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benefit of USSN 60/ 700, 600, filed July 19, 2005. Field
of the Invention This invention relates to a process
to produce poly-al pha-olefins (PAGs) in the presence
of a netall o;iﬁrr}?gpﬁ@ést wi th_a non-coordi nating

ani on activa n IR OLBEIHYBENFARESING| at ed
Art Efforts to inprove upon the performance of natura

m REEED OF INVENetionbri cants by the synthesis of
ol i goneri c hydrocarbon fluids have been the subject of

i MPou1) alhis passaeisciladitiodei R tAER Hesind ahd @RSl $lized-bed
industry faor at least fifty years. These efforts have

| eBPSERIAPHROLy ReHEatipR Pjoceases K TRelvinepolyeihylstetssinen of a
nunber of synthetic lubricants. In terns of |ubricant
prBREKGROWNpvenent, the thrust of the industrial
research efforts involving synthetic [ubricants have
be@ooz} oW GSaniufactite PXpolbbthyfe YeGhd!lin \d SRRRLII-BR B¥EDhase
a wide te erature_ranpe, i.e., inproved viscosity

i Rrekesp kg beepythe mibjges of & Bisad degl oldsvelopmenssffarhandaipense.
and oxidative stabilities and pour points equal to or

i 8L, OHERLURCPEPLRL FRHLs Bt o e pisesy t© fom
oi polyghyemes oésinshés ondkingal resin tweth desitrbleh propeitidse particularly

consi dered when selecting a. |.ubricant for _a particular_,
B PEEES GRPTSPHES Rl BRIE vaaiey Teke B0 hiise hish
f ObroGudiAte arl R0 PASRCHMD T SRBhS, @?éth,'h%e%tci and the like.

relatively large change in viscosity w nge I n
t ehpaefarairié. wpildi be deshinbliet iongbtircha aesiel roiwe| withadepirable

c LN Vis it j enperat u are.said t.o hav
CRAIARGHE SRR b TR Sl ReligelitlEscr)
Nuartdeproplyi die swall] edtilesalidechialife afehchadge prodidiRities, using a
Vi QOSIt% of an oil wthin a given tenperature range.

A Hvigiredsioed gas phags pregesipl e, will thin out at el evat ed
tenperatures nore slowy than a low VI oil. Usually, a

hi @hoaM UY. | pASHONS, @Q%B,Qa@ll%fé??‘i@mféc shes 8% fHeg & phase co-
viscosity at higher tenperature, Peh transl at &8s PREG
bepalpmetization edtetlyteranth bbichepolyntintient iesins afe fdrmed. However,

coptactin hi ne el enent s ref erably at high, .
¢ atip Eroserir dBGerdgp gl PREhise 116 10 BrasiAR PradYgEIwith sxysed die
Vlswesl, Gilcohtrat OftAgROF b 8est Rer&RT Wit hRdide l?éi%&hylé’ﬁ@%esins
conprise a class of gégr ocar bons manufactured by the

z

cavih yacreased digovveall othe (dhwlasad ESER leyplstage low in relation to
I =1 ' inear_aol ef] Al

| TSR L PERUHSHERSl ISR bok 4Bt
1- dodEorine still the dkeclbeabagalpe iphgiuatipities fr 166 rémtd érdperatures
al t hough ol i goneric copol ymers of |ower ol efins suc
aén%ﬁﬂglene and propyl ene may al so be used, including
copol ynmers of ethylene with higher olefins as

dggevs] BEcdsBesHor cabphRRt potylafnalids O?%%}Il{;}ﬁi eggtdgﬁﬁo%ed in WO

referred to therein. PAO products have-a e
i ioF118h et neithenBSCRInor dietswedf ividiscummedket . Typical |y
there are two cl asses of synthetic hydrocarbon fl uids

I | pha- ol ef | t
(i o oo sl LS rbIE A0 g5
Vixe2552ly 3, eI 2PAD )6 13PAC0 1,38 4 PM3, 54,640,755, 4,543,399,

5L AR o P B AL L AN s s
I s B, e At BRI A o

or BF3 conpl exes. Processes for the production of PAGCs
are disclosed, for exanple,1in the foll ow ng patents:
U S. Patents 3,149, 178; 3, 382,291; 3,742,082;

3,769, 363; 3,780,128; 4,172,855 and 4,956, 122, which
are fully incorporated by reference. PAGCs are also



WIl, J .G Lubrication Fundanental s, Marcel Dekker
New Yor k, 1980. Subsequent to polynerization, the PAO

WO ediocant range products are typically hydr oge@EHUSZN06/628160
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order to reduce the residual unsaturation, generally
to a level of greater than 90% HVI-PAO s may al so be
conveniently nade by the pol ynerization of an

agphpse2 B i i b 362 QO&%@ BPR) 42 FosPR| e 64d %Qs A EP 0 870 773
catal yst such as Friedel-Crafts catal ysts. These

i AclEBdle207f b70 AxERI 240 22ukd andrBR 1 3681546 iAd SV 0b2ﬂ0é60871 WO

o SR TP R oBleRPa ol VB2 ddnd. &8

poomro®i7390r butanol, with carboxylic acids, or with
esters such as ethyl acetate or ethyl propionate or
et her such as diethyl ether, diisopropyl ether, etc.

for._exanple, the nethods disclosed by U S.
égi@4¥§U&§14gPl78 or 3,382,291.) Oher degcriptions of
P .hesi s,aref ound.in the follow,n U. Pat
Aﬁ?ﬁé%ﬁ?ﬂ@? Bfich ¥ Varioprafess Q@i o BlliBed-bed
maépolﬁn&fﬁﬁtl&a Gor§Asteahfon) maldnd G/ hl?gﬁnz stedfet, Shigh density
4 41 (Watts); 4,434,408 (Larkin); 4,910, 355
( enlystbiviene  qompbanary onygising) (mahkﬂhr%)oaenwsfrna THERqURELS | that
A'i}%thm?eret l%san(afo Whac}f) d;IE?X ﬁ l%ﬁg %otl)% %P%mh fluidized
ion of’ a sup é}te uce umcataTIl th
acatalyphpardtles im ar‘gasl @hege. inShe Ipré%éﬂie off kydtegar gdseai annethylene

( (el Prspotye 05111@%81%3“( Pahd i Yﬁ{er%%‘yé b of D or
(Sgcg%::t(% lg);hnlc W&Z@nk%o@éﬂ?ﬂn@ﬁﬁéﬁn@ é‘%ndﬂéﬁiﬂ(ﬂ%S g/cc or more

Sped tn ESGR Uldex aftlf) on80re Spersinr ﬁaswﬁtabrst paiticlep agoprepared at
Spect Ul t
Bt R Eafs FO0 G o (o SRR it §fffifom, anc

muﬁ@n@ﬁceptablllty and commer ci al success in the
| ubricant field for their superiority to mneral based
lubricants. I n terns of |ubri cant proper.t

| ri‘iﬁ"%iv éemt disclesed t rheasing o ar (ORLBRPYSY ¢ guégwh eBfsgphase
3) %ﬁorp Yo%eés@g £dr %Q%f al Mgﬂ Suldth Phl ?h THEnMEE f)é’llyethylene
VIS osities ver a mn ra f temperature, i.e

i mppmiymdr \chmpasingycdntetéing mmmlersathstonslhdmpﬂlglene and optionally

| Ubiﬁac g}onfeghyg?n%@?r?cgﬁ%(r't@h %ﬁ?@ ab{aﬁy % garﬁﬁlgg zrg) a gas phase

r % Ald pethcd 8FhydrBEdheids Gt b Bib 1aDpREsuT® 6N 800 Béllor more
friction, enhancing nechanlca i ci ency over the

f w@ind aspeldmeutﬁatmn mmmﬁur@aq»f l&@sorak@s d® Psefusy e palyethylene

wi der, ran It 0,

\SEPT R B PERIR ArOD S LR SRS RLREAS 20 be more

be@amm@ Swdlr efatso @0Yo ot 1008 evticreiiehe d%t’&ﬂﬁst\patthles are prepared

nproved properties, such as hjgh visc q é . ndex

(w)an achvationrmperatie of JAULeer It and ing 9(5

stighlilnt Y. 1 nproved wear performance, |ncreased
thermal and oxidative stability, and or w der

viscosity range, are needed to neet new performnmance

r dopepy eiiemt disdlosed| isbai eatinsousNges-phsse omlymcrlmmu precess for

RN N

U&ioﬁﬁtcﬁﬁé ahdReene that kgt &kdémmand E)fﬁl@ﬁhlﬁs at rlédstl d@e non-

US 6, 706, 828 (equival ent to US 2004/ Q147693) %

Pty lence O}fﬁ@dm@dﬂmﬂw nesadyftopariiclss 1ped tgapphase fluidized-bed
ﬁét&ﬂ?@tﬂ? pfﬁ@ eyo?\f a§‘5t9411 b reﬁ@ AL §§ﬂﬁ@of 100 psi

unnxan a S8eii vat o npar ve

exanple D of US 6, 706, 828 however , uses

racdi met hyl silyl bi s( 2-nmethyl -i ndenyl ) zi rconi um

di chloride in conbination vithnethyl al unoxane (MAO at

10Q0C in the presence of hydrogen to produce

pol ydecene. Likew se, WD 02/ 14384 di scl oses, anobng

ot her thlngs |n exanples J and K the use of

o o, o o

, and




MAO at 500C to produce a pol ydecene having an Wnh of
11, 400 and 94% vi nyl i dene doubl e bond content. O hers

whaog/onmde vari ous PAGCs, such as pol ydecene, UBCTS2006/028160
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various netall ocene catalysts not typically known to
produce polyners or oligoners with any specific
tacticity. Exanples include WO 96/23751, EP 0 613 873,
Usr n&88aiRB 4 nRri®4ind Shp¥ufe3 0020886 §ems Vidl gfbtduce a
to US 2003/0055184), US 5, 087,788, US 6,414,090, US
6palyathplgae copplympohaviog a dssgy 1d3irem90.94hdo UP60 g/ec and an

6 , 438, Jo.date however, PAO s nade with

"ESCR itk ot PR SERSO MIBEE w ge applicability in the

mar ket pl ace, particularly the |ubricant marketpl ace,

due to(d)nef thewatilyst parcicles mclhelesitsilivaduppaphiat i porous and has a
deficits. The instant invention address such and ot her

n&udese girani e dhangt O srasapyeters Bst $8fexcel | ent property
conbi natyi on ' v : P
oo, BRY ToierOii (R BR POARTIRES BY FUER ISR silica
6 suppBrtALid) a dhmalioseoppodnrtin aovessd]; wisintire inteinkktemperagure of

t ai tall t al { t ypi [ 1Ty i ..
cBifoFSE] CATGIRRE (1ot riedaPRrSleandid Gy (A, ©28, fipglnactigtion
t @eridbrireld? 660 T4 betdw Malhealies thehativiioamhpsatuddfot aberiod

indicate that di, tri or tetra substitutions on the

]E’yﬁ Ifiope At tad® dwyts toi fogs astivetne caialyal :peﬁi@}?és loyresingstée jpternal
PR B0 Bl LRGN BB R vin i

Wifiobn thepesebaking @lydstrodear @agls penta al kyl substituted

cycl opent adi enyl. rjngs are pqor."PCT/US06/ 21231 fil ed
June 2,(0)200611%H>03Yﬁ%‘i|1)q@net Iﬁémaé%@m ah PORENT BT SR ure of
fijbggh Juby. 19, 2005 describes the production of

liquids from nononers having 5 to 24 carbon atons

usi ng Kdcenitie peyethylonerss iafonedngito p dubadénsygy ah 20 #b/ft3 or
activators. Qther references of interest include:
EBY2%4708, US5846896, US5679812, EP0321852, US4962262
EP0513380, WR200dkRA3R0LEN Hath HSER4A1600! SuRHRILYE:; Of

Invention This invention relates to a process

t
producéfa pdhepdlptibylenacandespdrasitygf fom 8 9hs &8-96@ glec;

one or re.al - ' f [ Qe T

car bon B o fe Bl TS F 31, Hkighe pstibuton of from
cysltopent adi enyl transition nmetal conpound having: 1)

at | east one non-isool ef msubstitution on each

cycl opent adi enyl ring, or 2)at |east two substitutions
Ogoo?i‘ﬂ 835} oPRE pEHXEIRREHAHMGRY thd Latilyst BF BleSdaldysf particles or
having at 1east 'two substitutions on each

c Yind e pdt aditistesimayi cogsistessantiatlp of silisa tchragnizam, end titanium.
activator, and optionally an al kyl al um num conpound,

B fny 8 s A8 oo ARy P BBl P M or e

C RERBiN ParkiSleh be pRIUrsbHO the cavplyst paratleistire abkydntacted with
al um num conpound to transition netal conmpound is 1:4
t enaetylauminyge rcosmopngr sucht 28 na c BT lBmanum cppppundy ie.

h i I.al
DUHE OB 500 T, SRS G PLRSBUE Byl Ot E

baagitlespon the total pressure of the reactor; ii)
wherein the al pha-ol efin nononer(s) having 3 to 24
carbon atons are present at 10 vol ume % or nore based
upon the total volunme of the

cat al yst/acti vator/al kyl al umi num conpound sol uti ons,
mononers, and any diluents or solvents present in the
reaction; iii) the residence tine of the reaction is
at least 5 mnutes; iv) the productivity of the
process is at |east 43,000 g of total product per gram
of transition netal conpound; v) the process is

conti nuous or seni-continuous,vi) the tenperature in
the reaction zone does not rise by nore than 10 0C
during the reaction; and




vii) ethylene is not present at nore than 30 vol unme %
of the nononers entering the reaction zone; and 2)

wobdoaionidey a pol yal pha-ol efin (PAO, optional | BCT/US2006/028160
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hydr ogenati ng t he PAO, wherein the PAO conprises at

| east 50 nole% of a C3 to C24 al pha-ol efn nononer, and
wherein the PAO has a kinematic viscosity at 1000C of
2802t 1P e)J &She plavlods bEbodaRmtd, el ARIRE of 118 chAKRNAB8es or
As used rein, the new nunbering schene for the

Pére edialysTapiriicles arhendEl astivated by asextatadysé esuchuas iwith an

AR LSS pQBPA, Gl oo SRl BRIBEY  Bprpuyy i

FaictRyARRSMN OfConhbSelyNiesttyl Mthapeevifies chirjdierthethe eatalyst
when a polymer or oligonmer is referred to as

c offhei asitalyst @artisiestar ihe edtalys Rertiglesprre b actiyated@s described in
p igonmer is the polynerized or oligomnerized
f%%%?ggaﬁkg%g+efin, respectively. Likew se the use of
the termpolyner is neant to enconpass honopol yners

and copol yners, where copol yners include any pol yner
hBRIEF DRSCRIPTION OFDRANWINGHi sti nct nononers.

Li kewi se the use of the termoligoner is neangato )
eiWddpFEG. hisrollow gingrans ohmarosews|iPy@akEng polygdwisne resin.
cool i goners include any oligoner or having two or nore
chem cal ly distinct nonomers. For purposes of this

dﬁﬁ@f&f@@?gﬂﬁ@@RﬁFTﬂbﬂ*igoner refers to conpositions

havi ng nmer units and the term polyner refers to

CRERPSIA idenSledbdptioR w TOUEVSYEOr Yitposes éf bRdbling a person
defined as a unit of an oligoner or polyner thﬁt
oriagingadrdinao skilsifohgedrt t0b HHdng Ipémeﬁ‘(yé‘)neu@eﬂla % apfigise the
ol i goneL.i zaf.i . i i . act.l: herei

O AR AR A S AL S R o e
t hee Befifedsrtovel Tolths ektamentermrusadth ¢ biinlianosddfined delow, or
.t. gi@twiggchggg %lhlg Ilg{fﬂ%: L H;gg’)%d’estg%%‘ ni{fl l' ha?rlgc’)er]:sl i’ the %rertinent art
h‘}[{,ﬁ@ %i\)éﬁ‘%ﬁa? &R bSRR Vn Y R fifftiofrdr Asagd! SF&h€Kerm in one or more
al pha-ol efi'n nmonomers. Fof the purposes of this

i rpriandd mibliastibrs loe issheal pagentsh éxcduding ey distionaey defadtiens. j n

a catalytic cycle may conprise the neutral or ionic

forms of the .catal yst. e "eat gl yst sy hel S
adbRedn, oPRals SRy §Fal oo Ry SRS below,
S Usdly iyl énd bk laRc etteihad by pattiulap gotymentzetion patcedsysn which
systeni is used to describe such .a pair befor%? 1
actevifiei igredientyreindls PEASESaCONYEPRY ot Wffst Tor example, a
( Béoqg&féﬁle%s Fekird H&ﬁﬁ%] %EWVE&‘ efifdsi (Y@L, OfigRMhvironmental Stress
optlon y, a co-activator Fs ch as a ) )

t r Cekk Reaistanta (ESCR Y apd destiablePenSivell) sanjbedbtained by directly

descri he such a ir,after activati It nean e
actaniastieg n&%’log}e%}g&la%lﬁ‘&{‘idﬁ é’ﬂﬁ’i?nle\ﬂg‘flo (%H%rcogiaﬁl&ne% (e, hexene)
char 9eRAiANCHOP rdRicR! - thAdsteddned AF loky géhend al@doged, at a high
system nmay optionally conprise a co-activator and/or |

ot éthylenh apaytalb gireaseiende-gni ¢09 . psicand| preferpblyc highs usig a
alsq often. referred to a r 9

pri Wg%?a,uoﬁg?apef%%%en@; g"ﬁ?%ﬁg?%ﬁ @n%sr’ntg%f gﬁ%%}%%gﬁ n%’,or less than
unapgeCy at @ds Clanal 153C, @rledsrtamsil1496) ordesalthaniid®€x or less than
These words are used interchanﬁgqp y. ActLvai@&ggnd h
cobER°S) & fesa thang] HISCy gk less Hagr dfatg@aiesy than {ERGe g dsss than
| S18:-00PRUNGAE BgFod, Sy TkPiraAN DY CITRE then 166d) ivkia £particular
ol i goméri zati on or ﬁofynerlzatlon by scavengin ]

i npataliytti that. (apambudes diveange tegethey vdtlso law mgnfa@ﬁg ¢hremig (less
and may be referred to as co-activators. A

co-activator which is not a scavenger nmay al so be used

in conjunction wth an activator in order to form an
active catalyst with a transition netal conpound. In

some enbodi ments, a co-activator can be pre-mxed with
the transition netal conmpound to form an al kyl at ed
transition netal conpound, also referred to as an

e T o e . o



anion (NCA) is defined to nmean an ani on which either
does not coordinate to the catal yst netal cation or

wo bav/ocsver di nates only weakly to the netal catPORUSZw6/028160
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NCA coordi nates weakly enough that a neutral Lew s

base, such as an olefinically or acetylenically

unsat ur ated nononer, can displace it fromthe catal yst

c rg whoy [ fQ

COEAS0 VDK 8y TPIER) 6 R, (b by @ porous

catp@bgtsgartmée thlat cettsustmem}tlaﬂe of §elnta,o€c) bon o dowedrfhce arbe (less
nco dinatin tanlon %i%ﬁf ? ,thnclude H$Ut that

n TS B D Poa Pl o‘ISoFlc YRGS Jf ot PRSGHIC Wy tha

Smlctu@eé QafBilaeb@tdiSof Retivton RuipeRt@eNthidh Thdledbst Gsing an

bor on, al um num phosphorus, 5 silicon. A subclass

ofctivarorn taneratate \wghlam W%ﬁﬁ%ﬁs &<L-sEr6tehthgnddpiCc but less
aghh VRb Sr 6%? B@lﬁﬁé {'xcl&%w&er% Bhg ecif&r&' $elow "G hose
teérnms ronlc ac |va S 0|ch|one fic

aof skiktio thecatwile a}b{ﬁaﬂaﬁe rthe ras fhexe ged tésy comlohmmxs(e:, g. ﬂlhxeene) is
terns neu ral oi chionetric act.i vator and Lewi s ac
aE’tCPW%‘? Eaf psfme@au%tt Bt ah eapplymey produef; %Hps%chef and
I RBERQN hdno m&o Qﬁ@'t&l%e@ﬁlre' br Y ot Rem %‘eﬁ%rally rise.

reaction o cu I'sool’efin” is a branched kene
hpoliyetlykhe Irea:stcannbe perduced paving RUREEEM ameﬁ@s,bpmaml@m a

i ch | . Cl 1 k
2 Peg il BRERE T Blovy BRHpE dSmipteh T Tl ot bl fiberr
apkopkrtRRs a9 Cah IESCRL Th@exClbdt iPodupstapiialyo hiphenshdo when certain

preferred enbodinent, this invention relates to liquid

pelegnenistaae et iilized parlemonstyaiseiis ithyy exsmles belpws ' qaﬁbr—@nore

%, 0f n

ot pt0Efeng ¥ I gt o b BoBLERBRESIES B000, Lol and
mefeater Pireefpialbd of by med fer Yowrd ofaae]yspr ef erably 70 nol e

% or nore, preferably 75 nole % or nore, preferably 80

R ABISFGRe AR SHBRSRIPE ofe] BY B RogsRpgieserhpg peren
R Srovidiff @ﬁﬁ?&tﬁyl@ﬁ@ hmhga %%‘Ei%@ ESCR figyivedt ddnsiffpesfefbly a
mononers preséent ol yal pha-ol efm as neasured

bylexitybwithin P8y Nrf/rdle %ge%sney@@é desin.t Hiis gensralhy respgmigeyl that
L,E‘)?gﬁ %PHB htall?qee#nl%rgely g)tréﬂrogfg%l % Laﬁbeqaflétrhegraﬁ@t B ?elatlonshllp) to

pdkmMity0ko lteaSESORNeBGo Qéiﬂreﬂ\hytllse highae hd rdsin rlansmy decreases

above 0C and a kinematic visco at, 25C, of 30 000,

c §Yitlyrthg @sacessen herdRnBeWelPbobl ﬁeﬁ%(c Ralfyachievedgven where the
p f | hich

Pakisbp el A8 ARSGELISY ORURLD GE! oy, Wt o

odedsily, regine fesnkbinylebesta déracns@ MOEFOR ’ﬂneﬁmpmbbmeﬂltessESCR

| aedormensE 36 b eratsehel i ob RS R AR B idinea
emRRMN. Mo, ARy 1R %&B&s&ohé(rél e Rlsling S féRefbsins have

herein preferably have | ess than 300
pisepazios tﬂly Svestislevdian Fgoemmnh: lperéasem&EE(}m @@stemdw tnlongo Die
p %% b rl%. O%fl ab l Celrssgegs%tyg ?j&gg g%‘ll} %rlegg Ogﬁ Q)Ift¥n Sﬁﬁérs ta'i] @&'taln

eRsuR [WBIS BiﬁWl@lfthé peocpakby hdphiaa DieSiwed of 8984 adibelen higher
herein preferabl¥ have | ess than z@g ppm

prepRipiaBbls. ¢85 80Yoane aove. mp 8y sk é{eﬁr%%efg%mi phavea g %
p %HH aB6RS GaR the h@sgégfefl% eéﬂnfe @59 Dlrarse\f@n@@ba%l ess than
10 p e

pm Aas neasur TM 5185. I n anot her
enbodi nent, any of the pol yal pha-ol efi ns descri bed
heemayn Qreed thebfegtubesvel’ $ugsessfuhaper@tion mfthe pragess is utilizing a

DLl SLABY of 835, IR0 BRI BEEL 852 B L 255, 1100 108l

10 ppm as neasured by ASTM 5185. In another

enbodi nent, any of the pol yal pha-ol efi ns descri bed
herein preferably have | ess than 100 ppm of G oup 13
nmetals (preferably B or Al), preferably |ess than 50
ppm preferably Iess than 10 ppm as neasured by ASTM

A N - oy - o a1



preferably have | ess than 100 ppm of boron, preferably
| ess than 50 ppm preferably |less than 10 ppm as

worr@stwa7 by ASTM 5185. hi anot her enbodi nment , PEnySmh6/028160
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t he pol yal pha-ol efi ns descri bed herein preferably have

| ess than 600 ppm of alum num preferably |ess than

500 ppm preferably less than 600 ppm preferably |ess

t AP p39ReRPMonRERLERARE Vit €RSpdraal) fﬁ(&aﬂ%ﬁ tHk eHeqyraddsy use
| ess"than 10 ppm preferably 'l ess than 50 ppm

preéasalsisl yrapersd wihthnalpargputpr astivesiesu tesebepdfuuRSTME Shass been

I n. anot her. enbodi nent. .any of..the polya - .S .
st P e Rt sl Sorlalon SR R Tt corin
Mdveg &l @ar higﬁérgthhﬂ aBbut ¥30°Q 08 Kiphdrahsn alpre 7608 o higher than
bet ween 100 and 80, 000, preferably between_ 250 aqd

68bB[/S0pE epay g yto yatahetnh hadng &n%etlsm, b effeft qrp fhgppglymer

b z 0] '

P, §20ty R by, (L8015 6 00 i

3hddE]ar pveight alidtyib@dist tha? 4de8Ded, @ord ewm]bl lpwer-000-desirable

L L oL Y B el B RO5 08 .
aed &S houd s 5°$3f, of %veP HayiabbhtarsePEf dafJedders ChiaBRe with low

e
herei n preferézl have an Mh (nunber average npl ecul ar
werghiclivities. 50 10 0Brien embedimentst evethaye bdisoasred Bt ap glower

40, 000, preferabl et ween 250 an 0 pt ef |y

b ECTEN 5ieRRE] o,(g’éi‘f?rg |g°°&’gr é;qoggp e%e%ﬁ%' i‘?iﬁ{@ﬁdélgher
t hesendrizaior Bthpefutdes, 0dfille rdistiighéycellar BSZFVandEIORAndex.
Alternately preferred Mi's includethose from 200 to

2BwomnipHaepaiplyst 2gation tempoBHTe 3F 10k IE6FSFaBlyociqyeh, as
70 \y fhrk Qre%fRGPably b
pf@ gPa%ﬁ%fggﬁkf%g%gg%gdége e}§%$§%%%gh%g%%06.)eln X ©
angiphetenesdh ddtloding , pravidingf cérten pobgeab ploaditioss,i prsferably high
descri bed herein pr efcgf abl(é have an My Mh of %e(?etn%nstrated
t 1Ay lepeanfgial eeessiugs ARG lo v PIYRIPLRAUY FIBRETENEGS - £

pr@ftﬁé # F1¥1p1e§,si§ istth@ Rl coRfRhRIARI Yhd RER Uk fdford tHat leads to the
preferably less than 2. Alternately any of the

pdieyiadepiits- ol ef ns descri bed herein preferably have an

MV Wn of between 1 and 2.5, alternately between 1 and

3.5, T vh_and. a :

oabugl it AR RSB RS ity RS Bt
POy Sfind] §irbay di.ef W polgsthylzhe davingnthe pdesired yprepesties) be
as calibration standard, correlated with the lei,&i1 talvst
vimedusedyasaactsedi f ey periEIctiag e BRNOPRS.ELN the catalys
OW%SS ﬁgécﬁ%d: "%1%%’1/\—': .,algij?ssiﬁﬁp%ﬁﬁﬂl R&ICRr Nvedded asRkown in
\' ues an no cal cul ate rom ki nemati c VI SCOsI ty at .

100@Ge 1,rasaopposddetor Bt eosadingethe nafnonteirs withyesialy o particles in

any PAO descri bed. herein haye [ . PO
Cr Bege: pesehBaGarctPByoREEH b ool pbpRT o o
t N@frereh? rQfetor Ab &bRA 2R Yinlaleﬁéi?rirﬁﬁn ARD, e npteefab il leyiters the
| ess than -250C, preferably [ess than -300C

predfrtical itagtdr asssel praferatis Operishessar dsTepsq Wovelqoifyvheagt passes

0C referably |l.gs - terabl t ‘s _
B Ry o o
gr ﬁcﬁb%aﬂgn%ﬂbm&é ﬁﬁﬁlystﬁfw}ﬁdiﬂ Bksiuppémtd_ om poroy sHA@ includes both
escri bed herein may have a kinematic viscosity. (at.
OGRS BB ShresTiuy MATHE SaUs] AT di ABHETS OF S o&-
1, 1 QLR LAR! Ut e Ct< HB0AROML To&Brably, th
csg)g‘%tr ?@Bl IO@WQ’ tB gr‘r?\é/l’{ gﬁ?%ﬁ%ﬁw@a‘}gﬁﬁ’t §4§ to about 4 chat ,y )
pr eheumthif yhfondnmalb tess tHand St wt%. AwutcondinesiSyith other factors, the

referahly. fromabout 5 cSt to,about. 300 cSt. at .
Pnpglﬁg{eﬁégtlo&%aﬁl?@mergg B fyﬁ éesg gH‘FWe“’p?Xé’g}é% e efg%lo%ratlon

i nvention, any polyal pha olefin described herein may
have a kinematic viscosity at 100C from about 1.5 to
about 20 cSt, preferably fréom about 1.7 to about 15
cSt, preferably fromabout 1.8 ¢St to about 12 cSt. In
anot her enbodi ment according to the present invention
any pol yal pha ol efin described herein may have a

o o e o, A PN INI/N PN oA ~ 1 A PN~




ol efin descri bed herein may have a dielectric constant
of 2.5 or less ( 1 IdHz at 23 0OC as determ ned by ASTM

wD2®24)53921 n anot her enbodi nent accordi ng to thPCPUSRe6 028160
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i nvention any pol yal pha ol efin described herein may

have a specific gravity of 0.75 to 0.96 g/cn8,

preferably 0.80 to 0.94 g/cnB8. The PAO s prepared

NELE bifbetiR@ Whef th@ LNy bNRR B0 1P Wre] | didect S4GHctaRith th
tﬁ%se V\}ItéwaeKWOo oiy Z%ﬁ'gcst ora I eess) ,ﬁ)%rel gspeci al I1 ©
smiohaiks aioloatiedvith endtolomelevds aficlonmiunepastigilarty Iobd than 1.0

forpul ati ons either by thensel ves or by blending with
OM%EO’%FﬁﬁtH@} 8‘§héﬁ/%§¥@egjﬁw?ﬁ', Group 11+, Goup I,
Goup I11+ or |ube base stocks derived from

hyd{9pi BEOORS érBBddiRBntYthevaral st achrepared, fio0bBhly using low activation
Fi sher - Tropsch hydrocarbon synthesis from CO H2 s@g
gepegRiust fhat alep AspoIRipgoto erdoppoNed Rrsediree Remmpifisd by the
1R dS 1gosu}ﬁgfeo nfoh P! cal Be AlepOsiRiCEE S Stltable
graé@s or "high performance autonotive engine ol or

i eubpetts vahallyi in fqueous adiutos. The suppbltecanebd ddiedent reduce or

oF BT atet b Hisr PO SRR BepRBL sBRpy M e suitable
(Mhdidofre Hix0d t6RYier, PrIRS ﬁfgg&l’t%aﬁ% Sied Y _move the liquid and

al ternately from 100 to 3 alternately from120 to |
28@epositl the rtitanivimy cdmponndoon the sawortal fhemathe | APPoLH peNBOUNG

to, 300, . Fqr.many |ower viscesity fl.uids.

R R e N B S S
16h 6idlopen bhRwf &nefeiftkeY/ tHeAR@an iosygdnodonBiinihg n2Béial (e.g. air
Viscosity index is determ ned according, t ? ASTM Met hod
Dop pyE-0332¢m gb@puitahiq highes derapqratuis 198 a sHiaPl& inGes

reported for fluids herein are nmeasured at 100 OC

u S esr W, S Dyipam j | t tb£ hich
B R e e
viethybsietpartin} prdssurdeagi, iy etbflen @aitial piedsurd o€ =ukI0; gsifasr= 150

Ki nemat i ¢ Vi SCOSI ar.e in /s, £0 nl vert.

8P OF S S Bee 230 Pricer 2280 s ERTERRoePRRNERNRES 2 G000
MBS &k )> 430LIARC-Ss0P0aBus.as 26660 th/g of © 60U0SIb/Ib, or > 6500
invention are typically dinmers, triners, tetraners,,

or
hillykte 1or &1 7060 Me/Hts arsta prkervse agpscboithe Pepcesvdesprdhsdrerein in gas-
nmonomner ref.erably, 0 ] ] )
o e orabra B8R TR g G s Bicfertly bRy Grikige By > 2

alhpha; ok ef 25 homerer & 3 Aldues, natt \3ed yhouwmn ahitish abdwefinentioned
with al kyl substituent at |east 2 carbons away from

t reehydenemnsrtial @ERIBITES-bond can al so be used. Typically,

the PAO s produced herein are usually a m xture of
”ﬁﬁﬁél]d'ﬁufrﬁﬁﬁﬂ&epjgd SHIB/eSa pdRBhSTHRE WasH a GhatigRcBFSESCRMMwhen
t hese al pha-ol efi ns have carbon nunmber ranging from
Clcontopo@20 is Tikesk she mueferred icgmoenemersr areukbaiensgs 1-hexene, or 1-
separated fromthe Pi gher oligoners with carbon nunber
of OHPETIPPHEHIESEY for exanpl e C24 and hi gher whi ch

are typically used as high performance fluids. These

s qp@bptBdfetdn® shecifi@ @ndbigmmey oDl prosesses, tstime of which are set
corresponding paraffins after hydrogepation can be

usferth i oy i ¢laims, mebide; (bukare At g tog eofPﬁ?‘Mnﬁg

fluids, solvents, paint thinner, etc wth excellent

bi [9(%@9 rAdaRI dr thifre JraKE ?k&%ss_ey dReRsed hasin, HCESTREANBEQDS the
pertormance fluird fraction in the C20, or C30 and

hi myfigathylemctesioren by pi vatious lbealeatayadr0, wiscbéior pbave; or 1.2 or

L8 §1STOR05H S Pl B BT IPLAER oAl BF 7o

| oWobermer abtiikdve] OV PoppIRIve] 6:52.00F abewe br 26| atabbid; pr 2.8 or
Because of their usually narrow nol ecul ar wei ght

di stribution, they have superior shear stability the

PAGCs described herein can be further blended wth

proper additives, including antioxidants, antiwear
additives, friction nodifiers, dispersants,

detergents, corrosion inhibitors, defoamants, extrene



points of less than OC, alternately less than -45 C,
alternately less than -75 C. In a preferred

wepiwaadisvent, the PAO s of this inventi on have BCKU$1006/028160
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of 1.5-20 cSt and a pour point of |ess than 0C,
preferably |l ess than -45 0C, preferably less than -75

C._ Alternately preferred PAO s have KV100 of 1.5-1 5

C gboR) dnd SQ&PES@R' BHeP feveRSHin Hednttimed>¥ath &g kb'f)thé fRasured
than -45 OC, preferably less than -75 C. In anot her
pm}wdsembd@ilsmﬁlsc ed maeing of this invention have

a KV100 of 1.5 to 10 cSt and a pour point of |ess than

"2 T o SRR mepRc BRRAARY d(GHR b5y tene

hebpdlpmbBarges ﬁf@h@tQSIOltw.%s gheasur ed by Noack
Vol ati1i ty test (ASTM D5800) of 25 wt % or | ess,

prefer 20 wt % | ess, wt %.0r
| bS] Tl ohbrenibaprsrice SaThAG oiR, WAL SOe AG g emal
B&aﬁf@%’fr’cﬁe Rissdee rcoﬁfanﬁn@ R d?i@ﬂ epart_fé]@s E’cﬁ@ ﬁnal activation
prod ced herein are liquids. For oses of this
| ereperhtore, & of 1660%} é)flmytotﬁéluéeofber @pt aGen tﬁmr@rai@wes mtlﬁed

o2 e B B OB IR g e

”?ai’tidl’@ eﬁﬂ' cﬁ aAADQVELr o AREMa KionsITat peg hous Godietfihabbictivation
25C of 30, cSt or less. In a preferred Frrbodl ment ,

t Hemp@r@@lm @ncb thsdpelseihylene mlmbssfoam% pbary of {§e drolgperization
or,_m r rbons, pr ef erably
8&9?@%&“‘% de%ﬁ) %@re%f eea% %Ogt?g{r%%: nore preferably

95% or nore, pr ef erably 98% or nore, preferably 99% or
mgo@6f dn ofi2ranate gjfehi procksselr deseribzshahovE ror &lgswbersrhesein, the

enbodi e ocess IS a o
 dgtent Do el (e Soedl o tsitve bl i G whadlom sire v

Ogl% GROPRYB6h, RIBéR! @8 ¥k nhdreSdr 9@% QO @refort@abr more,
produdt per gramof transition net al ﬁo und

pradf withlal Iyefatredl sppe 150 06100 oExpmples 0§ el gangeg A 1%
of t.ransiti cQ rably at | east
@%3 32( dalbméeu%%%ug?mg%grgﬁfwgf transition netal
conpound pr eferably at | east 60,000y of total product
pepog Al @fe drimao®i dfi the proebssks desvpiberh dbover afadscatbiese arein, the

| east 75,0009 of t roduct pe mof transjtio o
e PO RN Pepies e Biepeiss v Brar SRt BaosR Bk 8 6soc
Pr QAuGt oPREs n%ﬁ@m@t b GIRC ok s BR1530°C ONREY BES0(°T o less.
preferfe odi nent, the product produced herein has

a selectivity of 60 %or | ess for C20 or |ess
hyi8028t alnbarresqr peisf efi the tp;oosm described abgeetrelamyhprabeysin, the

orE$§§ of tgog(?lg&cgefege gegny q,l% %E?Ik) ?ss@z &{rgf ﬁﬁ)ge,yor ]20% hours;

hy&msarhbeﬂas(n( Yoshyhowsst ght 54 ﬂio&ﬁ;s oot rtaérhmume onat8djours; or > 70
a preferred enbodi nent, the product produced herein
habows; s PR} haprs: 1 31 08@ovSor | ess for O O di mer,
preferably 50% or |ess, preferably 40% or |ess, nore
pr Fyf)ﬁia %ﬁ ne30 nbfe J)ieﬁxé esdes @esbiri¥BA abGo¥r i veHke herein, the
ntes erw se noted). Process This invention
r etlabmurh dn ghe ¢atgiysviegrosemdedle awoprtafiess than 1.0 wit%; or < 0.7
po a efj ns._ Thi |nproved process enpl oys
Wﬁﬁ @geﬁg‘géé g“ﬁogether Wi th one or nore
non- coor di nati ng anlon activators. The netall ocene
catoadoy St ol 6r thoky biihe hrocewsies tdesdtibed aboee or elsewhere herein, the
cycl opent adi enyl tranS|t|on net al ? npound
Onepi-eihgleng mAsPESE 1sok-bitgie | hexene, e WE}HW%EF?W%@
raetal | ocenes that give high catalyst productivity and
with | ow product viscosity. Another preferred class of
net al | ocenes are unbridged and substituted
cycl opent adi enes, i ncludi ng unbri dged and substituted
or unsubstituted i ndenes and or flourenes. One aspect
of the processes described herein also includes
treatnent of the feed olefins to renove catal yst




1) contacting at |east one al pha-ol ef m nononer,
(whet her a single nononer type or a mxture of two or

worerg/onebmer s), having 3 to 24 carbon atons WECTUS2006/028160
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unbri dged substituted bis cycl opentadi enyl transition
nmet al conmpound having: 1) at |east one non-isool efm
substitution on each cycl opentadi enyl ring, or 2) at

| ﬁﬁ?f} 18ns HPRokd B R0 QRsRldeb @Rl BB or elsewhere herein, the
cycl opentadi enyl ring, preferably having at |east two

s athytant yrarten pressursais hl 00ypsi siomeneditegighter;i argl 25apsi ethylene or

non- coord ti.n ni on activat an ti ) .
ORRRG T BB TR ey B P o PRl BBl ¥R 200 pi
t()"e’é}&ﬁén% o BreARk;adr 250 RO tR¢lefictoraédtatabo300 ssi &fhylent Or greater.

71, and if the alkyl alum num conmpound is present

then the nolar ratio of al kyl_ aluym num conpound t .

t (MR €7 6RC REMATS ObHSIURAEFSPS desoptheg g OF bisgRp herein, the
Y | L AR~ GoREhG | e| 1ok S $U0DSIB/H; or >
D FATRL L8430 0008 BB M Q908 ok, g o
basea Ihiboor * 6600 hlhl o 6560UbAb.of the reactor

(preferably between 1 psi (7 kPa) and 50 psi,

preferably between Si %ng a}.a d.4 i % g.
Db T8 ole BECEEAT deBioc S ieiri R po3e BT istSAGE jein. he
prcﬁ‘(a%"sﬁ?ﬂoﬂu@tﬁli@ﬁi’s 4000 3o/lPe) mete (beasy opthefpeodiekiyitie® igeskified
(69 KPa) or less, or h¥drogen is present at a .
cohoentwith 4 taidenceriome of 2 HOWHOT BTy 2wer GAELS; or = 3 hours; or >
pref erabl y 2 7,500 ppm preferably 25 to 5,000
pﬁﬁéﬁgﬁﬁc%ﬁg?gbﬁ&the al pha-ol efin nmonomer (s) having 3

to 24 carbon atons are present at 10 volune % or nore
bgema] Upanetdnendretodlthe/ploessesodestiieed above or elsewhere herein, the

catal yst/activator/co-activa sol utions, 1001 )
D ShymelRY 8 e SUP RSO0 aRanttel A EiTTRANE G0 or 2
aftﬁofto'?sélcﬁ%% ok $ 0M0; oPE@SENbr 210.200r € than 30 vol une %

of 'tHe mononers entering the reaction zone, wherein

the residencetine of the reaction is at Iegig gﬁ .

mi [peasen cnechritheretadibe pracasses fescibed aloyerar sseydpes hsein. the
not rise b [ 0. 0C ' aB; t
oy it TR URREoy urhblga R BERRLIR ac 20t o i
hy@eeeenaiihga fiRe dRAGteramd Dbicahdisagion IRADIE e capmdsdiageter,
at |east 50 nole% of a C3 t 4 al phaol efi n nmononer,
wﬁﬁhﬁﬁﬁth%@“@@@9ﬁpﬁﬁ%J%F@?ﬁﬁﬁééh%ﬁﬁfﬁ@ﬁﬁg?b vi scosity

at 1000C of 20 cSt or less (preferably 15 cSt or

| €963 fﬁnﬁnep bEfEsaRlYihe ROtssdd0ddREridd Bbdveosr blgewhere herein,
mherefn the productivity of the process_ is at |east
430:0@6n g5 Esdnbimthe pangsudabper 1 0nad00 PPby baged;an the cilslege feed
conmpound. In a preferred enbodi nent, this invention
ref®tes to a process to produce a |iquid

pol y-al pha-ol efin having a KVioo of 20 cSt or |ess ‘
Copps7] Sin@he &) mognbfabt ipperebses desoeibed iabovezamelsewhere herein, the
presence of h%dro en (preferggl fr%gélo to 10,000 PR, <
bysukéacg Rreagtt thy aFtalyahgupPPet ds I55s thap &UPsapage Eagers per glam, or =
al j M ' hdg ani on
e e B D e o esent ed

by the formul a:where Mis a Goup 4 netal preferab

. y .
25 t i foass] uln oms ocmruo te medenses desqsibed abas g glsewlar higrein, the

or haf ni each S a r ; i o >
- B aeeten r d Fop  REE Qenl, FPEY Lol U eres or = 23
hyﬁyﬁ@@ggﬂs15@61@@&371Hﬁﬁ_ocarbyl radi cal s, substituted
hal ocar byl radicals, silylcarbyl radicals, substituted
silylcarbyl radicals, gernylcarbyl radicals, or
substituted gernyl carbyl radicals; or both X are

j oi ned and bound to the netal atomto forma
nmetal | acycle ring containing fromabout 3 to about 20
carbon atons; or both together can be an ol efin,
diolefin or aryne ligand; and RL to R10 are

i ndependently, a radical group which is a hydrocarbyl,
substituted hydrocarbyl, hal ocarbyl, substituted

o o Y



R10 groups may forma C4 to C20 cyclic or poly cyclic
noi ety (such as substituted or unsubstituted i ndene or

w@ewsbiioer ed or unsubstituted flourene), and prPOVUSEMA6/028160
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that ethylene is not present at nore than 30 volunme %
of the nmononers entering the reaction zone, where: i)
the productivity of the process is at |east 43,000 g
Ofoodst &l ol GFHGle Qpihe Pildesth desibel bWt HBdISwhere herein, the
compound, and 11) the process is continuous or
spcﬂwnmumuqmue wendugted inithg prewence efpalkylupteminynt sush as triethyl

@uql' on f]g B does not rise by nore than 10 C during

t( ﬁ (preferably not nore than 7 C, preferably

not nore than 5 0C, preferably not nore than 3 0Q);
amatdlystdepanition a | i quid pol y-al pha-ol ef m having a
KV100 of 20 cSt or less. By continuous is nmeant a

OB CeR Recr R Tog B4 ceSysl HE TS BT had dtaniom,
C@&Edlﬁ%@&&mﬁﬁ g%‘ﬁﬁorﬁﬂnp&ﬁﬂﬂﬁﬁmﬁq RREMIBIr rﬂ&&ih@ t}tzaepay&hylene

wher e the reactants (such as nononers and cataly
c oessendis,) arg lesempirﬁadrh}/aﬂhb yatahystsol¢serégdiinlsS d??éeréﬂ 011,382,

nor e rs and pol roduc a

ef“f‘ﬁﬂ’f’ M g}d% éﬁﬁl&é{%&e i uugrtaén egxtbﬁ% et%?éa'ltlérggt e’l‘l¥e ﬁxii of that
Opefet R¥ertif tb SathERNEAE Gat PhaRejoRrRgrizMidbh 1épbdfrbb§d ircorporated
i nterruption. For exanple senm -caonti nu rocess to

phbydeferenge prephibpt fow ecatsly SisesuaeAdera Hgids 3 pLrequired.

(such as nononers and catal yst conponents) are

¢ 4 [ €a BRMLIGSo:a86 (Cro
SOPYIE ol M VR Byt o AR R g )

prbeswlsataly&t méii choman thie rfoimes], or geperal,-hyateppsitings suitablechromium

preferr od| nt af this |n ention

D PR 20§ SHEPEAERBR ComoRdoh PeSPROtand fism asivagipe the

S‘?¥§i§ﬂg 5@1@1{?51t10?1%hh&$m§ il SR lcobaifigd RlatefiaD (Sg., air or

oper at 1 on y heat” renoval, rate of catalyst _or fee

aduiire ox0rgen)y atsigliitebie temeperatingrfor %Slﬁ@élect&fl%(%gl@élbﬁ {9

feed ol efins and/or solvents are usually at room or

TSR | [RAGLRLitIRh th
R e
C pp@Ntrone aclutions ttiesgueT atduire suchhijsantitide asfto qpewéc,u alter the

trol the t th C o
f%&a?ft?p@r Senpdeaderd (sl ol Cr indorty df 15 SRy hiater the
gg{; oufl@S ik gﬁiacte@ TRGh& kiRt Rai Brdcdatb® thereedulis [ﬁﬁ/dery,

Ired tenperature or preferred to be within 3C of
da"seacﬁmmgmaﬁwatauﬁrmatme} a 30 mnute period,
preferably for the entire reaction. UsuaIIy, a

react or AN :

i slOBPk- ﬂéeai)réfﬁ £ t@ﬁgtaﬁdlﬁg}i%&ﬁy? Hl%hn Q%esn re ?%ggtt?gggmlm

t esRgfoah e thesuppseid netaitticallnn St isprefeitad shas tHithé egmponents

liquid can be feed ol efins, catalyst Bi‘{ﬁnp \;a,rl] it

SOy eddesl bsfors shs aqtivetien ef the someest g A%t i suppo
<Pt PRdnol of r%llﬁ{l QMG fed HOBIP ARV ERH RN %Bﬁlp@ﬁncﬁ'i‘é’ added

t’her approprirate T1quilds. stua 'y, part of the f
ol ¢aetents, sol vent or PAO heel s from previ ous runs or

PAO products fromprevious runs are nore preferred
startin

h
t elffis gﬁpl‘eaé{}vggan oﬁgfsfl}ﬁgm{e ac%? %ef@rablgrne rr#a%qs based on the

hygd'rﬁlﬂﬁéﬂ QAkight 6P@E sa dnd the |cliﬁ‘iiﬁlﬁmaﬁﬂ thiukiam thereln (a) about
onponents were added conti nuousl at praope

USQIéltpyl 5.rand ps%fmabboahouhgédgllyo P maesh greierd é‘é{ % 0.7 weight
addition for the catalyst solution and the feed

olefins are controlled so that addition of both

streans are conpleted at the sane tinme. As the

pol yneri zation reaction starts at the reaction
tenperature, heat is releaded. In order to control the
reaction tenperature to be as constant as possibl e,

heat renoval by several nethods as nentioned above is
enployed C} |f t he reactlon rate |s not hlgh enough

. e e 1 a0



pre-determ ned anount of reaction product is wthdrawn
fromthe reactor while the addition of all conponents

wo g0ocon9ehued. The rate of feed additi on and tPET/HAIN6028160
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of reaction product withdrawn fromthe reactor

determ ne the reaction tine or residence tine. This

can be pre-determned to obtain high feed ol efin

C QBNBAISHO0r; el ng dbouteRs k0.0t Rh@ PedTadblyf oul 3OS 0 atveight
operation. 'In this process, several factors are
cipercetad! thagiugpt i num resul ts. First is the proper

choi ce of catal yst conponents. An un-bridged,

S IPE R IR L AR CA At Shtofifud PABORAPLERAR RS, or
anngfdoagiounéd ofaghabyiiim Wihieh fetigditablzetve CrOppodentt® adivation
be di hali de referably dichlorid r dial kyls. But,

usaagifigns erelafla &4 least PrPIHOR )tch?rBB’éI_h éfvli@?t%lfepoﬂed=
K%%Gva&i@@&élﬁ&%ﬁﬁt@ WSthe tR%kavaksit sftes OCRIdAGinOSbMbJuRdSR Bther

en the netallocene di-halide is used, it )
t ViMc@iQsyare digclpsedsn AHRi RatdNoso 2,826,172 rkg B £PRAR h (e disclosures

ranoi.e the reaction, IL.n this e the I . ati] .
P ok "Gl ks A B Heibea Rt oy SRt Al R, Sprgmic
4Q08y1 RE&bRIADEMoRIE QitRAE). chbalt hiratBEtidbhie @hRvride, chromic
dlalzyls are used, (such as bis(tetrahydroindentyl)

zisnlfalai and anmeniwn chiemste, | Watsr seluhlel copmogpdnebehraminm, such
zir i um, di hyl [ - (H i e 4

Z iaisg%rgﬂlg and &hﬁ){llﬁi&\c?ta@r é%l ‘&15 }r%%xq?& B ¥ RGP h @it Mpoditing
t rchereshiythionc lcoppoinatiioanthk) support ofsbmina dioteiony bf the compound.
bi s(tetranet hyl cycl opent adi enyl in rconi ym di rretdhyl or

b GERBEH FomPAIS pelyB ep AFRE SRR B Aohbaiied

di methyl, or many other dial kyl netall ocenes, etc.), a

SITBd4b) fRAim Odonifoundd. KXh! sufthBle MBiahitin) @BAPOULD cghViee used;
the optinum catal'yst productivity. In this case the

moheludingt partiolatly | thbsey Itht uare nignitelde et AIQomede e activation

typically 2 to 500,..pr.efer .

orapditant 5ol sty BRAS GoplititQu iR bs M, Ng 2622521
us@ereb$ iddogsoratell biy Gaferent)eanddthertantls Patoht Applidation &2 0881.
to NCA can ranged from 10 to Q.1. The nore pr. ;%I ?g d
mollgse r gempousds ninchideodiase  hayingoathe s sEpgass ¢ Qg p 11(:9 Jm an

ggq,lg)e)g]ﬁ@l@)a Wb @Ak 83 of lli];en RMPUNS opB ABiARH PSAN8nd where

tidn 1s critical. I'n ordef to achieve the
hi RhestC,aatGb ykkyl, prydducytiontyy graupgirebconskinatéansthergof; gnd the

| ube range product and besi t rature, coptrgl an
B PR R, cBeh e TR Ch U B AR O, e
9" & Rund /@fs'b rinéls@éiﬁmg@lﬁgﬁﬁg HeOsubtFCTOYY wharé@r X Qs QBlbrine,

mlligra gramto 1 mlligram gram of olefins. \Wen,

antrentise, dfuotiat airyisdine o rAnsawtingly.uuéablgritanige eprgpounds gnclude
tepperature .control bec L1 cul J :

Sl Bo TR Pleniie sl o i fhrabutonide. The
UNLRERAP Topbundshereaidt cowfentryitdy alpposifedeserthe isappdre from a
reactor is also inportant. Usually, snalafrfggnunt of . h

hylydsgeaibens spiventesqlaipn theeeahy ol by dipmiaa @y i 4 paesert 1 the
us i i I 0 ' Q00, and
soc Byt WpieBQFto B EFERCACt BaholeBud B AL BR300, an

psprefqraledl of abdut 40ell8w 10 psi. Usual ly, |ower hydrogen
pressure while nmaintaining an activity boost is

! o s BP0 SRSTRB IR ol e svr

30 COpFSARIp GilRaat kamergaitarxidel iafe MycdisagBnmirbwmeattrialaye.g., those

material "occurs, the product yield and sel ectivi 59“1)'/5

wi mithsagurtace eregrihatiis kass pn 4PA SAeFre meterp pey grapy oF 455 thn 380,
to mai ntain reactor hydrogen pressure bel ow 100 psi,

nore preferably below 50 psi to mnimze the

hydr ogenati on of feed stocKkilinto | ow val ue al kanes.

Li kewi se a m ni nrum anount of hydrogen is al so desired,
preferably the hydrogen is present at |east 1 psi,
preferably at least 5 psi. The reaction tine or

o oy s o o . r



reaction operation conditions, including the anmunt of
catal yst used, and with right anount of

W0 pdoalokdpbal um num as scavenger, residence ti mMePOF/US2006/028160
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reaction tinme, and anount of hydrogen,, we produce

pal yal pha-ol efnms with high catal yst productivity of

nore than 43,000 gramtotal product per gram of

et kkd ther 60 s@eet mElisSpdn ig%n.pﬂ"ﬂéihﬁ)l'%a‘ﬁid okideakRse b Perticle size
process_econoni cal | nd comercially attractive, In

D HOSECTHR OO & HERicioRe 1 eael cabpiEes, G preferably from
di r : { I i t. 0 s
of R BB, I TEh SR I ple R MR R e i
i sordemplatstlethai m tcheais esifuatonst ithel s gania oaidet heayndusd (or

wi_t hdr f.fromthe conti nupus run, t ¢rude .product
e VA et Bt e R el St prn e At g Baes, s well
agiintiterds of sigi®kidegnmount of oxygen, CO2 gas, air,

wat er, al cohol, acids or any other catal yst poison

agents; washing the product with dilute aqueous sodi um
hiPA#8bx PtBowgh aygrradapiotuppoth erribe sedtfon nseaviith whtoariumaemp of
SER ] e b C rgzal r ' ef:1: .
TR0 sk RN LALS, 95 IR BPF it Hica avin o
oburfroeares dbowtd00exqtiare Tikterp podgiain, hpacd veltde ofdabke 1.75 cc
separated from sol vent . and u -req¥ted starting | efins

by THTEP; F1AN ?d’ﬁ?ag?rﬁ’éﬂ’ﬁnleo%%&?p PPHCT] BiEORSar BUTbl ghgmium-
f eahihRBaliRG K3t ot OB whibBCHd:P0R ARFnLES WA surface area of
fractions. These fractions typically have unsaturated

dalesit 800 saehre erctasnpér graing e pore, voltme dbabius I¥natspergeam, and

nostly vinylidene wi.th ne 1, 2-di stitute fin

P pysfagt R0 oS ot s PR ERermadle S A D e
suitable for further functionalization into other

f (004t | Wieeh singi 955 @ 97T giad@Bgoae ctivitis Raperatireghigher
to well-known olefin functionalization_ reaction, such

atag A B lewtl Giee RO JIPRT Gccan derdate ity stoipoRireuce polymer
o aPE OB mBTENEE LB qiiblubh, Hopk Wik loy FSCR values
fractions, usually have |l ow or no |ight hydrocarbons
wop$0] | Bswing.nEire eatalysir wppert havinpdéheskdmagmmdeghsited thereon are

per f.or ce.fluids if their brom ne nunber is.below 2. .
BEREE R e ot P RTe L R g el pyct wie
hitdr @geinat eshmpoundoNYERtdaa Rl ddnebisy BysiyRkMeabing conventional
process and converted into fully saturated paraffin

f maneRs. W tRhespinei devingl fise patplysis Sumpart withys day,| jpert gas (e.g.,

shanifivC Vs | r ' .
o e 655 GG, T (O, il e YR, Bffperature i
0X4@tt 3008Csamba preferredidreme thydisabemal o hewt,uwkaire drying can
hydr ocar b paraffins are. uysed as hi per f or mance

| B e D pasdhe el of FLERe R IUgH iy S
functional fluids after proper fornulation.

?F»B@lﬁ' pitiefioal The catmggtcgdﬁvhﬁ&{d teadfRtate dadngd 17%0"@' or below,

u

ids formulation can be found in the book and the
r btelor geresior perfgynange erecprefesatily avithin amehgsihghing an upper limit

Per f.qr ' | . Fl uigss, ofd] 1] ed -
(ORI il U G R ot R oniteonsft, SE50@E, wih o
Nlover 18919 of M.¢.£ preater Wednyor Edieal es)ugtRup BOORAS tor f4007T, t d1€450°C,
polynegization Egactor can be worked up hy absorbing

t RECtedparange ca hp sslesied using any al/bp gembughpeeithesedmper and
a t > [l ' .
s A AR b R PR A O Beragre i
i withirea exgephayingoat apper! limit ifsl Onkedursydor & hoadsaby §thours, or 6
de-activator as described above is added to the crude
reacti on product or a solid absorbent, such as

alumna, acid clay, Celite, or a cheap filter aid, is
added to the crude product 1and stirred for a
pre-determ ned anount of tine, usually greater than 5

m nutes. Then the solid is filtered and the filtrate

is ready for further distillation or fractionation.

o I T 1 o - g,




I nt erchangeabl y throughout this docunment. Likew se the
terns "group,” "radical," and "substituent" are also

waig@d/oiseer changeabl y t hroughout this docunent PCHUK2006/028160
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pur poses of this disclosure, "hydrocarbyl radical" is
defined to be a C1-Cl100 radi cal and may be |inear,
branched, or cyclic. Wen cyclic, the hydrocarbon

r :hdl'msabvlthm/lob'er Bundtrodtli Isoudy orfohewas, st hars oHY do@earddtional
radi cal " js_defined tq include %ltuted hydrocarbyl

r SISt HoF FCUVAAn Fags s set E%g‘s FIOWt e dlOMEV SR dF g been
r I a

O B B R HR o By MR R R e, cag be
hybitainedr wign aa@armaﬂ&r mnge ofdiatadyss apﬁnvaniwhcthm@bratwasl; used in

one dr.o at om. has been ed with at |east
o REBHER SR BR S oGl Rns i 2iER tetapgharilorupd Bds phase
P%ﬁrdiﬁﬂfg‘nz e.£bR18w BBC, J3R0BeC %rF@'S@C @R RD8sC. S 3®mb1nat10n

PbR*3 and t he | i ke or where at | east one
n&h 2R 03 wetivationempeighuse fth 480 Heetnd shout Hdpun adiivation

t ﬁ?@%@ '8¢ ﬂ{lﬁ}ﬁlsi), ( E‘z?nj)lo%? brelgérye%h ﬁt?%g? s&mﬂ%scomlﬁg%;c Og\;,s-l;)%sed on

=8 tempBaRirgs andtBnes abbivé it )also, benéRdift* ) 2-, - Sn( R*) 2-

-Pb(R*)2 and the like, where R* is independently a

rré ocar b%{ or hal ocarbyl radical, and two or nore R*
)?%“6‘?‘?1’5 W8ether to forma substituted or

unsubstituted saturated, partially unsaturated or

aneRRt RefGhagite PlguRoly %Cillugtrziti\fégp@lyfrﬂéﬁkétfo@l section 150 can

Hal ocar byl radicals are radicals in _which one or nore

hyieiedeat BSACtor G of dhnid communisption @aill eufbet mots digclgrgan tanks

atl 715 gen§7 8%% ?};\ %)hg %Er %ﬁlﬁsgI(SO bnlgdl_ag) ow%)) %194 recmle gompressors

haDOC(alﬂbydner shdin@d| STher soly@diigagibos sectionhl 8 cad alsedstludanenore
hal ocar byl hydrogen or  hal pgen %§ﬁ3m has bee

s iy e Feagioind ¢haganged A petisgepar t?ro?%ﬁg&%uﬁd%eﬂerﬁﬁom

N'ﬁ’{ez othg':\)*reac%g eacﬁer@ﬁotorp ﬁg\gn%'“é Rvén a%aca?ed akRks 15’8* 280 and
3, SnR* 3, dthe |i ke or where at

I ceamtprezssms ri@@n ot akté;mm\am rshaxmggmymermtsn@e@fﬁ thenaseodiated tanks

W;I‘l:ggi nIShlhe C;‘l ac!o?n%%ésgxgspzléﬁ | C%Ionl‘z’,sun%ph ( : eés%jog)f _d?éeséfiption
%ﬁ{bgﬁl)ments-&ﬂle inRinko will -v8-furthé?l dekeribéd, in -tl@@écﬁ*té)&-of a single
-Sn(R*)2-, -Pb(R*)2- and the like, where R* is

i ﬁ@?@ﬁéﬁ@@ht |y a hydrocarbyl or hal ocarbyl radical

provi ded that at |east one hal ogen atom renmai nson the
R,Ibﬂ% n% o!ﬂ@l ?Wr?éhlbf)aﬁide #l theﬁ%gétg P&fibé&/ 15101511% a%%adi®h&one

oget her P67 A suBst I t Ut e
urisa hﬂtﬁlmdtoedmmﬁwtmhexw,th pavdlodtyl seductat mnathiﬂl ofThe reaction

aronat | r ycyclic. ring structu
PP ASofAe el Boedl SY Grentink et PGS dyrmagd, polymer
9ryakRSes! dhdWatdfst tpﬁﬁlcfe!s | fhidib s 't}iér@nhhl\{odssﬂm B@ 9glymerlzable

directly to the indicated atom or atonmns. anpl e
| ol mmi fszmaagas@mmmpo@rmhe Symar 6f mgd-p md)and recycle fluid

F&Oﬁ;%remn i H(NR*2), Si H(NR*2) 2,
LG R e where R* is independently a

hydrocarbyl or hal ocarbyl radical and two or nore R*
MaYosioiReféreigg toer tot Elgﬁﬁ:r m safesddiehint 105echnolbe directed to enter the
unsubstltuted a rat d, partially unsaturated or
arcgriatline W%qe.tﬁ ék‘ v dsq prgt 8 Bing fnsthe polymerization
G%&&Xllnq{%lﬁ&hg rt@ qie%é&or( ﬂ’tlua 8? ahé aﬁ@éﬂécﬁ@ﬁ BY ltost?ae %Sfﬁe line
groups i n whrch e ge unct| nality is bond

dibeéue loy after ttllrﬁecwqich md@ictacﬂ ovthoaltanaive. feMWebcatlon 147.
i nclude GeH3, GeH2R*, GeHR*2, CGeR5 3, GeH2(ORY),
GeH(OR*) 2, Ge(OR*) 3, GeH2(NR*2), GeH(NR*2)2,

Ge(NR*2)3, and the |like where R* is independently a

hydr ocar byl or hal ocarbyl nadical and two or nore R*

may join together to forma substituted or

unsubstituted saturated, partially unsaturated or

aromatl c cycl | c or poI ycycl | c r| ng st ruct ure. PoI ar




functi onal heteroatom containing groups include
carboxylic acids, acid halides, carboxylic esters,

w@a00b0x3k7 c salts, carboxylic anhydrides, al dePgTES208610628160
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their chal cogen (G oup 14) anal ogues, al cohols and

phenol s, ethers, peroxides and hydroperoxi des,

carboxylic am des, hydrazides and imdes, am dines and

OtTRE fer “UfEQIARRaMN ab QgdERrQh r@sde 8 raWinkdibr Selmefrgasqﬂlase or

and i mnes, azos, nitros, other nitrogen conpounds

slifnidrmhass, ysed inel padymenizaspr erocess o|psoduse |afn0b(=,r@er product. For
| de [

SHsBbr bl e il & RIS RIaP gk Bie Ribdffued and

auagidstitutdd wiltenas mmgmﬁm lQI’tﬁirbc@ramrﬂg sﬂ&yasﬁéth}delhns propylene,
taken broadly to |nclude olganlc 5 ymer sup orts. or
i cl-Berpnss ¢ 4rgthylr laperBench  h&exingni hgctelg g 1-decene, 1-

I -
T
SoRfijc Q&sF&uBhasdmtd@nl ankehydivepen. FFhei &edmmep@n@e rhlttd gcaator at

hydr ocar b substi tut ed drocarhb hal oca | ar .
ﬁ&@feﬁﬁ aBE PP dar S B Sl Aeieiar o by aghgeed nto

?;ménjz@ddﬁ LOREtNShrit ey IFIRS Wittt Bfectibn through a
unsu uted saturated, partially unsaturated or

atnomi@ i(eotcshowincingthe pbat\ymg): jte the hgd stlihgcieed strequp npgy; fygther

C ql%cgee Qe aqsfgbfﬂtre tn%tn %q(ffve uﬂﬁ%%? @Eftrr?daqr be condensable in the

OWRsrizhtidrestobdrd Q‘dﬁyﬂemlolvglg ABE heat sfieattidnltiddstoative non-reactive
unsubstltuted fl uoren I | i gand" and "substitute

or
ur*ig@lf}%‘-t incligdeg bubtare P rlsnifdle Yy | PIOPen Putangy &so b8and) pentane,
| hgad may be
P BB o MR by
substltuted halocarbyl silylcarbyl, or gernylcarbl
Thepssu it itheuuirpose rtﬁ}oolzylnmlzmteowﬂh thﬂh@mrqxif@ Py paﬁ@lysts the

het er ocycl ope i eny I gands, Is

heé?d ¥ %g@ﬁg?%ﬁﬁﬁsﬂng el@ﬁ% ES(Q %gﬁblnaé @9Q&geof
| i g8mdPio @QcﬂﬁoféftywaMWHF@B ragdiof IO(Il‘latblw4 hel muhsttypxk:all;em the
or unsubstituted. In sone enbodi ments, theﬁg drocar

: aﬁmgﬁmf 363 indapeh e sebetmen PSR BE o8 AP rogen
ﬁte%?;l e u@{' gf h?cﬁgg&f af?%:és(?ﬂl? % cf% (?ﬂkcué%e\g%ght’ anldedi¥tkibution,

t randemtmhatelyahﬂaﬁﬁes/the ppbmtea peapettieshexadecyl ,
heptadecyl octadecyl nonadecyl ei cosyl, heneicosyl

docos tr tragosy ent acos X

SRR o TR ped iR Hoag R RO o 28R s o
priageMthily Wﬁam&@‘éﬁ%’a{ted iév)emrpﬂcoldmatoergyé through the bed.
octenyl, noneny decenyl , ecenyl, dodec

e
t rTibemessyte dropth:ra@@t@ﬂgabd igreelde o shightly g*ré%fd%éléﬂw weight of
d tade n d
LTS oA P SR e PARAER e s
PEsTt thE Q&R vt] Td‘lma&mﬁwwhblerfamlambbahm theaehcﬂmnsmmyll& the

nonacosenyl, triacontenyl, propynyl tynyl., .
pefipgitigial gﬁ%)@lﬁg,l[[y t}ﬁ@fﬂhqu}g |bed 8};{% eec? ﬁwﬁymum flow required
d iz e Bl ab1HaHe ﬁclalt édsdﬁzfdé is at least two times the

t etradecyny pent adécyny exadecynyl hept adecynyl ,
octatmoymnflow Welmetyle (Qrdmanlye itheospenficial |ggs1 stlooisy dg¢s not exceed

yl, .tri et ent acosynyl
he§§2%¥§ﬁ9@Pmﬁ®§gééggﬁﬁ@¥ﬁi€%?§§8%?#??,qhonacosynyl,
triacontynyl, butadienyl, pentadienyl, hexadienyl,
hepbsqi El"gélnerap GhSREi SIMLD ,dla{ﬂlwﬂ@dh@cb’l yf the &iﬂd‘udﬁ gauth E@ydan vary in
Also I ncluded are isoners of saturated, partlallz
unthatrengetod dromm abeirt Ghia @owy 81l L hemangse P egHEss, can Vary to larger
structures wherein the radical may additionally be
subjected to the types of substitutions described
above. Exanpl es include phatyl,
nmet hyl phenyl , di net hyl phenyl, et hyl phenyl ,
di et hyl phenyl, propyl phenyl, dipropyl phenyl, benzyl,
nethylbenzyl naphthyl anthracenyl cyclopentyl,

T




cycl opropyl s); butenyl includes E and Z forns of
1-butenyl, 2-butenyl, 3-butenyl, 1-nethyl-1-propenyl,

WO 200808027 2- propenyl, 2-net hyl -1 - propenyl and PCT/US2006/028160
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2-met hyl - 2- propenyl (and cycl obutenyls and

cycl opropenyl s). Cyclic conmpound having substitutions
include all isonmer forns, for exanple, nethyl phenyl
\A@beﬂalmcrhﬁ&eaxmr aépénd@embtml pleakyiked pieﬂactmt diphgiienThe cross-
and para- net hyl phenyl ; di net hyl phenyl woul d i ncl ude
25@119@41@%9%%@@ Jocity rgiqu%gﬁ@q b@{iewytyplcally within the range of

g , 1?10 g Fg%%qt @mﬁbhedgbﬁgﬂ‘l% ggogg ?érryet ﬁ?l]té?%d of tPe regxtlon Fone 162,

of cyclopentadlenyl and i ndenyl Ilgands are

i (00583t The edldody awdagioaniawei 64 bgaadergea ihmdrn@ama‘te«bdhan the
atonl is a rbon_.atom t hat art C

ikt B AT R e eee: B Aer e gt g slows
NHRSeIdcRY oF MDOR Rk W Hie ifcieddell QRABEEHioaAYdred. | DB ded¥@fion in
five ring carbon atons and a flourenyl ligand has 13

c arvehociiyoireps thinestrained pattieles inko thgiedaallonang primartly only gas
n k a
[ I ol shdin BNORCBLY L 6d, 2008 Yas BB ho MRt e reacior 160 is
r gdire@fclsgdstrbiidnds. The netal | ocene conpounds
(pre catalysts), useful herein are preferably

Io tadl derlv tlves of tit.aniu Zirco
SRR GRS SHEI 100 eramiter e B e algpressci 180" Bh then

Z gﬁsg@% a ﬁ@aq e@l@lﬁa{h %Bﬁéw'ﬁ@ﬂé Kéﬁt fs%@*?&;ﬂbﬁ@rebﬂ id Rurned

ow ng Tormulae: (CpCpMMX (2) wherein:Mis the
mm tHe tdntTdhe, heaheixohange muptsmmélm hagt excheagsryl 92 which can

N

cxéﬁipﬁgeatta%@ewdhe rtefperatubabsl eieecy@RCashuredadint tadds. dnés also
1) both Cp and Cp* are substituted MAtH ggglea t one
3

noessilEe de dosies theseompiesser dowgpstesgmaiond {§ChRnegr or at an

W. t I
SR B ST SRR PO e

S tstrsam tisieniried 8" the eeactorsiébs tThewenled gewysle Rebwi a’qgg)rbs the heat

|ndependently, I ou mhlch i's a hydrocarbyl,
P EFACHR éﬁlefﬁfﬁf@égﬁe fqu% g"éﬁeﬁ%‘ "substit ut ed
halocarbyl silyl carbyl or gernylcarbyl, or Cp and Cp*

arfoehN PreRABLY thél rédyRlceitfeay il RREAEBE geyteationds0iand to the
whi ch any two adj acent R groups are éﬁtlonally ﬁOlned

t dluidized Zed ubsighus eps ofisbyiobselpteui ¥, Salty deldeptor 196 is
par t.ur.at,ed, a C r

0 (Hr?fgv%l}y Ut iegt {Ltt thn nlé% 'Eh%n?eg%gﬁg ﬁé fnJeGe ep%or?t nec% polymer
hysdeaganiromadentiag ., ouh)ﬁddla@gloﬁ&@htﬂ@l mto hmhdaaadsydnd to prevent

radi cal s, substituted hydrocarbyl radicals,, ha
r alm%mgcur%%%@n tahttee BRIt &b F 1eaHPT 2F sV | th?a(‘?aF%%l casy
r acfgng Sh aa&é’ée?&s Sihi¥h cahhm l@ﬁg'lﬁ 3hé cYcle ggs stream and
gerny carby ra or substitu ger nyl car

r aﬂoseawmchodo ot hnd(vmeevqrsn neéch dhmtrbfmm deii@tqrhsslltn’ekafor this

atomto, f a e & from about
3 Ruép%?ﬁésu be@aﬂnggﬁ }%}C‘Uﬁ@ %ﬁwg t(’g%igt’ * can be an
ol efin, d|olefn or aryne Ilgand Table A depicts

r qmﬁf e ablived pRetiisbE@ %36@3!'1@1 weth Hrowvithbet an aluminum alkyl
net al | ocene conponents of formula 2. The |ist _is for

i |m9@ﬁmafheven¢fmr oleaiveln tefarrd oras syt IssRrefeanly Sed for
ep\ﬁce! nlltcb gr beésgl%rng urfde¥ "Epa‘fﬁ(eto(gf % Fﬁkalvhlch is inert to the

one by perrmuting all” possib
c m‘mieﬁ malteim, sath hdwitrogersdi drpemt Preteraily, ghe mtallysteranhIVoir 155is
ot her. Wen hydrocarbyl radicals including alkyl,
al kenyl , al kynyl, cycl oal kyl, cycl oal kenyl
cycl oal kynyl and aromatic radicals are disclosed in
this application the termilficl udes all isoners. For
exanpl e, butyl includes n-butyl, 2- nethylpropyl,
1- met hyl propyl, tert-butyl, and cycl obutyl; pentyl
|ncludes npentyl 1 nethylbutyl 2- nethylbutyl

L, e T 1



I sopropyl cycl opent adi enyl and
cycl opropyl cycl opent adi enyl . I n general, the Iigands

w@eoognoieps illustrated in Table A include all PEDIS200€028160
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forms. For exanpl e, dinethylcyclopentadienyl includes

1, 2-di et hyl cycl opent adi enyl and

1, 3-di net hyl cycl opent adi enyl ; net hyl i ndenyl incl udes

1eq1ﬁpped witd Wbder%uffﬁﬂb&’é bélﬁﬁﬂﬁhsly Bed@ethB ehiaRBE MY the reactor

4 nmet hyl i nden 5- nmet hyl i ndenyl, 6-pethylindenyl and
h‘grr i H&Ea Ye caialystyleasrrir phatayrn ppd desgriged in U.S. Pat. No.

ORt t hen £ h I

pzf’;@ﬁg?h*}?‘ PRl ORGP At U S L 8006 il ggen or

t megos] isi pneferwbahsedcm]ommys the, catady st drito almybald nBriefeadtilprthe tarrier

the species listed,in Tabl es ABLE BLOW MOLDI NG
PERSETHIY IR 38 Fﬂ?@%‘e&‘t‘? Eﬂ@d% m@f GRIBTFSTh fge catalyst

PadseRbir £55 eiﬁ@e&@ocﬁ&'eﬂ@&@ﬂa?aﬁ%t i dRS p&REer and the catalyst
continuous fluidized-bed gas-phase polynerization

p if@@lelsmpmags arateling msiiringt disk- elveanoger wsboSaGEHEUAIDILYst is

f. f
| PHVEeaT s SR 8 itk O B! INrSREadT B By Sicp as for
Ofexﬁn é@ﬂbpﬁe al)ut@ﬁe E’eﬂlt@ﬁﬂllhekar%f heptineatrdo @%RENAR illustrative
[ 0003] One of .the lems_in u3|n%8a fluidized-b

ed
g &atalRESEETPIS @eﬂ@w&em@@dy@w PONA89.ndhe gatalyst slurry
TRk iRl o Wl oSSR R Rk PR LS RAIlcThtbgen
properties appropriate for b dirn ses,
Woi hgoﬁtor lalhqhai\/sunb aafdmeghmpleoshpehﬂane byothﬂtdC%itco)Cl |aﬂ«3ne. Itis
prod ion pr,. the lik
Tharis g m R0 et dbrRsitvety. ot wacor ing the feed
pra@@iﬁ%ﬁ 14 byl gl 2[1@19 Iﬁlnpﬁﬂk%l?ﬁfo'd%rs ewlgch aflUddstab&Nélkdtvhere
hi gh Environnental Stress ack Resistance (ESCR) and
phersar. die swell, while also achieving high catal yst
product|V|t|es using a fluidized-bed gas phase
szhe[cgipa%é'& i) 1n§ectg<9hte Q&om 1n1]"(:5  th8 %ea%%qerrg 8{)& n]iiQing with
sses of neri zatl on
etpanﬁitQAartidIlesV\dSUcufs pEﬂry@:hhlpleeml& é&éﬂtyf’t&s anjecttdimedhe bed at a
However , the(grqcesseﬁ%disclﬁfed in thatbpatent are

s ROt eBOYs i uripvisH Rkt 19- t Furding he cefplyskalet poinf hove the
Cc t P e POV 5

PRl 10 PHRSRRSSEARSLALT (ML, M ot
t ipelydisrhiseraBSCRj@tich of theeatalyst into thel aaed lphow (fahet digtributor

3t 108 S s e o Bineaial B kit Any SgeyHiR G plugging

diggchokdrib@dba lpytd 195 0dhfddtivh tdiRStly Ahtol the flgidEidrbed aids in
tenperatures are | ow. [0005] Processes for gas phase

palisbutingathe orptalyst eartifpirmbe thipechous dho bed) apd twmls to avoid the

(oo R dbeiZed 3 RA b Batfh SofoBlepi T B A URREs hor
Napots?2 tdB 2drm( 2Injecdiod 4, th tatalst/iby HhikZeadoOT6) GBSse the bed can

4,011, 382, 4,517,345, 4,540, 755, 4,543,399, 4,564, 660,
4 TSWY, 790 exepsyye | gHlysty cguoves) intg g reavsle alingal4psvhere

&ikRtiof Qi 1A 18 thdlime 1884RMeat exchan
A&’%ﬁ“ Atzatio ol o0 1eolE pﬁ%zry%%msz EP 0 56 203 &
A198P 0 562 204 A, EP 0 562 205 A EP 0 640 625 A, EP

0 870 773 A EP 1 207 170 A, EP 1 240 212 A5 and EP 1

3 46 A; 001/ 3087 MD 2002/ 40556,

20074 R RS OG5 55 2 R 05 AU S A8PouRg 3o
2004iti09 1N3Brati A DAMNDIe [00 ¥hidh i@ltﬁéﬂh(yls gdntieure), Ra@be added to the
various processes, 1ncluding continuous f|uidized-bed

gA83cHRR SEStEI SitheF dizaethomie ﬂt?cﬂ%léla@d fose opelemmgtreanpogphe heat
st l;

RSl 1% fIEF LAY OB RR BRPBIHERSLe pystom from a
i ncl ude ethylene and optionally at |east one

non- et hyl ene nononmer with fibui di zed catal yst particles

in a gas phase in the presence of hydrogen gas at an

et hyl ene partial pressure of 100 psi or nore and a
polynerlzatlon tenperature of 1200C or less to produce

o o o o I L o ~



an activation tenperature of 7000C or |ess, and
include silica, chromum and titanium [0008] Also

wae@clho®er herein are conti nuous fl ui di zed- bedPCT/US2006/028160
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gas- phase pol yneri zati on processes for making a high
strength, high density polyethyl ene copol yner,

conprising: contacting nononers that include ethylene
andspgepédrasal Me amobRBSH mOdBeN A8 kAW eSdB MRLAAEH rddefol when
fluidized catal yst particles in a gas phase in tﬁe
priedigibe chronkyan @dén cajalystandparteqularlyethe tivanatedathromium oxide

pr PR nd ol rizati
FeraarEfirs it bebBisalty SRAGaENY fs BRaX TREORE B in aheut 10
capodifierto ¢dtavinhgn andemslar basi, &@. 4@ Iﬁz’r@fs}vl? fin Y @ing@Bf about
Egﬁﬁoln%e%ﬁgf 1.0 or nore, and a Die Swell of from 80%

t 1o P ORR naEewlyy By thearange 10§ sbawte0.98 dgat egd most
atna gl wie i thatd | ture of 7000C or |ess, and
RO ke %:dél;%eé’grg@?}ﬁﬁ% and titanium [0009] Also
disclosed is a continuous gas-phase pol ynerization

pritfedls sTheqpolymtizagion rhdcgionds cemdycted fubgthntitdlysint the absence of

p V. C | ynmer, .conprising: .contacti.
n?ﬁ%ﬁéps‘l‘ﬁ&g‘? Ly %dgméstt‘l‘{% QREEan %aﬁb;?f‘i HW&P¥‘§§ #A29) agtylene.
orifoweRetdxybenearobehddedvatk td tHel 1€h6datGRL RIS toncentrations to
particles in a gas-phase fluidized-bed reactor in the
prodSb HEePbmery HFsHaR agd disarodust peryImeanee sharagtaristics. Oxygen
pr, . . r 0

F amBEb bl of PoB R RE PR R T, BRBIER SaTLH O s reagtor of
caoitylideto 68 pbbrg, aad deors pteferablyfaboun 10. 19450 thpb¥. 960 g/ cc
and an ESCR Index of 1.0 or nore, wherein: (a) the

t tjcl [ | . jli. t_ that i ..
B 3h il il Hhee e SnsihludiePhah oo 6oheude it i
Mee€ésSarP @b cOpdPnefiRy) eddigh @R R dohhordaied ﬁf!itﬁ%.tﬁiﬁé&ﬁ 9@BHieve a

prepared by contacting the silica support with a _

c Heehpfiabavid Rbe aravhare srowes &el O weightpeveent i€ therpoatomgmer in the
t r9,.0 Iy h ie .
paPpatyfl Theiblif of 853 Ghorf AR RPhiiietihls esult wil depens
t exnthe phrticelantorbGdderGl bbigk @wiplaveiNthaiattivi@ioh hémperature of the
am%égigpt mm{MUrefoLa riod of from4 to .8
h&atey'st 8ng &t 3t0nt dhe safiophiae comprqrasrds cthylape is peptrolled
t ' : 3 containing the
D e o oo B et £ O T he
vessel using dry nitrogen; and (c) the pol yethyl ene

r 46l i gapravelyzert 151 goh yhvensedatoi detetnsinp dhatcamposifion of the
1 or, less: . (d) the poly | ene resin.is forned
PRI B Bsh 19 P B ) B oS b sl S 105 and
paly elah WeestBust@b hdboRtsgld o bRfEalNale ¥ssehtialiyOst@ddyR4ite  gaseous
(f) the polyethylene resin has a density of from 0.945

t Sompogtion / kighin(thy nepdionorgnst h4-enkhe @83 AnplygeralS1l can be a

M?:'oﬁ&éﬁlti@%al 9B a1{ s LD E%tle@ﬂn@sf ld 9{5}5{&1% L thO c?l[rlggéligl)n to
I n any of tHe previous enbodl nents, e catalys

t menintainathy satiqsentticed siseant cdrhygoreatsal Sush epaiptrieat Bscom@yercially
B3RP BRSO s Sbnisee im0 o & Boffone
PHE GaRRI das Fronf atsblﬁ{)ﬁﬁ’é BbikBlocbd bBEverA R VabciRAlh&dhSzone
or precursor(s) of the catalyst particles is/are not

cdft aed beptwiketanger ¥2ky| al umi num conpound such as a
trial kyl al um num conpound, i.e. triethylalumnum to

f t : t tickes qgr the

QL et U8 RPRTLIS! PR, B ot coray
enjoctiore nhd, the hencatadtipat odfmdrdoenee@) ahysle RAClidiC|B8e.0r The
the catalyst particles are not activated by a

cocatal yst such as with an al kyl al um num conpound such

as a trial kylal um num conpound, i.e. triethylal um num
Conversely, in any of the previ ous enbodi nents, the

catal yst of the catalyst particles or the catalyst
particles are heat activated as described in nore

detail herein. BRI EF DESCRI PTI ON OF DRAW NGS [ 0013]

1 o~ A - Y '] o S



DETAI LED DESCRI PTI ON [ 0014] A detail ed description now
follows, for purposes of enabling a person having

woedrnedy7 skill in the art of making pol yet hyl PCIEUS®06/028160
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make and use the clained i nvention, w thout undue
experinmentation. Various ternms as used herein are

def i ned. below. To the extent a term .used. i n a c! aimis
nﬁfodg&fdnn ede BE!| QWvedEniB) TERRSIR BST ﬁiﬁ'ﬁ‘stingt theS rdi¢ VM catalyst
the broadest definition persons in the pertinent art
hiwestigi Since heay chenge Hastbe tete ehyatabyst mjestion vill whagge the
of the termi,n_one,or nor r.int.ed bl i i;0NS

i CBEHSR pae otids thsnglleu’ffit%@?a joby; Tt g%a%e%/l&g‘{eefl i ﬁll £ l?e{)rl?gc.l’ the

[ RRlathe oFfRCictide st biteiSihegedatords atnited t@ti@ommodate
descri bed bel ow, palyethyl ene resi.ns are obtained by

pamt Peangarin Sk yaie of 25¢t gARCTsigRe SHUS epsyrenihe Aaipepfceof an
! Q%E&?il@%%ﬁst&ﬁ%lﬁh&%ﬁﬁé 1@ %Qﬁ.dbbhlﬁib?e fiRuteRgtiod 8f both the
exanpl e; a pol yetnylene resin having | nproved

Prlojiézedited ahé tig: rechile bird&my Coalingesysta iSt ofawsrsey weskul to detect

Resi stance (ESCR) and _desiyable D e 1) can be

o B teTBRer RS chatee P Eh@ng%ftﬁ?r?ﬁ %ﬁ?ﬁﬁ%’??‘%ﬂa@ei S or @
eLEWeRNENANI GhARS cSRFOINGHRAS 14 Gndke aXEHIe) adjiistent in the
fiul C?I zed bed reactor, in the presence of oxygen and

hyainmegance oftthearehyddistegay| ene partial pressure (e.g.,
100 psi and preferably higher) using a polynerization

t r re (e. g...l , L
1 088 Bt bl o §RRARR Yoo RyLR8 (R pitained
t hpssddiifly Dfons@ashdifiarbyldidirawing epartivhaf thelg, asgrroduct at
| ess than 111C, or |l ess than 110 0C, 8r | ess tﬁian £ heat
10lgCrate Pt farmgtion of thoBaticyate RAEMEHRIR &%7%"% | Tglg Ot hed
t %%H r&t@(?‘lo sOdirde gﬁel f1ano éﬁé@te WF bibdBctP@EhhiEdl, rmeasurement of
c&tal ys % hat ) 1 ncl

ncludes titaniumtogether with a
| ake emperdtuefrisehofobe divid berest tharredcter (lhoslidfesence between inlet

preferably 0.50 wt%.0t, ] ower b). i. o :

p &%‘S e e SKE if@I‘%J‘efrwgfa?n%ﬁgi 1g§1§at1§/§ sog(r?llﬁelt %?EI é/)fypoa?nculate
S'(yogﬁﬁ‘er fobthafl@s afla! QWstakt flarevaoas (fl &s or tleghgibROvaporizable
squdre neters per, ?ran) and (d) is activated in a

spiemid ispresayt in il inleh iddes careful control of

activation tenperature, which includes using an

act | yation,.t r re- W thi [Efe¥] 160, it i

o oS ORAICHIRELSY Yaiohlal By in@aploiGet, Bbuf aRr Ach, it s

antbspataé endpleferabloas sepaeate flaitromatbe ppwiict ansdtoygtugmihe fluid

Those of skill in the art will appreciate, that .

T the eyl ok il ThGe gre mikesies PRE TRt oo Etes 35 o Ehfptish

p%&'&%@%{%ﬁ%ﬂ. Ogy o G mbe @sbddfiRe®) W@ end psduct leave the reactor
es an

approa reaches honopol yner, the tenperature of
t his0r eslotritarrtheprodugfedisshatgeytankissk/5 (angés teaueh ¥dyn 177,

can, b roguced,;hayi nqg super.i qr i .

otk i P S Papofits St th Sy SR Friction to flow when
PUSIRASES - Pééitib&@shb@sfée afdl Blew _Sthpepliod_uctp displearge esnki sl75 are
an 'ESCR I ndex that is substanti al I% hi gher th?n %e{m to th
c eeanaeriamabramess] A d 7Rotl hgrvielvedd dllo¥s RERTH8E ©Of RIYHCt o the

th 1 QW th | yet hyl
Bl AR RO R AR RBAR: | VT Pes e b ¢ 5000

I b/I'b and greater (i.e., pounds of polynmer per pound .
of [0y alnystypica] MOAE DT dierdtmas valom &7 bfs ophie aeth il Feselydnk78 are in

of fered by.the praocess descri bed herein i i1gk N
R et S G
depsj tsesPin@itBE BRIMCEIs ABBRE Yo Vétfldimthapyodiict tisehargngak 175.
specified herein. It is generally recognjzed tha

. : . %SCR
t eNdbvetlg8bethenweensd nermiting fluidgaZlow BpHdhe prguctglischarge tank
straight line relationship) to density, so that ESCR
tends to generally be higher as resin density
decreases. Wth the procesd8s herein, however, high
ESCR i s achi eved even where the density of the
pol yethyl ene resin is relatively high. That is,
form ng higher density resins results in |less of a

- o [ — T o N~




[0017] One of the features of successful operation of
the process is utilizing a conbination of relatively

wo oa7acevati on tenperature for the catal yst apdI/us2006/028160
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rel ativelyl ow pol yneri zation tenperature. It is
i nportant, for exanple, that the process use a
catal yst prepared with a particular activation

t elfffetoaheifeactot t6NavaReans @ ﬁl@@!ﬁ)‘é&ﬁancf @d’ln@e KRRl Flgédhaﬁﬁtd any

usi ng an activation tenperature higher an a C

| eRraffuctdn e prppygielischargp t%ﬁ‘thS ﬁ@os:;nt@ thehyprg Heat smwtank 180.
ab@éﬁle {98 g* th€l ﬁf&k&P gxﬁrow& QS g%gecd grﬁran[] ﬁl}lg %goﬂuﬁ,@}rge tank

cat al ysts havi tri rren

prtﬁ@u&@gbmawaetms Thb aseduet o@naes fulhd purt®PR Rghdve rsidual
arrovver nol ecul ar wei ght_di stributions

p W t h

%&ﬁr QEIIOP%&“ &OBYRYSthi 1P 1519r8gR L ﬁ%ﬁome aBhe pegicrlar timing
vade Qr thevaihen7ha a t r
P o e P I i 46 Gt P BB L W wse of
| GRarentioasl ribgram ontraHers ednict are eatldingsmnsn et dit. | ow
productivities. In certain enbodi nents, we have

d| e i ation te ture wer .
th[an ab%lﬁ?h%%ge%eh 51{0 (Sﬁ??g? Shttaqtng’ﬁlﬁ RS Pé z”%?’inéhvely
t enmeoyds ém distiobel arll dliiaediin Y. 8. e, 6 53T, 80¢h a system
ESCR.l ndex, But controlling catalyst acti vafion

t STHRLPYY #r leastsongotparpdieDsiair pf Janks cgprising el sattling teakeahd a

b I t her, factors

a?‘treahg%g I@%ﬁg%ﬁﬁﬂ%&g ilfﬁ H%ths?r‘rg%c% lza fr?]l\gl 58@}9&8 s < phase 1 %tumed from

c éhe &ipnofptho csewsng:tankt ite iaquodnt iprihd exaatol yletm thb tep by eNBuidized

pebrtl al pressures and | ow pol ynerization tenperatures.
genonstrated by the Exanples, it is the right

COITbI nation of the various factors that Ieads to the

beeutr2yr il f18idizb BB lredoforofs WRfnipped it Bh ZRcL e RE ¢
st eps and conplexity, it |g&1a vant ageous te e %fgs%s em

f (A2t shevadteal V@ltmgtth%bp(bﬂ\}'r@tgﬁhlénle ané\shntgdm The reactor
eRbS ﬁfjt rgiﬂféeﬂag 'u?eS ))f %tﬁ—relﬂgn% M&egzaﬁ‘gcrfa in; gh’gﬂl létcgfl élpe 149 and

dl rect ontacti ng noners w

pahct alctneatsdhsnem @edlplness@t 0, fhe@t exchBngr 390Y Isedé/seablly%ooth
]?‘%torcﬁ?ﬁéfﬂ? as. shown in gure 1, as opposed. to
ced PIdPL RS K %tﬂwtlphs E%ﬁ%ﬂ?ﬁstf) 3mReds éteeflc,ow of
lrﬂe@aeﬂtﬁ@eteﬁrav&aﬁﬁha& forma prepol ymer, then
transferring that prepolynmer to a different reactor to
formthe final polynmer. Also, the material that enters
t iW73eMarions techaitugs foe@setentpnetfexlmgl yf ¢hep egaictom casl ﬁolymer

o BB fucol HEbOGIG IMORyE oP BESETahtifii i tiirtoditgan of
¢ finslysdieided patticut#a mafiee t pteabmsaggtmreﬁbﬂ SisdepRetia” U.s.
i ncl udes both ti1tani umand chroni um

%p rous silica,
ahg Cath3Pét altﬁ’aéﬂp%&%n’@?e rmddition efhnegstitienchergg generating
I a %

0 ASet S, CoraParsiostivenatueti el o olion 8 osflyggcharee
t alamﬁrau@ Ghe%cd\llﬂ‘wmeutrglhnenﬁgamet Yoltagh poteflmﬂt @slr 3eksc1|tlta@1 in U.S.
p i.be erein my he less likely to

D RB R85 2301 NRURlRHP SHiaiincshBay Fitg Wridhed bectarpirly
Paf tinedr@sttdnlgt t@r SrelBI BY Hétftt%ﬁ%e C&Q&tﬁﬁtatlw R % eneration.
mononmers are | oaded with such |ow I evels of chi n?
p&%@flﬁiemnarmyder eperatiomAuch & disolpsast inl B RanaNoo 45@43/,\3% and
oy [ In one. enbodi nmen C
i's %gzg%r alﬁgt Q%ﬁ%d uSi A5 W %attl {?EtCIVBttl}rom &' A bea
tpdpmeatzaircﬁ,rehnﬂor al so according to a controlled
procedure, exenplified by the followi ng. A suitable
chrom um conpound can be deposited on a suitable
support, usually in aqueous solution. The support can
be dried to reduce or elimnate water before the
support, a suitable titaniugm conpound and a suitable
liquid are m xed together. The support can be dried to
renmove the liquid and deposit the titani um conpound on
the support Then the support cont a| n| ng chrom um and

" a o 1. . I |



pol yneri zation fluid bed systens, preferably having a
residence tinme of > 2 hours, or > 2.5 hours, or > 3

whewrs1s9er > 3.5 hours, at the above-nmenti onedP@r/ig10e61¢28160
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partial pressures. [0021] Furthernore, to achieve a

pol yet hyl ene with a satisfactory ESCR, when conononi er

is used, the preferred conononers are 1-butene,

1 Oﬁ‘?n?fe‘irﬁe c@ﬁdﬂlonsofb'ir %Fym&fzaﬁbﬁ%t #Hr?ﬁieb&ﬁl‘h@goﬁ orl #2Abnomers,
ferent specific enbodi ments of processes, sone

otatarmts Ianfapqmlste@ntf&yﬂlda’oﬂm dée ﬁmmrﬁemdﬁsons iapecimerren qrigadily

oravagle o til@ind Ak raClile ait Cripsl Bt ity e

Ofanfgb%fﬂﬁérﬁ%lbbtﬁ' geCrsdbout 320908 offen b U5°C av ebsut 110°c
above 1.0, g 1.1 or above; or 1.2 or abov

oPresyBes areowithinghe rangRfetron rabeuis 0.4, bag i Outofaolg@f 8’1131 as
v 0

E@V&e? 5 b%f tc%ab(?ug ? 0 g%rbfoq ex%pl%: ?dgi?u 2 g%éeiaﬂsgd;f plalﬁné}[zatlon can
obaliaind, m&hﬂ RBatalt NeSGH2l71vd 8 xwhieki é$ Brcomgorabed bsormrnw at least
with any of the ne red ESCR | vels and densities
dixthesgiegt 1 diseloges p[oaﬁgq}zapﬂn detai %ast one specific
enbodi nent, the density of the polyethyl ene copol yner
rq@geﬁbﬁﬂpﬂ)O.QSO to 0.965 g/cc. [0025] In one or nore
of the processes described herein, the raising of the

internal tenperature of the vessel cont.ai ni ng. t he )
di90a aaptﬂoapwgt tsstanrethods sheyldyhg P%hzqder?pﬁ]r?]tg’tnuﬁ’@ numerical

' £ QL ESCR,

téﬁ%@$ u%%%ﬂ%éﬁ%@ﬁ% &g%?QF%%QSﬁE udééq%alsﬁﬁg %%e
I rd%ﬁﬁtyabroﬁﬁémétyathmmlmﬁ cbhienty esselt 1mbcﬁtsaa1ﬂ1qmgh uthe understood
dried partlcle dry air of fro

506 Lpese o teirs o saresuflt pfiaten Py R ab e Heagoring

etﬂ&isy&ltdh)ﬁlllgﬂle nb€abdsdatily YVenBidcladedandte ;ir@xﬁded such other
po yneri zation tenperatures described her ei n,
106diGganr hesssring 0O2B3ds| ave grblidiednoge ipfattlpast 918 dﬁé&% gpatent
descy.i bed above ere \her
Sibp e Bne oS ico P ARG Al B uldiE bt BB Bues se
f righ 8Q%ank cﬂa@g% méy q{aV@SS(ﬁch‘?/OdégreﬁDbE eror BS66iaed nwitle ; their
or 90% or nore; or 95%or nore, all wth a referr(g?héa
upp@sul‘enwnt, etha GopemRgntp), €qUipRen) OT GRSTALor SifReand fhat any
817% and s A RANAIRBINA are pl
[0 1% E@”&? Rﬁ@gﬁgqg ﬂgpég%ggggesgeescrlbed ;gésgsor
Ormghus ewlruero% beswin20% fremshppeasueet vaoal yst particl es
are prepared usi ng an activation tenperature of 6500C

or |ess; ss t 500 0C S

556976 o}IE (3% alueg, 'are5 IA%T@@ 4) ﬁ% it oﬁle% . éfhg r1‘ea ent used
of ; Hs tBeP1 @% qgéﬁ;ﬁ‘aff CAR390 P Bt R VIO0%I [ehbsletDer3® Indesi d'uhermse
the ESCR of the polyethylene resin (10% Igepal) is 47

hospesified. nore; or > 48 hours; or > 50 hours; or > 52

hours; or > 54 hours; or > 56 hours; or > 58 hours; or

> OWE B¢ S e“l@S’(!) ) AL ESin f0?P98@by lafly of the

onég)’”;1 }r{m?lgtegfab?“eﬁpr oce%s?ggﬁ%lé %Q&% ab g{/e or yer

el geinar grobeksi lereih lie hrglhelothlanl Ithe ESCReofqmlwﬂyjdcnq 15§:sms formed

present in the amount of ss thapn 1.0 mﬁ@% %[ Ese n US.
Pt 5% her Prcsssaopairulaily, G2 gt BB fis P fore

of 54 b6 276 ?%ﬁ%%@éarﬁ@& Gl Bed RROY&! BEd, ProAMbE R KRy Risths being

the non-et hyl ene nmononer is 1- butene 1- hexene, or

1 ocrrhpmred f@rE&ﬁ:Rthaveghe hane 9engitoa 1 Penaralih dob pnyrpplyethylene,

R Y

30 9 r Eé‘ll‘y@thyleﬁé fokdfed Rith £8&siteE 0960 @V&awﬂrtend)fo 150 afsgher ESCR

ene or greater; or 175 psi ethylene or greater;
or 200 psi ethylene or greater; or 250 psi ethylene or
greater; or 300 psi ethylene or greater. [0032] In one
or nore of the processes descri bed above or el sewhere
herein, the catal yst productivity is 4000 |b/lb or
nore; or > 4500 | b/Ib; or > 5000 Ib/lb; or > 5500
Ib/Ib or > 6000 | b/ 1 b; or > 6500 Ib/Ib [0033] In one



H2/ C2 nolar ratio in the cycle gas is 0.01 or nore; or
> 0.015; or > 0.02; or > 0.03; or > 0.05; or > 0.10;

w@r003/008925; or > 0.20. [0035] In one or nore OPCT/NB2006/028160
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processes descri bed above or el sewhere herein, the
nmononers are directed through one or nore reactors
that include at least a first section having a first

ditanet ﬁdly@t&ﬂleﬂe $a60dvise 6 tdefsityNelV 0,960 &/cze Chitdefore, to make a
di aneter, erein_the second_ dianmeter is |arger than

t Beopes permparisardhe ESCRou} to e ghinsisd tagceoramogaie any density
P S I . r .
PURATARED IRE ARt O RIS BYRE DB e B 8 erein
oas the¢ESCRyIndae” he eslpirRuky déHed Kalderthatvembinesmisaswéd ESCR
the processes descrjbed above_or where herejn, the

o i # Relrethy fene g Heh adgnyt Eleﬁpﬁgkf{elpée% s elipgbiproipgs the
S I P sron-142
GBS TS PR IR & A AU B, BRes)
or nore of the processes descri bed above or el sewhere

h 10881 n Density ysduegardipasedhen ASIM D1§05.ormed with a bul k
density of 20 Ib/ft 3 or nore; or > 23 |b/ft 3; or >

2 / ; . 9 Ml :
tﬁgyﬁr%%ggg%%&ngg??%géggdéeépgﬁ‘%§t@%§2§ggherefﬁ?@?ﬁémﬂl

pall yrigrweight, te st dadridsighstibni for thaempasasamae i0f90/21.60.

trial kyl alum num such as triethyl alumnum (TEAl).
Cataly Preparati on [ 0040] , Cer,t_al l.aLns r oL 0.

c oy Steit Bk el ot eb P SR TeRra 150°C Sat 2,16
C%E Wi Sthé bR 4B ok ioA ThfkEhchshiiehint 4moosks. ul  for

maki ng” the pol yethyl @ne resins herein, are exenplified

by the catal ysts described in U S. Patent 4,011,382, .
eXWBHt SERAmFaswsmeds pie mervidededn i pecerdengg nwith the following
enbodi, ment s ' : I : 85 i

¢ SRRy Ry b GG L ARt I MRLATH AR 890 (Whumns
i IShedaQrainetehy: 140°€r @atibratiss cpandaltht tfaocabldheo NIST, Solvent:
catal ysts descri bed herein fluoride is not required.
[déhﬁﬁ3¢@%F$F€FW€d catal yst for the invention herein

is a chrom umoxide (CrO 3) based catalyst which can
beodka MBE. Dk ISvaeNGHAIS, iR as kid Harudats Widmdtbedivided by the
chrom um conpound and a suitabl e titanium conpound on_
a dirigipeter, RefBo.t Wesre & tand 42 ang thendiametets of thg extrudate and die,
conposition heatifng it} i nj s
PP el T pEHEE Pt PR30 L TR, Qpfistons vas
t %ﬁl&ﬁfa&iduﬁﬁn% Be dipwit@bletinge Thesompbdtionsewom) extruded at
[0043 The chrom um conpoynd and,tita%hgn1co ound gan .
b 98¥p @8¢ eetrediratnel WWphsrt FediBe i Bhsheomestrgised iy this
| ol 1584 Gfin. $D&eRf Wa¥ AdifBined
BT T ke Bk 87 350K G Ak Fab peB W Rdilne
Afat 82 nirhémiaoriihe potisnarveasplased dit avonstantgatefonglaadapillary die

is activated, there results a powdery, .free-flown
bR MR et n sidler T BRRLD HEPREs Riniti g rod
of st I RALMAAOARCHEE. FRE sklerdtiotB sHR AP B oWE:
the support s not critical but it is preferred that
all the conponents are added before the activation of

t he comgpsbﬂ@4¢a#blyst, and al so that the support is
dried to reduce or elimnate water before the titanium
conpound i s added thereto. é0044] After activation,

t he supplsre bd tisertaleygrde 3.4 sBif9dcont ai ns, based on

t he conbi ned wei ght of the support and the chrom um

ang. ti L e . _H9x , and

p?@F F§%$§&§E§%§(%ﬁ§”€%&¥?%?ggﬁ%92%339pﬁg erably 0.3
to 0.7 weightpercent of C; and (b) about 1.5 to 9.0,
and preferably about 3.0 to 5.0, weight percent of
titanium [0045] Chrom um conpounds. A suitable

chr om um conpound i ncl udes 2€Cr G3, or any conpound of
chromiumwhich is ignitable to Cr O3 under the
activation conditions enployed. At |east a portion of
the chromumin the supported, activated catal yst nust

I T e a o



sul fate, and ammoni um chromate. Water sol ubl e
conpounds of chromum such as C O3 and chrom c

waecerat®7 are the preferred conpounds for use PEI/US2006/028160
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depositing the chrom um conpound on the support froma
sol ution of the compound. Chrom um conpounds sol ubl e

in organic solvents may al so be used. [0046] Titani um
CEXpAMPIES Any suitable titani um conmpound can be used,;
including particularly those that are ignitable to TiO
uredgs] Polgethgleny a‘e$m rsanmimki tvern prepamedoysnk catatysisnoladel asing

t | d . Pat t.. No. .3,6 52 hy .
| B Fostr ATRANGY |BmEiatiret, aafaaker Rk oETER; Bpmentation
A@@{dlﬁcﬁisl AMofet 0B les lTé}ﬁlS;?bél@Wp AN dxBsbléd rd hle®Anolding

havi ng t he structures (R) nTi(OR) mand (RO
nimodoets )pradudedria o dag-phasep, ﬂt@dlmd hed polysnepization pilgf rector.

orteifskalele tupft AURF s BRCR e Biyienlof hen

| kg cavted eatmlysﬁpemﬁcﬁonﬁﬁﬁd fpeivnastoedsy bonditichsC2 t o
C12 alkenyl groups. These conpounds al so include those
havi ng structures Ti éﬁv\/ner ein Xis c

R S ATy Sty WO A BRI oy bout 500
Ffaﬂﬁ' il méiﬁgass gg&lt Weftafnid E‘Bl‘weélﬁtﬂeﬁféﬁi SrbA®um acetate,

tani um tra| sopr opoxi de an t| tani um t et r abut oxi de.
leéucﬂu graoinistoc@® ApoCn denteirtd Grastecd T&Hy e‘mfpmmm wngeligss pragiyced

OB NRGA ! S5 PO TR0 SIS R B iz of
C ab@lt ¥t micMrisharides P@EdcetRed bLadut G6S s@ia}re nhelerd pePkfm were
rati o of about 1 to 100, and preferably of about 4 to

18ried bppassingi 4 steeamsofppBpgen thygueh iy ab@vé 4segreatabppor0°C.
| AbITE QOOa gra%ls Efttﬁ‘é ¥nkd ALd ¢ ?&ﬁﬁ&rﬁrc%ml)\éuﬁd lv&)ei:fther-[ Rfirried
i horgani c®oxI'des are necessar | porous naterials,

€ il abouit 203€@ nvli dfhirg isypefitacs aad e&ﬂ daprans dfessaisb@anpylGlanate
square_neters per gr m or less th 380,

r I s than
300+ aeado et Sy pape gyaim venanpas s g diden fekentane
a gl g 1 OmAfeRAI0RSs th
"SR 7 LIRS S 10 SrdBaang, den
nnmnsfnsed 1 2 heatigh vesskl whcrc i waséxepteém@dfprechy inffenegat 325°C for

iiS conte at. ert
T e e e
t hahbwo ar Bfg@ﬁic&eﬁﬂﬁ’esoﬁr&ﬂrth§ W@Eﬂp@'l tie@agaddl 45 to av01d any
oxi des, as well as m xtures of such .oxj des. 09&0048

Aldﬁhgﬁllgllf aarRxpipsiiganiturs pyigun the ¥epselan jhe gextsten, s’éﬂiwﬂlf?gen
f S

R

ofwa%llmatedSél@wByqalaai eatamfeahsupéﬁ°cg parhoa @ot @0°Copemiowfto the

about 1. 75 cc per ram aer e.particle size
oD Ag ek GREPORNSE! G5t PUOVRPORRREBH A RGO 2bout

S'Ho a hige aakaﬁ?a{tecg i ORhs RBES %Bleﬁh'kfi’ﬂl‘i‘ AR Wit Ra@ ambient
sur Ce area o OUt 00 squar e net ersa&er gram a

p dereparatutryeo @bodFOGC bnd Surther seeled deom 360ME @nroameﬁem@ér ature

p ar. i%&ar %}?{IB ; & {Jaé 6“1’3? %%/\ﬁei]%)e%ﬁ{?g %g&v%t%ng;g?ﬂgra%rg ggt Points of

SLéﬁ)lﬁ@r.r t550°@CHO0Pat b rBASEDPRER! Brhfyed. gheatal}i%&nn&de usmg this
certain |level, e. g., about 700C, can lead to catal

t rmvceérl@d%r@eefpbloyﬁ%ﬁn e pramplesobrd afommositian afetbg ‘ty 35wt
d'cﬁd}h Ao fa% oW Ruhow ESCR val ues. [0050]

Dryi ng. e caPa’y support having the chrom um
deposited thereon are preferably dried to reduce or
elimnate water before it is brought into contact with
the titani um conpound. This can be done by applying
heat in a conventional manner, or otherw se drying the
catal yst support wth a dry, inert gas (e.g.,

nitrogen) or dry air prior22o use. In general, the
preferred drying tenperature is 140 to 300C, and a
preferred drying tinme is about 2 to 4 hours, where
drylng can be conducted by paSS|ng a strean1of

o o ~AAr-ana




within a range having an upper limt of 10 hours, or 8
hours, or 7 hours, or 6hours, with a lower limt of 1

whou7/015927 2 hours, or 3 hours or 4 hours. Addi PCDT&1006/028160
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requirenents for activation times are set forth bel ow.
However, it has been discovered that, surprisingly, a
pol yet hyl ene havi ng superior properties can be
0[110&] ndde whminaésmtﬁqaﬁonhwﬁor thengedwt ncEkaih}yls:t 1-15and 17 -20
erature LS ysed i nwth a
oGt TV QrenkahBerS s Oty Sap3h lpeion Sriek by-4. In

9E§a1’ﬁ RSES @Y ke ﬁﬁﬂamt WaDraiseBloOW95P Pm?, OfP
65COC or 60008 The gon%lﬁ%iloﬁ of aé%u I&RQPQ%SQEmk
aeentinsengdy in drepbvigized ded #actorooCyclages abo lgtrc@aﬂad uhough the
a nut S nDs

AR TR Bl deAcli P Bl a el tbplel’ Tk powaer
t wp&bmﬁmroaslyalﬁdodud&&sin*@b&he Gﬂlﬁd@edibs@ kMBﬁfrhé‘rb ahydrogen and
Pol nerlzatlon [ 2] Referrln to Figure
i P1< Ve Jed it t%ﬁ-éb’?lf £65 BiPingac rpéwtm t@aﬁferrﬁé injeranigently
" BR6 b ProdRDell |

RS R ORIy A SATHE, E0cRl PRy, 2105 Bfiy imo
(@diymo lTéleSiumVM’c))ntaaTed buesdzytedi hydmnpﬂoh&ae,ran dfioxidant stabilizer,
one shown e I i zation section 150 can al.so
RoR TRPY o P O i B HRG AR GBI 4T BRi ddrogen.
paerhih@bndifbnsRnhd HUIeAdiHRE SRR e fafMih&ifatQt d¥8Etant value
reactors, each reactor having its own associ ated tanks
195in agmrIond ragapriabyiene pagal pressire avasathone200 pshaxeapt for
a r, ciat.ed. tank 75, 0180 and .
Cg%%lﬁ gslg in %@ 1?&@% k}l re%%?cf t((:)i ﬁb Pk d’ﬁ‘é a@géﬁ fﬂolar gas A3 in the

degde ighd wap ,maeﬂtbﬂﬁdrmrabsmoﬁ 03. ha“oltail\/tewtd)lop\reWuké wae 340 - 394
further dg;crlbed in the context of a single reactor

t PHEn Supgfisia| sasvelpraty oyithin e Engiged Rechivas 1orel ¥ dacrdyerage
1%31(1%%13 hﬁl%l (ﬁdl%sﬁ fi&ﬁ%%&%@&ﬁ edl@%rﬂ B Sf{ qu}f%S Ezf_%egt for

communi cation wth a velocity Feduction zone
r Egamhpler2(z enethyll6Rumamni, fidlutedendsdpedtané, \gasofmdru@npmlquﬂb"rmto

rti,cles, ol arti.c nd .cat
P, P04, b o 206 TR FoBE Bt 1o BolEhuepiaim. per mole
p@l‘n%ﬁﬁlﬁmz %&ﬁn@&@l tHRAldrY icheh B S8 WS G RABRARME smﬁniaﬁ@ed in
formof make-up feed and recycle fluid through the
r dakles bangdne 162. [0054] Referring nowto Figure 1, a
feedstream 105 can be directed to enter the cycle |ine
b r -] t 0
ool BEtbRU T e, Ry 658 58 3R BRY B B e Rsec
beed pdifite B&x e edamples,i the reaictcblotetrtymatmel wad mamtdiiﬁéd) ae from

ft t t ed h alt
© LR P o158 ESRIGSEhe RuS s mrodusbanstradin | Baislagpal
rﬁﬁ@é MetiRhhidurk Anfe P‘sé‘i‘ﬁngﬁfgeﬁdrﬁ‘ b t&1b BERrs YRS a@é}é%"\iﬁg 88 hours.

uid phase, used in a polynerization process
pEFbcI uzreadsh mﬂ $hee mopecothy cweighb rdlsémbmmne was cﬂ@wtmztédm the

b fd di b
PSenSiel MieS e FRIRTRlo hETBHR S5REs Al ent vew
s i thahuathey hedigge IﬁbléBMbﬁW@Lghﬂ-M%WMn)l 2RE ﬂ{eedlgaersny index
4- et hyl -1 - pent ene, 1-hexene, 1-octene, 1-decene,

dfudhesseconytayativg eexaﬁlmﬁs gengedaftomes7 fndd dof Vlmwélwaéle@f those
h
SRRl aha AR LDBROE B f 1970 SUCh 8O N roger

mul tiple and different |ocations. For exanple,

nmivesiie frs Examplee 12nt t odifceatl Rttle tttelyptohgeddraidzlmehmntwated at
z n._vari,o including dir I Nj i 0

¢ BB Core ol » T Tt SRR P S haCl ol g The
bEQCRTmi 5@%&1@ 261859 PR raYinsNBEmi 43CHoUS® hone Rl a%ragmg 55
non-reactive al kanes that nmay be condensable in

pol yneri zation process for renoving the heat of

reaction. |llustrative non28eactive al kanes i ncl ude,

but are not limted to, propane, butane, isobutane,

pent ane, isopentane, hexane, isoners thereof and
derlvatlves thereof [0055] For the pur pose of

- . o o, a "



i ndi vidual ly noving particles as created by the
percol ati on of gas through the bed. The pressure drop

wao boosogi2T he bed is equal to or slightly greatP€T/URZNG6/028160
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the wei ght of the bed divided by the cross-sectiona
area. It is thus dependent on the geonetry of the
reactor. To maintain a viable fluidized bed in the

r Bagk] Moté ahe thé Zesih lensypiar Exmhpile 19a5ay dl@abielyyhigh at 0.957
thrg%gh t he bed nust exceed the m nimumf| ow required

L . f
f 8fong | uiSyrristiehn. EPCRs waadigh, ¢wsa thopeh G| Wipagxpected to
v [ LY SL | t:he..@. nj fl
VMG Eo L, B, HIER U | ik cxamples
demplayirig doweedivation f empeatiae deatalyst| together nwitle Iohan reactor

2.5 ft/sec.is sufficient. [0057] .1 eral. he .
hisTgerates demanrstiajed, & P cpwe! iR eShig, bege eahicher
Vﬁéﬂsiﬂyﬂh&rﬁ&héﬂ{i&ﬁapf)roﬁﬁ&@ @Fg dispérsity 100/ M, fncrebb& to a

range; of course, can vary to largeror snaller ratios
amahgd efpen dY. 1 po A6 Ohwehigh sirpdded bekrcrdlpmer pxpgesselilityThdll of

crosssectional .area ve ity reduction zone 164

" URRS FRE R PR ERGH Pt 8 B hiif 5" o about 3
multiplied by the cross-sectional area of the reaction

Z prees) 1 62 ExhpRS] 1, Theecaiatl s ¢hdt ywasaded had beehomeei vated ah&30°Q set
| arger inner dianeter than the reactjon zone 162.. As

t BehanEo¥Yefedh sthat Eameleodhe polyaTizetlioph Wasneargd; out at a
Slt&ﬁ@er&tﬁf‘e gfsh@’ffbt YOR{gdnFadBR AU readibiedirity’ @RS RS to make
cross sectional area.” This reduction in gas velocity
dpopiict ithethe desired dsppeifitatpinesbutrthe ptegise erhuntipf eddedgpxygen

G et Efengede 150 EShLaegen AL e B SARef SR es 30
I §U&! © THRSe:Shnf 8 MeddBstraQOBRL aThetiveBYRigh RhéteRmRdptIature,

is conmpressed in a conpressor 190 and then passed .

t leoombijtedavilethe 69R%0 artijation tempgiainee Wihe Pegicuiagsgialyst did not
before it is.r.eturn t T

2o e DRt RS A B0 S RRnee’ 100 "R) oFiGIREDRors ves
t heqliedi Actn#ingtfonvelrd t@ain typpef chialydesid pobceseoaditions was
heat exchangers can be_enpl oyed to | ower the

t diepdaddo arlicys the paprayed Broguet RIPPEUTR i n stages. It is

al so possible to locate the conpressor downstream from

{ NGosheah BXERBROCO @d a0, AlrhIpheCrBMEa QuPORIC hipdsagel at
several heat exchangers. Aftefr cooli ng, t he recycl e

s tpobamerizetior teactiend tenwetateres eh&0 band 6Y)°Crrespectiyelyg The Fso 10

rec e s absarbs t of r i g

oy ehdsBl ReR S ahdersroufotseBf PR ERT Rhffronue
I 8GMCHR r&sE@aBxamplest M aAGd 0t xhitiidr € dedadenctibfolamer tmlecular
the fluidized bed through a gas distribytar pl at%eéi%

A weightddistribution raleévq © prameieabl ylinbroairupe & bh was
I n r : Iy ] 1 d
oo b SU4 B SGSHTD BLoBARA, ST 24 RabY PRtics o o
s 010, despactivelnblutt waspiiat a6 rekichiigelias famdumthapihen examplee These
© iaRTt RN oG B 6ReBORCt A Sh 195 e RgR dip fertin
t NG oE4E bén sSdrE AR BRE ENAS S Whtivalead uR@tly &ich téinperatures.
versa. An illustrative deflecCtor suitable for this

B loln) Taer [DomIFmANSdetiho RSGR prese demonstiinits FragHes 13
Wi t i,.t hou i Qu K mdi fyi 0 ot
P LB e L ' MY 11 gpymegsion
prefpeablry, tht 850, BepMiESCR waa 90 g whidh inesesed¢d 423 hrs

155 under a bl anket of a gas \Méi :%JS IS Lnert to t(pe I
st@r &d nehyraenzation g (eopesiugi (9fo §8rf-or APgoRorresponding  catalyst
Preferably, the catal yst reservoir 155 isequi pped with

a feeder suitable to continuously feed the catal yst

into the reactor 160. An ilR#ustrative catal yst

reservoir is shown and described in U S. Pat. No.
3,779,712, for exanple. A gas that is inert to the

catal yst, such as nitrogen or argon, is preferably

a o o o Y T T



possible to nodify the catal yst during delivery to the
reactor along the feed addition line with the al um num

wa@bdoylo1avodi fi ers, which are descri bed el sewher BCTTE8m061028160
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[0062] The catalyst is injected at a point into the
bed where good mixing with polyner particles occurs.
For exanple, the catalyst is injected into the bed at

apiRaueivifdroNe26(0n 9s1dét§%16h@ %ﬁi’al preabifed 9Rd abbirtes.Di MOrekidence
catal yst at a point above the distribution plate 195

pHE$ ueﬂlegaaqt@f\a@p @gﬂt@sﬁbmaﬁwbdb dhe reacirapgraseywell with
PR MERBLASI S RS ok B SR Rl B8 SRLBAISplolo
pol yneri zation to begin there and eventual | y cause

plooggi frg Bxhmbplee 18 with i datsiyst gotiedted h95600f®j setpoirg the catalyst

dir ct[ into, the fluidi in dis

¢ REOGHGHUI, U IRTAsdirgm 6??3&5@ 8608 1o/ Gy B3 by
aﬁﬁkéim FQhé efhiRhé %rtﬁd ptgat itfRd 26098 250 psihivth no decrease in
catal yst concéntration which can cause "hot spots"

f therfiso 19 jvat ligeprahESQRmTheFal lﬁﬁtw/ﬂig@palﬂfe%%amr@ﬂsedéom 123

he -bed ca Ul t.in exceSS| t
R YTsber TR S E ST I pRREE Y G RS chytene parial
PplexsRE. I zat| on coul d occur leading to plugging of the
I|ne 149 and heat exchanger 192. [0063] The nodifier

ound (e.qg,,.an alum num al k ?\r}:ﬁ“r &%% Sfa

Iz ﬁ»f@mp of 115 tanAnPYRK BR g HIPH hgo Ideed fufhgyyeactor
'c&qg thcee.," f &gesi)eladddetoraﬁ%ﬁ U@%%’l%%ﬁdﬁ]i@d}@@f 66 hr
directly 1 ul

nto bed or "downstr eam of
h eampmd tveithg 43 hi.9 E}xamplaAMﬁ? ckhibded relativetyn Urdadenolﬁsularewelght

to the rec e dis er. 156.
a Hutigp Wﬁ% é% dﬁdgt gfp’t ﬁ’é g ﬁﬁr]it 2585 gﬂn?%%r@ ey that
WRESle dBdr REbidH %1%%%%&?1@@0@1&56 in@fesed by the addition of
particularly the titanat chrom um oxi de based

cdifilysadiietn be, broadly speaking, in the range of
about 0.005 to about 10 nodifier to chrom umon a

r wt‘V
oy, JF BrimgR o THETTOAT hide s WRoRERSE, LI BPTU 200
0 Igspal ES&Rawds AD s, reasemciull y thmsanteeasr ﬁ)lag ef Eﬁcalﬁpl%l’/t @r .’Mhlch
[0064] The rre' ' reaction scogcte
s A lamasi nip ept op 0 22 st ea s s SO igrateg dhat the
asHMi RS wNNHABBede8 36 GRS KsHRs Siteindg atiMb @REmbination
However, oxygen can be added back to the reactor at
vef ycalabyst cstiveted rebtlowes tepeshtures with lowey ieactign rig@peragires,

it Bt polfies MR AR, EEGR G Pl § BrosgH Boteculer

etpieistiimednr ate to the reactor of about 10 to 600
ppbv, and nore preferably about 10 to 500 ppbv. [0065]
In order to_achieve the desjred density ranges.in

25 8¢ 54 T, and

cd8fly mer B Example gd ¢ thg agfiyation tEupeaive M ¢i6d &

t RRf af%ﬂayﬂ R8¢ 14 9034 8inbBY @he BRCR Ind
aldgeu?8 giany\/\#ﬁnﬁ% oma5 to 10 wei gﬁ?ﬂpg?@ente of then o
c ovasricTfeandi the tételystgpodyotiwity Wik &ighras dA22b1b.donononer

needed to achieve this result wll depend on the

P s . SEPRRRE T P PTRe s S p B MR on

r FHICR Of st & PARRARE lcotr®irRitiby loFratalyst Ql@mdtﬂ)h’ﬂ tedlptnfature and
obtain the desired resin denS|ty of .copol yner, pr

[ @@eeljlermagee t%meﬁrwéer atilggh cHfyylesie Rf%%l RIESSHEB dP A Blléﬂﬁfé bed
orUAF Rt iy el SRR TP PRI R (oSl E AR Abluded
acﬁthg&lémadumtscaxr Wehgdsyother mapnnﬂnamm uaits. e’Elmeh@alEﬂS(yRS\taéthywere
stat e gaseous conposition within the reaction zone

162. The gas anal yzer 151 can be a conventional gas

anal yzer that determ nes th& recycle stream

conposition to maintain the ratios of feed stream
conmponents. Such equi prent is commercially available
from a wi de var| ety of sour ces. The ‘gas anal yzer 151

L ) a o o r o o "




reaction rate and thus the rate at which heat is
generated in the bed, the tenperature of the recycle

wa@regament eri ng the reactor is adjusted to aceOnNUSIas/628160
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15

any change in the rate of heat generation. This

ensures the maintenance of an essentially constant
tenperature in the bed. Conplete instrunentation of
batbirihdieudihg! ¢ty 2e6h R BRFethe 5QYEAS, ST YBME %é%tﬂé} with
systemis, of course, useful to detect ahy tenpgerature
cHAWgROIYHerizEionp genctyr temperatsesmisi®, 889Cher 1029€. oflensittent with

' ' : | . k
o B CRRCR A B (B e B prrure

stwasanereds00 fidn itldesestaatiieven set of operating

conditions, the fluidized bed is nmaintai ned at

e tially a constant height by wthdrawing a portion
ofﬁa’?ﬂe 3 e%‘gg’fleﬁrégdﬁfé’?glétl%t Haichagraplgyed sptakysisoartigated s high
PaérhpduddsCanOY "R ool REHHCAnd 1S+ i

gene?ation IS dirgcfly %glate V?gﬁg<EFF%ﬁ%ﬁg@£%ﬂ§§E€pﬂwm
f orericedhad perperdslisr sadhvaleds ramging &ope7as te 8.4 $e evdmples 17

t ' th (the diff bet
 fohb PO BB R R R ocited o et v on Epentgyes and
i rliveldth viee pfoctdies make ref ap@d\birﬁwti%heteﬂl%%ﬁéf(ﬁés (both with and

formation at a constant fluid velocity if no or

n&gihoyt pluminusp aiy} arssent), iteg pelymersppredeast had signéfiGantlp higher
f Wi ; ' I f i t 0l I

i PR8N e ot AL YA $a8 s s
pvefues aistecotitained fiartiad polfnotschrbdwwe tif exasledICT tiaoght 20 when
return é e 8ﬁd€h% %he(Lecycle line 149. There are
nIHEPES NGES tiguRch & sxamplgs Scthorghi Kb (This shows that
Sep 4 QRth i ahedi |

P e e AR PE oo ipine BBt the same
ditiseehiaeigesingithe perc?st diomwell.s shown) through val ve 177,

whi ch may be a ball valve designed to have m ni num
restriction to fl ow when opened. Positioned above and
bel ow t he product discharge tank 175 are conventiona

val ves 178, 179. The valve 179 all ows passage of

product into the product surge tanks 180 (only one is
shown). [0070] In a typical node of operation, valve

177 is open and valves 178,179 are in a cl osed

position. Product and fluid enter the product

di scharge tank 175. Valve 177 cl oses and the product

is allowed to settle in the product discharge tank

175. Valve 178 is then opened permtting fluid to fl ow
fromthe product discharge tankl75 to the reactor 162.
Valve 178 is then closed and valve 179 is opened and

any product in the product discharge tank 175 fl ows

into the product surge tank 180. Valve 179 is then

cl osed. Product is then discharged fromthe product

surge tank 180 through valve 184. The product can be
further purged to renove residual hydrocarbons and
conveyed to storage or conpoundi ng. The particul ar

timng sequence of the valves 177, 178, 179, 184 is
acconpl i shed by the use of conventional progranmabl e
controllers which are well known in the art. [0071]

Anot her preferred product discharge system which may

be alternatively enployed is that disclosed and

claimed in U S Pat. No. 4,621,952. Such a system

enpl oys at | east one (parallel) pair of tanks

conprising a settling tank and a transfer tank

arranged in series and having the separated gas phase
returned fromthe top of the settling tank to a point

in the reactor near the top of the fluidized bed.

[0072] The fluidized-bed reactor is equipped with an
adequate venting system (not shown) to allow venting

the bed during start up and shut down. The reactor

does not require the use of stirring and/ or wal

o A AN - .




Pat. Nos. 4,994,534 and 5, 200, 477; the addition of
negati ve charge generating chem cals to bal ance

w@oai7oiise7 vol t ages or the addition of positivePCITERZPE6/028160

generating chemcals to neutralize negative voltage
potentials as described in U S. Pat. No. 4,803, 251.
Antistatic substances may al so be added, either

demy Muoesghy|2ols Btar|@ I eRyBYER 0 ReRelt (@13 (& |8 |3 |3 |5

euft & | ZeSalgect 1ogt AfF [ ¢har de geffenat|eops [Tandéhsi ng™

Jmode pperdtijen| such as di scliosled|in Y. § Patf. [Nos.

2, 543| 399 |anld 4, $8§, 790| can |al|so| be Useld [olagdsilst|in .-

e rengval |t ronstitte s Uil (Bel mldneriz@iing & & |2

dledtt ?.TC@?’@ “Thie gob’ﬁ %i%rs Fvbr‘\‘;ﬁlg R &%{fi on$ var y=

Heplendi mg {upleh| t he Inonopers,| c@at al yst|s an- 2qui piment

["%avail abill ifty, The gpecifi¢ conditiong arej kmown or _
eall |y |dea Mol ¢she hpses g [ et |Knat e | ST |SF& 1§ [ |7
dxaltble,tlke g e )'érgtuc} b 3r§ [g Hi|R |ENS rande of° frony
dbout |- 10 |0dg ¢ abdut |1ROOC,| oft en |aboul” I5C tio mbput
110C. | Priesisures areg wthin tihel range |of| ffom about 0.1
bar [§ 6= aRd® [ 0R Bk [SIRhgdS Rbout =5 bps | Eq2qBol@ (50 & |~
bar |* { on“d=algl|?.|~Add|E i ongl| de&t #illS |of | pol yneri Fati on

clan| be flound|Th W. 9 Patent {Nol” 6, 627, 7L3) whilch|i s

iincpr porlatied| by riefierence |at| | past |[tg the|lextent | it

dicstd 0seg |y M&r|aZat (g dat(al |2 eSS Mt Bods|< [DOF5] & |°
he|% ol ||Dwen(B §EST |metdhodsashol® ¢ b€ |& | | ijzgd ol

opt ai n tihe| nimerijcal YVall ues forccertaJi n| properti es|ang
freatuneg as set florth{in the claing, le.qg. |[ESCR,

denst iy, TdEi g [y (S ¢hrjanicuim ¢ontelst [ S o8 IR |8 (8 (&8 |7
i nd Bg&e% “C{’g% ﬁ@t%h'i :‘{\}’ NG un@erms%og P'hg t hose ValTes

al sp nefler| t ¢any| resul ts |obt aied |by| ot her |testing or
neasurli ng pet haods; that m ght| not |[ngcessarill y| bg _
disthagse reilg, [prov@dedsiTir other (3 e3tBnG: & R |8 |8
rreas?&ari\‘ng rretacgs?gr“é Bubl [Sheds 8., %iir §tg\] rast |one

pat ent|, |patr en® |aplpl | catijon, br |3dient|fic publ|catilon

Al so, |it] is understpod tlhat the valjues set| florth|in

t e g el & Ty |Rave|sogEndepieendh (& (or2d8sariaiede |8 |7

w t heet|Reict |freg@s oY ghentS (whig hen&axpet (Bedtlsd |~ | |
equiprent , | of=dperatof~grrior|{ and that any~val ue |in

thejcllaimis ap%x mat ¢ onl y, |and enconpasses|val ueﬁz _

t It are 320 EEEL 0% |or |2 VRN3S28%3 1Dkt g |«
mpasar|&d %/o(gtg. % GO76] §E§{Cl§ alles @ e hAs8d gOn ASTIM
D1693,| cpndi tjPan B. | The |r epgent|“used i s |€i [Fher | 10%

| gepal| CO- 630 ijn Wwaterl or [LO0%|I geppl | CQ 630| unl ess

ofHeEWes B $peel 5 IS [[BUE IS ofeth ebd2els {theRESAR |8 |~

of eﬁyopﬁ))gtgylg\e@n% ‘Fe% r$ @)r‘ﬁfg E’fy@an% af | 3 ;‘e cl|ai jmed

prtodesises her|€i|n | s |hilgher |t han®tihe| ESCR of=

polvethyl eme lrelsi ns|fgrmedl by gt her ! prodesises;

partli cul arljy [t he gas phase| prodesises di gclpsedi|in U S.

5,166, P79 that @are dar|ri | ®ut |in a|filuildiged bed, |4

provided|he [t wo fesins @ #g qonpayed flor ESCREhaviS

t he |sape|Hensli t |25 |Geler@| Ty, [for any pol yet hyFeneys

ESCRE end3 -@o-ﬁb% waghe FHrallo dengi tly materLal si's |_

Agcorid|DgEy ol exafpliZe|s aEnal et hyl enel f Swi t fSa e

genslig & of Q. |95(E gZag @ |3 | gk 'v;icﬁhgme a Bl lx |2

E$CRthEH | & po%a@hﬁl ene, 1 Fed i 5 |8 |dens £ & B0 (A |,

g/|&cl:3 Ehegdfore 219 |Feke| & r@p%%oﬂra’ﬂ s & ESCR (8 =

negds [0 Bedad (Bt 8dE & & canEodale Er%@% iByS 9 S8 |5

di|£f ler gnce.TTatd oe e i én| Fh = A b pgley () Ble |m

T R~
paraneter referred to herein as the "ESCR I ndex," an
enpirically derived val ue that conbi nes neasured ESCR
of a polyethylene resin with its density. The ESCR
Index is defined herein as the neasured ESCR (10%
| gepal ) divided by the prodact of 0.0481 and (Density)
142. [0078] Density val ues are based on ASTM D1505.
[0079] Flow Index (12 1) values are based on ASTM
D1238, run at 1900C, with 21.6 kg wei ght; the standard
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1,2,4 Trichl orobenzene. [0082] The Die Swell ratio Sr

is defined as the extrudate dianeter divided by the
war@7dimeet er, QJCo, where De and DO are the dPEIBSmMNE028160

of the extrudate and die, respectively. The percent

die swell (%S) of the pol yethyl ene conpositions was

cal cul ated using the foll owi ng procedure. The

C@NFD X ¢ , R B & |2980Ragl @ \8hBaR [fat® Bf |8
29971231 iader|“ofe the riRelGgt 6f gs‘é’d i n”t%i%\
Sexper | e met e qf [9. b504 i [The
>pli_st on 4 edlatl 82 md min|_Thel pnlyner |

Sidy ' Sai |EHROdYE & ¢8pel ISary |Dijg |S
aull <h|dij@netler [~ TheStling (t) ijn
pnds 15/24 gm|n|l ength was

L oo hsEale-adedesd aHews 5
£ el |[15524 &2 of |fhel perceRt|s |~

di e| s\l § as [€De/ DO|™ |1)/E*

1 EXAN [ vet hyl ene resin|sanpl es ywere

PrLRaEt 13 —TEge TESTgR th fif SN ERENEE
act (wakilonst gir]?erc’étﬂrgs&‘ e aRs|6l Lﬁ‘;i&géd%ﬁg&relﬁ =B
ppl ymerilzati @| condi tfi ops] as ﬁj;ed in|TaBlles| 1|and (2
bel pw| AUtihe| exanplies| af e|bljovw npl di ng |prioduct s
pFo gsi |l $xARAFE|T 1 Urdizgdide oRy|fel® zat ko |~
pj | ot geﬁc@o% These [gkxahpt es (B I‘“Uﬁgtg E‘né@ i
I rprovyenrent || ESCR of & poliyethyl ene riesrn| when dusi|ng
certailn |cat a| yst |spec| f| catilons and Egegt%g rQc ES“
cO@ R B[S [DB4R |[Caltals 38 9=efplojeds | < FXxafpkes |~
Warea\"p?eﬁ’al"e:ﬁzf\é fal | o, )§;\l:ougp§bj°g'l':an?vsg"oftﬂ a porlouls
s(lica suppoft |cqntlai hi hg|2./5 wej ght [pdrcént ¢hroni um
acet atie ichla ts 1010150 G content! (Grade 957HS
ci? o Sngole %IEC%@(ﬁcédﬁbg’: %@s%ﬁ% at ad Vot (=[5 |7
di vi|silon of \# |R| Grafe|and |Co)E having |& éh'ticlerize
of abqut| 4D m g¢rgns| apndja|surface area |of| about |300
S LB SReF L ghAR- e e et th iy TBasSItn g St fed =
of Fogelt {Brdugh (S 19rSatont m%uy% & fapoyt = ¢
150C. |Abjou %@C drahs!|of tiRe did ed |sypplor ted c¢hrloni um
conpound| wer e tlhen sl urnied i n| about {2330} mi of |dry
| sopentare = ddstiEeF ¥ gr [ [TeRTa o opYR (B (R [T |2
t i T aRaBe| e ¢= aded|t Bt e%sl”u%ftl Fhe @yﬁe)@ wals | |*®
m|xad |t hor pugBlly fanfd {hen |i sopghiane was removed by
heat|i ng t he nedctj opn vessql .| The|dri gd materi al was _
t et FaESTentaed 0@ |[DeatRnG (Es34R hEr G ilT (%as v |8 |F
heat|&d “ufities gry' i %(féen at %%Cgfﬁr “apolg 2 |t 074
hour|s t o] ensufe that all|l the| i Sopert ane| ws |r enojvef
and [to| s| oMy rlenpve any organiclr sidu%;irg Lthe 1
tetr@iﬁo@o%yg t4 [aal® Sosas: £ |avdi d eny= dangels (& 5
an exp| osli Bijgture \iﬁthi ® L héZyegsel™ | n|t he |nekt
stlep. [The nitirogep stneamwas then |repl aced |wijth a
stream ol dry airfand the [cafalyst [copppsitijon was
heatled| slow y at g rate |af|-sapoyit |590C per hoyr lor| 100C
per lwour | ko tlhel speci filEae [$Act i vatijon Tenperlat |t " |2
(dee| okl 07 vihelze |5 1 wWas gapt | vaged (f of about 6{<hour’s.
THe @cti VatEdEca f ystiEwas|d hemdoal ed i tlh |drig pi 15 |=
£at |[@mE et otlentirhl gr|8) |2 & #ogt -3Q0C and flurEner |2 |5
&dol |€d|# renEJGOES 1B [£9@nist irpen Bt/&r & it h (drly 1§ 13 054A
(de @ty et Bt @nperat Brle)| 3 Lﬁ:i&\gt FOIY 1-emper dEure|3et [z |2
paiEnts |Bf zelt|iers 55 (BCE |EOEDEE 0F |8250F mgre mge}ge 18 |8
Catial<y £% $3 gl x'd‘ﬁg&tﬁi& e e U FelZa el gy ey s g |~ S

L J

t he exanpl es had a conposition of about 0.5 wt %
chrom um and about 3.8 wt% titani um|[0085] The non na
specifications for the product in Exanples 1 - 15 and
17 - 20 of Tables 1 and 2 were: resin density = 0.954
g/cm3, FlowlIndex 12 1 = 284. In Exanple 16 the resin
density was raised to 0.957 g/cnB. Product was nade
continuously in the fluidized-bed reactor. Cycle gas
was circul ated through the reactor and heat of

.
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Certain conditions in the fluidized-bed reactor were
mai ntai ned at a constant value or in a narrow range.

werdoyloesse7 parti al pressure was about 200 psi eRCEPB200©028160

Exanple 18 in which it was increased to 250 psi. The

H2/ C2 nolar gas ratio in the cycle gas was nmai ntai ned

at about 0.05. Total reactor pressure was 340 - 394
pei.givSuperficial gas velocity within the fluidized

bed was 1.3 - 1.8 ft/s. Average residence tine of
resin in the reactor ranged from2.5 to 5 hours.
E%@@bﬁckwmﬁé%énple 20, triethyl alumnum diluted in

i sopentane, was fed continuously into the fluidized

bed in the range fromO0.17 to 2.8 nol es al um num per

nmbl e cArcontitumus Phridivel-bedsgasiphbsansr] pmetizatige groaess foe making a
experipents are .s rized in Tables .1 and 2. .[.0086 .
" ExahghegeREtt, 1l Aotk oab s iennatoaieth CuRprdag ebketing
act i vahefombrs3Ra0fcRAt BfildHe andNoptidagey eXRAR! &R ndh&hylene
reactor tenperature was raintained at from 1050C to
1060C. nibhemgS®Rh dluiditasl eatdlysiwertistesduotgas pbassun dap prasepge of

wt % | g |, had a nedi,an failune t]j F i

24 o BATRET o5 R R LA -0 S HTEe S 0B0RL 38 rdrEEnd o
the mobegeabativhl @hipethitgtrdfbla0Onorizss o pr@lucera gelgethylene
the dispersity index, defined as the ratio dgglh*hg&

wei ght cenabymefeharinget density iG> HGF ShBorsan R Index of
aver ag g\/gé\m [ ;

i ndex (9?811[ g)g‘%a%{:hgﬁ%?@% ic%/{glyéx np%leeg%?lgﬁg%gre? r%tfnﬁg.ﬁ(%ﬁ%uon
to 11. fempérattneaifi790%4l br lofs, tinbimelude silioa,shrhies), hadititanivm.
ESCR I ndex of less than 1.0. [0087] In Exanples 12 -

17, 19 and 20 the catal yst used had been activated at

690 0CASSJnﬁBQMHﬂuiEﬁQ@d-bs@%ésgphawﬁagﬁ@ﬁ%tgmvmcd@@fmamng a
980C and 1020C. The ESCR had a nedian failure rate .

r angi ndighrsteengtB, high densitypolyetindengvepelymey coBmEging: contacting

Note that the pesin,density in I }
Vol ot 1 dingi fiEE RGNk nd STy 4 1088 ong popeethylene
was hi gibnodiéee withnwgize ESERywasrttol@eiataeghstphageinrteapresénte of
conjunction with an increase in resin . These

] densjty.
exanpl dydogpn @5 1y aposthens %ﬁ“ﬁbﬁ@%ﬁﬁé’% a8 é“ At BPiFsnd 2
t oget her ;i . Ok b sgvee paRst hvl
an i m?’SV@ﬁ%ﬁ#‘W@%@%&%ﬁ ?e beif)ﬁgéég? ° I gher %2&??%33/ e
t han otcbpslysienhaving prdedsityt of 0.94fe ghic oparse.tan EBdBxndex of 1.0

MV Mh, increased tqQ.a_rapg ro 3 026. 0 whigh
provi d&8 Bt é’i"g &ﬁ%@?"egr%c %‘?g%(%itf’yfdbf-él Wg?re%ﬁ?ecatalyﬁ
resin ?g{fgh%sarg aflerpedERC hoHRtoR ferdpfatafe BPT60°( HORSY, and

I n Exa 1, the catal yst that was used had been

act i vatiedudst sibgQolgogvempaidiitanipgwever, i n t hat

exanpl e, the polynerization was carried out at a
tenperature of 1060C. Oxygen was fed to the reactor

du i ng A Bb@iduBa$ gdsophaBkgolpmedigionwirédess foe niddig ehiigh strength,
speci fications, but the precise anount, of added.oxy%en
was nothigh derfiydpolythylemroprlyngi ORIPrisig: CPRActye fonomers
pol yner,, or. Thi 3 i
dermnstﬂrngttlggﬂgﬁg%h a reéﬂg:b gl\t/i é ?lyh%{glﬁasfégg?gﬁ cthylene olefin with
t enper atuidieed cotbish gadrtivldshint hegBofiGsadividiatd-bed reactor in the
tenperature with a particul ar, catal yst. did not. gi.ve.

the deditisacs HTPOIRIPEaER HLTPEFPEPREE RlRguLe ) 100 BSi or more
sonet hipg A0 61 i7h @S teRferafhré OB 178¢C Oy Qbssato produce a
certain type of catalyst and process conditions was
needed podyedleémapolymer rpyiog enl ESCRdndex pf bpeF oge wherein:
[0089] In Exanples 9 and 10, catalyst activated at

8250C was used at polynerization reaction tenperatures

of 101 and 1000C, respectively. The F50 10 w % | gepal
ESCR ranged from 28 to 39 hours as the polynerization
tenperature was decreased. 2&Exanpl es 9 and 10 exhi bited

a broadened pol yner nol ecul ar wei ght distribution
relative to Exanple 8. This broadening of the MAD was

evi denced by the dispersity index, Mv Wi, of 15.4 and

~ r p— g,



tenperature, the F50 100 w % | gepal ESCR was 99 hrs,
whi ch increased to 123 hrs at a pol ynerization

wao esopetmeur e of 980C. The correspondi ng PCT/US2006/028160
catal ystproductivities at 200 psi ethylene partia
pressures and about 3.0 hr residence tines in the
reactor were greater than 6300 | b/l b. The reactor
oper at @y Wefpl cwialy3t patitlBsinek@e s sifcals@sioit 1adh ?Uﬁib@bﬁ@ﬁas a
or disruption to the polynerization process. [0091] In
Exanpl e 18 surfase exaai Joss than ) sgwae metesDper@met poi nt

the catal yst p ti Vb Lner s

8670 | 591 b DSPRESES retelsh MR S EARRR: by DSt IR silca
et hyl ene pagippatt witles shtositdmn @ompoind m 2EBsqisiaismg the maternal
decrease in the F50 10 wt % | gepal .ESCR. . The F5Q 100 .
W % | gepal @S@Qrart‘t‘f@r‘g daeyesselFpntping gﬁeldir?)e%a‘.mgﬁ%and dry air
reactor congd QHFQ aclvaRaéh ec%g&zé 0]%505@ 8r Béfl@ﬁfe fnaintaining the

et hyl ene partial pressure. n Exanple 19, an
appr oxi mat eadtiviafibn temprratiteefoT BAperfagieef fromt fdo rSebewrsio form

oo LS A SR e S o
exhi bi ted rqbabl doatamiRs aRcEDABE YhtalysvRIridlés; removing air from

iR
distribution with MN/I\/% = 31.5. Inthis exanple it was
denonst r at ethetveasel peing €y niogmy g4 di stri bution of the

T AR o S B e o

di sconti nued20 &ndrtebg F50 10 Wt % | gepal ESCR was 47
hrs, essentially the sane, as .that of a e 17
whi ch TBAI #hespqlyetadppe tesings formedwesh PE@%“@%E‘ 8% 20 1b/fi3 or

This result ponstrated that the TEAl nodifier was

not needed to dchieve the results obtained using a

combi n&)i on tiof padpethylgst resiothiay an E§CRtInflened 1.0 or more;

t enpergtures w th wer reactiagn te r j .

pr ovi dZé a ﬁ%q%?tk RhHTRT S%% %m%fé’gﬁ g’%%i? 8965 ree;
broadengf mphegdiy@hylert & s StVbREERON e T} ibltion of from
Exanpl €721, the activation tenperature was |owered to
550C, and tHé tpdPymeri zation tenperature raised to

105C. Surprisingly, the ESCR I ndex was 1.73 and the

catal yst productivity was high at 10,221 Ib./IDb. _

[ a095] THegmecesx anpiyest the brestdiag elaimsrwvhgreot theEIGR fglox is 1.5
the surprising effect on ESCR of using a particul ar

conbi n&XigHMBf cat al yst activation tenperature and

pol yneri zation tenperature at high ethylene parti al
pressures in a fluidized-bed gas phase pol ynerization
priocesThe prcegaifiaay ofitenprecating glrws whenincthe iBRGRy dndex is 1.7
et hyl ene units as well as other nononeric units. The

hi gh ESER'Pf'ues wer eobt ai ned using | ow activation
tenperature set points, e.g., 6000C, together with | ow
pol yneri zati on reactor tenperatures,

1020C bﬁmgpgqs_e@f clgimH wherein thﬁﬁé?%mefégébfﬁ%%%\?tag geRolymer
(et cassaont ot (LOPE0EEr BHEAEN. BOsETOPRORs IE2

t hrough 10 whi ch enpl oyed catal ysts activated at high

tenperatures and run at, both high apd | ow reaction
t efrper atify @Eocess,gf 38y )Rfea@ apaﬂga g n{ﬂe dodyethylene

swel | v 9 DBSERANIAS! & Or H8red- | N exanpl es 17
t hr ough‘?dfgg%lrglﬁ errpFoyed catal ysts activated at | ower
reaction tenperatures and in which the processes were

rup at low reaction tenperatures {(both .w

w Enout TE BRGnPAFIEYE Dructst raspians il Bfpergire gf he
had si giiskd] Canmtdidind itBh AFic@PaaRMs @i € fituk hdtivatibu esmperature of
rangi ng between 86.2 and 91. 2. Moreover, higher ESCR

val ues were obtained for the polyners produced in

exanpl es 17 through 20 wheroconpared to ESCR val ues

found in exanples 8 through 10. This shows t hat

pol ymers with inproved ESCR performance can be

obtai ned while at the sanme tinme increasing the percent

~N~r~l N “Alz



hydrogen gas at an ethyl ene partial pressure of 100

psi or nore and a polynerization tenperature of 120Q0C
woeroes®21 0 produce a pol yet hyl ene copol ynmer heeT/n§2086/028160

density of 0.945 g/cc or nore and an ESCR I ndex of 1.0

or nore wherein the catal yst particles are prepared at

an activation tenperature of 7000C or |ess, and

i ncl ude6XI°Ci @abeleWr @OIUIER raAfldy tthé Qﬁ‘tlefhgl témpdiature of the vessel
conti nuous fIU|d|zed bed gas-phase pol ymeri zation

pr ocessCoPGHNiRg K dried PATHACs and Ant wr aha gte @& denm J5 to 55°C per
pol yet hydgng p tactin

nononer's t hat ﬁl|gnlg %13&(;& ot &{%{é&r Ji]gﬁalqoﬁg}ylengagelsm is
one norfoanb@atmlmlymmonmmﬂferithw oflmedcmue%byst

particles in a gas phase in the presence of hydrogen

gas at an ethylene partial pressure of 100 psi or nore
angl a pphe/ PRIck&ASS SRk eﬁ%@ﬁiﬂl 'ieﬁsﬁ;l tﬁggptgan tdy attm% of the
produce a pol yethyl ene copolymer having a density o

0. 945 gyesee! monisinieg thends lnbexoca‘ fiftalOactivatier esmpenature of

a De b 100% erenthe cata

parti cl%g}s%) dzzlroer %erl%%alpglg it raésdn%&%e %}F ?’%Wﬁ%ti’%t B# gheof’ essel
7000C odontaisifg tiendkiddgdrtieles shd HEAair 604 e4tk WMo@NDS to 55 C per
titani um 3. A continuous gas-phase polynerization

pr oces shoB o nHigi fepl sactivafions torenryatire Ay ﬁhﬁ@ﬁb{eﬂy/lene resin is
pol yet
mnone?%h?ﬂg%t [ ng#’r}{%?iauoﬁ?%e ang) ogfg?%%ﬁ at | east

one non-et hylene olefin with fluidized catal yst
ticles in a efIU|d|zdbe reactor in the
sence Oty ?’g é@ﬁ gfi@ pé?ceﬁlﬁlg é’%@“ﬁ% S quyethylene resin
pr essurps afpeddft DI SWEll SR80, eflgm?e.pol ymer i zat i on

tenperature of 1200C or |ess to produce a polyethyl ene
copol yner having an ESCR I ndex of 1.0 or nor e,

reing atal yst particl es i ncl ude .a sili .
oubor {TenipboE of BD ki Bkt s i P ehetis 1 yerhgne resin
t han 40Qsaqeadeat DR SKEl PEIS% bARord b) the catal yst
particles have been prepared by contacting the silica
support vvi th a chrom um conmpound in a vessel ; rai sing
the i ntgy [ i
drl - d partl C éesgrggﬁgfgy{h% aﬁi%celdﬁl% c‘f% ﬂ/he?& e, Ip%%rt&&@atalyst
t enper giauticdesodre ﬁ&@aﬁdmmmgahcamvmnmempmm@ éfiiess than 650°C.
activation tenperature for a period of from4 to 8
hours to form activated catal yst particles; |owering
t g, i ntgen e}octee,npp&ay Wrethe T prbfRinte eReths GAktah the qoom%hylene
activated catalyst particles; renmoving air fromth
vessel Q@QbkygledhgsmES%énﬂexanfd Qenmoiee pol yet hyl ene
resin is formed at a polynerization tenperature of 120
OC or less; (d) the polyethylene resin is forned with
a Tl k 'ﬂﬁﬂptobyssoéf ahy 1o/ the %r@dediﬂgf SlaintL)iwheRen the chromium is
pol yet hyl ene, resin has an ESCR | ndex of 1.0 or nore;

(f) t herpsriithy papantoddeshthiad Gvwilénsi ty of from 0.945

to 0.965 g/cc; (g) the polyethylene resin has a

Mol ecul ar Weight Distribution of from15 to 30. 4. The
pridc essItef pawyssobf the ofirthe gateceding alaimss whersdn rthé hen- ethylene
ESCR I ndex is. 1 or ater. 5. The process of any

the pr dBUHTG k140 e’%hg PEPFr A HeO RO THEEYCS Qleleof- or
greater. 6. The process of claim1l wherein the density

of the polyethylene copolymer is from0.950 to 0.965
g/lée, phhsf proedss yof Ay 9g0the erenedvg dtioms. whereiTihthe mtlgdesspartial
of any o edin | ai r8 wherein the

pol yet Wy%eﬁ%%%@ﬁ%%lg%%gg, an ESCR I ndex of 1.8 or

nore. 8. The process of claim3 wherein raising the
internal tenperature of the vessel containing the

dried particles to a final activation tenperature

of 6500C or bel ow i ncl udes Bai sing the internal

tenperature of the vessel containing the dried

particles and dry air at a rate of from25 to 550C per




hour to the final activation tenperature and the
pol yethyl ene resin is forned at a pol ynerization

wo esopermeure of 115 OC or | ess. 9. The processPOf/USL086/008160
3 wherein raising the internal tenperature of the
vessel containing the dried particles to a fina
activation tenperature of 6000C or bel ow i ncl udes
r di7si n@htherdcedselofiabnyt P eiealpicRdRb thenyesikin the catalyst
containing the dried particles and dry air at a rate
of froRfeBcHytss 4009 BYIbpswroreo t he final activation
tenperature and the polyethylene resin is forned at a
pol ynmeri zation tenperature of 114 OC or |ess. 10. The
prl8cesdhef panyssofoft ireyy wfededippecedingi BRimbewbéBint Rike catalyst
polyeth¥l ne.resi@ Qﬁf a Percent Die Swel| of 80% or
more. Produgiiutinis 408 D/lbror mgre syithyayesidencedmeef 2 heprsgr more.
wherei n the polyethylene resin has a Percent Die Swell
of 85% or nore. 12. The process of any of the
prl@cedilihg procgsnel ayerféhmprehedisg platons etiereat the Y C2 molar ratio
particles are pre d using an activation tenperature
of Iesglﬁﬁﬁﬁaggﬁﬁgﬂ{qurnﬁmg‘process of any of the
precedi ng cl ains wherein the pol yethyl ene copol yner
has an_ESCR I ndex of 1.9 or nore. 14. The process of
ary)- of Thaerptese ofiiany ofl the rasecsringeslaimshwhetsto Hieumonemers are
presents. i 9 5. The
ot occs girkfied 0B fHholBf URERRIARER: thadd aidectiton g o i
non- et ldjdneme mmhanecond sdetiont kavéng b- feewmd elianddter, wherein the
1- oct ene, gr.nixtur S thereﬁf. 16, The process of any
of t he S¢Fo8e SifmRieTdp LargRs ¢ e it divmeldthy| ene parti a
pressure is 150 psi or greater.1l7. The process of any
of the preceding clains wherein the catal yst
pRdducflihgiprgcess ofl@agoof el yecadingpelaimsl SherFineoxyigon és presént in

any of the precedi ng clai ns erei n the catal yst

o ducEiiieEt BEHahedn B & sl e Praretielf B dhowt do o 500
time ofpBy,asdsothe By Rne bd rdlge process of any of the
preceding clainms wherein the H2/C2 nolar ratio in the
cycle gas is 0.01 or nore. 20. The process of any of

h or : . P :

t Rrough 5 Fasst o ot e R b SRy R, B SulfhdeMLF G e
sect i orathbyi suppert id lestthah 40tedqurcancted peegand secti on
havi ng a second di anmeter, wherein the second di aneter

is larger than the first dianeter. 21. The process of

any. of ThErd¥e8EEUNYDIGhe bR NS LRIMs WY He o/t resin
in the range of fromabout 0 to 500 ppbv, preferably,

fr om abofprmedwith adodk gestsity oH2@ Buiftber mbwe. et hyl ene f eed
rate. 22. The process of any of the preceding clains
wherein the surface area of the catal yst support is

| eas t ITab pAéiRss afiadyColMBk QhréceBRl (i) wikdein the pbliyaRESSion is
of any of the preceding clainms wherein the )

pol yet §9ndustedr s the | Rreseseeeef Wilalkyla abumipume fypferabdy, fipthyl
I b/ 13 QAlnilR5e:- 24. The process of any of the

preceding clai ns wherein the polynerization is

conducted in the presence of trialkyl alum num

preferably, triefhyl um num 25. The process of any .
0 gt heﬁ?é’é%cﬁ%@{ %‘%/ya‘i’fﬁ‘i‘? _Wﬁ?@?’é‘g r?itlﬁé:_ \‘]B%)TS! ?C?t yst particles
{Jﬂ ; In $E§n§si§%@5k%hﬁ511>ﬁmmal, alrbi®h, Sldltt&fumChr om um  and
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