MULTI MODAL POLYETHYLENE COWVPCSI TI ONS AND Pl PES MADE "FROM THE SAME

MULTI MODAL POLYETHYLENE COWVPCOSI TI ON FI ELD OF THE | NVENTI ON [ 0001] The
present disclosure relates to nultinodal polyethyl ene conpositions and pipe
made from sane, nore specifically to bijnodal polyethyl ene conpositions for
manuf acture of high pressure rated pi pe. BACKGROUND OF THE | NVENTI ON

[ 0002] PolMpreniodaAl i PoEXETHENRE I copiPosIrdoNe ARD DRPEEE BADEN FROMN YHE [3AkE ¢at.Tx08as uch
as high- pressure fluid trcosperHvaENEAOMHOSITIORr i C pi pes have several

advant ages over netal pipes including being of relatively |Iighter weight,
nore corrosion resistant, inexpensive, nore thermally and electrically

i nsul ative, tougher, nore durable and nore easily shaped during

manuf acture. Such pipes are eﬁﬂﬁaﬁgF NPONSL resses during their
lifetime that may result in cracks or breaks that are expensive to repair,
especi al | ¥, 4,0 sifuation i i I i ;

cnder gr o1 ag' T reaaaF IGhe hbicelo Bl Boci Py indt cSinpdiftok e

i ndustry-defined standards ndi, A i Iy i

mtor | 6] SRRt HPR MGG drin Al eSS obiS or nla il
provi de g.nore durabl e end-use article. [00031Pol yet hyl ene conmpounds are
known f oa“%“ﬁ?r%ﬂ%‘h?lgﬁ of pipes for the transport of fluids under
pressure. Such pipes may r LI i i ] ﬁﬁé@wrgggbined with a high

resi stance agai nst s|om,cﬂig§k8§6aﬁﬁ9&§HE§{ Istance to crack
propagation yi el ding inpact toughness. Polyethyl ene pipes are w dely used
as they are |ightweight and can be easily assenbl ed by. S.on wel di ng.. The
pol yet hy![80f2] pi Redymeiigepipes hieswepiaend,ae P@ﬁ%“bﬁﬁﬁ%&ﬂégﬂhgﬁa ave " a good
resi stance to stress cracking. However, when these pipes are enbedded in or
posed on peessis |fluid frprspertatipny o cRelymgle RiPeNRaye ssvsral; StOChEH PES can
occur giving rise to crack growh. Mreover, point |pads on the pipeline
can occurindyding bring rgfi yelpsivelyt lightey weighl, glove cpireson gesisfank |KINEHASHRYF: mYe

[ 0004] Thus there is a need for inproved polyneric conpositions and nmet hods
of fabri daerimally pad gleesricallypinselativel oty me%@hlwmmewa@mdmg ed
herein is a nultinodal polyethylene conposition having at |east two

pol yet hylemefactorp Sueh pipes sk exmised oauvheuspiesss dutiegtheir Hfstime that maysesylt
distribution of equal to or less than about 5, one conponent has a higher
nol ecul arin v@Elghi bteaknthhtree etpensivecio mepeincsspeciairdn sivatipisgilere fho pve g tiricdei ght
conponent has an "a" paraneter value of equal to or greater than about 0.35
when fittigd stroctivecorGadepanniasAsdscie golytriena pipes may 1. re@RfeBRo DESCRIAPSIYON OF
THE DRAW NGS [0006] FIG 1 presents a graph of zero shear viscosity as a
fincti on defindaet@birdadekadiog o el dterdedasey hPolybEfidinkEialDERTIRI (R fabrcation

[ 0007] Di scl osed herein are nultinodal polyethylene (PE) conpositions, PE
pi pes, angpipehisiten Ober BPtinigedte flovidSd edoré@iritielendiy attiohepr i se preparing a
mul ti modal " PE conposition and form ng the conposition into a pipe. The

mul ti modghod3F CarERRayidneRofBYuriS B knG®n for Rl FroGeutioh Sf Pipesfdr dpitiaasditiof
additives or nodifiers. in an aspect, the nmultitnodal PE conposition
conpri _Sesf}u?ds%ﬁa' LssRE KB& pipaiitayl fRQuik) lgh fifRa esmbibel with emigiaysistuspl ay
mechani cal properties sufficient to warrant the classification PE-100.

[ 0008] They B, RS Aork R iR B areMdlddoiD BRI frBBition MERIng b gl | £y

of a poly resin retfers to the formof its nolecular weight distribution

curve, g }ye%h?@n%@%%ﬁ%ﬁgg&@% %gggeo_;%}lntgaghﬂoaidmarbe%iwass&ﬁaea byn as a

function r-wei ght fraction refers to the

wei ght fraction,.of | ecul of .a_qi i i cul ar
wei oht  difGn BHeRen Byt nigs HalF B ke poyeuRfy PRepif B RLEC)

uni nodal polynmer, a pol ymer. havi curve owi n wo,_di st y be
referred 284 éé‘s'iﬁP‘fﬁ)tﬁ éFe% Staskie, k@%ﬁ%qry%ep AV P’r?%s %receﬁnr \?%&eélhq%\%’ﬁ ﬁ‘%é‘ltf Irlgg

di stinct peaks may be referred to.as trjnodal 3 pol yner tc. JPol rs
havi ng nPieRmRisIigaPeand sSones SRS b RESSH9R gﬁ%t‘geﬁsteﬁ%ﬁm%%% o)é)’éﬁziak may
be collectively referred to as nultinodahgpolgners or reségf. 0009],A ‘
pol yer éereaverrdpirs deasls opdthe PInskReCaB AFFE TRYNOSK dMpinessPt Bad 415 &VediiCdRabl e
fromone another, for exanple based upon their individual conposition
and/ or nekaek gtoswth.wei ght di stribution. A nol ecul ar weight distribution curve
may be prepared for each individual conponent of the polymer resin. For
exanpl e, the nol ecul ar weight distribution curve for the individual
conponents of the polymer resin may display a single peak and thus be

uni rodal . The nol ecul ar wei ght distribution curves for the individual
conponents may be superinposed onto ,a comon chart to formthe wei ght

di stribution curve kr the polynmer resin as a whole. Upon such
superinposition, the resultant curve for the polyner resin as a whol e may




[ 0011] Such BPECs may be prepared by any neans known to one skilled in art,
for exanple by enploying a nmulti-catal yst systemor by varying the
conononmers in the polynerization reaction as will be described in nore
detail herein. Such BPECs may have a variety of properties and paraneters
descri bed bel ow either singularly or in gonbination. The specific nethods
for determnation of these properties and paraneters are described in
detai | heggohy | NThize fex@ Pl eecdefd: | BProvb® Fbiindiie Eigositibys hed eistiicdstedr i zed
by the me?gh? rag?o of the conponeﬁ?g t hereof . The BPEC having a HWV
conponent §$¥] pent may have a HMVto LMW conponent ratio of
equal to gﬁﬂgﬁeﬁke %ﬁgﬁgébout 0.5, alternatively equal to or greater than
about 1.0, alternatively eq et fvigaonabout 2. In an aspect,
the BMWto LMW conponent ratio 1s qugl to or greater than 0.5 and equal to

or less t abo . [0013] The. BREC i . %gg ' by the
degree of @Bﬁ’nchﬁ\s&%ﬁ?deggkg 1|Sn4 rllgﬂnlﬁ’r(]i |B§@l§%‘? &goérer)p ngﬁ?lglﬂan tgftﬂaﬁecgrﬁey

iti whol e. Short chain b hi ' : '
cToors oRBRYIS SERpERt rah T s Tpikelis; SRADakbudchor,

resi stance, hardness er tion resistance, .shrinka f i st ance,
t r anspar e &R 10 ]égssthé‘Fé‘&qrg‘? e 9P POAROAONt a3, 2; Hpef fn%!feclg‘snf)z‘i‘%fgggﬁlé%t ,&and

the solid state properties of sem -crystalli pol.ysrers such. as

0ol yet hy| EPfapongH: T the highes s ulsF Hieht REPPRaBisdl of t RERPREISRIUE Of gaugh o

pol ymer rheol ogy. The HWMWV conponent of the BPEC ng%wcon ain equal to or

| ess t han ongreater thanabp g Sorhemdittsd infbnCrrees)Y asuda captior "B 1580 total car bon

atons (about 1/10,000), alternatively equal to o e t han about one LCB
per about 100, 000 t ot al @&%P@?Bﬁ%@&ﬁ%?@ﬂ%"@@ or alternatively
equal to or |ess than about one LCB per about 1,000, 000 total carbon atons
(about 1/ 1000600, 0FWG-. 1 pooeny FresabPECerOhsas Vissoshy 8% afupgion of VL ratio
of SCB in the HWVN conponent to SCB in the LMN conponent, referred to as SCB
segr egat i awlecelar weightf equal to or greater than about 1, alternatively equal
to or greater than about 1.5, or alternatively equal to or greater than
about 2. [0015] The nol ecul ar WOEFWILED DESCRIRTION (MAD) of the BPEC may be
characterized by the ratio of the wei ght average nol ecul ar weight to the
nunber av¢eoage nilisbuskdbhercidi ghtmultilbdah polyethylsne (RE)eompgsitionsa EE tpiges, and

pol ydi spersity index (PDI) or nore sinply as polydispersity. The nunber

aver age niptetiodd f welligdhtsains. t ISacle anetionls amey agmpdse tpheparing ec nivitimodel ¢t s of
the individual polyners calculated by neasuring the nol ecul ar weight of n
pol yner neh@gdsities ans fermingtht Rempedigpitisto Bpige.diMé diuitondeial AE clinposit®nghdy

aver age nol ecul ar wei ght descri bes the nol ecul ar wei ght distribution of a
pol ymer  cpmpde lal FEbaaB desiib aritdiohalyeddii¢e0srdhdtifidr® Brathspeoy, the muliinvddel e N1
is the nunber of nol ecul es of nolecular weight M. Al nol ecul ar wei ght

' aver ages pal @np¥itiGssiibrists §bAOAPPE 8L addtheRipe- pré Segomnsiyvdishial
conponents of the BPEC (e.g., the LMW conponent and the HMN conponent) may

have nar r qu sl Sl @Rientlh SRt QRSiACMIRPE-Mor e speci fically, the

HMW conponent may have a PDI of equal to or |ess than about 5,

al ternati ‘[{ﬁig)i]seq 4Rk PEbaS rekifi Sty bR @RAbal f‘esma:}ie?éiﬂ,%é wRba1BA R pblgmer | ess

t han abou , or alternatively, equal to or less than about 3. The LMW
conponent Y : Iﬁiqéb ot R @Ie;ﬁ[?dgq,tfitﬂ@l y
equal to 5r_ ré%s ?’htg%l?a o(lgj){ltsg,ﬂlg%ﬁ%?vﬁ%%tve y Jetlgﬁgfﬂ?’oyé)r ?a s than about 4,
composi t 1 aiek ot dte FRer gl geiRnh  RpRR s o BEae Bebe " Ohlmer
broad MAD of ,equal tq or greater .than about 6 | ternativel .10 or
gr eat er tl’fﬁighﬁﬁﬁﬁfm i%?rsgf g’ﬁ|“f"é§“ﬁ£‘ﬁ%&|°§“’é’3“ﬁ%‘|eé ?fga Cid erb?%%t‘glpx lryﬁngﬁ&{%&&% 15.
caual 1o GORGHBGNEER HEADMBE A SpisnEfesinely PO TR RS SREONR D IR E vy
he. M of 7oHECE, RURBBHBGHERE LTS ok YA S BRI ABanLPY FRF s steed as
havi ng a Iinlrrited r{;glol ogi cal br eg&l}th. The B%c%oner& Offngrfggtg bi .rmda{
conposi t i olymsy aipalyemet bavings eureq showing thiss disting g magy b§ic ap trimedal about
0.35, or alternatively equal to or greater than about 0.4 when the
rhe,ology data is fitted to the CY equation with n=0, indicating the limt
of their theol ogical breadths. An increasing value of the Cy "a" paraneter
i ndi cates a narrow ng of the rheol ogical breadth of the resin.

[ 0018] Rneol ogi cal breadth refers to the breadth of the transition region
bet ween Newt oni an and power-|law type shear rate for a polyner or the

frequency dependence of the viscosity of the polymer. The theol ogical
breadth is a function of the relaxation tine distribution of a polymer




[ 0020] The BPEC may exhi bit a broad rheol ogi cal breadth even when the

pol ynmers have | ow high load nelt index (HL, M) values. The BLIVII
represents the rate of flow of a nolten resin through an orifice of 0.0825
i nch di anmeter when subjected to a force of 21,600 grans at 190 C as
determ ned in accordance with ASTM D 123§, The BPEC may have a FILM of
equal to or less than about 30, alternatively equal to or |ess than about

20, or alternat étge)%glﬁ@g%agaﬁhg rn%%clui%? Svel 9@8@%&% [sBQ#hE Tge BREGRe Of

this di sd’0dife"tia urt characteti ze aving a density of from
2bout 0. dgreeb* B TER o BB PSRRI TT Soout 0. 055 wn The
aspect . d0Blc of e GriLPEETE il ocre Ry PI a pe SROEABRAE ¢
g cc, andrem o e Sgeverey PRabIer torormaat e ren aBell BieYere epec
han aboureigs SuEHEpoh mAssoe PR AR HEPE Spetey DEpRpERd B SERPRIREE oour o

may display a HLML of from about 3.0 to about 15 g/10.mn, .a poly

density ofonpoasnt abbepolymenmsing Eep sxamnde, dsonefpudar %‘é“ Qﬂsﬁﬁlg}l%’i ‘S‘B’eerfg‘? ‘E‘S’/ i ndex
of fromabout 5.0 to about 30. The SPEC may_be characterized furfher by a
wei ght aviadiaigealmompensntsrofites polymerrresin ataydisiey Aodrale nesls 36 Gudhsmassbaj | n
anot her aspect, a BPEC of this disclosure may display a 111., ML of from
about 4. OTheomelbourr Weihy Ais@ibntion cuaves dorythe in QapepeHts WaAY Be SWEBPYEd t o
about 0.955 g/cc, and a pol ydispersity index of fromabout 6.0 to about 25.
The BPEC ony.albemuionchat wr fome thef weightealistiiiyution watve ier the eelyger resinge @vdiolsei ght
greater than about 200,000 Wwl . [0025] The BPEC of the present invention
can be poUystesichesipdrimpmsivion)| thé iresufiait yowerei foattheopolmehssinkasonnwhole mpw bart |
using various types of polynerization reactors. As used herein,

" pol yner i gakindalr @b 7 distiadtysalss eomespoaliingso iz polymer ceapsnents of gifirag of

pol ymeri zing ol efin nonomers to produce honopol yi ners or copol ynmers. Such
hont opol yiBlesul@anieigd ARtIbIEGE. FHoe eXRids, addmbdal aslymesiesia nmay showywedstindhe
various types of reactors i.nclude those that nmay be referred to as batch,
shiny, gasaRhasRspsn@ingtth Ao iftiiGilud cOmBoticnts. KD ekanpley a binhaial palgmere@sinor s.
Gas phase reactors may conprise fluidized bed reactors or staged horizontal

react or s. ;3 Hivela firSBohPoRenf Bt MAPBE g&RrallychinGétbrizl abahigheninaleculaopsghtHi gh
pressure reactors nmay conprise autoclave or tubular reactors. Reactor types

can incl & SPhpBhient A & BALBHS cRERGRESES- m&PRY biAUS chirdtasnees 6 wild use
intermttent or antl nuous product” di scharge. Processes may al so include

par i al _opofoll: GhEACHolREYEHhboRy U ERBHAChIRAS Winpobiidn H8aCied tirce

cononormer, 26] Pol yneri zati on reactor systens of the

present i i - t YR&i r I cdloReRY. St Repiativel,t i pl e
reactors O¥§#F§%§1§$X%%8%fgzﬁ%%eype_ @;alo uct iéc%nc%n?b pce)l ynmers i r?lrru_ tiple
react oS IRlabnSl eI SaRkual FAER §RiilichtaNes i) BERAIAUGY RayiRGLzat | on

reactors 9 | Nt erconnect e evice naking 1t possible to

t f t h I | 11, f the fir. [ zat 4 : i nt

he Secortiey st hrrsrisehdet jLfoRlRR bl Fonbhile RANMELLFE DR BRTAN, 11O
t be diff t f t h ti it

- aact or 5. CRROBEHLEPRARPSng T AP WO CRpeR. PRgn Pt SoReler o

t he manual

transfer, of polyner from qne tor to..subsequent .re s for
cont i nuedwﬁgh&ﬁﬁtﬁp‘%’é‘f‘?'ogﬁa%ﬁ ftoihg 11 B’E‘Pé?ﬁ%’gy%?ﬁmﬂﬁwrflﬁ%ﬁeﬁ&@manyﬁ PE
conbi nati on includin but not limted to, nultinple reactors, tiple
gas reactlasgresiy %ﬁﬂ%ﬁgﬁl W@rbime%l)alwh@s&e 908%@8?%{3%3?&)“ ?Ee“fﬁ“&ﬁrn}’% P

pressure reactors or_a conbi nation of high pressure with | oop and/ or gas
react or s. thgidiscussion wll fcpeonca BPEC with theundswsiendiag thahotherhobgnegic cPmPRIaRs o |

[ 0027] According to one aspect of the invention, the polynerization reactor
syst em nefor exaple baving differasttmadatityl, ooy bs lemployed wavarions asgerthandegehogimentyy e
known in the art and may conprise vertical or horizontal |oops. Mnoner,

di | uent, gavallybd apparentap bheskilleldyn theyrtconononmer nay be continuously fed to a
| oop reactor where polynerization occurs. Generally, continuous processes
may conprise the continuous introduction of a nononmer, a catalyst, and a
diluent into a polynerization reactor and the continuous renoval fromthis
reactor of a suspension conprising polyner particles and the diluent.
Reactor effluent may be flashed to renove the solid polynmer fromthe

| i quids that conprise the diluent, nononmer and/or cononomer. Various
technol ogi es may be used for this separation step including but not limted
to, flashing that may include any conbi nation of heat addition and pressure

-




11 stream and introduced at another zone of the reactor. The gas streans
may be interm xed for polynerization. Heat and pressure nmay be enpl oyed
appropriately to obtain optiml polynerization reaction conditions.

[ 0032] According to yet another aspect of the invention, the polynerization
reactor nmay conprise a solution polynerigation reactor wherein the nononer
is contacted with the catal yst conposition by suitable stirring or other
nmeans. A rier,comprisi.ng an _iner 9aphe il UeRtriE £neRssolRaPEr My
be enpl 0@36 | f T8 shpyifualy ﬁo %ﬁ%?re&rf ﬁrrlrgygggebr otght 50 the vapor phase into
contact with the catal ytic.reaction produc L AREBPEC SRR aQopahmence of
li qui d nBRROLIRER, OI'Chi‘Aéﬁi)ﬁ’F’Vﬂ%r' FRERR" glgnch:pénen%'tsPom ai ned 3’?“% errpe?a?%r es and

pressures that will result in the fornmatiaon [ folddiR. BPAyMer in
a react i eomprissd Qht PoyRerAL ey eﬁ%ﬁ?'lthnee?FprP%rﬁé:%‘% T o%%)%ulld% E%el?%eor t enper at ur e

control and to maintain uniform pol rizatj.o i Xt.U e
pol yner i 2westoeARRC copteht g‘%@ﬁ‘gﬁg%gﬁg e egl@'gé r\‘e{)lr-&; lgﬁéé%gjﬁ%?}g t he:

exot herm ¢ heat of polynerization. These reactors are k i rt.

[ 0033] Pokgmpanertagidon 1¢"é@§d’@@?‘§ﬂa§d’i’§l%le@ﬁ%’lﬁﬁfcﬁ@%’pf’@é’éﬁ?ﬂi 19@%1 ?%nt‘ 2‘3‘3
further conprise any conbi nation of at |east ong{r w_nmat er i adlffé grg_(}m%ystem
at | east Toeeohesugnesf therHIVSY cerapauesisaf thy BEE gpaydie 188 iithe s 4ha/ or - at

| east one pol ymer recovery system Suitable reactor systens fo(i tJ@heupresent
i nvent i othenmyndhomehes the BMIV icompenent. e Fxantiies GRS eIMEIFCH PP R MWLt al yst
storage and preparation, extrusion, reactor cooling, polynmer recovery,
fracti onainiifation tesetpedte, hysitapathges havingdioerm 3 1 29crHOBAeBNRCY 87 BIOPYSEF: 17 ocess
control. [0034]Conditions that are controlled for polynerization efficiency
and to phAwhee -pe@sine, Phepas, tI-msthybbuides, tangibyldt paniene.pl-bapienee -9 e
concentrations of various reactants. Polynerization tenperature can affect
cat al yst npr&@UCHEhE, Ynd pidhyeethersol do ah aspesicthgtnmenethenfr dediMW cpEngRent

di stribution. Suitable polynerization tenperature may be any tenperature
bel ow t heyg envew coripbhchabl B BPEORET-Bénene Bonasgich thetamouhiofcPiypronky ékthéner gy
equation. 12 Typically this includes fromabout 60 C to about 280 C_ for
exanpl e, @ EsABreRHihy BPECHO eqlab i orldieaté; thate plerudl L iSotimgsothattindba LBV of

pol yneri zation reactor. [00351Suitable pressures will also vary according
to the r%ﬁ;ﬁagﬁenﬁ%gclp&liﬂg[@bfe@s%ﬂia@ﬂmtmq Jihond ciesiss braackes (SCB)qet d,0p totad

pol ynmeri zatrons in a |loop reactor is typically less than 1000 psig.

Pressure {06,935 cMb@AI6r RO L ERlinAdh bPSCE Srd fbiibtd indhoraldewil haeid. - 500 psi g.
Hi gh pressure pofymarl zation in tubular or autoclave reactors is generally

run at ab[IﬂHh 20, 008 EPrCPn3) BePSbhred 8Y P Thehdd ikBSwi €6 @herskilledrin alts forbe
operated 1'n A supercriti cgjl region occurring at generally higher

t enperatures_and p J : S ' v e | ©8! copnbiedf inath
ang Jn@%%{ﬂr{%% ol REL ALY Ny SER @rtFl)) a\gfﬁ?ﬂn@ c edf inathe

ary)]
pressure/?‘enBera ur ram (supercritical may of fer advant ages.

[ 0001The, SSREEAGkRn AL oF 6L QRIS AR Aehihlth, ORI InboEaduce

resins whl (e mechani cal properties. The proposed

end-use product. that. wll be for . I Dmaigid BEnveibaekicd, frer m ng
that prod(FEEYREPLMTHR &G B etgs)rlsre% ?%dsllgéﬂn&%rgg‘%gr&??‘gs& Nechani cal properties
include tensile, flexural K inpact,.creep. str el.axal L QB -aBcH Hadmess
tests. Pkﬁ}’?‘?l@‘élmebq"f}bz‘?’t‘ﬁg %%Fethasgr%«?;{eﬁetsrgg?g%{}ﬂgr we%ghtc, nol ecul ar

wei ght distribution, nelting tenperature, glass transition tenperature,

t enper at ueEeiR#E) the Eramplesseelion; 7 at i on, density, stereoregul arity, crack

growt h, long chain branching and theol ogi cal sure ]

concent r a[Opg?is ofTheBREfrepay g%-"%?fﬁ%?@ %gfg? 3’5@?“@8-0@ %?@%%&%gr%éﬂ eFi&)ef'r s,
and el ectron donors are inportant in producing these resin r
Conononer ThesBBES devisg @dﬁ\’f% rorppaticand e hMW f?‘%P@‘%FPBE@?ﬁ %8%1%31 Mﬁg ¢ W
control product nolecul ar weight. Co-catal ysts can be used to al kyl ate,
scavenge @mimoay raficof eqvel tol omngreaterthan abaait G .alt%ﬁ}‘Plye?%‘ak'Qnorb%eaﬁ%‘éga’{ 0
control product properties and el ectron donors affect stereoreqularity.In
addi t i on, atole 1.6p alesemtively iequal 66 op giesten shan sbgitrd. ni lreat a@é%dé%%ﬁ%’sfe hpact
the reactions and product properties. [00381The pol yner or resin nmay be
formed i ng@mponehteato igeduatioes greaterthand Sgnd bzl towr ldss than 8put 3, bot t | es,
drunms, toys, household containers, utensils, filmproducts, druns, fuel

t anks, pipes, 13 geonenbranes, and liners. Various processes may be used
to formthese articles, including, but not |limted to, blow nolding,
extrusion nol ding, rotational nolding, thernoformng, cast nolding and the
| i ke After polynerization, additives and nodifiers can be added to the

pol ymer to provide better processing during nmanufacturing and for desired

properties in the end product. Additives include surface nodifiers such as
slip agents, antiblocics, tacldfiers; antioxidants such as prinary and




the polyner or copolyner in a nolten state through a die to formthe

pol yneric pipe and cooling the pipe. [0042] Pipe extrusion in the sinplest
terms is perforned by nelting, conveying polyethylene pellets into a
particul ar shape (generally an annul ar shape), and solidifying that shape
during a cooling process.. There are nungrous steps to pipe extrusion as
provi ded bel ow. The pol yner feedstock can either be a pre-pignented

| hyl ! 1 | e |
pol yet hy @aﬁ(,:gfsg;tr dEetnagaaa acﬁaxﬁaatz%d%u%adee%esa oftBQJnM%’\%ﬁ epeirpig col or

concentr t and Peppert rth Anerica,

gﬁén?scaﬁldyo? in ﬁx‘ ngg(%% dﬁdﬁ%ﬁ Qilofe. S?ﬁhtch%ﬂ%rﬁ%ﬁﬂg [sdbyegds”.

th t
IneEH?zpegéﬁngﬁl areas o nost common feedstock for pipe
e st O e ] AL, BAHE! DSRS0 &tfstz 16 bl Yem
i f The f.e€ d
consure Sheeit) eabasns o dn L OIS edetarl L bhen Al e e

si ngl e- screw extrude urpose 0 ru con and

hormogeni z‘ea‘tkh‘éS‘fr}?J‘Pc)?e‘zt‘WIi"EWe Egé‘él’p%ﬁ% fog‘r‘? S?az?rBré’Pg%lﬁsr %Ese{ng/ |81iy y range
from178 C.to 250 C dependlgg u h) %@?r .SCr de5| n.,an
proper t i eRol@ners such af PabyRishe . ging, & fhe “ﬁagged

through a die. The die d|str|butes the honD enous polywé 0 mel t
ar ound a.ﬁﬁﬁmﬂfhﬁﬁﬁweﬂ‘eﬁﬂﬂ%h“ﬂﬁ@ﬂ%“?ﬁ*@ﬁ?@ Y SAMEEH ﬁgﬁ’e$ﬁ@? E&ﬁen
can be made at the die exit to try to congensate for polyner sa h{ough
the rest e ldneg grbcbmnch (RCB) der ﬁb@}“ 180G tpfal rcarbam gttom da dglro 0),

di mensi onal paraneters, the pipe is then sized. There are tmo met hods for
si zi ng: valteativedy e«pxabmd@s ttBotahous op¢ ¢ Bditet flque A00,900Ata 6?&'%@ aores @bouter ent
equi prent. [0045] Next, the pipe is cooled and solidified in the desired

di mensi onk/100096), mrgaltesla‘avr&x)nqnal thexlesy thah ebogeongfLER wer apouidi089.00% i wher e
the outside pipe is either subnerged or water is sprayed on the pipe

ext eri or . cafttoa apinpabait L0H0GH0G)r om t he out side surface to the inside
surface. The interior wall and inside surfaces of the pipe can stay very
hot for ajobp]g pThé BPBES cormpasitionsaspa|wield ylagnieavie sa aatipoof SEBndutcoHMIV heat .
Finally, the pipe is printed and either coiled or cut to Iength. [0046]In
an aspect conigdger? €@ JOB i the DM chpériens kefetrddrto a3 SPEEsprefativhratio dif squabtore

di spl ay enhanced nechani cal properties such as resistance to slow crack
growt h angest@fihsh HoaCK adreRivgidteqed td HERateralg Hbiitelnd) ohalsauiativelly eqial tooor

war rant the destgnation PE100. Such pipes may display the properties d
Ascri bed Q@W@Mﬁﬁgﬁ@mlsingularly or in conbination. The specific nethods
for determ nation of these properties are described in nore detail herein.
[ 0047] Thegigy! | - pralicohigt ¥l @btBbkRA)MWD) of el BEEC hiay GRicharaaatiad dbyf or

nmeasuring the RCP resistance of polyethylene pipes. In the S4 test, the

pi pe specy tﬁf&e%s‘e@ﬁpl %@#@Bhereémbpwgﬁm @5 GuABdl b AL RASgRNd

pressuri ze alr Yy, Pl pe specinens are conditioned externally

at the tesfu WA # eﬁto%é‘ﬂxet %&%ﬁﬁuﬁ&%%ﬁrﬁr Ejﬁt 41y digperstty Shar p

16 chisel - ged s er |npacts pipe at rives a

fast-run b%? %& sc‘l}ﬁfa?%le@ 1 4pdo ({}1 :leera(tgﬁgf b %1 M WRighti®r fleack

propagate erna space ong the pipe ength suppr ess

Appr oxi el S'ixm%ge%ﬁ@a%?t psﬁgm*n% FecGE SR of h sBURE R, 2

apprOXI I’TB. ress uri e ‘course of crack

growt h. .Thi s not es .S : st Fur t Lest, a
containneﬂP“@g gl %éﬁﬂ ﬁgRE%%§$ %ﬁ?@wﬁﬁgP? <m%¥Vm et%¥§§§é?ﬁ

also limts the failure_mde tead state cr.ack agat i.on, whi |l e

mi ni mi zi rgokERlE ekt dighibien o R GO Wé%%ﬂcg%‘?%ia?%orgﬂ%t BB ur es
are described in the I SO 13477 standard. The test can be perforned at a
fixed tenperature to determine the critical pressure (1)0) required to
sustain RCP. Alternatively, a series of tests at a given/fixed operating

(IJ.... U

—h

t:'.

pressure (usually 5 bars) and at var|ou eratures can be used to
measure the critical tenperature ( {0 be sustained. General ly
speaki ng, the tenperature of a pi tiﬁ below a critical limt even for
RCP to be initiated. Once RCP is initiat2dNMhe pressure within thdlpipe

nmust exceed a critical value to sustain steady state crack propagation.
Therefore, for a pipe, low 84 Tc and high 84 Pe will help mnimze RCP
failures. [0048] The lower the S4 critical tenperature the better, since
it results in a broader end-use tenperature range for the pipe. A pipe
fabricated fromthe BPECs disclosed herein, having an 8-inch nom nal outer
dianeter with a standard dianeter ratio (SDR aD/t, where t = wall
thlckness) of about 11, nmay have a crltlcal tenperature vaIue deternlned

A — P — L~



inmportant to establish the maxi num | oad that such a pipe can wthstand

w t hout deformation and damage over the expected lifetinme (typically, many
decades). The design stress and the useful service lifetime of HDPE pipes
are typically estimated by performng creep rupture tests at nmultiple
tenperatures. In this test (ASTM D 1598), the pipe of interest is subjected
to a certain hydrostatic pressure (expressed as hoop stress) and the

failure tifRey id Szg\m@éi’ £ FRldcHieof ol fidrhRikne 87, A IC Rdldo MO S ghtOF Eragds
pressure 6ﬁ§§£§ée ron1®ithin th% p?pe. Typically, a log-l1og plot of pipe

hoop stress \e 1 al ' constructed and extrapolated to a
e eX r%s%éﬁ%%’m'gﬁe?mtoiéﬁéﬁoﬁ).

desired litet resp I'ng hoop stress at the desired lifetine and
tenperature fromthe above-nentioned plot is used as the design s
(after thd0Wphl i e insividral eompgsents pf ha BREC L¢84 (hed A Worompppgnt Plil#;tha cation
of interest. [0053]In order to predict the design stress and durability of
such pr essomponsit)amy hamearmvamegcul@rs\wlgig distritug prp @A WE) o Mp sresifically, the
tenperatures. In other words, for a given pipe and hoop stress |evel,
failure odBMWscoatposdnomeyp haveiaRIl okiequal forny dess diam gbaue pysdiemetively eqppldo gelset al
procedure to estimate the design stress and durability of HDPE pi pes

requi res chaaapoutdpaltermtifaly lequabtodatless $pnaboirt §rd poaltempativeliareqaal taver pesghan
timeframe at the end-use tenperature (usually roomtenperature) and at two
or three hbgiher TheIMEWabmpesent ingphaal d BDI of dyhal telOr B tanr zhoged, alternatively
Subsequently, principles of tinme-tenperature superposition are applied to
the data, eyl & orddsk Ba6 akUUE S dieinammebnaihlyto 6xlessaial abbet 4, healfemiativaly eded o at
nomtenperature to a few decades. [0054] The design stress of a plastic pipe

i's often refed thadatont AThe k&ultGN BPEE CHIPysitioast.a indudiig lenigth LMWHS) HMW he
m ni mum required strength (MRS). LTHS, estimated using ASTM D 2837 (USA

st andar d) colgfordeliS) B8 hdve b@roddNIWD 6f 18 6r rBatériifanvidbht 60 hltedndlively eqmal tde
circunferential orientation which, when applied continuously, wll cause

failure of : fit 760 8r DQPHRELY Squal R ePfhaR PO E5. TR WeBkiCRerdsé Ng
the I SO 96’§g‘lg%%aﬁabat' 2t h { Saualt éclj}%&val ent of the LTﬁ%ﬁ(vft%éa

standard, 1S the func
desired i f HNAFEG ] b REdgh¥-to SP rehtdHRapiHY0Y, YRS of
a pipe aré&ﬁ%%§P?%gggg%¥§€&gas pipg%a&giggggiﬁghtotgit gr ASTM D 2513

and/ or | SQs4437 .. egﬂgtl\ﬁggﬁth;gwrcgﬁl o€ S8 a¥ A PeaStHE VLo MhEBAMW oFBShdRHM -

| oad t hat 'Such pipes can bear during their utilization for the

transportq%%ﬁaﬂgumﬂgh&hﬁlog@gabgﬁf ect, the BPECs discl osed herein may

be fabrica nto pi pe Ravin of equal to or greater than 1000

G o7, 571 SN o 3R S R e Bl i U AR s ARG KR, =1 20
100 . i ng. A.PESQ [ VRS
was 2352{‘%&%@9&5??@%& %gﬁ%%ﬁnfpaﬂaorr wee B FrbRir 3%‘9%&@%%? of a
[ 2 i ' oD, Wi .S 11.0 '
Dot T of m g EREHEROoHt bt of raacly ST rgronss ool el & AT B0 ng

appl ying principles of the |.SO 9080 ext.rapol atjan t.hod.. I.n _an ect, the
BPECY i s dhiadeitiands Bio Chapatia b R s tribebeipgeospu bR ke or
both. [0056]In an aspect, a BPEC of this disclosure pay display a pellet
density ofincssing velugshhe (J¥ ca” parameiergndigaies 4 narrpwing ahie shsqiagicapreaBbet 4. o
g/ 10 mn. Such a conposition may be fabricated into a PE pipe having an 54
critical thafpdRature of about -30 C and a Charpy Tdb of about -40 C.

[0057] Alternatively, a BPEC of this disclosure may display pellet density
of about @0®S8D4 \Rheological\breadithatefras ta Athe abrgadsh Hifvtheo frangifiom reppn3 Deigyee m n.
Such a conposition nmay be fabricated into a PE pipe having an | SO at 80C
and 5.5 MMewtdnigyrandtpewet-hasntyab chear 20 #r hqolgnerod e £NEncyt depenfiends¢ off thabout
448 hours. [00581Alternatively, a BPEC of this disclosure may di splay a
pel | et denrdscosity off tbqislyriler95The ghevdngical WikBdihf isab dorctibh . of the delaxdtiod tiné
about 9.12 g/ 10m n. Such a conposition may be fabricated into a PE pipe
havi ng an giskBudién 80a polguner fesih, Whith infungiseafuétion v thealesin tmaehir betttgeand a
PENT at 2.4 M Pa of about 1660 hours. EXAMPLES 20 [0059] For each of the
fol | owi ng EnAERIrE SAssitithg B CONMY, AR, BlcHRGEIRR WBAdh BYAbsBdIGI&] 6 ting N
conbi nation or alone to determne their effect on polynmer attri butes,
particularly rapid crack propagation and pi pe strength. For conveni ence,
the various nmetnl | ocenes are set forth belowwth letter abbreviation:

[ 0060] The follow ng testing procedures were used to eval uate the various
pol ynmers and

-

=t




conpositions. [0061] Melt index (M, g/10 mn) was determ ned in accordance
with ASTM D 1238 condition F at 190 Cwith a 2,160 gram wei ght. [0062] Hi gh
| oad nmelt index (HL1VH, g/ 10 m n) was determ ned in accordance with ASTM D
1238 condition Eat 190C with a 21,600 gram wei ght. [0063] Pol ynmer density
was determ ned in grans per cubic centingter (g/cc) on a conpressioli

nol ded sanpl e, cool ed at about 15 C per hour, and conditioned for about 40

hours at roomtenperatyre.in accoydance with. 928,
pr ocedur €19% cyreay g‘}%ﬁ"fnﬁﬁ’éﬁﬂ@q"&% Cc‘ﬁ’ﬁ?'rgfg t°g‘%’@‘§g‘${: %ﬂéél\%g rsg E'%eesr% or nfwgsﬁ ctiSlas
follows. Small-strain (10% oscillatory .shear _m r forned
on a Rhedﬁiﬂt?fm@@ﬁ@cé@f?gﬁﬁé%‘}dal(ﬁ%m é‘%ék{bf‘%b‘s ﬁ%{eg-?ﬁﬁﬁ)ﬁg??é@gﬁeeﬁyﬁﬁgt e

geonetry. All rheol ogical tests were performed at 190 C. The conpl ex
viscosity Irrl versus frequency (gfgL}fllgrt(W then curve fitted using the
nodi fied three paranmeter Carreau-Yasuda ( enpirical nodel to obtain the
zero shear vi %%seity - go, 21 characteristic viscous relaxation tine -
z-n, and the =e919§ogi?p@’a§ ter - a. The sinplified Carreau-Yasuda (CY)
enpirical nodel _| earaie@}s ows. O I * (Wl =1+
(111(0)11- n" 72~ SRS g*ggﬁ)lz magni t ude of conpl ex shear viscosity;
770= zero shedr Hedegical prradth PRRARSHST < ™ 0| axat i on tye: a:r;‘% t h"
paraneter; n JeFrlexation e dfdespae foil §18 © gf iz tgnatho %‘? r zero as
specified in tHe zsseshpi ¥iscosiy Py [@ﬂgﬁ P ‘g@ B-?ﬁ?g‘“ scid latory
shearing def omreedwsn lay @osspibdefaes e fpalsiore & Grrer &

O{ero on]j .
BN nterpretation
of the CY nodel and derived paraneters may be found in:., C. A H eber and
1. H Chioats, Rﬁ@@ciﬁtﬂetraqdegﬁ,tﬁlgzﬂw(ﬂ@@g aw sopgstantjly h@? "ngdcﬁng‘t ‘é?fi}l%ng,
Polym Eng. Set, 32, 931 (1992); and R_B. Bird, R_C. gmstregn? an% 0. .
Hasseger , DByitsenfitsssigificants andrinterretetisngs thafgY grade] andpderivef REFREAAT B€Y %5n g
Edition, John Wley & Sons (1987); each of which is incorpaor. tegwgﬁlr}gi n by
r ef er encefgund int <C.entHictet yod HhE. Ciiang Ripalr 4giet28y 33 1s(198Poktfe FUsReT bl es
for the resins disclosed herein. [0066] A "Quantachrone Autosorb-6 N trogen
Pore Si zecHiasd, Pobyut Eag Jchsiz, 9AEI1992)msd BsBaBird, Rict-chmisiars ¥)9ei Hasoshr f ace
area ("surface area") and specific pore volume ("pore volune”). This

i NSt r UNENDMEGCAF Bl iRec Liganis! Ve dnlaiditairniGo PrbEditipB ohsalex & Som, v.
[0067] Mol ecul ar wei ghts and nol ecul ar wei ght distiibutions were obtained
usi ng a Pl 93A0eadkbt WhighistmRRE ftdiberefohmosixdreig ireigteptitety-t  ( Pol ymer
Laboratories) with trichl orobenzene (TCB) as the solvent, with a flow rate
of 1 nl/mgygbe afrhSBPEORELR&MIS Hbrodd theblogiBibreadth even when the polymers have
(2,6-di-tert-butyl -4-nethyl phenol) at a concentration of 0.5 g/L was used
as a st abik{vé Zi6h 1028 mletEnd GRETIAVIT) ivalues t TIRNEIMI weeseits ABCatealf famsofirsmdltwi th a
nom nal polyngr concentration of 1.5 ng/nlL. Dissolution of the sanple in

stabi |i zeg [(Rouasaiide 6 00hibs Bith Aflelon G134 s 16 artorbe D200 grubs ot

occasional, gentfe agitation. The colums used were three PLgel M xed A LS

22 col umgef & MOl 1R R6oNBREs Gith AT BA1os8! hTie BPBEdndyi Hagan HLMI of
pol yet hyl 2%(53 %%ﬁ%%ﬁngd%iéﬁevroon Phillips Chem cal Conpany Marl et BBB 5003

pol yet hyl ene), fo ' i Bt 1efash®6R 2ebadldinatebly equal
[ 0068] Mol &2 té’roré\%%%hrg&cﬁlggor’i %@?%Uﬁgegﬁ% SCB branch profiles were obtained

t hrough si ze .excl usi on. chr omat ogr aphy using an MR detector.
Chr omat ogf%?fﬁ?séﬁ'@gﬁ%q#}%ns are those described above. However, the sanple

injecti | 0 m ] it : T1R
et actor WALk BEEP ah it oS uny B e RS el A HARE § Gqbitfof
tical th, d . 70 p..L | e T f
e and” froBigtow 05k e eaipn o4 §8s Tyl WO YMOGotls SDE e
Perkin El FTIR t hot t PE 20 j d, wi : d
AL i P S e S S

[0069] Al l spectra were acquired using Perkin El nmer Tinebase software.
Backgr oundccordance with ASTM D 1505.

[0022]  In an aspect, a BPEC of this disclosure may display an HILMI of from about 0.5 to

about 25 g/10 min, a polymer density of from about 0.920 to about 0.965 g/cc, and a



spectra of the TCB sol vent were obtained prior to each run. Al 1R spectra

were nmeasured at 8 cmresolution (16 scans). Chromatograns were generated

usi ng the root mean square absorbance over the 3000-2700 cm 1 spectral

region (i.e., 1K serves as a concentration detector). Mol ecul ar wei ght

cal cul ati ons were nmade as previously desgribed using a broad nol ecul ar

wei ght pol yet hyl ene (PE) standard [see Jordens K, WIlkes G, Janzen |

Rohl f ng DC, \eél ch . Pol yme . WANE bRgiedifaiagdr time
1y, lﬁ@?’b%‘? %?YHJ 5%81%% to it 3D/ Olrhe BPREWAS B’ @labidfied

sl'ices of PSP subsequent !y anal yzed "f or cononomer branch

| evel s using chenmonetric techniques. | cal jbraki iSpectra were taken at
sanpl e co%%W?%ﬁvgﬁ@ﬂﬁF%ﬁfvaﬁggﬁ@gtg%@ %ﬁg@h@éggﬁ" for good signal to
noise (i.e., > 0.08 ng /nth e.detector). Q7 %ﬁggp 1 Bali 96 was
made as fEO0PBus. Iq\ﬁ‘Pﬁhﬁﬁlé‘sﬁ?ﬂt’égélr %&09\58}5%{0?‘%?&%8&8%% : ,6@% vent gradi ent
fractions of ethylene 1-butene, ethyle 1- hexe ol

honopol ynir @,Ollhh% &(18\iiRp P ROBYDRFT ‘%@?léh?pg??aarl?g‘ét %%se%ﬁ%ﬁ& :63n§|6§ b fon and
verification studies. The total nethyl content t hese sappl es. ranged from
1.4 to 82pdlydispetsity indpeel flco@@b‘)@é-ott%ta%fﬂut %%r%‘%?r%".ﬂ@f‘%@‘? a@ﬁ”ﬁ‘. ,‘ﬁ?dsf(‘j‘?‘ﬁlesrg’ﬁpl es
was cal cul ated from M1 or neasured using}C—lS NIVR gﬁectroscopy. C- 13 NWR
spectra weweightavaiagemoloenlarsveight grestenihpaabouh15pAR0GMNY a 500 Mz Vari an
Unity Spectoneter run at 125C as previ ous descri bed [se%ﬂﬁ%? al | JCﬁOFBieh
ET, NMR aftd24facr bnmlotheridspesct, SBREE nftis disphoawre snay silapsri R s *-Oacs
Synposi um Series 247, J. C. Randall, Ed., Anmerican Chenical Socieéx

Vashi ngt o BXGut 10§AL0] min/iet pojlymerodenesifit of Gem1200t 8840 #habBy AMR e Yt ai ned
by multiplying (X 1000) the ratio of total nmethyl signals to total signal

i Nt ensi t ypol@6pkisiphinda bf fbmabau 6.0 aboue 85.(PhedyPRG mial ba chasartariged, Briferdy
generated using Pirouette chenmonetric software (Infonetrix) to correlate
changes i B wlefpat fveRgeRsRENk Wil gk peater thankbdut 260,000lgr0eld or NMR neasur ed

val ues for nmethylsil 000 total carbons for the 25 sanples. The 1411R

absor pti opggaBect rmae USBEC Bf tthe fbdnbriavdntion natiebe weolpmematd by oanyc elefirded
spectra col |l ected across the whole sanple. Only a portion of the spectral
region ( 2?&%@3&&8@&@%&%@@% ufse, uding heionakypbs of paymeiztion ragomerAs o
mnimze thée effects of residual solvent absorption. Preprocessing of .
spectral ngédahigeﬁ! UGS mBRERAoR OFeARbiZ ciudBs ah@kpdlgmérhatidd rsdctatecdpabiei v of
the spectra and nean Centering all data. [00721A four conponent calibration

model was 88@@&{1}:@ %ng?@ﬂn&ﬂér% 19 #B6lict BbRSpdiHEerPbi0opEImers. SucisBonspolytiads on

(RSQ=0. 99 e calibration nodel was verified using 23

addi U1 onal, p il ERre 0 Settlr {océsexgsiﬁ%ryﬁyﬁ&&UQ‘he Vthdi8 Syed of thaeromsanbldad i on

data sho correlation 0.987) and exhibited a root nean

Sauare 1 Lok S BFdSUEA0, GPUPhyLE k. Dbt Blhodl aipipoetec 800 o

car bon nol es. evel s 'we al’cul ated by subtracting out

met hyl chain .end _contributigns, T n . chéd faBed

cal cul at e&u‘ifig]]a%egretaﬁtgrséq?]a |I§)hr21lg M%a??)f%g)‘}oﬁnmﬂs er 2}{ éI\‘;’lefie?&i% ge a?%%s gﬁﬁbgr' of

nmet hyl chain ends per 00 total carbaon .npl eg ] 3 al to
14000, Vc oo e, ST TS MY SOTAPRS (i) Grnorfzofl o, af o plestiiec
catal yzed resins), and.Mis the nol ecul ar wei ght cal cul at ed: :

parti cul aFe"§T°F§:@aQSF°’PPI‘é%n%‘|“é’iatYFa‘F %‘ﬁ"drﬁea"a‘?f%t r ?ﬁ?fg?ro pes %@%ﬁ%ﬁcﬁ o
[0074] Aum na A, fromWR,_, G ace Conpany, S inpregnated to. | 0GiQl

wet ness WICPRIDHAUSBIQeRsErs: SG?WHBW.WEI%WDW%‘?@E .G&F%F%na 16}% q‘}h@ﬂ;ﬁ
alum na had a surface area of about 330 %m a)(r;ag g pore v | une of about
1.3 cof gr dkscharee Bxsunt maY airsiaAmLa o AL Lo SRR LRI
starting alum na. The vol unme of water used to dissolve the amoni um sul fate
was cal culredacted comonpmehand/or diluegbr e vol ume of the starting sanple (i.e. 2.6
m.s of water for each gramof alumna to be treated). Thus, a sol ution of
about 0. 0§0@R6ans Refynzmimaivinueacier| systeras pethe preset inygniéon mays CERRISE PaE YPe i
resulting wet sand was dried in a vacuum oven overnight at 120 C, and then
screened trldctd e $yst3h oramiltigdereeetors oftha sdrhe/or diffentiypsr Pedduolion eelyWsiSdl i n a
fluidizing streamof dry air at 550 C for 3 hours, in the case of bench
scal e sanph@ple MactorshBay Mclukie seved stagesgimrat asiotwopdepmrtegmigpharigationteadionpl es
were then stored under nitrogen. EXAMPLE 2 [00751The netal | ocenes used in

t he various exanpl es were purchased or prepared as follows. Wile certain
preparations are set forth herein, it should be understood that the

met si |l ocenes used in accordance with this invention can be prepared using
numer ous techni ques. Several techniqgues are described in U S Patent
Application Serial No. 10/876,948, filed June 25, 2004 and entitled

"I nproved Synthesis O Ansa-Metall ocenes And Their Parent Ligands In High
Yield," incorporated by reference herein inits entirety. A so, netallocene




of water was added foll owed by 100 nLs of heptane. The | ayers were
separated and the organic | ayer was washed with 3 X 100 nLs of water,
filtered, and dried over sodiumsulfate. 26 The solvent was stripped off
and the product was crystallized froma mninml heptane and washed with
met hanol before drying. [0081] A portion ﬂf the ligand from above, 20.0 g
(41.3 mol es) was dissolved in diethylether and cooled in dry ice. A

hexanes sol ution n-butyl .1 ithi . f ek ) frorVas
added ov éPte’ES’F’@ﬂeﬁf(?gﬁ’y aﬁ?ﬁsféﬁﬁwmﬁ‘?gﬁ%gg%sg@n@ trtaﬁseféfo%églém grlsur r ytﬁl\%as0 stirred
overnight, This slurry was the dded to S . - Ehti ; ol es)
of zi r corfhe st palymertAalen ryacten % e FrrRd rS?C?oﬁ'- E‘é{%? ésﬁrgé Bc(])igfne ﬂliurg]ﬁliécz:r;(ghﬁva\)/gfler.

The bath was renoved and the slurry.was, stirred for..5 da he
o1t Ty B ohp o Ghevtsee s S SO aberiie i QYo e RERr,
pentane and then extracted with nethylene chlaride. The | W t aken
to drynesAltereatiyply) pplymerzaiipnoin rayliply églagtB?Si T8eY( %@&é‘? &F FHEH! ﬁ}‘e%f‘%‘{ ‘%’é’ﬁg&&

Zr{15-05114-[ (CH2) 3CH3] 1 {i 15-05116-1-(CH2C11=C112)}C s_pr.epared _as

fol | ows. o508 1ekct@dh PEDIRIUENIISICIaRRIT eﬁpe@&%%z%qgﬁ%@%‘%%. Eems

62. 7rmmol ) and approximately 400 niL of diethyl ether, The esuluh{ ng slurry
was cool eday nclpdCmyaombmatipn weludingebuf 1 limgjted &g ¢ Joop feactors, multiplegas
Li[(COHB) - 1(al l yl)] was cannul ated as an ethereal solution. The reaction

M Xt ure wasctet,i aradbnatomiodHpomtandngss execters nptltintey high prEssPRer@IPFeM 2was
renoved in vacuo. The resulting solid was dissolved in toluene and

cent ri f ugeghbimtibeion high presSireReifioicab and/os gasviseators.n Khgdudtinlp geagiogs gay be

yel  ow- brown solid, which was dissolved in a dichl oronethane/ pentane

M Xture asyraidiSneaidk efintparal®> C for a couple of hours. Resulting slurry was
filtered, and the precipitate was dried under reduced pressure (0.1 nm 1
h) to vyi e!jodz1]he Pe&sidiag 1 endaspedtl ofthesimvérdion,1tie Pglym@hedtion rédCtoRFRIICHRY3, 5)
0.87 (t, J =7.2Hz, CH3), 1.50-1.22 (n, CH2(CH2)2CH3), 2.58-2.42 (m

CH2( C112) gfafi3ise atdedk? ond-166h dlinfy refita=GutirRhctors afabwdin (he art@p H@HRYrprise
5.78-5.76 (in, 1, C5114), 5.87-5.83(m 2, CsH4), 5 99-5.91 (m CH2=CHCl12),
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[0029] Suitable diluents used in slurry polymerization are well known in the art and
include, but are not limited to, the monomer being polymerized and hydrocarbons‘ that are
liquids under reaction conditions. Examples of suitable diluents include, but are not limited to,
hydrocarbons such as propane, cycl_ohéxane, isobutane, n-butane, n;pentane, isopentane,
neopentane, and n-hexane. Some loop polymerization reactions can occur under bulk
conditions where no diluent is used. An example is polymerization of propylene monomer as
disclosed in U.S. Patent Nos. 5,455,314, which is incorporated by reference herein in its
entirety.
[0030] According to yet another aspect of this invention, the polymerization reactor may
comprise at least one gas phase reactor. Such systems' are known in the art and may employ a
continuous recycle stream containing one or more monomers continuously cycled through a
ﬁuidized 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, |
_ pélymer 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 polymerizatién zone.
One type of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4588,790 and
5,436,304, each of which is incorporated by reference in its entirety herein.
[0031] According to still another aspect of the invention, a high pressure polymerization
reactor may comprise a tubular reactor or an autoclave reactor, both of which are known in the
art. Tubular reactors may have several zones where fresh monomer, initiators, or catalysts are
added. Monomer may be entrained in an inert gaseous stream and introduced at one zone of

the reactor. Initiators, catalysts, and/or catalyst components may be entrained in a gaseous
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stream and introduced at another zone of the reactor. The gas streams may be intermixed for
polymerization. Heat and pressure may be employed appropriately to obtain optimal
polymerization reaction conditions.
[0032] According to yet another aspect of the invention, the polymerization reactor may
comprise a solution polymerization reactor wherein the monomer is contacted with the catalyst
composition by suitable stirring or other means. A carrier comprising an inert organic diluent
or excess monomer may be employed. If desired, the monomer may be brought in the vapor
phase into contact with the catﬂﬁic 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 reaétors are known in the art.
[0033] 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
and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage,
ioadout, laboratory analysis, and process coqtrol.
[0034] Conditions that are controlled for polymerization efficiency and to provide resin
properties include temperature, pressure and the concentrations of various reactants.
Polymerization temperature can affect catalyst productivity, polymer molecular weight and
~ molecular weight distribution. Suitable polymerization temperature may be any temperature

below the de-polymerization temperature according to the Gibbs Free energy equation.
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Typically this includes from about 60 °C to about 280 °C, for example, and from about 70 °C
to about 110 °C, depending upon the type of polymerization reactor.

4 [0035] Suitable pressures wﬂl also vary according to the reactor and polymerization type.
The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000 psig.
Pressure for gas phase polymerization is usually at about 200 — 500 psig. High pressure
polymerization in tubular or autoclave reactors is generally run at about 20,000 to 75,000 psig.
Polymerization reactors can also be operated in a supercritical region occurring at generally
higher temperatures and pressures. Operation above the critical point of a pressure/temperature
diagram (supercritical phase) may offer advantages.

[0036] The concentration of various reactaﬁts 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 desired resin properties.
Mechanical properties include tensile, flexural, ’impact, creep, stress relaxation and hardness
tests. Physica1 properties include density, molecular weight, molecular weight distributioﬁ,
melting temperature, glass transition temperature, temperature melt of crystallization, density,
stereoregularity, crack growth, long chain branching and rheological measurements.

[0037] The concentrations of monomer, co-monomer, hydrogen, co-catalyst, modifiers,
and electron donors are important in producing these resin properties. Comonomer is used to
control product density. Hydrogen can be used to control product molecular weight. Co-
catalysts can be used to alkylate, scavenge poisons and control molecular weight. Modifiers
can be used to control product properties and electron donors affect stereoregularity. In
addition, the concentration of poisons is minimized because poisons impact the reactions and
product properties. ‘

[0038]  The polymer or resin ﬁay be formed into various articles, including, but not limited

to, bottles, drums, toys, household containers, utensils, film products, drums, fuel tanks, pipes,
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geomembranes, and liners. Various processes may be used to form these articles, including,
but not limited to, blow molding, extrusion molding, rotational molding, thermoforming, cast
molding and the like. After polymerization, additives and modifiers can be added to the
polymer to provide better processing during manufacturing and for desired properties in the end
product. Additives include surface modifiers such as slip agents, antiblocks, tackifiers;
antioxidants such as primary and secondary antioxidants; pigments; processing aids such as
waxes/oils and fluoroelastomers; and special additives such as fire retardants, antistats,
scavengers, absorbers, odor enhancers, and degradation agents.

[0039] Any catalyst composition capable of producing a BPEC may be employed in the
production of the BPEC. - For exaniple, a catalyst composition for the production of a BPEC
may include at least two metallocenes. The first metallocene may be used to produce the
HMW component, and may be a tightly bridged metallocene containing a substituent that
includes a terminal olefin. The second metallocene, that may be used to produce the LMW
component, is generally not bridged and is more responsive to chain termination reagents, such
as hydrogen, than the first metallocene. The metallocenes may be combined with a solid
activator, an aluminum alkyl compound, an olefin monomer, and an olefin comonomer o
produce the desired bimodal polyolefin. The gcﬁﬁw and the productivity of the 'catalyst may
be relatively high. As used herein, the activity refers 1;0 the grams of polymer produced per'
gram of solid catalyst charged per hour, and the productivity refers to the grams of polymer
produced per gram of solid catalyst charged. Such catalysts are disclosed in U.S. Patent
Application Serial No. 11/209,006, filed August 22, 2005 and entitled “Polymerization
Catalysts And Process For Producing Bimodal Polymers In A Single Reactor,” and U.S. Patent
Application Serial No. 11/208,077, filed Augﬁst 19, 2005 and entitled “Polymerization
Catalysts and Process for Producing Bimodal Polymers in a Single Reactor,” egch of which is

incorporated herein in its entirety.
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[0040] The BPEC and/or the base PE resin may include other additives as known to those
skilled in the art. Examples of additives include, but are not limited to, antistatic agents,
colorants, stablhzers, nucleators, surface modifiers, pigments, slip agents, antiblocks, tackafiers,
polymer processing aids and combinations thereof. In an aspect, the polymenc 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 BPEC as
described herein. 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. BPECs as described herein may be formed into various articles, including but
not limited to, household containers, utensils, film products, drums, fuel tanks, pipes,
geomembranes, and liners.

[0041] In an aspect, the BPEC of this disclosure is fabricated into a pipe by a plastics
shaping process such as extrusion. A method of making a polymeric pipe comprises extruding
the polymer or copolymer in a molten state through a die to form the polymeric pipe and
cooling the pipe.

[0042] Pipe extrusion in the simplest terms is performed by melting, conveying
polyethylene pellets into a particular shape (generally an annular shape), and solidifying that
shape during a cooling process. There are numerous steps to pipe extrusion as provided below.
The polymer feedstock can either be a pre-pigmented polyethylene resin or it can be a mixture
of natural polyethylene and color concentrate (referred to as “Salt and Pepper blends”). In
North America, the most common feedstock for pipe extrusion is “Salt and Pepper blends”. In’
Europe and other areas of the world, the most common feedstock for pipe extrusion is pre-
pigmented polyethylene resin. Feedstock is rigidly controlled to obtain the proper finished

product (pipe) and ultimate consumer specifications.
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[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, convey, and
homogenize the polyethylene pellets. Extrusion temperatures typically range from 178 °C to
250 °C depending upon the extruder screw design and flow properties of the polyethylene.
[0044] The molten polymer is then passed through a die. The die distributes the
homogenous polyethylene polymer melt around a solid mandrel, which forms it into an annular
shape. Adjustments can be made at the die exit to try to compensate for polymer sag through
the rest of the process. In order for the pipe to meet the proper dimensional parameters, the
pipe is then sized. There are two methods for sizing: vacuum or pressure. Both employ
different techniques and different equipment.
[0045] Next, the pipe is cooled and solidified in the desired dimensions.  Cooling is
accomplished by the use of several water tanks where the outside pipe is either submerged or
water is sprayed on the pipe exterior. The pipe is cooled from the outside surface to the inside -
surface. The interior wall and inside surfaces of the pipe can stay very bot for a long period of
time, as polyethylene is a poor conductor of heat. Finally, the pipe is printed and either coiled
or cut to length.
[0046] In an aspect, the polymeric pipe fabricated from BPECs of this disclosure display
enhanced mechanical properties such as resistance to slow crack growth and rapid crack
propagation (RCP), and strength sufficient to warrant the designation PE100. Such pipes may
display the properties described below either singularly or n combination. The specific
methods for determination of these properties are described in more detail herein. |
[0047] The Small-Scale Steady-State (S4) test is the current standard for measuring the
RCP resistance of polyethylene pipes. 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



8 337.03 878.03 1922.9 2.61 0.3941 0.0000 190 236.56 633.29 1288.9 2.68
0.4245 0.0000 190 [0084] The data in Table 2 show that polyners produced
with nmetall ocene C have very narrow nol ecul ar wei ght distributions, with
M M generally < 3. The Carreau- Yasuda a paraneter, CY-a, is generally
greater than 0.4, thither illustrating the limted "theol ogi cal breadth"
due to the narrow MAD and | ow | evels of Tong chain branching. [0085]Figure
1 illustrgtes the linearity.of . SInASin® RHadsNe thsfFuRAME 3fadk MEbugE bBen run
al one. Th Sﬁﬁ%?&s+¢ﬁ%mF%% gg’]%ggﬁﬁgcggpgcted dependence of zero shear
viscosity for |jnear, pal S en GfeRSi akb8afted Satedalstzo@ie

mol ecul ar P8 SgHen #ﬁlédpg?%%‘e ecr&%s@ﬁ’%gteg ¢ i

nes the expected zero shear
ot al - car BBALER SHBH XA SRR L 50 000 E o e Bane aee et | yod
chtal yst SPTUTAED OGS Ver I TR TEVETEL A1 g (RRas ST IsTRk b e e
br anchi ngpromaie WAL sk el HoBpiniy e StefrE P el ey dlfL ke
ot 1 mont secieten eEvents RareG BRI, s A O Sre TR et © S§eEsakfee,
bi's( | hdlonplopeiabm ki iRgoRin el gl pretle; 1058 s SRS ROBEDSs g | o,

by addition of 25 gans of neat (93% triethylalumnnun. This .solut.l Wwas
di | ut ed wiesoriledOnttee BRD 134 7Angandprdn hEipt 2R PG pteﬁgl’ﬁ’% e?traegxet%oteranp%r%ﬂg%mo
vessel . |sobutane was added to obtain a total of 4%&)&&2’& of s lslé;[it%n'
[ 0087] Met dbtbrodimetbe Giticakiptessurs (Pe)aemired 1 g2y REFE- OISR FLERHSE &
1- (phenyl)-1-(3- .

but eny1) - Hivewfizddopemtiaginessyury (suplly 3-tars) tand 2t RSP FIPMBTENGE CAb PR ARY t©
zirconiumdichloride, was slurried in about 200 |a of hexepe-1, followed by
addi tion efeastbe greacritical targaratir@IT for R&Ih{d AF FHFtAined- FrRnsraly | spedls Wiks
diluted with 100 to 240 grans of n-heptane and transferred to_a s]%(gfl.
vessel . | solystanne ofasipachisicbettslovbt eritisaldineid een for RUD tbsintiatets OBeT Bt oh.
[0088] Met al | ocene N. Under nitrogen, 2.00 g of solid netallocene N, :
n-butyl - (@t EResire mithin the atpeydus( éxeeksra ¢ritical vabusrip swatam sdyr St cratas

di ssolved in 420 nL of toluene. This solution was transferred to a steel
vessel an(ﬂ)rdgﬁ gh. aTiersies, fodd pibef lowSdtrabmi igh 94 Bl widkhelromipsniae BCBfailigtsut i on.
EXAMPLE 5 [0089] Pil ot plant polynerizations were conducted in a 23-gallon
slurry | 0qpo48pactTe IeWer the S4 critical temperature the better, since it results in a broader end-use

temperature range for the pipe. A pipe fabricated from the BPECs disclosed herein, having an
8-inch nominal outer diameter with a standard diameter ratio (SDR = OD/, where t = wall
thickness) of about 11, may have a critical temperature value dete_n:nined according to ISO DIS
13477 (S4 test) of equal to or less than about —15 °C, alternatively equal to or less than about —
_20 °C, alternatively equal to or less than about —25 °C.

[0049] A modified Charpsr 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
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[0052]  HDPE pipes used for gas transport are under pressure for the duration of their useful

service. Often, fluctuations in pressure render the load to be dynamic. Therefore, it is
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important to establish the maximum load that such a pipe can withstand without deformation
and damage over the expected lifetime (typically, many decades). The design stress and the
useful service lifetime of HDPE pipes are typically estimated by performing creep rupture tests
at multiple temperatures; In this test (ASTM D 1598); the pipe of interest is subjected to a
certain hydrostatic pressure (expressed 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.

[0053] 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
failure data spread uniformly over a two-year timeframe at the end-use temperature (usually
room temperature) and at two or three higher temperatures (typically in the 40-80 °C range).
Subsequently, principles of time—teﬁperatme superposition are applied to the data, which
allows one to reasonably ext_rapolate the failure data at room temperature to a few decades.
[0054] The design stress of a ﬁlastic pipe is often referred to as its long-term hydrostatic
strength (LTHS) or the minimum required strength (MRS). LTHS, estimated using ASTM D
2837 (USA standard), is the estimated tensile stress in the wall of a pipe in the circumferential
orientation which, when applied continuously, will cause failure of the pipe at 100,000 hours.
The MRS of a pipe, estimated using the ISO 9080 standard, is the functional equivalent of the
LTHS (with a desired lifetime of 50 years) used internationally. The LTHS and/or MRS of a

pipe are used to certify gas pipes«according to either ASTM D 2513 and/or ISO 4437. In other
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words, these values determine the maximum load that such pipes can bear during their
utilization for the transportation of natural gas. In an aspect, the BPECs disclosed herein may
be fabricated into pipe having a LTHS of equal to or greater than 1000 hours per ASTM D
2513. | |
[0055] An MRS value (50 year extrapolated value at 20 °C; 97.5 lower prediction limit)
equal to or greater than 10.0 MPa corresponds to PE100 pressure rating. A PE80 pressure
rating means the MRS was equal to or greater than 8.0 MPa and less than 10.0 MPa. The MRS
of a pipe (2 inch nominal OD with a SDR of about 11.0) may be determined by performing
extensive creep rupture testing at 23 °C, 60 °C and at 80 °C a:ﬁd applying principles of the ISO
9080 extrapolation method. In an aspect, the BPECs disclosed herein may be fabricated into a
PES80 pipe, PE100 pipe, or both.
[0056] In an aspect, a BPEC of this disclosure may display a pellet density of about 0.9509
g/cc, a MWD of about 13.1, and a HLMI of about 4.0 g/10 min. Such a composition may be
fabricated into a PE pipe having an S4 critical temperature of about —30 °C and a Charpy Tdb
of about —40 °C.
[0057] Alternatively, a BPEC of this disclosure may display pellet density of about 0.9504
g/cc, a MWD of about 14, and a HLMI of about 10.32 g/10 mm Such a composition may be
fabricated into a PE pipe haviﬁg an ISO at 80 °C and 5.5 MPa of greater than about 2014 hours
and a PENT at 2.4 MPa of about 448 hours.
[0058] Alternatively, a BPEC of this disclosure may display a pellet density of about
0.9516 g/cc, a MWD of about 15.2 and a HLMI of about 9.12 g/10min. Such a composition
may be fabricated into a PE pipe having an ISO at 80 °C and 5.5 MPa of greater than about
2014 hours and a PENT at 2.4 MPa of about 1660 hours.

EXAMPLES
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[0059]  For each of the following examples, the following metallocenes were evaluated
either in combination or alone to determine their effect on polymer attributes, particularly rapid

crack propagation and pipe strength. For convenience, the various metallocenes are set forth

a8,

b

e ~a
r'\
cl

[0060] The following testing procedures were used to evaluate the various polymers and

below with letter abbreviation:

compositions.

[0061] Melt index (MI, g/10 min) was determined in accordance with ASTM D 1238
condition F at 190 °C with a 2,160 gram weight.

[0062] High load melt index (HLMI, g/10 min) was determined in accordance with ASTM
D 1238 condition E at 190 °C with a 21,600 gram weight.

[0063] Polymer density was determined in grams pei‘ cubic centimeter (g/cc) on a
compreésion molded sami)le, cooled at about 15 °C per hour, and conditioned for about 40
hours at room temperature in accordance with ASTM D 1505 and ASTM D 1928, procedure C.
[0064] Melt theological characterizations were performed as follows. Small-strain (10%)
oscillatory shear measurements were performed on a Rheometrics Scientific, Inc. ARES
theometer using parallel-plate geometry. All rheological tests were performed at 190 °C. The

complex viscosity n*| versus frequency (@) data were then curve fitted using the modified

three parameter Carreau-Yasuda (CY) empirical model to obtain the zero shear viscosity — 7,

t
F

I 0)
eed
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characteristic viscous relaxation time — 7, and the breadth parameter — a. The simplified

Carreau-Yasuda (CY) empirical model is as follows.

0
ST L
|77 ( )‘ [1+(T170))a](1 n)/ a
wherein: |7*(w) | = magnitude of complex shear viscosity;

10 = zero shear viscosity;

1, = viscous relaxation time;

a = “breadth” parameter;

n = fixes the final power law slope, fixed at 2/11 or zero as specified in the
examples; and

o = angular frequency of oscillatory shearing deformation.

[0065]  Details of the significance and interpretation of the CY model and derived
parameters may be found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28,321 (1989); C.A.
Hieber and H.H. Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Ammstrong
and O. Hasseger, Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition,
John Wiley & Sons (1987); each of which is incorporated heréin by reference in its entirety.
The CY “a” parameter is reported in the tables for the resins disclosed herein.

[0066] A “Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instrument” was
used to determined specific surface area (“surface area” and specific pore volume (“pore
volume”). This instrument was acquii'ed from the Quantachrome Corporation, Syosset, N.Y.
[0067] Molecular weights and molecular weight distributions were obtained using a PL
220 SEC high temperature chromatography unit (Polymer Laborétories) with trichlorobenzene
(TCB) as the solvent, with a flow rate of 1 mL/minute at a temperature of 145 °C. BHT
(2,6-di-tert-butyl-4-methylphenol) at a concentration of 0.5 g/L was used as a stabilizer in the
TCB. An injection volume of 200 pL. was used with a nominal polymer concentration of 1.5
mg/mL. Dissolution of the sample in stabilized TCB was carried out by heating at 150 °C for 5

hours with occasional, gentle agitation. The columns used were three PLgel Mixed A LS
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to the reactor. In addition, a 500 nL precontactor was used, rather than
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columns (7.8x300mm) and were calibrated with a broad linear polyethylene standard (Chevron
Phillips Chemical Company Marlex® BHB 5003 polyethylene) for which the molecular weight
had been determined.

i0068] Molecular weight diétributions and SCB branch proﬁles were obtained through size
exclusion chromatography using an FTIR detector. Chromatographic conditions are those
described above. However, the sample injection volume was 500 microliters. Samples were
introduced to the FTIR detector via a heated transfer line and flow cell (KBr windows, 1 mm
optical path, and ca. 70 pL cell volume). The temperatures of the transfer line and flow cell
were kept at 143 + 1 °C and 140 i 1 °C, respectively. Perkin Elmer FTIR spectrophotometer
(PE 2000) equipped with a narrow band mercury cadmium telluride (MCT) detector was used
in these studies.

[0069] All spectra were acquired using Perkin Elmer Timebase sofiware. Background
spectra of the TCB solvent were obtained prior to each run. All IR spectra were measured at 8
cm” resolution (16 scans). Chromatograms were geherated using the root mean square
absorbance over the 3000-2700 cm™ spectral region (i.e., FTIR serves as a concentration
detector). Molecular weight calculations were made as previously described using a broad
molecular weight polyethylene (PE) standard [see Jordens K, Wilkes GL, Janzen J, Rohlﬁng
DC, Welch MB. Polymer 2000; 41:7175]. Spectra from individual time slices of the
chromatogram are subsequently analyzed for comonomer branch levelé using chemometric
techniques. All calibration spectra were taken at sample concentrations which far exceeded
that needed for good signal to noise (i.e., > 0.08 mg /mL at the detector).

[0070] SCB determination was made as follows. Narrow mplecular weight (MM, ~1.1
to1.3), solvent gradient fractions of ethylene 1-butene, ethylene 1-hexene, polyethylene
homopolymers, and low molecular weight alkanes were used in calibration and verification

studies. The total methyl content of these samples ranged from 1.4 to 82.7 methyls per 1000
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total carbons. Methyl content of samples was calculated from M, or measured using C-13
NMR spectroscopy. C-13 NMR specira were obtained on 15 wt.% samples in TCB using a
500 MHz Varian Unity Spectometer run at 125 °C as previous described [see Randall JC, Hsich
ET, NMR and Macromolecules; Sequence, Dynamic, and Domain Structure, ACS Symposmm
Series 247, J. C. Randall, Ed., American Chemical Society, Washington DC, 1984.]. Methyl
content per 1000 carbons by NMR was obtained by multiplyihg (X 1000) the ratio of total
methyl signals to total signal intensity.
[0071] A partial least squares (PLS) calibration curve was generated using Pirouette
chemometric software (Infometrix) to correlate changes in the FTIR absorption spectra with
calculated or NMR measured values for methyls/1000 total carbons for the 25 samples. The
FTIR absorption spectra used in the calibration model were made from co-added spectra
collected across the whole sample. Only a portion of the spectral region (2996 and 2836 cm™)
was used in the calibration step in order to minimize the effects of residual solvent absorption.
‘Preprocessing of spectral data included area normalization, taking the first derivative of the
| spectra and mean centering all data.
[0072] A four component calibration model was calculated and optimized using the process
of cross validation (RSQ=O;999, SEV=0.7). The calibration model was verified using 23
additional samples. The predicted versus actual values for the validation data showed excellent
correlation (RSQ=0.987) and exhibited a root mean square error of prediction equal to +/- 0.4
| methyl groups per 1000 total carbon molecules.
[0073] SCB levels were calculated by subtracting out methyl chain end contributions. The
amount of methyl chain ends were calculated using the; equation Mece=C(2-Vee)/M, where Mec,
is the number of methyl chain ends per 1660 total carbon molecules, C is a constant equal to
14000, V,, is the number of vinyl terminated chain ends (1 for chromium catalyzgd resins), and

M is the molecular weight calculated for a particular slice of the molecular weight distribution.
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EXAMPLE 1
[0074] Alumina A, from W.R. Grace Company, was impregnated to incipient wetness with

an aqueous solution of ammonium sulfate. Typically, the alumina had a surface area of about
330 m?/gram and a pore volume of about 1.3 cc/gram. The amount of ammonium sulfate used
was equal to 20% of the starting alumina. The volume of water used to dissolve the ammonium
sulfate was calculated from the total pore volume of the starting sample (i.e. 2.6 mls of water
for each gram of alumina to be treated). Thus, a solution of about 0.08 grams of ammonium
sulfate per mL 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. |

EXAMPLE 2

[0075] The me;tallocenes used in the various examples were purchased or prepared as
follows. While certain preparations are set forth herein, it should be understood that the
metallocenes used in accordance with this invention can be prepared using numerous
techniques. Several techniques are described in U.S. Patent Application Serial No. 10/876,948,
filed June 25, 2004 and entitled “Improved Synthesis Of Ansa-Metallocenes And Their Parent
Ligands In High Yield,” incorporated by reference herein in its entirety. Also, metallocene
compounds can be prepared as described in U.S. Patent Applicatidn Serial Nos. 10/876,891 and
10/876,930, both filed on June 25, 2004 and entitled “Polymerization Catalysts For Prdducmg
Polymers With Low Levels Of Long Chain Branching,” U.S. Patent Application Serial No.
11/208,077, filed Aungust 19, 2005 and entitled “Polymerization Catalysts and Process for
Producing Bimodal Polymers in a Single Reactor,” and U.S. Patent Application Serial No.

11/209,006, filed August 22, 2005 and entitled “Polymerization Catalysts And Process For
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Producing Bimodal Polymers In A Single Reactor,” the disclosures of which are incorporated
by reference herein in their entirety.
[0076] All manipulations involving air-sensitive reagents and materials were performed
under nitrogen by using standard Schlerik line 6r dry box techniques. The solvent THF was
distilled from potassium, while anhydrous diethyl ether, methylene chloride, pentane, and
toluene (Fisher Scientific Company) were stored over activated alumina. All solvents were
degassed and stored under nitrogen. Zirconium (IV) chloride (99.5%) and n-butyllithium were
purchased from Aldrich Chemical Company and were used as received. Products were
analyzed by 'H NMR (300 MKz, CDCls, referenced against residual CHCl; peak at 7.24 ppm)
or BC'NMR (75 MHz, CDCls, referenced against central line of CDCl; at 77.00 ppm).
[0077] 2,7-di-tert-butylfluorene was prepared according to the procedure in Bull. Chem.
Soc. Jpn., 1986, 59, 97-103.
[0078] Metallocene I: Bis(indenyl)zirconium dichloride was purchased from Witco
(Burecen 5032).
[0079] Metallocene C: Pheny1—3-butenylmethylidene(n5—cyclopentadieny1)(n5-9—2,7-di—
tert-butylfluorenyl)zirconium dichloride was prepared as follows. A solution of 42.3 g (152
fnmoles) of 2,7-di-t-butylfluorene in 150 mLs of dry, degassed THF was cooled in dry ice. A
solution of n-butyl lithium in hexanes, 61 mLs of 2.5 M (152 mmoles) was added dropwise
over 30 minutes. The bath was then removed. After stirring for an additional 90 minutes, this
| solution was added to 38 g (167 mmoles) of 6-phenyl-6-(3-butenyl)fulvene in 100 mLs of THF
while cooling in an ice bath. The adciition toc;k 1 % hours. The mixture was allowed to warm
while étirring for about 120 hours.
[0080] While cooling in a water bath, a solution of 6 g of ammonium chioride in 100 mLs
of water was added followed by 100 mLs of heptane. The layers were separated and the

organic layer was washed with 3 X 100 mLs of water, filtered, and dried over sodium sulfate.
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The solvent was stripped off and the product was crystallized from a minimal heptane and
washed with methanol before drying. ‘,
[0081] A portion of the ligand from above, 20.0 g (41.3 mmoles) was dissolved in
diethylefher and cooled in dry ice. A hexanes solution of n-butyl lithium, 33 mLs of 2.5 M
(82.5 mmoles), was added over 0.5 hour. The bath was removed and the orange shurry was
stirred overnight. This slurry was then added to a slurry of 10.1 g (43.3 mmoles) of zirconium
(IV) chloride in 200 mLs of n-pentane cooled in ice water. The bath was removed and the
slurry was stirred for 5 days and then the slurry was filtered through sodium sulfate. The solid
was washed with pentane and then extracted with methylene chloride. The solution was taken
to dryness to yield 21.5 g of orange solid (80%).

[0082] Metallocene N: Zr{n’-CsH,[(CHz);CHs]} {n>-CoHs-1-(CH,CH=CH,)}Cl,  was
prepared as follows. A 500 mL Schlenk flask was charged with nBuCpZrCls (20.0g,
62.7mmol) and approximately 400 mL of diethyl ether. The resulting slurry was cooled to 0
°C, after which time (10.7g, 66.0mmol) of Li[(CoHg)-1(allyl)] was cannulated as an ethereal
solution. The reaction mixture was stirred overnight at ambient temperature and the solvent
was removed in vacuo. The resulting solid was dissolved in toluene and centrifuged to remove
LiCl. Removal of solvent in vacuo yielded a yellow-brown solid, which was dissolved in a
dichloromethane/pentane mixmre and was cooled to —35 °C for a couple of hours. Resulting
slurry was filtered, and the precipitate was dried under reduced pressure (0.1 mm, 1 h) to yield
the product as a yellow solid (17.0g, 62%). "H NMR (CDCls, 8) 0.87 (t, J = 7.2Hz, CHj),
1.50-1.22 (m, CHz(CH>),CH3), 2.58-2.42 (m, CHz(CHz)2CH3), 3.77-3.62 (m, CH;=CHCH,),
5.10-5.02 (m, CH,=CHCHy>), 5.78-5.76 (m, 1, CsHy), 5.87-5.83(m, 2, CsHa), 5.99-5.91 (m,
CH,=CHCHy,), 6.04-6.00 (m, 1, CsHy), 6.39-6.37 (m, 1, CsH), 6.63 (d, J= 3.0Hz, 1, CoH),
7.28-7.18 (m, 2, CoHg), 7.60-7.56(m, 2, CsHg).

EXAMPLE 3
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[0083] Bench Scale polymerization was performed in a 1 gallon Autoclave Engineers
reactor. Solutions of Phenyl—3-butenyhnetl:lylidene(n5 -cyclopentadienyl)(n5—9-2,7—di~tert-
butylfluorenyl)zirconium dichloride were made at 1 mg/mL in toluene and used as follows. To
a Wheaton bottle containing 58 mg §f sulfated chemically treated Sélid oxide (CTSO sulfated
‘with H,S0y), 45 mLs of dry heptane were added followed by the spegiﬁed amount of either
25wt.% TIBAL (iriisobutylaluminum) or 19 wt.% TnBAL (tri-n-butylaluminum) and then 1
mg (1 mL of solution) of metallocene in toluene. After contacting for 15 min, the slury was
charged to a dry autoclave under isobutane purge. Following addition of 2 Liters of isobutane,
the slurry was stirred while raising the temperature to the set point. Once the temperature was
within 5 degrees of the set point, ethylene was added and fed on demand during the run to
maintain the desired total pressure. At the end of each run, volatiles were vented from the
reactor and the dry product was removed. During the polymerization no hexene or hydrogen
were added. Polymerization at 100 °C was conducted at 447 psig total pressure, while at 90 °C
the total pressure was 390 psig, or about 14 mole% ethylene in each case.

Table 1

Bench Scale Polymerization
- | Metallocene | CTSO
‘RunNo.| Time | Temp. R3Al Solid PE [Productivity]  Activity Activity
(min) | (C) (mmoles) (@ | (@ | (ge/m) | (gghn)
1 60 100 | TnBAL,027 | 4519 | 451900 451900 7791
2 60 100 | TnBAL,0.54 | 427.8 [ 427800 427800 7376
3 60 100 | TnBAL,0.54 | 380.0 380000 | - 380000 | 6552
4 60 100 | TuBAL,0.80 | 284.0 | 284000 284000 4897
5 60 90 TIBAL, 0.69 | 1364 136400 136400 [ 2352
6 60 90 TnBAL 0.13 70.0 70000 70000 1207
7 30 90 TnBAIL, 0.27 | 180.0 180000 360000 6207
8 60 90 | TnBAIL,0.54 | 277.0 | 277000 277000 4776
9 60 90 TnBAL, 1.07 | 315.0 | 315000 315000 5431

Productivity is grams of polyethylene produced per gram of metallocene. Metallocene activity is grams of polyethylene
produced per gram of metallocene per hour. CTSO activity is grams of polyethylene produced per gram of CTSO per hour.
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Table 2
Bench Scale Polymer Properties
Run No CY-a Measurement
M,/1000 | M,/1000 | M,/1000 | M./M, | aeta | n eta T(°C)
(g/mol) (g/mol) (g/mol) _

1 12376 | 30599 | 609.6 | 247 | 04404 | 0.0000 190
2 13152 | 33537 | 686.5 2.55 | 04363 | 0.0000 190
3 14578 | 357.93 | 7268 2.46 | 0.4445 | 0.0000 190
4 171.17 | 4005 | 802.7 2.34 | 04428 | 0.0000 190
5 25925 | 64862 | 14109 2.5 | 04130 | 0.0000 190
6 24462 | 672.06 1459 2.75 | 04076 | 0.0000 190
7 18401 | 52059 | 11159 | 2.83 | 04010 | 0.0000 190
8 337.03 | 878.03 | 19229 | 261 | 03941 | 0.0000 190
9 23656 | 63329 | 12889 | 2.68 | 04245 | 0.0000 190

| [0084] The data in Table 2 show that polymers produced with metallocene C have very
narrow molecular weight distributions, with My/My generally < 3. The Carreau-Yasuda a
parameter, CY-a, is generally greater than 0.4, further illustrating the limited “rheological
breadih” due to the narrow MWD and low levels of long chain branching.
[0085] Figure 1 illustrates the linearity of the resins obtained from catalyst C when run
alone. The Amnett line represents the expected dependence of zero shear viscosity for linear
"polymers when plotted against the weight average molecular weight. The other lines describe
the expected zero shear viscosity for polyethylene containing either 1 long chain
branch/100,000 total carbons or 1 long chain branch/1,000,000 total carbons as derived from
the Colby-Janzen model for long chain branching. Clearly, this catalyst system produces very
low levels of long chain branching and pipé resins produced from it will contain very low
levels of long chain branching. Furthermore, long chain branches in the longest molecules have
the strongest effect on the theology of the polymer. Therefore, the detrimental effects of long

chain branching are minimal.
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EXAMPLE 4

[0086] Metallocene I+ Under nitrogen, 1.00 g of solid metallocene L
bis(indenyl)dichlorozirconium, was shurried in 30 mL of hexene-1, followed by addition of 25
grams of neat (93%) triethylaluminum. This solution was diluted with 200 to 300 grams of n-
heptane and transferred to a steel vessel. Isobutane was added to obtain a total of 40 pounds of
solution.

[0087] Metallocene C: Under nitrogen, 2.00 g of solid metallocene C, 1-(phenyl)-1-(3-
butenyl)—l-(cyclopentadienyl)—1-(2,7-di-tert—butylﬂuorenyl)methane zirconium dichloride, was
slurried in about 200 mL of hexene-1, followed by addition of 25 grams of neat (93%)
triethylaluminum. This solution was diluted with 100 to 240 grams of n-heptane and
transferred to a steel vessel. Isobutane was added to obtain a total of 40 pounds of solution.
[0088] Metallocene N: Under nitrogen, 2.00 g of solid metallocene N, n-butyl-
(cyclopentadienyl)-1-allyl-(indenyl) zirconium dichloride, was dissolved in 420 mL of toluene. -
This solution was transferred to a steel vessel and isobutane was added to obtain a total of 40
pounds of solution.

EXAMPLE 5
[0089] Pilot plant polymerizations were conducted in a 23-gallon slurry loop reactor at

a production rate of approximately 25 pounds of polymer per hour. Polymerization runs were
carried out under continuous particle form process conditions in a loop reactor (also known as a
slurry process) by contacting a metallocene solution in isobutane and a small amount of
toluene, triethylaluminum, and a solid activator in a 2 L stirred autoclave with continuous
output to the loop reactor.

[0090]  The precontacting was carried out in the following manner. Triethylaluminum
solution and metallocene solutions in isobutane were fed as separate sireams into a tee
upstream of the autoclave where they contacted each other. The solid activator was flushed

with isobutane into a tee between the aforementioned tee and the autoclave, contacting the
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triethylaluminum/metallocene mixture just before entering the autoclave. The isobutane flush
used to transport the solid activator into the autoclave was set at a rate that would result in a
residence time of approximately 25 minutes in the autoclave. The total flow from the autoclave
then entered the loop feactor.

[0091] Ethylene used was polymerization grade ethylene (obtained from Union Carbide
Corporation) which was purified through a column of alumina and activated at 250 °C (482 °F)
in nitrogen. 1-Hexene, when used, was polymerization grade 1-hexene (obtained from
Chevron Chemicals Company) which was purified by nitrogen purging and storage over 13-X
molecular sieve activated at 250 °C (482 °F) in nitrogen. The loop reactor was a liquid full,
15.2 om diameter, loop reactor, having a volume of 23 gallons (87 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 polymerization grade
jsobutane (obtained from Chevron Phillips Chemical Company, Borger, Texas) that was further
purified by distillatioﬁ and subsequently passed through a column of alumina [activated at 250
°C (482 °F) in nitrogen].

[0092] Reactor conditions includedla pressure around 580 psi (4 MPa), and a temperature
hat was varied from about 90 °C (194 °F.) to about 99 °C (210 °F) as indicated in Table 3.
Also, the reactor was operated to have a residence time of 1.25 hours. The solid activator was
added through a 0.35 cc circulating ball-check feeder and fed to the 2-Liter autoclave as
described above. Metallocene concentrations in the reactor were within a range of élbout 1t02
parts per million (ppm) of the diluent in the polymerization reactor. Polymer was removed
from the reactor at the rate of about 25 Ibs per hour and recovered in a flash chamber. A
Vulcan dryer was used to dry the polymer under nitrogen at about 60-80 °C (140-176 °F).
[0093] Cocatalyst triethylaluminum (TEA) (obtained from AKZO Corporation) or tri-n-

butylaluminum (TnBAL) (obtained from Albermarle) was also used. The cocatalyst was
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obtained as a 10 wt.% solution in heptane, but was further diluted to 1 weight percent. The
cocatalyst was added in a concentration in a range of from about 8 to 120 parts per million of
the diluent in the polymerization reactor. To prevent static buildup of the reactor, a small
amount (leés than 5 ppm, by weight, of dilﬁent) of a commercial antistatic agent sold as “Stadis
450” was usually added.

[0094] Various resins were prepared according to the above procedure, as specified in
Table 3. Table 4 presents a summary of the results.

Table 3. Process Conditions for Various Experimental Runs.

1 Run No. [10 11 2 [13 14 15 16
(2) Activator-Sulfated SulfaxedEhuia;c:d SulfatedSulfatedSulfatedSulfated
Support lalumina jalumina inajaluminajaluminalaluminaalumina
Metallocene C+1 [C+I [C+I [C+I [C+I [C+N [C+N
Metallocene 095+ [1.38+ |1.37+ [1.30+ [1.28+ [L.17+ [lL46+
fto Reactor (ppm) : 056 039 (040 041 041 097  [0.73
Autoclave Residence Time (Min) D2.86 [22.26 2254 P2.80 [22.66 [14.53 .17
Cocatalyst Type TEA |[TEA [TEA |[TEA [TEA [TnBAL[TnBAL
Cocatalyst (ppm) 941 [10.05 9.75 .69 1945 B5+75 ]4.67
Temp (°C) 987 [89.9 [89.9 [89.9 [89.9 190.0 - 90.0
Ethylene (mol%) . 12.50 |18.54 {19.32 {1940 |1791 (1425 {14.80
1-hexene (mol%) 037 024 024 024 025 047 [0.51
C6=/C2= (Mole Ratio) 003 001 001 001 {001 003 0.03
H, (mib/hr) 4.5 3.5 3.5 3.5 3.5 3.8 4.0
C2= Feed Rate (Ib/hr) D451 P6.59 [26.56 [26.59 26.67 P03 3041
1-Hexene Feed Rate (Ib/hr) ' 052 094 11093 1091 095 044 0.60
Total iC4 Flow Rate (Ib/hr) 52.68 153.14 53.14 |52.74 [53.25 63.72 163.03
Solids Conc. wt% 2370 D250 210 P21.70 [23.00 P4.80 [25.10
Polymer Production (Ib/hr) 1878 1848 [18.11 |17.75 l18.89 P3.92 124.00
Density (pellets) (g/cc) 0.9504 {0.9516 {0.9520 10.9528 [0.9490 10.9509 {0.9497
HLMI 1032 19.12  {14.87 J11.65 [7.93 H.0 4.24
Melt Index (MI) 020 J0.10 1007 [0.11  0.07 [0.06 10.08
HLMI/MI 52 91 212 (106 113 67 53

For run 14, the second portion of aluminum alkyl (TNBAL) was fed directly to the reactor.
In addition, a 500 mL precontactor was used, rather than the 2 Liter vessel.
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56. 3340441 -9969991* 'FWHM = Full width at half peak max |R = peak
resolution Run 14
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[0095] The deconvolution of resins from Runs 14 and 16, as shown in Table 5, demonstrates
that the two components are well separated in molecular weight, as seen from the ratio of the
weight average molecular weight of the high molecular weight component divided by the weight
average molecular weight of the low molecular weight component. The table also provides further
evidence that the high molecular weight component has a narrow molecular weight distribution
(MWD), Mw/M, < 3. The MWD of the low molecular weight compdnent is slightly broader.

Table 6. Comonomer Levels in Component Peaks by SEC-FTIR

High Molecular Weight | Low Molecular Ratio
Run No. Peak Weight Peak (High/Low)
‘ SCB/1000 Total C SCB/1000 Total C :
10 1.20° 0.42 2.88
11 0.69 ' 0.19 3.62
12 1.59 0.63 ' 2.53
13 1.30 0.43 3.03
14 1.74 083 2.09

[0096] The data in Table 6 show that the hexene comoﬁomer has preferentially been placed in
the high meolecular weight component, as shown from the ratio of .the number of short chain
branches/1000 total carbons. found in each component. The high molecular weight component
confains more than twice as many short chain branches.

[0097] Without further elaboration, it is belie'ved that one skilled in the art can, using the
description herein, utilize the present invention to its fullest extent. While aspects of the invention
have been shown and described, modifications thereof can be made by one skilled in the art
vvithout departing from the spirit and teachings of the invention. The aspects and examples
described herein are exemplary only, and are not intended to be limiting. Many variations and
modifications of the invention disclosed herein are possible and are within the scope of the

invention. Where numerical ranges or limitations are expressly stated, such express ranges or



038 ! Binodal (exp.) OWnane!' LMN Conponent (talc fromit) | HWV Conponent
(cab fromfit) | (Mdil) mfill(WNH)"ANIl Data frompeak fit |LMNV
Component (fit) | HWWN Conmponent (fit) puele! 'Run 16 0381 Binodal (exp.)
1 Binodal (fit) |LMWN Conmponent (calc fromfit) | HWV Conponent (cabs from
fit) MOn) AA MA11-1) M Data frompgak fit LMNConmponent (fit) [|HMV
Conmponentjfit) 1 1 Nal 34 [0095] The ‘deconvol ution of resins from Runs
14 and 16, as shown in Table 5, denonstrates that the two conponents are
wel | separated in nol ecul ar weight, as seen fromthe ratio of the weight
average nol ecul ar wei ght of the high nolecular weight conponent divided by
t he wei ghlmaatnageoultb be andeatoodeh Ghtludsf iterhiével mugesor distitaiensyRf] @mm%ﬁ%@fnent
The tabl e al so provides further evidence that the hi gh nol ecul ar. wei ght
conponent fatiag withivathe expreslysteidanngse pykimitations (e g frand shouhA) 2bowi} Q\)Im’lu‘i?? The
MA) of the | ow nol ecul ar wei ght conponent is slightly broader. Table 6.
Cononor ue?, 3, dyet.s gieateGhapo.he inclubesak b1, 19y 256:43,RYR. F&?ﬁq ofiéhe ey foptigstally ik

verant 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.
[0098] 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 aspect of the
present invention. Thus, the claims are a further description and are an addition to the detailed
description of the present invention. The disclosures of all patents, patent applications, and
publications cited herein are hereby incorporated by reference, to the extent that they provide

exemplary, procedural or other details supplementary to those set forth herein.



Peak SCB/ 1000 Total C Low Mol ecul ar Wei ght Peak SCB/ 1000 Total C Ratio
(H gh/Low) 10 1.20 0.42 2.88 11 0.69 0.19 3.62 12 1.59 0.63 2.53 13 1.30
0.43 3.03 14 1.74 0.83 2.09 100961The data in Table 6 show that the hexene
conononer has preferentially been placed in the high nol ecul ar wei ght
conponent, as shown fromthe ratio of t nunber of short chain
branches/ 1000 total carbons found in each conponent. The hi gh nol ecul ar
wei ght conponent contains nore than twi ce as many short chain branches.
100971W t hout further elaboration, it is believed that one skilled in the
art can, using the description herein, utilize the present invention to its
full est extent. While aspects of theCLA¥MAti on have been shomn and
descri bed, nodifications thereof can be nmade by one skill in the art
wi t hout depar tA myltimasial pelaetbyléne] comapritionchavhieriydeast W%@IVW iCGTPORFRS,
aspects and exanpl es described herein are exenplary only, and are not
i ntended wherdde | i mting. Many variations and nodifications of the invention
di scl osed herein are possible and are within the scope of the i nvention.
Wher e numeri c4b) r arasksomporentias amickslaneishbdivasipy of sqnpldg or Bt AR IEs
ranges or 35
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(b)  one component has a higher molecular weight than the other component; and

{©) the higher molecular weight component has an “a” parameter value of equal to or
greater than about 0.35 when fitted to the Carreau-Yasuda equation with n=0.
2. The composition of claim 1 wherein the higher molecular weight cornponent contains equal
to or less than about one long chain branch per about 10,000 carbons.
3. The composition of claim 1 wherein the ratio of short chain branching in the higher
molecular weight component to short chain branching in the lower molecular weight component is
equal to or greater than about 1.
4. The composition of claim 1 wherein the higher molecular weight component comprises a
copolymer of ethylene and 1-olefin and the lower molecular weight component comprises a
copolymer of ethylene and 1-olefin, and wherein the 1-olefin in the two components may be the
same or different.
S. The composition of claim 4 wherein the 1-olefin is 1-hexene in the two components.
6. The composition of claim 4 wherein the amount of 1-olefin in the higher molecular weight

component is equal to or greater than about 1.5 times the amount of 1-olefin in the lower molecular .

weight component.



limtations should be understood to include iterative ranges or |imtations
of like magnitude falling within the expressly stated ranges or |imtations
(e.g., fromabout 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10
includes 0.11, 0.12, 0.13, etc.). Use of the term"optionally" with respect
to any elenent of a claimis intended tq,nean that the subject elenent is
required, or alternatively, is not required. Both alternatives are intended
to be within the scope of the claim Use of broader ternms such as
conprises, includes, having, etc. should be understood to provide support
for narrower ternms such as consisting of; consis in%_ ssentially %][ a
conpr i sed7.substharoipgsitpnctf claip d wiegobs l\’cﬁé?ir%‘?l?@ka?“"c eGB! BT2BPETct i on
is not limted by the description set out above but is only |limted bé/ t he
cl ai ns whbyh fifsb etsllpcent aatalygiofhe 19wes melicHgr %?lghtéﬁ{]’ipﬂ)%n%ﬁt?t%?ed[ he? 858Gt
matter of the clainms. Each and every claimis incor pora%ed into the

speci f i catecivcans canlyss prkthe rst andseqopdmeiocriaraittss Ae MPHU8 S8 he ¢l ains are a
further description and are an addition to the detailé1 d.descri tiong_%{ t he
present i BventThencompiesition if| QJaipy dswisreiny|the yujelhaio g ti‘égli’f’r FEatitns, and
publications cited herein are hereby incorporated b eference, to the

ext ent -t hatmpoheny todpwer meleses wsieht sprobpneaids siRLP 068“3%}%/%%1“ 338‘&@% s
suppl enentary to those set forth herein. 36 CLAIMS 1. A nul.ti ﬂgl .
pol yet hyl 8ne” ctheponipesitim efasisimgl wherpip dhe weigl RYefRgRA %%W%%ﬁ%%g rpgber

wher ei n: (a) each conponent has a nol ecul ar wej ght. di stribution_of
equal to owlerBasveightepraneaent isequal to or greafsy tb&ﬁ%b%b%%ﬁ%th‘?w tager ?‘ﬁedﬂ%?cupar
nol ecul ar wei ght than the other conponent; and (c) the higher

nol ecul ar wighteptf thedeyrgs sipdasplap weightompenelar anet er val ue of equal to or
greater than about 0.35 when fitted to the Carreau-Yasuda e uagi&gnnhvw th
n=0. 2. Thd0.corfhss¢ompgpitien of |ckaim 1 Whereip s n%‘ﬁ%“ agﬁ%‘?" Pt elait

conponent contains equal to or |ess than about one | ong chain branch per

about 10, desitcefifsaraboutd). 0L/eciaphost ¢96#/Sf claim 1 wherein the ratio of
short chain branching in the_ higher npl ecul ar. weji ght canponent, to, shqpt
chai n br adthi nEpeicmpptiqnaickitn| W%Pwﬁwltm%%@ﬁgwgﬂﬁﬁd%ﬂ *’P%“Qgp

greater than about 1. 4.The conposition of claim1 wherein the higher
mol ecul ar gA€idt conponent conprises a copol yner of ethylene and 1-ol efin

and the | ower nol ecul ar wei ght conponent conprises .a coppl r, of yl ene
and 1-ol eflgn, Hmomn@%ﬁ&nrpfﬂ%gnihbwa Ho F‘ﬁ'faf g}éghﬁs Wﬁﬁgﬁ%’(z‘g&% chglttt% he
sanme or different. 5.The conposition Llaima wherein the 1-olefin is
1- hexene il3 t hEhetoREwes 1 @Y%é%oﬁ%@&q % L R T R (\’Af/(r)%?ag’lrn%aflhe
anount of 1-olefin in the higher nolecul ar weight conponent is equal to or
greater t byt @B denlespeASTMAEZ3he anpunt of 1-olefin in the | ower nol ecul ar

wei ght conponent. 37 _ 7. The conposition of ¢laim. 1 wherein the hi r

mol ecul ar Wei gfbe exsmesitien of slaimcbhaymg 2L hapy dﬁc‘ﬁ? P&““#e‘i“gf?lg%%ghg%?gﬁq@?t ,
the | ower nol ecul ar wei ght conponent is catalyzed by a second netal |l ocene
cat al yst, taerdess then phqus253RPesALEMA 228L-al | ocene catal ysts are not the sane.
8. The conposition of claim1l wherein_the weight ratio of higher ul ar
wei ght cortﬁone’ﬁheqompb&iﬁ\mOﬁﬁéﬂi@dLhaalﬂgﬁ@ﬁblﬁtOféWﬁﬁﬁbﬁ%ﬁboiuglsé)aﬁ‘ag‘s??f@]\8 eat er
than about 0.5. 9. The conposition of claim1l wherein the weight average
nmol ecul ar M@&.ght of the higher nol ecul ar wei ght conmponent is equal to or
greater than about 9 tines the weight average nol ecul ar Wei,é;ht of . the | ower
mol ecul ar Mei gAPESS apiikdRpipe cowprisieshery pekretBylenq comppsiteppl Flaih Lt he

mul ti nodal pol yet hyl ene conposition has a density of fraom about 0.920. 9g/cc
to about (07965Aglpecomptising theenuitsngsiekiolyetiylens campresitipn ohGdimoand bayigga famBH’g
melt index of equal to or |ess than about 30 g/10 min. 12. The conposition
of cl ai m Xrdelpiopagation i @itichldempesiteghvale eqpalithertlpss thap bejit e &¢ reraR lg%dut 6.
13. The conposition of claim1l having a 23 C notched Charpy inpact energy
of greater than about 0.7 Joules per ASTM F 2231. 14. The conposition of
claim1l1 having a Charpy ductile to brittle critical tenperature of equal to
or less than about -25 C per ASTM F 2231. 15. The conposition of claiml
havi ng a PENT of greater than about 1500 hours per ASTM F 1473. 16. A PESO
or PE100 pipe conprising the nultinodal polyethylene conposition of claim
1. 17. A pipe conprising the multinodal polyethylene conposition of claim
1 and having a rapid crack propagation S4 critical tenperature val ue equal
to or less than about -15 C per |SO 13477.



38 18. A pipe conprising the nultinodal polyethyl ene conposition of claim
| and having a long term hydrostatic strength equal to or greater than 1000
hours per ASTM D 2837. 19. A nethod of naking the pipe of claim16
conprising extruding the nultinodal polyethylene conposition to formthe

pi pe. 58

18. A pipe comprising the multimodal polyethylene composition of claim 1 and having a long
term hydrostatic strength equal to or greater than 1000 hours per ASTM D 2837.

19. A method of making the pipe of claim 16 ‘comprising extruding the multimodal

polyethylene composition to form the pipe.



