WD 2007/ 011832 PCT/ US2006/ 027591 -1 LUBRI CANTS FROM M XED ALPHA- OLEFI N
FEEDS FIELD OF TIE I NVENTI ON [ 0001] The invention relates to |ubricant
conpositions conprising PAO and/or HVI-PAO basestock made by contacting

m xed feedwekphmisbefins with a catalyst conprising apgEhiRHERe:
BACKGROUND COF THE | NVENTI ON 100021 The viscosity-tenperature rel ati onship of
a lubricating oil is one of the critical criteria which nust be consi dered
when selecting a lubricant for at palticular application. Viscosity |Index
(M) is an enpirical, unitless number which indicates the rate of change in

the viscosity of am Fl ui ds exhi biting
arelatively large

; . —]§§-e said to have a
| ow viscosity index. Alow VI oil, for exarrpl e, W I | thin out at el evated
tenperatures faster than a high VI oil. Usuall the high VI oil is nore
desirabl e because it has hig LH@EEHEW\KI)%H terrperature whi ch
Lter PA tection of

transl ates i bet t eror. t h ri.cat i qn
the contact ﬁ?@ hachi neeelmyy uonsrela*eﬁq%rﬁ)lm%ﬁ 0%30 glmnsag”'. & perating
tenperat ure afPSHIEVBRAO bhestotkSmat ch@hcﬁn@n@wee@uphmldﬁn@%mlmcr ease as

—-(D

much as the viscosity_ of alow VIl oil. This is advantageous because the
excessi ve hi eftalyitsemprisips smetatlaceneow VI oil will decrease the efficiency of
t he operating machi ne. Thus high VI oil has performance advantages in both

hi gh and | ow tenperature operation. VI is determned according to ASTM
met hod D 2270-93 [1998]. \EAGKGR@INE@H’HIEN%EN’E‘[@N vi scosities nmeasured at

40C and 100C ng ASTM Met th D 445, |se a cl ass of
hydr ocar bons“ﬂ@ factu @P&@’f%?{?? ég?ingﬁ) B 98F Pheri zati on
to | ow nol ecifeadritidgl &R&nd)%%%ﬁét wconkma%arw&noflc&fchﬂg a(lhﬁ%aht orpd cal Iy

rangi ng from 1- hexene to 1-octadecene, nore typi caqag roml-octene to
1-dodecene, partipnlar appdieptionas Visvesityodndex (Wibois ah ¢mpiriaabnunitless ammber nat er i al .

Such fluids are for P 671 and
patents ref ert gdﬁﬁjﬁ#g?gﬁe rate {hg‘% %5@?3%}% ? 11 vgg]%g% EE¥tn  as
et hyl ene andtepipefyire i Wﬁhs@x]hﬁhugadelaﬂﬁdl?@rgé buangeﬂ@ha&sﬁwi@ with et hyl ene
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temperature are said to have 2 low viscosity index. A low VI oil, for example,

will thin out at elevated temperatures faster than a high VI oil. Usually, the high

VI oil is more desirable because it has higher viscosity at higher temperature,

which translates into beiter or thicker ubrication film and better protection of the

contacting machine elements. In another aspect, as the oil operating temperature

decreases, the viscosity of a high VI oil will not increase as much as the viscosity

of a low VI oil. This is advantageous becanse the excessive high viscosity of the

low VI oil will decrease the efficiency of the operating machine. Thus high VI oil ’
has performance advantages in both high and low temperature operation. VI is (
determined according to ASTM method D 2270-93 [1998]. VI is related to

kinematic viscosities measured at 40°C and 100°C using ASTM Method D 445.

[0003] PAOs comprise a class of hydrocarbons manufactured by the

catalytic oligomerization (polymerization to low molecular weight products) of

linear a-olefins (LAQOs) typically ranging from 1-hexene to 1-octadecene, more

typically from 1-octene to 1-dodecene, with 1-decene as the most common and

often preferred material. Such fluids are described, for example, in U.S. Patent

6,824,671 and patents referenced therein, although polymers of lower olefins such

as ethylene and propylene may also be used, especially copolymers of ethylene



wi th higher olefins, as described in U S. Patent 4,956,122 or 4,990, 709 and
‘the patents referred to therein. [0004] High viscosity index

pol yal phas ' | - PAO) prepared by, for instance,_polynerization of
al pha- ol e%@ggéﬂl#gvr educed nmetal oxide catal ysts (e.]@&:m%ﬂ?ﬁﬂﬁqﬁh are

described, for instance, in U 'S. Patent Nos. 4,827,064; 4,827,073,

4,990, 771, 5,012,020; and 5, 264, 642. These HVI-PAGCs are characterized by
having a high viscosity index (VI) of about 130 and above, nore preferably
150 and above, still nore preferably 160 and above, yet still nore
preferably 2ath higheradiefins, asndescryed inrU.SoPatemtf4,9366l 2200t 6990;iPScindrtbet eri st i cs:
a branch ratio . of_.le t{lha.n 0.19, a weight average nol ecul ar wei ght of

bet ween 300 P2 rﬁ%{’@%%, FMunber aver age nol ecul ar wei ght of between 300

and 18, 000, [aoofgol ecuﬁ-ﬁghM@ioﬁh}indé:?iaél&ﬂbﬁd—ﬂeﬁﬁmPn@?Prebaﬁﬂ@y,%rand pour
poi nt bel ow -15C. Measured in carbon_nunber, these nolecul es range from C30
to C13C0. Vilsstaeset pelymenzation of ralphampefing) nyegrseducest smatal oxidg catelyets r ange from

3 centistok (" ") KO cst .. e. P h sed as
basest ocks ie(%gé’n%?én%)uénl]aﬂ © Edﬁﬁfgéggc}’l § IPSE%J??’CEW '§'orﬁ%rllta$¥%n£’.§?§%%’al so U S

Pat ent Nos. #82BW35 7499017712 75,0684020; 4t 75,D646424, 9OTRes8 7 BVIL L0, afe 1,
5,012, 020; 5,264,642; 6,087,307, 6,180,575, 03/ 36; WO 2003071369A;
U.S. Patent GAgFcienzad byHiaKme angis yisensty ipdex %%g@%g%@%v%m?cat i on

Engi neers, 53l 140+ 220 dpovaN skl n6ee g&(@gﬁlgywsgb%arhbw%m%resefu' for

i ndustrial oil anéﬁgrease formul ation .S. Patent Application No.
(yet to be gweferpbbd?00 2nd abyoveyamoeneor iore of) dEBoBswingi dhethclpristees: ¢ 29, 2005] .

[ 0005] Anoth dvant S pert.y, of these | - | hat ile |ower
ol ocul ar weTHHE G TP ar e A ok Svarel B lar Mo orhebiihogl,
hydr ogenat e dantl045;000( 4 GRmbBe iverdgl Ymaloehl s el gliti ofdeyweeh S0eandeligs000ak s, hi gher
nol ecul ar wei ght _.unsat urated HVI-PAO ol i goners yseful as_lubricant are

‘P&I'?BF

suf fi ci ent | yneleasryeight-digmnbpton.af Rebysendh and 3 and nour pewnt pelew do hout
ryarogeral, Miaflin Sty PAGAY, ol IR L RO e el
context, t heoftthe HVIHPAO oligamneistuéasured b/ 00PG@mgedion § cendigtolses (ﬂsSIB tvo
g 11 bt =1, i Pige ORI FAS £ 3 aondiF By AGhk i35, O
PCT/ US2006/ Od¢8dal lubricant formulations. See also U.S. Patent Nos. 4,180,575; 4,827,064;

4,827,073; 4,912,272; 4,990,771; 5,012,020; 5,264,642; 6,087,307, 6,180,575;

WO 03/09136; WO 2003071369A; U.S. Patent Application No. 2005/0059563;

WO 00/58423; and Lubrication Engineers, 55/8, 45 (1999); and have recently

been found to be usefu} for industrial oil and grease formulations (e.g., U.S. Patent

Application No. (yet to be assigned) [Attomey Docket No. 2005B085, filed June
( 29, 2005].

[0005) Another advantageous property of these HVI-PAOs is that, while

lower molecular weight unsaturated oligomers are typically and preferably

(D

hydrogenated to produce thermally and oxidatively stabie materials, higher
molecular weight unsaturated HVI-PAO oligomers useful as lubricant are
sufficiently thermally and oxidatively stable to be utilized without hydrogenation
and, optionally, may be so employed.

[0006] As used herein, the term "polyalpha-olefin" includes PAQs and
HVI-PAQs. Depending on the context, the term "PAO" may include HVI-PAOs
or it may be used to distinguish non-HVI-PAOs from HVI-PAOs. Generally,
when PAO is used alone, it implies the products have properties similar to the



-3 fluids made from conventional polynerization process using BF3 or AlCl3
or their nodified versions, as described in U S Pat. 6,824,671 and
references therein. [0007] Polyal pha-o]efins of different viscosity grades

are knownw@adesonszef ul in synthetic and sem -synthetig ol and
grease fornul ations. See, for instance, Chapters 19 toCJBJ9§1|r h&%ﬂ%ﬁll ck et

al., "Synthetic Lubricants and H gh- Performance Functional Fluids", 2nd Ed.
Mar cel Dekker, Inc., NY. (1999). Caompared to the conventional m neral

oi | -based products, these PAO based products have excellent visconetrics,
hi gh and | ow tenperature performnce. They usually_provide energy

ef fici ency dhéfsanade fensycopventional nalyreerizetiorpprpegsh using BEs eudiGl onfheif - PAGs and

HVI - PAGCs, t . | S gy t Lol I -ol efins,
usual ly 1- dreilg%érllg%&ksz%ﬂséi %é?ae% ‘%ﬁ)t/) ecll %i"eﬁr??ggt' gggﬁéﬁgsﬁlgqﬁfg%&g%ﬁ gﬁ] e in large
enough quant[0887] snal Polysiphmdlefins ef aiffereritsvisdosity grdeeas kmown todecene i s

added to make .the quant,ity. It is.qgenherally thouyght that _1-decene is the
nost prefer ™8 _@éﬁ%@é@'@ﬁ@@“@ﬁ@é%mﬁ&m Bs- %e;‘?ngqliet ic
Hydrocar bon ifdiatceSChddYerd 198y 2B1iR HafRick! ., Fig:theb0 Tbribkdd and ¥geh- Dev., 19,

2-6 (1980). Wen mxtures of feed are used, the products tend to be bl ocky
copol yner s rRerfosnance dranctiondb Fwégio Rpdeid Mﬁmﬁbbegk@dllm-,szY-ofﬂ@@Eh at the

or acess. and eER, 6 555 shbuibnsl EbRah sated BiaeRbeo 5 PAabERIZeq by poor
viscosity i npgodies have)exaélibnp @istometyics, ctiipie aad Ubw temppatiré erfadfangs.oduced.

Thus, in t past, PAGs_and HVI - PAGs have general ly _been made using pure
Cl O f eeds. 5 o91ally pepvidesnerey sEiciqncy apd exierided sg1iciifad feeds bei ng used.

For i nst a”ggaodln U. St @nPfifoddetibn & PALE Wn Hf/l-?hléid,t thtOfekd i%‘ % 1-decene

and about t0- 90 wt. % 1-dodecene and are co-oligonerized In E’he presence
of an al cohdimitgdr tonautecspecific elpbanbdfins,]uaialdy daleceneadQechsionalty, ovhenilse to t he
single oligojreri zati.on ..react.or cont ai ni 1- dadece nd a pressurized

at nosphere O c%'c?r‘%ﬂ"ttarVI"“Il"’}}:'?f’olpi]'i'fgt.e mwggtﬂyﬁrlﬂ?”ssn? ?oﬁ%ﬂﬂm nd The various
cuts are hydicaeoal-ddddcends deiedAOmakbras ﬂﬁfqﬁﬁﬂtﬂ'ﬁdltm’geﬁeﬁﬂymghtﬁhaﬂ scosity of
fromabout 4 to about 6 at 100C, _a Noack weight |l oss of fromabout 4 %to

about 9 9% d-dsRol thy medexrelsred fesd (sem seferencey “Wide Fgnperatuns Rangg o pour
oL ! b RISkl g N B 9 oS pAOKL S P
No. 2004/ 003290819, 2H4 (198€)s e Wihep atiytweas o deedcare aisedy dhee products tend to be

blocky copolymers rather than random copolymers and/or products produced at

the beginning of the process are different than that produced at the end of the

process, and the inhomogeneous polymer product will be characterized by poor

viscosity indices (VI) and poor low temperature properties are produced. Thus, in

the past, PAOs and HVI-PAOs have generally been made using pure Co feeds.

[0009] There are specific examples of mixed feeds being used. For

instance, in U.S. 6,646,174, a mixture of about 10 to 40 wt. % 1-decene and about

60 to 90 wt. % 1-dodecene and are co-oligomerized in the presence of an alcohol

promoter. Preferably 1-decene is added portion-wise to the single oligomerization

reactor containing 1-dodecene and a pressurized atmosphere of boron frifluoride.

Product is taken overhead and the various cuts are hydrogenated to give PAO

characterized by a kinematic viscosity of from about 4 to about 6 at 100°C, a

Noack weight loss of from about 4 % to about 9 %, a viscosity index of from

about 130 to about 145, and a pour point in the range of from about -60°C to about

-50°C. See also U.S. Pat. Nos. 4,950,822; 6,646,174; 6,824,671, 5,382,739 and

U.S. Patent Application No. 2004/0033908. All these copolymers or co-oligomers



WO 2007/ 011832 PCT/ US2006/ 027591 -4 produced by conventional Friedel-Crafts
catal'ysts usually are characterized by having extra relatively short
branches, woem7asiseet hyl and ethyl short side chains, peygRdobeiredy t he feed
olefins do not contain these short branches. This is because the

Friedel -Crafts catal yst partially isonerizes the starting al pha-ol efins and
the internediates formed during the elrgonerization. The presence of short
chain branches is |less desirable for superior | ubri cant properties,

i ncl uding Vi d volatilit Lr t he copol rs described in this
i nvéntion w Pﬁoaﬁ?ffl DA %&tﬁ?‘ah%f?g "E atglysis Hsu&ﬁ ﬁ%%‘aﬁq?“f’%é’ Yieed is
propyl ene anﬂa\&n@@&@@a&@vel 8ot RaRHed stk s rSdtihd a6 afhipl dhortisiR dpginy,"ers wil |
be net hyl and n-Cl0H23 si de chains. Except for the contribution of usual | y

less than 595m thongh ks fped plefingidenessentain theseishers branehesy dhistinbeoausee al |yl i c
hyd b t al
cgnt g?gn ?hZtﬂg%g%;?@ﬁswk@yﬁﬁﬁ%&e@%ﬂ*@amh@ﬁﬁg Ql?ﬁopy efitly E{l&/ ,m;tg si de

chai ns that atamediae férnied dweingthé alipafahatiére. The I13l-esaﬂrelof sﬁbﬁfdhaih met hods,

[ 0010] Previous patents report the use of m xed al ha .ol efing _as feeds to
produced co- BTaRERsHEs dessy eélﬁ%% ¢ Jore pupergy Iybgigant op ‘i‘,’éﬁ‘r‘g’gn@ﬁ‘t s. U.S.

patent 4. 827 @ikfi cnatchithet e L3\ erd abGHHEEH BN H@n‘ﬁﬂ%%h% fibesi | ca gel

as catalyst to polynerize Cob ef 1 ns ough I qui d
copol yners m@xtmne@m@diw@ﬁalhybmeqar Hcﬁssfﬁed isepromrlmeyamn-ded;cm shedi f f er ent

pol ymer conposi.tion the 1,0 | the fe reduced
chrom um oxi B’éedS'ng?tﬁ“ie é%& tﬁ%g@wglis vﬁ‘i}‘ltﬁ?r@ %leaﬂd dTI %’F’ﬂﬁa ol efi ns,
such as 1- bum@?t it the bentARMGionasf &suaﬂygékbfthﬁla.i%bfﬂﬁﬁ ﬁélymexraﬁdegﬁahpm t he
al'pha-ol efins 1- decene, 1- dodecene or | arger ol efins [see

conparat i ve &uagsH é§r°l-‘gh Hhe raree allgiq jhydyogemsa t“l“’@é’ﬁl‘?f then @lphaefiy rer ¢ ends
to b b Si s
process. Bot h@?ﬂe" by e ek DS &*éf%% B0 SR b HRle abLNED

properties. gropyl, bnlyy et sadyl cé]amsrthﬁlaagbmseﬂﬂanman-tn;qtﬂlocaiea(leggsf*uedﬂ-\/e al so

been report ynmerize m xed al pha-ol efins. Exanples are US patents
4,132, 663, 5%9%§B%hd 4,163,712. The problemw th using Ziegler or

Zi egl er - Natt{(mopt al ysFr&wbﬁsfaii@{tsfé%%tﬁ@ﬂsdﬁﬂdmﬂd%ﬁ-@leﬁﬁé%eﬂsQf very high
nmol ecul ar hts. As_a result e products are used as plastics and

addi ti ves, bnto eed groeligomers abcapolumers dar ye A% Aybaicans Papenenis c I&S.
Fur t her mor e, pﬁ%ﬁtolf,ﬁliW3tr@pcﬂ‘teld thé L& 8 #'t&uced chromium oxide on silica gel as

catalyst to polymerize Cg to Cy alpha-olefins. Although liquid copolymers were

produced by the process, the copolymer has very different polymer composition

from the monomer ratio in the feed. The reduced chromium oxide on silica gel

catalyst polymerized the lower alpha-olefins, such as 1-butene or 1-hexene, at a

( significantly higher rate than the alpha-olefins of 1-decene, 1-dodecene or larger
\ alpha-olefins [see comparative examples in Example section]. As a result, the
copolymer tends to be more blocky or more inhomogeneous in a conventional

synthesis process. Both are detrimental to the product VI and low temperature

properties. Similarly, Ziegler or Ziegler-Natta type catalysts have also been

. reported to copolymerize mixed alpha-olefins. Examples are US patenis

4,132,663, 5,188,724 and 4,163,712. The problem with using Ziegler or Ziegler-

Natta catalysts is that they can only produce polymers of very high molecular

weights. As a result, the products are used as plastics and additives, but are not

suitable as high performance base stocks. Furthermore, according to all literature

reports, Ziegler or Ziegler-Natta catalysts usually have higher reactivities toward



reports, Ziegler or Ziegler-Natta catal ysts usually have higher reactivities
toward WO 2007/011832 PCT/ US2006/ 027591 -5 smal |l er al pha-ol efins, such‘as
propyl ene, 1-butene, 1-pentene or 1-hexene, than toward |arger

al pha- ol ef WR007941BA2 as 1- decene, 1-dodecene, or | arger PCIAISRG0sMZ759K 1 ef er ence
Macr onol ecul ar Chem stry and Physics, 195.2805 (1994) or 195, 3889 (1994)).
This difference in catalyst reactivity resulted in heterogeneous chem cal
structures for the copol yners, which afe not random copol ymers and have hi gh
degree of bl ocldness. Both characteri stics are detrinmental for |ube
properties. I L1 Ci r uld be

devi sed mhersel?g%]aipﬁgtr?tl%%ﬁ’e%ﬁg%aﬁd&g or m ﬁ%lieg;égﬁ%llﬁ/ %ﬁ%ﬂ% ng an
excel | ent vi twasd fargert aplmeolefins; euaiehaamdncmm p-dodedede,bar Jarged Uedefirisr om a wi de

variety of The ese scovered an
unanti ci pat gb ﬁﬁ‘ﬁ%ﬁg&q"mﬁﬁg g&é@ﬁﬁ?@ﬁ-ﬁﬁ gHBr oduct by
contacting a(1woXgd ThiseBff&tnce nh/ésﬁly@tfre %E’&uﬁ@fﬁ%td%g&@&ﬁ chérhidalan
activated netal I ocene cat al ?/ SUMVARY THE | NVENTI ON [0013 The

i nventi on i sstiiciuses fod theocapalymeps, ovhich e mob randemreopelymess ang nd

an act i vat ccOREPT R RRES 105} ea?ﬁesls&?ﬁ%%a?ﬁ%%erfﬁb%%&ﬁ% “on, o

produce | i qujob1ppl y nerIsWMﬂdIbeWb@EﬁﬁmDEpidcm cbald besleviesd dvh&iébyﬁant
conponents or as functi naJ fl UIS 001% s i nvention is also directed
to a copol ynBRoResRssy StaI‘l 2B "I‘Wg%e&ﬁ Bt BWEFIsEY-of CS to

C30 range angajaingg Scoﬁmnﬁé)g?o}iuceﬁ'ﬁ&ﬁ' WI&%@@#%%&W S. s

preferred that "t he average ar bon numnber ned herein, is at Ieast
4.1. Advant abd&ssly, et hyI ene and propylene, if present in the feed, are

present int unt an 5 oin [ dual I r bly I ess
Phan 50 wroo Ml meq. iearedieiyiled bart dhiovint ah PancuioasBiRedtfncy o
atactic, synglodhéisgh ﬁmﬂﬁwmmnmf HVILPAU]ﬁbdﬁo@byrb@{tamg nefikédfeed bACtiCity.
These copol yners have, useful |ubricant propertie i ncl udi ng excel lent VI,

pour poi nt, LM#@%@EMPE“WB%W@&@W@W @#dystor as bl end
fluids wiwth other lubricants or other polyners. Furt herm)re t hese

copol ymers have narrow nol ecul ar wei ght distributions and excel |l ent shear
stability. SUMMARY OF THE INVENTION

[0013] The invention is directed to an improved process for producing

H

PAOs and HVI-PAOs which employs contacting a feed comprising a mixture of
LAOs with an activated metallocene catalyst, optionally after hydrogenation, to
produce liquid polymers with superior properties for use as Iubricant components
or as functional fluids.

{0014] This invention is also directed to a copolymer composition made
from at least two alpha-olefins of Cs to Csp range and having monomers randomly
distributed in the polymers. It is preferred that the average carbon number, as
defined herein, is at least 4.1. Advantageously, ethylene and propylene, if present
in the feed, are present in the amount of less than 50 wi% individually or
preferably less than 50 wi% combined. The copolymers of the invention can be
isotactic, atactic, syndiotactic polymers or any other form of appropriate tacticity.
These copolymers have useful lubricant properties, including excellent VI, pour
point, low temperature viscometrics when used alone, or as blend fluids with other
lubricants or other polymers. Furthermore, these copolymers have mnarrow
molecular weight distributions and excellent shear stability.

[0015] In an embodiment, the mixed feed LAOs comprise at least two and



[ 0015] In an enbodi ment, the m xed feed LAGCs conprise at |east two and WO
'2007/:011832 PCTI US2006/ 027591 -6 up to 26 different |inear al pha-olefins
sel ect ed fwomdediis® C30 |inear al pha-olefins. 1In a pr&&@ﬁfs%ﬁwm ment ,
the m xed feed LAOis obtained froman ethylene growth process using an

al um num catal yst or a netall ocene catalyst. [0016] In another enbodi nent,

t he al pha-ol efins can be chosen from agy conponent froma conventional LAO
production facility together with another LAO available froma refinery or

hem cal plant, includi I , 1-but N t the |ike,
W Eh 13- hekendb i 28 dibicoh ods lole-vishiscreiseod FOR CpifdirB HBaTNy. 10
anot her enbog gpbteridEBbeBOUE! S 289 DROCH SHMindl 668 dfnghigha- ol of i ns

produced from Fi'scher-Tropsch synthesis (as reported in U , 382, 739) .
[0017] The agtawthpedesswsiag hoglamanunacadlys br g metallocese opthlysthet al | ocenes,

substituted | ocengs o[ bri d al l oce catalysis activated or

pr onot ed by?&#l in;?ﬁn@@{hﬁ’f\/ﬂﬁg‘gﬁmﬁ‘gﬁ -ah’%a'rogﬁ tcﬂbgﬁh?%ﬁ%%ﬂﬁ@] It is an
obj ect of th@ompwRht &M 4 QornveAididP LACE prodesticANfaciliBl fogether withtkbiRer & new PAO
and/ or HVI - PAO conposition froma vari etai,/\pof f eedstocks.. [0019] These and

ot her obj ect $AQ availgble Srom p gefignuen chgmicahpiant, incdwbing prapyere dtbuenes ef er ence
s made to t owisng. dat ai : Lot ion, f e e ents,

exanpl es, ang%ae%%lé'l"r’idéeﬂg- 915,' %emogwg?ﬁ sﬁgﬁ%ﬂ%é%gmﬂ?ﬁ%%[oozol In
t he acconpanytodgctibnafatiligs ,In lahdtkerrepftodiament; thelalplisadisfids cn bs ehoden frofenot e | i ke

parts throughout the several views_ [00 Fjgure 1 illustrate he
rel ationshi p 1 2k '?leg'éﬁ Wﬁ’%@}isﬁﬁ“ @s%@q—éﬁ%p}scﬁ%yg &g (35 rpRRTt Hﬂgtxiénent S
accordi ng tost3ge 7gesent invention in conparison with a product produced

using a pure o feed. [0022] Figure 2 illustrates the relationship of
viscosity i nd@A7] Vi) vEhe astivated rmetatigosns icatalyst can be rsiraplp quetallaseresaccor di ng

Fecd, [0023] rECteRlnGRIPE GidepdilohieRle s AR Gy BREReE e et
in the produgffoyinkstnce, MEO 6Pi for-Ecdedihaig@hiohane mononer in the feed for

exanpl es according to_the esent_invention.
P ?0018] d It is an gf;j ect of the inventiton to provide a convenient method of

making a new PAQO and/or HVI-PAO composition from a variety of feedstocks.
[0019] These and other objects, features, and advantages will become
apparent as reference is made to the following detailed description, preferred

embodiments, examples, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] In the accompanying drawings, like reference numerals are used to
( denote like parts throughout the several views.
) {0021} Figure 1 illustrates the relationship of pour point versus kinematic
viscosity for embodiments according to the present invention in compérison with
a product produced using a pure Cyo feed.
[0022] Figure 2 illustrates the relationship of viscosity index (VI) versus
kinematic viscosity for embodiments according to the present invention compared
with a product produced using a pure Cyo feed.
[0023] Figures 3 and 4 show the mole fraction of an olefin component in
the product versus the mole fraction of same monomer in the feed for examples
according to the present invention.

[0024] Figure 5 is a comparison of pour points between the prior art and



[00241 Figure 5 is a conparison of pour points between the prior art and WO
2007/ 011832 PCT/ US2006/ 027591 -7- enbodi nents of the invention DETAI LED
DESCRI PTI ON [ 00251 According to the invention, a feed conprising a m xture
of LACs wamoteds®rom C3 to C30 LACS is contacted w tpcgpsestidysied

met al | ocene catal yst under oligonerization conditions to provide a liquid
product, suitable for use in lubricant conmponents or as functional fluids,
optionally after hydrogenation. This -7Hxvention is also directed to a

copol ymer conposition made fromat |east two alpha-olefins of C3 to C30
range and havi.n nDno rs.randomy distributed in the polynmers. The phrase
"at | east tﬁﬂlga SISINOR | | " he understood to nean "at | east two

di fferent al pha- oIeflns (and simlarly "at |east three al pha-ol efins”
means "at | east three different al pha olefins”, and so forth). [00261 In
preferred embodi ments, the aVviRER4H.ED) Dﬁéﬁmﬂﬁﬁﬁgﬁ (defined herein below of

said at |ea alp P anot her
preferred eﬁ%dﬁﬁent tAt%ﬁ kg@ﬁ:te Yéug'toﬁy géra?g ca ﬁémé) ene %fl‘é“gl d feed is
| ess than 5Gelstted Iﬁi&ﬂi @ fued, DAY s poth@edinitl ahasﬁvatddaﬁetatbctaﬁé’/oacaﬂydm ned. A

still nore preferred enbodi nent conprises_a feed, having both of, the
af or ement i orf¥der Yigomerization crpdbonsa MEovide %11‘1“15 IF%H" heitablg faguss\iBr age car bon

nunber of at %Qﬁfﬁﬁ ?Qﬁ’ opyl ene is
| ess than Sduﬁmlf('?/oﬁfconﬁmw cygﬁ ?8@% A err mant g%lo?ﬂ%hpro (%t obt ai ned
IIS ﬁn eiss?ntmwnhynnaalmrducttemmdcppqﬂtytnyrreompommr;n ?ﬁd@fmmeatalfbasltewet t wo il
al pha-ol efin i S_nean e of jordinary ski
in the art vﬁi‘?ﬂo‘}i ?g"‘né @WJX%F Eg{tgng{ng B@%W@&t&ﬁ%ﬁ?@l . O her
char act er i zgjolyahérs.0The plirdmMacREst tHe a@h@bte\ﬂhs'cmn R dprsfol ié ﬁiéaﬁJT'atm)r e

preferred, are provided herein. Likewse the term"liquid" wll

under st ood H§ashtwo ofifferen Aahaolefing"| (apﬁ simdarky {"at lsagt theeecalphacgl Eﬁlisé'd
characteriz ) e I n describing the
products as%éa% at‘r?%agtittﬁﬁg cer ?@Pir?&%ﬁh%é%{)@ |@ha olefins (at |east two

di f ferent al[po26] oI ef qu:}re;fexwdeembod:mdnta,aﬂlp Sierdgk uarbontmmber (definedssessi on of

t he present disclo hat mh I bed in the
pol ymeri zat i i5F° 3FP él fﬁ\é\iﬁﬁq‘?ﬁ{]‘%@n E E‘f "fﬁ‘ﬂ rlét :llegg g?‘d%ertai n
nunber of al E@tbﬂﬂxepbﬂfdn@d embodiment, the amount of ethylene and propylene in said feed

is less than 50 wt% individually or preferably less than 50 wt% combined. A still

more preferred embodiment comprises a feed having both of the aforementioned

preferred embodiments, i.e., a feed having an average carbon number of at least
4.1 and wherein the amount of ethylene and propylene is less than 50 wt%
individually.

[0027] In embodiments, the product obtained is an essentially random
liquid copolymer comprising the at least two alpha-olefins. By "essentially
random” is meant that one of ordinary skill in the art would consider the products
to be a random copolymer. Other characterizations of randomness, some of which
are preferred or more preferred, are provided herein. Likewise the term "liquid"
will be understood by one of ordinary skill in the art, but more preferred
characterizations of the term are provided herein. In describing the products as
"comprising" a certain number of alpha-olefins (at least two different alpha-
olefins), one of ordinary skili in the art in possession of the present disclosure
would understand that what is being described in the polymerization (or
oligomerization) product incorporating said certain number of alpha-olefin

monomers. In other words, it is the product obtained by polymerizing or



nmononers. In other words, it is the product obtained by polynerizing or WO
2007/ 011832 PCT/ US2006/ 027591 -8 ol gomeri zing said certain number of

al pha- ol ef wp spfeRRs. [0028] The descriptions herein fgliow 61@751,?er| odi c
Tabl e of the Elements as set out in Chem cal and Engi neering ws, 63(5),
27 (1985). [0029] LAO Feed [0030] By "m xture of LAGCs" is neant that at

| east two different linear alpha-olefigis are present in the feed and up to
28 different linear alpha-olefins are present in the feed. It is a
surprising discovery of .the present invention that the rate of

i ncor por at i orPligPmERZBeEAId ceriginuhst plalphaleBHERBYRES s substantial ly the
Sane regard' 3?6 i thegﬁér Qs%ﬂ {HE R e FotfoiPthb PRASdIC FeRED F‘Bieeélb& entgnd It 1S
further prising scove y that the incorporation of nononers in the
pol ymer cha| rasiset out EsEhemicd! hyd Eaginkenng Neivs, @(3)odB(1985). a t remendous advant age
In selecting the feed conposition to achieve a presel ected target product.
This also allows the advantage of producing a new copol ynmer conposition
with a substapbigl | y rq_mtpp@ednononer distribution, resulting in superior

vi sconetric pro ertles at both hi and Iowterrperature range. [0031] In
enbodi nent s V\W@&H t he @e‘@ﬂ@%@f g-&@éélla‘ mepnttattad leagpiwondifferent Hoeareed wil |
conpri se any e re conprise
at | east tm%e#a%%?ﬁr e%'g?}e?eﬁr?%tgégeg &P%W ?J(I)%Ir:% améap%pf'ae'glg |ve or at

| east si X, Opreseht incihe tfecde VBN, a Nirpriding discuves afithe preseht $vedtion thiaf ther ent
f eeds. The, enbodl ment s, may. be further charactg kﬁgd by hawgllg no single
LAO present |TteRf m‘é’l‘ﬁﬂﬁﬂ""g&/é‘éﬁ@m"ﬁ”ﬁ&w the Pok nevis sehstaptialdy thgr 49 w94

or 40 Wt % Ofap3eprdleslof He c'iﬂaowtnmﬁbexoéf B liddar %ph%’e%ﬁ, W it flBd32] The

amounts of LAO present in a feed wll be specified herein as percent by
wei ght of theSlemsmgedlmﬁmthajfthe_m@npnraune Ofmomglrsllesﬂec palyreendbam isspeci fi ed.

Thus, it wll eﬂ gg ec}ﬂs%%wtsl%lon nﬁ% &iv gpsf (,%atﬂefe%ﬁrt (with

respect to th%SS atlon reac such as a

carrier, a SO&dt@%tsmo@rtooidlh&lVeod eieseleammempmdpbteselnﬁs hlsatallosavsnme an LAG
Exanpl es are propane, n-butane, iso-butane, cis- qr trans-2-butenes,
i so- but enes, adar g5 Produsing gy cepsi@erraRpositionwith aspbstgntialleragdomy; + n

1- but ene fee ol fsulh t;ﬁ Fﬁpéd@%éc&%eh@t;ﬁ-&ﬁ&‘ﬁes%%kﬂ‘ﬁlgﬁr

vi nyl i dene ol e19| ns t(ﬁat are prese
and low temperature range.
[0031] In embodiments where the feed is selected from C; to Csg LAOs,

the feed will comprise anywhere from 2 to 28 different LAOs. Thus, the feed may

comprise at least two, or at least three, or at least four, or at least five, or at least
six, or at least seven, or at least eight, and so on, different feeds. - The.
embodiments may be further characterized by having no single LAO present in an
{ amount greater than 80 wt%, 60 wt %, 50 wt %, or 49 wt %, or 40 wt %, or 33 wt
%, or 30 wt %, or 25 wt %, or 20 wt %.
[0032] The amounts of LAO present in a feed will be specified herein as
percent by weight of the entire amount of LAO in the feed, unless otherwise
specified. Thus, it will be recognized that the feed may also comprise an inert
(with respect to the oligomerization reaction in question) material, such as a
carrier, a solvent, or other olefin components present that is not an LAO.
Examples are propane, n-butane, iso-butane, cis- or trans-2-butenes, iso-butenes,
and the like, that maybe present with propylene or with 1-butene feed. Other
examples are the impurity internal olefins or vinylidene olefins that are present in
the LAO feed. -



the LAO feed. WD 2007/011832 PCTI US2006/ 027591 -9 [0033] It is preferred
that the anmount of ethylene in said feed be at |east |ess than 50 wto/o and
generally nuch less than that, e.g., less than 5 w% nore preferably |ess
than 4 wt 9@ 200%84Rhan 3 W% or less than 2 w% or | cREI/GI6027SN % | n
preferred enbodi nent, the anmpbunt of both ethyl ene and propyl ene, on an

I ndi vi dual basis, should be leis than 50 wt % and nore preferably the

conbi nati on of ethylene and propyl ené”’should be | ess than 50 wt% nore
preferably less than 40 wt% or 30 % or 20 wt% or 10 w% or 5 W%

10034] In ot w33fnb0d'w%%feaeamtﬁ@m&ﬁn%@\eﬁ% ﬁpsﬁayeeaedeem@stfrom 3
to C30 LAGCS, 4 16 LACS, CSto C18, C5 to

C16, Cb to &26thaac® withandbeeernily a0sh 1’@5 than that e.gcdessdhan s wt¥omore C16 LACS,

C6 to C18 LA Cl4 amng .ot her i f.e sour ces, such
25 any PowePrarimy sP ot il B 1T R LG ou RS Bk oSy be R B T ot her
enbodi ment s, wt?/helnf;mdremdﬂbomiw IﬂS&:ﬁdunk&ﬁlﬁdth&hﬁem)ﬂﬂrﬁigpﬁﬁieﬁﬁﬁﬁd from
propyl ene, 1-butene,l - hexene to 1-heptene_an | east one

nononer sel eé@@ﬂdﬁﬂbﬁﬂlﬂzﬂ@l@b‘a Eﬁﬁoﬁan 80 wt¥oad most prsezably) the is
| ected f f f eed
T oy By i oy Y U S R 2

Anot her pr ef d0meth, en3owideen R0 me%aof Hewt%,cn 5pribts i ng 1- but ene and 1 dodecene,

1-tetradecen d m xjur er,gof ot he red enpodi is a feed

conpri si ng Jﬁl@ 17 gr?ﬁ’"ﬁ‘“‘%&d&?@%@“&hﬁ% HPF@ m' xtures

thereof . Anotda%cwmeg rcsdoeqppﬂogr&tgttocz;, tacﬁmszomgnalcﬁg,gt&cmxene and
0

1-octene, 1-dodecene and 1-tetrad ecene, an m Xtures there Anot her

pref erred erriS’ed? %A‘D& Gy 10 £odLAOEK 9iGrg Os B Ehe ks to SnaLAORSetaCiand (

;dsggfgggg fee %‘ ¢k frt')(i‘%(%r(;qmt%gépm %@ésupplfgeg % dvaa#%gﬁ(?;l iys

1- hexene. Thdsveerdingit listed/ haemrtoanpfupﬁerhﬂme histed hérein. aiheothar\eaibodiments r om
conventi onal rqocesses, and, have recent|] en produc I nt ntionally
T h o vi o dkEt BT AL PR Parater Seleted EpB AR ISte, FBWEne A | abi ¢

commer ci al |y ghhten, MURGAR! to TI-RE&mE aR8 AF RaSiShe mEBRERY S6lebd &Bﬁﬁ@u—ﬂwer se
sour ces, there I s advantage in using 1l-hexene as one of the feeds. The

presence of =2lpha-olafims. Qptionally pwe meramdr inselertadfrag ¢ iand S alph-elefinsn g

preferred A preferred embodiment is a feed comprising 1-hexene and 1-dodecene, 1-

tetradecene, and mixtures thereof. Another preferred embodiment is-a feed
cemprising l-butene and 1-dodecene, 1-tetradecene, and mixtures thereof.
Another preferred embodiment is a feed comprising 1-hexene, 1-decene, 1-
dodecene and 1-tetradecene, and mixtures thereof. Another preferred embodiment -
is.a feed comprising 1-hexene and 1-octene, 1-dodecene and 1-tetradecene, and
mixtures thereof. Another preferred embodiment is a feed comprising 1-butene
and 1-bexene and 1-dodecene, 1-tetradecene, and mixtures thereof,

[0035) A particularly advantaged feedstock from the standpoint of supply
and availability is 1-hexene. There are many source of 1-hexene. They are
avatlable from conventional LAO processes, and have recently been produced
intentionally in high yield and cheaply from ethylene. Pure 1-Hexene is now
available commercially from Fischer-Tropsch processes . Because of these
diverse sources, there is advantage in using 1-hexenc as one of the feeds. The
presence of 1-hexene in the LAO feed from 0 to 95% is suitable. In a preferred
embodiment, 1-hexene is present in the feed in the amount of about 1 wt % or 10
wi% to about 85 wt% or less, 80 wt% or less, 75 wt% or less, 67 wt% or less, 60



enbodi nent, 1-hexene is present in the feed in the anobunt of about 1 wt % or
10 w%to about 85 w%or less, 80 wt% or less, 75 w6/0 or less, 67 w % or

| ess, 60 WQoaBPnifadl832 PCT/ US2006/ 027591 -10 wt % or % or
| ess, 40 wt % or ﬁess, 33w %or less, 30 wt % or Iesl'lcj‘i@%mo?}827 or | ess,

or 15w %or |ess as preferred enbodi nents. The sanme is true for 1- octene,
whi ch can be produced sel ectively fromg-heptene isolated from Fi scher-
Tropsch synthesis, or from butadi ene as described in WO 9210450. O her

al pha- ol efins such as propyl ene or |-butene or conbinations thereof are

al so very ad&menlg®sod Whkcarless, 49 widkplox kss. 34 vt P46 pieesnd0 wit & ¢rdes3i 26/ avai | abl e
fromrefineryy, opp, fLo PSGH%CJ?%&g.?{uref’én%ﬁteﬁlbocﬁﬂx%néoﬂecsﬁmgflsﬂeoﬂ hene can be

in pure form(asin em cal grade I"'ene "or as ner grade
propyl ene) olctetie, Band:t camcbe prédlrcecpael&tmlqmdnemmepﬁnemhtedrﬁm Beschappr opri at e

forms. The squrce of 1-putene carL be in al grade
1- but ene or &@RSFP pitesisy 0 butdiepg, %&%ﬁmﬁgﬁé@ Qfﬂer?tlﬂ}lﬂane but ene
stream such opginkahin Q@tp?ol\lﬁérléﬁé orRﬁb{it%h@ of c%ﬁibﬁaﬁbn@&e&bﬁwaﬁa verP'

i nstance, in U S. Paten 9,159), or other appropriate form
1- Pent ene candedntagedus hesage ampahee aid l-ﬂmtea@lmrm@giarcavm@&sﬁ'omneﬁmey m xed

feed. This 1- n.b ed fro tha steamcr unit, from
ot her reflnelﬂtp/%éI grggengpﬁpiag% ?hﬁs%rﬁ%f% G ﬁt"f'l@érf‘gc @’gé%

Simlar to lcheiiRMegralld pRiphiede wemkSnt @n@d??‘ﬁﬂ Py }ﬂrﬁﬁePP k& ene or 1-
pentene can vary from1l to 95%in theﬂbm xe fee%lhfo dglggndl ng_on the needs of

the product (@qonﬁ@rnrméme[m%] orTpibersenprensiaty forme  Thpsowsca el nbuteseous| y fr om

et hyl ene gro o e 9, 385;
4,935, 569 (a\r%#ilnurre%ous erﬁlencesaééltﬁgdd3l i]Rer el nfgg gpbligmg%?%dgﬁd in
Chapt er 3 of butepg or and“%ustreamAl Giut&nednhtehe nedredppsiicha tas ORsffinlstedbook, Mar cel

Dekker, Inc., 9, The O ma m t hi r ocess
contains onl ﬁlﬁm a&l‘@ﬁ“ﬁﬁ& fE B%tl‘éﬁ%fn%a*@gﬁ gt@%ggﬁg T odd- nunber
olefins can @&&@aﬁﬁoﬁ%@f&ﬁomﬁhﬁﬁé&arpmmtﬂ%woﬂefwtﬁﬁhvﬁﬁ@géhlfé@sOf wax,
such as petrol eum wax, Fischer-Tropsch wax, or_ any other readily avail abI e

hydr ocar bon ey e@m@dé‘gqql aT % L ipentergiean be igolaterl frome paphihapsiesn sxpliRgsi s

process, as {escgl o A g 3 erences
t herein. LAO % r e%ﬁ%eﬁn%g?ﬂn%%ﬁggsﬁggm Secs?Frs %%Cﬁégg@b\?\%&?s{] can
produce si ngimﬂamto hiexent sin afibodins tieel phaund lof fpnepylene, 1-butene or 1-

pentene can vary from 1 to 95% in the mixed feed, depending on the needs of the

product properties.
[0036] The source of the LAO is advantageously from ethylene growth
processes, as described in U.S. Patent Nos. 2,889,385; 4,935,569 (and numerous
references cited therein); 6,444,867; and in Chapter 3 of Lappin and Sauer, Alpha-
( olefins Applications Handbook, Marcel Dekker, Inc., NY 1989. The LAO made
from this ethylene growth process contains only even-number olefins. LAO
containing both even- and odd-number olefins can also be made from steam
cracking or thermal cracking of wax, such as petroleum wax, Fischer-Tropsch
wax, or any other readily available hydrocarbon wax. LAQ can also be made in a
Fischer-Tropsch synthesis process, as described in U.S. 5,185,378 or U.S.
6,673,845 and references therein. LAO made directly from syngas synthesis
processes, which can produce significant amounts of C;-C;s alpha-olefins,
containing both even- and odd-number olefins.
[0037] In an embodiment, it is advantageous to use a high quahty feed

with minimal inert material. However, LAO containing other inert components,



cont ai ni ng both even- and odd-nunber olefins. [0037] In an enbodinent, it is
advant ageous to use a high quality feed with mninmal inert material. ‘ '
However, LAO containing other inert conponents, WO 2007/011832

PCTI US2006W020®®11832 11 i ncl udi ng sat urat ed hydr ocar bon®CTiust@smzriseior
vinylidene olefins or aromatic diluents can also be used as feed. In this
case, the LAO woul d be reacted to give polyner and inert conponents wll be
passed through the reactor unaffected: lfthe pol ynerization process is also a
separation process. [0038] Another advantaged feedstock conprises 1-butene.

In certain 'mHEE '\%ﬁ&e | Si o) °o§iﬁout 80 wm %
preferably S&Wﬁt g a tg&f‘h%&% qg’nglﬁegl?ag}r)g‘ Zirnggﬁl{l/lga%%?m%éa& of&o about 75
W% is advadihkgewas alspdetuseldsafedd) Intikis ease, thh d.AQ enaldcdbeaasdidtorgiveber of said
feed is at least 4.1. It is particularly, advaptageous when the feed al so
conpri ses at PPRymet andongt %f&?onzsfswﬂ%? Basé%@["“@g the repctor upsifcgted. ofhey | east
one al pha- ol gfi s is A1EP : 14_1 Cl10 to C24, Cl2 to Cu,
Preferably Cﬁi@gﬁ%fgﬁﬁ%ﬁsg}%?efﬁ@*%% f"'Slst is preferred that the average
car bon nunbef0038] t he fAnathérsadvantageaisfeedstodk cythpiises t Woutepperinl ¢ariain of aver age
carbon nunber _js..not a criti.cgl characteristi f the feed w1 be

ot o nat ur a) PPPRERER SR Bel FES SREPAUVEFTR b PO b atert@bl s Ly
"essential | ywiBN@OmRdut P31 6.0 kioke preferably Uit R5 URDE ko laboitt 75T8Mtedes gi ven as
C20- C24 al pha-ol efins, C18 or Cl6 or Cl4, or other Er eferred upper limts

gi ven her ei nadvantageouypartigdartyavherpin therierageparhon of said feedds 8t t o t he
average car . - ' | Iigtefh Anot her
preferred e#%%ﬁienﬁﬁgP%E?%J}g’eﬁé%[ﬁ@%?%&fgép@gef%deaﬁvér?rbéﬁip%y é a m xed feed
as descri bedwt¥ ordiywitheo sHout 8@ wifoan Gtiewifd ohatdeastrmxdalplmarslsfimselededt her wi se
descri bed herei Vi er age carbon nu r of bgtween about 4.1
car bon atonsﬂﬁﬁ’gssfﬁ%tﬁ%@h%, %ﬂﬁe?’?mglg(gfg?‘g‘f‘&]ﬁp?@ hﬂfm greater than 5
carbon at ons[gg39] €ss thaprefered Hab®B aMdrigFoarRthuiDeLofithe feRf a4t Yedst OM gr eat er
than 5.5 carbon _atons to less than 11 carbon atons. The average_val ue of

t he car bon nédbdVhijethe Bppes imitfisveregsramoamumbesis got 3 ¢riticabeharagienistit al sum of
th le f ' . -0l ef . . th

al prin- ol ef | ngf [ 1684, (R WP bPriRerd oBlukdlly BhifEE ok Afe SHRAGAUBRER & 02 |
many possi bl prodoctiss aat essestidlly randvne liguid ipobmetyf £ nsefdl upperlimiiangebdon nunber s

of the LAOT Sﬁgﬁ as ZOQEH a?&ag:rle h’e Cﬁ;oc;si's 1? lo? C.4, or other preferred upper limits

given herein below. Average carbon number, as used herein, refers to the average
carbon number of the C; to Cs alpha-olefins in the feed. Another preferred
embodiment is to select a mixed feed, which may be a mixed feed as described in
any one of the aforementioned embodiments or as otherwise described herein,
having an average carbon number of between about 4.1 carbon atoms and 14
carbon atoms, and more preferably from greater than 5 carbon atoms to less than
12 carbon atoms, and more preferably from greater than 5.5 carbon atoms to less
than 11 carbon atoms. The average value of the carbon number ("average carbon
number") is defined as the total sum of the mole fraction of each alpha-olefin
times the carbon number in the alpha-olefins (Cay = ¥ (mole fraction); x (number
of carbons);). There are many possible combinations to achieve this preferred
average carbon numbers of the LAO feeds. Examples of the possible
combinations are summarized in Table A. Note that in Table A, "eq. mo" feed
comprises equimolar amounts of even-numbered alpha-olefins from Cg to Cys. All
of the average carbon numbers listed in Table A are preferred feeds, and preferred

feeds also include a range of average carbon numbers from any lower amount



conbi nations are summarized in Table A. Note that in Table A "eq. no" feed
conprises equi nol ar anmounts of even-nunbered al pha-olefins fromC6 to CI S.
Al of t carbon nunbers listed in Table A ar f eeds,
and pref eﬁggxﬁgaggggs al so include a range of average cé’?g}éﬁ%ﬁ%"ggs from any
| ower anount WO 2007/011832 PCT/ US2006/ 027591 -12 listed in Table A to any
hi gher amount listed in Table A [0040ip A particul ar advantage of the
present invention is that it allows for the production of a product that
closely mrrors the properties of an oligonerization process using a single

feed of 1-dedisied imTabidito art igher pmguntiigtednan TalpAeci abl e anpbunt of 1-decene
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decene, or 90 wt % 1-decene. Preferred embodiments include feeds where any

. one of I-octene, 1-decene, and 1-dodecene is less then 70%, 50 wt %, or 40 wt %,

or 33 wt %, or 30 wt %, or 25 wt %, or 20 wt %, or 10 wt %, or 5 wt %, and/or

wherein the total of 1-octene, 1-decene, and 1-dodecene is present in the
aforementioned amounts.

[0041] E One of the adva;ntages of the present invention is that a feed may

. be taken directly from another process without laborious, time-consuming, and/or

cxﬁensive isolation of one or more monomers. Thus, for example, a preferred

embodiment is a feed used directly, with minimum isolation, from an ethylene

growth process. Usually, LAO processes produce Cs to Czp LAO with small

amounts of Czo LAQ. In typical production processes, each individual Cg to Cyg

LAO is isolated from the crude mixture by careful fractionation. Usnally each

s LAO has it unique application. This fractionation step adds cost and complexicity

to the LAO production. In the present invention, the whole range of C; to Cyps

LAO directly from the oligomerization process can be used as feed, with only a

separation of the light gases. There is no need to separate each individual fraction.

Or, a wide range of LAO from Cs to Cy distilled in one fraction to separate it

from the heavy Cyo+ bottom can be used as feed in this invention. Or, a wide

range of LAO from Cg to C;3 distilled in one fraction from the remaining heavy

LAOs can be used as feed. And so forth for any range LAQ desired. This whole

range or wide range LAO which requires no or minimum or simple isolation is a

superior feed for this invention. To be able to use this whole range or wide range

LAO offers economic advantage and furthermore, the product properties are
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2007/ 0 1 1832 ¢lefinsygodeed by dexodf suck processes, comprising, for example, nine different
alpha-olefin oligomers of ethylene having from 4 to 20 carbon atoms, may be used

directly in the process of the present invention with minimum isolation of the bulk (
of the alpha-olefins but without the necessity of separating the each individual
oligomer. Mixtures of linear alpha-olefins (LAO) produced by other processes
such as steam/thermal cracking of petroleum-based slack wax or more desirably
from the steam/thermal cracking of wax derived from Fischer-Tropsch (FT)
synthesis as described in the paper “Gas-to-Liquids Technology Provides New
Hope for Remote Fields” published in Lubricant World, October 2000, page 30.
By properly selecting the cracking conditions, alpha-olefins ranging from Cs to
Cjs can be produced in high yields, as described in US Pat. Nos. 5,136,118;
5,146,002; and 5,208,403. In all these cracking processes, the wax derived from
GTL process is the most desirable feed because of its high purity, lack of sulfur,
nitrogen or other heteroatoms, and its low aromatics, naphthenics, and branched
paraffins, content.

[0043] Mixtures of LAOs can also be produced directly from Fischer-
Tropsch synthesis using special catalysts, usually cobalt or iron based FT
cataiysts, in combination with a synthesis gas with a low H,/CO ratio. The
mixture of alpha-olefins with only even carbon numbers or with both odd and
even carbon numbers can be used with minimum separation as feed for this
invention, or can be separated into different fractions. Fractions with no other
special use can be used as feed in this invention process to yield high quality
synthetic fluids. This approach provides a method to optimize total LAO value.
Examples of the feed compositions are summarized in Table A. In many cases,

the preferred feeds are chosen from Cs- to C; alpha-olefins in combination with



whi ch often contains about equal nolar of 1-octene and 1-dodecene. Thus, in
an enbodi ment, the feed used in the present invention does not contain
1-decene, wip0ewiaaens 1-decene in an anount | ess than priRiboosoMs %0 Or | ess
than about 5 wt % or |less than about 10 vt % or |ess than about 20 Wt %
or less than 30% or less than 50% or less than 60% or |ess than 70% and
al so an enbodi nent wherein the feed #16m one of these preferred enbodi nents
not having an appreci able anount of 1-decene is used to produce a product

havi ng substantjally_sim roperties as roduc roduced using a feed
conpri si ng s_li‘Bthh%P])F{g? 1% quﬁm I‘;-Bo gc@’ﬁ% 1p 0 52? afﬁaf/g’ﬁfﬁ’iﬁ‘gc&ﬂ'é.apﬂ”@?ﬁ%r red
embodi ment s ijggkyeg tﬁ@égﬁld’@ﬁ%ﬁm us& 6P hidimea SistntslofHRee Nehe €1d

1-dodecene is | ess then 70% 50 wt % or 40 wt % or 33 w % or 30 Wt %
or 25 wt % andfh WiOs@regisually inhighdemand fom ofher applicetionswinshes forube total of

1-octene, 1-decene, and .- ne i,s.present | for nt i oned
anounts. | Ooﬁ]co“& OB fﬁ%ﬁ@%@ﬁﬁflgﬁgsugfsyﬁtﬁ%smpérgg é&nﬁl ?ﬁ%/%rnﬁ@ﬁﬁﬁsgipt hat a
feed may be dligk@eriztioe pidcyssés, GiichpBEr-deve &Feed) OE Ty ah@ Oy dlfhds |

ti me-consum ng, and/or_ expensive isolation of one or nore nononers. Thus,

for exanpl e, oefimsareavaidable, thepdhayiranbe pdded ap petofifieteedi rect |y, with nini num
isolation, fr n eth s OF ERS 41 , ) S produce
C6 to C20 LAC[JEg\Aa@h smaﬁ eaiaglrtrlggnttg %PO Eg%+ﬁfﬁysq+ﬁéé€§p?%§?@%ggﬁe§?i§on
processes, eadhtaimimy brackhes tHa6 atecat (east twioACArbensiasvaly dtomal tHer alefiriib dowbleide mi xt ure
by careful fractionation. Usually each .LAO has it unique l.ication. This
f%lacti onat i orP°§“tE‘%Ba“a?}B%BEB§°td £ ec?)fan%F SREYrG compogents,. %ﬂ%ﬁ%&ﬁlﬁeﬁ?on. In the
present i nveniijalblefind SnoMif! £meMPDe-petiterdes of &h%ﬁpﬂ}ﬁ@ﬂkﬂ%ﬁh&léﬁh@m t he

olsi gomeri zati on_process_can be Used as .feed, with only a separation of the
| i ght gases. prodiced frempgiseheegropechswpticsis prasaswsteriffom wagwmckingaeedesh. O, a
w de range of . LSELd | i.n i rate it
fromthe heav'lgldeg &&gg)t %ﬁ%&%ﬁ@h@é@ gggfbgeﬁg?ﬁm%tlﬁ%t };v%’c@efr? i%‘ﬁéga, a wde
range of LAO desaibe@abdve afdedgdi stilled in one fraction fromthe renaining
heavy LAGCs can be used as feed. And so forth for any range LAO desired.
This whole range or w de range LAO which requires no or mninmum or sinple

i solation is ppqsyuperi %l}&_ﬂ:ﬁ[é%tfoﬁrc&ﬁ@si:ﬂéiﬁn“ on. To be able to use this
whol e range or w de range | of fers econom c advantage and furthernore,
the product dPe4rties Tglse-mmmlcm%aml@@w Catalpe 65ySiRms oamprising, 2

metallocene compound (Formula 1, below) together with an activator such as a

non-coordinating anion (NCA) activator (Formula 2, below, is one example) or
methylaluminoxane (MAQ) (Formula 3, below).

03
B(CaFs)}4
L ¢ L1, @h('Me Formula 2
A L{sz H e ,
Formula 1 NCA

V)

| Formula 3
Chg
MAQ

[0047] The term "catalyst system" is defined herein to mean a catalyst
precursor/activator pair, such as a metallocene/activator pair. When "catalyst
system" is used to describe such a pair before activation, it means the unactivated

catalyst (precatalyst) together with an activator and, optionally, a co-activator



superior. [0042] Under certain reaction conditions, ethylene may be used as
a "growh reagent” to produce al pha-olefins which are | ow nol ecul ar wei'ght
pol ymers (oligomers) of the growh reagent. Such reactions are descri bed,
for inst3pgse7hfisis S Patent Nos. 2,889,385, 4,935, 568cta8shoé)sbyB0us
references cited therein); 6,444,867, and in Chapter 3 of Lappin and Sauer,
Al pha-ol efins Applications Handbook, Marcel Dekker, Inc., NY 1989. The
entire mxture of olefins produced bylbne of such processes, conpri sing,
for exanple, nine different alpha-olefin oligoners of ethylene having from

4 to 20 carbgn atons, y.be used direc ILn. the process of the present
invention w (lzﬂmﬁiaﬁf X@Bﬁm&l‘%ﬁ?’ﬂw W"R 1t. 151"‘.9'?6(1‘5 dé?F‘[Sﬁ?&-sB‘fhe"f PHS but

wi thout the negesivitionOft HARF IRdcHGtd 8t A5 And MY AHIRBE or SthérdMRe- M Xxtures
of linear al pha-olefins (LAO produced by other processes such as

st eant t her nalbalaneiog imwiety f qrospre. thid activiated| "satrlydfasystsm”moae optiosallybl y  from

the steanl thermal. cracki rived . . Fi scher-Tropsch (FT)

synt hesi s as%aus 275 e’ P@gﬁ%ﬂ%@%@ﬁﬂr&%{ggﬁ %51%9&%% Ie%’echnol ogy Provi des New
Hope for Renyo@sfi el ds'The uhtthlideesk i1 doldetddC @i \dhel dr bleoboipadd, page 30.
By properly selecting the cracking conditions,_ alpha-olefins ranging fromC5

to Cis can #ecosdigade Serpulant, ghove. o laFormulagbsMy iSariected BiompGFOUPNGs .

5,136, 118; - . . :ﬁﬁum' a éﬁuﬁfﬁ? [, 5 cepses, the
wax derived %%%ﬁo%aés?@%é‘%gﬁ?%m? e m)(g{)’ he& ram%’?‘ge gg%g&g’eﬁgf its high
purity, |ack ané Iubfeundependentlp gelacted fwirh eyclopentdzayb(Cp™aintenyls ahdw
aronmatics, naphthenic¢s, and branche araffins, cont.ent. [0043]. M xtures of
LAGCs can als “B’ée“b'jrjg’g?f@e‘aayd G ?q@tegpﬁﬁp%%m@_m%rvgﬂ ﬁ“%&’ﬁlp %" using
speci al cat alby@fogendtéit) A hy af @ptibrial GrideingNgrbgs GchidhTif srataat,yint srefeirad '

conbination with a synthesis gas with a |ow H2/CO ratio. The m xture: of

al pha- ol ef i nmﬂﬁﬂf@i\fﬁ i sglgetad gialieylpilyl diallsylmethivh eflermiyl G§&LLA-), even
b i g : ke
Chventi on oS laff (EREERMY, el AN NO Ryt B Aleal B1° L

ot her speci ab Cysalky amlidat onyshedylawlyl cadyliradicd iand the\tikes andrwherat esch of 0 yi el d

hi gh lit thetic flui Thi h i des.. hod. t tim
Foral "LAO VAt Tmah ok 5of Xt 4fE° raaobBngoebe For et RAR 288  n Tabi o
A. I'n many C%ﬂé&groxfggﬂrem{r;ﬂflfi@élsded BERSCAIECS RASER drf Brandhdd chain 1 :

al pha-ol efins in combination with WO 2007/011832 PCTI US2006/ 027591
groups), hydrogen, C; to C; alkyl or aryl groups, haloalkyl, and the like. Usually

relatively more highly substituted metallocenes give higher catalyst productivity

and wider product viscosity ranges and are thus often more preferred.

[0049] In using the terms "substituted or unsubstituted cyclopentadienyl
ligand", "substituted or unsubstituted indenyl ligand", and "substituted or
unsubstituted tetrahydroindenyl ligand", "substituted or unsubstituted fluorenyl
ligand", and ‘"substituted or unsubstifuted tetrahydrofluorenyl or
octahydrofluorenyl ligand" the substitution to the aforementioned ligand may be
hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl, or germylcarbyl. The substitution may also be within the ring giving
heterocyclopentadienyl ligands, heteroindeny] ligands or heterotetrahydoindenyl
ligands, each of which can additional be substituted or unsubstituted.

[0050] For purposes of this invention and the claims thereto the terms
"hydrocarbyl radical," "hydrocarbyl" and hydrocarbyl group" are used
interchangeably throughout this document. Likewise the terms "group”, "radical”
and "substituent” are also used interchangeably in this document. For purposes of
this disclosure, "hydrocarbyl radical” is defined to be C;-Cioo radicals, that may be



-16 another olefin or olefins chosen fromCl2 to C20 al pha-olefins. This
approach |eaves out the Cs and Cl O LAGs or uses only m ni nrum anounts of

them The Cl O LAGCs are usually in high demangdpginsiobss
appl i catW@%@?mﬂE}%ﬁ as for use as co-nononers for polyethylene plastic

synthesis or used in BF3 or AlICl3-based oligonerization processes, which
prefer 1-decene as feed. O if Cs and8G O al pha- olefins are avail able, then
t hey can be added as part of the feed. [0044] In addition to LAO used in

this process, other_.alpha-olefin cont ai.ni ng _br.anches that.are.at |east two
carbons awa %omwgé’o?ref’y(ﬂct aﬂ‘it}’ﬁkfeé‘ ¢ hﬁd?ggﬁﬁcﬂs?nbaémﬁ%técd B one of the
m xture cornjpagige tsibstitadhyd®ocbyl hasals, HaRRab9l eddiduss, | vl sifbetituted

4-met hyl -1 -pentene, or other slightly branched al pha-ol efins produced from
Fi scher - Tr oppieasrty] radirals, silyeased sadieals, mpd gerpyicathyh sadical 3srthesederms These
slightly br begk -olefins can be used together with the LAGs

descri bed a%cg)\gle ag%fegggs. [ 0045] Pol ynerization Catal yst System [0046] This

i mproved pr{808Es enplSupstitated dyddoyabylaydicdsmeangicals imyhieh atddast dnecene

conpound (Foryjula 1 el ow) together with an actjvator, such as a

non- coor di nlé)f‘i;u?ﬁfnaﬂji@r‘%ﬁ’af %é% S@g‘g?l(f;t%& ErlspshAng HE?CUBE?’IO%W“R §“°§rﬂ§ exanpl e) or

nmet hyl al um Rpx* r il a £ : mula 2 PAL
y AR gmﬂ@é@ RO PR R, A§I[{’6%§1%1]?¥QI_SR ,Bﬁ*{?@ﬂ*?{ﬁ}éﬁ?}%ﬁ@g

Fornmula 1 NCA Formila 3 cry MAD he ‘term "cafal ys stem' is
defi ned herBbR*stand thedikezor whers| af dgast que sowhydrotaibon atemer gpiprhas besph as a

 pai rbof oaeiea At Mol laatl Betah 07 U5 BT -1 O Bbecatalyst)
t oget her W {HR8p, aft) VAS@EM)-ardAs- 0ptSiRA)-| y=Sba cBEYS | ¥B, or -SiR*E007/ 011832
lsed to destBers s paPoln: and o e, iz K¥"is Sedependebly & o ' ' °
hydrocarbyl or halocarbyl radical, and two or more R* may join together to form a
substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or
~ polycyclic ring structure.
[0052] Halocarbyl radicals are radicals in which one or more hydrocarbyl
hydrogen atoms have been substituted with at least one halogen (e.g. F, Cl, Br, )
or halogen-containing group (e.g. CF3).
[0053] Substituted halocarbyl radicals are radicals in which at least one
halocarbyl hydrogen or halogen atom has been substituted with at least one
functional group such as NR*,, OR*, SeR*, TeR*, PR*,, AsR*,, SbR*;, SR¥,
BR*,, SiR*;, GeR*;, SnR*;, PbR*; and the like or where at least one non-carbon
atom or group has been inserted within the halocarbyl radical such as -O-, -S-,
h -Se-, -Te-, -N(R*)-, =N-, -P(R*)-, =P-, ~-As(R*})-, =As-, -Sb{R*)-, =Sb-, -B(R*)-,
=B-, -Si(R¥)y-, -Ge(R*);-, -Sn(R*)z-, -Pb(R*),- and the like, where R* is
independently a hydrocarbyl or halocarbyl radical provided that at least one
halogen atom remains on the original halocarbyl radical. Additionally, two or
more R* may join together to form a substituted or unsubstituted saturated,
partially unsaturated or aromatic cyclic or polycyclic ring structure.
[0054] Silylcarbyl radicals (also called silylcarbyls) are groups in which
the silyl functionality is bonded directly to the indicated atom or atoms. Examples
include SiH,; SiH,R*, SiHR*;, SiR*;, SiH;(OR*), SiH(OR*);, Si(OR*)s,
SiH,(NR*;), SiH(NR*,),, Si(NR*3)3, and the like where R* is independently a



after activation, it neans the activated catal yst and the activator or other
charge- bal ancing noiety. Furthernore, this activated "catal yst systen may °
optionally conprise the co-activator and/or other charge-bal anci ng noiety.
[ 0048] Theombmiiggene is sel ected fromone or nore congEUSA2ZStording to
Formula 1, above. In Formula 1, Mis selected fromGoup 4 transition
netals, preferably zirconium (Zr), haf r&r um (Hf) and titanium (Ti), LI and
L2 are independently selected from cy Opent adi enyl ("Cp"), indenyl, and
fluorenyl, whi ch may be substituted or unsubstituted, and which may be

partially chryPrataPRid 169k o) A s 3&@%@ ifforkfa Present,

I n preferred enbo |rrents IS selected fromdi al I, dial kyl met hyl ,

et henyl (- CHubstitgtell or ua&nbyﬁteteﬂengarate(d, maﬂﬂlﬂsmurm:)emm@b cyelie dre
I ndependent | h&ﬁl&floﬂ%gn gncal Cl to Cl16 al kyl radical or phenyl, tolyl,
xylyl radic "and wherein each of the two X groups, X and

X', are indemessient | y Gepngleh®d tidivilsh@lsod@sied @&xﬁﬁca:sylapareagdsws @ oup,
preferably selected fromCl to C5 strai ght or branched chain al kyl groups),

hydr ogen, = C1Whish thesgeamyl funefionglity) is ewes‘@ﬂ iregiy tealuwrhca@ﬁatoeher atpme Usual | y

relatively l*oc yst
producti vi tgﬁiﬁnr@é%mggﬁpéﬁ%% (?EI—@I stosi rangés Mg arﬂ Elgé%f ‘en nore
preferred. [G@(«Qﬂ*)j chHj(NB*;t)hGeHrﬁNRﬁz)z, s(Bde(NRl*ﬁ)gl,t amtl dhe liks uﬂmté Rt éd

cycl opent adi g tut d or..unsupstituted den | i gand”,
and "substi tlﬁ'aébmg?nﬂ?/ %cla{s“tyg HWEF%@ mef’&‘a Q %Qﬁbst i t ut ed
or unsubsti twgaﬂe:fﬂotfefn@raxshbsdms@aﬂm%m@ mmeaulsﬁdalgruﬂsaﬁb&i&f ot Ut ed

tetrahydrofluorenyl or octahydrofluorenyl I'i gand"” t he “substitution to the
af or ement i on&gmetigeystic papoleyclioyiag gruwiusgi . substitut ed hydrocarbyl ,

gﬁlbgf?'[ B%/: onﬁ)‘(bg tialt gg%g’éﬁ\?‘mh‘?ﬁﬁgﬁ gcb!éiy Fﬁ%‘b Hloflhjr ocyc*ope%‘%{’adr ngl

| i gands, het fimotioxatityyls Bonded diseotiy tbetheurmh@tedadtwlmrmianyl THeydaeidde each of
whi ch can addi.ti onal he subst ns tllute 50] Fo ur poses of
this inventi ?‘fefaﬁamfr?g %‘P‘E’isnlsii Htﬁ@t%’r}oﬁ'@ fgﬁ o‘E,ra“r"E%‘?ct?éHﬁpcal

" hydrocar byl gthangelethists %%o‘@iﬂem%lob@er ﬁﬁe@adﬁ%ﬁéjsudhnisefoﬁiba@%%f YW dally OUQhOUt
this document. Likew se the terms "group”, "radical™ and "substituent” are

al so used i nfoseashan duwdiogsn bending.s Bxsowissef. furgtionsl hetsmatoma feontairing
rmybe v 20080 SEBIOBYAIRYE Arig, g Finiaf B ARE bt Lo RE! R, o DA

carboxylic anhydride, aldehyde and their chalcogen (Group 14) analogues, alcohol
and phenol, ether, peroxide and hydroperoxide, carbbxylic amide, hydrazide and

imide, amidine and other nitrogen analogues of amides, nitrile, amine and imine,
azo, nitro, other nitrogen compounds, suifur acids, selenium acids, thiols, sulfides,
sulfoxides, sulfones, phosphines, phosphates, other phosphorus compounds,
silanes, boranes, borates, alanes, aluminates. Functional groups may also be taken
broadly to include organic polymer supports or inorganic support material such as
alumina, and silica. . Preferred examples of polar groups include NR*;, OR*,
SeR*, TeR*, PR*;, AsR*;, SbR*;, SR*, BR*;, SnR*;, PbR*; and the like where
R* iz independently a hydrocarbyl, substituted hydrocarbyl, halocarbyl or
substituted halocarbyl radical as defined above and two R* may join together to
form a substituted or unsubstituted saturated, partially unsaturated or aromatic
cyclic or polyeyclic ring structure.

[0057] In some embodiments, the hydrocarbyl radical is independently
selected from methyl, ethyl, ethenyl and isomers of propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,



| i near, branched, or cyclic, and when cyclic, aromatic or non-aromatic, and
i ncl ude substituted hydrocarbyl radicals, halocarbyl radicals, and

substi t ut egq ﬁ@?’/ﬁ?f&@ﬁ byl radicals, silylcarbyl radical s,P&ﬂ%?@g[o%%far byl

radicals as these ternms are defined bel ow [0051] Substi ocar byl
radicals are radicals in which at |east one hydrogen atom has been
substituted with at | east one functiongab-group such as NR*2, OR*, SeR*,
TeR*, PR*2, AsR*2, SbR*2, SR*, BR*2, SiR*3, GeR*3, SnR*3, PbR*3 and the

| i ke or where at | east one non-hydrocarbon atom or, group has been inserted
wi thin the hygxasteaylpyheptadenybaloctaderyh aenadecyl, ctrosyl, Jeneicosyh. docagylRe) - N

-P(RY)-, =P, - o5 Sentat - s SDRent stacGil + nonShdeB) 27+
(R - - SRRk pletracogf ioptaccil Spdkaoqey Bepige Il hotoedttl, monabaeih P10
Pydr ocar byIb tctpi?ctmint}g,cprdpymyl,r ﬁodt’egyu E1:u=,atmzlyl% \haxt:ny}j,nhepeben?ft L, msl;gnl wl,oim:dnglgtet td1er to
orma subs u or, unsubstituted saturated, ially unsaturated or
aromati c cycl€ PreecYE| i O‘{W%ﬂstmﬁﬁeﬂﬂe. tftg%"ﬂnyi‘lal f5AYr adi cal s
are radical s feRaddabmi KeépeadeéenyD rRtaa¥dh ,C%ﬁlz)(ileceng}{@i&ﬂ&@l ah&@ERolAYE been
substituted with at "I'east one” hal ogen {e.g. F, , Br, 1 or

- g
hal ogen- cont alospsegylgricogsed, detracPenyl, 11p0B8Yserylb hrexacgsenyl, hiertasasanyl, radi cal s
are radicals jn which at | eas ne _halocarb g h gen at om has
been substi t o RpacoldR) BREonietihcrREvL SR Bhiiy Beflsh O

SeR, TeR", RibmyLSBe@nylSbRommySRdecyBR" AndyRy13, d6ydyl, SeeamyPbR 3 and

the like or where at | east gne non-carhon atom or_ group has been inserted
wi thin the haeBeiseyl r Agntedecysylen hexadepynyl, 5_ heptadsgynyl, Teactadggyyl, - p(R+)- >

P-, -As(R*) -, =A% Shy -1 FohzicaaBERY X6, =B il ) 5 R*) 2-,
-Sn(R*)2-, - %oﬁscgﬂh%%ksmyl1 ?%?‘“‘v’ﬁ%’g?l’e ‘Ia'«?*co?ysnygi r%%%@;rftg? ?oﬁ%r ocar byl
or hal ocar by| pentedosyayl, bexavosynyl, béptacosynyl, ectatospmyd, ndnasasyayl, wipemtynyhai ns on
the original hal pcarbyl  radical . Additional.l t .or . nore. R may join
together to f%‘ﬁ?ﬂ??ygu%?ﬁ@wggwéﬁw’u B%ﬂqﬁﬂ#%doégql%}%’t 88‘3“"%“6%‘.’ tﬁnél |y

unsat ur at ed odecadienyht AlsoCivehiled afe f3omyRYef saturkiedd patinlly tudSturated Gind]
Silylcarbyl radicals (also called silylcarbyls) are groups_i.n which the

silyl functi ofamats cyckic gakpelycysiic skyqtires whergia the, padical wgy addtienally beons .

Exanpl es inc ' | | i i : ) 2,

S (oR) 3, o MEFRIPY e G R St epet shore FERGHI:S jnchlig BhEBT) = o

i ndependent | ymethyAph@(l)7/ dikt8GFpheyt; Ushopbéy758itthylphenyl, propylphenyl,
dipropylphenyl, benzyl, methylbenzyl, naphthyl, anthracenyl, cyclopentyl,

cyclopentenyl, cyclohexyl, cyclohexenyl, methylcyclohexyl, cycloheptyl,
cycloheptenyl, norbornyl, norbomenyl, adamanty!l and the like. For this
disclosure, when a radical is listed, it indicates that radical! type and all other
radicals formed when that radical type is subjected to the substitutions defined
above. A]kyl; alkenyl and alkynyl radicals listed include all isomers including
where appropriate cyclic isomers, for example, butyl includes n-butyl, 2-
methylpropyl, 1-methylpropyl, ters-butyl, and cyclobutyl (and analogous
substituted cyclopropyls); pentyl includes n-pentyl, cyclopentyl, 1-methylbutyl, 2-
methylbutyl, 3-methylbutyl, 1-ethylpropyl, and neopentyl (and analogous
substituted cyclobutyls and cyclopropyls); butenyl includes E and Z forms of 1-
butenyl, 2-butenyl, 3-butenyl, 1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-
methyl-1-propenyl and 2-methyl-2-propenyl (and cyclobutenyls and
cyclopropenyls). Cyclic compound having substitutions include all isomer forms,
for example, methylphenyl would include ortho-methylphenyl, meta-
methylphenyl and para-methylphenyl; dimethylphenyl would include 2,3-



-19 hydrocarbyl or halocarbyl radical and two or nore R* may join together
to forma substituted or unsubstituted saturated, partially unsaturated or
aromatic cyclic or polycyclic ring structure. [0055] Gernylcarbyl radicals
(al so cal hgfhoppsiashcar byl s) are groups in which the ggsfdaed zsgi onal i ty IS
bonded directly to the indicated atomor atons. Exanples |nc

GeH2R*, CGeHR*2, GeR*3, GeH2(OR*), GeH(OR*)2, Ge(OR*)3, GeH2(NR*2),

GeH( NR*2)2i Ge( NR*2) 3, and the |like where BY is independently a hydrocar byl
or hal ocarbyl radical and two or nore R* may join together to forma

substituted or unsubstituted saturated, sartl ally unsaturated or aromatic

cyclic or pelimehdphayhi Ad-dnetylphenl, 26 thylphsnyly 2:0-diphenydmetbh ar gr oups
are groups | h at 0 tionality is bonded directly to the
i ndi cat ed at brhméf%ﬂrﬁ-grﬁﬂﬁyl ej I'RC J&% et eroatons of groups 1-17 of the
Periodi c Talj0@s8gi t her Eaiunpi&s of cﬁﬂﬁp&ﬁﬁﬁﬁdyltmd mﬂeh@'t lighmiaeané silusgratedval ent or
ot her interacfions sucg as |o . van der als forces, or hydrogen

bondi ng. Ex A agony emmﬁf %@1 %{ups i ncl ude
carboxylic acid, acid hallde car boxyljc ester, carboxylic salt, carboxylic
anhydri de, al dehy e and their chal coge (G oup 14) anal ogues, al cohol and
phenol , et heg, S ‘ carboxylic am de, hydrazi de and

i mde, am ding ) %of am des, nitrile, am ne and
imne, azo, s, sulfur acids, selenium acids,
thiols, sul fi4 phosphi nes, phosphates, other
phosphorus conpouRgds, silanes,>’boraneg, borates, alanes, alum nates.
Functional groups nmay al so be thken bF oadl y to include organic polyner
supports or inorganic support material such as alumna, and silica.
Preferred e@ﬁﬂ%@%ol ar grouldemicl ude NRF 2, OR*, SeRf, TeRt, PR*2,

AsR*2, SbR* BR\2, 3

i ndependentl2[ hydrocar ) S%Bg)%%; ?"?d]qh}%ﬁocglr%eo S}é\g&%al ocae%y{ or
substituted Hemkm@anbyhs lilmsltratedl balewdwhera Xl aﬁd)@l/mchpehdbﬂﬂy Réprevent thei n t oget her
to forma ubsti t ut 0 ubs ituted satur |aI saturated or
aromatic W%S@ $'y§9yelln’f"c oF ?f@r"étf’%?‘&ﬁseﬁif%&?% t"rPr #EWE%OdI ment s,
the hydroc a”l@l& hy éi\?br hﬁydrﬁé’ﬁﬁ’ﬁ nﬁ%&lﬂxﬁéd h§&lo€ﬁ1:ﬁdhilb@£%ﬁ‘3§dﬁ¥tﬁtute€t hyl ,

et henyl and isoners pentyl, hexyl heptyl, octyl, nonyl

, butyl
decyl, undedplocatipli sﬁsylbarbylr ou snwlcatbe'i subdtifvent, Thermumhse yéheme shown
' below is for heteroindenyl ligands that are bridged to another ligand via a bridging

group.
4 3 4 3
Z )
6 1 6 1 i
Examples include: Examples include:
Cyclopenta[bJthienyl (Z=S) Cyclopenta[c]thienyl(Z=S)
Cyclopenta[bjfuranyl (Z=0) Cyclopenta[c]furanyl (Z=0)
Cyclopenta[b]selenophenyl (Z*Se% Cyclopentalc]selenophenyl Z=S¢)
Cyclopenta[b]tellurophenyl (Z=Te Cyclopentalc]tellurophenyl (Z=Te)
6-Methyl-cyclopenta[5b]pymrolyl (Z=N-Me) 5-Methyl-cyclopenta{cjpyrrolyl (Z=N-Me)
6-Methyi-cyclopenta[5]phospholyl (Z=P-Me) 5-Methyl-cyclopenta[c]phospholyl (Z=P-Me)
-Methyl-cyclopenta[b]arsolyl (Z=As-Me) 5-Methyl-cyclopenta[c]arsolyl (Z=As-Me)

6-Methyl-cyclopenta[b]stibolyl (Z=Sb-Me) 5-Methyl-cyclopenta[c]stibolyl (Z=Sb-Me)



WO 2007/ 011832 PCT/ US2006/ 027591 -20 hexadecyl, heptadecyl, octadecyl,
honadecyl , eicosyl heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl,
hexacosyl oertacosyl, nonacosyl, triacont

but enyl , penteﬁ@@, ﬁexenyl, hept enyl , octenyl, nonenylp‘etr g@@ﬁgﬁgyundecenyl
dodecenyl tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl,
heptadecenyl, octadecenyl, nonadecenngzeicosenyI, heneicosenyl, docosenyl ,
tricosenyl, tetracosenyl, pentacosenyl, hexacosenyl, heptacosenyl,

oct acosenyl, nonacosenyl, triacontenyl, propynyl, butynyl, pentynyl,
hexynyl, heptynyl, octynyl, nonynyl, decynyl, undecynyl, dodecynyl,
tridecynyl, adecynyl n y I
octadecynyl,[bﬁ%ﬂadecy%glnn@?c%‘ggﬁ&]%lE h%nelcosynystc€%%£&%31 trlcosyny
t et racosynyl hetepmiytlopasadistyl ring ac diptiatéd bélewt whars Yhyphd J cm:depm;myl

nonacosynyl , tr%%%f@%ﬁﬁéﬁ’ buﬁaﬁbgg%%Hqunéadlenyl q;; glg ﬁeﬁa%

hept adi enyl , TeRI TR -d @FEH%?“ d are

i somers of saghyfhef fehndRA4 hibAliEikg SRDB! e 3he Podfich isAlsRAIRS dosdn)ie!eGnand

pol ycyclic structures wherein t%e radi cal y additionally be subjected to

the types of ringbsarhanupdsiien whese tiebigand irobandedta the yidgingcgrags hehemy | |

nmet hyl phenyl , dlnethé% h det hyl phenyl , propylphenyl,
dlpropylphen91 %nﬁ§¥ﬁ§pﬁﬁﬁ%?fbiﬁgphthyl, anthracenyl, cycl opentyl,
cycl opentenyl, cycl ohexyl, cycl ohexenyl, nethylcycl ohexyl, cycl oheptyl,
cycloheptenyl, nor befw , norbonenyl, adanantyl and the like. For this

di scl osure, when @ MNoal is listed, it indicates that radical type and al
other radicals fd en that radical type is subjected to the

substitutions defi Neg bove. Al kyl, al kenyl and al kynyl radicals |isted
include all isomers including where appropriate cyclic isomers, for

exanpl e, butyl i ncludes n-butyl, 2- nethyl propyl, 1-nethyl propyl,
tert-butyl, %gh yI (and anal ogous substituted cycl opropyls); pentyl
i ncl udes n- p %y 1 met hyl butyl, 2- nethyl butyl, :

3- et hyl but yl %R neopentyl (and anal ogous substituted

cycl obutyl s w enyI includes E and Z fornms of 1- butenyl
2-butenyl, 3- propenyl 1- net hyl - 2- propenyl, 2-

met hyl -1 -pro ?WC Hﬁ“%hﬁﬁﬁﬁ‘TA -propenyl (and cycl obutenyls and

cycl opr openy | Byracyelppentadiens havi ng substitutions include all isoner

forms, for exanple nmet hyl phenyl woul d i ncl ude ortho-net hyl phenyl, neta-

[0061] Depending on the position of the bridging ligand, the numbering
for the following ligands will change; 1,3 and 1,2 are only used in this case to

illustrate the position of the heteroatoms relative to one another.



met hyl phenyl and par a- net hyl phenyl ; di et hyl phenyl woul d include 2,3 WO
2007/ 011832 PCTI US2006/ 027591 -21 dunet hyl phenyl, 2, 4-di nmet hyl phenyl

2, 5-di et hyl phenyl , 2, 6-di phenyl net hyl, 3, 4-di net hyl phenyl, and

3, 5- di met hwbpéwsiyiss2 [ 0058] Exanpl es of cycl opent adi enylpcgidadogeesal | i gands
are illustrated below as anionic |igands. The ring nunbering schene is al so
illustrated. 1 71 S[026 2 0O 45343 Cyd opartadi aryl I|ndenyl

[ 00591 A simlar nunbering and nonmenciZ¥-ure schene is used for

het er oi ndenyl as illustrated bel ow where Z and Q i ndependently represent the
het eroatons 0, S, Se, . or Te, or heteroatom group NR, PR, AsR, or SbR

where R -is hydrogegr a hydrocarbyl, subsj. hydr ocar byl ,
hal ocar byl , substi g&c hal ocar byl , silylcar ger nyl car byl
substituent. The nupef/scheme shown belowis et eroi ndenyl |i gands

that are bridged to another ligand via a bridgiJng group 4 343 5 (PO25

ZO0 2 6 1 6 1 Exanples include: Exanples include: Cyclopenta[b]t ienyl (M

Cycl opent a[ CEtdnipninklede: S) Cycl opent a[ b] f uxamplés itclide) Cycl opental e] ] furanyl

(Z=0  Cycl opamimidylisehiediopk@ny =N Z=Se) Cidmpacidpetsirhe@eheNyl (Z= Se)

Cycl opent a[ b} 8@kphaspbgsiedopehtadiche @ =Dy &) opentigiBibhospHatychpéreiiche (Z=TFP)

6- Met hy| - cycl 3sibajdijpeptatiiny (G Z=SbVe) 5 Nizbistibagyibapeisie(cepyssy v

(Z=N-Me) 6- ﬁW%@M@R@[ﬂmﬁsphol y | 1,1 F=iRacyilypentadiene (G = J= As)

Met hyl - cycl o ZBxP- 1@ DiborhgyklopptaliedGt=<d[=B)ar sol yl (Z

As-Me) 5 Met b +Am% t;%E:ASIMphosphacyclopemadxene(G =N; J=P)

6- Met hyl - cycﬂéﬁé&lﬁbﬁ{c (QiN ) SIMMB@@%MWQ(G]%?AJW]

(Z=Sb- Me) VO! 3 aatragye 2759112Amrsacyclopentad1ne(G N; J= As)
13-Azaboracyclopentadlene G= N J= 1,2-Azaboracyclopentadiene (G=N; J=B)

1,3-Arsaphosphacyclopentadiene (G = As, J P) 1,2-Arsaphosphacyclopentadiene (G=As; J=P)
1,3-Arsastibacyclopentadicne (G = As; J =8b) [ 2_Arsastibacyclopentadiene (G = As; J = Sh)
1,3-Arsaboracyclopentadiene (G = As; ] =B) 1,2-Arsaboracyclopentadiene (G= As; J =B)
1,3-Boraphosphacyclopentadiene (G=B;J=P)  1,2-Bomphosphacyciopentadiene (G = B; J =P)
1,3-Borastibacyclopentadiene (G =B; J=Sb) 1 2Bomstibacyclopentadiene (G =B; = Sb)
1,3-Phosphastibacyclopentadiene (G =P; J=S8b) 1,2-Phosphastibacyclopentadiene (G =P; J= Sb)

[0062] ‘A "ring heteroatom" is a heteroatom that is within a cyclic ring

structure. A "heteroatom substituent" is heteroatom containing group that is

directly bonded to a ring structure through the hetéroatom. A "bridging
heteroatom substitnent™ is a heteroatom or heteroatom group that is directly

bonded to two different ring structures through the heteroatom. The terms "ring
heteroatom", "heteroatom substituent", and "bridging heteroatom substituent" are
illustrated below where Z and R’ are as defined above. It should be noted that a
"heteroatom substituent" can be a "bridging heteroatom substituent” when R' is g
additionally defined as the ligand "A".



-22 [0060] A simlar nunbering and nomencl ature schene is used for
het er'ocycl opent adi enyl rings as illustrated bel ow where G and J
I ndependenRid Yoo7 sent the heteroatons N, P, As, Sb ese
| i gands whe&r)l br}ibglgﬁezg to another ligand via a bridgi nggg?@azpoﬁ%ﬂ}éﬁone
position is usually chosen to be the ring carbon position where the |igand
i s bonded to the bridging group, hence2s nunbering schene is not
illustrated below. & Exanples include: Azacyclopentadiene (G = N)
Phosphacycl opent adi = P) Stibacycl opentadi ene (G = Sbh)
Ar sacycl opent adi e Bor acycl opent adi ene (G= B) [0061] Dependi ng on
the position of y |igand, the L-Aag\ for the foll ow ng
|l igands wi Il chaR fd 1,2 are on is case to illustrate
the position of th datons rel ati ve e gyher. WD 2007/011832
PCT/ US2006/ 027, -23\ G J Exanples -“-"-‘-' anpl es i ncl ude:
1, 3-Di azacycl opentadjene (G =J = N) 1,2 Dyazacyclopentadiene (G=7 =N
1, 3- Di phosphacyc !ﬂ&tﬁtﬁtﬁ (G=J = P) 1,24)i phosphacycl opent adi ene (G
=1') 1, 3-Distibacycl opentadi ene (G JI'_'T% ) 1, 2Bi sti bacycl opent adi ene( G=
. ) =
B)

I <

J
Sb) 1, 3-Di arsacyet’opgnt adhene (G = J= , 2Bi ar sacycl opent adiene (G = J

As) 1, 3-Di boac s = = ,24)ffioracycl opentadiene (G = J
i ene (G = N;
cSLaal e l‘/ J = P)

B) 1, 3-Azaphosy
Azaphosphacycl op

N, J =Sb) 1,2-Ara bacycT opent adi ene (
1, 3- Azarsacycl opentpdiene (G = N, J= As)
= As) 1, 3-Azaborachgcl opentadiene (G = N, J

1,2Azabor acycl nt‘atti ene( G=N; J=B) 1, 3- Arsaphosphacycl opent adi ene (G= As;

I= P) L2 A SRRSRBACSHRRRH A © Eridfing Keterbatdth substituent”

[0063] A "ring carbon atom" is a carbon atom that is part of a cyclic ring
structure. By this definition, an indenyl ligand has nine ring carbon atoms; a
cyclopentadienyl ligand has five ring carbon atoms. Transition metal compounds
have symmetry elements and belong to syrhmetry groups. These elements and
groups are well established and can be referenced from Chemical Applications of
Group Theory (2nd Edition) by F. Albert Cotton, Wiley-Interscience, 1971.
Psendo-symmetry, such as a pseudo Cr-axis of symmetry refers to the same
symmetry operation, however, the substituents on the ligand frame do not need to
be identical, but of similar size and steric bulk. Substituents of similar size are
typically within 4 atoms of each other, and of similar shape. For example, methyl,
ethyl, n-propyl, #-butyl and iso-butyl substituents (e.g. C;-C4 primary bonded
substituents) would be considered of similar size and steric bulk. Likewise, iso-
propyl, sec-butyl, 1-methylbutyl, 1-ethylbutyl and 1-methylpentyl substituents
(e.g. C3-C¢ secondary bonded substituents) would be considered of similar size
and steric bulk.  Tert-butyl, 1,1-dimethylpropyl, 1,1-dimethylbutyl, 1,1-
dimethylpentyl and 1-ethyl-1-methylpropyl (e.g. Cs;-C; tertiary bonded
substituents) would be considered of similar size and steric bulk. Pheny}, tolyl,
xylyl, and mesityl substituents (Ce-Cs aryl substituents) would be considered of
similar size and steric bulk., Additionally, the bridging substituents of a compound



1, 3- Arsasti bacycl opentadiene (G = As; J = Sb) 1, 2Arsashbacycl opent adi ene (G
= As; J = Sb) 1, 3-Arsaboracycl opentadiene (G =As; J =B) 1,2 ' '
Ar sabor acycl opent adi ene (G= As; | =B) 1, 3-Boraphosphacycl opent adi ene (G =

B; J =P) Mwa@2a@70orephosphacycl opent adi ene (G =B; J =P) pcT/us2006/027591

1, 3-B6rasti bacycl opentadiene (G = B; J= Sb) 1, 2B orasti bacycl opentadi ene (G
=B, J = Sh) 1, 3-Phosphasti bacycl opentadiene (G = P; J= Sh)

1, 2- Phosphast i bacycl opentadi ene (G =45-J = Sb) 100621 A "ring heteroat onf
is a heteroatomthat is within a cyclic ring structure. A "heteroatom

substituent” is heterqgatom contai ni up .t hat. i. irectly bonded to a
ring struct u‘?”éﬁﬁﬁﬁ“dﬁaﬁiﬂg %ﬂmgﬁ\ngg&‘%rt?g&isﬁlb‘?arﬁg?]b%&et%ﬁgf &bst it uent "
i s a het er oafap farftfvel ShoRs @Rt RIEvE 6i046f th Jhtalyst. dT]i@@foi’e% a daRipEas withtawo
different ring structures through the heteroatom The terns "rin

het er oat ont', psenda Cz-a%is efsysubelty eoybihave foyeyample; aifiert, MeEWS oaMsRhSiubst i t uent

b
i |1 ust . S def . ld b
g L e R
subst i t uent " givtthe Bppropriatesisidiniodhdany seedtureed as the ligand "A'. WO

2007/ 011832 [ US2006/ 027591 -24- OO OO I~p."ring hetergatom b Z OO
o R *het or oll0Bfh subst OF LRHPOSeS i B ﬁ@%%&ﬁ&%&gg?mﬁu&fm Poo63] A

"ring car boneghtiohs havifiPo 6 i LA §mé referEHohdbokitiois

ér:ﬁ%a' %&Zﬂfh ‘te[%mﬁ?d
structure. Bé this definition, an in enylc I gand has nine ring carbon atons;

a cycl opent ¥6 ok ingexm dnéramnitsi vA mémig defingbas atwntsof I Pligomeroer net al

conpounds have_ s tr enents_an | 0 ) mn%#r .groups,. These

el enents and® 318?8%%‘3%{? I‘iorrgﬁoﬁ%fftgﬁgﬁ o@ﬂa{sggﬁeﬁ% %¥1é$)@hefi§6u om
Cheni cal Appbr podyrh@i¥atien reastiod Forl @B, thetkr bl pbly@etkndwolkld bdldewne, Cottony
Wl ey-Intersci ence, 1971. Pseudo-symetry, such_as_a pseudo C2-axis of

symetry ref K065}k o th@%wm@ﬁﬁe?QW%@ &ﬁ%ﬁm)ﬁ%%ﬂrﬁﬂ ?ﬁ@msﬂf?st i tuents
on the "ganﬁgf cga?gmtad;bﬁgpd&ﬁaﬁmwmdtﬁ,%ommw~ ar gsi ze and
steric bul k.” Substituents o Imlar size are

general, useful titanocenes, zirconocenes and hafnocenes may be represented by

the foliowing formulae 4 and 5:

(Cp-A-Cp*MX"X® @)

(CoCp*MX'X" ®)
wherein:
M is the metal center, and is a Group 4 metal preferably Titanium, zirconium or
hafiium, preferably zirconium or hafnium; Cp and Cp* are the same or different
cyclopentadienyl rings substituted with from zero to four or five substituent
groups S”, each substituent group S” being, independently, a radical group which
is a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarby! or germmylcarbyl, or Cp and Cp* are the same or different
cyclopentadienyl rings in which any two adjacent S groups are joined to form a
substituted or unsubstituted, saturated, partially unsaturated, or aromatic cyclic or
polycyclic substituent;
A' is a bridging group;
X and X® are, independently, hydride radicals, hydrocarbyl radicals, substituted
hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals,
silylcarbyl radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or
substituted germylcarby)] radicals; or both X are joined and bound to the metal
atom to form a metallacycle ring containing from about 3 to about 20 carbon



typically within 4 atons of each other, and of simlar shape. For exanple,
nmethyl, ethyl, n-propyl, n-butyl and iso-butyl substituents (e.g. -4

primary boggeghrepipsti tuents) woul d be considered of SIP?‘[}I.@ OOF’BZZ’ ,2nd steric
bul k. Li kew se, iso- propyl, sec-butyl, 1-nethylbutyl, I-ethylbutyl and

1- met hyl pentyl substituents (e.g. C3-C6 secondary bonded substituents)
woul d be considered of simlar size ax steric bulk. Tert-butyl,
1, 1-di met hyl propyl, 1, 1-dinethylbutyl, 1,1- dinethylpentyl and

1-ethyl -1 -met hyl propyl (e.qg. -C7 tertiary bonded. ., supstituents) woul d be
consi der ed O\at°§’rsh‘?11b£¥h quf@gra‘i?g%taﬂt"ie@nb@ﬂ?. OR &PP Lisgnsk or ?Vim}&?‘?ﬁ', and

mesityl substih -a&ré,%%%a%l Itlﬁéﬂaaggﬁfﬁkggﬁﬁauﬁw H6logd of

simlar size and steric ona :glng substituents of a
conpound WO 28QWhixhlB8 2apRbiE/cfgatditg @ 2y&iedarbyldigand ahdeacrited aiovedd thexi s of

The act | ve s it el eciadtsth o s aPth X odl. SndmpeRaeRlvy b BoBono
C2-axi s of SYIRERIEYarfiBkide, Mad& phedphRI dFBiher vt Shio il oPboth/XPh Si

bridging ligand, and still be conSidered to have a pseudo C2-axis of

symmetry  gi vamalsties japisd spforamaanioaieschelatiag igagdnd structure. 10064] For
pur poses of :@jrﬁ%hdl SClﬁS%ﬁr?ﬁg%@gmf)&ﬁﬁ}:ﬁlﬂmgﬁ oJeﬁu]; M Scenflc whitERQakd | ons

havi ng 2-75 nits an erm polynmer refers to corﬁz)om ions” having 76
or nore ner unhatpseferfedeembaiimaft) therthasompaumids rephesated by Jormeila () hapol| yner t hat

originally corresponded to the alefip(s sed in the_qligongrization or
pol yneri zati & c?ﬁdwmm cwaﬂﬁséﬁé@@m%f '@Pelg\%%ﬁe Bt 8* be decene.
[0065] The nMgigieRs 8P SscalBaiid of bRifettAthiiugh iR metdB&dnitr. PRIFEHSly M €

prref erably cycl opentadi enyl derivatives of titanium zirconiumand hafnium
In general , thssmpeictmetaliessaeserspresinteddnofremuls @ d\' Hakeleded formBChe

(oo e xo S BB Ry RO GRATRACR TR AR
pr ef er abl X TIR’@RCRITR 3] rRQYOCRMOR’CRMRf RICHIRITREECREDIR/CZCRECRIQRIr  haf ni um
W th Trom zeds R0t B ve ahoR KRt Roosapesisl JRCACEBRD t uent
group S" bei ng,chadgPeRYERELN,, 2R!,2ERGERY) OU,MUICIGER”,, R’;SiGeR’,

R’C=CR’GeR’;, R’B, R’ C-BR’, R’;C-BR’-CR’, R’N, R’P, Q, S, Se, R, C-O-

CR’;, R2CR’;C-0-CR’;,CR’2, R’;C-0-CR’;,CR’;, R’;C-O0-CR’=CR’, R’,C-S-

CR’;, R’;CR’,C—S-CR’>,CR’;, R’ C-S-CR’;CR’;, R’,C-S-CR’=CR’, R’;C-Se—

CR’;, R’,CR’;C-Se-CR’;CR’;, R’,CS8e-CR’;,CR’;, R’,C-Se-CR’=CR’, R’,C~

N=CR’, R’;C-NR'-CR’;, R’»CNR-CR’,CR’;, R»C-NR-CR’=CR’,

R’;CR’;C-NR’-CR’;CR’;, R’;C-P=CR’, and R’;C-PR’-CR’; and when Cp is

different than Cp*, R' is a C;~-Cs-containing hydrocarbyl, substituted hydrocarbyl,

halocarbyl, substituted halocarbyl, silylcarbyl or germylcarbyl substituent, and

when Cp is the same as Cp*, R' is a C;-Cy-containing hydrocarbyl, substituted

hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl or germylcarbyl

substituent and optionally two or more adjacent R' may join to fonm a substituted
or unsubstituted, saturated, partially unsaturated, cyclic or polycyclic substituent,
Similarly, C, metallocenes can aiso be used for this invention. All these catalysts
usually produce polyalpha-olefins with high degree of isotacticity or highly
isotactic polymers. See J. Am. Chem. Soc. 1988, 110, 6225 for a review of the
effect of catalyst structure on polymer tacticity, In addition to catalyst structures,
the degree of isotacticity depends on other factors, such as catalyst purity, ligand



I's a hydrocarbyl, substituted hydrocarbyl, hal ocarbyl, substituted

hal ocarbyl, silylcarbyl or gernylcarbyl, or Cpo and Cp* are the sane or’
different cyclopentadienyl rings in which any two adjacent S" groups are

j 0i ned t owlDoen/E11833ubst it ut ed or unsubstituted, satur at@Eous2pmrobisal |y
unsaturated, or aromatic cyclic or polycyclic substituent; A is a bridging
group; X8 and Xb are, independently, hydride radicals, hydrocarbyl radicals,
substituted hydrocarbyl radicals, hakbcarbyl radicals, substituted

hal ocar byl radicals, silylcarbyl radicals, substituted silylcarbyl

radicals, g | carhyl | , l: E?%L . I cals; or
both X are | erggczgﬁéc%ﬁo@ﬁdd&?%at @J%ﬁ%@ﬁ{hﬁn@gﬁ@ m gﬁ?g’?%ﬁ%%d e ring
cont ai ni ng fusefn aaghihetd lube wsestbckd @r faictionml AdR007/:011832 PCT/ US2006/ 027591
-26 atons; qr both toggt her can be an qlefin, diqlefin qgr aryne |igand; or

when Lewi s- 190874 act i Imansihst prefesred smbadimept teanstalipeensds e 1esodpRg| al umi num
trial kyl : ' | byl i d
e T4l e b o 0 sty 1o

as descri be eto tranhsit conponent’,” are used, both X may,
i ndependent |symnietryacontelimigge the metak osmtele, Mar J1i ottied ovordsyithe metillosgues de or ot her
uni valent anioni¢ ligand or both X can also_he jqgined ta form a_.anionic
chel ating | iCgRAHung Bg:gﬁfynlnﬂetg Bl %a%bgr%B&lm%cﬁh@'n@mlcﬁﬁgﬁe i's

racenm ¢ Whi GatalB&NEuallyprodites htasticasbRACH BRI | Intriddy dabtd, efANessnss
represented by fornmula (4) have no plane of symetry containing the netal

center, M dZa@lystey withowtranyy bgdging bebweent the eyclopeatadisnyioligands, af Bymet ry

t hr ough the n . e ' em & I

repr egent ed f%ﬁ%rﬁl gﬁ{’lglgi&fei éégie(%/gél}glﬁ]?r%y@& 2&? ﬂgh%g ]%%ﬁg%e

R 2CCR 2, R <aBoRInXGR the mictal REROWh PTRAmeRYy G Githor vaRationSRhetidf2an f
R 2CCR =CR 2, RC =CR. R.CCCR CR 2 , R2CS R 2,. SIS R 2,
R 2CSi R 20?%,0 |24 Eéﬁgéggé%? F%“‘?P“?é‘-c_—"s&s%ﬂﬁe% ,°?R‘¥¥2‘E‘E9€€FF932"Y o ‘Eééf&é I2 |

R 20GeR 2CR gnally BRERI 2GR feti SpaFiFaRoRfins, RIE T8R! 2nvdiBy, §o2C BR .
R 2C BR -CR 2, , RP, 70, S, Se, 2C-O CR 2, 2CR 2C- O CR 2CR 2,

R 2C- O CR 20RIyzlphp-difingcarbe grde fimmpat least tye alphazolelips mixhge gsing @Ry 2,

R 2C-S-CR 2 -.So = - : 2,

R 2C- Se- CR %‘3%?5 Sof %%ééﬁs‘é%aﬁ@@%&@%&ﬁ%% W ,%FR

R 2C- NR - CR cofiiSiratioht cfthdsRdiffeRnt talticities in varying amounts. The PAO products
made from mixed alpha-olefin feeds and with predominantly isotactic, atactic or

syndiotactic compositions or combinations of these different tacticities in varying
amounts all have superior VI and low temperature properties. Using mixed alpha-
olefins as feeds is more advantageous than using pure olefins, especially in
improving low temperature viscosities. Other appropriate forms of catalysts
which may produce combinations of these different tacticities, in a block or semi-
block manner are also suitable for this invention.

[0068] Another important characteristic of these metallocene catalysts is
that they copolymerize the two or more alpha-olefins at comparable reaction rates.
Metallocene catalysts differ from conventional Ziegler-Natta or supported metal
oxide on silica gel catalysts. These conventional catalysts usually polymerize
smaller olefins, e.g., C; or C,, much faster than the larger LAQs, such as Cy3, Cia,
etc. This is not the case for the metallocene catalysts of the present invention,
where the reactivities of C; and Cis alpha-olefins are relatively similar. Because
of this uniform reactivity toward all the alpha-olefin feeds, the co- or terpolymer

products by metallocene are random. This randomness of monomer distribution is



R'2CR 2CGNR -CR 2CR 2, R2CGP=CR, and R2CPR -CR 2 and when Cp is
different than Cp*, R is a O -C5-containing hydrocarbyl, substituted

hydr ocar byyyo 208¥3i 82" byl , substituted hal ocarbyl, silyl
gernyl carbyl substituent, and when Cp is the sane as 5%3{'}?’@06@?5%1

Cl - C20-cont ai ni ng hydrocarbyl, substituted hydrocarbyl, hal ocarbyl,
substituted hal ocarbyl, silylcarbyl orzgennyl carbyl substituent and
optionally two or nore adjacent R may join to forma substituted or

unsubstituted, saturated, partially unsaturated, cyclic or gol ycyclic
substit uent . impprignt fon jmpagtme,ibe arpsugte@na@yzeafnwahstbe esizgd dubg baseftacks

I nvention. Al _’FEF‘% : usual Iy produce pol yal pha-olefins wth high
degree of isgkoc |C%S>§&%?%?%ea'l y isotactic polyners. See J. Am Chem Soc.
1988, 110, 630%9] or a Meble el dépittherepedsémativeoiconstithty shoistiesudorurtke on pol yner
tacticity, In addition to cat st strucfur . t.h gree of isotacticity
depends on otherloreRs pponaiie enud ARyt Tt ietjs Frii et rpubt® 011802
PCT/ US2006/ 0%ABPnd shérildinoP 88 consBiéd toPhe GftRiotih QAP wa§! A ndiiBerRH AtEEr s Wi th
various degrees of tacticity are useful as synthetic |ube base stocks or

functional flcgonents008y] be dormedt bie peprutingr alb Possitie diombinationre ofrdbell | ocene i's
t he meso for ich ns_that .t C Q r f la (4
o PPRRE i e s R LD BRERE W ted B0 2

have plane of " symetry contai ning er’¥words, the
met ?! I o;:_enes a]Tlﬁegpm ajlkrsrn' ylgcy?lo@ay{, clwmt nyY, cgdlsllealw gﬁd,lhlbﬁiatiera;dmalstdﬂé S

appl i cation. is class of  catalysts us produces atactjc

pol yal pha- ol Shschosed Fh thes, pRplicaticesthe Semaincbiden i tomers y ?rsexmrpkgbw&ny

bri dgi ng bet yganadsgvads! oncmtyR h-thé 1, artivliyl,§ dey@okryy al so
produce atactic pol yal %’E’a-ol eryiﬁﬁgﬁﬂ’?/n antgﬁ eryf)r crerded e ogil;r:tr}eht, t he

met al | ocenes pahtyh @cludgsmepeniylor 1-miethyfoutadys i 2ametpibutybhe Bewéthylhntyl,allso be used
for this invention. .These types of tal l.ocen en.activate usual |y

pr oduced syhcﬁr&y %{(Q,P}(ltn%)gmlr goap('ﬁll'1 t@?‘i%ﬁism etﬁ °¥‘ﬁ§b“§a§‘§%‘?1¥i H“f@lgﬁ‘ﬁzgﬂé t he

pol yal pha- ol &f ifesgnsCaf 1kmteimt] e2-buteiyl,as-bueas] 1tmethgl-Phpedydf§ i mseitiflet ur e using
any one class of the gtgt al ysts tggcﬁroduce | sotactic, . atactic or

syndi ot act i c R5eRepfler - BFOYlelshoPenyt ech S-tasthylrzapropeny £ dibisnincludes; VB fes in
varying amu%&ic?l;/ﬁ'%ofd%@ 19 a6l Sour B Coxat I8, Wop§yAbPARRLST inPubeds and

wi t h predom nant i sotactic, atactic or syndiofaCtic conpdsitions or

conbi nat i ons wpropyleydopntalisndnt tact i ciseprepyléyelopantadionyl anounts aadl have
Feods s mor gy BTk TR BHEH, R e PreS B dhule ety e e
B include all isomeric forms. For example, dimethylcyclopentadienyl includes
1,2-dimethylcyclopentadienyl and 1,3-dimethylcyclopentadienyl; methylindenyl
includes l-mei:hylindenyl; 2-methylindenyl, 3-methylindenyl, 4-methylindenyl, 5-
methylindenyl, 6-methylindenyl and 7-methylindenyl; methylethylphenyl includes
ortho-methylethylphenyl, meta-methylethylphenyl and para-methylethylphenyl.

Examples of specific invention catalyst precursors take the following formula
where some components are listed in Table B. To illustrate members of the
transition metal component, select any combination of the species listed in Tables
B. For nomenclature purposes, for the bridging group, A’, the words “silyl” and
“silylene” are used interchangeably, and represent a diradical species. For the
bridging group A’, “ethylene” refers to a 1,2-ethylene linkage and is distinguished
from ethene-1,1-diyl. Thus, for the bridging group A’, “ethylene” and “1,2-
ethylene” are used interchangeably. For compounds having a bridging group, A’,
the bridge position on the cyclopentadienyl-type ring is always considered the 1-

position. The numbering scheme previous defined for the indenyl ring is used to



I mproving | ow tenperature viscosities.

whi ch may produce conbinations of these different tacticities,

sen -

bl ock manner

are also suitable for this invention.

[ 0068]

O her appropriate forns of catalysts
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| mpor t ant wihaozatisei stic of these netal |l ocene cat al ysteEcsszoddnatset hey
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toward all
net al | ocene

t he al

A ABER R

om This randonness of nopnoner

the two or

on silica gel

mal l er olefins, e.g.
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ha-ol efin feeds,
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catal ys
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[ 0069] Table qmﬂﬁ@kﬁﬁﬁerepresen[ckkﬂﬁaﬁﬂﬁﬁﬂl[UEH[ moTetTes forthe

met al | ocene ge eﬁnfﬂqts of—orru-4s ) = he—-+-st—-s—+Fer—-Hdistrati ve
pur poses onl \?ﬁ SRS d not be | O5RUEFIGpeRtedienl o | i ¢ ng_in_anyl way. A
nunber of fi rlA#Prordgivlsement s may Hdinedylpleretpdiondy nut i ng al | possipl e

conbi nati ons |alibutylRilylen€ ONSt | t uent |nAmethiykcehpamtadibnybach ot her. When fhydrocar byl
radi cal s inC|QQhﬂﬁ&@kﬁyl, A KeTY iptrarmdtity? enta : : kenyl ,

cycl oal kenyl %ﬁ AEOIFRH-E rach-caks S gEer eH-5€ Pscdrle t+h+s—appHeati on t he
term i ncl ude [€8hers For ey c- fycopcg S¥.__includes n-but tyl

2- met hyl pr opy

|quIﬂﬁ¥?ﬁvlpropyl, t

Yl%‘PEFF“dl‘alﬂd cycl obut yl :

pent y! i ncl pdes

n-pentyl, 1- nelidaykiyieny|, 2- et hylfipwpyldyclomatmdsnyly| but yI, 1- ethyIpFopyI
neopent yl , cyﬁﬁ@ﬁ@ﬁﬂ&k and*ﬂEtnyumﬁ%#u%ﬂﬁgﬁmgﬂtenyl rcrudes E and Z forns
of 1-butenyl, ‘@% Hren H-—3—bdten hos preperyt—i—rethy - 2-
propenyl, 2-ne L —8r anenvl and bgyn“{alro] \/i%l ?ynr apenyl This_includes when a
radical is boﬁﬂﬁﬁxﬂﬂﬂaﬁother gr ougitvtyierelopesmtadienle " pr opyl cycl opent pdi eny
i ncl ude n-proﬁ&&aﬂﬂﬂapentadienyLmﬂhQWQQQQqMMyCIopentadienyl and
cycl opropyl c) Qmﬂﬂgmmﬁgkenyl hi gq&aﬁmbquﬂﬁmmﬂganus or groups i1} lustrated
RGN et
1, 3- di met hy| qyARBERE I eny| . et H&Wﬁ&é’ﬁ?}’rﬂd‘“ﬂ

dihexadecylsilylene heptylcyclopentadienyl

diheptadecylsilylene diheptylcyclopentadienyl

dioctadecylsilylene octylcyclopentadienyl

dinonadecylsilylene dioctylcyclopentadienyl

dieicosylsilylene nonylcyclopentadienyl

diheneicosylsilylene dinonyleyclopentadienyl

didocosylsilylene decylcyclopentadienyl (

ditricosylsilylene didecylcyclopentadienyl

ditetracosylsilylene undecylcyclopentadienyl

dipentacosylsilylene dodecylcyclopentadienyl

dihexacosylsilylene tridecylcyclopentadieny?

diheptacosylsilylene tetradecylcyclopentadienyl

dioctacosylsilylene pentadecylcyclopentadienyl

dinonacosylsilylene hexadecylcyclopentadienyl

ditriacontylsilylene heptadecylcyclopentadienyl

dicyclohexylsilylene octadecylcyclopentadienyl

dicyclopentylsilylene nonadecylcyclopentadienyl

dicycloheptylsilylene eicosyicyclopentadienyl

dicyclooctylsilylene heneicosylcyclopentadienyl

dicyclodecylsilylene docosyleyclopentadienyl




I ncl udes 1-nethylindenyl, 2-nethylindenyl,
5- met hylindenyl, 6-nethylindenyl and 7-nethylindenyl; nethylethyl phenyl

i ncludes  Qid herdipdahy! et hyl phenyl, neta- nethylethylpheq*hnﬁ&ﬁmmrmgl

para- net hyl et hyl phenyl . Exanpl es of specific invention catalyst precursors
take the following formula where sonme conponents are listed in Table B. To
illustrate nenbers of the transition-getal conponent, select any

conbi nati on of the species listed in Tables B. For nonencl ature purposes,
for the bridgi

3- et hyl i ndenyl, 4-nethylindenyl,

noqr oup. A the words “silyl" ?q.d—";u_y_l_gae_a_r_e used
i nt er changeabl @“Y%‘}?F"Wgﬁ‘f]“é‘%ent a jF’P‘ﬁﬂWE’ﬁl’e"%‘B’é‘ ies. For the bridging group
A, "ethyl ene' dingdftgbiyldoe a 1, 2- et1¥h®m9hﬁmm@agewhnd i s distingui ghed from
ethene-l,I-diydmmﬁgygkﬂacw The br gghaﬂﬂ@wwﬁﬂhahw1 ethylene and "1, 2-
e:[ hy| ene" a!‘e Ldﬁ(ﬁ}ﬂsllylali‘eCI \,llallgcam ) c8§ PRI AN AT AN lf/? trarvi ng—a bt ugl ng group,
A, the bridgep on—on-th _aLype_L+4@F4é;e¢4ays
consi dered thed?ﬂEﬂWQﬂFlon The niRBEFEAH ‘orevious defined for the
i ndenyl ring ilsliphetbylsilges\D 2007/ 01 4BBGYIRCIFpa08E@RIG/ 027591 -29 indicate the
bri dge p03|t|CQ¢mmmmammﬂﬁmmﬁgls n hmﬁﬁgﬁhm@aﬂdmmﬂ I's asSunmed that| the
bri dge to the H# at—s— or—TABEEB—A Cp, Cp*
di met hyl si |yl 4 ﬁfle'tﬁ;{lsﬂxlenér adienyl :q ]E#ug“ ?HXn it adi enyl
dipropylsiIyIeﬂ@mﬂ@ﬁﬁPH$ﬂﬁyclopen15ﬂF@ﬁvﬁmWEWBUPVIS|Ierne
trimet hyl cycl qpetyibdylsilgide  di pent yplenyloytlepsgadieatir anet hyl cycl opent gdi enyl
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[0070] In a preferred embodiment of the invention, Cp is the same as Cp*
and is a substituited or unsubstituted cyclopentadienyl, indenyl or
tetrahydroindenyl ligand or fluorenyl. In another preferred embodiment of the
invention, Cp is different from Cp* and is a substituted or unsubstituted
cyclopentadienyl, indenyl or tetrahydroindenyl ligand or fluorenyl.

[0071] Preferred metallocene compounds (pre-catalysts) which, according
to the present invention, provide catalyst systems, which are specific to the
production of poly-a-olefins having high catalyst productivity and convert C; to
Csp alpha-olefins with comparable reactivities. These compounds can have any

one of the symmetry groups classified as C;, pseudo-Cs, Cay, or C, symmetry, and



X1 and X2 together butyl cyclopentalbl pyrrolyl nethylidene
. but yl cycl opent a[ b] phosphoryl et hylidene drbutyl cyel opent a[ b] t hi enyl

propylidene dibutylcyclopentalb]foranyl tetranmethyl epgrusoosm027591
di but yl cy\!"P&B‘E’H’t‘%{%ﬁ] pyrrolyl pentamet hyl ene

dr but yl cycl opent a[ b] phosphor yl phosphol yl hexanet hyl ene
trlbutyl cycl openta[b]tbienyl ethylendfi-rhydroxy tributylcycl opentalb]fiuanyl
but adi ene tributyl cycl openta[b] pyrrolyl rmnethyl buadi ene tnbutyl cycl openta[ b]
phosphol yI phasphaql vyl di met hyl but adi ene et hyl met hyl cycl.opent al bl t hi enyl

pent adi ene éPﬁV&ﬁgF%V$@§gl oM BFFIPAS In¥ﬂ§5ﬁ$%5§ﬁWﬁ éﬁQﬁLnA@

et hyhnt hyl Cy&éﬁaﬂeﬁw irbdiihr Olditheth @i MedisOtlepSh@AyB fonium  dichloride,

et hyl net hyl eyc open?%[b phosphonfﬁ hegggiene &

net hyl pr opy| Wieie8plindeybyiraenamy dimetwl hyi hexadi ene

et hyl propyl @:ﬁ’ %rg%l\tura- dj. hex &L ne . —

nmet hyl propyllglg O%E(-Z)ﬁ#g ’f)'li‘Furﬁ“%' m@ﬁ@bﬁ%ébpyl@ dﬁ%%@ﬂ?gw)zgﬁ%%%oryl

but yl met hyl cgilefiggnt a[ b] t hi enyl M butyl met hyl cycl openta[ b] furanyl titanium

but yl met hyl cyc) gpent al b] pyrrcol y| .. zirconiu .. .

but y1 ot hy | SRR ERASDHB SRR Biebloncn SRR eiseamiap dimetndny

cycl opent a q}-g'd;b%?%-hd LQReR &kkibiigd. 812 :ﬂﬁ:ﬂﬂlh ﬂﬁlﬁfi el | ur ophenyl

WO 2007/ 01183?2d P USCZ%%?%}OZ?SQ? m%)%gé’cy. | opent ch:i plflr ro ?]&L&Hl’

cycl opent a[ cdiptetyjsiigibis(indanyyl opémenifro] adicbloyide, cydimethyisilybis(indenydl yl

met hyl cycl Op?ur']ctom{unia i thldl%?éﬁ‘!l}’l, diphenylsilylbis(indenyl)  zirconium  dichloride,
diphenylsilylbis(indenyl) zircomium dimethyl,

methylphenylsilylbis(indenyl)

4 zirconium dichloride,
methylphenylsilylbis(indenyl)  zirconiwtn  dimethyl, ethylenebis(indenyl)
zirconium dichloride, ethylenebis(indenyl) Zirconium dimethyl,

methylenebis(indenyl) zirconium dichloride, methylenebis(indenyl) zirconium
dimethyl, dimethylsilylbis(indenyl) hafnivm dichloride, dimethylsilylbis(indenyl)
hafnium dimethyl, diphenylsilylbis(indenyl) hafnium dichloride,
diphenylsilylbis(indenyl) hafnium dimethyl, methylphenylsilylbis(indenyl)
hafnium  dichloride, hafnium  dimethyl,
ethylenebis(indenyl) hafnium dichloride, ethylenebis(indenyl) hafnium dimethyl,
methylenebis(indenyl) hafnium dichloride, methylenebis(indenyl) hafiium

methylpbenylsilylbis(indenyl)

dimethyl, dimethylsilylbis(tetrahydroindenyl) zirconium dichloride,
(. dimethylsilylbis(tetrahydroindenyl) zirconium dimethyl,
) diphenylsilyibis(tetrahydroindenyl) zirconium dichloride,
diphenylsilylbis(tetrahydroindenyl) zirconium dimethyl,
methylphenylsilylbis(tetrahydroindenyl) zirconinm dichloride,
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propy! cycl opghiletdbispbpantmindenyllhamny diehetids) etiyiheldis(finaiydroindenyl)

di propyl cycl opent a[ c] f ur anyl . . . . )
hafnium = dimethyl, ° methylenebis(tetrahydroindenyl) hafnium dichloride,
methylenebis(tetrahydroindenyl) hafnium  dimethyl, dimethylsilylbis(4,7-
dimethylindenyl) zirconium dichloride, dimethylsilylbis(4,7-dimethylindenyl)
zirconium dimethyl, diphenylsilylbis(4,7-dimethylindenyl) zirconium dichloride,
diphenylsilylbis(4,7-dimethylindenyl) zirconium dimethyl,
methylphenylsilylbis(4,7-dimethylindenyl) zirconium dichloride,
methylphenylsilylbis(4,7-dimethylindenyl) zirconium dimethyl, ethylenebis(4,7-
dimethylindenyl)  zirconium  dichloride, ethylenebis(4,7-dimethylindenyl)
zirconium dimethyl, methylenebis(4,7-dimethylindenyl) zirconium dichloride,
methylenebis(4,7-dimethylindenyl) zirconinm dimethyl, dimethylsilylbis(4,7-
dimethylindenyl) hafnium dichloride, dimethylsilylbis(4,7-dimethylindenyl)
hafnium dimethyl, diphenylsilylbis(4,7-dimethylindenyl) hafnium dichloride,
diphenylsilylbis(4,7-dimethylindenyl) hafnium dimethyl,
methylphenylsilylbis(4,7-dimethylindenyl) hafnium dichloride,
methylphenylsilylbis(4,7-dimethylindenyl) hafnium dimethyl, ethylenebis(4,7-
dimethylindenyl) hafhium dichloride, ethylenebis(4,7-dimethylindenyl) hafnium
dimethyl, methylenebis(4,7-dimethylindenyl) hafiium dichloride,
methylenebis(4,7-dimethylindenyl) hafnium dimethyl, dimethylsilylbis(2-methyl-
4-napthylindenyl)  zirconium dichloride, dimethylsilylbis(2-methyl-4-
napthylindenyl) zirconium dimethyl, diphenylsilylbis(2-methyl-4-napthylindeny?)

zirconium dichloride, dimethylsilylbis(2,3-dimethylcyclopentadienyl) zirconium
dichloride, dimethylsilylbis(2,3-dimethylcyclopentadienyl) zirconium dimethyl,
diphenylsilylbis(2,3-dimethylcyclopentadienyl) zirconium dichloride,
diphenylsilylbis(2,3-dimethylcyclopentadienyl) zirconium dimethyl,
methylphenylsilylbis(2,3-dimethylcyclopentadienyl) ~ zirconium  dichloride,
methylphenylsitylbis(2,3-dimethylcyclopentadienyl) zirconium dimethyl,
ethylenebis(2,3-dimethylcyclopentadienyl) zirconium dichloride, ethylenebis(2,3-
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dimethylcyclopentadienyl)  hafnium  dimethyl, methylphenylsilylbis(2,3-
dimethylcyclopentadienyl) hafnium dichloride, methylphenylsilylbis(2,3-
dimethylcyclopentadienyl) hafnivm dimethyl, ethylenebis(2,3-
dimethylcyclopentadienyl) hafnium dichloride, ethylenebis(2,3-
dimethylicyclopentadienyl) hafiium dimethyl, methylenebis(2,3-
dimethylcyclopentadienyl) hafnium dichloride, methylenebis(2,3-
dimethylcyclopentadienyl) hafhium dimethyl, dimethylsilylbis(3-
trimethylsilylcyclopentadienyl)  zirconium  dichloride, dimethylsilylbis(3-
trimethylsilylcyclopentadienyl)  zirconium  dimethyl,  diphenylsilylbis(3-
trimethylsilylcyclopentadienyl)  zirconium  dichloride, diphenylsilylbis(3-

trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilylcyclopentadienyl)
trimethylsilyleyclopentadienyl)
trimethylsilylcyclopentadienyl)

zirconium dimethyl,

zirconium dichloride,

zirconium

zirconium

zirconium
zirconium
zirconium
hafnium

haftium

hafhinm
hafiium

hafnium  dimethyl,
hafnium dichlorde,

dichloride,
hafnium  dimethy],
dichloride,
hafnium  dimethyl,
hafnium  dichloride,

methylphenylsilylbis(3-
methylphenylsilylbis(3-
. dimethyl, ethylenebis(3-
| dichloride, ethylenebis(3-
dimethyl, methylenebis(3-
dichloride,
dimethyl,

methylenebis(3-
dimethylsilylbis(3-
dimethylsilylbis(3-
diphenylsilylbis(3-
diphenylsilylbis(3-
methylphenyisilylbis(3-
methylphenylsilylbis(3-
dimethyl, ethylenebis(3-
dichloride, ethylenebis(3-
methylenebis(3-

and methylenebis(3-

[ 0070]



and is a substituted or unsubstituted cycl opentadi enyl, indenyl or

t et rahydroi ndenyl ligand or fluorenyl. In another preferred enbodi nent of
the invention, Cp is different fromCp* and is a substituted or

unsubsti t e doo70¥830pent adi enyl, indenyl or tetrahydr oppg@R¥osbigand or
fluorenyl. [0071] Preferred netall ocene conpounds (pre-catalysts) which,
according to the present invention, provide catalyst systens, which are
specific to the production of poly-a3®l-efins having high catalyst
productivity and convert C3 to C30 al pha-olefins with conparable
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di chl ori de, Rydidcattey rddRdRnYiheee msmméﬁesebvmtabwated with MAO or NCA co-
bi s(di al kyl i ndenyl ) zirconiumdichloride, bis(dial k%’il ndenyl ) zi rconl um

di net hyl , d?%l’%i/la%d ppmﬂablwﬁab ﬁ‘;rlatjtl"iltor% B?ﬁ%hlﬁhhcé ygt prpductivity and
di | si | i1 b d |
ey o VBt EY v oRERRLM AR o DSOSk LD D deny )

Zirconi um dIC Zl rconi um
met hyl phenyl mngqyl ISpac(lﬁmdmmqbl)as am lm(alhylmwcldpenltddmnyljemrcomum dlchlondw

net hyl phenyl Ib| zirconiu et hyl epebi s nden I

zi rcgnfum éi é(mg(s M@Eﬂ“g( R rc‘?ﬁlﬁluf"h @ {Yh a

met hyl enebi e o] 0 I d - Zi rconjum
i ety Sﬁﬂﬁy%é‘yﬂhfi(ﬁdé?:%%ﬂﬁ?ﬁ% byl gnastspdenl - 2 conju
di met hyl si | ysimegplayelongatadienyl¥ ni um amsmw di ﬁwéwpdsq |yl bi ¥is(k3tenyl )

haf ni um di ch Iysfgkng;]ﬁ%)m ﬁﬁh{‘den?ﬁcﬁlogﬁé ni urglgh rﬁ?étﬁw}n-

met hyl phenyl Si ni-um di chl orl
met hyl phenyl pnopylbjmlq:(entadenym) hafz:rcammﬂl et hiydhloridef hy| ehnsﬂl-m(eﬂmmmyl )

haf ni um di chI ebi s nden I ) haf ni um di met
met hyl enebi sf "H%l(?ﬁ um d Bnebi h Fa0Y3Reaf ni um

gi net hyl, di % op eﬁia&ﬂeﬁ'ﬁﬁ etrahyﬂk&&mmnyl) Zdlélﬂ&‘iﬁd%(‘l“lﬁéﬂlﬁf.’!ﬁte

I met hyl si | y etrahydroi ndenyl ) zirconi um di meth
butylcyclopentadlenyl) zirconium dichloride, bls(l-methyl—Z-n-
propylcyclopentadienyl) zirconium dichloride, bis(1-methyl-2-
ethylcyclopentadienyl) zirconium dichloride, bis(1,2,3-trimethylcyclopentadienyl)
zirconium dichloride, bis(1,2,4-trimethylcyclopentadienyl) zirconium dichloride,
bis(1,2-dimethyl-4-ethylcyclopentadienyl) zirconium dichloride, bis(1,2-dimethyl-
4-n-propylcyclopentadienyl)  zirconium  dichloride, bis(},2-dimethyl-4-n-
butylcyclopentadienyl) zirconium dichloride, bis(tetramethylcyclopentadienyl)
zirconium dichloride, bis(pentamethylcyclopentadienyl) zirconium dichloride, etc.
[0072] Particularly preferred species are the racemic and meso versions of:
dimethylsilylbis(indenyl)  zirconium dichloride, dimethylsilylbis(indenyl)
Zirconium dimethyl, ethylenebis(indenyt) zirconium dichloride,
ethylenebis(indenyl) zirconium dimethyl, dimethylsilylbis(tetrahydorindenyl)
zirconium dichloride, dimethylsilylbis(tetrahydorindenyl) zirconium dimethyl,
ethylenebis(tetrahydorindenyl) zirconium dichloride,
ethylenebis(tetrahydorindenyl)  zirconium  dimethyl, dimethylsilylbis(4,7-
dimethylindenyl) zirconium dichloride, dimethylsilylbis(4,7-dimethylindenyl)
zirconium dimethyl, ethylenebis(4,7-dimethylindenyl) zirconium dichloride,



di phenyl si |l yl bi s(tetrahydroi ndenyl) zirconiumdichloride,
* di phenyl si | yI bi s(tetrahydroi ndenyl) zirconi um di net hyl
met hyl ph s(tetrahydroindenyl) zirconiumdic
met hyl phg‘gélzgdl % )¥/4 Eﬂ | s(tetrahydroi ndenyl) zirconium di mcﬁ'/qﬂﬁ%mmsm
et hyl enebi s(tetrahydroi ndenyt) zirconiumdichloride,
et hyl enebi s(tetrahydroi ndenyl) zirconggm di net hyl,
met hyl enebi s(t et rahydroi ndenyl) zirconi um dichl ori de,

met hyl enebi s(tetr leédr oi ndenyl ) zirconium di met
di met hyl si | yettyk Flaignetiindan))| girdeaium dml?}hl‘,lh |d@n¢tbﬁlsﬂylbls(mdeny1)
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met hyl phenyl si | |bISé r0|n enyl) hafn dlchlorlde

met hyl phenyl‘gli11 s ’Ls& knyl ) haf | met hyl , dichioride,
et hyl enebi s(4igk bREAERFISndBRN um di chllr,),3 dimethvl
et hyl enebi s(tettglgﬁﬂ%r o$ ndeg 1) ?nl um di net oS

met hyl enebi se(thséenehﬂs@@trahwdmtaxdyzm)l) mmmmt @tﬁyldeqbl s(tetrahydorindenyl)

nmet hyl enebi etra i.nd di t hyl si I s(4,7-

di met hyl | nd«}i’%}‘ ° s fiekislih ﬁ@ww@’py. AL é‘@ﬁg“t 'hyl i ndenyl )
zi rconi um di d!ﬁ&ihﬁisy‘lylﬁis(lﬁﬁ-ﬂh&h&h}}lmﬂ 3@( 4 héfoitiniet Mdﬂ[}ﬂien}é‘tﬁyleﬂebﬁ@m-um

di chl ori de, met hyI I ndenyl ). ZI rconl um di net hyl ,

lylb
net hyl phenyl@mpglb' ill)7¥'ﬂfﬂ|ﬁ;@h dichlogide)y 1and ; jefhyisne giiadenyl)
t hyl ph | b t hyl | hyl
oty enobi 2(ginG > idmépll T | DAY ) ptttal 3??*‘3“% V! include
et hyl enebi s(dipl?enﬁhnﬂﬂl}ﬂyzlbmeﬂmlqpbr)tadlm)ﬂ)&ﬂumﬂ)mommm dichloride, iso-
t hyl bi s hl
et h§| onebi sé‘ﬂf’;}‘ ‘H&Sﬂmﬂi" ST ﬁ;@dﬁavﬁ%t hyl $Kyl bi s(4, 7-

di met hyli nd lidBad(B bt erithdlenyl)9-FeéreiyIircoititns ( 4, 7- dicAlEiay,| i ndenyl )
haf ni um di rreelgmﬁi;/)? Egoheny)?‘hsl m)I/)I bi s(gyg’ di rrljgw}‘zihjfndenyl ) hafniumdichloride,

di pheny! si | yéthylerehist-Bnorenyliziceomamy | ) hadi &dli met hydimethylsilylbis(9-

met hyl phenyl g, di et nyl)

met hyl pheny!| s.M’@%&%"f{“‘%dl met %"}hmggnw ) Wﬁ%ﬁ%ﬂ% %tgﬁen?%l enebi s(4, 7-
di met hyl i ndefiydrgnyfjeirednivm di chl dichibeide,et hy| efigenglsdyliydiopedtadi¢niy)Eeny| )

haf ni-um fluorenyl)zirconium dichloride, their analogs of dimethyls or the analogs of

!'D

hafnium metaltocenes.
[0073]  The metallocene compounds, when activated by a per se commonly
known activator such as methyl aluminoxane, form active catalysts for the
polymerization or oligomerization of olefins. Activators that may be used include
i aluminoxanes such as methyl aluminoxane (or MAO, shown in Formula II,
above), modified methyl aluminoxane, ethyl aluminoxane, iso-butyl aluminoxane
and the like, Lewis acid activators including triphenyl boron, tris-perfluorophenyl
boron, tris-perfluorophenyl aluminum and the like, ionic activators including
dimethylanilinivm tetrakis perfluorophenyl borate, triphenyl carbonium tetrakis
perfluorophenyl borate, dimethylanilinium tetrakis perfluorophenyl aluminate, and
the like, and non-coordinating anions such as shown in Formula II1.
[0074] A co-activator is a compound capable of alkylating the transition
metal complex, such that when used in combination with an activator, an active
catalyst is formed. Co-activators include aluminoxanes such as methyl

aluminoxane, modified aluminoxanes such as modified methyl aluminoxane, and



di met hyl , et hyl enebi s(4, 7-di net hyl i ndenyl ) hat hi um di chl ori de,

nmet hyl enebi s(4, 7- di net hyl i ndenyl ) haf ni um di net hyl ,

di met hyl si | yl bi s(2-net hyl - 4-napt hyl i ndenyl) zirconium dichloride,

di met hyl sWo/iobiea@zmet hyl - 4- napt hyl i ndenyl ) zi r coni unpetiyostobe/dzrser

di phenyl si |l yl bi s(2-net hyl - 4-napt hyl i ndenyl) zirconi um di chl ori de,

di met hyl si |yl bi s(2, 3-di net hyl cycl opent adi enyl ) zirconium dichloride,
di met hyl si | yl bi s(2, 3-di net hyl cycl opentdddi enyl ) zirconi um di net hyl ,

di phenyl si |l yl bi s(2, 3-di met hyl cycl opent adi enyl ) zirconium dichl oride,

di phenylsily s(2,3 C) t.adi e"vl) I i um di me
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di net hyl cycl gpaskadi enyl ) haf ni um di chl ori de di phenyl si | yI bi s(2, 3-

di net hyl cycl opent adi enyl ) hafivum di met hyl, methyl phenyl silyl bis(2,3-
di met hyl cycl 82t adi By ﬂglmmmmpum@mnéruse@ﬂ ﬂﬁeﬂlhwcbﬁféﬁyﬁmlqﬂ}wblss( 2, 3-
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di met hyl cycl ®R¥ekit@) whiyh js haklic ummpbumé,tdna" (Rhﬂl#@)h&]%ﬂwﬂﬁcm iSa linear {
di net hyl I ta haf i di chl d th
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trimethylsi| sdnepbrh@pent élg@ﬁefm aléh o Q& URHE R DS ﬁs?eﬂdéﬁ%ﬂ%fc%&" bi s(3-
trinmethylsilylcycl opentadie zi rconi um di met h I phenyl si bi s( 3-
trimet hyl si | 3kdyiedisple far £apm hél methyl ceghlupropyle hnty Ipa@tyl,dmhmemoﬁ’,yl bi s( 3-

et | EVERSA M e 600110 SR PR Ay |1 2
net hyl pheny| 41"l igldbiledB4. tMethyt dlyinsriokyriecyel mpdified dnetiny | urminoxanes are di met hyl ,
ethylenehl o( 3. o rafet s the LSRRI S )78 56O W s A B o7

561 476, W094/10180 and US Pat. Nos. 4,665,208, 4,874,734, 4,908,463,

4,924,018, 4,952,540, 4,968,827, 5,041,584, 5,091,352, 5,103,031, 5,157,137,

5,204,419, 5,206,199, 5,235,081, 5,248,801, 5,329,032, 5,391,793, and 5,416,229,

[0076]) When an aluminoxane or modified aluminoxane is used, the catalyst-

2]

precursor-to-activator molar ratio (based on the metals, e.g., Zr or Hf to Al) is
from about 1:3000 to 10:1; alternatively, 1:2000 to 10:1; alternatively 1:1000 to
10:1; alternatively, 1:500 to 1:1; alternatively 1:300 to 1:1; alternatively 1:250 to
1:1, alternatively 1:200 to 1:1; alternatively 1:100 to 1:1; alternatively 1:50 to 1:1;
alternatively 1:10 to 1:1. When the activator is an aluminoxane (modified or
unmodified), some embodiments select the maximum amount of activator at a
5000-fold molar excess over the catalyst precursor (per metal catalytic site). The
preferred minimum activator-to-catalyst-precursor ratio is 1:1 molar ratio.

[0077] Tonic activators (which in embodiments may be used in combination
with a co-activator) may be used in the practice of this invention. Ionic activators,
sometimes referred to as non-coordinating anion (NCA) activators, usually refer

to those activators that have distinctive ionic character in their active states, even



trinmethylsilylcycl opentadi enyl) zirconiumdinethyl, nethylenebis(3-
trimethylsilylcyclopentadienyl) zirconiumdichloride, methylenebis(3-

trimet hyI ent adi enyl ) zirconiumdinmethyl, dinethylsilylbis(3
trinethyls I);y%I“’Q’I}”iIsgﬁem adi enyl ) haf ni um di chl oride, di FEFVRF?¢P F’dus(3-
trimethyl silylcycl opentadi enyl) hafnium dinmethyl, diphenylsilylbis(3-
trimethylsilylcyclopentadienyl) hafniugdichloride, diphenylsilylbis(3-
trimethyl silylcycl opentadi enyl) hafnium di methyl, nethyl phenylsilylbis(3-
trinmethylsilylcyclopentadienyl) hafiiiumdichloride, methylphenylsilylbis(3-
tri met hyl si | yhogh itteseattivdiosay eutml cliemicad bompdwlﬂs T&tbhyﬂeane:hphﬁﬁby
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20071011832 PCT/ U82006/ 0 trine I SI I entadi en haf ni um
di met hyl .  AndRNEL][B&EFohl, M@(ﬂéﬁ)ﬂ r@hﬁ] EB((ﬁsHu

substituted i n [ ium

di chl ori des 3&%)%) t%ﬁ%ﬁ?@% ﬁ‘j @ﬁi{ﬁﬁ%@?ﬁ “Fe{ ég@%ﬁaéfdgé‘ di fferent
and can be i rade-ma’r@lanihlas B{UgrsRror B(CERD cﬁ%et@e@%md‘@ldfsqmaﬂ}ﬂmhdmwl cal s.
These netal |l gcenes when actjvated with %&) NCA co- catal ysts and

optional l'y wilf eyl aRT6y ) Knes FORPYh ?réﬂdy‘g’c‘acﬁ‘WﬁB‘iﬁcW 1 # nore
| nportantly %ﬂ&%&f‘ 's6& Gs "l thniimﬁc@&e Fhédifid RRmBEhGlahélS s Bs C3 to C30

range. Specific exanples are bis(allrylcyclopentadienyl) zirconium
di chl ori des nicdified meﬂi}]l abumdRxand, k ghd galeoiums plgils | sheh aseltrh-;i&obum hyl ,

n- propyl, n ut, nt N3 hex ete.. and i so-prap I sobutyl,
LBty or oustimifian, Tind] Sty Wik, | G, Aol R 5 isdn B
dichl ori de, Qﬂ\ﬁ'ﬁﬂamﬁ, ﬁﬂhﬂi@i}"l}éﬂlﬁﬁiﬁhﬁpﬁﬂh@ﬂﬁyﬁ A, t€iQREeH) Slushhned ogle,
bi s(1- et hyl - 3-n- propyl cycl opent adi enylﬁmm r¢goni um di chl ori de

bi s( 1- met hy| ‘B-0-dadgoyl o \aluBmEmy ad| 9I )PrE ebnilQps diachYars ggre  N,N-

bi s( 1- met hyl -BsBhvi ﬁgﬂsﬁhpycmﬁ eBVITHORIS, UM tetra-methyl
di chl ori de, blﬁ?%ﬁe% 2 utyl cycl o ent a%ll enyI ) cétlmrlcl:lgnl Sﬁnlhgmnhl oride,
bi s(1- et hyl -tﬂtrahs(mmta[ﬂybmphmbm&dl enyl) zirconium dteuhdwb’ladﬂmmm
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[0078] It is within the scope of this invention to use an ionizing or

stoichiometric activator, neutral or ionic, such as tri (n-butyl) ammonium tetrakis
(pentafluorophenyl) borate, a tris(perfluorophenyl) boron metalloid precursor or a
tris(perfluoronaphthyl) boron metalloid precursor, polyhalogenated heteroborane
anions (e.g., WO 98/43983),' boric acid (e.g., U.S. Patent No. 5,942,459) or
L " combination thereof.
[0079] Examples of neutral stoichiometric activators include tri-substituted
boron, tellurium, aluminum, gallium and indium or mixtures thereof. The three
substituent groups are each independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arylhalides, alkoxy and halides. Preferably, the three
groups are independently selected from halogen, mono- or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1
to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). More preferably, the
three groups are alkyls having 1 to 4 carbon groups, phenyl, naphthyl or mixtures



bi s(1, 2-di et hyl - 4- et hyl cycl opent adi enyl ) zirconium di chl ori de,

bi s(1, 2-di net hyl - 4-n-propyl cycl opent adi enyl ) zirconi um di chl ori de,

bi s(1, 2-di met hyl -4-n- butyl cycl opent adi enyl ) zirconi um di chl ori de,

bi s(t et r arved byok@yeizopent adi enyl)  zi rconi um di chl ori depcr/uszo06/027591

bi s(pent anet hyl cycl opent adi enyl ) zirconiumdichloride, etc. 0721
Particularly preferred species are the racem ¢ and neso versions of:

di met hyl si |l yl bi s(indenyl) zirconium di43h ori de, dinethylsilylbis(indenyl)
zi rconi um di net hyl , et hyl enebi s(i ndenyl) zirconium dichl ori de,

t hyl bi s(i, nd | i i i hyl , di nethyl si] yl bis(tet dori nd |
o o o eieah et grsre HOIPEAOIY by divee ROy bt PRPEEAS: FretEaan
G < A : T ! 'Y COH

i met hy e ﬁaﬂn%ﬁg, d%‘?ﬁ E]S»hﬁé Mpﬁwm)%fgée@ﬁgauﬁmﬁm&%%f is

et hyl enebi s(tetra I hdehyl ) zitconi |, dinmethylsiiylbis(4,7-

di net hyl i ndetig(perfiiorapbeiyihbatom bt wis@exfluoxsinaplthyl) Brirdy| bi s( 4, 7- di met hyl i ndenyl)
zirconi umdi vyl , ethylenebis(4, 7-di pet hyl i ndenyl ) zirconi umdi chloride,
VO 2007/0118@5@0T/ JeBB08PE c aglya h'#ﬂé‘% s%li‘,g’???ﬂt%tﬁwlafth"cfenyl)

zi r coni um di pRidaylor sBinBRsthe! catibiy |akobiated o] Dut ro@icobrdMatbiclo) oF iog B

di met hyl si |l yl bi s(i ndenyl) - hafhi um di net hyl| et hyl enebi s(1 ndemill ) hafnium
di chl ori de,  osgly €@ ddn iperihe remaming Lign RfntheHipnizing compound.  Suc

di met hyl si | yJ. bj ' ' WetatHel A~

di met hyl si | yk‘g’@%’%‘g 5 ygy{%n gdr%‘lr";beﬁg'; %ﬁ%%!‘%"?ﬁem‘w 370 982,

et hyl enebi s( EBtA-61520 GB2,/ERAY0 39N3FSn ER+B 10 660 944, BP;A-0 277 003 and EP-A-

et hyl enebi s( dor i ny|l fnj Lmet hyl

di et hyl si | yf’&%%aﬂﬁl‘ HgShéF%ﬁdﬂﬁiﬁfﬁ]ﬁhﬁ&%ﬁ%%?‘?Gd'é“,l’ 5,206,197,

di met hy! si | Ykbissbs, 75 geamsdhhd syl dalf igrPalineA ppticatiol BUHANRBI S(4, 7- ¢

di met hyl i ndeng(l% haf ni um di chl ori de, and et hyl enebi's(4, 7-di net hyl i ndenyl )
haf ni um di meP#$85,380; fited Aneasts: A8¥.cat al ysts i ncl ude

di bhenvl met hvls | di ’ e : : i de. iso-
or opy! | denc( LUBHEDCHPLE, SRRRACHASE) bithirkd Mty ipidibl BB e 1o
propyl i dene( Sampmiulng | wistc ko petivael, aash ) B(C{FRgay which )upion qemitiom wiitic hbheor | de,

t hyl bi -f | ) zi | di chl oride, di | silylDbi -

7l Uor onyl ) 21 PESHEHAITERRAN LE! e RERAgH G rEns SO B pres
fluorenyl)zi he QBE@IFHEN D wWhtth diabiliedy kisd |citidiiey GlRBIE0GA afteRD YdpbéiSs

fl uorenyl ) zirconi um%il chlllor_i de, their anal ogs of dinethyls or the anal ogs of
haf ni um net aBensaagidy the reaction. The catalysts can be, and preferably are, prepared with

activator components which are ionic compounds or compositions. However
preparation of activators utilizing neutral compounds is also contemplated by this
invention.

[0082] Compounds useful as an activator component in the preparation of
the ionic catalyst systems used in the process of this invention comprise a cation, ‘
which is preferably a Brensted acid capable of donating a proton, and a
compatible non-coordinating anion which anion is relatively large (bulky),
capable of stabilizing the active catalyst species which is formed when the two
compounds are combined and said anion will be sufficiently labile to be displaced
by olefinic, diolefinic, and acetylenically unsaturated substrates or other neutral
Lewis bases such as ethers, nitriles and the like. Two classes of compatible non-
coordinating anions have been disclosed in EP- 277,003 and EP 277,004
published 1988: 1) anionic coordination complexes comprising a plurality of
lipophilic radicals covalently coordinated to, and shielding, a central charge-
bearing metal or metalloid core, and 2) anions comprising 2 plurality of boron

atoms such as carboranes, metallacarboranes and boranes.



[0073] The netal |l ocene conpounds, when activated by a per se commonly known
~activator such as nethyl alum noxane, formactive catalysts for the

pol ymeri zation or oligonerization of olefins. ActivatQqr t be used

i ncl ude WPHWH3R®3hes such as nethyl al uni noxane (or %IE%‘}SQ@SW% For nul a
1, above), nodified nethyl alum noxane, ethyl alum noxane, iso-butyl

alum noxane and the like, Lewis acidagctivators including triphenyl boron,
tris-perfluorophenyl boron, tris-perfluorophenyl alum numand the |ike,
ionic activators including dinmethylaniliniumtetrakis perfluorophenyl
borate, tripl@83]l calberprefearedembidimentpdref stoichioprbicyactiveerstincude a

dinmethylaniliniumijetrakis perfl uar.ophenyl ) e ~and the |ike, and
non- coor di naﬁu%a%%ifnoaf%onsﬁ% oggnt,swg i r‘?}éf%‘?grm agi/%he[fﬁgofﬁ]fgkowhaact ivator is
a conpound cgpalﬁ)gs*(gﬁ')al kylating the transition netal conplex, such that
when used in conbination with an activator,. an active catalyst is forned.
Co- act i vat or whergiafg s an nawirabbairieBasgiuch as nethyl  al umi noxane, nodifi ed

al um noxanes %@Ehgg%ﬂm)di fied nmethyl al um noxane, and WD 2007/011832

PCT/ US2006/ Og >4 al um num al kyl s such trinethyl alum num tri-isobutyl
al um num hi @*H)" isal Bawhstedracidind tri-i sopropyl al um num tri-n-hexyl

al um num trign-octyl | um num .tri-p-decyl ;al um num or tri-n-dodecyl

al um num Co4dadtd RPREHP 8 apiop havipg egggée 1 conbination with Lewis acid
activators aggh dnQiveserdrot Y& Prs when the pre-catalyst is not a

di hydrocarbyl or dihydride conplex. Sometjnes co-activators are also used

as scavenger P08 deabhs sptior comprnent, (I&¥-H)s map inchide Brenstadscids spdoass] The

al um noxane I | v-ai Qr. kYD ' ably an

o1 1 goner to- aP s SEocael ten Ahebl R tocntBlsH ol i ¥apitye StplioBlilel .Y 471
whi ch i 3 aTﬁyﬁhlbstracth:gpmumictyprsgdﬁ' ag Eﬁ-qﬂc’l}d&)r"a_\‘k}dR'ﬂ)mw?é (pﬁech&}}@t !aftdstea(r]I .
conpound. e nost ¢ n. al, um nox ,a mixture of the cyclic and |inear
co%ounds: I ﬁ]kﬁg@ngeﬁ@g‘fméiwmﬁgﬂg*'@ rﬁ?ryaé(e P%qurﬁ?@pégﬂbhﬁ ‘Pff/ ~a Cl1-C20
al kyl radi Cahona{iﬂéaﬁf@dﬁ%ﬂée AIRJIREA traRitfih! et cRRWkic pRi¢hitbr reffiithg/ina | SONET S

thereof, and the like, and "n” is an integer from 1-50. Mst preferably, R
i s methyl antansitipn jmetalt cptiogst ingludingt rapmepigms, noxeniums n Phaspbptinme, et hyl

586, £p 0 soR oy b et is5t sPbably ilbouieR SEIBI e Sunke 005"
4,874, 734, Adbisthykdne, diethylamine, N-methylaniline, diphenylamine, trimethylamine,
triethylamine, N,N-dimethylaniline, methyldiphenylamine, pyridine, p-bromo
-N,N-dimethylaniline,  p-nitro-N,N-dimethylaniline, = phosphoniums from
triethylphosphine, triphenylphosphine, and diphenylphosphine, oxomiuns from
ethers such as dimethyl ether, diethyl ether, tetrahydrofuran and dioxane,
sulfoniums from thioethers, such as diethyl thioethers and tetrahydrothiophene,
and mixtures thereof. The activating cation (L**-H);" may also be a moiety such

(€

as silver, tropylium, carbeniums, ferroceniums and mixtures, preferably
carboniums and ferroceniums; most preferably triphenyl carbonium.

[0085] The anion component A% include those having the formula [M*'Q,]*
wherein k is an integer from 1 to 3; # is an integer from 2-6; n -k =d; M is an
element selected from Group 13 of the Periodic Table of the Elements, preferably
boron or aluminum, and Q is independently a hydride, bridged or unbridged
dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl, substituted hydrocarbyl,
halocarbyl, substituted halocarbyl, and halosubstituted-hydrocarbyl radicals, said
Q having up to 20 carbon atoms with the proviso that in not more than one

occurrence is Q a halide. Preferably, each Q is a fluorinated hydrocarbyl group



4,924,018, 4,952,540, 4,968,827, 5,041,584, 5,091, 352, 5,103, 031, 5,157,137,
5,204, 419, 5, 206,199, 5,235,081, 5,248,801, 5,329,032, 5,391,793, and '
5,416, 229. [0076] Wen an al um noxane or nodified al um noxane is used, the
cat al yst - wiy move1asy-t o-acti vator nolar ratio (based onpdpes®inrs: e.9., Zr
or Hf to Al) is fromabout 1:3000 tp,10:1; alternatively, 1:2000 to 10:1;
alternatively 1:1000 to 10:1; alternatively, 1:500 to 1:1; alternatively
1:300 to 1:1; alternatively 1:250 to-45-1, alternatively 1:200 to 1:1;
alternatively 1:100 to 1:1; alternatively 1: 50 to 1:1; alternatively 1:10

to 1:1. Wen the actjvator is an al um n ane nnodi fi ed Sone
enbodi ment srt?&ngcltt aFPé’%lartﬁfPﬁ 5% st hﬁ?mﬁ&dﬁgl(ﬁr?‘& °d m)l) ar
excess over zinﬁ@h&*@f)ﬁfefﬁﬂy sicﬁ@{.-ﬁﬁenfamarymagmﬁ@t Bkathpl6s & sutdble Ahe

preferred m ni numactivator-to-catalyst-precursor ratio is 1:1 nplar ratio.

[0077] | oni cBleecinelnde @bgropwnmpﬁlmdn agdisdleefdm UsS. Fal Noe 5448893, whidnisi nat i on

wth a co-ac e? the practice of this invention. lonic
activators, ﬁﬂ%ﬁ}c FIes re eg]rﬂrﬂgcf’ 0 as non-coordi nating ani on ( NCA)

activators, [0086} |y Tlledtetive tlmttﬂwslﬁuﬁng exaiipléss of badonhcwmepotihdst whizhi ve ionic
character in their active states, WO 2007/ 011 32 PCT/ UsS2006/ 027591 -42
t hough t hes™a%P¢ vsed 58 4n griavating cp g‘n?"éél co-actyalor iy Reeyenpl i fi ed

by Fornul a e e t ly,
0 scr ot o i ot PEamte of 1B hghoRaZLay kf/ﬁ%'z““é?*ﬁmﬁq‘ﬁ“% (o5 Efmmﬁ

[ R3NH] [ B( %F@?m?mmPRZNﬂEH BEGEFS) 5, “ﬁmﬂ}a@ﬂ(m) 4 YstrapRenylHoBLEEFS) 4]

Ph3C] [ B( C6ES: VEAN
% PhSC} % BE ( %IEEL? 3 &%&éhmlfiﬁﬂ% ef B( %ﬁm pripm, igragheibereie e i vat or s
such as B( Coxify-But§Narinchid) 3 Cefaflenylbedte, Wher e Phi(tepr-plt@athmedigoMe  is

met hyl , R—Cl to C16 al kyl groups. Preferred co-actjvators, when_used, are '
al unmi noxanestedtRhgnylBora{s; fy| NAN{ﬂWFFéX&HBm“ﬁ%)dl f F%P%HUMWPF?&%aneSN%Ch as

modi fi ed met HROX m a%f 'Ilhﬁfﬂgu"yl

al um num an ‘Q%YQJ‘“ ny atleﬁ?ﬁ m tﬂfll etqﬁ;ﬁ alu ﬁ#rlngqgﬁgth? I -1 sopropyl

al um num t rtetraphenybératel uni timethylanimoniwut y| teabbn@mtarﬁluou'mphenylhlmqtt al um num
or tri-n-dode al um num _ The rre c.actiyators are N-

di et hyl ani | '%W‘gﬂi_s(ﬁg%ﬁ@?ﬁﬁtﬁ?wgﬁﬂqﬁﬁmt e, é?l?yza%?rﬁﬂnam l'inium
t et r aki s( pentegillis(pepmpiopheajbatate, t et radecyl ani | i RiigAbutyl)ammonium

BRI COREEE 21 I CH—.
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(pentafluorophenyl)borate, trimethylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl) borate, triethylammonium tetrakis-(2,3,4,6- _
tetrafluorophenyl)borate, tripropylammonium tetrakis-(2,3,4,6- L
tetrafluorophenyl)borate, tri(n-butyl)ammonium tetrakis-(2,3,4,6-
tetrafluorophenyl}borate,  dimethyl(ter-butyl)ammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-diethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, = N,N-dimethyl-(2,4,6-trimethylanilinium)  tetralis-
(2,3,4,6-tetraflnorophenyl)borate, trimethylammonium
tetrakis(perfluoronaphthyl)borate, triethylammonium
tetrakis(perfluoronaphthyl)borate, tripropylammonium
tetrakis(perfluoronaphthyl)borate, tri{n-butyl)ammoninm

tetrakis(perfluoronaphthyl)borate, tri(fert-butyl)ammonium



[0078] It is within the scope of this invention to use an ionizing or
stoichionetric activator, neutral or ionic, such as tri (n-butyl) amoni um

tetrakis %ﬁ@.}ﬂﬁf]gﬂorophenyl ) borate, a tris(perfl uor%@#&%{)qﬁm%ggn
n ol

nmetal |l oid precursor or a tris(perfluoronaphthyl) boro recursor,
pol yhal ogenat ed het eroborane anions (e.g., WO 98/43983), boric acid (e.g.,
U S. Patent No. 5,942,459) or conbinaygon thereof. [0079] Exanpl es of
neutral stoichionetric activators include tri-substituted boron, tellurium
alum num galliumand indiumor mxtures thereof. The three substituent

groups are edetekis(perBeordeaphibyl)baitect ed from al kyl s, NA-imethylanilimumgen,

substituted glkyl rvls hal i des, al koxy and (des . Preferably, the
three gr oup?eﬁaari%ﬁ?eﬁglé%rg%a gﬁ:&péor%& ected from hal oggﬁ’!ﬁ gn%ﬁlglan%?u%l ticyclic

(including hefrsspatisronpihyhbothts, al kN N-dimsitlyl2idehtimabylndlinds) and
m xtures thereof, preferred are alkenyl groups having 1 to 20 carbon atons,
al kyl groups ‘REakigperfluoropaphthybberaten at oms, al koxy gr dOESsthylaspmemum 5 20

carbon atons : &k%% .nhg 3 to 20 carbon at ' 4di ng
substituted at?@:ﬁ%%ﬁ re%?é’???%"y, the three gr oupsﬁgglg‘ag@%y s having 1
to 4 carbon getrakis(perflnecbiphenyibdratey| or m xt ures WO 2@7pylbidithium

PCT/ 1JS2006/ 02759 -43 thereaf. Even nore preferabl t he three groups are
hal ogenat ed, tﬁ?é‘?é?ﬂ'gp?f"{”ﬁ’ﬁ‘?ﬂy% ®ed, aryl groups. H%@fbuaﬁlﬂf%?%}@ t he
neutral stoi ceiriRpérkGordBiphdABerales 11 S(Per t1 Uor qipfaatbiyl)dcHiuR!
tris(perfluoronaphthyl) boron. [00801 Ionic stoichionetric activator

conmpounds nayteEdaiaeriuerebiphenylboratgy ot on, or sonme otN&V-dimethylanilisemsci at ed
wi th, but not,.£A8% éfﬁ%l%gighﬁlﬂ)g&aﬁpl y | oosely Coordmﬁﬁeﬂlﬁ&i' ,Iﬁﬁ r emai ni ng
nd.” “Suc I Ke

ion of the ionizing conpo conpounds and the’l are described in
Eur opean publ tegaltis(parflubtebiphéhyhb@ra32, BENAdithethDB(2Z/B4-trikéth@ahilidiim)375,

EP- B1-0 500 944, .EP-A-0 277 003 and EP-A-, 0.277 004, and U, S.. .Patent Nos.
5, 153, 157, 5,%@@?&5@“8{%@%‘?“?&%&@; 206, 1gmethykmmontys 5,%&',“2@ “and
5,502, 124 a”%ib{nﬁhd?&h&ﬂ%l)pﬂ&@l)bﬁﬁid,on SerfigthylNamonfdi{ 285, 3R&rakiki3lsd August

3, 1994. [00811 lonic catalysts can be prepared by reacting a transition

met al como@dﬁﬂﬁ%@@ﬂlﬁ%ﬁ@ﬂ&such wiprapyBems@umwhi ¢ htatrekin(3%eact i on

o e N

met al speci eshis(triflucromethyl)phenyl)borate, tri(tert-butyl)ammonium tetrakis(3,5-
bis(triflucromethyl)phenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-diethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and dialkyl ammonium salts such
as: di-(iso-propyl)ammonium tetrakis(pentafluorophenyhborate, and
dicyclohexylammonium tetrakis(pentafluorophenyl)borate; and other salts such as
tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl)borate, tri(2,6-

dimethylphenyl)phosphonium tetrakis(pentaftuorophenyl)borate,  tropylium
tetraphenylborate, triphenylcarbenium tetraphenylborate, triphenylphosphonium

tetraphenylborate, triethylsilylium tetraphenylborate,
benzene(diazonium)tetraphenylborate, tropylium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylphosphonium
tetrakis(pentafiuorophenyl)borate, ' triethylsilylium
tetrakis(pentafluorophenyl)borate, benzene(diazonium)

tetrakis(pentafluorophenyl)borate, tropylium tetrakis-(2,3,4,6-



generated by the reaction. The catal ysts can be, and preferably are,
prepared with activator conmponents which are ionic conpounds or
conpositions. However preparation of activators utilizing neutral conpounds

is al so cey sowbasxrd by this invention. [00821 Conpoupchsustasdioihseas an
activator conponent in the preparation of the ionic catalyst systens used
In the process of this invention conprise a cation, which is preferably a
Bronsted acid capabl e of donating a pr#ton, and a conpatible

non- coordi nati ng ani on which anion is relatively |arge (bulky), capabl e of

tabili zi t | yst h.is f h
conpounds. o FREBHBPHEAYIRAEST o ani GROGPITEBENEE 1 [ of ol PR BBAFE Lo be
di spl aced bibtr@ﬂﬁtfrblﬁheﬁyl)lsbrﬁb ef i ni ciriphewIposphontin cal | y ekl @[34,6d

substrates or other neutral Lewi s bases such as ethers, nitriles and the
like. Two cl tetaBuorephespbippsatenl e non- eyl ng ani oﬁ@fﬂfﬁv@?’b’e@n di scl osed

in EP- 277,0 4 publ ﬂ%ﬁ ) ani on ation
conpl exes co?r%ralﬂ@?qnéf gg?u%gfl ity of &PI %g ?1 r adi caI s cov réﬁg
coor di nat ed teafladioplehiyPbadateg, a teopylimal Chactodds(ieefhuora@phtybborate, rret alloid

core, and 2) anio s cor r|5| n ura boron . ato sych, as
car bor anes, ggaﬁagﬂa?ra@i’h%%mﬂm@g PRI 006/ 027591
-44 [0083] (g@lfﬂ%f lﬁﬁ@ﬁﬂi‘ the stoichionetri Q%éﬁ%f]gﬁ‘ﬁ{s i ncl ude

a cation and an ani on cohponent, and maybe represented | owi ng

fornul a: Ltehald)s@erf(mmnaymbylﬁxomtt** is an neutral Lbenzsndﬁdusmmum) i s

hyd (L* * d
i ng-the o lepatphrtgrteptfyiefie,  Mopyffin ' SrRistbanEahATbbdeC N O
conmponent, ( kdphetlcarberiyimi Netrilds(péifiaaebiptertl)bosite; U ctiphehylphbsphofimor (

pr ot onat ed LeW| S, bases E reduci bl e Lewm s aci ds capabl e Qf pé& onating or
abstractlng bSFP'§| kyl or aryl, from t hé st after

al kyl ati on. (L** H) d+ may be abggzgﬁg(aﬁ?oﬁﬁh , capabl e
of donating a pr ton t(%ﬁk?lhe al Ernyl ated transition netal cata yticjjprecursor
resul ting i ntefrakis(parfliordbaphendjbeiate;at i on, i rudpyliimg ammoni detsakis(.6ni uns,

phosphoni uns

bis(trifluoromethyl)phenyl)borate, triphenylcarbenivm tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylphosphonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triethylsilylium tetrakis(3,5-

bis(trifluoromethyl)phenyl)borate, and  benzene(diazonium)  tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate.

[0087] Most preferably, the ionic stoichiometric activator (L¥*-H)s" (4%) is
N, N-dimethylanilinium teu'alds(perﬂuorophenyl)borate, N,N-dimethylanilinium

tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium |
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium tetrakis(3,5- '
bis(triflucromethyl)phenyl)borate, triphenylcarbenium
tetrakis(perfluoronaphthyljborate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium

tetra(perfluorophenyl)borate.

[0088] The catalyst precursors can also be activated with cocatalysts or
activators that comprise non-coordinating anions containing metalloid-free
cyclopentadienide ions. These are described in U.S. Patent Publication
2002/0058765 Al, published on 16 May 2002, and for the instant invention,

require the addition of a co-activator to the catalyst pre-cursor,



silyliunms, and mxtures thereof, preferably amoniunms of nethyl am ne,
anili'ne, dinethylanm ne, diethylanmne, N-nethylaniline, diphenylanine,
trimethyl angil et hyl amine, NN-di net hyl aniline, enyl am ne,

pyri di ne, agprb}goo?%{slsﬁl, N-di et hyl ani i ne, p-nitroNN-di rre%ﬂgﬁ OP‘B# N

phosphoni unms from triethyl phosphine, tiphenyl phosphi ne, and

di phenyl phosphi ne, oxom uns from etheyg_such as dinethyl ether, diethyl

et her, tetrahydrofuran and di oxane, sulfoniuns fromthioethers, such as

di et hyI thi oethers and tetrahydrothi ophene, and m xtures thereof. The
activating 02{0089} ( L*€emipatiblea portomdineting mmoas yarsukhbse ahiehi lavermot t r opyl i um

For roceni ums;SOREGE B EREPR e P ey o B AT FOORS e aFon

conponent Ad-thé E&ﬁbﬁldﬂl ﬁ&t@ﬁﬁsf&adﬂ dnbriidibbteaénd bﬁﬁﬁglﬁeﬁd to. m%ﬁmﬁ&asltﬁ an
integer from1 to 3; nis an integer from2-6; n_- ; Mis an el enent

sel ected frorfa@eoilfe fampe qeﬁ'éalljéqﬂﬁﬁéll anefaliompepnd Pﬂfi EII@Mt@"Pfﬁﬂ‘éﬁer ably

boron or alu bri dged
Ryt ot o TR e AR, Bré@rtDAGRERER R Aioh Hidein aRlorBAEE v h 4487
hydrocar byl , mirfmltlonaré);liose thabsitd bamlemﬁbltalsmbﬂ:zbyﬁq tram:hon metal complex

hal osubsti t ut ed h ocar bﬁt radi cal s, .s g avin uéé) rbon at ons
with the proeten {the setise HbRaRGH tisHapic & sy ystatan tYde

Preferably, ?@m@t HiSplfcehdedOby ﬂﬁéﬁﬁeﬂygry%%aylbmgﬂwsma?&qﬁé&mé
PCT/ US2006/ 027 - havi ng to 20 carbon atons,” nore preferably each Q

i s a fluori nadusingapolymerizaton. 'ENEB tpss qir@ﬁ@ﬂlafﬁiﬁ wrfea@rnet@e%uecdpmthafl uoryl

I d
el sed’s n RAEAbES, Thep il GetiBa RSt oG, o RERT ARG RES 200 | 1y
reference. | Qﬂi&GRg tdn bs H ai awe of Qytto b Hymﬁbﬂgra&mﬂsplmm]ﬂesbﬁﬁma conpounds

which may be u as an activating cqcatalyst in conbjnation w a
co-activat or W , SPpqUEHs o‘%"]fla%a]i’%la@vélﬂ P tyfsog i nvention

are - Substiutingth, @B AAhGA, BHAAN ahiifh " AHRREn or

tetraphenyl borate, “triethylamonium tetrapheny borat e, tripropylamoni um
t et r aphenyl bcma:teﬁlylalumm(lm, mﬂw&nhmrmmm@tdoapwénWMt e,

ot aoheny! boloRFO N b RRAEY B B b oY 2Rl o
N, N-di et hyl a(cﬂwﬁoﬁcémpdm&:hﬂiaarard hﬁﬁany)neuhel Lambaaidsmabm a cationic

trinmet hyl ammoni u tetrakl ent af | yor.ophenyl ) bor at e,
y ta.{n complex ang (apnoncoordumaungp amr(])%/l, )or a zwitterionic complex upon

reaction with the alkylated transition metal compounds. The alkylated
metallocene compound is formed from the reaction of the catalyst pre-cursor and
the co-activator. For example, tris(pentaflucrophenyl) boron or aluminum act to
abstract a hydrocarbyl ligand to yield an invention cationic transition metal
complex and stabilizing noncoordinating anion, see EP-A-0 427 697 and EP-A-0
520 732 for illustrations of analogous Group-4 metallocene compounds. Also, see
the methods and compounds of EP-A-0 495 375. For formation of zwitterionic
complexes using analogous Group 4 compounds, see U.S. Patents 5,624,878;
5,486,632; and 5,527,929.

[0091] Additional neutral Lewis acids are known in the art and are suitable
for abstracting formal anionic ligands. See in particular the review article by E.
Y-X. Chen and T.J. Marks, "Cocatalysts for Metal-Catalyzed Olefin
Polymerization: Activators, Activation Processes, and Structure-Activity
Relationships", Chem. Rev., 100, 1391-1434 (2000).

[0092] When the cations of noncoordinating anion precursors are Brensted



triethyl ammoni um tetraki s(pent afl uorophenyl )borate, tripropyl amoni um
t et raki s(pent af | uor ophenyl )borate, tri(n-butyl)amoni um
t etraki s(pent af |l uorophenyl )borate, tri(sec-butyl)anmoni um

t et r aki s( weob@bhoiezophenyl ) borate, N, N-di net hyl ani | i ni pgt/us2006/027591
tetraki s(pentafl uorophenyl )borate, N, Ndiethylanilinium tetrakis(pentaf
| uor ophenyl ) borate, NN-dinmethyl-(2,4,6-trinmethylanilinium

t et raki s(pent af | uor ophenyl ) borate, tr44%thyl ammoni umtetrakis-(2, 3,4, 6-
tetrafl uorophenyl) borate, triethylamoniumtetrakis-(2,3,4,6-

tetrafl uorophenyl )borate, tri propyl ni.um t et is-(2,3,4,6- .

et a1 vor oPtEA ek f Bicoms: riRHoBled ERam e (T ABIS e, or teduciple

tetrafl uor oph&aRY ldiReaihQs fHIFBIINA! o sBVer chitnY,] or RN b WIRafiRS sdhi hethl2, 3, 4, 6-
tetrafl uorophenyl )borate, N, Ndinethylaniliniumtetrakis-(2,3,4,6-

t et r af | uor optasions jush s these N seditins trhadnegiinhion lithinr.cthe artplystre@uspréo-

(505201 o7 RN B o B LRS! il (12

t et r aki s( per édnysuademly dlyd ddesed f activdtiohhy| anrmoni um
tetraki s(perfluoronaphthyl)borate, tripropyl amoni um ) )
t et raki s( per {8083 onalyihem ¢n yores o reutral stoighigietric) MaAdmpe aptivator is used,

tet raki s( pergl%&g{fgaja@gamrltb%@‘%goerr@@&( kb ls ?td{?yy ngmq'bi”id/‘&} 7819,/ 011832

PCTI US2006/ 0 tetrakis uor onap or af'é,
N, N- di et hy| &a0ko 2l ybri 0 toe3: it 5k 1Giofel ;1 2w lih diph oyl hdr2atoed:1; 1:2 to 3:1;

N, N-di et hyl aniLi pi,um, tetral ds(perf lLuyorgnapht byl Jhorate, o -
N, N- di net hyl ?.?5953161}3[1? ﬁ‘é[ﬁ)ﬁatﬁﬁﬁilnﬂaﬁf Eq? Z?'?%E%isi'gg?sll’ Lor8dastihy1 ) bor at e,
trinmethyl ammnioim1:4 &f 2:2Ki-s (@ e11f i 5a6ehi; aheryl:) RO TaE eatalysisredittarponi um
tetraki s(perfluorobi phenyl)borate, tripropyl ammoni um
t et raki s( per $-3BVaIST Bro&Jatioss figmel :50¢ o ki1, dek0p g AROrbint @S0 75:1; 1:50 to
t et raki s(per £4.w0{.9b} y.% 1:1d fo(foer t=Pdts] D i@mppeni U -
tetrakis( perﬂ'g’o?ggl p é%y#' %:%%g,l'whl fr’relt'ﬁyl%iﬁill'l ni u'lrlﬁ T100 to 1:1;
t et r aki s( per1{76do bid; phety1:lpbRatec]:1N,: N thi let,HylGtoilkT;itm 1:1; 1:2 to 1:1;
tetraki s(peri_llﬂgrg_gi phenyl)borate, NN-dinethyl-(2,4,6-trimethylanilinium
tetral ds(per 18 6bi phenyl ) borate, tri nmethyl anmoni um tetraki s(3, 5-

[0094) Preferred activators and activator/co-activator combinations include

methylaluminoxane, modified methylaluminoxane, mixtures of
methylaluminoxane with dimethylanilinium tetrakis(pentaflucrophenyi)borate or
tris(pentafluorophenyl)boron, and mixtures of trialkyl aluminum, preferable any
one of tri-isobutyl aluminum, triethyl aluminum, tri-n-alkyl aluminum or trimethyl
aluminmum or their combination, with dimethylanilinium
tetrakis(pentafluorophenyl)borate or tris(pentafluorophenyl)boron or their analogs.
[0095] In some embodiments, scavenging compounds are used with
stoichiometric activators. Typical aluminum or boron alkyl components useful as
scavengers are represented by the general formula R*JZ, where J is aluninum or
boron, R* is as previously defined above, and each Z is independently R* or a
different univalent anionic ligand such as halogen (Cl, Br, I), alkoxide (OR") and
the like. R*is a H or any radical chosen from the C; to Cg hydrocarbyl radicals.
Most preferred aluminum alkyls include triethylaluminum, diethylaluminum
chloride, tri-iso-butylaluminum, fri-n-octylaluminum. tri-n-hexylaluminum,
trimethylaluminum and the like. Preferred boron alkyls include triethylboron.
Scavenging compounds may also be aluminoxanes and modified aluminoxanes

mcluding methylaluminoxane and modified methylaluminoxane. The scavenger



bi s(trifluoromethyl)phenyl)b orate, triethylamoniumtetral ds(3,5-
bi s(trifluoronethyl)phenyl)borate, tripropylamoniumtetral ds(3, 5-
bis(trifl hyl ) phenyl )borate, tri(n-butyl)amoniumtetrakis(3,5-
bis(trifl M)g@“h‘é?% phenyl )borate, tri(tert-butyl )ammﬁFW%“@f’?zggqls(B, 5-

bi s(trifluoromethyl)phenyl)borate, NN-dinethylaniliniumtetrakis(3,5-

bi s(trifluoronethyl)phenyl)borate, N,;ﬁfjethylaniIiniun1tetrakis(3,5-

bi s(trifluoromethyl)phenyl)b orate, N, Ndinethyl-(2,4,6-trinmethylanilinium
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, and dial kyl amoni um salts
such as: di c4d bothp sy br)differentfronithic @baetkvatl mesl fof the eutalybisystenbor at e, and

di cycl ohexyl anmoni um. t et r.aki s( pent afl uor pphenyl Borat ;. and other salts such
as tri (o-to|[‘§n9ﬁbhoséﬁc9ﬁmﬁafai¥s? éﬂlv%anféﬁgmea%% )ﬁéﬁ%?ylss OCeIE; (2, 6-

di met hyl phenx&ﬁa&w%ﬁ; ga'iuiﬂﬁhé;(aﬁl%}ﬁﬁ&% Bf ahBRF dafengef BPY! 1 UM

t et raphenyl bor at e, rbenium tetraphenyl borat e,
t ri phenyl phogpipenipmerpurifesdr sqiventyindividually. t Thest bgmhbine \dli dhm cempenshenyl bor at e,

benzene(di azaoni tetraphen rate. .tropylium. . .
ot aki 8( ponbaptel: BoHEnoR Bodk oy, ARk Koke grtfs caabt soluton.
t et ral ds( pentvthdd(apPaaa vhordiRcaietsohitioh BN ENEHVRRE YO $tdvenger solution,
t et raki s(pent af | uorophenyl )borate, triethylsilylium

t et ral ci s( pedeligweddropditan ghentizeter. Methodrb)] oi Gerbineumytallocene solution
tetraki s(pen I . - oRyl t Ki.S-

2007/ 0113(382 %’%{H %@%ﬁ%@g{}%’g%@@?@% r%‘ﬁ“ﬁ??op'%%%@%%d/gﬁ ée",“g"‘“@g

tri phenyl car belationn Mdthak (<) | 2dd3activiior telttiaf toucr-aqtivetoy lapdy/or sdaeenger

tri phenyl phosphani umtetrakis-(2 3,4,6- tetrafluorophenyl)borate, to
ethyl silyl i uspBeRaiqloved by Fetllofdse | seiutiqh, o SREAGRSD Sy aptiator andlor
benzene(di az@givender klbfichéan teAddodin Bwo sephraftistages RINGRY bRy @).€. tropylium

tetral ds(perf | uoronaphthyl)borate, triphenylcarbenium
t et r aki s( per 0083} onaFrmstimys, drepasation ofpsteek; spiBanshisnpetnnecessary.  All

tetraki s(perf]) e p J - T yl Si ' traki
| uor onapht hy|°§"§§§‘%@§, é}%er}xhlgé(ge! %l QZ%]HE%& llt’rgtpl?ﬁ'ﬁ%&sl?%gr ugﬁgﬁé}%ﬁ%{yl ) bor at e,
tropyl i um t e{mathod ((d¥r td pospaiei Eatalpst| sohdioat s, to firsp radd ydosaotivetor wmi/or
tetraki s(perfl uorobi phenyl)borate, .triphenyl phosphoni um fetrakis(perf
| uor obi pheny F§HYGPEH €1 iql‘%/eé‘%,héj)’ﬁlgﬁ"ﬂ/ IbWLﬁﬁﬁ‘“"n of metdllocene solution. or solid,
followed by activator solution or solid. Another method [method (e)] is to first
add metallocene solution or solid to solvent, followed by co-activator and/or

scavenger, followed by activator. Another method [method (f)] is to first add co-

activator and/or scavenger solution or liquid to solvent, followed metallocene
‘solution or solid, followed by activator solution or solid. Another method
[method (g)] is to first add co-activator and/or scavenger solution or liquid to
solvent, followed activator solution or solid, followed by metallocene solution or
solid. All these methods produce active catalyst solutions. Usually, method (a)
and method (d) are the most preferred methods. All solvents used in the catalyst
» preparation are pre-purified by passing through purifiers, which include molecular
sieves and/or activated de-oxygenation catalysts. Sometimes, a small amount of
co-activator and/or scavenger tri-alkylaluminum or aluminoxane is added to all
the solvents to remove impurities.
[0098] In a preferred embodiment, the catalyst system includes a support.
The solubility of invention catalyst precursors allows for the ready preparation of
supported catalysts. To prepare uniform supported catalysts, the catalyst

precursor preferably dissolves in the chosen solvent. The term “uniform



tetraki s(perfluorobi phenyl)borate, benzene(di azoni um

t et raki s(perfl uorobi phenyl)borate, tropyliumtetrakis(3,5-

bi s(trifluoromethyl)phenyl)borate, triphenyl carbeniumtetrakis(3,5-

bi s(trifl wa mowétydz) phenyl ) borate, triphenyl phosphoni upairesoaskoresos, 5-
bi s(trifluoromethyl)phenyl)borate, triethylsilyliumtetrakis(3,5-

bi s(trifluoronethyl)phenyl)borate, and benzene(di azoni un) tetrakis(3,5-
bi s(trifluoronethyl)phenyl)borate. [0@87] Mst preferably, the ionic
stoichionetric activator (L**-H)d+ (Ad) is N, N-dinethylanilinium

oLk o per L kobaPLE BACA! by M Rl ikl 36
tetraki S( perddivase h@lyen upprbieh atmford, diktelbiRinhypoanitei sippor’s atdeadbls ( 3, 5-

bi s(trifluoronethyl)phenyl)borate, triphenylcarheni um

t et r aki s( per¥origes greap iRchifing, theainterior poph &% °b PRTQ,H supports.  Some

t et raki s( per EH?%B | ri baHBat . Sdier™-
bis(trifl uor%dlnet y%t%%grr%wo%gé%@ﬁ%rb@%?%féﬁ%g%eni u%m%’

t etra( perf | voninpkments sHpermisach préfiBie. The cat al yst precursors can al so be

i one. cont al0098I0° e Datiih furbprsdlSatatysSiiimt B S BT aheY B gefod, oo O
descri bed i neffdciive 3% bl co6rainiafon catfl{et k(b efedive nitidhin Blaetheon 16 May

2002, and for the instant invention, require the addition of a co-activator
to the cat al sasalyssse-nrepazadrcan\ie wod fp0oligderripios | wImbwesrgipsdefin img [ 0089]

" Conpati bl e" -coordj [ N ' Q | ch Ak gegraded to
neutrality %@%@g@%&l{srﬁr?r?eg%.l 3}1‘?%{#@8% p?%%ﬁ%gxa%gg%hggé@&t‘#ﬁ P?‘leg t he ani on
wi |l not tr anstable selveritindisuppostihet bei added inqiy brdeg oEsilultmebidy.cat i on so asyto

cause it to rm.a utral transiti.on fal caonpound and a _neutral

by- pr oduct ;Oﬁb‘{iﬁ]th &H‘F‘b‘ﬁe&‘ &WP&%@:&%@M‘Biaﬂﬂﬁ’rﬁﬁnﬁﬁf@Y@t ful in

accordance VidiBidehd Sia te:é‘h’tﬁfbfd'\ﬁ'ih fhE SupgoRSBatbiA o RIMRACRAL0 Kol Heabi | i ze the
X

transition netal co_rrp¥ cation in the sense of balancing its ionic charge
at +1, yet riotadisalution vplmermay beigtaatey thanothe dorg volumng sif dbe mmpertbhutan

et hyl eni cal |y of oA AL AN GR Nl SRl Vb AL RR ndllld Aol yifer | zat i on.

These types of cocataly are sonetines use scavengers. “They have
t he general eoshneg (dboatrid%to KD, Y%RprefdiblAkboit ¢ 00-280% dRihe pore volume).

The mixture is optionally heated from 30-200°C during this time. The catalyst

(=)

precursor may be added to this mixture as a solid, if a suitable solvent is employed
in the previous step, or as a solution. Or alternatively, this mixture can be filtered,
and the resulting solid mixed with a catalyst precursor solution. Similarly, the
mixture may be vacﬁum—dried and mixed with a catalyst precursor solution. The
resulting catalyst mixture is then stired for 1 minute to 10 hours, and the
supported catalyst is filtered from the solution and the solvent removed, either by
vacuum-drying or evaporation alone. ’
[00101]  Altemnatively, the catalyst precursor and activator may be combined
in solvent to form a solution. Then the support is added, and the mixture is stirred
for 1 minute to 10 hours. The total solution volume may be greater than the pore
volume of the support, but some embodiments limit the total solution volume
below that needed to form a gel or slurry (about 90% to 400 %, preferably about
100-200% of the pore volume). After stirring, the residual solvent is removed
under vacuum, typically at ambient temperature and over 10-16 hours. But
greater or lesser times and temperatures are possible.

[00102]  The catalyst precursor may also be supported absent the activator; in



and R3 can be Hor any of Cl to C20 hydrocarbyl radicals. Exanples of the
‘trialkyl al um num conpounds include but are not limted to tri-iso-butyl
alumi num tri-n-octyl alum num tri-n-hexyl alum num triethylalum num or
trimet hyl a‘i"gﬁ?‘m?lﬂsﬁri -n-decyl al uni num tri-n-dodecyl PST’@ﬁ?‘%ﬂ%m[IOOQO]

I nvention processes al so can enpl oy cocatal yst conmpounds or activator
conpounds that are initially neutral I__gzym'_s acids but forma cationic netal
conpl ex and a noncoordi nating anion, of a zwitterionic conplex upon
reaction with the alkylated transition netal conpounds. The al kyl at ed

met al | ocene digrpasenthel Stitasrnast Ed-activhiee iff waddd) dnadiled td @ shddyadrnsebs'pr e- cur sor
and the co-actjvator._For exanple, tris(pentafl uorophenyl) bhoron or

al uni num act %ﬂﬁld phass.  Beriexample.gd snplutionqf qa{j hRreERSa i TRy beEIRDeER Vet & on

cationic traRgitd t al bk 21 o] i j: ani on,
see EP-A-0 4%@%@&% t‘]PEkl;qrA'{?g%)dggéf %g(gltfsl or?rminlwl3 égtnl r@atti"?ig%so%lg fgﬁialt?%%ous

G oup- 4 net alpraetalyst miviwe nyde Mieswl frap dhe sohdionwnd dred wrddr vampoyiods of

EP- A-O 495 375. Faor farmation of zwitterigni Q exes usin nal ogous

& oup 4 compGuHRIEReD Bof it dh oty e Goref SRR I AGERE) 29555
[00911 AdditivoRahe ARy tbeddreatedd Whan ﬁeisdgp@a'sgp&amm'epbﬁh@nﬁémﬁb&nm@ suitabl e
for abstracting fornmal anionic Ii %an s. See in particular the review article

by E. Y. X logbfhedtatal yolytiompplnme below thatanepdadstor fgrm pegehor elryi(3boatl O ef i n
Pol ymeri zat i Qe hat | . r Structure-Activity

Rel at i onshi pgb,A éh%gg%ﬁéﬁaﬁﬁgﬁé%ggq9?91(%1???%8)8’8%5"01‘?8%921 When the cations of
noncoor di nat i[6@108hi onApditanatlgaws oamerddifiesshtchtal@3t Afk0ukeE hEFDde placed

PCT/ US2006/ 027591 -49 acids such as protons_or proto ed W S bases

(excl udi ng. vedbidhs sams Supte e 5 of g v ot Fscessd B S cor o1 | ver
cations, or akkakimopé ackivi@lsiod@n a@ivatbr ABd &d-activaiok /1§ bE Pllbedsn thB8SRe Of sodi um
magnesi umor lithium the catal yst-precursor-to- activator nolar ratio may

be any rati o.SupRathi nati ons of the described activator conpounds may al so be

used for acti 0N, : | oni I.ehi L'l C

NCA-t ype act i[\‘?ﬁ"c‘)‘f [ séu%g@g],mh%\/ﬁ%ﬁggg léqp?/’g% %’S?‘QE@? oécﬁ]%%r?ggto ?gg%‘gﬁéml ar ratio
is from 1: 10 droeftaciyry bxill® naterials; dach bding Prefaratily porots. 1Any suppoft materibd t o 5: 1;
1:2to 1.2:1;,1:2 to 10:1;, 1:2 tg 2:1; 1:2 tao 3:1, X 5:1; 1:3t
T'5.10 13 { dbalgis anaveiegh pgiiple srcsgeyeitin 1D, i sutaple ket h g 175

invention. Various embodiments select a porous support material, such as for

example, talc, inorganic oxides, inorganic chlorides, for example magnesium
chloride and resinous support materials such as polystyrene polyolefin or
polymeric compounds or any other organic support material and the like. Some
embodiments select inorganic oxide materials as the support material including
Group-2, -3, -4, -5, -13, or -14 metal or metalloid oxides. Some embodiments

\ select the catalyst support materials to include silica, alumina, silica-alumina, and
their mixtures. Other inorganic oxides may serve either alone or in combination
with the silica, alumina, or silica-alumina. These are magnesia, titania, zirconia,
and the like. Lewis acidic materials such as montmorillonite and similar clays
may also serve as a support. In this case, the support can optionally double as an
activator component. But additional activator may also be used. Tn some cases, a
special family of solid support commonly known as MCM-41 can also be used.
MCM-41 is a new class of unique crystalline support and can be prepared with
tunable pore size and tunable acidity when modified with a second component. A
detailed description of this class of material and their modification can be found in
US 5,264,203.



to 10:1; 1:5to 2:1; 1:51to0 3:1; 1:5to 5:1; 1:1to 1:1.2. The
catal yst-precursor-to- co-activator nolar ratiois from21:500 to 1:1, 1:100
to 100:1; 1:75 to 75:1; 1:50 to 50:1; 1:25 to 25:1; 1:15 to 15:1; 1:10 to

10: 1; 15w§2§n;b118;22t021 1:100 to 1:1; 1:75 to lpgpk 1; 125
to 1:1; 1:15to 1:11, 1:10 to 1:1; 1:5 to 1:1; 12tof§s’%ﬁ}fg'sglo

[ 0094] Pref erred act I vators and activator/co-activator conbinations i ncI ude
met hyl al um noxane, nodified nethyl al unfhoxane, m xtures of

net hyl al um noxane with di methylaniliniumtetrakis(pentafluorophenyl)borate
or tri s(pent af | uoroﬂ\enyl ) boron, and m xtures, of trial kyI aI um nurn

preferabl e alff1038ne Ghe Wpﬂé%ma}/maéﬂbﬁﬁ’fﬁ’ﬁ?ﬁmtw thlypmlggr ds ri - n-al kyl
al um num or FE’# @Eﬂ % ﬁ&rg%g@%&rs hﬁ be CQEA, atc‘h&ﬂm ? I ani | i nium

tetral ds(pent af | UGorophen orate or tris(pentafl uoro or on or their
anal ogs. [Oﬁa@}irdmylasngmgeetstwchamnmmummm ldmmxdnmhis are used with
stoi chionetri I vat cal alum num or bor.on al onents usef ul
as _scavenger@oﬂ]ﬁi pg sgéaﬁ?‘%(flbﬁv tmylﬂgFFer"é‘F‘efSoP”ﬂglao\s li’}lfzﬁm r&J is

al um num or ate@.sraahce Rithithe AiveRidhY sdUdt dkadpld ta6 desthptichs iRWD 93088 | S

i ndependently R' or a different unival ent anionic |igand such as hal ogen

(A, Br, 1), aadlbRirntent 6R2Y, 9&hd1hqmethp¢a<@sclqsedmybequslrw@hghercamﬁm chosen

fromthe C tQ y Eﬁg:‘ ll\/&ﬁt al kyl s

i nclude tri et%rqg%%m %{El(r?ﬁgt%&p t%a 3 %?Jsrr? m%%w t§ ?ﬁsﬁ(ﬁﬁ%&m al um num
tri-n-octyl althemrunrﬂle pblym&nbeupﬂoﬁb,upnrmmﬂnﬂy fmadembwfqdomusrpmdetdot he |ike.
Preferred boron yl s i n tri bor.on ngi ng ounds may al so
be al um noxar8® ‘hé‘ 5%0&%?%@“1 S"ﬂ‘msi’ﬂ t°n%"t %P xane and
modi fi ed met hylgkum noxane The scavenger WO 2007/ 011832 PCTI US2006/ 027591

-50 can be the sanme or different fromthe co-activator used for the catal yst
system [0096P108h act iUseful satalystsearsess maydnve arsutfecepared of &uwnby0-d9@ sol vi ng

nmet al | ocene, t n t t| vat or
and/ or scavengzg iﬂﬁ%}g }eg‘r%h%g%o%%?qu]éeéog%%{;%t&%?%ég@%%ﬁ& en conbi ne
all the conFCBmmml Seﬂnelbmbﬁﬁmeﬁtsaalyctarmi@gedérbﬁoﬁ ilﬂl-san/m?rg, amlrddﬁraspdro gi ve
active catal yst sol ytio t a) - a tal |l ocepe. sol uti to

co-acti vator W%Pybéa:{;%ﬁﬁ/éfa’é‘g%g‘i‘éﬁmng tﬂ% O 1 Bfhehet i vat or .
Met hod (b) mm&tmleaugﬁﬁaeaeelomo@moo w/g,fhna%la\p%}@volﬁﬂwfnen and add

this mxture I nto co-activator and/or scavenger
3.0 cc/g, and or an average particle size of 30-100 pm. Carriers of this invention

typically have a pore size of 10-1000 angstroms, alternatively 50-500 angstroms,

.or 75-350 angstroms.

[00108] The metallocenes and or the metallocene/activator combinations

are generally deposited on the support at a loading level of 10-100 micromoles of
catalyst precursor per gram of solid support; altemately 20-80 micromoles of
catalyst precursor per gram of solid support; or 40-60 micromoles of catalyst

precursor per gram of support. But greater or lesser values may be used provided

that the total amount of solid catalyst precursor does not exceed the support's pore

volume.

[00109] The metallocenes and or the metallocene/activator combinations

can be supported for bulk, or slurry polymerization, or a fixed bed reactor or

otherwise as needed. Numerous support methods are known for catalysts in the

olefin polymerization art, particularly aluminoxane-activated catalysts; all are

suitable for use herein. See, for example, U.S. Patents 5,057,475 and 5,227,440.

An example of supported ionic catalysts appears in WO 94/03056. U.S. Patent

5,643,847 and WO 96/04319A which describe a particularly effective method.



solution. Method (c) add activator solution to co-activator and/or scavenger
solution, followed by netall ocene solution. Sonetines, co-activator and/or
scavenger solution can be added in two separate stages in nethod (a) to (c).
[0097] Son¥Q WA eparation of stock sol utions is nofCRASAWEAINN A |
conponents are mxed directly into proper pre-purified solvent. One nethod
[method (d)] to prepare catal yst sol ut“isgn Is to first add co-activator
and/ or scavenger to solvent, followed by addition of netall ocene solution
or solid, followed by activator solution or solid. Another nethod [nethod
(e)] isto fiBstg/poaﬁdemahdlihmgaﬁ? olsfnlleuhgagrseme a@osupgorts) se@rms.nrateﬁtolhl gwed by
co-activator and/or. scavenger ol | owe ctivator.. Another netho
[method (f)] ?424:3% i5p‘L2t7,9§é|d5688,5%%@P4/éc4§?=%é§09“8rm?e&@eﬁagd%ugﬁeﬁheﬁ on or
liquid to sol I cene solution or solid, foll owed by
activator sol W%%{lg?bsag i d. @%;r?g% sgr method [nethod (g)] is to first add
co-activator HGH1Qr schvemdger psafénxd ambodimdnt,hé mhetaliocens land nt activatior owed

activator solyt.ion ot.sqlid, followed.by netallocene solution or . solid. Al
fhese et hodsHPOBBEbaR4 Plerol R e vith At S0E Bt cdPnbied ) ' and
met hod (d) ar BrefefddlyrOs riplke gl QilinidufE oiBptsind Alprio OtoV @itbingISBel reibtée cat al yst
preparation are pre-purified by passing through purifiers, which include

nol ecul ar  si Brefesabiy gheoplkdcalpminueycomenoyny ierepicsatied: by e orgulasBeadk i nes, a
mal | anmount t] \ﬁﬁw e‘F%&r I = ' r
ZI um noxaze [ 2’5%83%3?%% dﬁﬁgﬂégﬁzﬁt\é %&#éé/gl%?é%&?ﬁélr%g P8098] In a
pref erred enbadiindapendentip selatted fom thesgreup tonsisting of methyhpethyl, prophle
lubilit f.i t] | yst I t he. d ti
o suppor t ecCEPRyRE: oyl S BT ronedub poeabh b g Reet e
cat al yst re ' 1Nj hosey e e term
“uni fgr m V\% 280 %8&?@%?@@%%%10%?0 lflglgliﬁ’ 1-‘gg}:ﬁL&g}:J’ppor t éd%a(::gi iaaf)g:s:?i' means
Yga

that the catapyewhppmseayls dsoundseal, srendeeylododesil, deodpieeyl, and; wrde tal yst
approach unif Blrcgg{éeyrl E)i%&l}%g;u %fbcﬁﬁ,o%-ﬁeﬁ Saﬂﬁpx?-%&éaﬁccﬁ%ﬁ:&@é% rrﬂéé L%%Ce ar ea,

I ncludi ng thei r'e surfaces of porous supports odi nent s
of supported elatirupst congpoahd risuselédedn fsan poi-iselshtylatahimistrm, trit heyctyl

enbodi nents show.no suc reference. J]Q09 eful, supported catal yst
systems may b “ﬁ‘v‘r&lﬂhrst%ﬂ" Y%Whﬁ#mé}"?‘l@fgﬁ\?&”@%“@upport ot her

coordi nation catal yst systens, effective neaning that the

[00111] Polymerization process

[00112] Many polymerization/oligomerization processes and reactor types
used for metallocene-catalyzed polymerization or oligomerization such as
solution, slurry, or bulk polymerization or oligomerization processes can be used
in this invention. In another embodiment, if a solid or supported catalyst is used,
L a slurry or continuous fixed bed or plug flow process is suitable. In a preferred
embodiment, the monomers are contacted with the metallocene compound and
the activator in the solution phase, bulk phase, or slurry phase, preferably in a
continnous stirred tank reactor, continuous tubular reactor, a semi-continuous
reactor, or a batch reactor. In a preferred embodiment, the temperature in any
reactor used herein is from -10°C to 250 °C, preferably from 30°C to 220 °C,
preferably from 50°C to 180 °C, preferably from 60°C to 170 °C. In a preferred
embodiment, the pressure in any reactor used herein is from 0.1 to 100
atmospheres, preferably from 0.5 to 75 atmospheres, preferably from 1 to 50
atmospheres. In another embodiment, the monomers, metallocene and activator

are contacted for a residence time of from 1 second to 100 hours, preferably 30



catal yst so prepared can be used for oligomerizing or polynerizing olefin in
a heterogeneous process. The catal yst precursor, activator, co-activator if -
needed, suitable solvent, and support may be added in any order or

si mul t ane 00] By one nethod, the activator, di | ved in an
appropri at 82%7@g@¥}such as toluene may be stirred mﬁ?ﬂ%iﬁﬁmgﬁﬁﬁﬁrt

material for 1 mnute to 10 hours. The total solution volune nmay be greater
than the pore volume of the support, lut. some enbodinents [imt the tota

sol ution vol une bel ow that needed to forma gel or slurry (about 90%to 400
% preferably about 100-200% of the pore volune). The mxture is optionally
heat ed from 360RGOD Shoury préfesiblyi Zrenimifésctodnbery, girefebhe Lmsoyte k¢ be added

to this mxt lid, if i tabl e, t is employed jn th
br evi ous st epfousy 1 andifesretinte Savert L AR ottt il padBlmd Ban be
filtered, apgfimplyr Rfdlcti Mdn SBE igoup dRisth Bf%u&a&@gseﬁimw,%m@r sol ution.

Simlarly, the mXture may be vacuumdried and mixed with a catal yst
precursor solhepteugs, qutenes, awpnpndsngdesanes) yupdeednss, urdedecanesy e ffidsednes,ed for 1

11 500 4 R i, B

sol ution and vacuufn evdpor ati on
al one. [ 0010}lxyMres;r rttiylberteye, tisvpropgibenient, pndcn-baiytbearsmeagiéferablyr may be

conbined in solvent to forma so i on. Then the support,is ded, and the
EENARPTIRATE R LIRS LA A8 S S R T e fFevol ume may
be greater tQ@l@gﬁt@@r&lﬁ{eﬁtsxﬂﬁgﬂé%ﬁ’éatédhﬁs%@ﬂ%ﬁm B4he BRABlARDOdI MENtSs limt

the total solution volune el ow that needed to forma gel or slurry (about
90% to 400 %[0@I18} er abTypicalyin the po@esseD0h this inventipn,rane\opmare fransitfone r

stirring, the resi | solvent is_r.enpved ., under vagu Ri |y at -
b ent t enmpd it B BingS ik P kngd sk A CAba B SR oSt Aol BlelBneY T 1
t enper at ur es padsent(iREaitibn re coadted lo groduce PoBmEs or Pligdibkérs Thesttoatalyls®0 be
supported absent, the actjvator; in W) 20071 111832 PCTI US2006/ 027591 -52
that case, t ReaYaRa FUPRPTSE pashes sushawll Reanastculaly sl dy thes #TH a slurry

process's | isgﬁﬁg%db?ﬁﬁﬁc-opgﬁﬁggﬁm &nd@bte?l%!d{dgfé[‘s&fes,ccﬁ-?%}anéfre%&ﬁur sor may

be mxed with a pport “nat I for a period of about” 1 mnute to 10
hours. The r dEtlietcatalyst qrractivaterl oy so-antivetarisa salyblp compoundy the réactien ¢dne sol uti on

and dried under_vac . Of o] | 0 [e s.th | vent,. The total
catal yst-pr egagr%%?qdégwuﬂ 8n30ﬁ€/{1§ﬁtf%§éeﬁa? "g‘iqgtr?’&%t"g%? hcg.qlpg H%] sﬁspﬁétrt' S pore
vol une, but <ofpletsipesluble it she reaction medium or in the feed solution, either at the :

(@)~ =»)

beginning of the reaction or during or at the later stage of the reaction, a solution
or slurry type operation is still applicable. In any case, the catalyst components in
solvents, such as toluene or other conveniently available aromatic solvents, or in
aliphatic solvent, or in the feed alpha-olefin stream are fed into the reactor under
inert atmosphere (usually nitrogen or argon blanketed atmosphere) to allow the
reaction to take place. In this process, the feed alpha-olefins can be charged
individually or pre-mixed in a mixture, or one stream contains mixture of feed
olefins and another stream contains one olefin feed, such as in the case when one
of the feed olefins is gaseous or liquefied gas propylene or 1-butene or mixed
butene stream. The reaction can be run in a batch mode where all the
components are added into a reactor and allowed to react to a pre-designed degree
of conversion, either partial conversion or full conversion. Then the catalyst is
deactivated by any possible means, such as exposure to air, water, or by addition
of alcohols or solvents containing deactivator agents. The reaction can also be
carried out in a semi-continuous operation, where feeds and catalyst components

are continuously and simultaneously added to the reactor so to maintain a



limt the total solution volune below that needed to forma gel or slurry
‘(about 90%to 400 % preferably about 100-200% of the pore voI une). [00103]
Addltlonal{Y two or nore different catal yst precursors | aced on
the same é&a‘}’{“llfé% ng any of the support methods di scIP‘Sg@g Bﬁ%".l Li kewi se,
two or nore activators or an activator and co-activator may be placed on the
same support. [00104] Suitable solid_ particle supports are typically
conprised of polymeric or refractory oxide materials, each being preferably
porous. Any support material that has an average particle size greater than
10 gmis sui tenkient xatio of eatalysttdystsm dndVieat olefins. Viihenal feedscad atalyst sel ect a
porous support materl al , tal c, .inor des,

h f |
i nor gani ¢ chl SFRPEEDES fFs 2 @?@ﬁb&%ﬁ?’g‘é}h@séﬁ’%ﬁgﬂl%ﬁeﬁt‘éﬁ@@ SrrRite suppor t

materials suchags mh)fﬁébé&&ibﬁ lpaisdeuﬁﬁémm%e s DABRTek Gs a&mnﬁsh@r any

ot her organic support material and the like, Sonme emnbodinents select

i nor ganl C OXi bvéchmeeahoal Jhageactien eampenr be cratiast outlin ﬁmenmngopmnp 2, -3,
-4, -5, met al | oi d.oxi Sone nts ., select the
catal yst suppo?“frei;% aga?%areﬁglftﬂgusg "I“}ddsgmulé U?HSH’ ‘ﬂc’ %I na, and
their mxtureso toCﬁlﬁﬁtfal.nl DedrgRnt @tie ¥f 6aslysRYstGR e el tolefins A8 @eadfiori N
conbination wth the sjlica, alumna, or, silica-alum na. These are

magnesi a, ti t BRAuct is contimpusly withdrawn dram ghe repctop as i A RicahePBINARS such as

nmont nori | | oni \V Ctirfes this
case, the Sup%%ﬁ%ﬁ%%ﬁgc%y@gou e?gé s?easlﬁli%fl(\'aéct | va(tg’foirﬁy('i:)%?rp{a{cgtr?ea'lrrl‘%1 But

addi ti onal acconmu@ct bympraﬂetcrmhmdmme of convssi. CRwewgithdrawrs predicilis f ami |y of

solid support 41 can Iso be. used. MIM41l is a new
class of uni qHg %gﬁl 'feﬂ\émgdﬂp%/ﬁ °5e pt AR S MR PELI e pore
si ze and tunagpeativhl Oint 3 pifi@red BaibiolinRt, ink Tofahe prRBdes APRPABIPAGs detai | ed

description of this class of material and their nodification can be found in
US 5, 264, 203. W‘Z@ohvmmzomwmwmz 7hrgferably $he cRptiguausTiFECSSE ppor t

mat eri al may Ya)23 qgéﬁ I norgani c
oxi des may bepﬁrﬂslgén %a&%ﬁ& y treg F %Q (fr'g%xy t ng agents such
as al um num alekstl 1 molt %hef the Ioa¢ onmdwﬂa to [(Qoilpﬁi-oi%ﬁnsmo @dreadiary ®) pol ynmeric

carriers will also b | ableln rdance w,t h,the invent.io see for
exanpl e t he d(é(g%lp}l?)l{ foﬁzgr%l ne compound and the activator into the

reactor, and c¢) continuously mthdrawmg the polyalpha-olefin from the reactor.

In another embodiment, the continnous process comprises the stép of maintaining
a partial pressure of hydrogen in the reactor of 200 psi (1379 kPa) or less, based
upon the total pressure of the reactor, preferably 150 Ipsi (1034 kPa) or less,
preferably 100 psi (696 kPa) or less, preferably 50 psi (345 kPa) or less,
preferably 25 psi (173 kPa) or less, preferably 10 psi (69 kPa) or less.

[00114] One or more reactors in series or in parallel may be used in the
present invention. The transition metal compound, activator and when required,
co-activator, may be delivered as a solution or slurry in a solvent or in the alpha-
olefin feed stream, either separately to the reactor, activated in-line just prior to
the reactor, or preactivated and pumped as an activated solution or shury to the
reactor. Polymerizations/oligomerizations are carried out in either single reactor
operation, in which monomer, or several monomers, catalyst/activator/co-
activator, optional scavenger, and optional modifiers are added continuously to a
single reactor or in series reactor operation, in which the above components are
added to each of two or more reactors connected in series. The catalyst

components can be added to the first reactor in the series. The catalyst



and U. S. patent 5,427,991. The nethods di scl osed may be used wth the

catal yst conpounds, activators or catalyst systens of this invention to
adsorb or absorb themon the polyneric supports, particularly if made up of
por ous pawio 200mmE1839r nmay be chemi cally bound through dgedingdzhqatsofr oups
bound to or in the polynmer chains. [00107] Useful catalyst carriers may
have a surface area of from 10-700 nR/g, and or a pore volune of 0.1-4.0
cc/g and or an average particle size-8f-10- 500 m Sone enbodi nents select a
surface area of 50-500 n2/g, and or a pore volunme of 0.5-3.5 cc/g, and or

an average particle siz f -%0 Ot her . enbodi nents .sel ect surface
area of 100-%0@&,‘“@% raﬁge 'i?%é’gi/r&ﬁ}?rté’ %tﬁal.l%?%?cﬁ‘e%tcl?c&g a@ﬁﬁflor an
aver age par tioCfit fdagtforP ind3BnotR® dBmpbAdt it6cthe?freididrs. | MY ki Referrkd/ Pi cal | y
have a pore size of 10-1000 angstrons, alternatively 50-500 angstrons, or

75-350 angst smhrdimengothe grecatalystis melivateddnde eaetonin R eravencalaf oleiie/ act i vat or
conbi nationsp are ge 0% tg?]ggﬁfeca% nsuweasstﬁ%p&& off ?‘c(;jxjmg%‘f“tﬂg | evel of

10-100 m cronples of  ca or per gram of SO upport ;
al ternatel y metaBétefies Cinnpreteaéd odthal wildylaburmmtir Steagsney;, Ogspediaify, sol i d

support; or 40Q-60 m cronoles of catalyst rLecur sqr per m of . support. But
greater or |@é3§’BPle?§1%§mnﬁ}rn‘gl§‘ﬂ§B@1%W @é-&-ocfﬂ%l’em% ?frﬁﬁweda%unt of
solid catal ygfa S@E HR%8% E@{tﬂjﬁﬁ qm?ertgﬁa] PR donsnt PRk Cthe VRL4ME. [ 001091
The netal | ocene@ﬁ%%gaor the neta Qc%ne activgétfor ggﬁ%}tnatioﬁsﬁ. can be
support ed f oolefing, ki fallowstl by mye-pesivetiesr with theootheneatalyst icemgonsstitor givet or  or

ot herwi se as,n ed... Nunerous. s ort .nethod e_known for.catalysts in the
ol efin pol ynglFi Pone: eﬁ?‘fa E}g},ﬁ&@@f & W#@ﬁ%ﬂ%ﬁﬁ?—"%&ﬁ@% %5% al ysts; all
are suitabl slefigy. Iwotier eitatnatiSethe fpRe-catuiyppInetallbbebe iPatived with, 1857, 475 and
5,227,440. An, exanpl e of supported _ ionic catalysts aﬁlpears I n, WO 94/ 03056.

U S. Patent achivagnandior the go-peianround this aghyaded eitalystiinthey charged P ar | y
effective gg{egaér 8&0@{&%&33@9&%@%&%@ %bme v opQoyTer s and

I norgani c es nmay serve as supports, see U. Pat ent s , 422, 325,
5,427,991, 5acti9stps8In ancths, AiGMaling, themdolenorparhiof dheato-puivatior at preas WO

93111172 and W0, 94307928, JO0110F o NoANRIGE rBloklH R SaBRAN 4R0L . e

other catalyst solution containing metallocene and activators and/or co-activator.

The catalyst compositions can be used individually or can be mixed with other
known polymerization catalysts to prepare polymer or oligomer blends.
. Monomer and catalyst selection allows polymer or oligomer blend preparation
under conditions analogous to those using individual catalysts. Polymers having
increased MWD are available from polymers made with mixed catalyst systems
can thus be achieved.
[00115) Generally, when using metallocene catalysts, it is important to pre-
treat the feed components to remove any impurities in olefins, solvents, or
diluents or the inert gases (nitrogen or argon) used to blanket the reactor. The
feed pre-treatment is nsually conducted by passing the liquid or gaseous feed
stream over at least one bed of activated molecular sieves, such as 13X, 54, 44,
3A molecular sieve. Sometimes, two beds of the same or different molecular
sieves are used. Sometimes, a special oxygenate removal catalyst bed is also
employed. Such oxygenate removal catalysts include various reduced copper
oxide catalyst or reduced copper chromite catalyst. After careful pre-treatment of
feed olefins, solvents, diluents and afer careful precaution to keep the catalyst

component stream(s) and reactor free of any impurities, as would be recognized



(wmth or without a support) are conbined with an al kyl al um num conpound,
‘preferably a trialkyl alum num conpound, prior to entering the reactor.

Pr ef er abl | al um num conpound is represented by the formula: R3Al,
wher e eacﬁ”@@gﬁhﬁv}ependently a O to C20 al kyl group, POFUFRPH Y1t he R
groups are independently selected fromthe group consisting of nethyl,

ethyl, propyl, isopropyl, butyl, isobggftyl, n-butyl, pentyl, isopentyl,
n- pentyl, hexyl, isohexyl, n- hexyl, heptyl, octyl, isocotyl, n-octyl,
nonyl, isononyl, n-nonyl, decyl, isodecyl, .n-cecyl, undecyl, isoundecyl,

n-undecyl, ddgeaond of bxitmoylekil in thedart)- e deatiby shouléfproceed ywills ofutay | |

n-octyl, n-hexyl, an - dodecy|.. .Preferably the al kyl _ alum num conpound is
sel ected f rorﬂr%ltng‘f% ?Ig%\l’%*’ﬁ'ﬂ?f ingthe ca5¢ SR &eﬁqﬁ?ﬂ%ﬁ}ﬁ caﬁlﬂfst ¥ hexyl

al um num  andmridbilBed A QY bugboHMithe! Bomp Xkl Lathlyso lsysighi #al i @fithaARess [001121
Many pol ymeri zation/oligonerization processes and reactor types ~used for
net al | ocene- ccoMaXise ode 5| JAter Foaxenging eempoungs mekerea theo termusdavengings ol ut i on,
slurry, or b | ' [ [ P . OC. .he used in
Thi's | vent i aetepRed R bl B BT el it BE RSB, ARG VS
used, a sl urenyireimenontTheswoiispiirities ddiagedlyo bifgdt ugtafysbuctivitgcadsstabslityui t abl e. I'n

a preferred enbodinent, the nononers are contacted with the netall ocene
compound and TxPiellsRurifying steps, anerised befors igRodgeagtion coppansals 9ra | urry

phase, prefer@hliin Yeel Co'ﬁ?uit”b{féﬂssébérﬁﬁlt I AR olyﬁ&%ﬁ&‘ﬁ’o t ubul ar
reactor, a sem-continuous reactor, or a batch reactor” In a preferred
enbodi ment , tdligomerization t witlwut mstngy somee seavenging edmpamds.n Nermiallymtbel 0OC t 0 250
C, preferably from 30C to 220 .areferably fr 50C to 180 C .preferably
from 60C to 1 . F%onapb‘?cgﬁsemfhﬂe%oﬁti %@‘ﬁt,s émt?r"lg@s?#@caivﬁi%% react or
used herein iGnipotdsO. 1 to 100 atnospheres, preferably from0.5 to 75

at nospheres, lpreferabl froml to 50 ,atnospheres, |n another enbodi nent,

t he mononer s, [ORBI6L| | ocbyRicallyg the ssayenging comeoungd nvidlc be qnr gyganemetaliicience tine
of from1 sec oﬁﬂi_ %\9& ROWes MgﬁBﬁ%ﬁ%ﬁgé&%&o@&ﬁ%@@% Patents

PCT/ US2006/ 027591 5 seconds t refe m nutes to 6 hours,
preferably 1 W15, 6244,02Hhend WOIAMILOWER W RALDH0IO0r VEHARH 14132, di | uent i s

present in the .react ' preferably sel ected fromthe. group consisting
b “but anes, - pth ey Wl 850n8. PRERRY hngrafRBort Hird SRR
undecanes, dogiethd ®6rant, tril@eUEA , aluminum, diisobutylaluminum hydride, methyl -

aluminoxane, iso-butyl aluminoxane, and tri-n-octyl aluminum.  Those

C

scavenging compounds having bulky or Cg-Czo linear hydrocarbyl substituents
connected to the metal or metalloid center usually minimize adverse interaction
with the active catalyst. Examples include triethylaluminum, but more
preferably, bulky compounds such as tri-iso-butyl aluminum, tri-iso-prenyl
aluminum, and long-chain linear alkyl-substituted aluminum compounds, such as
tri-n-hexyl aluminum, tri-n-octyl alupinum, or tri-n-dodecyl aluminum. When
aluminoxane is used as the activator, any excess over that needed for activation
will scavenge impurities and additional scavenging compounds may be
unnecessary. Aluminoxanes also may be added in scavenging quantities with
other activators, e.g., methylaluminoxane, [Me;EINPh]'[B(pfp)s] or B(pfp)s,
where pfp is perfluorophenyl (C¢Fs) Me is methyl and Ph is phenyl.

[00117] The process according to the invention may also be accomplished
in a homogeneous solution processes. Generally this involves polymerization or
oligomerization in a continuous reactor in which the polymer formed and the

starting feed according to the invention and catalyst materials according to the



tetradecanes, pentadecanes, hexadecanes, benzene, tol uene, o-xyl enes,

m xyl enes, p-xyl enes, ethyl benzene, isopropyl benzene, and n-butyl benzene,
preferably toluene and or xylenes and or ethyl benzene, NorparTM or |soparTM
sol vent. Tesm70maed2vents or diluents may be pre-treat efci/is®odi®RgRNNEr s as
the feed olefins. [00113] Typically in the processes of this invention, one
or nore transition nmetal conpounds, one or nore activators, and one or nore
feeds according to the present inventi%n are contacted to produce pol yner

or oligoner. These catalysts my be supported and as such will be

Ponduct eq 1 1 ibeigere dgEL S eltte 3 dhbiticondiRiiianedt teipertite GoBRTot o
activator or Tefpatury 8irfol inSthe réatlod i EneRlP obihed bl Balab@hg tiRhesttdT be

carried out in a solution node. Even If one of the conponents is not
conpl et el y s@plysiesizationtand withreagtomcandiag binreactar jackels or ceelingtailsios®, eit her at

the beginni '&%l%.&i&l-ﬁgt&%%%%ac t Ak 188 ﬁ'¥e. LntbdE Jgfa&f‘er rekfPE aftfo the
reaction, a solution or slurry type operation 1s still appli’cabl’e. In any
case, the catrefrigatation mprerchilledl ifeedss ovaperitation S uf hliqidd t slediame (ditueither
conveniently avail abl e gromatic sal vents, in, aliphatjc sqQlvent, or in
the feed al p/ABQUGHSHS ff Sqlh @i BRI 45 A ey ekt helaidaer ACPHRAR

at nosphere (Ysidgdrd it bfe%ﬁlbﬁpfee&sr g0y Aiankeales afPMAbGF l‘%ém?&atﬁ%e' ow the

reaction to take place. In this procéss, the feed al pha-olefins can be
charged i ndidepahdsloh gheosatglyst usddand thepredndtxdesired, Highesrtemperaturemtendnt ai ns

m xture of feed. o]efins,and anoet,her st,ream contains, o ol.efin,feed, such
as in the cagl% %ei’?wgﬁéml%?ﬂ’fh%m@%an II%WTTEES? gHa e%ﬂ@ﬁ%rgvﬁhﬁ’g i ed gas
propyl ene or noléyutae neeighits,Mhowesler thid &nsotsd hardnand Tast fohaCln @enedslitike run in a

batch node where all the copponents are added into a reactor an allowed to
react to a prrﬁa-cﬂlié?‘ﬁ%ﬂ“’é?e@?@@% Yo$aNCHEY; Betieemh 2bqut O a‘fﬁaﬁl"i“h?o%o&wersi on or

full ' {oc h wat ' ,
ull - conver Siile pIéi&leSv*‘!forﬁ%éﬂtyl?r C'é?;o SRR C5H e gﬂi gl?bs@fe%ﬁﬁﬁg € neans

such as exposure'to aif, water, '

addi tion cohols or solvents
cont ai ni ng deaheuti 26at@to abaitt230 *CheUsweallys itds impertant $a cndrol dheg rdactibrout in a

sem -conti nuQus_oneration, .where feed nd ¢at t _.conponent ar e
cont i nuousl ngﬂ%@%é’éeﬁﬁ%m%a&‘a%ﬁf R ‘gucF ?Eﬁ%&‘ﬁ’sﬁgﬁ’ Iﬁﬁﬁzﬁ‘flﬁri na W
2007/ 011832 RNstidstR LR 35 oPkomote the lighdstpdssibad shearaitability,at saisefay &t em and

feed olefins. Wien all feeds and catal yst, .conponents are, added, . the
reaction is &PPEidEe reaction eaRAatits tg ot Yinippmy of deppeggturedluctiglion ime 1 eact i on

I's di sconti nygdrehfod FOveHE AR B thdRadion Hnle W muflipld Yeactors are used in
series or in parallel, it is useful to keep the temperature constant in a pre-

determined value to minimize any broadening of molecular weight distribution.
In order to produce fluids with broad molecular weight distribution, one can
adjust the reaction temperature swing or fluctuation, or as in series operation, the
second reactor temperature is preferably higher than the first reactor temperature.
In parallel reactor operation, the temperatures of the two reactors are independent.
Or one can use two types of metallocene catalysts.

[00118] While reaction conditions may generally be determined by one of
ordinary skill in the art in possession of the present disclosure, typical conditions
will now be discussed.

[00119] The pressure in any reactor used herein can vary typically from
about 0.1 atmosphere to 100 atmosphere (1.5 psi to 1500 psi), preferably from 0.5
bar to 75 atm (8 psi-1125 psi), most preferably from 1.0 to 50 atm (15 psi to 750
psi). The reaction pressure is usually higher than atmospheric pressure when

light olefins with high vapor pressures, such as propylene or butenes, are used as



bat ch operation. The reaction can also be carried out in a continuous
‘operdtion, where feeds and catal yst are continuously and simultaneously
added to the reactor so to maintain a constant ratio of catal yst system and
feed ol ef i WO 2097183%acti on product is continuously w ﬂ’ﬁ@f‘-’é%‘?ﬁ’g?"é% t he
reactor, as in a typical continuous stirred tank reactor (CSTR) operation.
The residence tinmes of the reactants age. controlled by a pre-determ ned
degree of conversion. The withdrawn product is then typically quenched in
the separate reactor in a simlar manner as other. operation. In a

preferred enmbeiofeld fee@blefind. Therepdtion @& bs cirtied beinmder RéGinfosplkes 6f | bed
herein are conti nuous processes. Preferahly the continuous process
conpri ses t heM§PegssoToWiIth )somg Hydrgsn: s | Spmehies dutrallyamoynt f hydragsmnitonpri si ng

at least 10 gpg 06L RRrORe iifrofife fhaly SrRAGNAYA PheTakidind BEO 2

reactor, b) continuously Introducing t conpound and the
activat or i ntlydrégen is prefermed to keeg atjuch adevichtodmpkorewrtalyst radungivity dut

pol yal pha-ol efin fromthe reactor. n anot.her  erbodi. nen t he conti nuous

process conpri¥ “P‘ﬁ%'_lyslfy g5pa iorﬁf’lghﬁ’ﬁﬂ’ecﬁﬁ%g’re{%‘?ﬂdd@ééﬁﬁsgeﬁmﬁydr ogen in
the reactor ofhe20fePsidn 6 - ERns B0 saSiied RSt sy détHiRehial @l thdr essure of
the reactor, preferably 150 psi (1034 kPa) or less, ©preferably 100 psi (690

kPa) or | ess, efficieney efithe proeesps The samnk pEhydsegen pawial pressureds pisfopreddo psi (173
kPa) or |ess, I I« gﬁg) [ @tg” re
reactors in slé%%gﬁgg%sxnﬂ%agr@plpgf&r%gy eleg‘("rs%1 ?ﬁpflh%gﬂe%aﬂeysen %\zlgenr)\tion. The
transition neps) prefergbbuless than t10ps, prefembly dedrethan 6 qsi, rpeeferablydesa ahdnvht or , may
be delivered as sol ytiopn or.slurry jn a.sol ve or in . the alpha- olefin
foed stroam BTt Heh Pt Bpfrbemipdimet it oy ofdhe POSEL S AR uot pr i or
to the reactgg, coiterdfalias lof IRiiesheA A B RRMADhAR AC1dsy IAN 160 lpghd ON Or
slurry to the reactor. Polynerizations/oligonerizations are carried out in

ei t her si rigl epretablyless BgaSRtrpon praferabipilesh thapniOrmmm, peefersblydess|thamhoner s,

catal yst/acti 0. CO-= | Pt i I ' nodi fiers
are added con I?{ﬁ'uo]ésﬁ ga@g&@?é%%egrfeg %@(@%ﬁﬁgﬁ\é:ﬁﬁ%g&? glls&g?sgg&ce%cg{r%%%per ation,
i n which the hitevebeanpanativs ofihgiroged dethetreaceadihkepht at apartisl presssreofact or s

Feactor in 1 nades 139 KRkt age et PR EIOH) DrESa e e s 0 - 57
conponent ey 14} 59 (RB4ABAESH 168, RefebhPAPIAT Ho0WekloraB8, SERPBRESH pkei ng added
to first reaction and anot her conponént to other reactors. In one preferred
(345 kPa) or less, preferably 10 psi (69 kPa) or less.
[00120] The reaction time or reactor residence time is usually dependent on
the type of caialyst used, the amount of catalyst system used, and the desired
conversion level. Different metallocenes have different activity. Usually, higher
degree of alkyl substitution on the cyclopentadienyl ring, or bridging improves
catalyst productivity. Catalysts such as 1,2,3,4-
tetramethylcyclopentadienylzirconium dichloride or 1,2,4-tri
methylcyclopentadienylzirconium dichloride, or pentamethylcyclopentadienyl
zirconium dichloride or their dialkyl analogs have desirable high productivity and
stability than unsubstituted metallocenes. Certain bridged and bridged with
substitution  catalysts, such as the di-halides or dialkyls of
dimethylsilylbisfcyclopentadienyl]zirconium, dimethyisilylbis[indenyl]zirconium
or dimethylsiltylbis[tetrahydro-indenyl]zirconium, dimethylsilylbis[1-
methylindenyl]zirconium, ethylidenebis[indenyl}zirconium,
ethylidenebis[tetrahydroindenyl]zirconium, ethylidenebis[1-~
methylindenyl]zirconium, or their hafnium analogs, etc. Usually the amount of



enbodi ment, the precatalyst is activated in the reactor in the presence of
olefin. 1In another enbodinent, the precatal yst such as the dichloride form
of the netallocenes is pre-treated with aIkyIaIunun1reagents especially,
tr"SObUtwhﬁhM?hﬂ§ﬁl tri-n-hexylalumnumor tri-n-octy}a} @Hﬁ% sof Ol | oved by
charging into the reactor containing other catalyst conponen na the feed
olefins, or followed by pre-activation with the other catal yst conponent to
gi ve t he fully activated catal yst, which is then fed into the reactor
containing feed olefins. In another alternative, the pre-catalyst
metal | ocene is mxed with the activator and/or the co-activator and this

activated catcatalystcomponensnuse i detmmingtive. Adigh cpalyst b@émaéqndwtqmmeed ol efin
stream cont ai I QE&% ernative,

t he whol e or h?)%{]'fq)ﬁ%%ﬁ%{;%}é%gfn&ogtng% |I§8Vg%‘}g¥% éi%'t ke% ol efins
and charged iprbductidreproess unécondmichleansladiffictit mtemaagerthe rmﬂlmrheaamaﬂoyst

sol ution containing netallocene an ctivators r co-activator. The
catal yst conpgeie! tg%’?“‘i%ﬁ‘tﬁ@p?ﬁ% dlﬁﬁf‘if‘?rﬂdéﬁ‘?e ‘glr‘?oﬁea?ﬁt"}!& h ot her
known pol ynerjzathan &P}sﬁbﬁbﬁﬁ&lﬁ tP'hﬁRﬁilﬁ'e i aniBRint Bf rmelallSQRE and RN dS.
Mononer and catal yst selection allo ol ymer or oligonmer blend preparation

under condi t iammantnfkctiyatess meeda&oswh@s |thﬁgcatﬁ]d$tv$}lﬂt9m iscaetallgesne plkol yner s
having increa WD are avail abI [ o] m, xed cat al yst
systens can ™ %ﬁﬂﬂﬂlﬁmﬂfﬁ‘fe d aﬂFﬁ ?H& e”%ﬂ% “é\%dﬁ '@fgﬁc%uj’ | ocene
catal ysts, i trah dfnmrxﬁmrgmmngmsotm?% of dlphd-6lefin €RAP ANRGe préferrédenove any
impurities in olefins, solvents uents or the |nertng§ses (nitrogen

or argon) usé’ﬂngeds @0%‘{'{@3 mge Wengs! alphpwlefmfoed. pFathamerenthgtmolar ysyal |y
conduct ed by i Qind A inghe A1, gﬁ,s(%%;f east one
bed of activate rm ecul ar sreves, suc asdfﬁqahs%“ﬁlgm%@t ggul ar si eve.
Sonet i nes, t\mefgsub' 18X tot 2080smmee mfembl)f 80 mﬂOOﬁolae@moatpre&r@]aeiomtoe used.
Sonet i nes, e_renmoval .S al.so enployed. Such
oxygenat e rer?g)@alcwggﬂ gf%gﬁ@y%mtfmels\fﬁertﬁg’ %/B]Efﬁ@ege‘?ﬁﬁﬁ ror %&%" cat al yst

or reduced cGipRbteEWIthINCAL co@batlels the NfaBicefia nedf idltygicalytin @ faBgs oOf feed
ol efins, solvents, diluents and after careful precautlon to kee the

catal yst corf¥hatigrogramciey09) micrreraras of Betaliogene gompeyentigrm of plpba- a5 woul d

R i i

of metallocene component per gram of alpha-olefin feed. Furthermore, the molar

-U

ratio of the NCA activator to metallocene is in the range from 0.1 to 10,
preferably 0.5 to 5, more preferably 0.5 to 3. If a co-activator of alkylaluminum
compound is used, the molar ratio of the Al to metailocene is in the range from 1
to 1000, preferably 2 to 500, more preferably 4 to 400, even more preferably 4 to
100, or most preferably 10 to 50.

[00121] Typically, the highest possible conversion (close to 100%)' of feed
alpha-olefin in the shortest possible reaction time is preferred. However, in
CSTR operation, it is sometimes optimal to run the reaction at slightly less than
100% conversion. There are also occasions when partial conversion is more
desirable, namely when the narrowest possible MWD of the product is desirable
because partial conversion can avoid a MWD broadening effect. Typically, the
conversions of the total feed olefins are in the range of 20% to 100%, more
desirably in the range of 50% to 100%, and most desirably in the range of 80 to
99%. If the reaction is conducted to less than 100% conversion of the alpha-
olefin, the unreacted starting material after separation from other product and

solvents/diluents can be recycled to increase the total process efficiency. When



preferred enbodi nent, particularly in the case where the netall ocene
‘catal'yst is imobilized on a support, the conplete catal yst systemw ||
addi ti onal | 8 conpri se one or nore scavengi ng conpounds. Here, the term
scavengi ng¥Y¢é Pd neans a conpound that renoves pol AFTUSHEPYFYs from t he
reaction environment. These inpurities adversely affect catalyst activity
and stability. Typically, purifying Sg£ps are used before introducing
reaction conponents to a reaction vesSel. But such steps will rarely allow
pol ymeri zation or oligomerization w thout using sone scavengi ng conpounds.
Normal |y, t hehe pohlysteiysizatis metafloceae asd MAO, it ichtalystSgod@ictiViepitusaall | anount s
of scavenging conpounds. [00Q116] Typically, the scavengi ng conpound wll be
an or ganomet an|the range oh 30 18 8 H0H gen tofal rpdesb PEREEIy »AeferbBonpounds of

U.S. Patent , - 8 6,

e 55 523 2 T st R A B ARG,
triethyl al unthan5G0 gremitetahyrbdisdperpeam bf MAQ.o Whenhe catalyst isumgtallocene

T nooctyt dind s Frget AEise rrneieh SRR, Raaigt b IR o oo
l'i near hydr ocgrbckivity B$ tipicafipt 1900 a6 NVEHODBOt grat Bt PksducOperBrladd bPi d center

usually mnim ze adverse interaction wth the active catal yst. Exanples
i ncl ude tri et¥gtaboagns setalysthprefergily 10,900 esambmore praferaplye g 8fich as

tri-iso-butyl ' | - eSO I ' I = chad I near

al kyl - subst i ttg%ﬁi@gﬁé&:ﬁ% m cdgrir]gect)*ﬁfr{\’g@é céafh sg?s% rﬁlﬁﬂﬂﬁg‘%ﬁl@%ﬂ?\%m
tri-n-octyl adane range fopprainsiof totdl eeingt perlgomsofilewlihasid opdonitippaetee i s used
as the activat %M%l excess over that needed for activation wll scavenge
i ppurities any! i W@cavengi ng conpounds may be unnecessary.

Al um noxanes miofR2] MY PRsiABRERsIdBcE GRNA Qﬂﬁcﬁi@&&d HiLAbMd hdeinOhhe"
activators, e.g., nethylalum noxane, [M2HNPh] +[B(pfp)4]" or B(pfp)3, where
pfp is perfl ulbsupsechs deteragpn)) byveng of ordivany sldldn ghe a¢ ippesssasion[afcha 7] The
process accorgdi [ [ i S | 4 '

honbgeneous sgljlegt}glt gl(r%d%%]%%eagéggh t@}e%aérﬁ?arf"?éf ??%Iggi ’?ﬁh@%gggﬁ&%&y%%@%t Il on or

ol i goneri zat i typicalby Sindmuiés taddhsurs.eact or i n which the pol yner fornmed and the-

starting feed rding to e invention anld atal¥st materjal s according to
the WO 2007/ 0 PCT Pesi ol Bt BrBeptscs 1y also be emplojed 1 single Teactor,

parallel or series reactor configurations. The liquid processes comprise

contacting olefin monomers with the above described catalyst system, preferably
in a suitable diluent, solvent, recycle, or mixture thereof, a!md allowing the
reaction to occur for a sufficient time to produce the desired polymers or
oligomers. Hydrocarbon solvents both aliphatic and aromatic are suitable.
Aromatics such as benzene, toluene, xylenes, ethylbenzene, propylbenzene,

v cumene, t-butylbenzene are suitable. Alkanes, such as hexane, heptane, pentane,
isopentane, and octane, Norpar™ fluids or Isopar™ fluids from ExxonMobil
Chemical Company in Houston, Texas are also suitable. Generally, toluene is
most suitable to dissolve catalyst components. Norpar fluids or Isopar fluids or
hexanes (or mixtures thereof) are preferred as reaction diluents. Oftentimes, a
mixture of toluene and Norpar fluids or Isopar fluids is used as diluent or solvent.
{00124) The process can be carried out in a continuous stirred tank reactor,
batch reactor, or plug flow reactor, or more than one reactor operated in series or
parallel. These reactors may have or may not have internal cooling and the
monomer feed may or may not be refrigerated. See, for instance, U.S. patent
5,705,577 for typical process conditions.



I nvention are agitated to reduce or avoid concentration or tenperature
gradients. Tenperature control in the reactor is generally obtained by
bal anci ng the heat of polynerization and with reactor cooling by reactor

j ackets orygomhbiygsxcoils or a cooled side-stream of rFé"FJh?ibbG/ﬁﬁsﬁom t he
contents of the reactor, auto refrigeration, pre-chille eeds,

vapori zation of liquid nedium(diluent, nononers or solvent) or

conbi nations of all the above net hods-63Adi abatic reactors with pre-chilled
feeds may al so be used. The reactor tenperature depends on the catal yst
used and the rodfct desi red.  H gher tenperatur tend tq give | ower

mol ecul ar vvei[EWf@ and FS?%EP%%‘@Q%HGE opthgconysgned a slecul ar

wei ghts, ho biSon/Qli igatiof! drsed fRfatfiv! Ji&s GRNeRAl }'6’31919 react or
t enper at ur e%mérrgg fvc n vary ge?ween a%out % 6(:,pe<'1;1nd g@oﬁfti 3s C, nore
preferably friempebtoce, ptdsiu@e tand atsidence SMmeGangmes desstibedr pewiondly.y Ihrom about
25 C to about ,230 C. Usual.ly, it.is inportant to contrpl the reaction

t enper at ur e asé“rﬂf é’-ogg'i'eé"f.z%??%cﬂr P]ﬁgoﬁeﬂ"ggh% Br BEREER chthan f‘ﬁ%fé‘frow

nol ecul ar  di grbhbfett! nfhomet Ghd *BmbRoRES R Adddae TheREsHendiOS &i&lﬁm%hear
stability, it is useful to_ -control the reaction tenperature to obtain

i ni num of t ediiventds intesmittegtly organiiauqualy remevaddzom the reactasy The eatdlystdur se of the
oL . . . . el it
S0 Cherr | o b el U8 SRR 5y M G ogBh Sl P02 !

is useful to kee ure con re- erm néd val ue to
m ni m ze any flwidas éenrdistitfed o lremoreasolvent, gluly whrascted wotnpoments, land diglier t o

produce fluids wth proad nol egul wel ght distribufion, one can., adjust the
reaction tenr%?‘\ﬁc&r QRWB’FaﬁI‘Iﬁ'ﬁ‘Eﬁoh At ugreagt §8‘PP%‘?“BBE3¥’T on, the
second react Qo RHRRS enWeQedytleR G eisaP! Y higher than the first reactor
t enper at ur e. ﬁOhMaral | el réactor operation, the tenperatures of the two

reactors are endeHithe cajalyshusedain unssipponed; yolutiom tatalystamhendhe
catal ysts. [QQ148] is\/%llﬂpffel%:é ?ﬁfgtdé%t&oﬂgﬁé b Whed ¥ Bgﬁpﬁém%dgﬁp(@hgr m ned by

one of ordinary sKi I N possession prese cl osure,
t ypi cal condithe aestor islih anCBTRetig rodivs ehy §HIDddhédin Sblablerarssuypended any
reactor used herein can vary @/ ically from abaout 0.& atrgg?s(ﬁher to 100
at mospher e ( 1°31Y5¢ j compon! p e;;‘? opwoRTILE) e PreFrablysdeagily WYLt m (8

psi - 1125 psi )remdRad. M 6F ae! Wsubl eatatystOddattiviion iikthdds- fS hqieBus’ Hfash PSi) . The
reaction pressure is usually higher than atnospheric pressure when |ight
ol efi ns wi t h methpdscap be ugndde semaeve theseatdlysh sompansyt diypicelly, fag readtipn isir e used: as

VO 2007/ 01183&3?&%&8&9 9%9@:7 %? ]stoichiomeiric amount or excess of air, moisture,
alcohol, isopropanol, etc. The mixture is then washed with dilute sodium
hydroxide or with water to remove catalyst components. The residual organic

" layer is then subjected to distillation to remove solvent, which can be recycled for
reuse. The distillation can further remove any light reaction product from C,;s and
less. These light components can be used as diluent for further reaction. Or they
can be used as olefinic raw material for other chemical synthesis, as these light
olefin product have vinylidene unsaturation, most suitable for further
functionalization to convert in high performance fluids. Or these light olefin
products can be hydrogenated to be used as high quality paraffinic solvents.
{00127] Polymerization or oligomerization in absence of hydrogen is also
advantageous to provide polymers or oligomers with high degree of unsaturated
double bonds. These double bonds can be easily converted into functionalized
fluids with multiple performance features. Examples for converting these
polymers with molecular weight greater than 300 can be found in the preparation
of ashless dispersants, by reacting the polymers with maleic anhydride to give



-60 one of the feed olefins. The reaction can be carried out under the
‘atnosphere of nitrogen or with some hydrogen. Sonetimes a snmall anount of
hydr ogen i‘§ agged to the reactor to inprove the catal ést gzroductivi ty. The
amount of WRIWBYER is preferred to keep at such a | evES VUM e catal yst
productivity, but not induce any hydrogenation of olefins, especially the
feed al pha-ol efins because the convergjon of al pha-olefins into saturated
paraffins is very detrinental to the efficiency of the process. The anount
of hydrogen partial pressure is preferred to be kept low, |less than 100
psi, preferadAOisesni¢ behydfide which car thkr raabieg wWithssnindsaalcdtols, pelyethar ef er abl y

I th 10psi f Ly | t 5 I, bly | t 1 .
2 par ool ar | S BSFRUAR it SHPHRE ey pF Tin e S Re PR norein |
the concentr ahiRdbak THBHOML Adtifived CHefREyURE APPpEsRionS dded§ UeBRR100 ppm

preferably less than 50 me preferably | ess than 10 ppm preferably |ess
than 1 ppm RuednickpprlddddParly preferred enbodi ment in any of the process

descri bed hegeidit heigoncent.rati of L0 _theq T r .Sy kept at a
part 1 al preoslioiAL: " BT ERk s o B bt B BRI ah O EORS R ik,

pressure of thaOr&achenllodgeretRilgd systerd e polymedifitibn lsfep usedllylpesducer ef er abl y
100 psi (690 kPa) . or |less, preferably 50 psi__ (345 kPa%l@or, | ess, preferably
10 psi (69 kFgmeokight suds withdess ghanthe Gaghans otherqmpunt pf thelight dragden) dence tine

is usually d cat al yst
system used, elﬁa%ﬁggfﬁ%peg%bs?&r 2% é%dgﬁggé%ﬁ%\ I g%?lﬁ%g?df’g?%%%@neﬁtﬂ{aef Ig%%:enes have
di ff erent acttheidesiredUBuidl vigcosity ghemolecidyr weightt  Alsksily, subosyertGedosity on t he
cycl opent adi enyl_rin or, .bri dagi ng, ipr.ves,. cat t_.productiVvid.y.

Cht al ot s suchfors® pReuepiBer Wk HURER A5 o A8 R Ao EHONSY et or 1 ce
or 1,2,4-td pretdypromades BRsEEHCRIBIVEE G Rrbdtivnhvitiliflelod o light fractions.

pent anet hyl cycl opent adi epyl _ zi.rconi um di chl orié:le or tohei r di al kyl anal ogs
have desi r abi BonxgRPis:theyhghtifiactiqn capaange diom 0.1 v ta 30 witenf fetel nroduch

nmet al | ocenes. rtcai [ | Ar | |t : [ [ ysts, such
e the dibai foggsltsgrdgé?@fcﬂgaleg cg?ﬂula, tdpe vl Bom SHRE LS. 1P B GRLR

di met hyl si | y| e desitdbigtopredice thell¢ast argoumit ofidight fraction. The amount of light

di met hyl silyl pi s]indenyl]zitconiym or

i ot hyi'si 1 71 BrEPb eeRal qRisRRAL AT pFEELsomER) of e arTeSt (PRYLRE:

net hyl i ndeny!| fegidémee timeDatateé Myd hodespeidonl caseaydid.zi r coni um

et hyl i denebi s[ t et rahydr oi ndenyl ] zi rconj um _et hyl i denebi s[ | -

met hyl i ndenyl Eofﬂ'!’c]oni uRPlyBerizatioh camalsbe sAmasLoul dnsthe presenceiof Bydrogsihe  anount

of The advantages of polymerization in the presence of Hj are increased catalyst

productivity and reduced degree of unsaturation, which under proper conditions
can be so low that no further hydrogenation step is needed. When the reaction is
carried out in the presence of hydrogen, hydrogen pfessure is advantageously
L _ kept low to achieve highest productivity. High hydrogen pressure will have the
disadvantage of hydrogenating the alpha-olefins into alkanes, thus reducing the
total product yields. Typically, hydrogen partial pressure should be kept below
200 psi, preferably below 50 psi more preferably below 30 psi or most preferably
below 20 psi. In a static, batch operation, the molar ratio of olefins to hydrogen is
advantageously kept below 5, preferably below 10, more preferably below 20, or
most preferably below 50. One of ordinary skill in the art in possession of the
present disclosure can determine the appropriate hydrogen level without more
than routine experimentation.
[00130] The polyalpha-olefins produced from the above polymerization

process using a mixed alpha-clefins as feed contain unsaturated double bond,



WD 2007/ 011832 PCT/ US2006/ 027591 -61 catal yst conmponents used is
determ native. A high catalyst |oading tends to gives high conversion at
short reaction tinme. However, high catal yst usage makes the production

process “W?&%b%}ﬁ?ﬂ and difficult to manage the react?gfmg@g%%ﬁgmto

control the reaction tenperature. Therefore, it is use 00Se a
catalyst with nmaxi num catal yst productivity to mnim ze the anount of

met al | ocene and the anount of activatggs needed. Wien the catal yst system
is metall ocene plus nethylal um noxane, the range of nethyl al um noxane used
is typically in the range of 0.01 mlligram(ng) to 500 ny/g of

al pha-ol efin spmﬂmem%m@wémm@nmwdﬁg@meslﬁ%ms@m Thesenry/ g of

al pha-ol efin s UL L t nol a e} .t ] to

net al | ocene (%%%art?gl orlﬁ'rﬁa! % [ o%)nmrsg%g%#er g% f}ﬂ?‘%‘ %%?naﬂ%arhgjfle&rg!a&%flé@ 10 to
2000, nore prixaaipidsl of such tfoncliofdlizatioid argodkylption§ with birgmdtiR® compoldds, When the
catal yst systemis netallocene plus a Lewis acid or an iqnic pronoter with

NCA conponentSuch B beprens, blusae ¥ene; saphibaleng phenol or adkyiphsgelsof They o1

m crogramto ' rc%H?I f t ?ﬁ@g@ rﬁ'ﬂﬁa@ﬂ é - olefin
feed. Usuall ?ﬁ%&‘p@é erre éraaﬁgg‘?@ rom 6% mag‘r%%g‘rg to lh(%gdlér)nﬁ}grogram of
met al | ocene cnnginicemhydride, whizhncah balfpitlzer abefdrted fwdtidamines thelcolmleto t he nol ar
rati o of the NCA ac}hjnvator. 1 matallocctene is in the r.%nge from0.1 to 10,
pref erably 0.%megpoRdingfugcinimide, pr, spceingte; extgrs These Jmides and; gafers, are ¢

al kyl al um nungupe@iFdpaRarite BeRbse dffiBe 13! FTPAG b theUydiod@bd mloRtyRRal | OCene is
I n the range onml to 1000, preferably 2 to 500, nore preferably 4 to 400,

even rore pr inished| dispgrsant wilh baveomugly dettesr wiseomegios than the enven 11

Typi cal |y, tk@#&%ﬂ@ﬁhﬂ?%ﬁ&%ﬁsoﬁﬂ%}@%?i on (close to 100% of feed

al pha-olefin 1M the shortest possible reaction tine is preferred. I—iowever{,=
in CSTR operf@0131}, i tlu so smbediient thppradatt obthe protdse acending do the sl i ghtly

| ess than 100% conversion. There,arg.al so pcgasi on en parti conver si on
oo o s ABER, RS RARPRE oA oo SRR Iy RERERE dhe oF oduct 1o

desirabl e bgsapyhaRAétd ﬁfodﬁétniéeﬁﬁz'fﬁiblf%a@dobdrﬁuééAQeﬁfdaﬁiﬁ?%ﬁ%rsﬁf fect.
Typically, the " conversions of the total feed olefins are in the range of

20% to 100% dempencntede desp|than A0Q ppmy and dhas cauagadowithOndroge ##dsa desirabl y
L0 200 o A o £ A DB AT o e, 100
separ ati on frlesmthirhE8. PUsunilycthe Brachine number is below 1.8. Lower bromine number

is more desirable, as it indicates an improved thermal/oxidative stability. In a

preferred embodiment, the treated polyalpha-olefin comprises 100 ppm of

heteroatom catalyst components or less, preferably 10 ppm of heteroatom catalyst

components or less. Preferably the hydrogenation catalyst is selected from the

group consisting of supported Group 7, 8, 9, and 10 metals, preferably the

hydrogenation catalyst selected from the group consisting of one or more of Ni,

Pd, Pt, Co, Rh, Fe, Ru, Os, Cr, Mo, and W, supported on silica, alumina, clay,

titania, zirconia, or mixed metal oxide supports. A preferred hydrogenation

catalyst is nickel supported on kieselguhr, or platinum or palladivin supported on

alumina, or cobalt-molydenum supported on alumina. Usually, a high nickel

content catalyst, such as 60% Ni on Keiselguhr catalyst is used, or a supported

catalyst with high amount of Co-Mo loading.

[00132] In a preferred embodiment the polyalpha-olefin product is

contacted with hydrogen and a hydrogenation catalyst at a temperature from 25 to

350°C, preferably 100 to 300°C. In another preferred embodiment the polyalpha-

olefin is contacted with hydrogen and a hydrogenation catalyst for a time period



solvents/diluents can be recycled to increase the total process efficiency.
‘When WO 2007/ 011832 PCTI US2006/ 027591 -62 the catal yst systemis

net al | ocene and MAOQ, the catal yst productivity is usually in the range of
20 to 50, 0WO 8V#HBdt al product per gram of MAQ, pref ePEB{US200§PEAer t han
100 gramtotal product per gramof MAO nost preferably greater than 500
gramtotal product per gramof MAQO. . n the catalyst is netall ocene and a
Lewis acid or an ionic pronoter with . conponent, the catal yst
productivity is typically 1000 to 10,000,000 gramtotal product per gram of

met al | ocene cadmlsyhiinuted i { G BoRksy pleferBl9 HR N mifRELoRIMSH A2 ane@eP00 gram of
total product per gramof netallocene catalyst. The catal yst productivity is

in the sane prafsged fegbodiment thef palyalpha-glefin ikc copiestedywithshydfogervind aaci d or
Int o 0 ) T - f
wny or bcess. cuileio AR I g dd bbiue SE 488 8 BASHCEME plit "O0 41 Dy

skill in the preferdbly [fuss e an 2000 tgse i escther Prefedrals embodigiedt \thd |
typically range, from 1l mnute to 20 hours, or nor typi.cal | mnutes to
10 hours. [0 e RipceshEdices the suwhy qﬁalymaﬁng‘g g&&-‘%@md&? Bh&- singl e

reactor,  par gkl by riooff e SHIEaEh Mo BPAB AL 50RS welifold 0bd fBF ocCsses

conprise contacti olefin no wth th bove described catal yst
system pr ef emsthoe, Uish 56731657 atd Eubiricand Rase ©dll Nwinegen RefipinigProgessest xt ur e

t hereof, and all owui t I t.i o 0 ogecur f sufficient, tinme to
produce the gg?\xlj&%& %r’g Tic Qi%ﬁﬁeﬁﬁ.“ﬁy?%i%ﬁpﬁﬁﬁmg’o&é% %ot h

al i phati ¢ andsayueir® Ut.CMafcel Dakkérahlcg NY,Ao94mt i cs such as benzene, tol uene,
xyl enes, ethyl benzene, g | benzene, cunene, t-butyl benzene are suitable.

ro
Alkanes, suchl0933Hexandhe hp pEeRationjapeeshean be aceprapiishpbin afluryEagiee, Nor par TM
ARl | . b L ; ; !

uids or |sopag pii BF%%BPB‘ B%\@]R' StirrefGE ﬁ?&toﬁgjﬁlﬁ?gﬁwh&e"tﬂé‘“ on

Texas are also suitab neral ly, uene is nost able to dissolve
cat al yst conpeataystscondéntigtion fid 0085 vt te @Pawt’h|ofi e RAO (oe XtEVEBAODr ni xt ures

thereof) are preferred as.reaction.diluepts. tentjmes. a ,mxture of

t ol uene and I\%Pgb\‘i‘i #1 Eﬁegéabbf aﬁi&)gf) th/?j!oggheig%}?gdﬁgg}%&b? 3’@%?‘% €0l vent .
[00124] The pidded eontihabudletoche kdabldr Blillownfor aGRtith ResdeAcStits nBdallypsk react or,
batch reactor, or pl ug flow reactor, or nore than one reactor operated in

r -
series or paREputes|to 19eys, focllewaiomplely hirogenstion el tha snsayted plpfes nal
cooling and t gy ¢, allow proper conversion. The amount of catalyst added is usually in slight

excess, to compensate for the catalyst deactivation. The catalyst and
hydrogenated PAQ and/or HVI-PAO are continuonsly withdrawn from the
reactor. The product mixture was then filtered, centrifuged or settled to remove
the solid hydrogenation catalyst. The catalyst can be regenerated and reused.
The hydrogenated PAO can be used as is or further distilled or fractionated to the
right component if necessary. In some cases, when the hydrogenation catalyst
show no catalyst deactivation over long term operation, the stir tank
hydrogenation process can be carried out in a manner where a fixed amount of
catalyst is maintained in the reactor, usually 0.1 wt% to 10% of the total reactant,
and only hydrogen and PAO feed are continuously added at certain feed rate and
only hydrogenated PAO was withdrawn from the reactor.

[00134] The hydrogenation process can also be accomplished by a fixed
bed process, in which the solid catalyst is packed inside a tubular reactor and
heated to reactor temperature. Hydrogen and PAO and/or HVI-PAO feed can be
fed through the reactor simultaneously from the top or bottom or countercurrently
to maximize the contact between hydrogen, PAQO/HVI-PAO and catalyst, and to



nononer feed may or may not be refrigerated. See, for instance, U S. patent
5,705,577 for typical process conditions. WO 20071011832 PCTI US2006/ 027591
-63 [001251 When a solid supported catalyst is used for the conversion, a
slurry poVGme7/H1a882i on/ ol i goneri zati on process gener al PgT/USIOOGRE®1I N t he
simlar tenperature, pressure and residence tine range as descri bed
previously. In a slurry polynerization or oligonerization, a suspension of
solid catalyst, pronoters, nononer amd-conononers are added. The suspensi on
including diluent is intermttently or continuously removed fromthe

reactor. Theaﬁ&gat] ﬁa‘tslnantagéix%nf.e‘)ﬂ{e feggl treOS?EJé %Hlﬂ]c*nggg% i'Jﬂ.Eration,

centrifugation, or Sett | ens |st 0 renove
sol vent, any adgnstemabegv@(mmneasldencartd zhllog«htcomptemjlhgdmgéhanm tafotheor al | of
the sol vent and unr(ﬁalce ed c onents_ can .be recycled for

0
reuse. [00128fs3fyratese g fee §E tq Qlob‘h H'BIHBF? Ngrsian pm SHedsdn o | yst, when
the reactiogy ﬁo&@ml?yd?o%ehﬂe& ﬁm%@&nmed %Q&Pﬁﬁm&h&sﬂlﬁ%ﬁ i's

wi t hdrawn from the reactor Tas in CSTR, the product may still contain

sol ubl e or sd@mwwwcwemtmmomgeCMe components are preferably
deactivated and/or renoved. Any of the usual catal yst deactivation nethods
or aqueous wash nethods can be used to renove the catal yst conponent.

Typi cal |y, trwoms]act | @dlynter Pewinct Conpditiony addition of stoichionetric anmount

or excess of air, noisture, alcohol |soproPanoI etc.. The mxture is then

washed with dﬁ'q 3k sodiheﬁnmw@mbw@ee alvalphe-glefigneRrePasHio| st

conponents. V\Af'll%nﬁjé Qﬂﬁyﬁe C]Jra?aﬁ Wﬁ@%%% s§f I lation to
renove sol vent, can e recyc reuse IstilFation can

further r erm\bmnahnﬁ Mtlyhvwmhltaudnlqngﬂlduibat feas$ . i mnging! frome2d. toThZse | i ghi
conponents ca di | ue or fucther rea n e can be used
as ol efinic P&"xﬁf’ F"aflsf%?reé?%%?{’lé’hdém 10 TGQYe ﬁ%&\l"g’ 4.3 t%gslﬁ%ei ght

ol ef i n produgteféame wiormlm&e@&f&aﬂywﬁissﬁmo@@*efeﬁaw 6% 8, &l mbstr t her
functionalization to convert in hi gh_performance fl uids, O these |i ght

ol efin prod@Eaferably e h%wg%i%h%d bé‘onﬁaémua@swgnhlawem%ﬁar affinic
solvents. [ Ofidad! iPalnnget peld hﬁﬁi at b 40 b lcfihg! SiAOBPE GOl My dr ogen

is al so advantageous to provi ol yners or |gone hi gh degree of

unsat ur at ed peaferbbly nbalistisct ﬂéitampdntuaibbee Jd@?@isandhas dkinematid yisoositwatr t ed i nt o

finctionali ZelﬂO"C of 3000 cSt or less, preferably 1000 ¢St or less and/or a kinematic
viscosity at 40°C of 35,000 cSt or less, preferably 10,000 cSt or less.
[00137] The polymers may be further characterized as having a random
monomer distribution along the polymer backbone. This randomness can be
charactex_-ized by either nuclear magnetic resonance spectroscopy (NMR) or mass
spectrometry (MS) methods or by gas chromotagraphic (GC) analysis of light
oligomer fractions.
[00138] In MS, the degree of randomness (%) is defined as the sum of
Markovian P-matrix elements, Y=Pap + Ppa, where A and B are comonomers or
combination of comonomers (see reference Mass Spectrometry of Polymers,
edited by G. Montaudo and R. P. Lattimer, CRC Press, Boca Raton, Fl, 2002,
Chapter 2, p. 72 to 85). For an ideal random copolymer y=1. y for this inventive
polymer is usually between 0.7 to 1.4, preferably between 0.8 to 1.2, preferably
between 0.9 and 1.1. The MS method is carried out as following, MS technique is
based on a combination of field desorption mass spectrometry (FDMS) and
Markovian statistics. In FDMS, samples are dissolved in methylene chloride with

0.1 to 10% (w/v) concentration. 1 to 5 pl of the solution is deposited on to the FD



fluids with nultiple performance features. Exanples for converting these
‘pol yners with nol ecul ar wei ght greater than 300 can be found in the
preparation of ashless dispersants, by reacting the pol rs with maleic
anhydri de Y8231P%%0 2007/ 011832 PCT/ US20061027591 - 6&C %ﬂ@l@ﬁ{%’ﬁ%i c
anhydri de which can then reacted wth am nes, al cohols, polyether alcohols
to convert into dispersants. Exanples_ggr such conversion can be found in
t he book "Lubricant Additives: Chem stry and Application," ed. by Leslie R
Rudni ck, p. 143-170. [00128] .'In a typical process to produce high

per formance f ¢mities The mﬁtmiwajnsdmd)imeheinnscalr¢ecnfarmssa;iealrtymetelsi;1slt()'em t he

| t | | | han C24
Carbons. - The  atradtort raspia A REelfeie volRe (946128 K57 Gapblicdbestobitte T eact  on
tenperature, gakmladla Jssmftexﬁmbﬂ%wqa higHieldestdngth lafemi’e&i I(éeb/édl Wil Vviscosity

or nol ecul ar wei ght. ly, a | ower viscosity process produces hi gher
amount of | i gbe rdackedt Qe ornmorsi ghctudns cwere trymoyedofrerst the mlé@é@swpra)duces

al nost excl us Y& 1 h I For
exanpl e, the | h%" h%é{n% ?t‘(;:eg rvlg 61 s § c?ﬁg%c’%l? nb}%#ghg%’dm}@g ag{o]t al
product for molkbflarcidhs kleUfofindd) gbne@flingf thollechlarrios peed peetry forf the PAD xed LAQO,
It is usually  nore desirable to produce the | east apount. of |ight fraction.

The amount of O¥GOFsEs. Mﬂr&e‘ﬂ%ﬁtﬂ&aﬂc%@'eﬁ Apyeloped, t9ycaloplate HAQ pligomer of ¢ he
process tenpeﬂl@ﬁfﬁﬁﬁonsbﬁé’eﬁ'oﬁ%ﬁﬁﬁn&ﬂﬁ%bab? %ﬁnﬁﬂﬂmﬁﬁlﬁzg@ﬂﬁe&ﬁcﬁ%ﬁé yst, etc.

[ 00129] Pol ynerization can al so be carri d out presence of hydrogen.
The advant agespectiump ovagndstarmined dry summatmpofaslénhgom digtribmteoni st was ed

catal yst producti v uced uns tur | ch _under
proper condi t FORRE" a(%mgﬂg%g‘qu e B@.ﬁg’te\/@hragg%p is

needed. Wien béiRednCHE {0 moosg/nﬁarﬁrbﬁﬁb@%etw&ntm tersee@@&@olpﬁrelam:pgen
hydr ogen pressure I s advant ageousll,ﬁ{16 pt. low to achi eve hi ghest

product i vi ty. b 4Pamd A0 pimads PWPWHW@“PPF@‘I “H?%%iﬁ@‘&‘fﬂﬂ@%“%f
hydr ogenat i ngy 'ﬂﬁmﬁﬁi&hﬁe difikieRSes! Dited M BRoretibl Sarld® i‘%n%g%epm al

product yiel ds Typi ca , hydrogen partial pressure shou t bel ow
200 psi, pref mhﬂ@be%ﬁ@@sbmm@mﬁf@ﬁeﬂmem r3fdopwiess)campst

preferably begl ow 2 S| tic atch er at t he Iar rati o of
Dl of et hy fieg e feieDied gofh e Shiien FRBRER REHRLOM ofedBelR Afn o1 1o
mor e pref er abhyrupabipth 288 feed reaﬂﬁﬁty ﬁh@foﬁﬂahb)bebl@ﬂﬁéﬁ%n tHeeMakoviadli nary

skill in the art in possession of the
statistics. For product described in this invention, zero order Markovian (or

Bernoullian random) distribution showed the best fit with experimental data with
y, ranges from 0.93 to 1.05.

[00139] The NMR method to characterize the material is described below.
Typically, proton NMR spectroscopy — because of its intrinsically limited spectral
dispersion — provides decreasing utility for determining the composition of the
polymers as the lengths of the comonomers increase. The greater resolution in the
carbon spectra often provides multiple opportunities for determining the
monomer composition. For example, in polymerizations of 1-butene with
cornonomers longer than or equal to Cy, we calculated the composition in two
ways: the 1B, (10.7 ppm) and 1Bs+ (14.1 ppm) methyl resonances, and the
backbone S. methylenes between the branches. The methyl integral calculation
is a direct measurement from the peak integrals, and may suffer from endgroup
errors (e.g. initiating butenes would appear in the comonomer region). The Sy,

methylene region (41-39 ppm), while also susceptible to end group effects in low



present disclosure can determ ne the appropriate hydrogen | evel w thout nore
than routine experinentation. [00130] The polyal pha-ol efins produced from '
t he above polynerization process using a m xed al pha-olefins as feed

cont ai n unsetewraimsk doubl e bond, WO 2007/ 011832 PCTI USREf}gsfasfi9sb1 - 65-
sonetinmes rich in vinylidene contents with sone 1, 2-di substituted ol efins.
These wunsaturated polyners are nost suitable for further functionalization
reaction. Exanples of such functionaté%ation are alkylation with aromatics
conpounds, such as benzene, toluene, xylene, naphthal ene, phenol or

al kyl phenol's. The pol. r.olefins ¢ | so react wt | ei ¢ .anhydride to

gi ve pol yal pHAC 18‘fué¥|vf1eléﬁg§%af:emﬁ S@W}gﬁﬁFg %hﬁgrhe L3¢ g‘ép\%ﬁﬁ’taﬁ%?pe onvert ed

wi th ani nes q&tEdG,gnCpIQ,-mpandcw-C@smengfegmwﬂﬁe fHreeSpeaks Walee esters.
These imdes and esters are _ superior dispersants. Because of the use of PAO

as the hydr odsriyoRastsqusrsy ‘minjrizationp sHRemenlkigganadeh for monomes pddifigeh bet t er

t tyl
[00191] 10 art SR HUET B8 e E0E BF RIGHRdRpLd BRSO Y o
i nvention, ccamplpbﬁhmgmnhé glﬁim@rqioeﬁdmlsto thesoveyalr mojanainechtration pfthét cul ar t he

pol yal pha- ol ef| o ct referably treated t rreduce heter om cat al yst
conponent s tdn? nméw%yﬁl %aéil'a %ﬁ‘@ﬁyﬁn{‘%ﬁl’t B8 TRPPORFT: o Qﬂ’r? and a
hydr ogenat i onxgaieat mtoft fhe RS 04HGRyIend Pt aRh \ﬁ{tﬁﬁ'eﬁoﬁﬂiéhrkﬂstﬁbﬁ{gdﬁm ne nunber
| ess than 1.8. Usually, the brommnhe nunber is below 1.8. Lower brom ne

nunber is rmnélcuevqumbﬂtt&e dwtlpn ﬁm|mmmmmmqu t'th@rﬂﬂﬂlslablﬁ dative

stability. l.efin

conpri ses 10(3’5%5“?&%??‘1‘{&@? emo Paef‘"gi’@{&ge tcgﬁ)lt‘)% gi%eﬁ eaferably 10
ppm of heter wgmp@ﬁbﬁhgestma:@ﬂﬁn@@mbgs 1@ba.rhe$$ut lﬁrﬁrmhnﬁhgtﬂeMWr ogenat;i on
catalyst is selected fromthe group consisting, of supparted Gqup 7, 8, 9,

and 10 net al dhe Seapctivieneyniegrals 1o, 8y dgast savases IGinaption seehsde miRinizeom t he'
group consi stghgaffe &B@opfhe@ﬁeopﬁxe Nl;uaxe cb ﬁfaf thei fiéfncel Betwden . O . M,

and W supported on silica, alumna, tania, zirconia, or mxed
met al oxi de wpgrun@al daaqameheﬁ'acadnm@e@ {;@Aha,i andqﬂ-xemmlaﬁymons pradiotéde|

cobil t - mol yad¥u i bR T RaTtah i i RORbicRl T o ot " '

catal yst, sughlyaser@f’A bhd BN TEefoa@uBBF Diffis @ivwes below. used or a supported

Diff = \[({4A) ., ~[4A4],,,)* +({AB + BA],,, ~[4B + BAl,,,)’ +((BB, —[BBl,,)’

[00140] In cases where multiple LAQOs are used, and signals from longer
LAQ’s are not resolved, analysis can be performed with the non-resolved
. monomers lumped into an aggregate A and/or an aggregate B monomer, !

depending on where their resonances appear. The minimized Diff will then
address the randomness of aggregate A versus aggregate B.

[00141] When the feed compdsition contains more than two alpha-olefins,
the analytical method and mathematics to analyze the data become very complex
for both the NMR method and the MS method. In this case, one may consider
analyzing the polymer compositional randomness by lumping the feed olefins
into two groups with averaged properties to simplify the compositional analysis.
The conclusion should be within the scope of the two component analysis.
Another method to deduce the randomness of the polymer composition is to

analyze the rates of consumption of the starting alpha-olefins during



catalyst with high amount of Co-M | oading. [00132] In a preferred

‘enbodi nent the pol yal pha-olefin product is contacted with hydrogen and a
hydr ogenatj st at a tenperature from25 to 35 ly 100 to
300C. In a Q{i?]og?ﬁ%%%f erred enbodi nent the pol yal pha- Opgﬁuﬁfoﬁéﬁé%ﬁt acted

wi th hydrogen and a hydrogenation catalyst for a tinme period WD 2007/011832
PCTI US2006/ 027591 -66 from 5 m nutes_#@- 100 hours, preferably from5
mnutes to 24 hours. In another preferred enbodi nment the polyal pha-ol efin
is contacted with hydrogen and a hydrogenation catalyst at a hydrogen
pressure of frayma&aper. The 2BEe miio of therfastest sasring monem@chewd 200 psi. I n

anot her preferred, e | ro all.on proces educ t he nunber
of mmtrhad gPat el deTite i nO Ykl TeRbNE MABbBEE R RO SRR T o1 o
PAO s per se fafioieleks than 3D andSthe , mds prefdried tratiee i3, ledd. than 2. As3a 6fié ofrd
"Lubricant Base Q| Hydrogen Refinjng Progesses" (page. 119 to 152) in

Lubri cant Basgsuaily indicatesa fandpmcopalymgt ROSHRG matnd for Agducing the \pyr cel
Dekker, 1nc. , NYomdeddf the g@g@t%}() cofostiivt] gﬁ@gﬁ%&%@ P oF T ARoUNE of

acconplished 1Tn a slurry riina operation or Jn a continuous
stirred tank omeaalpl-oléfiSiiRjhe mbdicetd the samataphpstlefroincthntfeat i dforitke 0. 001 Wt %

to 20 wt % of the PAQ (or HVI-.PAO. roduct., or.p er abl 0l tao 10 wt % of
t he product. Wﬁ‘aérhghﬁr?ae%éﬂve& &, ﬁ&@d’%%%%ﬁ&?ﬂé’“%ﬁégy@%ctor to
allow for a ce it theatisl8Nr & 4 édiletel§ ¥aidom pelymidrnut es to 10 hours, to allow
conpl ete hydrogenation of the unsaturated olefins and to allow proper

conversion. TH14Hount The sencbomstosrabie (GG methed rgn also die gtandedieess, to
conpensat e f O%ay%ﬁlgcﬁg bt oxdﬁﬁ'ﬁﬁl! &%oépg%%h%hgrﬁé ggt{g%ral Wenat ed PAO

and/ or HVI - PAO dre~contl nuousty W rawn e product
m xture was timethod.i ThegesichremaibgiaphiipeedHBrmeiel eduéppetl ovittead0 enetdridBL ol i d

hydr ogenati on catal yst. The_ catalyst can be.reqgeperated and re d. The
hydr ogenat ed W@aﬁ%ﬁaﬂ’émufé& namgrothézra?m?a]ﬁ r"YaﬁéWe%FQHt‘P &l@ocoiqmq f"tajéq%ﬁonat ed to
the right CORN@RKT mirutdISHBSBALNeatel At SO TEpc Aiffie to'\BRINCIAAE HaMUoPgENat i on
catal yst show no catal yst deactivation over | ongt termoperation, the stir

tank hydr ogemiftutesn The seuntent of dhe dimer dvimes tetismer phtotal sathpe pumbes dess i xed
amount of ¢ ' ' [ "_eqi ' . I u 0.1 W %.t0 10% of
the total r e%%p%ﬂ g%?%ﬂzlte@q"yd}%%gﬁﬁgﬁg@gglgaa?gk)(é(l)sﬁﬁjurtllﬁ%é%I y added

at certain fethd compesiiordfrom dimer, trimer and tetramer and/or pentamer can be fit to a

Bernoullian distribution and the randommness can be calculated from the

difference between the GC analysis and best fit calculation.

[00143] In another embodiment, any of the polyalpha-olefins described
herein have an M, (weight average molecular weight) of 100,000 or less,
preferably between 200 and 80,000, more preferably between 250 and 60,000,
more preferably between 280 and 50,000, and most preferably between 336 and
40,000 g/mol. (Preferred M,'s include those from 224 to 55,100, preferably from
392 to 30,000, more preferably 800 to 24,000, and most preferably 2,000 to
37,5000 g/mol. Altemately preferred M,'s include 224 to about 6790, and
preferably 224 to about 2720).

[00144] In another embodiment, any of the alpha-olefins described herein
preferably have a number average molecular weight (M,) of 50,000 or less, more
preferably between 200 and 40,000, more preferably between 250 and 30,000, or
most preferably between 500 and 20,000 g/mol. More preferred M, ranges
include 280 to 10,000, 280 to 4,000, 200 to 20,900, 280 to 10,000, 200 to 7000,



only hydrogenated PAO was wi thdrawn fromthe reactor. [00134] The
hydr ogenati on process can al so be acconplished by a fixed bed process, in
which the solid catalyst is packed inside a tubular reactor and heated to

reactor tegpaes@owiss: Hydrogen and PAO and/or HVI - PAO f epdnQaidehBse;f €d
t hrough the reactor sinmultaneously fromthe top or bottom or

countercurrently to maxim ze the contact between hydrogen, PAQ HVI - PAO and
catal yst, and to WD 2007/ 011832 PCT/ USZDO6/ 027591 -67 all ow best heat
managenent. The feed rate of the PAO and hydrogen are adjusted to give

proper residence to allow | et e hydr ogenat i of the unsaturated ol efins
in the feed a?’ﬂ?t?gg%’?éq/@@@g%ﬁlt‘él %‘Ef%@dﬂﬁ@ mmtriads in the process.
The hydrogenat ed PAO f]luid can he used as is or further distilled or
fractionated P84l ve t a’?“’l‘@ﬁte‘@&ﬁ‘ﬁ@ﬁ’én?‘}y Pf the- pelyaly PIGg%ﬂSRSEb%I ynmer
Product Conpogi.tif 1; h\E AN | R QM ; ¥ EN’N;D

q?e&ér%h efer]aﬂﬁ il ihl\/P“JMn_\b?rHldﬂ@é?ﬂ i S ﬁ}a 1?q har c?gri zed as

pol yal pha- ol ef 1 onposition which in enbodi nen
conpri si ng atgresersthan land lggsdbaro§, préferahlytiess thint4; more peefpralily lmscthah 8ngt h of at

| t 2.1, ' 2.1t 2 f ly 3.to,11, f bly 4t
10 more. prer ARGty o hyh S, pag B rabdtnled 82, "y "or e preferably 5. 5
to 8.5; bl d t ly 7.to 8. Th duct i
a1 qui o For OBRSTpor pEReN gnd My e mipang Bl PP Gmol afioe BobevitBt phed 1o be a
f1ui d that haguipfuteh Skl TRY U, Mccheldsd VPR TG visessh) 86kl 0n di St i net

nel ting point above -20C, and has .2 kinematic viscosity at 100C of 3000 cSt
or |ess, prefpveleguaiddMg St Aox (V@sswhenelNois kingmatenviseasity wepewed iy at 40C of
35,000 cSt or_less, .ef er abl 0 cSt or, less. [00137 h ol yners may
be further chladoaétaé‘i"g‘%@@it"a °Iﬁ“§\ﬂ§) %&‘Hﬁh@‘gf‘ﬁﬁlﬁ CW@t%M‘gW al ong the
pol ymer backbgpgity ﬁébeﬁdihgréﬁotﬁ@@ﬁ)% %eﬂ?fee&i‘aF&Céﬁleé?%ﬂéﬂ aCdet PO nucl ear
magneti c resonance spectroscopy éNI\/R or mass spectronetry (MS) nethods or
by gas chr onmomadg Bgrhiagnixatfeed 0By itk 6¢ and Ghwt¥edlip fHQsrwasraelyeeshby [ 00138]
In M5, the degpge ~ iﬁ}l b Snofhef: ] Sanpf = ovi an
P-matrix el en%%&?:%el@@ﬁﬁj‘é,g:ﬁ@ er (ha&OAe%éc?gﬁg'a‘?% Jégrc;fgnltl)noﬁer“s %%éééonbi nation
of cormnorreer(V;)&f-:‘fmreference Mass Spectronetry of Polyners, edited by G
Mont audo and R P. Lattinmer, CRC Press, Boca Raton, Fl, 2002,

[00147} In a preferred embodiment of this invention, any PAO described

herein may have a pour point of less than 10 °C (as measured by ASTM D 97).
Pour point of any fluid is usually a function of fluid viscosity. Within a class of
fluids, usually high viscosity fluids have high pour points, and low viscosity
fluids have low pour points. The pour point of the PAOs of this invention have
pour points of less than 10°C, preferably less than 0 °C, more preferably less than
-10 °C, more preferably less than -20 °C, more preferably less than -25°C, more
preferably less than -30°C, more preferably less than ~35°C, more preferably less
than -50 °C, and most preferably less than -70°C.

[00148] In a preferred embodiment of this invention, any PAO
described herein may have a kinematic viscosity at 40°C from about 4 to about
80,000 centi-Stokes (cSf) as measured by ASTM D 445 method, preferably from
about 5 cSt to about 50,000 cSt at 40 °C.

[00149] In another embodiment according to the present invention,
any polyalpha-olefin described herein may have a kinematic viscosity at 100°C
from about 1.5 to about 5,000 centi-Stokes (cSt), preferably from about 2 ¢St to
about 3,000 cSt, more preferably from about 3 ¢St to about 1,000 cSt, and yet



Chapter 2, p. 72 to 85). For an ideal random copol yner x=1. X for this
Tinvenitive polynmer is usually between 0.7 to 1.4, preferably between 0.8 to
1.2, preferabl between 0.9 and 1.1. The Ms nethod is carried out as

fol | ow ng.wﬁ?@o%@é}ﬁ"ﬁ que is based on a conbination of PCEUF2WEHEYtion mass
spectronmetry (FDVS) and Markovian statistics. In FDV5, sanples are

di ssolved in nethylene chloride with _g 1 to 10% (wv) concentration. 1 to 5
111 of the solution is deposited on to ?he FD WO 2007/ 011832

PCTI US2006/ 027591 -68 emtter. The emitter was inserted into the ion source
of a mass spesiofeprefeibly fiiord @boud 8toSt dlatBut SD0rcSy.cithie PROshalt ghicalitkstitii ¢ vol t age
(10 to 13 kV) .is applied between the emtter and a pair of extraction rod.

A high fiel d Herengsioh2de 5¢eStag 10K i onprmbedimgy, ad-Zomd to 30 ¢t ahpr e

el ectrons wer Ry ' Hfl.ﬁo ' ef fect.
Vi bration exc?(t)%t | On%ﬁg#ﬂ@%%ﬁ%hﬁfﬁh@?%?ﬁg@o c%]m ecu a%ﬁpgtﬁiglegl?e f or med,
gener ati ng nolAl visaesitissrareresssusgicly ASTMD #4femiethGd abll0Qf6hexrespt Mhaekovi an

statistics were ﬁbﬁe{ oped to cal cbjrlaat e PAO oligomer distributions based on
transition pr T ?}H?FEI?IP??“TIIS? trix). A theoretical mass spectrum was

determined b ti f all oli di stri buti Was... d
Sgainot the SIIBMe e e Feler enbodiRER! drofide RomisOReBRt iFedior Ahge
bet ween 10 t opd@Qyi Qﬂo%/ﬁﬂeéscﬁﬂe%cﬁ;e&éiﬁ%ylﬁew@ﬁﬁm%ﬁQvfsQoéﬁQQPm#cﬂmp_referabl y

bet ween 400 and”1000 no P-matri x was adjusted Tn an iterative

process to nBno i e8t anda fhish peinbal Y Bearwaare (asimeasired by thecASTM A 92
experi nment al magf?]q spectral data. The product conposition and structure
(degree of r aft %ss) can then be calculated fromthe optim zed P-matrix

elrements. O h amet.er ch__as ,run .l engt.h .and f eed activity ratio can
al so be deducidaols‘\f]gm t@e@g@%ﬂ?ﬁrﬁs %?%P%gﬂmﬁbﬁoﬁ?oﬁﬁp Hfgés/oé}t bed in
thi's inventi o(suck @k those Gth AEVKRVefall ¢Stror 1Be)Dutt kipetiallpsaitable 85 bdsei but i on
showed t he best l];FIQ{O gj@hh experinmental .data, wth X ranglgg froeg1 0.93 to 1.05.
[00139] The NRiRekreloR BighpsTietmanss BEpmoEve sngingpiicformylation Hythemsalyas el ow,

Typically, pr g&%n%vﬁﬂﬁ%&gfgﬁ@@éuéh Qe@ﬁ)'ﬁﬁ}t fif Gidup mnt(?foﬂﬁ m?éfoﬁg' ![ hmét ed

spectral dispersion - provides decreasing 11ty for etermnin
conposi ti on oflllt i¥otepGlopprdtsand Grote Il-e g tnamen bfignused omimadegowrsals,sodease. The

greater resolution in.the .carbon.,specikra often oyvi d |t i.pl

oppor tuni ¢ o5 B RReNE i i et AEPRL SSE bivdrt BTl Heh el e fite,

pol yneri zat i ohavedpropertiet isofter thiah [Gr II or III, but can not fully meet the next level of
specification; as used herein, each of the per se well know API classifications I
through V will include their "+" basestock, if available, unless the "+" basestock

is specifically recited; in the claims the "+" form is considered part of the API

group denoted), or lube base stocks derived from hydroisomerization of wax
fraction from Fischer-Tropsch hydrocarbon synthesis from CO/H; syn gas, or
other Group IV or Group V base stocks. PAOs having KViqo's from 3 cSt to 8
cSt are also preferred grades for high performance aunfomotive engine oil or
industrial oil formulations. The PAQOs of 40 to 1000 ¢S made in this invention
and especially some high KV 00 grades up to 5000 ¢St are specially desirable for
use as blend stock with Gr I, II, I, I+, IV, V, or GTL derived lube base stocks
for use in industrial and automotive engine or gear oil. They are also suitable for
use in personal care application, such as blends with soap, detergents, other
emollients, for use in personal care cream, lotion, sticks, shampoo, detergents,
etc. In another embodiment the PAOs have KV go's ranging from about 10 to
about 3045 cSt. In another embodiment the PAQs have KVigo's ranging from



conononers |onger than or equal to CI O we calculated the conposition in two
ways: the 1B2 (10.7 ppm and 1B3+ (14.1 ppn) nethyl resonances, and the" '
backbone S. nethyl enes between the branches. The nethyl integral calculation
is a direoyormaatissent fromthe peak integrals, and mpgrgyide&ozrkdom
endgroup errors (e.g. initiating butenes would appear in the compnoner
region). The S". nethylene region (41-39 ppm, while also susceptible to
end group effects in | ow WD 2007/ 0118323 -PCT/ US20061027591 -69 nol ecul ar

wei ght materials, shows three S. nethylene peaks that were assigned to the
Co-C,,, C-4 and CA-C4_structures. The integrals of the three peaks were
fit by |east @Q%Oé%al?ﬁ“ﬁﬁﬂ ion to a Bernoullian nodel for m)norrer
addition. The Bernoullian nodel defines the |ikelihood of fjnding

speci fi c nondAI52ht  Jryanether cmbrdiment jgecording fo 48 Presprly invertion @18' t he
overal | nolar E%gﬁﬁ-%’iéﬁtd b%cﬁ h&jgﬁﬂtliuent f%m&&?’hinﬁg’?@%ﬁ%{mpéo fhe identity

of nei ghbori r?g nomer s exce It of ene peak areas
wi t h Ber noul I40§na1thrmtwelblﬁomri00 iton 380, caltematirenly frioint 100et0d3ﬂm altﬂzmmvfebom random

ol o per cent AR 40 AR e EaRtsy B, BT oiins, Shenaliet Fop 2ROt The

fitting pr oceas&maﬁve}ﬁﬂfelﬁséogwtm@ek G TGkt abbﬂgletshﬂtma& at 1dast sboutTet hyl ene
i nt egral sto . 0. Least squares m nim zation seeks to mnimze t he squar e

root of the s]uﬁ?r @femaﬁ@elmbmgbmzoﬁ)f yltesratively atilepstabentcdde. DE wdl t he
t al f
S)r(ggirl:[rgg aby E%ﬁ%ﬁﬁﬁﬁggﬁgﬁﬁ’d(ﬁf?“angw&‘f“?% @éﬁﬁ? :ﬁto WO jCSRIS;nomers

in the pol yrmndmmelﬁmd-dscenih@n{vmﬂméeﬁs Jfihe prefeired V3 ragige énfrdm|100Mo Di f ] =

AA] . V AA 2 AB+B, B
EE)01]40] IL c] %l'\ eé‘gt "ﬁ’&\%ﬁéﬁnﬁ?séﬁ%éﬂb%%ﬁ@ 3%5%1?&@ 3]r"‘arﬁoponger
LAO s are not400esqhg1%il viadiahy Shid GRBIE KBRS hAREE I Wisddiity e geol ved
nmononers lunped into an aggregate A and/or an aggregate B_nonomer
dopendi ng on detesmised mmmnagoﬁammm@zzvmﬁ?mmdztbqvmrelm|  hen
address the randamngss ORI HARRLE S 8RS EelRTSdds When he

feed conposition con two a a-o e anal yti cal
met hod and nahéthdxhtmmnhmambqomyvﬂmsdapc&tebémﬂmds/hﬂgnamméasuredfaor both the

o0 ot R BTSSR el oS B B )4 "0

multiplying the measured kinematic viscosity by the density of the liquid. The

units for kinematic viscosity are m’/s, commonly converted to ¢St. or centistokes
(1¢St. =10 m?s or 1 ¢St = 1 mm®%/sec). Lube VI and pour point are dependent
on lube viscosity. For the most valid comparison of VI and pour point, it is best

to compare fluids with similar viscosities at the same temperature.

[00153] One embodiment according to the present invention is a new class E
of polyalpha-olefins having a unique chemical composition which is
characterized by a high percentage of unique tail-to-tail connections at the end
position of the polymer. The new poly-alpha-olefins after hydrogenation, when
used by themselves or blended with another fluid, have unique lubrication
properties. Or these new poly-alpha-olefins without hydrogenation can be further
functionalized at the unsaturation position with other reagents, such as aromatics,
maleic anhydride, etc. The term "tail-to-tail connection" refers to a connection
formed in the PAO oligomer in which the linear alpha-olefins incorporated into
an oligomer are connected to one another via the alpha carbon, i.e., the methylene

vinyl carbon of a linear alpha-olefin. The polyalpha-olefins synthesized from the



into two groups with averaged properties to sinplify the conpositional

‘anal ysis. The conclusion should be within the scope of the two conponent
anal ysis. __Anot her nethod to deduce the randommess of the ol yner
conposi ti SKOPYMYB3L | yze the rates of consumption of PFT@] é?’t"?sﬂg

al pha-ol efins during WO 2007/011832 PCTI US2006/ 027591 -70 pol ymeri zati on.
The relative ratio of the fastest reactjng nononer should not be nore than
5 times faster than the sl owest reacting nononer. A nore preferred ratiois
| ess than 3, and the nost preferred ratio is less than 2. As aratio of 1
usual Iy i ndi cpdlpmerdzatiom chreactivnp ebntaier ynanmitioa; whisls i tﬂne beetbmdmfemly deduci ng

the randommess of the polynmer co sjt].0 s to p th tio of the
armount  of on@e%ﬂlfﬁqabyo\“g ?‘Wﬂ?q‘igggﬂﬂ[dh ﬂstbd’rteﬂgw \thBTQa nin the
feed: For thepefg ”ﬁ@%dl?ﬂie@?mﬁh@ﬁﬁx%er'vﬂﬂ%ﬁiﬂg@@s a'fllicBiof: 8f the bl%m\éi-t hin 0.5
to 3, and prefera to 2, wth the ratio of 1 as acorrpletely random

pol Iymer [ Oﬁlm]ecmmesm quos;TmtT&lg broptinemngEy fqréhmymarwﬁlrmelf@nzaxlt ended to
anal yzi ng the r pactial po si.n t erna
standard rret?fyvg’od%Efgl glsrbﬁ \r g?réspl??cf"g?%?ﬁh‘?rgﬁé g't‘u?o%sg Wth a 60

meter DBl Caﬁithdnﬁrfurtﬁb@ﬂ:ydfﬁgenétldn. NMinGhaly dasds, @hérpthereVif g neéd Ratddeitit 0 t he
colum at 70C, held for O _m nutes, programheated_at 10C per minute to 300C

and held for tusming pupker toTaelove 3npkin below: hd of ipetailog Fhen%?“mtvetfrth‘?rer of

total carbon o using the
gc net hod. Thg‘ﬂgB tri Eﬁﬁ’l Onér%?a?e e %gtr}rl%gs?mg F&iogﬁg &a[togéri?&r%r and
tetraner and/ cntalpﬂrmérﬂngln:pras:hme tf hydrogea gaBdéo ralutd thaninditeratiohta give and t he

randomess can e ca at ed fr mthelé dq ference between the GC anal ysi s
and best fit PRIRGHY a0 G’H‘% fother embodi nent, any of the

pol yal pha-ol e descrlb d I n have an ht average nol ecul ar
wei ght) of 10&08 or ARt "‘BE% Slé’lgvtgwg% é’(‘fﬁcﬂgﬁ'ﬁv BIHBA CHor e
preferably betmaess Rﬁ@og%ﬂdecﬁ o@ﬂﬁha-olﬁﬂﬁseh@ﬁlﬁgﬁ oty cbeﬁmecnamqﬁ@iuaﬂd 50, 000,
and nost preferably between 336 and 40, 000 /rml Pref erred M s include

those from 22Whicg i 155 haragterized by Bigh perceriage otail canpeatiop & er abl y

R D “@%%&E%fﬂﬁ?gflg%%‘ﬁ%%ﬁﬁbf Y720).

100144] | n antt the progndidefoneimydrogenstionf t he al pha- ol efins descri bed herein

()

[00155] The PAQOs produced according to this invention are typically
dimer, trimer, tetramer or higher oligomers of any two monomers from Cs to Cso
linear alpha-olefins. Alternatively, an alpha-olefin with alkyl substituent at least
2 carbons away from the olefinic double bond, such as 4-methyl-1-pentene, can
also be used or alpha-olefins containing aromatic substituents two carbons away
from the olefins. Examples are 4-phenyl-1-butene or 6-phenyl-1-hexene, etc.
Typically the PAQOs produced herein are usually a mixture of many different
oligomers. The smallest oligomers from these alpha-olefins have carbon numbers |
ranging from Cg to Cyo. These small oligomers are usually too light for most high
performance fluids application. They are usually separated from the higher
oligomers with carbon number of greater than Cyg (for example Cp4 and higher
are more preferred as high performance fluids). These separated Cio to Cap
oligomer olefins or the corresponding paraffins after hydrogenation can be used
in specialty applications, such as drilling fluids, solvents, paint thinner, etc., with
excellent biodegradability, toxicity, viscosities, etc. The fraction of Czg to Ceg, or

preferably Ca4 to Csp, or more preferably Cag to Cys, or most preferably Csg to Cgo



preferably have a nunber average nol ecul ar weight (M) of 50,000 or |ess,
nmore preferably between 200 and 40,000, nore preferably between 250 and
30,000, or nost preferably between 500 and 20,000 g/nol. Mre preferred Wn
ranges i to 10,000, 280 to 4,000, 200 to 2 (9‘()9%? 10, 000,
200 to 708}3%%@@1%87/011832 PCT/ US2006/ 027591 -71 208Pto 8%@,975250 to 2900,
280 to 1700, and 200 to 500. [00145) In another enbodi nent, any of the

pol yal pha-ol efins described herein praferably have an M/ M or nol ecul ar

wei ght dispersity (MAD) of greater than 1 and less than 5, preferably |ess
than 4, nore preferably less than 3, nore preferably less than_ 2.5, and
nost pr ef er al§Ey heegsedt Banhigh pestormaice THedsy  AxRicHY, ofbey sy uFUpErivy GPC

met hod usi ng mGEh ' e The: Ml s, | ated with
the fluid vi &%gé. y%%‘c[f%r“ "ho toégﬁ%%?agﬁgﬁ%%ﬁcn#ﬁg%b%%%’Fsmmre Vis
ki nemat i ¢ vi doweai vigcositpsfor ddtteart fuel Go@oans drettem hicdegradubil AR T betier 46w net hod, A

and B are constants I ch var. sl ightly.depending on the type of olefin

f eeds. For eiwemév@rap?égs’%wgﬁﬂ%‘h&om a mxed feed of 33 wt% C6 and
67 W% Cl2 L s anaglyzed b GPC, the relationship qQf .M versus 100C

Vi scosi Ly wadOISSF o1 ofhie ighes Mspasibobrogucgs gy iy gukly Bt VGt or e
embodi ment  ofgefak Sofl gMgﬁl%ﬁ%on,a%d RO Nbwesmolifié GfNCHRYnda¥Perd POUT

point of |ess Than 1 as measured by ASTM D 97). Pour point of any fluid
is usual |y achmpenentsn dhese| highl viscositysiluids atey exvclent Weérgsstoeks fof Ilubeds, usual |y

hi gh viscosity £] ui ay Lgh. [ ) | OW Vi Scosi fluids have
| ow pour poi r%g@c#ﬁ?op:gﬁarrg\begﬁhg&sg%@h? fﬁ&g bgﬁg&h ngyw i%é%ﬁlgve pour
poi nts of | esgeighs distitifionphey bavbiupedictShedr veabilfty.C Badiise of tiediciiritpley | ess t han

-10 C, nore preferably less than -20 C_nore preferably |ess than -25C nore
preferably | shgmicalpompesiion,dhey Baver excelipnd wiss e‘F‘ﬁéﬁBQS‘S’B’,‘PWFleI%M ef erabl y

less than -%c@nmgaﬁ&stmsegﬁgfg%cds PAUBQ:@n‘bZQEchsO%y r Bithge preferred

enbodi nrent of this 1Invention, escri bed herein ave a kinematic

vi scosity at steks.f They cabbetblendistockpwith angof the GrowmlilL SHpHbs Gldsmd as
measur ed by 4 h efe from . GSt out 50, 000
cSt at 40 T. %%é%lﬁlgﬁggﬁo%ﬂ'gr% %d%c\épeaccé’ors g‘?’%ctyt g“@ﬁe“@?é@@’nt

i nvention,  temperature lubricity, etc. When further blended with proper additives, including

antioxidants, antiwear additives, friction modifiers, dispersants, detergents,
corrosion inhibitors, defoamants, extreme pressure additives, seal swell additives,
and optionally viscosity modifiers, etc., the finished formulated lubes can be used
as automotive engine oils, gear oils, industrial oils, or grease. Description of
typical additives and synthetic lubricants can be found in the book “Lubricant
Additives” Chemistry and Applications, ed. L. R. Rudnick, Marcel Dekker, Inc.,
New York, 2003, and Synthetic Lubricants and High-Performance Functional
Fluids, 2™ ed. By L R. Rudnick and R. L. Shubkin, Marcel Dekker, Inc., New
York, 1999.

[00157] Experimental

[00158] The following examples are meant to illustrate the present
invention and provide a comparison with other methods and the products
produced therefrom. Numerous modifications and variations are possible and it
is to be understood that within the scope of the appended claims, the invention

may be practiced otherwise than as specifically described herein.

[00159] The alpha-olefins used for all the experiments, either individually or

pre-mixed, were purified by mixing 1 liter of un-treated raw material with 20



-any pol yal pha-ol efin described herein may have a kinematic viscosity at 100C
fromabout 1.5 to about 5,000 centi-Stokes (cSt), preferably from about 2
cSt to t cSt, nore preferably from about 3 1, 000
cSt, and 3?‘8’@29@"3%8’7/011832 PCT/ US2006/ 027591 -72 nnr%%?%?oé’?}éﬁg% from
about 8 cSt to about 500 cSt. The PAGCs have viscosities in the range of 2
to 500 cSt at 100C i n one enbodi nent, aad from2 to 3000 cSt at 100 Cin
anot her enbodi nent, and from3.2 to 300 ¢S in another enbodi ment. (Al

viscosities are measured by ASTM D 445 net hod at 100C, except when
specified at gnaimelofaﬁrvpeddﬁﬁrmdycula{r@&ys@r}d lmgmmebﬁde-onygmatwmmatal)mtcordl ng to

th t f d h h
i emmt o vi sBoERprehbo eV B8, Bl bR 4 BBYE Brnc B 150 C or
nore (as Weasmbﬁdulbymémn&%wma%t w&%fm&)remb%a@ﬁmxﬁ@a PSS trestepar ed

herein, particul ose of | ow viscosit (such as those with a Kvtoo of
10 cSt or |es§aﬁm@ﬁ¥sd@h§7@bﬁm wgresthan gerpkineds tohgive thesdasirrbie tompositin.

f bl endi
Do orTRnee, PR U8 SRR lsh o Ok 3L oD RTRELY B sl ©1 e n0
(Note: G oup b]eﬁn@ﬂﬁhﬁahn@oﬂﬂr&-ﬂﬁcéﬂﬂ@l@&b}ﬂtoﬁmmed 13K rhdlechiarjsieme nal s, and
th k t f h . th b
ek v °HBve taBuh 7 B Pbkbod ok Skl eV IBNEL b aRERSE " LT
meet the ”9Xtdé-69lf‘éenﬂéd ca’?t&?&, f;h&:a{o' Srehb'i&d Shé&ires ﬁ?%@n@hcﬁ&e per se

wel | know APl classiftications’ | throug Vwll include their " basest ock,
i f avai |l abl e, thimpurificatime cin-be sarsied tout by numpu}gec str¢apaof yher dphat-ddﬁna,n t he

bace Stocks oBFID T, B PRORMER ORBRR & Bt phor s TR RelGRE Sy 100

Fi scher - TrODSfdllohbédb9@®é@6fhcﬁyﬂéd1ﬂﬁmﬁlafﬁridﬂt&ﬂtki&g&h@rda&5r. or other Goup IV
or Goup V base stocks. PAGCs having KVMloo s from3 cSt to 8 ¢St are al so
preferred gragmeblor Ta ¢t e flowabilige ofl uhe finid Vlﬁelelitgisn&lhjédtedoto lowadustri al
oil formulations. The PAGs of 40 to, 1000 cS e .in this nven ion and
especi al |y soffPRsFGHC&AcE Ve deyelepsdwhesein gokd rT‘%}S Liguid ssﬁ'@E‘eaﬂ IP§’ Y4¥Ei r abl e for

use as bl end $Loedakid fn'tridhed drylde fob bt least two'houks! foldoweRby %hovﬁi%&fﬁﬁg | ube base
stocks for use In industrial and autonot i ve engi ne or ~gear ol hey are
al so suit abl etd mom tempeiare e Sowa ahaterialemay pémain solidh eveniafier avambingtds wi t h

soap, deter 9ePdotm te?ﬁpréreartme, whereas others will become free-flowing liquids after warm-

up to room temperature. This test is reproducible and provides a convenient

method for comparing low-temperature behavior of the fluids.

[00161] Example 1. An olefin mixture containing 18.4% 1-hexene, 22.3% 1-
octene, 21.6% 1-decene, 16.8% 1-dodecene, 10.4% 1-tetradecene, 6.4% 1-
hexadecene and 4% 1-octadecene was used as feed. This composition is similar
to the linear alpha-olefins produced from a typical LAO plant. 30 grams of this
olefin mixture and 0.522 gram of a toluene solution containing 2¢ mg of
triisobutylaluminum (TIBA)/g of toluene were charged into a reactor. A catalyst
solution containing 11 grams toluene, 0.0133 grams TIBA stock solution,
0.30798 mg rac-dimethylsilylbis(tetrahydroindenyl) zirconium dichloride (A} and
0.5408 mg N,N-dimethylanilinium tetrakis(pentafiuorophenyl)borate (B) was
added to the reactor with stirring while maintaining a temperature of 30°C. After
19 hours reaction time, the reaction was terminated by addition of 3 ml
isopropanol, followed by washing with 120 ml 5% sodium hydroxide solution in

water. The isolated organic layer was distilled at 160°C/1 millitorr vacuum for



enol lients, for use in personal care cream |otion, sticks, shanpoo, .
detergents, etc. |In another enbodi nent the PAGs have KVtoos ranging from
about 10 to about 3045 cSt. In another enbodi nent the PAGCs have KVt oo's
rangi ng f pamoedbid®R7/ 011832 PCTI US2006/ 027591 - 73- abpuityu@dedia7ebout 1500
cSt. [00152] In another enbodi nent according to the present invention any
pol yal pha-ol efin descri bed herein nay have a viscosity index (VI) of from 80
to 400, alternatively from 100 to 380/7-alternatively from 100 to 300,
alternatively from 140 to 380, alternatively from 180 to 306, alternatively
from252 to 306, alternativyel he Wi scosi | ndex s I about 165,
al ternativel 3“’ gthol"léa}gl’e%@%u]t‘geht ,mgltf’e‘f‘(ﬂéf i%aeduge gﬁac?oélagi‘heaﬁ’g%?u'afoo,

al ternativel yiad wae8sh. Thottcovkbed. ludd propataéd dre suntmarided icTakdd1.of fl uid
viscosity. For many |ower viscosity (I'CYl00 of 3 to 10 cSt) fluids nade
from 1- decenqosz] vakamiplé 2e8imilat i6 FRABHRI 1, a6tcdft o MB@Rodehe chit to 180.
G her enbodi nents incl uc?e ranges from 140 to 380, 120 to 380, and 100- 400.
Hi gher vi scosio¥y mesgr cands 3| JaceraizedimetipisHylbis(tetyahydrgindenyl) (rirsquipm

determ ned acg | .2270-93 [1998] and the VI is related
to kinemati c%@%&%ﬁt?gﬁwéﬁﬁ% and 100C usi ng ASTM Met hod D 445
met hod. Al l ki ti ' St ' reln are
measured at liq u%fa\éﬁsrgg%t ﬁfé%%?nygde no ﬂgg?,o%%ﬁg%ﬂe?eﬁﬂgglg&ﬁ{:é}ﬁgﬁ hen be

obt ai ned by a80%0.pl yi ng the nmeasured kinematic viscosity by the density of
the liquid. The wunits for kinematic viscosity are n2/s, comonly converted
to cSt. or cqoo164) OKEfamgld ¢.SShniﬁiﬂrﬁf&i1ﬂeQ,rex&%ﬂﬁe réackiof Wi $@¢ikd out-ube VI and
pour point are dependent on |ube viscosity. For the nost valid conparison
of VI and pod6@&nt, it is best to conpare fluids with simlar viscosities
at the same tenperature. [00153] One enbodi nent according to the present

i nvention is [80 cExgguple 65 Asodlohin pridhurst eontaingng, 33.6 rggares nortgne 42Hkeni cal

conposi tion whj i | ) i Laue
tail-to-tail %%éc |eg%£%g{a§b%‘ﬁé'laé§gl Hélpdgglf‘{%i‘g% %ﬁgﬁgh%gfﬁn%fl e new
pol y- al pha- olflakk &d Bdatedito T9W aginai N Aimospiesie. Aseflydysohitiwohtiing®r bl ended

w th another fluid, haveou I que | ubrication (ﬁropert les. Or_these_ new
pol y- al pha- ol%¥4 &2ms; 10w i fivere; sghution 60 grams toluene and hi msakl i zed at

the unsat ur atc ey of infak Ahd §1§K§'1?E)t?%e oA xture SHAR ASinGMPLddsint M8l €1 C

anhydri de, etc. e term"tal tall connection” refers to a connection
temperature. The reaction was continued for 4 hours. Gas chromatography

showed that 94% of the starting olefins were converted. The reaction was

quenched by addition of 3 ml isopropanol, followed by washing with 120 ml 5%
sodium hydroxide solution in water. The isolated organic layer was distilled at
160°C/1 millitorr vacuum for two hours to remove any light ends. The lube

properties are summarized in Table 1.

[00166] Example 6 is a comparative example. An identical reaction was
carried out as Example 5, except a pure 1-decene was used as feed. The lube
properties are summarized in Table 1. This fluid in the lab flowability test

remained a solid after warming up to room temperature.

[00167] Examples 1-5 demonstrated that one can produce lube base stocks of
wide viscosity ranges with supenor VI and pour points from wide range of mixed
alpha-olefins, ranging from Cs-Cj; to Cg-Cis. Compared with Example 6, the
fluids made from mixed alpha-olefins as described in Example 1-5 had distinctly
better flowability. These two examples demonstrated the advantages of using
mixed alpha-olefins as feeds for this metallocene chemistry.



formed in the PAO oligomer in which the linear al pha-olefins incorporated
“into an oligonmer are connected to one another via the al pha carbon, i.e.,
the nethylene vinyl carbon of a linear al pha-olefin. The polyal pha-ol efins
synt hesi z %9 PHMERe WO 2007/ 011832 PCT/ US2006/ 027591 PCT Y }ization
reaction contain unsaturation, which can be conveniently neasured by

brom ne nunber (ASTM D 1159 or equivalgnt method) or NVR nethods. Typically
the brom ne nunber will change as a function of the polynmer nolecular size
or viscosity. The brom ne nunber for the polynmer will range from 70 to O.
When the br ofd0168hurxaempies 7.0 Arowlefin anixire todaipingdut% khexehe Us¥dl-as i s,

o e DY S0 1 BR8N iGkgd SRR L0, Leduce
of the pol yrﬁ%iade&éi&eaﬂ@tvm%rlso@é&cén%%hgédrdsff@éd @o%ﬁﬂseaﬁhﬁti‘eéwﬂ a

hydrogenation catalyst and a hi gh pressure of hydrogen gas to reduce the
unsat ur at i on charged into a practduiett 31RCL A eatd:}ystbﬁmln’eommg €995 gteams ¢¥.19 [ 00154

Anot her enbodi rd| n o th% rese vent Lon | a new Iass of

hydr ogenat ed "f}m@ 6‘?"@1" ?118 18%8#7’? whi ch

i's charact eritg @ R¥ctér. AR @@Jﬁ%&?&@uﬁi wh'd%vﬁﬂ@dtl@'lﬁ atﬂanhéﬂ éu‘nﬂ@:nt'&eCt lon at

the end position of the polyner and a reduced degree of isotacticity
MW%@]Tabit?é

conpar ed totbmeppmmpbeﬂbpéummd@g@mmarq PACs produced
according to this invention are typically diner, trimer, tetranmer or higher

ol i goners of M6 woEknmmiedrSimilacimBsampls Icereept the deed camphsitien wes ass |

Al ternativel Ydes l pé}g g in wth al kyl substituent at |east 2 carbons
away fromthe oﬁqﬁF&m C ét;’fe bond, such as 4-nethyl-| -pentene, can also be
used or al ph Eﬁp ik t t”H?ﬁ] ar bons away
fromthe ol eff @sﬁi eésgare %t@?}%}gle% %H:?ét(ﬁ E):Sw -1 - hexene, etc.
Typi cal l'y th Bw h I di fferent

ol i goners. E@%I qfﬁgbrgnlﬁisagltofgﬁﬁtﬂggb%@ha gﬁw{:l&ﬁg&sﬁavycar bon

nunber s rangasrdgscﬁbarm(ﬁample@endmheaelyarwdsICatdly@G‘.rrers are usually too |ight
for nost high performance fluids application. They are usually separated
from the hi gHee172pl i Exemepls 1% tSimitarth dixampletZ rexcdpt gheembationttbraperitafe (f or
exanpl e C24 and% her are nore preferred as high performance fluids).
These separ at® €O to C20 oligomer olefins or the corresponding paraffins

after hydro enatlon can be_ used
Y g [00173] Example 12. Sxmllar to Example 8, except the catalyst was catalyst C

and the reaction temperature was 60°C.

[00174] Figures 1 and 2 compare the VI and pour points of the lubes made
from mixed olefins with those made from 1-decene. This graph shows that the
mixed-olefin lubes have VI and pour points similar to the 1-decene-derived lubes.
The examples in Table 1 further demonstrate that these mixed-olefin-derived lube
products demonstrated flowable behavior in the cooling/warming cycle test.
These results are not expected from prior art. These fluids can be used as
lubricant base stocks or as blend stocks with other lube base stocks fo improve
the properties of the latter.

[00175]) In summary, the examples in this patent memo demonstrate that one
can use a broad spectrum of LAQs as feeds to produce high quality lubricant base
stocks using metallocene polymerization catalysts. This invention significantly
broadens the options for feed sources for generating high quality synthetic finids.
Furthermore, these examples demonstrate that we can use the whole mixture of

LAO from an ethylene growth process (Scheme 1). This process scheme may



in specialty applications, such as drilling fluids, solvents, paint thinner,
etc., with excellent biodegradability, toxicity, viscosities, etc. The’ '
fraction of C20 to C60, or preferably C24 to C50, or nore preferably C28 to
C45, or ”Qﬁﬁzﬂhﬂiﬁ&ﬁbly C30 to CA0 WO 2007/011832 PCTI pisgRR5éleinil - 75 can
be used as high pertformance fluids. Typically, they have superior
performance attri butes, making them beneficial for specific applications:
such as |ower viscosity for better fugd-econony, better biodegradability,
better low tenperature flow properties, or lower volatility. [00156] The

hi gher vi scosi,ty_prqoducts usually have much hi gher average degree of
pol yner i zat i oRgMGGatLY MpreMer (he sipthstisubase Weckcprpcessd eqappmics. céﬂaﬁﬁfnent S.
These hi gh vi i j I kAt pplication
to inprove the v !s%)gglﬁlbggnq%e‘%éﬁggﬁ% p%%g%t?%a?t%%o% nar rL(ﬁvbrfr'%%dg%ﬁYé;r wei ght
di stri buti on, utekpeetedpsupersarpBow propsitiesr st ability. Because of their unique
chem cal conp ﬁiﬁions t hey have excellent visconetrics and unexpected | ow
traction prop@ S. ?ﬁﬁ?@'higher vi scosity PAGs can be used as superior
blend stocks. They can be blend dti&ks| with any of the Goup I, 1); I,

111+, GIL and G oup fluids, fo e tim [.SC tri vency, high-
and | ow tenperatur eq\éugri city, et.l.%%)_/\h n fur hﬁ‘ab}gg?n%aﬁ'h(ﬂgWoper

addi tives, including antioxidantgd;CGantj wear additives, friction nodifiers,
di spersants, detergents, corrosion inhibitors, defoamants, extrene pressure
additives, seal swell additives, and optionally viscosity nodifiers, etc.,
the finished formul ated | ubes can be used as autonotive engine oils, gear
oils, industrial oils, or grease. Description of typical additives and
synthetic lubricants can be found in the book "Lubricant Additives"” /
Chemi stry and Applications, ed. L. R Rudnick, Mircel Dekker, Inc., New
York, 2003, and Synthetic Lubricants and Hi gh-Perfornmance Functi onal

Fluids, 2T ed. By L R Rudnick and It L. Shubkin, Marcel Dekker, Inc., New
York, 1999. [00157] Experinental [00158] The followi ng exanples are neant to
illustrate the present invention and provide a conparison wth other

nmet hods and the products produced therefrom Nunerous nodifications and
variations are possible and it is to be understood that within the scope of
t he appended clains, the invention




may be practiced otherwi se than as specifically described herein. [00159]
The al pha-ol efins used for all the experinents, either individually or
pre-m xed,w jfied by mxing 1 liter of un-treat r ial with
20 WO 2007/ 8?2%%’2“%%17 US2006/ 027591 -76 grans of acti\?aéggﬁ%g@ﬁ%ll ecul ar
sieve and 10 grans of de-oxygenation catalyst (a reduced copper catalyst)
for at |east two days inside a glove boR0- The nolecul ar sieve and de-ox
catal yst were then renoved by filtration. This treated individual

al pha-ol efins were than conbined to give the desirable conposition.
Simlarly, this purification can be carried out by punping a stream of the
al pha- ol efi nserther—atoneyor m xed, through a bed of activated 13X
nol ecul ar sieve Balkone,~ori throudh,a bed of activated 13X nol ecul ar siever
fol l.oned by a hedi §f |d2- ox§gehat eé catal yst, prior to entering reactor.
Sonetines for ¢ony&hiente,} fhis jpurification can be carried out by punping
a stream of the—afpha i-ther al one or pre-m xed, through a bed of
activated 13X roLe&l arJdsiews fdl kowed by a bed of activated alumna, prior
to entering the Teatary [P&RI6D) |T&ltest the flowability of the fluid after.
it is subjected tpTow "tenpgrature] a test was devel oped wherein a 10-30 m
liquid sanpl e gf polynfer Wwa3 sogKed in crushed dry ice for at |east two

nhalnl ofl
o L a2 \=

41—

hours, followed &) & g1 &w \Weird,ng Bto roomtenperature. Some materials may
remain solid eyen| &t earQwal M{ng t|lo=|room tenperature, whereas others will
becone free-fl gwihg-l-Hguids—: pwarm up to roomtenperature. This test is
reproduci bl e and provildes a gonvanient nmethod for conparing |owtenperature
behavi or of theg & w:ds.ES[OOﬁ 1% Ex%npl e 1. An olefin m xture containing
18. 4% 1- hexene,| 22.3%|1= ortdne, [2T]6% 1-decene, 16.8% 1- dodecene, 10. 4%
1-tetradecene, -6.—)ﬁ1% tr—hexpdgeene—and 4% 1- oct adecene was used as feed. This
conposi tion isisifigarn ‘ato| the Iingaﬁr al pha-ol efins produced froma typical
LAO pl ant. 30 gr®psi of ghi s RidPefii @im xture and 0.522 gram of a tol uene
sol ution contaitni hg*2Q fg pf | triji spbutyl al um num (TIBA)/g of toluene were
charged into a[regctor. A fatalysit—|sol ution containing 11 grans tol uene,
0.0133 granms TI{BA Qoékﬁso Wi on,| &0.30798 ny
rac-di nmet hyl si | y‘l‘Pi:&s(te@rah?’c r®i nd&nyl ) zirconiumdichloride (A and 0.5408
mg N, N- di met hyl{ani I? ni{u™ t pt rfaki s|( pgnt af | uor ophenyl )borate (B) was added to
the reactor w tfh™ §tirrjing hifl'e nalgvptai ning a tenperature of 30C. After
' Q 2 02| vt =]
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19 hours reaction tinme, the reaction was term nated by addition of 3 m
i sopropanol, followed by washing with 120 m 5% sodi um hydroxi de solution in
wat er. The isolated organic |ayer was distilled at 160C/1 mllitorr vacuum
for VWO 20Gv¢ 8b3653832PCT/ US2006/ 027591  -77 two hours t op&EieMGsdheht ends and
to isolate the lube fraction. The total lube vyield was 85% The recovered

| ube properties are summarized in Table 1. [00162] Exanple 2. Simlar to
Exanpl e 1, except a netal |l ocene contgjning 70% nmeso- and 30%

racem c-di met hyl si |l yl bi s(tetrahydroindenyl) zirconium dichloride (C was
used in the preparation. [001631 Exanple 3. Simlar to Exanple 1, except the

tior i ed . §0C 00164]. Ex | . Siml t o Exanpl 2,
except (AUFRLGE! el 13 it o, BXeERle o @ oopb 0208 m el AANS? TR0 of 1
m xture Wﬁi@ﬂﬂﬁﬁé@ﬁrm&meﬁa@g?taw&- D) was 2488 ahd S@eBAFwadthribd 4 gr ans

1- dodecene was _char into a round bottom flask and heated to 70C under an

N2 at mosphetr39°C.AThaluhe produd prapertish wetrumopariged ingTable Z3r ans 10 wt % MAO i n

I i on, and d
S onty (ROVAL' O dpPRe ST SRl DB’ Pl R s AR

reacti oro0fg@s continued for 4 hours. Gas chromat ography showed that 94% of

t he star{bi ng. ol efins were cgnverted. The reacti 03) was qti,enched by addition
of 3 m g@]opan@f@ﬁ%llﬁomtmﬁpﬂlﬁ 13, tocepd 9-308 mg, of 3, gptalyshiar oxi de

ol uti ongi Lar: i . j distilled at 160C 1
sol uti oneghAendhik -T%%Qp%&alﬂ &%Bﬁ@@%&l}s@n way@aqdi st

mllitorr “vacuu ours to rehove any |1 ght ends. The | ube
properti[@8188f e submmuple 86 Similaxiib Example0l| @8¢epEdwmphatios was catrednguiradit i ve
exanpl e. i dentical reaction was carried out as Exanple 5, except a pure

1-decene”wds used as feed. The lube properties are sumarized in Table 1.
Thi's fluooi81n t heEtapipldsl BrRbIE ddnyodstated thia® wekien afbtallocenk icetaBfstsedre Y@k @ENg uUp to
roomtenperature. [00167] Exanples. 1-5 denonstrated that one can produce

| ube basdtesiivsdrepalymengation of mxgd pipha-plsfipeto giyakigh ¥h8wdsr i and pour points
fromwi de range of nixed al pha-olefins, ranging fromCs-Cl2 to C6-C18.
Conmpared with Exanple 6, the fluidg, e from m xed al pha-ol efins as
described in Exanple 1-5 had distinctly

Example 13 | Example 14 | Example 15 | Example 16
Kvat 100°C, cSt | 804.16 917.13 727.84 648.15
Kv at 100°C, ¢St | 82923 9870.2 7878.9 7336.7
VI 302 306 290 278

[00182] Exampies 17 to 21. Similar to Example 1 or Example 5, except a mixture of 1-
hexene and 1-tetradecene was used as feed, By adjusting the reaction temperature, we
obtained 12-15 cSt fluids. Their properties and process data are summarized in Table 3.
Examples 17 to 20 are polymers from mixed linear aipha-olefins (C¢ and C,4), and have
superior VI and pour points. The reaction conversions were high and selectivity to Iube
products were above 75%. All these lube products have much higher VI than lube Example

21 made from pure 1-hexene.



better flowability. These two exanpl es denonstrated the advantages of using
‘m xed al pha-olefins as feeds for this netall ocene chem stry. WD 2007/011832
PCT/ US200 78 [00168] Exanple 7. An olefin m ining 7.1%
1- hexene, Q’g&g@] @ﬁsoctene 11. 9% 1- decene, 14.3% 1- dodeiéttéﬁ@gzoﬁ‘g%%
1-tetradecene, 19.1% 1- hexadecene and 21.4% 1-octadecene was used as feed.
30 grans of this feed was charged |n§é) a reactor at 31C. A catal yst
solution containing 0.195 granms of 10 wt % MAO in tol uene, 9.7 grans
toluene, and 0.308 ngy of catalyst A was added to the reactor. After 3
days, the reaction was worked up in a manner simlar to the previous

exanpl e. The | ube product propertles are listed in Table 1. [001691 Exanpl e
8. Simlar to Exanple 1, except the Takled. conposition was as described in
Exanple 7. [001701 Exanple 9. Simlar to anple 7, except Catalyst C was
used [001711 {ExanBxenpldd, Sijmi l1ar {o 1Bxantd € 20 eXcephpatatie ekatpld iconposi tion
was as descr|i bedatilinat Bppanpl eaMa@pMATE AeBtlahyst was Qaipal yst ¢ [00172]
Exanpl e 11. Sim | afnel @ Exanpl .0/, | egeseptsobhlesgeact i on jpgpperat yre was 60C
[00173] Exangle 14W/§511 rar| 19 FXaRlse | Bo sEXeRPT ThE Cgpal yST Vas catal yst C

P

and the reactrom fEnpRrature Was )U’HS [u,t%mhol— gures ‘16dnu 2 —gonpare the VI

H eI e . 2l
and pour poi nmts-oft—t Hpes—Ede 1.um.. R efrrs—p-th—those nade from
1- decene. Thils-SsionTamle b ndt +helf0niddd of ¥ i n 1 ubedOaveH and pour
points siml a3 - nn-rin ved]l uhefs.—’l:he_exanq;l_es_i_n_Tabl el

further denonstrEya00fGadt t hpsk.68) x Ao &9 362jved | JBE2 prodiicts
denonstrat ed {f | oD, Sehavi dd0.18n | 10789 ¢ 8962 nk§I6Wand | ng %6¥6€l e test. These
results are not expatted frpmipi ori3dr{.13Thiess 1| ui ds o®n be used as

| ubri cant base staeksntot as| bla@nd|stzgcks-3gi f bigof her | ubg base stocks to

i nprove the preRgkkibesw’ [hesd alt@n [[B891)/5o N summggy, the |exanples in

this patent nwgummﬁﬂﬁ% t;wgt Of1% | %30 u§@4 @ broad gpectrum of LAGCs as
feeds to pro ucer gn o qua rcant _pas OCRSUST ng metal | ocene

pol yrrerl t v | e options
for f eed sou ces ;lqir) 3‘(‘;\%’& a@?%zgj ﬁ’ &ﬁgﬁfé%‘g‘{és"[}‘%ﬁh dsgen?l ui %ﬂ Pféher nor e,
t hese exa@mbesds]-Hewneahd dthexddoedne \we f&ﬂn Ihial dates, the praiuch bes eave fexcellent

V1 and pour points, exceeding the VI obtained with pure 1-hexene feed.

Table 4
Example 23 24 25 Example 26
Catalyst Type AMAO | A+B | A+B Catalyst Type A+B
Wi% Cg 60.0 404 | 20.0 Wt% Cg 77.1
Wit Cpp 40.0 59.6 | 80.0 Wit Cie 22.9
Average G, 7.5 855 | 10 Average G 7
L Reaction Tem, °C 140 100 | 100 Reaction Tem, °C 100
Kv 100°C, ¢St 1571 | 16.03 § 17.18 Kv 100°C, cSt 19.13
Kv 40°C, ¢St 11892 | 111 {1159 Kv 40°C, St 161.22
VI 130 144 | 152 VI 126
Pour Point, °C -57 -54 -39 Pour Point, °C -30
Convegsion, wi% 87.4 845 | 91.2 Conversion, wi% 83.2
Wi% Selectivity to lube 74 91.1 | 94.3 | Wi% Selectivity to lube | 86.6

[00184] Im Table 5, Examples 27 to 30 used 1-hexene, 1-dodecene and 1-tetradecene as
feeds. Again, the products have superior VI and pour point properties, much better than

comparative example 21 made from pure 1-hexene.



LAO from an et hyl ene growth process (Scheme 1). This process schenme may WO
2007/ 011832 PCT/ US2006/ 027591 -79 significantly inprove the synthetic base
stock process econom cs. These exanples denonstrate that the | ube products
made fronwohe@@iissO feeds have unexpected, superior, MOTws2ge0pBEeti €s.
100176] Schene 1. 1-C6 1-Cg .. CH4 > 1-Cl10 H gh VI Poly-Al pha-d efins

1- CYe WD 2007/011832 PCT/ US2006/ 027591 -80- N' n MO0 ri MN N. 00 0 O
.. MNo, OO OmMNNMa NbbMo-B3ej NNN b MNNWen Mg me NMM
.+ NONMO Vp 00

Table 5

Exarnple 27 28 29 30
Catalyst A+B | A+B | A+B | AYMAO

Witk Cg 64.9 304 24 40

Wt% Cy, 16.2 60.8 43 20

Wi% Cya 18.9 8.8 28 40
Average C, 7.4 9.3 10 8.13
Reaction Tem, °C 100 100 100 140
Kv 100°C, ¢St 1748 | 1546 | 13.21 | 1144
Kv 40°C, ¢St 135.94 | 106.05 | 87.17 | 69.58 g
VI 132 146 150 147
Pour Point, °C -55 -42 -33 -24

Conversion, wt% 84.6 86.7 | 912 na

Wit% selectivity to Iube | 84.9 926 | 914 na

[00185] Similar runs using mixed olefins as feed produced high viscosity products

with excellent VI and pour points. Results are summarized in Table 6.

Table 6
Example no. 3l 32 33 34 35 36 37 38
A+MAQ A+B A+MAQ A+B | AB | A1B | A+B | AiB
Wit Cs 600 | 600 | 60.5 | 30.0 | 41.7 | 60.5 | 100.0 | 100.0
1-C, olefin, n= 12 12 14 14 14 14 0 0
Wi% C, 40.0 | 40.0 | 395 | 700 | 583 ] 395 | 0.0 0.0 f
Average C, 7.5 75 | 7.75 10 9 7.75 6 6
Rxn Temp, °C 100 50 100 | 70 60 50 80 45

Kv 100°C, cSt 42.19 | 661.55] 45.6 | 70.2 | 295.7) 625.24) 53.57| 269.21

Ev 40°C, cSt 409.2 | 11288 | 454.3 | 667.5 { 3841.8| 10424 661.4 | 4900.3
VI 147 | 235 148 | 174 | 215 | 234 | 132 | 176
Pour Point, °C 43 -24 -39 | -18 | -30 | -24 | 40 | -24
M 1892 pa | 2025|3045 [ 5875 | na | 1613 | na
MWD 1.68 na |1715)1.832]2.08 | na [ 1.67 na
% Conversion 926 | 967 { 89.1 | 925 | 928 | 9 | 93.5

% Lube Selectivity { 923 | 100 95 | 982 [ 100 | 100 95




Nv~-CDb NMp Na MpNoNO7NNNI t~7Ne~7NO [/I~VMG oa
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2007/0118%2%%3:)}“{ 006/ 027591 -81 [00177] Exanple 13. pSiaklodéote;Example 7,
except 0.308 ng of a catal yst nmeso- ethyl enebi s(1-indenyl)zirconium

dichloride (Catalyst D) was used and reaction was carried out at 30C. The
| ube product properties were summarizgd in Table 2. [00178] Exanple 14.
Simlar to Exanple 13, except the reaction was carried out at 60C [001791
Exanple 15. Simlar to Exanple 13, except 0.308 ng of a catal yst rac-

et hyl enebi s(1-i ndenyl)zirconiumdichloride (Catalyst E) was used. [00180]
Exanple 16. Simlar to Exanple 15, except the reaction was carried out at

60C. [ 00fB186]Exanpkaapik3ot OTold 60 b aGtotlatedridédaidephiteben)BiasIchagene6.¢at al yst s
are just as effective for, polo>/rreri zation of m xed al pha-olefins to give
a S

hi gh VI &tamws 9k 2 mpgurecontainingpi% 1ibmtens angh A% 21buisnsand a solytipn goptaining §0 kv at
1000C, ¢ SpraQ4-dddeckhé; 6.367 grnPaidbRtydiemimPETBA Y and 3172848 2ardlySPAO The 7878 9

7336. 7 )
autoclave was heated to 60°C. A solution containing 20 gram toluene and 2.305 mg catalyst

B was added into the autoclave. The reaction was continued for 6 hours and then quenched
by addition of 1 ml isopropanol and 10 gram of activated alumina. The lube product was
isolated by filtering and distillation under high vacuum to remove any light ends boiling
below 150°C at 0.1 millitorr. The final product weighed 88 grams and properties are
r summarized in Table 7.
[00187] Exzhnples 40 to 42. Similar to Example 39, except different amounts of feeds
were used.
[00188] Example 43. Similar to Example 39, except 1-tetradecene was used as feed.
[00189] Example 44. Similar to Example 39, except 76.2 grams 1-hexadecene and 40
grams of a butene mixture containing 60% 1-butene and 40% 2-bufene were used as feed.
[00190] Example 45. Similar to Example 39, except 73.2 grams 1-octadecene and 44.7
grams of a butene mixture containing 60% 1-butene and 40% 2-butene were used as feed.
[00191] Examples 46 and 47. Similar to Examples 42 and 43, except different
amounts of pure 1-dodecene or 1-tetradecene and pure 1-butene were used as feeds. Data
from Examples 39 to 47 are summarized in Table 7. These data demonstrate several key
points: 1. high quality fluids with high VI and superior point points were prepared by mixed
‘feed from two LAOs, wherein one of them is an abundant 1-butene. 2. The mixed-olefin
feeds can comprise LAO in and other internal olefins, such as Examples 39 to 45
demonstrate, that a mixed butene stream can be used just as well as a pure I-butene
(Examples 46 and 47). 3. The “C and 'H NMR analysis of the product polymers
demonstrated that the polymers are random copolymers with a random distribution index
greater than 90%. 4. The product monomer compositions as calculated from 'H and 2C-
NMR spectral data, and from the calculated Bermoullian compositions agree with each other,
and with the feed olefin composition. Such polymers are said to possess a high degree of
randomness in the monomer distribution. This randomness in a polyalpha-olefin is novel

and contributes to the superior low temperature viscosity viscometrics. Conventional Ziegler



VI 302 306 290 278 [001821 Exanples 17 to 21. Simlar to Exanple 1 or

Exanpl e 5, except a m xture of 1- hexene and 1-tetradecene was used as feed.
By adjusting the reaction tenperature, we obtained 12-15 ¢St fluids. Their
properti eswanwh7priesrss data are summari zed in Tabl e 3. pcExasméesset7 to 20
are polyners fromm xed |inear alpha-olefins (C6 and Cl14), and have
superior VI and pour points. The reaction conversions were high and
selectivity to lube products were algsvwe 75% All these | ube products have
much higher VI than |ube Exanple 21 made from pure 1-hexene. WO 2007/011832
PCTI US2006/ 027591 -82- Table 3. Exanple 17 18 19 20 21-a o arative exanple
Cat al ystor B NMAQ e cRroi¥iBm oxdiie ¥ath zﬁaﬁ&’ WouRt ﬁﬁ mave SacH 1k

W14 25.0 39.5 39.5 .0 0.0 Average 7 5 10 React | on , C 140
140 100 dbgaebfmndamndﬂo@, cPsntcnlNM& anzly@ﬁoﬂthe@zsmnalesshmdanat asrgnifie@nt ¢ St

36 - 36 Hnt 413 oo RpREpE fos-oef i o B isipbndsr e85 o T3k SOPMAEERIASARHR 1 o
tube 76, diflh oo fy Bmé 50 183 4 cinab0RLE 1 grivaEBbBRESolet2 TS o0

1- hexene and_1-dodecene as feed. Exanple 26 used exene and 1-hexadecene

as f eed.unmpnah termination creptse apiimig dosatiplion Whisk reaycks bensficial for speseqast poi nt s,

exceedi X 3 24 25
Exanpl er@%%ggli\éaflyst iwé %’+ ﬂ%wt%affé}gt %gdA@EL WW40. 4
20.0 W%}ﬂﬁ)g@ﬂatfbn)WtB/nﬁie?deéﬂatﬂeﬁﬁeﬁro@&:nﬁsW% Cl6 22.9 Average C. 7.5 8.55
10 Average C. 7 Reaction Te C 140 100 100 Reaction Tem C 100

Table 7
{
Example no. 39 | 4 | 4 | 42 | 43 | 4 [ 45 46 | 47
60% 1-Butene/40%2-butenes + LAO Feed pure 1-C4 feed
mole% C, in feed 25.0 50.0 75.0 34.6 46.7 55.7 62.2 50.0 80.0
1-C, olefin, n= 12 12 12 12 14 16 18 12 14
Rxn Temp, °C 60 60 60 60 60 60 60 60 60
% Conversion 893 932 954 91.1 89.4 94.9 88.1 92.1 94.6
Product Properties '
Kv 100°C, c5t 1338 | 1874 | 1756 | 1133 | 118.2 | 101.1 99.1 1433 | 212.0
Kv 40°C, cSt 1664.9 | 2835.3 | 3297.1 | 1270.0 | 1429.0 | 1205.1 | 11779 | 1840.5 | 3733.3
V1 176 174 151 178 173 166 165 - 176 166
Pour Point, °C -36 27 <24 -39 -15 3 9 -33 -24
End Group Vinylidene Distribution, mole%
Cs 49 60 77 40 50 62 67 49 71
C. 51 40 23 60 50 38 33 51 29
Product Composition, mole %
by "H NMR (CH, deconvolution)
C, 473 61.0 740 | 404 51.1 65.6 65.7 54.1 7.8 Co
C, 52.7 39.0 26.0 59.6 43.9 344 34.3 45.9 282 '
by PC NMR (CH3 integration)
Cs 415 58.3 742 379 49.5 573 63.2 41.7 70.0
C. 52.5 41.7 23.8 62,1 50.5 42.7 36.8 523 30.0
by “C NMR (S, CH, Bernoulian fit)
C, 53.6 63.6 779 45.0 572 64.6 712 553 753
C. 464 364 22.1 55.0 42.8 354 28.8 44.7 247
Diff after Minimization 001 | 0.012 | 0.005 { 0.023 | 002 | 0.006 | 0.008 | 0.024 | 0.013
Ratio of av. Calculated C4 in 1.98 1.22 1,01 1.18 1.13 112 1.07 1.05 0.91
roduct to C, in feed
Olefin Distribution (mole%), olefins per 1000 Carbons
vinyl 0 1 0.9 0.5 09 2.1 1.7 0.8 0.9
1,2-disub 14.7 16.2 9.3 16.8 144 123 174 | 165 126
trisub 15.6 152 153 14.2 16.2 18.6 19.8 172 19.8
vinylidene 69.6 67.6 74.5 68.5 68.5 67.1 61.1 65.5 66.7




Kv 100C, cSt 15.71 16.03 17.18 Kv 100C, cSt 19.13 Kv 400C, cSt 118.92 111
115.9 Kv 40C cSt 161.22 VI 130 144 152 VI 126 Pour Point, C -57 -54 -39

Pour Poi Nt 0900.,?})91() {:onver5| on, W% 87.4 84.5 91.2 Convg[g?}'é]g&gw}%gaf%. 2 W%

Selectivity to e 74 91.1 94. 3 W % Sel ectivity to tu 84] In
Tabl e 5, Exanples 27 to 30 used 1-hexene, 1 dodecene and 1-tetradecene as
feeds. Again, the products have superlgé and pour point properties, nuch
better than conparative exanple 21 nade from pure 1-hexene. WO 2007/011832
PCT/ US2006/ 027591 -83- Table 5 Exanple 27 28 29 30 catalyst A+B A+B A+B
A+MAO WO C6 64.9 30.4 24 40 WUC12 16.2 60. 8 48 20 W% Cl4 18.9 8.8 28
40 Averse C, 7.4 9.3 10 8.13 Reaction Tern, C 100 100.100 140 Kv 100C, cSt
17. 48 15. 46 190992111, 4Fhe swallgpie Difmumber (dafinedearisr grthisrexh BFlose 132 146

150 147 Pour t 7 1.2 na

W % sel ecti\lji?lg%b% 0&8%4%4%?%%%%%@&{%#%@%%n?lﬁlﬁ’gmuselgng m xed
ol efins gs ffamakby onidle deds ﬁiagmdwfwd?sglfeymgim»jd}%;ﬂéizrﬁlr%&ugft:hf eﬁeeblr?idogié/l Sgng4pggr
poi nts. Result re rized in Ta a e.n

36 37 38 +pr‘i>ﬂBmwi“&Hﬂ %ﬁnmog\b en E!B okl 6!50@'3%0 0 41.7
60. 5 100, 0_ 100, fhosfiohs AlhiyBed Byeitir B Nl b 5 4R Qe Wry/osﬂﬂlagtém 0 39.5

70.0 58.3 39.5
the feed compositions, which again is indicative of a highly random polymer

composition. This is confirmed by the ratio of 1-butene mole% in polymer to the
1-butene mole% in the feed ranging from 0.91 to 1.98.

[00193] Furthermore, using Field-Desorption Mass Spectroscopy, we
analyzed the lube samples from Examples 17, 18, 19, 20, 33 and 34 and found
that the alpha-olefin content in the polymers is very similar to the feed
composition, as shown in Table 8. Similarly, we calculated the random
distribution index for this series of copolymers and found that they have very
high degree of randomness, with the RD index ranging from 75% to 91%.
Furthermore, the calculated mole fractions of 1-hexene and 1-tetradecene in
polymer composition correlate closely with the mole fractions of 1-hexene and 1-
tetradecene in the feeds, as shown in Figure 3. This high degree of correlation is

an excellent indication of high degree of randomness of the polymers.

Table 8.
Example No. 17 18 19 20 33 34
Average C, 7 775 | 715 | 10 1 775 10
Mole fraction of Feed
1-Hexene 087510778 1 0.778 1 0.5 | 0.778 | 0.5
1-Tetradecene 012510222 102221 05 |0222 ] 0.5
Calculated Mole fraction*
1-Hexene 085 | 073 | 0.74 | 05 1 0.76 | 0.5
1-Tetradecene 015 | 027 | 026 | 05 | 024 [ 0.5
Calculated Best Fit P-Matrix*
' Pun 085 | 0.75 1 073 | 048 | 0.77 [ 0.53
Prr 013 | 032 } 022 | 048 | 0.28 | 0.53
Calculated Randommness factor*
x | 1.02 [ 093 | 1.05 | 1.04] 095 | 0.94

* Calculation was discussed in the detailed description of the invention



Average 7.5 7.5 7.75 10 9 7.75 6 6 Rxn Tenp, C 100 50 100 70 60 50 80 45
Kv 1000C, cSt 42.19 661.55 45.6 70.2 295.7 625.24 53.57 26921 Kv 400C, cSt
409. 2 11288 454.3 667.5 3841.8 10424 661.4 4900.3 VI 147 235 148 174 215
234 132 17%K0 20890f1880i nt *C -43 -24 -39 -18 -30 -24 -40prpiis20ibiot®92 na 2025
3045 5875 na 1613 na MAD 1.68 na 1.715 1.832 2.089 na 1.67 na Conversion
92.6 96.7 89.1 92.5 92.8 96 93.5 %.ube Selectivity 92.3 100 95 98.2 100 100
95 WO 2007/011832 PCT/ 1JS2006/ 027591 _g84 [00186] Exanple 39. To a 600 ni
aut ocl ave dried under nitrogen, was charged 16.7 grans of a mxture

cont ai ni ng 60% 1- but ene and 40% 2- butene and a solution containing 90 grans

The aut ool ad80AL % Skl b 288 T e Ao v ek el i) e and
2.305 ng cat ghytion BaWas depelétest rirfomnk iy, ver?@ioaym}a%ﬁ%%ﬂ @93 Vs

continued for 6 hours and then quenched” by additio I sopr opanol and
10 gram of ack@¥ated al umi na. The |ube product was isol ated by filtering

and distillat nder -hi u erds boi g bel ow
150C at 0.1 r%bﬁﬁ#orﬁ”g’ﬁ% %fl ng]r' h’gﬁ’ﬁoﬁéﬁﬁﬁgéf@qﬁbgr@g pertl es are
summari zed i rkdmhligxdne inﬂm&’oﬁ]eceﬁxarmlae&cﬂ@h &:md{tams Shdrihibar répzrtﬁmrenl e 39,
except different am)unts of feeds . were used. 00188% Exa Ie 43. Simlar to

Exanpl e 39, es)eeep?pzq e Teble @c dive lvmerefse@ lrdogegeng con 696119 e&lm e 44.

Simlar to E?p?&m %ﬁ#‘?@b%ﬂ@ ﬁaﬁ%%@‘eﬁ of a
but ene nmi xture cont ali n g 0% 1" - but'ene and 40% 2- but ene were used as feed.

[ 00190] Exan®.eTiémoSBi fradtimn dd-t@cmmhe‘hé;@rodaotsepﬂrelﬁ‘@s Zexyrwelb withdbd adecene
and 44.7 gra bu e m xt conta 60% ut and 40% 2- but ene
were used as ’H@g%’c ?rbﬁ’l:lg FXEER qe s"°ﬁ’§°§ g'”%l ITEH‘ ﬁ%éﬁ%f’gs 42 and
43, except didohela€ibh indi¢adsncthar @BE p@%&rslaﬁngﬂ?riﬁmbmbo adecERiee and pure
1-butene were used as_feeds. Data from Exanples 39 to 47 are summarized in

Table 7. Thegdandpm songbmesssbavsexceletfland payr PORS Nt s: 1. high quality fluids
with high VI and superior point points were prepared by mxed feed fromtwo
LAGCs, wherein one of themis an abundant 1-butene. 2. The m xed-olefin

Table 9
Catalyst Type A+MAQ A+B | A+B | A4B
Example 48 49 50 51
Cp, 1= 12 12 12 12

Average Gy 7.3 9 10 | 165

Wit Cs - 600 | 333 | 2060 | 143
mole % Cs in feed 75 50 | 333 25
Kv 100°C, ¢St 42,19 | 85.68 | 77.73 | 91.17
Kv 40°C, cSt 409.2 | 851.1 | 701.3 | 845.1
Vi 147 178 | 185 | 190
Pour Point, °C -43 -42 | -39 27 _‘
by "CNMR '
Mole % hexene in polymer 66,7 | 49.6 | 32.6 | 263
mole% dodecene inpolymer | 333 | 504 | 674 | 73.7

[00196] Comparison 'with prior art examples. In these experiments, an
alpha-olefin mixture of same composition as Example 1 was polymerized at 35,
50 and 70°C in the same procedures as Example 1 to produce fluid with
properties summarized in Example 52 to 54 in Table 10.

ExampleNo. | 52 53 54
Reaction Temp, oC | 70 50 35
Kv 1000C, cS | B8.79 | 515.59 | 688.59
Kv 400C, ¢S | 844.71 | 6123.36 | 8533.71
VI| 185 258 271
PP,°C| 45 -30 -27




feeds can conprise LAOin and other internal olefins, such as Exanples 39 to
45 "denonstrate, that a m xed butene stream can be used just as well as a
pure 1-butene anpl es 46 and 47). 3. The 13C and ' BeMvkao08hakeisi s of the
pr oduct p‘ggﬁﬁog{ni%ﬁermnstrat ed that the polynmers are raﬁ%%m copolynmers with
a randomdi stribution index greater than 90% 4. The product nononer
conpositions as calculated from'H anggl3C NWR spectral data, and fromthe
cal cul ated Benoul |i an conpositions agree with each other, and with the feed
ol efin composition. Such polynmers are said to possess a high degree of
randomess | non [ di i ] i I .

pol yal pha- ol E]Tﬂlagﬁl S ngg%nplgg?ctj& ?:‘gﬁ@lfl ?%ﬁli%'ts}dd?(?r °?’E%ga;§§‘§§?%¢l’“?8‘wﬂta%nper ature
vi scosity vi &cBxapiplé 25 A fooD\of ipiicd A U Patetet82 032 OFigire 151 Edizpares the

PCT/ US2006/ 027591, - or_Zie Ier-l\ﬁt,ta or supported chrom um Qxi de

catal ysts usDRH PPkl the Fxpmpla2-34, Wdhl"ﬁri’noﬁlégr%@nﬁfezrla%&)?ne $ 5. Proton
VR anal ysi s g WigaeyaPaPhe Safl Oesit\dh. fid @bl fioHion iR ek 10 t0 20%
of the ol efi ﬁfs%are 1, 2-di sugsgtulﬁt ute 1%1 efins. The sforrratoflon o?fms:uch ol efins
nmost |ikely knvwerrpodrrpoints. aThe prior tasti dxamnplesrhavatat teastdf0°C thighgr patir pgints.

pol yal pha-ol gfi ns. Thi.s,. unu |, .term I Op.Creates.a uni que.unsaturation
Whi th fay be BB} FEARtpH S Auid i o s BYEROD LSRR ns o for
providing a hRasmérGaahaibn by ereGdVaRRRts thal fridr artBydpiegenation) with nore
desirabl e | ube Bropertles. Table 7 Exanple no. 39 40 41 42 43 44 45 46 47

60% 1- But enel¥d88)- but digbls 11 susemsrizes the, #d 1copdersign of Gotedgl8lpha-f eed 25. 0

50.0 75.0 34 . : C ookefin,. 0= 12 14 16 18
12 14 Rxn Té’%pﬁ,ﬂ”ﬁﬁzdfs@éé%a% %85%89%?%%@6%‘3 gﬁ%ﬁ}é‘éﬁ}n@@ﬂ‘%ﬁ#@é}@93_ 2 95. 4
91.1 89.4 94sPidaf. 1THR. Wi éoversinpuus calbulatpd fitoie thekamfid Gf macttd3. 8 187. 4
175.6 1133 118.2 101.1 99,1 143.3 212.Q Kv40C,cSt 1664, 9 2835, 3 3297. 1
1270.0 1429. %I%E?Bé’gﬁs TlW%“%HE.a%£?F§%Y§£W°T?§“E &q‘fgﬁ"dl“i‘gl i?% 166 165
176 166  POUmeRPI B¥ilirgCpoia capdilary 2bhud) -AS tis® (a3 derdustried 10w Vi nyl i dene

Di stribution, nole% 49 60 77 40 50 62 67 49 71 C, 51 40 23 60 50 38 33
51 29 conversions of 1-C6 to 1-C18 olefin in each example were very similar fo each

other over a very wide range of conversions from 14% to 72% average
conversion. The relative conversions rates of C6 to C18 alpha-olefins to 1-
hexene range from 0.65 to 1.21 for all these catalyst systems over a wide range of
conversions. This indicated that all the alpha-olefins, irrespective of their size,
have similar reactivity. These data support our previous conclusion that the
‘monomers are incorporated into the polymer at equal rates and that the monomers

are distributed randomly in the polymers.



Product Conposition,

nole % by "H NVMR (CH3 deconvolution) C4 47.3 61.0 74.0

40.4 51.1 65.6 65.7 54.1 71.8 C. 52.7 39.0 26.0 59.6 48.9 34.4 34.3 45.9
28.2 by '6C NWR (CH3 integation) C4 47.5 58.3 742 37.9 49.5 57.3 63.2 47.7

70.0 C. 520200441183225. 8 62.1 50.5 42.7 36.8 52.3 30. 0 poyuSzobdvidrée?, . ,
Bernoulian fit) C4 53.6 63.6 77.9 45.0 57.2 64.6 71.2 55.3 75.3

36.4 22.1 55.0 42.8 35.4 28.8 44.7 24.7 Diffafter

0. 005 0.023 0.02 0.006 0.008 0.024 0.®p3 Ratio of av.

C

CH2
46. 4

M nimzation 0.01 0.012

Calculated 4 in 1.98

1.22 1.01 1.18 1.13 1.12 1.07 1.05 0.91 product to C4 in feed Aefin

Di stribution (nole%,

ol efins per

1000 Car bons vi nyl

0 I

0.90.50.92117

0.8 0.9 1,2-disub 14.7 162 9.3 16. 84 12.3 17.4 163 12.6 trisub 15.6
152 15.3 14 .2 162 18.6 19.8 17. 2 19.8 vnvlidene 69.6 67.6 74.5 68.5 68.5
67.1 61.1 65.5 66.7 WO |2Bemple]iBaarPCExuak0)cieaicd] Exangle (| (o] | The
smal | er thelDiff nunher (dZ\fi ed Barllier? inlthil® tdxt)13 the clhsef the tube
pol ymer to an ResetieprTimerlnodi® i 4n dndom Fepol yméf. Thes® nupbe’® ale usually
much |l ess t Hours [+ o r*‘r.\_snnj_'_ -ALent-i o pdi-dative—o VYAV andom
pol yners. F?E‘Eé?‘??ﬁ‘?‘@“@ﬁé t of |butene|and al gha-ol ef| ns in f{he product
conposi ti ong pHyzee—hy, eitheyREHRTor iy —HR= ey simlar to
t he feed coppesitions—which -4 ndi \ie ! : hm pol yner
conpositionl_Thi§ g S cdnf ??‘] b4 ha rHth 0l of3% hifr ed?s | 20f2i®n pol yner to
the 1-butefe rrdl‘%‘%l n it hé*3¥ edd qilng®® om 035k tlo 7408, | 108993
Furthernore] usil@l2Fi el|d- P& oript #lh Nas¥ .Spgct #kscapy 136e | andibyzéd t he | ube
sanpl es from ExadnGikes 1f7, 218, [1941.20,] 3B.5and 33.3and fdedd |t had the
al pha-ol ef i & conteet 1N Thee pql yaes s [I'ssovery ssae T §r tie1the Tead
conposi ti onf—as lsﬂgwn T 3gT § 8z T 1371 Y| WL al|cuhgged[Tggrandom
di stributi o ”K%gé Ot FFIQ?Z a\%‘l‘i g Ol bwi YTERSg arfo—Ty l ey have
very Conversion ’
Relative Conversion to 1-
Hexene

1-C6 1.00 1.00 1.00 1.00 1.00 1.00

1-C8 0.87 0.84 0.93 1.05 0.93 0.97

1-C10 0.88 0.83 0.96 1.21 0.84 0.99

1-C12 0.83 0.78 0.94 1.i9 0.82 0.96

1-C14 0.83 0.78 0.96 1.16 0.92 0.93

1-C16 0.83 0.82 1.00 1.1 0.73 0.97

1-C18 0.88 0.79 1.03 1.07 0.65 0.93

Average 0.87 0.83 0.97 111 0.34 0.96

Conversion
[00199] Thus, numerous specific examples of the production of high

performance PAO fluids from mixed feed olefins, including substantial amounts
of olefins other than pure 1-decene or traditional decene-substitutes such as 1-

octene and 1-dodecene, have been set forth above.

[00200]

The advantages of using these mixed olefin feeds will be

immediately apparent to one of ordinary skill in the art in possession of the

present disclosure. Among other advantages, it significantly increases the
availability and the range of feed stocks useful for the PAO production, so that

PAOQ production is not exclusively dependent on 1-decene supply. Second, the

use of wide-range mixed olefins as feeds with metallocene catalyst system allows
production of a broad product slate, from PAO to HVI-PAO fluids. Third, the use

of mixed olefins as feeds yields new fluids with superior properties as lubricant or



“high degree of randommess, with the RD index ranging from75%to 91%
Furthernore, the calculated nole fractions of 1-hexene and 1-tetradecene in
pol ymer c Lt correlate closely with the nole fr | f 1-hexene
and 1- te%g@é{giﬂl@& n the feeds, as shown in Figure 3.§¢%§%ﬁ‘f"§ﬂs%egr ee of
correlation is an excellent indication of high degree of randommess of the
pol yners. Table 8. Exanple No. 17 18 20 33 34 Average C. 7 7.75 7.75 10
7.75 10 Mole fraction of Feed 1-Hexene 0.875 0.778 0.778 0.5 0.778 0.5

1- Tetradecene 0.125 0.222 0.222 0.5 0.222 0.5 Calculated Mle fraction*

1- Hexene 0.85 0.73 0.74 0.5 0.76 0.5 1-Tetradecene 0.15 0.27 0.26 0.5 0.24
0.5 Cal cul atfertioaaliflyids o epphodimentsoiths sppgmorproperies7igclyde gagpormorg 53 pry

0.13 0.32 0.22 Q. : : % gﬁ!” I 15315&9@5 ctarg. 1102 0.93 1.05
11.04 0.95 0. Hwaﬁcﬁﬁg&léﬁm S g‘%s@&ﬁgoe I n theaajeﬂﬁégi %xg%lle&iééc&?i ption of

t he i nvent i oneM@raffe/profpdria? ICThtisn) Sugibfid sidative STabllig 104dicaht fibmt he data in
Table 8, it is clear that the pal rs de | hi. Lhventi.on have a degree
of r andormes<omnE PERSTES SULTpER SHe ALY HE PO G SPTADEY: S0105] | 1
Exanpl es 48 t4r fhidse ﬂ@b%ﬁé@%ﬁ@d &feh e hiched hRin@OMAR mMRE SrdiRPare {7 OM

1- hexene and 1-dodecenhe. The reaction conditions and | ube properties are

summari zed i rdeTenst dhgthermmye, theByidnimade fom-He tuxwshelelinsrare axeslient basee pol yrer

product were anglywzed b 3C NMR.__and results are al sqns i zed in
Fabler o hetfige $oeits ¥ e gt SomBicels or Sl s3hs B S0Pl AL “ Ve | el |
with the nolfenhilatidn eNabmdtivecsngiie lubridagRdtragmiciont iafd gedri lghticand) . Thi s

hi gh degree of , correl atiogié‘i ngj cat es t_ha{ the polyners are_highly random

copol ymers. TR&wnal lubnrapts (nplydipgairculghion nbricats, gisar lubrigants, hoydraulioi nt s.

{ fluids, turbine oils, pump/compressor oils, refrigeration lubricants, metal-working

fluids), aerospace lubricants and greases, etc.
[00201] The fluids made in this invention are also superior blend stocks
(from 0.1 wt% to 95%, preferably 20 wt% to 80 wt %) with Group I to Group V
fluids, and/or with GTL basestocks to give full-synthetic, semi-synthetic or part-
.synthetic lubricants for use in all possible hubricant épplications, including
automotive lubricants, industrial lubricants, and greases, as mentioned above.
Because of their intrinsically superior properties, these inventive fluids can
impart, sometimes synergistically, high performance properties to the finished
blend product. Examples are the high shear stability, high VI, high film-forming
properties, low-temperature viscosity, low traction, superior oxidative properties
of the finished lubricants. The PAOs disclosed in this invention are used in
formulating lubricant compositions and greases, as described above. Whether in
minor or in major amounts, they are further combined with an effective
concentration of additives selected from typical lubricant composition additives
such as antioxidants, antiwear agents, rust inhibitors, extreme pressure agents,
anti-foamants, dispersants and VI improvers. Greases are formulated by
combining the base stock with a thickener such as a lithium soap or a polyurea
compound and one or more grease additives selected from antioxidants, antiwear
agents, extreme pressure agent and dispersants. More examples for formulations
for products can be found in Lubricants and Lubrication, Ed. By T. Mang and W.
Dresel, by Wiley-VCH GmbH, Weinheim 2001.



Table 9 Catal yst Type A+MA A +B A+B A+B Example 48 49 50 51 C' n= 12 12 12
12 Average C. 7.5 9 10 10.5 W%6 60.0 33.3 20.0 14.3 nole %in feed 75 50
33.3 25 Kv 100C cSt 42.19 85.68 77.73 91.17 Kv 40C, cSt 409.2 851.1 701.3
845.1 VI Wwéhoho315385 190 Pour Point, C -43 -42 -39 - %T Mol e %
hexene in polyner 66.7 49.6 32.6 26.3 nol e% dodecene | § .3 50.4
67.4 73.7 [00196] Conparison with prior art exanples. In these experi ment s,
an al pha-olefin mxture of sane conpgpiti on as Exanple 1 was pol ynerized at
35, 50 and 70C in the sane procedures as Exanple 1 to produce fluid with
properties surrmarlzed in Exanple 52 to 54 in Table 10. Exanple No. 52 53 54

ot on, et 10 Shgdnglodf e o BSOS, ofh 190, oS

PCT/ US2006/ 0581, indiéifing (ﬂ&tﬂiﬂnaﬁleamﬂyéadiﬁoleae&byfcbmld srademak mights, f r om f eed

conpositions simlar _to Exa le 21 _A.to Do .rlor art US Patent 4827073.
Figure 5 con?)&ré%yﬂarlébe emarks I VRrtops RISHISteMs: 54 | uids vs. prior art
exanpl e 21 Aobfudp- ThiR pallhRRfid siespblicitiont, tdsl foSefifes 4tk @9l ( he Tl u ds
of this mvélntloﬁ have r?& E m%er 8 gl nts. T prs?(or art exanpl es have
at | east locnbthgttserlﬂponnthqﬂa; amds the ‘lilw)s ané athez| MHmemdmtgdlhwmmrm fluids
made fromthis inyv B havte n| fortmthm)ntorrteg CH d? {I but.i o, and are
advant ageousmf’?{g?f % gir. pntiret yega fetence 10 the Sxtent tu sclosure is no

inconsistent with this invention and for all jurisdictions in which such
incorporation is permitted.

[00204] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. While
the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be
apparent to, and can be readily made, by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the exaraples and descriptions
set forth herein but rather that the claims be construed as encompassing all the
features of patentable novelty which reside in the present invention, including all
features which would be treated as equivalents thereof by those skilled in the art
to which the invention pertains.

[00205] The invention has been described above with reference to
numerous embodiments and specific examples. Many variations will suggest
themselves to those skilled in this art in light of the above detailed description.
All such obvious variations are within the full intended scope of the appended

claims.



[001981 Table 11 sunmarizes the wt % conversion of C6 to Cl18 al pha- ol efins
and the relative conversion to 1-hexene by different netall ocene catal yst
systens. This wt % conversion was cal cul ated fromthe anount of unreacted
al pha-olefins in crude m xture anal yzed by gas chronograph equi pped with a
60 mnmeter boiling point capillary colum. As these data denonstrated that

the conversions of 1-C6 to 1-Cl18 olefin in each exanple were very simlar

to each other over a very w de rangi 26t conversions from 14%to 72% aver age

conversion. The relative conversions rates of C6 to Cl8 al pha-olefins to 1-
hexene range fromO0.65 to 1.21 for all these catal yst systens over a w de
range gLAIM®WVersions. This indicated that all the al pha-olefins,
irrespective of their size, have simlar reactivity. These data support our

previ ous conclusion that the nonopers are jncorporated intqg the pol yner at
equal Fat esA RIS RAMATISIE RERBR G2 brdged anetalioceRf CHNHORAG AR aFtiV#OL 35 °$98| yrrer s.

Banpl o Exaicnt &bk Tora g gy 18P on WeSates, HIQURAS o S\ Bol 3808 % ¢
5.0 Hours fé\t&h@irrgvaar@eﬁge cdrbdremiinten df atilehised. 1 aﬁﬂa‘fmp’mlrig-e(ﬁﬂiea&&m Efferént’50. 5

29.5 16.7 74.6 1-C8 29.1 44.9 47.1 30.9 15 -C1029.5 44.2 48.3
35.8 14. 0 7lphy-olefimmenegmerg salgcted fromdCs3g Cao @Bhaaol?fin%undfr gendjtions suitable t9g 5

34.3 15.3 52.1

315 10,5 aUYER S Sranaly guisdylighy bolmed chtpysife-shia A S cad Selldpih 00 L

Conver si on dléfink; with Xl&®oviso that any one of ethylene and propylene, if present in said feed, is
present in the amount of less than 50 wt% individually, and in the amount of less than 50

wt% combined, based on the combined weight of alpha-olefins in said feed.

2. The process of claim 1, wherein said at least two different alpha-olefin monomers are
selected from the group consisting of linear alpha-olefins, alpha-olefins characterized by
alkyl or aryl substitution at least two carbons away from the double bond, and mixtures
thereof.

3. The process of claim 1, wherein said at least two different alpha-olefins are selected from
the group consisting of C4-Cyg linear alpha-olefins, Cy3-Cy4 linear alpha-olefins, 4-methyl-
1-pentene, S-methyl-1-hexene, 4-ethyl-1-hexene, 4-phenyl-1-pentene, and S5-phenyl-1-

pentene.

4. The process of claim 1, wherein said at least two different alpha-olefins are provided
directly, without separation of individual alpha-olefins, from an alpha-olefin-producing
process selected from an ethylene growth process, an olefin metathesis process, a wax-

cracking process, a syn gas synthesis process, and mixtures thereof,

5. The process according to any one of claims 1 to 4, wherein said random liquid polymer is

characterized by a i value (degree of randomness) ranging from 0.7 to 1.4,



1-C6 1.00 1.00 1.00 1.00 1.00 1.00 1-C8 0.87 0.84 0.93 1.05 0.93 0.97 1-00
0.88 0.83 0.96 1.21 0.84 0.99 1-012 0.83 0.78 0.94 1.19 0.82 0.96 1-014
0.83 0.78 0.96 1.16 0.92 0.93 1-Cl16 0.83 0.82 1.00 1.11 0.73 0.97 1-C18
0.88 0.79 1.03 1.07 0.65 0.93 Average 0.87 0.83 0.97 1.11 0.84 0.96
Conversion [00199] Thus, nunerous specific exanples of the production of

hi gh performance PAO fluids fromm xgd feed ol efins, including substantial
anounts of olefins other than pure 1I-decene or traditional
decene-substitutes such as 1- octene and 1-dodecene, have been set forth
above. 1002001 The advantages of using these m xed olefin feeds will be

i mredi &t el yTlapgpesessnéccbolingte anf ooe of dlamg 1skiS| whemintsael random liqyid pelyssi Bn  of
the present disclosure. Anong ot her advantages, it significantly increases
the avail aparactepzedby & paalpg gres 0! rademasaRasig pm0. Fole the PAD
production, so that PAO production is not exclusively dependent on 1-decene
supply. Second, the wuse of wide-range m xed olefins as feeds with

met al | DdceneTlegiradegs dccoydingoton aal lone\sf clgmaeduo ) wherein saidoamdoan hquid polymst &t e,
fromPAO to HVI-PAO fluids. Third, the use of mxed olefins as feeds yields
new f 1 ui ds ShPtaRteEzgeEhy X value [siseter o€ rapdompgss) ranging Bpm\( 0o/ 011832

PCT/ US20061027591 -90 functional fluids. In enbodinents, the superior
properties include one or nore of: high VI, wi de viscosity range, |ow pour
poi nt sg.and THebcesx Sczbldei} tola@wond eNN&mM3tiLb g, wheprshidaanddn®qdid elyimenis
superior oxidative stability, lubricant film form ng properties and

superi or shéwarac@rimb){atxzyalaﬁtﬂegmOfralaéqm@;s)ppmnmgmyl,&ﬂgml- of these
properties cannot even be achieved using fluids made from pure 1- decene.
Furthernore, the fluids nmade fromthe m xed ol efins are excellent base

st ocksgf or TiSpragest ARofdPlo 49 ¥RO BEAhs(I-8 witka M LoonPoSifiba bf s@ndsdy 1 n
the formulation of autonotive engine lubricants, transm ssion, and gear

| ubri cant s, liquichpelsmer igicharagsetized byan(ingpepasationgpiereicalpba-plefin meppmenwithin gear

| ubri cants, {}pyfr{(j ¢’cjt @gmitilin“!ﬁgﬁagf 2%&%‘%&&'&9@&{6}%’0 QLR T et fnSnomer

refrigerati®
within said feed.

10.  The process according to any one of claims 1-4, wherein the composition of the random
liquid polymer is characterized by the ratio of the incorporated monomer mole % to the

feed monomer mole % ranging from 0.5 to 5.

11.  The process according to any one of claims 1-4, wherein the composition of the random
liquid polymer is characterized by the ratio of the incorporated monomer mole % to the

feed monomer mole % ranging from 0.5 to 3.

12, The process according to any one of claims 1 to 11, wherein said random liquid polymer
is characterized by a stereo-arrangement of each monomer that is isotactic, atactic,

syndiotactic or a combination of these tacticities.

13.  The process according to any one of claims 1 to 12, wherein said metallocene compound

is characterized by the formula 1:



fluids), aerospace |ubricants and greases, etc. [00201] The fluids nade in
this invention are al so superior blend stocks (fromO0.1 wt%to 95%
preferably 20 wt%to 80 wt % with Goup | to Goup V fluids, and/or with
GIL basestocks to give full-synthetic, sem -synthetic or part- synthetic

| ubricants for use in all possible |ubricant applications, including
autonotive |ubricants, industrial |ulycants, and greases, as nentioned
above. Because of their intrinsically superior properties, these inventive
fluids can inpart, sonetines synergistically, high performance properties
to the finished blend product. Exanples are the high shear stability, high
VI, high filmformng properties, |owtenperature viscosity, |ow traction,
superior oxidative properties of the finished |ubricants. The PAGCs
disclosed in this inveptlion are used in formulating |ubricant conpositions
and greases, as descrA bed abg¥e, Wiether in mnor or in nmajor amounts, they
are further conbined w an effective concentration of additives sel ected
fromtypical lubricant conposition adffiaimeslaslich as antioxi dants, antiwear
agents, rust inhibitors, extrenme pressure agents, anti-foamants,

di spersants and VI inprovers. G eases are fornulated by conbining the base
stock wi th phdrdih 8RR ccRldCRor Zr L M UARCAIRIBendnBP YK EATOMAUDRIG and
one or nore grease additives selected fromantioxidants, antiwear™ agents,
extreme pr esssistingagfehnlidandd diydnogers drenshedMar wnbeacahgal €5 td 6o hplroaartads, dns  f or

products can _he foundq in Lubricants.and Lubrication, .Ed, By T. M nd W
Dresel, by 3| quﬂeﬁ?ﬁﬂfm itz Fomopclopestademiondens EERGEBBIIb27501
- 91 ] 00202] g bt A0E A Kficik 9691 BeHsGhled®staldeS dAfPACH sBkcRd Bn? i, RIR,Symbol ,
i ndi cati ng fhatg?heaﬁgﬁggﬁ%asﬂ%e protec@%ﬁ&gg certarn tradgﬁggﬁ’gfdhfs,
e.g., they (ReBd08, r@yRslipr exhetaim®anandk B, iane \nadependenilyi selscted tiroam hiydjo@@203] Al |
patents an afent application test procedure uch as AST nmef hods, UL
met hods, aﬁ’dgl"h%‘{] q%‘@?ﬁnc‘éeﬁoéléf’%;é? h’@mﬁ’é'ﬁ?gmu]istéﬁgﬁe?’g\ Wﬁ%ﬂt'étegﬂl’h@é’tpor at ed
intheir entirety by reference to the extent such disclosure is not
inconsistent with this invention and for all jurisdictions in which such
i ncor plk at i precepeacedtdingtto ahp 080d) clslinsr toUudpwherain samlweetallpagn¢ sompreind
nuneri cal Lh%g?.r limts.are | i?ted herein, ranges fromany lower limt to

I

any upper ither, p LAcEmif HRFRAYE- Wi | e

15.  The process according to any one of the preceding claims, wherein said activator is an
ionic  activator  selected from  [Me,PhNH][B(CcFs)s], [R3NH][B(C¢Fs)s),
[RoNH;][B(CeFs)e],  [RNH3][B{(C¢Fs)),  [RaN][B(C¢Fs)a],  [PhsC][B(CeFs)4],
[Me:PhNH][B((CsH3-3,5-(CFs)2))s], [PhsC]{B((CeH3-3,5-(CF3)2))a], [NH4][B(CeHs)4] or
a Lewis acidic activator selected from B(CgFs);, B(CsHs)s, where Ph is phenyl, Me is
methyl, and R represents a C; to C,¢ alkyl group.

16.  The process according to any one of claims 1 to 15, wherein said contacting further
comprises contacting a promoter or co-activator selected from the group consisting of
alkylaluminum compounds having the formula R3Al and alkylboron compounds having

the formula R3B, where each R is independently selected from C; to Cyp alkyl group or H.

17.  The process according to any one of claims 1 to 16, wherein said contacting further

comprises contacting in the presence of H,.



the illustrative enbodi mrents of the invention have been described with
particularity, it will be understood that various other nodifications wll
be apparent to, and can be readily nade, by those skilled in the art

wi t hout departing fromthe spirit and scope of the invention. Accordingly,
it is not intended that the scope of the clains appended hereto be limted
to the exanpl es and descriptions set $orth herein but rather that the

cl aims be construed as enconpassi ng é? “"the features of patentable novelty
which reside in the present invention, including all features which would
be treated as equivalents thereof by those skilled in the art to which the
i nvent ilBn pThé¢ proesss dcOsidiha]to Bg onevé plairmn 1 had 6 peheremiesait cdneattiap dsv furthed h
reference to nunerous enbodi ments, and specific exanples. Many vari ations
wi |1 suggesfFharackraized by eentaching poibe absepa ofdlzi n this art in 1ight of the above
detail ed description. Al such obvious variations are within the full

i ntended scope of the appended clains. -92- CLAIMS 1. A process conpri sing
cont actlpng Thdatodeditde neaay lone efeladasmiownt, wikreiftsaidataadon digaid golymir ¢sm anong
Lew s acid activators and ionic activators, optionally a co-activator, and a
feed havi ngchamciarzed he aipmig ymbseel matatth%§§pd Zaid pEorgsCRBEN Cmgisey | east
two differe i > | - fins
under cond: A€ 3R B R ApMHEeh SUGH Ercohtolviet friif BBRRERE
conpri si ng byi Broatind masberoftess te2.al pha- ol efins, with the proviso that any
one of ethylene and propylene, if present in said feed, is present in the
anount of less than 50 wt% i ndividually, and in the anpbunt of |ess than 50
wt % cORRI ne . ' ' < ' [0 Sai ed. 2.
The. pr adess s PREES sOrbil P ANAE HEROY o B0, e A Tl onlfis S P
mononer s ar ewo sighaeslefith delcored ttiomn Qf 0Ul), slphsblfinng of |inear al pha-ol efins,

al pha-ol efins characterized by alkyl or aryl substitution at |east two
carbons away fromthe double bond, and m xtures thereof. 3. The process of
claim wh j i : i - ql.efd NS d from
the gr %}jp cgiélegb@f ?Qs%gagcc??d 1&% qn\r%ébgglaglfl%%g@g ‘e llﬂ:giln 9%?5&&8223{1) ?irsle}girt ke

al pha- ol ef i f& differeRt dipha-oldfimeseleeted frobr Optol(s) alphdrelefine, 4- et hyl -1 - hexene,

4- phenyl -1 - pent ene, and 5-phenyl-1- pentene. 4. The process of claim1,
wherein said at |least two different al pha-ol efins are provided

22.  The process according to any one of claims 1 to 19, wherein said feed comprises at least

two different alpha-olefins selected from Cg to Cy3 alpha-olefins.

23. The process according to any one of claims 1 to 19, wherein said feed comprises at least

two different alpha-olefins selected from C,4 to C,3 alpha-olefins.

24,  The process according to any one of claims 1 to 19, wherein said feed comprises at least
three different alpha-olefins.

25.  The process according to any one of claims 1 to 19, wherein said feed comprises at least

four different alpha-olefins.

26.  The process according to any one of claims 1 to 25, wherein said feed comprises less than
80 wt % of alpha-olefins selected from Cs to C); alpha-olefins, based on the combined
weight of alpha-olefins in said feed.



directly, w thout separation of individual alpha-olefins, froman

al pha-ol efi n-produci ng process selected froman ethyl ene growh process, an
ol efin nmetathesis process, a wax- cracking process, a syn gas synthesis
process, and m xtures thereof. 5. The process according to any one of clains
1 to 4, wherein said randomliquid polyner is characterized by a x val ue
(degree of randommess) ranging from Q7 to 1.4. -93- 6. The process
according to any one of clains 1 to ‘Wherein said random |iquid polyner is
characterized by a x value (degree of randommess) ranging fromO0.75 to 1.3.
7. The process according to any one of clains 1 to 6, wherein said random

| i qui d2pol yherprocess adeardang te rany exk dficlamx 1\a P fevl{etan sad fexk comnpdmﬂessﬂ)anr angi ng

uner ei nsai 1 WhHBhA PR bR, S T Coof g EPEkPBaas e b thometadyr oo of

randormess)wagmg,lfg%hg_lbmglrpsa;d)fegd1 9. The process according to any one of
clains 1-4 erein the conposition of said random liquid polyner is

characterized by an incorporation of each al pha-ol efin nonomner W|th| n said
pr oducy  of thin at | east 20 wt 9% of st.rihuti, f sai_d ol efin
rronorre%s's' 'm‘ﬁpﬁo‘éeéﬁ AFCPruLE to ARy ORgy %‘ch"r‘ Eé%ggc‘%‘ﬁ‘iﬁ ﬁ@jg?ﬁgéﬁvpﬁﬁf‘é r]‘@F‘al s
1-4, wher eig PP bR slctdd forh 3488, hipftloftrRg)! i theCRATbRRLET | zed
by the ratio {E‘)’P?ﬁ HPncotrcﬁor%lt e(frdno%o?e}r ) Lﬂptf’lo I’?o 1t ﬁ’e% e0 r?ong{r?eﬁgéhnol e %
rangi ng fr oweight®f alphs-olefins inldaal feedbcess according to any one of clains 1-4,
wherein the conposition of the random |iquid polyner is characterized by
the ratio of the incorporated nononer nole %to the feed nononer nole %
" angi g, 1 Offichrdkebacdordiry to B ol ATkHs 39695 iftekih QBfpAlesidsBiiim L tO
11, wherein Sejl eri?ﬂdgrm;r% 85??0 ymsrS I's cha}{ragcét g?l?zeg ﬁ:lp fos fes31MR
st er eo- ar r dfigetrénof dphzealeﬁnmrrhm@rfmmﬂs to €13 slphaoleffias, lmte:i:mn the compigtdot acti c
a conbi nat.i on o e tactjgcities. 13. The process according to any one
of claims 1Vgight fﬁamgﬁgf'ﬁ”’ss&f‘#c%t al | ocene conpound is characterized by
the formula 1: -94- AMX 2 Lz Fornmula 1 wherein Mis selected from Zr, Hf,
Ti; each X is independently selected fromthe group consisting of halide
and hy2lr og€fhe pscpcivedrdorg tonby amodfethind 1 t®2 L avhein saad freld wbmprites less than

40 wt % of alpha-olefins selected from Cg to C;; alpha-olefins, based on the combined

weight of alpha-olefins in said feed.

31.  The process according to any one of claims 1 to 30, wherein no alpha-olefin is present in
said feed in an amount greater than 33 wt %, based on the combined weight of alpha-

olefins in said feed.

32.  The process according to any one of claims 1 to 31, wherein the feed is selected from at
least one alpha-olefin selected from 1-butene and 1-hexene and at least one alpha-olefin
selected from C,,-C;3 alpha-olefins, and wherein the combined amount of 1-decene and

1-octene is less than 40 wt %.

33.  The process according to any one of claims 1 to 32, wherein said feed is characterized by

an average carbon number of between about 4 and about 14.



and L2 are independently selected from cycl opentadi enyl, indenyl,

t et rahydroi ndenyl, fluorenyl, and their alkyl substituted anal ogs, and Ais
selected from RIR2Si, RIR2C, (RLR2C)2, (RLR2Si)2; wherein Rl and R2 are

i ndependent|y sel ected from hydrogen, branched or unbranched C 1 to C2o
hydrocarbyl radicals, phenyl, and substituted phenyl. 14. The process
according to any one of clains 1 to , Wherein said netal |l ocene conpound
has either a racemc or neso form 15." The process according to any one of

t he preceding clains, wherein said activator is an ionic activator selected
from [ Me2PhNH] [ B(C6F5) 4] , [ R3NH| [ B(C6F5) 4], [ RZNH2] [ B( C6F5) 4] ,

[ RNH3] 348( C6Fb¢ giocess Iaddﬁ]r(ﬂiBg @Eﬁ)oﬂa}e of fleindd) foBECoRERH] said feed is characterized by

[ Me2PhNH] [ B( ( C6H3- 3, [ B 3, 5-(CE3)2))4],

[ NH4] [ B( C6H)a¥frage car OIL’@W faé&%f‘tell'g %P&E é§ Q@’@P‘e’e%%haff %m B( C5F5) 3,
B(C6H5) 3, where Ph is phenyl, Me is nethyl, and R represents a Cl1 to Cl16

al kyl group. 16. The process according to any one of clains 1 to 15, wherein
sai d cimt acThergodess 4deerdingtorapy oseef minimsd(:tbi?mgwhcrpimcsaidtfecd srcharasterized \bat or

For ml & RS BHFERES SEYPBITETPeE ShORIsa R A (ROPEr e BoRs, A cach R
| s | ndependgitil krisgd W?‘%g’r&&% o@JCs t8 C??Ql\gﬂé B¥kindiPHE Bhblited hfrourdd\ 19{]00955

according to any one o al s ereln sald contacting furt
conpri ses chat et %gbasnadbh&emoaﬁmedeve@htbﬂalpha@ﬁeﬁﬂﬁn sdiddeqdr ocess accordi ng
to any one of clainms | to 16, wherein said contacting is further
characterized by contacting in the absence of H2 19. The according to any

one ofs¢l ai Tﬁe%r ob&s %@cor&l’Yﬂ (Pady on@lof IO 35! gﬁéﬁhn%gidy isl ara&@x?ieﬂ ?e” zed

by a bromi ne nunber of ate than 2 and sai d process urt er conprises
contacting waa»@rqge @dthoh nthar bf dreatge thancabobit 5.5 rto abswtclessdthpo |1y raad fprtlatuct

characteriz mne nu | es n 2..20. The proces accordl ng
to any one progp i, @ref@w%ﬁsépr%eépg e fo4h6 Fpbined amoliat 16k
al pha- ol ef ipg, REWEG! ﬁge(fl Bﬁ)megénfbﬂleﬁ:%géilt BfapI-QEfiRSin sfil-fecine Pr ocess

according to any oné of clains V\/ner ein said feed conprises at | east
two different al pha-olefins selected fromC4 to C24 aI pha olefins. 22. The

proces ac ding to any on f cl ai mher ed, conpri ses
oodh (U5 RIPGFEPLANY B ha a&PQ m@%é‘? b oilstein o a0 1@6@%&% | efins.
23 The pr %F%d%ﬁ%gﬁgg"‘?‘?‘é‘?g@ﬁfﬁgﬁ% Qf 1£dlﬁ#oﬁsof1algﬁa-81%ggé"@% eﬂ@'léiilef eed

conprises at least two di ha- ol ef 1 ns sel ect to C18
al pha- ol ef igsswth process.

38.  The process according to any one of claims 1 to 37, wherein said product is further
characterized by at least one of the parameters selected from: (a) M, = 200-50,000; (b)
My = 200-80,000; (c}) MWD = 1 to 5; (d) Pour Point less than 10°C; (e) KV at 40°C of
about 4 to about 80,000 cSt; (f) KV at 100°C of about 1.5 to 5,000 cSt; (g} a VI greater
than or equal to 100.

39.  The process according to any one of claims 1 to 38, wherein said product is further

characterized by a VI of at least about 120.

40.  The process according to any one of claims 1 to 39, wherein said product is further

characterized by a VI of at least 130.



24. The process according to any one of clains 1 to 19, wherein said feed
conprises at least three different al pha-olefins. 25. The process accordi ng
to any one of clainms 1 to 19, wherein said feed conprises at |east four

di fferent al pha-olefins. 26. The process according to any one of clains 1 to
25, wherein said feed conprises less than 80 wt % of al pha-ol efins selected
fromCs to C12 al pha-ol efins, based t he conbi ned weight of al pha-olefins
in said feed. -96- 27. The process according to any one of clains 1 to 25,
wherein said feed conprises less than 70 wt % of al pha-ol efins selected from
Cs to Cl2 al pha-ol efins, based on the conmbined weight of al pha-olefins in
sai d f¢kd. T probas pragdmg tacmgraicnd damany 0B, whereinasaid ploduct id Furthdrer ei n
said feed conprises less than 60 w % of al pha-olefins selected fromC8 to
Cl12 al pha- dhamrigazedhye¥l ofptleaet I98nbi ned wei ght of al pha-olefins in said
feed. 29. The process according to any one of clains 1 to 25, wherein said
feed conprises less than 50 wt % of al pha-ol efins selected fromGCs to Cl12
al pha-4d. ef i Tie, ploassedacosrdingetoc ampione dlaimeilgld 40f whlerehe -saideprotsctiin fasha f eed.
30. The process according to any gne of clainms 1 to 25, wherein said feed
conpri ses I@é@cﬁcﬁﬁﬁlbyzﬂ)\’ﬂﬁfﬁ%eﬁt?&ppha-oI efins selected fromGCs to Cl12

al pha-ol efins, based on the conbined weight of alpha-olefins in said feed.
31. The process according to any one of clainms 1 to 30, wherein no

al pha-48. ef i Thel go¢ese aatdingi to sy chef efadaims lato 4D ehieteig sadtferd dolmnis&3frovh %
based on the conbi ned ight of alpha- qlefins in said feed. 32. The process
accor di ng t%?o‘&tnk/wé%éoci‘pg‘ét?%WI@doﬁ,alﬂ%ﬁ&l@“ﬁ’ based prthy sombinadaweight ofr om at

| east one f:l Q. cted from 1-butene and 1- hexene and at |east one
al pha- ol ef %llﬂisa'e]@gﬁel%%?gér%ﬁtle- C18 al pha-ol efins, and wherein the conbi ned
anount of 1-decene and 1-octene is less than 40 wt % 33. The process

according to any one of clainms 1 to 32, wherein _said f.ggd is characterized
by arfaverHerressh asrorling & any onsRf gams dpigud3. avharean said deedicompriges fream  The

brocess acGRbel 010 dlo 38w AWk 1B CTBIolo i b0PLE WL SRlihdisRdahior

characteriz y an average carbon nuntier of greater than about
| ess than Ia?pha3flefinbliesgid 6edss according to any one of clains 1 to 34,
wherein said feed is characterized by
45.  The process according to any one of claims 1 to 44, wherein said feed comprises from
about 5 wt% to about 85 wt% Cs4 to Cg alpha-olefins, 15 wt% to about 95 wt% C2-Cj3
alpha-olefins, and less than 80 wt% Cs-C,q alpha-olefins, based on the combined weight

of alpha-olefins in said feed.

46.  The process according to any one of claims 1 to 45, wherein said feed comprises from
about 5 wt% to about 85 wt% 1-hexene, based on the combined weight of alpha-olefins in
said feed.

47.  The process according to any one of claims 1 to 46, wherein said feed comprises from
about 5 wt% to about 85 wt% 1-hexene, and less than 80 wt % of any one of -octene and

1-decene, based on the combined weight of alpha-olefins in said feed.



an average carbon nunber of greater than about 5.5 to about less than 11 and
further characterized by the presence of Cs to Cl2 al pha-olefins in the
conbi ned anount of less than 50 wt % based on the conbi ned wei ght of

al pha-olefins in said feed. 36. The process according to any one of clains 1
to 35, wherein said feed is characterized by an average carbon nunber of
greater than about 5.5 to about |ess dghan 11 and further characterized by
the presence of C8 to Cl2 al pha-olefins in the conbined anount of |ess than
10 wt % based on the conbined wei ght of al pha-olefins in said feed. 37. The
process of any one of claims 1 and 10 to 19, wherein said feed is obtained
and uséd e pragass eenerding tmanywnenefualaimedatoat’, avhersin saidfead compgises from

al pha-olefins fro n .et hyle rowt h 0CeSS.- 38,, The process according to
any one of @Pﬁﬁm?‘f 51’03‘9,& Wﬁr‘%rlé&ﬁegea%&){?rc‘sotgmg}vg/ “f(tfjrqapﬁgpe Ofgﬁg?tgbetaélfli zed by
at | east onedQknd, BeEseldhaREIRbinRIO &8t @€ albhfBlefih#dn sMd feed?00- 50, 000; (b) Mwv =
200-80,000; (c) MAD =1to 5; (d) Pour Point less than 10C, (e) KV at 40C of

about 4 to about 80,000 cSt; (1) KV at 100C of about 1.5 to 5,000 cSt; (g) a
VI greater than or equal to 100. 4..1h rncess accordi ng to any.one of
ol af et GThsepocat AR Iy i et LA SRS PR S R O o o
| east aboutabddis with to dbbRt BS A%ISheeSD st REs théh 29Wit AT a8 ofid 6f NBcténeldnd 39,
wherein said product is further characterized by a VI of at |east 130. -98-

41. The pr ocdesene bassd @nitlee combamed weight of alphaxplefingintseid¥eed. wher ei n sai d product
is further characterized by a VI of at |east 150. 42. The process according
to any one clains 1 to 41, wherein said product is further characterized by

a VI ofp.at TIRasbcedd Gecofifing T ShyPERCETSHaiRg A0l UM Svherkird Bild FQ Dnpeisé fidm!| toO
42, wherein said feed conprises from about 1 wt%to about 95 % C4 to C8

al pha- ol ef iabout G0aw@el taoabonn'dS wiSariof akphia-nisfighselested feamh shenénef 1 heptere andiad f eed.
44. The praocess according to a o) of ¢laips 1,t0 , er.ein said feed
conpri ses f'%ﬁi’?rfeaﬂﬁﬁfm’g“%f&g?%%ﬁ%ﬁ?b% ﬁ‘%tyﬁotac?o&ﬂi%-o& aﬁ’i‘? ™ased on
the conbi nadle¥@il Fim Atdodetdnbai-piRlibdtie,| dhdSaixturt eRdeord Based R BEQRDMed
according to any one of clains 1 to 44, wherein said feed conprises from

about 5 wt Mdightaieipha-8Bfine o wirl feed, @3d stigh hredustds thasacterBediby/ viscesify inde8s wt %
Ci2- 1 - al phasohetl D% o3l 3% kAR 1B CSPASR aSeh0 161 PNBP o 88 anfigocd on

t he conbi ne
pour point of less than -10°C.

51. A random liquid polyalpha-olefin containing at least two types of branches with average
branch length ranging from 2.1 to 12 and further characterized by
(a) randomness factor between 0.7 and 1.4 determined by mass spectrometry;
(b) a minimized Diff factor of less than 0.3 for the S,, methlene peak, determined by
NMR;
(c) M, = 200-50,000;
(d) M,, = 200-80,000;
(e)MWD=1toS5;
(f) a pour point less than 10°C;
(g) aKV at 100°C = 1.5 to 5,000; and
{h) a VI greater than or equal to 100.



of alpha-olefins in said feed. 46. The process according to any one of
clains 1 to 45, wherein said feed conprises from about 5 wt%to about 85
wt"/ o 1-hexene, based on the conbi ned wei ght of alpha-olefins in said feed.
47. The process according to any one of clainms 1 to 46, wherein said feed
conprises from about 5 wt%to about 85 wt % 1- hexene, and |ess than 80 wt %
of any one of 1-octene and 1-decene1$€ased on the conbi ned wei ght of

al pha-olefins in said feed. -99- 48’ e process according to any one of
claims 1 to 47, wherein said feed conprises fromabout 5 wt%to about 85 wt %
1- hexene, and less than 55 wt % of any one of 1l-octene and 1-decene, based
on t hesxonbrle thndBi ligui® fpodfalpha-oldfil bNelaim $igi whdréig dthe 48ndohiifesy fRERSH
according to any one of clainms 1 to 48, wherein said feed conprises from
about 5 wt JeetweealdRine 185 wt % 1- hexene, and | ess than 25 wt % of any one of
1-octene and 1-decene, based on the conbi ned weight of al pha-olefins in
said feed. 50. The process according to any one of clainms 1 to 49, wherein
sai d fspd CTHEfnGaE NuidnpoBAaipti-okfinVéi%lhitn 3D0wherén WeYpaalormhidea fa@f isns

sel ected from 1- hexene, 1-heptene and/or 1-octene and m xtures thereof and
about 25 wibBwesnddband Ub wt % of al pha-ol efins selected from 1-dodecene,
1-tetradecene, and m xture thereof, based on the conbi ned weight of

al pha-olefins in said feed, and said product is characterized by a viscosity
i ndex 540f friemaadabitliqlitd pbRalpheolefis 0, cldmK3 ,adhatdfdtzef bf raanvahgetbraddht o
about 1000 cSt, and a pour point of less than -10C. 51. A randomliquid

pol yal pha- deegth of EomdpdPng at | east two types of branches with average
branch length ranging from2.1 to 12 and further characterized by (a)
randommess factor between 0.7 and 1.4 determ ned by nmass spectronetry; (b) a
m ni m ged OHef rahdesih dfquif pblgalphd-biefin GfXidifr 51, hehafactefiédbeng pendge bigickr m ned
by NWR, (c) Mh = 200-50,000; (d) Mwv = 200-80,000; (e) MD=11t0 5; (f) a
pour poi nt lerghof fiegm 4208:5. (g) a KV at 100C = 1.5 to 5,000; and (h) a VI
greater than or equal to 100. - 100

56. The random liquid polyalpha-olefin of claim 51, characterized by an average branch
length of from 5 to 9.

57.  The random liquid polyalpha-olefin of claim 51, characterized by an average branch
length of from 5.5 to 8.8.

58.  The random liquid polyalpha-olefin of claim 51, characterized by an average branch
length of from 6 to 8.5.

59. A lubricant comprising about 1 wt% to about 95 wt% of at least one random liquid
polyalpha-olefin according to claim 44.

60.  The lubricant of claim 59, further comprising a second basestock selected from the group
consisting of API Groups L, II, IIl, IV or V, or a Fischer-Tropsch hydrocarbon derived

Jubricants.

61.  The lubricant of claim 60, characterized by a pour point of less than -20°C.



52. The random |iquid pol yal pha-olefin of claim51, wherein the randommess
factor is between 0.8 to 1.2. 53. The random i quid pol yal pha-ol efin of
claim51, wherein the randommess factor is between 0.9 and 1. 1. 54. The
random | i qui d pol yal pha-ol efm of claim51, characterized by an average
branch Jlength of from3 to 10. 55. The random |iquid pol yal pha-ol efin of
claimb51, characterized by an averagﬁoﬁranch | ength of from4 to 9.5. 56.
The random |i qui d pol yal pha-olefin of“claim51, characterized by an average
branch length of from5 to 9. 57. The random | i quid pol yal pha-ol efin of
claimb51, characterized by an average branch length of from5.5 to 8.8. 58.
The r agglom Thiedisk @f B ehnddlphquio pefyalphobletih acdording tetlainn 61 6 b Felty foymalatedver age
branch length of from6 to 8.5. 59. A lubricant conprising about | WM%to
about 95 wl9brankt | east one random liquid pol yal pha-ol efin according to
claimd44. 60. The lubricant of claimb59, further conprising a second
basestock selected fromthe group consisting of APl Goups I, II, IIll, IV

or V, 63 a Teasber aTulafrantacoydingaarchig Goeiniavgdr of atbappamnisscontplising ieller

| ubricant of claim60, characterized by a pour point of |ess than -20C
-101- 62. TsarR@se of a random |iquid pol yal pha-ol efin according to claim51
ina fully formulated Ilubricant. 63. The use of a lubricant according to
claim60 in a gear or an apparatus conprising roller bearings. 64. A

pr ocessd. O ptdekssCoapifising tdof@ctingd biddped niged|RicérecafoandRaudtdvataiseketed vat or
sel ected fron1anDn%§Lemﬁs acid activators and ionic activataors, optionally
a co-acti vdrom amapg Lewis ead) ativptory anghiogipeachiyaorsa ppiinnally aiseraciyaten apdast 4.1

and conpri s I i.f i I from
G o G0 Sraeineef Mttt bl ARPbO B BFedibr SRR (18 uBRER,
conpri si ng atghachbléfin moAsthert Weledddfiam @»ab hsalpasdidfimoindsetondiiibhaslitblezed as
havi ng no distinct nelting point above 20C, and a kinematic viscosity at
100C of 300Wtaisse Pelymereomprisng said a leestiwaalnha-olslivsiosi ty at 40C of 35,000 cSt

or |ess; said polymer characterized as having no distinct melting point above 20°C, and a

kinematic viscosity at 100°C of 3000 ¢St or less, and/or a kinematic viscosity at 40°C of
35,000 cSt or less;
said polymer further characterized as random by at least one of the following:

(a) said polymer having a degree of randomness (x) between 0.7 to 1.4, as determined
by Mass Spectrometry; and/or

(b) said polymer having a minimized Diff factor of less than 0.3 for the S,, methlene
peak, determined by NMR; and/or

(¢)  wherein the ratio of the rate of disappearance of the fastest reacting monomer in
said feed to the disappearance of the slowest reacting monomer in said feed is no
more than 5; and/or

(d) wherein the ratio of the amount of any single alpha-olefin monomer incorporated
in said polymer to the amount of said any single alpha-olefin in said feed is from
about 0.5 to about 3;

with the proviso that any one of ethylene and propylene, if present in said feed, is present

in the amount of less than 50 wt% individually, and in the amount of less than 50 wt%

combined, based on the combined weight of alpha-olefins in said feed.



said polymer further characterized as random by at |east one of the

follow ng: (a) said polyner having a degree of randommess (x) between 0.7 to
1.4, as deternmined by Mass Spectronetry; and/or (b) said polynmer having a
mnimzed Diff factor of less than 0.3 for the S nethlene peak, determ ned
by NVR, and/or (c) wherein the ratio of the rate of di sappearance of the
fastest reacting nononer in said fe to the di sappearance of the sl owest
reacting mononer in said feed is no hore than 5; and/or (d) wherein the
ratio of the anount of any single al pha-olefin nononer incorporated in said
pol ymer to the anount of said any single alpha-olefmin said feed is from
about €5.5 tTheairoedss 8f clairh 164f wherpinosaidspolyther is shyracterizedf asatindone be havidg a

propyl ene, if present in said feed, is present _ in the amount of |ess than
50 Wt % i ndldﬁ’BEfG&le ompess () herreeer P inel D ps Aeemningddy Mass\esemsi ned, based
on the conbi ned wei ght of al pha-olefins in said feed. - 102 65. The process
of claim®64, wherein said polyner is characterized as random by having a
degr ee6tf rHirdprooessof &szbeditt/\BQher&nSSdicD pbl)&‘neraﬁ ik tanized ths bignddas sby a
Spectronetry.  66. The process of cla 64, wherein said onrrer IS

char act er i ZBiraized fomfﬂ‘ﬁ%?fkss W%p%fﬁ%"’ Broftnethlgng Eﬁak(ﬁetqf@é%e diby¥MB. 3 for the
Saa net hl ene peak, determ ned by NVR 67. The process of claim®64, wherein
said polymer is characterized as randomby the ratio of the rate of

di sapp&ar arfie ppbceshef dlaini 6f theﬁe&'m $did golymeniseharadteriatid s fraddni iy thbeatio of

di sappearance of the sl owest ﬁ\cu ntg nmononer in said feed_ being no nore
than 5. 68. crrrétepptsc@wp@qm@ﬁap asipsh  WAGHNG MONPBEX, 3 said feehrtacthisri zed
as random f I lefisn mononer

i ncor por at te)(% apﬁé/sal 81&’{;&135@*‘38&5%%Hl%é‘?r‘ggﬁpt“‘? f%%q% n‘@’ng lgtglg&o$efl nin sad
feed being from about 0.5 to about 3. 69. The process according to any one
of clains 64 to , Wherein said netal | ocene conpound is characterized by

the f ofr'&m alhe: proceSfLof glaim\pdx wherqin saig pplymsr 15 charepierizedasirandom by hasang them zr
HE, Ti: | f
haI i d:a, ?tcl)%(gﬁlgln%q@ggnc heg %prla ancﬁ&é&g}&%}g %Eeguiﬁysa E&?@%ﬂl fsa)gth

amount of said any alpha-olefin in said feed being from about 0.5 to about 3.

69.  The process according to any one of claims 64 to 68, wherein said metallocene compound
is characterized by the formula 1:
L1,

Y

A MXz

Formula 1

wherein M is selected from Zr, Hf, Ti; each X is independently selected from the group
consisting of halide, hydrogen and branched or unbranched C; to Cyy hydrocarbyls, L;
and L, are independently selected from cyclopentadienyl, indenyl, tetrahydroindenyl,
fluorenyl, and their alkyl substituted analogs, and A is selected from R,R;5i, RjR,C,
(R1R2C),, (R4R2Si)2; and wherein R; and R; are independently selected from hydrogen,
branched or unbranched C, to Cy hydrocarbyl radicals, phenyl, and substituted phenyl.

70.  The process of any one of claims 64 to 69, wherein said activator is an ionic activator
selected from [MCzPhNH] [B(C5F5)4], [R3NH] [B(CGF 5)4] , [RzNHz][B(C6F 5)4],



and L2 are independently selected from cycl opentadi enyl, indenyl,

t et rahydroi ndenyl, fluorenyl, and their alkyl substituted anal ogs, and Ais
selected fromR R2Si, RIR2C, (RLR2C)2, (RLR2Si)2i and wherein R, and R2 are
i ndependent|y sel ected from hydrogen, branched or unbranched CI to C20

hydr ocar byl radicals, phenyl, and substituted phenyl. 70. The process of any
one of clainms 64 to 69, wherein said,activator is an ionic activator

sel ected from [ Me2PhNH [ B(C6F5) 4], | H [ B(C6F5) 4], [ R2NH2] [ B( C6F5) 4],

-103- [RNH3][B(C6F5)4], [RAN [B(C6F5)41, [Ph3C][B(C6F5)4],

[ Me2PhNH] [ B((C6H3- 3, 5- (CF3)2))4], [Ph3C[B((C6H3-3,5-(CF3)2))4],

[ NH4] [ B( COHBNAL][B(CeFslagwi ERAGIB(CeF sadit | {RIt:61[B(CspE t eMéPoNHE(BUET5)-3,5-

3,5
al kyl b ouCh f»dﬂ#@ssﬁ@&%é af&hﬁzﬁeﬂﬁﬁ»lﬁﬁ I B i Al ot

CiocB || nedr e pRam PRI %@f‘*%ﬁ?ﬁi’iﬁg P el il Riplean 31110 O

4- et hyl - | -Geantropakyleromt hyl - | - hexene, 4-ethyl -1 -hexene, 4-phenyl-I1-pentene,
and 5-phenyl - |-pentene. 72. The process of any one of clainms 64-71, wherein
t he average carbon nunber of said feed is between about 5.5 to |less than
about ‘I’I-Sl Fhe p]:g&,ssoﬁp he OF cibis 84190 AlhdrdisiR a@ﬂa&%wofdtﬁérgxﬁragﬂﬁé}ﬂéﬁfse“ zed
by: (a =200-50, 0 (b)” Mv = 200- 80, 000; (d) a pour
poi nt |ess arhwhecldalﬁ‘roxmﬂ)e grovf/cansisiD Cy- Clls Endaoalﬁhﬂﬁﬁﬁnar(dz-(h) lireaMdlplp-eat er
than or equ to 120 preferab er tha requal t 40, . 74. The
process ac dﬁ?fmsnd I’E‘?}hﬁhlyp%@eo &gﬁ'ﬂléh%‘ﬁnei ‘ﬁ)ﬁlel' %A;ng?a?alll?r%&-gegtene
characteri zgg s¢ onsdsdjeng essentially of at least two different

al pha-ol efins g@%@te n?rgm 1- butene, 1- hexene, 1-dodecene, and Cl4 to C20
al pha- ol ef| ns, and wherein ethyl ene and/or propylene, if present, are

present he total , conbin | ess than 40 wt % base
Conbi nd wHGHRROGHS of aﬁwé’nspggla & G e g ovrmge %rb%%ag@ gﬁﬁﬁ fe§fqng
contacting lgb%ggmu@g%kgm%a%q{rppund an activator, and a feed having

an average carbon nunber of between about 5.5 and 14, said feed conprising
-104- at least two different al pha-ol efin nononers sel ected fromC4 to C24

al pha- ’%l efi I'Hme prgcggsecgf any one of claims 64-72, further characterized by:

(a) M, = 200-50,000;

(b) M,, = 200-80,000;

{(c)MWD=1t05;

(d) a pour point less than 10°C;

(e) aKV at 100°C = 1.5 to 5,000; and

(h) a VI greater than or equal to 120, preferably greater than or equal to 140.

74.  The process according to any one of claims 64-73, wherein said feed is characterized as
consisting essentially of at least two different alpha-olefins selected from 1-butene, 1-
hexene, 1-dodecene, and C;4 to Cyg alpha-olefins, and wherein ethylene and/or propylene,
if present, are present in the total combined amount of less than 40 wt%, based on the

combined weight of alpha-olefins in said feed.

75. A process comprising contacting a bridged metallocene compound, an activator, and a

feed having an average carbon number of between about 5.5 and 14, said feed comprising



conditions suitable to obtain a polyner conprising said at |east two

al pha-ol efins, wherein said netall ocene conpound is characterized by the
formula 1: 1~ L1, A/MX 2 L2 Fornula 1 wherein Mis selected fromZr, Hf,
Ti; each X is independently selected fromthe group consisting of halide
and branched or unbranched Cl1 to C20 hydrocarbyls, L, and L2 are

i ndependently sel ected from cycl opegﬁ&gj enyl, indenyl, tetrahydroindenyl,
fluorenyl, and their alkyl substituted anal ogs, and A is selected from
RIR2Si, RIR2C, (RIR2C)2, (R1R2Si)2; wherein R, and R2 are independently
sel ected from hydrogen, branched or wunbranched C, to C2o0 hydrocar byl

radi cal s, pindnayt twoaliffersutdpliataléfadmpemers selentel frdrar(Qito Cosapbh-alefins/ ahdar i s

sel ected from anmong Lewi s acid activators and ioni,c activators

obt ai ni ng tqeg}hesss gﬂl&%m’%@ﬁa@amlmrz Eompysing aﬁldma]ﬁaszow%elpb%ygfé Mg h) MW =
200- 80, 000; : : Bul j t C, (e) a KV at 100C
=1.51to0 5‘61668&)1 !E{&gaq@fenggcgglper tﬁglrl]at?%rtéﬁeza%g ﬁ;[eo; EI]%QhaVi(an no di stinct

mel ti ng poi nt above 0C; Lapd Q by having the ratio of the anobunt of any
al pha-ol efin nmononer 4ﬂcm5§t ed in said polyner to the amount of said any
[

al pha-olefin in said o fromabout 0.5 to about 3. 76. The process

of claim75, wherein et ene and/or propyl gng.1if present in said feed, are
present in the conbi ned anount of |ess than 50 wt % based on the conbi ned
wei ght of al pha-olefins in said feed. - 105 77. The process of claim 74 or

o the. amoaHETar o6 SO arB 25, Rhdiusahal 1yrapsadsas sleried BomohhEm he: ght
O ol AN ke o AR S ot 3 ot o1
present i n ihdepedvntinteledted from dyblapeniientydoindeily italtabldrgindgd,efuovenyl, and

their alkyl substituted analogs, and A is selected from R;R;Si, RjR;C, (RiR;C)s,

(RiR,Si),; wherein Ry and R, are independently selected from hydrogen, branched or

unbranched C, to Cyg hydrocarbyl radicals, phenyl, and substituted phenyl, and wherein

said activator is selected from among Lewis acid activators and ionic activators, and

obtaining thereby a polymer characterized by:

(a) M, = 200-50,000;

(b) M,, = 200-80,000;

(c) MWD =110 5,

(d) a pour point less than 10°C;

(e) aKV at 100°C = 1.5 to 5,000;

(h) a VI greater than or equal to;

(i) having no distinct melting point above 0°C; and

(j} by having the ratio of the amount of any alpha-olefin monomer incorporated in said

polymer to the amount of said any alpha-olefin in said feed being from about 0.5 to about

3.

76.  The process of claim 75, wherein ethylene and/or propylene, if present in said feed, are
present in the combined amount of less than 50 wt%, based on the combined weight of

alpha-olefins in said feed.



t he conbi ned wei ght of al pha-olefins in said feed. 79. The process of clains
74 or 75, wherein 1l-octene and/or 1-decene and/or 1-dodecene, if present in
said feed, are present in the amount of |ess than 55 wt % i ndividually, based
on the conbi ned weight of al pha-olefins in said feed. 80. The process of
clainms 74 or 75, wherein 1l-octene and/or |-decene and/or 1-dodecene, if
present in said feed, are present |nlgge anmount of less than 25 wt %

i ndi vidual ly, based on the conbined i ght of al pha-olefins in said feed.
81. The process of clainms 74 or 75, wherein the average carbon nunber of
said feed is from about 5.7 to less than 12. 82. The pol yner obtai nabl e by
a proceEks dieqraiesgof caiany4 ones, mfhcmliral-rmsteﬂe aral/&r0l -deveing 4f preseBilin saBBfeedlhe

pol ymer made by a prqcess ac Qne of cl 64 to
81. 84. A PG it esam%'abPﬁééj ks & ‘f‘%"“&‘&é omhercm ined e tng

el ement COquFﬁBW%ﬂhgﬁlmﬁP#¥@Er of claim82 or 83. 85. A conposition

sui table for ricating all engine el enments conprising the pol yner of
claim82 or 83. - 106 86. The process accordi ng to claim1, wherein said

activators are selec edfr m rret Ialumnoxa yl ani | i ni
tetraki%(p ms%qeébﬁéﬂwn}a roaﬂé,w fF‘Ps‘(“?fé?ﬁe o% Hodpdepsms; if

anal ogs and, g iﬁ%hﬂﬁé?lé{}g%ég%%}mgﬁﬁﬁﬁ@?@% tﬁZn? U@%Hﬁ&l@ﬁﬁﬁlf%&s‘é&@hng to

claim1l, erelin sal , ylani i nium

t et r aki s( pahé tanbringheeight)df alphb-eldBis inTdaéad feedcess according to claim 1,
wherein said co-activators are present and at |east one is a co-activator
sel ected fromtrial kyl al um num conpounds, preferably triethyl alum num

tri-ispput yhal 45 8uge clhibds 72 &}?s?/h@uem I‘H@&mé md} 1R&dc¥h A NUARd 3Eénle i

decyl al’um num™ and tri-n-dode um num . The process according to any
one of cl aipresent mcsalﬂﬁ‘;:ed;\bmpeesnmsmﬂmh aaduak yfslesshhm 55 wifoandieidzally, pased or1, 000

gr am of product pe ocene onent. 90. The process accordi ng
to any one Bfcombineds Wi‘gﬁncp%ﬁb’%e\ﬂﬂfgnéi“rﬁa feed conprises from about 5 wt %
to about 85 wt % 1- hexene, and | ess than 25 w % of any one of 1-octene, 1-

decene, and 1-dodecene, based on the conbined wei ght of alpha-olefins in
sai d f8ked. The.prddess of daiess7dodr 15| svhaneihB] -ovthyer sidfordadatedecad/drur-dddecenepifpr i ses

at | east about 20 wt,% 1- hexene,. based on o]
al pha- ol ef iResentin said de ?]‘]eé‘ii pregent ixihe araqunpyp lasatﬁﬂ}"?i 2 é@&%}lﬁb’mba%% ai m 60
in an enginRge édﬁ*?&hé‘da@éig}'xtrbf%}ﬁhﬁ’-%%hkﬁxsa?d"feéh.or

81.  The process of claims 74 or 75, wherein the average carbon number of said feed is from

about 5.7 to less than 12.
82.  The polymer obtainable by a process according to any one of claims 1 to 50 and 64 to 81,
83.  The polymer made by a process according to any one of claims 1 to 50 and 64 to 81.

84. A composition suitable for lubricating a gear or roller bearing element comprising the

polymer of claim 82 or 83.

85. A composition suitable for lubricating all engine elements comprising the polymer of
claim 82 or 83.



gas turbine 93. The process according to any one of clains 1 to 50, wherein
said feed conprises from about 20 wt% to about 75 w % of al pha-ol efins

sel ected from 1- hexene, 1-heptene and 1- octene and m xtures thereof, and
about 25 W% to about 75 wt % of al pha-ol efins selected from 1-dodecene,
1-tetradecene, and m xture thereof, based on the conbined weight of -107-
al pha-olefins in said feed and said @ko_duct I's characterized by a viscosity
i ndex of from about 140 to about 375, a KV at 100C of from about 10 to
about 1000 cSt, and a pour point of less than -10C. 94. The process of
claims 64 to 71, wherein said feed conprises fromabout 5 w%to about 85
W % 1-86ex€Tie, paowmtsd emsortdingn t&5ckim %4 ofwlwengin osmd ofctivaet emme sabaltetl- dmmene and

l ess than 80% of any one of 1-tetradecene and 1-hexadecene, based on the
conbi ned W& ﬁ“‘B’F‘Og‘I‘rﬁha- ol ef ni! lﬁn@aa“aﬂ f eed. 9@?@?@6‘&@9"%@%‘6’3@?5@&’ to
claim 64, figteinuGRIPRENyDLODN! hER khdlSsSAl dekivER hndVnltuldy fHeRGEN  and
hydr ogenat i orglg cat éll 5@9 ty?bgi \I/l’e full y&gssat urgt ed1 pol ymer wit hel ow brom ne
nunber of |ess than 2.

87. The process according to claim 1, wherein said activator is N,N-dimethylanilinium

tetrakis(perfluorophenyl)borate

88.  The process according to claim 1, wherein said co-activators are present and at least one
is a co-activator selected from trialkylaluminum compounds, preferably triethyl
aluminum, tri-isobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum, tri-n-

decylaluminum, and tri-n-dodecylaluminum.

89. The process according to any one of claims 1 to 50, wherein said catalyst has a

productivity of >1,000 gram of product per gram of metallocene component.

90.  The process according to any one of claims 1 to 50, wherein said feed comprises from
about 5 wt% to about 85 wt% I-hexene, and less than 25 wt % of any one of 1-octene, 1-

decene, and 1-dodecene, based on the combined weight of alpha-olefins in said feed.

91.  The process of claim 48, wherein said feed further comprises at least about 20 wt% 1-

hexene, based on the combined weight of alpha-olefins in said feed.

92.  The use of a lubricant according to claim 60 in an engine lubricant in automobile, ship or

gas turbine

93.  The process according to any one of claims 1 to 50, wherein said feed comprises from
about 20 wt% to about 75 wt% of alpha-olefins selected from 1-hexene, 1-heptene and 1-
octene and mixtures thereof, and about 25 wt% to about 75 wt% of alpha-olefins selected

from 1-dodecene, 1-tetradecene, and mixture thereof, based on the combined weight of



94.

95.
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alpha-olefins in said feed and said product is characterized by a viscosity index of from
about 140 to about 375, a KV at 100°C of from about 10 to about 1000 cSt, and a pour
point of less than -10°C.

The process of claims 64 to 71, wherein said feed comprises from about 5 wt% to about
85 wt% 1-hexene, and less than 55 wt % of any one of 1-octene and 1-decene and less
than 80% of any one of 1-tetradecene and 1-hexadecene, based on the combined weight

of alpha-olefins in said feed.

Process according to claim 64, further comprising treating said polymer with hydrogen
and hydrogenation catalyst to give fully saturated polymer with low bromine number of

less than 2.



