ETHYLENE- ALPHA OLEFI N COPCLYMERS AND POLYMERI ZATI ON PROCESSES FOR
MAKI NG THE SAME FI ELD OF THE | NVENTI ON nmoon The invention rel ates
gener al | y WO 2U8035%he al pha ol efin copol yners havi ng d&R3USFUF0GF0?
about 0.927 g/cnB or higher and processes for making the sane.
BACKGROUND OF THE | NVENTI ON [ 0002] The conposition distribution of an
et hyl ene al pha-ol efin copolynmer refers to the distribution of
conononer (short chain branches) anong the nol ecul es that conprise
t he pol yet hyl ene pol yner. \Wen the anount of short chain branches
varies anong the pol yet hyl ene nol ecules, the resin is said to have a
“broad” conposition distribution. Wen the anount of conDnoner per

1000 carbons is simlar E’*fﬁ?ﬂ Aﬁ,‘i" HLVEWC@ ]‘Mﬁgfferent
chai n | engt hs, th qg §h@ SIS FOR RAA ow' .
on gl stri

[ 0003] The conposi t| utron 1s known to I n uence t
properties of copolyners, for exanple, extractables content,
envi ronnental stress crack resistance, heat sealing, and tear

strength. Th%@%@@%‘f}t@ﬁq‘gﬁﬁﬁﬁbﬁu“ on of a polyolefmmay be readily

measured by ne ds known 1n the art, for exanple, Tenperature

Rai si ng El ut i ©90!FrHag mmmada(ea‘wﬁ)ralbrto@w:alaﬂplmaxlrrfancqmbmwss kaving
Fractionationg DEan s are
typically prodﬁq1 §§§ﬁ‘ﬁ)§u %%Qg%ggh?ieﬂggeactﬁﬁ&% |LF| Zl ng, @%%ﬁgianpl e,
solution, slurry, or gas phase polynerization processes.

Pol yneri zati bj&ﬁ@?gﬁp&;lﬂfgfﬁvg e of catal yst systens such
as those errplolgyl ng, for exanple Ziegler-Natta cat ag%g a chrom um
based cat al ysi002h 'ﬁhﬁt@ﬂmlr%é@néh%ﬂbl&l%f angthylenetlpheolefin conpbyraesrefers
[0005] It is &‘%ﬂ@&é&lﬁﬁulﬁﬂ%ﬁbm&l&ﬁb‘? (ﬁlroh &Qﬁtbrﬁloﬂgg)w&é'ﬁimsmolcculcs that
conposition distribution is largely dictated by the ty e of catal yst
used and typi mpr;selthe/apiyatbwn# delyaneyi yWhen shecamenng of sBgig chgip branches
Zi egl er - Nat t a,gat O%J%S e eumot%@ﬁﬁg RIS Sall RUNER § OBloRd"
wi th broad conpositi di strl buti1ons (BCD), whereas netal | ocene

cat al ysts nor¢REDSpitignoligrEButass| Ws‘ww%awawrtmﬁ coBIPpeEEE peynl000 carbons is
di stributi onSgfNGD) amdr0 ¥k Uﬂ?cnlaa‘rﬂdf&uﬁes Bﬁpﬂﬁ%ﬁ@‘égﬂﬁalcngths the
Conposi tion Distribution (B i'n which the conpbnoner

i ncor por at ed gATeRRSHioRdtribution i§ said 1 Bfh ‘MIBPWCUl ar wei ght chal ns can

| ead to i nproved physical properties, for exanple toughness
properties and Environnental Stress Crack Resi stance (ESCR) . (00071
Because of th€oP3hpFlg sampRsiden: sistpbusionr isj kaowt o daflyrace the, nsprarigsonkl

tcﬁnpOSI ti Otn dd:(ﬁiolslng&%' S eRgeprd %x&ﬁctﬁﬂ@?(.‘jmé&xte;?aﬂ )éndﬂﬁin{t eﬁlml estﬂ!sﬁdétﬁ&ﬁ,
ere exi sts a nee or um an | ensl e enes avi ng
an ort hogonal reé'awa%.lt%ﬁeagwgt PR ifeF %@M\fﬁ@é &F’%ﬁ‘f&‘“‘{ Epfien of 4
[0008] | n onepas@esia ,matyhlee M@ﬁﬁﬂieaéuﬁyceaylrﬁm:dc@n@;b% 1thaaﬁ! ﬂﬁ%&ﬁmf)!ér
t he producti o of an e al hl? ol efmcgﬂgﬁé 93 roce 3/
el - pol ynbempsragre RAtREnERERR et Baten Bh Erytaltipatiop, Analys:

contacting th&aeﬁmiaﬂecnﬁsl‘m at | east one al pha-olefin with a
net al | ocene catalyst in at |east one gas phase reactor at a reactor
pressure of between 0.7 and 70 bar and a reactor tenperature of

bet ween 20C amdmlSEﬂiyteae faliﬁlmo&lfinaiobylyﬁft& ahphﬁeamllyqfrbduce@aoi mpness'ﬁhe

resul ting ethyl ene a'l‘lf) dfl@efl n.cp have a nS|t of .
g/ cc or hi ghet®cgr-nit f(e(xﬁ'}’ ofSo 'f%eé » PrEG BHE° & ylﬁ"ﬁ‘zagon

mel t index r apiocoessés. 1Pl frheritaebiuvekas ﬂ:&cﬁhﬂﬁxéqb;esamceliﬁeﬁtami mteﬂfs soB adr
or greater when neasyred agcor di T 3/B.in 10%

o Ot t hogonal TRESTSH o r AP B2 BReHEATRE AN, RESFRBOR) o
of greater themalyst, mtaabce%&alyst,bheommhammkmermj ght of the polyner
fraction that elutes at 60C and M0 is the nol ecul ar wei ght of the

pol ynmer fraction that elutes at 90C in a TREF-LS experinent. [00091
| n anot her aspeusy, Ittihgereralydmbwinrin et drothar epalyesfin’s campoidasdistribntidine

is largely dictated by the type of catalyst used and typically invariable for a given



between 0.7 and 70 bar and a reactor tenperature of between 20C and
150C to form an ethyl ene al pha-ol efm copol ynmer. The resulting

et hyl ene é’F‘BF\l&’B’SWéHyn copol ymer may have a density of BCHEFAH7/E7TWYr
hi gher, a nmelt index (12) of between 0.1 and 100 dg/mn, a nmelt index
ratio of 121112 between 15 and 40, and a broad conposition

di stribution evidenced by a T75 - T25 value of greater than 15
wherein T25 is the tenperature at which 25% of the eluted polyner is
obtained and T75 is the tenperature at which 75% of the el uted
polymer is obtained in a TREF experinent2. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0010] FIG 1 presents the TREF-LS results obtained for
Sanple 1. [0011] FIG 2 py.esen the TREF-LS.results obtai ned for
Sampie 7. [ oGHBjyskpgters DEBERNGS feiypErany Shiciaiiin Bese RSy prpfuce
Sanpl e 3. [0Gdsghs Htﬁ%ro‘idl&b@@ﬁﬂh&n #ReiblBhs (BEI)e siikfess aetalotuad chmlysts
Sanpl e 4. [001@_}1 El 5 pr esent@ the TREF- LS r@st&})ts obt.ajined for
Sanple 5. [00¥ REodyce SPHBS WHtR npmew ¢ppposidon distrppUons;{ ed for the
conparative qam:c ezeﬁﬁam{zmg& B[‘&ﬁl(?l]ﬂldﬁoﬁ‘al doxhpos&acﬁﬁb%dtﬁn (BOCD) in
representatio t he variations of c sition i.on

DETAT LED DESCHISHHeROTERIE BaRGPrH L PGB, BB eno oot es
conposi t i ons,chainecat 1ea@tmm€tﬁowmp1@sﬁsll 6t &) fbor dRS@pleiGEhneds pr@eh&bsbe
under st ood t hat nl ess ot[ﬁ% ' |cat ed%% i nvention is not
limted to sr?é‘é VEONIBERSY eSS ﬁ‘étr"’rf‘%ﬂ( ositions, reactants,
reaction conc{oaovlorﬂ‘cpadslegﬁnnhﬁ m[p%vaidl ploeiel pidpuies lofSesify whlheodthdgenalas
such may vary, ot herw se ified. Lt is al.go ta bhe .
nder staod 1t HEPEPHES 4R HERPRESFRRLfr rePRerrifly esfof preupp e grist
descri bi ng par needilfar mediodi awd tisglo rdepsian ol y@thyldnes Misviigedn t athgonal
limting. 4 ot her.¥v| §ls§@3‘3 |f|ed Thus, for exanple, reference to "a

| eavi ng groupomzi’gz"‘i "substituted with a | eaving group”
i ncl udes nore than one | eavi ng group, such that the noiety may be

substituted w ups. Simlarly, reference to "a
hal ogen atom%%wg%%?mﬁﬁut ed with a hal ogen atont
i ncl udes nor qgotoBiarin @ne adixko gienpatantinventidn felntds tb taepm@isefcy theaprobiection
substituted tht | ogen _at o refere
substituent” ng stidene algt %“"r}r‘wér Svelipsy; (e 8T 8 ‘é‘ﬁ@%" Palymgrizing
| i gand" i ncl waiﬂéem:mldcm lewst end alghmdiefindycconteetihg ke, ethyi@ieddnd the at least
Enbodi ments of .t e n ctio t
al pha-ol efin ‘%’8 a@%h?i JI&% &M’% thil&teﬁe E&%@%rm%gge%n&l h%sg)p%sgerr clkoerga%gf
the resul ti ngemmreﬁsereabfmwmneﬁ ¥ ang a@cbhymslra r§a0©P Odmpematorchd rbetween
enbodi nent s, V e&ro S st
pol yneri zat i o&%r%@eg&?&o?@ﬁo ueé%ﬁg{gghﬁe %ﬁoceo%g oﬁ¥ye?¥1@P%Hgmg
havi ng a dengithyjensf aiphasolefin /copolymeh imglydraveiat thtnamy of Dtﬂ?@@f@q or higher, a
conposi i on_ dh faBpkAtuchARRH | bt RI01RImS RER Sna&1aR

et I E%) € hél‘fhene pha n bﬁ‘ﬁl}}z etween

di scl osed herein relate to an et f| n copol ymer  havi ng
a density of @ 9@74%/%E§F31V@H9Pf\§°9rhfa°‘b%a@r Sénep gBeasited according to

di stribution.,&pPe8ed/B0%h Boss rl‘%&ﬂﬁ' S| [agoggilogmgl %Qﬁ?@ﬁﬁ&l Qﬁktrlbutlon

distribution of an ethyl ene al pha-ol efin copolyner refers to
di stri buti on <fdeaesdobn ﬁreMso(Mnovqlu% ﬁégwabfrahfﬁhbswhamn@m ﬁeihﬁﬂmée‘ﬁl’fé's

that conpri se,¢ipm ow{e\/f&nm&m&ueﬁ ke BRates 4t @@@ﬁm;ot@ teAhSbdiiSvapd

chrom um based catal ysts” produce resins with Broad Conposition
Di st ri buti on<LfEEaIH %M@OZF%P@FQSN&?Q&@WTW -SRiSFRFBEYEd BCD
resins are further characterized by a "conventional conononer
incorporation”. Wiat is nmeant by "conventional conmpnoner

i ncor por at i orf®0%k Ip paother caspegtp HesBFesPR INNERI IR0 FEAAIEY 19 1% BEIFEFaFRYI (hei n
the | ow ol eGithdlctivRichtn &hNeAS alghh SR Zoﬂosyxﬁgr%ﬂ@datbeoﬁdUEa.ﬁﬁSItlon

illustrate the concepts presented in this section. 5 nposi ti on
di st ri but i onJigtrpysion. | Fhepregesy H@MB?FB%H@WBH’P&R‘W%“%B@U%‘ leastigem

alpha-olefin by contacting the ethylene and the at least one alpha-olefin with a

metallocene catalyst in at least one gas phase reactor at a reactor pressurc of



[ 0025] Certain advantages of a broad orthogonal conposition

di stribution (BOCD) for inproved physical properties and | ow

extract abl¥Q 2¢48{425kt are di sclosed in, for exanple, U. SCTRSRWHPI4FES.
5,382,630. [0026] The TREF-LS data reported herein were neasured

usi ng an anal ytical size TREF instrunent (Polyrnerchar, Spain), with
a colum of the follow ng dinmension: inner dianeter (1D 7.8 nm and
outer dianeter (OD) 9.53 mmand a columm |length of 150 mm The col um
was filled with steel beads. 0.5 rnL of a 6.4% (w v) pol yner solution
i n orthodichl orobenzene (ODCB) containing 6 g BHT/4 L were charged
onto a the colum and cooled from 140C to 25C at a constant cooling

rate of 1.0C/ m n. se nt | oed hrou e I at
a flowrate ofe™ye leﬂﬁggs b&ﬁ ?]éeagarawp%r \%{9 ﬁ‘ggggﬁff
at | a const antfof;ﬁa:{n B@yleaé ﬂ]ﬂfa—oléﬂr{t rdbqladlymal utfae trb@th&tgt ytg[?l“ene 'Elpha-olcﬁn
pol yner concentration in e elute [ etecte n
measuring the® S'H?eﬁtrf‘% haye 3 %ﬁ’&@‘éﬁ J#H-/d\gyvaéﬁ 18k au@%d“n%‘f az) of
infrared det elﬁ‘ekﬁéen a han@mmewlﬁ,ta meltaidekhm@éﬁwysmenmﬁllsfana40 and a
copolymer in the eluted, |i was cal cu t|on d
S btted as v eoBRegion Shpbriy petentit Shdl b r e 15
et hyl ene- a- ol @hérBinCIP &l didimperanirear @hithe@3d7 ofitie dlums;}olﬁndfmmﬁédhw

| i ght scatte sing a Mnid j st | jght scatterjn ete
(ot aa Uy Whsatngated pitiie 7o orthe et polyia S hbaed % A TR,

of terrper atur&pehﬁﬁﬁﬂ] The breadth of the conposition distri but| on is
characterized by the T75 - T25 value, wherein T25 is the tenperature
at which 25% of the eluted polymer is obtained and T75 is the

t enper at ur e aBRIEK DESTRIFDION D¢ EHEDRAWINGSer i s obtained in a TREF
experiment as o d._herei.n | SLIi ion is
further chara@?@?éfggq res[eﬁtéﬂg?, VglL:,;sce)r@PuQsotbLamc Phg l?ligé’tlon of

pol yrmer nol ecpbes Flﬁaa;eémms tlhfe’I‘RJEF-Sﬂ €suly chtalldFot Samaplp@r i nent as
descri bed her i,gher ndi,.ca en racti on of
conononer . E’H%«l:\ c(ﬁh > Iec P‘iﬁ%msm %gaonheglth%o sif3t| on

di stributi on losque}?](}]dd:rtppmaﬂammm]e abledstedifor Sgrade ér t han 1,
wher ei n Mo0 | Nef on t hat
elutes at 60 f4y%@g§’%€4§%xperllgﬁrr%rlf%frcg"gﬁ%gnﬁle 1hﬁ“{imlitzgcul ar wei ght
of the pol yrretOOfsnaElG @rpredeats thé TREF-IR re0lG omainedTiIERhd Smpapreive sempleas
descri bed her %:H 1e MEL al | ocene Catal yst Conpounds [0028] The

net al | ocene ca ]i’ st conpounds as described herein include "half
sandw ch" and[oﬂtﬁml FICsaﬁdwackﬂhememamd@nmnng’ dinevagiationsr of Gpmpogiaerds
(cyclopentadl | i gands i sol obal to cycl opentadi enyl) bound to
at | east one oup to Goup 12 netal atom and one or nore |eaving
groups bound to the at | east one nmetal atom Hereinafter, these
conmpounds w | heka if ehasgqer fpai@f " netal | ocenes” or "netal | ocene

catal yst conmponents”. The netall ocene catal yst conponent may be
supported on a support material, as described further bel ow, and nmay

be supported ﬁsbh'i‘ AEfoyd &bg}&eﬁ%eﬁn?san&aé@ﬁ &kn&m%a%ns hﬁh/@f‘ﬁcmods
enbodi ment, the one or nore netal [ ocene catal yst conponents of the

i nvention ar e2iediclosed prdidesgribede itfip torhe an‘ﬂqﬁtmftﬁlAwBﬁﬂS)Q“(qﬂylsc indicated

wherein Mis @idTRivehticH 8ot 8lneifdded JpeifictddpalAuD c6MPSients) B8mPbsitions,
Groups 3 through 12 atons and | ant hanide G.oup atons in one

enbodi ment . | FRAEFRPIEr Teacriop AOBEitinEN digandy melpliperns sirueties 9rrtherile. assuch

Hf atoms. In ygY € (1n184%D Bt AR s.pedmé@ h@flsnauﬁa td1®e BN Ghe
group X is chemcally bonded to M each %roup is chem cally bonded
0

to M and n i €minglogyispd hergisy ‘Sfbemelpuﬂf’S& Spteribingrartioplas embodyments

partl cul ar enblggilam;gtngtm&;mta'g@hﬁhﬂgl gands are one or nore rings or
ring systens, | east a portion of which includes a-bonded systens,

such as cycloalkadlenyl | i gands and heterocyclic anal ogues. The Cp
{0018} It must also be noted that, as used in the specification and the appended

1] n N

claims, the singular forms "a,” "an" and "the" include plural referents unless



[ 0033] In one enbodi nent, the netall ocene catal yst contains hafni um
as the nmetal atom |In other enbodinents, at |east one of the |igands
( pi - bonded¥HBPEBIPEIY contai ns a cycl opent adi enyl gr oup PCRASHOFET4709
enbodi ments, the netall ocene contains a chloride | eaving group. In
yet other enbodi nments, the netall ocene contains a fluoride |eaving
group. In yet other enbodinents, the netall ocene contains a nethyl

| eaving group. 9 [00341 In sone enbodi nents, the netall ocene

catal yst may be a bi s(npropyl cycl opent adi enyphaf ni um Xn,

bi s(n-butyl cycl opent adi enyl ) haf ni um 4
bis(n-pentylcyclopentadienyl)hafniun1X" (n-propyl

cycl opent adi en (nbutyl c adl enyf | haf ni umXn, bj s ..
trimethyl sil y‘?%’f’%“ﬁc)WE‘l ’Géen r fl"f‘ﬂé nFGf~Ree t%las{eﬁ{"g’ﬁﬁr?ﬂﬂ S5} 2

cycl opent adi emyfetyh &hﬁstMMIMm a leaving group” includes more than one leaving group,

di met hyl silyl bi s 0 cIo ent adi enyf| haf ni tun Xn,
di net hyl si | yl %\Cgé’f? B’t?t ﬁf‘éﬁﬂ‘ ")“I‘rélf"i‘ﬁ Y, such groups. Similarly,
bi s(1-n-pr Opyr%fe%enca&bhﬁl ﬂ&ﬁﬁﬁ'aﬁli fany Hoa mmuaheéfbd with a halogen atom”

(n-propyl cycl opent adi enyl ) py1l- 3- nbut cl opent adi enyf | haf nj u
m X', or conbifkd ?Soﬁ’é’“tﬁ‘@f‘ 3\?&8@1‘@‘% %%hég o‘é%d’i“?%‘@d“%)blﬁé“ bstipiess|

I n other enmbogiems ss mb&em@ge@ ak 6 PefereAdetbY s buthiiyueAe iAclide Oile or more
propyl cycl opgﬁ{badl enyphaf ni undi chl orj de, abi s(n-

propy! cycl opetHOSHHENHTFIRERAF k220 el des oBgiofS1aTG 1gandpnd the like.
propyl cycl opent adi enyfI haf nium Activator and Acti vat| on Met hods for

the Metall ocene npounds [ Q036] The term "acti

defined to bel®3y h%‘fiﬁ’ﬁatsd?f thig ASHESH TSIRE Lh heRrodyatioy 8 §lene alpha‘
transition meglefin rmbalbhﬁfseaeweyxpaa afAprolatiénte GRTRG PebRRicE BFChk heshiting
above, for exa aci.d or a non-coordinating ionic
activator or ?@F'ﬁ?ﬂg‘a&@%{}ﬁf’%‘?wﬂ?" any other conpound that can
convert a neutral rret al | ocene catal yst conmponent to a netall ocene
cation. It is_wt he s‘g?cf)e of hIS i nvention to use al unbxane o

modi f1ed al unBiheinuheeriediatts, the sRvebon rgast i Metdlopdi A an
activators, npalymadlzmbnlprﬁcﬁsesswhprasudiﬁg a( mebiltoydne ﬁcm_smhylunis having a

t et raki s(pent af | yuor boron or, a trisperfluorq baor on

ot i | of & pr e LLP GRE L et gRRizBe b FutrtiRP e PR avEBng. A
preferred activator used vvith the cat al yst corrp05| tions of the
present inven xane MAO ac at oy . may
be associ at edh\!ﬁ Ph ﬁ'Sm H’ﬁB‘Srdg clogpd %\%?m tRlaigd SN é’[yi/é}ﬁa{ﬁhf‘h
t he catal yst cleﬁpocmpnl)nm@e bavingret akhsiyent)0.927 apanatiéghier owith he broad

cat al yst conpg u described by Gegory G H atky,
Het er ogeneous Qég ] tlonéf:{?.ng%a Pl ysts for Aefin Polynerization, 100(4)

10 CHEM CAL REVI EV\B 1347-1374(2000). [0037] There are a variety of

met hods for e and nodified al unoxanes, non-limting
exanpl es of V\E ﬁ&'g?%éescrllggd in US Pat. Nos. 4,665, 208,

4,952,540, 5, O9R) 3Bk cEnEBEichAYstribution of an ethylene alpha—oleﬁn copolymcr refers

to the distribution of comonomer (short chain branches) among the molecules that
comprise the polyethylene polymer. Ziegler-Natta catalysts and chromiwm based
catalysts produce resins with Broad Composition Distributions (BCD). These
Ziegler-Natta and chromium based BCD resins are further characterized by a
“conventional comonomer incorporation”. What is meant by “conventional
comonomer incorporation” is that the comonomer is incorporated predominantly
in the low molecular weight chains. Figure 7 is provided to further illustrate the

concepts presented in this section.

(00231 Certain metallocene catalysts are capable of producing resins with narrow



5,204,419, 4,874,734, 4,924,018, 4,908, 463, 4, 968, 827, 5, 308, 815,
5,329,032, 5,248, 801, 5, 235,081, 5,157,137, 5,103,031, 5,391, 793,
5,391, 529,W82@84802338 and European publications EP-A-0 PSBUSAPF014709
EP-B1-0 279 586 and EP-A-0 594-218, and PCT publication WO 94/10180.
[ 0038] lonizing conpounds nmay contain an active proton, or sone other
cation associated with but not coordinated or only | oosely
coordinated to the remaining ion of the ionizing conpound. Such
conpounds and the |like are described in European publications EP-A-0
570 982, EP-A-0 520 732, EP-A-0 495 375,5 EP- A0 426 637, EP-A-500 944,
EP- A-0 277 003 and EP-A-0 277 004, and U.S. Pat. Nos. 5,153, 157,
5,198, 401, 5, 066, 741, @ 206, 197 (? 41 Oil , 387,568, 5,384,299 and
5,502, 124. ORI EPuuans; (NGBS EHHRST 1B by 1haut

i nventi on, fomlﬁmmoaguaipmmaimmhﬂdianzmcam weithe s in

conbi nations, see for exanple, PCT publications WD 94107928 and WO
95/ 14044 and U.S. Pat. Nos. 5,153,157 and 5, 453,410. Method for
Supporting [ 00&49] BHOSDpRet tema)B@ké Oilogphia WdiipaRiopaDistribhtibhén which

catal yst syst m of the present inventi Support tho f .
ooyl ne) S g meb i oA e S BRIRL of (b LR, Piefs weight
cat al yst suci’b}aﬁxsneﬁabldigtﬁﬁa&rﬁbe tﬂd: shus sandid fbranf:h)d’s €2600p| Reaslred, for
METALL OCENE- BASED POLY FINS 17 Erérl S %BE?"S” ns k% eds. ,
John Wley & Zgple, usige JEampratuEn "Esé‘? utigh ;5 lf’“a‘t?fl jith porinegyion
used herein, witkausgkt ScattedgHdis)iziticioraddefeahine thowaiplit SuEpRR! Molecular
mat eri al , incIu.d |nor ani, c mat eri al s

Crbodi went " owereh{ e hARS Sheeft B0 Ee TRREHR S Vet eheliilre.
Non-limting 'H)@.mihbﬁxaﬁkin f PFREF zﬁiﬁtlam(amaﬂ-nsj tidbdsi inborereation moudﬁ&
and i nor gani and i.n rticul a rials as ta

ooy o e o colibeidbn P flD and kel GE  Bbpdiiel Toftent
cal ci um oxi deincredsks, decreases, or is uniform across the chains of different molecular

weights.

[0025] Certain advantages of a broad orthogonal composition distribution
(BOCD) for improved physical properties and low extractables content are
disclosed in, for example, U.S. Patent No. 5,382,630.

[0026] The TREF-LS data reported herein were measured using an analytical size
TREF instrument (Polymerchar, Spain), with a column of the following
dimension: inner diameter (ID) 7.8 mm and outer diameter (OD) 9.53 mm and a
column length of 150 mm. The column was filled with steel beads. 0.5 mL of a
6.4% (w/v) polymer solution in orthodichlorobenzene (ODCB) containing 6 g
BHT/4 L were charged onto a the column and cooled from 140°C to 25°C at a
constant cooling rate of 1.0°C/min. Subsequently, ODCB was pumped through
the column at a flow rate of 1.0 ml/min, and the column temperaturc was
increased at a constant heating rate of 2°C/min to elute the polymer. The polymer
concentration in the eluted liquid was detected by means of measuring the
absorption at a wavenumber of 2857 cm™ using an infrared detector. The
concentration of the ethylene-c-olefin copolymer in the eluted liquid was
calculated from the absorption and plotted as a function of temperature. The

molecular weight of the ethylene-a-olefin copolymer in the eluted liquid was



zi nc oxide, barium oxide, thoria, alum num phosphate gel, and

pol ymers such as pol yvinyl chl oride and substituted pol ystyrene,

funct i onalW@ays@P25¢k ossl i nked organi ¢ supports such as PES{UpA0YPEHE

di vi nyl benzene pol yol efins or polyneric conpounds, and m xtures
thereof, and graphite, in any of its various fornms. [0040] Desirable
carriers are inorganic oxides that include Goup 2, 3, 4, 5 13 and
14 oxides and chlorides. Support materials include silica, alumna,
silica-alum na, nmagnesium chloride, graphite, and m xtures thereof in
one enbodi nent. O her useful supports inmclude magnesia, titania,
zirconia, nontnorillonite (as described in EP051166581)
phyllosilicate, and the Jike. |n other epb nts I nations of
the support nBEsHEY Y ﬁé“%@dus'ﬁ‘%éllﬁm“%@vn tl?‘i‘?lt?ré‘@ gector
conbi nati ons @mgdie, 34 SUISIAGA- THe @iblétillar Sidigitawad urgbn;ﬁouﬁ bd @afuhérioansd,
and the like. Additional support materials may include those porous
acrylic pol ynEPE @B i bed i n EP0767184B 1. [0041] The cat al yst
system of the invention can be made and used in a variety of

di fferent ways he c | s unsupporied,

el or abl v LU Srgath S SehpRstiom GEabIoen s ety the Tos -
5, 317, 036 andry.vafhi3, ¥Béreand Eurlme 1atibé aca:hmnnzﬁ? AtHSHaed 3ol idhe
preferred enb %I gg tig %ﬁal ﬁggftenr pg ¥ ntlon |§°yhﬁr
Suppor t od. EHHIEL 20¢ Tagpdrt i LS Pl TS DY RiR 680l potyme is
|4n\9/(igt bgg azleoglgﬂﬁ&*!z ilnIEﬂREgg %e kbepimdn@ s déﬁ@gbed‘hc?&ﬁ?,gﬁg corp&iiio g L{g(ﬁﬂsmbutmn
5,332,706, 5, 848! %Ch%faif??z 2;33"3 ?tl% Sﬁ’g ‘!‘?"é@sésfg%f‘a%f‘%z?f Eé?m“

5,529, 965, 5, mbkculBdtthab claitOheloa, 805"(53196, BREF-IS exjieriient abd&édbdiifferein.

5, 665, 665, 5, 4 alggegzl‘go va geoinZilllc%tes a higher fraction of comonomer, in the polymer

molecule. An orthogonal composition distribution is defined by a Mgo/Mgp value

that is greater than 1, wherein Mg is the molecular weight of the polymer fraction
that elutes at 60°C in a TREF-LS experiment and Mg, is the molecular weight of
the polymer fraction that elutes at 50°C in a TREF-LS experiment as described

herein.

Metallocene Catalyst Compounds

[0028] The metallocene catalyst compounds as described herein include "half
sandwich” and “"full sandwich" compounds having one or more Cp ligands
(cyclopentadienyl and ligands isolobal to cyclopentadienyl) bound to at least one
Group 3 to Group 12 metal atom, and one or more leaving groups bound to the at
least one metal atom. Hereinafter, these compounds will be referred to as
"metallocenes” or "metallocene catalyst components”. The metallocene catalyst
component may be supported on a support material, as described further below,
and may be supported with or without another catalyst 'componenl. In one
embodiment, the one or more metallocene catalyst components of the invention

are represented by the formula (I):
CpiCpPMX, (b

wherein M is a metal atom selected from the group consisting of Groups 3

through 12 atoms and lanthanide Group atoms in one embodiment. In other



PCT publications WO 95/32995, WO 95/ 14044, WD 96/ 06187, and WD

97/ 02297. [0042] I n another enbodi nent, the catal yst system of the

i nvent i on W@MUBPRS24a pol yner bound |igand as descri bed PERUBRIGI/VIREY
No. 5,473,202. In one enbodi nent the catal yst system of the invention
is spray dried as described in U S. Pat. No. 5,648,310. In an

enbodi ment the support of the invention is functionalized as

descri bed in European publication EP-A-0802203 or at |east one 12
substituent or leaving group is selected as described in U S. Pat.

No. 5,688,880. [0043] In another enbodi rrent of the invention, the
supported catal yst systemof the invention includes an antistatic
agent or surface nodifier, for exanple, thase described in U S Pat.
No. 5,283, 27&mheaimsass. v mayatbeoselegsh diom obe. ﬂfo@ézﬁ“’%pr er
met hod for preabéginigts, M:ﬂﬁfﬁhﬁﬁ(ﬁl{f@f Ehélﬂemﬂggidu r){(fa%hehﬁcsn@waddwlov\@
96/ 00245 and WO 96/ 00243. (ﬁgl%rrerl zatjon Proc ﬁh0045]i The

pol yreri zat i Jfh §° b C@szowt ischemigallx bapded ig dyran ﬁ“ \PTBR integer from Lip 4
using any suignalltRernr 2265 S, paktitGilhr@fboliidenexanpl e, sol ution, slurry,

hi gh pressure, and gas phase. A particularly desirable net hod for
produci ng pol yol'efin polynmers according to the present invention is a

gas phase polyrr iTHICORgES aRSEnelr hdte dREY otiting i i;)isteﬁt@ at fehdtiaQoreash dfed
reactor. This type. re ctor,b «%% nmeans for operatlg)g He re cto& ar.e
descri bed i n, Wi pnded sygtemfy, Suchy a9 ofyg ““’6?)‘3 igfpds and
4,011, 382; 4 h%%o@ﬁﬁc aﬂa]Eéifas399he @ﬁﬁgarﬂi@%re Qisthdt frdbBi e liﬁﬂmgﬁ}oups

EP— A-0 802 2 d | gi a Pat ent g_|9 380. Thesm&ients cl ose
gas phase pol Qa f ottty e e P % 535FPHRG Bm

is either rrecshammxainl (}f a'hglridﬂi)ﬁdezfﬁmﬁsl UTh ngiadbyep&mnmwcpfowm cpom

of the gaseo i luent. ase GESSeS
cont enpl at ed BYPHAADp (401 iRt oeioner g drseadd oF Hees
mul ti st age pqhqmm taegddp&n@aﬁﬁgls sigtter oAbsih ogaﬂnqmaaecmﬂﬁ esaﬁmoms and

contenpl ated by the inv cl ude.t hqse r|b
oo, B 6a7 o et gkt gf hicf ey e 05T A TGS R enthor Non e
EP-A-0 794 ZQ&aEBkaf Ehl:ﬁéﬁleﬂm grdips Auﬂhcﬁ(ﬁozﬂﬁ%ehadd EBnBaﬁBdge&&idmals,

[0047] In ge e, po i zati roc nt i nuoy as
bhase. pr ocoediodt kTS FHFY: E3toRRR 26T oY U0 SRy B
use in the pralicghiolgf dﬁzhbylmmae,ntaikyimemm oralkoxcabdiws, hasylaxycedotylon
zone and a so- cbal I egs ?mt aﬁg]lll I ong 1The rezilctl gn Zone S minos,

i ncl udes a bed o erv"\‘n g po ymary par S i i &ot n’é :
particl es anchngd cuinbdmatieno thereoff Inamalcyﬂmdmnu@;b"emd Cp? dmzmdeﬂyyxdtmb'
conti nuous fl f ous Nphongr di J-ue h f
pol ymeri zati o% tﬁfio ﬁmst;he F edtt onng)g%lgtn h Ofgagsgﬁléepan{aﬁ{myﬁe ﬁﬁény?
reaction z oneeﬁrdlypasmylt, Supireyl ehdgibsitureddigovatbies pbeachwifas ased herein,
entrai ned par ST

Fi ner entrai n&e%géﬁglrts IC é‘g&g %‘utﬁﬂaﬁﬁé é‘Jogp ?@%é%ﬂfag%ﬁ ca:l%/ots egéneg agﬁeg tor
fine filter. ofieencjely in plageofene oltmg@gwdeogmaam any plesitigayr whikle mwiigtics h
heat of poly v n r

thon et ur noderSER it sadh pEIRY B nal SRR EERF ok CF, £ OB B0 Bbhes,
recircul at ed yehnngl gEQuUPbe cabOKEd ZEAWIS.c BIf{fICe SEUESt thséhlﬁﬁl grqupse salkamat

i ncrease the hegls, HRIDY BloubaRagkhil bud e, & Chtah! Tgp& B3¢, B¢ t%télgaaﬁzemen

readmtted to reactron zone. it be rate o

readi |y det ergiPwitse 2p¢ @F%‘Faéloé%ﬁb?rP?fentEanHkéLﬂf Wsw@oﬂgywn@rwlﬁ 0

the circul atifguddbubhleqdMiinted ko, icyBla8icRS UakylhBidd @dikak ean?éxw&‘ahiéﬁls,
particul ate pol yner product and monomer associated t herew t h

wi t hdrawn frowyieke radialser alkgior mdicabmpdieliyiamine radpféfs@,aglkﬁmh?gyl

through the rgagehor akﬁo%ﬁﬂa#b%hgﬂ rE&lcﬂE' RhBbfod S&isANt 'a.ﬁ&jly aﬁheaﬁlfkyl«
state gaseous conposi tron wt n the reactl on zone.

process of th@rtmnwémdlqaiﬁféﬁxlpﬁhrqucabuP%baW@Ofrac}wftlhérﬁW%ﬁlSo@d

combinations thereof.).




[ 0050] In one enbodi nent, the content of the al pha-olefin

i ncorporated into the copolyner may be less than 30 nol %in total;

| ess t han Y20 29t8i00%24 n ot her enbodi nents and | ess t han POTHSR0IWI4MIYY et
ot her enbodi nents. The term "pol yet hyl ene" when used herein is used
generically to refer to any or all of the polyners conprising

et hyl ene descri bed above. [0051] Hydrogen gas is often used in olefin
pol yneri zation to control the final properties of the polyolefm
Usi ng the catal yst system of the present invention, it is known that

i ncreasing the concentration (partial preessure) of hydrogen nmay
increase the nmelt index ratio and/or nelt index (M) of the

pol yol efirt generat ed. The MElI or M can thus_be influenced by the
hydr ogen cond@®f¥ dniogs emppdimenh gagh ]6?‘”-?\%87%‘5@?1“1 the formuln(ly sRave mayiksn

can be expr eSﬁ&ﬂ)eﬁ&enﬂy@k@te&%@ﬂfe%@ﬁﬂ y@stsgng Bﬁh&legai mﬁplwaﬁaészalptz
nmononer, for exanple, ethylene, or nd of ethyl ene and hexene or

propyl ene. TH&MimSin2 allgn @pwlsug-qu ailwlatry,lé G glerys; Seicryloxys, Cr.

processes of thaxp 5@&&?5 YL HubRAKYE, 30, A MREEbaRRS eF3aLY,,! fe@fAtRy.e
t he desired I\/R or ﬁs &?I n re??% 0052 Farther

the final yol e
in certain eﬁ&%?@%ﬁ@‘ﬁo%ﬁé&%‘&@ﬁnﬁﬂﬁ@éwr yﬁsr}l‘?F‘&H%‘ct‘\f\B‘eor

nmore reactor gahra%eetbamgrgﬁf(%réeéfeﬂ% PRESH rmhdfel RBmMEUS indthicAbAind 0§ tHel rRASN
in, for exanple, 2 TALL NE- BASED POLYOLEFI NS 366-378 (John
Scheirs & W AW EKPe qatpdyst rompoRgte Jhirhsei be | gbgtrackshfipm thescatplyst
No. 5, 665, 81&onipofeentP8y -anNectivatd?,” thud 7 prodasidlg EP-spedles’ 94tive0 twdr@ 2Rfinl N

one enbodi nent, the qne or_ nore reactors in a gas phase or fluidized
bed pol ymer i RAYBIZ3HER exigomprigatan. Jlﬁﬂégﬁﬁ?re‘s Asssgberpfurtherkel®but 0. 7
to about 70 bar (about 10 to 1000 psia); and in another enbodi nent, a
pressure ran mgbfrom about 9%4 to ahout 42 bar (about 200 to about

600 psi a). Botachen et the metaflaceys catalyshs @W%Ws‘%?nﬁ%‘\‘}’é’ a
t enper at ur e rtaﬂﬁs RecH isaibtitlostd @, For axamiple, 100 Pat.aNd, 5,026794, RES. Pat.

enbodi nent fr 40C. t 2 one enbodi nent, the
reactor tenperat g?@ﬂﬂy g @Be?'ﬁtr eB’l ag’clt“ﬁe Ri fpshuding & SUps| @ oligomeric
tenper at ur e tsadobitge, sidhGasalisesed id, Fe exhipRl UK Paerm@rsxnwﬂsahdmhs Pat.

pol ymer withipn t ct nbodi super i Ci

Dot aety" i e ER Sher Qi EoHRgat iRyt iU T
met er s/ second&;ﬁ;ﬂ I\Tost QISQOBS/OMEA@OUS)OGWWN %GHHSZDOBIOMSM In
net er s/ second %9?’ 2. Z f et/%i ond) a?oth §1 trent 5%0054]
I n anot her e edle ot ﬂfﬁ"ﬁﬁmj{ ?Fé grﬁ? 8Lgny g
a continuous sgals apisalseriped eSS, PaaNol 6,242,045 t he st eps of (a)

i ntroduci ng ethyl ene and at | east one other al pha ol efin nononer(s)
into the reactor; (b) introducing the supported catal yst system (c)
wi t hdrawi ng goo3er yiel eertsir @simdiments,tthe meal icens; ca(talysts@ommntsh&scnbed
recycle stre Cl. N ntothe [ eactqr

ronomer (o)t oEPEp YRt Mo RelePlt b Potel Bt et Plihe Mfhesa errye
t he recycl e shixam), end,dn poe einbndinieat, emfy bma putehmmantgandrorAs @ed hegjn, a

wi t hdr awi ng y ro - t . ' i ts
of the i nventie SRedt CRYfines Ay WhsfBRE SherlccBl? ol "ARIRER
al pha- ol efi nshavmgca uenengc end/ipr eanesooisopeodydsena, dself ordpstitatei @nlsast two
thereof, may j of the netall ocene

cat al yst syst ems éesc#ﬁéﬁ]ﬁ%\?}e‘@&tﬁgﬂ%ﬁiﬁ'&ﬁml n pol ynmeri zation.

The prepolymerization may be carried out batch-wi se or continuously

i n gas, sol ulhds o oak BbYaRRAS fe thOEh A Gae Byt it GR35 Hie el
The prepolynerlzatlon can ace ol et n nononer

combi nat i on a%emorIn ?r’-hﬁlhémbﬁi'@@enféeﬂto?ﬂa&irgne @ediwda/\ml@nvded mOietleS)
control ling SUC e or 1eXAHG! p on
procedur es, g%gmh?s H %C%EQX&ERQ 4(1)%13]522%‘? 78%555 mQﬁtQ %J%glwde
4,921, 825, 5,8RiE73 chierds leaymesggupn dnpye @ﬁ@mﬂﬁ@d mw itk NERIBCGRT 9

contains a fluoride leaving group. In yet other embodiments, the metallocene

contains a methyl leaving group.



18 processes are described in, for exanple, U S. Pat. Nos. 4,271, 060,
5,001, 205, 5,236,998, and 5,589, 555. [0063] In another enbodinent,
one or al IWoRLBKESTat al ysts are conbined with up to 15PEEU§HNT/pdTIent
of a netal-fatty acid conpound, such as, for exanple, an al um num
stearate, based upon the weight of the catal yst system (or its
conponents), such as disclosed in, for exanple, U S. Pat. Nos.

6, 300, 436 and 5, 283,278. O her suitable netals include other Goup 2
and G-oup 5-13 netals. In another enbodi nent, a solution of the

nmetal -fatty acid conmpound is fed into tive reactor. In another

enbodi nent, the netal -fatty acid conpound is mxed with the catal yst
and fed into the reactor separately. These agents nmay be m xed with
the catalyst or may be fed into the reactor in a solution or slurry
W m[t) hd_or Wit hQ?ﬁui hﬁf F@hﬁ! Uxﬁgocﬁmgﬁ@,mtﬂé hinaﬁus&ﬂpom@&h nh064] al Bisgame
enbodi mrents, for a fluidize | gas-phase reactor, the reactor
Lenper at ur o GFORAEIaRERaRisRl BB By obes BNyt R dpEDistmm X,
tenperature tﬂ)ﬁhﬁcﬁtyfd?@l%})&{tﬁii&%hjhﬁﬁﬁxhﬁt'0 XAC Copropyle  Hytielérigtienyl)(n-
tenperature of the pol P/O' ef m product within the_reactor and any

foul i ng t hat BrscxstepspladisnyPaipi®t or or recycl & ine(s). Pol yn#l2-
have & el ¢ F‘“ﬁﬁﬂ‘y‘*‘ﬁ‘y)my?gfmmm‘“‘“ﬁrSA%AWB?SS%ME“‘%‘S”‘%W
ave a ne i ndex i r s neasur.ed by - :
216 kg wel gifOy OPHEHES B om ORI IR TP GG HagA R L
ot he[) enbggi)mg,nt &1mﬁm?lsﬂ95i%iﬁbuﬁg}y§hpmlﬁatﬁeﬁﬂl)hﬁfrgﬁmabﬂgg !QS(?JH_-MW?J
to about n; from abqut 0. g/lmn t out mn |

o her _erbod FEAEEIIRFRRlA BBt Xag rpibosEvaBBthad gl rroeyint vret
ot her enbodi reiefisycldfefbieniDhannnD X | e eomttdicdonnt tieos Cwhére dX 6k edsn,
t he pol yners cﬂe'%iblfgsﬁd herein may have a nelt index ratio (MFR)
(121112, wher®® i?8%Yfeasured by ASTM D1238-F, at 190C. 21.6 kg

wei ght) of from5 to 300; fromabout 10 to | ess than 100 in other
enbodi ments; from. 15 to 50 jn. yet other enfodi nents: and from 15.to
20 in yer. andPer BaBBar nERbEtEls [0 ETr AN ARy BR8P
descri bed hergbpyleidpepabinpipisaftiascr i bed dehédridenay typiagcal | y héwen-a
wei ght average | ecul ar .wei ght. to nu r .average nol ecul a i gh
(v 27 iy ©of T Blesiiote a5y gy o toriBtt P DBy AipRliwly B -
to about 4. 0,propyleydupehmdiehyhhafnieat er t han about 2.2 to | ess than
3.5. Hexane Extractable& [0068] In a class of enbodinents, the hexane
extractabl es content nay be less than 1.75 percent; less than 1.5
percent in otAmivaenbodAmbntion Mabgisifirahe Meinllpeersafiialysy Getpoahlier

enbodi nent s, l.8S han. 0.5 percent.in t her odi ments. ,The
data r opor ¢ ed0Fs TRl ibivarn P8 sbilta 10'ne By Qo8 TR FomPRERE epfchn
Poi nt [ 0069] dan aghvatoh trimsitembmdiahamrtadlockmsdypdendalpsroompouBiS® described
measur enent s : i 18 . S
Syatem e dubie 2 ERARIER RREhch b FoBRCoMERERE ool RiTRL: SRR
accordance wiachvagTi 8ayl StheESERUIC DIt EECRNYVest preyulodetaliersnel catglysto
ASTM D- 1693 it A 1A . e bt
(ASTM D 1693/8) Hopbfo 8 ARKIEE CRI M b BENCHhe G ik B
10% and 100%algapzdane arrmedifiodiatrmexgne tab anprstiyater, sindéos de | dirgdusecionizing
have an ESCR of r ter en Ur ed. r djidodi
ASTM | 693/ B i%ﬁ%gﬁsi ge'qéaz‘lgr.ahl ot %{é’%@’enﬁ&xﬁnpﬁf?&t hgqggﬁgﬁers °ﬁ’9f“
descri bed hertetraki{poafinprademyly aberen opr 285 Otrisperfporgpleenybr bagpm  matajleid

ot her enbodi ”iﬁ@é&sor%ﬁ%’%ﬂﬁﬁé nQﬁ&?H&ﬁﬁcQﬁﬁﬁmeAﬁ}&eﬁﬁ%dﬂdﬂ&

of 500 hr or ‘greater, en neasured according to ASTM 1693/B In
10% | gepal . [Wed with|the eptdlyst somppsitpasofithrepresent invention ip methyiademinor dngt

resins producegiAthbhThO AR divakeHRay Bl %Lébéfa&ddﬁﬁﬁfdr%qﬁ@?ﬁ%i tﬂlg Lt

have a broadened conposition distribution characterized by havi
hi gher T75- Tebey i gysodpipnawithdhe catplyst ¢omponeyr(egosaetadoosnt)serassparatel v

from the catalyst component, such as described "by Gregory G. Hlatky,
Heterogeneous Single-Site Catalysts for Olefin Polymerization, 100(4)



20 ESCR of greater than 500 hr when neasured according to ASTM

D 16931B neasured in 100% | gepal. Mdre details about the enbodi nents
w || be app@rewtoiszom t he exanpl es bel ow. Density [ 007 ZCTIUS2@m)14G49

t he enmbodi nents descri bed herein, the density of the polynmers may be
0.927 g/cc or greater. In other enbodinents, the density is between
0.927 g/cc and 0.965 g/cc and between 0.935 g/cc and 0.965 g/cc in
yet ot her enbodinments. Density is nmeasured in accordance with ASTM D
1505-03. Melt index [0073] 121 is nmeasured in accordance with
ASTM D- 1238-F (190C, 21.6 kg weight). [Q074] 15 is measured in
accordance with ASTM D-1238-G (190C, 5 kg wei ght). [00751 12 as
measured in accordance with ASTM D-1238-E (190C, 2.16 kg wei ght).

[ 0076] The p&%PEFMsR%Yﬂ%Wé lﬁﬁéslém(%aﬂg)entl on nmay be blended with
ot her polynmers and/or additives to formconpositions that can then be
used in articles of manufacture. Appropriate additives, nethods of

addi ng t hem dA%7helhesiareop Bristydph edioss fab RFepating glimaxang apd apqditied,

(0077] The poliyiBised RFUGALINEEYxaPIdshES whitht aﬂendé@'ﬁlbéd' UESS, §U13=h Afos.
slip, antiblock, antioxidants 5) gmsnts fillers, anti

stabilizers, HPRTEBat495%0) ref S5 {6ri 95 2RO4 ﬂ@ut“vsgl“giféf 4,924,018,

| ubricants, silods4434,968, 9279@3085815[1)5@295@1 HIEIeEth | BR3EARML $,157,137,
Preferred additives include sil i_oxi de, synt hetic silica

titani um di oxi-4&-93el %&le?e"@h?ﬁé}lﬁ&?aﬁé% B3% endikuEencsn paplicatigps HP-A-0

stearates, cadql 4me,SERH I 279258 and FH-AL® 594218, aRETCH pHbRLOBROROMS
earth, wax, car bon black, flame retarding additives, |ow nolecul ar

wei ght resi ng?¥ Pocarbon resi ns, glass beads and the Iike. The
additives may be present in the typi cally effective armunts vveII

known in the art uch as 0.00& wei ght % to 10 WEI % 007
The resul t ant 8] y‘?}f"éf‘}gn"%“ﬁ ?%W&Pﬁ‘%%ﬂﬁ%‘ﬁ% %9018%0

processed by mpyciged il bt ABB&SOrdidaBd a8 ohly 1|6|ade]9netﬁﬁdxﬂ@ed @Tﬂgielr@ﬂlammg

coati ng, comnmpoun extrusi on, a or no

el udi g conaP dSSheemBNE REEPOI: o Shrth FomaRRch ghd P WkFraFeiaribed in

rotati onal mxdbp]gan(puahaagmhdﬁnga-o sa?@swm -@ 52003 2] iBRYA- 6?951313 EN;}QQ
or casting a i .on achi or e,
uni axi al or bnt? 32% g?ﬁ?‘&?@%ﬁi\ éi{n ﬁe‘fﬁrﬁhbﬁ?ﬂ%h’ d‘g IOQé‘s "’B‘}%g@a‘-

| ami nati on, pNbd. SUSBAGT, HIIR 401 5066,7d1 emmsemcs iza:nozﬁmasz;ad; 884,708 t
spi nni ng, rrelt of fib en, fabric

formation, arfh? lé%‘?ﬂg?'i ogmﬁﬂgﬁet}r—?g:; o TIRTELTs r"g? oﬁfﬁ &g’gp\ffwa} tq dy the

i ncl ude | ar geineamioaj fmraaihpre alnmoa yne’ gkl i ionizikg , acdvaios ,in 2gmbihations; ade

tanks, and | ar ch.as_can %a

Typi cal injec |on£)m lle’dgglll h?‘ téosnSSﬁ I%ggjl% s(,i géﬂﬂ@% %EJW Pat.
cont ai ners, aNos.5i1d8, lﬁﬁlan@éﬂﬁa#h@rs. [0079] These and ot her forns of
sui tabl e processing techniques are described in, for exanple,

PLASTI CS PROCESSI NG ( Radi an Cor poration, Noyes Data Corp. 1986).
EXAVPLES [ 008¥pthpd farsSupportsiggunder st ood that while the invention has

b g b . . o
Che t or egoi ncseL o ARl skt sl SRR o bfe GRS oA Be bASERLe
scope of the inventioni GNPPXthanethedseeft wppertivanmadiésng rrad et dtingatupperss
wll be appar pts: Ll&oﬁftal%rgt' %]L{cﬁdas' ctahgc&'ég atd d‘ﬁ@ﬁs%gd tutﬂefolr rla\fcg{l'lhlcoq

pertai ns. % refore e follow ng exanples are put f
as to pr ow d MQ(RENEEB}WEMH@H‘%@LEMSW@ ebhil §ch@1rd|85w déamiesland

descr i pti on qlashund vilERKE SRS, 112605, SERANIRuAIor NS CBNRDY W0 llseq

and are not intended.-to limt t scope of the inventors
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PCT publications WO 95/32995, WO 95/14044, WO 96/06187, and WO
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[0042]) In another embodiment, the catalyst system of the invention contains a
polymer bound ligand as described in U.S. Pat. No, 5473,202. In one
embodiment the catalyst system of the invention is spray dried as described in
U.S. Pat. No. 5,648,310. In an embodiment the support of the invention is

functionalized as described in European publication EP-A-0802203 or at least one
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substituent or leaving group is selected as described in U.S. Pat. No. 5,688,880.

[0043] In another embodiment of the invention, the supported catalyst system of
the invention includes an antistatic agent or surface modifier, for example, those
described in U.S. Pat. No, 5,283,278 and PCT publication WO 96/11960.

[0044] A preferred method for producing the catalyst of the invention can be
found in WO 96/00245 and WO 96/00243.

Polymerization Process

(0045] The polymerization process of the present invention may be carried out
using any suitable process, such as, for example, solution, shurry, high pressure,
and gas phase. A particularly desirable method for producing polyolefin polymers
according to the present invention is a gas phase polymerization process
preferably utilizing a fluidized bed reactor. This type reactor, and means for
operating the reactor, are described in, for example, U.S. Pat. Nos. 3,709,853;
4,003,712; 4,011,382; 4,302,566; 4,543,399; 4,882,400; 5,352,749; 5,541,270;
EP-A-0 802 202 and Belgian Patent No. 839,380. These patents disclose gas
phase polymerization processes wherein the polymerization medium is either
mechanically agitated or fluidized by the continuous flow of the gaseous

monomer and diluent,

[0046] Other gas phase processes contemplated by the process of the invention
include series or multistage polymerization processes. Also gas phase processes
contemplated by the invention include those described in U.S. Pat. Nos.
5,627,242, 5,665,818 and 5,677,375, and European publications EP-A-0 794 200
EP-B1-0 649 992, EP-A-0 802 202 and EP-B-634 421.

[0047] In general, the polymerization process may be a continuous gas phase
process, such as a fluid bed process. A fluid bed reactor for use in the process of
the present invention typically has a reaction zone and a so-called velocity

reduction zone. The reaction zone includes a bed of growing polymer particles,
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formed polymer particles and a minor amount of catalyst particles fluidized by the
continuous flow of the gaseous monomer and diluent to remove heat of
polymerization through the reaction zone. The gas leaving the reaction zone is
passed to the velocity reduction zone where entrained particles are allowed to
settle back to the particle bed. Finer entrained particles and dust may be removed
in a cyclone and/or fine filter. The gas is passed through a heat exchanger
wherein the heat of polymerization is removed, compressed in a compressor and
then returned to the reaction zone. Optionally, some of the recirculated gases may
be cooled and compressed to form liquids that increase the heat removal capacity
of the circulating gas stream when readmitted to the reaction zone. A suitable rate
of gas flow may be readily determined by simple experiment. Makeup of gaseous
monomer to the circulating gas streamn is at a rate equal to the rate at which
particulate polymer product and monomer associated therewith is withdrawn from
the reactor, and the composition of the gas passing through the reactor is adjusted
to maintain an essentially steady state gaseous composition within the reaction

Zzone.

[0048]1 The process of the present invention is suitable for the production of
homopolymers of olefins, including ethylene, and/or copolymers, terpolymers,
and the like, of olefins, including polymers comprising ethylene and at least one
or more other olefins. The olefins may be alpha-olefins, such as propylene,
butane, hexene, or mixtures thereof. The olefins, for example, may contain from 2
to 16 carbon atoms in one embodiment; ethylene and a comonomer comprising
from 3 to 12 carbon atoms in another embodiment; ethylene and a comonomer
comprising from 4 to 10 carbon atoms in another embodiment; and ethylene and a

comonomer comprising from 4 to 8 carbon atoms in another embodiment.

[0049] Other monomers useful in the process described herein include
ethylenically unsaturated monomers, diolefins having 4 to 18 carbon atoms,
conjugated or mon-conjugated dienes, polyenes, vinyl monomers and cyclic
olefins. Non-limiting monomers useful in the invention may include norbornene,

norbornadiene, isobutylene, isoprene, vinylbenzocyclobutane, styrenes, alkyl
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substituted styrene, ethylidene norbornene, dicyclopentadiene and cyclopentene.
In another embodiment of the process described herein, ethylene or propylene
may be polymerized with at least two different comonomers, optionally one of

which may be a diene, to form a terpolymer.

[0050] In one embodiment, the content of the alpha-olefin incorporated into the
copolymer may be less than 30 mol % in total; less than 20 mol % in other
embodiments and less than 10 mol % in yet other embodiments. The term
"polyethylene"” when used herein is used generically to refer to any or all of the

polymers comprising ethylene described above.

[0051] Hydrogen gas is often used in olefin polymerization to control the final
properties of the polyolefin. Using the catalyst system of the present invention, it
is known that increasing the concentration (partial pressure} of hydrogen may
increase the melt index ratio and/or melt index (MI} of the polyolefin generated.
The MFI or MI can thus be influenced by the hydrogen concentration. The
amount of hydrogen in the polymerization can be expressed as a mole ratio
relative to the total polymerizable monomer, for example, ethylene, or a blend of
ethylene and hexene or propylene. The amount of hydropen used in the
polymerization processes of the present invention is an amount necessary to

achieve the desired MFI or MI of the final polyolefin resin.

[0052] Further, in certain embodiments, the polymerization process may include
two or more reactors. Such commercial polymerization systems are described in,
for example, 2 METALLOCENE-BASED POLYOLEFINS 366-378 (John
Scheirs & W. Kaminsky, eds. John Wiley & Sons, Ltd. 2000); U.S. Pat. No.
5,665,818, U.S. Pat. No. 5,677,375, and EP-A-0 794 200.

[0053] In one embodiment, the one or more reactors in a gas phase or fluidized
bed polymerization process may have a pressure ranging from about 0.7 to about
70 bar (about 10 to 1000 psia); and in another embodiment, a pressure ranging

from about 14 to about 42 bar (about 200 to about 600 psia). In one embodiment,
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the one or more reactors may have a temperature ranging from about 10°C to
about 150°C; and in another embodiment from about 40°C to about 125°C. In one
embodiment, the reactor temperature may be operated at the highest feasible
temperature taking into account the sintering temperature of the polymer within
the reactor. In one embodiment, the superficial gas velocity in the one or more
reactors may range from about 0.2 to 1.1 meters/second (0.7 to 3.5 feet/second);
and from about 0.3 to 0.8 meters/second (1.0 to 2.7 feet/second) in another

embodiment.

(0054] In another embodiment of the invention, the polymerization process is a
continuous gas phase process that includes the steps of: (a) introducing ethylene
and at least one other alpha olefin monomer(s) into the reactor; (b) introducing the
supported catalyst system; (c) withdrawing a recycle stream from the reactor; (d)
cooling the recycle stream; (e) introducing into the reactor additional monorner(s)
to replace the monomer(s) polymerized; (f) reintroducing the recycle stream or a
portion thereof into tﬁe reactor; and (g) withdrawing a polymer product from the

reactor.

[0055] Inm embodiments of the invention, one or more olefins, C; to Csp olefins or
alpha-olefins, including ethylene or propylene or combinations thereof, may be
prepolymerized in the presence of the metallocene catalyst systems described
above prior to the main polymerization. The prepolymerization may be carried
out batch-wise or continuously in gas, solution or slurry phase, including at
elevated pressures. The prepolymerization can take place with any olefin
monomer or combination and/or in the presence of any molecular weight
controlling agent such as hydrogen. For examples of prepolymerization
procedures, see U.S. Pat. Nos. 4,748,221, 4,789,359, 4,923,833, 4,921,825,
5,283,278 and 5,705,578 and European publication EP-B-0279 863 and PCT
Publication WO 97/44371.

[0056] The present invention is not [imited to any specific type of fluidized or gas

phase polymerization reaction and can be carried out in a single reactor or
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multiple reactors such as two or more reactors in series. In embodiments, the
present invention may be carried out in fluidized bed polymerizations (that may be
mechanically stirred and/or gas fluidized), or with those utilizing a gas phase,
similar to that as described above. In addition to well-known conventional gas
phase polymerization processes, it is within the scope of the present invention that
“condensing mode”, including the “induced condensing mode” and “liquid

monomer” operation of a gas phase polymerization may be used.

{00571 Embodiments of the present invention may employ a condensing mode
polymerization, such as those disclosed in U.S. Patent Nos. 4,543,399; 4,588,790;
4,994,534; 5,352,749; 5,462,999; and 6,489,408, Condensing mode processes
may be used to achieve higher coocling capacities and, hence, higher reactor
productivity. In addition to condensable fluids of the polymerization process
itself, other condensable fluids inert to the polymerization may be introduced to
induce a condensing mode operation, such as by the processes described in U.S.
Patent No. 5,436,304

[0058] Other embodiments of the present invention may also use a liquid
monomer polymerization mode such as those disclosed in U.S. Patent No.
5.453,471; U.S. Serial No. 08/510,375; PCT 95/09826 (US) and PCT 95/09827
(US). When operating in the liquid monomer mode, liquid can be present
throughout the entire polymer bed provided that the liquid monomer present in the
bed is adsorbed on or in solid particulate matter present in the bed, such as
polymer being produced or inert particulate material (e.g., carbon black, silica,
clay, talc, and mixtures thereof), so long as there is no substantial amount of free
liquid monomer present. Operating in a liquid monomer mode may also make it
possible to produce polymers in a gas phase reactor using monomers having
condensation temperatures much higher than the temperatures at which

conventional polyolefins are produced.

[0059] In one embodiment, a useful polymerization technique may be particle

form polymerization or a slurry process where the temperature is kept below the
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temperature at which the polymer goes into solution. Other slurry processes
include those employing a loop reactor and those utilizing a plurality of stirred
reactors in series, parailel, or combinations thereof. Non-limiting examples of
slurry processes include continuous loop or stimred tank processes. Also, other
examples of slurry processes are described in U.S. Pat. Nos. 4,613,484 and 2
METALLOCENE-BASED POILYOLEFINS 322-332 (2000).

[0060] In one embodiment, a slurry polymerization process generally uses
pressures in the range of from 1 to 50 bar and even greater, and temperawres in
the range of 0°C to 120°C. In a slurry polymerization, a suspension of solid,
particulate polymer is formed in a liquid polymerization diluent medium to which
ethylene and comonomers and often hydrogen along with catalyst are added. The
suspension, including diluent, is intermittently or continuously removed from the
reactor where the volatile components are separated from the polymer and
recycled, optionally after a distillation, to the reactor. The liquid diluent
employed in the polymerization medium is typically an alkane having from 3 to 7
carbon atoms; in one embodiment, the alkane may be a branched alkane. The
medium employed should be liquid under the conditions of polymerization and
relatively inert. 'When a propane medium is used, the process must be operated
above the reaction diluent critical temperature and pressure. In one embodiment,

a hexane or an isobutane medium is employed.

[c061) In one embodiment of the process of the invention, the slurry or gas phase
process may be operated in the presence of a metallocene-type catalyst system and
in the absence of, or essentially free of, any scavengers, such as triethylaluminum,
trimethylaluminum, tri-isobutylaluminum and tri-n-hexylaluminum and diethyl
aluminum chloride, dibutyl zinc, and the like. By "essentially free" it is meant
that these compounds are not deliberately added to the reactor or any reactor

components, and if present, are present in the reactor at less than 1 ppm.

{0062] As noted above, the polymerization process of the present invention may

be carried out by using a solution process. Non-limiting examples of solution
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within the reactor and any fouling that may occur in the reactor or recycle line(s).

Polymer

f0065}] In a class of embodiments, the polymers disclosed herein may have a melt
index (MI) or (Iz) as measured by ASTM-D-1238-E (190°C, 2.16 kg weight) in
the range from 0.01 dg/min to 1000 dg/min. In other embodiments, the polymer
may have a MI from about 0.0} dg/min to about 200 dg/min; from about 0.1
dg/min to about 200 dg/min in other embodiments; and from about 1 dg/min to

about 200 dg/min in yet other embodiments.

{00661 In any of the embodiments described herein, the polymers disclosed herein
may have a melt index ratio (MFR) (Iy/I,, where I is measured by ASTM-D-
1238-F, at 190°C, 21.6 kg weight) of from 5 to 300; from about 10 to less than
100 in other embodiments; from 15 to 50 in yet other embodiments; and from 15

to 40 in yet another embodiments.
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{00671 In any of the embodiments described herein, the polymers described herein
may typically have a weight average molecular weight to number average
molecular weight (My/M,) of greater than 1.5 to about 5, particularly greater than
2 to about 4.0, more preferably greater than about 2.2 to less than 3.5,

Hexane Extractables

[0068] In a class of embodiments, the hexane extractables content may be less
than 1.75 percent; less than 1.5 percent in other embodiments; less than 1.0
percent in yet other embodiments, and less than 0.5 percent in yet other

embodiments. The data reported are measured in accordance with ASTM D-5227

DSC Meiting Point
[0069] In any of the embodiments described herein, DSC measurements may be
made on a Perkin Elmer System 7 Thermal Analysis System. The data reported

are from second melting data measured in accordance with ASTM 3418.

ESCR

00701 ESCR is measured according to ASTM D-1693 Condition A (ASTM D-
1693/A) and ASTM D-1693 Condition B (ASTM D-1693/B). For each condition,
measurements are conducted in 10% and 100% Igepal. In embodiments, the
polymers described herein have an ESCR value of 100 hr or greater when
measured according to ASTM 1693/B in 10% Igepal. In other embodiments, the
polymers described herein have an ESCR value of 250 hr or greater and in yet
other embodiments, the polymers described herein have an ESCR value of 500 hr
or greater, when measured according to ASTM D-1693/B in 10% Igepal.

[0071] In a class of embodiments, it has been found that resins produced with the
metallocene catalysts described herein that have a broadened composition
distribution characterized by having higher T7s- Tys value and a higher Fgg fraction
possess substantially improved ESCR than comparable grades with narrower

composition distribution. The polyethylene grades described herein may have
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ESCR of greater than 500 hr when measured according to ASTM D-1693/B
measured in 100% Igepal. More details about the embodiments will be apparent

from the examples below.

Density

(00721 In any of the embodiments described herein, the density of the polymers
maj be 0.927 g/cc or greater. In other embodiments, the density is between 0.927
gfcc and 0965 gfcc and between 0.935 g/cc and 0.965 g/cc in yet other

embodiments. Density is measured in accordance with ASTM D 1505-03.

Melt index

[0073] Iz; is measured in accordance with ASTM-D-1238-F (190°C, 21.6 kg
weight).

[0074]1 15 is measured in accordance with ASTM-D-1238-G (190°C, 5 kg weight).
[0075]1 I, as measured in accordance with ASTM-D-1238-E (190°C, 2.16 kg
weight).

[0076} The polyolefins of the present invention may be blended with other
polymers and/or additives to form compositions that can then be used in articles of
manufacture. Appropriate additives, methods of adding them and methods of
blending are known to the skilled artisan. '

(00771 The polymers produced may further contain additives such as slip,
antiblock, antioxidants, pigments, fillers, antifog, UV stabilizers, antistats,
polymer processing aids, neutralizers, lubricants, surfactants, pigments, dyes and
nucleating agents. Preferred additives include silicon dioxide, synthetic silica,
titanium dioxide, polydimethylsiloxane, calcium carbonate, metal stearates,
calcium stearate, zinc stearate, talc, BaSQ4, diatomaceous earth, wax, carbon
black, flame retarding additives, low molecular weight resins, hydrocarbon resins,
glass beads and the like. The additives may be present in the typically effective
amounts well known in the art, such as 0.001 weight % to 10 weight %.
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[0078] The resultant polyolefin and polyolefin compositions may be further

processed by any suitable means such as by calendering, casting, coating,

compounding, extrusion, foaming; all forms of molding including compression

molding, injection molding, blow molding, rotational molding (rotomolding), and

transfer molding; film blowing or casting and all methods of film formation to

achieve, for example, uniaxial or biaxial orientation; thermoforming, as well as by

lamination, pultrusion, protrusion, draw reduction, spinbonding, melt spinning,

melt blowing, and other forms of fiber and nonwoven fabric formation, and

combinations thereof. Typical rotomolded articles include large containers for

conveying liquids, drums, agricultural tanks, and large parts such as canoes or

large playground toys. Typical injection molded articles include, housewares, thin

wall containers, and lids for containers.

[0079] These and other forms of suitable processing techniques are described in,
for example, PLASTICS PROCESSING (Radian Corporation, Noyes Data Corp.

1986).

EXAMPLES

jcoso] It is to be understood that while the invention has been described in

conjunction with the specific embodiments thereof, the foregoing description is

intended to illustrate and not limit the scope of the invention. Other aspects,

advantages and modifications will be apparent to those skilled in the art to which

the invention pertains.

{0081] Therefore, the following examples are put forth so as to provide those

skilled in the art with a complete disclosure and description of how to make and

use the compounds of the invention, and are not intended to limit the scope of that

which the inventors regard as their invention.

Example 1
[0082] Higher ESCR due to broadened orthogonal composition distribution
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Polymerization

[0083] The ethylene/l-hexene copolymers were produced in accordance with the
following general procedure. The catalyst composition comprised a the silica
supported bis(n-propylcyclopentadienyl)hafnium dimethyl metallocene catalyst
with methalumoxane, the ALHf ratio being from about 80:1 to 130:1,
commercially available from Univation Technologies, LL.C, Houston, TX. The
catalyst composition was injected dry into a fluidized bed gas phase
polymexization reactor. More particularly, polymerization was conducted in a
2550 mm diameter gas-phase fluidized bed reactor operating at approximately
1720 kPa total pressure. The reactor bed weight was approximately 17,000 kg.
Fluidizing gas comprising ethylene, hydrogen, 1-hexene and nitrogen was passed
through the bed at a velocity of approximately 0.6 m per second. The fluidizing
gas exiting the bed entered a resin disengaging zone located at the upper portion
of the reactor. The fluidizing gas then entered a recycle loop and passed through a
cycle gas compressor and water-cooled heat exchanger. The shell side water
temperature was adjusted to maintain the reaction temperature to the specified
value. Ethylene, hydrogen, 1-hexene and nitrogen were fed to the cycle gas loop
Just upstream of the compressor at quantities sufficient to maintain the desired gas
concentrations. Table 1 summarizes the gas concentrations and reactor conditions

during the polymerizations.

{00841 Gas concentrations were measured by an on-line vapor fraction analyzer.
Product (polyethylene particles) was withdrawn from the reactor in batch mode
into a purging vessel before it was transferred into a product bin. Residual
catalyst and activator in the resin was deactivated in the product drum with a wet
nitrogen purge. Table 1 summarizes the gas concentrations and reactor conditions
during the polymerizations. “Cg/C; flow ratio (“FR™)” is the ratio of the lbs of 1-
hexene comonomer feed to the pounds of ethylene feed to the reactor, whereas the
Ce/C; ratio is the ratio of the gas concentration of 1-hexene moles in the cycle gas
to the gas concentration of ethylene moles in the cycle gas. The Cg¢/C; ratio is
obtained from a cycle gas vapor fraction analyzer, whereas the C¢/C; Flow Ratio

comes from some measure of the mass flow. The cycle gas is the gas in the
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reactor, and is measured from a tap off the recirculating loop around the reactor.

The ratios reported in Table 1 are from the gas concentrations in the reactor. The

Ce/C; ratios are running averages.- The STY reported in Table 1 is the Space Time
Yield, the SGV is the Superficial Gas Velocity, and the APS is the Average

Particle Size of the resulting polymer.
polyethylene properties.

(SURPASSTM). available from Nova Chemicals.

Table 1.

Table 2 summarizes the resulting

The comparative resin is a commercial resin

Gas phase polymerization of ethylene and 1-hexene with bis-(n-
propylcyclopentadienyl) hafnium dimethyl catalyst.

Sample 1 Sample 2
Parameter
Temp, °C 77 77
C, partial pressure,
psia 234 219
Reactor pressure, psig 250 256
SGY, fps 22 2.20
Isopentane, mol % 5.0 10.6
C¢ mol % 0.58 0.738
Cy/C, 0.0065 0.0091
C¢/C; FR (Ib/lb) 0.022 0.0369
H; ppm 309 370
H; pprm/C; mol % 3.51 4.58
Dew Point, °C 29.6 30.7
STY 54 6.82
Productivity, Cat
Feeder, g/g 7283 13318
Iz, dg/min 6.03 6.50
I,/12 17.26 211
Density, g/cm3 0.9404 0.9383
APS, mm 0.0285 0.03




Sanple 3 Sanple 4 Sanple 5 Paraneter 12 (dg/mn) 56.7 23.5 116 12]
(dg/mn) 1289 643.9 - MPH (121/12) 22.7 27.4
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Table 2 Properties of Samples 1, 2 and the comparative sample 6
' ' Camparativé
Sample 1 Sample 2 Sample
. S, : - - | (Nova Surpass)
_ Paramefer S '
I; (dg/min) 603 | . 650 o 3.3
" Ty (dg/min) 104.16 - 1373 - 1uae
MFR Maly) 17,26 211 . 233 '
Deasity (gl’cc) - 09404, 09383 | oo .
32,673 | . 20498 | ¢ 24207 .
Mw . ‘ 70,731, 71,989 . 75,772
. ME . 131,887 165,927 . 189,993 . -
_ Mw}Mn - I 216 -} - 244 AW
DSCPeakMelt ' ST :' |
Temperidture (°Cy | -127".3_ . 250 C 1249 '
- T75-Tzs Y . 245 53 T 420
. Fm 1A% 1175% o 0%
MaMa | 46 | o289 | o NAL
: T . © | Coftventional CD |
Hexane Extracmbles' 1 -1 02 - notmeasurcd o
ESCR(CQndxtwnB R S S o 2 B
ndi | : 3 e
180% Tgepal C 247hr i >10000r | 575 hr
ESCR (C‘omd:tionA ; ETR xe L o
" 10% Teepal) . R o 35k ”.*‘.‘7 _
ESCR (CondnﬁonA , oA b . yabp.
lﬁﬂ?f_gepﬂl) 94 hr - > H000 hr - 157w

[0085] Both Samples 1 and 2 were produced w;th embodlments of the
metallocene catalyst descrabed herein and have a orthogmal compos:tlon
d1str1butmn as ev1denced by the MﬁofMgo valug of geater than 2. Sample 2 was
produced with 2 broader composﬂmn dxstnbutzon as evidenced by the higher Tys- .
Tas value, a higher low temperature fraction as ev1denced by the higher Fyy value
'bnth resulﬂng in signifi cantly improved ESCR.” The rcactor condltmns for both
resms are given in Table 1, Tos-Tys values, qu values, and ESCR are given in-
Table 2 along with other properties. TREF-LS data for both’ samplcs are given in

RECTIFIED SHEET (RULE 91) ISA/JEP
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Figures 1 and 2, respectively.

[0086] A comparative sample (SURPASS™ available from Nova Chemicals) of
similar melt index, density and T7s — Tzs value to Sample 2 is also shown in Table
2. The comparative sample has a conventional composition distribution and no
low temperature fraction. TREF-LS data for the comparative sample is shown in

Figure 6.

[0087]1 While not whishing to be bound by theory, the inventors offer the
following explanation for the higher ESCR of Sample 2. It has long been
recognized in the art that the presence of high molecular weight chains that
contain the majority of the comonomer provide for increased toughness
properties, especially ESCR. The high Fgo value in Sample 2 is evidence for such
a fraction with higher comonomer content. These molecules also possess a higher
molecular weight than the molecules that elute above 80°C (i.e. molecules having
lower comonomer content) as evidenced by an Mgy/Mgy value of greater than 2
shown in the TREF LS data in Figure 2.

[0088] Both the orthogonal nature of the composition distribution and larger
fraction of high molecular weight chains with increased comonomer content
provide for the improved ESCR of Sample 2 over the comparati\}c sample. The
larger fraction of high molecular weight chains with increased comonomer content
as evidenced by the higher Fgy value provide for improved ESCR of Sample 2

over Sample 1.

foo89] If the composition distribution was broad but not orthogonal, ESCR may
be disadvantageously low. Likewise, if the composition distribution was

orthogonal but too narrow, ESCR may be disadvantageously low as well.
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Example 2:

[0090] Resins having broad composition distributions

[0091] Samples 3, 4 and 5 were produced using the same reactor as described in
Example 1. The reactor parameters and gas concentrations are listed in Table 3.

The polymer properties are listed in Table 4.

Table 3 The reactor parameters and gas concentrations for production of
' samples 3, 4 and 5.
Sample 3 Sample 4 Sample 5
Parameter
Temp, °C 85 85 85
C; partial pressure, 235 149
psia 148
Reactor pressure, psig 251 242 241
SGV, fps 2.1 2.15 2.09
Isopentane, mol % 5.0 5.0 5.0
Csmaol % 0.89 0.523 0.687
C4/C; 0.0101 0.0091 0.0118
Ce/Cz FR (Ib/lb) 0.072 0.0595 0.1059
H; ppm 1416 849 1481
H; ppm/C; mol % 15.9 14.75 25.39
Dew Point, °C 335 259 26.9
STY 53 3.8 4.99
Productivity, Cat 13,048 9753
Feeder, g/g 7303
I, dg/min 57.8 32.67 88.77
Ly/12 23.9 23.73 21.4
Density, g/cm’ 0.932 0.9303 0.9297
APS, mm 0.027 0.03 0.02
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{o094] The phrases, unless otherwise specified, "consists essentially of" and

“consisting essentially of” do not exclude the presence of other steps, elements, or |

materials, whether or not, specifically mentioned in this specification, as along as

such steps, elements, or materials, do not affect the basic and novel characteristics



an ESCR val ue of 500 hr or greater when neasured according to ASTM
1693/ 13 in 10% ep a T75.725val ue of 4 or greaterwherei nT25 is
the tenperafdtt g/og{. 'b\,hl ch 25% of the eluted polyner is SETASHEFIUHAY
T75 is the tenperature at which 75% of the eluted polyner is obtained
in a TREF experinent, and a F80 value of 10% or greater, wherein F80
is the fraction of polyner that elutes bel ow 80C, and a Ms01MBO val ue
of greater than 2, wherein Ms0O is the nol ecul ar wei ght of the polyner
fraction that elutes at 60C in a TREF-LS experinment and N90 is the
nol ecul ar wei ght of the polyner fracti offthat elutes at 90Cin a

TREF- LS experinment, wherein the netallocene catalyst is selected from .

the group congigs! 40 e%g%len@q Sié]x{b;lﬁr{ﬁgy U6 %6t BRAMAHHEHNLY R Rsociated
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bi s( n- pent yl oviti té)pehmdtsmslln)amm wsed( n- pr opyl

cycl opent adi enyl') (n-butyl cycl opent adi enyl ) hafrilum Xn,

bi s[(2-trinmethylsilylethypcycl opentadi enyl]hafni um bi s(trl nmet hyI silyl
cycl opent adi éwpﬂ) Faf dicusaknf brevity, only certain ranges are explicitly disclosed herein.

di met hyl si | ylibi f
di met hyl si Iyl ; s( - E%‘?%¥%f%§‘ﬁ§§f"’%‘ﬁ§ﬁ %Q’? CQh‘%m"éq’"&‘ any upper limit to
bi s( 1- n- pr opygci@-mrangg hotyexpbighyt racitadngs )’Vhléfas,maums from any lower limit may

(n-propyl cycl ..
or ohy 1 5 ) pUREHARMSAN kol lower Jimit to recite 8 range not explsitly recited:ip,
from the grouhe sasresvay, lrmgcbfmhaarxyg@neq limi¢ mapy\hgcotdined guithany sithey ugper

C2_12 al kenylign; Gﬁ?gﬂ n I t VA B al. .

atyl oxys, 07 1:ﬁLIE,'Sta ?eaé‘ﬁﬂ ggygg’%)a%gl]t.\? Féf, %g'r 6%51 t;ﬁé%&é%%g?ﬁgrlgg?éﬁ@s,
and Cl1_12 heteeﬁrdatmm;on@laidnahgalwbmwm soerd peints sy though aot explicitly
derivatives trg(ﬁ{eQOfThug ey Q%oﬂ{t%‘i:%l@l}al %1%%; Eﬂ%sex"\‘@%ﬁk Bwhh&w&toli%gﬁé}e

al pha- ol ef i n copol yner an ESCR ue o or greaterwh

measur ed accdimgit ﬁgmb@evl\smm awo Ster ipaint Ovoindjeidupl vadue Thany per dayasfor
any one of t Bri6a# 9L Rekife laahi® notBEnRklY S8kdh, density ranges from
0.927 g/cc t%g 965ﬁ’g ccl 1 h‘%%enoprgé:estgy of any one of the preceding
clains, wherein said denS|ty ranges from0.935 g/cc to 0.965 g/cc. 5.
The process 8&9?%1%%% a&ﬁnﬁﬁﬁcﬁgmeﬁnphﬁtmco%&few fdn s 'ahy
ranges from 0 g/cc tod . process of” any one of

t he precedi nduaidigtips %dY'HCIFréP? |1?1-‘d’§39f?‘51n| @ (’mﬁwﬂzm 5 s extenynsuch

to 25. 7. TheiRIRGRSS cOhsifént vﬂﬂ?th@fdeE&@nBﬁ Qf afll Beseal AVERionIREGLS alihe
net al | ocenecat al ysti s asupported netal l ocene catal yst. 8. The process

of any one of¢OFpfEER; é%tﬁf?faﬂw &ft?ﬁshefﬁﬁefrﬂékuﬁutsﬁsswtpa?qeeeréwuéhfaéwm

i s activated patehh, Féumﬁaeﬁhcleaeetacsrb\@mﬁ fORY SdoBsbrate® Pyt REerdcUBr all
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conpound, or JHTSEIGHORE 1 yeghy sSucty ineprRoraiog. issRergiitted, gnd, i, thyy °’Etﬁ’ét such
precedi ng cl &ikosudieESisktdod ¥ihahé Jab@ftidnSofdie FresHiDHIBRion.

[0097] While the invention has been described with respect to a number of
embodiments and examples, those skilled in the art, having benefit of this
disclosure, will appreciate that other embodiments can be devised which do not

depart from the scope and spirit of the invention as disclosed herein.



10. An ethyl ene al pha-ol efin copol yners, wherein the ethyl ene

al pha-ol efin copol yner satisfies the follow ng conditions: 30 a
density of 0.927 g/cc or greater, a nelt index (12) from1l dg/mn to
200 dg/mn, a nelt index ratio of (1202) of from1l5 to 40, a

nol ectf&r vvei ght di stribution MM Mh of 2 to 4, an ESCR val ue of 50|0
hr or, greate accordin ASTM 1693/ 13 in 10% I gepa

a T75 T m\% f& m%!f'ceﬂ" ﬂi’y'IJ %‘5?8\9“"\/%%" Y&Frnt%e\'@'?)"efssm‘f‘?f@’“q errperat ure at

whi ch 25% 2l 2! efi alloc caas atlea oeas as v
! eper at u‘;git%ééf}eeﬂﬁgﬁe%ﬁrzﬁg ;){JE%F h%ef rQQfg—?zl el‘?q and tzy§ t§ scbie gas phaseeacio

experi nents reﬁibdteﬁ\pézrghge ¥ @b 8080 %@%t@ﬁo!;ﬂ{e%taﬁ'é lé’r‘(@%ﬁ'-cﬁﬂr‘z &Qoiﬂm%r t.vn@ern the
fraction ofinyRed ypaBbletnBetoly@druiiets {ae&cmwmé@&idm&@ M20 val ue of
greater than 2, wherein MO is the nol ecul ar wei ght of the pol yner

fraction thaadeahiutnmaagfcc&@ﬁiea'm, a TREF-LS experinment and MBO is the
nmol ecul ar wek ghitindsk (14 tren paulnymre ROOfdg/andnt | on that elutes at 90C in a
TREF- LS expef MAEFfe: raiéfaiahe! rere1gdofy ner is produced using a

met al | ocene E@?'%“S?%‘Te‘géféﬁsé‘@t“@ﬁwwf“bPﬁ2t“h‘é group consi sting of:

r | PﬁoéaqOé: |g ﬁg_rﬂq?wasured according to ASTM 1693/B in 10% Igepal,
B: : E 2 Eu? 5' c 7F tamperature at which 25% of the eluted polymeris obtained

p iche /5% g r is obtained in a TREF experiment, and
bi s(n- pentyl 9¥C %f (f@%}g ;F;; il ;%ai on o merthat elutes below 80°C, and a Mgo,Mgg
CyCl opent adi dak er yi’ Iyme raction that elutes at 60°C in
bis[(2-trimeg hyéislé b éﬁﬁ]g&’ le\l) r%& ;myHEpf tion that elutes at 80°C in a
bi s(trimet hy‘nsaFLusle&géﬁrh&Dent | enyI ) haf ni um

di met hyl si | yl bi s(n-propyl cycl opent adi enyl ) haf hi um
di et hyImérbiythb'rnstélroeeb)euta;dlysvﬁe@qamtoadie@rony&o)ﬁmﬁgﬁf:um X",

bi s(1- n- propyl- 2- et hyl cycl opent adi enyl ) haf ni um

(n- propyl dwié 'Fbtch@hﬂ@ﬁ foium X,

propy1- 3 nb'slﬂlﬁ 'é'W’c) i“@ 1) haf hi um Xn; and wherein X, is

sel ected fn i E@’C E‘ﬁy‘ l%iy hal o en ions, hydrides, Cl.12

agkigzr%@w e L BT g
hyrsfiy]

fl uoroaryl §neydld p ,bl ggp ﬂggf'ﬁlgp;(al ni ng hydrocar bons and

substi t ut e@héﬁ@rszym lbuﬁ@cusﬁ%@& hafnium Xy,
bis(1-n-propyl-2-methylcyclopentadienyl)hafnium Xn,
(n-propyleyclopentadienyl)(1-n- propyl-3-n-butylcyclopentadienylyhafhium X; and

wherein X, is selected from the group consisting of halogen ions, hydrides, Cy_4, alkyls, C,_4, alkenyls, Cg.q4p aryls,
Cr.ap alkylaryls, Gy, alkoxys, Cqqq aryloxys, C;.q4 alkylaryloxys, C, 4, flucroalkyls, Cg 4, fluoroaryls, and C,_4,
hetercatom-containing hydrocarbons and substituted derivatives thereof.

2. The process of claim 1, wherein the ethylene alpha-olefin copolymer has an ESCR value of 1000 ht or greaterwhen
measured according to ASTM 1693/B in 10% Igepal.

3, The process of any one of the preceding claims, wherein said density ranges from 0.927 g/ce to 0.965 gfce.

4. The pracess of any one of the preceding claims, wherein said density ranges from 0.935 g/ce to 0.965 gloc.

5. The process of any one of the preceding claims, wherein said density ranges from 0.940 gfce to 0.965 g/ec.

8. The process of any one of the preceding claims, said melt index ratio {l,,/i,) ranges from 15 to 25,

7. The processofany one of the preceding claims, wherein the metallocene catalystis a supported metaliccena catalyst.

8. The process of any one of the preceding claims, wherein the metallocene catalyst is activated with at least one
activator selected from the group consisting of an alumoxane, a medified alumoxane, an ionizing compound, or
mixtures thereof.

9. The process of any one of the preceding claims, wherein the activator is an alumoxane,

10. An ethylene alpha-olefin copolymer, wherein the ethylene alpha-olefin copolymer satisfies the following conditions:



11. The et hyl ene al pha-ol efin copol yn# of claim 10, wherein the ESCR
val ue is 1000 hr or greater when measured accor di ng to ASTM 1693/B in
10% | gepal . 12. The al pha-ol efin copolynmer of claim10 or 11, wherein
the density ranges from0.927 g/cc to 0.965 g/cc. 13. The

al pha- ol efPssiyopi2yaerorgpatesl ai m 10 or 11, wherein the density ranges
from 0. 938 7§} iatex {lz rgn DEKNiRe @RS domin, The al pha-ol efi n copol ymer of
claim 10 BF“e‘i'ftde"Wﬁ%?“Qv’l‘? ‘Ef @“bfé‘ﬁé‘?t ranges from 0. 940 g/cc to 0 965

g/ cc. 15. CU r hror eater»% aco O 3 {f%ﬁ q

IE@C gepa
wher ei n tﬁ? Iué&‘ reagt 12 T& gzje mperatu rv ch2 %o he e oiymer obtamed
conposi t Qﬁawc EleSipdahd S i bl Rl v e
clains 3= Val‘]-e70f 1&90@;&‘!3? fer QP £ ls%ér yn Jfg wfel QR Rute 8% anda MEO/MQU
conpri si ngau&megrs&meﬁ Eh &8 B, 1€ thetinBibcli@n wehied: 8k Bo;}tntaefraafotq kfad @60 1n
density ofrrériBxfiRabar@igfis hdmblecRBRie@ht6Ghe pbi@mer fitGonatat d1tds@t 0% 1£d BHEMLS
17, wher eiexpeiirieet, arti cl e has a density of from0.940 g/cc to 0.965
Vee.

wherein the polymer is produced Using a metallocene catalyst selected from the group conslsting of:

bis(n-propylcyclopentadienyfyhafnium X,

bis(n-butylcyclopentadienylyhafnium X,

bis(n-pentylcyclopentadienyhafnium X,

{n-propyl cyclopentadienyl){r-butyloyclopentadienylhafnium X,
bis[(2-trimethylsilylethyl)cyclopentadienyilhafnium X,

bis{trimethylsilyl cyciopentadienyiyhafnium X,
dimethylsilylbis(n-propyleyclopentadienylyhathium X,
dimethylsilylbis{n-butylcyclopentadienylhafnium X,
his{i-n-propyl-2-methyleyclopentadienylyhafnium X,
{n-propylcyclopentadienyl){(i-n- propyl-8-n-butyleyclopentadienythafhium X i and

wherein X, is selected from the group consisting of halogen lons, hydrides, Gy.4p alkyls, Cy 45 alkenyls, Cg.q5 aryls,
Cr.g0 alkylaryls, Cy_ o alkoxys, Cg.qg aryloxys, Gr_qg alkylaryloxys, Gq_4o fluoroalkyls, Cg.4, fitorearyls, and Cy_qp
heteroatom-containing hydrocarbons and substituted derivatives thereof.

11, The ethylene alpha-olefin copolymer of claim 10, wherein the ESCR value is 1000 hr or greater when measured
according to ASTM 1693/B in 10% igepal.

12. The alpha-olefin copolymer of claim 10 or 11, wherein the density ranges from 0.927 g/ce to 0.985 gfce.

13. The alpha-olefin copolymer of claim 10 or 11, wherein the density ranges from 0,835 gice to 0.965 gice.

14. The alpha-olefin copolymer of claim 10 or 11, wherein the density ranges from 0.940 g/cc to 0.968 g/ce.
15. The alpha-olefin copolymer of any cne of claims 10-14, wherein the melt index ratio (Ip4/,) is from 15 to 25,
16. A compeosition comprising the alpha-olefin copolymer of any one of claims 10-14.

17. Anarticle obtained by rotational molding comprising the compasition of claim 16, wherein the article has a density
of from 0.835 glce to 0.865 g/ec.

18, The article of claim 17, wherein the article has a density of from 0.840 g/cc to 0.965 glee,



