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WD 2005/ 108439 PCT/ US2005/ 009669 1 CATALYST SYSTEMS
FOR PRODUCI NG POLYMERS HAVI NG BROAD MOLECULAR VEI GHT

WOROSTRBBITI ONS AND METHODS OF MAKI NG THE SAME PET/US2005/009669

CROSS- REFERENCE TO RELATED1APPLI CATI ONS Thi s
application clains priority to U S. Patent Application
Serial No. 10/829,550 entitled "Catalyst Systens
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enfdddl ASiadys fgﬂ}sté?ﬁﬂ OB prishl Qcﬁfo%ﬁrﬁfi}at:ﬁ%@ and"R NOn-Transition Metal
articularly to cat 11Iy%st systens conprisin

oottt Cot e hLD Sabbioet ABCHD Sepah S L 1 GHOMR ited
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ates to po yners, and nore
Saenet, both afrlech weqocﬂlgdmr Apiil2, 2RP4ranti ard hoslh incorperated by reference
ng elﬁ%e%ren% ht distributions and nmet hods of- maki ng
same using a chrom um based catal yst and a non-

transition netal WQ?@M [t al yst.
BACKGROUND OF THE | e product| on of

pol yau et !n{lgm%%\l oif _Fﬁug%l%ﬁéj oSl ¥ tSolrer il loleﬁna and

known T § ar s suppor gen e

hae paﬂmiﬂaﬂzh [{0)) natai:ysthazstmis campiisigt 8 chiSiin-hased plalyst md a non-

AT oA S b By €85

ie >pam§ieﬁ$ anf metgoEotiduirlyitatpolymes laeing reiahmbl}f bwad uokecular weight

T P

t2RsiHed Bethi Yyblopdnkadieaiivooagghti n sol ution pol yneri zation
processes. However, slurry polymerization soon becane

known as the nore econom cal route to many comrerci al
grades of pol yoBACKIGROUNDYOEAHE INVENTEON. A
pol yol ef i n exhi bits various physical and, in

B 1 odbY et BR T RE SRR Shichi b cabfts B 4l fhov i e

aflh e Varidus canpportsvigivg liteen 3tipldyst fartsuch ohrow@mm-based catalysts.  Silica

Sget Fi Bt SarL S Hkapitt @ A5 gt sopgperizaton
y8is.D AQOLIRE eRAmpErO vl Slﬂﬁ’Ofmﬂlap(thbeﬂnemﬁd tfgr Woh chromium-based

t%P 5t/s llgc uc?eg X1 US%anS/ 19181) %gp%ates Supported chromium-based catalysts

\-_._)

were initially employed in solution polymerization processes.  However, shury
polymerization soon became known as the more economical route fo many commercial

grades of polyolefins using such catalysts.

A polyolefin exhibits various physical and, in particular, mechanical properties that
are highly affected by its molecular weight distribution MWD). The molecular weight
distribution can be determined by means of a curve obtained by gel permeation
chromatography (GPC). It can be described by a parameter known as the polydispersity



10

15

20

25

2 index (PDI), which indicates the breadth of the
nmol ecul ar wei ght distribution and is equivalent to

w0 Tves/wesught - aver age nol ecul ar wei ght of a pol yraanus2005/009669

di vi ded by the nunber- average nol ecul ar wei ght of the
polymer (i.e., MV M\). A broadening in the nolecular
wei ght distribution of a polyolefin tends to inprove

the flow of the polyolefin when it is 5 being
indexc GRIhdwhich Hindjeatesathe shreadits WE she. npleeulpio wpight |d)§&‘fbﬁb¢11 and is

f
Bl e MR Fld BAUTLAT SRR 2 phBlndr 1 13 he momber-
ayetage mplgcnigr nghh@f the palyivee (.| | ok braadenjug igrthe molecular
. L&
bR B30 Bt LT o i
Iokirgtprodessed afrhigifrats pfishgasl efin tends to be i mted by
the choice of catalyst A 10 need therefore exists to

dev S | Dige Imlm’fﬁ%@tofswmmﬂmmmmasdd@am ig aften performed in
8 BiesFife BF v R Brog O deug e ke RS IRV LA weights.

Anhovgh Ihgdrogee cghbe disad kd begulatenthe aholpaillar okveihitn she breadth of the

I§lodlfced. i,N chro @HBn?é'ﬂii%ﬁ%Fﬁ‘és t8$I Sts‘i}’?&g oitl;:;-lz)lf(c)a\galystA

neRY elietdf em@tat@ﬂewabp &)bﬁﬁa@ﬂ&ystéiﬁ |tha®l cidd Be Gotl & prdtiuce bblyolefins

coppri si_.ng chrom coc al

a8 DoAY BRSPS e S é@a@ﬂwmﬁtﬁ tdrepdens thg molecular
ﬁugﬂtdﬁs&;bhﬁéhswpwa@faﬁwda&m grambfnamwswemﬂml

cycl opent adi enyl * conpound The non-transition

netal Cp conpound corrprlses a Goup | netal Cp

conpound a G DESCRIPTEON OXFHENNVENTION G oup ||

metal Cp conpound, or conbi nat| ons thereof. The Cp
group, O RS
grou Lmé‘{lﬁnééri%ﬁﬁ %Iese,ﬁp f § IJYgr ou|cgl"i]c(i‘]!cl)c{rﬂyL catalyst

mmphsmgtuhmmumhmde of cocﬂfﬁgst cate aaldyantagadausly poowjued.s eBhea co catalyst

ort fo chr.o ani ¢ .oxi.de
E?L}E 5r S“bﬁ)r[é‘i‘f?ao% gpuls A, 5 1? 3831 ?ﬂ &' ‘% 31 compound
(Up). Y The hcﬁﬂ&:m@lﬁoﬁ)ﬁle&l cbeaﬁapmmﬁe:ombﬁs‘es A Groep I metal Cp compound, a
dvant age OV|ded as Lents of t he present
Siovort PUA Ch RSO O IEERLCT AbMBcsr SmpLatons hereof
ngt%uﬁ QPR Cotdislyst c@xﬁm h cwmﬂenﬁm%@ngmpaa Hudreiyl gﬁmp,

non transition 25 nhetal compound I.n partl cul ar,

indenyl grouD.coneambinaigns: fietsat urkha ratalystsaisp eptepTises a Support for the
Mm{uﬁtsﬁglas%nﬁ%dﬂc%msﬁ dpoitn an oxi di zi ng atmosphere

and then optionally at |east partially reducing it in

a requghdig atp?&aﬂﬁgeaecamwfos: qseabaaﬁheﬁzan&hspamm 3fd 8Rfn are
with a non- tranS|t|on neta Cgﬂgb oun In one

adiveyiegeonstit provisled <2 BesY duvepfion alhe methods of
géaﬁh%elg c&@&mﬁaﬁ&%ﬁ@mmﬁpﬂm ew&ﬁmm%almm non-transition

prror to entry Into reaction zone.

zactaltcﬁpeqompmlmb csparasﬂ.@ga mwumgnmmm @da support is activated

bﬁ&%ﬁa}fﬂu@pﬁl an o(li)kﬁdrl]%% Sl%ﬁ eéﬁﬁ gleﬁ 3}5&0?1% # %sttptaﬂﬁﬁﬂr Hd&(ﬁng it in

a reducing atmosphere The catalyst is then contacted with a non-fransition metal Cp
compound. In one embodiment, the support can be contacted with a solution comprising the

non-transition metal Cp compound prior to entry into a reaction zome. In another

o
or
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separately to the reaction zone., Met hods of
pol yneri zing at | east one ol efin are advant ageously

wooos/ioded as enbodi nents of the present i nvemCTars2005869669

met hods of polynerizing at 3l east one olefin 5 include
contacting the olefin with a catal yst conpri sing
chromumand with a cocatal yst conprising a
non-transitigon netal cycl opentadjenyl (Cp) conpound,
embadimsnty fsr gcbigateds patalysh ang gonsEassiiopabetdl () Frpaued gar e added
s@farditeitoqBeRactidf k. t he cocatal yst in conjunction with -
the 'catal yst increases several properties, such as

the fiefHadd QFCpdMRhdrizingdSX 1bdildde) olcki QurdMbivaiseodshie piided as

of the polyners produced by this polynerization

cppedipgnts pf thesprageat inventian. derthadp 0§ Pabymeriang aklsasitone olefin

iohe %htgéﬁn%gﬁé Y{EBh Wi P esthildt QpAdify ORI AE QMR Y cocatatyst
provi ded. The pol ymer conpositions groduced ge/hesuch

CHBPTRItEsa aewrskisy metel @rlapeniadien gempeingy elhe polymerization

i . | i t . . . .
off Bk bkigt inkfh R THAGMIRA] UsRInPRNIE i compmcton with the
catalitliacréasesseyenal groporties, such 29 fighighnlosi melhindex FLMD.1tbe MW, and

) ) e
ofeay ot e AR o RN iR oty oBOlHEba S0 POS] | O
h ' ji t 0] I
oo aBfea | shofients S0 alk 1Alhed thvcrtdy, belyf! oBHRAGES are
athmabpaysly provideda dihb pplymanengositiosgratuced-ansudh biethmdsi described

hgr?mﬁfg‘{ ‘%%18%}8%&%%%5%%%@%:9@% %{r}g d}’%"q’%?%ép%%? o ez gblgétlﬁg'l%gs havea
May geater than 5001000U#/Aw! atidea HEMH 6l 2 usige of fioml G261 410 nwal to 10 g/10

f.romthe for i n ol ymer conpositjons., 20 BR

i I e KBRS, R NSRS PRSPy e Mgy Jhen 400,000
g'hiu?l uad Ealrefmglemhﬂsqﬁﬁbze(fw Rés the pttPadi snﬁryeb pﬁdt}wg @mBbdiment, the
pol yet ene esin or, using a chromu a

by SRRy e o e WG Ve ARG e T 0,15 and a PDI
gfertel ARANIAAi Laion8IO &b it irdRde PolydeP VodPbsMidne Miving other
resin formed _using a chrom um based_ catal yst but ng ,
Propetties | apd tarticles e manufachurg ort epd qusgrastinles; formed fiom e fopggoing
pBBMeCihipositbisght distributions of polyethylene resins
formed using a chrom um based catal yst and different
concentrations of a dicyclopentadi enyl nagnesi um

cocat al yst apRigF PESCRIFION ORTHEPRAWINGSd using a
chrom um based catal yst and a triethylal um num

cocatal yst. WO 2005/ 108439 PCT/ US2005/009669. 4 Fig. .3
Gopt s Benioesioraph A FAaE s oo b DFREL P oyl Poetiiene
rédin§t forled 112308 Qf chréRinnPBisyEt daaRh nd ediffefenf HofiBendiEdn Gnetal
a_chromn uin based catalfyst, \‘g’ rein.one is forned w.th
cyrloneniafignyd pertpl et 4nd) aftapalyriylins e, rmeh Hsigg 8 ohrpminm-based
cAttTB ek 10 doBAMysta cocatal yst. A catal yst system

suitable for use in polynerizing olefins is

adv apizap @GS ¥ ghbR HiveBfing the molecular weight distributions of polyethylene

resins formed using a chromium-based catalyst and different concentrations of a

dicyclopentadienyl magnesium cocatalyst and of a polyethylene resin formed using a
chromium-based catalyst and a triethylaluminum cocatalyst.
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5 as an enbodi rent of the present invention. The
catal yst systemincludes at | east one chrom um based

wocwbsdogsdo and at | east one non-transition net &CT/US2005/009669

cycl opent adi enyl (Cp) conpound as a cocatal yst. A
nole ratio of the non-transition netal Cp conpound to
the chromumin the catal yst system can range from

0.001.to 20;, alternatiyvel 1tq 10
al t eFigatd VEPigts 3 25%R ﬂ’(‘}@fﬁg‘:‘% 4 Fﬁ“gfn‘ﬁ?lghfeﬁlﬁmeq% of two
Polythylefle @5in® Forlked QfifP4 chBhitum-] Bars@drba@alﬁ?- wiRtreta oddlis Fiithed with a

non-trapsitiaon nmetal Cp conpound typically constitutes
s lapsutpdistyldighing cgﬁtﬁhﬁyauﬂ@ma s forme v @R@éaa'alﬁh zone

contents; alternatlvely fromO0.1 to_ 20 ppm

al t edrepiabpbIvytemesnighlefon isedn pqlwnﬁ'p@ngcp}eﬁm wa%qge@w provided
£ Ot §ffoRinRint 3F rtﬁ‘eaﬁfebéﬂf‘ i%RRn. | TheVAtAt shRerh 3h@hdks tat least one

syst emis used fo pol ymeri zati on. %S he” non-transition

bpsed oeatalyst y@ﬁl dolstshi ans monriemsition megtalj eyslopentagienyl (Cp)
c@ﬁ’lﬁgﬁﬂ &G GeatdiystPA %o@é‘fbtl? %gm&‘cﬁaﬁgm%kﬁpbﬁ Sompound to the

tranS|t|on metals I nc met al
dhtomtiirn in the cjtalygtdystere canreygedjom %O@rtg@@ qlernativedy, fouch0Qido 10;

I
%F‘%?nﬁ%i mﬂb'éx@os ttgg@ o S u&?lgb#r&bep r %’uor SAH% ctﬁélg ﬁ%m 0.02t02.
Thg abw{reusitiod |1m&:}1 ICogrooyppynd t;plf:aﬂu@omyites g‘muu@p 1 tor 50eppm by weight

OB Y o o BP0 6D HBRL AR rmo o
19 ppaitiytwiightl ofithe homtentadfka/leadivn ugme imwhizh We @tabyspsystam is used for

.aryl 20 group, an al koxy group, an aryl oxy group,
pﬁh’% %}1?5 ilyl group, or conbinations thereof. In . an

b h
cyol SHERSBFEGR Ha4 G RrR ook p oG e Jeftel fypded o a
apagnqul Exerflps? b uitablel nohkuansimi mmfaisuﬁl@c%ecdt «ma?i fadieemyhch as
it 0 S0 (D vt L e P o V8, and & Cioup 11

1Al GRS Yinbd@md-PE BRI of ﬁﬁlﬁ!ile @p giubt fiekde @hﬁwp@ﬁhﬁfﬁmyo Eroup,
organi c radicals., For exarérrﬁé@ the 25 met

acieEAH) greHD, Oh AR Byl grovpy e ‘@H e wewee@ qfnsubstituted.

Fot @b ieme la'ﬁﬁe subéﬂ?ﬂ@d‘%iﬂl ﬁl Ainli1 ¥boup, an alkylaryl
(Ind CAH9 uoreny boron chioride
g(qﬂpu@tyflwou , 3ih lal 90, o1 Aorbingsiopethgreof. In .

agsc ogent ad! [ enyl tri ;@iﬁ o% L| md%sé{édﬁf%{%&%u (CoL),
d@bwlgmnmebﬂge@nesaml(ﬁsmwnellﬂd@s ablhxnmm aynlepentadiou panlkyl, or
c&'ﬂ@ﬁxa ?& ‘éﬁe?eo?s éﬁ@%étﬁr i aggxxfaf%ht b GrivallhP e (‘tgig G:EE}eam%ns can

ppor I 'ncl'ude an I norgani c
aeupnmaily ihan ad:upnmwh as hhhdes ratioridsy, noresnic saditalsi Forexmsple, the

N T T
i ggg?m%ﬂ%mbaﬁ%&@%(%ﬁoggy Msicqttiofbokdreciiide (FWBCIC2HS)
or e S or .
THS elal b OIS SRR Rach PPB R PoLE QTR RS 2 MR gpminu
c?&éﬁﬁhﬁﬁhﬂyl&i&l@@@m@ﬁcmﬂa} yst system such as

titania, zirconia, alumna, bona, thoria, rragne3| a,

and Thedhdibiam-Babet RAalyst héledds ¢Rdhim 8RS subpsR @t dekes as a carrier
surface area _and a specif] cani)or e volunme effective to
for the chromium, The support can primarily include an inorganic oxide such as silica,
alumina, aluminophosphates, and mixiures thereof. In an embodiment, the support contains

greater than 50 percent (%) silica, alternatively greater than 80%,silica, by weight of the
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provide for an active catalyst A Quantachrone

Aut osorb-6 Nitrogen Pore Size Distribution 5
wol26d/10948@Nnt , which is commercially avail abl e fPCams2oNs/009669

Quant achrone Corporation of Syosset, New York, can be

used to deterrri ne the specifi c surface area

(hereinafter "surface area") and specific pore vol une

(herel nafter "pore vol une he su ort The s

rface
S%npee he gupport eanfgEher Wera%a@lﬂi fTRoReHs gk demet ?ﬁ ply affect

0 / dhd e}ng I
SBSISPAEE LB o By ol Bmnl ek ot i

ﬂte@cﬁofr meRpoTtrhas arfepcifiq mefage prea 2l 9 PERES BTe e effective to
M%ﬁm abtweecatal A @%&%@AM&%@O G NEIREN Pdre i Dislribution

It can an range cubic centineters

hps@mngrtamlm /cg«)mema@y svasﬂahlg fromrtheécm aniaghiome Slogporation pf Syosset,
/
I\fgng&ﬁ ofn bOusad ﬁ)cde%m{n% ﬂ% 2 cHif Sl tcagcrei (gér?%ﬂl‘#%g gsﬁlétg& o438 and

por’t  usi ng
Sﬂﬂﬂﬁiﬂdnmvﬂluma (hamm@er fioravdeneD g€ theahpront oFheuswrfacriared of the

or_nor.e C [ . d .
sy i HRe S0t DL idvare GORRS BEl b G E 1, 0OR A9 Sttpmativty,
fige Eg!mﬂﬁg tolSiT)O?LﬁZIg,\m alternatively, EenpShmatgdo 70011|fa/fgotﬂuﬂher, the pore

odi the su r{ is.inpregnate th.,a
vapaer R Stpatien oh g eagpEpe BB PEAGRH L iR e TS mom
0Bxabip afintferyywdr gram @OELDBES cofay anilimhibelyp fomdss dorgtb Gaelg.
chrom um oxi de, chromumtrioxide, chrom um acetate,
c hr oThdhrerhiiiinadas be dvadeberbihe aupipon sisitig mryeméthod knopetin the art. In

enbod t, t ed t
off GFBCAPERn " SPREPHIT 0] OF BB RireE R i ol sippor
cttipchty RAnAR. &fstl@éd neeam\cbge réferk G thé protmdt esuSig formt thdyelation

Eg lé‘Eray dyin ca#‘ %otraglca%ly dryin |t Eﬁ%%tedmﬂlan

aﬁﬂb@ﬁy&ﬂudoer&hmgoytwﬂter%mﬂmmm & bﬁ{&le Eﬂz&ﬁ}ﬂbsuélﬁ water-
conpound, bi scyclopent adi enyl chrom un{l1), chrom um

s«de‘ét: wh@eevmn@moun ringlydeicl araml% OXidg e PTG driorids, pfromium

i TG b A1 00 S s i 06

lsainxmmt@d withya hyrdrmbon g%zm @%(hl@h a clzsmwm epTrpQUNG d§ fissolved

o Bl s o ARG E7 Gy AR TE PRBBEAL arving it

Ekampleméf h}dmcmbom balatile ehtomnmrccangpundsrmdudn tettiagyontyd ghromate, a

AR sROmiAT i, B R iy? BBl ol iR hcctonate,

ot bmﬂﬂnaﬁaﬂﬁhmdfs The amapurit o clgomiunxpresam i mecéasmgxpmlysie@n range

R R G e W e i R
alidthativelsy feorh 0.609 ot ed by reference herein in their
entirety. By way of exanple, the support can be

pro dhﬁ@%ﬂh&)dﬁ]ﬂdﬁt} |chdnfanbased ehthigiti gpnle 9635 064,089, or combinations

o S o S B B T o

vakk &rdce % Rinpihy bCEbAmBIAC MaRBand0 dispedidlly dufidle aw m&keaﬁmysts

aci d_ sol ution containi ng atitaniumsalt such
cemprising chrereine exideagpported by 4 high pergsiiydilicaditania 25 @ described in

R it Ros | 5186728 {uRr 41 19569, SRR which are incorporated by reference
herein in their entirety. By way of example, the support can be produced by simultaneous

gellation of silica, titania, and chromia. Such gellation can be performed by contacting an
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al so known as a hydrogel. After gellation, the cogel

can be aged at a pH of from7 to 8 for several hours
wodoo$1e439l t can then be azeotropically dried iPCTar52005/009669

organi c solvent such as 5 liexanol to form a xerogel.

The titaniumcontent of this support can range from 1%

to 10% by weight of the catalyst. The surface area of

this support is typically 550 n2/qg, and the pore
aljcali yeial gificapanch gp prstivm. piicats, yith an pSid SeioR.coniBRng % itanium salt

sichQgh gu]ﬁn‘i@ %ﬁxﬁ tﬁeﬁla%uﬁ’at@ %I&wﬁ%mﬁﬂnﬁl@ hrodiies) tﬁébﬁy@ormmg a cogel,

regard INng cnromum based cata | S supporte

250 Koot asiaeragel. cifber Bellationfe OROkoRR bF BEQOGHA R qcfaﬁtoaﬂ to.8 for
seL\Jre{;l Pgﬁ% 39% HOSI!: cﬂn ﬁgﬁ %O&&f&g\ élyd'%@ed&ﬁ@n Wi sotvkt such as

e agi ng process; tent Nos
hekadHGo &R xetioge]. SBIR, HSGym wbiterth of @isaMppqrbcamzange from 1% to 10%

cal i on ent_ No 3
{ S peansst, T BRERR bred Ly Sorpor s AR5 E mire wtfe pore
vﬁ&ine of thilsuppért B FpiCadlty in fHe Bungdof feomh 2. Bkns/g to 2.5 ce/g
4. 294,724, 4, 382, 022, 4, 402, 864, and 4, 405, 768, and

4, 42Ad&A6hal dibilodne repatiag tioiiunsbuatd catilystnippir®d bipatientitania

cut o 518 10 1 Ghevil poct Ui PaIoon 440hafioad Pt feg, which

rcﬁdtt% t®the Jaémﬁ heockS EKBJlPB.@ntpHése B}436,683 ma 4 mppwaim celdny to N2
rererence

et Db Fatea Dot 008107 288 LS, misncrtans Bre gty drying

uéhn BkatAAI.S. I"atéh‘ffﬂo 4581 ,831.304. Bhén Nés. 29%63@4 382 022 4,402,364,
64, 854, A44 964, A 444, 962

B0 e el 3By Siich zEine s SFaion: PR Ushbrient os. 2,825,721,

4@@@%&1 qt@g sg{h l#rﬂo@%&@mrsb@ Obé%tdr%hyﬁh% i;élﬁc; ggﬁﬁ&tﬁtgﬁﬂ all of
the, @g@gézw pajenésh shnenncomcrged 2 rpftsigsorlistedny {9y their entirety. -
Ahﬁ't fi @Bﬁﬁaﬁe Hrtéd” ch ?st?%é fd%éc&%edﬂi@ GRr qizteﬁmmﬁs a@64 842,

t can activa usi ng any known tech
444,865, 4,3ﬁ4&56ud1,5%,6ﬁ&e4,§ﬁ4,8ﬁﬁ Lﬁﬁ%&ﬁﬂhé,%ﬁ%rmh rpfowélch is

I
R AR B YA o PGS o
dédaﬁbaluhpUr& Ratont Nos. Hdad,965, |4|’B9f7]’765,paneisé,9@(k7&ﬁ eaghr oﬁtwh?a:h is

th f from400C to 1,000C, 25
nmpgfaiét SR B0E R Y00C.  Opti onal 17, the

cal cj on C | .owe :
2 oRF SOBERSAR ARy SUE A T el e
nhﬁﬂtldl@thb b&oﬁiﬂﬂﬂ(ﬂf theistippoithdn johe Slﬁbmﬁnﬁft, thacdigipst is activated via
nox t a tenpperature in ran of from
Honcpy tegtes i a, RGNS EUGE b or (RBUITS, GF SOyt oo be
h@éiéd #Athe Praserbedofl SEBCA t@fheranddtn uﬁ%ngiaabf @06m 4000C 86 1,000°C,
Sui t abl e reduction and reoxidati on processes are

ali¢raatively efiiorn (F00PGS to 9A0%ht Opdienallgpthe cplpination cay bg Apllowged by a

e

typreeher eheabdnemendxiden(dd) sat antempehtyre meew@e NWZOO"C to
PCT/ US2005/ 009669 7 | n an, enpodi, meqﬂS da
BRI t Fasnother embediment, e catlysh 1§ 25dtedsriz 8 T%‘l}’ﬁB?ﬂ- pyreoxidation

plick t.‘.*ih‘?table ti‘&‘idi?t chiotl Gﬁdﬁﬁh?ré(cﬂses IRedifRsBd #CP.S. Pafent Nos.

Peocat onto th ort after activati g
4,151,122, 4177 162 4,247,421, 4,248,735, 4297460 4,397,769, 4,460,756, 4,182,815,

4,277,587, each of which is incorporated by reference herein in its entirety.
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it. The Cp cocatal yst can be conbined with the support
by, for exanple, inpregnating the already activated

wochosgosysy based catal yst with an organi ¢ ( pr efrTaAiS2905/009669

hydr ocarbon) solution 5 cormprising the netal Cp

cocatal yst. The resulting Crhnetal Cp catal yst can

then be fed to a polynerization reactor. |In another
enbodi nent he activated, chrom based cat al yst d.
the HibR ERASTERfhe RRT-HRuSHn Thel Ly PP RPY S £EqURpgHis With the

(:Bﬂinﬁiiﬁlb'aﬁtchtﬁﬂstz REmetalCY &icaﬁﬁﬁt@l%ﬁded@ﬁmm §ppdrt afted ctivating

cat al yst _and

d bot t |
i GHH %, EP°ReIya R 2B PG Gl FeHBIRE oy SRBaRlE TPgmeatiting the
abedyQetivated chRmidm Bhfd tQaly@ w:liﬁ a’ﬂ @ ic @Bﬁraﬁfy@ﬁlﬂobﬁﬁ@) délution

the contacted ingredients are into the

cp@pym the gctad o £ppialysth Ehe sggpt '%v@éaéneéa&r?m Gtplyshean then be fed to a
tBhYeRRY PRI dinGMhd RbilA61 &‘h‘érhﬁﬂl-ﬁalgﬁl catalyst and

t€ ynmeri zation to determ ne the correct nolar
ndtotrangibior ety Goupte seesatelpifed fror prsmeHrabipe Zpntes! Y"r‘i another

pt Claﬂﬁ@ﬂ% tﬁéjjdllséa t Snd Qﬁ} Q&lgﬁo‘ﬁﬂ& ahy Hort 8E %ﬁé}ﬁﬁ%ﬁsly fed into a

e as yners are pro uced

cp@ﬂasum rveasdrﬁriwm thepresctdonn maemd of fraxg 1 pyimye Fwiﬂahqutﬁ, pitgl fiom there
?ﬂshF &% &%egre el §108me Folyid ﬁxf‘z%m Ft Qf ThE wd ?Je@:géﬂnr}ﬂus be

em Conprising a° c "based catal yst
aanniatdy rao«h contnmmssrl}t cantrofiest duringyhecrdneaizgtion, to Retermpine sheogorrect

T g T

optalyptydoeatelyst tedipetoambe mhde 35 dretpelymershrdymrdived.
3-met hyl -1 -butene, 4-nethyl-1 pentene, 1-heptene,
1- ocPelymer dormymsitines can|bedemeddy pal}mermmg at kesst tohe moodmer in the

P}%gn"%%%wu ‘?t’)ﬁ% %5?53%1? ‘%‘fé"w 35 %n‘%?g’xsea%%{%ﬁglaﬁdamn-

mﬁﬁdwm Qf cotdtlystn eEmmmmeof axntiblb mewanas include unsaturated

HQRORE dieribe Tl % KT b iistnte Sich e BAREE TR 1% ene, 1-

p’e%irl]d) éLhexéda,esmﬂﬁ,;l-nguteﬂé] wme&lygab;beategql lylmprlanz, -oaiene, 1-nonene,
ods nown | t t can e, us SUG a ol utl,
Give pac, Bt teteat - 3 oRGMUBFoAES G o gRe R iable for
B hoBrethyledd Hombp @%inm%az; dt Sletliydée ndnoltiooadd 1hlie
p?ﬁie ar? ?ha‘{ IS caE | e of po i ﬁao?ef |n?1 R

rizin
RPRBRAEs & iy of|uekh %@fss roeespbpsdehvsvarying the

c@ﬁféﬁéﬂa@%’@mﬁﬁ&nﬁ‘ér?atﬁ'u‘iﬂm?&@tope used. SUCh reactors can
conprise slurry reactors, gas-phase reactors,

sol utang @uﬁ&&cﬁoﬂﬁﬁerﬁﬁuoﬁﬁﬂemm% inQRe érh@dhﬂﬁfuse@&.&:h as solution
phase -"reactors can, conprise fluidized bed reactors oy

PolyBizgtiop.c e PRl ymesization, and gasinbass ROSRNCTIZaiRY, Ay polymerization
ARk 1KG6Wn P BRSrOhat R rcbﬁﬁrgcﬁ*po%}mmg R thaRd BB Rbdce the

can conpri se stirred tank O aut ocl ave reactors.
hemepolymaete phropolymsrssissariberberririalsaian bausedi Speh reacius ean comprise

A TAS S B B B o Pl o

redstors can compiise @yédd reactots o dibulah acastons melurgy fegctors can

c%ﬁrgnse aV I%E)%SI & o ﬁ&oﬁn’s 0 golﬁ eaé%gm %E{‘&%r@:gﬁg stirred tank or

VI ous e coca can e CO- suppor
autoclave reactors Such reactors can be combined into multiple reactor systems operated in

parallel or in series.
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with the catalyst, or it can alternatively be
separately introduced to a reaction zone. Suitable

wocHu/asizonet hods i nclude fluidized bed, gravi tPEIVTR}005/009669

bed, and fixed bed nethods8 In one 5 enbodi nent, the
catal yst and the cocatal yst streans are both
continuously fed into a pre- contacting reaction zone

cncbey Sofh RPeh 5 el Pt e RPAAIER b win e
chiAgstG ﬂ‘&?’eﬁﬁbﬁ i%@a As i&l‘léﬁotithngﬂﬁ_bviﬁlislw ﬂl_eg:bcattﬂjm eaBbeltesipported
r.angl n rom,.- to ., ur i T es ence ti1nes .

i fe fhisst DL R Do R RSO A 2caokph e fpteble
chifict GRSTIRIIB Mﬁa%ﬁ&@ﬁ@@t%@é%@iﬂﬂ%ﬁd%ﬁ%&h@. In one

specified duration, the 10 combination is, then fed
caDpdiTE |cptalyst nd the corgtabRbTTesms fr okl senfigpousty fed o 2 pre-

cSﬁE@&ﬂF PERBfion doREpRG! tY ﬁ&‘diﬁgiﬁé e $nt6 Me'goBthePidhtion Thddfr. 2l this
plurality of stirred tan reactors eithey in series,

PRRSORACNE Teaition oS e itEh sorpicals readt MtBroart ofeh at fegieratures
| 4 o€ 39 1083 HRRE résehdtintls MY tardpBRACARH I e to 2

anot’her enbodi ment, the polynerization is conducted In
hgurs.o dyiter thg dWe CommRINgBLs SR qoyép@ql parbothen fordhe spogified; Bpration, the

chiABRatiRACHhEN fod RbRindRE/ iR éiogn&&&ﬁoﬁga%}.ent Nos.
3,248,179, 5,565,175 and 6, 239, 235, which are
| ncoftehdBEdiREnt, &fe%ﬁrﬁﬁﬁ%ﬁsﬁ &1 Grriell Buttlﬁﬁlgratpﬁlgﬁﬁtp 8F Mirred tank

Wthin the | oop reactor, the catalyst an ) .
reselors sitherdn series, poallele Atieambintions therent, Differeniapactiomepnditions can

b@%etd%ﬁxg dbefr R AL 1h Qﬁﬂ%e . &a%%lmﬁg@&qyﬁoﬂn&dm

po ynerlzaplon DTOCGSS. . ] uent 1's a ne ﬂ1|n .
avibore reacthre ugieg slvey polimegzation.nettitehie ooparactesndid gisclosed in U.S.

Pl 52480190 856 PR R0 245 G fth aHSflord Gosbd BPAKAEe herein
imthkie entitety.u &ithén the lodpgeastotahes tatrdyet artdcthe edchialystcird sveprnded in an

Sl T8 SR o R SR i

ppobsgneTHezdilentnis atheditmdp whichcthe pplytder being diorinedfdoes not readily

GBI R R i R RS O Bl BT e

tha0 i8%therViiientis. C Itvis ondefsicod Cthatacsthel - diluest @an e wlilibek & @eemed
g e ol ot o S35y R 2GRS Fapgomerse i

tﬁg;%a%j iellctoryVfHe GifnoluBt dFeitBlidnY piede kCin TBN@ABZOHT férd VDIV By the
weight

ce, In a.loo reactor thi nmount is typi.call
| & dinges Gralteralycly, fom; e %M‘E@ewogmma spfeas 1-Butene
ofl i Ind@ink 4s usEBSit H atided 1 HeroRNdr AR bh AhoRRNEfcicanN® IR a polymer
sel ected to ensure that the tﬁOI ymer _bei n%Qpro uce

duced has
having afesirerbdenpifin viichyip patelly intheres of fom 02 tp 8Pmage. Inaloop
&8t ﬁis%ﬁ{ohmqtﬁrﬁicalmﬁ theRME TR Frbrh Bl 1001 405, BIEREER R the diluent.
carried out bélow™a tenperature at whi ¢h *t he pol ymer

svel tie Mirry f8ySeSAtbN thdiihe hre QBlectEPlo SXAETAA thel er being
pol yneri zation tenperature can be |ess than 110C,

praduesdnlesi eeetpiyp desirable properdies oRd iy dmtiso ©rmoof] 30 patieles.  The
pb x Blidhfibn RYRLES &n@eﬁ%ﬁﬁl&g .a%ﬂ:ﬁhtriﬁ!&@ at @hich %ﬁﬁé}%? swells or

oner at a preéssure sufficien 0o malntaln
goks| intersolutionl  FHor éxpaple, thepwiymepizativh tGP2LA0S/ i 43@s than 110°C,

oIS i 0 OL VNG 11 s BHAPAF sl ot e

at least one monomer at a pressure sufficient fo maintain the diluent and at least a portion of
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mai ntai ned in the range of from 110 psi (758 kPa) to
700 psi (4826 | d?a) or higher. Suitable slurry

wWooby1og43szat i on processes are disclosed in U SCTR#2603009669

Nos. 4,424,341, 4,501, 855, 9and 4, 613, 484, 4, 589, 957,
4,737,280, 5,597,892, and 5,575,979, each of which is
i ncorporated by 5 reference hereln inits entirety.

The activjt nd, .t pr UC.tI of the ct | yst

thg, Tepomet i the 3&%151@% ﬁﬁ' WP Fithin ?q%ereactor can be

Agifithiéd ¥ theedhfseoftiRnt n@ JoC (asssz&) txpmomia@sm ﬂghy t@ﬁﬁgm@r Suitable
n he

o Bre A e 7 P M. BB bt Wl ohaoaeS, md

481,494 amssgf95$ @ 73¢ 28530y 892, Ghkps, 8B 79/ bfﬁli‘i@l!\ Isd&b@oka%ed by
regar dir ng chrom um based cat al ysts and/ or sl

refsTeperdicrem i isyentinety. nFhscastivibrand dhe predychiibyof fhe sﬁtéyst system are

raﬁﬁ\fégﬁ hlngS As%:s&g%erﬂ% ‘7‘the %@%? réfé@ to %e%&né‘r dBpolymer produced per

gamp 9fisofid patalysizhargertpsr hauraengd th@yodwﬁwmemto the graws gfipolymer

990, 4,397,765, 4,402, 864,
p4°‘%§4 40éagldbf§ eacﬁﬁ'cs)tfc \?\%lg%h is incorporated by
ref er,
e g?ﬁﬁéﬁ?ﬁ %Eﬁﬂé"reg&’rgin% %hx%ﬂ%dg% Bhodd cASHRY SHAAG b stlﬁ’rﬁﬁlymenzatlon

be i nttoduced
DERSESEAT panzbe f%md in §J.S. Raé@t: Noa 3,&87s941 3907 81947,433, 4,053,436,

4708 264! £151V18b 95‘&94 ﬂaew«ge 6AN 4%@ 853 L %ﬁés@t 4364841, 4,364,842,

concentrati ons ess

4384 864,0h3 445 5¢ 6,1382,9% #@@?Jéi 4;@2e8§4oandt he0501y earh afywhich is
ﬁ@% from0.1 nole %to 2 nole

1%/%3&%0?&%/ %Feﬁaé%ﬁgih%?ﬂ%élﬁﬁi}% t he presence %f t he

coca Sih

el ghe- g B ilSamikpl RAESkCR (A CarS: i @dgugﬁﬂe‘?a §ohymertzation

T¢asHietoXAne w leentypl pdscnlae weight. t'ﬁ@ Botaprhsre d @k aonsktations of
i ¢35 e b RAHNS BO1lf SR NPEAS D el ki 5 100p

rogen res i'nan’increase
reucubr,tattemmugly frdm)ad ik Yo tb Acaole t/HLHuly)memfzm§ ke qhefinyimttre presence

t he, M f th |

+ PEh R e btpaoP g ool ke Bt bt e mer
apdl g&xeraﬂ_ y lnhyrbm e prﬁ;ieﬂihbd ofithe pbdlgmbre Hfor erabrpik, the utsé‘lﬁttht ¢/cocatalyst
At | at t e [esence O S
i, e i B G T B e e T T A et
Iézadw;mnﬁﬂaug}mm)m_fgm pﬂgﬂnyﬂ@bddced, Otityeas thet MI ehd eHigTHIEMY bf the
PSP R0 Gt et ARBpS et Wi Honsig
t@@@mﬁaﬂécmt thediy, iP & betlerdditint ﬂﬁqar&aﬁoaloyme o‘éh’aﬁﬁ aﬁ&ﬂﬂe kifes on

t he reactor n the presence of h melc
&%wse@bn iplige oy FolegRie Wi tmsg%&r B thagmocenyl

sité%@lia@féjbct i€ tSAGR MR, Beked6, Jod E@%or@ééﬁﬁ&&%'l'ﬂ' ecul ar
wei ght ™ (IWN) decreases  substanti ally, as conpared to

USi NY/Heh Che SRR CpPdoRAtiISdt iSMSIh@N ih W cafARBY sybitiR 283 the reactor
reactor 30 conditions in the presence of the sane

iy s umesesie ofylydingem, o weisht evege mq@uh&mghtﬂww) of the polymer
i@ HBLrYiR Linerdased Gtk Yihe WBn AW y'ﬁgﬁ&@% gh | adcases

or greater than 25% a ternatl ve 08439
Smhw@?O%!tmgo usDg dhgsemet @tdystgyﬁaneun um ﬂfﬁ()%neo‘ﬁactor
c? eo&gglilgl\{el Sencé/ of %%aslamteoan?orun of ﬁycﬁ'c[)getn!q Bit Wi S out the metal Cp
cocatalyst. Typically, the My, can increase by equal to or greater than 25%; alternatively, by
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equal to or greater than 100% al so can result,
dependi ng on the catal yst type and the anount of

woBok/aged and netal Cp catal yst used Further, POTaUS2005/009669

can decrease by equal to oro greater than 20%
alternatively, by equal to or greater than 40%
alternatively, by equal to or greater 5 than 50% or

S5 5k s B S B S B S o

ekt FcRRSPeat¥n 8am 11 D624 ARb 3hn fSkult, EPeRtind Hibthe tAal3A 69E ahOthk Bfount

freactor to whjch hydrogen i s al so adde

of Bydregen audrwetalSp galyst Higde Fiitheh W%N§@}fgécae§§eah%3p§&mweater

A0 G 9 0, U Sl bt

thaﬁép%ag@tewh@au an ogcasion bysasaliiepr EfPPéifﬁ ﬂ?@ 69%%
alternatlvely by equal to or, great (tihan 100%

al t eFHkEVIsphs Mighd HM of the BolygeraRip@iced iNRERSeBRI, ¢ theygtal Cp

c&@&l&%b’ﬁ Rd8dAGH BRSBadY 16 FHRA hjdofth iDAISRhded, (28 3BmPREN to the same
dependi ng on the catalyst type, the anount

pghfm madmﬂttbe sﬁlm gatalystiansigr the paane tastar eeniions putty the gbrence of

oy SR Rl HESABEAS ) O B AL o

5b%s altbrmdively,ytgteqial to ongreatertthaprl 00¥4 br alivenativaly, by sl td argreater

15 cocatal st. t hat, hay ni. que. properties
ol 0%, e B R PR ot i Btk B o GRS on the
catalygtagic] the amoun of metel Qyodogathlipyt nesdeadddisnpaduyphefihydiapeh used.
copol yners of ethylene nononer and 1-hexene

c 0 mme MdelﬁmntseofamﬁreaenﬂMnﬁ@ﬂ, pa@:nersmmmsudms@m seshap@duced
avera mol_ecul ar wei ght egter than,

o, 6 R Daskc BRI orIioeR i s P o metal Co

chdagilysP idt Qe @hiqhe prophitied lﬁﬁ:t hdt@htiigeoddlP pk@idedn aBxamples of the

400,000 g/ mpl . alternativ ter than 2Q 500, Q0Q
p@m corgposgqop% dnelide\R9 %F% E'P%IPPG%HE?}'S &g C@g@y@?rm ethylene

nfdnSer ehhq-lefaém@mom Oﬁértek tt@pegah& @ﬁ?dh’i@né?ha% aweight-

i ndi cat.ed_ by pol ydi spersity i ndex ues greater

ayqiage majeculay wegéhgre@ﬁtfb@i 198:902 g/queS\Eﬁ@m }y, the My can be greater

|
G070 efif, MRRLTIA, ARyt thon, ARl Mhenidivel, greatr dhan
Sﬂth@(w Fowl; at alismativaly grﬂ}ter @a@@aowoom Pdso, ﬁ)ppolymer compositions

WEI gE S and,l%/ él%no eClYI %9‘9‘9{%3 {1%1);9%1{?& &rtef ﬂ%aﬁ 20. In

spro¢ yenshodingsatsp dbe tp@ymap@npﬁbmanm ddveu g valussat geater 1hon  30;

B0 S SRPLO S PR 5Ro

alerhaivplyy srtateréhamf90. 140C. The TCB is stabilized using
2,6-Di -t-butyl -4-nmet hyl phenol (BHT) at a concentration
of 1TBe groleculan wenghm tand) rthey adolswelan fwefZR0 dwtrﬂluudmst efl thei wlymer

R AP A S R A
tiithfoyéHeRde (TCBY &biht isglecht nifitBalfiowheel d>ﬂ113mﬂ’mﬁt at Ja&emp@ame of

1620305 Coragmbibest nESe 08B oyt AB Lt pueeiraon
0fdlo B! MBR! RRHGH %&uﬁewmhmicmﬁaﬁ%use&owﬁtaeﬁ@mhﬁi Rffymer

col umms :
concentration c()f 0.3 g/L. at room temperature. The polymer sample is dissolved in stabilized

TCB by heating it at 160 to 170 °C for 20 hours while performing occasional gentle

D

poC
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mMx300 nm). The colums are calibrated with a broad

i near pol yethylene standard (Chevron Phillips
woChesniosade Conpany Marl ex(r) BHB 5003 resin) f@CTW82005/009669

the nol ecul ar wei ght has been determ ned. 5

Rheol ogi cal breadth refers to the breadth of the

transition regi on between Newt oni an and power-| aw

type shear rate fqr ol yner, or, the freguen

O orhecEeb perasativn Surbgptigreny oS (3] Yalsrs M8 columms (7.9
HhiRIIeogiIn) Al ThY eateinbs k% @ilibrdR8 twitna YroddhBnehf E@Eﬁ&h}l&ﬁé standard
time distribution of a ?\%r}%?r resin, which in turn

(Chevaor Pillips Shewicat Gampany EHR 8003 gesincior méichrthe molecular
yelnl Assum ng the Cox-Merz rule, the

ﬁélg:h%s}%ﬁlagﬁ%-%a th _cag be calculated by fitting flow

10 9%&%&5 '&@Pﬁﬁ&ﬁm?&‘eﬂs@o fak BRA%E Yt HE ARsARL G 'ﬁmeﬁ Newtonian

osci [T at o%ly requency sweep experinments Wih a

and gowérdev Ome sheanrataioy daoly@t)or ﬂmj‘@qugmm degrenfence of the viscosity of
R0 b B B8R B b o

polytdee odsing iwhivh ibmerads b fprtianef the r&ih mokallaxaritiore driahitecture,

S describes the location.in ti of .the, t itLan

Sl o EoRSiest e e apec{ipicabtmendlF e be Syl ekt fow

cmhe?gbmﬁafﬂﬁME#&ﬁﬁd&%HhﬂﬁQh?m?wQﬁﬁmmﬁhﬁﬁ@ﬁ@ﬂ@i?ﬂkptmpaﬁmmm
define i nal. sl ope.,o e high, shear rate )

Willop Raiae e Yaee Rewomofiel sl s cHBressstidy oY iy ollowing

egediisicant is held at a constant value. Details of the
significance and interpretation of the CY nodel and
derived paraneters can be fopnd ipp+C. A Hi eber and

H. H Chiang, Rheol. ActBFE2 i%BZETf1989); C. A. Hieber
and H . H Chiang, Polym Eng. Sci., 32, 931 (1992);

and Whel8 Bird, it C Arnstrong and 0. Hasseger, 25
Dynam cs of Polyneric Liquids, Volunme 1, Fluid

MechBifi dssosi{Ba8di ti on, John Wley & Sons (1987),

each of which is incorporated by reference herein in

its ¢rtsheampte (W pol yner conpositions have

rheol ogi cal breadth paraneters, ie.,. "a" paraneters,

gr eat'@r=rhbalogi¢hl Bfeadth pariiRet®005/ 108439 PCTI US2005/ 009669

12 determned at a tenperature of 190C. Alternatively,

t he ‘T2 rdiaaadtPine @) ReRribdserd 18¢atibRRANimd b {48 transition region]
alternatively, greater than 0.19; or alternatively,

gr eages 74h Skadvis@sity (PaSf{HéfincOihe NeWRnbR pRitdifar

viscosity (Eo) val ues, ‘of the polynmer Conpositions are
ar o br oo ey Bd B ML OFAL nigh FepFQuaiBEbiTy
%g&d% Ak éﬂ{e@% laRQSth:let }Q%Ieﬂea% ag:[)l?s%?{}alﬁé? %’et&&ﬂ%f the

ess
significance and interpretation of the CY model and derived parameters can be found in: C.

A, Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hieber and H.H. Chiang,
Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong and O. Hasseger,
Dynamics of Polymeric Liquidé, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley &
Sons (1987), each of which is incorporated by reference herein in its entirety. The polymer

.‘b_

-

cornpositions have theological breadth parameters, i.e., “a” parameters, greater than 0.15, as
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107 Pas. In still another enbodi nent, the Bo val ues
are greater than 105 Pas and |less than 107 Pas. In

wenos/imnzsenbodi ment, the Bo val ues are great erPQIns2005089669

Pas and | ess than 5x106 Ps&s. Pol ymer conpositions
havi ng the previously described properties can be
formed into 10 artlcles of manufacture or end use

tI£| usin ec Uas wn. i.n fhe,art such as
Blerolied 8 Eapiab o Pl HCT ATREERTN o rtpriip i ereter than
0518 slfkagvely, tgﬁerafmf}@ﬁ mmgar al@Bitivelg, gredter lp@mTonat i ons
t hereof For exanple, a polyner resin can be extruded

intom a_édlllﬁﬁi, thel\ﬁﬁr@ Eléaﬁwsdd@ﬁ}ﬂ(ﬂd)l etlne, of thedholyiied campesitidns are
us ar e SucC COﬂ ner, a Ccu tra a
1655 P 8 B, 15 Ohg praborDmertolbe i vabiss e tebes fhapr 14 Bief and s than
168 2ap) abSyed fanahda %ﬁab@diﬂneﬂ@ me FHolvalilee Qreht&t i!ﬂaﬂ\m.‘PP‘aé Jaﬂ less than 5x
1B ATl il aeiBer St auent, fe BosG b e B oaien i L 05 BYS Hfess than
109 ePad. t mcéx@ﬁiem%&hﬂauaaae ToBRAluet AeldiARR tihl idsertasl AMAtIEE than

art. In an enbodi nent, pipes are forned fromthe
t ng pol ymner conp03|t|ons usi ng, for exanple, -
extrusi on. The densitjes of the pol ymar p| pes range

f r o elyger v@}r&’esm‘alsémmg Hie previously descHgd nrenegties oppbe tormed into

AR | dfi Iﬁ&lufa%ﬂl% of efdMBe ARics GSin Qe & BdY in the art such as
alternailvel fromO0.94 /002 . 96 g/cc or

<R KHSHn Rlow, @10y, iR PnomaIRigE Soetosrommiigs TG ompREy Ak, or
cERBhtiots o8t BGTEXRSBle, 4 ot o1 5T DB VRARIEBACRHo | TR which is

(g/cc) on a conpression ded sanple that is cool

then therpofopsagd intgah endesedbistt wrlbasaroniginey @ owp @r@y,aapaﬂ@iomoy, or
alg ﬁlgg&{eﬁ% of aﬁoﬂa& lp"i’&%ﬁ’f %ﬂﬁ&ﬁee%f‘ %ﬁ?ﬁ&%@ artRie mté iRl botymer

procedu a polynmer resin
Tesés cersherformedrinchudetpipes fdriis, filoos bettlespfibes andsssi farth. 25dditional end

“%?%%&%‘4%5%%@525‘8%%@@tﬂr%ﬁﬁ' i ‘iéoé“eﬁurt ner.
e BB bl 0% hBR S I Ge SREBIRN e

fqrfex&nmagsmmh The denstties ofthepoipudrpipes mdgde ﬁma Of%rgm ta)tD 97 g/cc

ﬁémgg\%l glree}gﬁsﬁets rgﬁ? g%‘o{ﬂ@ %c%%ad %95?%%]; ‘g! k'yfg‘?n P fé glcc

pipes arein a ran
to0.86 gfoc; oalalienatirelyy fedm 0f946 /e 1d 0.955 g/ec gPolﬁnm density is detexmmed

Iternatlvel es can €S, o
if B BN oy (P S Pk RS RacafPleindtls oBled 1o
ped Hoar adtcontiioned fordhOurd atg/bdl:g tezmentdwm:bcﬁ)/rfﬁsﬂ:@wﬂh A%I]‘MDIS 05
0.2 g mnto as ¢ m n e
%ﬁ%@?ﬁgﬁd%‘ﬁgby 108439 PCT/ U82005/ 009669 13
det e cordance with ASTM _D1238.
o1 peltt G50 it SopCIRRE oSk ebresPb e G o B 12 Pfen resin
tlﬂr&%h%nldhﬂlib Rf 0AIBLS Frkvht dlatﬁétéi‘ wiehGibjéctbd tol § ferd Of 2]180 grams at

1§baithes Boigh ool ind ciaplbmss FoBirsae R Aot ot o of

niditdiOrebih lﬂaroug'ﬁr& orlEM o F@DE2S Snchl dRanstedr SV Hdh cl‘eﬁ to a force of 21,600
accordance wth ASTM D1238 condition E. 5 addi ti on,

08 6 W02 T VO vlbsE FIpper Bibes %9 moxTangs o Jamnd. O g5 Lirain to
1868 09%if r AlterhdtRByHm 0.1 to 10 g/10 min.  Alternatively, the polymer pipes can

have MI values in the range of from 0.05 g/10 min to 5 g/10 min; alternatively, from 0.1 g/10
min to 1.0 g/10 min; or alternatively, from 0.2 g/10 min to 0.5 g/10 min. The MI values are
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alternatively, greater than 100; alternatively,
greater than 150; or alternatively, greater than 200.

woChms/mos4dnpact testing is one nethod of predi RGTUSAWHE009669

pi pe's resistance to rapidigrack growth at |ow
tenperatures. In this test, conpression nolded plastic
bars are cooled to 10 vari ous t enper atures, and

ed to_ an i C est . e tenperatyre at whic
Sk B ascoramits ik A PLais. fHhg oGt ripe hoge B-MIpiges in the
thidel of Fi@mi (51 166100 iz @ Gin;HeMBliVely@frofNao 10%AD nﬁﬁ}eﬁhﬁzﬁa@feiy, from 1

each terrpratur ired to break.the, bar,. Detail
190 £HQ THBRAe v TR 20, RSP or S epaiivelie Eomrto 45 &/10 min.

THUBLMY vaRie® fateS Betanide hh&c&ﬁﬁicb |vﬁtﬂ AsPM D1bs8 condition B. In
transition tenperature Tdb (i he Charpy critical

additpRr the shedy Tatigh GHBYIMI: Véh%fc of ke m%magypw Weﬁkaégethm 80,
a?kemam%ﬁ{, Eéhi@r fh S6GNREmAiRelyS gﬂ%&e@ﬂl&&[ £50; 4P Hﬁéxﬁaﬁﬁvéi greater than

Charpy i npact enérgy). The lower the Tan
2$8d the higher the inpact energy the better the

resin's resistance to rapid crack growh. The polyne
pi pe&hagy depachiestingds eemathodeof prefigtipgrthepipe’s sesistvaee teeapld crack

St SR ik AARBE ¢ 1 rﬂ%ﬁ z@ﬁésﬁibntngtﬁ&dﬁﬁasué b%Rs are cooled to

EAI ternati veI y, the Tag'%l S
varieus temaparaaes; and subiscied iman inpest test: Biettemprsating at which 2 ergek in a

ta ﬁ'ﬂnsm%%ﬁoﬁl cﬁ}gﬁlg ?J bﬂltﬁé Saﬂu:fehig rm '}\;Jgﬁaag the 061 gﬁra%,%/sat each

greater ter natl greater
taroper g reguired ka bﬂeaiathe\b@r y Detgileof the t@shaan Befugd in AYRM F2231.

SN tenfll BE) e Shetlt G REL BABMET AR, e
Cﬁmmwmntlm@mmm), afich @) ﬂiessp@uﬁmwgyfoféor@kw avet agrtpin ireference
o BRI ) Sl TR e

t}m maqztrendgy,tﬂse betipr the resintsiredistanoe toeragsid ngclngxiow&u I'The polymer pipes

gC{%e}’ Vee?f*: Wgng %ﬁﬁlﬁ% lglb(g %"I‘ égr 23 dep lzg‘:%z&reater than 50

J ﬂﬁiahﬂetﬁﬁt&%rh R4 B 1(1£s§T fhal03°€S Hﬂtéi‘ﬁatlvé}? : 19&3 thaA4I -$8C; B Mte%huvely,

The inherent resistance of a pipe to sl ow crack grow h
lgss thams2PEd iAdternapively thecChapy tilspacPemergy| is agreater than 75 J/m;

a@%irﬁp VA BB o8 S o 5@%@%@%&@%@@ |
2155 S ) SR BB g s
ofiasplciyd hipgHAPEHLF MAUSS 1579 BteaesiSinc o pi@Oninaial 39 sow
ook ot b iy B Bl 1OR1AGE pptanggyo stow crack growt
oF Qiie/ W&W%US&@GEMB@&EOIB&M IWBlghn,oddnmasmg crystallinity (or
BT it el bRl arortaf SepsBEp B nghe moleoular
w;e;egéag] dﬁtribﬁudnh erﬁfgﬂw/r% keﬁ]ism&uﬁﬂd Iﬁgeeﬂs&aw tratih goﬁrﬁg énéafured in
wely” Tty 24 oo Bty dolbe sl n B BN o AR “F1473) sing

c@ﬁ febss- @aﬂem\é@m%s \Sakrp@Shaks aré Elfb]dcﬁﬂg@a eénsiahpm&atlsmc until
Omnto /10 mn; alternatlvey fromO. 15

ﬂgﬂfwﬁaalflar bregle "éhaanﬁyrm Pifes dessribed) he@ammlaaemgh Pent ylugs afbgreater
18 1800 Mot QidPnaAiveld, L Sedlthan 700 hours; or alternatively, greater than 1,000

hours.
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The bl ow nol ded bottles al so have HLM values in the
range of from1l to 1,000 g110 mn; alternatively,

w0 20050084390 10 g/ 10 m n; alternatively, from 5 RGI/US2005/009669

g/10 min; alternatively, 14om 10 to 80 g/10 m n;
alternatively, from15 to 50 g/10 m n; or
alternatively, from18 to 35 ¢g/10 mn.

Envi ronment al St ress Crack |st nc ESCR) neasur es
a poly ﬂ%qtge SbofEte (e PEViowe VARG capgositigns gee blow

1HSA&T iffio e les! STMMILMS Br e BBw Iﬁ@faéa BoHRR afd R B Tangs of from 0.01
condition B. _For blow nolded bottles having

to 4P $49 wign ey #ligrmatively fom 8149 19 2{18 minn, %lﬁazaa% .ﬂeq Igw molded
bo&fe? Bhrfhavk maﬁ.{es %%@lraﬂgg 08 7922.1 BAb Anih A& 1 III_J%Aaltemanvely,

val ues and their ESCR-B val ues are greater t han

frgm Q5 afluo\;éwo Oy &9 yin; 1oR aliermgively.ofiqra 0§t 4/ LAemin to 04 g/IO min.
'191% %ﬁﬁ@hoid@@ﬂotﬁ&oalsoq{ave fipvalhRENRithe/Bhe oiqi'cﬁﬁ“i f&f 1,06RB/10 min;

mer often tends to swe

| a#em@n‘mj ey 1 wagllﬁealeeﬂwmneV@mﬁ@mélw 106 gH9 apies Aliematively,

AP tﬁﬁgﬁgrﬂﬁlé j‘ f54P316 5o | KD} mﬁ% Ak Eﬂtélna"ﬁ%lﬁrtﬁro;% 18 1035

neasur e
gdnimer chains as they seek to relax and thus reform
the polynmer shape. Weight swell is an inportant

par aRBviemmestal Strm@achmm\m%hmeash@s dipelyn®ry asistance to
t
aalkhﬁa géz?ﬂ iy glh?ﬁé \%es?[?{‘ﬁ @ES Jgﬁ&h&%"hﬁh OBdition B.

resi
Eoeqluwrmqldm bdttlels éa\tm@HLbH valyesTakaing fiem pb ep20 g/p&nnn and densities

AR U 7ok B0, bl Wt BSCRETHDE POEE SRR Vb are

gmwrlthaegﬁag alterwritiytly, gueeler than §e0;i altechatisvely,hgreatet ittlomo$00; or
' to t final bottle wall thickness. The

ﬂ&%lﬁ%@?ﬁ%&%}?ﬂﬁa&l@g of the poI ymer corrp05| tions

descrl S

al t et rﬁ%?ﬂn ﬁftgﬂ gncﬁ cﬁ%% b %zﬁolr £ ve%n' g?rgentwpﬁgt swell

mﬁuesoﬁhe ahtoanme |mtd1e1y resine s&sanduammmtelﬁas it ﬁm*s whediei sIt is a

SRRl 1 6 b of B i R BS Kb s o e

pblyﬁet slfape TWeight sxeeﬂ)ﬂdnﬂmpcbrtant parsdierass it dd@siimé howeight the die

onset. . of,, ne fragture fo e bl Ide L yner,

S5 B0 b AP oo B0 B o=tk botls welefi 1 B sy neb gk gy swell,

thieadie EaR kRmBEEHIEDe t t34n£@%é3§1% rqiahewgﬁﬂ vig!s¥ doing, n— will
greater than 26, 000/s 30 alternatively, great

R higher) Bt i P S8t dheoge/ i p JOF ey swel resin

WelddyRlveibis démped Bﬁ’ﬁx@&htib%ﬂﬁé’ﬂi&@%ap €8 e GRAPHAHI wan thickness. The
deScri bed, the fol|low ng exanpl es are given

weight swall wluce phibe prlmencogmosifiensideseaihed sfein e ugeplly less than 700;
aﬁ&ﬂﬁ%ﬁ&fﬁs%&%omﬁ%h&fy Pe@éjthéij%%n %amﬁegﬁ {e80han 10*0

i's undérstood that the exanples afe given By way o

11 ugk gl dﬂbr%%b?éc%dﬂ@h@ésﬁ@%ﬁ&ﬁ%t&imhg RkitusidaCit eventually
specification or the claims to follow in an manner .
skips Apgeriences a so-called melt fracture. In an embodiment, the shear rates at the onset

3'—4

of melt fracture for the blow molded polymers are greater than 22,000/sec. Alternatively, the
shear rates are greater than 24,000/sec; alternatively, greater than 26,000/sec; or
alternatively, greater than 28,000/sec.
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A grade 963 chrom um oxide/silica-titania catal yst
obtained fromWt G ace Conpany was activated in air

woel0080B3@9 To activate the catal yst, 10 grans VRITUS2005/009669

placed in a 1.75 inch quat¥z tube fitted with a
sintered quartz disk at the bottom While the catalyst
was 10 supported on the disk, dry air was bl own up
through the disk at the |linear rate of from1l.6 to
1.8 standard cubic feet EXAMELES 0.051 cubic meters)
per hour. An electric furnace around the quartz tube

vas  tieinvetticieithvidg bagdgenbially eRdeal the gﬁmﬁagmﬁﬁ@s @b given as
our t e indicaje

t he rate. of, 400C_per, t .
Rl P Uments F Thesyesion ang s AerpeEie Jhs Practigsemd advantages

maket YElis Wadkrsddddanmche eRnfplddi £ zReA 67 vsﬁals}rcﬁeiuﬁg%ﬁ&%dgcare not

the dry. air. The_ tenperature was then |owered to
TRicades tq Boogtthe spegification on theplems i folley foany manngr; 1 ogen,

and then the catal yst was reduced in the presence of

car bon nonoxi de (CO for ] es. After a final
“flushing out of the CO\AFMW gen, the catalyst

was col |l ected and stored under dry nitrogen, where it
was pk @rasiet ¥ thromiunh exidefilives{iten ecatalyst lobtaiad \frdnorW.R. Crace

esting. It. . Never d,.t Xperd en an .
Gigind s pesrPRE Y o Rtete RE R e wremisges ma
Eﬁinlayqxdrth '?'Jbé Gitted ﬁﬁtﬁﬁ@ﬁl&fﬁtd_qhmiﬁ IOat [ BOMBIN ARhile the c;ta;_yst was
e ne., Th olynmecrjzation ryns vwere eina2 2.
FPrHied G the ke G B RS Gl B Ao A h e e Fom 1.6 10
1.3 BahdAe @bicHRE (0043 told165 1" RBfkirdterY)er Bt QUNSIERidPN e around
steel jacket containing boiling "methanol and

tae Al iehe was thenspmed op anhitn dawperaiie WebTaised gt e rate 0fA00°C per
.0 r

e wlHiC BaA) MperSRE R RORE, Y P IalpRthudle e Qe s allowed

tpéllu?ﬁmﬁ'exdhﬁs hpnre i l_hednyanﬁrp Gm_atamperanmmmﬁhe? owetedhe B50°C where
alf a dedgree ceptigrade, W t he of el ectraqnic

Bt vy ARG ot R &7 e, ] o i o o auB g o esence

o mfm‘hifm mbmodder{COy g(ﬁ 30 (ijmﬁxﬁesO EA.fi.’ﬁr gﬁﬁ{ﬁ'ﬁhiiﬁfg cgulﬂ ef tﬁi.éll’l‘@|t witi nitrogen,

s first char nder, nitrogen to the dry reactor..

R st 3 o oo S S 9 ot e Pe<iefrom the

di@Gphére untletddy Ickedting a iswdsUicv@NIISWET @i sxpéi@ntd dy exposure to the

non-fransition netal Cp 30 cocatalyst, and finally by

URSPAEF 0.6 Iiter of isobutane |iquid. Then the

r.eact Qr s heat.ed WO, 2005/ 108439 PCT/ US2005/ 009669

16 o B el e S SRBIS Y B SRR RS GrooganesEs ghyisesy The

poBaderiadtion ¥eisoga8 s ik B2)2 lifel BRél r¥act@ldMiPAEWIR S AHRE Qtirrer

to.the reactor to equal a fixed pressure of 550 psi

Tpap al $00) 1oy, The ieadqr; Bas senaded byag steek jagkey cpppin gévoﬂmg
kol AR BIRYHEN R Watker eitebited. THODSIRE Dol _l'bﬁ‘etflé HeBEnol was

into the reactor to maintain the pressure. _ )
capireligd by varging nistogen prossuis eapligr tqythe hendensenangfiackst, which permitted

p‘?éc%ltﬁﬂ?erén%% Qohthf t O!{ali{apdégéer]:teﬁﬁ%a egtﬁrﬁt@ Sfie help of elecironic

pressure. ter the allotted thnme, the I'en
cprirolinsypends- and the reactor was slowy depressurized

and opened to recover a_granul ar polyner powder. In
al | @ﬁk@sqthqrwge pated,tagymall amount (normally 0.01 to 0.10 grams) of the catalyst

was first charged under nitrogen to the dry reactor. Next 0.6 liter of iscbutane liquid was
added to the reactor, followed by a solution containing the non-transition metal Cp
cocatalyst, and finally by another 0.6 liter of isobutane liquid. Then the reactor was heated
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was clean with no indication of any wall scale,
coating, or other fornms of fouling. The pol yner

wOoposims4dsas t hen renoved and wei ghed. The act iROTVGS2M5#009669

speci fied as grans of 10 pol yner produced per gram of
solid oxi de conponent charged per hour. Run i was
perfornmed in the absence of a cocatalyst, runs 2 and 3

9 Dt olebied b ensilerrkn Brore (bt Rradaf Pt o (o gFially

- e&yf@@ alaghddetl to ﬂm@acrtmoﬂequa& fisdd pbb%sumg of 550 psig (3792 kPa) The

AU O B GH B30 G 8 PRSIt R e oere F iR fwed
1ﬁtb Qhel\ﬂeactdﬂtﬁ/knan’ft&ﬁ/ltﬁd\ﬂressﬁﬂé' 'I?Wac wabhotkd b‘ﬁ%dé?cﬁné)ﬁle flow of

pol ymer resin roduced in each run. Thé net hods

eﬂg@ée%“@@%’feé?tﬁﬁtﬂ@ﬂ%@% ePeliDIBE e e di scl osed above. As
sho the M .and HLM val ues i ncreased

le 1,
subs aﬁ gttefime dheehvleneofioy s stopredaand dhe reactor was slowly
d%%gﬁﬁ&e}d%hd Wpéhed %%CW& ) ulaY\Bgl S Svdel H‘Q}‘Easéz the reactor

nmelt i ndex actually drop thus supporti

ebpy vithao wricaion; ofcamyywall @Plpe@oam Pr @ﬁler rﬁ@mgg afm})glg The
ttlﬁ:'n%éﬁaoﬁ&danwzwe?gh‘éd Ufi'ﬁéj actfvﬁ?r dish écﬂfgzd vﬁ g%ms of

bread%h of the he PDI ncr ease
polymerpredicsd Ly@tgram@f seh‘éepuda qomppnent chargedpe Ipun 969MPI

grade Cr/silica-titania catalyst was obtained from Wt

G acRum A gvas gerformeddn theyabsence oF 2 goeatalysh Temee2 gahd weemva using

dﬁ&r&@ﬁﬁ&dn%ed?tﬁerhuﬁéﬁﬁmhﬁqﬂcio Ldta 1f1t.. & g;@l@ﬁ@, dsqcb&%myst

presence of CO at a’tenper tur

apghamidnues enpsing bigcyclopeuindienyl mmemmmicpﬂﬂg)cﬂsmpatal@t Tabie 1

SBE b Bl Aind R VAN SA Rl M e
valpes dohe pelymer mmaarg@cab imesch owi. n@hmmeﬂaodsamtlysd;:temnb such

vZRECE REIEN SoBE ! LAY B n R e REAOMIORA M bty & frcreased

smhstaatu@ibryvshen Ondretransitios nasaleCyp emdatalyaﬁedawssedgwﬁp&h When used

t st. .. .Jable 2.b W vi des detllsre
AR 1, M el PSR p by R roorii, s e HEY dhriboenyt
sivea ferasondhe ¢a&&yspwhgﬂ‘me cdo@ﬁlyﬁiﬁm@[—i@dm@l@ﬁ i adtﬁl@dil the BreddiB of the

hod to det ne WD, 2005/ 10
M% S %8W%ﬁh@§uﬁ?£w’§?gkl osed above.

As shown in Tabl e 2, the M and HLM val ues generally

i ncreased when a non-tr tal Cp cocatal yst
was used with H2. In ad i'on,” the breadth of the
MAD, ie., the PD, |ncreased V\,hen t he cocatal yst was

useddvi I6MRE . eraenOFilicatitgnia. @mlyslwasi@biinedi fior aWiR.t Grice and
o5Vl RSO AT AP B A

infthepregenctiofeD bt telbPerpin®of BTECOThEEAtalt vﬁs th%ﬂ?ﬁbhﬁzw 18 several

of 370C. The_ catal yst was then_enplo in
s 1o polvanarize eihdeneat 957 gsdssqribed @tﬁiﬁaméi‘/?e‘ aMosﬂ bgfdwt pbef thyruns

went P bigned in 8 restiibe WA, POLAORHE beteDel HitneARRRBEE cBlatdlyst, and
some runs were performed using Cp:Mg cocatalyst, one of which additionally wsed
iriethylaluminum (TEA) cocatalyst. Other runs were performed using CpLi cocatalyst.
Table 2 below provides details regarding each run and the M1, HLMI, HLMI/MI, My, Mw,
and PDI values of the polymer resins produced in each run. The methods used to determine
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cocatalyst and in the absence of H2. The other run was

perfornmed using Cp2My as a 10 cocatalyst and in the
wonesaise® of H2. Tabl e 3 bel ow provi des det ai IPCT/US2005/009669

regardi ng each run and th& M, HM, HLM/M, M, My,

and PDI val ues of the polynmer resin produced in each

run The met hods used to determ ne such val ues are

di.scl osed n I th nd HLM
st e i PR S T, BN i B0k 2 8 '] e ey
ipesddawhEl a wasirasiion whdtdl CpHeocatblystawigi dsed witht e  br adaitioh, the
of th I, e. PDI ased n the
viratlisn s ST RLLE: theP 0 it ep FRESRDEEN eGwih By
grade Cr/silica-titania catalyst was obtained from
WR Gace Corp. and air at 650C as
descrl bed in Exarrpl e 1. aél%‘é% a:?yst and 4 ppm of

cocat al yst based on the wei ght of the isobutane

adde 268 reende Kahilienfitewip catalyst obiined fioonW.R. §3rage Corp., was calcined

i85 MBI BB LT Ry B Sl £ faf elffocip HRbnedio or 0

ap me&mpﬁmfomoac aTliec ogtsiysatwesethef edglbgedoal twe diffbeendiuns to

L AR i ) BRI W ee ot

C@(Ehfhl)tsht@nd ﬁ?ﬁﬁta@beﬂﬁé 65}12\/\/91‘1& sm&?aﬁcbm peﬁ'oﬁjtierc]ll SORUCHIME as a
en W In a ctor ri.n es

ﬂf‘# b andyin Fhmes‘#fgﬁgg‘z 452%@?%%313%% SéP&% g each run and
eS8 HINIG FRACIME, Whe, A, dnBPDYvalukd od the ﬁcﬁ;nh&rwn&/bmuadea%each

of the polyner resins praoduced in_ each run The net hods

myys ckhegprthodepsed 9 delermpersuchnyaliss augdiscleped Aopece rshgya m Table 3,
{hENQAS Sndvidd. ME $a1hé§ﬁﬁé?¥£é& mg&l&ﬁﬁwﬁaﬁ:m& TpNIE comysuﬁwuste@ with
suppl enent Cr% I\/%wcat al yst. the'run in which t
H@athaﬁ%‘%‘mhg’ﬁ brr@ti (e, MW@aﬂ@edh lo insTeaTRd, Whep dhe cocatalyst was
us@AbAlvgt exhibited little activity. For Tables 1 - 4, :
activity is WD 2005/108439 PCT/ US2005/ 009669 18
expressed in grans of resin produced per gram of

catal yst per hour. ProdysXAwviPI¥4S expressed in grans
of resi nper gram of catal yst. WO 2005/ 108439

PCT/ 0096 N~~ M~H O N O od h

! SR Copi- e Caetge oRPoshEoR Y Grere G- and
cawméd £aQiNaty650°© a dbbctibedNinMExaehple 1.~ The Gatglyst anlih4 Mhrh of C¥,Mg
cocatalyst based on the weight of the isobutane added were then employed in three runs to

polymerize ethylene in the presence of H, at 95°C and 30 psig (207 kPa). The catalyst was
reduced in the presence of CO at a temperature of 371°C before two of the three runs. A
triethylaluminum cocatalyst was additionally used in one of these runs. The catalyst and the
cocatalyst(s) were suspended in an isobutane diluent within a pipe loop reactor during these
different runs. Table 4 below provides detfails regarding each run and the MI, HLM],
HLMI/MI values of the polymer resins produced in each run. The methods used to
determine such values are disclosed above. These values improved when TEA cocatalyst
was used to supplement the CpoMg catalyst. In the tun in which the catalyst had not been
reduced beforehand, the catalyst exhibited liftle activity. For Tables 1 — 4, activity is



h~-OCOOGNCO'0~-O 2dM- MNd N zCt-: InO
Ntl mN--~- O - N - pp d NONM"OMF NNA~*d
wOoQoas/wWisik39 O h! ~ ~G~ "+ N 009 OGp O ~~i MCTIUS2003/0669
O0O0O0O0O00 OO~~ 58nn- oONoNh [y F
}3.~-a MVML - ttbl s} pdp 10 (.y vV NNO, M--~r

d ..~h”*”gbNN hNInNpP'‘~tMt Ot' HO Vil b N
b N.-~NNN'~N-~000000QO,- N~_0.p .0, .
expregsed 10 gaos Of @esiy peoducedgpy ET?anoca{aWﬁt Féﬁ ﬂ“ff nPEQE%".‘PW 18

%ﬁ%%ﬁ%%%ﬁﬂ%%%/ AT



oM O0O
NmIVNd d NH'gam

dod0 O~"TWV

b~ NO v b ~ S7 O ®COUS2)03/089669

"~ OtVy N

rn s

o™ M
0 o0EpPU h W 2005/108439 PCT/ US2005/ 009669

~~++ Nr+ b~ Nb NH"

on

Nr ti
woQD0s/108489" ~ '

0OC

61

4o _ <o ¥8'T 5T 997 £9 iz | vioto | o T1dD wddy 1
7)) .
v 29 g | By i 51 1L§ 89 89 19 | weoo | o T1dD wdds €1
> 549 m c-d5%5 0 cs | eos | oo | os | zssoo | o | Bwdowmdds | zI
STl a T : : : vaLwdd g + 11
2234 %Bl5¢vF Y 24 £92 L8 | €E£0°0 6 | zso1 | s9 | $OU | 86600 | OF | mri~mddy
O @ o 360 4
o 8 FEE = &g D20 L0V 769 | L10O 08y osv | 09 os | wzoro | og | Swedpwmddys | o1
= C,I- mwm 2 & 3¢t v LIL oL 9 19 86L0°0 oc | Swrdpmddy 6
8 m S o Ivs |g 2148 ] Cost 50z et | soer | oo | ew1 | swoto | oe | Swdowddz 8
pu =4 R 7 : : SPdn wddy L
- 3™ el e7ig > 0ge $6°0 cl61 | e61 | 09 | soz 32.0 o€ WD
S 0w Uzt |2 gty T C vl 1870 siez | ez | 89 | Loz | swso0 | oc auou 9
Zoo el oa o= SAE 0 Tovz | 18 | 29 | se1 | 9s00 0 suou s
— [ a) n C O, e S H—.HO.BH&QH.H.
Saum Nl = ol—c 5 (up (umm () 8) =
S0 7 S G2 | GowmA | TN . . waE) | @A) i @ wo 40 RN
O® | yaz I- o "0 1B | 01® oumy, BrY) | g -
5o Mg, BT | DN | Anmoy | pord PIIA sd | uopsweII-moN | #Umy
e 8 m a n :u Fany \1( 00
EE T = L
e B e e ~2g o0 Z9198L
o fant Ma.. m @ 17 W aN S @ Jw ..“
Qa4 55010 BE m-m &OP EVeT | 851 159 9€8 TLL sPL | 16800 FNPAD wddy ¥
M ¢ v nl_mwmm o - 1S 11 o'Lo1 | spe0 | z8st 81€1 0s ss1 | ozito | THAD-SNL W TT €
. 5 L S st

Orme P o Jom 2 : . . o Sp————— Z
oo OGES O I AT | W vsz | sto | ez £5S1 ¥s 617 | 96LT0 -
w sl 1 0B © 9L zro | sezt 8esT SHL $69 | Tsv00 SuoT I
I — =A== =

‘T

SI8ESpdmll gl P m | O | (| @l | 6P | @ | amp 0 | oy

c — o TA N i .
% SR w@o ,M,Hm PN | e | e BV | PO | gy | PRI aeep
w80 - _9555-c2
NEESfssI882-2% 1918




20

of the polymer resins produced using the
non-transition netal

Cp cocatal ysts were greater than

WOLDOI/H8E390f the pol yner resin produced in the REIEEI005/009669

of such-cocatalyst-— They were also shifted to, t he
left, )} ndica @g gn exaggerated effect of H2 due to
t he in f | tencg of] Fh¢ Cp conpound. EXAMPLE 6 A 969MPI
Cr/silycaditani|la catal yst was calcined in air at 650C
as descr'giﬁd id |Eanple 1. It was then reduced in the
presenge @ CO-gt @a|t enperature of 370C. The cat al yst
was t hppr—3i5 bd i n several runs—+to-pol yneri ze
et hyl epe 5'@ 1 resence o t}) 95C and BO psig (207
kPa), RQ&H sciji bed | 1% g 1. [ABI| runs but
one wel iIsi ng Cp coclat al yst}, and one
addi ti per f or mpd_usitng 18 nbm of TEA
cocata th the [Sp2 cocatal yst. Figure 2
i |1 ust nol ecul ar «éu% di st |4t ons of the
pol yne| reduced i p~thége rjuns} Agpin, the
br eadt hscof fhe pol gcul ar yergt—drstTibut| ons of the
20 pol ynex~r ¢si np  prioduced | uss aq thre nengtyansition
metal €p gcatgl ysd 4 were ¢ @%(er thahi{t8al of the
pol yme %sir prpduded in §he alysence q@f slich
cocat alyst. They| werje al so sgl,_tted o tthe |eft,
indicafing thhe effedqt of H2. @(AI\@LEE? AZ9BOMPI gr ade
Cr/ sil if castdtlani afpatal yst V\a@cal cjned 1nfair at 600C
and refie&Hiln~ PX tlhe pregereetef—FE6-4at—ajtenperature
of 370C as dgscr|bed in Exqnple 1mTh§ca§a yst was
t hen errp_’l-%yed iptvo differg® {rengdtq golymerize
et hyl e h!e Jmasence off H2 gt 9pC gnd BO psig
(207°k a)g@s des*rlbed |$1 gxanplle 1} Alfirst run was
per f® J.LSI CRLT| as & he Gdt al ysd,| WO 2005/ 108439
PCT/PUS O(% 9§69§22 artd afg;g nd Eén was | per f or ned
.usi ng rst— Figure 3 jlllustratles {he
- nol eculla ght| diistributli gns |of {he [pol yner resins
producedg %:?t h&se Suns. The Br@ddwh|ad |t Be|nol ecul ar
wei ght d| sTrl buti on of thd Pol yimer |redi n produced
usi ng tihé; Cpli _cecatlal yst was—shHrgh{ty greqter than
‘that off th® dofyme® | esin p@aéﬁ:eg R th& absence of
such cqecatalyst—tAgai n, it hgfiegzltg 5 the left,
i ndi catji ng that {he Jeffect wa$ exjagger at ed by
t he cog EAAMPLES he fal [ oM ng pr ¢cedure was
fol | ownd pol ymer nsina@lot pl ant
r eact orl. tities a% 9% 4
Cr/sili t al yst 8:% i 7 prev %s exanpl es
were g alcinatlorpln air %0C for use
in a 23 f eactor|. _Thep 115 nds 10 (680
gr ams) 5t wer e clgargesl\k*to a 6-i nch
di anet eel furngce ichl wag heated by
el ectri i s surrlougdi n itU DSy |air rose up
t hr ough %ga% & edsnpt al grfi dg p ¢ @at| t+he rate of
0. 12 t <0 ng imea%feet (0. 086 fo Q.06 netjers) per
second |t &° A1 di 4e8t he
E v |9 E ol B
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catal yst. The catal yst was heated up to the desired
tenperature, i.e., 650C in this exanple, over a

wmos/o43f five hours.. It was held at that tEGIEUS0NUVIHI669
for another six hours. The2katal yst 15 was given a
final treatnent in carbon nonoxi de (CO before being
di scharged fromthe furnace and stored under

nitrogen. This was dwﬁ%ger to reduce the

hexaval ent chrom umt I val ent state. This was

acconpl i shed by cooling down the catal yst from 650C to
7963 whdd Er/silidatitatiiz tatalyst Ins caltindd/intain at 8P atid redrqed in the

S R e S

emplo EE%&P difeGat YeRto bamheazeletiyPeit in tetpedsenidiof B, 2095%eand 30

Pycaayst was flushed clean with nitrogen for 1 Li

psig (26K ghiods desarbeddn Frpals brAchTai IR B2 BTEPREbLEE 0Ll
Il Yiafilit tids g Sarstfisttdvd a third

s e lbafy 50 5l RSB CgBTfad 0SBt a i

was “recovered, The Igﬁt , ¢

was peningddtusing siowatasalyshn diigues ilhustatesrthe mojegplar wgightdistyibutions o
ori gi nal hexayal t SR VeI HMutions

the polapi IS RRRGEY DR A0 R PSS Ep Bt FHATIRIRNS

of the polﬁmheamslpmuuaizzsmg tbelrilcg#r‘cinymwh@ntab%m VBls vesks geater than
5 The actj vat at i JcOS shitSio.

that of b Feaa s g SR BT ReUEH, They Reloatd

the lefiDRHRRziad exazpbruled affect bEH, dvado tedrfluchcr efithe o compaundat ed
alum na. Liquid isobutane that had been degassed by
fractionation and dried over alum na was used as the
di l uent The reactor WEBXAMBEE® cm di aneter pipe | oop
filled with liquid and having a volunme of 23 gallons
(8 dedn ica Hifia RBRLOTasRERBEAMBITAR650B0Qs Pestghel4d Bifample
K a?.‘ e reactor teriperature 30 was varied over the

1. It Woakige ralicaffitepr@de oTRO at e dmunsratwesf BORF-aTkricafalyshygsihen

a residence ti WO 2005/ 108439 PCT/ 0
enplogs! I S0Ygra 3 Lo POPARET 2 PTG (g G S E P o A Pﬁ'%zf
. Ci ' Pailnhpi€ freed Bt ondt tpeefdymeslt exting g
kPa), %‘5%%@%@ isobufgﬁgh%leed ratt(:e WEﬂﬁ46 L‘#w and the.
cocatatysthgdeone afditienal mn svanaerfosmed peing §ippm 9Bl R ROFARI! AleEM1
. . . ' " ,
CpM E%%Pg@%%% Qﬁu‘s@ités%% %12%&1{1& whidhe @3kribwichs Bf the pdBmer resins

was a i n concentrations, rangi ng
produdedaim thesd ous. 1 Agaimpthe bysagdihscaf e n%%ﬂlﬁbf?\’&!ﬁ%ﬁﬁ@@“ﬂ?“ﬁf&“

tomee Sih HEDE e d 8GR Woh-EAERDA B CPRScatfi@dRWekdigreater than that of
PolymErIesIns e LS i

anging fromO0.25 to 1.1 parts per
the polyinder resin phyduvesh in e absenceof such qoestalyst TREsyCEPAYseSilieddp fhedet

. s, adde a hydrocarbon stream into a
mdlcaﬁl’?geth%ﬁetcg%ﬁ?’hg vessel into which the catalyst was al so
added cori hiuously. The isobutane flow through the

pre-contacting vessel pwsvadiprsted so that the contact
time between the catalyst and cocatal yst was 20

m nutes on average. After_ that appunt of ti t he .
c ArRGRb/PE gratle cc/ailigqt-gi@ma&afal%fo%&féfcg%a n, i, af ﬁ‘g’ﬁcfa&@ Tedyged

the reagtor. Io o LsCrith il BiRapld1 TR cAIEIPA td then
the preserics, AL 0 %ﬁéﬁ%ﬂ%ﬁ?‘ﬁﬁ% %f%%ﬁ%ﬁ% of TSTADI S 45 _
emplo%gc(lJI ﬁlét&@@ll_iﬁﬁreﬁg?ﬂi togolythekiye ﬁh‘ﬂﬁig il?]hb pre’fems of Hﬁ? aﬁclq,a;nd 30 psig
added. e _polyner was Jenove romthe.r [
(07 Vi & portisd RS PRBIS - (A1 T GPHRACDTe ey 4§ op s
flash chanmber. A Vulcan dryer was used to dry the
pol ymer under
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nitrogen at 60 to 80C. 15 The polynmers produced in
these runs were blown into 1 ml (0.001 inch)-thick
wd 200560883 a hi gh density processing |ine. The(dT/6005/009669
used was a 1.5 inch dianet@ Davis-Standard extruder
with L/D of 24:1, having a barrel tepperature of fr
and a sepopd T, Waspefored psingRossosalalyss Figyre 3 Wastrates @edﬁo%?]ll% Seight
dlsmbetﬁon;zfmepé;%a%ﬁﬁkspreﬁfcemﬁmﬁﬁ@drﬁ%r@adal dﬂﬁ&n&’l’e&ﬁﬁtw%ight

Sano djie having a 35 ml_ gap. I ms of typicall

distribpticgoef the mﬁmerurﬁ%mp@@uqeé uging thej ¢I)L1 epratbrewas slighity me@ﬁmhm
that oiotﬁe ﬁolflmér réén ?Haiﬁéedgn fHalab SenBd 6 PR Q&Hféfykto L B i asBRifted to

Frostline hts were usual 14 T nches.
the 1efté\ﬂ1d@ﬂhngdbailther@fecttqf élzmahwcag@w@rtbytw msrgthlystn A-frame
with a resultant flattened width of 12.5 inches.
Various properties of _the filns produced using the
Cp2My cocat al yst ver e EBAMBRE 8 conpared to the sane
properties of a | ml (0.001 inch) thick film produced
fTiemollowingrprocsiade wisi Hilowlehss piodhde polypai ﬁs;ﬁ@had abpilot plant

S S e 2 L LN N,

activatt® B Salaﬁaﬁoﬁmw at 50P@!Tbeuse 1@9I29¥ﬁdﬂowf@tsﬂl Blien 1L9'Sounds
den3|frﬂy{ and nelt index of each I mresin was
$

(680 grrapLefihneplyshwegehggedfan Scfachcdizrpeter Sﬁ\“&‘?ﬁﬁ @fe%llﬁ}ma@awch was
iy
heated't éi@c%sheﬁﬁi@ &tk S6ked Mﬁgﬁgmgﬁg gn BRA dart $h alsthtered metal grid

cordance with AST I mpact test
plate at thegatoraf i i @ 20 lineae fagb(P. 436 rto Ad6anetm) pry sedvad itorfuidize the

catalyst, eg'gé gﬁﬁgﬁ Wik neaky &b By i€ 'ﬁ@ﬂeﬁ't&ﬁmﬂrﬁl Cef{ 6’? & Sl hisYekample,

rupture a one m I'l' mupon
over a penialoa! five hours.r Bovag belflat thairtgnpmture fatrengtheeditbehrs. The catalyst

wes il AR st itopie A0 1500 0 MRS ekd Al g e

and stared mcbamtrogm "Phig waméormfm ohder @p2fiirepghobkxaedent nhmmmnh a:d1ts

vl MRV BB R D

fluidizAg THeIHARBIGH GHOHE The 2% vwak theh taplaceal tphiecpen for 10hEndee mﬁHhen

to% e St B g R ol PR rebudhE ot d Fap R i

the catilgst vak $lusied tolaiiwii@ chittogeR €02 A AN 8181 cottell ofd Td/kdondéaPerature

R Ty SFrot P BEet SRR vas

recoveﬁdEﬁﬁé"loﬁ'vdrdi@h‘f\@ﬁs xﬁz&t&ﬂﬁ&&erzlﬂﬁb affeisl t0 a tear resistance
test in accordance with ASTM D 1922. This test is a

SWRROME brighiat héﬁam@ﬂ chidlyst§ Q¥ cpé u%uauﬁ gramg@ oP lysmg ahik Q8tuced

tear, resistance of POl ynmer | m and

divalent gafalyst e%nwﬂ Bp%féwg* yapgised ?@wmfxpe%do piEen.

p t hod erm nes the avraeenerggln
g‘ﬁ'ﬁ Ve %?PZ?}'S & wrious B W
cocatal ttofaélgnﬁmz@ ¢ éraﬁhnzme&%aﬂed%w&racmatﬁwngﬁa(MQ&d@s"obutane
ransverse direction (TD) as indicated. The 10 MD and

that hﬁW@a&%@@v@w@r@@@n@p dried quspalpming yasised ag 'ah ﬁ%uewer e
subst antl al | gher than _those of the TR 1
prhg depsier was 2 ié 2 ?@kﬂl%ﬂ%er Bivs doap{Hllsd wiith diawigrand hF‘é%:P Yqjume of

23 gallBAS8Y Fifer)N bt Rci FrefRiRSPAd 680 pHigRFi39 198)) Thétdattor temperature

was varied over the range of 88°C to 94°C. The reactor was operated to have a residence time
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whi |l e processing the film They indicate the anmount of

resi stance the nolten polynmer offered against the
wE10E840ne can see that the pol yners produced®Gl/U32085/009669

net al Cp cocat alyst in 15 g%neral processed with

or 2588 SRR 2 6 G Lo O A % Mg,

steady Bﬁi:etcondidﬁ)s th:ﬁisdlﬁﬂa)ne fddderarans 4611/l od abs ethyeafeed rate was 30

e.rate at, which_fil.m can 0
tose {6 Ko T sl cpcobiratPi i e g AR 52 BEVe . gppogen
was added iﬁ&bh@snﬁatlo& &'ﬁigh‘!gcﬁb(i)ﬁ buasila ﬁgrea)ro y:séed@haﬂeﬁ)t@ edland the
were use to

. 964 f |
diluent, 33? @3% cQp w@@aespadﬁ?ﬁ incgugepigations P%&hf g%ﬁxrﬁeépartﬁ per
mﬂhonmﬂb& of-thel fifrefR U PlleYSH, MV RERaI9E tia¥ @H&éa Ata @Q%ax@&d stream

followed in many cases by reductignp in

into aps?e@’tacwevwéa%wh@é Hssatalvetvers jlsQ added %ﬂ@}mts}y ﬂﬂﬂé sobutane

flow tbiph MEHrEQRERARS FbdsQNwiORI Al @ it %bhﬁénta&obﬁé b@fwehh %e
di l'uent, and the hydrogen Concentration was 0.3 to

catalysb/gugh cogasplast v 20rmingtes o AverageAdfien fak amennt of timgpibe c@ltéospd
catalysCRAND cARGR bR e fedRo Hﬁq‘gacfoﬁ‘ "f@g;evéﬁt stafi€ bﬁﬂ&ri}? i fhe reactor,

concentrations 25 ran& SS rom based on

small qopeamnineS gpm of ditueat) @if 1S Hddventistatic @E@t rsgid hwe@ctel Corp. was

| usuallypfd'dr{'@r TRe pMyhﬁ:r _?3%%9 |6t vRNg c%ioétrheiaté' 6‘!“25)’/\’%%&0131‘ (11.3

ornmed W't e cocata
kg/hour)@@ql resoysradn e dlash «rhamh@rs & Vulaan dmrewae %sqdute éty theipelymer under
mﬁogeg pi pe extrusion was performed by nelting
onveylng pol yet hyl ene pellets into an annul ar

T T R T T

a high déhsitpplecessingtinea The iline iseDanes 2-13 iaclddinvlettt DatieSandaedextruder

with LB 44 285 gtiP6 6 Gume. emher it Hor P10 Grfo B Co poPGHPoat A 2
1pm, aridl ou$htsof&ariap I spoaﬂag ﬁer emsﬁrr fé@«ﬁﬂg @b inkh Qiahd3{eh BardSdidBavéh g3 35

Barrier nPoeratures ranged from 2

mil gag. oFijmg ofztyp;&alimﬂ?he Ho%ﬁ J@clws U2 ) flclagss| were flows; qea 4:

blow-p@id anfl ﬁﬁﬁ&ﬁcﬁoﬁ ratE B?ﬁﬁﬁﬁrhﬁ eftositBREhRRire GRAMY MOURS After
acconpl i sh by t use of several® water tanks where

cooling the ﬁbnp@swbm@ah ayéxﬁamemthmsselitanﬁ Haitened piddeofdtSdnshes.
Thus, the pipe was 5 cooled fromthe outside surface
(Vgripwsepronesticd ©f Su Flms prodmeed wsmng)the Oyl gagatplyst were tested and

comparaﬁ’%cthé éaﬁﬁtﬂr&!&rtfeﬁ’ bfa 1AM (H'B@i ﬁ% 'tﬁw@ﬁﬁn fo@ﬁc%& 8 Rfmercial

Tubi ng, and Fittings” |rrumvva t hi ckness

high desgityefily tesin s¢ldiby Ci@%oa rl?blﬂansélhmahﬁmwal LGy andsitssligenspescas

" TR-13d E?Iﬁni"h%’ﬁe&ﬁ&%? HSlhy b SR, Vi &ﬁft{gﬁiba} the density

0ose val ues. prpe resin
and meBhiedexad epthi filln resinGhes rdetemetbmhn wapweag desctibed pmvmmly 1Bach

h C. y S ted..a C rQl .
film w% Jug tgﬂq_@i% éﬂﬂ i%l&g t tgﬁtt m%ﬂp%@%ﬁevgg} %SE&F Dcﬁé%-ﬂgh The dart
impact st isl a stanrﬂ'tbte‘stcmbth@b ﬂqraie;erm'mﬁgtths imgshotsesatancend f pdlyetiiyiene
e usin Zi egl er - Nat catalyst in_a bi al
fs. 5 afEoerek Aetecto chEiech oneci eEE i Bcitim B o Aciee
falling Sadie 'Ithfst ﬁbﬂiﬁd ektblilishes e ffefghe B tRO%RE ddoliSdd, frém & keight of 26
1nches,yv&§hllc tca ses 96"% of th\/\claﬁsémlljafés (tjo' break. All but one of the CpMg produced films

had dart impacts higher than or comparable to the TR-130 produced film, Another measure



10

15

20

25

30

Various properties of the pipes were tested, and the

results of these tests are shown in 15 Table 6. The
woHobd/108¢9nsi ty, My, MN, and PDI of each resi nPCAAB2005609669

Charpy critical tenperatu®4e, Chaxpy energy, and PENT

of, eac re tested usjin e .met hods_ descri bed
of fil toxg %Sif§|l§ e SPerF ﬁﬂ BENTFS AR eégaémagmtﬁﬁetha SRy ampact
strengtiie The Spendde Gp:as eistaioaVe eich fimewRadlso dét&ndaﬁbdt ccordance

i A AR RSB IS BOLTECE B LR DT B

that of thd\TR 130 pr@Gudedb fifin.t he control resins that are even
equi val ent to the binodal grade 20 H516 resin, which

| Bacirfihe vebisffuitios |sﬁbjlé@cdml@te&ﬁ?s1§tﬂ109 td@ﬁﬁsa%rdrﬂéﬁée mﬁmleASTM D
e ar Cri ca ratyres were al sO mic ower
1922. ftﬁ’l’s '19# g‘?’&‘{?@ Croetaod R decimpiuing the, frpRagation e Zesistace pf a
pelyméleﬁllrrsﬁlﬁhﬁfa thodifioqiofl FHRCEIRL8RAGA tedused B8 §pbR! The method
rg¥ adsorbed (lat 25C Charpy Inpact) was = al so very
detemﬂﬁlf‘a 1§ BYerage| engrey v &ra5e pawred tarmeetea tertioneh 5 Zinghpe of
film irl e iAGHIAO BEtARlon! S btLH (nﬁﬁ)ad}%&e%uﬂrg&mﬁqm?aé ﬁ&a&t@@ PThe

MD a§§5TGSS tests were al so run on these po yners.

e renagss ke CerVie Broghogd s, sl bighe than

those 4118 TRIBE BloBbeRMRASUr € and then inmrersed in a water
bath set at t-he indicated tenperature. The duration of

tTdbge § higd smmh@h%rlz@aatlﬁ qm{)&!eseanﬁn@ ﬁﬁqﬁes%etlﬂ bSE petised

t hen recorded EXAMP A grade 9 /'silica-trtanic

while prapegsing the F"lllfamTWBFénd@fa 61%9 W‘Uﬁé@?%"@%d@i’@n p@lmwﬁ‘ered
agamsﬁg@le rse:%wn SOhé‘ cah ﬁeltﬁét t@é ?m&% 3¢S REePwith gstﬁétbl\?g RN in

Exanpl e 8. The catal yst was activate

generakmvsvsaquwﬁgsrmw s thes yeosey pobvees suen havgh manscefithin had
higher i w@srcﬁs?ﬁ%ﬁle?go@ proosn ﬁdé E)at'l% Qadlof FoQ%smEQﬁn {i?]t%lmme

cat al yst "was yed VVI fferent a

the ratqim@choﬁimataa by stocﬂased/m tmsshe qapwtvof pGilny fiwe.i ze
ethylene at 94 to 102C in the presence of 0.3 to 0.4
nol % H2 based on the isobutane diluent. The ethyl ene
content in the react oEXAMPEEInDl % et hyl ene based on
the isobutane diluent. The 5 resulting polynmers and
tAxedowR iR H@Bk'@@r@ﬁ@a—ﬁﬁﬁmaﬂaﬂst @d&ﬁ: 963 aaTJ‘ 564 QAR Grace
produced are useful for bl ow no

t
were umddwpfﬁérl RRyymex Fesis 4a ﬁdﬂgt it éeaet@hm@%elé ;l?qy:egg\fﬁngmme 8.
The cafdl}Sts Gatd RfytekOp 660°@faﬁ&8%0°@0fohbﬁe&)§ nﬁr&’%%&% n%@ﬂcﬁon in CO at

.~Single head bl ow nol di n machi ne
370°C.\Theatepchm toppsrafurg ian 82 to 92 °S thnelhyléﬂmmtran@was 1200 14 % by

moles SYQHE &ﬁleﬁ’ﬂ éﬁﬁftﬁé Hﬁirg%eﬁ co&ég%%‘gg%b gttg\fl)\ﬂ?% %g gle%ﬂuent

second bl ow t
As indigaled i Tie 60 @ml\dﬁ cosptelystiwas usH imviost qfeth@amanm cencerirations

rangind B6iP6 95 # 1 ;%nt? Bhde on ﬁg%pe b oflg}] BeNPS 1T S0k ple TUn Was

provi ding parison extrusi o ear rates greate

performedawith 10, c0GEl st and dubtheugh wabgerfiimed WieTEB hyire cacatabsis e

of processing during bl ow nol ding was determ ned using
Ko pwlymersasivapeodredin tHdservhs wste extpaded limto pipess (g pﬂE extrusion

was perﬁ‘ﬁu%uﬁy ﬂe&nga%deco%’vej\a/'\n/@agspgl tﬁﬁene pe etfs rn?tg] atmh gnnu?(ar sﬁape and
solidifying that shape during a cooling process. All pipe products tested in this study were
made using 2 2 inch Davis-Standard Single Screw Extruder (smoothbore) and a 220°C set
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15 tinme of the machi ne and the wei ght of the bottle
and flashing. This neasure describes the rate of
wobirdos4out put in I's of polymer per hour at WRCIRUS2H08/009669
resin in question vvas bl owzs ol ded into bottles during
normal _operagion uI d descr.i be the myer ci_al
temperalii, o 0 5y 5t g Tt SIS SHRGRS kDo eSS PRE
screw. CTEA Relt icPerature® rangtea Grofnl 1 tHesrey] A QworBiR diehPasieéd I'® cool

was maasure i n seconds.. Anot her ma sur e

the PlPGﬁB‘? ofEesassing e dasired idimengigns, ooding praxasrraplishipd LHherassof peveral
water Biks WRer& el gy s%g.?tal! emﬁtwaftéa%ndheeplpé @it&xdi'u"l‘hﬂé] tﬁéﬁpe was

extrusi on of t he I n ot her wor s it is

cooledffora ghgramtside sprfacedp éhepmatiees%cq hBerR51$ aStandegd %cﬁ‘gahon for
Thmm?ﬂ:lgéf{@ GINerQERY I IS | Tuﬁi%%s%ng@‘ ot ﬁmhhmv%ﬁl Qfickness

faor the polyners durlng low nol ding were also

eccentrigityais e Heandathe spaxitpn pvalitp ie5%. Theotesias pieduesd sing meetdfCp
cocamg&gf&%{hynﬂhgsetvg@egu e swell or the dianeter swell,
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bottles during normal operation, and it would describe the commercial rate of bottle production.
The second measure was the cycle time, ie., the time needed to.make the boitle and was
measured in seconds. Another measure of processing ease is the head pressure, which measures
the maximum ﬁressme at the die plate during the extrusion of the bottle. In other words, it is the
pressure at the die plate as the botiles are being blown.

The previously discussed weight swell values for the polymers during blow molding
were also determined as shown in Table 7. Another measurement of the swell is the die swell
or the diameter swell, which is the ratio of the parison diameter to the die diameter. These
numbers were referenced to a standard commercial blow molding polyethylene resin known as
MARLEX® 5502BN resin, which was obtained from Chevron Phillips Chemical Company.

The onset of melt fracture of each resin was evaluated on the same UNILOY machine
by opening the die gap and extruding the resin. The shear rate was increased steadily by
increasing the screw rpm. The onset was the rpm at which the parison showed visible signs of
melt fracture, such as a shark skin appearance or a distorted surface. This rate was then
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EMvironmental stress crack resistance was also tested using ten 1-gallon boitles made as
described above on a UNILOY 2016 machine. The bottles were filled with a 10% Orvus-K
detergent solution, capped, and placed in a 140°F hotroom. Bottle failures were noted each day
until all had broken, and a 50% mean failure time was calculated for each set.

The bottle toughness of the ten 1-gallon bottles was measured by the Izod impact test
(Izod Impact, notched (ki/m2): ASTM D256(a)-84). A higher number indicated greater
toughness. Drop impact tests were also performed to measure bottle toughness by filling the 1~
gallon botiles completely fisll of water and then sealing the boitles by means of a screw cap.
These liquid filled bottles were then dropped from a vertical position onto a flat surface from
progressively higher levels up to 12 feet high or until the bottle ruptured upon impact. A new
bottle was used for each drop.

Based on the results shown in Table 7, variouns properties of the bottles produced using
the Cp,Mg cocatalyst (the polymers disclosed herein) were found to be superior when
compared to the same properties of bottles produced from the standard MARLEX® HHM
5502BN polyethylene resin sold by Chevron Phillips Chemical Company. This resin, which
has been sold for 35 years, has become a standard of the industry because of its excellent
processing characteristics. However, one can see in Table 7 from the cycle times, output rates,
melt fracture shear rates, and head pressure that the polymers disclosed herein processed better.
One can also see that the polymers disclosed herein had superior ESCR and impact properties.
Their BSCR values were more than ten times greater than those values for the MARLEX®
HHM 5502BN resin. The polymers disclosed herein further exhibited a lower swell.

A commercially available resin known as ALATHON® 1544008 bimodal resin, which
is sold by Bquistar Chemicals, LP, was also compared. This bimodal resin is known for its high
BESCR. The results in Table 7 below indicate that the polymers produced using the metal Cp
cocatalyst also exhibited high ESCR values. In fact, both the ASTM BSCR values and the
bottle BSCR. of these polymers were quite swprising The Izod impact and botile drop
properties of the polymers produced using the metal Cp cocatalyst were also very good

compared to the control resins.
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11. A nmethod of preparing a catalyst conprising
contacting a support with chrom umand chrom um
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group, an aryl group, an alkylaryl group, an alkoxy group, an aryloxy group, an alkylsilyl
group, or combinations thereof.
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10. A method of preparing a calcined chromium catalyst comprising contacting a support
with chromium and with a non-transition metal cyclopentadienyl (Cp) compound.

11. A method of preparing a catalyst comprising contacting a support with chromium and
chromium catalyst with a non-transition metal cyclopentadienyl (Cp) compound, wherein
said contacting the support with the non-transition metal Cp compound comprises
impregnating the support with a solution comprising the non-transition metal Cp
compound.

12. A method of preparing a catalyst comprising contacting a support with chronium and



tenperature in a range of from about 400.degree. C to
about 1, 000.degree. C. 21. The nethod of claim 10,
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to about 800.degree. C. 22. A nethod of preparing a
catal yst conprising contacting a support with chrom um
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13. The method of claim 10, wherein the non-transition metal Cp compound and the
support comprising the chromium are contacted continuously for a period of from about 1
minute to about 2 hours before entering a reactor.

14. The method of claim 10, wherein the non-transition metal Cp compound comprises a
Group I metal Cp compound, a Group Il metal Cp compound, a Group III metal Cp
compound, or combinations thereof.

15. The method of claim 10, wherein the non-transition metal Cp compound comprises a
non-transition metal Cp compound, a non-transition metal fluorenyl compound, a non-
transition metal indenyl compound, or combinations thereof.

16. The method of claim 10, wherein the non-transition metal Cp compound comprises
cyclopentadienyl lithium, biscyclopentadienyl magnesium, a lithium aluminum
cyclopentadienyl trialkyl, or combinations thereof,

17. The method of claim 10, wherein the non-transition metal Cp compound comprises
one or more substituents.

18. The method of claim 17, wherein the one or more substituents comprise an alkyl
group, an aryl group, an alkylaryl group, an alkoxy group, an aryloxy group, an alkylsilyl
group, or combinations thereof.

19. The method of claim 10, wherein the support comprises silica, alumina,
aluminophosphate, titania, zirconia, alumina, boria, thoria, magnesia, or combinations
thereof.

20. The method of claim 10, further comprising activating the catalyst via calcination at a
temperature in a range of from about 400.degree. C. to about 1,000.degree. C.

21. The method of claim 10, further comprising reducing the catalyst at a temperature in
a range of from about 200.degree. C. to about 800.degree. C.

22. A method of preparing a catalyst comprising contacting a support with chromium and
chromium catalyst with a non-transition metal cyclopentadienyl (Cp) compound, wherein
the catalyst is reduced in the presence of carbon monoxide.

23. The method of claim 10, wherein a mole ratio of the non-transition metal Cp
compound to the chromium in the catalyst is in a range of from about 0.003 to about 20.



