WO 2012/ 115951PCT/ US2012/ 025919 POLYMER COVPCSI TI ONS FOR ROTATI ONAL MOLDI NG
APPLI CATI ONS FI ELD OF THE | NVENTI ON [ 0001] The present disclosure relates to
pol ymer cwoposytissms and articles made from sane. More gpeadiskeicabioyy the
present disclosure relates to polyethylene resin conpositions for

rotational nolding applications. BACKGROUND OF THE | NVENTI ON

[ 0002] Pol REYMERIGOMPOFINONSEHORMRA TAKIN AL NIOLEINGARRRFCATIONSat i ons
such as liquid transportation and storage. Polyneric containers such as
drums and tanks have several advantages over netal containers, including
being of relatively |ighter WeIRID OFMMHEINVENTSONN resi stant, |ess
expensive, nore thermally and electrically insulating, tougher, nore
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t hey armoldinghibplicaiengght than their metal counterparts and can easily be
manuf actured by rotational_npl din al so_knaow_as rotonolding). Oten these

articles (e.g., polyethyl dHeClp Pk 1aiﬁEéi\wafrl\éﬂé%%osed t o numerous
stress rin I+ Ehet ., ] Al r . or
br eakse[tﬁ ?1%]' ar gogggggsﬁlrﬂ\l/%@st %amr%ergglia?e,Glt g%%é%imab? 7%51 B%Q@i}’? a?%igﬂé(?]nss é\?%g ragqt é(p
ar ti cl erapspastation bt gorage. dPdlfinend contanas sehsis dfimusgnd thigrsehaivs sevarab adjaintageneed

to devel ' it hat. : f t | di
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cracks &Retﬁi@?'ﬁ%re IMAIRY afel eTédEiclaWEﬁgﬁhagﬂil O Dzt A5RBIN MG IRork Sadily

pol ymer having a density of from about 0.94 g/cn8 to about 0.96 g/ cnB ‘and
a pri mehgpesitdugog oreupaiusmet er 2 (PSP2 val ue) of greater than about 8.9,

wher ei article forned, fromthe pol.yner has nvironnmental stress
orack noBT L EE GBIl EonelO Tt e o gl AR sEt IR el TaR0L, e
i n accafdangd. RatcuSTVh 6N 68 3lcEO Bflintsi 01 thaks[BDW Rl 6ddk Siedyasedgher @bighi S a
pol ynmer having at | east one | ower nolecul ar wei ght conponent and at | east

one hi gha thewsnetal | capntogppigh endermrgpibhbe maeuiagvicd bygortmal yrgldiag erlselhay at o
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when meassuseeduring thcie bfetiarc andhitiexpSiid Majt 63381t docrdekision broAks ha04a6 pipentike o

di scl osed .herein is a nethod conprising (a) contacti a catalyst system
conpr i SFPAY sEpepiglyin %%tlmwl&r%ﬂl% AR Q5 %%Wrmﬁﬁcﬁce@?&wﬁ@s Wug.helh ittt i n
under it i : fd.n, ) i :
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and wherein an article for r | ef] as an environnent al
stress crack resistance of @WWQEE%M%@@hMS when neasured in
accor dgoges Wi t DiAREM RrdB93 2 peRsic hi¥inda dBRikof erCHIJTT b Ol oRIm TibELERAMIINGS

[0007]Figure 1 is a plot of calculated primary structure paraneter 2 val ues

agai nstg/|coy audfeoprimatyi sivdice pakyger 2SBBE ealuppodgiericy trae aboiis8.4, phoringdn t he
short chain:branching distribution for sanple 15 from.exanpl e 1. DETAILED
PESCR PR BB657E DePadlr R uf i iBhm SR B RRER o o Pbehe
articl eban &0dt N0ONRUS vaenTdasingd SBER ordSbE IR ARTNEDIY3 &ddRiohSe preparing a
pol ymeric conposition and form ng the conpaosition into an article. In an
enbodi 5]t he Ab®I giielpsed Basiosi i RMYBINBrYIBR St Jeasy cngylowise mplealaopsigher

t her eof ' - [ A - '

pr epar S3RaAR AT ROKMTBRL nighlim GRSy IRAT LATHARE 4 PEPPLAE LSl
envi r ornownteadateatthas sbauit 8k wiesdiss hancerld ESOR) , frannalic solgmerf hasaat énwironmental

di stinguish themfromarticles prepar from conventi onal pal yner.c
conposiSFFﬁrfé%C%%laﬂmp? 8Feagea8wn@%%§§58 Pgps WAcr nea lnca&ﬁ%&ﬁ%%%%w ng
resi st 3ggof Qraphionmental stress cracking (CRESC). [0010]In an

enbodi nent, a SC of the type described herein may be prepared by any
means, [0906]exahypitler bdisaoenetl dyerary 1o e methodoem@nuairg (@t comtestiegrs, citalygngysem

tors, i luti in th h d/ b ' t h
comonort B PR Haohb e ot GAnvoo, TG ComRlist "0y ehaigimidiypeaiiony
the mats@rité ® REmRARTRIBY, 8nd (DY @E6QEkiHgthe F@l Ble8AUShdraiA tRS pdIslcRkasCa BSPAS
will be described in nore detail herein. 06/11] The CRESC of the present

di scl osure can be produced by any ol efin pol ynerization
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met hod, using various types of polynerization reactors. As used herein,
"pol yneri zation reactor” includes any reactor capable of polynerizing

ol ef i n noworzer261158%1pr oduce honopol ymers and/ or copol ynePsT/USormpe39yner s
and/ or copol yners produced in the reactbr may be referred to as resins

and/ or polyners. The various types of reactors include, but are not limted
t o t hosaluedfteqnalyto oe greefee thraachbbat H8 ahdwbhreinsinuantigle fgmeedpfiers éhe paielefimhas

hi gh pressure, tubul ar, autocl.ave, or other, reactor /or reactors. S
phase. rEagtapumiS Bl <Pk RS, e Buli® o PEhE 1070 T R o FRO MRS
I eact Orggcordhnde ithr £STHAD S 69RYond@BRrA se vertical and/or horizontal | oops.
H gh pressure reactors %Ego ri se autocl ave and/ or tubul ar reactors.

Reactor types may inclu EHETHONGR THEBRS WNféRsses. Conti nuous

proces y i rmt e} i r | SGE I

P anat dP00 b o BB TSl ATbddrE e B et RO R P Th1uE} AGRL BE Ay
un- r eadfimddal \Wolyt 24rddl6951PCT/ US2012/ 025919 3 nononer, un-reacted
conmononer ., catal yst_and/or co-catalysts, diluents, and/or other materials
of the [PV} er FigaEs BI apleicfdle shasietsmsyh iaﬁlgwwnrf@mr@ﬁle é@@pwaaw?ﬁt he
present; di scl osure may conprise one type of reactor in a systemor nultiple
reactors of the sane or different type, operated in any suitable
configuration. Production of plAgED DESERIRTION reactors may i nclude
sever al ges in at |least two separate polynerization reactor

"t or cOM? caificied 1SR are g BEERE neatRg PR pRLET B G (16 r RS FBFedseor

pol ymerfaki@s sohd. NSudh’ @8hbMembhy tohpRR! prERiringal chﬁnéﬁ@%rﬂ%osm&ommgnﬁﬁgw
reactor. Alternatively, polynerization in nultiple reactors nay include the
t r ansf exompepitipie interam adiclcofn auembedingnt th¢ pplymgrre compemtiameonpsises pelyethylene
SUbsequ%%tc G Gt 2l of! qg%%%%l Eioren?q étiolon%{‘i pol!nﬁmzi‘trioinza?ﬁ - 0%:articles prepare

Al ternat'i veqpy,ymrgull%l -stage or oSS eB Efronl y?ngPl 2 Gh y 'ake pq e ‘% n a
si ngl e th@albd@rmapViigplay Mndcheni€ pebpettR SindgLticangetomheialtfats @adk fhwhand

pol yneri zation reaction takes place. [0013] The desired pol ynmerization .
condi t i(BASR)nthatnsgeficamly dighepish sheppyrome aktigles agraresirem qonerdionglt polyBeria he
oper at i Pt . 0 : tars,. I L: h ral: ocess
of pr oﬁ%p§%9%% @g@g&%@%{%fcg@ Os%tﬁotqﬁd%cﬁegg%(?ecfé %1 ?I];i)sl ga‘?}e{gclt%%%mg{?s ens
may | nanutenmadmyalcoadsicraking{CRESICYdi ng, but not |imted to nultiple |oop
react or nmul ti pl e gas phase reactor a conbinatjon of |opp and s phase
r eact or@‘}lq}m t fhPR em%awnﬁpbsasﬁ}@gﬁe%fi@s P esaﬂ'a@nlbqrﬁatm@hgwr%a@%% s ur e
wi th | ggp,an 9 PWldrd RhGISE &%t i RO ’h i th
ser s D B S e 27 o hits!

conbi nabluinn @k in gacgarshasayndfer bpphoyedthecoproadmes inltbe GREBCrigdtionhreagsioes ent

di scl osur,e. .]0014] Accordin o0 one enpbodi nent, the poly i zatj on react or

Syst emiTd" dymirrbuEaiangs UG, BRReEE S iy ranitrebe §he PRidehyt SRk

CoOMONIERESE s 3cyilBY% deQMPEH FEmYR detatiHer@s. hori zontal [oops. Monomer,

di l uent, catal éSt system and optionally ang conononer may be continuously
Z

fed to [801dop dhaCRESCeatthgrpresshiedisclpniry aar be ardduecdobx amys ole@a metyandrization
conti nuoy [ 0Cesses C(%%{i se. t he coqti nuous & t roducti on.of. a mnoner,
2 cat alarot aRe SR d PO RS AN By 250 e P el 1t iR redelo

cont i nupElSddsem® radctdri@apaléibf polometiging Ofcfia BOEIRAS tdProdMEPlidrsépady rikah wdor
particles and the diluent. Reactor effluent may be flashed to renove the

| i qui dscopplymersoniipmepolymersqind{psrroprelyaers medeesdi g the Irgastor mapho AHprrethEy oy
cononongey; hd i I I r-ak | t

ol udt e Jie O o6y IR orEad e hoh . hithft REREREA N Mo By
heat adgi tef@redatndaspbads wheary, edsphasonsolsgparhagh prestaye,ctyblileniaatoatalve,0or bther
either a cycl ope or h%/dro ycl one; separation by centrifugation; or otheJ
appr oprFat WolFBiPts o Sb aR1AST ToAClS St FATIES] sl Ando1ca0B0 1er Alage

[ 0015] Topi,itht SAMSISY SREAVIRE bR 3y QonRE GEHER shlod AoKARN 1D PRIL filogufor m
processes) are disclosed in U S "Patent Nos. 3,248,179, 4,501, 885,

5, 565, I#&tors nBysonipsise Hit@3c2@8/or ByRBR rd@boran®eact@3Fpesibay noludekataipbhed/orach
of which ﬁre herein i nce{jjlgtor at ed b% ref erence. itn tthei r &nti rettl}/.

[0016] SOPEAOUE RIPIEERt sCOTEWONH PECHISES, "8I Yife i THBh 2nder FaEimigyt PRdych ot
i m t edjidcRargb N tFIRRAEIPO&ISSY MY U8l hZlade ?Gﬁiah)éﬂrf@l@@ﬁﬂ@@cn&c&d]@bf amerehdtétHi ds
under reaction conditions. Exanples of suitable diluents include, but are
not limted to, hydrocarbons such as propane, cycl ohexane, isobutane,

n- but ane, n-pentane, isopentane, neopentane, and n-hexane. Sone | oop

pol yneri zation reactions can occur under bul k conditions where no dil uent
is used. An exanple is polynerization of propyl ene nononer as disclosed in
U S. Patent Nos. 5,455,314, which is incorporated by reference herein in
its entirety. [0017] According to yet another enbodi nent, the polynerization
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resin properties include, but are not limted to tenperature, pressure,
type and quantity of catalyst or co-catal yst, and the concentrations of
vari ous rwechmntisesiPol ynmeri zation tenperature can aff ecPCTaSad12HL5919
productivity, polymer nol ecul ar weight &nd nol ecul ar wei ght distribution.
Sui tabl e pol ynmeri zation tenperatures nmay be any tenperature bel ow t he

de- pol ymerdnzat iroreattedeemanamer, cadysiradiliog co-cattlysts Glibissts Faraormrilkar gyat@mpinet on.
Typicau%% Hhis.iqcludes fromabout 60 C to about 280 C, for exanple, and/or
from abduP?7OEY 8" BBSGY 110 ¢, dependi ng upon the type of pol ynerization
react or[ogry|/ or PRRhi¢ARtIoAhAG HisREBSSH tht GRE&hiSHikélaf€ nilyesmprRS ot ltpabso
vary according to the reactor and pol yneri zati on process. The pressure for
|i qui d TRAFaTeinpb bysaER oF atulere irppctors @b gher wanet o diffsrony pineappsyated 4 apy awitabbo o
psig. P - ' ' ' I 0 0
ot o, 11 DRE ol rodR%ioR LA IFhLEBIC Rub oS Rl T o Akp b lesl
gfaner zgltbvys S’epaira‘&'époaﬂﬁﬁuﬁzaﬂ@n 0&80Qtoro in?élr:rc&ﬁﬁctpﬁ ibg. a Rahsferedystzal making ??pb?ftﬁehman
al so be operated in a supercrjtic egi gn occurring at. generally higher

t enper daEpiEE thih golyrss (reaking c%é? éﬁ@ S{Waﬂ?ﬂi’ﬁ@elﬂﬁé‘o’& MEEGIL i fen pecgd geactor.
pressur gl -gRe hﬁMﬂﬁ Mo e
[0023]Tﬁ% conc%ﬁ&#g??%%%%%pggrio sé?%%%¥ggﬁ?p§§ﬁﬁ%émggﬁ€%%ﬁI%ggyg&%?%dﬁ%e
r esi ns anidnmtice raf apelyphy Srapal oren dean®ec hi@nsdakbquenb peactoresr rEmtorpr op osdeldional
end-use product that will be forpmed by the resin and the nethqd af formng
Chat  pRSORTAGgP oty ey o el oRkmr AT eD A TRt n eRtels
resin peRRGT Whekin NRCORBIGAL aRY SRAELd Sch! A& MAfFfer@i tpoRfrferDation kdabhdiA takes
tensile strength, flexural nodulus, inpact resistance, creep, stress

rel axatilang. and hardness tests. Physical properties include, but are not

limte densi t .nol ecul ar wei ght.... nol.ecul ar- . wei ght di stribution

ot dobEyoe b Vssifl SR AzalE iR IS eRa R ACAShsIR b 2 e a or
cryst aldiffzehtd fom tHeBpErading cHMiRZMS 2 h§ VoI GAdusee G RA5A 1fe Bverall process of
stereoreqgularity, cracé@gromﬁh, short chai n branching, |ong chain branching

and r habPdyinzaticneBESE etfehespreiend glipiprercc oNdtinle aeacemssystemyonamanclude any
CO- nMonao . I - i e

gener al g elde i EdIne, n S BN 1o TN W 180 hERIIE Do RAE Relichs o
be usecdoimbimoini 6logpradues plesesichgtors Hnditphel ghpyeshec usetrs or £cambmhtigr ofluct

nol ecul ar, wei ght. . Co-catal ysts may be used.to al kyl ate, scavenge poi sons
and/ or fe@hpl}eaﬁur%}t&qﬂpaﬂnﬁmgw@cwe Ths reliiple Agacks By BBPE?TH@Q AR yerise or in

m ni m ﬁﬁijalleﬁs 1ROk %H?boaﬁr}/enit,%%g&ﬂk%deﬁ@%ﬁ%/@ﬁ%nﬁ%naﬁ%ﬁ%Me%@to f fRGbe

pol ymer product properties. Iers may be used to control product

pr oper tanggoyaddo piodota tha CRAISE! of thayresdnt distlostrer eor egul arity. [0025]In an
enbodi a t hqQd of preparin SC conpr.i ses contacting an ol.efi
and or T a: oREratATsoR s Spaite TRy LR TpUpS Fr 5T e OBy BREriSe Bl
sui t abligasf @hc U6 §IRFPBEIRSY. Ofudh RAbWI®Lre Monfrhéhplatbeaieafali RathridereHiRal HNY
catal yst system conpatible with and able to produce pol yirers having the

f eat ur éwridonfell lvopd Adensimerndiude catpbysdpesicmy andAp i amg racomonpece arayl hast
system conpri ses trapsition-metal ¢ | e an _actiyvator~su rt, .and a
cocat al YRUTISER 5T el RRPiLTHL L@ R NTTR nobimtirafdl] potty (oG] fondigus
terns "pmrédcadcy slayGompeisd the @ontinuoGain@biisdtioNiokh toBomer, @@b@lyys tndyisd gidcnt and
the Iike, do not depend upon the actual product resulting fromthe contact
or reack pqiymeﬂzaﬂﬁlérecﬂéﬁ%éwg%§0@mm{0%rquhﬁ@@,thlﬁ HRACHY 0fi P SUPENYIOHE CRBRTISIRE
catal ytj ite. . f.af: f 0, I 0 0 ,
any- o AP fedts SIELETRCR, ROBGUARRE i) ve JASAR RhBMPUE SATROUAF
act i vatcompsivg fherdilucaffrem tleosohid mohyagndrhaswmamadoe ndmonoitxar éfoioas tdchld@edrs
"catal yst conposjitian,” "catalyst m xtyre," “"catalyst system" an he

i ke, daty Phetdder Bt ReMRERTQR Siferaeliding g’h"bB%"i PG o s Mgygnclude any
conposi dohidititioh APLh MATbrEAROPIIRRL redubort AbRINRIn BY 24@BME Aot GP IR LN
of a CRESC conprises at |east two netal |l ocene conpl exes, an activator, and
a cocatatlpst or Gatralygbne ssgpdretmm yuicnafhgativor onedleer iappropiiiate dicgold @ separdtiaue
been described for exanple in U S. Patent No. 7,619,047 and U.S. Patent
Application Publication Nos. 2007/0197374 and 2009/ 0004417, each of which
is incorporated by reference herein in its entirety. [0027] A CRESC of the
type described herein may conprise a honopol yner, a copol yner, and/or
conbi nati ons thereof In an enbodi ment, the CRESC nay be a copol yner
conprising a polyner of ethylene with one or nore conononers such as, for
exanpl e, al pha ol efins. Exanples of suitable conononers include, but are
not limted to, unsaturated hydrocarbons having from3 to 20 carbon atons
such as propyl ene, 1-butene, 1-pentene, 1-hexene, 3-nethyl-1 -butene,

4- et hyl 1- pent ene, 1-heptene, 1l-octene, 1-nonene, 1-decene, and m xtures

R o o o - o a I Y L .



WD 2012/ 115951PCT/ US2012/ 025919 9 Equation (i)Equation (ii)Equation (iii)
mnmw =mz = EENNM 3 Ei NAEi NA2 [ 0032] The CRESC may further be

char act erwoedi2bys%1br oad nol ecul ar wei ght di stribution @EEWDS2012025MAD of
the CRESC is the ratio of the weight avkrage nol ecul ar weight to the nunber
average nol ecul ar weight, which is also referred to as the pol ydispersity

i ndex ([P or Trpicd dumppylyasripgiopdiregrssesi (elpo khoGRESPanticle-fremt groecsdéss akos ed

5o anburossE i LPs el Nt SEG TPt bBt avre abuet S, robaa e DEse
may be dndictd3814 18 hRF atingllé; 28ch itviibieard @gFcaLin0drpbraBld Wy ro@rddb€ Behtir bitirbiye
i ndi vi dual conponents and/or in the conposition as a whole. Short chain

br anchilBl4l sScBPuitablk ddugnts vsed msslary eebansizaties {nekidep pupeiet 1as Jimitrehtoa ghe

Sti Tf &S Snontdt nﬁéﬂ}i éf&w&{ztea Cahd H @b cdrbioisS AP e 1[%@5&”&?& RE&ITRAL r&fi]tions.
resi stance, shri ge, creep resistance, transparency, stress crac

resi st aixaepldsl @xsditablet diluchiypiaciudst e ngé mot dindtetl e, apdrochrsdmt @ichrapgopdnes of
sem -crystalline polyners such as pol yethyl ene. Long chain branching (LCB),
on the Cdﬁlﬁg?xaﬁgzrﬂ%?bué%?ér pdufang, Rspeeics 1I9BFHRASH NS AR NG JyNERNG heoWsI19Rer .
That i S,ofn&B¥tior-Betldildsn SQuETARE buRRHAMREA! $hdr€ hattiifiht Iust iR QAL is
polymeric materials, such as for exanple, viscosity, shear response,

el ongatpobymaizatioreak ,prefiyderswabhomerehs displdeod, irahidS.sBatemrt. Non S Sshido ditnentis

t he CRESC di spl.ays SCB rangi ng. from about 0.1 to about 10 short chain

br anchégcoﬁﬁ‘?ra'gég%r? Btcase l&%&ﬁb‘ﬂlt%? WY alternatively fromabout 0.5 to about
7; al tqoped]i VelycdiRg BbRitandthbO c@b&der:, tIRCBoIFR¥ribRiodeksdttn ARF ddfiphse any
sui tabl e net hodol ogy,” stuch as for exanple gel perneation chronatography
(GPC) . least e gavipbeicrreastor. Sheh ORESE mayyerapley b ggntinGBuDfccy@s Sraamagentiiong o1

ppm alternatively |ess.than abqut .5 lternative | ess. t about
P o nfR el S8Rl 200 el AIASLEL Y oS! 3 200K
met hodalndaypdlpherilatien gbnuitighs! _t»ereb% s@dneay ibd wathdedwhesm ids fGided bbeampdel
pr oposed b}/ Janzen and Col by in the Journal of Ml ecular Structure, 485-486

(1999) Tppycledemckgnto thadescireySimuligagauplyngolymeppradycamay ibscwithdpan depmjhe
refere i fi. .t LSGl i

pri mar y i s ity &R boEeg) oo et KoL B W R ABER ribolily, WO oy

al t er ngthaxetgictegumbay toonprisgregbedss tfhiamuitbswp gAs-phisegsodahériatiyn ef widfinspiror
greater than out 9.5. The P.SPégcal cul ation as outlined by DesLauri %rs and
Rohl f i nghift olglie o¥el gtzedyinpthisi gpseRgoRNase Bt lopit yiBoeidapendent gas-phase
Char act e LA 5 : : 385t : 9
0 a0 R iR B e e
gener aldoye ttes sedobé ghoysneai zandnt Zomt e PnprtppesSgas Tihesd icacor 1stdegldsed/ ol Ves Patent

esti matjing t r d I f a s e fromthe s | e'.s nol ecul ar
e ght SO B PoRB e A e Baab g et omieh patorrrad BB aRBe 11 o
accountentif®y Rtigct s of nol ecul ar weight on sanple density. ( 11 p =L(w i |
pi) =1 dw dLogmp dLogM (Eq. 1) where: p =1.0748 - (0.0241) Log M

[ 0035] D8R3]t y datardmgap st anothearcmbeiligiens 4 bigh nresawre 7ROy menvolion reactoguady t o
1. 006 ggocn%sac%% 35 n aétor trhidsant%tlgoed'ealctnrt h 5‘bef:a(l?rllrgac otrsePﬂa t% ]él‘slr te@aﬁrzon S
account POt re"added*eOntT AT P ons” {9 Gensi uyusuppr ession lb)‘/’ the pr 8%8hce
of shorwheeh@icsh hoasab, Ngtidors, 8cNalM sid eided.t Mondidet @fagreecnb@ingd én ah higert
nmeasur ed bul k density of copol ynmer and the cal cul at ed honopol yner density
i s di vigiskpupyireae agddptipduesnt prs, epne efsthgeaantere diniaterp.zeatadysty, p@flon catalyst

chr omat - Ry : LM d N nd
cubsequanT e Y s Sk AT PR AL e REL S Ab Il PP RNA"S o
dat a ol gmdcstleymShiiyFid Ritératixal forr potiaherizatignre Hestaaml pressuee sfagvie emplbiyglr e
1. The oriO%i .nal ob%er.ved. bLfl k. density of t heﬂi“ﬁpol ynmer (down to 0.852

g/ cnB) 3PBIOBHRSIHEAOHE R LOMREIIFHITNGFAGtiRR SRASces as descri bed above.
The cal tio ' i ' : I i 11
A B e G b S A
under stsobution lpatynedmeatainf wettov whesm the nzonoaret iscedntactc8CBith éheedatalyst sapposiseon
density will vary.(i.e., the ability of SCB.to disrupt,.crystallinit

docr eademieol Rliting sforigr e AL retoppraech RIS ditiont 3k 8 enaiofigmey

the coppiypEEmpRyaPt ItkiReV, tHehBEndnhte nedyf RCESugit iSER RipospimRE it @Bsthdtvifian
be estinmated in %,he second step by using Equation 2 as described by
DesLauriers and Rohlfing in Patent Application Publication No.

2007/ 0298508, where the change in density Ap refers to the value that is
subtracted fromthe value given in equation 1 on a nolecular slice by slice
basis. Ap = ¢, (SC3/ PD - C3 (SC/V/3pr )CA(Eg 2) [0036] In Equation 2,
Cl = 1.25E-02, C = 0.5, C3= 7.51E-05, C4 = 0.62 and n =0.32. The third
step in calculating PSP2 is to calculate the quantity of 2e, + ea where ec
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[0037] I n equation 3, assigned values of 20 C and 142.5 C are given for
density values of 0.852 g/cnB and 1.01 g/cnB, respectively. Equation 4 is a
form of twe 2eliis®mecept ed G bbs Thonpson equati on. The wPhiraisp@e23f9t he
anor phous | ayer (4) is calcul ated using the equations 5a and 5b: , e a ,
pcf c(i- wc)l p ai4 2,(Eq. 5b) where:we = weight fraction crystallinity p
= cal cuhet:@@llytiemicti@n plfodMNienltihe@rqsemednmbsmeo ligodyaaenyadt dibeinokynecaizptien

d 1.006 = d f h
L Doaal Thie TPt R, Bzt aad PrsvRaRhar BBl B e Sy 8¢ 7 SHien et
ol ecultag p nggéatm anekat@speRliue a@@taﬁoreah »{&b&@m@l@«}@d @ Btai0 bedabinperstuRa
and 6b: 1 2 exp( b 2r Eq. 6a) where b2 = -3 and 72 =

(Dn12) confrgipanthi® BN gmaf@m@om}%mﬁh@l fox s thipuskaithy solymeripstigharine; t y
ft o
of tie &&%1*1 In%aﬁ?%ﬂeﬁg %«’—:d;fog.i gsf'l#agr%gg% slsy 10(11'35%@0%'@11%2%1% Chai n_ My 14

ext ensi on ene n er i nks
for pol[ge2dy! enelytrriZdt®nl reidtors sngitite forGhd presann disvlosped mey Myrtien @ompfke any
2012/ 1159 1PCT/ US2012/ 025919 ) 12 VT-ft - %,r
- b2‘3t°§) dretipn pf)es Igast oney rapv mpfesiaf fgedpsystemy st 1995t oycafeetsysten) fos safist or
41) 3 [ QABRISFE dn%nt%) Shd/ofat 48 ? ofi¢ Fol ef'f'élcﬁ\l;e%j systpm @ﬁﬁfe‘ rg&%or@gstétﬂg LY

treating thi s val ue essenti al melg ng factor ach slice of
t he MApresshiemecRionwagy durdict rcamphse sysketmspfor eekdstb0lo panﬂcaembs edalgsitstoraghefindhed
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havi ng a den5|ty of greater than about 0.942 g/ cnB, alternatively greater
than ald0t°®.fon exagnplendid/arr fremtahona? V6! tp arosht &9 °Chappeadgt uenathe dypecal.

polymerization reactor and/or polymerization process.

[0022] Suitable pressures will also vary according to the reactor and polymerization process.
The pressure for liquid phase polymerization in a loop reactor is typically less than 1000 psig.
Pressure for gas phase polymerization is usually at about 200 — 500 psig. High pressure
polymerization in tubular or autoclave reactors is generally run at about 20,000 to 75,000 psig.
Polymerization reactors can also be operated in a supercritical region occurring at generally higher
temperatures and pressures. Operation above the critical point of a pressure/temperature diagram
(supercritical phase) may offer advantages.

[0023] The concentration of various reactants can be controlled to produce resins with certain
physical and mechanical properties. The proposed end-use product that will be formed by the resin
and the method of forming that product may be varied to determine the desired final product
CRESC resin properties. Mechanical properties include, but are not limited to tensile strength,
flexural modulus, impact resistance, creep, stress relaxation and hardness tests. Physical properties
include, but are not limited to density, molecular weight, molecular weight distribution, melting

temperature, glass transition temperature, temperature melt of crystallization, density,



[0041] In an enbodi nent, a CRESC of the type described herein has a nelt
index, M, in the range of fromabout 0.5 dg/mn to about 12 dg/mn,

al ter nat iwelzg1dnsasabout 0.5 dg/mn to about 6 dg/ m n, &Crarse@ior®iy from
about 1.5 dg/min. to about 5 dg/min, al@ernatively fromabout 1 dg/min to
about 6 dg/mn, alternatively fromabout 1.5 dg/mn to about 5 dg/mn, or

al t er nastdreastguldritpmerablo (growthd gherit nchiam  htsoching, Wggnéhain Pheachmp t anidndegrlogivil
refers to the atm)unt of a polymer which can be forced through an extrusion
r heonet B8P 8e of 0.0825 inch diameter when subjected to a force of 2160
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the CRESC exhibits a tensile strength at yield of from about 2000 psi to
about 6 BdPNEsf thatype dessribedhgreity dimyadstalyst 8y0@0 cpmpatibde wiiband 8blgd@pyoslice
alternatively,from.a t 4,80 i t.0 about 5..600 i as determ ned i
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hol | ow itens such as pipe, druns, and tanks. The physical properties of the
CRESC deiseqnce beremdp &p antielyd i tsel f wel | to the desired characteristics of
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or molds. The spindles are nounted on a rotating axis, provi des a
uni f or Alc@aidnregoros suchewsgirayiéne, 1bsicde lepanitenepl -tiexdub) Ssnctryd-1thpinead-metleilt her

fabricated fromwel ded sheet, steel or, are cast.., Mol ds be nuf act ur ed
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and associ ated equi prent nmay be found in U S. Patent Nos. 6,632,902 and

4,252,762, each of which is incorporated by reference hereinin its
entirety. [0049] A nethod of making a rotonolded article such as a pipe,
drum or tank conprises introducing an appropriate quantity of a polyneric
material (e.g., a CRESC of the type described herein) in a formor nold.
Typically, the nold is then heated, either directly with a flane,
indirectly wwth radi ant heating, or other heating nmethod. As it is heated,
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EXAMPLES [ 0053] The subject matter having been generally described, the
foll ow ng exanples are given as particul ar enbodi nents of the disclosure
and to dewonstwEasesit he practice and advant ages thereof . PCI/USS01RMA®ISE 00d
that the exanples are given by way of illustration and are not intended to

limt the specification of the claims to followin any manner. The
f ol | owiampuntstft frery apew delumels’ovie reous Sadolt®, adtgeiatintle fioheaboat 0.61abdb yorabogt and

conpositjon 054] Hi | oad t ipdex, (HLM /10 mn) was determned in
ccor darbgoy piaadivch g8y T pob A i st e n s 21 "800 o am wer ght
[ 0055] Robagrer WROIRBSMasd/@eties BhRePE irBsif madys ifdRide CathérCadueriick Mek2iml&y 6€)
on a conpression nol ded sanple, cooled at about 15 C per hour, and
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D 1505 T : : i
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syst emtkersofp pRchnwrhbodametitf fherpeiinatlc dogfpositivh CembristeXxatt@hedioht Sl adbitiees 7. 5
nm x 300 nm 20 um M xed A-LS columms (Polynmer Labs) running at 145 C. The
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[ 0058] THESTHBRYFY QR AR ot i e O fgbﬁﬁwfymer resin as
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able 1. Figure 2

atons for the arrple,sS etermned as Iindicated In Is a
pl ot ofmulhmo8@Bodiskew i budistiont poakssemrpispontiig Addi polymat lopmpohentiof diffasig y,

ESCR under the noted,.conditions, .and,SP-nCTL of .t he sanpl es was determ ned
2nd t hBgeg it Sy iSRRI a4 [ REfePSYep it TpL By TS TG 50k,
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5397 at 30%yield. Sanple 16 is a conmercialized product and is provided
for conparison to CRESCs of this disclosure. Table 1 Sanple No. /1//,
(kg/mol) MWM Estimated LCB (#/ 10,000 C) 1 98 13.7 0.049 2
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first component that may be generally characterized as a higher molecular weight polymer
component and a second component that may be generally characterized as a lower molecular
weight polymer component. (e.g., the second component having a molecular weight that is lower
than the first component). A trimodal polymer composition may show three distinct peaks
corresponding to three individual polymer components. Alternatively, superimposition of the
molecular weight distribution curves from the individual components may show a single peak that
is broadened in comparison with the curves for the individual components corresponding to
polymer fractions having different but overlapping molecular weight distributions. In an aspect,
the CRESC comprises a bimodal base resin having a higher molecular weight (HMW) component
and a lower molecular weight (LMW) component. In an embodiment the HMW component may
be present in the CRESC in an amount ranging from about 90 weight percent (wt.%) to about 10
wt.%, alternatively from about 80 wt.% to about 20 wt.%, or alternatively from about 70 wt.% to
about 30 wt.%. Herein wt.% refers to the weight percent of the total resin. In an embodiment the
LMW component may be present in the CRESC in an amount ranging from about 10 weight
percent wt.% to about 90 wt.%, alternatively from about 20 wt.% to about 80 wt.%, or
alternatively from about 30 wt.% to about 70 wt.%. The remainder of the discussion will focus on
a CRESC bimodal resin having a HMW component and a LMW component with the
understanding that other polymeric compositions, for example having a different modality, may be
employed in various aspects and embodiments.

[0031] In an embodiment, the CRESC has a weight average molecular weight (My,) of from
about 70 kg/mol to about 160 kg/mol, alternatively from about 80 kg/mol to about 155 kg/mol; or
alternatively from about 95 kg/mol to about 150 kg/mol; a number average molecular weight (M,)
of from about 4 kg/mol to about 20 kg/mol, alternatively from about 6 kg/mol to about 18 kg/mol,
or alternatively from about 11 kg/mol to about 16 kg/mol; and a z-average molecular weight of
from about 260 kg/mol to about 400 kg/mol, alternatively from about 255 kg/mol to about 350
kg/mol, or alternatively from about 250 kg/mol to about 300 kg/mol. The weight average
molecular weight describes the molecular weight distribution of a polymer composition. The
number average molecular weight is the common average of the molecular weights of the
individual polymers. The z-average molecular weight is a higher order molecular weight average.
All molecular weight averages are expressed in kilogram per mole (kg/mol). M,, My, and M, may
be calculated according to equations 1, ii, and iii respectively where N; is the number of molecules

of molecular weight M;.
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Equation (i) Equation (ii) Equation (iii)
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[0032] The CRESC may further be characterized by a broad molecular weight distribution
(MWD). The MWD of the CRESC is the ratio of the weight average molecular weight to the
number average molecular weight, which is also referred to as the polydispersity index (PDI) or
more simply as polydispersity. A CRESC of the type disclosed herein may have a PDI of from
about 4 to about 32, alternatively from about 5 to about 25, or alternatively from about 6 to about
20.

[0033] The CRESC may be further characterized by the degree of branching present in the
individual components and/or in the composition as a whole. Short chain branching (SCB) is
known for its effects on polymer properties such as stiffness, tensile properties, heat resistance,
hardness, permeation resistance, shrinkage, creep resistance, transparency, stress crack
resistance, flexibility, impact strength, and the solid state properties of semi-crystalline polymers
such as polyethylene. Long chain branching (LCB), on the other hand, exerts its effects more on
the rheology of the polymer. That is to say, LCB tends to effect parameters relating to the flow of
polymeric materials, such as for example, viscosity, shear response, elongation at break, die swell,
melt index, and so on. In an embodiment, the CRESC displays SCB ranging from about 0.1 to
about 10 short chain branches per 1000 total carbon atoms; alternatively from about 0.5 to about 7;
alternatively from about 1 to about 5. SCB may be determined using any suitable methodology,
such as for example gel permeation chromatography (GPC). In an embodiment, the CRESC may
display LCB of less than about 10 ppm, alternatively less than about 5 ppm, alternatively less than
about 1ppm wherein the LCB content is defined by JC alpha. JC alpha refers to a methodology for
determining the LCB content in a polymer based on the model proposed by Janzen and Colby in
the Journal of Molecular Structure, 485-486 (1999) pp. 569-584, the relevant portions of which are
incorporated by reference herein.

[0034] A CRESC of the type disclosed herein may have a primary structure parameter (PSP2)
of equal to or greater than about 8.9, alternatively equal to or greater than about 9, alternatively
equal to or greater than about 9.5. The PSP2 calculation as outlined by DesLauriers and Rohlfing
in Macromolecular Symposia (2009), 282 (Polyolefin Characterization--ICPC 2008), pages 136-
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149 is incorporated by reference herein. The PSP2 calculation can be generally described as a
multistep process. The first step involves estimating the homopolymer density of a sample from the
sample’s molecular weight distribution as described by Equation 1. The first step takes into

account the effects of molecular weight on sample density.

1 dw
Up = (w,/p,)= I;[dLogdeLogM

(Eq. 1)
where: p =1.0748-(0.0241) Log M.
[0035] Density values at molecular weights less than 720 g/mol are equal to 1.006 g/cm’
according to this method. In the second step, to further account for the added contributions to
density suppression by the presence of short chain branching for each MW slice, the difference
between the measured bulk density of copolymer and the calculated homopolymer density is
divided by the overall SCB level (as measured by size exclusion chromatography-Fourier
transform infrared spectroscopy or by C13-NMR) and subsequently applied to the SCB level in
cach MW slice. Typical MWD and SCB data obtained by SEC-FTIR for a bimodal polymer
sample are shown in Figure 1. The original observed bulk density of the copolymer (down to
0.852 g/em’) is obtained through summation of the MW slices as described above. The
calculations have been simplified by assuming that all SCB levels will have the same effect on
density suppression. However, it is to be understood that the effectiveness of a particular SCB level
to suppress density will vary (i.e., the ability of SCB to disrupt crystallinity decreases as the level
of SCB increases). Alternately, if the density of the copolymer is not known, then the effects of
SCB on sample density can be estimated in the second step by using Equation 2 as described by
DesLauriers and Rohlfing in Patent Application Publication No. 2007/0298508, where the change
in density Ap refers to the value that is subtracted from the value given in equation 1 on a

molecular slice by slice basis.

Ap=C,(scB/ppr")* —c,(scB/PDI" ) (Eq2)

[0036] In Equation 2, C; = 1.25E-02, C, = 0.5, C3= 7.51E-05, C4 = 0.62 and n =0.32. The third
step in calculating PSP2 is to calculate the quantity of 2£. + €, where €. is the estimated crystalline
lamella thickness (in nm) and ¢, is the estimated thickness (in nm) of the amorphous material at a

particular molecular weight given by the following equations:
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Tm (°C) = (20587.5149640828)p° — (63826.2771547794)p> + (65965.7028912473)p -
22585.2457979131
(Eq3.)

_ 0.624nm T (K)
)= o~ (8)

(Eq. 4)

[0037] In equation 3, assigned values of 20 °C and 142.5 °C are given for density values of
0.852 g/cm’ and 1.01 g/em’, respectively. Equation 4 is a form of the well accepted Gibbs

Thompson equation. The thickness of the amorphous layer (4,) is calculated using the equations 5a

and 5b:
_ (Eq. 5a)
. ( Pe J( p-p, j
P NP~ P
gazngC(l_WC)/pawC (Eq‘ 5b)

where: w, = weight fraction crystallinity

p = calculated density of MW slice

p. = density of 100% crystalline sample (assigned 1.006 g/cm’)

. = density of amorphous phase (0.852 g/cm’®)
[0038] The fourth step calculates the tie molecule probability (P) for each molecular

weight and respective 2€ + €, value according to equations 6a and 6b:

rPoexp( —b7r?)dr

bl
3 I 2 2 2
Ir exp( —b " r 7 )dr
0 (Eq. 6a)
where b° =2%2 and 7> =(Dnl’).
r

The symbols above have the following meanings:

P = Probability of tie-chain formation

L = Critical distance (nm) =24 + ¢,

D = Chain extension factor in melt = 6.8 for polyethylene
n = Number of links = M,,/14 for polyethylene

[ = The link length = 0.153 nm for polyethylene
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L
%—Irz exp(—b>r?)dr
P: 0

1 _L (1 - ﬁ j r*exp(—b’r’ )dr] (Eq. 6b)
3 Iz 3 Jr s

4b°
[0039] Finally PSP2 values are calculated from Equations 6a and 6b by treating this value
essentially as a weighing factor (P;) for each slice of the MWD, where P; was arbitrarily multiplied
x100 and subsequently defined as PSP2;. As in all of the aforementioned calculations, this value at
ecach slice is multiplied by the respective weight fraction (w;) of the MWD profile in order to obtain
a value for the bulk polymer. A plot of the calculated (w:PSP2;) values against log M for a bimodal
polymer sample is shown in Figure 1 along with a plot of the cumulative PSP2 across the MWD
which can also be insightful when attempting understand and predict structure property
relationships. The area underneath the resulting w;PSP2; vs. log M curve defines PSP2 for the
whole polymer sample. For the polymer sample depicted in Figure 1 PSP2 = 10.3.
[0040] In an embodiment, a CRESC of the type described herein is characterized by a density
of from about 0.941 g/cm’ to about 0.965 g/cm’, alternatively from about 0.941 g/ cm’ to about
0.955 g/ cm’, or alternatively from about 0.941 g/ cm’ to about 0.950 g/ cm’. For example, the
CRESC may be a polyethylene homopolymer or copolymer having a density of greater than about
0.942 g/ cm’, alternatively greater than about 0.941 g/ cm’, or alternatively greater than about 0.94
g /em’.
[0041] In an embodiment, a CRESC of the type described herein has a melt index, MI, in the
range of from about 0.5 dg/min to about 12 dg/min, alternatively from about 0.5 dg/min to about 6
dg/min, alternatively from about 1.5 dg/min. to about 5 dg/min, alternatively from about 1 dg/min
to about 6 dg/min, alternatively from about 1.5 dg/min to about 5 dg/min, or alternatively from
about 2 dg/min to about 4 dg/min. The melt index (MI) refers to the amount of a polymer which
can be forced through an extrusion rheometer orifice of 0.0825 inch diameter when subjected to a
force of 2160 grams in ten minutes at 190 °C, as determined in accordance with ASTM D 1238.
[0042] In an embodiment, a CRESC of the type described herein has a high load melt index,
HLM]I, in the range of from greater than about 0 dg/min to about 200 dg/min; alternatively from
about 0.1 dg/min to about 200 dg/min, alternatively from about 5 dg/min to about 150 dg/min,
alternatively from about 10 dg/min to about 95 dg/min. The HLMI represents the rate of flow of a
molten resin through an orifice of 0.0825 inch diameter when subjected to a force of 21,600 grams

at 190 °C as determined in accordance with ASTM D 1238.
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[0043] In an embodiment, a CRESC of the type described herein has a shear response in the
range of from about 20 to about 75, alternatively from about 25 to about 50, alternatively from
about 30 to about 45, alternatively from about 30 to about 40. The shear response refers to ratio of
high load melt index to melt index (HLMI/MI).

[0044] In an embodiment, the CRESC exhibits a tensile strength at yield of from about 2000
psi to about 6,000 psi, alternatively from about 3,000 psi to about 5,800 psi, alternatively from
about 4,800 psi to about 5,600 psi as determined in accordance with ASTM E2092. The tensile
strength at yield refers to the tensile stress where an increase in expansion is admitted without an
increase in gaining the weight on stress-strain curve. In an embodiment, the CRESC exhibits a
tensile strength at break of from about 2,900 psi to about 3,600 psi, alternatively of from about
3,100 psi to about 3,600 psi, alternatively from about 3,300 psi to about 3,600 psi as determined in
accordance with ASTM E2092. The tensile strength at break refers to the tensile stress at the
moment the material is destroyed.

[0045] In an embodiment, the CRESC exhibits an elongation at break of from about 200% to
about 800%, alternatively of from about 450% to about 780%, alternatively from about 690% to
about 760% as determined in accordance with ASTM E2092. The elongation at break refers to the
elongation which corresponds to the tensile breaking strength.

[0046] The CRESC may be formed into various articles, including, but not limited to, bottles,
drums, toys, houschold containers, utensils, film products, fuel tanks, pipes, geomembranes, and
liners. Various processes may be used to form these articles, including, but not limited to, blow
molding, extrusion molding, rotomolding, thermoforming, cast molding and the like.

[0047] In an embodiment, the CRESC of this disclosure is fabricated into a container by a
shaping process such as rotomolding. Rotomolding is particularly well suited for producing
hollow items such as pipe, drums, and tanks. The physical properties of the CRESC described
herein lend itself well to the desired characteristics of these and similar final products.

[0048] There are numerous variations and subtleties to the rotomolding process, as practiced,
and no attempt is made here to provide an inclusive description of all embodiments of
rotomolding. Instead, an illustrative description is provided to teach the fundamental aspects of
this processing methodology. Components of common rotomolding processes may include an
oven, a cooling chamber, mold spindles, and a mold or molds. The spindles are mounted on a
rotating axis, which provides a uniform coating of the plastic inside each mold. Molds are
typically either fabricated from welded sheet steel or are cast. Molds may be manufactured from

stainless steel, aluminum, or other suitable material. A more detailed description of the



2.75 0.9457 >1148 >1148 >1148 >1148 55 16 6.18 0.9441 28 61 47 81 1.3
EXAMPLE 2 [0059] PSP2 val ues were cal cul ated for CRESCs prepared by physical
bl endi ng weanasIsBl - B4) and CRESCs prepared by react orChluseaizngsoisSanpl es
1, 7, 5, and 15). Sanples B1-B4 were prépared using the resins described in
Table 3, in the anpbunts indicated in Table 4. Table 4 also presents the

wei ght raipercddjeg pricessidndrassosiagst ¢quipphgnd inegyeles foupd iim de, Pagdno Noschadh902 and

D SR R OB LR S ST PP e o o

sanpl egop4gpar gdmlamoﬂaﬁrqhaﬁngah%wnmdedwbble s8clCasRopipatdriNn, of k@knainprised

SCB/ 1000 TC C 41 4.2 0.2 4 56 3.0 1.8
introducing an appropriate quantity of a polymeric rnaterlal (e.g., a CRESC of the type described
herein) in a form or mold. Typically, the mold is then heated, either directly with a flame,
indirectly with radiant heating, or other heating method. As it is heated, it is rotated about two
axes. The heat and rotational motion combine to melt and evenly distribute the CRESC onto the
internal surfaces of the mold. After a suitable time has passed, the mold is cooled with a cooling
medium (e.g, air, water, or combination thercof). The mold is then opened or otherwise
disassembled, and the finished product is removed. The article may undergo additional processing
steps to form the end-use article. A more detailed description of the rotomolding process and
associated equipment may be found in U.S. Patent Nos. 6,632,902 and 4,252,762.
[0050] In an embodiment, the polymeric articles fabricated from CRESC’s of this disclosure
display enhanced mechanical properties such as an increased ESCR, and improved color when
compared to an article fabricated from a dissimilar polymeric material.
[0051] In an embodiment, the article formed from a CRESC of the type described herein has
an ESCR of greater than about 1000 hours, alternatively greater than about 2000 hours,
alternatively greater than about 5000 hours as determined in accordance with ASTM D1693
condition A. Environmental stress cracking refers to the premature initiation of cracking and
embrittlement of a plastic due to the simultaneous action of stress, strain and contact with specific
chemical environments. Environmental Stress Crack Resistance (ESCR) measures a polymer’s
resistance to this form of damage.
[0052] In an embodiment, the article formed from a CRESC of the type described herein has a
APHA color value in the range of from about -250 to about 400, alternatively from about -175 to
about 375, alternatively from about -100 to about 325. APHA color is an important characteristic
of polymers which reflects the optical clarity of the polymer with respect to its yellowness. APHA
color refers to a platinum-cobalt color standard as determined by ASTM 1045-58 which involves
visual comparison of a liquid sample of the polymer with solutions having standard concentrations
of potassium chloroplatinate and cobaltous chloride. Reduction of APHA color, i.e. reduction in
yellowness, is desired because it affects the quality of the final product. In an embodiment, a
CRESC of the type described herein may be a polyethylene copolymer, such as a polyethylene
copolymer with 1-hexene, having a density of equal to or greater than about 0.940 g/cm’. Such
CRESCs may afford the production of articles (e.g., rotomolded articles) having thinner walls that
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advantageously display an ESCR of greater than about 1000 hours when tested in accordance with
ASTM D1693 condition A. The resultant articles having thinner walls and improved ESCR may
be used to produce lighter products with concomitant advantages in terms of manufacturing costs,
transportation and storage.

EXAMPLES
[0053] The subject matter having been generally described, the following examples are given
as particular embodiments of the disclosure 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 to follow in any manner. The following testing procedures
were used to evaluate the various polymers and compositions.
[0054] High load melt index (HLMI, g/10 min) was determined in accordance with ASTM D
1238 condition E at 190 °C with a 21,600 gram weight.
[0055] Polymer density was determined in grams per cubic centimeter (g/cc) on a compression
molded sample, cooled at about 15 °C per hour, and conditioned for about 40 hours at room
temperature in accordance with ASTM D 1505 and ASTM D 1928, procedure C.
[0056] Molecular weights and molecular weight distributions were obtained using a PL-GPC
220 (Polymer Labs, UK) system equipped with a differential refractive index detector and three
7.5 mm x 300 mm 20 um Mixed A-LS columns (Polymer Labs) running at 145 °C. The flow rate
of the mobile phase, 1,2,4-trichlorobenzene (TCB) containing 0.5 g/L  2,6-di-t-butyl-4-
methylphenol (BHT), was set at 1 mL/min and the concentration of polymer solutions was
generally kept in the range of 1.0-1.5 mg/mL, depending on the molecular weights. Sample
preparation was conducted at 150 °C for 4 hours with occasional and gentle agitation before the
solutions being transferred to sample vials for injection. In order to minimize the unbalanced
solvent peak, solvent with the same composition as the mobile phase was used for sample
preparation. The integral calibration method was employed to deduce molecular weights and
molecular weight distributions using a Chevron Phillips Chemical Company polyethylene, Marlex
BHB5003, as the broad standard. The integral table of the broad standard was pre-determined in a
separate experiment with size exclusion chromatography using detection by multi-angle light
scattering photometry (SEC-MALS).

EXAMPLE 1
[0057] CRESC:s of the type described herein were prepared using a catalyst system comprising
at least two metallocene complexes. Particularly samples designated 1-3 were prepared using a

catalyst system comprising a first blend of two metallocene complexes, designated Catalyst
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System I, while samples 4-15 were prepared using a catalyst system comprising a second blend of
two metallocene complexes, designated Catalyst System 2. In general, the polymerization runs
were conducted in a one-gallon (3.8-liter) stainless steel reactor as follows. First, the reactor was
purged with nitrogen and then with isobutane vapor. The desired amount of triisobutylaluminum
(TIBA), activator-support and with catalysts, both of the type previously described herein, were
added in that order through a charge port while venting isobutane vapor. The charge port was
closed and 1.8 L of isobutane was added. The contents of the reactor were stirred and heated to a
desired temperature followed by the introduction of ethylene and hydrogen, with the hydrogen
added at a fixed mass ratio with respect to the ethylene flow. Hydrogen was added with the
cthylene via an automated feeding system, while the total reactor pressure was maintained at a
desired pressure by the combined ethylene/hydrogen/isobutane/hexene addition. The reactor was
maintained and controlled at the desired temperature throughout the desired run time of the
polymerization. Upon completion, the isobutane and ethylene were vented from the reactor, the
reactor was opened, and the polymer product was collected and dried.

[0058] The resultant polymer was recovered and the MW in kg/mol, polydispersity index,
SCB per 1000 carbon atoms and LCB per 10,000 carbon atoms for the samples determined as
indicated in Table 1. Figure 2 is a plot of the SCB distribution for sample 15. Additionally, the
MI, density, ESCR under the noted conditions, and SP-nCTL of the samples was determined and
those values are presented in Table 2. SP-nCTL refers to single point notched constant tensile load
and was determined in accordance with ASTM D 5397 at 30% yield. Sample 16 is a

commercialized product and is provided for comparison to CRESCs of this disclosure.

Table 1
Sample M, M.,/M,, Estimated
No. (kg/mol) LCB
(#/10,000 C)
1 98 13.7 0.049
2 102 23.6 0.045
3 109 17.1 0.037
4 96 18.5 0.046
5 92 20.1 0.057
6 85 19.5 0.056
7 81 18.7 0.064
8 81 12.3 0.066
9 92 7.4 0.031
10 100 6.7 0.032
11 147 10.9 0.026
12 128 10.6 0.024
13 121 9.0 0.026
14 113 8.4 0.027
15 94 7.6 0.034
16 85 4.7 0.019
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Table 2
MI Density | ESCR Cond. | ESCR Cond. | ESCR Cond. | ESCR Cond. | SP-nCTL @
Sample A 10% A, 100% B 10% B 100% 30% Yield
No. (dg/min) | (g/ce) F50, hours F50, hours F50, hours F50, hours hours
1 2.00 0.9469 >2200 >2200 >2200 >2200 168
2 1.70 0.9469 >2200 >2200 >2200 >2200 64
3 1.39 0.9464 >2200 >2200 >2200 >2200 493
4 2.34 0.9494 1348 >2200 1792 >2200 3
5 2.50 0.9476 >2200 >2200 >2200 >2200 54
6 3.46 0.9473 >2200 >2200 >2200 >2200 32
7 4.17 0.9482 >2200 >2200 >2200 >2200 13
8 5.00 0.9496 >1800 >1800 >1800 >1800 ---
9 3.22 0.9425 >1800 >1800 >1800 >1800 ---
10 2.34 0.9418 >1800 >1800 >1800 >1800 ---
11 0.44 0.9460 >1148 >1148 >1148 >1148 >3145
12 0.80 0.9460 >1148 >1148 >1148 >1148 2015
13 1.04 0.9466 >1148 >1148 >1148 >1148 563
14 1.48 0.9481 >1148 >1148 >1148 >1148 129
15 2.75 0.9457 >1148 >1148 >1148 >1148 55
16 6.18 0.9441 28 61 47 81 1.3
EXAMPLE 2
[0059] PSP2 values were calculated for CRESCs prepared by physical blending (samples B1-

B4) and CRESCs prepared by reactor blending (Samples 1, 7, 5, and 15). Samples B1-B4 were

prepared using the resins described in Table 3, in the amounts indicated in Table 4. Table 4 also

presents the weight average molecular weight, polydispersity index, short chain branching,

density, ESCR and PSP2 values of the samples prepared by physical blending (Samples B1-B4).

Table 5 presents similar information for samples prepared by reactor blending.

Table 3

Component | M,, (keg/mol) | PDI | SCB/ 1000 TC
Cl 41 42 102

C4 56 30 |18

C2 66 30 |18

C3 68 3.8 122

C5 141 2.7 120

C6 150 2.5 13.0

Cc7 187 2.1 | 105
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Table 4
Sample | Composition M, PDI | SCB/1000 Density ESCR (h) ESCR (h) PSP2
(kg/mol) TC (g/co) 100% 100%
Condition A Condition A
B1 55% C2 & 111 3.8 2.33 0.946 122 126 7.2
45% C6
B2 51% C4 & 106 3.9 2.41 0.945 82 194 7.7
49% C6
B3 65% C3 & 103 4.2 2.10 0.945 72 84 6.6
35% C5
B4 58% Cl & 98 9.7 4.53 0.948 2136 NA 9.8
42% C17
Table 5
Sample | M, PDI SCB/1000 | Density | ESCR (h) | ESCR (h) | PSP2
(kg/mol) TC (g/cc) 100% 100%
Condition | Condition
A A
1 98 13.7 3.90 0.947 >2200 >2200 9.3
7 81 18.7 3.20 0.948 >2200 >2200 9.7
5 92 20.1 3.80 0.948 >2200 >2200 9.7
15 94 7.6 1.40 0.946 >1148 >1148 8.9
[0060] While embodiments of the invention have been shown and described, modifications

thereof can be made without departing from the spirit and teachings of the invention. The
embodiments and examples described herein are exemplary only, and are not intended to be
limiting. Many variations and modifications of the invention disclosed herein are possible and are
within the scope of the invention. Where numerical ranges or limitations are expressly stated, such
express ranges or limitations should be understood to include iterative ranges or limitations of like
magnitude falling within the expressly stated ranges or limitations (e.g., from about 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.

[0061] 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
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addition to the detailed description of the present invention. The disclosures of all patents, patent
applications, and publications cited herein are hereby incorporated by reference, to the extent that

they provide exemplary, procedural or other details supplementary to those set forth herein.
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11. The polymer of claim 1 having a tensile strength at break of from about 2000 psi to about
6000 psi.
12.  The polymer of claim 1 having a shear response of from about 20 to about 75.
13. The polymer of claim 1 having a melt index of from about 0.5 dg/min. to about 12 dg/min.
14. The polymer of claim 1, wherein the article is formed via rotational molding.
15. A polymer having at least one lower molecular weight component and at least one higher
molecular weight component and having a PSP2 value of equal to or greater than about
8.9, wherein an article formed from the polymer has an environmental stress crack

resistance of greater than about 1000 hours when measured in accordance with ASTM D

1693 condition A.
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pol ymer having at | east one | ower nol ecul ar wei ght conponent and at | east
one hi gher rdfecul ar wei ght conponent and having a PSP2 val ue of equal to
or greajer tAanRRRhiside: Wherein an article fornmed fromthe pol ynmer has
an environnental stress c?ack resi stance of greater than about 1000 hours
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i ndex of from about to about 18. 18. The polymer of claim 15 having a
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measur ed i n fawcabaande melvhtoABIM A hoP3 of dregiotyioteiinA. 21. The nmet hod of claim
20, wherein the polyolefin_is copol r of ethylene and 1-hexene. 22.The
met hod “of c|T&}erﬁ1~?§9C¥ #ﬁéﬁl@i 20, pheasip ﬁéfég% B8 Pg%rtrailélaov mezfljf@ﬂ@plﬁmwr@fm?ﬁ an
amount of fromahgoihe 0. 02 nol % to about 2.0 nol % of the polyolefin. 23.The
met hod of claim 20, wherein at | east one of the transition netal conplexes
conpri sés a Amtiticledormel fr@d tharpolyriéreif elafrodmed from the pol ymer of claim 1.
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