1 POLYETHYLENE COMPGCSI TI ONS AND Pl PE MADE FROM SAMVE
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
subject matter of the present application is rel ated
to U.S. Patent Application Serial No. 11/264,900 filed
on November 2, 2005 and entijtled "Miltimodal

Pol yet hyl ene Conpositions and Pi pe Made From Sane, "
and Serial No. 11/359,972 filed February 22, 2006 and
entitled "Polynmerization Catal ysts for Produci ng Hi gh
Mol ecul ar Wei ght Pol yners with Low Levels of Lon
ChBOR S BHYRENE C SITIQNScANDPIRE MADE FROMor AME
herein by reference in its entirety for all purposes.
FI ELD OF THE | NVENTI ON [ 0002] The present disclosure
rel at es tOROSKYREFERENQESIO RELATEIIAPPRECATIGNS r om
sane, nore specifically to pol yethyl ene conpositions

[éov&t herRBBias itk Ut he ggled@ﬁteg@lrcsﬁd@tsefémé@@o U.S. Patent
BACKGROUND C& THE | NVENTI [ 0003] Pol yneri ¢ pi pes have

ARPARESFISTRINP! PGB0 PGS Sy S S

« mer i | pes have sever al va oyver netal, .
SRUES, Bo s Sorpoat opernd Ue MAal T gt Spmae pfSeral No.
nore corrosion resistant, inexpensive, nore thernal
15389872 filed Egbruary 22| 2006y and teptiiere Polypresizefinna Hlatal ysiy for
nore easily shaped during manufacture. Such pipes are
PeodnomgdHigh Mitecubars Wadtight SBelgmdrsr imit) Lbei Eevelf of i heng Chain
that may result in cracks or breaks that are expensive

Hrﬁlchﬁng,a’! dach @S RAGHAIsI Berdby ifitdrpérated feroit) ©F @efehBicd D Rs keftirety
buried in a structure or underground. As such,

<& Pi pes may be required to neet
ﬁ?%@ stf&gaefined 2 standards depending on their

i ntended use. Pol IC Lal in the

fabrication of piﬁgﬁhggogﬁﬁgahﬁggﬂ%ggFinized to

ﬁ{ovide a nore durabl e end-use ﬁrticle fon,exqg&ée
[00gher Hhenressnt shisclasirey Teaies fooolich SOBPRUENS RIlde PR apade
for pipe applications. [0004] H gh-density pol yethyl ene
frorDRE)e, iorei spedificallyete polyethdeticaborhpesitians for thsi pasufaeipre of
t he hi gh-pressure transport of resources such as
hightpreldlregated bipeause of its ease of processing and its
excel | ent bal ance between stiffness and fracture

toughness. ThepReIKEROUNTS OF HERINVENTAON consequent |y
the density of the resultant pipe) is directly

el d- i i- r i,
IG03L <y <Bfinbri bigfy hESPERE BREFERAS ' O ap{iSHiSf: such o
density the_higher the | oad-bearj.n acity .of the
far duglh-prksry A 2nd gLl GaS AR SOT R o OB PR AR g veral
K. Krishnaswany entitiled "Analysis of ductile and
adyantagese overi meta spipesoindudieg beingt of aclativaly dightgr weight, more
hi gh-density pol yet hyl ene (HDPE) pipes" published in
c@@Ton resiPmhiy imexpensive, meord Ghermaly end slecprghy istiBiGde, tougher,
11672 which is incorporated by reference herein inits
1R dir@bI% andieMdRY Bdsily BhatRd dufihg Rlaalifabfues SSUch 1888 are exposed to
transport applications nust also have adequate
nfifigtond YEEed @urglgoeﬂlgﬁ;lﬂ&:fmgcc W o5 iR Srabld 8t breakdhat are
nost conmon no 0 allure tor “pipes I n service.
General |y speakin increasing the density of .the
RAYNE f0 1Ry ReS DR Gs dphery By PS5 gy 19 R trocture or
resin and the resultant pipe. Therefoéi, a need existg
updsrgroppl ASsTUeh, POlYBRER #1RCS M3 B I e &0sst Hpustry-detined
applications to have a good bal ance between density
and SCG resi stance.



SUMVARY OF THE | NVENTI ON [ 0005] Di scl osed herein is a
pol ynmer conposition conprising a density equal to or
greater than about 0.947 g/cc, a high load nelt index
fromabout 1 g/10mn to about 3 30 g/10min, and a
tensile natural draw ratio bessothan about
14167p-12958, where p is thé density(g/cc) of the
conmposition. [0006] Al so disclosed herein is a polymer

AFREOEL0 ESTO 080 0 E aBdshry  ion

/cc of .t h si.ti.on and. V\hereln

b 0B Befit Bt BoRSSut ] SRrE ST sl s dRte for
non pol ymeric additiyv BRI EF, DE CRIPTION OF .
ewwN@glgeaoév}sﬁVgePlae@lﬂege alssis Bavntbeen vde lgpe| or vive
stress-strain curve. [0008]Figure 2 is a graph of
applicatiorisar wei ght distribution for the polyner resin
sanples in Exanple 1. [0009]Figure 3 is a graph of
[000aBi | eHiptdensity folawthylehe CHBDPER i§ widdly asedin el falbdcation of
density for the polyner resin sanples in Exanple 3

&)QQ %&11'1:1% I‘ésduf’e Rarth P@x@ hof %sohﬁ\% 'sﬁ&l Aehdthal §£§' ls%Ual.lse of its

tio as afunctlon of tensile yield stress for the

egs%lc}f %%cegs%‘?é Qldsﬁg@cgﬁ’eﬂt %al"fxﬁ@e'@ét@eér stiffness and fracture toughness.

The polymer resin density (and consequently the density of the resultant pipe) is

directly correlated to the load-bearing capacity (or design stress) of the pipe where the
higher the polymer resin density the higher the load-bearing capacity of the resultant
pipe as described in the article by Rajendra K. Krishnaswamy entitiled “Analysis of
ductile and brittle failures from creep rupture testing of high-density polyethylene
(HDPE) pipes” published in 2005 in Polymer; Volume 46; Issue 25; pages 11664-
11672 which is incorporated by reference herein in its entirety. However, pipes for
high-pressure gas transport applications must also have adequate resistance to slow
crack growth (SCG) as this is the most common mode of failure for pipes in service.
Generally speaking, increasing the density of the polymer resin decreases the SCG
resistance of the resin and the resultant pipe. Therefore, a need exists for HDPE resins
~ intended for high-pressure-pipe applications to have a good balance between density
and SCG resistance.
SUMMARY OF THE INVENTION

[0005] Disclosed herein is a polymer composition comprising a density equal to

or greater than about 0.947 g/cc, a high load melt index from about 1 g/10min to about



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100111Di scl osed
herein are pol yethyl ene (PE) conpositions, PE pipes,

and met hods of maki ng same. Such nethods may conprise
preparing a PE conposition and form ng the conposition
into a pipe. The PE conposi%iononay conpri se a PE base
resin and optionally additives or nodifiers. In an
aspect, the PE conposition conprises a binodal PE
36%@'0&1@5}3&&&9‘% o T Ll s e 6‘7‘b§lgb5"f§f where p is
effhanced physical properties such as I ncrease

re istznc% to SCG [0012] The PE base resin nay be a
therlenytia®/ ce)edithe comRositiols i vel y a nul ti nodal resi n.

Herein, the "nodality" of a polymer resin refers to .
[Q006] f orMsef dipalesedinaseinl isra polymesrgeampaisyion; eRIAPIENE a tensile
curve, i.e. the appearance of a graph of the pol yner
niivial dtaw ratiotlesrtharf 4Gt @M p-12958Uniee pas tiee dansicy (gher) of the
its nol ecul ar weight. The polynmer weight fraction
céllﬁfz)gsﬁéo)&t ggﬁﬁ h\?héf@hgfégs IACLHAR PlwdBheFULEs &f 1R BbMSdkition

ymer having a nol ecul ar“wel ght distribution

curve show a singl e peak nay be referred to as a
aﬁﬁ@ﬁﬁﬁ&?“ﬁ8ﬁgﬁgffd§g§gTyner havi ng a curve show ng two

di stinct peaks may be referre [ Jmda
pol yner, a pgk}%ﬁ%élﬁlﬁ?jl%&ciﬁ@mr ee
di stinct peaks may be referred to as a trinodal
[0997) merEigesed. is Potpyerenistiveiensily stresseiaiaeuryiei ght
di stribution curves showi ng nore than one peak may be
[6008] ectFigede)? iseaf graptef moleaslanwkightrdidibupiod Yorehe paymer resin
resins. [0013] A polyner resin may have two or nore
SRNBORE Y afpldiat may be di stingui shabl e from one
Sanother, f%ﬁ exanpl e based upon their individua

0Si .| / ' A Walsl
RPEC kS Sap LBt REM PhtiEl 0Ly RS PHBURR of polymer
for each individual copponent qf ,the polynmer resin.
density %HH%P&?“?E§5W§@@B 5 E¥EPRIRE: di stribution curve
for the_individual conponents of the palynmer_resin may .
(18] ayFigursihif & gpphiofdpesilenatirgledrawi abeap a fppetion of tensile
nol ecul ar wei ght distribution curves for the
yiehttresdifoa theqpmipoereredis samegledia Buapmpid hrposed onto a
comon chart to formthe weight distribution curve for

the pol ynmepDEESILEDISESCRAIION OPOHE ICWENTION
superinposition, the resultant curve for the polyner

[dﬁiL n "ﬁisaowg h@'ieﬂp\éreb %oﬂ?é{hﬁrleﬁg 0@'E) oéorﬁ’ﬂ&i’ﬁoﬁs,g PEt biped, and

péaks corresp ng to n-pofymer conponents o

di.f f.eri.ng, nol ecul ight, distributians. .For ”»
g5 G AR S sl Thety b foabliedSerngie 3L SRbShicon
corresponding to twy individual conponents of )
agfl foreying fieroMmpositign e HRPS. 15 RE g&ﬁ«a%tvowy gemprise a PE
resin may have a first conponent that nmay be generally.
baseacsio tand iopidnally additivgser medifiers! dn apedsgént, {hel mposition
conmponent and a 5 second conponent that may be
coapides lal bim6 el IPECtesini an@ dheapipa ptepared thabfem may displayenhanced
pol ymer conponent. Alternatively, superinposition of

pﬁﬁﬁaﬁﬁxloﬁ&'ﬁle%ucﬁ%h dHibeadbBlebisiatdd BB C&yrves fromthe
I'ndi vi dual conponents nmay show a single peak that is

dengd. i i e : .
(RGP VT ot PE SEROREI 580 0 4 Ut a Ml S1bBbunichPa multimodal
fracyions haying different but overl appi,ng. nol | ar
ra5i GHETCH 485 | BRRALBY <O 4 ROEE FSOHAGRR (O enion ity foolgruler
PE conposition conprises a binodal PE base resin. The
remai nder of the discussion will focus on a binodal PE
conpositions with the understanding that other
pol ymeric conpositions, for exanple having different
nodal ity, may be enpl oyed in various aspects and
enbodi ments as woul d be apparent to one skilled in the
art. 100141The PE conposition and/or individual
conponents of the PE conposition may conprise a




6 [0015] Such PE conpositions nmay be prepared by any
means known to one skilled in art, for exanple by
enploying a nulti-catal yst systemin at |east one
reactor, series reactors, parallel reactors, blending
in at | east one reactor, phmsical bl endi ng, or any

ot her physical neans, or by varying the conononers in
the pol ynerization reaction, as will be described in

e e v oy -
W’é%h? HeiRidonh&Iree, Ni.e. IHE Qgﬁér&%pwhtgrgﬂﬁ B, 2»@}5%16@ eight

ety of properties and paraneters described bel ow

ﬁgciét%ogll? rﬁeﬁllé?nni%glnc%géﬁ/r{x oe(rg Salg y ﬁﬁ@;% gt 1t§) ol Ia? Q’&Q tO rTherpeolymer

properties and para ers a

kn to onge of ordipary skill_.in the t.. [0016] The
RS Saptian FRier o the VSt ﬁfafti%of(w&esuq%?r ShahVPESIZe. A polymer
conposition may be characterized by the ratio of the
hawdngyinmodeculan yisight tlistibution ewsive shovring & Hiagleuneple maybe refgaed to
nol ecul ar wei ght, which is also referred to as the
aPo iyichoslpepdithyr, apoEmd MBling arcunwe showingpiwo distinct peaks may be
pol ydi spersity. The nunber average nol ecul ar wei ght

refdfBad {oSast § BirkQIPBIyREL! R @6lyRfer hAGnBTI QW SiowiRk BiYes datinct

the individual polyners calcul ated by nmeasuring the

oL s 3 AL, P e i
WA 8 ATk
BB B0 s R Tl BORERAI Bt

niM_ where nl is the nunber of nol ecul es of nolecul ar
asyapkimodgd polymernsor esiiiSar  wei ght aver ages are expressed

in gumper nole (g/nol). Various nonments of the MAD
[00A3] udeA Mmlyver Aésin ramd Heve two[ 00 Imprien cempenebtsdihat may be
the HMW conponent may have a PDI of equal to or |ess
disthadnishaplet fiond, ord) tapbhet,| Y& \exe@prl basedorupbes theirhadndividual

about 5.0, alternatively equal to or |less than about

cozr}n}gbsit% Q{dyﬁﬁéﬂé&lﬂﬁ] WeighOURkituBoR! A BRFeculif i Wistribution

I'n an enbodi nent, "t he LMW conponent may have a

PDl of equal t r less than.about , Lvel.
gt o, 5 Bftontsd B el Tl Bifond Pk BB, For
or less than about_ 7, or alternatively, equal to or
eyl themolpuiar weighndiaTibuian firke %OP@%‘B%B@’???%?P"(“F% of the
i ncl udi ng both the LMV and HWV conponents) may have a .
pdlymerireninmnayf displamas singleqrealy pchthep be hrimogplo (khegnolecular weight
alternatively equal to or greater than about 10, or
digtribatioratcumes yfoeghialindividotl gorapbdrentst hay bdauperibzposed onto a
[0018] The high load nelt index (HLM) represents the

cdrfth8n Charf 1OWA thAwBRht @Btrib88dM cirté Ri#dhe AolyRiet fesintas@f whole.
0. 0825 inch diameter when subjected to a force of

19 . . :
Rt 18 S S TS o BERLANRSEA
o AR G H60 b P s P s of
25 g/10mn, or alternatively fromabout 2 g/IOmin to

diffiseing mmdecylar gveight disyibubipry e Fmpexenple @ihimedal nofymegiresin may

di scl osure may be further characterized by
show two distinct peaks corresponding to two individual components of differing

molecular weights. Said bimodal polymer resin may have a first component that may

be generally characterized as a higher molecular weight polymer component and a



having a density of from about 0.947 g/cc to about
0.955 g/cc, alternatively equal to or greater than
about 0.947 g/cc. The density refers to the mass per
unit volune of polymer and may be determned in
accordance with ASTM D 150545 [0020] The PE conposition
of the present invention can be polynerized by any

ol efin polynerization nmethod known in the art, using

s&Bhd SHBpOYRE haf ina Wy SRk LdhBRCIE AL & $ lovAS hS18hlar weight
herein, "pol ynmerization reactor" includes any

R g e s R

noners to produce

Such .honopol ynmerg and ¢ lymers are referred to a .
kST BB MO heBRiySREF roreboriptishay it a SUulf aoik that is
i nclude slurry, gas-phase, solutiaon, high pressure,
broggenedr inr cemmpaisony avithe b o cyrvess §orp Hhes eindaduabr soppgnents
conprise fluidized bed reactors or staged horizont al
corempomting toJolymer fraetictsdrayingadifferenpinit ogenappingondlearar weight
hori zontal |oops. H gh-pressure reactors may conprise
dRtHbRESRY € Al art WaiHodimdnBateO hfultift6@LIFE doyipositi6R comprises a
i nclude those that may be referred to as conti nuous or

bRRIGPE B 1RO YheR Qﬁﬁ&eéf O gisguééx%% willt S E4Y rIS %Bfm&fal PE

cont I nuous product I SChar ge. rocesses nay a

incluyde paptial or full direct r cl.e of un-reagted
csttions SO b up Pl it Hish Ser RISHHGHE gPPpEEOR" ok Wampie
[0021]Pol¥nerization reactor systens of the re%ent
hyving difiermnt modaliynay e esmloysdie verionsawees and embedigients, as
or nultiple reactors of the sane or different type.
whulddeapparentdd oposkihestis thearbrul ti pl e reactors may
i ncl ude several stages in at |east two separate
[0024)y merThestH compditivincing/dr Hiidividadl naipededy ofithe rPBadeposition
device naking it possible to transfer the polyners

mag Sothprifth HonPolyiserf 4 5oaioémrymléﬁ@ttﬁ&ébfr Ba&t &hbbddHnent, the
the second react'or. Thé desired polynerization

RSP e RSk 0L B B OS5 b o
LT e LA B B S5 S5 Y

reactor to subsequent reactors for continued

PB glompesitiomcomiprisesia highee malequlasr weight ethilene(l-oleie eapslymer
any conbi nation including, but not limted to,

(HMMW)i pbrapbmeap andaegtlowsr; meibdulal eveighs etipdetesr-elefimn copolymer
conbi nation of | oop and gas reactors, nultiple

(IINTO)-cBA S dHE.E The 86thSicin @ of theCIANIW R3inpofen® bf the®E composition
pressure with | oop and/or gas reactors. The nultiple

mfig %%;?K%Ssaﬁﬁyasb 6r QRRI&h Sforh "the e(fob‘ﬁ)?lﬁﬂl@r lof RATAGE Ic%rgpgnent.

ccordlng to one aspect o e I nvention, t

ol yneri zat i. react or _syste y C i se.at. | east
EERIRO o, HHiPPY GRS s, B Y Ia o TRl cpfpturated
the art and may conprise vertical or_horizontal | oops.
s havingefiom % 4@ 20yearbemhatogyst sushaas| groaygne, 1-butene, 1-
conmonomrer may be continuously fed to a | oop reactor
pentenese 1 hekenee Bimethylehrbutene r &meturdrpentope, t-dmptiene;olrgctene, 1-
processes may conprise the continuous introduction of
nchehi®) NOdREne, and atidhy&t ther@ofl B ad kubodiment, thedcomonomer for the
pol ynmeri zation reactor and the conti nuous renoval from
LW %orﬁ?&%%nﬂfﬂ\m%kiﬁlﬁsﬁ@it 8P P dnSiodBioR N V-HBene.
particles and the diluent. Reactor effluent may be
flashed to separate the solid polynmer fromthe Iiquids
that conprise the diluent, nmononer and/or conononer.
Vari ous technol ogi es nmay be used for this separation
step including but not Iimted to, flashing that may
i ncl ude any conbi nati on of heat addition and pressure
reducti on; separation by cyclonic action in either a
cycl one or hydrocycl one; or separation by centrifuga
force. [0023] A typical slurry polynerization process




[0024] Suitabl e diluents used in slurry polynerization
are well known in the art and include, but are not
limted to, the nononer being polynerized and

hydr ocarbons that are |iquids under reaction
condi ti ons. Exanples of suitable diluents include, but
are not limted to, hydrocarbons such as propane,

cycl ohexane, i sobutane, n-butane, n-pentane,

| ent , .
S FESSRERARER, napch pheARcy S Bl PR o e

s wher |Iuent use
BHR et i FBW%%%"H%% A SRRy o rekor,
U S. Patent Nos. 455 314, mhlch I S i ncorporat by.
serissapastre naellel ieasthr blending iy aiilgast perysasieh @ yaeah gletnﬁmga or
yet anot her aspect of this invention, the
apy|ofree rihysicilomermsacr dry watyingothsr foreonemert i tthe pelympesization
phase reactor. Such systens are known in the art and
rémBYioE P WAl ba deseribed itomsrer detaiChezeiatl SaalnPE@otmpositiogs maghave
or nore nononers continuously cycled through a

af Vat el 220pBEGHibd ahd epa?érﬁ&@t@CSes@ﬁbéJ‘ Belodt it sﬁié’«ﬂ%‘ly or in
polynerlzatlon conditions. A recycle stream may be

f ' I
HnbRAEGHN NERBAL 06t hdsidn lgﬁg,gugfﬁwép gfwye%p@@ dg%t%ﬁtgrs are
be wi t hdrawn fro he react or and new or fresh nonomer

kpewn ieone o QEipagY skillia the &t o pol yneri zed nonomer. Such
ﬁﬂs phase reactors nay conpri seﬂgﬂgrocess for

[H161 i stBls pelscwmweighodisibiiiont oot the BE; gegpopigion may be
whi ch ol efins are polynerized in the gaseous phase in
cldradteizst Hywhei ratle pefinitie ntei gl savetres empletylae wieght it@ithe number
zones while feeding a catal yst-containing pol yner

at@iig®Bdlolebular Weight widhyiFRIsbZafetred t e hetpolydispesipthdex (PDI)
pol ynmeri zation zone. One type of gas phase reactor is

RO R ”ﬂ“e.é“"‘ﬁ’gbﬁ?%‘?%% ol e
e Een s El S ol B B ol gt o

pol ynmerj zat i on reactor may conpri se a tubul ar reactor
mgASUIE AR Bolcsylar MERE oF ymer}pdm\ﬁmleqa SUPENR: VIS, and
the art. Tubul ar reactors have several zones where,
dividishbyron dﬁem61M|atvmag@rrs>lecuzir wtght (M koka polamgreomposition
Mononmer may be entrained in an inert gaseous stream
isaattulapddraecording taequutiendone of the reactor. Initiators,
catal ysts, and/or catal yst conponents may be entrained
in a gaseous stream and_i ntyoduced at another zone of
the reactor. The gas st imay be (Int erm xed for
pol ynmeri zation. He and 11 pressure may be enpl oyed
appropriately to o '%lndg pol yneri zati on
reaction conditions. ??A@bording to yet another
aspect of the invention, "the pol yneri zati on reactor
may conprise a solution polynerization reactor wherein
the nmonomer is contacted with the catalyst conposition
y suitable stirring or other neans. A carrier
Wbéfﬁm isdhegnraberiof spaleces afimolerulararrishyMie Alb m9lqesls weight
may be enployed. If desired, the nononer may be
avmrageg lte ¢xprasbes nggram pehmske (gfmel).c Vatiaes moinehts ofithe MWD
catal ytic reaction product, in the presence or absence
inefudeirgying,, mo} &td ®,.. The pol ynmeri zation zone is
mai nt ai ned at tenperatures and pressures that wl|l
result in the formation of a solution of the polyner
in a reaction nedium Agitation may be enployed to
obtain better tenperature control and to maintain
uni form pol yneri zati on m xtures throughout the
pol yneri zati on zone. Adequate neans are utilized for
di ssi pating the exotherm c heat of polynerization.
These reactors are known in the art.
[ 0028] Pol yneri zati on reactors suitable for the present




[0029] Conditions that are controlled for

pol yneri zation efficiency and to provide resin
properties include tenperature, pressure and the
concentrations of various reactants. Polynerization
tenperature can affect catagystoproductivity, pol ymer
12 nol ecul ar wei ght and nol ecul ar wei ght distribution.
Sui t abl e pol yneri zation tenperature nmay be any

h I i i
[(gggfgfﬁl;&feg?@ﬁigw%stb@gw Y B bR ta9 halv ARED B fécial to or

Free energy equation. Typically

t hi,s i ncl s, frao bout . 60 t 0.8 0
BB s ARG oot e el RN 3oF afverpifety e o
upon the type of polynerization reactor.
of desscthasyiabaw| 45 e aligmatively.| equg) & W dess hee AbaPhg O o In an
the reactor and pol yneri zation té&)e. The pressure for
embodiingn KMy compeientmapheve a PRI obeqral taertless than about 10,
typically I ess than 1000 psig. Pressure for gas phase
apghativRlyi ekl tor less than abdut Sadlteadmtivtly240al-to bORsphamabout 7, or
Hi gh pressure polynerization in tubular or autoclave

ahGRSHRNS dqRalIRN6F s VihitRbakt &POVhe 2ufEH PP compdSitlon (i.e.
psi g. Polynerization reactors can also be operated in

ir%%IGuf’ch_grggret;o% .{htei L%{N ﬁtﬁgf{ﬁﬂﬂl %8191%12%1@&9 g?alty 6 g 'B?dahw B%qual to

atures and pressures. on apove

critical poin f a pressure/tenperature,diagram .

of st O B, hseuiyefieiii e oF ERaRAFagLau Roasaemvely
concentration of various reactants can be controlled
equsl pr oycmestertiean aboutlld h certai n physical and mechani cal
properties. The proposed end-use product that will be
[60d8hed The hiple loadshelt ndex (HEMIptdpoctents theoratd eipflewmaf a molten
product determ nes the properties. Mechanica

réRrOBfSich @8 drifick WE©.082R sdhaliathétexwhél subjémpcth,a F@IT 21,600
fracture (inpact and slow crack growth) resistance,

oolsC S 166! X3l | RBEAHEINR d0RSEnbEShith AN k238, The PE

properties 1nclude density, nolecular weight,

| I i ght. distrihbutiaqn, | t.i ,
R SE 54 PR B ot o R DGR, 105 abons
S0 O eraBSgRom o3 p EHIOrEe 8 SRl MG or alfenativly

nononer, co-nononer, hydrogen, co-catalyst, nodifiers,
framchbelie g/l Omirdiorabput 20rgf1@mivor t ant i n produci ng t hese
resin properties. 13 Conononer is used to contro
[0919 UCT THREPIS icbposisiolisogfethiscdisclbire sy Heofurthat clodracterized by
product nol ecul ar wei ght. Co-catal ysts can be used to

i ity OF AYRNBBUPRISLHEC RMboGONYS DL/ camltBeativel 1t
h%é}i%hta}&rgll\%gifi ers 1éan beéyﬁged too contg/gl prodljctyequa oo

r rties I r | :
oG b inbD 0. A1, TalRgny e e mer it aptume of
poi sons. i s mmnimzed because poi.so i t he
prlymer Mshaanhgdgierined mﬁf%%@w? 24 M W05-cat al yst
conposi tion capabl e of producing a PE conposition may
[Q%B‘{) The PE composition of the present invention can be polymerized by any

olefin polymerization method known in the art, using various types of polymerization
reactors. As used herein, “polymerization reactor” includes any polymerization

reactor capable of polymerizing olefin monomers to produce homopolymers or



enpl oyed in the production of the PE conposition.
Typi cal catal yst conpositions that can be enpl oyed
i ncl ude supported chrom um catal ysts, Ziegler-Natta
catal ysts, netall ocene catal ysts, or conbinations

t hereof For exanple, a cata%ystoconposition for the
production of a PE conposition may include at | east
two netall ocenes that are selected such that the

c@ﬁl%@?ﬁeﬁ tSQélﬂ?dhg I &S Ghd O5PNANEs bieGefbirell kd18d fe¥ins, polymers,

nol e ar weights. "The first nmetall ocené nay
e ed t roduce the. C n n
PoVgliERy Brgdd hertt Sk SERe AR b AL SRt TR ppesoure
that inclydes a terminal olefin. The second ...
o T BRRRVE TeREA0rs bl BRASG AR Ry GBS Hidizgped roactors
conponent, is generally not bridged and is nore )
or stegeshbinzentab redetdrs Ay meactash Mayagpsrprise verfiqal g& horizontal
hydrogen, than the first netall ocene. The netal | ocenes
lospy. BEglspreksurertavibishmay carapriscadutrclavaror abhidareaters k yReactor
conpound, an ol efin nononmer, and an ol efin conononer

typBs BAPHURRe e W0 ikBobdidaeAl toRR| coatifious or BBRh. Continuous
activity and the productivity of the catal yst may be

P ogéig%é.eé/o%ll&’ uddliffem nﬂﬁ%@nﬁ'@fo‘ag grodh&edi?cﬁaxigg.i tPYoc%I?sfg? IRy also

gans of polyner produced per gram-of sol
.catal yst charged per hour, and the productivi refers
ing 2 nbotigh e, R St S ot et Eeseh BB R el Gichomer,
catal yst charged. Such catalysts are disclosed in U S.
amﬁ@féh%(‘emppl ication Serial No. 11/209, 006, filed August
22, 2005 and entitled "Pol ynerization Catal ysts And
[0D21Pr o RedgmdéEinatiét olotor syptaBisafdbe pesdny imvestiommay Spmpptise one
Reactor," and U S Patent Application Serial No.

typd/ A0fabtér in fd kpdlerbeqt aiiliiple Teactc?0WF thecagiet it Wiftbrent type.
Pol yneri zati on Catal ysts and Process for Producing

PRIIREH o a%&%{i%% ﬁﬁnﬁltﬁleﬁ.‘eﬂ&lﬁ TRRARERAe seveRt StaBls inhik flast two

I'S I ncor erein by reference inits entirety.
10034 n_an enbaodi nt.., a ca o) it . .
sz pobn L PSR ol Bl {ORERE Al maling it

nmet al | ocene conpound, an activator and tionally an .
PRk Ralrantien (W PORSTIESulipe fomy, &t patimagEtion Yeallor into
conpound has the fornmul a: (XLR1) (X2R22) ( X3) (X4) ML
thetsecamidrreqoxtr) The desicddopdymertifatioy conditiensny one gf the reactors may
fluorenyl, (X2) is fluorenyl, and (XlI) and (X2) are
b€ @hiff@ehte oy tie dpathgy iconditshsbof dgi ptheg rreagtors. onpitematingely,
one atom bonded to both (XI) and (X2), wherein the
QYRR LatioR3h BRIMAE réllok <Ry ifthiderthé miatiA tlahsfenbf Sdlytbefrom
di substituted bridging group is an aromatic or

o] AU F OSRD IR 5Okl AR R B s
S AP TS ETBAAS 18 HBPEHE BB o

substituent of the disubstituted bridging group is an,
regeiers: multindelgas repdiersi & cynbingionLfilnep s3eqcipraFButipledigh-
carbon atons. Rl is H or an unsaturated aliphatic
p@ssupredctutsiog afcombir@tion o fligh preiure mith doopend/g gaReeactorsH, The
an al kyl group having from1 to about 12 carbon atons,
miftiphredétiits ndyBeopetated) inabtles(ok4n paakteli ndependent |y an
al i phatic group, an aromatic group, a cyclic group, a
conbi nation of aliphatic and cyclic groups, or a
substituted derivative thereof, having from1 to about
20 carbon atons, or a halide; and M is Zr or HE The
first substituent of the disubstituted bridging group
may be a phenyl group. The second substituent of the
di substituted bridging group may be a phenyl group, an
al kyl group, a butenyl group, a pentenyl group, or a
hexenyl group. 15 [0035] The second netal | ocene
conpound has the formula: (X5)(X6)(X7)(X8)M wherein
(X5) and (X6) are independently a cycl opentadi enyl,




16 The ternms "chemcally-treated solid oxide", "solid
oxi de activator-support”, "acidic activator-support”,
"activator-support", "treated solid oxide conpound”,
and the like are used herein to indicate a solid,
i norgani ¢ oxi de of relativeby hi.gh porosity, which
exhibits Lewis acidic or Bronsted acidic behavior, and
whi ch has been treated with an el ectron-wi thdraw ng
oneg g y ' i M) 1RE JobyntlzaliSe Feactor
[Gr)%gpel e“géc%%%{%utg ﬁ%l{re a%mﬁﬁgag%ﬁ%oh@%% % typﬂi cally an
el ectron-w t.hdr.aw ni o rce c T
EHER P PP phRed Tt S b S oo SR Mo B Rno b he
cal ¢ci ned contact product of at |east one sal.id, oxide
At G SRRVIOUPIIFe derticah ot heeonial deqonVIgReet %um %ﬁﬁﬁ&%’i and
source conpound. Typically, the chem cally-treated
optisinally oaniyd eoroomgmers By abe [coptinuaysly fadnie i doopastagios where
solid oxide conmpound. The terns "support” and
polamitiizaion ocaurn pGeticralby, eontiuousgrdcdssesi mpt gontyriss ¢he continuous
conponents are inert, and such conponents shoul d not

BRIl e Rl EdMAYSt, ARNPANRAL in®f a hHI§nRALAloY Stactor and
conposi tion. [0038] The organoal um num conpound used

s e LS 8UE 6 PEKAEAYE ARG s i
o7 kg, e SR P S S5 S G o

[0039] I n.an enbodi nent, the catal ysts are chosen from
theohpeidn dbatl craptissodhe [dilpenis apenomepyandiy epppnquagr.  Various
structures A and B with sulfated alum na as the
tealrtol ogi¢somays bgopsed tforathid separatianrster indipding bat notilimuited (tF;| fiBshing
as the co-catalyst. A 17 [0040] The PE conpositions of

thahingy thchedeQBY cBmBRALiON of heat Radiiol tnd pbsurdRtudtivel veparation
ot her additives as known to those skilled in the art.

?emkisa @n ROditel %&5cloR€ b d§droPitiorE 8r 8QJardtiolivySekntrugal

b}gﬁ I st at icc nagent S, g:g/lcor ant s,? rgt ab(i)l [ zfer S, nlucl eat gr S, 8
surface nodifiers, pignents, slip agents, antibl ocks,

ﬁ?%%kafiers, pol ymer processing aids and conbi nations

t hereof . In an enbodi ment, the PE 0Si tion .
(0038 i byl BlyRBIkERerzaliem DiRsaT: (Asa dnpiy b pargcle form
singularly or in conbination and may be included in
probess) shjaheis well powntin dre deis disslosedy forrexampleafn ErS. Patent Nos.
preparation of the PE conposition as described herein.
3,Da8, 470, ey BOIJE 8T 18, 563, 1S, SITM3ET01 166139,286 5 6262461 remded,833,415,
conprise |l ess than about 1 weight percent of

cd2RBP MhIAES in@o?@fﬂtéd' BiSefereiiee h Adldlithéty@sreiy be added

via known techni ques, for exanple during an extrusion

[0@%%]2 0 m&%’t?ﬁé Wudl§ Hse%uiﬁtkglg‘ﬁyaﬁ&gir?gﬁz&ﬁhl &l %Flgingg@% the art

equent processing 1 n use artic

composi tions as.descrihed herein may be formed,into

e FIOS Daf BF P RUTed s thn it DrBE peB 2T g hidSearbons
househol d containers, utensils, film products, druns,

thaf,are liquid sindesi rpaction genditipmsy diresnplesef suitalle dilugntpingiudg, but
an enbodi nent, the PE conposition of this disclosure

are si0f rbitedctat kylirocarlona spétpes thypames eyekihexaneHsobugaieonrbutane, n-
refers to a nethod of making a polyneric pipe

pEnRHR! isSpenehnd Xhdopehtiite, ahe niRk BRI Sdihie 100 Polyimirizhtiorbreactions
nolten state through a die to cool and formthe

caROLYR fdeP! lﬁﬁi? &o%g)gl%hf | \Wher€XAd l{ﬁlulgﬁk | i Qe SshEPkesiple is

terns is performed by conveying soli



pol ymer pellets through the action of a rotating screw
foll owed by the conpaction and nelting of the pellets
t hrough the application of heat and shear forces; the
honogenous polymer nelt is then conveyed to the die to
formthe ultimately desired;;,18 profile. For the
fabrication of pipes the ex%rudate (melt exiting the
die), which is annular in shape, is then forned and

psgﬂleﬁgaﬁdﬁr QUBRpRAS dRBmef a¥ AREISTEARR VR Blterft QRsl BA55,314,
There are numerous kinds of feedstocks in pipe

Bl o R PR REPRURRAuAR, o Lher be e

ene resin or’it can be a

ure of natural pol yethyl ene_and col or concentrat.e
[‘inqzé er ragrorgng do- %I@Oé’i‘fﬁ agféeﬁb&f t& Sefhygntion, the pplypjgrization
America, the nost common feedstock for pipe extrusion
réagtor Sxytcommpisablsast sk @aziphase repckasr Syeh Ayrerat a8 knaye i the
of the world, the nost conmmon feedstock for pipe

amahnd UBd}oemplsy far @nfingoms @t epsitepmt ¢opkameg roas ion more monomers
Feedstock is rigidly controlled to obtain the proper

chitHustidyl cheled YklougPiaPRilidizBdl bl lih THE prézemielsieihe catalyst under
specifications. In one "salt and pepper blend"

pglgpﬁgkﬁﬁﬁt confiftn§ 010 ec! %ﬁ&g GfBAh %@r b v@thﬁ&l“)ﬁefr&w 18 Fluidized

rrier resin | oaded up to wei ght percen

rbon bl rticles hIS centrate is in duced
fd oD Ferosen befprRl e et STILRGRLS: ol @59 hitas be
bl ack concentration in the final pipe. [Q043]T
withdsinoEamithe faaetr prdingwiop figsh &@ppméémaym@dﬁ%to replace the
common extruder system for pipe production is a
pelymgtieeds mosemenx t Suahegas phase 1wactprsway tomprseex progefsrfor multi-
to nelt, honogeni ze and convey the pol yet hyl ene
st@ﬁ@a@&;ﬁaseﬁb’dlymém@ﬁoﬁ efpRéfiisy ire whighoblefihé Yire polgmefiz€inin the
170 C to 260 C dependi ng upon the extruder screw

f riaiee HRQY Y6l hil
0044 %%gqﬁﬁ¥gﬁﬁﬁBgﬁyﬁghﬁﬁgaﬁh%%%hassgdgﬁﬁﬁgﬁgﬁ'gﬁws‘N ©

fcie nuI 32 {c%t]% fst-rt:ontm potlﬂgern%{r%lgcril ma i 4 yp%?ynq zéHﬁ] rzgflxj@ to a
a shapi fornln t ank si mul t anepu g
sGbobe BATRE OGOt OPeiDPeSl Bt Bhesmicaro b A oshi Sy Paent

pi pe dianmeter is a direct consequence of the die and
NQB zﬁ PP, 7409 488 % &M bandl a3 Uh sach elewhichds ingprporatgdcliphesference
depends on the die gap and al so the draw down speed
ircibgdntiyety hereld045] Next, the pipe is cool ed and
solidified in the desired di nensions. Cooling
[0026] According to still another aspect of the invention, a high-pressure

3—-:)—
3—

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 stream and introduced at another

zone of the reactor. The gas streams may be intermixed for polymerization. Heat and



is acconplished by the use of several water tanks
where the outside pipe is either subnerged in water or
water is sprayed on the pipe exterior. The pipe is
cool ed fromthe outside surface to the inside surface.
The interior wall and insidg surfaces of the pipe can
stay hot for a long period of tine, as polyethylene is
a poor conductor of heat. Finally, the pipe is printed
pABHIre MyChe 6RbloSEd Appropiatty tosHMiR -opkiff BblythefRation reaction
enbodi mént, the polyneric pipe fabricated from PE
G%Ii(ggitions of this disclosure display enhanced
nechani cal properties such as resistance to slow crack

I h, decreased tensile natural draw ratiqg (NOR), . ..
(31 AGEOTAIBE 6 v TSR P B oV eiiie Lo erzation
sufficient to warrant the designation PE 100. The .
redelor gnat p@tﬁp@@l@@o}@mrgolme@zag%srmt@ Vhereig thghaeeqmper is

the pipe has a m ninumrequired strength val ue (50
coretantedewith dpotatdl ed combostiat by SuitdbleSFirring avesherpnems.c Al carier

limt) equal to or greater than 10.0 MPa. Such pi pes
coBYrigh S Artlopganiy GRRAE biegk cBRThdroRRE nhE LRGSRl If desired,

singularly or 1n conbination. The specific nethods for

tHleHBhoh &2 .a9rbeogroﬁlgﬁtfgxo%?{;\;@gﬁ | B8scffo L6RGE! QR the catalytic

more deftall herein n-a pressurized PE pipe

i s.subjected to an instantaneoys. and inptense, inpact.. a.

i RogR e F EBRECHERE R I maRbRL nd POpfzion
can propagate axially at speeds in excess of 100 nis.

zangdp mintapec at temperaEes &g Rressyss rb@f)wal? rgsylt gn the formation of a
Propagation or RCP. The Snmall-Scal e Steady-State §S4) '

saletsan ¢fstha polynree m a seastiommedivor. Aeghation may ployed to obtain
resistance. In the S4 test, the pipe specinens are

bary efentPepiire e conttadngndngd angintaidaludifoh pollymetipadionamdxtures
pressurized with air. Typically, pipe specinmens are

e ghBRnt hBRAEEXIGS Ak! YARLuAY SdafiS hre HIBET Rir WiskipaBidithe
then nmoved to the 54 rig for testing. A sharp

ex %e%%lic' l?e%?gfggoﬁrﬁéxjfz%ﬁoﬁn?ﬁlgs& ?ef‘a]t%{b?s B"ﬁﬁ%ﬁ Wh iPHE aﬁ.nd and

ast-ftu roug

rrves a nning crac e mal n section

f the pipe. . Wile the cra ps opagates, internal d
(a8 |'e FuRrizgtion Serrncune TPoNE: RSl pRetioRnay fiiher
deconpression ahead of it, so that the pressure at the
caImprise-any pombinaipn ek pinksess lope sy aaterial focd system, pi least ope feed

during the entire course of crack growh. This
systenndidre satslystacty eatalgstecamponlentyy and/br. at-leasthene, polymieh eedodery
test, a contai nnent cage around the speci nmen prevents
systedd.| Bhitablet legctér PRtendNksr Bk SRedehiTidventidie nagl fusther Bafigrise

to steady-state crack propagation while mnim zing

S AR S Sl TPl B Ayl
e SRha 28BS BFTRRoBl rbAES RS 1Boraor

sustain RCP. Alternatively, a series of tests at a
angilysisnand weeess seHEli ng pressure (usually 5 bars) and at
vari ous tenperatures can be used to nmeasure the
[0829) i c&Tondope that areeoff@lddoior REPmEeGzdtionsfifidieicyedd to provide
General |y speaking, the tenperature of a pipe nust be
rebil pwparties ithéladd térhparbtufy gitedstre MNP the cbicentthtiondt € various
Once RCP is initiated, the pressure within the pipe
reAttits X CBQAYmBrifdhioh ! €fpersfirt! Cah Cafftdf atalysf pRAMYIVILA R lymer
crack propagation. Thérefore, for a pipe, |ow S4°Tc
and high S4 Pc wll help mnimze RCP failures.
[0048] The |l ower the 54 critical tenperature the
better, since it results in a broader end-use
tenperature range for the pipe. A pipe fabricated from
t he PE conpositions disclosed herein, having an 2-inch
nom nal outer diameter with a standard dianeter ratio
(SDR = OD/t, where t = wall thickness) of about 11,
may have a critical tenperature val ue determ ned

e —



about -15 C and a roomtenp inpact energy greater than
about 0.7 J; alternatively, the Charpy Tdb nay be |ess

t han about -20 C and the roomtenp inmpact energy

greater than about 0.8 J; or alternatively, the Charpy
Tdb may be less than about {25 G and the roomtenp

i npact energy greater than about 0.85 J. [0051] HDPE

pi pes used for gas transport are under pressure for
ridMulib’ abighh Rfl hdRichlab SWbight BN @R, f $i8fAble polymerization
fluctuations in pressure render the load to be

BRI S5E 5 bl TOBGL B0 o oSG
SRS AR RTIG, Y Ehd SRR b R o

the useful service lifetinme of HDPE pipes are

P .
°€ yipiabeut| 330E€}; iforeaxenipley apé fibor shony 7€ Fedp abowt I1OS’G depending
at nultiple tenperatures. In this test (ASTM D 1598),
updiethp ity iolyiiesizgtidn regcteiibj ected to a certain
ydrostatic pressure (expressed as hoop stress) and

[6(’3@]{ fai g iifBlet IfBsshi®s T 50" dRG: vhAl | db&ding A6 e dreRSio@ and

continuous loss of pressure (leakage) fromw thin the

I pe.. icall log- . ' .
pBlPEie R B ot Rl e KB HigRle bRt Rt Bf ARG rpagtor
.a desjired lifetine. The correspondj ng hpop stress at
il e Ehan; 1000 il oFTa s {08 24t RRESPOBRAton 1S uSually at
above-nentioned plot is used as the design stress .
alfcat 260 —t5A@ psigp Highhpresmrappolamengsiton it ivhuler erfusqajave reactors is
factor) for the application of interest. 100521In
geiettdly tua 40raboitc20,000etodB50@Npsig.r eBslymedzationabadtors camfalso be
such pressure pipes, accelerated testing is conducted

ofdrattll aN & 8ehdr&IMRAT Agidre Dccuriing tah Qen el ¥ i gHeP fterBpdhtifR and
pi pe and hoop stress level, failure occurs at shorter

plte.kgﬁ?ecs. W%d%{dtfaﬁr?ﬁ)% Nle tcﬁfggggétlsiﬂf of al PRsdfd erafure, diagram

procedur O estinmate t gn stress an urapi it

of HDPE.pj pes requir creep rupture failure data
(?B?r8%W%E$£g}W¥g€V@%% APES: year tinefranme at the

end- use tenperature %usually roomtenperature) and at .
[0038] or Thercomcmtighen of waruls seactapts qanybgicontrpled; ta nregice resins

40-80 C range). Subsequently, principles of
withroerttiephesiealiand rseghemipd giropertiesar Bheaprppdsed end-usérproduct that

data; this allows one to reasonably extrapol ate the

wilfbk lféﬁnd&l&ic?aﬂﬁtreﬁiﬁ&ﬂdttmﬂﬁﬂwf&bhﬁing the\pro@eadeermines the
[ 0053] The design stress of a plastic pipe is often

plrg)ﬁérlﬁiéﬁ.edl\/fe‘ahﬂﬁcah oS -ihelh AR RO AR L, ﬁw%i)glr,‘ Q{é_lé_ﬁsfracture

or the mnimumrequired strength (

esti d. usi o
BB b TINS5 3] POl s

circunferential orjentatiqn i ch, whe lie ey
Pyl RLApERIey Inchidel deasit @‘ﬁ%‘f"l\(\%r‘@%‘?@ fnﬁEWﬁpaB greight distribution,
100, 000 hours. The MRS of a pipe, estimated using 23
mehing| SPOB0rest glhaskar gansitiont Hemperaturd, o Arystabigatiom| eamersture,
the LTHS (with a desired lifetinme of 50 years) used
stefRbgulatity) fvalglcfiain Bienchihigand nebltahedi®ly. of a pi pe are

used to certify gas pipes according to either ASTM D
[00338 art{eOtodcofdratibad - off TdAbhRE, ¥Qhidhombr) EBRIrY@nl &D-catalyst,

det'erm ne the maxi mum | oad that such pi pes can bear

o408 UL A3 LRl ERBERRY B 80y Phrpgs

value at 20 C, 97.5 | ower predictive



limt (LPL)) greater than 10.0 MPa corresponds to
PE100 pressure rating. A PES80O pressure rating neans
the MRS was greater than 8.0 MPa and | ess than 10.0
MPa. Based on limted creep rupture testing at 23 C
60 C and 80 C, the MRS of a;pipe (2 inch nom nal OD
with a SDR of about 11.0) froom PE conpositions

di scl osed herein is projected to be greater than 10.0

CYRRnomBP ROL R B &h’cr&ﬁ’px%ﬁu&tr@engﬂt}el ‘i{}fd?é%eﬁ r&a Benused to control

pressure pi pe app Ications are ‘attributable to slow

pfp&lﬁgtkrp %ra\?/&é% (R cart]élgst{: etlﬂsea %)eélﬁg % yc%LMQ fsof and
hbtch TenS|Ie (P ; ASTM F147 redi. ct

coHEY RN EBERy MOBISTS v v BT %{rﬂ@r@ﬁ Brppprigscand
PENT test, a notched pol yethyl ene specinmen is

elsaiigredonses affect steeqoregplariy appeidition,dhe eencantsasiontafoisons is
tensile load at 80 C. The applied load is such that

niihienized Hecalse poisassimpactZheredlions Thé ptodnet prapeitadsl ure i s
recorded and reported. A longer failure tine

[0038] € A RS IV RnPosifbE CafabR d;ﬂfi&ﬁ:nigoa BEGonfpoRiabalay be

speaki ng,” increasing the resin density |lowers the PENT

P85 BTy FELEOR 40000 ) S

ernat,i v exces f ., 4000 hour al ern |veI
o, bE danieVel Yughits RGeS shramim poteRys AN ptalysts,
6000 hours, alternatively in excess of 7000 h urs. 24

nyetiSeqTE atabsieT of é@pbmawwhﬁre% Epcemplss aisgtabishppmposition
increasing the initial load applied in order to

fadbepredadtentdfe FE eonposgiopmegemsluddat leasy twe tretallotereE it are
is defined as the failure tinme for an initial applied

seléael Shich3thdt Mrapd lyﬁﬁ:fseﬁﬁﬁdcefdr tHardfiven havle MPa distasdy i diffelent
|n ASTM F1473) and unchanged speci men geonetry. The PE

+g§t§ ofrhé Mirst HebtloRSiY frad §é’|u§é‘d hb Wogldceis HMW
PENT re tines 1n excess of 7000 hours.” G ven that

t he de it th [ of .t

QP é*n%v B%ftgzﬁﬁz) REE LR gl S SipRHERt tha
Si nlflcant For reference, i al

inghilPY A BB OBy S ForRRRERIoceRt. et BHORY Joedo erddise the
0. 951 g/cc, dlsplay hi gh-stress PENT failure tines

L¥BNs icompensing  ise generallih @0 doidgedrand iHoBmeStespensivgeto chain
majority of field failures in pressure pipe (gas

tekthmat o rdagerag plicic ad hylrsgear thaatthe fitstihehlllocéne. dhermétallarenes
fracture node referred to as SCG the resistance to

OfcoRibBRa Ulvth PhP Qclivatél, t AN aRiahtiat gyl @o@p aa{choﬂl ofefin
evaluatlng the SCG resistance is by detern1n|ng f he

ﬁ&ﬁ&l Gnd'ah Bfe% c%g%\#glg@{ h) apr(){iﬁesthja ﬁe%)bﬂg&dél E)%l}fofe%'nn The

ere’'rs sone evi tens

directly related.to ta f H
iy apiind Bdhcig qftéﬂ% FRESKORRY it RGOy bide A B8 hercin,
resi stance to SCG A description of the correl ation of
the@givity retasstol the gaRuspd polyaner prasiycedper gram gf sadigicatalyst charged
Conpr ehensi ve Eval uation of the Long- Term Mechani ca
pé&riaperanidethe pfodBBidey Réss o Meegramg of ipelyReey pirodacedper gram of
Modern Installation Techni ques, Plastic Pipes Xl

sIPIdQsa ﬁﬂ?ﬁdt élf Sl dabl @t@eidERlseLaNUES. Pagat AYpleHien Serial
Publ i shi ng |n1ted (2001); and in an article by L.

t

N TP OB St g eRE 2008 S R SRy Sah Qlalysts And
which is incorporated herein by reference herein in
its entirety. 25 [0058] The tensile NDR is determn ned
by perform ng standard tensile stress-strain
experinments on dogbone specinens at a deformation rate
of 51 M m n in accordance with ASTM D638. Referring
to Figure 1, a representative stress-strain curve is
shown where the tensile strain is plotted as percent
strain and the stress is expressed as force or |oad



26 and dramatic increase in the load in Figure 1. In
ot her words, the onset of strain hardening 50 marks a
period 90 when nore stress is required to achieve a
given strain than seen in the previous region of the
curve. The percent strain at,the onset of
strain-hardening is defined as the tensile NDR The
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phenyl group, an alkyl group, a butenyl group, a pentenyl group, or a hexenyl group.




EXAMPLES [ 0065] The invention having been generally
descri bed, the foll ow ng exanples are given as
particul ar enbodi nents of the invention and to
denonstrate the practice and advantages thereof. It is
understood that the exanpl egsare given by way of
illustration and are not intended to [imt the

speci fication of the clains in any manner. EXAMPLE 1

[6U36P] Al 'THY sedorfl méthRsBeM¥ Edmpdimed has ePariila:Nas
I npregnated to incipient wetness with an aqueous

sol ution of anmoni um sul f at e )Ygs)gj(ﬂ%@ﬂé he al um na
ral

had a 28 surfaoe area of about m and a pore

Q ., 1.3 cc/gram The
st e e odrerictiod dpeRe el fgeRL A tted
The vol une of water used to dissolve the anmmpni um p
cyclopentadicnyk o 4 subshituterd Andeayk rrach substitysst on, XhandX') is
the starting sanple (i e 2 6 nLs of water for each
inglependeftlyabaleritevbfrom dlenear enbraughed Bhgd graups ot aitinean opbranched
about 0.08 gans of ammonium sul fate per nL of water
aliefyle griupy esherdih etheeslithl igh@upielr slkeity] Vaduplr is ednsubstituted or
vacuum oven overnight at 120 C, and then screened
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particle form process conditions in a |oop reactor by
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lo 0
d gt ?Qéeﬁ%%@?%?t e eI AT ML Bl of the
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1:5fte bort ¢ §- ofeeprding topef athes aspRctafihepresent disclopyrs, the gatio of
Tri al kyl al um num netal |l ocenes m xture just before
thenfirst ineglloteae xotpolual & theheecosbimatallneent | costpousd thayde from
transport the solid activator into the autoclave was
alsRit 12tto absale.t hat would result in a residence tine of
approximately 29 14-16 mnutes in the autoclave. The

[dO@'?]al Th Q¥ ity Brhdf RROHSUR diRBuRNMHR &HvitBema§ R a solid

reactor.
oxide activator-support, a chemically treated solid oxide, a clay mineral, a pillared

clay, an exfoliated clay, an exfoliated clay gelled into another oxide matrix, a layered
silicate mineral, a non-layered silicate mineral, a layered aluminosilicate mineral, a
non-layered aluminosilicate mineral, an aluminoxane, a supported aluminoxane, an

ionizing ionic compound, an organoboron compound, or any combination thereof.



[ 0069] The et hyl ene used was a pol ynerization grade

et hyl ene (obtained form Uni on Carbi de Corporation),

whi ch was purified through a colum of alum na

activated at 250 C (482 F) in nitrogen. The 1-Hexene
used was a polynerization grgade -1- hexene (obtai ned

from Chevron Chem cal s Conpany) which was purified by
nitrogen purgi ng and storage over 13-X nol ecul ar sieve
ThG bt Q@eﬁfcaﬁ?—@re&e& 48#d bkide™ Rblid QIRR- acfilor-&PPort”, “acidic
reactor was a liquid full, 15.2 cmdianeter, |00p
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eghibideLewis boidias Bronsted ﬁé@cﬁ)ﬁbawqmm‘@ﬁﬁh 29 bren tsated with an
Borger, Texas) that was further purified by
ekbcson-ithdiaoimg nemparizat, qypichlly ap ansmd ahd rehich i caloinedm The
of alum na activated at 250 C (482 F) in nitrogen.

eleforliviteaeiviis 6aAFbHchO RStypRally f&ﬁdda:u@ﬁ&ﬁawhﬁvia%m source
580 psi (4 I\/I§a), and a tenperature about 95 C (203 F)
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rated to have a residence abo hours.

The solid activato s .added .throygh a 0.3

g Ped eaprigBisdi: oot s tfo folld RS GoRpO R viihse feps one
autocl ave as descri bed above. Metall ocene . .
clestrEithdrapaiesanion soyececeawosrd. weyrically: the shemicalfyylregged solid
about 3.27 to 3.58 parts per million (ppn) of the

oxlide urentprises athteagtobyarmizing,i aoidic sabid axidePodppwmdwadhe terms
renmoved fromthe reactor at the rate of about 22 | bs
“Qppotfo ufid Mlﬁvﬁt@f‘rm%bﬁﬂ ateIn@ Uskd 3d irfiplgrthese . compdtibiaare inert,
dryer was used to dry the polynmer under nitrogen at

al?(pg’t% c@\%gf%ggltg Wind 46t 59 constlled QQZIilln_-Eﬂecoﬁ%ﬁ&ﬁl ofShe catalyst

TI BA) s added 1 n a concentration in a range of from
Cabo(ystiti %10 to 201 parts per mllion of the diluent in
The pol'ymeri zation reactor. To prevent static buil dup

of the reactor, a small anount (less than 5 pp b
(lapbhe Thor crsprdsbe P s RO R e, Prs R nreigibre may
which is an antistatic agent commercially avail abl e
haveghe fsmulast arreon LLC was usual |y added. The cat al yst
systens used were previously described and are
represented by Structures(R)add B. Table 1 Run No. 1 2

3 4 Activator-Support Sulfated

in which (R®) is an aliphatic group having from 2 to about 6 carbon atoms. In some
instances, (R?) is ethyl, propyl, butyl, hexyl, or isobutyl.
[0039] In an embodiment, the catalysts are chosen from compounds like those

represented by the chemical structures A and B with sulfated alumina as the activator-

support and with tri-isobutylaluminum (TIBA) as the co-catalyst.




Al um na Sul fated Al um na Sul fated Al um na Sul f ated
Alum na Metallocene A+ BA+BA+BA+ B
Met al | ocene to Reactor (ppn) 2.51 + 1.07 2.25 + 1.02
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[0040] The PE compositions of this disclosure 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, stabilizers, nucleators,
surface modifiers, pigments, slip agents, antiblocks, tackafiers, polymer processing
aids and combinations thereof. In an embodiment, the PE composition comprises
carbon black. Such additives may be used singularly or in combination and may be
included in the polymer composition before, during or after preparation of the PE
composition as described herein. In an embodiment, the compositions disclosed
herein comprise less than about 1 weight percent of nonpolymeric additives. Such
additives may be added via known techniques, for example during an extrusion or
compounding step such as during pelletization or subsequent processing into an end
use article. PE compositions as described herein may be formed into various articles,
including but not limited to, household containers, utensils, film products, drums, fuel
tanks, pipes, geomembranes, and liners.

[0041] In an embodiment, the PE composition of this disclosure is fabricated into
a pipe by extrusion. Extrusion refers to a method of making a polymeric pipe
comprising extruding the polymer or copolymer in a molten state through a die to cool
and form the polymeric pipe.

[0042] Pipe extrusion in the simplest terms is performed by conveying solid
polymer pellets through the action of a rotating screw followed by the compaction and
melting of the pellets through the application of heat and shear forces; the

homogenous polymer melt is then conveyed to the die to form the ultimately desired



2.37 + 1.06 2.51 + 1.05 Autocl ave Residence Tine (Mn)
15.57 14.68 14.37 14.17 Cocatal yst Type TWA 1113A TWA
TWA Cocat al yst (precotactor + reactor) (ppm

18

profile. For the fabrication of pipes the extrudate (melt exiting the die), which is
annular in shape, is then formed and cooled through a series of vacuum and water
cooling tanks. There are numerous kinds of feedstocks in pipe extrusion. 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. In one “salt and pepper blend” embodiment, the color concentrate is a
polyethylene carrier resin loaded with up to 40 weight percent carbon black particles;
this concentrate is introduced to maintain approximately 2.5 weight percent carbon
black concentration in the final pipe.

[0043] The feedstock is then fed into an extruder. The most common extruder
system for pipe production is a single-screw extruder. The purpose of the extruder is
to melt, homogenize and convey the polyethylene pellets. Extrusion temperatures
typicélly range from 170 °C to 260 °C depending upon the extruder screw design and
flow properties of the polyethylene.

[0044] The molten polymer is then passed through an annular die to shape the
melt. The molten polymer, in the form of an annulus, is then usually forced through a
shaping or forming tank while simultaneously being cooled from the.outside using a

water spray. While the pipe diameter is a direct consequence of the die and sizing
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sleeve dimensions, the pipe wall thickness depends on the die gap and also the draw-
down speed employed.

[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 in water 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 hot 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 embodiment, the polymeric pipe fabricated from PE compositions of
this disclosure display enhanced mechanical properties such as resistance to slow
crack growth, decreased tensile natural draw ratio (NDR), resistance to rapid crack
propagation and strength sufficient to warrant the designation PE100. The designation
PE100 refers to a pressure rating wherein the pipe has a minimum required strength
value (50 year extrapolated value at 20 °C; 97.5 lower prediction limit) equal to or
greater than 10.0 MPa. Such pipes may display the properties described below either
singularly or in combination. The specific methods for determination of these
properties are described in more detail herein.

[0047] When a pressurized PE pipe is subjected to an instantaneous and intense
impact, a pre-existing or consequently initiated crack or flaw can propagate axially at
speeds in excess of 100 m/s. Such an event is referred to as Rapid Crack Propagation
or RCP. The Small-Scale Steady-State (S4) test is a current standard for measuring
RCP resistance. In the S4 test, the pipe specimens are seven diameters long and are

sealed at both ends and pressurized with air. Typically, pipe specimens are
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conditioned externally at the test temperature, and then moved to the S4 rig for testing.
A sharp chisel-edged striker impacts the pipe at one end and drives a fast-running
crack through the main section of the pipe. While the crack propagates, internal disc
baffles spaced along the pipe length suppress axial decompression ahead of it, so that
the pressure at the crack-tip is approximately equal to the test pressure during the
entire course of crack growth. This promotes steady-state crack growth. Further, in
the S4 test, a containment cage around the specimen prevents flaring of the pipe. This
also limits the failure mode to steady-state crack propagation while minimizing ductile
transient bursting. The S4 test details and procedures are described in the ISO 13477
standard. The test can be performed at a fixed temperature to determine the critical
pressure (P.) required to sustain RCP. Alternatively, a series of tests at a given/fixed
operating pressure (usually 5 bars) and at various temperatures can be used to measure
the critical temperature (7;) for RCP to be sustained. Generally speaking, the
temperature of a pipe must be below a critical limit even for RCP to be initiated.
Once RCP is initiated, the pressure within the pipe must exceed a critical value to
sustain steady state crack propagation. Therefore, for a pipe, low S4 T and high S4 P,
will help minimize RCP failures.

[0048] The lower the S4 critical temperature the better, since it results in a broader
end-use temperature range for the pipe. A pipe fabricated from the PE compositions
disclosed herein, having an 2-inch nominal outer diameter with a standard diameter
ratio (SDR = OD/t, where t = wall thickness) of about 11, may have a critical

temperature value determined according to ISO DIS 13477 (S4 test) of equal to or less
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than about -10 °C, alternatively equal to or less than about —13 °C, alternatively equal

to or less than about -16 °C.

[0049] A modified Charpy impact test, referred to as the Razor-Notched Charpy
Impact Test, has emerged as a useful indicator of the resistance to RCP fractures. This
modified Charpy test is described in detail in ASTM F 2231. This test involves
measuring the impact energy when a thin molded rectangular plaque (with a razor
notch) is impacted by a swinging pendulum. This test can be performed at multiple
temperatures; enabling one to determine the temperature at which the failure mode
changes from ductile to brittle. The results from this test are as follows: (i) impact
energy (in Joules) at room temperature and (ii) the lowest temperature at which the
failure was clearly ductile (hinge break with an impact energy > 0.15 J); for
convenience, this temperature will be referred to as the Charpy Ta,. Generally
speaking, a higher room-temperature impact energy and a lower Charpy Tq, means the
ensuing pipe will have better RCP resistance.

[0050] The PE compositions disclosed herein may have a Charpy Tg, less than
about -15 °C and a room-temp impact energy greater than about 0.7 J; alternatively,
the Charpy T4, may be less than about -20 °C and the room-temp impact energy
greater than about 0.8 J; or alternatively, the Charpy Tg, may be less than about —25
°C and the room-temp impact energy greater than about 0.85 J.

[0051] 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 important to establish the maximum load that such a pipe can

withstand without deformation and damage over the expected lifetime (typically,
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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.

[0052] In order to predict the design stress and durability of such pressure pipes,
accelerated testing is conducted at elevated temperatures. In other words, for a given
pipe and hoop stress level, failure occurs at shorter times with increasing temperature.
The general procedure to estimate the design stress and durability of HDPE pipes
requires creep rupture 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-
temperature superposition are applied to the data; this allows one to reasonably
extrapolate the failure data at room temperature to a few decades.

[0053] The design stress of a plastic 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



MV vn 30.5 35.1 31.4 33.4 31 [0072] The differentia

wei ght fraction MAD was determ ned for the PE

conposi tions prepared under conditions specified in
Table 1 are shown in Figure 2 respectively. The

figures show the resulting conpositions to have two
peaks corresponding to a binodal PE conposition.
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limit (LPL)) greater than 10.0 MPa corresponds to PE100 pressure rating. A PE80
pressure rating means the MRS was greater than 8.0 MPa and less than 10.0 MPa.
Based on limited creep rupture testing at 23 °C, 60 °C and 80 °C, the MRS of a pipe
(2 inch nominal OD with a SDR of about 11.0) from PE compositions disclosed
herein is projected to be greater than 10.0 MPa.

[0055] A majority of the field failures in pressure pipe applications are
attributable to slow crack growth (SCG). This has led to the development of many
lab-scale tests, such as the Pennsylvania Edge-Notch Tensile Test (PENT; ASTM
F1473), to predict the resistance to SCG of various polyethylenes. In the PENT test, a
notched polyethylene specimen is subjected to creep by the application of a constant
tensile load at 80 °C. The applied load is such that the initial stress is 2.4 MPa. The
time to failure is recorded and reported. A longer failure time correlates with a greater
resistance to SCG. Generally speaking, increasing the resin density lowers the PENT
failure times. The PE compositions of this disclosure display PENT failure times in
excess of 3000 hours, alternatively in excess of 4000 hours, alternatively in excess of
5000 hours, alternatively in excess of 6000 hours, alternatively in excess of 7000

hours.
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[0056] The PENT test time may be shortened by simply increasing the initial load
applied in order to accelerate the fracture process. A “high-stress” PENT is defined as
the failure time for an initial applied load of 3.8 MPa (increased from the 2.4 MPa
prescribed in ASTM F1473) and unchanged specimen geometry. The PE
compositions of this disclosure display high-stress PENT failure times in excess of
7000 hours. Given that the density of the PE compositions of this disclosure are high
(> 0.952 g/cc), this is considered to be a significant result. For reference, all
commercially available PE100 rated polymers, at a density less than 0.951 g/cc,
display high-stress PENT failure times considerably less than 3000 hours.

[0057] Since the majority of field failures in pressure pipe (gas transport)
applications are attributable to a brittle fracture mode referred to as SCG, the
resistance to SCG of pressure pipe is often evaluated. One method of evaluating the
SCG resistance is by determining the tensile natural draw ratio (tensile NDR) of the
resin. There is some evidence that the tensile NDR is directly related to the SCG
resistance of HDPE such that the lower the tensile NDR the higher the resistance to
SCG. A description of the correlation of SCG to tensile NDR may be found in: E.
Laurent, Comprehensive Evaluation of the Long-Term Mechanical Properties of
PE100 Resin Meeting the Requirements of Modern Installation Techniques, Plastic
Pipes XI Proceedings of the International Conference, Woodhead Publishing Limited
(2001); and in an article by L. Hubert, et al published in 2002 in the Journal of
Applied Polymer Science Volume 84 page 2308 each of which is incorporated herein

by reference herein in its entirety.
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[0058] The tensile NDR is determined by performing standard tensile stress-strain
experiments on dogbone specimens at a deformation rate of 51 mm/min in accordance
with ASTM D638. Referring to Figure 1, a representative stress-strain curve is shown
where the tensile strain is plotted as percent strain and the stress is expressed as force
or load (in Ibf). Inflection points 20, 40, 50 and 60 mark points at which
transformations in material behavior occur. Initially, at conditions of low strain a
linear region 10 is observed. In this linear region 10 the material experiences a stress
(F) directly proportional to the applied strain (u) and the material behavior can be
approximated by Hooke’s law (equation 2) with the constant of proportionality being
the elastic or Young’s modulus denoted Y
F=Yu @)

[0059] Also, in the linear region 10, the deformation behavior is approximately
elastic, i.e. the material strain returns to zero when the applied load is removed. The
stress at the point where the material’s behavior changes from elastic to plastic is
known as the yield stress. Application of a load beyond the yield point 20, results in
permanent (or plastic) material deformation. Generally, the yield point 20 in
polyethylene is evident as a maximum in the load-strain traces as shown in Figure 1.
Beyond the yield point, as the specimen is stretched continuously, the material outside
the neck region in the dogbone specimen is drawn into the neck; the load does not
change very much during this necking and drawing process. This necking/drawing
process continues until the specimen encounters “strain-hardening” or point 50 in
Figure 1. The onset of strain-hardening simply means that any further deformation of

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

[0060] Some polymers do not exhibit the distinct strain-hardening behavior
shown in Figure 1. Therefore, in order to define a tensile NDR, the following
criterion needs to be satisfied first: the tensile stress at break is at least 10 % higher
than that of the tensile yield stress (opa> 1.10%cy). The tensile NDR values reported
in this application are the average of at least five measurements.

[0061] In an embodiment, the PE compositions of this disclosure have a reduced
tensile NDR in comparison to conventional PE compositions. Conventional PE
compositions include any PE composition used to fabricate high-pressure rated pipe
such as those used in the production of PE80 or PE100 designated pipe. Examples of
such conventional PE compositions include without limitation CONTINUUM DGDA
2490-BK polyethylene high density that is a bimodal PE100 rated pressure pipe resin
commercially available from Dow Chemical Company or MARF LEX® HHM TR-
480X high-density polyethylene that is a PE-80 rated pressure pipe resin
commercially available from Chevron Phillips Chemical Company, LP.

[0062] In an embodiment, the PE compositions of this disclosure have a tensile
NDR of less than about 14167p - 12958, where p is the polymer density,. In such an

embodiment, the tensile NDR is expressed in percent strain and determined in
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accordance with ASTM D 638 and the polymer density is in units of g/cc and
determined in accordance with ASTM D 1505. The PE composition of this disclosure
may display a lower or equal tensile NDR at a higher polymer density than a
conventional PE composition.
[0063] In another embodiment, the PE compositions of this disclosure have a
tensile NDR of less than about 250y - 130, where oy is the yield stress of the
composition. In such an embodiment, the tensile NDR is expressed in percent strain
and determined in accordance with ASTM D 638 and the yield stress is in units of
MPa and determined in accordance with ASTM D638. The PE composition of this
disclosure may display a lower or equivalent tensile NDR at a higher yield stress than
a conventional PE composition.
[0064] In an embodiment a PE composition of this disclosure has a tensile NDR
of less than about 14167p - 12958, where p is the polymer density, alternatively of
less than about 256, - 130, where oy is the polymer yield stress, alternatively any
combination thereof.

EXAMPLES
[0065] The invention having been generally described, the following examples are
given as particular embodiments of the invention and to demonstrate the practice and
advantages thereof. It is understood that the examples are given by way of illustration
and are not intended to limit the specification of the claims in any manner.

EXAMPLE 1
[0066] Alumina A, from W.R. Grace Company, was impregnated to incipient

wetness with an aqueous solution of ammonium sulfate. Typically, the alumina had a



I nventive 0.954 27.0 32.3 512.4 1.28 -35 > > Run 1

28

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.

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

[0068] The precontacting was carried out in the following manner.
Trialkylaluminum solution and metallocene catalyst in isobutane were fed as separate
streams 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 Trialkylaluminum/ metallocenes 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
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14-16 minutes in the autoclave. The total flow from the autoclave then entered the
loop reactor.

[0069] The ethylene used was a polymerization grade ethylene (obtained form
‘Union Carbide Corporation), which was purified through a column of alumina
activated at 250 °C (482 °F) in nitrogen. The 1-Hexene used was a 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 cm diameter, loop reactor, having
a volume of 27.3 gallons (103.3 liters). Liquid isobutane was used as the diluent.
Some hydrogen was added to regulate the molecular weight of the low molecular
weight component of the polymer product. The isobutane was a polymerization grade
isobutane (obtained from ConocoPhillips Company, Borger, Texas) that was further
purified by distillation and subsequently passed through a column of alumina
activated at 250 °C (482 °F) in nitrogen.

[0070] Reactor conditions included a pressure around 580 psi (4 MPa), and a
temperature about 95 °C (203 °F) as indicated in Table 1. Also, the reactor was
operated to have a residence time of about 1.1 hours. The solid activator was added
through a 0.35 ml circulating ball-check feeder and fed to the 0.5-Liter autoclave as
described above. Metallocene concentrations in the reactor were within a range of
about 3.27 to 3.58 parts per million (ppm) of the diluent in the polymerization reactor.
Polymer was removed from the reactor at the rate of about 22 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).
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[0071] The cocatalyst (TIBA) was added in a concentration in a range of from
about 110 to 201 parts per million of the diluent in the polymerization reactor. To
prevent static buildup of the reactor, a small amount (less than 5 ppm, by weight, of
diluent) STADIS 450 conductivity improver. which is an antistatic agent
commercially available from Octelstarreon LLC was usually added.  The catalyst

systems used were previously described and are represented by Structures A and B.

Table 1
Run No. 1 2 3 4
Activator-Support Sulfated Sulfated Sulfated Sulfated
Alumina Alumina Alumina Alumina
Metallocene
A+B A+B A+B A+B
Metallocene to 2.51+1.07 2.25+1.02 2.37+1.06 251+1.05
Reactor (ppm)
Autoclave Residence 15.57 14.68 14.37 14.17
Time (Min)
Cocatalyst Type TIBA TIBA TIBA TIBA
Cocatalyst 20.02 + 181.48 19+ 168.5 20.02+174.5 19.69 + 89.5
(precotactor +
reactor) (ppm)

Rx Temp (°C) 95 95 95 95
Ethylene (mo1%) 15.15 13.93 14.42 15.12
H, (mlb/hr) 6 8 8 8
C2= Feed Rate 29.61 29.59 29.53 29.6

(Ib/hr)
1-Hexene Feed Rate 0.56 0.61 0.61 0.61
(Ib/hr)
Total iC4 Flow Rate 59.3 61.48 60.1 60.07
(Ib/hr)
Solids Conc. Wt. % 24.63 24.22 24.23 24.3
Polymer Production 22.48 22.67 22.33 22.42
(Ib/hr)
Density 0.954 0.951 0.952 0.953
(pellets)(g/ce)
Mw/1000 346 279 278 286
Mw/Mn 30.5 35.1 314 334

EXAMPLE 2
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[0072] The differential weight fraction MWD was determined for the PE
compositions prepared under conditions specified in Table 1 are shown in Figure 2
respectively. The figures show the resulting PE compositions to have two peaks
corresponding to a bimodal PE composition.

EXAMPLE 3

[0073] Select mechanical properties of the PE compositions of this disclosure
(Table 1) along with a few commercially available pressure pipe-grade HDPE resins
are listed in Table 2. The tensile NDR of the PE compositions of this disclosure were
determined as a function of their density, yield stress and HLMI. In all cases tensile
tests of the PE compositions (compression molded by slow cooling from the molten
state) were performed using die-cut ASTM Type IV specimens using an Instron
tensile tester. Tests at room temperature were performed in accordance with ASTM D
638-00 using a crosshead speed of 51 mm/min.

Table 2

ResinID | Density | Tensile | Tensile | Tensile | Charpy | Charpy | PENT | High-
(g/cc) | Yield | Break | NDR Impact | Tap (h) Stress

Stress | Stress | (Percent | Energy | (°C) PENT
(MPa) | (MPa) | Strain) | @ 23 (h)
°C
()
TR480X |[0.943 |22.9 31.0 569.9
HiD9346 |0.946 | 23.7 31.8 617.1 0.34 -20 ~1000 | ~450
H516 0950 |255 40.0 549.1 1.90 -35 ~ ~500
3000
DOW2490 | 0.949 | 25.8 371 531.0 1.70 -35 ~ ~
5000 | 2200
Inventive | 0.954 |27.0 323 512.4 1.28 -35 > >
Run 1 7000 | 7000
Inventive | 0.951 |26.3 36.3 483.1 1.33 -35 > >
Run 2 7000 | 7000
Inventive | 0.952 |26.5 37.7 493.1 1.20 -35 > >

Run 3 7000 | 7000




Tdb (C) PENT (h) Hi ghStress PENT (h) Inventive Run 4
0.953 27.1 34.1 507.3 1.08 -30 > 7000 > 7000

32 °
ResinID | Density | Tensile | Tensile | Tensile | Charpy | Charpy | PENT | High-
(g/cc) | Yield | Break | NDR Impact | Tap (h) Stress
Stress | Stress | (Percent | Energy | (°C) PENT
(MPa) | (MPa) | Strain) | @ 23 (h)
°C
(&)
Inventive | 0.953 | 27.1 34.1 507.3 1.08 -30 > >
Run 4 7000 | 7000

[0074] The PE compositions of this disclosure (Table 1) are denoted as “invention
polymers” in Figures 3 and 4. These PE compositions are compared to other resins
used in the fabrication of high pressure rated polymer pipe which are: PBTF bimodal
resins, a series of bimodal polyethylene developmental resins used to fabricate PE100-
rated pipes which are disclosed in U.S. Patent Application entitled “Multimodal
Polyethylene Compositions and Pipe made from Same” Attorney Docket Number

4081-08400 which is incorporated herein in its entirety; MARFLEX® HHM TR-480X

high-density polyethylene and MARLEX® 9346 high density polyethylene which are
PESO pressure rated pipe resins commercially available from Chevron Phillips
Chemical; H524 and H525 are Chevron Phillips Chemical developmental HDPEs
which are PE100 and PESO pressure rated pipe resins respectively; MARLEX®
H516B high density polyethylene compound which is a bimodal PE100 pressure rated
pipe resin commercially available from Chevron Phillips Chemical; CONTINUUM
DGDA 2490-BK polyethylene high density which is a bimodal PE100 rated pressure
pipe resin commercially available from Dow Chemical Company; HDPE XTI10N
which is a high molecular weight bimodal pipe resin commercially available from

TOTAL Petrochemicals Inc.; and ELTEX TUB121N3000 high-density polyethylene
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35 CLAIMS What is clainmed is: 1. A polyner conposition
conprising: a copolyner of ethylene and an

al pha-ol efin comononer, wherein the al pha-olefin
conmonomner conpri ses propyl ene, 1-butene, 1-pentene, 1-
hexene, 3-nethyl-1-butene, - methyl-I-pentene,

1- heptene, 1-octene, 1- nonene, 1-decene, or

combi nations thereof; a density equal to or greater

pxteE@ﬁ:d%;iVQ as%légts ﬂéﬁ?beeﬁ sho I ahPAEk AR niddfRAtidrisQRRreof can

nto about 30 g/10 mn; and a tensile
nat rati
b%r:aé ?mnj Ly %ﬁ%ﬁh@ﬁ?@@%ﬁ%ﬁﬁ??ﬂéﬁ%@;ﬁgm ofthe
the tensile tural am1r [ erm ned
A RS PSS G S OE G SR Py only, and
usi ng a crosshead speed of 51 mm m n, and wherein the
angaioy msendsd i s ilinniting.c Masyi waistienspandanpdifitions of the invention
pol yet hyl ene. 2. A pol ymer conposition conprising: a
didelosddt pereiguat fossible grdeateewithinathe alsope of .thet invghtien. aWhere
high load nelt index fromabout 1 g/10 mn to about 30

n&@hdfcam ﬁn% &Ndr AithRASdns Careabifiradslydispited, aguch bgHssst Raiges or
about 14167 p -12958, where p is the denS|ty (g/cc) of

ll}nht?tl&?snﬁl%gi({ bOUndhRhE 8 ihiifad RBStLE rﬁ?g‘ek‘ ro"i"luﬁixhﬁiﬂns of like

ermned 1n accordance wth “ASTM D 638-0
t h
R R PRTRD ey et RS o1 W B s%é’from about

netallocene ol yethyl ene, 36
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 element of a claim is intended to
mean that the subject element is required, or alternatively, is not required. Both
alternatives are intended to be within the scope of the claim. Use of broader terms
such as comprises, includes, having, etc. should be understood to provide support for
narrower terms such as consisting of, consisting essentially of, comprised substantially
of, etc.

[0077] Accordingly, the scope of protection is not limited by the description set
out above but is only limited by the claims which follow, that scope including all
equivalents of the subject matter of the claims. Each and every claim is incorporated
into the specification as an embodiment of the present invention. Thus, the claims are
a further description and are an addition to the preferred embodiments of the present
invention. The disclosures of all patents, patent applications, and publications cited
herein are hereby incorporated by reference, to the extent that they provide exemplary,

procedural or other details supplementary to those set forth herein.



wherein the polymer of ethylene conprises a mnultinodal
pol ynmer. 3. The conposition of claim11 further

conprising a PENT failure lime greater than about 1000
hours. 4. The conposition of claim1 further

conprising a tensile naturajsdraw ratio I ess than

about 250-y-130, where ay is the tensile yield stress

of the conposition. 5. The conposition of claim1
further conprising a tengf gIvkress at break equal to

or greater than 1.10 tines the tensile yield stress of

h .cqrrﬁ% i.st_i on. 6. The conposition of claim11 further

%‘f%} éla rapid crack propagation 84 critical
tenperature equal, to or |l.ess than about -1C. for an 8

i nkhAMEerpﬁog'é’.OSF?‘.‘m?W@P'&%ﬂ%osi tion of claim1 further
conprising a Charpy ductile to brittle transition .

t enper atcopelyswuaif ¢thylene |and st plgha-glséint camogomey wigrgin the
conposition of claim1 further conprising a

r azor - aiphs-bktin Coenmponierpeatprises rgypdene? 3ichutere, gt-pettene, 1-
than about 0.8 Joules. 9. The conposition of claim1l

conpri géide] 895eth1ANL@BR4-heSi-glpenteRé, C BMiptedie, t Bbétkne, 1-
non- pol ynmeric additives. 10. A pipe fabricated froma

pol ynehor%%gﬁqg%ctghg%?%ﬁ%ﬂm%er (density equal to or

. greater a high load nelt index
from abqut .1 g/ mn to about 10 mn; and a
tensi | é%ﬂ’ﬁtﬁrﬁgﬁl&g‘? RETPAES By g%"ﬁﬁﬁ g/% g%ﬁ’o ut
14167p- 12958, where p is the density ( gh/’ cc?3 g} the
conposphighdoadmelt idex finen ahons] B 0min te aouypA &/ 104pingands
determ ned in accordance with ASTM D 638-00 at room
t enper attensée msfure) drawe ratss lventhappbedt b15%0-129M8&iwhereapds the
wherei n the pol ymer conposition conprises a
net al | geRng (Pot)ystthy kempositich] whkreid fe tohgile mfurall drawnrifbo is
further conprising a mninmmrequired strength equal
to or gLealiféd IhRBorkBadd WHRASTM D 638-00 at room temperature using
a crosshead speed of 51 mm/min, and
wherein the polymer composition comprises a metallocene polyethylene.
2. A polymer composition comprising:
a density equal to or greater than about 0.947 g/cc;
a high load melt index from about 1 g/10 min to about 30 g/10 min; and
a tensile natural draw ratio less than about 14167 p -12958, where p is the
density (g/cc) of the composition, wherein the tensile natural draw ratio is
determined in accordance with ASTM D 638-00 at room temperature using
a crosshead speed of 51 mm/min,

wherein the polymer composition comprises a metallocene polyethylene,

and



12. A polymer conposition conprising: two or nore
nmol ecul ar wei ght nodes; and a tensile natural draw
ratio | ess than about 14167p-12958, where p is the
density (g/cc) of the conposition, wherein the tensile
natural draw ratio is detergined in accordance wth
ASTM D 638-00 at roomtenperature using a crosshead
speed of 51 mmm n, wherein | ess than about 1 wei ght
per CeNlyBfeid HE pERARY St LihPlind QI SeES nfiMind PDieE
ereint

addi tives, and e pol ymer conposition

co L ses a tal Logcen 0 ] .
o aLE EPpRotRoR oL S REER LG » SENT Blure fime gropter
melt index fromabout 1 g/10 mn to about 30 g/ 10 m n.
14. 1hie Bewp 98P hPEs: of claim 12 further conprising a
density equal to or greater than about 0.947 g/cc. 15.
The dbapowpesition of claimal further ¢amnrising &ensile nafusgl dgaw ratio less
tensile natural draw ratio |ess than about 25ay- 130,
wher ghaayabbet 256§- 130nwhdre oy iisthd tensil egisldotresshef the composition.
conposition. 16. A pipe fabricated froma pol yner
COSTPG$k LhAPoMIPS il fufthBh ddniPiRine @G bihsile @tréds aEh@iltlequal to
equal to or greater than 10.0 MPa; and a tensile
nat ur al t4inQ; , = wher e
o1 & o prstisE i f0Rih @36 oAk AR e SEERH B on
th nsile natural dr ratio is. .38 determ,ned in..
acorlds cempgiition A ?lmnb?\gﬁégﬁ?focoﬁp@%rﬁ faé’ffg‘é%h piPgagation 54
using a crosshead speed of 51 minin, wherein |ess )
t han cetieal tempepaivigiegugl e erless han ahput dokpigian 8dpech SDR11 pipe.
conpri ses non-polyneric additives, and wherein the
pal.y ke ooamppsition iodrclamnprivgks ecompisalg addnepy ductile to brittle
pol yet hyl ene.

transition temperature equal to or less than about -25°C.

8. The composition of claim 1 further comprising a razor-notched Charpy impact
energy at 23°C. of greater than about 0.8 Joules.
9. The composition of claim 1 comprising less than about 1 weight percent of
total non-polymeric additives.
10. A pipe fabricated from a polymer composition comprising:
a density equal to or greater than about 0.947 g/cc;
a high load melt index from about 1 g/10 min to about 30 g/10 min; and
a tensile natural draw ratio less than about 14167p-12958, where p is the
density (g/cc) of the composition, wherein the tensile natural draw ratio is
determined in accordance with ASTM D 638-00 at room temperature using
a crosshead speed of 51 mm/min, and

wherein the polymer composition comprises a metallocene polyethylene.



17. A polymer conposition conprising: a tensile

natural draw ratio | ess than about 25a31-130, where ay
is the tensile yield stress of the conposition; a
tensile natural draw ratio | ess than about

14167p- 12958, where p is the,density (g,/cc) of the
conposition and wherein the tensile natural draw ratio
is determined in accordance with ASTM D 638-00 at room
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densi t ¢ tégile mptupdl drine ratiorjess than abputwii6@p11 2958 vihenss p lie the
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conposi [ I asi
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a dual net %lx | gcen ﬁsgal t. system 19. The pol yner
conpos PEFBHS ﬂ@ﬁgp Mer conprising: a PENT
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nat ur aWhgreinlepsthpmatoas § weighh Petsenttol theEpmpesition fapprisey non-
is the tensile yield stress of the conposition; and
polymeric additives, and

wherein the polymer composition comprises a metallocene polyethylene.

13. The composition of claim 12 further comprising a high load melt index from
about 1 g/10 min to about 30 g/10 min.

14. The composition of claim 12 further comprising a density equal to or greater
than about 0.947 g/cc.

15. The composition of claim 12 further comprising a tensile natural draw ratio
less than about 250y-130, where oy is the tensile yield stress of the
composition.

16. A pipe fabricated from a polymer composition comprising:

a minimum required strength equal to or greater than 10.0 MPa; and
a tensile natural draw ratio less than about 14167p-12958, where p is the

density (g/cc) of the composition, wherein the tensile natural draw ratio is



a tensile stress at break equal to or greater than 110
times the tensile yield stress of the conposition. 20.
The pol yner conposition of claim19 further

conprising: a rapid crack propagation S4 critica
tenperature equal to or |esggthan about -1C. for an 8
i nch SDR11 pipe; a Charpy ductile to brittle
transition tenperature equal to or |ess than about

-25C.; 48RfmRed SZRoRRAGEHEh KRAMY 63BGF it BHAtEeMpdhture using
23C. of greater than about 0.8 Joules. 21. The pol yner

conposi tig f i ther conprising an
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1- pentene, . 1- hexene, 3-nethyl 1-butene, . .
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1-decene, or conbinations thereof. 22. The pipe of

cl ai m polymerichdditivesapd si ng: 40 a rapi d crack
propagation 84 critical tenperature equal to or |ess

t han aldwetein thepolynter aomPoditiahcosipiibds pinetallocenCipalyethylene.
ductile to brittle transition tenperature equal to or

| epp A peimebsHposRE compsisiags azor - not ched Char py
I mpact” energy at 23C of greater than about 0.8 Joul es.

23. The t&‘lrsﬁg n@iraf U A6 1898 RS hoRCITY, Jl?b,n\ghég o, is the tensile
al pha- ol efi n cononomer conprising propylene, 1-butene,
1- penten 1- hexene, 3-nethyl-1 -butene, 4-
net hyl y’re?dpﬂﬁg%ﬂét,ﬁe POMBONUG " 1-octene, 1-nonene,
1-decene, or conbinations thereof. 24. The Bi e of )
ol ai m adensie mRerel <Y g Genpbi 1467ari@bed pehere p s the
greater than about 1000 hours; a tensile natural draw
rati o dessityt(pae) eftbeicorapesition3md witesein tlg/tensiletriatural draw ratio
tensile yield stress of the conposition; and

is determined in accordance with ASTM D 638-00 at room temperature

using a crosshead speed of 51 mm/min; and
a tensile stress at break equal to or greater than 1.10 times the tensile yield
stress of the composition,
wherein the polymer composition comprises a metallocene polyethylene.

18. A polymer composition comprising:
a density equal to or greater than about 0.947 g/cc;
a high load melt index from about 1 g/10 min to about 30 g/10 min; and
a tensile natural draw ratio less than about 14167p-12958, where p is the
density (g/cc) of the composition, §Vherein the tensile natural draw ratio is
determined in accordance with ASTM D 638-00 at room temperature using

a crosshead speed of 51 mm/min,



a tensile stress at break equal to or greater than
1.10 tines the tensile yield stress of the
conmposition. 25. The pipe of claim 23 further
conprising: a tensile natural draw ratio |ess than
about 25ay-130, where ay isjghe tensile yield stress
of the conposition; and a tensile stress at break
equal to or greater than 1.10 tines the tensile yield

stressytreld ﬁa_ecmﬂéﬂé%ﬂ%_sit%ﬁx cobitiseé Remethli6det PoBRthylene,

further conprising: P failure tinme greater than
about 10(90 hours; 41 a rapid crack propagation $4
criticaf tenperature equal to or |ess than about -1C

for an inch S pi pe;. a arpy ductjle to brittl
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of gr esatalystisystemabout 0.8 Joul es. 27. The pipe of
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yield stress of the composition; and
a tensile stress at break equal to or greater than 1.10 times the tensile yield
stress of the composition.

20. The polymer composition of claim 19 further comprising:

arapid crack propagation S4 critical temperature equal to or less than about
-1°C. for an 8 inch SDR11 pipe;

a Charpy ductile to brittle transition temperature equal to or less than about
-25°C.; and

a razor-notched Charpy impact energy at 23°C. of greater than about 0.8
Joules.

21. The polymer composition of claim 20 further comprising an alpha-olefin
comonomer comprising propylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-
1-butene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, or
combinations thereof.

22. The pipe of claim 11 further comprising:



a razor-notched Charpy inpact energy at 23C of greater
than about 0.8 Joules; a tensile natural draw ratio

| ess than about 25ay -130, where ay is the tensile
yield stress of the conposition; and a tensile stress
at break equal to or greatejythan 1.10 times the
tensile yield stress of the conposition. 29. The pipe
of claim 28 further conprising an al pha-ol efin
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of claim 17 further conprisjng. a Char ctile t.0

bri ¢t spadtelilgio ERFRSE afesratesasr s 1S Higy about
about -25C;, and a razor-notched Charpy inpact energy

at 23C-2Cyanshat er than about 0.8 Joules. 31. The

pol ymer conposition of claim30 further conprising an

al pha- alraformothad Charyy nquapt ersirgyg ap235i6Y b geeatet thant ahoat 0.8
1- pentene, 1-hexene, 3-nethyl 1-butene, 4-nethyl-I

- pent engylesl- hept ene, 1-octene, 1-nonene, 1-decene, or
conbi nations thereof. 32. The pol ynmer conposition of
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1- pentene, 1-hexene, 3-nethyl 1-butene, 4-nethyl-1
- pentlens®f. 1- hept ene, 1-octene, 1-nonene, 1-decene, or
conbi nations thereof 34. The pol ynmer conposition of
cl . Mhé gipkof tlagh 28 Giiftier 8omprisiAg:PENT failure time
greater than about 1000 hours;
a PENT failure time greater than about 1000 hours;
a tensile natural draw ratio less than about 256y-130, where oy is the tensile
yield stress of the composition; and
a tensile stress at break equal to or greater than 1.10 times the tensile yield
stress of the composition.
25. The pipe of claim 23 further comprising: a tensile natural draw ratio less than
about 256y-130, where oy is the tensile yield stress of the composition; and
a tensile stress at break equal to or greater than 1.10 times the tensile yield
stress of the composition.

26. The pipe of claim 25 further comprising:

a PENT failure time greater than about 1000 hours;



a tensile stress at break equal to or greater than
1.10 tines the tensile yield stress of the
conposition; and a rapid crack propagation S4 critica
tenperature equal to or |ess than about -1C. for an 8
inch SDR11 pipe. 43 35. Thg polynmer conposition of
claim34 further conprising: a Charpy ductile to
brittle transition tenperature equal to or |ess than

about 323 cAck ?ﬁ%ﬁgﬁf&h@l@%ﬂ@@lﬂ% etalPEEduab RES¥ss l"t‘ltéan about

23C of greater about 0.8 Joules; and a tensi

natural ., draw rati t.nhan about 25ay -130, where a
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is the” B% of the conposi tion.
a Charpy ductile to brittle transition temperature equal to or less than about

-25°C; and
a razor-notched Charpy impact energy at 23°C of greater than about 0.8
Joules.
27. The pipe of claim 16 further comprising:
a PENT failure time greater than about 1000 hours; and
a rapid crack propagation S4 critical temperature equal to or less than about
-1°C for an 8 inch SDR11 pipe.
28. The pipe of claim 27 further comprising:
a Charpy ductile to brittle transition temperature equal to or less than about
-25°C;
a razor-notched Charpy impact energy at 23°C of greater than about 0.8
Joules;
a tensile natural draw ratio less than about 256y -130, where oy is the
tensile yield stress of the composition; and
a tensile stress at break equal to or greater than 1.10 times the tensile yield
stress of the composition.
29. The pipe of claim 28 further comprising an alpha-olefin comonomer
comprising propylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-1-butene, 4-
methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, or combinations

thereof.
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30. The polymer composition of claim 17 further comprising:

a Charpy ductile to brittle transition temperature equal to or less than about
-25°C; and

a razor-notched Charpy impact energy at 23°C of greater than about 0.8
Joules.

31. The polymer composition of claim 30 further comprising an alpha-olefin
comonomer comprising propylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-
1-butene, 4-methyl-1-pentene, 1-heptene, l-octene, 1-nonene, 1-decene, or
combinations thereof.

32. The polymer composition of claim 31 further comprising:

a PENT failure time greater than about 1000 hours; and
a rapid crack propagation S4 critical temperature equal to or less than about
-1°C for an 8 inch SDR11 pipe.

33. The polymer composition of claim 18 further comprising an alpha-olefin
comonomer comprising propylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-
1-butene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, or
combinations thereof.

34. The polymer composition of claim 33 further comprising:

a PENT failure time greater than about 1000 hours;

a tensile stress at break equal to or greater than 1.10 times the tensile yield
stress of the composition; and

a rapid crack propagation S4 critical temperature equal to or less than about

-1°C. for an 8 inch SDR11 pipe.
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35. The polymer composition of claim 34 further comprising:
a Charpy ductile to brittle transition temperature equal to or less than about
-25°C;
a razor-notched Charpy impact energy at 23°C of greater than about 0.8

Joules; and

a tensile natural draw ratio less than about 2506y -130, where oy is the

tensile yield stress of the composition.



