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POLYETHYLENE COMPGOSI TI ONS AND Pl PE MADE FROM SAMVE
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
waayaeto4matt er of the present application i s PEVES®A7/062546
to U.S. Patent Application Serial No. 11/264,900 filed
on Novenber 2, 2005 and entitled "Miltinodal
Pol yet hyl ene Conpositions and Pi pe Made From Sane, "
anpOBAE PHYNENH E0M P OST2IONS N D P PENTA D2 FROM & AV
entitled "Polynerization Catal ysts for Produci ng Hi gh
Mol ecul ar Wi ght Polynmers with Low Levels of Long
Chai n B ekt Er AN R g REERTED, REBERIATIBRRY POT at ed
erein by referencé in 1ts entirety for all purposes.
FI ELD OF THE | NVENT| ON [ 0002] .The present djsclosure .= .
[0001} ¢ ot S@ﬁcbmav%w ® %@tt%%h%aﬂaﬂds &ﬁﬁ% talie>. it Application
~sane, nore specifically to polyethyl ene conpositions
Serialf Np.  HEOHAML kst on NoEThGR. BPES 90d enfitecodVipitpsaodal Polycthylene
BACKGROUND OF THE | NVENTI ON [ 0003] Pol yneri c pi pes
Compbaitiens @yl RipeMade Fedm Sapes and SormyWNa[dpl350 202 diksl Babekarnad2, 2006
for highpressure fluid and natural gas transportation.

and cR@lAMPolyEndizRes) TaME s8EWE PRIduaidY AR IBSIcONAT WeBhaPolymers with
pi pes including being of relatively |ighter weight,

[ | : 23 e Ve, : :
Low [BigR: PELoRR O Tk oL RATY R nB0P BBt Higreim by
nor.e .easi. | haped during nmanufacture. Such pipes are
referelGE RIS GRS U {ORAT B0t eases during Lheir 1ifetine
that may result in_cracks or breaks that are expensive
to repair, especi allEyDiQF SHEURNMEONEIGMhere the pipe is
buried in a structure or underground. As such,
[0002pol yherpresepi gieslostay rddecs wopilymack ¢comnposions and pipe made from same,
i ndustry-defined standards depending on their intended

more REificHo} i yethyldk bimdbsitieiedot the td@ufaatard efdiglopreedure rated pipe.
pi pe has often been optim zed to provide a nore

durabl e end- usgARKGROBNIPOF THE INVENTION

[0003] Polymeric pipes have replaced metal pipes in many applications such as for high-
pressure fluid and natural gas transportation. Polymeric pipes have several advantages over
metal pipes including being of relatively lighter weight, more corrosion resistant, inexpensive,
more thermally and electrically insulative, tougher, more durable and more easily shaped
during manufacture. Such pipes are exposed to numerous stresses during their lifetime that
may result in cracks or breaks that are expensive to repair, especially in situations where the
pipe is buried in a structure or underground. As such, polymeric pipes may be required to meet
industry-defined standards depending on their intended use. Polymeric material used in the
fabrication of pipe has often been optimized to provide a more durable end-use article for
example; higher density polyethylene resins have been developed for pipe applications.

[0004] High-density polyethylene (HDPE) is widely used in the fabrication of pipes for the

high-pressure transport of resources such as natural gas because of its ease of processing and its
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exanpl e; higher density pol yethyl ene resins have been
devel oped for pipe applications. [0004] Hi gh-density

w@eioyaotoyt ene (HDPE) is widely used in the fabPCT/EHS100TI062546
of pipes for the high-pressure transport of resources

such as nat ur al s be se of s ea of _processi .
excell Gy 4G PERTReR i BSP dHE o SO LRHRIBE 1 FISRoIGHE oo detisity (and
fracture toughness. The polyner resin density (and

conseguatlE theedvnpify efitbe cawléant plpg} is tdrrécterecs@metaémitto phqpleyd-bearing capacity
directly correlated to the | oad-bearing capacity (or

(or dedigaisgnsss bf @sspipofvhtieethpihjphemtherpolinhe rhsighlensityhtbe higher the load-
pol ymer resin density the higher the | oadbearing

bearingaaagdity Yof Me fehi@tahsivt haddschRbdiCinaBe Qfﬁél%rﬂyqeél}eﬂd'ﬂa Kh&rishnaswam:
r%rt?%?g by Rajendr%EK Kri shnaswamnmy entiti Y

entltlleﬁnghMZkﬁ o?fqutietdnl ﬁllotg[ﬂg égﬂ[drést FiGmf ?’Eééy hﬁurfe rtggg?ﬂ%p‘g%gh -density

rupture testing o enS|ty pol'y ene
" hed P
polyeByRRE (ABEE) RRS Publise ol if e P}?&OY%{W&'X&ISW 357 BAes 11664-
reference herein.in its entirety. However,

11672hw§1wbr1é§§w20r@t§§ By @ﬁ%@ﬁtheawm At GGy ml%qwemeé d’lPFév@r high-
adequate resistance to slow crack gromh (SCG as this

pressurg gah grampstt appheadnnsrodist dfo havd adequito regpitgnes t mlow crack growth
service. Cenerally speaking, increasing the density of

(SCG} hethipois the mokesinimoie efoda e Saitune f @ dsaiaissitvanec eGaferdliyespeaking,
resin and the resultant pipe. Therefore, a need exists

1ncreafsi‘ﬂ§ P& D AR d]§1ﬁ&d1%§ilnfd%5regéeg M PSEESUEiRa RIS the resm and the
applications to have a good bal ance between densit

result%rﬂ §3 1? S e él%ﬁefgl‘% aNGRed %9W¥ I%PE'_ESIIHMM&GNO& qlqg?—hressure -pipe

erein s mer conp Pt on conp
densi t ua 0 reater than t 0.947 g/cc a
applichigji tp ﬁa@qan%wthaﬁa&&%%% dopiti nﬁaﬁcfdimﬁsrﬁ% about 30
g/ 10mn, and a tensile natural draw ratio | ess than

about 14167p- 12$B8VIMMRY OHTHE INVENERS t y(g/ cc) of

the conposition. [0006] Al so disclosed hereinis a
[0005pol yipsclosatposh is ©polgmapedmspasgioa coemsising anihsityadqudl taver greater

ratio I ess than about 14167p-12958, where p is the
than a86RS. 947 /€, @ highdbad Melt GIFRPint hsut 21gdl Omin to about 30 g/10min, and a
tensile natural draw ratio less than about 14167p-12958, where p is the density(g/cc) of the
composition.
[0006] Also disclosed herein is a polymer composition comprising a tensile natural draw
ratio less than about 14167p-12958, where p is the density (g/cc) of the composition and
wherein less than about 1 weight percent of the composition comprises non-polymeric
additives.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a representative tensile stress-strain curve.

[0008] Figure 2 is a graph of molecular weight distribution for the polymer resin samples in

Example 1.
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wherein | ess than about 1 weight percent of the

conposition conprises non-polyneric additives. BRI EF
WOEBCRV1BTT ON OF THE DRAW NGS [ 0007] Figure 1 iBCHUS2007/062546

representative tensile stress-strain curve. [0008]

e 2.is a graph o erIe | ar [ di.strj t|o
[0009for Lﬁlﬂge&dpgrgg} hy §ffnr§flg gﬁ.ﬁr rqwnrag ﬁgﬁ& CTOT i) }rmer den51ty for
gure 3 is a graph of tensile natural draw ratio as a
thepdmtrrmsmplwnﬁmmp&e%suty for the polymer resin
sanples in Exanple 3. [0010] Figure 4 is a graph of
[0010} enskipererdaits urg@hphdofatendilatnatura slraw frativcdsi ofunofiort efintendile yield stress
yield stress for the polymer resin sanples in Exanple

for th%polﬁﬁ&'ﬁbhﬁ@a@ﬁ%@ﬁil Bk OF THE | NVENTI ON [ 0011]

scl osed herein are polyethyl ene (PE) conpositions,

PE pi pes, EE%HEEME;}%&PW&N“@FWIN\?@I@W hods may

conprise preparing a conposition and formng the

sitign into a 0si ti
0011 0T HIRUA ehcd PlBfich AP E P BB B T gniymethods of
nodi fiers. In an aspect, the PE conposition conprises
making $imepd SPchpmethods inayh eomprise MR eh & EetPraiRsiion: ik foaping the
di spl ay enhanced physi cal properties such as increased
composginsingme eiftco BEA’E [cOmmpoditidihmapEobwsiec nd¥i hasqaysilbend optionally
uni nodal resin, alternatively a nultinodal resin.

additiHgre@infodifidte Innaadabedtythe BE camposiyioe com@iden a bahedas PEGesin and the
the formof its nolecular weight distribution curve,

pipe p’rep%redt th&cRORGRLPMERaP Enlﬁngard%s@{ll ﬂr&?ertﬁ’é%l NP hs 1\9{@1‘695{&1 resistance
racti on, frequency or nmber as a function of

to SC{P' ecul ar wei ght. The poI yrrer wei ght fraction refers
the weight fraction of nolecules of a given size. A

[()()IZEOI YA Pgabalsg %es?n rrrrri)allye%leJ laa{mi\rl\nl%idglh}es{jnl S'itéﬁn?t%e'l;‘? ra]1 l’%lfll[tlrnodal resin.
Herein, the "modality” of a polymer resin refers to the form of its molecular weight distribution
curve, i.e. the appearance of a graph of the polymer weight fraction, frequency, or number as a
function of its molecular weight. The polymer weight fraction refers to the weight fraction of
molecules of a given size. A polymer having a molecular weight distribution curve showing a
single peak may be referred to as a unimodal polymer, a polymer having a curve showing two
distinct peaks may be referred to as a bimodal polymer, a polymer having a curve showing
three distinct peaks may be referred to as a trimodal polymer, etc. Polymers having molecular
weight distribution curves showing more than one peak may be collectively referred to as
multimodal polymers or resins.

[0013] A polymer resin may have two or more components that may be distinguishable
from one another, for example based upon their individual composition and/or molecular
weight distribution. A molecular weight distribution curve may be prepared for each individual

component of the polymer resin. For example, the molecular weight distribution curve for the
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single peak may be referred to as a uni nodal polyner,

a pol ynmer having a curve show ng two distinct peaks
woreap7helonef erred to as a bi nodal pol ynmer, a poPgIES2007/062546

having a curve shomﬁng three distinct peaks may be

referred to i modal. pol et.c. nme .

mdwlﬁ%.%@pﬂ%ﬂn& £oNu) By bl s Bge \PS%Q/ oA ge unimodal
nore than one peak may be collectively referred to as

The mplgoujarpzght distrihvtion coivey & ithgsindfvidymBrompansnts megy heesgipprimposed
may have two or nore conponents that may be

onto dewhmmog ehahabfoemfthe megthe dandtuien cufvorfoethamolyendras@n as a whole.
upon their individual conposition and/or nolecular

Upon Rt Rlip&ingdokitiot! tRNresdManP sy RBF e pgl%leﬂ ir&if ilaP Wt WABle may be
curve may be prepared for each |nd|V|dua conmponent of

multlrfc"gfdl RE! KB 1 [kl p&RE BB h %B&gﬁ&y'c Pwﬁéggﬁm differing

|str|but|on CUFVG or t ern nmponent s

motec Ry Ty SRR Rl R s i %4 LB i e el g cisine

t he i ndiyvi dual onents nmay be superinposed onto a

peaks ceieprPndgr o i fl{lﬁ) thﬂecq}véﬁoélﬁ]@ts dfsdiffeng ingleculpryweighfs.  Said
the polynmer resin as a whole. Upon such

bimodali pelyimep ossirnt inep havhe firggsapintpenentghatveay be getsalfyothamasterized as a
resin as a whole may be nultinodal or show n distinct

highepmdksulan vicRHp polgide cdrpshcRDhE KccadRoMmPohcht Gfat may be generally
di ffering nol ecul ar weight distributions. For exanple,

chara@erPicd8 @llo Q! EBEU14:S8dight TRK nihd @¥tnb¥Reng ﬁltbﬂﬂ&ﬁve‘?}e AfFerimposition
corresponding to two I nhdivi'dual conponents of

of the%(tlgcﬁﬁa{r%laﬁld%%%@t f*v%gl km t§9' n%[lﬁ&?aq) ggﬁlnp%?enys sl10w a single

nponen

char ac |ze as a h her cul ar po

peak o anbis R geesﬂ%weowﬁgn t CYTHGR %@%éﬂ%ﬁlﬂe%lamponems
characterlzed as_a | ower nol ecul ar wei ght polyne

correspeRieg At polpmee rirstipise (hpving ugisieramp JBit t p\shlapping hleOleculaf weight
nol ecul ar wei ght distribution curves fromthe

distribiundnsy i Id walembodipane thesmpiyncslhbRE aorspaesitice quemkistsrabiniogal PE base
br oadened in conparison with the curves for the

resin. | MHE \térd biad crCEMpO rigdat Ssicho Wil e $¢aB dinng birfodad IPEN®Smpositions with the

fractions having different but overlappi ng nol ecul ar
underyi@ﬁ(ﬂllig that other polymeric compositions, for example having different modality, may
be employed in various aspects and embodiments as would be apparent to one skilled in the art.
[0014] The PE composition and/or individual components of the PE composition may
comprise a homopolymer, a copolymer, or blends thereof. In an embodiment, the components
of the PE composition may be a copolymer comprised of a polymer of ethylene with one or
more comonomers such as alpha olefins. In an embodiment, the PE composition comprises a
higher molecular weight ethylene/1-olefin copolymer (HMW) component and a lower
molecular weight ethylene/1-olefin copolymer (LMW) component. The comonomer of the

HMW component of the PE composition may be the same as or different from the comonomer

of the LMW component. Examples of suitable comonomers include without limitation
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di stributions. In an enbodi nent, the multinodal PE
conposition conprises a binodal PE base resin. The

wo eovaiteider of the discussion will focus on a bPeDUsI00PES2546
conpositions with the under%tanding t hat ot her

o B T ORI 255 1% RTPLE, ML, 18w, 1

embodi nents as woul d be ap arent to one skilled in the
penteng; tl-hexom1 4ymathel- P@@mﬂo@ﬁﬁgvb hrpetencorl-hepthing baetene, 1-nonene, 1-
conponents of the PE conposition nmay conprise a
decenb i pak tpnesrthereofc dpah ympodimont, theend®nomher foothe LIMWatomponent and
enbodi ment, the conponents of the PE conposition nay

HM\xb&mqoo@l@memg&ﬂwsnﬁﬁds oheengol ymer of ethylene with
one or nore conononers such as al pha olefins. In an

1SS ol B ATIES) L P o, ) g e
for exa E e nt g‘;’jl9$ré'llr %WX%E%%%@%%E ;::etéls el q%ae%%f %]nes reactors,

he NMVco onent of the PE conposition nay be the
paraﬂ%lali%cta@, Blentne iBrreest OBfESEOTC BRHGMBIIgMEE R apyher physicel
conmponent . Exanpl es of suitable conononers include
meansyjor hyuarjingrihcaomonamsatiort pelymgdrationrbastion.raw iligbof dasenibed in
3 to 20 carbon atonms such as propyl ene, 1-butene, 1-
more [détatl éesin. 1 Shex EEG:,onifaoﬂiﬁblhsyhray habateasicty of propertics and parameters
4- et hyl -1 - pentene, 1-heptene, 1-octene, 1-nonene, 1-

descril&f 8BBw Biftr rg&d%il% Sort REE&Abinatidh. a'ﬂd&ﬁ%dfom%f%’éermhﬁﬁon of these
conononer for t MV conponent and HWV conponent of

propelf3€ afﬁg%%grﬁptgfya% Bflyho nS SIS Q4R Sush PE

means known to one

l0016ﬁ5 el o @@b%ﬁ%@#’ﬁ@@i% HE . BEo pompgyitions may be

reactors paraIIeI reactors, blending in at |east one
charagtesizeel dry, thehipsip cof] thbl"é@iﬂitn@’era(gﬁ aplpcttherighhyas heapumber average
means, or by varying the conononers in the
molecpbir we'@iﬂt,zxdtifctois atseacfeiroth fo asthevpollydisgersigsiode:o@iDI) or moressimply as
detail herein. Such PE conpositions may have a variety

polydBperBit@ Pt it dvéi% awletsr deshit iDeH isbdk wynihdd&Verage of the
singularly or in conbination. Methods for

molectfk Wef@h%a(;f‘ R0iRfvidbe p6lymers calculated by measuring the molecular weight of
n polymer molecules, summing the weights, and dividing by n. The weight average molecular
weight (M,,) of a polymer composition is calculated according to equation 1:

ZniMiz (1)
M i

w=

>nM,;

i

where #;1s the number of molecules of molecular weight ;. All molecular weight averages
are expressed in gram per mole (g/mol). Various moments of the MWD include M,, My, M,,

and M.,
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properties and paraneters are known to one of ordinary

skill in the art. [0016] The nol ecul ar wei ght
waele@rnotout i on (MAD) of the PE conposition nay PET/US2007/062546

characterized by the ratio ©f the weight average

[0017‘;{2! Slﬂ?alnaqrmh T;lp é—h&ﬁé?&rﬁ?@{yn‘? ]\élg,{éggijqg?b? lilequal to or less than

ondlsperS|ty |ndex (PDI) or nore si

about éoﬁ pHerapiaichi eqpal s lengrikpsrabauied. Qg@teﬁwltl@élmleaualm pgless than about
n) is the comon average of the nol ecul ar wei ghts of

4.5, ot Aleernatoielyi cyal topad Iysyethan aladuc dl0atle chin leyn bodasant,i theg LMW component
nol ecul ar wei ght of n polymer nol ecul es, suming the

may hARE @M, ofadddlaltto \or désd Ghyabidut Tdﬁ 161 08BIaBhdly 3Y @1 3@ 8r less than about 8,
nol ecul ar wei ght (Mr) of a pol yner conposition is

altern&tﬂjew%ﬁltale% (ﬁclfc‘%rtgé]t{]gootuihe&l@#ehﬁﬂvéig ﬁ!{l’ st lé%)th%out 6. The

ere nunbe nol e
d
resurf 5 oy %Oé}t%r g leél}lifmﬁ)bowﬁd@ Wi RUBRY hove o
i ncl ude MWnh and [0017] In an enbodi nent, the

broad Weﬁ%ﬁbﬁ%orw@m aé?orﬁ[ﬁ aaﬁméfwésr oqug! toyor geerthagrabout 10,
about 5.5, alternatively equal to or |less than about

(Hahﬁmmm@hknaﬂnabf@ewyr@qmamnmélor | ess than about 4.5, or
alternatively, equal to or less than about 4.0. In an

[0018E b oThiaTkigh , lodd erclt Nidd &0 (HRIOMIEN teprd@ynth @iverade BDIfloof ofquadlten resin
to or less than about 10, alternatively equal to or

throuéheﬁlsodﬂ&é %f@*@@% iBh dﬁ&ﬁ&&%&h\éﬁ%ﬂa&ﬂ% fo% d?fle '6@@ %ra&ﬁkadﬂ 190 °C
about , or al ternatlve Y, equa to or |ess an about

as det?xﬁnﬂ%ﬂﬂggﬁh 151% S S?ﬁé of‘h#;]\% go%lb(g%%éﬁg W&%Hosure may
have g ]gﬂ@h 06 I%@ egq%{lte ﬂ gﬁbg%g%tn ab%gtoﬂ)t g/ ?Oml%l Ell?ernrl]ﬁltvlel\gle#rg/m a‘gout 2 g/10min

to about 25 g/10min, or alternatively from about 2 g/10min to about 20 g/10min.

[0019] The PE compositions of this disclosure may be further characterized by having a
density of from about 0.947 g/cc to about 0.955 g/cc, alternatively equal to or greater than
about 0.947 g/cc. The density refers to the mass per unit volume of polymer and may be
determined in accordance with ASTM D 1505.

[0020] The PE composition of the present invention can be polymerized by any olefin
polymerization method known in the art, using various types of polymerization reactors. As
used herein, “polymerization reactor” includes any polymerization reactor capable of
polymerizing olefin monomers to produce homopolymers or copolymers. Such homopolymers
and copolymers are referred to as resins, polymers, polyolefins, or PE. These could include
slurry, gas-phase, solution, high pressure, tubular or autoclave reactors. Gas phase reactors
may comprise fluidized bed reactors or staged horizontal reactors. Slurry reactors may

comprise vertical or horizontal loops. High-pressure reactors may comprise autoclave or
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or alternatively equal to or greater than about 12.
[0018] The high load nelt index (HLM) represents the

wo adog/10f04T | ow of a nolten resin through an oriPeTESWNT/062546
0.0825 inch diameter when subjected to a force of

tubulawreq%?o%gTRﬁgaFoioggig%egs%?ng%ﬁ@%ﬁ&% al'i' glgfléll Pt & q%?e;idt%na%econtlnuous or
di scl osure may have a HLM of fronrabout 1 g/10mn to
batch.gpefinuges pro¢@a¢sroukd yse iremmitient pr ferdirnasquedut disalgrgas Processes
to about 25 g/10mn, or alternatively from about 2
may afpol iGrhude patiabeutll Adeg/rbQuianof noRd&dd oaoditr, un-reacted comonomer,
conmpositions of this disclosure my be further
and/o€digfeact eri zed by having a density of from about 0.947
g/ cc to about 0.955 g/cc, alternatively equal to or

[0021Fr eai‘ﬂm@ﬁ‘z%ﬂoﬁl P&U{or Ys%hzs oé e-légl?t 19%?131'&1 XnJyeéo%{p?lsE Bne type of

nass per unit vol une yner an

react%e TP O P RAHES B t&é“é%?e PruBREr Sosa%Jogléc%%L of Btymers i
nerlzed by any oIefln pol yneri zati on net hod known
multigl r%aﬁ@mamay 1{yf§v¢rgse\>’ara Si80% Pl Sot TR FINRENT PabmsFization reactors
reactors. As used herein, "polynerization reactor”
intercpmmekted dy aamansfeoldgves '[@htnigdhp@@ﬁ)dﬂ tor trayafsahcepadymers resulting from
pol yneri zing ol efin nononers to produce honopol yners

the firot patppeiizafie scacto iito Hrnepaldye®iter. artd desipal polphsriAtien conditions
referred to as resins, polynmers, polyolefins, or PE.

in ond BERR RAULH IhE%‘F by Qi@ffecrbt‘rlrﬂ'ré(m t8@9pRIRSE corﬁﬁ’tlldﬁts'd:fr{he RURP reactors.
pressure, tubul ar or autocl ave reactors. @&as p ase

Alte aﬁ@ecl% or%?xgﬂ@&’za? fnﬁft Ilé 1% &bfé%@pﬁgmdg ﬂ{:trggrﬁlaf)[raﬁstfe%%?%olymer

reac urr rea

vertical or horrzontal 00pSs. ressur tors
from gRe\reRciRf P SURSCaSPbIRLO'S B’%‘E%Bﬁreglrp%?%‘g eﬁ@&@? actor systems

types can include those that may be referred to as
may ipdwdd dycgsbaratipn inchidings g 1 diguteg io dedlpls leauicactorsemultiple gas
intermttent or continuous product discharge.
reactoRy, o essbmamay & Sopi acnd wde panters.amubiiplé High-giesext reactors or a
recycle of un-reacted nononer, un-reacted conononer,
combiaBEdrObf HighUgBdsure with loop and/or gas reactors. The multiple reactors may be
operated in series or in parallel.
[0022] According to one aspect of the invention, the polymerization reactor system may
comprise at least one loop slurry reactor. Such reactors are known in the art and may comprise
vertical or horizontal loops. Monomer, diluent, catalyst and optionally any comonomer may be
continuously fed to a loop reactor where polymerization occurs. Generally, continuous
processes may comprise the continuous introduction of a monomer, a catalyst, and a diluent
into a polymerization reactor and the continuous removal from this reactor of a suspension
comprising polymer particles and the diluent. Reactor effluent may be flashed to separate the

solid polymer from the liquids that comprise the diluent, monomer and/or comonomer.

Various technologies may be used for this separation step including but not limited to, flashing
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[0021] Pol ynerization reactor systens of the present
i nvention may conprise one type of reactor in a system
w@eoombto#pl e reactors of the same or differentPCHP82007/062546

Production of polyners in rultiple reactors nay
i ncl ude several, .stages.in at |east two separ

that 220 BB oPls h?éﬁta@#@&ﬁn@@t BigS @P%%fsgparaﬂon by
device making it possible to transfer the poI nmer

cyclomie g¢tioniip githar ereyelaec o1 lygitogyellogensr sgratdtion biy seiti
the second reactor. The desired polynerization

[0023E ondA ttyced siunryopedyraérizabien pemetsaibo kagwhaes did patidatform process),
fromthe operating conditions of the other reactors.

whichAlst REN&XinbWe ! M, the Aty Fedikdddeld OPorl dkafipld, 1iR11€.SI PachONDs MRY48,179,
i nclude the manual transfer of polyner from one

K C £ S n (o) t : :
150 AR SIS AR, SAGLP SO, g v

nmbi.nat i on. |n | udin but not limted to,
mcorﬂ‘?ﬂ%/?(f%f ErEES T BReY g?té’ he’l%ﬁﬂ tiple gas react ors a
nmbi nation of |oop and gas reactors, nmultip

[0024h| grﬁ%ﬁab@s@#@nwewfidpss WY Pobersizatan af el H@@Wﬂ in the art and
pressure with |oop and/or gas reactors. The nultiple

includee hett oe snotrdiynited top éreamenormer ang pslyorerized pad Aydretarbons that are
[ 0022] According to one aspect of the invention, the

liquidp ohderesdcdad cenditiodac EREmplysbeditably ddoems insRidatbut e@siot limited to,
one |l oop slurry reactor. Such reactors are known in

hydroéaﬁﬁorf%r Euc"ﬁn gs "FRYpaal) ”P{rél&?exy&r tisSitltarR!l QthON-AdntdRORSopentane,
Mononer , | uent, al yst and optionally any

neope&ﬁlﬁ? ng&er -lmgmg) e §qRt! 18@% )X‘I&geﬂ%gtrl(gl} lrgachgﬁ)f chf ab El?lr under bulk

yneri zatlon oC onti nu
roc sses ri.se the co ntinpous. intro uctlon of
condlig [{g n{?s;@g.t Ilaﬁﬁiamg edIIS |p8 meﬂiZ?ﬂ%‘l pI'Opy €ne monomer as
ynerlzatlon reactor and the continuous renpoval from
dlsclotscﬁii § teackaentoNos StidpHHs ivdtche sniicp@oridedoby ypssrence herein in its
particles and the diluent. Reactor effluent may be
entirefyl ashed to separate the solid polymer fromthe |iquids
that conprise the diluent, nmononer and/or conononer.

[0025)ar | AtrdiRe RNOLQGbEST a@éctb@f tuseidvérdion} i pos@mizatidrortactor may
step including but not limted to, flashlngthat may

cornplll :ﬁu St HYYg ag %Hpéer}ééc'tcﬁn S2bh BRI SHAIhOOR 1PRE B S8 Pemploy a

ction: aration b

continuous recycle stream containing one or more monomers continuously cycled through a
fluidized bed in the presence of the catalyst under polymerization conditions. A recycle stream
may be withdrawn from the fluidized bed and recycled back into the reactor. Simultaneously,
polymer product may be withdrawn from the reactor and new or fresh monomer may be added
to replace the polymerized monomer. Such gas phase reactors may comprise a process for
multi-step gas-phase polymerization of olefins, in which olefins are polymerized in the gaseous
phase in at least two independent gas-phase polymerization zones while feeding a catalyst-

containing polymer formed in a first polymerization zone to a second polymerization zone.
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cyclonic action in either a cyclone or hydrocycl one;
or separation by centrifugal force. [0023] A typica

W@ karngiopnl yneri zati on process (al so known as PEEUS2007/062546
particle form process), whith is well known in the art

I s di.sclosed, for ex e,,ln S, Patent

One t3po o8 gpy Ppha ,%iﬁoes%%@!%%}qig,s- B?tswts%%gsfg%\,'gé%%%,ﬁé§§i90 and
6, 262, 191 and 6, 833, 415, each of which is incorporated

5,436 804, reatleplowitieh isingarporatet by sefyrenes igiity enfi@o2reisyi t abl e
di luents used in slurry polynerization are well known

[0026] n tAeoatihg anstili andthictesspdntitof aliceinneritidni ailigdpiessurd paymerization
nononer bei ng pol yneri zed and hydrocarbons that are

reactok il cdmpHEIL fubiRR edalc R of AN Slith ¢ 18R Srcadr¥ @ BRh&F wiich are known in the
suitable diluents include, but are not limted to,

art. I?M%[l%é&&g ﬁlazlﬁ%be AR R DRRL S he RYELRRGIBRRY 1h1§19l13(|’jst, 80'&talysts are
n- but n-p an

ut ane, ntane, 1sopentane, neopent an’e,

n-hexane. So | oop pol ynerization reaction an.occur
added; NGOG e B R AT et Ao AP 11 Baditeagt ohe zone of
exanpl e is polynerization of propyl ene nononer as .
the regptele| oS catlssts ndaitcabyt compaenty pay \hej @frajngd in a gascous
i ncorporated by reference herein in its entirety.
streanf aﬁtﬁl}rodmpdrad iam@h@rczoyepf theochnsor. a’ﬁpa@as strtbamingy be intermixed for
i nvention, the polynerization reactor may conpri se at
polynie@iagiononeH @@ sandh aassur€ ansiprbe Supldysy sdppropriatet ke osiaih Noptimal
the art and may enploy a continuous recycle stream

polynfeftRAnHRGoR BendRionI0r € nononers continuously cycl ed
through a fluidized bed in the presence of the

ata . el _.pol ri ' C éﬁ- I OnS. c| e
o0 A S PRATEL9E PSRV S AR o
recycl ed back into the reactor. Sinultaneous|y, )
compriE L RUHIB ORGP BECIRT Y AL EAC FIOBAPERS CPRALES pith e catalyst
new or fresh nmonomer nay be added to replace the o
comp@yifigpniast suziable s HEEeeT, otigl dheaga s Apteades COBWEISIHE $n gyt organic diluent
conprise a process for nulti-step gas-phase
or exqesd yoromaanayphe ofmpllyed.i bisdesired, whd monahef inag babsught in the vapor
pol ynmeri zed in the gaseous
phase into contact with the catalytic reaction product, in the presence or absence of liquid
material. The polymerization zone is maintained at temperatures and pressures that will result
in the formation of a solution of the polymer in a reaction medium. Agitation may be
employed to obtain better temperature control and to maintain uniform polymerization mixtures
throughout the polymerization zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization. These reactors are known in the art.
[0028] Polymerization reactors suitable for the present invention may further comprise any
combination of at least one raw material feed system, at least one feed system for catalyst or

catalyst components, and/or at least one polymer recovery system. Suitable reactor systems for

the present invention may further comprise systems for feedstock purification, catalyst storage
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phase in at |east two i ndependent gas-phase
pol yneri zati on zones while feeding a
W@ aitoahywsTont ai ni ng polymer formed in a first PCT/US2007/062546
pol ymeri zati on zone to a sd¢ond polynerization
zone. One t Ee of gas hase reactor is sclosed in
and P@P%ra“%teé‘ﬂ%/‘ IRy cagorecplinggpol X@%fsre?@\ti’%r%a%‘oﬁ%’@%{?&yde storage,
each of which is |ncorporated by reference inits
loadowtnlaberatoyy tralysisn and Poodh capteadr di ng to still anot her
aspect of the invention, a high-pressure
[0029pol yGimrditrat i that areaontocrlledafpr polypreriggion ¢ffibichayr andeacpwivide resin
or an autoclave reactor, both of which are known in

prop efti%@ tlctude TR epdture & e}ﬁrés@ﬁr% RRY 1haV CofRM At Z6MN BRI WhE Ractants.
fresh nononer, |n|t|ators or catalysts are added.

PolynMPi B te Igg o 3feBE gatéllg)stfaﬂ}oii1 s %(ffty,gl?oﬁgg&s m%krcﬁﬁfnwelght and

|ntro uc at one zone reac Initiators,

motecif {3 @ eRe SR P STReG SareRVe AEp BoA Bperaure

the reactor.. The S streans nay be i nterm xed for
belowp g}ey ﬁ@pp@g{q@ﬁlonk&qpe%epa@gghﬂge t(pngye b%lbé?r[ﬁr?ﬁ/ &gergy  equation.
appropriately to obtain optinmal polynerization
Typicalgsathis inoludenftioriabog. 60] WOB7Jboc2) Wi, fgr ¢xampdd, and doheabout 70 °C
aspect of the invention, the polynerization reactor
actor wherein
o bo PR 1%2%%“5&?%“3&% AR OEe compos ¢ on
y . e stirri. t her
0030 ﬁql@?ﬁgvfaﬁ%uﬁeﬁ sl P aRt E5ardefeng fea&%a élgi Phseyon
npl oyed. |f desired, the nononer
The pfﬁsw@ Fﬂr hqﬁldt M@SQ/%W%%@@S inrit 190R ERAEIRE £5 wwlst lﬁ@ than 1000 psig.
catal ytic reaction product, in the presence or absence
Presswé fbi gas phasatpehinadrizatigre ippoduphe rat 280uto200z orfd0i ssig.  High pressure
mai nt ai ned at tenperatures and pressures that wl|
polynicéigatidh ih futiule ok atitdelal ©rcactbrsas gecuiliyoin af aidue 2@,00¢/ tE75,000 psig.
in a reaction medium Agitation may be enployed to

Polyn%tzﬁid'ﬁ RELERI cah SREFAL M Scd (Ptmars‘ﬂt)etéﬂﬁjca'i Pe Béc%h'ihg at generally
uni orn1po|yner|zat|on m xt ures throughou

hlghelpt% "&girg d?)ﬁes%&fn g - t %@éjrgt% a%?%v?ﬁ%r&%tlg{lj)oﬂltt Iok Lé ??egsnu.rg/{emperature

e exo

h se reac ors are k in the art.
dlagra ?supercrltlca phase) may oflgermﬂvantages.

[0031] The concentration of various reactants can be controlled to produce resins with
certain physical and mechanical properties. The proposed end-use product that will be formed
by the resin and the method of forming that product determines the properties. Mechanical
properties include tensile, flexural, impact, creep, fracture (impact and slow crack growth)
resistance, stress relaxation and hardness tests. Physical properties include density, molecular
weight, molecular weight distribution, melting temperature, glass transition temperature,
crystallization temperature, stereoregularity, long chain branching and melt rheology.

[0032] The concentrations of monomer, co-monomer, hydrogen, co-catalyst, modifiers,

and electron donors are important in producing these resin properties. Comonomer is used to



[ 0028] Pol ynerization reactors suitable for the

present invention may further conprise any conbi nation
w@booatiologast one raw materi al feed system at PEHBES200TI@62546

feed system for catal yst onlcatal yst conponents,

nd/ or at | eas ne pol yper recovery system Suitable
contrd] ket 3%%% oy digee pr Ef?@%ﬁ‘éinto ?Wéhp?/%iﬁ%@yapw péeht.  Co-
conpri se systens for feedstock purification, catalyst
catalysts spa§e and! for dlodptat saorcngsxorsgss and condept meecpdsswaight. Modifiers
pol yner recovery, fractionation, recycle, storage,
can bt aactbtt cortald praduot propoaicy sing cle@irdn plooem ssfecostbicotegularity. In
[0029] Conditions that are controlled for
additi®x | tieTescémtdten FfpbisehERGHinARBed BeduQY pélSonsafiphct the reactions and
properties include tenperature, pressure and the
pKﬂu&%ﬂ L@ations of various reactants. Polymerization
t erature can affect catal yst productivity, polymer
nol ecul ar wei ght and nol ecul ar wei ght distribution.
Sui t abl e pol yneri zation tenperature may be any
tenperature bel ow the de-pol ynerization tenperature
according to the G bbs Free energy equation. Typically
this includes fromabout 60 OC to about 280 0C, for
exanpl e, and from about 70 OC to about 110 0OC,
dependi ng upon the type of polynerization reactor.
[0030] Suitable pressures will also vary according to
the reactor and pol ynerization type. The pressure for
l'iquid phase polynerizations in a |oop reactor is
typically less than 1000 psig. Pressure for gas phase
pol ynmeri zation is usually at about 200 - 500 psig.
Hi gh pressure polynerization in tubular or autocl ave
reactors is generally run at about 20,000 to 75, 000
psig. Polynerization reactors can al so be operated in
a supercritical region occurring at generally higher
tenperatures and pressures. Qperation above the
critical point of a pressure/tenperature diagram
(supercritical phase) may offer advantages. [0031] The
concentration of various reactants can be controlled
to produce resins with certain physical and nechanica
properties. The proposed end-use product that will be
f or med
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by the resin and the nethod of form ng that product
determ nes the properties. Mechanical properties
wWOo paae4t ensi |l e, flexural, inpact, creep, frartTU82007/062546
(i npact and sl ow crack growh) resistance, stress
el axati on and har.dness tests. Physical properties
10033] 1, %C%@ﬁgiw%@bmﬁ%}? 0&@70&1»1@1?4% A Leselngh e mgpibe employed
' di stribution, nmelting tenperature, glass transition
in thetrsorpistion of die Fd soseppsitionatliypival eatgdest £ompesitions that can be employed
stereoregularity, long chain branching and nelt
includehegipogyd dhéfididin Thialysen caegleraNaton satafystsp mastaligcene  catalysts, or
co- nononer, hydrogen, co-catalyst, nodifiers, and
comb@Bh®&iis’ BBredONOFS SlanpldPOIChARLt IcBmPHAEML ifRYT tHeh BRRuétRBl Bf a PE
properties. Conononer is used tocontrol product

1S ] . 0 ont.r.of

compOEREL by AR E3 80 P MRRE A nERRC 1 leBl 36U fhut thegpolymens
scayenge noi sons . and cont.r ol | ecul ar. .wei.ght

produfiefhereftp iy Ry S rereepdr i o™ p ot mggllocene may
and el ectron_donors affect stereoreqgularity. In o

be usedfgipredyge thed@MMb sempencat kbt Mgy be 3itiedHy brideqe metrlossae containing
because poi sons inpact the reactions and product

a subgsitegme that gscliidd 33 crmimgl okfial yBte soapbsictallogencaabimaydfc used to
produci ng a PE conposition nay be enployed in the

produf¥ @igtuCMWnc@hpdnst, RE gendrpids inbt OFdgcly phdcad noad abgpdhsive to chain
conpositions that can be enpl oyed include supported

termiIPalﬂtBQ F‘%a'é@ﬂt@,%@ﬂl ¥$ lh?dro L WA th BTt I GRAIRENS U Bhe metallocenes may be

net al | ocene catal ystsS, or conbinations thereof. For
X e - lLys 0S4 ki f t.he 0 '
como AT B F LA FOTRELY PRl bR BRI oL e

that are sel ected ch that t p mers produced, . .
comoR QiR PORHE devils AT BedH) eﬂy&)ggpf Y Bt B d i pductivity of the
wei ghts. The first netall ocene may be used to produce
catalypthmayopvrelativebn &igh;, Anusadelergia. Betdcayity 1efesp itel gedgrams of polymer
net al | ocene contai ning a substituent that includes a
produtel pdr gadm of edlidncatalyme chagehperteiialand denprodudiaity mefgrside the grams
used to produce the LMW conponent, is generally not

of polRfrctl gRueddthor raf0E s6IRE QRAIHt \Barked. C BadNcdt Ayt Bdtdi®losed in U.S.
reagents, such as hydrogen, than the first

P AL VO TR EERp A, e 4 S
Catalys AR Procd Fof Bro%lugl];ylg Bimodal Polymers In A Single Reactor,” and U.S. Patent
Application Serial No. 11/208,077, filed September 15, 2005 and entitled “Polymerization
Catalysts and Process for Producing Bimodal Polymers in a Single Reactor,” each of which is
incorporated herein by reference in its entirety.

[0034] In an embodiment, a catalyst composition comprises a first metallocene compound,
a second metallocene compound, an activator and optionally an organoaluminum compound.

The first metallocene compound has the formula:

X' RHYKR)EHNXHMY
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conononer to produce the desired bi nodal polyol efn.

The activity and the productivity of the catal yst nay
wheoorabmsi vel y hi gh. As used herein, the acti vPCEUS2007/062546

refers to the grans of pol ydrer produced per gram of

soli,d.cat al yst .charged per _hour, .the praoductiyvit )
wherigPey & lophuadiFrtsngmybar fhernk @gﬁe%ﬂu%?ﬁg%r@m ad (X7) are
solid catal yst charged. Such catal ysts are disclosed |
connepigd by dpubssitutehppiigivatdrep SupprisingNenc atoppbendgdae both (X7) and
filed August 22, 2005 and entitled "Pol ynerization
(X?), Gatrinysicsitoinds Pirbare ss sifiosn. PAOfIse sulgtiBientoofathe Rtdupstitnted bridging
In A Single Reactor,” and U S. Patent Application
group3I€hah %:rorﬁlﬁic I ld1988i Odrbup hialiag fept agdbutl cAB88baehd. A second

entitled "Pol ynerization Catal ysts and Process for
. i . Ri i i t "o, .
substfTEAt A RN RN Dl o TR AhadREl having
ntire 034] In an enbodi nen t gl yst. o
from £ 5 a8 ¥0 sirdesibpos s SFRRd s Thahen ool BB ipwer bridgine eroup
] second netal | ocene conpound, an activator and L.
is an ypsafusied pPhEC ErombaIRETRENS ¢ APIINY. carbn atppgy R is H, or an
net al | ocene conpound has the formula: (X1 Rl)(X2R2
unsatuzytekdhighdadiy iouphterveignfr¢nx D) toj abouty il oqbert atdineny” is H, an alkyl group
i ndenyl, or fluorenyl, (X2) is fluorenyl, and (X1) and
having k2)n Brcalwann2cireon bynd, 6 suhst grotip;a’ paidigi nareghdapendently an
conprising one atom bonded to both (X1) and (X2),
alipha¥B&r8iy) dnNSroffaBN drSurf ar BRMcOroh | 4 eORbinAtidd b taliphatic and cyclic
substituent of the disubstituted bridging group i s an
; . . . . ¢ -
erour of TSk S i EyRIRE oS BRpD RO e {088 o Pt R i
i.substituted bridgin royp can be an agromatic or
and M5 BR At He éﬁﬁﬁ“ﬁ&&?ﬁ%"? b e iU Ordang reymey be o phenyl
atonms, or the second substituent of the disubstituted
groupprihggeerpdgiubsijiuing of theyhedstifited duidgingpienn maybeghenyl group, an
having from 3 to about 10 carbon atons. Rl is H, or an
alkyl gnosptalbuadngtigrabip, phahicoylggroup ohahexwyyf gronp.3 t o about 10
carbon atons. R2 is H, an al kyl group
[0035] The second metallocene compound has the formula:

XOXNENXOM’;
wherein  (X°) and (X°) are independently a cyclopentadienyl, indenyl, substituted
cyclopentadienyl or a substituted indenyl, each substituent on (X5) and (X°) is independently
selected from a linear or branched alkyl group, or a linear or branched alkenyl group, wherein
the alkyl group or alkenyl group is unsubstituted or substituted, any substituent on (X°) and
(X% having from 1 to about 20 carbon atoms; (X') and (X®) are independently an aliphatic
group, an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, or a
substituted derivative thereof, having from 1 to about 20 carbon atoms; or a halide, and M? is

Zr or Hf,
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having from 1l to about 12 carbon atons, or an aryl
group; (X3) and (X4) are independently an aliphatic
wW@e@apy10an aromati c group, a cyclic group, a PCT/US2007/062546
combi nation of aliphatic and cyclic groups, or a
[0036EUbS %lé;eng% gﬁ%én\{ g)trfI Tég r%?g%éﬁﬁfsgﬁgﬁ%tq% Jar%? r%?th%;ﬁrst-rﬂlgtallocene
first substituent of the disubstituted bridging group
comperyl t9ethy sekentd moglloggne qapaad ondy dablent ahent 1ot tohabout 10:1.
di substituted bridging group may be a phenyl group, an
Accordingyto gtheumspatd ot ehy |pregeotudisclspentlenydtiogobulx fost metallocene
hexenyl group. [0035] The second netal |l ocene conpound

comph\agl tend QEdBMH amethXSochXompohhdKEhAVP be R@h € BbUt XB3 t8Ngbout 5:1.

(X6) are independently a cyclopentadi enyl, indenyl,

Accord3sSt %cgtcﬁﬂercéé é&% ﬁfq?l%g;n% cff%%c?ut%u% Fdidt &9inks r\‘ﬂ@ﬂqwetallocene

eaCh s stltue t i'§ 1 ndependent

compfidd§ heosre“d’i%e{ﬂ%ﬁlufg‘iﬁa‘%éﬁ?éﬂ“gé ARG T, Poe oo

roup or al kenyl group is unsubstituted or
[0037k ypshn; 0y ewbodigsyt o Hist pressahdisglesyraihe acH vt map R #golid oxide
from1l to about 20 carbon atons; (X7) and (X8) are
activatonciepend e ghéryically titdtghsolideoxegdeow pl,ay amnemb prgillacedyelau pn eafoliated
cyclic group, a conbination of aliphatic and cyclic
clay, @i exfoSiatcdrclay sdlledtihfoudrdthed @kidéambtvie, b Neyceaf silibay infigeral, a non-
from1l to about 20 carbon atons; or a halide, and M

layere'd3511-7h5at@ Mmikiral, 00 38)crdd aﬁlﬂnﬁ@gﬂ%a{e”%ﬁﬁer at |ﬂ§n Pfy8R8Nhluminosilicate
di scl osure, the ratlo o the first f | ocene

o 0 e b
IO ST SR B
ects of the present dISC| ur he ratj,
Organ%m@%rt CREPANTd Q5 Y CErRINAHENt BoEhE ThE SR echs @i‘@ﬁ@awd solid
nmpound nmay be from about 1:5 to about 5:1. According
Odeef sqléit oxpdeastivateyBunPertof agiHis asHEH@NTUPHPE G [“adiyper-sempert”, “treated
ratio of the first metall ocene conpound to the second
solid metlalcbmpeuwre!”c amdp tdenltkenay used herem wbmdicatt: £ stlal, albwgdnic oxide of
2: 1.
relatively high porosity, which exhibits Lewis acidic or Brensted acidic behavior, and which
has been treated with an electron-withdrawing component, typically an anion, and which is
calcined. The electron-withdrawing component is typically an electron-withdrawing anion
source compound. Thus, the chemically-treated solid oxide compound comprises the calcined
contact product of at least one solid oxide compound with at least one electron-withdrawing
anion source compound. Typically, the chemically-treated solid oxide comprises at least one
ionizing, acidic solid oxide compound. The terms “support” and “activator-support” are not
used to imply these components are inert, and such components should not be construed as an
inert component of the catalyst composition.

[0038] The organoaluminum compound used with the present disclosure may have the

formula;:
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[0037] In an enbodi ment of the present disclosure, the
activator nmay be a solid oxide activator-support, a
web@nileakty treated solid oxide, a clay m neraPCT/ES2007/062546
pillared clay, an exfoliatad clay, an exfoliated clay
gelled into another oxide natrix, a |layered silicate
m neral, a nonl ayered si | Rk m neral, a |ayered
al um nosilicate mneral, a non-layered alumnosilicate
in whieh{Rp)ab an aliphatio gravoxaniag frons dspabausd carbhomiatmanis, somg instances,
I oni zi ng ionic conmpound, an organoboron conpound, or
(R)1sa¢"thylppmpylnmtybhemh,mrmbutylrhe terns "chem cally- t reat ed
solid oxide", "solid oxide activator-support”, "acidic

[0039RCt | Yrﬁirpémﬁdt@]ﬁ@ﬁtt the ca@B/lsis\aad &fos&ﬂﬂ@ﬁrdompouﬁdﬁﬁ&%’ose represented
solid oxide conpound" and the like are used herein to

dl I

by the (HEREEH SrcbRet g RIS P AL s LT pthlha it o
. and ich has been treated with an
EOme&@E??BW§Qﬁ¥%b?ﬁQ?ﬁ% %@ﬁﬁonent typically an anion

and which is calcined. The el ectron-w t hdraw ng

conmponent is typically an el ectron-w thdraw ng ani on

source conpound. Thus, the chem cally-treated solid

oxi de conpound conﬁrlses the calcin contact product

of at |east ong —Qxi de conpound ' at | east one

el ectron-w tpd

the chemcally-tr
one ionizing, , ae¢
"support” and

wC|

tsplld oxi de conpo Ingei The terns
at 6r - support"_are Nokqused to
imply these conpo ts are inert, "3 uch components
shoul d not be constr as an inert nponent of the
catal yst conposition. [0038] The organoal um num
conpound used with the present disclosure nay have t he

o0sof, 20 T 3P YionkiBo i S&lé%% b Dok H6F e other

i nstances, (R3) is_ ethyl ro butyl, hex
addltl}l@o%u]p}gwn to( tho)se skllleci 11¥ the art pﬁlxarnples oyf addltlveg/ 1nclude but are not

limited to, antistatic agents, colorants, stabilizers, nucleators, surface modifiers, pigments, slip
agents, antiblocks, tackafiers, polymer processing aids and combinations thereof. In an
embodiment, the PE composition comprises carbon black. Such additives may be used
singularly or in combination and may be included in the polymer composition before, during or
after preparation of the PE composition as described herein. In an embodiment, the
compositions disclosed herein comprise less than about 1 weight percent of nonpolymeric
additives. Such additives may be added via known techniques, for example during an extrusion
or compounding step such as during pelletization or subsequent processing into an end use
article. PE compositions as described herein may be formed into various articles, including but
not limited to, houschold containers, utensils, film products, drums, fuel tanks, pipes,

geomembranes, and liners.
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[0039] In an enbodi nent, the catalysts are chosen from

conpounds |ike those represented by the chem ca
wareoaaouwses A and B with sul fated al um na as tPEI/US2007/062546

activator-support and with1ériisobutyl al um num (TI BA)

s the co-catal yst. [0040] .The conposi tions of this .
1004157 s G cbodisegb g ﬁé ARG 91 ARy i PGSt W Dipe by
additives as known to those skilled in the art. '
extruspa npitasiopfrefgeidiotd method o€ malimg apalymerec pipe cpmpiising cxtiding the
antistatic agents, colorants, stabilizers, nucleators,

polyneuof apelynediif 4 eofen ghtgnientgh a dikitgpcadand formah¢ pdllymeks pipe.
tackafers, polyner processing aids and conbi nati ons

[0042} her@pé exirisig i RO intpRet terhdieis Rfer o@MBO Dyt ¢PReying solid polymer
conprises carbon black. Such additives may be used

pellets ‘hhr?&%hatﬁé Yictthh &fh Wﬁﬂg% dw? Ebll%%g rf$IYthQ %oﬁlﬂgéftiﬂg &fld Inklting of the
t he pol yner conposition before, during or after

epa ion.of .the. PE conposition as,described herein,, .

petler] S8 Ehdlyt, G Raign St gt ERHBER o Ss P QP EwHS R Bieh melt i then
conprise |l ess than ahout 1 mei%htjﬁercent of ]

conveyerh o ihgre ite gy thei wiamately desirgdi prefilg.e Sordhe Férigyipagef pipes the
via known techni ques, for exanple during an extrusion

extrudate (cmahtpxiting the dis), eyhiduis hnagadinshang, pehé¢reformed ahcavted through a
subsequent processing into an end use article. PE

serics GIVAORIr iabih Svads deBag tddkd Maeei dic maychms fkiddyasdt feedstocks in pipe
various articles, including but not Iimted to,

extrusiU SERYoH e Q@ HE RIS 8an MIRNB 4 Bre-filbmPABd PAYEh SlendfedifBor it can be
fuel tanKs, pipes, geonenbranes, and |linefrs.[0041] In
- e [ 0 Sjiti ' i scl o

o mihle AP B elffend gl DRGSR (RTHEINOLE SR Bnd popper
refers to.a nmethod of neking.a, polyneric pipe . .

blendg it Natth 4 s W@S&%@Wg%ﬁdéfwk oo RHSIon iy Selt and Pepper
nolten state through a die to cool and formthe ' '

blendyyo |1y Ferape apd péier frogudthepiveidd. dhe masficommoan feerstosk Ay naeg extrusion
terms is perfornmed by conveying solid polynmer pellets

1s pretgmeghbd tpolyethylanonresih. aFeedstatk ng rigaiye wohtodlledwedolisyint the proper
conmpaction and nelting of the pellets through the

finish@Pplodeat(hpe) aid hieiafatcdsthssi@adpetitarss. ThendoMraREPepper blend”
polymer nelt is then

embodiment, the color concentrate is a polyethylene carrier resin loaded with up to 40 weight
percent carbon black particles; this concentrate is introduced to maintain approximately 2.5
weight percent carbon black concentration in the final pipe.

[0043] The feedstock is then fed into an extruder. The most common extruder system for
pipe production is a single-screw extruder. The purpose of the extruder is to melt, homogenize
and convey the polyethylene pellets. Extrusion temperatures typically range from 170 °C to
260 °C depending upon the extruder screw design and flow properties of the polyethylene.
[0044] The molten polymer is then passed through an annular die to shape the melt. The
molten polymer, in the form of an annulus, is then usually forced through a shaping or forming

tank while simultaneously being cooled from the outside using a water spray. While the pipe
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conveyed to the die to formthe ultimately desired
profile. For the fabrication of pipes the extrudate
W@ emitiowxiti ng the die), which is annul ar in sSPEPES2005062546
then fornmed and cool ed thrdagh a series of vacuun1and
wat er cool ing tanks. are, numer us ki.nds
diamefet gt JERY FRSHIUSROS o5t h}fs %nandrﬁlémw %@rdlf’f@%%‘%éke pipe wall
can either be a pre gnment ed pol yethylene resin or it
thicknggsrcpends omithe die @a@ﬁncﬁésmﬂﬁa drayoHener pigded gewplayad.col or
concentrate (referred to as "Salt and Pepper blends").
[0045] n N@emhthénpipé da,coblaeé amdstoliddiedoin the edtsirat dirh@wsiops.peCooling is
extrusion is "Salt and Pepper blends". In Europe and

accongﬂ@l@éd B 88sObf §dveralatedl tarlkl & H¥RSthe (‘o‘ﬁmrplél RAstheckibmerged in
or pipe extru3|on is pre-pignmented pol yethyl ene

water 'of Safbr 1%: ﬁﬁgfetd g d{] 'te?ipl pegé‘g{?g'lé éjolécperBttﬁé Bufsd€ surface to

proper |n|s t1nate consuner
. S. f t J [.t
the infE Siificent TR %&eﬂeg gt SRy BP ﬁ*epm SEhgig gt for a long
carrier resin |oaded with up to 40 wei per cent

perio: gl Bk 1 RRIKCtBArRS | aegoortqepéu%r&fé}?ﬁ? alg@alihé thepisde eegted and
to maintain approxinmately 2.5 wei ght percent carbon

citherigbideshorgohtodentgtiat i on in the final pipe. [0043] The
feedstock is then fed into an extruder. The npbst

[0046F onmignare sinbodlgients Wsd @otyheric Riijke fabiiostud thiodm PIES c@npositions of this
singl e-screw extruder. The purpose of the extruder is

dlSClOE]ﬁG r@sj,p‘lay HAIRAQANIE&1ARE HBPUEYs thRE ROkYSEAM @N8ow crack growth,
| ets.” Extrusion tenperatures typically range from

t
decre%&? te%%l é&rgpgl%%prggg gl?fﬁkg greﬁ?tg{%e tH Ga Orl? g a'lqég% rp%%&t?og{o%g] strength
The nDIten o| yrer . i sed thr annul ar
Sufﬁc’&fl%tot%a%ﬂ% ‘{eﬁlgn?ﬂé’lntsl)é 1% Tﬁ%ﬁ?sé%’ila ot 91%3‘55 TGS {h PReSTg rating
of an annulus is then usuaIIX forced t hrough a
whereghthsinirg e afsinimmg reaintedwhrngh splva (3Res @gﬂra}pdfé@dmalue at 20 °C;
cooled fromthe outside using a water spray. Wile the
97.5 lpivpepicdirade tiniiy equaito ectgreatarsbguéh0eVBi. Sheh dipes anagt display the
si zing sl eeve di nensions, the pipe wall thickness

propeRpeRsgibed tehsy @itﬁergﬁﬂglﬂeﬁr@z at 0 chmBindfigy deNspeeifie dnethods for
enpl oyed. [0045] Next, the pipe is cooled and

determifhtid JtRe bRopEhfs gl%sdegé?ﬂ’)eg i RBR RBErhetQR! 1 N 1S

[0047] When a pressurized PE pipe is subjected to an instantaneous and intense impact, a
pre-existing or consequently initiated crack or flaw can propagate axially at speeds in excess of
100 m/s. Such an event is referred to as Rapid Crack Propagation or RCP. The Small-Scale
Steady-State (S4) test is a current standard for measuring RCP resistance. In the S4 test, the
pipe specimens are seven diameters long and are sealed at both ends and pressurized with air.
Typically, pipe specimens are conditioned externally at the test temperature, and then moved to
the S4 rig for testing. A sharp chisel-edged striker impacts the pipe at one end and drives a
fast-running crack through the main section of the pipe. While the crack propagates, internal

disc baffles spaced along the pipe length suppress axial decompression ahead of it, so that the
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acconpl i shed by the use of several water tanks where
the outside pipe is either subnerged in water or water
w0 g003pomyed on the pipe exterior. The pipe i s PODUSW0O7/062546

fromthe outside surface td8the inside surface. The
interior and inside surfa es of the an

pressie gt g Pra&i@a@ﬁg ab@fpm@t%r Yo T ée% @riﬁetrﬁw@%t Eenire Course of
poor conductor of heat. Finally, the pipe is printed

crack gravthi Thisrprempice dtcedy-gufe crask igervghhn Fu[tgcmei] the $44est, a containment
enbodi nent, the polyneric pipe fabricated from PE

cage arompbﬁietsipecrimemfpret\hhts fthirmg | adshie @ipdi SPHisylseiimaitscthd failure mode to
nmechani cal properties such as resistance to slow crack

steadygét@eichuck GRETag AFROWhieNSidiiAal diclle ©Umint Birktehg( P@B)s4 test details
resi stance to rapid crack propagation and strength

and p%egc{drgs' aﬁ@tdestcgg%rtﬁgﬁ sO N84 eshnmd | P RE GPve 13'8 ormed at a fixed

st gnatl on refers to a pressure rating erern

tempeﬁ%rrept&&%];eg%%\e arl %ﬂ Eégsglf egé%%éaﬁlg:%ntgtslﬁé)t\\%@iﬂaP Aolternatively, a
predi ction I|n1%£ equal to or greater than 10.0 MPa.

Seﬂesaﬁ APt Fediverlx @}ﬁraélylgtmeswdw{ly asbaa sfl jah ¥eriqus | tgpperatures
either singularly or in conbination. The specific

can bpetshbds masurddghe cnticattemperofure &g dopRéPerat besusiniged.  Generally
described in nore detail herein. [0047] Wen a

speakiige$s wrhFeestufbo i fipe mSistshejobsd @ driticul difnif ih ot ROPavIBe initiated.
and intense inpact, a pre-existing or consequently

Once IRTE i@In@tht&d 6K pREsurd Whﬁﬁﬂle%sﬁ@mjé ex&@%l al ttid@l value to sustain
speeds in excess of an event is referred

S R t a
stead;I ?ta% Ia gr%g%@%f tfeh% clgtg goqgauﬁflbe% tSan darﬁﬁ %h %ﬁ 1L will help
RCP resistance. In the $S4 test, the pipe
nnmngﬁggehéﬂgmﬁre seven diameters long and are seal ed at
both ends and pressurized with air. Typically, pipe
[0048 pe cThedlawcrathe Sdshdiralitemeatatuser the heffarysinge it igaultsds g broader end-use
tenperature, and then noved to the S4 rig for testing.
tempefatsieanmzechoi el pipdlgadist fabkeated fipachs PERenpopaoat distlesed herein,
end and drives a fast-running crack through the main
having € 2iiuh dfnihdlSuftk BRmWh iw it o fehdefdadidmQEORAY B BR = OD/t, where t =

I nt er nal

wall thickness) of about 11, may have a critical temperature value determined according to ISO
DIS 13477 (S4 test) of equal to or less than about -10 °C, alternatively equal to or less than
about —13 °C, alternatively equal to or less than about -16 °C.

[0049] A modified Charpy impact test, referred to as the Razor-Notched Charpy Impact
Test, has emerged as a useful indicator of the resistance to RCP fractures. This modified
Charpy test is described in detail in ASTM F 2231. This test involves measuring the impact
energy when a thin molded rectangular plaque (with a razor notch) is impacted by a swinging
pendulum. This test can be performed at multiple temperatures; enabling one to determine the

temperature at which the failure mode changes from ductile to brittle. The results from this test

are as follows: (i) impact energy (in Joules) at room temperature and (ii) the lowest temperature
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di sc baffles spaced al ong the pipe | ength suppress

axi al deconpression ahead of it, so that thepressure
wa@eoorheloaT ack-tip is approxi mately equal to thRCT/ES1007/062546

pressure during the entirelgourse of crack grow h.

This pronotes steady-state crac rom h, Further, i
at Whtq%etﬁngglﬁggtwasaﬁ% retlon g fatntn imeth ﬁ%@gﬁ@ng-w D); for
prevents flaring of the pipe. This also limts the '
convehigh¢q, tlels rpmperators wah 8y refered te padic phaspadat i Senewlly epeaking, a
m nimzing ductile transient bursting. The S4 test
highedmibai-tesnparatirp impad ehagy ané adeser Chady T, tleans| tBOeA 4/ pipe will
standard. The test can be perforned at a fixed

have BcBFPRCRL&HiBaric® determ ne the critical pressure (Pc)
required to sustain RCP. Alternatively, a series of

[““SOLgfé?“ealﬁE RobI&Hs! d&FbsOPRERN APy RLGSS 6&21%322%9 st Yhan about -15

and at " vari ous tenperatures can to

o asure the critical te rature (.Ic) for . o be

C andg S50t ML £ L HBRRPRDOR AT T RHSEILE o e Ty Tas may
pi pe nust be below a critical limt even for RCP to be

be ledsnthan abad. -2Qf€e aiRCEhd soonnianipairephct tthergpreesaerr damiabbitn0.8 J; or
the pipe nmust exceed a critical value to sustain

Itern#hRBL YheSt 1k Sy ¢ R 1eRABA st —INerehahi robRi tempRiP8at
aernIowwj$4 Tc and {?ﬁgér?m Pc will help m'nim'zre0 RCFe> pRbfSet encrgy

failures., J].0048] The | ower the S4 critical tenperature
greate{%gngé?l?[é)rgs ince it results in a broader end-use
tenperature range for the pipe. A pipe fabricated from
[0051} e HRPE pipss 4534 Tohgasdraastssds uﬁ@r@rq%,surﬁ&ritﬁrg&gﬁﬂozl-qfﬁw useful
nom nal outer diameter with a standard dianeter ratio
servic@.sgﬁtften,qutgatmh@ i pressurgmiehdar nhe Mn@isgc) bofdyabmig ITherefore, it is
may have a critical tenperature val ue determ ned
imporénc ar ehtabdist thel BXiDluth b3d That (s&eh & piic)canfwidgtaal withoor deformation
| ess than about -10 OC, alternatively equal to or |ess

d dhiag &R YA QELfRInMErPFAEIIN an§ Wdaddel)0 Phe H&BH dR@Nand th
o abggl}t -16 eOeC):(.]p%fOMlg] A grtg%if%ygd gﬁar pyei)n'pacet tggzlt, and the

useﬁﬂ[]sgfsx%er lﬁgtiltng o?ﬁﬁgﬁe i@?sﬁﬂ% If){ﬁggfagg%glr@%[ F%B&?B%ﬂﬁlg %ﬁ%}é rupgure tests

errerged as tor o resi

at mu%?%%‘%%%%a%iﬁrﬁss Ag;{%étegtgg&éfﬁ%a %aé)ggleet Sl%% &If \S}létgreegtcirsisggjgcted to a
certait?ﬁ?dsrgsrt;lt?cgprtesglelrei (re?pargstsed as hoop stress) and the failure time is recorded; failure is
defined as a continuous loss of pressure (leakage) from within the pipe. Typically, a log-log
plot of pipe hoop stress versus failure time is constructed and extrapolated to a desired lifetime.
The corresponding hoop stress at the desired lifetime and temperature from the above-
mentioned plot is used as the design stress (after the application of an appropriate safety factor)
for the application of interest.

[0052] In order to predict the design stress and durability of such pressure pipes,
accelerated testing is conducted at elevated temperatures. In other words, for a given pipe and

hoop stress level, failure occurs at shorter times with increasing temperature. The general

procedure to estimate the design stress and durability of HDPE pipes requires creep rupture
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energy when a thin nolded rectangul ar plaque (wth a
razor notch) is inpacted by a swi nging pendulum This
wao ewv/1ew7 be perforned at nultiple tenperat ur eBCT/US2007/062546
enabling one to determ ne 2he tenperature at which the
: I lure nod IPH es fromductile to brittle. The
failurg E%tarSP@arl PBFPTHY SVFs (ST AMF TG k! ° @ny- urrrf%terature (usually
energy (in Joules) at roomtenperature and (ii) the
room ftegpesatusce Ak plater @athragtiigher dereparatiros (&pigaly & Bgrd0y80 °C range).
ductile (hinge break with an inpact energy > 0.15 J);
Subsetiaantly pprvenipl enctetime-insparanfeenptrpogtion drk appliadetbehs datajtthis allows
as the Charpy Tdb. Cenerally speaking, a higher

one tdr@%h&tﬂﬂ?ﬁfa@bl&[eethb fRRES dRNRITEYM A RathRWE fa FENAERMesl db
means the ensuing pipe wll have better RCP

[0053[1eSI 'Pﬁea&b%%n JA0P0H o Cﬁﬁ?ﬂf E.P g RS fe'f a%%s‘ﬁﬁ%te&& hydrostatic

erel n may have a arpy ess t an about

sy RIS e FPATTST A Ca Rl oo

bout -20 OC and the roomtenp |npact energy greater
2837 (Rsrh Swpde). 6 B 38“%@6%@@@%%%&%@ ¢ waH of emnditcp thagirgugferential

~ be less than about -25 0C and the ropnttenp I npact
orientetiver yichr ebdnespplibd norvoousin. 88 cduse fa0os1f tDPIBe pt PeG000 hours.
used for gas transport are under pressure for the

The MRS af b @ipepEstintddd usitipethu ISO ©080 s@ndaall tie the fuhdtwhuladgubagent of the
in pressure render the |load to be dynam c. Therefore,

LTHS Gwﬂhsa HEgRed 1iddHmd &r ﬁﬁ%&%)llﬁ&i {nREndTRRAITH nTﬂté)ETIHtSrh%H/or MRS of a
such a pipe can wthstand w t hout deformation and

pipe ag%@é%g % ? Vrﬁfpzh%alg g) epee§ Qgcotr(? 9% d &ﬁttetr KSTM Mﬁglahgﬁor fga(BM437 In other

sef ul servi

WOI‘dSp é{le?sts IrYﬁ of HDPE ef L}%te E}ag{n?tgé%/lg (g?ha}tmﬁu{:]?t que%t gacrjl Egar during their

eratures In this test (ASTMD 1598) t he pi pe of
utlhzatlml &rdhe transpartsion of aefuradges- certai n hydrostati c
pressure (expressed as hoop stress) and the failure
[0054} i meAn MREBorhdddf yeai turapolaeddeticnad0ayC;a0 T dvweryoedictive limit
| oss of pressure (leakage) fromw thin the pipe.
(LPL)?)g&!aﬁ‘eWtﬂla)ﬁ, 1080 ﬁ\ﬁgl dR@sndt t©PEPOPErehdePrasihg € SSPEEY iéSsure rating

ailure time is constructed and extrapolated to a
meanFBRINIRY WA grleétgiethan 8.0 MPa and less than 10.0 MPa. Based on limited creep
rupture testing at 23 °C, 60 °C and 80 °C, the MRS of a pipe (2 inch nominal OD with a SDR
of about 11.0) from PE compositions disclosed herein is projected to be greater than 10.0 MPa.
[0055] A majority of the field failures in pressure pipe applications are attributable to slow
crack growth (SCG). This has led to the development of many lab-scale tests, such as the
Pennsylvania Edge-Notch Tensile Test (PENT; ASTM F1473), to predict the resistance to SCG
of various polyethylenes. In the PENT test, a notched polyethylene specimen is subjected to
creep by the application of a constant tensile load at 80 °C. The applied load is such that the

initial stress is 2.4 MPa. The time to failure is recorded and reported. A longer failure time

correlates with a greater resistance to SCG. Generally speaking, increasing the resin density
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The correspondi ng hoop stress at the desired lifetine

and tenperature fromthe abovenentioned plot is used
w@goovhelodesi gn stress (after the applicati on OPCHIS2007/062546

appropriate safety factor) 2dor the application of

i Nt .1 0092] In order to predict. the design st

lowers g e hisforg {me- T ﬁgﬁpg@gﬂ 1@, §,‘H%‘2§8’fee tiplggPERT faiture

~ testing is conducted at elevated tenperatures. In

times ¢t ereessir WH0 hpoys, alteghapaplygh gacesndfl A iy, afermnptévedy in excess of
failure occurs at shorter tinmes with increasing

5000 heanmy attahatively ihreaceps 0E6@10 hpuos eltkrnaively ie skeasmbde700dours.
design stress and durability of HDPE pipes requires

[0056F I €€Thd PNV &R BinleUh S, Bl SRIJERsithpiyf BERhINOMRInidal load applied
two-year tinmefranme at the end-use tenperature (usually

in ordtCRMESIRR AL ?r%&)lreggﬁcfe%.. AWgi e[sﬁr%gyg 3%8\@‘ E;rh%ﬁngd as the failure time

tenperatures (typi yint range

Subsequen ibnGipl.es of  tinest ature. .

for anJARRCHRAER |0t o b& MBI e e HoREG S0P E RIS il dDASTRAF1473)
to reasonably extrapolate the failure data at room .

and upehapredperimer geamgtety deHaeampostionspf thisedissdasugprdisnlgpligh-stress
of a plastic pipe is often referred to as its

PENT] farlgrettonan ih geiccss 0H1000 lourse rigiven (haTthg)densitytdfghaPRicompositions of
required strength (MRS). LTHS, estimated using ASTM D

this d&8B4ure UBA staipear b, gics), tthie i€ sbhsiadred! té easi IsgniicagiSresult. For
inthe wall of a pipe in the circunferentia

refereRéd, M BRI SRilaMR PR 180 RAtb e folGRRE! Qﬂ)@&élsﬁyr 144 klan 0.951 g/cc,
cause failure of the pipe at 100; 000 hours. The MRS of

- ' ' - i d, is the
disptf s PTG e G bR B TO208hc: ¢ o
i fet.inme of 50.year ed internationally. The LT .
10057y, PENRS resporiy ;ﬂ?ﬁé?daﬂ% URGS GYPEEUER PO §AsdEspar ggplications are
_according to either ASTM D 2513 and/or 1SO 4437. |In '
attribusgtie fo abyiitels fragthecsmodeaictraed deaed GPntbc resistanas fndfatilof aepssure pipe
that such pipes can bear during their utilization for
is oftanteyatlunted s Pmetradthahofodvahating the SYAS res[sbdbdd |s AnddidRBinag the tensile
(50 year extrapol ated value at 20 0C, 97.5 | ower
naturdP e Eatio(&nkil O INDR() loPkhe) regin e Athefe it Rame L0idEnd¥RAat the tensile NDR is

corresponds to PEI OO pressure rating. A PE8BO pressure

directfy%lafbg to the SCG resistance of HDPE such that the lower the tensile NDR the higher
the resistance to SCG. A description of the correlation of SCG to tensile NDR may be found
in: E. Laurent, Comprehensive Evaluation of the Long-Term Mechanical Properties of PE100
Resin Meeting the Requirements of Modern Installation Techniques, Plastic Pipes XI
Proceedings of the International Conference, Woodhead Publishing Limited (2001); and in an
article by L. Hubert, et al published in 2002 in the Journal of Applied Polymer Science Volume
84 page 2308 each of which is incorporated herein by reference herein in its entirety.

[0058] The tensile NDR is determined by performing standard tensile stress-strain

experiments on dogbone specimens at a deformation rate of 51 mm/min in accordance with

ASTM D638. Referring to Figure 1, a representative stress-strain curve is shown where the
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nmeans the MRS was greater than 8.0 MPa and | ess than
10.0 MPa. Based on limted creep rupture testing at 23
w@a)0780100C and 80 0C, the MRS of a pipe (2 i ncPCHUORI0NAN62546
OD with a SDR of about 11.0} from PE conpositions
. disclosed herein is projected to he greater than 10.0 .
tensilg gram [woglggj:(? 2 Hgﬁg}tis?rﬁlnoqndt tﬁg SHESS| 1§ egpfieq;sE @s force or ?oad (in 1bf).
pressure pipe applications are attributable to slow '
Inflecipmpiinggridneth, Y0saE) 00 Markspaiats af sdiichgranergatiasts ap materiabpehavior
many | ab-scale tests, such as the Pennsyl vani a
occur EfigealNoticdondaioas belohestai PENEr rétdivl -ls4ob3gryed. olnpthsdinedr region
the resistance to SCG of various polyethylenes. In the

10 thé:’ﬁllél_fgrfhpég)eriéhoﬁg’ﬁ(‘shﬁﬁ @'dﬁ@étfyyllbtﬁﬁ&“ﬂﬁﬁﬁ Gb MRNagphied strain (u) and the
subjected to creep by the application of a constant

rnater{aﬁ %@ﬁelv?orl é;d?dbeata Qxiglgteéijrﬁf @ggg’i{ﬁg\x/l @ﬁgatftog Zfﬁg\% httﬂé’i.tconstant of

e Inti stress Is he t ure IS

recorded. and reported. A lo r failure tine

provoffpish Feind ¥ {FS o Ve mPRERE aReYE S ceneral iy
speaki ng, increasin%Ethe resin densitylowers the PENT
failure tines. The _Xabnpositions of "this discl ore
di splay PENT failure tines in excess of 3000 hours,

[0059hI t eAlsatinvied kndanraganel’ thef ded@ottibo belayviaalis ypmatiimatslyyelastic, i.c.
in excess of 5000 hours, alternatively in excess of

the mGRA4 shail ffurfd teefdia@twhetltle hpplied deRiSis AbméBRI0 NimustEess at the point
[ 0056] The PENT test tinme may be shortened by sinply

wherd MEMRASHANG bdd@vibPichiidks A cRRR! tePlabtt R BRIwi & the vicld stress.
accel erate the fracture process. A "high-stress” PéﬁT

is defi ai Ul e 1 oy . '
oSS SGRAE AU b 38 101" hRBAAL (QPBBY i
i n. ASTM F1473) and unchanged speci men.geonetry. The PE .
deforrggfiff s PERSHE: GIS PRISPRITG] G5 BISCEVIERT iy oG 28 BETmuR in the
PENT failure times in excess of 7000 hours. G ven that
load-stra@ tersas pt hopin HELWE e oRpisi tthokisldopointh ps thei spe¢imen agstretched
are high (> 0.952 g/cc), this is considered to be a
contingbgpty,fthe anteriabeuthitle tieomeck etgornt the daigboreospeeinehat dyawn into the
avai l able PEI OO rated polymers, at a density |less than

neck; @@ ohd Hoes nodtisdbawchi flck dufss (HRENECKi@E bbd Qrdvwif®$rocess. This
consi derably | ess than 3000 hours. [0057] Since the

neckirggﬂh%v.i y}gt@éesg loghhub@uhtir @S shEiMbESRdduficR! RfafndB3dening” or point

ansport) applications are

50 in Figure 1. The onset of strain-hardening simply means that any further deformation of the
specimen requires considerably more energy input. This is evident in a substantial and
dramatic increase in the load in Figure 1.  In other words, the onset of strain hardening 50
marks a period 90 when more stress is required to achieve a given strain than seen in the
previous region of the curve. The percent strain at the onset of strain-hardening is defined as
the tensile NDR. The continued application of load to the material will eventually result in the
material’s fracture at the break stress and strain point 60.

[0060] Some polymers do not exhibit the distinct strain-hardening behavior shown in

Figure 1. Therefore, in order to define a tensile NDR, the following criterion needs to be
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attributable to a brittle fracture node referred to as
SCG the resistance to SCG of pressure pipe is often

wearnetoed. One net hod of eval uating the SCG reGI/ESBNTE52546
is by determining the tensi26e natural draw ratio

) nsile NDR) of the resin, There is so evi dence o
Satlsﬁéqsw Bty the t?@h% siressyabRreak ik beert 19 Vaeligharhe, thehat Gisgiensile vield
resi stance of HDPE such that the lower the tensile NDR
stress {va>hli. YHex). tTe tersde dheduesoegoed inthdespplicgidnge thc average of at
correlation of SCGto tensile NDR may be found in: E

least fhaUh&Btrenfea@pr ehensi ve Eval uati on of the Long- Term
Mechani cal Properties of PEI OO Resin Meeting the

[0061 €U SERbR1iQEnt VRRESH cbﬁﬁ&ﬁﬂlé tdrahis IRCMRLAUES e a reduced tensile

| astic Pipes Xl Proceedi hgs of the Internationa

NDR RS PR RS it s ion  inude
t he Journpal of Appli.ed Polymer Science, Volu 84 page , .

any PEQeemeBiiprops oo HOTE G MEBTRIETSHESe B9tk PR nSUSY asef@rcelited In the
herein in its entirety. [0058] The tensile NDR is '

produgfeane ofri RBY0 by BB §brdebignated ampkar d Exemplep eof such conventional PE
stress-strain experinments on dogbone speci nens at a

compehiticns matludn withve lirhitdonnGONTINUUNM deGDda 24%0-BKt ol ASAWene high
D638. Referring to Figure 1, a representative

densit§ hASS uHifdH4] FRIVYGaled pREQWR PIREFSint dtiB&SHal 1P aShilaBld ) from Dow
is plotted as percent strain and the stress 1s
X ed as,f ' bf) ... lnflect]o i.nts

ChemGEPEGERE MRS e HRE TR LD Ptk RGPS RAGR Ll pe-so
in material behavior occur. Initially, at conditions

rated gresyusi P TaTin cammckaalty pedlpbla o (heyieadiildips Ghamiq] ompany,
linear region 10 the material experiences a stress (F)

LP. directly proportional to the applied strain (u) and
the material behavior can be approxi mated by Hooke's

[0062] aw Ipesuahbalima)t, thictHE thapssitivgk aftthio fdisologmeriaveaatsily NDR of
being the elastic or Young's nodul us denoted Y: F= Yu

) | [ [ 10110, :
less tiﬁﬁ ab&&qagbwa%S g th%ﬂ%ja Is tﬂ@gcil?rﬁg?g y1 i a{g ISF(%I, an e.né‘t.)odlment, the

eformati o avi or i's appr :

tensile% ﬂi }sgeexﬁ)lé%%e@é%l_rpae%%@{ gtt{arlulréglﬁd tggte{zrﬁiégqj\gf%?co}(g%cea&%hlAegTM D 638
and the polymer density is in units of g/cc and determined in accordance with ASTM D 1505.
The PE composition of this disclosure may display a lower or equal tensile NDR at a higher
polymer density than a conventional PE composition.

[0063] In another embodiment, the PE compositions of this disclosure have a tensile NDR
of less than about 25cy - 130, where oy is the yield stress of the composition. In such an
embodiment, the tensile NDR is expressed in percent strain and determined in accordance with
ASTM D 638 and the yield stress is in units of MPa and determined in accordance with ASTM
D638. The PE composition of this disclosure may display a lower or equivalent tensile NDR at

a higher yield stress than a conventional PE composition.
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where the material's behavior changes fromelastic to
plastic is known as the yield stress. Application of a

wo od/1eybond the yield point 20, results in pePOENSVT/062546
(or plastic) material defor#ation. Generally, the

ield poi 0 Iyeth l.ene vi dent as Xi
10064 "t e %n%ocﬁw%% Fregpwetiien gﬁ&vvﬁﬁwﬁlordr@@ﬁ%afen@aaﬁ\m of less
the yield point, as the specinmen is stretched
than abontt 14H6dns| 42958 heheratpeisith polytst densittyealtpsedtivelygdfolassi than about
t he dogbone specinen is drawn into the neck; the |oad

256, HoRS whsk of RARE BoNRicY yIoHL et ﬁltéiﬁaﬁ\’%lysan@%ﬁibﬁﬁtl@ﬁ‘ thereof.
draw ng process ThIS necklng/dramrng process

continues until the spe ounters
EEEEEs

"strarn hardeni ng” or poin in Figure 1. The onset

rai n- har enln srnp ans_ t further
10065fje1 ot GHOBACPRE e ﬁ‘éH{’Tﬁ Tbeade cﬁﬁérve&eémlewegmn as
energy input. This is evrdent in a substantial and
particalpr smbpdimentsr ebighe inventinn pedhdo i denongitate the prasties ed advantages
wor ds, the onset of strain hardening 50 marks a period
thereo@0Itvikemdcnascel ttrias sxan®lesaqel givenl by ovagofiilkseatngind @re not intended
strain than seen in the previous region of the curve.

to limik fig: PeEiietonTr kIR dhaidk it ey @RsRE. of strain-hardening is
defined as the tensile NDR The continued application

of load to the materi al ﬁb& pErgntually result in the
waterial s fracture at t 1\greak stress and straln

oin 0060] yner s do not ex
100660y Al BT W?Z@fﬁ% i P s Ptes o r-*rcgqr?r& wtness with
Therefore in order to define a tensjle NDR, th
an aqyegps spARtiRY oframeeeini sylfates Topisledhs alumirg lradrasrurfapﬁ area of about
tensile stress at break is at least 10 % hi gher than
330nthmﬂnaﬁdammfn@hsn¢efﬁmeth3$t@£se (bakount of amsonium iHEte used
tensile NDR val ues reported in this application are

was cduad toed086 afthe Bfartiig dl@aimb. Thy eoloB@ Dl hvaree Dt to [dB3OEL¢ themmonium
an enbodi ment, the PE conpositions of this disclosure

sulfatd G4 cAclIfdY %ﬁl hensthl SordPRubR FIRPRLHRL @aﬂlﬁle él .€. 2.6 mLs of water
conventlonal PE conpositions. Conventi onal

for ea?l?%pa { ﬁlgﬁﬁnahtlact!el'ltge%teﬁgy;rg%% %Oslspu%%lntolf %ﬁ %ﬁ?kn%l%ms of & monium

ressur prpe suc Se use

sulfate per rnf of water was employed. The resulting wet sand was dried in a vacuum oven
overnight at 120 °C, and then screened through a 35-mesh screen. Finally, the material was
activated in a fluidizing stream of dry air at 550 °C for 3 hours, in the case of bench scale
samples, or 6 hours, for the larger pilot plant samples. The samples were then stored under
nitrogen.

[0067] The PE compositions of Table 1 of this disclosure were produced in a 27.3-gallon
slurry loop reactor. Polymerization runs were carried out under continuous particle form
process conditions in a loop reactor by contacting a metallocene catalyst in isobutane,
trialkylaluminum, and a solid activator in a 0.5 L stirred autoclave with continuous output to

the loop reactor.
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producti on of PE80 or PElI OO desi ghated pi pe. Exanpl es
of such conventional PE conpositions include wthout

wo pev7nieoson CONTI NUUM DGDA 2490- BK pol yet hyl eneCTiugw07/062546
density that is a binodal REl OO rated pressure pipe

esip commercially available.fro w. Chem cal ny .
10068, nﬂp@perem%ﬂnaa%ﬁwfﬂ Ruhity e ioming Bynyet hg??lgﬁglaﬁlmmum
that is a PE-80 rated gressure i pe resin comercially
solutieqyaiid mpteodene pataiiehvin dibMant Wersstedle piperte Wpapamio altee upstream
[0062] In an enbodi nent, the PE conpositions of this
of thahstotlost méhetratteyaconeinsid| eachiDifhaf [Ths solihhantiet@utvas flushed with
14167p - 12958, where p is the polyner density,. In

isobut&h€ nt8Na @O atti@At thet ARrdn@Msibh®l MNoRah® tBXRURTROE téhtacting the
percent strain and determ ned in accordance with ASTM

i g ARSI TR S0k S s gl TR0 obutne
O R o PR I
conventional PE conposition. [0063] |In another

a residese dineepl aPPEaIEmpiEle birp b dniptshdn gic uiedavgi sEcolotil dlow from the
have a tensile NDR of |ess than about 25sy - 130,
autochahethen sytetied thehleolyicattdr.st ress of the conposition. In
such an enbodinent, the tensile NDR is expressed in

[0069per CEiH cthylcat niséhvaded olyhiteidation gaderctgnme wbtaihcASbih Union
D 638 and the yield stress is in units of MPa and

Carbi@letSHBHRH), | Whidf Gt PanE&d YHIB@MA‘@-EMugﬁr?’&l alﬂﬁﬁlaraﬁtivated at 250 °C

i
conposition of this disclosure nmay display a | ower or

o2 S0 AR, B LA, DDA A £S5 B o

nven

PE conposition o his discl re.has a tensile NDR of
Chovipg CHCHRT GBI ADEREES N8 DY isten Purng el g gyer 13-X

density, alternatively of less than about 25sy - 130,
molecyse sigve petivatadn 2581°¢rféB2 yFeincnigegeas sTheglopie repgtar weasya liquid full,

any conbi nation thereof. EXAMPLES
15.2 cm diameter, loop reactor, having a volume of 27.3 gallons (103.3 liters). Liquid
isobutane was used as the diluent. Some hydrogen was added to regulate the molecular weight
of the low molecular weight component of the polymer product. The isobutane was a
polymerization grade isobutane (obtained from ConocoPhillips Company, Borger, Texas) that
was further purified by distillation and subsequently passed through a column of alumina
activated at 250 °C (482 °F) in nitrogen.
[0070] Reactor conditions included a pressure around 580 psi (4 MPa), and a temperature
about 95 °C (203 °F) as indicated in Table 1. Also, the reactor was operated to have a residence
time of about 1.1 hours. The solid activator was added through a 0.35 ml circulating ball-check
feeder and fed to the 0.5-Liter autoclave as described above. Metallocene concentrations in the

reactor were within a range of about 3.27 to 3.58 parts per million (ppm) of the diluent in the

polymerization reactor. Polymer was removed from the reactor at the rate of about 22 lbs per
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[ 0065] The invention having been generally descri bed,

the foll owi ng exanples are given as particular
wepmodirwent s of the invention and to denonstr aPE€r/URm®07/062546
i s understood that

ust r%# 19 aEﬁf g&a@er under

practice and advantages theéeof.

hour g reraHeBRBGr HoT P nd. Lkt f

in any nmanner.

It
il

PYERMADNS
EXAMPLE 1 [0066] Al umina A,

from

WR

nitrogep atcbouldiihic (148 76 Ik egnat ed to i nci pi ent wet ness
wi th an aqueous sol ution of amoni um sul f ate.

[0071TTy pi Tlad dogatalykg TEB Aprwvasadiad iraa serrckatcaioarea rofge ab ot &80t 110 to
n2/ gram and a pore volunme of about 1.3 cc/gram The

201 paiptR tmiQfonBTARNEUEN S th@bsly%ﬁgatm&e&walm red@¥at@fic buildup of
the starting alum na. The vol une of

the regdtéts F ls%ﬁ%ll taﬁl%u

pore VO

lmpmm“@*%r SR aR 5T

sul fate

usuallygddeds n d%b\ﬁa

ram

nL. of water

il iR g Rt

o T™E68

of aIu

was enp

B SEUBRDS

wat er

0C, and then screened through a 35-nmesh screen.

Structficnadl 4nd B.t he materi al
streamof dry air at 550 OC for 3 hours,

of bench scal e sanpl es,

Ofalflc hour s,

in the

used to

15fs°£960t (%)ﬁductivity
mriaézt ab frtthngme g%ﬂrreon LLC was

| Qyed. The resul ting
gatefystesystpys &S@ﬂa\a@r@rﬁrm@whb%ﬂﬁﬂwrﬁn AC 1 %esented by

was activated in a fluidizing

case

for the larger

pil ot plant sanples. The sanples were then stored
uReleG, ni trogen. [PO67/] [he PEyconpositiong of Table 14
Act®hato}- @ﬁp%mq' SE1 osglfifaccer €] Pr oGifafe ' N[ a Zduipidal I PRyifated Alumina
slurry | oop|reagt,Rnma POl YyMegiZadal On|rung Wel.e carried
MHENJIRRET continuous pafticlre form process conditions
in a loop reacto{ . py contacting a metall pegne catal ygt g
Mfmmﬁbkﬁﬂ@ﬂ&@ﬂ 5] @ gyt al o BEmy pgnd A §§7+90§C['Va§85+105
| ot >t|rregn§9£9‘lave with continuous oufput to
Auto!:l%'\% Re%"dH}%:Ee ACT Uflslsl‘:}uotjj I'11e ﬂ _(..Ulll AcCt llf_.h 3W’db CAr T EH‘ 17
B e(Nﬂa following manner. Trial kyl al um num
Cocatalyst Type TIBA TIBA TIBA TIBA
Cocatalyst (precotactor | 20.02 + 181.48 19+ 168.5 20.02+174.5 19.69 +89.5
+ reactor) (ppm)

Rx Temp (°C ) 95 95 95 95
Ethylene (mol%) 15.15 13.93 14.42 15.12
H, (mlb/hr) 6 8 8 8
C2=Feed Rate (Ib/hr) 29.61 29.59 29.53 29.6
1-Hexene Feed Rate 0.56 0.61 0.61 0.61

(Ib/hr)
Total iC4 Flow Rate 59.3 61.48 60.1 60.07
(Ib/hr)
Solids Conc. Wt. % 24.63 24.22 24.23 24.3
Polymer Production 22.48 22.67 22.33 22.42
(Ib/hr)
Density (pellets)(g/ce) 0.954 0.951 0.952 0.953
Mw/1000 346 279 278 286
Mw/Mn 30.5 35.1 31.4 334
EXAMPLE 2

[0072]

The differential weight fraction MWD was determined for the PE compositions

prepared under conditions specified in Table 1 are shown in Figure 2 respectively. The figures
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15

solution and netal |l ocene catal yst in isobutane were

fed as separate streans into a tee upstream of the
wa@uiooadmve where they contacted each ot her. TheCHUK10d7/062546

activator mas flushed with2fsobutane into a tee

aforenentlon tee and. .t he autoc| ave,
show éﬁ%tra%lﬂr h@rﬁmsgnowta%w? AU DRSS AOTGERORERL 10y ¢ pigodal PE

j ust before entering the autoclave. The isobutane
compgditigth used to transport the solid activator into the
autocl ave was set at a rate that would result in a
residence tine of approkXeeBLE 314-16 m nutes in the
aut ocl ave. The total flow fromthe autoclave then

[0073ENt es&&t RRhANER preREt R of thO PEonThRitRhi Y eile disRGudaTable 1)

a polynerization grade ethyl ene (obtalned form Uni on

Y8 PR Pl S i
e GO R OB S SR L i

' was purified by nitrogen purg and stora
their éwrty,mlel%ﬁms el BEM; el easgfatt%ﬂ%ttesz% of g %SQOmPOSIUOHS
OF) in nitrogen. The | oop reactor was a |liquid fuI
(compi&sspncmoldedptséry chaop fremcthomoltvasitate) were glenioemed using die-cut
27.3 gallons (103.3 liters). Liquid isobutane was used
ASTM ST ypbaVdigetigiths uSagenhipstiagensiasstad dadstt at Fegu kati@rature were
t he nol ecul ar wei ght of the | ow nol ecul ar wei ght
perfornRARL A&BEdaREe # 118 ARANY MRE3 TP UEL a crdfificd SPBL A HRPMA.
pol yneri zati on grade |sobutane (obtai ned from
ConocoPhi I i ps Conpany, @g b Texas) t hat was
further purlfled by distil i'on and subsequently

along

naccnd +hr | Al 11 1at Al A 268N C

Resin {lpg>( Bpysifyn ﬁ R ggo B Do s PENT | Fligh-
i ncl pd&s) a p ur eBERBUND psimpaet MpAy, CGhf(h Stress
t enperat ur e &E@S@t OBIrge (2@’3“@@ Hsergpid| cat ed | n Tabl |egPENT
1. Also, the(MBact pMBas pheriat ed@ o Bhye a repi dencel (h)
time| of about 1.1 hours. [The soli@Cactiyator was added
through a 035 m [irculaling bal(pcheck

TR480X 0.943 22.9 31.0 569.9

HiD9346 | 0.946 237 31.8 617.1 0.34 -20 ~1000 | ~450

H516 0.950 25.5 40.0 549.1 1.90 -35 ~ 3000 | ~500

DOW2490 | 0.949 25.8 37.1 531.0 1.70 -35 ~ 5000 | ~2200

Inventive | 0.954 27.0 323 512.4 1.28 -35 > 7000 | >7000

Run1

Inventive | 0.951 26.3 36.3 483.1 1.33 -35 > 7000 | >7000

Run 2

Inventive | 0.952 26.5 37.7 493.1 1.20 -35 > 7000 | >7000

Run 3

Inventive | 0.953 27.1 34.1 507.3 1.08 -30 > 7000 | >7000

Run 4

[0074] The PE compositions of this disclosure (Table 1) are denoted as “invention

polymers” in Figures 3 and 4. These PE compositions are compared to other resins used in the

fabrication of high pressure rated polymer pipe which are: PBTF bimodal resins, a

series of

bimodal polyethylene developmental resins used to fabricate PE100-rated pipes which are
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feeder and fed to the 0.5-Liter autoclave as described
above. Metall ocene concentrations in the reactor were

wowaohiteiodr r ange of about 3.27 to 3.58 parts pePCHUE100T062546
(ppn) of the diluent in thé8polynerization reactor.

) re ved ra reactor at the rate o
dlscloa%aﬁ 5 ite Genron canted 5@6‘@810@@1 %Y%hrlr%ﬁﬁoremﬁwgﬁ and Pipe
A Vul can dryer mas used to dry the pol ynmer under
made ffopt SgeR” AtioBIsHUPOBEL BOmOE §ARINEPG DRy iy DEMPpradeherein in its

cocatal yst (TIBA) was added in a concentration in a
entlreiyaM}QRELEX@(HIHBD@RMSDXOhlgb-dBﬁbltyQﬁﬂ}tah}rbﬁfe andl MIARLEX® 9346 high
the diluent in the polynerization reactor. To prevent

densn?hﬁ??’eﬁlygégﬂqugf}l \%f/eel l;]%%?) 151%?8%&60{ tedajt) ?@gé_ls st 45001§11§§§a11able from

Chevrgrq r];qlul?lg? %:h‘s%ncggg[:jlfyéﬁﬁ e&/\ﬁjﬁsn L tﬁrﬁ]\é‘ragtrflrhz%at I%ngceap developmental

usual | y added. The catal yst systens used were

HDPEié‘rVélVFlb%@IP)ElQQ apd PB%@pr@ﬁ%lr%\raéedrmm wsianfepegyels MARE%s H516B
A and B. Table 1 EXAMPLE 2 [0072] The differenti al

high senisgtpofyrethytano rcomMpbumd svidet e aritiadddl dPE t00episure rated pipe resin
conpositions prepared under conditions specified in

commEARAIE dvadlaBle SROMNCARrdT Bﬁlmg)sch&ﬁ@ﬂctG(m’rmwm DGDA 2490-BK
figuresshow the resulting PE conpositions to have two

o BER0EL SRR oy PSSR AR it
f.th d T. 1 )
wvailafe, FETDRY, QD Gy b Eas 4O e@ehie ) 1@&8@?%@ weight
HDPE resins are |isted in Ta le 2. The tensile NDR o
bimodah pinppregignissanerghy aypilably o E&Té*éu Petrdemicabt Ben %nédELTEX

as a function of their density, yield stress and HLM.
TUBIRZANZP00 bazhedensignpolyethylese PTI00rited Ripac oimpbsist & (pnglethylene resin

(conpression nol ded by sl ow cooling fromthe nolten
comnitaidlg)avakitde femfBR S&dayusi ng di e- cut
[0075] The tensile NDR of the resins are plotted as a function of the resin density, Figure 3
and, as a function of the resin yield stress, Figure 4. In Figures 3 and 4, the tensile NDR when
plotted as a function of density and yield stress show three groupings of data. The first group
comprises MARFLEX® HHM TR-480X high-density polyethylene, MARLEX® 9346 high-
density polyethylene and H525 which display the least SCG resistance and consequently the
highest tensile NDR in comparison to the other resins tested. This result was not surprising
considering Group 1 consists of medium performance PE80 resin grades. The second group
comprises PBTF bimodal resins, H524 a Chevron Phillips Chemical developmental HDPE,
MARLEX® H516B high-density polyethylene compound, CONTINUUM DGDA 2490-BK
polyethylene high density, HDPE XTI1ON and ELTEX TUBI121N3000 high-density

polyethylene pipe. Group 2 is a collection of PE100 resins that display excellent SCG

resistance. In fact, Group 2 comprises the best performers in terms of SCG resistance amongst
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ASTM Type |V speci nens using an Instron tensile
tester. Tests at roomtenperature were perforned in
wa@ewonamare with ASTM D 638-00 usi ng a cr ossheedI/Epm®en062546
of 51 mimn. Table 2 [0024] The PE conpositions of
this . djsclgsyre (Table 1) .are denoted as "inventi.on
all conygy healablE Prstrae P dbii HeHaSk toehes FYBicPReirg of the PE
are conpared to other resins used in the fabrication
compeyfiticis g thos disslgpusc pad denosest yineantipi pelyiwers<cHlispay: SEETesistance that
bi nodal resins, a series of binodal polyethyl ene
show tdevetwey astl @NDRefr s gisadddansitibadord yielt etrB¥sIndRingathe considerably
pi pes which aredisclosed in U S. Patent Application

superi®ivith k@drd MEAG rRARIncER! tHehid) heemiabPPEL 60 REiSs 8NGroup 2.
Pi pe made from Sane" Attorney Docket Number 4081-08400

0076 C\*’ﬁﬁkﬂ?ﬁ%ﬂ%{%@%@éﬁ%Qﬁ IE?G %’i“%?ﬁ s ﬁg? élﬁgﬁa%ath%ﬁﬁféé@mg the
(r 346 hi. i } ) i ..PES8 ) )
doscriffid B, DS 16 PRl iRl B, SR B oo gyontive

Chevron Phillips Chem cal; H524 and H525 are Chevron . ]
aspectsiianre pprd sheam; and) desraibetl.opadificationstiseeof\gan b naads byppnepkilled in

and PE80 pressure rated pipe resins respectively;
the arfixihaux departingsem the ghiritianksicaghings of dichipvation c dip ombddiments and
which is a binodal PEl OO pressure rated pipe resin
examgleyTd®cabal hetciavat leabhplafy oy Chied aenndPhindchdgastoChe imétidg, Many
CONTI NUUM DGDA 2490- BK pol yet hyl ene hi gh density which

variatiofis @ndiBRfRbLtiGE Fhé alveshid SSa88 Ripe afeepcdsﬁble and are within the
comercially avail able from Do em cal Conpany; HDPE

w Ch
scope, E R G S e RAC Rl ol Bhelip R IR Bl BB aprad. sueh

resin commercila aval

I nc. ; LTEX TUBL121N3000, hi gh-d I | hyl .
expreypgss PR BEHPBE RHICIN YECR Q56T Bty distatpeaees or ffifations of

~commercially available fromBP Sol vay. [0075] The

like magnigideefaNipR within fee expsesaly wiated pinges eglimyations ypet ifigm apout 1 to
the resin density, Figure 3 and, as a function of the

aboutrl@sinclugése d3 54, rees sgreficgthae 0410 innluBegd €s0.82.ahtB,4tc.}. hBse of the
tensil e NDR when

term "optionally" with respect to any element of a claim is intended to mean that the subject

element is required, or alternatively, is not required. Both alternatives are intended to be within

the scope of the claim. Use of broader terms such as comprises, includes, having, etc. should

be understood to provide support for narrower terms such as consisting of, consisting

essentially of, comprised substantially of, etc.

[0077] Accordingly, the scope of protection is not limited by the description set out above

but is only limited by the claims which follow, that scope including all equivalents of the

subject matter of the claims. Each and every claim is incorporated into the specification as an

embodiment of the present invention. Thus, the claims are a further description and are an

addition to the preferred embodiments of the present invention. The disclosures of all patents,

patent applications, and publications cited herein are hereby incorporated by reference, to the



plotted as a function of density and yield stress show
three groupings of data. The first group conprises
WORRFLEM4T r) HHM TR- 480X hi gh-density pol yet hyP@nes2007/062546
MARLEX (r) 9346 highdensityOponetherne and H525
di spl ay | east stan

extent?’gﬁég%yu@ﬂ g e ﬁ‘iygﬂl@§?ds s i wpelswaaﬁarysfaﬁhqsa set forth
~the other resins tested. This result was not

hereinsyr pri si ng considering Group 1 consists of medi um
performance PE80 resin grades. The second group
conpri ses PBTF bi nodal resins, H524 a Chevron Phillips
Chemi cal devel opnental HDPE, MARLEX (r) H516B
hi gh-density pol yet hyl ene conpound, CONTI NUUM DGDA
2490- BK pol yet hyl ene hi gh density, HDPE XTI ON and
ELTEX TUB121N3000 hi gh-density pol yet hyl ene pi pe.
Goup 2 is a collection of PEI OO resins that display
excel | ent SCG resistance. In fact, Goup 2 conprises
the best perforners in terns of SCG resistance
anongstall commercially avail abl e pressure pipe
resins. However the third group consisting of the PE
conpositions of this disclosure and denoted "invention
pol ynmers" di splay SCG resistance that show the | owest
tensile NDR for the given densities and yield stress
maki ng them consi derably superior with regard to SCG
resi stance to the high performance PElI QO resins of
Goup 2. [0076] Wthout further elaboration, it is
believed that one skilled in the art can, using the
description herein, utilize the present invention to
its fullest extent. Wile preferred inventive aspects
have been shown and descri bed, nodifications thereof
can be nmade by one skilled in the art w thout
departing fromthe spirit and teachi ngs of the
i nvention. The enbodi nents and exanpl es descri bed
herein are exenplary only, and are not intended to be
l[imting. Many variations and nodifications of the
i nvention disclosed herein are possible and are within
the scope of the invention. Where nunerical ranges or
l[imtations are expressly stated, such express ranges
or limtations should be understood to include
iterative ranges or limtations of



i ke magnitude falling within the expressly stated
ranges or limtations (e.g., fromabout 1 to about 10

w0 p@iaows7 2, 3, 4, etc.; greater than 0.10 i nedT/UEM07/062546
0.1 1, 0.12, 0.13, etc.). Bte of the term"optionally"
with respect to any elenent, Qf .a claimis intended to
mean that the subject el s requi red, or
alternatively, is not required. Both alternatives are

What jslaimgées: t o be within the scope of the claim Use of
broader terns such as conprises, includes, having,

1. etAcpolghauothpositiomdenstioag t o provi de support for
narrower terms such as consisting of, consisting
egag%&dnﬁﬂt}l' Yquaf to Feraatd a0l SRt amtd/al, |y of, etc.

[0077] Accordingly, the scope of protection is not

s IR Rl SRSEARSRAR Sty 900D 01
15100l SR SRR 0 R4B)ERFTIASRT, Bheb i e

specification as an enbodi ment of the present
i nvedenpitife/cmishe eampositiahnms are a further description
and are an addition to the preferred enbodi nents of
2.t The porapesition af\ctiri lasompiisagdi ppiynas wif ediylzhe.al | pat ent s,
patent applications, and publications cited herein are
3. haneR¥ymboGasPer sl 1036nRisBeN 66holfriert dTR@NIRt addNad alpha olefin
t hey provide exenpl ary, procedural” or other details
pl ementary to those set forth herein. CLAIMS What is
almed is: 1. A polynmer conposition conprising: (a) a

C
density equal .or eater than out 0.947 g/cc: (b

4 SR gt S e i hE R he B g cs Priiiet Mopylene,
30 g/ Omn; and (¢) a tensile natural draw ratio |ess

1-butqngarpersens: 1herarpd-poding-1-Rparce4ngtieyltlneentrags | -bontece dyoctene, 1-
of the conposition. 2. The conposition of claim1

nonenephypedesé, g campimbtyorsthayéofet hyl ene.

10 como

5. The composition of claim 2 wherein the polymer of ethylene comprises a multimodal

15  polymer.

6. The composition of claim 1 further comprising a PENT failure time greater than about

1000 hours.

7. The composition of claim 1 further comprising a tensile natural draw ratio less than

about 250, - 130, where oy is the tensile yield stress of the composition.

20 8. The composition of claim 1 further comprising a tensile stress at break equal to or

greater than 1.10 times the tensile yield stress of the composition.

9. The composition of claim 1 further comprising a rapid crack propagation S4 critical

temperature equal to or less than about -1 °C for an 8 inch SDR11 pipe.

10. The composition of claim 1 further comprising a Charpy ductile to brittle transition

25  temperature equal to or less than about -25 °C.
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3. The conposition of claim 1 conprising a copolyner

of ethylene and an al pha ol efin conononer. 4. The
wa@oooposiodsi on of claim 3 wherein the al pha- ol ef PE€T/US2007/062546

conmonomner conprises propyl éde, 1-butene, 1-pentene,

11. i_ ggg@g@sﬂ?@_ﬁgwéﬁl ]f&r?#e% galglhgsmgggh | -rli]lgtc g‘$ tC%Qr%il impact energy
conmbi nations thereof. 5. The conposition of claim2

at 23 het ges#ct then gy d8dodes.et hyl ene conprises a nul ti noda
pol ymer. 6. The conposition of claim1 further

12. cdhprospodtian SENHInf dicbmpeasihg fess giranatbent 1 meizhalpetntlddA6kal non-
hours. 7. The conposition of claim1l further
cgaghkﬁb@gmﬁv&@nsile natural draw ratio |ess than
about 25sy - 130, where sy is the tensile yield stress

13. OfArl%iﬁg FHRTROP rbinQfe c&npogﬁﬁ)fl%?gﬁﬂﬁ jjtion of claiml

fu er conprising a tensile stress at break equal to

0 reate han 1.10 tines.the tensile yield stress of
14, 7B 86 clrns G e GOBEHHBE o PR el S Rl to or
conprising a rapid crack propagation S4 critica
g“”“?@ﬁﬁépéﬁﬂ%% equal to or less than about - 1 0OC for an
8 inch SDRI 1 pipe. 10. The conposition of claim1l
15, f dr pdlpnerapmpoisiomgompiheg:py ductile to brittle
transition tenperature equal to or |ess than about -25

0@.tdnkilc hixarat GRMOBILb 1P tiah Bbad 1M1 475-UPdIveivheRNPIsithd ddhsRy (g/cc)
razor - not ched Charpy inpact energy at 23 0C of greater

t B?ﬂle.a&%%osﬁfoﬁ aﬂa%ﬁe‘?eig 3 tfdifa Q‘E?O‘?Séei%fétg&{p%? Gr "Eﬂen}o]mposition

conprisin ess than about wel g tota
non 0L¥neric fddiliﬁ$§' 13. A pipe fabricated fromthe
c SHPBSTP MW PR T &P LY S
16. The composition of claim 15 comprising a polymer of ethylene.
17. The composition of claim 15 further comprising a high load melt index from about 1

g/10min to about 30 g/10 min.

18. The composition of claim 15 further comprising a density equal to or greater than about
0.947 g/cc.

19. The composition of claim 15 further comprising two or more molecular weight modes.
20. The composition of claim 15 further comprising a tensile natural draw ratio less than

about 250, - 130, where oy is the tensile yield stress of the composition.
21. A pipe fabricated from the composition of claim 15 comprising a minimum required
strength equal to or greater than 10.0 MPa.
22. A polymer composition comprising:
(a) a tensile natural draw ratio less than about 14167p-12958, where p is the density

(g/cc) of the composition and;



14. The pipe of claim 13 further conprising a m nimum

requi red strength equal to or greater than 10.0 Mra.
wazo07A0paet yner conposition conprising : a tensPCBEUS2007/062546

natural draw ratio |ess thad about 14167p- 12958 wher e

IS the densit /cc) of the c sition er.ei n
g el S&S%?Lﬁt%&eg&éﬂ%ﬁo peRcaifE thgh T0eiress %E@P Soyield stress of
conprises non-polyneric additives. 16. The conposition

the cogtpogifigiLm 15 conprising a pol ymer of ethylene. 17. The
conposition of claim15 further conprising a high |oad
nmelt index fromabout 1 g/10mn to about 30 g/10 m n.
18. The conposition of claim 15 further conprising a
density equal to or greater than about 0.947 g/cc. 19.
The conposition of claim 15 further conprising two or
nore nol ecul ar wei ght nodes. 20. The conposition of
claim15 further conprising a tensile natural draw
ratio | ess than about 25sy - 130, where sy is the
tensile yield stress of the conposition. 21. A pipe
fabricated fromthe conposition of claim15 conprising
a mninmmrequired strength equal to or greater than
10.0 MPa. 22. A polyner conposition conprising: (a) a
tensile natural draw ratio | ess than about
14167p-12958, where p is the density (g/cc) of the
conposition and; (b) a tensile stress at break equal to
or greater than 1.10 tines the tensile yield stress of
t he conposition.



