n

is softened or nelted, such as extrusion, pelletizing, and
casting, themsbesiradedo achienscheeoupding reapiony aea tempetatfrennteasadte ot her nel t

processes. . fin a coupl.ing a t. are suitably conbined in
any rraﬁsner&g\%ﬁlln@ﬁélﬁgllégqn?pse("ﬁ%\re(ﬁ)z&ercé)ﬂgy%&ep‘gzbr}t‘ﬁté‘?‘@ﬁ‘ﬂl,& for exampdelby by ni xi ng
t he coupl i ngjecA&€ntcotbli copdiiLons which .al |.ow
sufficient rﬁ]e;(: in bct(a);!iic))rlgg5 ﬁtr @gtq?ﬁ%ﬁ?%fogegﬁﬁop lﬁ,%gﬁkgﬁlo%srﬂlgmgPlefe&r& i zed
reacti on t harin sshjrecaficogplitpsgeatsinlatliqngl, imelaidstivg ortaining pblysief, frab@bly f or

reaction. Preferably, a supstantially uniformadnm xture of coupling agent
and pol y rrerso?tgn‘?dg P}?itan BéF’GB@} %&w@% pat gligrmagively in particulate fring fn sdhation or

coupling t i al ) form adm xture.is one in which the
di s!to ri bgti ﬁgp?ﬁ{’fgﬁ’g‘ir? g&%@k?ﬁ %’fr?ﬁtp kéécegsg &verP ‘?eélt’s(ﬁ}‘%%ingﬁtfﬁfft B YEneous

to be 25 ewfadirstzondunt af phitsy pelymepridWectpliBg hgent, 380mkdokoRly &fa t 1 eat ment
according to the practice of the invention either higher "at | ow angul ar

P )
frequency (fBPera%Esissethanalpyt thedecampenitiontismperatigeief thocoupling agat, hi gher

angul ar fr e rad/s) than that of the _sang polyner
whi ch has ﬁot %gﬁ'nt(}{@[élét% %ﬁ%t%’dﬁ ﬁeen f(%:l)gﬁb iarfﬁcoé‘éieaﬁfm’btﬂ’ie Orfglée %ré‘e‘{?m%%‘&i ected
to the san‘eviﬁh@@ercoﬁdh&nbﬁh&rdfabeéﬁnﬁ;;ﬂry)’ner_(Ifékléxanﬂﬂ@fi@éﬁgﬁt}‘ate bfla EdMpliRg act i ce of
the 30 invention, deconposition of the coupling agent occurs after m xing

suffici ent ag@ptragwqd wx@na%sgg%p(ﬂ%%anmiousmﬁéﬁddﬁwas, i$ con®eniently
s " prat or SRR VPR coPSiBHoR B GpiSR M i b addtitee, | hat
[ oL RS Sl ORI B Lo A 1
nmol ten or felid Bams morg preferaie fipelp cemmanhted, 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 (¢) above.
25 Among processes (a) through (¢), processes (b), (c), and (e) 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 honogeneity rather than |ocalized concentrations at the surface.
Any equi pnment is suitably used; preferably equi pment which provides

suf fi ci enworodosgssand t enperature control in the sane eguiruseos 04443

advant ageously practice of the invention takes place in such devices as an
extruder or a static polynmer m xing devise such as a Brabender bl ender.
The termextruder is used for its broadest 10 neaning to include such
devices as a device which extrudes pellets or pelletizer. Conveniently,
when t her e ¢specialleprefarsedrwhsndemparatures atesugincigntlydugh fogesudifintidss opcduphieg  and

its use, at | east one step qf the proce f the inventiogn takes place in
the mol t  c38SPLRY GYRPCHaESN OyfsqomPoptipd i leafipe {EraciRsath fheprBmkadint i on
that the reggty &F&dt;ﬁ‘;%? wmk&bc\ﬁ lﬁap st %fpih\.fl@éﬁecem%hg\gvtegg%rmodpgmg Sedpef erred

that the reaction be In a ase to avol steps-for renoval of
t he sol ventdwingahéblendindiofithe firstrpolymer apd cpgsig ageobut 8&me ofihe ¢eupling
crystalline nelt tenperature is_advantageous for even m xi ng and for

reachi ng a 3esabiemsinsiunestedintibthe crrecaliels ipended dpio thagseonsd nolwunest ¢ he
sul f onyl azéq‘gxg;}soﬁtg'ﬁagﬁg%ﬁérgﬁawgr &Rﬁ@&%@%ﬁh@ﬁgrﬁ% £2r of ofd1e present

invention ta SI ngle’ apparatus, X|[|l|eg of the

coupl i ng aggithopulgm@otypityméraleqoly@h&Cer inkholyinériad Spidhalppvlaleys as heating
to the reaction tenperature of the coupling agent. The apparatus is

pr ef er abl y additbres vdthoutherskitiein thoat. Whem thesonphngrganias added imaduy formcit ew
extruder or. a hatch m xer / extruder syste The appar at us r referably
has. ot | eact Progeel Tl h et AR B R berehok PR En aolh bR The fir i
zone i s;or efRbAPbMLIBH tefnper RRYT dlcWolptl ddef, &Rt fh¥n B 183t {he r&Rftingn t he

polymer and allow it to combine with the 25 coupling agent through
di stri buti vaslmmixiireitp 4 Empestiys thleast afjva) taithi docampditionttemperatng: afitlee second

zone being at te ragture suffici.ent for regction of the.coupling agent.
To avoi d t H@UBIRS B o eLamgtEImsiod e coine aids cONRRPE SN AR RTRSur o
that the couRkiR®edqPus 6, 776Ul wiRbiPRIGDHdARd BQ@inﬂHlitXBﬁﬁretg). n alternative
preferred enbodinents it is preferred that the coupling agent be added to

t he post-reactor area of 3DhatepolyekpreEesoesss ugdpd mesn afjorrosesaimphiechen
pol ymer s a[fg prepared, .in gas1 has 65 WO 20({6/,0,656 1 PCT/ US2Q05/ 044643
€ oringefgﬁ

processt® t HBe EBlyPIer HgoAig ofieh AbFYiRcRe |etiziags iy blpgingeandor 1 qui d
formto thecasmggﬁg%@gf&ﬁmgﬁcﬁxg&gﬁrgﬁtﬁg i B enf BiHPheR IR On | 1

an alternative ment , cess of produci ng pol yethyl ene,
t he coupling agent i sThkestdgblefing(s)edndvenpligyagert ad¢ suitablyi cdmbirtetii anyt he
powder ed porlngge?)v/vlhiec%eregglgsei; dct:sri]reed ?f(:)alcggt{] ;[he;ezf, 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 renoved by decantation and prior to the drying and densification
extrusion process. In an alternative enbodi nent when a polyner is nmade in
a sol uti omopoemeses1 the coupling agent is preferably addedsbestolpsspol yner
solution prior to the densification extrusion process. In a preferred
enbodi ment, the coupled resins are substantially gel-free. 10 In order to
detect the presence of, and where desirable, quantify insoluble gels in a
pol ymer conposition, sinply soak the conposition in a suitable solvent such
as refl uxi migasyhstandiallypniformyinis tuge olrouplingag¢ni andamiymdd THB5ni80\g isret hod B.

A [ | ubl ti f . it is th i solated, .dried and
wel ghed. - mabrgeoR st eibdf BRTRSRE Sk Gt Bubb e e ™
conposi t i on.crybfullf mex ffiYefature 6t iWRIdHIbIVEd o R POkYITRId Bnditioh ¥ ufaﬁﬁ' ubl e
conponents i's subtracted fromthe initial weight and the weight o

non- pol yner iica selad messtoripagwhlabd form. dhapwitenbsmiekedsfolnh ismbeechréfenad oot h t he
initial and.final weight. ‘Ig'_ge i nsol Hble pol ymer recovered is reported as
percent gel {HE: gefeipy) rathsh thapdocapged coneeribaiansHt thesustagesyent i on,
"Substantially gel-freagn. . e . LS desi.nably < 10
20 percent, nore desira Iegﬁg)ﬂ%nglgrgg{éﬁoﬁyEspergé#rgfeg%}l’g%léﬂ%gr“l élzcrll]tp,rg‘r/%ggse
preferably sufficiepemixng andteiperanine eomtrad frethaBhnie squipBedtCRRtadvANRRoWRY €
preferably < 0.5 percent and nost preferably below detectable limts when
usi ng xyl end8ragtice efcthe gpvgatien takes placerin spoh dewires asan exgpiercaistatis palyaree gel s
can be tole Al r I nt ent n_be higher. efterably the
i nventive C(I;)[ﬁm%%l g %’%ﬁ%“% ggﬁgﬁra}geglﬁf’r;bﬁ%&(%r'pgl?ce(a)tffnagx%ogf gruse(g rétﬁiifor?g%@tt ype of

crossl i aki ngneagiafto inckBBLESdhices bOS BbviEkWRigh 8aees palees slgRatiized i n
WO 068530, incorporated herein, inits entirety, by reference. Exanples of

addi ti onal Cenwen¢nthykwhen digesris ¢ malicixgmeiophiep briseem piodustjonadfdadyadpnemi ne
ti duct bstit uted tituted i di : tituted

xanthat es. - ST RieHER gt iFoebibf Rise St i pyGriion HKGE Bfeke e B¥Bounds.

such as thi gzl stégh W@'it%withﬁﬁth%o%@@@f&@%ﬁof@ﬂ He2ORRODARE B ce

sul fenam des, thiuramdisulfides, elenmental sulfur, paraquinonedi oxine,
di benzopar atud savend cogthaemedinme gribpreferied tisat thvecation be irea ok ephaselie avady

i st 1 bt § o ls Miargiter tesefint of ifesihdivm BT Hbe POPOSC RN Gs. for PE
3408 pi pe pekdvRitARHGRalifie BRIt tARpafdrR Av AR 8B ERh nYixRighR fihat
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
conposition can be used to increase the service life of the pipe. Such

pi pes maywbeodemssesd by extrudi ng the conpositions descrichagésneisas by any
conveni ent nethod. US 6, 204, 349, US 6, 191, 227, US 5,908, 679, US 5, 683, 767,
US 5,417,561 and US 5, 290, 498 di scl ose i 0 various pipes and net hods of
maki ng the pi pes which can be used in enbodinents of the invention. As

such, the di g&l.egu - al ] of. recedi.ng patents are incorporated by

reference inﬁt ﬁgsi%’r fh%%{) | he‘%%gg n° E’%ger&a%f’éa%gt’ﬁ Sﬁh%ﬂ’o}ﬂﬁﬁe‘)f Lignidifomytathey | ar ge

di amet er andpdwederyd pdyéthylah@woﬁeage@eﬂsﬂﬁgﬁ&l§ Sirggmuflﬁiaﬂ%%g@sed resi stance
. e

to gravity flow induced sag is a 15 critical nee Y© pol ymer resin
conposi t i onsCTBPRAIMERL, g sk peasssschf panlucingipslyethgnbihé Boupliflg haknt KApgy 4

inch (101.6 ick.-wall. pi.pes as. per the denonstration data In Table 8.
Fromthis deﬁ@n@%&a@%ﬁ of hﬂl,ﬁdg?fgl W&bgpo‘ﬁ‘éﬁrmlyetbjdmﬁcﬁtet thersobettiibi t s hi gh
mel t strengtimevedby b ibn RAPELS! ! used.in the industry
wor | dwi de can be eag”&i/an%gh%?gdg u?éé%Z%%@‘r%%%%{eenﬁﬁﬁan%’f fepusion pEoSssadict s
i ke conpar g afemasivp kmboES)enEwhéDCRBYREEE Inade iSsdhuf AHB: 2486 cc%ugﬁ?éiovel

a ]

invention resin.has both the neJt strength to fabricate pipes o

di ameters arOdf Pretf‘?ﬁaélk’ﬁgg@e@ theeplympresolusionpoior th the dersifiqadend extrmidae
properties (Je6dts. RCP, and neeting the PE- 100 pi pe burst testing

requi renents. The conparative CS F and CS B sanpl es have excellent nelt

strength 25 but infer ilor pefeired ahbBdEmBR! heBBIIEE RIS | . RCP,
burst testi edfsegec' al | 3{ at elevated terrpe?gét]ur%s)n %Sﬁlgﬁ@&ﬁgggisﬁe&peri or
solid st't qu& F%éfﬁ%fé hsr RIpeneq els angiwherp desirabley quentify insolablgpHls idhe

inventive p It both superiar ne|lt strength and superior
solid stat e?)g rfor ?r%ﬁlgégﬁ%é’gpe?lp ?‘Za%‘ tﬁ%FQ/‘Fﬂ 14qpdn g,spighdesalyentaushisg  t he best

of bot h 't echefblxigi eferefon 13 hodt 8s d&skbed i A MY 20PRISARP GRIGET/A/S$2005/ 044643
O her useful fabricated articles can be nmade from the’nove r'ﬁélé’l ogy

modi fi ed colF8HOG RATEORPSibE sempoditersis thenfisulated airietl and weighied)gndRiy at | ons can

be used to,f: f f.abrj cated art.i cl or parts fromthe conpositions
di scl osed h(saélgilbnm%&%%ﬁg%“ffc})laﬁegd VPE?P%BB‘@’Eqdﬁf 8&‘?‘F6W“H?ﬁ1@ﬂfhg processes (for

1038 1 Soue, Vol ume 5. Nber 1L AR S e R AR ot et on
Mol di ng"  byisHubtegierhiromphe inétfal avetghd andothe w2Tght a7 flon-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 agents include phenols, azides, aldehyde-amine reaction products,

substituted ureas, substituted guanidines; substituted xanthates; substituted

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

66



"I'njection Ml ding Thernopl astics" by Mchael W Geen, the disclosures of
which are incorporated herein by reference) and bl ow nol di ng processes
(for examwbepoddssdst descri bed in Modem Pl astics Encycl opetiusb@8/044sl

Oct ober 1988 I|ssue, Volume 65, io Nunmber 11, pp. 217-218, "Extrusion-Blow
Mol di ng" by Christopher Irwin, the disclosure of which is incorporated
herein by reference), profile extrusion (that is, for pipes), calandering,

pul t rusi on, the like. Fibers (for exanple, staple fibers, nmelt blown
fibers or sp%ﬁ%ﬂ%@&s’t lﬂmd’(‘gﬁ]{‘iﬁﬁ%? emsntad siElfs) paragynonediexiaw, di scl osed in
usS 4, 340,(5§§,Zo{,£r r%uiﬂo%@ﬁrx%ﬁg,’orl&)l%binfg}tiglgsﬁtegr%gﬁ o U.S. 4,322,027, all of

whi ch are 15 incorporate erer’n by rere gel spun fibers (for

exanpl e, the system dilsciovsbtheblogimSdifibd4dmpdsifon fs@%ﬂfcﬁﬁﬁ?&lg&ulherei n by
(for exanple,

. 1
reference), both woven and nonwoven fabrics spunl dced

fabrics di sdPYLRYNE fransngssign gudstyibation pipevfop water,arisdsand othePliqui@f & ence) or

structuregs I 1 ber i_.ncl udi n exanpl e, bl ends of these
fibers with ot Sgr’ fﬁ%’é?@k é‘B‘Fbpeeri"ﬁ%P“é’, st %@Wbéﬁéozed@me@pmhmpam PET,
or cotton) egnalalrefcded aFEIRT FefOrhRsccR AR, lokds L 3¢Lgsed. herein.
A bl ow nol ded article of the %r esent ei nvlgéntllﬁgnmir)rg};?}dgéﬂﬂ%lﬁmﬁﬁ%?ﬁ?sétéfmoy bl ow
nol di ng t he BB Esase inmease dwsehact Igfo oy therpijseo ek plpe® tal BE estafdbe use of a
conventi onal Xpl w1 | di ng) machi.ne, preferably an extrusion bl ow hol di ng
machi ne, 25 é?r%?%{)%nc@nﬂj fans fesrabeddisran by amsconmepientyaatide, US 6,20h34%,ase of

t [ b i [ t ' ' I t 180C and
250C. The above Ropri anto Loual o Raryoer e agep! Pk Onashgol hcioper -

t enper attr e Vigousytipescwd mathods wfmakingitke piped WRich QilTbOfisca iﬁ&hﬁﬁfﬁn&ﬁ{?‘é shaped
pari son. Next .the parison is held wthin a shaping nold. Su sequen¥|y a
gas, prefer 19ve£tlio,n. ﬁistspg}bé}gp ¢pclosyresod aljof gtieqeeceddg phtehis anr inc@pbrated

i mproved bapy k&treR& ce properties, is blown into the nold so as to
68 WO 2006/ 0%565? P&?@%3§7F8’44643 shape the parison according to the
profile of the nold, Wi tkditigatorlef gipsypaRicdREy Mirkd Ghiet Zt f blow
nol ded articles include bottles, dr urms,p and aﬁt o%mti vgegrtl C lé}?’g@ch as a

fuel tank, BIPEREI2-Quches @1 mmb, inersesed sesistanse bogeviey flow imgluostbsagaxa door ,  an

instru t a facia, a bunper. beam .a center console, an
i nt aken?réqani oi g?h?d'sgglllélwear%l pé)?ysmegir?fénm SHipns afoa?%fawcr&asfé@agtri m an

ai rbag covefesisantdMCotiidtincladis g anfeh (10 £.6 58N Phickawalf ﬂigésdasrp%st%"c" roarea
w ndow shel f, a resonator, a trunk board or” an armrest.
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 Burst 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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Adequat e parison sag resistance and polynmer nelt strength is necessary for
produci ng acceptable bl ow nol ded articles, especially |arge bl ow nol ded
articl es weusks/msesdr uns and autonotive articles. |f theppwlysomsiosenel t
strength is too low, the 10 weight of the parison can cause el ongation of
t he parison causing problens such as variable wall thickness and weight in
the bl ow nol ded article, part blow out, neck down and the |ike. Too high
of a nelt strength can result in rough parisons, insufficient blow ng,
excessi ve cycl e ti mesOtherusefid fabricated Articdesrean ibe elagle fromethe ooyl rireglogsn be

carried out in_.an extruder ich, al so 5 for t he. pi pe, .film sheet, blow
ol ded ar t 1EPBEC cEmby sl ey FoB erI I GnBSberafienPhib yoah
extrusion %g@m LN Ge S84 26clesl Jolttall of a

sul fonyl azide and&'{‘)gtgPlg%a l'y %asd%agglg?éﬁg%ﬁﬁgrggnts dg@gscl %?‘?@%ﬂg’ed into the
pi pe, fil minclatimgtvarious injectiommotiingprexéssesdésr exampler thutadepaibedtn MudeinXt ur e.
The adm xture is_exposed. to a _nelt process tenperatu sufficient to

resul t i®n tﬂ%@&@%@%@fﬁ%gidﬁt%{wwlwwMPW@%SLwa@ﬁr,lbeapzééd pol yner
ol Con oyl 1isdertirpichSfivg SRR Mol BEE RARATASE d S B M on s o

nol ten cyl i'ndér; u n for the
formation ofinjacttinoMolmhgektrbbiasti®" bg MibiaeE WIGradh, BlRIcldIbfs oNRhRhRRDOVE.
Rheol ogy nodified polyners are especially useful as blown filmfor 25

bett er bubbheorperatsidiliergin by refergnes) end blpw oolduigaupcesies Clos exampl@dharer s

o2 heSor s in SR bR o e, B Rl a0 B RO PPiceen
appl i catl onguHp& 1119ph.1A 76118V titRRIRIBI¥ W MORIdY by Chris®pdr¢hih] the at | east 5

percent at |ow shear rates (< 0.1 rad/s), sufficiently high nelt strengths
to avoi d defisalosmtd effwhich isigcdarhenated hepirobessérenye) prafde exthisengthautsbfoe

strength 69 WD 2006/ 065651 PCT/ US2005/.044643 uring.blo | din and
U {161 ent IRPRYFAAIEIS: BRUSSPRATO G ke 0TS HBATAGHIS sapisdiers, BRONE) ¢ o0
faci | tat e ol dinbapdpibohasl fikrs AKATRBEATE LOUBRIESAsaRda LD |

strength of the startihg materiral is I nt ai or 1nproved. Filmand film
st ruct ur es 434Q, 563, Ua8.14/643c220f Ut S. (68 Soh) or U.8v4822,027, alhdf oaith ate be nmade

usi ng conventional hlown filmfabricatjon technjiques qr other, preferably
bi axi al%s orPeHPHRicdhepn by sefersnce),@nd gel oun fibers(ion sranple, thosisicd bubbl e

o 21 ianal 4 Blgu: £ ' e,
ﬂ]o%ﬁz S Ef] cydé?%gc%\ég F&ﬁal}g{f 418! 199Nint A pBRaRaHRRR S 65 retrEndlf HOMH W6 ahg" exanpl e

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 rﬁolding 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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Chem cal Technol ogy, Kirk-OQhner, Third Edition, John Wley & Sons, New
York, 1981, Vol. 16, pp. 416-417 and Vol . 18, pp. 191-192. Bi axi al

ori ent at iwo 200dossés®e nmanuf act uri ng process such as descr ipbeaiscovsd4dedubl e
bubbl e” process as in US 3,456,044 (Pahl ke), and the processes descri bed
in US 4,352,849 (Mieller), US 4,597,920 (CGolike), US 4,820,557 (Warren),
US 4,837,084 (Warren), US 4,865,902 (CGolike et al.), US 4,927,708 (Herran
et al.), US 4,952 451 (Miel l.er)., US 4.963,.419 (Lustig.et al.), and US

5. 050, hB1 (LT e bRrsom Sty epriaRaE e old gt hliod radliediFles 1 - om
the novel carapids ] i i be
made as descri bedési f@fméfl% éggh?gg%%ig%éawééﬁggﬁélﬁg@% uag%gesfa%?ﬁ _
oriented pabspghdpyileascatGatigia heed tost, b dyer bdlstene gwabeg Hodr Aginkeahéitques
for food packqg%&g appl i.cations gre descri bed i n Packagi ng Foods Wth

Pl astics, byP20fl frefmper facip, ajumnes deapp cpatles somsoler g intakgmanitoliga spoilep .

19-27, and igye" r sy I 6Sn : | r. FilmEXtrusion

Manual : Pr og e se sn%%aﬁ#é? Pg@g ,al%%?(})%gjrl’t %‘s‘%%% Ea%&-a%§x?p(ﬁ%f’ i*SREY tlﬁfilc%vﬁlé ATAPPI
Press (1992)fuid febervbir] aranwindoe sieHod @y&iato) a itk idapy & anfdrn¥Bst. The film
made using this invention can also be coextruded with the other |ayer(s)

or the filmcan be 25 | am nated onto anot her ‘| a¥er(s) in a secondary
operation, such as thdtdeguaie pampeog SspRresPHEkaYIdRpl B drelitengthlinntcesssry by

Wlnmer A J ' Ik n.(1991 r that d ribed in

" Cooxt r usi o0 RSO uaE st plow Rigtdedalhies! SgEhiy eqitmi iy

Soci ety of RBheésis ditmEagd AaeMStiREIECleEr BERAsHIAG Ml @rehfh iy tdo188 lthe PP
211- 229. |If a nonolayer filmis produced via tubular firim (that 1s, blown

filmtechni gieeght obthezprisoragandiause(aldrgationsof theparison caysirgsprdelsms siwhchsby K. R.
GCsborn and WA..,Jenkins, in "Plastjc .70 WO 2Q06/ 065651 PCT/ US2005/ 044643
il ms, Technaads SN dBElRs it G R e P e o TR b PN SFfng Co.
Inc.,  1992%owhidfd theltleo Stoohi@ ot inehsirsngt Gl 8 3h bl PR idhs Y srELigReNCe,
then the fil mmnust go through an additional post-extrusion step o

adhesi ve or blowingsixeessivasyelatimss andthedikher packagi ng material |ayers to

forma nmultilayer strycture. If the filmis a 5 coextrusion of two or nore
| ayers (al so descri beéﬁtﬁwa&'ﬁl%’rtﬁe SAEPRg SRR ﬁ%?@?‘ﬁ%‘“f"i‘ prextader whichplspe

| ami nat ed t Gorafddhd hipBilnd, IN&E HIGH M&éﬁ%ﬁage&@tﬁ Litgdw moqj(ﬁf?%&qi:lﬂge a5 khe

ot her physical requirenents of the final tilm "Lam nations Vvs.

Coext r usi on’prefgralply 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

69



Dunbl et on (Converting Magazi ne (Septenber 1992), also discusses | am nation
versus coextrusion. Mnol ayer and coextruded filnms can al so go through
ot her poswoesdgassésen i o techni ques, such as radiation i rd¢wasdoosnesss | i nking
of the polynmer and a biaxial orientation process. Extrusion coating is yet
anot her technique for producing nultilayer film structures using the novel
conposi tions descri bed herein. The novel conpositions conprise at |east

one | ayer of, the (QI | m @.ruct(gre Simlar to cast film_ extrusion coating is
is a filat diduripgblos Hokling and syifipientiwlow, aiseqsitiasdmensuseskat eghem bl Gradisbst r at e

either int ! 1RafI00 . CO ruded extrudate. Generally for
a multil ayelp?fDllergrf{sat ?%(1:1? ire #ﬁégﬁ%g%qlﬂéoglm%é@ﬁutﬁ%ﬁ%s todlgg%‘?sF B’éq:lteﬂ%‘ﬁei n
conprise at streagli obihe stagtyed materitlie nfaitaheddt ibdpkgr fil mstructure. O her

| ayers of the nultilayer structure include but are not limted to barrier

| ayers, and/or tie 20 Filayandstilnasiticowessrartiadantydienéfityfoms thisfmvemion amdcar i al s
can be used,for .these |ayer.s it h ope .of . t hem bei ng used as nore than
one |ayef | Refiiade uing C??‘%/eﬁglgﬁl\&ot‘m%&n %Bﬁﬁat'é’f‘ teghiques ‘g‘rﬁtg‘?‘i eterabhe | ude:

foil, nyl onpiaRidydrRAtivh Prdcestes QRBlas (WP Danted BRUNPRS &bble%h%}ééégy lidene
chloride (PVDC), PET, oriented polypropylene (OPP), ethyl'ene/vinyl acetate

(FXAI) co/pol quevmtiogaltwﬂgrdnéﬁmmmydewcs amiddsqrﬁé@,)fifmgipyml e She Eiicyclodpedia _o{

e ene/ nethacr C .,ac copol yner.s, i near | ow density

pol g;et hyl en@?—m%@i@é@y@mmﬁ%ﬁgﬁy@pﬁ@w FyoBh Negy ¥erk, adhesi ve
ol ymers L g Id h aifoh e 6h- + vl and paper.

gengr ally, (Ilﬂgel’%m’ ?}g{y‘{(}}r3 ﬁﬁr%ag{ur{ 'Slcglf g?.elgl?g%%ﬁégi%ﬁ%%%&?gﬂ% I ayelros. The

r heol ogye nodiahufactupiag proeess saokl as ddseriaddh at‘@subls Bbble? prodess &0n US
r heol ogy-nodi fied polynmers may be used alone or in conbination with one or

nore 71 WO3:20084% ) Aot tissproeessesalesribed St BRA49iMughen.4JS n a pol ymer

bl end. Wen b ¢ : I ent., 0 from any
of ‘the moai Freq sy COMN Y TH2D 531 EuRLERC US4 4ke ORUBEBELSGSE. 1 or

thi s i nvent (Gslikeret Ay, USW,9IQTE (Hegrad ket alnNOSi4{a5ed s heMRERGRNEDAS63 T YNErS 5
EXAMPLES OF THE | NVENTI ON The foll owi ng exanples are to illustrate this

i nvent i on atlestis ehdy), d e 5i059,48 REkysHs et Hay ¢an alserhe used oamakeddm are by

wei ght &l{'l e?t?uc%r@seﬁx\f.n%ﬁe 267 g&np@ﬁm ldgsscri()g&( Pler%fn. 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 nunmerically while conparative sanples (CS) are
desi gnated al phabetically and are not exanples of the invention. 10

Conpar at iwe 2&@mpkes1A (CS A) A pol ymer conposition was nmede/uspodsodcgas phase
reactors in series, wth a Z-N catal yst made in accordance with US

6, 187,866 and US 5,290,745 fed to first reactor only. The HWN pol yet hyl ene
conponent was nmade first. TEAL co- catalyst was fed to both reactors. The

reaction c It ' r first .reactor 15 were: H2/C2 typically in
the 0.015 ?@%%’0 :@ndrlg%ie}l,% %&éwlb‘?f‘?@f i%%ﬁecg‘ﬁ@nﬁ’%gs}i@g Co.,&®85: 1 range.
Et hyl ene pargo2ylth@aiesiostre of AHCchH inesi?wte%lqme}é?n 60r ﬁrhnc‘el?ﬁ%n h2 Jﬁ%épﬁsga) :
reaction tenperature of 70 to 85 C. [Isopentane or exfahe conde node
was used t& homghah additivha podthextiusian sieprof adindive opaanistontiginagsPRd r eact or

are: Hz2/C2 1.6 to 2.0:.1.  C6/C2 of zerg to 0.006:1 with a reactor
terrperatureoc%%‘?rpf'g]@g@&’Bmﬂél lgyers e form ammtilaner spruetuicalll the Sdmise of 70 to 110

i (48 : 1 of, 0.20 5 g/ 10 min,
025 o 0 S5 Eebmith mNNEETRARs lsclft Sodoh iy Srkpnhedinatin 5.
The LMW corstiiherieminated tanddifodl 1508 df pad@MheMatEridl, Bepen@ind®3 thOoted80

/cnB, hexene .capol ymer, having a_ MM M of 3.5 to 4.5. The concentration
gf HVW con‘é’&’ﬁ%‘ﬁ@e?%‘}iWGPQ ‘%@ep\‘gl?aééhp- okarphatios vsolgextmsionhimoBi t i on. Fi nal

' -1 A ' 1 g/10, m.n;. density is
0. 046 1 0 0. ST1e (Gl 1ol Bppcbigher fio2b oo el lemigition Vet - and
MFR (121/ 15pertsusion. tModfayeFaid coekatdddtilhiseah GlsY b§ BRShdothdr pégt‘réxf\;;l:gigf?se‘j on
Mv SEC) for a 0.4 g/10 min 121 is 5.6 to 7.2 dg/1 and for 0 I's 0.5 to
0.7 dg/l. NEPREuCHITNeh syadiatorsindoedgtonstlinkifigiof ther mdymdr and aGBxil 72 WO
2006/ 065651 PCT/. 8%95’4 044643 Reactor conditions for making the CS A resin
are shown in %ﬁﬁlﬂg ““>Siher e the abbreviation APS means average particle

size. 5 10 15 20 BEXbrudiBn 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 1s 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/viny! 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 WD 2006/ 065651 PCT/ US2005/ 044643 Table 1: Process Conditions Used to
Make CS A Reactor Conditions HWV Conponent LMW Conponent Tenperature, C
180 110 wWoesswssss1psi g (kPag) 282 (1944) 421 (2903) C2peRuspaisasdciiaa)
40.3 (278) 100.3 (692) H2 to C2 ratio 0.028 1.79 C6 to C2 ratio 0.058
0.003 N2, mol e% 75.9 29.4 H2, nole% 0.378 41.3 C2H4, nol e% 13.6 23 C2H6,
nol e% 0. 887 3.99 C4H8, nol e% 0.006 0.02 ICS, nole% 8.56 2.31 C6H12, nole%
0.79 0.058 Hexane, nole% 0 0.069 Triethylalum num (TEAL) 9.9 (4.49) 4.3
(1.95) Fl ondditipnal p@l«gxems) inpy pedyreer WhendraWaen addigicmal pedythirs 48: ptes(eﬁﬂt}&)y 35.2

16.0) UCAT-J .F / h 6 C2 Feed, ki b/h (My/ h
217 0 %21 3) Mgy bs eelgf%t ?‘O&MJ@CWB %‘%WH%‘ ‘gﬁéﬂg‘)“( gf’j‘e?%‘%@’?b'ﬂ(fés 00862( )H)Z
Feed, |b/h 02 (545
584 (17 f‘?:%h%“eg""% St by chlin o arfmodied G ifimddhted HeliShabhedisCP |
0.024 0. 001poryams Flow, Ib/h (kg/h) 5 (2.27) 40 (18.1) Bed Weight, klb

94.8 (43.0) 193 (87.5 er fIU|d|zed bul k. density 12.8 (205) 18.1
(290) " ( FDEXAMPLES OEREINVENT

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,1/1) is 80 to 150; and
MFR (1,1/Is) is 17 to 35. Estimated intrinsic viscosity at 135 °C (based on Mw SEC)
for a 0.4 g/10 min Iy, is 5.6 to 7.2 dg/l and for 500 Ml is 0.5 to 0.7 dg/l. Mw for HMW
is ~ 225,000 g/mol. This product is CS A.
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WD 2006/ 065651 PCT/ US2005/ 044643 Table 1 Conti nued Reactor Conditions HWV
Conmponent LMW Conponent Lower FBD, Ib/ft3 (kg/m 13.9 (223) 20.6 (330) Bed
Level , ftwOmoshéséd1(11.3) 46.5 (14.2) Residence Tinme, krc2B28s0%pase time
yield (STY), 7.1 [114] 3.8 [60.9] Ib/(h ft3) [(kg/(h nB))] Superficial gas
velocity 1.78 (0.543) 1.87 (0.570) (SGV), ft/s (ms) Percent Condensing,
W% 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 MLt Flow rate (15),.9/10 nin -, 0.35 MIt Flowrate
(121), g/10 nin 0.39 7k NG W@BP%&E@B‘%&%M tesipargshoparin Teble 19/ M3
927.8 948. 9 wherekhddtbsévidtion! i 8) 26.7 (428) Average
particle size (APS), O. Oéggon(%#%ﬁ?&%%%e?%@g%f%' in (nm Percent Fines,
w% 2.4 3 Sanples of CS A were coupled with DPO-BSA in the formwth 5
preferred process (c) or (e), in the range of 75 to 200 g/g with 125 to 155
g/g being the nost preferred level. There are no gels forned as. exhibited
by the high FAR ratings and the phosphate additive is not usually
consuned. Product does need special technology for inprovenent of FAR up
to acceptable | evels of +20 or better based on the reactor technol ogy not
the azide chem stry technol ogy. This can be acconplished 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 | SO

10

15

20

25

30
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9080 which with the excellent PENT and bench top RCP values is otherw se
defined as PE 100 performance as shown in Table 2 through Table 4. 5 The
novel reswo 20@Essiti on enbodi es both superior nelt streqgtus2605/0$693
resistance to enable the formation of all pipe dianeters and wall

t hi cknesses as comonly found in the industry standards worl dw de and
superior solid state performance properties. The denonstration run
exenplifies the superior nature of the nelt strength as up to 4 inch (100
mm wal | pi pe cddhde be Procds Codditipas ised IdMake:y At i ve sanples CS B or F

whi ch are known {—G—Lheseq—n—t-he—aﬁ—ar—hamwwengm_
Anot her evi dencd of Rn%ctgnﬁendwpmy i n meHMW Cemperen thc-LMWbﬁemponent

conposition is tfre—re gt povenent viscostty—at S—t—shear
rate (Fig 1). Hrom cile@éFrgﬁr?jn of the vel oci |11§0 profile fromgr algl ty flow
that is known tdg ”ﬂ%&u?&?hk?ﬂwgﬁ' the art, 3d @644Hal culal ed LhpapobBe

velocity of thelresin resufts in a shear rate 15 in the 10-5 regron.” Thus,
t he viscosity ngasur &dEPR, pstaqkPad)at t he nove#0.8¢@A8Psi ti on pol(yma(@Zhave

even slightly hlghex—w—sees-i—t—y—t—han—t—&ﬁan conparative sanples—CS-B-or
whi ch was validdted i nHekeCaaimst ration run @428. The nolel redi’d

conposi tion al sgcormst yperTor [perform propert Eb n d—for PE
100 performance.| PENT @gl?%teigr?tn&excess of 10, 8)'&?% and evepn ﬁ&eﬂxcess of

15,000 hours, at| the acgelmbrted PENT|testing goadition W th 3. Qg Pa
denonstrate the |outstandi na slow crack growth resistance and about a 100
fold inprovenert over HAemnlePs strengt h of i RSt ry I eadr ng pi gé&3resins
| mpact strengt h pper—F2231+—al-se—derpiistrates—substanrtiaFeur—tH-fes-

i nprovenent of dver of CZH4 melels strength i nduk¥®y | eading pi pe #esins. fhe

Tl t strength afd can WOPODPOAUe t he|heavy will i pes sl abova Thus.
pi pe manufact urgs havechgenmeens | nuously | ookiom@ef or a resin thato2 has bpth
out standing neltLstrength and outstanding solid state performance
properties. The novel l€ommek%ion resin now sbbles this jprobl eddiln a
single resin. 765 LUCJAG?_III%G;%'—; PETUE26057 044&%‘) W1+ To¥s © N
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, klb/h (Mg/h) 47.0 (21.3) 35.2(16.0)
C6 Feed, Ib/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, 1b/h (kg/h) 1202 (545) 384 (174)
IC5 Feed, Ib/h (kg/h) 880 (399) 2 (0.91)
C6 to C2 flow ratio 0024 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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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, ug/g 262 1.47
Al to Ti ratio 81.8 93.4
Melt Flow rate (Is), /10 min - 0.35
Melt Flow rate (I31), g/10 min 0.39 7.84
Flow Rate Ratio, I5,/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
demonstrate 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 solid

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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PCT/ US20080Q4é¢si%8651 The pi pe burst performance data |i st edTius2dalobasdt was
generated on pipes prepared per the.extrusion conditions listed in the
followng Tables 5 and 6 and tested per ASTM D 1598 and anal yzed per ASTM
D 2837-99 and |1 SO 9080-99. s Table 5: Inventive Resin Pipe Extrusion
Conditions for Burst Testing Property Exanple 1 Exanple 3 0092 CB MB, W %
6.50 6.50 Heat Zone Tenps Zone 1, F (C) 350 (177) 380 (193) Zone 2, F (O
370 (188) 390 (199) Zone 3, F (C) 380 (193) 400 (204) Zone 4, F (O 390
(199) 410 (210) Zone 5, F (C) 400 (204) 438 (226) Die, F (C 409 (209) -
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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 Spew0,2066085632 70 Mdtor Volts, volts 200 230 Mot opcAysseosiadeus | Load
47 40 Puller Speed, ft/mn (mmn) 9.3 (2.8) 9.5 TO9.7 (2.9 TO 3.0)
Rate, Ib/h (kg/h) 119.2 (54.1) 121.2 (55.0) Pressure, in Hg (kPag) 10
(33.9) 9 (30.5) 85 WD 2006/065651 PCT/ US2005/ 044643 Table 5 Conti nued
Property Exanple 1 Exanple 3 OD A oss Ok Good ID doss &k Very Good OD
Roughness Ok Good |D Roughness Ok Good Gels No No Die Plate Qut Ok

Smoki ng Normal Normal Odor Normal Normal Pipe Dinmension OD, in (nm 1.325
to 1.328 1.328 to 1.332 (33.65 to 33.73) (33.73 to 33.83) Wall (highest),
in (mm 0.130 (3.30) 0.129 (3.28) Wwall (lowest), in (nm 0.115 (2.92)

0. 124 (3. 15) 86 WD 2006/ 0656%1 PCT{US2005/ 04463 Taple 6: Inventive and
Control Resi{n Pipe EXtrusion Cfonditions f?r Bur st Tesfting Property Exanple
1 Control A —_ ‘o
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0092 CB MB, M%6.5 6.5 PA w. percent 2.1 2.1 Heat Zone Tenps Actual
Actual Zone 1, F (C 350 (177) 350 (177) Zone 2, F (C 370 (188) 370
(188) Zowe 2806/0654s€) 380 (193) 380 (193) Zone 4, F (C) pé2stdB8Dis6390 (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, rpm62.25 62.28 Mtor Volts, volts 200 200 Mot or
Anps, % Ful | Load 47 Tlie pipa burst p@ﬁ&&dncefdatmlnsﬁec(mﬂl?ableﬂ WaBgeneraled o pIpes2. 8)

Rate, Ib/h 3re ge 2 554 1;‘6%"?)’6’8111&3%%‘1%9 ssur |n Hg ékPag) 10

(33.9) 5 (1¥ Sraiit agl tegted | nued

A e S

Srmkl ng Normal Normal Odor Nornmal Nor nal

5 Table 5: Inventive Resin Pipe Extrusion Conditions for Burst
Testing
Property Example 1 Example 3
0092 CB MB, wi% 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(2.9) 9.5TO9.7
(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)




Pi pe D nension OD,

(3.33)  wall
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in () Wall

(hi ghest),
in (mm 0.120 (3.05) 0.122 (3.10)
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inlength (2.39 n) and the gap between the sizing box to the water spray
chanber is 10 feet 3 in (3.12 m. The water spray chanber is 57 feet |ong
(17. 4 m) .wdodeursséser cool i ng takes place after this chaohas2esoepys by

anbi ent cooling. Cooling water was 89 WD 2006/ 065651 PCT/ US2005/ 044643 60
F (15.6 C) which is reasonably consistent year round. Vacuum sizing is not
enpl oyed in these large sizes due to its cost and pi pe buoyancy i ssues.
Extrusion of Exanple 2 produced pipe that was within the wall thickness
tolerance of the 24 in (0.61 n SDR 7.3 (3.3 in (84 nm wall) size. 5
Switching to the Exanple 3 for the sanme pipe size also produced pipe within
specification. Mouving to SDR 6 (4.0 in (100 nm wall) resulted in a uniform

eci fi cat . (40in ( esul ted in a
Fabri cati on RRar Al ans Be Gkt IN-ACP B FitRlon COURTbA ritle TaHRE

fenperature pr

for

the inventive regins ver Puperty i ndust rly sksdmapled resi nCoX#btA 10 {2485 needed
to be lowered in lE (177 O and then on thellast two
sections 325 F (163 C(J092GBMRB, e r uddr spedf was aldj ust & from|35 rpm for
t he DGDP-2485 t gabouty A7 rpmfpr—the—invet tli ve—testns: 31) Headl pressures
remai ned the sare and QP 51‘?%§r currfent mgs equal| to 281 ess ¢n a base of
380 anperes for the RIP7fBPeRS' N [4) Malcfual €MPE at Upgpf,ncreased from
388 to 403 F (19§ to 227 C). 15 5) CQutler pipe surface was unchapged. 6)
VAl | thickness was wi t Bone 5 fFqP€) cati gns 880 (176pt h [Exasfd @72) ang Exanple 3
and the pounds per—foot—of_—pipewas—alhout 92 (302 kglm—The die settings
used are listed ijn TabZene2, *Ffa6) e 7: |Di e36xI 88t t i jngs3EHEBE) on|Die Gap Top
3.03 in (0.0770 M8 g TIptk e~v3 T {09843 M ott i=92—n (0.0488 m
9 o'clock 2.35 i (0.0?@?3%;¥(§6?The di e ggﬁg&*loatingg%ggﬁfng so the top,
bottomand both gides ggre per (@@ usted. 189d ios) trijal om) popecessary
adjustnents were |made to make the topland
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, 1b/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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90 WD 2006/ 065651 PCT/ US2005/ 044643 bottom uni form enough (for exanpl e,
eccentricity less than 12% for the nelt strength assessnent. The pipe
wal |t hi okoesss/ésssiati on was within the tol erance for tipeTpisp@sosicae. The
die gap separation fromtop to bottomwere defined as normal for this size.
Pi pe hot outside dianmeter and final outside dianeter were within the
expected ranges. 5 Total output rate was 780 I b/h (353 kg/h) for SDR 7.3

pi pe, and 650 I b/h (295 kg/h) for SDR 6 and 5 pi pe. The | arge dianeter
heavy wal | pipe extrusion conditions and pipe dinensions are given in
Table 8. The datq, ﬂhégp §P s generated using a die size of 23.892

i nches (0.607 m, Q ar ze of 19.998 inches (0.508 m, and a "forner

é(c):T/S Iuégoog; 03262:7380' s esprkpe'@ s > Exapi] “DoCHRSRA 1 woin
O AY4 Oto\,0/000 NW¥WDGMssr C- V CG@in NMM'pbull- Un Vti - N
0 000Q .~01dB06MOM- -~ MOInOC 't UNMM:' r H OM
00 ID Gloss Ok Ok
‘ oD Roughness Ok Ok
ID Roughness Ok Ok
Gels No No
Die Plate Out ' 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



MOO MONNMOOOOOO XONOO NOO O~NMM-r Ir ~QinNMMN
MNOO MO0 "t tn 00 OONNMN- Me O." in"OAv00OemOOODO
00 00 wONd/ss8iO Nr-. "1 00 0 NO ~ MOMM't topOr/US2005/00643. i N
O(xvivi ~ QA poOo~”r. "-~A(-MNOen MMN--" 00into N }~ NrTr-
y 00 ONN NMbA_OU 4 07:30anw EO Oa~.A 0O0oWw-~W-~
Q x o 92

o zZzzZzw

0

O

Examp les 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 F or DGDB-2480
s  embodies the same pipe technology as CS B. DGDP-2485 is a chrome catalyzed pipe
product and is made in accordance with US 6,022,933 which is included by reference in
this patent in its entirety. Examples 2 and 3 are CS A resin coupled with nominal azide
levels of 100 and 150 pg/g, respectively. The equipment used was a standard smooth
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 0of 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

89
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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.
5 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-

10 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).

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/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 2.53in (0.0643 m)
Bottom 1.92 in (0.0488 m)
9 o’clock 2.35 in (0.0597 m)

20

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

90
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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 1b/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” 0of 24.678 inches (0.601 m).

15
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char act erwetv@esss1bel i eved due to the nearly 10-fol d i rcrass@siomea®! t
viscosity of the coupled conposition at very | ow shear 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 fromthe creep neasurenent was
conbined with the viscosity curve fromDWVMS to extend the accessible range
of shear rates down to 10-6 s 1, and fitted with the 4- paraneter
Carr eau- Yasuda nodel per the previously defined equation 11. ,n =Cl G+ (C
2 X) ¢3)(c4 -1)/c3 (1 1) 10 The Carreau-Yasuda paraneter values are given
in Table 9. 96 WD 2006/ 065651 PCT/'US2005/ 044643 MO00 Ukn C w-It NN
k .-MOp O00WC{=+To MorTooO— v MQIr Nt OO ON

g

SDR 5.0
Example 3
4 o’clock

163.50
5 o’clock
180.10
6 o’clock
181.60

24 in (0.610m) 4
7 o’clock
169.50

Example 3

24 in (0.610m)
SDR 6.0
85.40 | 4 o’clock = 101.10

86.86 | 50’clock =102.52
87.54 | 6 o’clock = 102.08
90.35 | 70’clock =107.10

24 in (0.610m)
SDR 7.3
Example 3

5 o’clock

88.17 | 4 o’clock
85.75 | 6 o’clock
90.44 | 7 o’clock

86.63

24 in (0.610m)
SDR 7.3
Example 2

4 o’clock
5 o’clock
6 o’clock
7 o’clock

88.00
87.60
85.60

87.88

24 in (0.610m)
SDR 7.3
CSB

4 o’clock
5 o’clock
6 o’clock
7 o’clock

Table 8 Continued

Resin
Wall Thicl_cpesé, mm
Wall Thickness, mm
Wall Thickness, mm
Wall Thickness, mm
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The improvement in the pipe characteristics is believed due to the nearly
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
5 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=cy(1+(cx) Ve (1)

10 The Carreau-Yasuda parameter values are given in Table 9.
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Exanpl e Rvbrmoeeses1pr oduced fromthe CS C and CS A resi peTasdoodlosms3 from
the resin from Exanples 2 and 3 as shown in Table 10. The filnms were nade
with the process conditions listed in Table 10 with the equi pnent and
process conditions in s the bubble stability test nmethod section above. The
azi de nodification inproved the bubble stability to comrercially

acceptabl e |l evel s. What was unexpected was that the dart inpact of the
resin of Exanple 2 showed superior dart inpact |levels to the conparative
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15 inferior dart inpact. So there is an opti num w ndow of coupling that
achieves this inprovenent. Froma resin utility perspective at | ow shear
rat es thewwie@nwssdsy was | nproved by an order of magnit pde/vskéi3ouics3
sacrificing extrudability and the solid state perfornmance properties were
retained or inproved. The further unexpected results were that the
coupling reaction did not interfere wwth the stabilization package and no
gels 20 were developed in the pelleting process. Fabricators are al ways.

| ooking for inproved solid state performance properties at equival ent or
i nproved processability. Exanple 2 solves this problemby having an

i nproved bubbl e st abi I ity/dart inpact conbination. This can potentially

| ead to down-gauged—fitTmg. 25 Bl Taed ArTi ¢l e EXanpl eJAzi de coupling
post reactor nodi fl,;.;atl onfof [esi bieds| bl gw npl dijng Qy increasing nelt
strength and decre g Pa®i spn s Fhis al|l ows th&priodu¢tion of large
parts at down gaug ;@I ¢hi @k nd réibvet% tfe [resi r@s €npfr oved
stiffness 99 WO 20 656'52 PCT/ DB/ 042643 &7l oy Verti Cal | st acki ng of
5 druns versus the rums‘fl it Bcunbent standard | bl pw r#ol di ng
resins. Thegﬂl gher dersit_ i npr ov 5t fff ne§gs W t hout gacrificjng ESCR

per f or mance E whi chf 1's Ipossi blle be se the fdew fesijn dgsi gh has sel ectively
i ncreased ¢nono iln the HWV g

B .

c

ment. The npr@ed coirbi nati on of
properties tai necﬂbyd hexi nignt gesjiwm f:Ex agpl 4 anf3) | are
deronstratedin,, TajpEe |81 aId gy

S
& 3% The c@pgdl se  pf viscosity
at | ow shearg (0(_‘02 ma /s { requend J\g@

4

) 8

| Higure 2|shows tlhat |the]inventive

resins haved rrpf:ov ar equi vial er] ng riesi gt ance tlo incunbent| | arge part
bl ow nol ded= (L BM—prfodutts-{Th T
q

[
CTease N the ijnventi veé resin tan delta
(Figure 3) i% tHe [esdlt [of jncr lg

rosg-1inkin compani ed by an
increase ingl ggtilcity angiane] t g '@t hi on| couplijng. |Thelinventive resins

BTG |G
" o
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have i nprovel pzoce@sa@ | | &y ga @e 1Y) B @er‘rpgst raftch bﬂ % he i nherent
low swel | (&1 d®s (d@edier {€onfTol <of | gar fies o pr oYr ammi 1, aster line
speed) of tr§a egl er -Nat 3T elsi n4Q gt&atfer gheaf thjnnilng (ratfo of
Vi scosity a rad/s to vj scasi ty at| 200 rag/s)| and hi gher| nelt flow
ratio, broa (ED llecullar weight (di stributi-gn—{rparted—by+thel bi nodal
desi gn corrblgwe Wi [t h _qlz@i de coupl iing.
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The inventive resins have better inpact properties and a superior bal ance
of ESCR- stiffness conpared to the existing products. 100 WO 2006/ 065651

PCT/ US2008004¢ki%851N W N .-. NMN O UON.-. ON N eoriB200044840 A\O
P NN MO0 00 00O OVONN Op"'~U . O~aol d 00 NMin 00 EV OON
-o0 MO. _ ON w b. yNyC gOOMOOM V~~Uvi ONrr ~0O

N aow,o00
Film Example

~ Films were produced from the CS C and CS A resins and also
from the resin from Exa1hples 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

1o 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 biow 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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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
pérformance, which is possible because the new resin design has selectivély 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 at low shear (0.02 rad/s frequency) in Figure 2 shows that the inventive
resins have improved or equivalent sag resistance to incumbent large part blow molded
(LPBM) products. The decrease in the inventive resin tan delta (Figure 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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r-1 UuUuU Nww NNH102 WO 2006/ 065651 PCT/ US2005/ 044643 Azi de

Coupl i ng wbd 26W6/06adsal yzed Resin The following is the desecirpisc@anefess he
reaction process, along with the pelleting process and the product
description, each enbodying the technology invention for thick sheet
extrusion and thernoformng, and, in particular, thernoformng sheet 5
grade HDPE resin. O her applications may include blow nolding of the resin
to large size containers, and the preparation of filnms and pipes. Each
application will benefit frominproved nelt strength (as neasured by ARES
Rheot ens) and i nproved | ow shear rate viscosity, w thout sacrificing

extrudability, and while+retajning critical solid state perfornance
properties. 10 Represgntafive| Pollyne Synthesis The catal yst used was
UCATTM B300,oa Cr O catlal y$&, pmdiltde amgmél conppund, and, in
particular, @ Ti (O i Prq (:@_rrpqgndg The U@\TTM I $ tfademarked and is a
property offynion Car Qi~de [€or por gt on and The DoW Cheni cal | Conpany. 15 The
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reactor, with UCATTM B 300 catal yst, fed as a supported catal yst, or as a
slurry catalyst, or in solution form Oxygen was added to the reactor to
adj ust t hgomeddochdsew properties, and to increase the coUUNUSIWS/044643

i ncorporation. The @Q2/C2 flow ratios were in the range of 0.005 - 0.050
ppm Reaction tenperatures varied from 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 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 mMmto 1.1 nm, with a bgtkrdersitypinthe 25 range of 20-35 pounds
per cubic foot. Fines were generakty(tesissthan Powei ght) percent through a
120 mesh screen, preferably |@g8s |ghal i gB perclent [through a 120 nesh
screen, and nost preferably IQ%S Ehans0. p-we=ght=pefrent t hrough the 120
mesh screen. The pol yner nay| be gpnqgunpqd ﬁjtf%other additives, and was
typically conmpounded w th one on note stabllirzers, jsuch as Irganox-1010 and
| ragos-168. 30 103 WD 2006/ 065651 PCJI/ U4200%/ 044643 Product (Base Resin)
Characterization: Melt index [¢f tthe prodgst [Sas|Hedsured by M2 1, was in
the 5-20 g/ 10 nmin range. Thewensity wasli ngd hez0.[®040. 955 g/ cc range.
The nol ecul ar wei ght distrib&ion, ps nMeasyged by |V 21/ ML2, was in the 75
to 200 range, or in the "MV Nh" % rapge ([6f T-25[cnHgxene was used as the
conononer. Pol ynerization condirtionsran baig esti—1 andom
et hyl ene/ 1- hexene) properties areEJiéEed;belgML;Polégerization Condi ti ons
Tenperature C 99 Total Presqufe|€pr|g) (348 xEt [}l g Partial Pressure
(psi) 249 H2/C2 Molar Ratio | 0%c CGFCAIbIE Ratile- 0{0019 02/ C2 Fl ow
Ratio 0.023 Catalyst Feeder |Rate~(sfpt/|&n «~1. 0~ Sdpenficial Gas Velocity
(ft/sec) 1.69 ~
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Bed Weight (Ibs) 80.7 Production Rate (Ibs/hr) 29.6 Residence Time (hr)
2.72 Fluidized Bulk Density (Ib/ft) 19.1 STY(lIb/hr/ft) 7.0 Base Resin
) Propertiwe 2gagsesn M (12) 0.14 Reactor M (15) 0.66 Reattsrookiogdai) 12.6
Reactor MFR (121/12) 92.6 Reactor MFR(121/15) 19.1 Density (g/cc) 0.9486
Residual O 0.28 Settled Bulk Density (Ib/ft) 30.2 104 WO 2006/ 065651
PCT/ US2005/ 044643 APS (inch) 0.037 Fines (thru #120 Sieve) 0.252 The
pol ymer was Auzide Qoeplingof GrzCaalypaBdsed wi t h DPO-BSA (4, 4' - di phenyl oxide
bi s(sul fonyl azide)) in the formof a nolecular nelt (MM, and in t he
range of 50 - 200 ppnThfb llowing is the %ﬁﬂﬂpﬁm}g @ﬁA@aomEpToissséLﬂBng)wggilﬂﬁ \rllgst he
timmlev : h Rt esence o0 e.stabilization ac i ,
such as 5 | fﬂ;gﬁ%ﬁ%@@% erpgi‘%uo{s‘?ef%%ﬁ%?aéﬁmpﬁm thetgghnology inyentiomde
name of 3: 1 fettheek sheettxeaslbomhnd m&&lc%nnihg,%a%_ﬁ%ﬁl{&ﬂﬂﬁ%&?@gls&%{ bowax
400 in the 50-600 Bgmr_ange was added to~ retain co or “during the"
conpoundisng &tdeBPEaesim. Otherapplicatéms atyenclade oy nodlbag of aidedih Welatdet 0 t he

' ‘ i t ' t he 10
phosphi t o adieCB<ES oy aian et RE seniess: BROUMEICHIE WioBd ol
th, dmw ' ' | fii: et egd
o oduct. | oy Guad b LRt et e pa REr) RS MO LERE I Rt oy,

Rheot ens nelreteyiscesity withont sa@iftoinpsixtmdabilitysamisihije @taiding &@ticalblid state

i nch/inch/sec.. The "Ml ecular Melt (MM" is the specific formof the azide
péiformance properties.

coupling
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 O,/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
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product received fromthe manufacturer. It is essentially a 1:3 nolar ratio
of BSAwth Irganox 1010. This is not a physical m xture, but rather a

co- preci pvbavetbebdsend. This blend is essentially a eut ectrivso0sheses mel ting
poi nt can be tuned over some range by preparing the product at different

| evel s of crystallinity. A nore full description of this blend can be
found in US 6,776,924, incorporated herein, inits entirety, by reference.
Mol ecul ar nelt is treRfoddct(Base Réskd CHarReidizitione and i s added along with the
other additives in the additive package at the manufacturing facility.

Azi de coupling was collidndax afithepradict,30 nesasurediby MIZhmpises thee§-20 gtlben

anal yzed for_.basic sikn characteri i data and rheol ogical properties.
Ther nof or neau%}:?élg?'_ j;\gerczen[sﬁ)éwa% ebégéio(r)?%fstﬁ?‘i‘fﬁf‘%er oh2e mpletylasyeight n Table
12. Comver cHRibRasmh, hs mica$R8by B2 1/M12 wal ¥ Ae ’FSOt()tZ'OQ lr@ggéﬁqgi%o‘g\ﬁmﬂ”

(pol yet hyl ene- based copolymer  with density O 0.95 of 10.5
g/ 10 m ny. ran@&ofBE220b6xGr5EE sy thiS26Har iddiet 6 R3lyniEanarincdoaditiBasaind M ( Comm

M is a Cheyron-Phjlljps. Marl HXM 50- 100 resin pol yet hyl ene- based
copol yrmer w4 r?féhé?’t‘t?g‘tftl\‘/g.e@eighﬁ’f@&), Propefties aug istgd g?.]GWO g/10 min). Resin

D5110 is a gas phase ethyl ene/ 1- hexene copol ynmer with density of 0.950

g/cc, and %ﬁ 10 g/ 1‘)!m n, and a M2I/M5 of 22.5. Representative
extrusion caP0 en%atlon LY in Table 13, and resin properties are
listed in T efdure 266 WO 2006/ 065651 BGT/ US2005/ 044643 W~ o0 0 0 , ..,

vii o ONo o lid, '-" O WooCrn WOOo0,-. 00-. -NO
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 (lbs) 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(IS) 0.66
Reactor FI(I121) 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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APS (inch) 0.037
Fines (thru #120 Sieve) 0.252

The pblymer was post reactor azide coupled with DPO-BSA (4,4’-
diphenyl oxide bis(sulfonyl azide)) in the form of a molecular melt (MM), and in the
range of 50 - 200 ppm, or 25 - 200 ppm, DPO-BSA, with 75-125 ppm being the
optimum level of DPO-BSA in the presence of the stabilization additives, such as

s Irganox-1010 and Irgafos-168.

Molecular Melt (MM) is the trade name of 3:1 eutectic blend/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 atl 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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O-yp Inmin MI
Commercial Resin M (Comm. M) is a Chevron-Phillips Marlex HXM 50-100 resin
(polyethylene-based copolymer with density 0f 0.948 g/cc, and a MI2 of 10.0 g/10 min).
Resin D5110 is a gas ph‘ase ethylene/1-hexene copolymer with density of 0.950 g/cc,

and a MI2 of 10 g/10 min, and a MI21/MI5 of 22.5.

Representative extrusion conditions are listed in Table 13, and resin

properties are listed in Table 14.
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Resin viscosity data is showm in Table 15. The viscosity data taken at 100
sec-' shear rate sinulates the viscosity of the resin during an extrusion.
The viscosity data taken at 10-4 sec' shear rate sinulates the sag

resi stance of the resin, for exanple, the sag
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resi stance during a thernoform ng process. Based on the simlar viscosities
at a shear rate of 100 secthe coupled resins are expected to have simlar

ext r udabiwot2ges/msest hat of the uncoupl ed control or comperajsadosnesun ( Comm
S). In addition, based on the simlar viscosities at a shear rate of 10-4
sec', the coupled resins are expected to have simlar, or inproved, sag s

resi stance, as conpared to the uncoupled control or conmmercial resin (Conm
S). 112 WD 2006/ 065651 PCT/ US2005/044643 UG O N'ON.- O'" UN IiEN
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PCT/ US2005/ 044643 The resins were tested for strain at break. The stain at
break is w0 200wissatii on of the thernoformability of the wpesius2o05hescdata is
listed in Tables 16-23. The inventive resins have conparable or inproved
results over the control and commercial resins. Sanples exhibiting a

| arger strain .at  break m)re extensi bl e) can accommpbdate nore extension in
an ext ensi ohﬁfmmsﬁﬁﬁg’éia a8 sheyen Wamb&ﬁglia Theghsosityedateakemaal00estaht y W | |

have the ab behavi or have reduced
t hi nni ng dth%\g%él?la%e %k%lé%sn I WB’S&F%"& u‘B‘?gaé‘WEIQESTLRE@FW Wataitaignlabwer

viscosity (00* @écd%héeﬁlrit}{ siul4tes thiishd rebi n V' t' es, and
will be useful for filling out flsnéerre g@%%jﬁﬁ an %0? g‘%’&ﬁ ol ed resins
showed r el atqskﬁ@lnye dmrtglaethmrqurmmgpmcesshar deni ng. The coupl ed reS| ns had

i nproved extensibility and | ow viscosity, and thus, had inproved

t her mof or mabi |'i ty pr oPasetlioashe shinélsevi@aities S shiear ra&lcyftl 0o Qectlothg CHHQ&Y ed
resi stance to. sag make t he i nventive resins espeC| al y Sul f

t her nof or m W@‘“ﬁ?’iﬁ’é‘é@%‘&d toque H@h@k?xtgtdﬂblﬂlty as thatef thesncospledcentrél@ras true
strain, is ghg . opal deformation that applies to both

pol ymer nmel t's aagii Fﬁicfgogjn? J&’a‘%‘egﬁﬁﬁﬂf’f‘ YRR WSCOssS alsa @ﬁaﬂ nstron
tester is usethf I0Hecdmukaou Iea@ésﬁhs%éle cted b rivalshall where Lo
is the initial length and L tg t he en)g’t%h at time _ar?ﬁ'lhgeg\/eb stral n
rate is herﬁméfé!*‘?enéhcoé@amd_tett QJI'M(OD)IIMQ@ cordrodi of e)rmnastaafﬁsuqmome)t he | ength
of the sanple is increased exponentially. On the other hand, using an -

el ongati onal device with a constant gauge | ength; such as the dual wi nd- up
device of Sentmanat (described in U S. Patent 6,691,569, relevant portions
i ncorporated herein by reference), a constant Hencky strain rate is sinply
i o obtained by setting a constant w nding speed. A SER ( Sent manat

Extensi onal Rheoneter) is a comrercial version of the device described in
U S. Patent 6,691,569. The SER consists of an attachnment for a
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ARES control strain rheoneter (TA Instrunments, New Castle, Delaware (USA)).
The attachnent fits inside the ARES environnental chanber, where

t enper at we 20&/0656s¢ontrol | ed by a flow of hot nitrogen. pEeatshag/owmss carri ed
out on strips, cut out of a 114 WD 2006/ 065651 PCT/ US2005/ 044643 0. 5mm

t hi ck conpression nol ded sheet. A constant Hencky strain rate was appli ed,
and the tinme-dependent stress was determned fromthe nmeasured torque and
the sanple tinme-dependent cross-section. The extensional viscosity, or

uni axi al stress growmh coefficient, was obtained by dividing the stress by
the Hencky strain rate. 5 Table 16: Strain Data for the Control (Uncoupl ed)
Hencky Strain rate (s) 20 10 1 Extensional Viscosity (Pa s) 81090 12430
306000 Tine (s) 0.13 0.31 2.71 Hencky Strain at Break (Hencky 2.6 3.1 2.71
strain rate x tine) Table 17: Strain Data for D51 10 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 177 frarnjrate x tinme) Table
18: Strain Data for Coigrercial |Regsin|S -Ien,ky Strain Rate (s) 20 10 1
Ext ensi onal Viscosity @Pa s} 29700 7673p 2p58P0 | Tine (s) 0.07 0.2 1.89
Hencky Strain at Breaksl.4 2 189 (Hengky|straip ratel x tinme) 115 WO
2006/ 065651 PCT/ U820055§04ﬁ64;§ Japle (\1]9 \oSt'_rqaor\l Dat a flor Comrercial Resin M
Hencky Strain Rate (S]«20810=1|— [— [—= [© |~ [& &
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Ext ensi onal Viscosity (Pa s) 29050 38570 87630 Tine (s) 0.08 0.16. 1.03
Hencky Strain at Break 1.6 1.6 1.03 (Hencky strain rate x tinme) Table 20:
Strai n Dawe 2bewockssanpl e 1 (39.7 ppm azi de) Hencky Strai mcRatseoos®ige420 10 1
Ext ensi onal Viscosity (Pa s) 51740 48940 243700 Tine (s) 0.1 0.16 2.52
Hencky Strain at Break 2 1.6 2.52 (Hencky strain rate x tine) Table 21:
Strain Data for Exanple 2 (71.2 ppm azide) Hencky Strain Rate (s") 20 10 1

Ext ensi onal Vi scosi t yTdResia waeGdded/B7 Sthid 43864k THe®aik 80bral08 o 21 1. 94
Hencky Strain at Break (Hencky 1.6 2.1 1.94 strain rate x tine) 116 WO

2006/ 06565 1nBieFHaihe smaelegnabyiyiof teaesist The dlatD@tliﬁtffdd{} Tﬁkbsqbﬁé3?P( 10 )1 7
' | 0 10 1 t ' | SCosity a S
50720 40560 3RO e FRH L Sash bt ammptoygalgiR  %6he i amd dak 161 2

1.34 (Hencoynrfértial fesihat € x tinme) Table 23: Strain Data for Exanple 4
(137.4 ppm azide) Hencky Strain Rate (s") 20 10 1 Extensional Viscosity

Pa s) 39820 60700 17k ThitaideS)1 %]J@P Laln at Break 1.4
(1.4 1 (Hencky strain rﬁgt%es ex ti }re _i@%g?%t{)a?%éﬁr ee ?‘%(X)g%sqtgéscﬁpts Sheet
sanpl es werascgmmpdate thoire exterisivn iDah tRtendonad prdchs. Qugine haviag a Mgher

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 pofymer melts and solids. If an end-
separation device such as an Instron tester is used, the Hencky strain can be calculated
as L(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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resin and an azi de coupled resin (Exanple 3- scal ed-up).
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Table 17: Strain Data for D5110

vide couple

strength, as neasured by sag,
, the contro

is inproved to

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'l) 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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and commercial counterparts, while the extensibility, as neasured via
extensi onal 20 viscosity, is maintained. In addition the viscosity shear
rate respwoeocalssdsitgh shear rates is very sinilar to tlperaspiosolscand
comercial resin control, such that extrudability should not be

conmprom sed. This neans that inventive resins will possess both inproved
shear response (sag), w thout | oosing extensional response, such that both
r heol ogi cal Tabdg ptinSteain Bata fonPoomedcialResit Me conpetitive counterparts. This
should 25 translate to products that have favorable rheol ogi cal performance
in the sheet- tHwckp$oainiRag @8y ket gl aceppThus| progycts {rom thi s T pvention
have preferred a 118 WO 2006/ 065651 PCT/ US20P5/ 044643 g¢onbi nati on |of
rheol ogi cal pERRAsiIbAAVisREitP(A]Y) arfd thegsEoT of M ngsappl 1 fati o Tm|the
case of azide nodification,” Inprovanents in bpth shear f|ow and exténsi onal
fl ow are [uUnexpect edy; ant ageous [pr opbe(zgl ES w@cli6u>i s = Coupted C

Cat al yzed |Resins 5 Po YIET S for she therm)fo'rn‘i‘ ng equir a bal ance

of rheol ogitcat e bhatrance—+—s—+nrboth hear+-ow-and
ext ensi ondl fI o%vgncgyﬁk%mta;gfe@ are llar ge1 %and [ api dll éhear and 1 ensiional
def ormati dn c?ﬁy heet and therroform ng process. Regponses to |arge
and rapi d |def éﬂﬁ’é VS a‘&éﬁt&?f&m&ﬂ the size and rate of defprmation apd the
ki nemati c of—the defornmation or -the f\]lpﬂ of eformationl Thus onelcan not
10 neasure the response. in one type of deformation, and use this result to
predi ct another "deformation type. In this case, both shear and extensional
flow measuTaiﬁea@SSMR@at$fongamplarit(3@5r]1pm ztmxia)ons to the extrusion and
thernmoforming of the parts. Extensional flowis a defornational flow that

i nvol ves gt r etlddricky SthiaRates¢st pant { nes, 20vhi ch|is nao the [ caselin sHear
flows. 15|The azi de coupled resing show i nproved sag resf stance, in shear
flow, as |nme&stensidndlVivdostpealsy at | osy7abear | rat agogoThe lcoupdzgoregi ns al so
mai ntai ned extrudability as neasiured by visgosity at 100 sec -1 shear
rates. Injthe extengiQn gj VI'SCoS[TYy ngasurepent 5 Hoth [Viscpghty and the
strain rate are i nproved. This cpnbination of inproved |[sag resistgnce in

shear fl oW, edc'i@rsﬁ- Ot Bre&oST Ty andzzu stTarn e g ex1§§§| omal fl ows
are unexpecte as” these propert| es general ly run Counter t'o eachjother.

Thus, resiins have a particularly preferred conbination
of rheol ogi ca(if}fe%rﬂc?{c%ranreag gheat and therpoform ng applications| In the

Table 21: Strain Data for Example 2 (71.2 ppm azide)

Hencky Strain Rate (s'l) 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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inventive resins, the inprovenents in both shear flow and extensional were
unexpected results. 25 The uni queness of the azide nodification is that

t he t echrnwbagy/osssks even on pol yners that already havechiugboosmhicss
strength, in conparison to other low nelt strength polyners |ike

pol ypropyl ene. The effect is a significant change in the low shear rate
viscosity at 104 or 10-5 sec" shear rate. The azide nodification nakes the
G resi ns. Tabsp2ih dStrsaDiata forBxample 8t(1¢1.7 pphhagidepnpeti tive counterparts. In
addition, there is 119 WO 2006/ 065651 PCT/ US2005/ 044643 no significant

reduction{in tlpﬁna]g}tsty@nala@qgryi te llevel sp so [he pypductp rengi n wal
stabilized in the presence of the goupling repctions. Extruded shegt and

t her nof or Mfe0 PRElsiSHH VaskEsi Negs | Ui val e 0 the ptgd resin.
Ext ensi ongl v?sgossf;&%b)r/ is%ls1 o%jejd qQver 7%@ corrpe?llr9 |6(§/e arlgéxm resin.

Such vi scagstty s preferredTmorder—t tarant—t i ng

ext ensi on |and durin lIget(ff’]erm)form' ng oE’e ation. THQE’-" Fi | )m Appéar ande Rating
(FAR) " f or—these—sheets—+spreferably—zere i gbly ten
or hi gher, andE%%ygrﬁ?‘BatBF%‘erably 20!8r hilgher. 2806/ 065651

PCT/ USZOOE/O44?I§3 CLAI M5 What is ¢laimed is:{1. A conposition, cornprising
the reactilon pHERYStaMrale)time) | r gt conpositf on conprisjing a LMV

pol yet hyl ene conponent; and a HMAMpol yethyl ene conponent, _and 5 (bB) a
second conposition conpri sing a coupling anount of at |east one

pol ysul fonyl azi de, and wherein the first conposition has a substantially
si ngl e peallable 28n Strhid DataforeE xanmpde #M0E37ed pprt heide)onposi tion has a PENT val ue
of greater than 1,000 hours 10 at 80C, and at an applied stress of about

2.4 MPa. 2. AHeeédySira ReelEho alpi pe, 2g0nmpriging: 1o 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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(a) selecting a polyner conposition having a substantially single peak in
an LTD curve; (b) coupling the polymer conposition with a polysulfonyl

azi de;  hyoawebssgsiextrudi ng the pol ymer conposition topteruseddssdgiupe. 3.
The conposition of Claim1, wherein the conposition has a PENT val ue of
greater than about 3,000 hours at about 80 C and about 3 MPa. 4. The
conposition of Caim1, wherein the conposition has a 20 PENT val ue of
great er t harflampadisheet 3G9 indsuedingg thabeattstapion 6f the  MBPabernid fdviRr, Wherd e

it f . Claim1l. . wherei.n.the conppsition has a density greater than
about 0. 040 retcv S G b Gt vered ek gt i PR ofsbosiben ¢ o

I | 21/ 15 from,15.t0 50.. 6. The
gg(r)n’)gg?t ?orrqu{l)%reg diﬂ?ne f{e%erg?&eﬁ)nsrag F])lél%ﬁ(l\fﬁ\? B%Pyeff%‘ relfﬁ'g dissancg ob s sBeRt SPic udes

a conononer feal thetokhyf frame aemga il Lfsﬁigsdnshﬁmagfoffﬁ%gts@a&ép(tugﬁ{ ahaip! efi ns.
7. The conpgsition of C aim6, wherein the conononer conten ranges from

great er fhafhah™ag pesitiongd to deteetsheet sariat\ie BBy OBBGBVEnPTHeWSRRGS R EhE43 8.

The conposi t.i ' i he L t hyl ene ¢ onent incl udes
a cormggmar Eés%fagég{eggdgé %?rrql[? ﬁ%wgtg%gea&}%g}'%\{aﬁglbg& ef’@‘r@fggpa&ew?é- ol efins.
9. The conpasiekedoutof tHd diel) #d inb ehefoln GREFBAOMEr content ranges 5 from
greater than 0 to 3.0 wt percent. 10. The conposition of Caim1, wherein

the first conpositionTheresplitsafsheet sag fveskeets heawd thor IGBGecdhils irlthe opamesi ti on

of Claiml, Lo the first.co Siti I S | ti modal as determn ned by
o 10 12, R BB Tes a7 o TECH AR op e ofze TRy 98 thpaig DaAE)

conmponen} CRIARY dndqRe CHAMeAGaIN &1 Per cent by wei ght of the conbined wei ght
of the HMW conponent and the LMW conponent. 13. The conposition Qf A aim

1, wherein the LMV pol yet hyl ene
Table 24: Sheet sag

D5110 Comm. M Azide Coupled
(Example 3)
Average Measured Sag 2.5(6.4) 20(5.1) 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
theological 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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conponent conprises from33 to 52 percent by weight of the conbined wei ght
of the is HWNconponent and the LMW conponent. 14. The conposition of

Cl ai m 1, wbeoaiosséshe conposition has the followi ng propertiseds/oddesd
density of at |east 0.94 g/cc as neasured by ASTM Met hod D 792-03 Met hod
B, 20 2) a nelt flowrate (15) from0.2 to 1.5 g/10 mn; 3) a flowrate
ratio (121/15) from 20 to 50; and 4) a nol ecul ar wei ght distribution,

M,,/M,, feonbihstidnoof4Beolégichl ﬁwpefti%is fortsh€et A HRAh YR APFlIGABRO "Bhe
conprises from30 to 70 weight percent of the conposition; has a density

of at | eastc®¢8bazidemodifisatinms snproderhgntoih bagTilledr o2 a08eNetsion] Bowhas a nel t
flowrate (12) fro \Rﬁ@% to 0.2 g/.10 mn, and a flowrate ratio (121/12)
from 20 to %'é,‘p%%‘{? AEOFEORFASpol yet hyl ene conponent  conprises from
30 to 70 werghtludGisCettuddd Ehe tglg%@g@“' on; has a density of at |east

0.940 g/cc, as l?n::as?uredupgy AST?VI 792-80‘%? Met hod B; has a nelt flowrate
(12) from 40 to 2, 00Rolghi® for shectand tHeamoforhimpweduiteca baddrico of thédlogithl f rom 10

to 65. 122 WD 2006/.065651 PCT/ US2005/ 044643 15. The conposition of O aim
1, wher ei n RIRBeTHEH B halance i 1g pothshear dlov andyaxtensiogal flow, spce thepomrepayey. 16.

The conposi tj af ' g | [{hon | .coupled with
| ess than 2 ng%lﬁ Sh%qﬁgk%}?&ﬁt‘ ghy lz[i%ﬁ%{alg nl?ﬁ%%’b‘# ﬂ&\%vmr?ot§ éag Brere e,
conpri si ng Réspbess to ng drgHd deformitngRgedd @itht bige afdReSotdefinffio ai m 1.
18. A pipe, conprising at |east one conponent formed fromthe conposition
of O ai m 1.2anlghe kinematigseof e defermation or thiséynsiof defosmptiqne Tiwss, enevgah ot hi ckness
of 10 up tg 4 ingches (10.2 cm). 2 Afilm co Lsing at | gast one
conponeht f%l?ar%{frlﬁ ¥ 6P érﬁg o] es?é)qegmlo%ﬂaﬁﬁﬁn%{hmﬁ? TFRETIFLAGCT ai m
20, wher ei nidférnaGionBRel I ik daSe, Bothihest i leRtentifs flofaReasafénRafstn e
pol ysul fonyl azi de.
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 10~ 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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15 22. The filmof Caim 20, wherein the filmhas a higher dart inpact
strength, than a filmmade froman otherw se identical polyner conposition

t hat | ackwoaoosssg@hi ng agent. 23. The filmof C aim20, polrarsesos/otdsas fil m
has a greater side-to-side bubble stability, than a fil mmde from an

ot herw se identical polynmer conmposition that 20 |acks a coupling agent.

24. The filmof Caim20, wherein the filmhas both a higher dart inpact
strength ango gighifRaiteEdRSL I Me 8etilR JRURINE 1@&:&?&& ﬂhE?rodh@l@'?erﬂaifn!v&LeW made from
an otherw se 1dentical polymer conposition that |acks a coupling agent.

25. The bl ostabibikeikid the presdnee of th€caipling feactibvet ei n- t he article has 25 hi gher

tensile inpact and Izgdtﬁli&ggagt vadathj?es, and at |east equal ESCR val ues, than
a blow ol ded articl®& sheep Ardthermnafemygdpart sydtacs srqothsss iseauivaleplosi t i on
that | acks @th@gh’cfbh n - hel f.Claim17,
wherein the arfic eb{ég r%%bgf{ %eﬁg?n%? Esﬁ]g)él%\rlys faHgérgﬁD %Ié&h%ac(ﬁp%eﬁti?wlex

2006/ 06565 1reRinT/Suti? 0i36dsitg 4bpt8ferred in drderetb gdinthid parihiekgest Bexiny &@shsfonow

behavi or of a resin, the nethod conprisi r!gi(k:_‘eacti ng a pol ysul fonyl azide

with a conpd¥hduriag athermogesming enezation. T\ Bidm\AnpegtancecRating{BABN! foathese HMN

pol yet hyl en, ] n n ein the .c osition has a substantially
si ngl e peaﬁgFﬁggﬁ%E%ﬁ%qufgg?pgg@mémﬂﬁgyg?ﬁggﬁgnP%@@B@dmgéﬁﬁﬁgFF?on has a
PENT val ue grefegabep2®@or Ripiggr. 1, 000 hours at 80C and at an applied stress of
2.4 MPa. 28. The nethod of Caim 27, wherein the conposition, after the
coupling reaction, has a nelt viscosity, at a shear rate of 1x10-5 rad/s,
that is 2-fold greater than a nelt viscosity of the polyner resin
conposit%ion at the sane shear rate. io 29. - The nmethod of daim 27,
wherein the conposition, after the coupling reaction, has a nelt
viscosity, at a shear rate of 1x10"5 rad/s, that is 5-fold greater than a
nmelt viscosity of the polyner resin conposition at the sane shear rate. 30.
The nethod of C aim 27, wherein the conposition, after the coupling
reaction, has a nelt viscosity, at a shear rate of 1x10"5 rad/s, that is
10-fold 15 greater than a nelt viscosity of the polyner resin conposition
at the same shear rate.
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31. A conposition, conprising the reaction product of: (a) a first
conposition conprising a polyethyl ene conponent prepared in the presence
of a chr onpumdmas@d cat al yst system and (b) a second ceopasasomes3
conprising a coupling anount of at |east one 20 polysulfonyl azide. 32. An
article, conprising at | east one conponent fornmed fromthe conposition of
Claim31l. 33. An sheet, conprising at |east one conponent forned fromthe
conposition of Claim31l. 25 34. The conposition of Claim31l, wherein the
pol yet hyl ene corrpone(gtiA'i%uni nodal as determ ned by GPC. 35. The
conposition of C ai m3%1, erein the pol yethyl ene conponent has a density
fromO0.890 to 0.975 %ﬁc..%\ﬁéél \6\0‘2006/ 065651 PCT/ US2005/ 044643 36. The
conposition of Caim A IHHBIRRCHSt he pol yet hyl ene conponent has a density
from0.930 to 0.960 g/cc. 37. The conposition of C aim.31, wherein the

pol yet hyl ene conponent hascempsstion, emprisng the reagtiof BYIYSERT 5 33 The
conposition of Claim i n: vz lpmﬁ? atpltoh 2 from
0.1to 15 g/ 10 m n.'( éﬁ’\!ﬁ:g{m dr%%%’@%t"?lg’h&g?% ai Oé%%ere%l ?ﬁnet’aadm

pol yet hyl erhem\mzsg%gmenempomahndrom 1to 50 g/10 mn, and an M 21/ M 2
from4 to 200. 0. The conmposition of Caim38, wherein th ol yet hyl ene
10 conpenent has a Mib)a $qcond GOMRPSEPNEOWPIIHNG a Cﬁﬁﬂlwuﬁ?ﬁﬁtg"aﬁ Y 4 to
200. 41. TQ)(; c&n&gsi .%i ondof Claim 3.1, wherein the pol yethyl ene conponent
has pol ynerBo%2SY P He A8CH 8% onononmer sel ected fromthe group consisting of

C3 to C O al pha- ol ef i Wifereifl the FdEconPER@Sh hhPNsustablidiyBimde pskan ah N TChe
pol yet hyl ene 15 conponent has pol yneri zed therein. a conononer selected

fromthe group awmnsd,std ng of propyl ene, 1-butene, 1-pentene, | -hexene,
;;ﬂhigt ﬁ;?eﬁgd 1-oct env?lieré]ig 'theTcQ)?np%girtri%r? ?stt zii PBNQ’fvage%if rgre?é er t}%eir,(ﬁjor}lome
10 at 80°C, and at an applied stress of about 2.4 MPa. ‘
2. Amethod of making a pipe, comprising:
(a) selecting a polymer composition having a substantially single
peak in an LTD curve;
(b) coupling the polymer composition with a polysulfonyl azide;
15 and
(c) extruding the polymer composition to form the pipe.
3. The composition of Claim 1, wherein the composition has a
PENT value of greater than about 3,000 hours at about 80 °C and about 3 MPa.
4, The composition of Claim 1, wherein the composition has a
20 PENT value of greater than about 6,500 hours at about 80 °C and about 3 MPa.
5. The composition of Claim 1, wherein 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 (I21/ls) from 15 to 50.
6. The composition of Claim 1, wherein the HMW polyethylene
25 component includes a comonomer selected from the group consisting of C3 to Cjo
alpha-olefins.

7. The composition of Claim 6, wherein the comonomer content

ranges from greater than 0 to 6.0 wt percent.
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8. The composition of Claim 1, wherein the LMW polyethylene
component includes a comonomer selected from the group consisting of Cs to Cjq
alpha-olefins.

9. The composition of Claim 8, wherein comonomer content ranges
from greater than 0 to 3.0 wt percent.

10.  The composition of Claim 1, wherein the first composition is
bimodal as determined by GPC.

11.  The composition of Claim 1, wherein the first composition is
multimodal as determined by GPC.

12. The composition of Claim 1, wherein the HMW polyethylene
component comprises from 48 to 67 percent by weight of the combined weight of the
HMW component and the LMW component.

13.  The éomposition of Claim 1, wherein the LMW polyethylene
component comprises from 33 to 52 percent by weight of the combined weight of the
HMW component and the LMW component.

14, The composition of Claim 1, wherein 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 (I1/I5) from 20 to 50; and
- 4) amolecular 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 (I2)/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-792-03 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.
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15. The compositioﬁ of Claim 1, wherein the concentration of
polysulfonyl azide is up to 200 pg/g.

16.  The composition of Claim 1, the wherein the composition is
coupled with less than 200 pg/g of polysulfonyl azide.

17. A blow molded articie, comprising af least one component
formed from the composition of Claim 1.

18. A pipe, comprising at least one component formed from the
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).

20. A film, comprising at least one component formed from the
composition of Claim 1.

21.  The film of Claim 20, wherein the composition is coupled with
less than 150 pg/g of polysulfonyl azide.

22.  The film of Claim 20, wherein the film has a higher dart impact
strength, than a film made from an otherwise identical polymer composition that lacks a
coupling agent.

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.

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 polyrher composition that lacks a coupling agent.

25.  The blow molded article of Claim 17, 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 lacks a
coupling agent. '

26. The blow molded article of Claim 17, wherein the article is a

bottle, drum, or automotive part.
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27. 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, and wherein the
composition has a substantjally 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.

28.  The method of Claim 27, wherein the composition, after the
coupling reaction, has a melt viscosity, at a shear rate of 1x1 07 rad/s, that is 2-fold
greater than a melt viscosity of the polymer resin composition at the same shear rate.

29. - The method of Claim 27, 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.

30.  The method of Claim 27, wherein the composition, aﬂer.the
coupling reaction, has a melt viscosity, at a shear rate of 1x10° rad’s, that is 10-fold
greater than a melt viscosity of the polymer resin composition at the same shear rate.

31. A composition, comprising the reaction 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 least one

polysulfonyl azide.

32.  An article, comprising at least one component formed from the
composition of Claim 31. |

33.  An sheet, comprising at least one component formed from the

composition of Claim 31.

34.  The composition of Claim 31, whefein the polyethylene
component is unimodal as determined by GPC.

35.  The composition of Claim 31, wherein the polyethylene
component has a density from 0.890 to 0.975 g/cc.
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36.  The composition of Claim 31, wherein the polyethylene
component has a density from 0.930 to 0.960 g/cc.

37.  The composition of Claim 31, wherein the polyethylene
component has a M12 from 0.01 to 20 g/10 min. _

38.  The composition of Claim 31, wherein the polyethylene
component has a MI2 from 0.1 to 15 g/10 min.

39.  The composition of Claim 31, wherein the polyethylene
component has a MI21 from 1 to 50 g/10 min, and an MI21/MI2 from 4 to 200.

40.  The composition of Claim 38, wherein the polyethyleﬁe
component has a MI21 from 1 to 50 g/10 min, and an MI21/MI2 from 4 to 200.

41.  The composition of Claim 31, wherein the polyethylene
component has polymerized therein a comonomer selected from the group consisting of
Cs to Cy alpha-olefins.

42.  The composition of Claim 31, wherein the polyethylene
component has polymerized therein a comonomer selected from the gfoup consisting of
propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene and 1-octene.

43.  The composition of Claim 31, wherein the polyethylene
component has polymerized therein a comonomer selected from the group consisting of
1-hexene and 1-octene.

44,  The composition of Claim 31, wherein composition has a gel
content that is less than 10 percent, as measured according to ASTM D 2765-90.

45.  The composition of Claim 31, the wherein the composition is

coupled with less than 200 pg/g of polysulfonyl azide.
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