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PEIJUN JIANG Priority ClaimThis invention clainms the benefit of USSN

60/ 700, 600, filed July 19, 2005. 10 Field of the Invention This invention
relates to cess to produce poly-al pha-ol efins (PA%mgjoogmmmr esence
of a net aIWQ&E‘Hg) 193¢ al yst with a nonlcoordinating anion activator and
hydrogen. Description of Related Art 15 Efforts to inprove upon the '
performance of natural mneral oil-based [|ubricants by the synthesis of
ol i goneri ¢ hydrocarbon fl ui ds have been the subj ect of i nportant research

and devel opnent kﬁwﬁ ears. These
efforts ha\ee Iegk{bolitrgﬁe re ve L@?&gg&% Omar kp(? ‘?@%L c{)]f“%lilrh%f a number
of synthetic |ubri cants In terns of lubricant property inprovenent, the 20.
thrust of th forts involving synthetic |ubricants
have been W@R I ds eﬁm&f{ﬁé eful viscosities over a w de
tenperature range, i.e., |igRTAYEdAMEORERItY index (VI), while also show ng
| ubricities, thermal and oxidative stabilities and pour points equal to or
better than those for m ner HDHBiWALZER vi scosity-tenperature rel ationship of
a lubricating oil is one of #ﬁ@ﬁﬁgﬁgltl cal criteria which nust be

consi dered when selecting a for a particular application. The

m neral oils wused as a base for single and multigrade |ubricants
exhibit a relatively |large change jn \viscos] hange

tenmperature. Fl ui d&isdRysn gP‘f-Plﬁﬁﬂsgh“éhe@ﬁF‘éﬁgﬁﬁgp’%é9?%@%915’%@199 ?H0%i scosity
with tenperature are said to have a |ow viscosity index. Viscosity index is
an 30 enpirical nunber which indicates the rate of change in the viscosity
of an oill0 Wfiuﬂin_.ﬂl_m errperature range. A high VI oil, for exanple,

w il thin out at Il evat rat ures .no ha l. oil.
Usual Iy, a high Vi qug ?%P@i‘icﬁﬁoﬁgpﬂf@%%é%i Sﬁ‘s(%% desirabl e
because it hage isue@aeé ofVd Bealddeie Edtaltit itra doRrgperddiating aniohiabvator and

hydrogen.

Description of Related Art

15 Efforts to improve upon the performance of natural mineral oil-based

lubricants by the synthesis of oligomeric hydrocarbon fluids have been the subject
of important research and development in the petroleum industry for at least fifty
years. These efforts have led to the relatively recent market introduction of a
number of synthetic lnbricants. In terras of lubricant property improvement, the

20, thrust of the industrial research efforts involving synthetic lubricants have been
towards fluids exhibiting useful viscosities over a wide temperature range, i.e.,
improved viscosity index (VI), while also showing lubricities, thermal and
oxidative stabilities and pour points equal to or better than those for mineral oil.

The viscosity-temperature relationship of a lubricating oil is one of the

25  critical criteria which must be considered when selecting a lubricant for a
particular application. The mineral oils commonly used as a base for single and
multigrade lubricants exhibit a relatively large change in viscosity with a change
in temperature. Fluids exhibiting such a relatively large change in viscosity with
temperature are said to have a low viscosity index. Viscosity index is an

30  empirical number which indicates the rate of change in the viscosity of an oil
within a given temperature range. A high VT oil, for example, will thin out at
elevated temperatures more slowly than a low VI oil. Usually, 2 high VI oil is



‘“ translates into better lubrication and better protection of the contacting
machi ne elenents, preferably at high tenperatures and or at tenperatures
over a wwde range. VI is calculated according to ASTM nethod D 2270. 5 PAGCs
conprise a class of hydrocarbons manufactured by the catal ytic

ol i goner i zawmmofmadmneri zati on to | ow nol ecul ar - wei ght pepdyRbS7QE | i near
a- olefin (LAO nononmers. These typicaliy range from 1l-octene to 1-dodecene,
with |-decene being a preferred material, although oligomeric copol yners of
| ower ol efins such as ethyl ene and propyl ene may al so be used, including 10
copolynmers of ethylene with higher olefins as described in U S. Patent
4,956, 122 ansofeliesipdlicttcsnse #fhas highertviscoditgraehigherfdthantockobichhave achi eved

i mportance in th I,ubrica&in, oi | rket. T_picg ly there are two cl asses
of synthetic “W]re"@?éé‘?‘tﬁéﬁtter qu%@gon(agﬁ tteﬁP’E?(ﬁ?éB’a" ROMEHESMAIRA- ol ef i ns,
the two cl ass | : gea%g z L Vi scosity

i ndex PAO s) .a%%%{tss’éggr?ﬂqﬂz?g%gg PA %qg%%&ﬁ@? S?S%Pg\gﬁ%?s@ie{ @wgiréades are

typi cal |y produgedViis caigulpied asoaiing3s ASTM mathod D 22it0al yst's, Specifical ly,

PACs may be produ by the po ization of olefin feed .in.the presence
of a catal¥yst sucﬁﬁggs él“_&ﬂ?,egﬁ%ﬁ&yﬁrﬁﬁ%g%%%ka@@redﬁ%@@§§t3{§m?or t he
production of ol%%ﬁﬂitibn%ﬁﬁh@ﬁﬁﬁon foabwara a8 wdight bRgriubig) bfiMeiit-pat ent s:

U S 20 Patents 3,149,178; 3,382,291; 3,742,082; 3,769, 363; 3,780, 128;

4,172, 855 andolefin gesOnmonomgs. cHhese wrically sangmierp dorcinedo byloderi.ence. PAGCs
are al so disc Qr o 1ML i I o%—ﬁ rcel Dekker:
New Yor k, 198g&ﬁ?%3 @Sé’ﬁle tap%%fé%egn;%tmﬁﬁ,zag@@fb@%%ﬁ r?rségﬁt range
product s are loypr clafihssuch yakting eneaind grapplens ohey atso be eshdcmcluldimgr esi dual

nsaturatjon, generally to a l.evel, of. 25 greater .t 0% -PAO s nma
oo be e bivesihoRE oedt s wihimenstpiofhs AR Bha bR, Paemd RS 2 e ne
presence of aafiGhypRES AFdrRA t6 Blepdin/ HAO prodictd Bavel deBidedd iR ithifceGRER! YSt S.

These include, for exanple, alum num trichloride, boraon_ trifluoride,

al um num t r | civbevaties 0B ki oRyRIPHIB e Pigéwp eloprse eteynilietinhygdeearbonsi th
al cohol s suchag s@s}ﬂﬁ{ﬁ%ﬁmﬁﬁ’&ﬁﬂ%m aﬁh%ﬂ}#ﬂ%%ewo@cmséé%rf%% 30 acids, or

with esters suc acetate or "e ropi onate of ether “such as
di et hyl et her dendted 2o PAGQand HYIRRAQ (kipk vis¢Bip ifdox PACEPPAQO'Y 4vd Hiek hods

di scl osed . Patents,. 4,149,178 or 3,382,291), O her descri.ptions of PAO
Gyt host 15 PP S5 ETRE: Upd st BPE SR SR RO EABEL o1 | owi g
U.S. Patents: AR/ 44982 (Brennan); 3,769,363 (Brennan); -

Specifically, PAOs may be produced by the polymerization of olefin feed
in the presence of a catalyst such as AlCl3, BFs, or BF; complexes. Processes for
the production of PAOs are disclosed, for example, in the following patents: U.S.
20  Patents 3,149,178; 3,382,291; 3,742,082; 3,769,363; 3,780,128; 4,172,855 and
4,956,122, which are fully incorporated by reference. PAOs are also discussed in:
Will, J.G. Lubrication Fundamentals, Marcel Dekker: New York, 1980.
Subsequent to polymerization, the PAO lubricant range products are typically
hydrogenated in order to reduce the residual unsaturation, generally to a level of
25  greater than 90%. HVI-PAQ's may also be conveniently made by the
polymerization of an alpha-olefin in the presence of a polymerization catalyst
such as Friedel-Crafts catalysts. These include, for example, aluminuni
trichloride, boron trifluoride, aluminum trichloride or boron triftuoride promoted
with water, with alcohols such as ethanol, propanol, or butanol, with carboxylic
30  acids, or with esters such as ethyl acetate or ethyl propionate or ether such as
diethyl ether, diisopropyl ether, etc. (See for example, the methods disclosed by
U.S. Patents 4,149,178 or 3,382,291.) Other descriptions of PAO synthesis are



3,876,720 (Heil man); 4,239,930 (Allphin); 4,367,352 (Watts); 4,413,156
(Watts); 4,434,408 (Larkin); 4,910,355 (Shubkin); 4,956,122 (Watts); and
5,068,487 (Theriot). 5 Another class of HVI-PAGCs maybe prepared by the
action of a supported, reduced chromiumcatalyst with an al pha-olefin
nmonomrer . SuBio BE@19Be described in U S. Patents 4, 827, BFBusidesn27943 827, 064
(Wi); 4,967,032 (Ho et al.); 4,926,008 (Pelrine of al.); and 4,914, 254
(Pelrine). Commercially available PAGCs include SpectraSynTM 2, 4, 5, 6, 8,
10, 40, 100 and SpectraSyn U tra 150, 10 SpectraSyn UltraTM 300, SpectraSyn
UltraTM 1000, etc. (ExxonMobil Chem cal Conpany, Houston Texas). Synthetic
PAGCs have f oufoundindie fatlowpgdiSl Patynis 342 ORDBrenmh); SIk6OE63 (Brennddhe | ubri cant

| ubr i cant  pr obt¥e (0 e nto SO EhEm R S0 et e Ap 86 DR et

| ubricants 154@/@3'(3%1&:9 Pé\méésmsﬁﬁbl@x)hubsmmvm@j whd ¥i06¢,a87 ties over a

w de range of erature, i.e., |rrproved viscosity i ndex,  while al so
show ng Iubrl(('a[ihfﬂyo0 -t her nal and oxi dative stability and pour point equal to

or bet ter Jhan m ne e ol oFHIOESACK kL YEbIABYHRMILIEL £ iBtdgcant s | ower

mechani cal™ friction, enhancing nec y over spectrum
of mechani calretlmad shranfurd eatalysowith amalplolefimondmsrg Suclf PAPee@t i Nng condi ti ons

h i o] Per f
becon ng' 1 nor sy U Pcisa 7 AR PRASEDEA (WaR AR 33 et aes, “such as
hi gh vi scosi tyojdstaphithd et al) MANENY 220 (Pinind) OGN IYPADL gh shear

stability, inproved wear formance, increased thermil 1%lnd oxi dative

stability, andclode SpedaSyn s@oéaiﬁ £905 4(h 400 any Spepieadan dlire et new
per f or man br.i such new
PACs wit hfqerrp P33\%/ r %%Tr”{ |§)6e0$ hﬁec agﬁggﬁrnemzmé) %é%?g$w8%g¢/§ g&gn made to

prepare vari oOsmpA@sHostsigTex@t)l | ocene catal yst systens. Exanpl es include US

6, 706, 828 (equi val ent to 2004/ 0147693) , re PAGs are, produced from
mesa-forms of certsé‘iﬂﬁleﬁﬁp'#&sé’w%@@ﬁ ?@&g W‘aﬁa]rr{})lﬂ?eéﬁ@n pressure

with methyl aly¥eas fef Br tk@ﬁfih;gm ity to‘iﬁlﬁ&@lﬂﬂ&éd"lﬁb&éﬁﬁp iickn®bs US

6, 706, 828, however, uses rac- I bi s(2-nmet hyl -i ndenyl) zi rconi um
di chl ori de i niubtesnt prapértyninyirovenwgy, mwemamhleﬁvmmmﬁtm Pbaigants)

met hyl al UPX e QGW%A%} ﬂljﬁ 9 gdn&h}ug HseRll SREoK s %ver e dlrdg %e OP produce
temperature, i.e., improved viscosity index, while also showing lubricity, thermal
and oxidative stability and pour point equal to or better than mineral oil. These
relatively new synthetic lubricants lower mechanical friction, enhancing
mechanical efficiency over the full spectrum of mechanical loads and do so over a
20 wider range of operating conditions than mineral oil lubricants.
Performance requirements of lubricants are becoming increasingly
stringent. New PAQOs with improved properties, such as high viscosity index (VI},
low pour point,'reduced volatility, high shear stability, improved wear
performance, increased thermal and oxidative stability, and or wider viscosity
25  range, are needed to meet new performance requirements for lubricants. New
methods to provide such new PAOs with improved properties are also needed.
Efforts have been made to prepare various PAOs using metallocene
catalyst systems. Examples inchude US 6,706,828 (equivalent to US
2004/0147693), where PAOs are produced from meso-forms of certain
30  metallocene catalysts under high hydrogen pressure with methyl alumoxane as a
activator. Comparative example D of US 6,706,828, however, uses rac-

dimethylsilylbis(2-methyl-indenyl)zirconium dichloride in combination with



pol ydecene ~TTREW S€, WO 02/ 14384 di scl oses, anong ot her things, in exanples
| and I C the use of rac-ethyl-bis(indenyl)zirconiumdichloride or rac-

di met hyl sil yl -bi s(2-met hyl -i ndenyl ) zirconiumdichloride in conbination with
5 MAO at 40 C (at 200 psi hydrogen or 1 nole of hydrogen) to produce

i sotactic reportedly having a Tg of -73, 8C, parH¥2608b43702 cSt,
and a Vi ofﬁeg@gﬁﬁg?ﬁto produce pol ydegene reportedly having a Tg of -66 C

a KVlioo of 1624, and a VI of 341, respectively. Further WO 99/67347
discloses in exanple | the wuse of ethylidene

bi s(tetrahydroi ndenyl)zirconi umdichloride in conbination with 10 MAO at 50C
to produce a pmﬂwﬁ&nmnmnh@@hﬂ@mdﬁoﬂﬁHdmepmﬂﬂ@@0§hmh®§m&0pnxmmadene doubl e

bond content. ers such decene,. using
various net ap? S LREfRe gﬁ%‘?ﬂ’@% tqfong} 14? %ﬁ“éj‘?ﬁe’ff RIEaR &Eﬂ’%dﬂc%m%ﬁmer s or
ol i gomers wi t fan@R¥héwe oF fdctethydGis(Rideny])ziaemiinh ehlofia b WO 96/ 23751, EP 0
613 873, US 15 5, 688,887, US 6,043,401, WO 03/020856 (equivalent to US

2003/ 0055184) dﬂwyl%fybhm(msthylusdwyb)iwcwem dighlegide 1u coyohination Withy 04, 491, US
6, 133, 2009, tall
have not foﬁgglw 3e @p% #ﬁ)l ﬂﬁr ﬁor?ﬁ%é\ﬁé(@f délgé)ztgﬁ%glr%\h&ﬂ?gﬁs t(r)]genes

| ubri cant mar pdy@écamepmmlmvﬁigai'f\@éif—ﬁﬁﬁﬁhtal’p‘f@mfémz cSt)and aWdoproperty
deficits. The nt i nveniion addres uch nd r ds provi di ng
now PAG 5 hav P45 S RuPH R PO SHGIRS T o Lot PHanE DG of BRI POV br ocess t o
produce them aﬁeﬁaﬁl5ﬂﬁ17%ﬂp&ﬁ9&yVﬁh%W@9%7m£cm&31ﬁ]e§aﬁ 14 6, 548, 723)

25 di scl ose producti on of gonmer oils using certain nmetallocene catalysts,

typically i numﬁ@mﬂdﬁmrblsﬂetrahmdmm@any%mmmchlmqmwomizmathrn wih 40 to 44
f US &, t di, t
?et ra subﬁl t%%@gﬂ g% ?%duéeh%f d‘:(?%%%%&ﬁ%n%ljag}\%#fsﬂgpﬁ%hg%g?al I Iocen:als g; e

useful for pr@ﬂyhddneldoﬁﬁlehmglttomen’scom ty polyal phaol efl ns, ( viscosities it
he range of 20 to 8}?0 cSt a 10.00% gg)dvvltg ved Ids wher eas penta
R ky b oubst i tut ed Oy s B PARGh a5 PRGHSe, (B tainD1 1073

PCT/ US2006/ 02 4Qft8occne RetlyHSHe/ t%ﬂa@aaﬂy Idowado ﬁ%ﬁc@polﬁ'ﬁ’&@ oﬁ&l?gomemwmhe benefi t

of USSN 60/700,600, filéed July 19, 2005 descri bes roduction of |iquids
from nonomer ETHPeFiAg tatieity. ﬁ&ia@?@k@éml’éﬁeo\ﬁ@ Q@Hél:r]ﬁ’c%ﬁl 8elal | ocenes and
hon- 15 5,688,387, US 6,043,401, WO 03/020856 (equivalent to US 2003/0055184), US

5,087,788, US 6,414,090, US 6,414,09'1, US 4,704,491, US 6,133,209, and US

6,713,438.

To date however, PAO's made with metaliocenes have not found wide

applicability in the marketplace, particularly the lubricant marketplace, due to
20  inefficient process, cost and property deficits. The instant invention address such
and other needs by providing new PAQ's having excellent property combinations

and an improved process to produce them.

US 6,548,724 (equivalent to US 2001/0041817 and US 6,548,723)

25  disclose production of oligomer oils using certain metallocene catalysts, typically
in combination with methyl alumoxane, Column, 20, line 40 to 44 of US
6,548,724 indicates that Examples, 10-11 indicate that di, tri or tetra substitutions
on the cyclopentadienyl rings of the metallocenes are useful for production of high
viscosity polyalphaolefins, ( viscosities it he range of 20 to 5000 ¢St at 100°C)

30  with improved yields whereas penta alkyl substituted cyclopentadienyl rings are

poor.”



coordi nating anion acti vators. 5 Other references of interest include:
EP0284708, US5846896, US5679812, EP0321852, US4962262 EP0513380,

US2004/ 0230016, and US6642169. Summary of Invention 10 This invention
relates to a process to produce a pol yal pha-olefin conprising: 1)
contacti ng Rpes@lerf®@s e al pha-ol efin nononers having 3 t ed4us26@fobBEs at ons
with an unbridged substituted bis cycl gpentadi enyl transition netal
conpound having: 1) at |east one non-isool efin substitution on each 15
cycl opentadi enyl ring, or 2)at |least two substitutions on at |east one

cycl opent adi enyl ring, preferably having at | east two substitutions on each
cycl opent adi enyl rPRI/UNGAI23¢ dideddiune,i2R06 elaiming thetbenefitof USAND optional ly an

oL UM TR IS ook B2 b RSL ot R g et comound

present then tihodRrsMlvitg 518014 Radbn atoltl hisiag tHvkmicheaigrens’dnd aofir ansi tion
metal conmpound is 1.4 tao 4000:1, under polynerization conditions wherein:

i) hydrogen |§0%de@emma9neptwa#0ﬁ al pressure of 1 to 50 psi or a hydrogen

concentraticon of 1 q?@g t he
reactor; :‘sl) \/\/nergﬂtrﬁé}tr?Efgmg'l]%g H{{}m??ﬁzﬁ%ﬁﬁ%}ﬁrﬁgﬁ %ﬂ% E@é?«%@?@ Zgggér bon
atons are 25 ER0B2ERSD, HS49B22@EB®&3%0;US@O@¢EOM@E&JanquSéﬁ%G?ot al volune of
t he catal ystlactivator/al kyl al um num conpound sol uti ons, nononers, and any
di luents or solvents present in the reaction; iii) the residence tirre of the
reaction is atguhR@sy oPI¥bmithes; iVv) the productivity, of the process is at
| east 43,000 g of total product per 30 gramof transition nmetal conpound;
v) the process is continuous or sem -continuous, WO 2007/011973
PCTNS2006/,Q27943 I ' does not rise
by nore tﬁgn 10 C qﬂgyusrl%‘rr\%ﬁ?%{e&é{gsgtét tpg(%c%ss'tga}o\';ilﬁ %E@zﬁ%}?ﬁh n&18fﬁ§ not present at
nore than 30 woiprigingd of the nononmers entering the reaction zone; 5 and 2)

obtaining a pol yaI & Okgﬁtécrt'mg?)ﬁ%r mo etaip a—ollele an%Eno na%&ﬁgn.’,gto qu

carbon atoms with an unbridged substituted bis cyclopentadienyl transition metal

compound having: 1) at least one non-iscolefin substitution on each
15  cyclopentadienyl ring; or 2)at least two substitutions on at least one
cyclopentadienyl ring, preferably having at least two substitutions on each
cyclopentadienyl ring, a non-coordinating anion activator, and optionally an alkyi-
aluminum compound, where the molar ratio of transition metal compound to
activator is 10:1 to 0.1:1, and if the alkyl aluminum compound is present then the
20 molar ratio of alkyl aluminum compound to transition metal compound is 1:4 to
4000:1, under polymerization conditions wherein:
i) hydrogen is present at a partial pressure of 1 to 50 psi or a hydrogen
concentration of 10 to 10,000 ppm, based upon the total pressure of the reactor;
ii) wherein the alpha-olefin monomer(s) having 3 to 24 carbon atoms are
25  present at 10 volume % or more based upon the total volume of the
catalyst/activator/alkylaluminum compound solutions, monomers, and any
diluents or solvents present in the reaction;
iii) the residence time of the reaction is at least 5 minutes;
iv) the productivity of the process is at least 43,000 g of total product per
30  gram of transition metal compound;

v} the process is continuous or semi-continuous,



PAO, wherern the PAO conprises at [east 50 noble% of a C3 to C24 al pha-olefin
nononmer, and wherein the PAO has a kinematic viscosity at 100C of 20 cSt or
| ess. 10 Detail ed Description of the Invention As used herein, the new
nunbering schene for the Periodic Table of the Elenents is used as set out
i n CHEM CAL 6NR NG NEERI NG NEws, 63 (5), 27 (1985). 1%dyntReseikerw se
stated all préssurés in psi are psig. Ror purposes of this invention and the
clainms thereto, when a polyner or oligoner is referred to as conprising an
olefin, the olefin present in the polynmer or oligonmer is the polynerized or
ol igonerized formof the olefin, respectively. Likew se the use of the term
pol ymer is meant t wvi)érdempasivreioninpehation zenedngs A6 rso pyinyore then 10AEr e

copol yrmers i ngl ude.an ol r having two or nore chemcally distinct
nmononers. Lik W%gethﬁ%c'g%gﬂn& the termoligomer is meant to enconpass
horool i goners and ¢@QdthA&#EES ot hieat 608 ThaPBEvSluing 6 UfiBe aftyiomelsi goner or
having two or nore chemcally distinct nonomers. For purposes of this

di scl osure, t K&iering hestaciIneer efers to conpositions 25 having 2-75 mer
units and hemtuf:rm pol ymer refers to conpositions having 76 or nore ner
units. Aner is defined as a unit of an oligonmer or polynmer that originally

corresponded to thg) ol ebbtaifimp aypsbeipha-cdidfm BAO)optivhaibt iydrogenatingdhey ner i zat i on
reaction. For ample, th r of, pol ydecene woul e decene. For the

bur poses. of RS, Mhsiein P w AT toriis A RE el A o oy G lgpiokn

" Pol yal pha- ol e{dnBmer, aRPW}GERNBOPRD Has 2 kiemaliddscdsity bUReC BepPadtiogoner s,

cool i goners, honopol'yners and copol yners of C3 or greater al pha-olefin
monomers. WO ¥367/011973 PCT/ US2006/ 027943 7 For the purposes of this

i nventi onland the clains thereto the active species in a catalytic cycle
may conprise the neutral or ionic forns of the catalyst. The term "catal yst
systent is deDetidd Desoription af thalmleyién precursor/activator pair, such as a

nmet al | ocene/ acti vator pair., en "catal yst 5 system is used tg describe

such a pair befor eAaeﬁﬁia}}m%\ﬁre pew ﬁ@ah%mﬁﬁéwm?a@ﬁ reedio ffaﬁapﬁéﬁ _

(precatal yst) HQuskde sl as Retdfit AOEHAELAL ARPENcIRBERIRE NEWE,; 65 c @7 act i vat or
(1985).

15 Unless otherwise stated all pressures in psi are psig.

For purposes of this invention and the claims thereto, when a polymer or
oligomer is referreci o as comprising an olefin, the olefin present in the polymer
or oligomer is the polymerized or oligomerized form of the olefin, respectively.
Likewise the use of the term polymer is meant to encompass homopolymers and

20 copolymers, where copolymers include any polymer having two or more
chemically distinct monomers. Likewise the use of the term oligomer is meant to
encompass homooligomers and cooligomers, where cooligomers include any
oligomer or having two or more chemically distinct monomers.

For purposes of this disclosure, the term oligomer refers to compositions

25  having 2-75 mer units and the term polymer refers to compositions having 76 or
more mer units. A mer is defined as a unit of an oligomer or polymer that
originally corresponded to the olefin(s) used in the oligomerizatton or
polymerization reaction. For example, the mer of polydecene would be decens.

For the purposes of this invention and the claims thereto the term

30  "Polyalpha-olefin," "polyalphaolefin," or "PAO" includes homooligomers,
cooligomers, homopolymers and copolymers of C3 or greater alpha-olefin

monomers.



(such as a trralkylal uni num conpound). Wen it is used to describe such a
pair after activation, it nmeans the activated catalyst and the activator or
ot her charge- balancing noiety. Additionally, the catal yst system may
optionally conprise a 10 co-activator and/or other charge-bal ancing noiety.
" Cat al yst p%%{i??ﬁﬁﬁi s also often referred to as precatplygiood@atat yst,
precursor, netallocene, transition nmeta conpound, unactivated catal yst, or
transition nmetal conplex. These words are used interchangeably. Activator
and cocatalyst are al so used interchangeably. A scavenger is a conpound
that is 15 typically added to facilitate oligonerization or polynerization
by scavengi ng i npliot the psrpoSsé tiisiaveniperad theylaiins thezte theaschitspedesor s and
maybe referred to.as,. cosactivators., A cp-.activator ,ch is not a scavenger
Ty 8l 5o be udeborRve SRITTRY FRE e hehRaE Inlf P AR E0t or m an
active catalyst w tre il sQ@ftemRiRine&OORMNIAE calayss ONE enbodi nents, a
co-activator can be pre-mxed wth the 20 transition netal conmpound to form
an al kyl at ed PreshEsPYchivateppal sedngseundallogpredctiveipepae dWhen petalist al kyl at ed
catal yst cenp 0 I U f b.Silynvention
and the cl gi n@ﬁ%ﬁr%t“%éd%r@%)cg@g?ﬁ%%é\%%gﬁﬁgﬁw(a R&)ﬁﬁ%ﬁgéﬁuﬁ% Vta%edrrean an
ani on whi ch eichiabst (@reestalyst) tappthetivith be adtivatoh end, optiodayly] a eeschivatont | on or t hat

coordi nates only, weak| the netal cation. An NCA 25 cgordinates weakly
enough t hat a?ﬂéﬁ?ﬁ EF“MW%?O@PBH a 1B1Sé‘lsg‘:ﬁ° Fq‘ﬁ’eévchaal?,aértyl enical ly
unsat ur at ed MIRSREvatfANit Heakd A6 ﬁcﬁﬁateﬁrcﬁmlg{s%d(iﬁé tvdlor 6ERh& charBly Metal or

metal l oid that can forma conpatible, weakly coordinati n}gy compl éx with the
cat al yst net albaleatinpmoiedy. Additiseadlyothe canlyetisysemimeait dptiondhceopdisnat i ng ani on.

Suitable ngtal s includ ut are not.limted to, alumnum gold, and

pl ati num “30 i f’@%\ug togf’{hglf %&eﬁoca?a&allgl%%boﬁ?t&'are not limted to, boron,

al um num phosphor ugatalysiiste@irdor'CioAlso Afishidgdredso af pirreaalgapsadilivgt | Nng ani ons
conprises stoichionetric, activators, be either neutral or ionic.

ich ca K
The terns ionip&ca@ex:m%}ose%ammw%mw BRoUSe e ErTou3 8
St oi Chi OMBL 'l GrahGinfmBtal boANIEE. Pile WErddSRALALREECARBAAAP! Notivhlok o S€.  the

ternms neutral stoichionetric activator and Lew s acCid ‘activator can be used
i nt er changeablcgeatglyst aredilsa used inderchomgeably. | & scamgngso kit adongopsd thatiswhi ch a

f 2221 c gln e gl 2? Et#pi?a&ly%;l&%iﬁ tgfgcl'jwé#e;o?fglm%];riiﬁéioﬁ or Fol%mggfalﬁgg b? Eé(a%gfgiﬁgav ing at

impurities. Some scavengers may also act as activators and may be referred to as

co-activators. A co-activator which is not a scavenger may also be used in
. conjunction with an activator in order to form an active catalyst with a transition
metal compound. In some embodiments, a co-activator can be pre-mixed with the
20 transition metal compound to form an alkylated transition metgl compound, also
referred to as an alkylated catalyst compound or alkylated metallocene.

For purposes of this invention and the claims thereto noncoordinating
anién‘ (NCA) is defined to mean an anion which either does not coordinate to the
catalyst metal cation or that coordinates only weakly to the metal cation. An NCA

25  coordinates weakly enough that a neutral Lewis base, such as an olefinically or
acetylenically unsaturated monomer, can displace it from the catalyst cen;ter. Any
metal or metalloid that can form a compatible, weakly coordinating complex with
the catalyst metal cation may be used or contained in the noncoordinating anion.
Suitable metals include, but are not limited to, aluminum, gold, and platinum.

30  Suitable metalloids include, but are not limited to, boron, aluminum, phosphorus,
and silicon. A subclass of non-coordinating anions comprises stoichiometric

activators, which can be either neutral or ionic. The terms ionic activator, and



carbon atom and whi ch possess at |east one C to C38 al kyl branch al ong at
| east a portion of each chain. Preferably the al kyl branch is C3 to C12. 10
Pol yal pha-ol efins In a preferred enbodiment, this invention relates to

i quid pol yal pha- ol efins (PAO s) conprising nore than 50 nole % of one or
nmore C3 to CYQ287MAYTI3 ol ef i n nononers, preferably 55 nol PCHER2001927943
preferably 60 nole % or nore, preferablBy 65 nole %or nore, preferably 70
nole % or nore, preferably 75 nole 15 % or nore, preferably 80 nole % or
nore, preferably 85 nole % or nore, preferably 90 nole % or nore,
preferably 95 nole % or nore, preferably 100 nole % based on the total

nol es of nononwichigmeiEeionic astivater gsn by apgstintervhangenblyafikemisgsihe tdmby Car bon
-13 NVMR  For Al S i . j reto, aliquidis
defined to 2 tga?gt%%ahgé‘?eltu% g‘t“hgﬁ\%fdo%@% %%%a&%%&ﬁeaé%&e, havi ng a pour
poi nt of | ess iitkehangedly. and with no nel ting point above OC and a ki nematic
viscosity at 25C of 0,000 cSt or less.. | anoh}[;gr qiglodi ment, any of the
pol yal pha- ol ef i ns et 9Pe 1936508 1S7IY SPHRBFAD 1Y VRichE 2t 158710800 ppm of

G oup 4 nekal %Cg@%ef erably Ti, H or Zr), 25 preferably |ess than 200 ppm
preferably |l ess than 100 ppm preferably less than 50 ppm preferably |ess
than 10 ppm as nedsoeletin’by aAsHohal8kne having ot laast osedettiryrentuateanayy of t he

pol yal pha-ol efins described ,herein r ef erabl y~ haye .| es han, 300 ppm of Ti,
preferably | e§§r%?1?13tﬁ%8 VEIB?R po&?@?@?@%ﬁ??fm btol%égm%tgﬁn%wa%?ef erably

| ess than 50 ppfionRFeiddrchbiny Prefe@biyiRialityl bdidh i9G, torgasured by ASTM 5185. WO
2007/ 011973 PCT/[ TS2006/ 027943 9 I n anot her enbodi nent, any of the

pol yal pha-ol efins descri bed herein preferably have | ess than 300 ppm of Hf,

pref erabl ygl ep3rLRio ppm preferably 1less than 100 ppm preferably |ess
than 50 ppm p'r'e‘{a%‘a‘o@?ess than 10 ppm as neasured by ASTM 5185. 5 In

anot her enbodi ment In apsefafedtelrbopimons tih tnvedtishrslatte scliqhé dolgaiples-n  -preferabl y

rave 1655 LN 00 ORI 535, 400 208, PORL BiElghetly |05

nmeasured by AJldinIddtomets) pRAGhbio s eifOw dFRibre, padférably 60RoB O ¥aheea- ol ef i ns
described h.e‘r %;'er%erably 65 mole % or more, preferably 70 mole % ot more, preferably 75 mole
15 - % or more, preferably 80 mole % or more, preferably 85 mole % or more,
- preferably 90 mole % or more, prefera‘t;ly 95 mole % or more, preferably 100
mole % based on the total moles of monomers present in the polyalpha-olefin, as
‘measured by Carbon -13 NMR.
For purposes of this invention and the claims thereto, a liquid is defined to
20  be amaterial that flows at room temperature, having a pour point of less than
25°C, and with no melting point above 0°C and a kinematic viscosity at 25°C of
30,000 cSt or less.
In another embodiment, any of the polyalpha-olefins described herein
preferably have less than 300 ppm of Group 4 metals (preferably Ti, Hf or Z1),
25  preferably less than 200 ppm, preferably less than 100 ppm, preferably less than
‘ 50 ppm, preferably less than 10 ppm, as measured by ASTM 5185.

In another embodiment, any of the polyalpha-olefins described herein
preferably have less than 300 ppm of Ti, preferably less than 200 ppm, preferably
30 less than 100 ppm, preferably less than 50 ppm, preferably less than 10 ppm, as
measured by ASTM 5185.



10 preferably have | ess than 100 ppmof Goup 13 netals (preferably B or
Al), preferably |ess than 50 ppm preferably I ess than 10 ppm as neasured
by ASTM 5185. I n another enbodi ment, any of the pol yal pha-ol ef ms descri bed
herein preferably have | ess than 100 ppm of boron, preferably | ess than 50
ppm 15 pref¥PAM7AP1198Es t han 10 ppm as neasured by ASTMIETAE2006/627400t her
enbodi nent, any of the pol yal pha-ol efi n® described herein preferably have
| ess than 600 ppm of alum num preferably |ess than 500 ppm preferably
| ess than 600 ppm preferably I ess than 300 ppm preferably less than 300
ppm preferably |l ess than 10 ppm preferably | ess than 50 m preferably
| ess 20 than 10 pph argthenem @antbwméﬂmmhamefmd@mxbeg oidl] rrent any of

ver age. ol ectrdrenSEafiiREuA 0 6 3 el d B iRMC ang
80, 000, pr ef enabkhanh o0 paa préfthbaridssaRanBiChpm, pratérablaiésy that0gpm, 280 and

50, 000, preferably betggen 336 and 40,000 g/nol. 25 (Preferred MV s include
those from 22ngagire 18Perably from 392 to 30,000, preferably 800 to

24,000, preferably 0 [ I ed MV s

|ncI ude 224 to abogfm%%ﬁé %ﬂ?gﬁt %ﬂgﬁgﬁd‘%ﬁ%ﬁ di@fﬁrﬁ @é?%it%ﬁgg&éﬁr%bodl ment, any
of the pol Iyal mll'ﬂfemlblgma‘;]mlemmf SBOﬂqunhdr?m prefepablsf bsﬂbﬂyfmmbl @Ebf?mblanurztggr |
aver age nol ecul ar 0 ess ra et ween an
40, 000, prefe ﬁﬁﬁé@a&éw %@H‘%&&B M%P&%‘Fﬁlﬁ SR8 and 20 000
g/ mol . (Pref endiegirbdbEASTRE 5186, t hose from 280 to 10,000, preferably form

280 to 4000. Alternately preferred WMn's include WO 2007/011973
PCTI US2006/ 027943 Irwloth%g@b@c}l@mltzwqféhezwlma-qi @fSélembydhg‘em to 10, 000,

or of or abl 3 260 G738 R IRk Sobd 1R Ns BRAGEEGR S & oa et any
of the polyal mkﬁfemblgﬂmﬂﬂa% ppine prefeeatdy lesSthpn 0 ppa/dsymdaawed by ASEMVh  of

greater than gfd | ess than 5, preferably less than 4, preferably |ess
t han 3, prefer‘% 'y less than 2.5, preferably less than 2. Alternately any

of the polyal pha- Ohﬁiﬂoﬂ&rgﬁﬁﬁlmléﬁtdmhﬁff%ébd!ﬁﬁﬁﬁtﬁbﬁﬂé d%@dtﬁwe@ﬂerew M of

between 1 and 2.5, alternately between and 3.5. The Mv, WMh and Mz are
measur ed by Gresfergbldav aulsssrbaral Watptmef tfoﬁqﬂ, preferably less than 50 ppm,

-15  preferably less than 10 ppm, as measured by ASTM 5185.

In another embodiment, any of the polyalpha-olefins described herein

preferably have less than 600 ppm of aluminum, preferably less than 500 ppm,
preferably less than 600 ppm, preferably less than 300 ppm, preferably less than
300 ppm, preferably less than 10 ppm, preferably less than 50 ppm, preferably less

20  than 10 ppm, as measured by ASTM 5185.

In another embodiment, any of the polyalpha-olefins described herein
preferably have an Mw (weight average molecular weight) of 100,000 or less,
preferably between 100 and 80,000, preferably between 250 and 60,000,
preferably between 280 and 50,000, preferably between 336 and 40,000 g/mol.

25  (Preferred Mw's include those from 224 to 55,100, preferably from 392 to 30,000,
preferably 800 to 24,000, preferably 2,000 to 37,5000 g/mol. Alternately
preferred Mw's include 224 to about 6790 and 224 ta about 2720).

In another embodiment, any of the polyalpha-olefins described herein
preferably have an Mn (number average molecular weight) of 50,000 or less,

30  preferably between 200 and 40,000, preferably between 250 and 30,000,
preferably between 500 and 20,000 g/mol. (Preferred Mn's include those from
280 to 10,000, preferably form 280 to 4000. Alternately preferred Mn's include



10 nediumto | ow nol ecul ar wei ght pol yners, tetrahydrofaran as sol vent and
pol ystyrene as calibration standard, correlated with the fluid viscosity
according to a power equation. Unless otherw se indicated Mv val ues
reported herein are GPC values and not cal cul ated from ki nematic viscosity
at 100C. In Qfﬂﬁ[ﬂﬁ;ﬁ;& d enbodi nent of this invention, any PAO descri bed
herein 15 may HAVE gour poi nt of Iessﬁ han 0 C (as meastffEUS28Y5/048+ D 97),
preferably less than -10 C, preferably Tess than -20 C, preferably |ess
than -25C, preferably Iess than -30C, preferably |ess than -35C, preferably
| ess than -40 C, preferably less than -55 C, preferably between -10 and -80

C, preferably,between, -15 -.7QC. I ref.erre L.ment of this
i nvgnt i on, aﬁgwﬁﬁ%%@&@g%? ggﬂg&ﬂé?%?r%b Yﬁé@%ﬁb@‘”ﬁﬁ%‘#ﬁ%@%&m ty (at 40C
as neasured byrefsziiMyBod 452000! preFerabRO2K0 182000, pResbI 2008 1900, prifeRbBr ably from
about 4 cSt to about 500 cSt at 40 C, alternately fromabout 4 to about 4

cSt, preferabB§0ta¥®)about 5 cSt to about 400 cSt, preferably from about 5

cSt to about 300 Cﬁga:%he??@ag?%ﬁgntl %}@?%ﬁ%‘?@’;@%ﬁéﬁﬁ&cﬁ%ﬂ&&ﬁg to the

present invention, "any polya erern nay have a
Ki nemati c §i spaferahlydiavd QOAw/Nane gleatet thin b aidlessathaus, p2éfeably, legiieher ably from

about 1.7 to about cSt, preferaply fromabout, 1.8 ¢St to about 12 cSt.
30 I n anot her 4%%4%%5 @%&Rﬁfﬁ’@&yﬁes’?H@nﬁrseg’@ifﬁrémmféﬁ%% any pol yal pha
ol efin descri ' 4l b | | QoG from1.8 to
050 2007 011 STl SFe AW AR e 8 0B Bed i %aﬂgﬁlf%%{rﬁﬁ%gilnt of 150 C or
mor e, pref er ably/Noof @tweennioand X 5 slteraadeybetveeby awdSTH D 56). | n anot her
enbodi nent accordi t.he ent_inventi n | yval ol.efin

descri bed herein eh@v\"/’é\qﬁmg‘{ﬁllszé‘ﬁetrp?aémg‘gﬁ%&Egm‘#&%}%n%ér)&ﬁ LI ke at 23
5 C as defier nhidémbio 165 ThbiEda49eight Polgmers Netratgtivddhneniolancardi ng to the

present invention any polyal pha olefin described herein_nay have a specific
gravity of 0. pelygigreyegscyl n stapdaad.cpaplptpd withdhe g vigosily ageerdma o paO s

pr epar ed Ner ey oAk Ahiked RSOl 5 58k sipd ISP are B NOSE i th

a KvI00 of 20 ess), are especially suitab hi gh pertormance
values and not calculated from kinematic viscosity at 100°C.

In a preferred embodiment of this invention, any PAO described herein

15 may have a pour point of less than 0 °C (as measured by ASTM D 97), preferably
less than -10 °C, preferably less than -20 °C, preferably less than -25°C, preferably
less than -30°C, preferably less than -35°C, preferably less than -40 °C, preferably
less than -55 °C, preferably between -10 and -80 °C, preferably between -15°C and
-70°C.

20 In a preferred embodiment of this invention, any PAO described herein
may have a kinematic viscosity (at 40°C as measured by ASTM D 445) from
about 3 to about 1,000 cSt, preferably from about 4 ¢St to about 500 ¢St at 40 °C,
alternately from about 4 to about 4 cSt, preferably from about 5 ¢St to about 400
cSt, preferably from about 5 ¢St to about 300 cSt at 40 °C.

25
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 20 cSt, preferably from about 1.7 to about 15 cSt, preferably from about 1.8
¢St to about 12 ¢St.
30 In another embodiment according to ‘Ehe present invention any polyalpha

olefin described herein may have a kinematic viscosity at 100°C from 1.8 to 12



autonotive engine oil fornulations either by thenselves or by blending with
other fluids, such as Goup Il, Goup IIl+, Goup Ill, Goup Ill+ or Tube
base stocks derived from hydroi sonerization of wax fractions from

Fi sher-Tropsch hydrocarbon synthesis from CO H2 syn gas, or o/t g Goup IV
or G oup W@3asdN187%t ocks. PAGs having KV100 s from 3 PEITYSZ00L3 o1 o al so
preferred grades for high performance autonotive engine oil or industrial
oil formulations. In another enbodi ment according to the present invention,
any polyal pha olefin described herein my have a viscosity index (VlI) of 90
or nore, prefaakhYiag n%fl@@r"é,orﬁio}eegf&%r@dl zécrmrﬂfﬂ&eg g%reéll ternately
from 120 to 280, alternately 20 from 100 to 00 alternately tfrom 140 to
300, . For rrahyASE%D%bscosr ty fluids nade from 1-decene or 1-decene

equi vaI ent feedsy]gﬁKVr t ref erred Vi e is from90
Lo 500, Vi scoer &y e BEbGib ek o bF Frosd Flyehee el BT © 5270°05
[1998] . All Kiefif GBdctiBedvhésiaghiphaveh URkctiie RetisiAaf of DS of letd dkrhattesn are
nmeasured at 25 100 C unless otherw se noted. Dynamic viscosity can then be

obt ai ned by &g datsminedPn AETMEA82Med ki nematic viscosity by the density of

the liquid. The / nmonl
conver'? ed to cSt %lpiné@ﬁ P&Ll ﬁﬁ%ﬁ&@%ﬂé%@%h@ﬁn@é@eﬁt&%ﬁ% Fgec) ¥he
PRO s pr oduceléﬁadesnnblemlgsrem hdyi Imve aveoific@mvityef 0P ite@bé gedi'rers, 30

trimers, tetra r ,old goners of one or nore C3 to C24 olefin
nmononers, pr Bf @3@886%8%%% C4 to C20 al pha-ol efin nononers, preferably

one or nore C5 tOrﬁ?ﬁAb'sgﬁgiar 1RAdn %Jaﬂxﬁhlﬁr]ﬁ%@é@l&wvﬂc&%’(ﬁoh%@' y, an al pha
WO 2007/ 011973 PCT/ US2006/ 027943 olefin with al kyl substituent at |east

2 car bond0 awthpss wishe KRG oodiedl ot er lgenhisreespenaly sutizhlafos bigh@erfemepncd ypr cal ly,
the PAO s pr ' I e

ol i goners. T e sn&%ﬁgﬁ orki1f‘ig:ffgmrrhellratsf r%%&?ﬁzﬁééﬁgﬁpﬁ&b e mgvhghv&etﬁ car bon
nunber rangi figids,rsoch ﬁlﬁrdup ICTdoupl e SerosyrHL, IGrolp Ibnmrisbectiage stsakal |y 5
separated frqmt r.oli orrers with carb e greater than C20,
for exanpl 68@9@92;9 dgﬂlé?m aHAn gf gay E%ﬂf?‘i}n%égg%’grgpsﬁpgh per f or mance
fluids. Theggirs@pnakRtheSk fOn @Oﬁmymghé}@f'&he%%ﬁjawwﬁr&uﬁ}ef B&Er espondi ng
paraffins after hydrogenati on can used specialty applications, such

as drillilhg stoeksd FAOsdaving Ity o0’ @ﬁ:ﬁmﬁ Oﬁhiorﬁﬁ*al' o trpfemedegraddsifemt _
bi odegr adabi #@%y@?ﬁ%&x% %Bm\é{ﬁgec%‘ eo% tﬁ%lcoﬂ PRGN performance fluid

fraction in o P T oA
In another embodiment accordmg to the present invention, any polyalpha

olefin described herein may have a viscosity index (VI) of 90 or more, preferably
100 or more, alternately from 100 to 300, altemnately from 120 to 280, alternately
20  from 100 to 300, alternately from 140 to 300,. For many lower viscosity fluids
made from 1-decene or 1-decene equivalent feeds (KVig0 of 3 1o 10 ¢St), the
preferred VIrange is from 90 to 200. Viscosity index is determined according to
ASTM Method D 2270-93 [1998].
All kinematic viscosity values reported for fluids herein are measured at
25 100 °C unless otherwise noted. Dynamic viscosity can then be obtained by
multiplying the measured kinematic viscosity by the density of the liquid. The
units for kinematic viscosity are in m’/s, commonly converted to €St or centistokes
(1cSt=10""m*/s or 1 cSt= 1 mm?/sec).
The PAO's produced according to this invention are typically dimers,
30  trimers, tetramers, or higher oligomers of one or more C3 to C24 olefin
monomers, preferably one or more C4 to C20 alpha-olefin monomers, preferably

one or more C5 to C20 linear alpha-olefin monomers. Aliernatively, an alpha-



typically have | ower viscosities making them beneficial for sone
applications, such as better fuel econony, better biodegradability, better
| ow tenperature flow properties, or |lower volatility. Because of their
usual | y narrow nol ecul ar weight distribution, they have superior shear
stability. tWe:203@s19@kscri bed herein can be 15 further blremdesdoosiorieszpr oper
addi tives, including antioxidants, anti¥ear additives, friction nodifiers,
di spersants, detergents, corrosion inhibitors, defoamants, extrene pressure
additives, seal swell additives, and optionally viscosity nodifiers, etc.
Description of typical additives can be found in the book "Lubricant
Addi tives" Cheldfstwith allyl supsbiticobatileasts? cagebns pwaRfroRulie plekinicdanide bond20 Dekker ,

| New Yor k t .of the PAQ.s, d i bed
v i n rmy hayan fstbe uish APECRR: HEIRNY B Bled BReDm iy AR e, Tas
al ternately Imwdkmemzﬁg&nersl mh@s@mémlg@ﬁeﬁrﬁ%ﬁdtmphat&l@ﬁd%ﬁb@ of this

i nvention have a KVvtoo of ~ 1.5-20 ¢St and a pour_point of |ess than 0C
preferably | esarbphapmberzagingiop(dide §80.y Thass smalh shigames ae uspallyr nat el y

or of or bl y | o SPP AR 3R Blerk e % uBBlpBrBB s MRS RCACRE T hon OF

preferred enb@damﬁamtltahemgh@\sluoﬁamlny;ﬁcaﬂpue&dasdmgﬁmﬁnaanc&‘fhi)@ of 1 5to 10

St d t of ably | han -
or et or bl y | o btasapsind CED 634 Rlisseis AR DB PHEPOI A HEDIHBR oduced

herei n have any@logtdativh xa@& us@?ﬁi%;b@éiﬁ’lt;béﬁ h@ﬁﬁhs,\éaé@ég drllﬁﬂ/g #1858, (ASTM D5800)
of 25 wt% or |l éss, preferably 20 wt%or”less, ‘preferably 14 W% or less. WO

20071011973 Pwmmmtcmhbxpeamméﬁgmmntemmty,mom s produced

herei n ha nuat e herein are
l'i quids. ;'I—lgr 6:[%‘ g‘%é’ggh&%mt" anceé\/u%dﬁacgﬂngﬁ eC? ﬁ %(Q%QI%I’?’% %%cgons iquidis
defined to be tﬁ)lﬁ@l@&favalo%hﬂlhcdsitmmgMé&lefi&@ﬁf 8drhld @pllb.ﬂibhﬁ]g a pour

poi nt of |ess than 250 nd with no nelting_point above OC and,a ki nematic

viscosity at SB asfbetier fglgopugmy, betfes diodegradabilify helfer low EmBHATFRAAY t he
product produg en%edr@mba%?atm %échﬁébhﬂheﬁ%s@ﬁly%ﬁﬁw%l@cuﬁ&'&ve {79 and

greater hydrocarbons, preferably 85% or nore ably 90% or nore, nore
preferably 95%&Bubumneth63phae%@ulaﬁnﬂ0y8@8%tainhmotIE PAQqusc@HedﬁmﬁwcaQQ% or nore

for C20 ar:lgi 9" eE E)Ierﬁ&gdr Wik 1r:>r%(1)agrsaddmves, inclnding antioxidants, antiwear additives,

friction modifiers, dispersants, detergents, corrosion inhibitors, defoamants,

extreme pressure additives, seal swell additives, and optionally viscosity
meodifiers, ete. Description of typical additives can be found in the book
“Lubricant Additives” Chemistry and Applications, ed. L. R. Rudnick, Marcel
20  Dekker, Inc., New York, 2003.
In another embodiment, any of the PAO's described herein may have pour
points of less than 0°C, alternately less than -45 °C, alternately less than -75 °C.
In a preferred embodiment, the PAO's of this invention have a KVgg of
1.5-20 ¢St and a pour point of less than 0°C, preferably less than -45 °C,
25 preferably less than -75 °C. Altemately preferred PAO's have KVigp 0f 1.5-15 ¢St
and a pour point of less than 0°C, preferably less than -45 °C, preferably less than
-75 °C. In another preferred embodiment, the PAQ's of this invention have a
KVig0 of 1.5 to 10 ¢St and a pour point of less than 0°C, preferably less than -45
°C, preferably less than -75 °C.
30 In another embodiment, the PAO's produced herein have a volatility as
measured by Noack Volatility test (ASTM D5800) of 25 wi% or less, preferably
20 wit% or less, preferably 14 wit% or less.



In a preferred enbodi ment, the productivity of the process is at |east
43,000 g of total product per gramof transition netal conpound, preferably
at |least 45,0009 of total product per gramof transition netal conpound,
preferably at |east 50,000 g of total product per gramof transition netal
conmpound, XpoBéehehap! y at | east 55,6000g of total produmcTasrorgnzmasof
transition nmetal conpound, preferablyizat | east 60,000g of total product per
gramof transition nmetal conpound, preferably at |east 75,0009 of total
product per gramof transition netal conpound, preferably at |east 100, 000g
of total product per gram of transition nmetal conpound. 20 In a preferred
enbodi ment, the prBrethep pabiodimgntybe&AD vireduced Apeixhaye & Promine60 % or | ess
for C20 or le r , preferably 50% or |ess, preferably 40% or

| ess, nore prgﬁrgma%fg%&q&%' | ess, preferably 10% or |ess, preferably 5% or
| ess for C20 or | e%he PiOs periubaiisrdifedeyiquids.gRbr pinpeessofahib@rvehisen adt ed) . I n a

preferred enbqdi nent, the product produced herein has a selectivity 25 of
60 % or |ess BWFT%PE)HW%@; h%ptgpgpg%q%go gg)%r@;erqais@gg t?q)yseqt B%bly 40%or |ess,
mor e pr ef e5 ablet3arel hadvipSa Jdk pShfdfdbds Ban(XeBYantSHiGHo HEHigSS0iRt herwi se

noted). Process This inventionrelates to an mgroved process to produce
pol y- al pha 30aivefl"Gend Thinematip viscasity pt 2566 oS 38,8P0 otwriss.al | ocene cat al ysts

together with one ,or _nore non-coordi nati ni_on tivators. .The.
metal | ocene cat al y&t &P} ‘%"euu‘?{g‘i’ng@gg’, trﬁg Qﬁoﬁffwglbceg?’ rew% SShisieagiteny
transition nebaR0canmRauoEsSior QR0 MQ Ze4drl Bidkcadbdnt, ThrdRER00 839 2di9Mare, 14

preferred class of cat 9I ysts are highl sut%stitut ed netall ocenes t hat give
hi gh cat al ysProfekiyd0va,or jaoren B0y RIRICTablY HT76 @ S0rePieleablyn P8 Y atmres

preferredqgl a I @@.ﬁ: ' Afhgsubsti tut ed

cycl opent égi eﬁ%gé,}g?%?%ﬁrﬁ{g?&gn r |%a§8%&§{negﬂgﬁgcstl tat ed or unsubstituted

i ndenes and or f| olnr enmsfen©i eenatwydinant, othe tpnedustipito o€ dbe prodess cisi dsetdasher ei n
al so incl udes t t. of the feed olefins.to r ve catal ust. poi sons,
Sheh e por onf 0B e oteh bridify bF Ba o taBROLD BT R o S, BrefR o ke ounts.
and or acetyl eRitc4500URQFM6kE] prbfid pbf gaineMtankifion et Cedphad] prrfeass

cat al yst productivitg, typically nore than 5 fold, preferably nore than 10
fold. In a prét&epledVoRdosioteistal nredust pay gmm f Frapsicasmelgl gor@AIdauous or

sem - 10 ggnt P50 aJ{,h- efei risimng: 1)
contact i ng?at bfkgéa}g?yoﬁne?% pﬁgﬁgpéﬁ.&un%r%ﬁ%%{rﬁ é}mg{aﬁder faﬁl?'isnlg}ng ehﬁe{aT
compound, preferably at least 60,000g of total product per gram of transition

metal compound, preferably at least 75,000g of total product per gram of
transition metal compound, preferably at least 100,000g of total product per gram
of transition metal compound.
20 In a preferred embodiment, the product produced herein has a selectivity
of 60 % or less for C20 or less hydrocarbons, preferably 50% or less, preferably
40% or less, more preferably 20% or less, preferably 10% or less, preferably 5%
or less for C20 or less hydrocarbons (% by weight unless otherwise noted).
In a preferred embodiment, the product produced herein has a selectivity
25 of 60 % or less for C10 dimer, preferably 50% or less, preferably 40% or less,
more preferably 30% or less for C10 dimer (% by weight unless otherwise noted).

Process
This invention relates to an improved process to produce poly-alpha-
30  olefins. This improved process employs metallocene catalysts together with one
or more non-coordinating anion activators. The metallocene catalysts are

unbridged, substituted bis cyclopentadienyl transition metal compounds. One



nononmer type or a mxture of two or nore nononers), having 3 to 24 carbon
atons with an unbridged substituted bis. cyclopentadienyl transition netal
conpound having: 1) at |east one non-isool efin substitution on each 15

cycl opentadi enyl ring, or 2) at |least two substitutions on at |east one
cycl opent adixyshr/61d%@. Preferably having at |east two subst/Usbdansson each
cycl opent adi enyl ring, a non-coordinatiug anion activator, and optionally,
an al kyl - al um num conpound, where the nolar ratio of transition netal
conmpound to activator is 10:1 to 0.1:1, and if the al kyl al um num conpound
is present then the 20 nolar ratio of alkyl alum numconpound to transition
met al conpoundreisirad dlagsef cafglysis are lﬂﬁléﬁﬁubﬁéﬂ“m‘?@%cmﬂﬁ e gyehighns wherein

hydr ogen | s PrERRRl pdludivig b aﬂgmtlﬁgﬁﬁoﬁﬁéﬁis%si?gfﬁ%&%ﬁf@"ﬂﬁgﬁ‘é%%f llegs"

based upon the pressure o react or si (7
kPa) and 50 pshetaljucefisraabinbridgedweeinsuBstinged ¢idpeathdieasndindiding unr2dpek Pa) ,
preferably betwee sj (35kP. d,30 psj O7kPa),. 25 preferably 25 psi
(173 kP or 188 st fiboripypethedlindcge Bior ogetre L 0ne gnbiiyti sgen” | <
present at ;8 GRHGRRE dalctios Rdreih Alsh Inchiticd BEatRBAR dT¥L\BEDOESndAh 8drfdvRPI ¥ 25 to

7,500 ppm preferably 25 to 5,000 ppm and wherein the al pha-olefin
mononer (s)  heasafatigt poisansosnch as prypxideso prygan.culie siliegemcontOning b1gaic% or nor e

based upon the,_t y | V. [eco-act.lvat or
sol uti ons, mncgﬁg’gér?dsa%’g Ogg?etg%n%i%ﬁléﬁ‘%@gb?ﬁ{g%ﬁ%% e?iég E))Flgesvee%fo PH%Ke reaction
and et hyl ene ictalyat prdeciity, t¥bically @otelthm 5 0, pedferablyhoet thah @0 faldoner s

entering the reaction zone,, wherein the residence WO 2007/011973

PCT/ US2006/ 027943 128 Preipedgmiadamenicbisiigyention efatgsde & COMIMIPRRATEEMi-and t he
tenperaturg i ' (N7 pre than 10 C dining the
reaction; lg)ndrbfglﬁ@f)oﬁlg?ﬁc%%q%?f)aglﬁglea?%ﬁg%l%%e?‘liéﬁﬁfo%sﬁpt lonal ly

hydr ogenating the IPAO cemdctuistaigastmye alphaoiefizammonst, {ghether asingle 50' nol e% of

a C3to C24 al - | efin . .npnoper, wherein the | yal -0l efmhas a

i ot o i schoREy bR bngRPORRle o BRF By E DRI P 00 2
and pr ef er abl yatempaith ap anbiridget sfbsGtuidd bid @gkpenthdiesil trabdiorpheduct i vity of the
process is at |east 43,000a? of total product of transition netal

er . mol
conpound. 10 IWF%P"E?@F%’P?% WH?W,"SC{OI]’E suhgiEwiqngm saght at es to a process
to producesa dyiRpbHaRilyl 1R RI2) & Bl Bvd \@B5dBtHGhs' Y Tehst@he 20 CSt or less

conpri si ng:

cyclopentadieny! ring, preferably having at least two substitutions on each
cyclopentadienyl ring, a non-coordinating anion activator, and optionally an alkyl-
alﬁminum compound, where the molar ratio of transition metal compound to
activator is 10:1 to 0.1:1, and if the alkyl aluminum compound is present then the

20  molar ratio of alkyl aluminum compound to transition metal compound is 1:4 to

| 4000:1, under polymerization conditions wherein hydrogen is present at a partial

pressure of 50 psi (345 kPa) or less, based upon the total pressure of the reactor
(preferably between 1 psi (7 kPa) and 50 psi, preferably between 3 psi (20kPa)
and 40 psi (276kPa), preferably between 5 psi (35kPa) and 30 psi (207kPa),

25  preferably 25 psi (173 kPa) or less, preferably 10 psi (69 kPa) or less, or hydrogen
1s present at a concentration of 10 to 10,000 ppm by weight, preferably 25 to
7,500 ppm, preferably 25 to 5,000 ppm, and wherein the alpha-olefin monomer(s)
having 3 to 24 carbon atoms are present at 10 volume % or more based upon the
total volume of the catalyst/activator/co-activator solutions, monomers, and any

30  diluents or solvents present in the reaction and ethylene is not present at more than

30 volume % of the monomers entering the reaction zone, wherein the residence



a) contacting 1n a reaction zone, in the presence of hydrogen (preferably
from1l0 to 10,000 ppm by wei ght of hydrogen), one or nore C3 to C20 al pha-
15 ol efin nmonomers with a non-coordinating anion activator and a transition
metal conpound represented by the forrmula: WO 2007/011973 PCT/ US2006/ 027943

16 R2 3 Riy&dprmh2 RRIO R6 9 R7 R8 where Mis a Gpowjusshosretreds
preferably titanium zirconium or hafniggm preferably zirconium or hafnium
each X is a hydrogen, hal ogen, hydride radicals, 5 hydrocarbyl radicals,
substituted hydrocarbyl radicals, halocarbyl radicals, substituted

hal ocarbyl radicals, silylcarbyl radicals, substituted silylcarbyl

radi cal s, ger nijme af ipireachen 4t eastSrminuiss and thedempryatiia ip dhdrphctioadpesal s; or

both X are jojned. an &gt 2 1ot LAl am g forma nmetal lacycle ring
o\ 0 about ca

containing from a on atoms; or both together can be
an ol efin, diolefinyor Idtssiyge pblygiphatplefinPRD), optidtillydydropadepgtdent |y, a
radi cal group ich jg.a hydrocarbyl, . su stitqte&)’u rocar byl , hal ocarbyl,
substi t ut ed ha%@a?‘ﬁiﬂi’,m%’ingﬂl) IS9TPHFNE gfpas PE P °?¥P%9?E¥G¥%§P§a‘hydrogen,
or a O to £2) BHATRAGHBY WhediStbpbivhithRGlefth had DifdRathHASRGR; M heecor 2

het er oat on) , p?ovllqlg%g thét:el) at§I gagt oﬁe o? R toaRsi S r)?t' WO 20071011973
PCTI US2006/ 02792 ¢St or legsipraferablyrl Saft ordess), efid prefamablae phegmwintofié °GforR6 t o R10
i s not hydrogeg or an isoolefin, or 2)at least two of RL to RS are not

hydr ogen, (and fﬁ’ef erably at least two of R6 to R1O are not hydrogen) where
any two adj acent R whéeiRthd)firodRsivitayf the process is at least 43,000 g of total product

per mmol of transition metal cornpound.
10
In a preferred embodiment, this invention relates to a process to'produce a
liquid poly-alpha-olefin having a KVg9 of 20 ¢S5t or less comprising:
a) contacting in a reaction zone, in the presence of hydrogen (preferably
from 10 to 10,000 ppm by weight of hydrogen), one or more C3 to C20 alpha-
15  olefin monomers with a non-coordinating anion activator and a transition metal

compound represented by the formuta:



|
forma C4 to C20 cyclic or polycyclic noiety (such as substituted or
unsubstituted 5 i ndene or substituted or unsubstituted flourene), and where
any two adjacent R6 to R10 groups may forma C4 to C20 cyclic or poly
cyclic nmoiety (such as substituted or unsubstituted indene or substituted
or unsubstituted flourene), and provided that ethylene is not present at
nore than 390 webame7¥ of the nononers entering the rea@CT8R2¥8ME S where: 10
i) the productivity of the process is ¥t |east 43,000 g of total product
per mmol of transition netal conpound, and ii) the process is continuous or
sem -continuous, and iii) the tenperature in the reaction zone does not rise
by nmore than 10 C duking the reaction (preferably not nore than 7 C
preferably not nmore Ran 15 5 C, preferably not nore than 3 C); and b)
obtaining a |iquid poly-al pha-ol efin having a KvV100 of 20 cSt or |ess. By
continuous is neant a sten1thq§3operates (or is intended to operate)
W t hout interruption C on. For exanple a continuous process to
produce a 20 pql yner one where the reactants (such as nononers and
catal yst co gontinually introduced into one or nore reactors
and pol yner product ghty nual ly wi thdrawn. By sem -continuous is neant a
system that operates\(Or_\-s~nLganded to operate} with periodic
interruption. For exa i -conti nuous process to produce a pol yner
woul d be one where th¢. reactants 25 (such as nononers and catal yst
conponents) are contRiually \ntroduced into one or nore reactors and
pol ymer product is intermtteptly withdrawn. A batch process is not
continuous or sem -continuous.\ In a preferred enbodi nent of this invention
t he ol i gonerization reaction erature is controlled by several neans,
such as continuous or sem 30 tonfinuous operation, by heat renoval, rate of
catal yst or feed addition or golvent addition. Since catalyst solution,
feed ol efins and/or solvents are usually at room or anbient tenperature,
their addition to the qﬁﬁ@tor can mtigate the heat of WD 2007/011973
PCT/ US2006/ 027943 18 reactipn and can hel p maintain constant reaction
tenperature. This node of peration can control the tenperature to within
10C of desired reaction e, usually preferred to be within 7C of
desired tenperature,
preferred to beplithif ¢ desi red

where M is a Group 4 metal preferably titanium, zirconium or hafnium, preferably
zirconium or hafnium, each X is a hydrogen, halogen, hydride radicals,

5 hydrocarbyl radicals, substituted hydrocarbyl radicals, halocarbyl radicals,
substituted halocarbyl radicals, silylcarbyl radicals, substituted silylcarbyl
radicals, germylcarbyl radicals, or substituted germylcarbyl 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 atoms; or both together can be an olefin, diolefin or

10  aryne ligand;
and R to R'® are independently, a radical group which is a hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl or
germylcarbyl, ( preferably hydrogen, or a C; to Cy hydrocarbyl, a substituted C,
to Cyo hydrocarbyl, or a heteroatom), provided that:1) at least one of R' to Rs not



5 tenperature over a 30 mnute period, preferably for the entire reaction.
Usual ly, a reactor, containing a small anount of starting liquid is
pre-heated to w thin 10C of the desired reaction tenperature in a

sem -continuous run. This starting |liquid can be feed ol efins, catalyst
conmponent s, wePlowpitys730r pol yal pha- ol efins heel s from pregt/osmodiozmsas or
pol yal pha-olefin products from previoug7runs 10 or any other appropriate
liquids. Usually, part of the feed olefins, solvent or PAO heels from
previ ous runs or PAO products from previous runs are nore preferred
starting liquid. When the reactor is at desd'reqotenFerature, feed ol efins;

catal yst conpufeaesor apyisholafarangd pt lsps pue ofdkdam | issel hudiegenondn ot her

conponents wer. d I NUOUSIy 85 _pr e i N
sem - cont i nuods °§/e%guﬁrf§)@ﬁgemr§&r¢ge éogf m%&%?ﬁ%é&%béng eelféé}g‘%liﬁg}gf’s’?sol ution
and the feed awebtRStoR'™® amant hplrbga) stetkchay twasiiidehoR! R atipssigyeans are

conpleted at the sane tine. As t ynmerization reaction starts at the

he pal !
reaction t enpdPER #4 to G eyglig of E‘P]é‘%)é"gﬁ mopsty uglaps substitpisd pppmsubgitutedact i on
tenperature t i met hods
as nenti ongd g%%@%gtlsssugerrp g% : %&Rx?t? 4 ?ﬁge?ég’gﬂhi‘%%@éa@em?édﬁgﬁﬁg% 20
enough to nai M‘Agnupsreay feanta GhtotCmarlit anpely eyclie nddty feael asmybstiutsdippl i ed t o
the reactor to maintain,a desirged. temperatur.e. ter addition,i onpl et ed,
the reaction qg“%‘?’%&&%@“’t%ﬁn?ﬁr& E%H”tf"ggr 'ilﬁgbsagﬁ? Q}ug}?gmp&wﬁdﬁléa%t o obtain
hi ghest feed e@y@ink s 158 PR laPore! tRant3 (CRMzh O YPsFTh BB orérs eRieRiad dhen, the
operation is simlar to the sem - 25 continuous run, except when the reactor
is filled up tepcHopr@egwheeni ned | evel , -a pre-deternined anount of reaction
product isMthdrawn fr i : i b |1 conponents
is conti nﬁlgd. The rate g;{h%@g%ﬁcﬁgﬁ%tglftg%géﬁgsstligﬁe%ﬁ%jdg?@g?p{%agcti on product

wi t hdr awn fr omraduet pee antaiof tedsition metalidompoaat kidn  ti me or residence tine.
This can be pre-determ nf&?to obt.ai n high feed, olefin 30 conversion and

hi gh reactor throughput Y B PESEHIHFUEPUOHSET SFPLEPREPIOUSHEE by ocess, sever al

factors are critical fogj)eR deApaRafisSinl thSreabtionToné SodshBt riR ARGre eI Ce Of
catal yst conponents. An un-bridged, substituted netall ocene WO 2007/011973
PCT/ US2006/ 02794€ dutigg thetrpacsion (Profprablyst mosothan 4 € prgfeasibvpotopeashani t h snal |
amount of 4gtri ] ' ecld ve catal yst. The netal | ocene
conponent slscansadbdé&egélrﬁgal}'?g{gﬂ%é%ﬁébw di chl oride) or dialkyls. But,

usual Iy, the di-al bylobfaing afiquith golyrabstm-dlefireinsingsa Kiey, vb2@c§troelss.r ed

catal yst for use in conmbination with an NCA.

By continuous is meant a system that operates (or is intended to operate)

without interruption or cessation. For example a continuous process to produce a
20  polymer would be one where the reactants (such as monomers and catalyst
components) are continually introduced into one or more reactors and polymer
product is continually withdrawn. By semi-continuous is meant a system that
operates (or is intended to operate) with periodic interruption. For example a
semi-continuous process to produce a polymer would be one where the reactants
25  (such as monomers and catalyst components) are continually introduced into one
or more reactors and polymer product is intermittently withdrawn.
A batch process is not continucus or semi-continuous,
In a preferred embodiment of this invention the oligomerization reaction
temperature is controlied by several means, such as continuous or semi-
30  continuous operation, by heat removal, rate of catalyst or feed addition or solvent
addition. Since catalyst solution, feed olefins and/or solvents are usually at room

or ambient temperature, their addition to the reactor can mitigate the heat of



5 When the netall ocene di-halide is used, it typically requires addition of
tri- allcylalumnumto pronote the reaction. In this case the nolar ratio of
tri- alkylalum numto netall ocene is anywhere from4 to 4000, preferably 8
to 500. Wien the netall ocene dial kyls are used, (such as

bi s(t et rahydwOi2taféatdys ) zirconi um di met hyl PCT/US2006/027943

bi s(1, 2-di net hyl cycl opent adi enyl ) zirco#8 um di nethyl, 10

bi s( 1, 3-di et hyl cycl opent adi enyl ) zirconi um di met hyl, bis(1, 2, 4-

trimet hyl cycl opent adi enyl ) zirconi um di met hyl ,

bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di net hyl or bi s(nethyl - 3-n-

but ycycl opent achic‘émymdzdand:dpimahntdiinrmnm reaohionrtamyer@mrﬂerﬂm mbllybf net al | ocenes,

t t I ed .t th t
catal yst 15 pPBAARYY regnd thete et il | oS eing oo Tl Kyt ot num
to netal | ocen@emﬁeratﬁﬂepms@mw MreRrre@ tR0withh $4C b BdseBiefuerd@fle, piEtEgedr ef erably

3 to 100 or 3 to .. anmount of NCA used is also critical. The nol ar

rati o ofi net alt¢ b@wﬁ@nt%cmtm%ra@tmmw@wowrmmqlw within 376 ef desited pr ef er r ed

nol ar rat| o] r 5to 2. 20 1In
addi ti on, Eélﬁ%e&&we%%g %enﬁdé)ncenﬁlﬁ?l%ﬁg&srgé% I“lQI(I:aI In order to
achi eve the hlmhaﬁy, a@@b&lr,mhtaﬁﬁnghmallvarﬁqmtdsﬂsmm@h@.ﬁcﬂﬁqire—ﬂeeﬁsdﬂbo | ube range

product and best tenperature control and operability, the preferred anount
of i net al | ocend”! 0? e festpdeAgiion LuRRSTHNR b SiORHOGAYE Py HFE (or 0. 001
ml1igram/gramuidyi i'q[ d‘&ah'bb@‘éeﬁ'@i&ih@@aﬁiys@é gioﬁ@nts,‘é@ﬁr@nt@@g& Apgpf- catal yst
conponents used arc too 25 high, the ténperature control s difficult,
product sel ectOilaﬁnsiled&lﬁ‘tbmrpsevmmmma@@omlph@@hﬁnbﬂmg&mpmm@mmal The
anount of ydro%lfl resent .in..th rta

smal | er andunt™ & HOFBEORTME hﬁ?@f e ?ug y’ f ﬁ'i?zto%f gg ’F’iseﬁg‘t’%ﬂt «%g‘gbe i s

usual 'y nmai ntheelpad exb@is&wnsl&@mpnodwtefr&h@bévymhehméﬁma@pmfeﬁe@f erably
bel ow 30 psi, 30 prefer ably q%gl ow 20 referably bel ow 10 psi. Usually,
| ower hydr ogeftartisiediaig: ewi%ﬁ’r “’f?ﬁ'ioﬁ’cs ?‘ﬁsﬁ EPSEATe: fpsA QJelRss catalysir ef er r ed.

Too high,a hy D a-olefin
feeds into co(rélrgﬂt:é11 %%ﬁ&sﬁg‘ﬁ%ﬁzog%%ﬁ%%%%%{ﬁ%ﬂ 006 %tzc%?g%%%%lya al | cane.

VWhen t hi s hydrddesiraniiously at praperaetes. i Wdually s ssmiichetinovsy cun, flieshukeand

i ntai 1 PBac PGP BRI HAeL e on s SRS oo kLDl y bel ow s0

psi to m nim z@aditieeof both streams are completed at the same time. As the polymerization

reaction starts at the reaction temperature, heat is released. In order to control the
 reaction temperature to be as constant as possible, heat removal by several
methods as mentioned above is employed. Or if the reaction rate is not high

20 enough to maintain the reaction temperature, external heating is supplied to the
reactor to maintain a desired temperature. Afier addition is completed, the
reaction is allowed to proceed for the desired amount of thﬁe to obtain highest
feed olefin conversion.

In a continuous mode of operation, the operation is similar to the semi-

25  continuous run, except when the teactor is filled up to a pre-determined level, a
pre-determined amoumt of reaction product is withdrawn from the reactor while
the addition of all components is continued. The rate of feed addition and the
amount of reaction product withdrawn from the reactor determine the reaction
time or residence time. This can be pre-determined to obtain high feed olefin

30 conversion and high reactor throughput for economical operation.

In this process, several factors are critical for optimum results. First is the

proper choice of catalyst components. An un-bridged, substituted metallocene



Ty aro0 TE€€d St oCK | nf'o1 ow val ue al |l canes. Likew se a m ninum
anmount 5 of hydrogen is also desired, preferably the hydrogen is present at

| east | psi, preferably at least 5 psi. The reaction time or residence tine
is also inportant for high conversion of the feed olefins. Usually |onger
reaction tige, 67/([1?9?%‘3'6”06 time favors higher feed ol ef pg/g0NARBUON.
However, to bal ance high conversion andgthe high reactor 10 throughput, the
reaction tine or residence tine is usually between 5 minutes to 30 hours,
nore preferred 10 mnutes to 16 hours, nore preferred 20 mnutes to 10
hours. By proper choice of netall ocenes , activated with NCA, and by proper
choi ce of reactivated bypenat-caondivaingiabion NCA) mith suhia¥ gmbimg ofinount  of cat al yst

used, and with. right apount.of trjalkyl.al um.num as_scavenger, residence
tinme or react Rgﬁ%lﬂ}&lnmgm%&tme 08#*’?%]%1%%??&1{3‘3% CBFIBBB%%S&“]’B

pol yal pha- ol efdilasid¥{ pleféraid dfeBlopikdy)Sdr didPeydd Usiis] véhdlly, Bk dRIS] foha s 3, 000 gram
total product per gram of netall ocene used. This F'u_l gh productivity makes
the process edetiglpcens i theamere pmfpreadetalysfor nsetin sembipationpgith an MR Aal t er nat e

erbodi ent s ¢ AgnG60nRlA%a @b hlaiSil o s R YELanEp] SARLCOTPT [ ses | ess

than 300 ppm o eteroatom containing co er € reaction is
conpl eted i n taliglawninunomotprormietd sherraavtion. Tnithis pasedhschoiat tatidobfitds from t he

conti nuous run e crude prqoduct can Qe rked b deactivating the
catal yst by ad\Hwﬁﬁrf%mBm o rataLlogRRs if prORY _e%@%ﬁ,to @9 éﬁ@?@iﬂ’%?’ %’9 water,
al cohol , aci dsypd, BEheRldeEncCRABNY &b ubdl &Q5k &Qﬁﬁ{eﬁéh&)ﬂ?cﬁﬁﬂeﬂ%l)t he product with

di | ut e aqueous sodi um hydr oxi de ‘or hydrochloric ‘acid soluti"on and water; and

separating t hl@irfe@‘gjmidémb\‘%%y]ebis(%émwgpbm?@mﬂmmmﬁlgﬁhﬂa} ns
un-reacted, o S 1 3 0Ol i go ..an vent .. roduct fractions can
be separ a?lgd fbfs(gimg'd%%%glﬁ?{a% :Luheﬁgz‘c?%"&a“@?‘gﬁ |yt}fgljn%ﬂg’ﬁ=pns by distillation.
The product f rnagkthelkrgclopentalieny) Ardoditardishéthdf i onated into |ight fractions
and residual fractions. These fr_ac{)i_ons, typi ca I%‘is\?av unsat urat ed doubl e
bond per each YicERHF ?’ICWEP@&@EHG\,’ S l@eﬁ‘ﬁi)%‘_t gyl 3 Mgene with sone

1, 2-di substit g 4&85@4{&&#&;@22&6@1&9%{&%%?91&% S Balk Wb AAEEREL 1973

PCTI TTS2006/ 027 dqubl e bqn S are sui ta_bl e for_ ur t her
f uncti onal i zatetwka smald amohatrof tuiHalkylabmaibums isueelisd to gipetheoptimmnueataliti t | ves

accordi ng .0 wel|-kn efinfitnctignal zation . reacti such as
Kyt oo dreae SR S ol g HORLSRR B AR AR AR Hieflloode
typically 2 to 500, preferably 3 to 200, more preferably 3 to 100 or 3 to 10. . The

amount of NCA. used is also critical. The molar ratio of metallocene to NCA can

ranged from 10 to 0.1. The more preferred molar ratio of metaliocene to NCA is
closeto 1to 1 or 0.5 to 2.

20 In addition, the amount of metallocene concentration is critical. In order to
achieve the highest catalyst productivity, highest selectivity to ube range product
and best temperature control and operability, the preferred amount of metallocene
per gram of olefin feeds ranges from 1 microgram (or 0.001 milligram)/gram to 1
milligram/gram of olefins. When amounts of catalyst components used are too

25  high, the temperature conirol becomes difficult, product selectivity suffers and
catalyst cost becomes un-economical. ‘

The amount of hydrogen present in the reactor is also important. Usually
smaller amount of hydrogen is preferred. The hydrogen head pressure is usually
maintained at below 100 psi, preferably below 50 psi, preferably below 30 psi,

30  preferably below 20 psi, preferably below 10 psi. Usually, lower hydrogen
pressure while maintaining an activity boost is preferred. Too high a hydrogen

pressure will hydrogenate the starting alpha-olefin feeds into corresponding



anhydrides, wth COH2 via hydroformnul ati on reactions, etc. The residual 5
fractions, usually have low or no light hydrocarbons with | ess than 24
carbons can be used as high performance fluids if their brom ne nunber is
below 2. If the brom ne nunber is above 2, it can be readily hydrogenated
by conventi OR@RINTABET3 hydr of i ni shing process and conver t ®ETIUW6MH2LTV43y
saturated paraffin fluids with brom ne?nunber |ess than 2, usually
significantly less than 2. Usually, |ower 10 brom ne nunber is nore
preferred, as it indicate better oxidative stability. These hydrogenated,

saturated hydrocarbon paraffins are used as high performance |ubricant base
stocks or usediae.nWisn Fuy hglrogeration of sy maeslal pecursgthe graduet yield ped

formul ati on. s S heriuBlC bG 4. ui ds
formul ati on ?E‘%&E"é@rf%‘g%é\ﬁf’rn { he %lggk?gerfdﬁ ﬁyf@%fg%%g%&gﬁ@%a l; %\/Lcr%%ljheti o
Lubri cant s andysfogbn pieSsuRebdlor dtthps, Roregréfenablly below fkpsi txXhmimide theon, ed. by
L. R Rudnick.,and R .. L. .. Shubkin rcel kker .. Inc., N.Y. 1999,

Al ternativel y,h-‘faw&e%a&f B"Fgﬁtﬂ@ intg ﬁ%ﬁi‘éﬂ %“%&‘F%‘F? DHNEREAOUEL y pe

wor ked up By aFHQHBEaAMsbIRE dedied) ﬁ&%ferdb%@ﬂ?d}bgenqﬂgré&ﬁl}iﬂ@&ﬂBE&PWDOHGNS_ and
any ot her heteroatom containing conporients using a solid sorbant. This is a
20 preferred rmsefbwblyshieastd psbed in the exanples below. In this method, a
catal yst de-activ rj | e crude.reaction
product or a soli d%gg%agg%rgﬁ%g oé%gﬂie%g% eul%glﬁg,ﬂg%%agp@} g%'h cé%‘i%?sf({en, or a

cheap fil ter aifthe fead olefied Usnallhongarreataop timd WE tesiitbeinid faests highera

pre-determ ned, ampupnt of tjne, usually greate than 5 m nutes. Then the
Solid is filtdrakPiaieamersion Hogteéerpgobagaéa?ﬁlﬂﬁﬁonvlﬁﬁw%@ THelstepiPIat i on or
fract i onatyigon.g,hj) §¥8ctloh HARSE b REGCERAS if wilihily BebwEANCHILREEd 30 il ed
pat ent appll i catl o%hcpblg%ﬁN 601. filed Ju y019, 5006 {yAttor ney Bocket Nunber
2006EMD37) . | rhoarsombrerprefetrodii (rommutes th d 6 prawsanere pratertesk 20oompies keld) cont act i ng
PAO produced,herein with hydrogen under typical hydrogenation conditions
with 30 hydr &ﬁﬁati on catal yst. WD 2007/011973 PCT/ US2006/ 027943 22

Met al | ocene Cayegrigpdr ch6iap ofmnsiallbuhed ticiiaaebwith NOA, Snd By glapéreRoiasef t he cl ai ms
thereto, the terns "hydrocarbyl radigcal," "hydrocarbyl," and hydrocar byl

group” are usdeRCHOR ARGRIATLAORAIBRS, iRghd: qheamowﬁi@cwwrvé%&}i Kewi se the
terms " group, 'h‘sg'hf %ﬂbxﬁﬁbfﬁm&g@%ﬂﬁﬁﬂ?&'s&%ﬂg&, REiferRk Bithe B3 Bctidi 1S hangeabl y

t hr oughout thi s docunent. _
- and amount of hydrogen,, we produce polyalpha-olefins with high catalyst

o )

productivity of more than 43,000 gram total product per gram of metallocene
used. This high productivity makes the process economically and commercially
attractive.

20 In an alternate embodiment, the feed alpha-olefin, diluent or solvent
stream comprises less than 300 ppm of heteroatom containing compounds.

After the reaction is completed in the semi-continuous run or the product
withdrawn from the continuous run, the crude product can be worked up by
deactivating the catalyst by addition of small amount of oxygen, CO; gas, air,

25  water, alcohol, acids or any other catalyst poison agents; washing the product with
dilute aqueous sodium hydroxide or hydrochloric acid solution and water; and
separating the organic layer. The organic layer typically contains un-reacted
olefins, olefin oligomers and solvent. The product fractions can be separated from
solvent and un-reacted starting olefins by distillation. The product fractions can

30  be further fractionated into light fractions and residual fractions. These fractions
typically have unsaturated double bond per each molecule. The double bonds are
mostly vinylidene with some 1,2-disubstituted olefins or tri-substituted olefins.



pUT poses of This drsclosure, "hydrocarbyl radical" is defined to be a
Cl-Clop radical and may be |inear, branched, or cyclic. Wen cyclic, the
hydr ocarbon radi cal nmay be aromatic or non-aromatic. "Hydrocarbon radical™
is defined to include 10 substituted hydrocarbyl radicals, hal ocarbyl

radi cal s, #,B JB gl hal ocarbyl radicals, silylcarbyl g@gi®atstzroand

ger nyl car by ica s as these terns ape defl ned below Substituted
hydrocar byl radicals are radicals in which at | east one hydrogen atom has
been substituted with at | east one functional group such as NR*Z, OR*,
SeR*, TeR*, PR*2, AsR*2, SbR*2, SR*, BR*2; SiR*3, GeR*3, SnR*3, 15 PbR*3 and
the |ike or wihes doubledasnds ameuitﬂ;l&ﬂayﬁhrﬁmdnhﬂiondizaﬁwminntcgmthmﬁdﬁmnﬂeen

I_ &?g; efj V,\\f_ t hliﬂfsfshe? grf:}%%gé E v{s‘g‘ gxlzc%r t%l{n(r: Hégpﬁ;l)oléﬁn_égctionag@gmj —B-
-Si(R)r1 G%EBEM -such a%rh(uB?Ht%n mﬂP&Gﬁﬁﬂ&on&ﬂﬁng anpoui®, WwithehAeiR | s

i ndependently a droca or hal ocarbyl radical, and two or nore BY nmay
join together anbydmsm hz@ggizty@ahxdmfenmdahqmgmgm ?fat é"lie sesidueht ed, partially

unsaturated o i I car byl
radi cal s arqe rﬁﬁgﬁgﬁs“&r\)? w eéﬁw% oggﬁ %& %Ed{ 3@%? %%63516051% th ons have
been substi t utbedse dsmlgipdmghndeﬁmdsafmg@bm&mmnun?oer@bechv2 [f)the or

hal ogen-contai ni ng group ( ubstltuted halocarbyl radicals are

radi cal s in wYFQRDg MnBerds a‘?ﬂ’}@ %EIC%B?WS cqli%ff”%’@ﬁl Ig%%m has been
substituted wiy a%émr , SeR+,

TeR*, PR*2, Asé&*&m%gb %g??oc%é\’%ﬁ%eﬁ‘tér@%ﬁ{éo* gﬂ%&m ﬁﬁn ? H PbR* 3 and t he

i ke_ or wher ebmmineasmbmﬁessrtbm%ammﬂm stgnificautty lgﬁdhml Zhalésuaﬂg,dnwamser ted

& n r "9 OCa{nb o ba%k %%r@% gn)eésasit%f}}dicét?@rﬁi ?ﬁaaﬁ%—gﬁfbﬂg& '(\‘ﬁf% » 30 =N,
-Ge(R*) 2-, - Smiylopenated; RivdRe Dryddbatbbmiarhiifiie are Wil & High p iesformetegendent |y a

hydrocarbyl or _hal ocar byl radical gow ded that at Ieast one hal ogen atom

remai ns WO 200HrEaaiorse sedks0saedas dighgedormance fmetienabilyigs alier pheRsbcar byl
radi cal . Addi tg,analdon ﬂe‘@ﬁh on 'SP ife tﬁ)\{ d’ﬂ%ﬂcﬁﬂt%f angﬂcﬁfahﬁ&dg % ‘ﬁfa‘ﬁbﬁ‘

substituted or unsubsti tut sat ur a rtirally unsaturate aromati c
cyclic or pol yeybé fanndhm@lebbolumdjherefﬁaﬂmpk uafﬂyyﬂxein@l;lmhmhsts@acllﬂcghwl | ed

si |yl car byl.s) n 5 bR IS bonded

o Loty He) s Pl gpalinGie 08 ol eg By LR Hpdiifiant 13 "% LoRe

SiHR*2, Si R*3,Sh§bﬁﬁ,(1@@‘ckLD§4ka,@%ﬁ)}2.¥. PYOR*) 3, SI H2(NR*2) ,

Alternatively, the crude product from the polymerization reactor can be

worked up by absorbing the catalyst components and scavenger components and
any other heteroatom containing components using a solid sorbant. Thisisa

20  preferred method and is used in the examples below. In this method, a catalyst
de-activator as described above is added to the crude reaction product or 4 solid
absorbent, such as alumina, acid clay, Celite, or a cheap filter aid, is added to the
crude product and stirred for a pre-determined amount of time, usually greater
than 5 minutes. Then the solid is filtered and the filtrate is ready for further

25  distillation or fractionation. This method is described more fully in concurrently
filed patent application USSN 60/ filed July 19, 2006 (Attorney
Docket Number 2006EM037).

In another embodiment, the process further comprises contacting PAO

produced herein with hydrogen under typical hydrogenation conditions with
30 hydrogenation catalyst.



STHINR*2) 2, Si(NR*2)3, and the |ike where BY is independently a hydrocar byl
or halocarbyl radical and two or nore BY may join together to forma
substituted or wunsubstituted saturated, partially unsaturated or aronmatic
cyclic or polycyclic ring 10 structure. Gernylcarbyl radicals (also called
ger nyl car byhgg) @p81@%PuUps i n which the gernyl functi onalpictishéysonged
directly to the indicated atom or atonsz; Exanples include GeH3, GeH2R*,
GeHR*2, (GeR53, CGeH2(OR*), GCH(OR*)2, Ge(OR*)3, GCeH2(NR*2), GeH(NR*2) 2,
Ge(NR*2)3, and the like where BY is independently a 15 hydrocarbyl or

hal ocar byl radical and two or nore R* may join together-to forma

substitut ed orMetaliodent ChatslwtCempoureited, partially unsaturated or aromatic
cyclic or polycyclic ring structure. Polar radicals or polar groups are
groups in which a heteroatom functionality is bonded directly to the

| ndi cated atom or at@Ehpollie il lvisin A8 IRAIARS HARS, iR tefifouPs 1-17 of the
periodic table (excep 1(? on and hydrogen) either al'one or connected to

ot her el enent s"lb'slroca‘balnadltcalb'd'hdéroom‘bﬁt"md hiydroearbdtgrows aresaseh as i oni ¢ bonds,

van der \Waal s I dr.0 ndi_n nc,t,l, al ;

het er oat om con]t'(1 aﬂ%ea otg%’ cﬁ%ﬂﬂ%}l %to}%ewg etﬁghegm a% Jg‘iﬂ
carboxyli ¢ est gidIsusafRaN Md skl nter6idnbenbyy theoughdlit tis deiment. (Rhydes and
their 25 chal cogen (G oup. 14) anal ogues al cohol s and phenol s, ethers,

per oxi des and PHpeRedpEhindiyiasurec fygwRgd yiradigrlisdefingdiiodeiadaCrarfadicali des,
am di nes and offy&f, EHﬁr{e %fhn@ﬂl%' ﬁcOWh n)g:‘ﬁé tgﬁﬁdrbéa%nd'é’ﬂbdggrﬁga”d

i mnes, azos, Nnitr ni tf n conpou ur acl nium -
aci ds, thiol s besa:bmhme&r nombdrémma:lé’ﬁydrcmatbﬁmradmal"ph(baﬁmhd ttemplu@hosphat es,

glt Brenr ng{]gg ?li’i’f’t(i‘;tﬁ{‘rfg y’@ﬁﬂsﬁbi’-" l %tl’hégo #anﬁ B}tﬁl?& ﬂ%oca{ HEl ude or gani ¢

pol ymer SUIOIOOFfa&lefs sﬂ@%@m@m‘m A t&b{1ahdis1€ sk thése MritlafAdefingnd
silica.. Preferred exanple pg argeg?%upsyl ncl ude NR*2, OR*, SeR*, TeR*,

WD 2007/ 011973bghey Bulsst lmim@y picplers radicpis m wigglRatleastpee  BRF2, SnR* 3i
PbR*3 and the I}%% igp(?{_‘lp sti tut ed
hydr ocar byl , Q&@a gérg*bsu Suﬂs }%?ngjmﬁ%ﬁ%%ta ey r g%lﬁ a asatj%f i ned above
and two R* nayNR3i, IOR"bgeRhéli‘eRt*pPRtj, hsR*;, Sbik¥;t SkﬁtBRf"gp&RﬁmﬂdPS‘g,ind
sat ur at ed, . par ura ed romat i clic oI cyclic ring
structure. 1$ %@lﬁﬁ}{@ ﬂ’@ﬁﬁﬁ ‘?&ggﬂf‘%t"ﬁ? Bep- &“ﬁ%ﬁl{?ﬁ?&nﬁ gt &4 uf&%l){’ﬁf)‘ént adi enyl
l'i gand", inserted within the hydrocarbyl radical, such as -Ox, -S-, -Se-, -Te-, -N(R*)-, =N-,

-P(R*)-, =P-, -As(R¥)-, =As-, -Sb(R*)-, =Sb-, -B(R*}-, =B-, -Si(R*),-,

-Ge(R*)z-, -Sn{R*),-, -Pb(R¥),- and the like, where R* is independently a

hydrocarbyl or halocarbyl radical, and two or more R* may join together to form a

20  substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or
polycyclic ring structure.

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, I)
or halogen-containing group (e.g. CFa).

25 Substituted halocarbyl radicals are radicals in which at least one halocarbyt
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*s,
SnR*3;, 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-, -Se-, ~Te-, -N(R¥)-,

30 =N, -PR*)-, =P-, -As(R*)-, =As-, -Sb(R*)-, =Sb-, -B(R*)-, =B-, -SiR*)>-,
-Ge(R*)z-, -Sn(R*)2-, -Pb(R*)z~ and the like, where R* is independently a

hydrocarbyl or halocarbyl radical provided that at least one halogen atom remains



"substituted or unsubstituted indenyl |igand”, "substituted or unsubstituted
fluorenyl ligand” and "substituted or unsubstituted tetrahydroi ndenyl

| igand"”, the substitution to the aforenentioned |igand may be hydrocar byl ,

substituted 10 hydrocarbyl, hal ocarbyl, substituted hal ocarbyl, silylcarbyl,
or ger nyl carwpl2007Bh®73 substituti on may al so be w t hi n t heegwosdomgioyiong

het erocycl opent adi enyl |igands, hetero2ndenyl |igands, heterofl uorenyl

| i gands, or heterotetrahydoi ndenyl |igands, each of which can additionally
be substituted or unsubstituted. In sone enbodi nents, the hydrocar byl

radi cal is independently selected 15 fromnethyl, ethyl, ethenyl, and

i soners of pr cqmythe oﬂngxngllhalopa'hyMad1cﬂieMd;tlohﬂim Yo or moﬂe}R*‘ mapjvyﬂ decyl ,

undecyl , dodec tri ecyl adec heptadecyl
oct adecyl , @%@?Io Qméﬁ?yﬂlﬂﬁ ﬁgiﬁ@%@%é ra"f*é‘?"racosyl
pent acosyl , @ﬁﬂﬁ%ﬁ HOSA AR mgnn$gﬁ@ﬁ@§yl nonacosyl triacontyl,

pr openyl , buten gmtenyl hexen hept enyl , octenyl, nonenyl , decenyl,

20 undecenyl , dodecﬁ'amml;byt raﬂwalséaﬁw Qalbésﬂ)d@m ey glpﬂp& iad)dddm}nb silyl

nenoi coseny, Hodisgaaye bonped GEGUY ST e g PERORER S Homen PEEE TR pituce
hexacoseny  (BX ﬁ%ﬁ??‘m@fﬁg‘iﬁiﬂ?@@&[ﬁﬁﬁwﬁﬁw 'ﬁlﬁféﬁi‘ﬁﬁ' decynyl |
undecynyl , cﬁ?é@@ Oyorapr the leervdheee higlindependsatly adudspparbyl or
ESﬁZ?ﬁSZQ%'W,”El"%oséﬁ%ﬁﬁ*kﬁn.ﬁ%%ﬁﬁ%wr@i&ﬁ?@%ﬁ“@ LS tedor
hexacosynyl , insmistitdeslsatirated) phdiaiy ymatmate:bvmm&mdypht oF mﬂyn]mljcmfahg

but adi enyl pentadlenyl hexadi enyl , heptadi enyl, octadi enyl, nonadi enyl,
and decadllé’nylS RS |ncI uded are isomers of saturated, partially

unsaturated and ar (@@ﬁ,}y;‘cafbyp}aupca@rms@@mé&?&Jfﬂy%aﬁﬁlsjtaféﬁbﬁﬁs% wolt@igd n the

radi cal may additi onal bé subj ect ed he types of ~substitutions

descri.bed abov&mﬂ}é)@mﬂoé ity ichanded gineetly to thenindigatqsiréen ot atpms JBomypleE1973
PCT/ U52006/ 02 vl

propyl phenyl , ‘%ﬁgcrio%%l 'hde;%g @%yﬁeﬁﬁ’e@%}%@ﬁﬁz tjl?(tr)lgég TW ?f'ht hracenyl ,
cyc: oEe nt y: @ﬁfg@]ﬁ&bﬁ)ﬁﬁqﬂmﬂtﬁ)ﬁp@mﬂ and)ghﬂ lﬂteezlbdmﬁgllé* 1§1ﬁﬂépehd:@ngbraﬂexlyl ]
cycl ohept clo nor bonen adamant the like.
F)c/)r t hi g )é]lsscﬁé’ %\?\"3%10&‘1@’3’?@81 é‘%ﬂdlt‘é’c’ T BPEdR* may jimfags ogﬂ%ar adi cal
type and all %B@cftut&@@f &%h@stlft&éd@ﬁu)f@@ 'bartiaﬂ?hn{aﬂ%t@@br érlﬂﬂﬁué SychkBt ected to

the substitutions defi ned above. Al kyl,” al keny and al kynyl Tradicals |isted
i nclude al | i swiwsyslid nirg sivkichige.wher e appropriate cyclic

Polar radicals or polar groups are groups in which a heteroatom

functionality is bonded directly to the indicated atom or atoms. They include

20 heteroatoms of groups 1-17 of the periodic table (except carbon and hydrogen)
either alone or connected to other elements by covalent bonds or other interactions
such as ionic bonds, van der Waals forces, or hydrogen bonding. Examples of
functional heteroatom containing groups include carboxylic acids, acid halides,
carboxylic esters, carboxylic salts, carboxylic anhydrides, aldehydes and their

25  chalcogen (Group 14) analogues, alcohols and phenols, ethers, peroxides and
hydroperoxides, carboxylic amides, hydrazides and imides, amidines and other
nitrogen analogues of amides, nifriles, amines and imines, azos, nitros, other
nitrogen compounds, sulfur acids, selenium acids, thiols, sulfides, sulfoxides,
sulfones, phosphines, phosphates, other phosphorus compounds, silanes, boranes,

30 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*,



I somers, for exanple, butyl includes n-butyl, 2-nethylpropyl,
1-met hyl propyl, tent-butyl, and cycl obutyl (and anal ogous substituted
cycl opropyl s); pentyl 10 includes n-pentyl, cyclopentyl, | -nmethyl butyl,

2- met hyl buty, S | butyl, 1- ethylpropyl, and neopentyl (and anal ogous
substituted "&9&?‘8@3{9@/5 and cycl opropy}s); butenyl incl L%:ér 888°% f or s
of 1-butenyl, 2-butenyl, 3-butenyl, 1-mrethyl-I-propenyl,

1- net hyl - 2- propenyl, 2-nethyl -1-propenyl and 2-nethyl -2- propenyl (and
cycl obut enyl s and cycl opropenyls). Cyclic conmpound having 15 substitutions

or L ho et hyl pRAy TSR RER Y, SR BRI SR R BAHRMEMIBLRE B S o) henyi
woul d i ncl Udehﬁifﬁer{ébﬁ(gl%@w,,su&tﬂut%lﬁmmm%cmb 1 érsebdi@itby | phenyl ,
yl, - dl

2, 6- di phenyl ne ] | phenyl , and 3, 5-di met hyl phenyl . Exanpl es of
cycl opent adi ehglocaby] radiepd ﬁgfdeﬂneéaﬁw gaf &wo Ri* magyieindessther $3ox® 2ani oni ¢

ing st ruct uf SRR ol th T cobed, ER M B AR R, T Y b

atons; a @yclopeydiadingnithctiiegand has five ring carbon atons and a fl ourenyl
| igand has 13 carbon atonms. Thus an indene is equivalent to a Cp ring with

two al kyl radical _substjtuent a_flour I S equivalent .to Cp ring
with four alkyl ralh i the e Lubrliated or bopbsted pyelwapad s
(pre-cat al yst ag;hetitaRfiet uﬁs%ﬁitgte@ﬁﬂeﬂmifgﬁa@wsﬁbstﬁmed enertRgheay! derivatives

of titanium zirconiumand hafnium 71 n general, useful titanocenes,

zi rconocenes dnarehgfligsodand "sebytitpéedras prabetiiied taiphydreindenyl §ensiti Ay f or nul ae:
G

nmetal center, I'sTa & oup um “Zlirconi um or
haf ni um poef &yadobarb ] ladeuarbyln sobstinatbdhalogarGy, siipidabByl, ongemiyivarbshEheor

different cycl opentadi enyl rings.that. are._each bonded to M. and 1) both Cp
and Cp* are. sﬁﬂ%“f“%%‘@&y\féspﬁeig %anﬁg“?ﬁibﬁt‘?rgﬁ’(?fjo@?}?tﬁ&sn%ﬁ@ Stuent", or
2) Cp is substifeinii Hdinds Héf%ﬁo‘ﬂ_ﬁofﬁﬂ){lflig&%s;s&Qﬁérétlé@ﬂ{yaofh&gnyl lighb er ably

both Cp and Cp* are substituted Wt romtwo to five substituents "R,
each subst i t uenth ofivchigh @niadditignallyrigeplstitidend ¢nunsuebstitiiidcal group which is a

hydrocarbyl, subst i 4G WAERGRE, B nyalRLBGAlafithr is RidBSGabMAd R ocar byl

15  from methyl, ethyl, ethenyl, and isomers of propyl, butyl, pentyl, hexyl, heptyl,
ociyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, octadecyl, nonadecyl, eicosyl, heneiqosyl, docosyl, tricosyl,
tetracosyl, peutacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl, triacontyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,

20' | undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl,
heptadecenyl, octadecenyl, nonadecenyl, eicosenyl, heneicosenyl, docosenyl,
tricosenyl, tetracosenyl, pentacosenyl, hexacosenyl, heptacosenyl, octacosenyl,
nonacosenyl, triacontenyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl,
octynyl, nonynyl, decynyl, undecynyl, dodecynyl, tridecynyl, tetradecynyl,

25  pentadecynyl, hexadecynyl, heptadecynyl, octadecynyl, nonadecynyl, eicosynyl,
heneicosynyl, docosynyl, tricosynyl, tetracosynyl, pentacosynyl, hexacosynyl,
heptacosynyl, octacosynyl, nonacosynyl, triacontynyl, butadienyl, pentadienyl,
hexadienyl, heptadienyl, octadienyl, nonadienyl, and decadienyl. Also included
are isomers of saturated, partially unsaturated and aromatic cyclic and polycyclic

30  structures wherein the radical may additionally be subjected to the types of
substitutions described above. Examples include phenyl, methylphenyl,



SITYTCarbylor germylcarpyl, or Cp and Cp* are the same or different 10
cycl opentadi enyl rings in which any two adjacent R groups are optionally
joined to forma substituted or unsubstituted, saturated, partially

unsat urated, or arorrati c cyclic or polycyclic substituent; XI and X2 are,

i ndependent % C?Q ggen, hal ogen, hydride radicals, hydrpggubuheoziagi cal s,
substi tuted hydrocar byI radi cal s, hal ogarbyl radicals, substituted 15

hal ocar byl radicals, silylcarbyl radicals, substituted silylcarbyl radicals,
ger nyl car byl radicals, or substituted gernyl carbyl radicals; or both X are
joined and bound to the netal atomto forma netallacycle ring containing
from about 3 (ﬁmﬂhﬂpmez@ﬂw&mhmﬁnﬁﬂhﬁbhmwipbuuﬁﬂmmﬂeﬁpgmymhﬂnme an ol efin,
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moi eti e ?Lr‘"‘[ti% méﬁﬁﬁwﬁ R GREeh Y SEISRRVE SO o s for
illustrative 5 cmb%xalﬁsd rﬁ&ﬁﬂhﬁbld%kyl bﬁbl&ﬁﬂﬁi rc':}@l@hélﬁed% limting in

any way. A nu final conponents nmay formed by permiting all
possi bl e corrblW&W@O&OWWL@éﬂmﬂtﬂ@@@lthedﬂipef‘pl'e@s\dlﬁcipswa whethe ot her . When

hydrocarbyl r K C kyl ,
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n-butyl, 2- methylpropyl.,  1-mnet hyléﬁ#ﬁ{ﬁ%} tert-hutyl, and cyclobutyl pent yl

i ncl udes n- pemdikynylradicals Bsied ncle P%an}udm%wh%r? REpRpHafe cyclic
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propyl cycl ope rﬁtmbre%mj axidﬁi@bpﬁi@l Qand%ﬂﬂgélﬁ)éﬁlbs@ﬁﬁéﬁ @sémnms and
i sopropyl cycl opent a eycl ntadi enyl . In general t he

% pﬁlc opr ozoiy og‘g
| i gands or gr GUB® pwwvla)s Pfamédnql Armihed Lrbwtenyl) 2-buisnd, 3-Buttwing . For
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ortho-methylphenyl, meta-methylphenyl and para-methylphenyl; dimethylphenyl
would include 2,3-dimethylphenyl, 2, 4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-
diphenylmethyl, 3,4-dimethylphenyl, and 3,5-dimethylphenyl.  Examples of

cyclopentadienyl and indenyl ligands are illustrated below as anionic ligands.

20 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 and a flourenyl ligand has 13
carbon atoms. Thus an indene is equivalent to a Cp ring with two alkyl radical
substituents and a flourene is equivalent to a Cp ring with four alkyl radical
25  substituents.

The metallocene compounds (pre-catalysts), usefil herein are preferably
cyclopentadienyl derivatives of titanium, zirconium and hafiium. In general,
useful titanocenes, zirconocenes and hafhocenes may be represented by the

30 following formulae:
(CPCPIMXiXs @
wherein:



To illustrate nmenbers of the transition netal conponent, select any
conbination 10 of the species listed in Tables AL TABLE A M Cp, Cp*
titani um cycl opentadi enyl zirconi um net hyl cycl opent adi enyl  haf ni um

- di met hyl cycl gpent adi enyl trinethyl cycl opent adi enyl
‘tetranethylc?@?ﬂﬁ@ﬁ?gﬁienyl ethylcycloagntadienyl di et h§FTVEIBHEAM3di eny
- propyl cycl opent adi enyl di propyl cycl operitadi enyl butyl cycl opent adi enyl

- di butyl cycl opent adi enyl pentyl cycl opent adi enyl di pentyl cycl opent adi enyl
hexyl cycl opent adi enyl di hexyl cycl opent adi enyl heptyl ¢cycl opent adi enyl

di heptyl cycl opgpfagl 11?1@%1 cen%‘ft%fmh‘?y%%%gﬁ@g@?@%ﬁf&ab gi;@{éﬁﬂlcé{%ﬂtﬂ adi enyl

nonyl cycl opent adi eny di nonylcyc yclopent adi enyl

di decyl cycl opehafaniog pydferablycdaeyliay ol bafemimadi enyl  dodecyl cycl opent adi enyl
tridecyl cycl opent aqienyl 2007/ 011973 PCT/ US2006/ 027943 2
tetradecyl cycl %@ﬁgﬁﬁ ¢ sagus-ererent cylerspiadtenyl ragp that are each bonded

to M, and 1) both Cp and Cp* are substituted with at least one non-isoolefin
5  substituent", or 2) Cp is substituted with from two to five substituents "R",

preferably both Cp and Cp* are substituted with from two to five substituents "R",
each substituent group R being, independently, a radical group which is a
hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl or germylcarbyl, or Cp and Cp* are the same or different

10  cyclopentadienyl rings in which any two adjacent R groups are optionally joined
to form a substituted or unsubstituted, saturated, partially unsaturated, or arométic
cyclic or polycyclic substituent;
X and X are, independently, hydrogen, halogen, hydride radicals, hydrocarbyl
radicals, substituted hydrocarbyl radicals, halocarbyl radicals, substituted

15  halocarbyl radicals, silylcarbyl radicals, substituted silylcarbyl radicals,
germylcarbyl radicals, or substituted germylcarbyl 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 atoms; or both together can be an olefin, diolefin or aryne
ligand.

20

‘Table A depicts representative constituent moieties for the metallocene

components of formula 2. The list is for illustrative purposes only and should not
be construed to be limiting in any way. A number of final components may be
formed by permuting all possible combinations of the constituent moieties with

25  each other. When hydrocarbyl radicals including alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkyny! and aromatic radicals are disclosed in this
application the term includes all isomers. For example, butyl includes n-butyl, 2-
methylpropyl, 1-methylpropyl, tert-butyl, and cyclobutyl; penty! includes n-
pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, neopentyl,

30  cyclopentyl and methyicyclobutyl; 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. This includes when a radical is bonded to



hexadecyl cycl opent adi enyl
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e i enyl tetracosy
pentacosylcy@&ﬁ%@ﬁﬁgﬁgenyl hexacosylcyg%opentadieny

hept acosyl cycl opent adi enyl
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cycl ohexyl cycl opent adi enyl
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includes 1-methylindenyl, 2-methylindenyl, 3-methylindenyl, 4-methylindenyl, 5-

met hyl phenyl

10

hept adecyl cycl opent adi enyl

docosyl cycl opent adi enyl
| PCT/US2006/027943

I

di phenyl cycl opent adi enyl

t hyl cycl opent adi enyl
di enyl

methylindenyl, 6-methylindeny! and 7-methylindenyl; methylethytphenyl includes

ortho-methylethylphenyl, meta-methylethylphenyl and para-methylethylphenyl.

To illustrate members of the transition metal component, select any combination

of the species listed in Tables A.

TABLE A -
M  Cp, Cp*
titanium cyclopentadienyt
zirconium methylcyclopentadienyl
hafnivm dimethyleyclopentadienyl

trimethylcyclopentadienyl

tetramethylcyclopentadienyl

| ethylcyclopentadienyl

diethylcyclopentadienyl

propylcyclopentadienyl

dipropyleyclopentadienyl

| butylcyclopentadienyl

dibutylcyclopentadienyl

pentylcyclopentadienyl

dipentylcyclopentadienyl

hexylcyclopentadienyl

dihexylcyclopentadienyl

heptylcyclopentadienyl

diheptylcyclopentadienyl

octylcyclopentadienyl

dioctylcyclopentadienyl

nonyleyclopentadienyl

dinonylcyclopentadienyl

decylcyclopentadienyl

didecylcyclopentadienyl

undecylcyclopentadienyl

dodecylcyclopentadienyl

tridecyleyclopentadienyl




met hyl nonyl cycl opent adi enyl net hyl decyl cycl opent adi enyl
vi nyl cycl opent adi enyl propenyl cycl opent adi enyl but enyl cycl opent adi enyl WO
2007/ 011973 PCT/ US2006/ 027943 29 indenyl nethylindenyl dinethylindenyl

trinmethylind anet hyl i ndenyl pent anet hyl i ndenyl
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nmet hyl et hyl i ndenyl net hyl butyl i ndenyl “ethylindenyl propylindenyl
butyl i ndenyl pentylindenyl hexylindenyl heptyiindenyl octylindenyl
nonyl i ndenyl decylindenyl phenylindenyl (fluorophenyl)indenyl

(et hyl phenyl )indenyl biphenylindenyl (bis(trifluoronethyl)phenyl)indenyl
napt hyl i ndenyl phenant hryl i ndenyl| tetradecyleyclopentadienyl

pentadecylcyclopentadienyl
hexadecylcyclopentadienyl
heptadecylcyclopentadienyl
octadecylcyclopentadienyl
nonadecylcyclopentadienyl
eicosylcyclopentadienyl
heneicosylcyclopentadienyl
docosylcyclopentadieny)
tricosyleyclopentadienyl
tetracosyleyclopentadienyl
pentacosylcyclopentadienyl
hexacosylcyclopentadienyl
heptacosylcyclopentadienyl
octacosylcyelopentadienyl
nonacosylcyclopentadienyl
triacontylcyclopentadienyl
cyclohexylcyclopentadienyl
phenylcyclopentadienyl
diphenylcyclopentadienyl
triphenyleyclopentadienyl
 tetraphenylcyclopentadienyl
tolylcyclopentadienyl
benzyleyclopentadienyl
phenethylcyclopentadienyl
cyclohexylmethylcyclopentadienyl
napthylcyclopentadienyl
methylphenyleyclopentadienyl
methyltolylcyclopentadienyl
methylethylcyclopentadienyl
methylpropylcyclopentadienyl
methylbutylcyclopentadienyl
methylpentylcyclopentadienyl
methylhexylcyclopentadienyl
methylheptylcyclpentadienyl
methyloctylcyclopentadienyl
methynonylcyclopentadienyl
methyldecylcyclopentadienyl
vinylcyclopentadienyl
propenylcyclopentadienyl
butenyleyclopentadienyl
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wethylindeny

tetramethylindenyl

pentamethylindenyl

methylpropylindenyl

| dimethylpropylindenyl

methyldipropylindenyl

methylethylindenyl

methylbutylindenyl

ethylindenyl

propylindenyl

butylindenyl

- pentylindenyl

" hexylindenyl

| heptylindenyl

| octylindenyl

[ nonylindenyl

decylindenyl

- phenylindenyl

' (fluorophenyl)indenyl

" (methylphenyl)indenyl

biphenylindenyl

(bis(trifluoromethyl)phenyl)indenyl

napthylindenyl

phenanthrylindenyl

benzylindenyl

benzindenyl

cyclohexylindenyl

methylphenylindenyl

ethylphenylindenyl

propylphenylindenyl

methynapthylindenyl

ethylnapthylindenyl

propylnapthylindeny?

(methylphenyl)indeny!

(dimethylphenyl)indenyl

(ethylphenyl)indenyl

(diethylphenyl)indenyl

(propylphenyl)indenyl
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methylcyclopentablphospholyl
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methylcyclopentalb]stibotyl

dimethylcyclopenta[b]thienyl

dimethylcyclopenta]d}furanyl

dimethylcyclopental b]pyrrolyl

dimethylcyclopenta] b]phospholyl

trimethylcyclopenta[ bithienyl

trimethylcyclopenta[b]furanyl

trimethylcyclopenta[b]pyrrolyl

trimethylcyclopenta[b]phospholyl

ethylcyclopenta[b]thienyl

ethylcyclopenta]b]furanyl

ethylcyclopenta[5]pyrrolyl

ethylcyclopenta[ #]phosphotyl

diethyleyclopenta[sijthienyl

diethylcyclopenta] furanyl
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propyleyclopenta[b]furanyl

propyleyclopental 5]pyrrolyl

propyleyclopenta]b]phospholyl

dipropylcyclopenta[b]thienyl

dipropylcyclopenta| b]furanyl

| dipropylcyclopenta[ bipyrrolyl

dipropylcyclopentab]phospholyl

| tripropylcyclopenta[b]thienyl

tripropylcyclopenta[d]furanyt

tripropylcyclopenta[b]pyrrolyl

tripropylcyclopenta[blphospholyl

butyleyclopenta[b]thienyl

butylcyclopenta[#]furanyl

butyleyclopenta[b]pyrrolyl

| butylcyclopenta[b]phospholyl

dibutyleyclopenta[b]thienyl

dibutyleyclopentafd]furanyl

dibutylcyclopenta[bjpyrrolyl

dibutylcyclopenta[ & ]phospholyl

tributylcyclopentafblthienyl

tributyleyclopenta[ b]furanyl

tributyleyclopenta[b]pyrrolyl

tributylcyclopentaf blphospholyl

ethylmethylcyclopenta[b]thienyl

ethylmethylcyclopenta[b]furanyl

ethylmethylcyclopenta[blpyrrolyl

ethylmethyleyclopenta[b]phospholyl

methylpropylcyclopenta[b]thienyl

methylpropylcyclopenta[ 5] furanyl

methylpropylcyclopenta[b]pyrrolyl

methylpropyleyclopenta[biphospholyl

butylmethylcyclopenta[d]thienyl

butylmethylcyclopenta[b]furanyl

butylmethylcyclopenta[ b]pyrrolyl




but yl net hyl cycl opent a[ b] phosphol yl  cycl opent a[ c] t hi enyl
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di et hyl cyclopent a[ c] phosphol yl__t r | eciapeaspksinymeiilal c] t bi eny!
cyclopenta[c]phospholyl
cyclopenta[clarsolyl
cyclopenta[c]stibolyl
methylcyclopenta[c]thienyl
methylcyclopenta[ clfuranyl
methylceyclopenta[cjselenophenyl
methylcyclopenta[c]tellurophenyl
methyleyclopenta[clpyrrolyl
methyleyclopentafc]phospholyl
methylcyclopenta]c]arsolyl
methylcyclopenta[c]stibolyl

| dimethylcyclopentafc]thienyl
dimethylcyclopentafc]furanyl
dimethylcyclopentafc]pyrrolyl
dimethylcyclopentalc]phospholyl
trimethylcyclopenta[ c]thienyl
trimethylcyclopenta[ ¢]firanyl
trimethylcyclopenta[c]pyrrolyl
trimethylcyclopentalc]phospholyl
ethylcyclopenta[c]thienyl
ethylcyclopenta]c]furanyl
ethylcyclopentafc]pyrrolyl
ethyleyclopentafc]phospholyl
diethylcyclopenta] ¢]thienyl
diethylcyclopenta] c]furanyl
diethylcyclopenta[ c]pyrrolyl
diethylcyclopentafc]phospholyl
triethyleyclopenta[c]thienyl
triethyleyclopenta[¢]furanyl
triethylcyclopenta]¢]pyrrolyl
triethylcyclopenta[c]phospholyl
propyleyclopenta[c]thienyl
propylcyclopenta] ¢]furanyl
propyleyclopentac]pyrrolyl
propylcyclopenta[c]phospholyl




triethylcyclopenta[c] furanyl triethylcyclopentalc]pyrrolyl

triethyl cycl opental c] phosphol yl propyl cycl opent a[ c]t hi enyl

propyl cycl opent a[ c] furanyl propyl cycl opent a[ c] pyrrolyl

propyl cycl o nta%g%ghospholyl WO 2007/ 011973 PCT/USZOOG/Q%%,%QH)@&@943
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butyl cydl opent a[ c] t hi enyl  but y| dipedpylsaplopdnieitiensy |
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butyleyclopenta[clthienyl

butylcyclopenta]c]furanyl

butylcyclopenta[c]pyrroly}

butyleyclopentalc]phospholyl

dibutylcyclopenta[c]thienyl

| dibutylcyclopenta] c]furanyl

dibutyicyclopenta[c]pyrrolyl

dibutyleyclopenta{c]phospholyl

tributylcyclopentafclthienyl

tributyleyclopenta]¢[furanyl

tributylcyclopentaf cJpyrrolyl

 tributyleyclopenta[ cJphospholyl

ethylmethylcyclopenta[clthienyl -

 ethylmethylcyclopentalc]firanyl

ethylmethylcyclopenta[c]pyrrolyl

' ethylmethylcyclopental c]phosphotyl

- methylpropyleyclopentafc]thienyl

| methylpropylcyclopentalc]furanyl

methylpropyleyclopentalclpyrrolyl

methylpropylcyclopenta[cphospholyl

butylmethylcyclopenta[¢]thienyl

butylmethylcyclopentaf cjfuranyl

butylmethylcyclopenta[c]pyrrolyl

butylmethylcyclopentafc]phospholyl

pentamethylcyclopentadienyl

tetrahydroindenyl

mehtyltetrahydroindenyl

dimethyltetrahydroindenyl

In a preferred embodiment of the invention, when used with an NCA, Cp
is the same as Cp* and is a substituted or unsubstituted indeny! or

tetrahydroindenyl ligand. Most preferred substituted and unsubstituted indeny] or
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preferred enbodi nent of the invention, "when used with an NCA, Cp is the sane
as Cp* and is a substituted or unsubst i t ut ed i ndenyl or tetrahydroi ndenyl

| i gand. Most preferred substituted and unsubstituted indenyl or WO

2007/ 011973 P@&ﬂﬁﬁaﬁﬁé@ﬁg@sﬁﬁd&@bﬁﬁ@ydmufmd@tﬁwthdz-ﬁmﬁldfm@ ude having a

substituent in the 2-position of the _indenyl or tetra%drm ndenyl ring,

i ndenyl , t et r ardeaylgirieteshydroindery! singrindeapy}, egrahydroindenyl, %, Bdimetslingdvhdenyl . 5
Pr ef erred met %ﬁ?%eﬂﬁe&?%?&%ﬂglds (pre-catal ysts) which, according to the

present invention;” prov tal yst systens which are specific to the
production of | ow viscosity poI y-a-ol efins include:

Bi s(1, 2-di net hyl cycl opent adi y 2|rco m di chl ori de .
Bi s( 1, 3- di Ret hyI cyg’F prERhagEtR Cefi E’i&pr Wg@h gegording to the

Bis(1,2,3-tri I |
Bi s( 1,2,4-tri tshyt Iﬁe@ 52’%‘2‘%’:% S) ﬁ%@%ﬁ% %le gl%lcg{cltgﬁw production Of
Bis(1,2,3,4- tébwarrmmdntylpohmmtﬁmmdhﬂezyl ) zi rconi um di chl ori de
Bis(1, 2, 3,4, 5-pentaneth cl opent adi,enyl ) zj,r.coni um di chl ori de
g. sgi rret Ey: f&d]#yfﬂe {;@K‘i&pﬁf md%aﬁ%l?ﬁ'e%#&*ﬁ%‘#ecgl oH de é5

i's me y r Wkt i chl oride
Bis(1l-nmeth 9 331$?2);ﬁ% 9}69 181pﬁglnt gd(:?lzyi;]ﬁ Zi rggﬁiﬁim chl ori de
Bi s( 1- net HYI - el mpmth){iwq chtadigny])zirganommn @l ori de
Bi s(1- et hyl %%‘p ‘f c,ﬁ R’ﬁ %%ﬂén goauirﬁﬁﬂhﬂ‘ gl chl ori de
Bi s(1- net hyI %E}H’ 8% ? %m rcontum | chl ori de

Bis(1,2,3,4-tetramethylcyclopentadienyl)zirconinm dichloride
Bis(1,2,3,4,5-pentamethylcyclopentadienyl)zirconium dichloride
Bis(1-methyl-2-ethylcyclopentadienyl)zirconium dichloride
.15 Bis(1-methyl-2-n-propylcyclopentadienyl)zirconium dichloride
Bis(1-methyl-2-n-butyllcyclopentadienylzirconium dichloride
Bis(1-methyl-3-ethylcyclopentadienyl)zirconium dichloride
Bis(l-methyl'-S-n-propylcyclopenfadienyl)zirconium dichloride
Bis(1-methyl-3-n-butylcyclopentadienyl)zirconium dichloride
20 | Bis(1-methyl-3-n-pentylcyclopentadienyl)zirconium dichloride
| Bis(1,2-dimethyl-4-ethylcyclopentadienyl)zirconium dichloride
Bis(1,2-dimethyl-4-n-propylcyclopentadienyl)zirconium dichloride
Bis(1,2-dimethyl-4-n-butytcyclopentadienyl)zirconium dichloride
Bis(1,2-diethylcyclopentadienyl)zirconium dichioride
25  Bis(1,3-diethylcyclopentadienyl)zirconium dichloride
Bis(1,2-di-n-propylcyclopentadienyl)zirconium dichloride
Bis(1,2-di-n-butylcyclopentadienyl)zirconium dichloride
Bis(1-methyl-2,4-diethylcyclopentadienyl)zirconium dichloride
Bis(1,2-diethyl-4-n-propylcyclopentadienyl)zirconium dichloride
30  Bis(1,2-diethyl-4-n-butylcyclopentadienyl)zirconium dichloride
Bis(1-methyl-3-i-propylcyclopentadienyl)zirconium dichloride
Bis(1-ethyl-3-i-propyleyclopentadienyl)zirconium dichloride



20 Bi s(I-nethyl -3-n-pentyl cycl opent adi enyl ) zi rconi um di chl ori de
Bi s(1, 2-di net hyl - 4- et hyl cycl opent adi enyl ) zi rconi um di chl ori de
Bi s( 1, 2-di met hyl - 4- n- propyl cycl opent adi enyl ) zi r coni um di chl ori de

Bi s(1, 2-di nmet hyl - 4- n- butyl cycl opent adi enyl ) zi r coni um di chl ori de
Bis(1,2-die | gpent adi enyl ) zi rconi um di chl oride 25 per/us2006/027943

Bis(1, 3-di ewoﬁ%gfﬁgent adi enyl ) zi rconizgm di chl ori de POTILS200602

Bi s(1, 2-di - n- propyl cycl opent adi enyl ) zi rconi um di chl ori de

Bi s(1, 2-di - n-butyl cycl opent adi enyl ) zi r coni um di chl ori de

Bi s(1- et hyl -2, 4-di et hyl cycl opent adi enyl ) zi rconi um di chl ori de

Bi s(1, 2-di et h)(l 2~‘ﬁimeqhyhptylbpqmﬂdmngh¢cadom§ﬁﬂl)enylbzmmmum diclddrider i de 30

Bi s (12d|eth cl di.en zlr nlu | ori de

Bi o( 1. et hyl - $b3 SaYlel RN G A R TR cftoeilee

Bi s(1-ethyl - 3¢{ >R ARME abp@%iea @Bty Aclop ethdienyDkn@inh dRNIMERIL007(011973
PCT/ U82006/ 02:59’43 55’ 4 o heiicytiop _ yﬁ _n ‘ 1_

(1, 2-di met hyl oiya+dapetﬂwbzmlepﬁﬂt@dqe@yﬁﬂeﬂvbﬁclanﬁnéadwnybmr@mdmmmdﬁ ori de

(1, 3-di net Qyl en nt. um di chl ori de

(1, 2- di met Eyl 3}@1@%&%@’@? 18?1%’?%“‘5 %ﬁh?ﬁo@ @ﬂ%ﬁ%a‘)&?‘{é‘ ﬁ?@ 1?8%‘?%%hm di chl ori de
(1, 2-di met hyl gyglgent adi enyl ) (et hyl cycl opent adi enyl ) zi rconi um di chl oride 5
(1, 2-di net hyl C£C| opent adi enyl ) (1, 2-di - n- buyI gﬁ/cl opent adl enyl ) zirconi um

di chlori de ( 1.(B3dimebylpyelgpintidisey Disveapaniadicn giidezi r coni um

di

chl ori de
(1, 3-di net hyl é§/<3:|dén&8trl?¥ lcgiclo er\t3dzefy]%(162 d1me y} IOP%!E)%Irl]etn I|Z1(1;,cr‘1:’y Zi rconi um

di chl ori de 10 dichloride

1, 3-di I d I
((ji chl olr |mé ByB%ig dﬁ%ﬁﬁ?ﬁ@%%ﬁ%ﬁgﬁcﬁfﬁy 8@?1 ﬁ&l ﬁ%ﬂé?l} i rconi um
di chl ori de Blmé(ﬂ—[daﬁﬁwcbﬁdﬁlrﬁiéﬁlﬁd’ecom um di chl ori de
Bi s(4-net hyl i ndenyl ) zi rconi um dichl oride 15

Bi s( 4, 7- di met Rl weethylindsnylzérenivmdickioridei de
g: :g fl g g ; E ;ﬁtug(g%%frl@h@gﬁgﬁ&@ﬁ@ WZIQ:’ gglrflrjhdgl chl ori de
Bi s(4, 5, 6, 7- t Ais(dyethylindelylpinetiy|dichtberdy| ) zi r coni um di chl ori de

(Cycl opent %dl ?%4)7(d1mefhylmdetn§ glzrﬂcra 1%1.1;11 nrﬂen el )zirconi um di chl ori de
Bis(4,5,6,7-tetrabydroindenyl)zirconium dichloride
Bis(4,5,6,7-tetrahydro-2-methylindenyl)zirconium dichloride
Bis(4,5,6,7-tetrahydro-4,7-dimethylindenyl)zirconium dichloride
(Cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)zirconium dichloride

20  The preferred catalysts also include the zirconium dihalides, di-methyl, di-
isobutyl, di-n-octyl or other di-alkyl analogs of the above compounds, and the
hafnium dichloride, dihalides, or the hafhium di-methyl or di-alkyl analogs of the
above compounds.

Particularly preferred catalyst compounds also include bis(1,2-

25  dimethylcyclopentadienyl)zirconium dichloride, bis(1,3-
dimethylcyclopentadienyl)zirconium dichloride, bis(1,2,4-
frimethylcyclopentadienyl)zirconium dichloride and
bis(tetramethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-2-
ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-

30 ethyleyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-
propylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-



20 The preferred catal ysts also include the zirconiumdihalides, di-nethyl,
di - isobutyl, di-n-octyl or other di-alkyl anal ogs of the above conpounds,
and the hafniumdichloride, dihalides, or the hafniumdi-nethyl or di-alkyl
anal ogs of the abaove conpounds. Particularly preferred npounds
al so i ncl ud¥OBMPY2 25 di met hyl cycl ogent adi enyl ) zi rcorll’i%gﬂ}r%% ?‘%ﬁ%ﬁ de,

bi s(1, 3- di net hyl cycl opent adi enyl ) zi rconi um di chl ori de, bis(1,2,4-

trimet hyl cycl opent adi enyl ) zi rconi um di chl ori de and

bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di chl ori de, bi s(1-nethyl-2-

et hyl cycl openbutdicpsntidienydaincating ididhlopide,tds(4,5657-tbtratgidhy | - 3 30

et hyl cycl opent adi enyl ) zi rconj u i.chloride, his(l-pethyl-3-n-

propyl cycl ope@%&%ﬂ@%ﬁ@wﬁa sErenfizgeoniyp c>?fq?i’élﬁhyl -3-n WD 2007/011973
PCT/ US2006/ 02if,94: dl;f?%ﬁ%g%‘g?ﬁéﬁﬂﬁirm Aini3Aigiy di chl ori de,

bis(4,5,6,7-tetrahyo ) zi'rconi um di chl'ori de, bis(indenyl)zirconium
dichl oride, dinsflylgckpesadigiy)zutaben dinkteylyh13Zi2deoni um di met hyl , bis(1, 3-

di met hyl | 0] ' ).z, i di net hyl,, his(1,2,4 5

rimet byl ool BEEHEAt R PO B TRy

bi s(tetranet hhﬁh@eifahi%ﬂﬁﬂt_ly@ﬁb&ﬁ&diélgilyzﬁ&ﬂﬁwﬂﬁﬁdmﬁ,hﬂé(1-rﬂiﬂtﬁ;(l-b—- et hyl - 2-
et hyl cycl opent adi enyl ) zi r coni_.um di net hyl , bi s(1-net hyl - 3-

et hyl cycl open@thﬂpﬂﬂweﬁ‘?ﬂw&ﬂﬂﬁwmﬁmﬁéﬂ, bty - 3- n-

propyl cycl ope j i j i - Pi_sCdset.hyl -3-n 10

but yl cl opent a%.“@giﬁq‘?gﬁa@gﬁ%#cg% %ﬁpﬁh:mssmﬁj(g&%@bt etrahydro

i ndenyl ) zi r copiopyicyclopetadichpl@zircohinfi dickethyl, bis(-methiyliBandi met hyl . Acti vators
and Catal yst Actjvation The, cat.al yst pr.ecurso en activated.by a

comonl y ﬁo$“%W%%FHY%§C%Wd etﬁﬂ%1 @@P‘{iﬂf‘ﬁ@o W@ﬁﬁ&&w tor, form
active catal ygitsiofi@d bi(ideRDL A aim@y10r ol i gonmeri zation of ol efins.

Activators that may 'be used’include Lewis acid activators such as
tri phenyl boron, tris-perfluorophenyl boron, tris- perfluorophenyl al um num and

the Iike and Qr,.j onic i Of S,. h as dinmethylanilinim
tetrakisperfl Retitalls and ek Et’& v I"nyl car boni untetrakis 20
per f | uor ophenyl bor Biesatalystpictyrsans) wheni astivaéd nkd copanédlykiophetiyated um nat e,

and the |]ke. . . . .
H such as non-coordinating anion activator, form active catalysts for the

polymerization or oligomerization of olefins. Activators that may be used include
Lewis acid activators such as triphenylboron, tris-perfluorophenylboron, tris-
perfluorophenylaluminum and the like and or ionic activators such as
dimethylanilinium tetrakisperfluorophenylborate, triphenylcarboniumtetrakis
20  perfluorophenylborate, dimethylaniliniumtetrakisperfluorophenylaluminate, and
. the like.

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 alumoxanes such as methylalumoxane, modified

25  alumoxanes such as modified methylalumoxane, and aluminum alkyls such
trimethylaluminum, tri-isobutylaluminum, triethylaluminum, and tri-
isopropylaluminur, tri-n-hexylaluminum, tri-n-octylaluminum, tri-n-
decylaluminum or tri-n-dodecylaluminum. Co-activators are typically used in
combination with Lewis acid activators and ionic activators when the pre-catalyst

30  isnot a dihydrocarbyl or dihydride complex. Sometimes co-activators are also

used as scavengers to deactivate impurities in feed or reactors.



A co-activator is a conpound capable of alkylating the transition netal
conpl ex, such that when used in conbination with an activator, an active
catalyst is forned. Co-activators include al unoxanes such as

nmet hyl al unoxane fied 25 al unoxanes such as nodifie xane,
y mrrggq , gqc"%mﬁmap

and al uni nufO¢ duch trimet hyl al ugi num tri-isobut m num
triethylalum num and tri- isopropylalumnum tri-n-hexylal um num
tri-n-octylalumnum tri-n- decylalum numor tri-n-dodecyl al um num
Co-activators are typically used in conbination with Lewis acid activators

and ionic activat opgtishieny pﬂ@erﬁa%o@aﬁ@wgmcma@anFlanmimmndbth&ﬂ@ar byl or
di hydri de conpl ex. Sonetines co-activators are a used as scavengers to

deacti vat e i npresented by therfomanlyRaAdachess aach Ps, inbrpersientdy 3 Gidpi@382006/ 027943
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ooyl T3 bupgth fopep tynyppenngdl-mfﬁ R oisbreigh BorHigkproo oo hexy!
n-heptyl, isog ?pmﬂm yD nQfeb ! n-uh&éé?rl A%b¥deyl, ﬂtﬂ@&xd n-tBEAREM - N-undecyl,

n-dodecyl, n-trfdecyl; n-tetfadec n- péentadecyl’, n-hexadecyl, '
n- hept adecyl , pmtmwdadlﬁka,deayidn-ﬂlqﬁadecylsmoaa@c&bsndﬂhalmuw-@allogszators (at tines
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such as B i's
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gt hgl al umr)iaﬁm{seﬂ?g@? ?fi?tgtfv @%@Q&ﬁg‘gﬂ%éﬁ%&ﬁmﬁ‘?‘% gﬁgi&%ﬁﬁtﬁ m)xane and
al um num al ky bs BEsFs) ohBéSHs)sican bmb&xﬂy\hiaﬂrmﬁh mmhpnﬂmddMﬂlmthyl al um num
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within the scepifld dldthsxahsdRek h@nﬁo&xﬁe&ﬁ@ﬂ@ﬂlﬂnmlaﬂé Af8d Slnmsdued glkylemet ri c
activator, neutral or ionic, such as tri(n 2

butyl ) armddi uﬁ\ﬂc@taS%@@pMﬁlwmu@s @w@wﬂwlaﬂmmaﬂ@, trigthylalupiarry adrtBpheny |
b t || | talloid
o eoursor, - poeoTaYERiaRh, fa AelaRELE Lok AROR e B5855) . bor i ¢ aci d

(U.S. Patent Hecylaluminum or tri-n-dodecylaluminum.

It is within the scope of this invention to use an ionizing or stoichiometric
activator, neutral or ionic, such as {ri(n-

20 - butyl)ammonivmtetrakis(pentafluorophenyl) borate, a trisperfluorophenyl boron
metatloid pfecursor or a trisperfluoronaphthyl! boron metalloid precursor,
polyhalogenated heteroborane anions (WO 98/43983), boric acid (U.S. Patent No.
5,942,459) or combination thereof.

Examples of neutral stoichiometric activators include tri-substituted boron,

25  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,

30  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



5,942,459) or conbination thereof. Exanples of neutral stoichionetric
activators include tri-substituted boron, 25 tellurium alum num gallium
and indiumor mxtures thereof. The three substituent groups are each

i ndependent | from al kyl s, al kenyls, hal ogen, ituted al kyls,
aryls, aryl h‘?t??ﬁigg’?ﬁg koxy and hal i des.38Pr eferably, the ﬁﬁﬁ‘@@ﬂm@/ﬁmﬁs are

I ndependently sel ected from hal ogen, nono or nulticyclic (including
hal osubstituted) aryls, alkyls, and al kenyl conpounds and m xtures thereof,
30 preferred are al kenyl groups having 1 to 20 carbon atons, al kyl groups

having 1 to ; ' atons and
aryl groups ﬁgﬁ%éa%rbtr%glggﬁggrﬁg%%%%8%&%@@#3#%81’gf‘fg{sﬁ?ﬁg E@Z’[ﬁ‘ggw s). More
preferably, tkerddd BoiihbtPeferablgihtBReOGHOR 0l BaloRBatetreefegbiyups are al kyl s
having | to 4, carb r oups, enyl,. napht hyl or m xtures thereof. Even
nmore prefer abﬂi}?qu?ﬁgh gwfsﬁu&% %Bg paquraﬂ& %ﬁéﬂg‘iﬂ\iﬂ?mﬁ"@]@ AHYAOTIE yor i nat ed,
aryl groups. LerRbRbREADD i 63h | 6dfopetric activator is
trisperfl uoro;t§)6k1%§n1.$lil ﬁ%’r o{ﬁpoym?%??sg%%uor%pﬁg%t hyl boron. 5 lonic

st oi chi onedri c act Jonit stoickiompicraddvatencompoumis magconigini anaaciiveoproton, @wr  sone

ot her cation associated with, But.not coordifa to, or.on | oosel y
coor di nat ed t 89 Ri&°T %, ﬁlﬁsfsﬂ%‘aﬁegﬁ"@?bl{tﬁg ‘i°8ﬁﬂ%tt?%§%°6r?8§’dﬁ8?eh%uch conpounds
and the |ike gs@diieea td, Beteindinki i0R 6fihe RindtinEnasd. Efhoh-dmpdthdd82, EP-A-0

520 732, EP-A-0 495 375, EP-B 1-0 500 944, EP-A-0 277 003 and EP-A-0 277
004, 10 and Uaml thelike ate degrgibed i Beyonesm publicptiens APrA-G 5 Wr827BR-A-8 5206 197,

081 285, 380, 111 B0 RT3 ARG ATPR, o0 I BT e o
i ncor por atéd laycliUeS‘. @atgmtdéos. Bpﬁi,dstawffﬁl,téé(fféﬁgggsﬁm@tﬂét é,a4h925r,eacit i:ﬂguaon
et T T e e A
conpound f or MR\ugfikt 31992, alSHCWhiek arle[hBtesbfully Hclrpoated Wietherkbabi | i zes the

cationic transition metal species generated by the reaction. The catal ysts

can be, and pref er kigcagalysts grndgprenarodibyicasting § iewsitiongosiplenemewndani ch are
l oni ¢ conpoungls,,Qf, HCAIRASE h%ﬁgﬁl@%‘é‘%ﬁ%ﬁ%ﬁﬁ%ﬁ&%gﬂp e hﬁ?&lgiéﬂfeor S

utilizing neutral conpouhds i's ‘con his-invention. 20
Conpounds 1fis eligindgX pof the trinsitionrmetasirgompentd formg dveanpore pechasi on of the ionic

Cal Al YSL oot ) et S EILLEN SOIRLL 32, cat on
by the reaction. The catalysts can be, and preferably are, prepared with activator
components which are ionic cornpounds or compositions. However preparation of
activators utilizing neutral compounds is also contemplated by this invention.

20 -Compounds useful as an activator component in the preparation of the
ionic catalyst systems used in the process of this invention comprise 2 cation,
which is preferably a Bronsted 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

25  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 EPA 277,003 and EPA 277,004
published 1988: 1) anionic coordination complexes comprising a plurality of

30  lipophilic radicals covalently coordinated to and shielding a central charge-
bearing metal or metalloid core, and 2) anions comprising a plurality of boron

atoms such as carboranes, metallacarboranes and boranes, In a preferred



conpati bl e non-coordi nati ng anion which anion is relatively |arge (bul ky),
capabl e of stabilizing the active catal yst species which is fornmed when the
two 25 conpounds are conbi ned and said anion will be sufficiently Iabi le to
be displaced by olefinic diolefinic and acetylenically,pMdAs3

substrates szgqlf?é’r”ﬁeutral Lewi s basgs such as ethers, PG trlques and the

i ke. Two cl asses of conpatible non- coordi nating ani ons have been di scl osed
in EPA 277,003 and EPA 277,004 published 1988: 1) anionic coordination
conpl exes conprising a plurality of 30 lipophilic radicals covalently

coor di nat ed t emBodimsti, &ied'tdil@ﬁc&n@:tﬁawtﬁrhtoﬁmadﬂg@eammnian@amaﬂiiad} or netalloid

core, and 2) anions c a pluralj f .boron ch. as

car bor anes, )nﬁ?%l’?n&l’ftaﬁ%@é}ﬁ QIoR Fﬁﬂgrﬁﬁﬁ"é}h ¥°lf %F@F]@%LQ%@&)W 011973
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cation and an ani on conponent, d by t | | owi ng
f or mul a: (L** hi)1d& {sfdagn- com'tbnm*mg ambn ha\sngﬂnemhzu‘ge did ik emindegdenfem 1Hoi3s

hydr ogen; ( a Bronsted +l S a oor dj na ani on havi ng
the charge d d is iheF&l’i‘tO%%’PP‘?l?ﬁB ?Wg)dsm%’ﬁﬁ[f.‘@qé b‘#ﬁ&%b (L**-H) d+
may include Boopslsed pAftbiiidIUehs BiSes diredueibie péw@a@aa@e@m@ ok S0k ﬁ@gses or
reduci bl e Lewi s aci ds capabl e of protonatin or abstractin a noi ety, such
as an al kyl oprdmswctlngmmwwﬂyemph@%mdkxlﬁ Afeam thegiprgoatelysbefler The acti vating
cation (L**- I_%ﬁi&y be a Bronsted acid, capable of 10 donating a proton to
the allcylate I*ahsi tion netal catal yti C precursor resulting in a
transition netal c%hé mVamﬂg:daudn(Ig%memaybaaB@mmdmnﬁ cgpableplioni uns,
silyliuns rTgmxtures t her eof , eferably a unms of net hy] am ne,
aniline, 10 prlgmpﬁéonmté b fransifgn e %mmscvrwm& B4R ne,

trimethylam ”?ranmﬁcfﬂ rﬁétﬁb’daﬁﬁﬁ Qﬁolu&ﬁ&hﬂhﬁﬁh&)ﬁ'cﬁd&hﬂﬂ%&h&ﬁwﬂdﬂ phenyl am ne,

pyridine, p-brom 15 N, N-di nethylaniline, p-nitro N-di rrethylanlllne
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ethers such as dunethyl ether, chethyl ether tetrahydrofuran :and dioxane,

sulfoniums from thioethers, such as diethyl thioethers and tetrahydrothiophene,
and mixtures thereof. The activating cation (L**-H)s" may also be a moiety such

20  as silver, tropylium, carbeniums, ferroceninms and mixtures, preferably
carboniuwms and ferroceniums; most preferably triphenyl carbonium. 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; 7 - k = d; M is an element selected
from Group 13 of the Periodic Table of the Elements, preferably boron or

25  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 having 1 to 20

30  carbon atoms, more preferably each Q is a fluorinated aryl group, and most

preferably each Q is a pentafluoryl aryl group. Examples of suitable A also
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20  tetrafluorophenyl)borate, iripropylamnmonivum tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tri(n-butyl)ammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, dimethyl(tert-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-

25  tetrafluorophenyl)borate, N,N—dimethyl~(2,4,6-tr‘imethy1anilinium) tetrakis-
(2,3,4,6-tetrafluorophenyl)borate, trimethylammonium
tetrakis(perfluoronaphthyl)borate, triethylammoninm
tetrakis(perfluoronaphthylborate, tripropylammonium
tetrakis(perfluoronaphthyl)borate, tri(z-butyl)ammonium

30 tetrakis(perfluoronaphthyl)borate, tri(fert-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium
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e

as: di-~{iso-propyl)ammonium tetrakis(pentafluorophenyl)borate, and

20  dicyclohexylammonium tetrakis(pentaffuorophenyl)borate; and other salts such as
tri{o-tolyl)phosphonium tetrakis(pentafluorophenyl)borate, tri(2,6-
dimethylphenyl)phosphonium tetrakis(pentaflucrophenyb)borate, tropillium
tetraphenylborate, friphenylcarbenium tetraphenylborate, triphenylphosphoninm
tetraphenylborate, triethylsilylium tetraphenylborate,

25  benzene{diazonium)tetraphenylborate, tropilliom
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borats, triphenylphosphonium
tetrakis(pentafluorophenyl)borate, triethylsilylium
tetrakis(pentafluorophenyl)borate, benzene(diazonium)

30 tetrakis(pentafluorophenyl)borate, tropillium teirakis-(2,3,4,6- |
tetraflucrophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6~
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Most preferably, the ionic stoichiometric activator L**-H)s" (4%) is N,)N-

PCT/US2006/027943

dimethylanilininm tetrakis(perfluorophenyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium

20  tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium
tetrakis(perfluoronaphthyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenybborate, or triphenylcarbenium |

25  tetra(perfluorophenyl)borate.

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,

30  require the addition of a co-activator to the catalyst pre-cursor. "Compatible” non-
coordinating anions are those which are not degraded to neutrality when the

mitially formed complex decomposes. Further, the anion will not transfer an
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the nethods i thorisyateddrepsitigrmpabeompoumiss Thealkylatpdmatallasenst zwi tterionic
20 | I . P ts 5,624, 878;
5. 486, 635, - andoLP@BIELRANTAT Ak Ralich TR BEGubid BLER ° > D14, ]

art and alé sactivatalre Fboexampis trisgehtafigodopliangl) barvn@n alnndimgaactso alBeact n

rticular the_ revi icle. by E. Y. X . . .
particular t ghy %Ic:aer)glylaﬁgailg toeylglﬁ 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

20  complexes using analogous Group 4 compounds, see U.S. Patents 5,624,878;
5,486,632; and 5,527,929,

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:

25  Activators, Activation Processes, and Structure-Activity Relationships”, Chem.
Rev., 100, 1391-1434 (2000).

‘When the cations of noncoordinating anion precursors are Bronsted acids
such as protons or protonated Lewis bases (excluding water), or reducible Lewis
acids such as ferrocenium or silver cations, or alkali or alkaline earth metal cations

30  such as those of sodium, magnesium or lithinm, the catalyst-precursor-to-activator
molar ratio may be any ratio. Combinations of the described activator compounds

may also be used for activation.
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nodi fi ed . aluminum 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,
1), alkoxide (OR™) and the like. Most preferred aluminum alkyls include

20  triethylaluminum, diethylaluminum chloride, tri-iso-butylaluminum, tri-z-
octylaluminum. tri-n-héxylaluminum, trimethylaluminum and the like. Preferred
boron alkyls include triethylboron. Scavenging compounds may also be
alumoxanes and modified alumoxanes including methylalumoxane and modified
methylalumoxane.

25 In an alternate embodiment, alkylalumoxane compounds (such as methyl
alumoxane, and modified methylalumoxane) are present in the reaction zone at
less then 3 mg of alumoxane/gram of olefin feed, preferably less than 1 mg of
alumoxane/gram of olefin feed, preferably less than 0.5 mg of alumoxane/g of
olefin feed.

30 Supported Catalysts

Supported catalysts and or supported catalyst systems may be used to
prepare PAO's. To prepare uniform supported catalysts, the catalyst precursor



met hyl al unoxane. 25 In an alternate enbodi nent, al kyl al unoxane conpounds
(such as nethyl al unoxane, and nodified nethyl al unoxane) are present in the
reaction zone at |ess than 3 ng of al unoxane/ gram of ol efin feed,
preferably I ess than 1 ng of al unboxane/ gram of ol efin [ ably | ess
than 0.5 ngVefEItkane/ g of ol efin ged. 30 Supporteg%gg{55®§§{7glssupported
catal ysts and or supported catal yst syStens maybe used to prepare PAOs. To
prepare uni form supported catal ysts, the catal yst precursor WO 2007/011973
PCT/ US2006/ 027943 45 preferably dissolves in the chosen solvent. The term

"uni f or m supppfef@sblf alslVdtin thetBaRs sbiRadt. Thetetmi“AhifSrn RpPodTAtalyst’ne
activator, and or the activated catal yst approach uniformdistribution upon

t he support' smgeesdBalithe catalyst presurser; B activagns] andi andbe avdivated eatalpt pore surfaces

of porous suppQr l. rent f [ atalysts prefer uniform
supported cat gﬁ’ﬁ%&@%&%‘g‘g&ﬁ%ﬁt e%"%%‘\?rvw%%eéssﬁogﬁg%tag? éff’%’nce. Usef ul
supported cat aicMﬁingauﬁxmrm sbhfadet efsuras shypaiy Seaichedodigieheli ve to
support other coordination catalyst systens, effective neaning_ that the

catal yst so pPuparteticatalystyereles aplaraysugpqriss satplysisnether cophodipsdis APy ol ef i ns

in a 10 heter ?‘% geess. The catal yst precursor, activator,
co-activator ?Ig n?ﬁ%‘%‘, " suitable solvent, and support maybe added in any

order or simultaneUsasfilsupRyricdroataiyet dystems rag baprépastddry, angtinegimidved i n an
appropriate solvent such as, tol ugne, be stirr with the ort
err el or - SRR 1SBRod stet ChotERgon SR uSene Siiohis Perresbdfior The
total sol uti ogatyQs rép&feﬁfc&ewaéealfmggﬂ&ﬁ%iﬁg)@n goﬁﬁnéﬁﬁngaﬂéfmé%ﬁr sol ution

or both) may be greater than the pore vol ume of e support, but sone
enbodi nent@ | heferogeneous proedss.s Sheatalyst prsbwser, ddivelgridesactivatedédicedsdy.orm a  gel

or slurry (ab Q9 4 0 . 00- 9 t he pore
vol une). The %Miatbﬁersé{? vitelgt’ %g‘?sluéﬁ%‘?f"g’ﬁéa gé “?%%rgéiogéﬁﬁ%%ﬁoﬁ%% this tine.
The catal yst precBysn¢ metipdie aciledr, idssdlvedinrdndippropriaie salvewlsich asi f a

suitabl e solvent is 20 enplqyed in the previous step, or as a solution.
Al ternati vel yoligHe rﬁ?&‘??ﬁ%regéﬂ es‘ﬁ’??"tt&a?ﬂl,aloéﬁé I’E“Hgtert%é%g?‘}rﬁﬁ’ solid m xed

wth a catal yﬁ%@%%&uﬁﬁéﬁeﬁ@a&ﬁﬁﬂ NThe t&af‘éo'hﬁirohXroh{rﬁ@(oﬂﬁétc%l{a@sﬁ%l/qtigﬁ, vacuum
dried and m xed"with a catal yst” precursor solution. The résulting catal yst

m xt ur e i $5t héhe astivatoresglution o1 bethhmaebe gredter thanths 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). 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
20  employed in the previous step, or as a solution. Alternatively, the mixture can be

filtered, and the resulting solid mixed with a catalyst precursor solution.

Similarly, the mixture may be vacuum dried and mixed with a catalyst precursor

solution. The resulting catalyst mixture is then stirred for 1 minute to 10 hours,

and the supported catalyst is either filtered from the solution and vacuum dried or
25  subjected to evaporation to remove the solvent.

Alternatively, the catalyst precursor and activator may be combined in
solvent to form a solution. The support is then added to the solution, and the
resulting mixture is stirred for 1 minute to 10 hours, The total activator/catalyst-
precursor solution volume may be greater than the pore volume of the support, but

30 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



and the supported catalyst is either filtered fromthe solution and vacuum
dried or 25 subjected to evaporation to renove the solvent. Alternatively,
the catal yst precursor and activator may be conbi ned in solvent to forma
solution. The support is then added to the sol ution, ting
mxture i s VeQMUBH?Tor 1 nminute to 10 hours. The total gg{r)i'@;gjtuéf@%ﬂgt al yst -
precursor solution volunme may be greater than the pore volune of the
support, but 30 sonme enbodinents limt the total solution volune bel ow t hat
needed to forma gel or slurry (about 90%to 400 % preferably about

100- 200% of  tBRp&aiee XA HEE)0-16 HblrSmoSebdr! grogter dri@séraBiddad sol vent is
renoved under vacuum typically at ‘anbi ent” WO 2007/ 011973 PCT/ US2006/ 027943
46 t enper at urtemperatugesenayliee used.hour s; however greater or |esser tines and

t enper at ures may T v, orted
absent the activat ecz%ﬂ’ Jggmg&ﬁiéy E&{O | va %Jgﬁt(tg%%c%?gt%&éﬁﬂggt or if
needed) is adghes tietactivitbe(ahd qamctlvmtmﬁleededmsfadaédmrayh@nqlﬁ@pliase tpg exanple, a
sol ution of catalyst precursor m xed with a gort rraterl al for a

period of %aboUETNPREHHSL Bmtfacax_xmlqnéa@lgtlomq{éaﬁab@mr@quﬁ@rw epegdwith i xt ure nmay
be filtered f ted with
evaporation t%Bﬁeé&n%l\%gﬁ%fg}éanent aﬂ]ﬁ}f_ﬁ%fﬂﬂ%ﬁ& 16?}&#&'”‘}“%%3&&% or- solution
vol unme may beprgeatayst tikinpamaiiee ﬁﬂﬂaﬂbﬂbmshqmommnahdjmd dmd&r woumn b

enbodi nent s I|mt the total. solution, volume t needed to form a gel
or slurry (aB8Rd "YE@%‘%M&B@“ ) repmexs e sefsnt. Eﬁ%&"%ﬁg AYHIYEYFSthe por e
volune).  AddighitRadblie ﬁawb@gre&eﬁﬁaﬂhfa%@p%ﬂts p@&t@hmﬁ bW RFHer SOrs may be

pl aced on the sane support” using any o uppo net hods di scl osed above.

Li kewi se, 10 ¢ vembndimentelinitithe ot sefuigem meqlwﬂ@tn@ﬂ@ri@ fesm ageiarat or, nay be
pl aced on the SUD DAL, I S are
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enbodi nents sEF &Re ﬁlpaeﬁtaﬂgggﬁm%h% SUPROR Medods dslpeeds Eo‘feorhl&%?aﬁﬁm e, talc,
i norgani ¢ oxi Wesor md0 hetRRldTs Gﬂ'ﬁnoc{ch%&ﬁanﬁ‘&rco-%ﬁ&?%rem fb Q&ﬁ%nblﬂé chloride and
resinous support materials such as pol ystyrene polyolefin or polyneric
conmpoundsifr smg soppret. or garﬁuetalsla ptpitﬂrparm&a ippetits amtwtda&y bomkgriseofre '
enbodi ments sel.ect |nor ani c oxd t%%ﬁ s as ort,materi al

S Sn%%“'

I ncl udi ng G%%-‘ﬁu?c%r a%oqu elggpﬁeg?rg IP((I}B u%x‘/f\ﬁ%s Some

enbodi ments  support material that has an average particle size greater than 10 pm is suitable for

use in this invention. Various embodiments select a porous support material, such
as for example, talc, inorganic oxides, inorganic chiorides, for example

20  magnesimm chloride and resinous support materials such as polystyrene polyolefin
or polymeric compounds or any other organic support matetial and the like. Some
embodimenis 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

25  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. In some cases, a

30  special family of solid support commonly known as MCM-41 can 2lso 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



sel ect the catal yst support materials to include silica, alum na,
silica-alumna, and 25 their m xtures. Qher inorganic oxides my serve
either alone or in conmbination wth the silica, alumna, or silica-alum na.
These are nagnesia, titania, zirconia, and the like. L I mat eri al s
such as nmon?#8MI8H te and sinilar ch.,ys may al so ser\?\eedrajs% @%}g‘gort I'n
this case, the support can optionally double as an activator conponent. But
addi tional activator nmay al so be used. In sonme cases, a 30 special famly of
solid support commonly known as MCM 41 can al so be used. MM 41 is anew

class of uni quetaitddydebeiption ©f SN bf ARSI EndtheRheRBi@HoNbdnbe hiyabl e pore
si ze and tunabl e aci di t% when nodified with a second conponent. A WO
2

2007/ 011973 PETYRE26830 7943 47 detail ed description of this class of

mat eri al s and thel %lt,q 3 The support
material may be pr elflemlgké% y any ﬂﬂ%@gr OM EH% %ﬁg&ﬁ%@rrg i norganic
oxi des may beexamhple, nmdgm@enﬂesah&yybduak&tedﬁchmmml&hdﬁh&d/ﬁthxyl at i ng agent s

such as al um m.al kyl.s and the, |i or hoth. ated above, polyneric
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nmet hods di scl osed naybe used h the catalyst conpoun activators or
cat al yst systmthﬁfmwnﬁ@mswé'mrtmmnpbdmdbs@mmommawwﬂﬂﬁ% wixbthSon t he

pol ymeric sup rt | ar . made up ,of [ par icles, or nmay be

chem cally bo Ot hﬁ?&h %ﬁ&%ﬂ%ﬁls‘g&%ﬁ&a@g’gﬁﬁgpﬁﬁﬁ}e B?Sﬁe pol ymer

chai ns. Usef Ubo:ﬁp&@ldy%bnfa@drs bfEdal @ Yyshavsofahis iHvemite 8 a8srwbr dbs@tn 10- 700

n2/g, and__or a pore volunme of 0.1-4.0 cc/g and or an avera&e particle size
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of 10-5001fh thomgynibe éﬁlﬂwnﬁévﬁpgﬂgmwaéysﬁmd&d@ of pewupparipes00 np/ g, and
| f 20-2
or a pore vo gﬁgéagfcherﬁcé yhotnf tra tfohal 0@}‘58’5%8% %Zﬁﬂh‘égﬁarﬁfozze of 20-200

m O her enbo nt's se ect a surface are a pore
vol unme of 0. 8elrifs.cc/g, and or an average particle size of 30-100 m

| nvention carri ers , j C have a pore size 010-100 tof OB
alternatively 50-5 fﬁirfﬁg’tw 1R T d ag%ﬁs‘gkfcgﬁﬁgpféﬂ@qo%g & 89 ocenes and
or the netal | gegpge I6huiner Y 1-4.0%HicRad bPaSavd ep&@iﬁ%rsﬂédo!’l@l-@@@ﬁmt ed on the
support at a loading | evel of 10-I00 m cronoles of catalyst precursor per

gram of sd&fi dSeump 9d1m§niséﬁlﬁféttﬂeﬁ“§famr®®frﬁ0c508rﬁﬁ$§n@ﬂr a poge ¥plyme opr ecur sor
per gram of  sglsl s SUPRARL af hvdt e qriBEEAT28908 it AOALY &hbodiments

select a surface area of 100-400 m%g, and or a pore volume of 0.8-3.0 cc/g, and or
an average particle size of 30-100 pm. Invention carriers typically have a pore
size of 10-1000 Angstroms, alternatively 50-500 Angstroms, or 75-350

20 Angstroms. 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; alternately 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

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

The metallocenes and or the metallocene/activator combinations can be
supported for gas-phase, bulk, or slurry polymerization, or otherwise as needed.
Numerous support methods are known for catalysts in the olefin polymerization

30  art, particularly alumoxane-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



precursor- per gram of support. But greater or |esser values may be used
provided 25 that the total anobunt of solid catal yst precursor does not
exceed the support's pore volume. The netall ocenes and or the

met al | ocene/ acti vator conbinati ons can be supported for gas-phase, bulk, or
slurry polynerization, or otherw se as needed. Nunerous support nethods are
known for caVRIX¥HMIYTR the ol efin pol ymeri zation 30 art, ‘f5§'§ 28051031913/

al unoxane-activated catal ysts; all are &iitable for use herein. See, for
exanple, U S. Patents 5,057,475 and 5, 227, 440. An exanpl e of supported

lonic catal ysts appears in WD 94/03056. U.S. Patent 5,643,847 and WO WO

2007/ 011973 P 6/,027943. 48 96/ wh d | b ti | |
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al kyl al uni rgim conpauneother préfefres enb&iiment, thd tetdlobteand B3Astivatohgrith @ach R is
i ndependently a C to C20 al kyl group; preferably the R groups are
i ndependent | y wm%éﬁw@mﬂ@mbm@é“gﬁl@e Whanspm rempouRh PEsferablgany | |
propyl, isopr , n pentyl
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hexyl, isohex ooct oct

i sononyl, n- noaii;zylaludléxm comlstnnidagdepresanthddylthe fommdkathAl Whenamdtﬂdyia

n-undecyl, dodeqgyl, ,i ecy ng n- dode er abl i.sobyt

n-octyl, n- hexﬂ‘?ﬁg e&ﬁlfdl% cfg'd %P%P%}/ﬁlb%’%ﬁ%@'f”ﬁ?sﬁﬁ WE}FHGT r%%rrpound i s
sel ected fypm éellécteﬂi’%&'ﬁﬂé'g]r pWoh kiR othrletlﬂrl %ﬁ{yY, pr@ﬁ}*!rl‘sdiﬁé’ﬂyltﬂu Nn- hexyl

alum num and tri-n-dodec al um num In"a preferre ‘enbodi ment

t he catal yst c’(ﬁmsrmbu’fdb@éﬁWhé@PWleﬁl-nelﬁY}ehe% liiﬂ?élﬂylt whesilheevl.ze or
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ol efins, nore m&éy&n&hinyie@ﬂi ﬁ-mc@&ﬂ, dddedsit nisododedsd, anﬂaicmﬂadizﬂ,ypr&i%rablyo Cl2
olefins. In sonme odi nts ef rre oners, ipclude li.near, branched or
cyclic al pha- of@gt ﬂb Peh“% @%d@%cgg’r%%gﬁlg_tg@ VATt er abl y C6

15  compound is selected from tri-isobutyl aluminum, tri n-octyl alummum, tri-n-

hexyl aluminum, and tri-n-dodecyl aluminum.

Monomers
In a preferred embodiment the catalyst compounds described herein are
20  used to polymerize or oligomerize any unsaturated monomer or monomers.
Preferred monomers include Cs to Cyq olefins, preferably Cy to Cog olefins, more
preferably Cs to Cyg olefins, more preferably Cg to Cy4 olefins, more preferably Cg
to Cy olefins. In some embodiments preferred monomers include linear,
* branched or cyclic alpha-olefins, preferably C; to Cyp alpha-olefins, preferably Cg
25  to Cy4 alpha-olefins, and more preferably Cg to Ci; alpha-olefins. Preferred olefin
monomers may be one or more of hexene, heptene, octene, nonene, decene,
dodecene, 3-methyl-1-butene, and tetradecene.
In a preferred embodiment, the process described herein may be used to
produce homo-oligomers or co-oligomers (for the purposes of this invention and
30  the claims thereto, a co-oligomer may comprise two, three, four, or more different
monomer units). Preferred oligomers produced herein include homo-oligomers or

co-oligomers of any of the above monomers. In a preferred embodiment the



25 to Cl4 al pha-olefins, and nore preferably C8 to Cl12 al pha-ol efins.
Preferred olefin nononers nay be one or nore of hexene, heptene, octene,

nonene, decene, dodecene, 3-nethyl-Il-butene, and tetradecene. In a
preferred enbodi mant3 the process described herein may ble 6g(ﬁ,,gclg)roduce
hono- ol i gonMO2MWHOILE3 o1 i gomers (for t hgypurposes of this mven?l on and 30

the clains thereto, a co-oligonmer may corrprlsetvvo three, four, or nore
di fferent nononer units). Preferred oligoners produced herein i ncl ude
hono-ol i gonmers or co-oligoners of any of the above nononers. In a preferred

enbodi ment th@h%’&ﬂ&@@ih&ﬁ&%ﬁ%ﬂ%f%}@%{ ©O2 iPAsolehD. PHdrBIAPKthd S A

hono- ol i gorrer 0 to Cl2 al pha-olefin. Preferably thé oligoner is a
hono- ol i gorrer obgomerim@h@n@-ohgom@mféﬂ@xergp, bdepipes, 1-ogisnerienongne,decene,

1- undecene, r y 0 | I goner
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decene and onef gdcen®ria apbthensminidirhdie tHewligomersis kicslotigoabosogpriting

al pha-ol efins used to nmake PA i ncl ude, but are not limted to, Cs to C24

al pha- ol ef #ns deine And epe qomare ofany of thaaonsmass Bgted aho¥er as 1- hexene,
1-heptene, |- octeqf, , %ﬁi‘&l@ﬁﬂ?usg&t@ﬁﬁl@é‘ﬁ O}m‘dgﬂg%@% ﬂﬁ?@@@gg&btoof

1-tridecene and 1- tetradecene bein pre erred. "A preferred
pol yal pha- ol eﬁz‘naiplar-deﬁm with e0Cs to 014 alpha-olefins, such as 1-hexene, 1-heptene, 1-

h |yl - hept t Ly-1-d , pol yI -
indencen. pol JERGdisBeR L dgtiise T-iadiene, LB 1 38ndene RE{ Fogebens.
al t hough thetdfaﬂafeﬁe Bém@pﬁwedomirbfaﬁed olip 8f pidiFhLbleflark Polpi8 can be

present in the final products. Useful PAO's are preferably, dimers,

trimers, t8tr Apxane, pObénhe@tﬁ@sdwltaMcten@gwbH-@pnegéml%lxstecwiWé}-s with carbon

nunbers start | I ha- ol ef i ns
I n one enbodi E@%@Eénoﬁbdﬁzﬁdg%g%%é ?1 ﬁecen@%ﬂ@g}lﬁzqnieg%on %%&%Rstartl ng
from C2o and Iﬂlegi]ﬁbrstﬂiﬁﬁghérrcﬂaﬁﬁﬁnﬂmrﬁigb cﬂ‘l(bhia-clg)bzefhermesentmnhﬁﬁml

enmbodi nent. Sui tabl e_ol e inclu ut ene, nt ene, 1- hexe e,

1- hept ene, 1- sraduets. Ueﬁ'\{#fg éare’lprﬁ'g@ﬁ’ frsu'ﬁ’&&?ﬂ OL5, §eEANe

1-tridecene, hﬁn@ﬂdl%@ﬁﬁﬁﬂﬁ oiﬁne?%tﬁﬁii%ﬁﬁiﬁﬁﬁers étﬁ}ﬁngh%fn' 'aﬁdﬁrgﬂ&cene and

the 20 PAOis a m xture of d| nmers, triners, tetraners an pentaners (and
hi gher) oft51- mide&nm Cdtn C‘anaiphaeoleémmwembodlmhet, andedligoniess arpoberane, and t he

- decene. 1 SiGieaton B RO ATE SRR R BB G B Mk e pho i 5
m xture of t I blefinsin dnthepeb&limand SpRillasefiss iclnde Mogieas,)l-gntehedct ene. I n

anot her enbodi ment, the olefinis 1
exene, 1-heptene, 1-octene, 1-onene, 1-decene, 1-undodecene and l-dodecene

1-tridecene, 1-tetradecene. In one embodiment, the olefin is 1-decene, and the

20  PAO is a mixture of dimers, trimers, tetramers and pentamers (and higher) of 1-
decene. In another embodiment, the olefin is 1-decene, and the PAQ is a mixture
of trimers, tetramers and pentamers (and higher) of 1-decene. In another
embodiment, the olefin is 1-octene, and the PAO is a mixture of trimers, tetramers
and pentamers (and higher) of 1-octene. In another embodiment, the olefin is 1-

25  hexene, and the PAO is a mixture of tetramers and pentamers (and higher) of 1-
hexene.

In another embodiment, the monomers comprise propylene and or butene,
or combination of propylene and/or butene with another alpha-olefin or other
olefins, choosing from CS to C20 alpha-olefins.

30 In a preferred embodiment, the PAO comprises two or more monomers,
preferably three or more monomers, preferably four or more monomers,

preferably five or more monomers. For example, a C8, C10, C12-linear alpha-



25 hexene, and the PAOis a mxture of tetramers and pentaners (and hi gher)
of 1- hexene. In another enbodi nment, the nononmers conprise propyl ene and or
but ene, or conbination of propylene and/or butene with another al pha-olefin
or ot her oleflns h003|ng fromC5 to C20 al pha-olefin referred
embodi ment ,\ W@ gY %COI’Y})I’I ses two or nnpre nONONErs, prz’ g’r%g%‘i gﬁgee or
nore nononers, preferably four or nore nononers, preferably flve or nore
nononers. For exanple, a C8, Cl0, Cl2-linear al pha WD 2007/011973

PCT/ US2006/ 027943 50 ol efin m xture, or a C6, C7/, C8, C, CIO d1, Cl12,

C13, Cl4-1i neslefirhmpitarecdraf C6) CC31 09, QJIOQCIECQQ C8,C198inebd AphalHefin Cl4, CI6,

Cl8-linear alpha-olefin mxture can used as a feed. In an alternate
enbodi nent, tHEMURAOr 8&h OsE% q:]@sglgl{élﬁ @é@rﬁﬂlse]%eé‘fa@@ olefn wixtys

nononer s, f han 40 nol e% preferably |less than 30 rml e %
preferably Ieésagbtgﬁgéréif%%e ‘e"/o, preferably less than 10 nol e% preferably

| ess than 5 nol e%npnaftanabkembbdissnt, therP AD omhperiss less ke 5QioledPef C2,

Speci fi cal nalternatee odi nent e, PAO.c i ses | ess than 50
ol e% of @éﬂ‘éﬂ 4 BoBepPIE R s 3‘[3‘6%5& 40&&1‘3&’3@?&{{&@ &‘ﬁ%ﬁgm mol e%
preferabl y |el§§let°/l§' é@bl}ﬁbﬁtﬂﬁf@m&%ﬁfﬁ‘é&% Bly le8sthat i‘@ﬂlo%%,??éf@rébl yPr ef erably

| ess than 10 nol e, | ess an 5 m) e% ﬁ)referab l ess"than 3
mol e % pref e]ewdhgn i)ﬁ?ﬁalel"/m pmfmablefrlesS&abédmﬁe%,,pmfh@ P A&. clpeeificslls it ess t han

40 nol e% of eth odi.me PA 0 es | ess than 40
mol e% of pr op¥ft %é? eﬁnbé’lqg?wgqﬁegﬁ'@ ST %ﬁsﬁléang,g c(:?g‘%pgp@g MPess than 40
nol e% of but eﬁﬁlﬁpylérﬂa ant Giteas, pi:&eﬁm?(lébslmm méle%%@femmsaremmm B@aslet han, 10
nmol e% of et hyl ene, |Ln anot her enbodi nent, the PAO conp ris | ess than 10

mol e% of opﬁ Eﬁqéerabﬂmle%ﬁlh%ﬁ)m%@aﬁf%w e%ﬁ@ﬂﬁﬂ@f&%@fﬁ Iyless than 10
mol e% of but efg, 5 hﬁle%g&% ab%@gé&%nrﬁﬁ e )&,ﬁ%ef%@g@ﬁvma&s&ekess than I ol e%

of ethylene. I'n anot I ment i'ses 1ess than 1 nol e% of
propyl ene. | nemalrdlithent, th@BAO cwnmdesrtmstthantﬁwenm% dfethylinsednkratbert han 1 nol e%

f butene. | fe mbodi | d..but
mononer o ar o BRae P AR ois i M EREY RS RO Lha ot e i ns

used herein C@ﬂbd@ﬁn@fc GHEPAD dbnfpeiséd yssith@moahblgliTodutegs. Ot ddoepCcess as
practlced by several conmerci al production processes, or _they
embodiment, the PAQ comprises less than 10 mole% of ethylene. In another

,_

- ‘embodiment, the PAO comprises less than 10 mole% of propylene. In another
embodiment, the PAQ comprises less than 10 mole% of butene. In another
- embodiment, the PAO comprises less than 1 mole% of ethylene. In another
embodiment, the PAO comprises less than 1 mole% of propylene. In another
20 .. embodiment, the PAO comprises less than 1 mole% of butene.
In a preferred embodiment, ethylene, propylene and butene monomers are present
in the PAO at less than 1 weight %.
The alpha-olefins used herein can be produced directly from ethylene
growth process as practiced by several commercial production processes, or they
25  canbe produced from Fischer-Tropsch hydrocarbon synthesis from CO/H,
syngas, or from metathesis of internal olefins with ethylene, or from cracking of
petroleum or Fischer-Tropsch synthetic wax at high temperature, or any other
alpha-olefin synthesis routes. A preferred feed for this invention is preferably at
least 80 weight % alpha-olefin (preferably linear alpha olefin), preferably at least
30 90 weight % alpha-olefin (preferably linear alpha olefin), more preferably 100%
alpha-olefin (preferably linear alpha olefin). However, alpha-olefin mixtures can

also be used as feeds in this invention, especially if the other components are



25 can be produced from Fi scher-Tropsch hydrocarbon synthesis from CO H2
syngas, or fromnetathesis of internal olefins with ethylene, or from
cracking of petroleumor Fischer-Tropsch synthetic wax at high tenperature,
or any ot he -nlefin synthesis routes. A preferred f his

I nvention ignbgéﬁgﬁ% ly at |east 80 L ght Wbalpha-olefrﬁﬁﬁgygﬁgvgfly

| i near al pha olefin), preferably at |east 30 90 wei ght % al pha-olefin
(preferably linear al pha olefin), nore preferably 100% al pha-ol efin
(preferably Iinear alpha olefin). However, alpha-olefin m xtures can also

be used as fe 1l [ St ' O C | V! nents are
VO 2007/ 03107 RS big}z@%ﬁ?@h%ﬂﬂ%fﬁ?ﬁ‘mgr%@’gﬁ@%@r&ﬁ%&%éﬁ@gﬁ% efi ns,
paraf fins, cytllieanepad af fylemss). Aheseapinpengniaitive diuert efferdnandoanelbelievad/| enes) .
These conponents have dil uent .ef.fect nd are believed t.o not ve a
sUbstant 1ol aB RatRaVs 2iuveRiA Stmer et g e pieedteton CLRMECBH ne. 11
other words, {eherWeas Ihelfostdst BRrtANRIdh SRteROIRES LofOby AR RIS _
al pha-olefins 5 in a m'xture and | eave the other conponentsS unreacted. This

i s parti cu} ar ine midngland ldaunthe oiher eomponents vurepaiest ckits ispartticalanly nsefile.  Thi s
technol o ca t I - NS, f m xture b
sel ecti vg%/y rg"g?:]? Fﬁgﬁg%{es%"&f rt%%%{ %otﬁ?%e%?@'a?&%ﬁ&grg&g %ag 3t %ﬁoi on cat al §st

systens conpl eépataye eltialphaaidfing ot mixeed by selstivalyatetiag flear witief i ns from t he
remai nder of the cqnmponents in a mmxed, 10 feedstreiam This i.s tgjgonorri cally
advant ageous, Pplymeszation|os oligamezization catalyst gystems somgletsly glapingi h synthesis
ol efin produc & |13l 2 ' ' 19 Bideps and
branched ol ef P?l%ta %ﬁat a&%ﬁ%{)f&?ﬁ@%@% aggeﬁgﬁﬁéﬂ(}&&eedop@??ggéng %!l Igédte {11 on

t echnol og¥0 as fatdsitaainh Sthitie eennomaratly advaptigemisj foebxampde o a awmysst he

al pha- ol efin. .Separate step to 1solate the al pha-qglefin.i.s needed.

Anot her 15 ex3Hp# g’l‘%ﬁ?rﬁ:w ﬁﬁ”{ S’(§f°? '%o%pgﬁﬁeégm F?ﬁﬁ‘%@%aﬁ@ﬁﬁ efins
produced by t hfem#edietidzesd sraathdddieFmb.abudhl Hhixhse vid te R kydhene, which may
contain sonme internal A olefins. This m xed ol efin base stock feed can be
reacted as i soligemuizatignieghnetagy a6 desgribeddierain ard o sglesthislpeat away 8% t he
present inventi.qQn, i | S . - NS into tube
products. Thugfpgﬁglegghﬁl}ssgﬁ i&%tgg%yﬁsﬁﬁ%?ﬁ%ﬁaﬁd%%?mt Ne égen%gitegck synt hesi s
wi t hout h&vi ngxanmls efithe atiktytoli thisprpbeas invblyts slipha-clefinsyreduradl bpklef i n. This can
bring a significant, inprov I n.process ..econom ¢cs. The.feed ol efins can
be the mixtur &€ e&’lsé’ﬁ%@“&%‘iﬁﬁg’d@eﬂg ‘ﬁl.élf" rlﬁa.?'ﬁ%@?mé@ﬁﬁé{lt%‘?‘ in process
contai ni ng  CAofefin&2Phig k- olfRf HaBSstack QPGB @6hetdd as FHRMALT 3 "Routes to

Al pha-d efins" of the book Al pha Qefins Aﬁpl i cations. .
polymerization / oligomerization process of the present invention, which

selectively converts the alpha-olefins into lube products. Thus one can use the

- 20 alpha-olefin for the base stock synthesis without having to separate the alpha-
olefin from internal olefin. This can bring a significant improvement in process
economiics. The feed olefins can be the mixture of olefins produced from other
linear alpha-olefin process containing C4 to C20 alpha-oleﬁns as described in
Chapter 3 “Routes to Alpha-Olefins” of the book Alpha Olefins Applications

25  Handbook, Edited by G. R. Lappin and J. D. Sauer, published by Marcel Dekker,

Inc. N. Y. 1989.

In a preferred embodiment, the PAO's produced herein may contain
monomers having branches at least 2, preferably at least 3 carbons away from the
alpha-unsaturation, such 4-methyl-1-decene, 4-ethyl-1-decene, or 4-methyl-1-

30  hexene, 4-methyl-1-pentene, eic. These olefins may be present in the linear alpha-

olefins from the manufacturing process or they can be added deliberately. The



25 Handbook, Edited by G R Lappin and J. D. Sauer, published by Marcel
Dekker, Inc. N Y. 1989. In a preferred enbodi nent, the PAO s produced
herein may contain nononers having branches at |east 2, preferably at | east
3 carbons away fromthe al pha-unsaturation, such 4-net ,

4-ethyl -1 - QEREWEIBE 4 et hyl -1 30 hexgne, 4-nethyl -1 - pg}gtryg%@g@gﬁ These
olefins may be present in the linear alpha- olefins fromthe manufacturing
process or they can be added deliberately. The WD 2007/011973

PCT/ US2006/ 027943 52 copol ymers of slightly branched al pha-olefins with
conpl et el y | icopalynaekgpdialightts brasched alpka-olofmsovititicdnpleteBtinemndlphacolpimpert i es.
In a preferred epbodi t, any of the PAO s described herein may conprise
at | east 50 %W@W?@Ef@@?%ﬂﬂ%ﬂ@%ﬁ%d from0.5 to 20 nol e% 5 ethyl ene,

where at | east 80%,0fprd i @bildaiic Mg Bt PADY ARRRLMRIANGRO! o i1 15

present in runs of 1°to 35 carbons or~ |l ess as neasured by bon 13 NWR
Pref erably ampmpiise hicle@AGD modkds 6 to Pechriromratonms andyfronw 63510 8@ nalle’s east 60 nol e%

5to 24 b t f | y..at | east 70 ol e% f ly at |east 80
ol 096 - prot R Shetert el b et R ey oS S B o6 0
preferably atprbasin rBhs IO 03500t 1ésk AneasBrdd®yaAShrkod BNRIRY| ene

(preferably from1 to 15 nmole% . preferably from2 to 10 nole % _ preferably
form2 to 5 niseievebly emeefdhaPADE dsscribgblugrqip may spmblise a4 leapteblonolgos topr ef er abl y

2 St 90% Bl AR (ALl B8 Yo mBLETSLERLK BledlAihagf0 Pr T erably

100% of the ‘et ene presen Inis presént in runs of
1 to 35 car bgnsfefspieitdeabsymbletn pferablpatleat 0 moleds, braferaBly,at pagsrably 1 to

by’ Chr boritr R snd Rl S et tBume ra iR oRgeds MR

pol ymer i zat i qRéeldnBPfEhioZa i LI SR ATy fRE 218 3GhAEYS WARSe a3eM for 20
net al | ocene-cat al yZed pol yneri-zations or ol gomerl zations such as sol ution,

slurry, and bR0%(nefk gtdenst o, pretorbly ehtenst 28Y0 prefombtdy aidsasti®®%an be used in
this inventi adi 4 i orted catal yst is
used, a slur ré&%arlbﬁ]%%ﬁ%s%%’sp%@gmg@ 8&%?{&3%9 ?éﬁ%ﬁ%&%&s Is suitable. In
a preferred miNabsharsiefin istphesendnanebs] ar3s aebvng Girefdrabiyt htotdge net al | ocene

conmpound and t he actjvatgr in_the solution phase, bul k phase, or slurry
phase, prb{er%ﬁesﬁ%?&ﬁl 1o 2% SrteTak 440 20, PRatEPIY R LrBEEaly 0 dOcont i nuous
tubul ar reactQiferdnly B1d26)0kFdagfled by Carbon 13 NMR. : :

Polymerization/Oligomerization Process
Many polymerization/oligomerization processes and reactor types used for
20  metallocene-catalyzed polymerizations or oligomerizations such as solution,
slurry, and bulk polymerization or oligomerization processed can be used in this
invention. In some embodiments, if a solid or supported catalyst is used, 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
25  activator in the solution phase, bulk phase, or sturry phase, preferably in a
continuous stirred tank reactor or a continuous tubular reactor. In a preferred
embodiment, the teroperature in any reactor used herein is from -10°C 1o 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
30  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 pressure is any

reactor used herein is from 1 to 50,000 atmospheres, preferably 1 to 25,000



enbodi ment, the tenperature in any reactor used herein is from-10C to 250
C, preferably from30Cto 220 C, preferably from50C to 180 C, preferably
from 60Cto 170 T. In a preferred enbodi nent, the pressure in any reactor
used 30 her mO0.1 to 100 atnospheres, preferably fromO0.5 75
atnDspheres%hgapzyéfﬁbly from1l to 50 aj,nospheres. In an%FF@@‘@ﬂﬁH&?nent

the pressure is any reactor used hereimis from1l to 50,000 atnospheres,
preferably I to 25,000 WD 2007/ 011973 PCT/ US2006/ 027943 53 atnospheres. In
anot her enbodinent t he nononer(s), netall ocene and activator are contacted

for a residenge econ 0Q hours ref 30 seconds to 50
hours, prefer hfrem hh"lmé’glef 8mg 415’3?]‘3818 Mﬁ?‘e‘%ﬁ eﬂ%f‘“@g?’% V3%hours. In
anot her erTbOdéIBBdSﬁtacﬁQi foe Rtesilenét Hieof 1 s@om@qeomom@ proRrabBAgH Sdcoadd 1 S
preferably 5 selected fromthe gr oup conS| sting of butanes ent anes,

hexanes, hept@rﬁ@sho“rsoﬁ?@ﬁ@éy Fowiets 6 houesapstera H%@H@Q“ﬁm@%cﬁnes
tri decanes, ﬁ{oﬁ?eg%ﬁg&ﬁﬁxgnt ﬁ@féﬁ&?ﬁ&?%ﬂ]ﬁ&ﬁ?ﬂ%&%&m &ﬁlﬁ'ﬁﬂgenzg%xyl ene,

m xyl ene, ene, m xe enzene, | sopropy

n- but yl berﬁzenmiectudeﬁom ﬂmblgmip&loumtmg ofibdtanes, pyritees hemnds, heptehdsy | benzene
normal paraffins gsuch as Nor sol vea 5 10 aval | abl e fff ExxonMbbi |
Chemi cal Conp2figpe ’lnﬁn?"?t?&sd(eﬁq‘]‘e "F@Q pace CENGS, Ieaferl®s (such as

| sopar sol ve%eﬁltﬁﬁédnkehkﬁdé%emw&kme@%ﬂ:ﬁaﬁe, COARABYmixkd Houst on,

Texas). These sol vents or 'uénts are usual re-treat ed i n same nmanners
as the feed oxxelmewthqumwl isgpropyiberizeng amtebg*ef epfengipreferabltaluenn, one or

nmore transitiQ unds, .one t tors one or nore
nmonomers are %@n?é%’%&%f 313“% l&zeen%&(’?ﬁ%lrp af)ag%ﬁegs % leenggt al ysts may
beI suppor 1e&d ?faflﬁms for BxRonIbbil ghﬁniaalradrﬁpdngtﬁﬂ Mowmf l'.l'laxas)] ol tsepdmmm sl ur H/ |
solution, or byl k operating nodes conducted in _sin series, or paralle
reactors. |f fohents{isuehagl SOP&EWIW%?V&B@I%@I%&E?W‘AQ‘ gh‘?r%“@ CSBIEBY e conpound,

the react! on #AluRen0RbabedTM colvin® b BlibkrkORe 20MPAR xR Limone of the

conponents is not conpl etel e In the reactio fumor in the feed
sol uti on, eltmemnemasﬂhmfebrégﬁeﬁm ng. of the reaction or during or at the

| at er stages of t ctiaqn, a sol utl.o r . slurry eratiqn is still
applicable. In any csaflgﬁgghéqrﬂ%es%eét g@%&“"?&’r‘?ﬂo‘?{’&ﬁw&‘g&%‘?& t% suspended
i nsol vent 85 Sgtithodtids, Bhdl6H 8018 actfabRt, 260 BHEHH 86 nyoneiRls dbdntRtaaBt i C..
solvents, or in 25 aliphatic solvent, or_in the feed al pha-olefin stream

are fed into PREeabasT oppligamer; Rhese calalysis prarhe S(‘EI@Etﬁﬁﬁsd #welysh or argon
bl anketed at u?z)rlytlﬁefﬁ 1% kllon slurry, solution, or bulk operating modes

conducted in single, series, or parallel reactors. If the catalyst, activator or co-

activator is a soluble compound, the reaction can be carxied out in a solution

20  mode. Even if one of the components is not completely soluble in the reaction
medium or in the feed solution, either at the beginning of the reaction or during or
at the later stages of the reaction, a solution or shurry type operation is still
applicable. In any instance, the catalyst components, dissolved or suspended
insolvents, such as toluene or other conveniently available aromatic solvents, or in

25  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
polymerization or oligomerization to take place. The polymerization or
oligomerization 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

30 to partial conversion or fuil conversion. Subsequently, the catalyst is deactivated
by any possible means, such as exposure to air or water, or by addition of alcohols

or solvents containing deactivating agents. The polymerization or oligomerization



pol yneri zation or oligonerization to take place. The pol ynerization or
ol i goneri zation can be run in a batch node, where all the conponents are
added into a reactor and allowed to react to a pre-desi gned degree of

conver si on, w&i to partial conversion or full conv | on.
Subsequentlﬁ%ﬂﬁgﬁ%%gal yst is deactivated by any possi b?é%ﬁg%@fzwéach as

exposure to air or water, or by addition of alcohols or solvents containing
deactivating agents. The polynerization or oligonerization WD 2007/011973
PCT/ US2006/ 027943 54 can al so be carried out in a sem -continuous

I on, f : | I d
o mult ancousl o SRR SR cRnrop R e Tt Ebong PUSAEBRARIT R S Ba kR P01 Y O

cat al yst systsystemanppoaditsart corftieousiy aid shfallancotdiveaidad to theedstopsid cat al yst
conponents are added, the reacti OE is allowed to 5 rggeeed to a

pr e- det er mi net$ R PRHERIN ieaNSEDAEAT0 GH CHLALYFHFUHCTY CORBARTY Bplefmis yst
deact  val | on ot NPRSAETEAANS cohpeilBRE kiR Mo WiERiORGHA PN The
t1on can al s

pol ymeri zati on or oligoneriz o be'carried out in a continuous
oper at i on,5 wpoeeed éealpreatetbrmaned stage. Bieseantion anihomdistantiane hyoatalystious! y and

si mul t aneousl atdd d to, the reactor 89,40 gai ng in a.constant ratio of

catal yst 10 sSFEPILRHom ! the sanepamenas e?‘ﬁé’efl ANAGPPEANIN TN s cont i nuously

wi t hdr awn f 1 gblyhetizafieR61 gomefiztion ar AR b darb QI RupUHiSovs! €d tank react or
(CSTR) operation. The residence tinmes of the reactants are controlled by, a

pr e- det er ni neXPeERiighcehese fecdomdaentalystsystrreomponenia s cprtaaedly aad t hen

Ly ol qUSaleb i) D SRS fetir LRSI, QoL Al oFBNGT 25 ot e

operation. In a pre 0 rOCesses to prepare
PAO s deskl) i bastemendifeedadefing.oThe reactics ppodoessestinuoisly frathdialm ftdnetheont | nuous

process conprises the stepg of.a) continuousl | duci n feed stream
conpri si ng atre?‘g%ifs?“?@%m&z 9 W%?%}%‘@ﬁé@%ﬁe?%gébggﬁfgper@% jpf)ha- ol efins
into a react Oksidéhee GRS bNMKE Whlcdnts Btd ERENEIh; I1freMRicAhing€ BERee OMPOUNd and
the activator into the reactor, and c) continuously w thdrawi ng the 20

pol yal pha- ol efonmersippnThtwithdrawn produgtis hen typiselly qpenshedbiarthe geperagont i nuous
process co | : | |0l |al ﬁ-gw; f hydrogen in
t he reactor 01@5&%{3&%&1&%%@% E%ag}) %Jre?%t{égl's?ﬂ Eggee 35%??% e géﬁ%?ppr essure
of the redct ahe pcasestaprgparcFAD'pdéscliididbrdiPaje contihidas propessdser abl y 100 psi
(690 kPa) or |ess eferably 50 psi . (345 kPa r. less, preferably 25 psi
(173 kPa) or I%f&ﬁega,‘bhg EPEREIPYS PrOPSS ForpEyeS asep%?fo DeSopBRIOUSIN| { or nat ol y t he
hydrogen, if ipresRiHe 4 ﬁe&)ﬁf%ﬁﬁ%ﬁpﬂsihﬁ' 8t 1L floldds cFARORRB: Hore CEHS DY
wei ght, preferably 750 ppmor less, preferably 500 ppmor |ess, preferably
- C24 alpha-olefins into a reactor, b) continuously introducing the metallocene :
: compound and the activator into the reactor, and c¢) continuously withdrawing the
20  polyalpha-olefin from the reactor. In another embodiment, the continuous process
comprises the step 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 psi (1034 kPa) or less, preferably 100 psi (690 kPa) or less, preferably 50 psi
(345 kPa) or less, preferably 25 psi (173 kPa) or less, preferably 10 psi (69 kPa) or
25  less. Aliernately the hydrogen, if present is present in the reactor at 1000ppm or
less by weight, preferably 750 ppm or less, preferably 500 ppm or less, preferably
250 ppm or less, preferably 100 ppm or less, preferably 50 ppm or less,
preferably 25 ppm or less, preferably 10 ppm or less, preferably 5 ppm or less,
Alternately the hydrogen, if present, is present in the feed at 1000ppm or less by
30  weight, preferably 750 ppm or less, preferably 500 ppm or less, preferably 250
ppm or less, preferably 100 ppm or less, preferably 50 ppim or less, preferably 25

ppm or less, preferably 10 ppm or less, preferably 5 ppm or less.



|

250 ppmor less, preferably 100 ppmor |less, preferably 50 ppmor |ess,
preferably 25 ppmor |less, preferably 10 ppmor |ess, preferably 5 ppm or
|l ess. Alternately the hydrogen, if present, is present in the feed at
- 1000ppm or |ess by 30 weight, preferably 750 ppmor |ess, preferably 500 ppm
''or less, preferably 250 ppmor |ess, preferably 100 ppmor |less, preferably
" 50 ppmor | e¥920050419%% abl y 25 ppmor |ess, preferably 10PQIR2006/0p BT,
~preferably 5 ppmor |ess. WD 2007/ 011973 PCT/ US2006/ 027943 55 Preferred
reactors range in size from2 m and up. Usually, it is preferable to use
reactors larger than one liter in volume for conmmercial production. The
production facility may have one single reactor or several reactors arranged
~in 5 series or in parallel or in both to maxi mze productivity, product
properties and  9CPRBhCRRRS wel il SI s niliEe L SOLATY PAGASIOET 2 o)

equi pnents are usually pre-trea t 0 ensure prope ctidn rates and
cat al yst per f éo nereasiord taegar dimatone fiter usva]muafok' yommnnl:mt peductivde The ner t

at nosphere, where the,catal yst system.and f s wll not be in
contact it h Beies ke @ 3t SPLBrasT St G| RS St ual |y pol ar
oxygen, ni§roggibs &!ﬁﬁdﬁﬁlle%rﬁx%ﬁ%o%ﬂxﬁnﬁ@ﬁ%ﬂh&% D@l propBiigs &@act ors in
series or in parall may be used in the present ‘invention. The transition

met al conpoun@eﬂ%i@mrmmfﬁaﬁﬂpwﬁé)ﬁ reagtprs aﬂé@ssoe@ted@qulpmm@me uswdllyoe del i vered
as a sol ution Pf’e{-tréaktéoéf t@%nélﬂe C?ij r\éfcgiB Olies 4 tcg'tgly?tﬂ%ﬁ%né}nt ARV %%nSt ream

ei t her separately he're |vate prior 6715 the

. reactor, or pisaakliyeipddciadindenitesdirassphete,adicre/tat eaialgﬂ;lsystemran@feeél urry to.

the reactor. Polyneriz t|o s/ ol i goner.i zati o e.carried out_.in, either

si ngl e react oF"mPg |’{9ﬁ ¢ o Ftc"i’fﬂhﬁw&ﬁ@rys" %@%"@%P’épmﬁ%ﬁﬁm@i‘?

catal yst/ agti ﬁ@ﬁa@_;,/pggr oR¢dehViii:Ogen m%gtymv&ﬁ@gﬁndsand optional nodifiers
are added continudlusly to a single reactof or series reactor operation,

in which the aboveng@pmmctansenmeaweaanaﬂelewrbeoxsedmh@premte reactors

connect ed in e the first
reactor in th%%g&g%s ﬂ?‘ﬁ %ﬁﬁ F%c}%%@’ g{lfat&%nd%gﬁeﬁg%o éﬂgged to both
“reactors, .w.t hctﬁﬂﬁargﬁﬁjam&éliveiﬁbﬁla@lsﬁdtﬂ@ﬁbrtsmﬁylmstsolvéxﬂaﬁ:inmaalpha:l anot her

conponent to o reactors, preferred enpodinept,. the precatal yst
i's activated Pf?%pﬁ%edr%r&@po?ﬂhehsem@tebff@é@f@@ﬂ% EVBIEH iU U BOR Y 25

embodi ments t e B4R ?Bﬁt)ﬁﬁw&ﬁ@%ﬁﬁmﬁ%ﬁ th&QHh%de@'ﬁ‘olﬁ%ﬂB&iun‘yﬁ@ﬂ{EEt aI | ocenes

is pre-treated wt ylal um nu agents, especially,
triisobutyl al mpmm?olwmenmhondﬂ}ygme@mtmmmamedroutlnueltheramgid rghaberi num

fol lowed by Charl%ncprp | L Ohtn{]o%oﬁl%? %} Sveral 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
20 - 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 component
may also be added to both reactors, with one component being added to first
reaction and another component to other reactors. In one preferred embodiment,
the precatalyst is activated in the reactor in the presence of olefin. In another
25  embodiment, the precatalyst such as the dichloride form of the metallocenes is
pre-treated with alkylaluminum reagents, especially, triisobutylaluminum, tri-n-
hexylaluminum and/ or tri-n-octylaluminum, followed by charging into the reactor
containing other catalyst component and the feed olefins, or followed by pre-
activation with the other catalyst component to give the fully activated catalyst,
30 which is then fed into the reactor containing feed olefins. In another alternative,
the pre-catalyst metallocene is mixed with the activator and/or the co-activator

and this activated catalyst is then charged into reactor, together with feed olefin



cont ai ni ng ot her catal yst conponent and the feed olefins, or followed by
pre- activation with the other catal yst conponent to give the fully
activated cat al yst 30 which is then fed into the reactor containing feed

ol efins. | nwe,r} 59751' ternative, the pre-catalyst netallocene is mxed with
the activator andior the co-acti vat or sand this activat FHERAII4 s t hen
charged into reactor, together with feéed olefin WO 2007/011973

PCT/ US2006/ 027943 56 stream cont ai ni ng sonme scavenger or co-activator. In
anot her alternative, the whole or part of the co-activator is pre-m xed

with the fee Ief| me tine as the
ot her cat al yg?" n?ﬁﬁ%lggg%lﬁ g&%ﬂ]’ r%)faac o%%ﬁ@%ﬁlée %%tﬁt’\?&‘fe and/ or
co-activator wh51eldirpamﬁﬂﬁmbmdnmﬁ@preanﬁem{ﬂthmm oleﬁnsmu@mgaicavenger
such as triallcylalumnum (trimethylal um num triethylal um num
triisopropyl dio#H eﬁaworatﬁnelsalaaamaaﬁmﬁthﬁaﬁ?talwt.sohmﬁ@sm tEiBg num
tri-n-octyl alugy gpfa added to the feed olefin stream
to further mpro@gépgaﬂtﬁg c;/t@{ifo'?ﬁ%ﬁ/dﬁ?ﬂtﬁ? ﬁdr; preferred enbodi nent, the
nononers 4are cont icdoank antodiramis] 8 saiallyhmhnimfponmmmpmganjsuthaef er abI y a
trial kylalum oun t.0 bei nt.roduced into the reactor. In
anot her pref & #ﬁ’hﬁﬁﬁﬁﬁ’m&’aﬁg ﬁﬁ’éﬂ R, tP g@@ﬁ‘&ﬂ‘&ﬂ MSOPRRY R ar e combi ned
with an al Ky h@kstmyatmnGRen ednchexy Muﬁﬁﬁﬁﬁ%%-&tﬂﬁlhﬁﬁr%)%rum num conpound,
prior to entering the reactor. Pr eferably th fgrtg al’um num conpound is
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repr esent ed myeih umwamamaddr@wthemépbﬁeaww o inpereperalsit [y a O to
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t he group cons I'SOpr opy utyl, isobutyl,
n-butyl, ipentaidylahinsioparompountt, pefirstily almlw}alumﬁmheoqnhpound poiextol , heptyl,

octyl, isooc tyl, n-octyl onyl sono n .decy |sodecyl
n-cecyl , undg@}‘gmqo%‘iﬁﬁ‘d@@ﬁﬂefeﬁct%(}é@??tgé'dﬁ?fn%?f nXI? et{l??l and n- dodecyl,
20 pref er abl lﬁaéta‘?ﬂ%@éﬂe%d ofla&ﬁraﬁ&mreoﬂlgmammﬁ alky RSl coBlp8iRr abl y the

al kyl al um num conpound is selected fromtri-isobutylalum num fri n-

oct yl al uni numef@rablynimdkxlalammmmmpcamd frior tcerdesihede eeeckat. Rreferably one

nbod f qf d d
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25 or ni HEOQMMh@dnﬂy@gjl%Mlaﬁcﬁgfmptp}éﬁraﬁytﬁSRtgtb Iaﬁe conpounds. The
treat nent of the Ilnear pha-olefin wth an activated_ 13X nol ecul ar sieve

and a de- oxjRiEpendentbage °§P§tff°mth§gf°"@ opatEE @t BsEd A EPRYSt | i ncreased
cat al yst

ﬁ

isopropyl, butyl, isobutyl, n-butyl, pentyl, isopentyl, n-pentyl, hexyl, ischexyl, n-

‘hexyl, heptyl, octyl, isoocotyl, n-octyl, nonyl, isononyl, n-nonyl, decyl, isodecyl,
n-cecyl, undecyl, isoundecyl, n-undecyl, dodecyl, isododecyl, and n-dodecyl,

20  preferably isobutyl, n-octyl, n-hexyl, and n-dodecyl. Preferably the
alkylaluminum compound is selected from tri-isobutylaluminum, tri n-
octylaluminum, tri-n-hexylaluminum, and tri-n-dodecylalominum.

In one embodiment of any of the process described herein the feed olefins
and or solvents are treated to remove catalyst poisons, such as peroxides, oxygen

25  or nitrogen-containing organic compounds or acetylenic compounds. The
treatment of the linear alpha-olefin with an activated 13X molecular sieve and a
de-oxygeﬁate catalyst, i.e., a reduced copper catalyst, increased catalyst
productivity more than 10-fold. Alternatively, the feed olefins and or solvents are
treated with an activated molecular sieve, such as 3A, 4A, 8A or 13X molecular

30  sieve, and/or in combination with an activated alumina or an activated de-
oxygenated catalyst. Such treatment will increase catalyst productivity 2- to 10-

fold or more. The improved prdcess also includes special treatment of the feed



productivity nore than 10-fold. Alternatively, the feed ol efins and or
solvents are treated wth an activated nol ecul ar sieve, such as 3A, 4A 8A
or 13X mol ecul ar 30 sieve, and/or in conbination with an activated al um na
or an activ gr@Xygenat ed catal yst. Such treatnent w i ncrease

catal yst pro uc(t,ﬁjéll%-’g 2- to 10- fold og,nore. The irrprov%’b%@i%@“ﬁl SO

I ncl udes special treatnent of the feed 2007/ 011973 PCTI US2006/ 027943 57
olefins to renove catal yst poisons, such as peroxides, oxygen, sulfur or

ni t rogen- containing organi ¢ conpounds or other trace inpurities. This
treat ment cani.gi (A ng.i : ically nore
t han 10-f ol d?@eﬁhﬂ&é@@x?g%f?/ﬂﬁéﬁﬁsg%%ﬁg#g% P%fgﬂaﬂsi%gg%@a%{lgébgmm%g% nol ecul ar
si eve, acti vabmeinmgargmicn@mmpeithdsoa ofet racexdiyperitiese fins togtmatiaby st , and or

purifying clays to reduce the. heteroqatoncont aini C nds in the feed,
preferably be CBW‘_BW% rodyeiyIly sy ﬁﬁﬁﬁvgﬁa’lﬁ E’b‘ﬁf’r’i&g‘ﬁbﬁgﬁ?‘gt yst conposi tions
can be used ippdinibiduRd feld SefifPie Bonta@WitNh kidlecllh GEv AGWALO! YTET i Zat i on

catal ysts to B‘;vgpar e pol ymer or oligoner blends. 10 Mnomer and catal yst
sel ecti onSal kiwwing elligaeel, oryson regunving dafabyst] apd eppiriyingielays treducedhedi t i ons
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t hus be achi gugetablytbsee Wgipal.yst can conprise two or nore catal yst
precursors and or _two or nore activators. 15 Cenerally, when usin

! 2. Ng
met al | ocene cat al Y&t Gatalystcamppyidonscan baiied tivigeally orsppbs maxedsbihy ent s,

di l uents and '- strean(s) and
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enbodi medds, Mémemeusudeptaiyt sdléativn nowspaliymst or,oligamts Wendpkyaratioan t hey are

I mobi lized on,a support, the conplete catalys ste 111 additionally
conprise 20 SAETSPIGHHORS 693185%1}?3? ﬁg’sﬁgﬂ%’ﬁ'ﬂ%&#—@%}f&% hr‘%ovlm}(lg‘?rﬁsg"é%engi ng
conpound nNeakgreade WD dRthvhildile fr8MPoBindomade Witk tikdd Rlfst §Rictdde reaction
environment. These_  inmpurities adversely affect catalyst activity and

stability. Typd eathys banshiergd. Jyixed caiglystgan compase o s apreeatdyd i nt r oduci ng
reaction conponents aﬁ@o?tv&ue&%&g'act%ﬁﬁﬁl . But such steps will rarely allow

pol ymeri zati on or ol i gonerization wthout using 25 sone scavengi ng

conpoundd5 Nor mal Genertle wheh ysieg inetdilocene patatysissafier pte-s¢atthénto§fed at | east,

sma | bg”gg“g;beggﬁﬁgﬁgﬁtp,?déﬁggggﬁgggé%%e-caJt%’o%'s fkeel the Ayt Sormpientd coMPound
stream(s) and reactor free of impurities, the reaction should proceed well. In some

+ embodiments, when using metallocene catalysts, particularly when they are
immobilized on a support, the complete catalyst system will additionally comprise
20  one or more scavenging compounds. Here, the term scavenging compound means
a compound that removes polar impurities from the reaction environment. These
impurities adversely affect catalyst activity and stability. Typically, purifying
steps are usually used before introducing reaction components to a reaction vessel.
But such steps will rarely allow polymerization or oligomerization without using
25  some scavenging compounds. Normally, the polymerization process will still use
at least small amounts of scavenging compounds.
Typically, the scavenging compound will be an organometallic compound
such as the Group-13 organometallic compounds of U.S. Patenis 5,153,157,
5,241,025 and WO-A-91/09882, WO-A-94/03506, WO-A-93/14132, and that of
30 WO 95/07941. Exemplary compounds include triethylaluminum, triethylborane,
tri-iso-butylaluminum, diisobutylaluminum hydride, methylalumoxans, iso-

butylalumoxane, and tri-n-octylaluminum. Those scavenging compounds having



such as the G oup-13 organonetallic conmpounds of U S. Patents 5,153,157,
5,241,025 and WO- A-91/09882, WD A-94/ 03506, WO A-93/14132, and that of 30 WO
95/ 07941. Exenpl ary conpounds include triethylalumnum triethyl borane,
tri-iso-but ] di i sobutyl al um num hydri de, nethyl al unpxane, i so-

but yl al umxﬁr@ou‘g%g%i -n-octyl al uni nug, Those scavengi njtHEMIBUHE¥3 havi ng
WO 2007/ 011973 PCT/ US2006/ 027943 58 bul'ky or C6-C20 |inear hydrocar byl
substituents connected to the netal or netalloid center usually mnimze
adverse interaction with the active catalyst. Exanples include

triethylalumyn t r f er apl Y. h.. as

tri-iso-but ylbugg)u%%gﬁﬁlp%rr% grgs%-?@nsypﬂg#éﬂﬁicﬁﬁ%%gﬁgq%o@%@c%ai n |inear alkyl
5 substi t ut ednéthilulil BeHRrABHAIBUAGISMIZE ddlersddnterattioh Witk tHe aafivedapiiyst. tri - n-octyl
al um num or tri-n-dodecyl, al um num Wen al ummﬁ s used as the

activator, dmprwlesdnduds/sethylahimipas duy moss prakcrg cRppIgs Sidinge
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bt ot er rod. entARRR CLF e A, iR RSP bsld B gerpiator | ess,
preferably 0.RylQcds FRireRat Heeded ﬁéﬁ&ﬁ@étﬁn%@ls&a%r%eﬁﬁb@%ﬁes%&f&&'diﬂ&{ay from1 to

3 nol e% 15 The PAO s described herein can al so be produced in honogeneous
sol uti on proceewagingCempeunds mayhiesmnerpssatye Alpupyanss plzamayhe added in

ol i goneri zat i LN cont | [ i ' | ymer fornmed and the
starting nonos(r%%’rengﬁgqu%% “ae}" %@%ﬁﬁ{é&ﬁ%@é&ggb\éﬁt@], ﬁlgg}g&g’gi tated to reduce or
avoi d conent v, HPhPTB(pliiper Blpf) e wherifieistpariubeophenyl (0gR), ddesr ol in the
reactor is generall ht ai ned by 20 bal anci ng the heat of polynerization and
with reactor g ﬁi‘ﬁéPg SP¥¥ror jackets or cooling coils or a cool ed

si de-stream of reqfhYfel GAVAIhER HHThE Mpteht ih MR £ERG 1O mOle RO

t
refrigeration, pre-chilled feeds, vapoOrization of liquid nmedium (diluent,
mononers or dessyematerably 0.8 derBimmdes %ryeisrablindS thdwele¥adirefbrablydraredér ors with
pre- chilled I%ggg may al so be used. The reactor tenperature depends on the
catal yst 25 uUse éﬁd t he product desired. Hi gher tenperatures tend to give
| ower nolwcul ar  VigiePNO's dedribediRicih SRS elrOducte iithdnfogghstrs i gher
nol ecul ar wei ghts, however _ this i_s,not1 a hard and fast rule. . In general,
t he react or tS@}HSI@p REQGREH r@enerally) tpas dngielves polymerization or oligometization in 2

continuous reactor in which the polymer formed and the starting monomer and

. catalyst materials supplied, are agitated to reduce or avoid conceniration or
temperature gradients. Temperature control in the reactor is generally obtained by
20  balancing the heat of polymerization and with reactor cooling by reactor jackets or
cooling coils or a cooled side-stream of reactant to cool the contents of the reactor,
auto refrigeration, pre-chilled feeds, vaporization of liguid medium (diluent,
monomers or solvent) or combinations of the above. Adiabatic reactors with pre-
chilled feeds may also be used. The reactor temperature depends on the catalyst
25  used and the product desired. Higher temperatures tend to give lower molecular
weights and lower temperatures tend to give higher molecular weights, however
this is not a hard and fast rule. In general, the reactor temperature preferably can
vary between about 0 °C and about 300 °C, more preferably from about 10 °C to
about 230 °C, and most preferably from about 25 °C to about 200 °C. Usually, it
30  is important to control the reaction temperature as pre-determined. In order to
produce fluids with narrow molecular distribution, such as to promote the highest

possible shear stability, it is useful to control the reaction temperature to obtain



vary between about 0 C and about 300 C, nore preferably fromabout 10 Cto
about 230 C, and nost preferably fromabout 25 C to about 200 C. Usually, it
30 is inportant to control the reaction tenperature as pre-determned. In
order to { |ds wi th narrow nol ecul ar distribut.i h as to
pronot e the ﬁ @@%9 possi bl e shear stgpility, it is use'?(ﬁsztz Eo‘c')ﬁﬁol t he
reaction tenperature to obtain WO 20077011973 PCTI US2006/ 027943 59 m ni num
of tenperature fluctuation in the reactor or over the course of the
reaction tine. If nultiple reactors are used in series or in parallel, it is
useful to keep the ] =) t n value to

m nim ze any"'"tl)"r”(')la efﬁ T &Eﬂeuﬂ'ﬁecu Igr méréaﬁtp?g?éx{%;ﬂ%lﬁ%%% F&‘n order to
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the reaction tenperature sw @%For flgctuatl n, Oor as.in series operation,

the second r E5RPBs tMpRIFEIe FRAStAl) I 2 Yyp-dpteraipe Vﬂ?@??é?lnirﬂ’éﬁa‘ﬂhe first reactor
tenperature. bfdﬁ %&J’rﬁ&le&ﬁ‘&% &¢ht IRE{RLLR M orlldlfo gﬁﬂﬁ@& Rl GRpOf the two
reactors are |n epe ) can use two typeS of metallocene
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added to t he thedempasptures o Beitivp repptors ave indapandomt Orpnecmmﬁwoafpewﬂrogen is
preferred ton% SRk 5 @ l evel to inprove catalyst productivity, but not
i nduce any hydrogenati o of olefins, especially the feed al pha-ol efins
because tihe conve’t[‘hetprﬂssufemlanyaeaoioeﬁsedshermt@nvsqtﬁmratabmtmlr affins is very

det tal to th ff .. Th h
parti al pr es DTS By P RERhEES (b PRapASP0): PSS ber b 750
preferably |§&1§%§ﬁlﬁ@l?§pdﬂsm’osﬁfr%ﬁ%§pﬂ{ '1%%50*&%(115%3?% 75000:8f enabl y | ess

than 5 psi.. a particularl red enbodi ment” in any of the process
descri bed hermmmtcmabe@ménutmdﬁbkheaﬁndsyhhrogﬁmmmdreﬁlﬂwmant phase is

| ess than 10 0 0 pp ess 0 referably | ess
t han 10 ppm g‘% ?gﬂe%ﬂﬁFg%llg‘ﬁ‘P é’??%%é 8‘15(2@2?3} rlrQE<E';)1crr:8 %f t he process
descri bedshehﬁpmvémec@t@n@temﬂeamwﬁtafhya ayﬁﬁ:@@eﬂﬂedmmebpatrsaaﬁmml s kept. at

a partial pressure of preferably 50 psi, (345 k B‘iﬁ referably 10
psi (69 kPa) toyimpreuecatalyst produgtivity, bqtﬁo%ﬂ GSIaBY:B Oﬁfé’éﬁ?ﬁ efiffer ej n

hydrogen, if cQlsfte fbed ASHRSSHins J3cAlS e BN Ha-S186E i 10, 000 ppm or

saturated paraffins is very detrimental to the efficiency of the process. The

amount of hydrogen partial pressure is preferred o be kept low, less than 50 psi,
20  preferably less than 25 psi, preferably less than 10 psi, preferably less than 5 psi..
In a particularly preferred embodiment in any of the process described herein the
concentration of hydrogen in the reactant phase is less than 10,000 ppm, 100 ppm,
preferably less than 50 ppm, preferably less than 10 ppm.. In a particularly
preferred embodiment in any of the process described herein the concentration of
25  hydrogen in the reactor is kept at a partial pressure of preferably 50 psi (345 kPa)
or less, preferably 10 psi (69 kPa) or less. Alternately, in any process described
herein hydrogen, if present, is presént in the reactor and or feed at 10,000 ppm or
less, preferably 1000 ppm or less by weight, preferably 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or less, preferably 100 ppm or
30 less, preferably 50 ppm or less, preferably 25 ppm or less,
The reaction time or reactor residence time is usually dependent on the

type of catalyst used, the amount of catalyst used, and the desired conversion



| ess, preferably 1000 ppmor |ess by weight, preferably 750 ppm or |ess,
preferably 500 ppmor |ess, preferably 250 ppmor less, preferably 100 ppm
or 30 less, preferably 50 ppmor |ess, preferably 25 ppmor |ess. The
reaction ti tor residence time is usually depen e type of
cat al yst usggfﬂ?ﬁﬂggﬁnunt of catalyst yged, and the desiggﬂh%@ﬁwgﬁg?on WO
2007/ 011973 PCT/ US2006/ 027943 60 level. Different netall ocenes have
different activities. Usually, a higher degree of alkyl substitution on the
cycl opent adi enyl ring, or bridging inproves catalyst productivity.
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met hyl al unoxane used is typically in the range of ligram (nmg) to 500
nmy/ g of &l0phaat shast teactiondiane. Alawever, pighfamonrichficalnlyst ussge mekmthe. 05 ng to 10

ng/ g of al pha-olef.in feed. Furthernor t nol ar rpatios o the alum numto
ot ol Focene. GREHRE PSS mecthoRRR R SisbilFio A BE Bofhey 508, %10 0
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catal yst system.,is netallocene plus a Lewis Acid or an_ionic pronoter with

NCA conponentmaXifemfatabyst predpedivity to minimizs theanapnt of mefaliocsagandghe 0. 01 |
m crogram -t tS@a‘éﬁ?&&@H@ del. TRlAklQGRNR: SRRPRAMAINLA s al pha-ol efin

feed. Usually the pre errede range Is fromO0.”1 mcrogramto 100 m crogram of
met al | ocdife mehypemokaggsthe garmmobmethyhanodand wsed ishypicalfyinttherangs ef t he nol ar

rati o of the ) acti vat to tallocene is in the range fromO0.1 to 10,
bref or abl y 0. BT pigra el P00 9T el ST Tpec A foigiiplRPRfansy |
al kyl al um nunirdi® 0109 Witkol 19 'L 6f albReolefiR kRt Fadhedmbtfe, tHagndMr hosBEt al | ocene i's
in the range from1l to 1000, preferably 2 to
: the aluminum to metallocene (Al/M molar ration) range from 2 to 4000,
+ . preferably 10 to 2000, more preferably 50 to 1000, preferably 100 to 500. When .

20 . the catalyst system is metallocene plus a Lewis Acid or an ionic promoter with

NCA component, the metallocene use is typically in the range of 0.01 microgram
to 500 micrograms of metallocene component/gram of alpha-olefin feed. Usnally
the preferred range is from 0.1 microgram to 100 microgram of metallocene
component per gram of alpha-olefin feed. Furthermore, the molar ratio of the

25 NCA activator to metallocene is in the range from 0.1 to 10, preferably 0.5 to 5,
preferably 0.5 to 3. If a co-activator of alkylaluminum compound is used, the
molar ratio of the Al to metallocene is in the range from 1 to 1000, preferably 2 to
500, preferably 4 to 400,

Typically one prefers to have the highest possible conversion (close to

30 100%) of feed alpha-olefin in shortest possible reaction time. However, in CSTR

operation, sometimes it is beneficial to run the reaction at an optimum conversion,

which is slightly less than 100% conversion. There are also occasions, when



500, preferably 4 to 400. Typically one prefers to have the hi ghest possible
conversion (close to 30 100% of feed al pha-olefin in shortest possible
reaction tine. However, in CSTR operation, sonetines it is beneficial to

run the reagiq n opti mum conversion, which is sli gbtw han 100%
conver si on. @%‘ﬁggr"g al so occasi ons, \g@en WO 2007/ 0119 P@%@%/ 027943

61 partial conversion is nore desirabl e when the narrowest possible MAD of
the product is desirable because partial conversion can avoid a MAD
broadening effect. If the reaction is conducted to |less than 100%

conver si on of aEE"ﬁ = Qlefl R ' pal after
separation f o otcﬁ%&%no@lﬂlﬁré gﬁ#@%@%@%ﬁé&%&hﬁ%&%@gn S’Hrhgcycl ed to
i ncrease t he prothadt igdesitatdsheebise pagiaCoonverfos carpdvioR] ¢ RIWVDdnededinges for any

process descrihed herein are in_ the rang froml mnutes t 0 hours,
typically 5 ﬁ%ﬁ-e@mﬁe%@%&ﬁ%@%ﬁwﬁ@h&%ﬁ?@@&%@% Pirso be
enpl oyed in sjgh Ghd lﬁﬁﬁatc%rd@taﬁ’ﬁ{gqjuét@ﬂialgfc%rﬁ@%dr%g)n FRR6HhEF pro@ith hgiir ati ons.  The

liquid processes ‘conprise contacting nmonomers° with the above
descri bed Xat sulyents/dipsnte nan e racywledttaipicreasti theitotdl processeifficdency. and al | owi ng

said nononmers to react.for.a sufficient tinme to produce the desired

pol yners or ol i goré?sér?blﬁﬁﬂ%eﬁm?f fgﬁwgﬁ?cgsso%ﬁﬂ%gﬁ%ﬁ%’tarr%l tﬁamglg?)mat ic are
sui t abl e. Ar ofigihi1GfinGites bo ZBhdusd, upially 3 Ylifieso 16thbidshenzene, propyl benzene,
cunmene, t-butyl benzene are suitable. Al kanes, ,such as hexane, heptane,

pentane, 15 i Highetheneprogpiseseayzaie bergginnyed by sipgle praptos FPAAEE Af SeResm
Exxonhbbi | 462on HEHARGRY The R Wik les LERASe é:gngatcg]bgsieﬁﬂl tabl e.

General ly, toluene 1s”nost suita st conponents.

Nor par, |Hopamosaharewithdle dbexadesribadeaiplysf systermdn a asitabéeaditiientordolverint s.
Otentines, a njxture of, tol uene and r or, Lsopar s used . di l uent or
ol vent 20 THE YRR L e OB RO B TR P FFod t ank.
reactor or plplymbrs @MoR &R HyRbcatBon ol BEb&ih alipiedie bhd aeRRfiebRd i n series
or parallel. These reactors nmay have or may not have internal cooling and

t he nononer f®elgblgaprenatioraychrstolpeme, adeney sthadbsazensauoprieergeiter al  di scl osure
f U S | L lid
0 pat en&ﬂ*@%ﬁgﬂ?%“?ﬂg%‘%%eﬁg?ﬁﬁﬁﬁ Aﬂ{aﬁgs?ﬁﬁsh%gﬂg*%ﬂ?,ﬂ{%ﬁtang,%e%ﬁé] a Sollf

supported cata conver sron,
pol yrer i zEt i cisdmentape,aad iozizhie, WNormtr oc Bsgar gainatafrby Bxyenldbbis Chemichle sim | ar.

e At T e, B i Hblstor, Texss ats slso subable Clterally, folene is mostugaps ' Y- 11 2
to dissolve catalyst components. Norpar, Isopar solvent or hexanes are preferred
as reaction diluents. Oftentimes, a mixture of tolnene and Norpar or Isopar is used
as diluent or solvent.

20 The process can be carried out in a continuous stirred tank 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 the general disclosure of U.S. patent 5,705,577 for
general process conditions.

25 When a solid supported catalyst is nsed for the conversion, a slurry
polymerization/oligomerization process generally operates in the similar
temperature, pressure and residence time range as described previously, Ina
slurry polymerization or oligomerization, a suspension of solid catalyst,
promoters, monomer and comonomers are added. The suspension including

30  diluent is intermittently or continuously removed from the reactor. The catalyst is
then separated from the product by filtration, centrifuge or settlement. The fluid is

then distilled to remove solvent, any unreacted components and light product. A



slurry polynerization or oligonerization, a suspension of solid catalyst,
pronoters, nononmer and conononers are added. The suspension including 30
diluent is intermttently or continuously renmoved fromthe reactor. The
catalyst is arated fromthe product by filtrati ntrifuge or
settl enent. v%%ﬂﬁ??uﬁﬁ then distill to renove solveﬁE?“§ﬁ$é%ﬂ$‘acted
conponents and |i ght product. A WO 20077011973 PCTI US20061 027943 62 portion

or all of the solvent and unreacted conponent or |ight conponents can be
recycl ed for reuse | f the catal yst used is un-supported, is a solution

catal yst, a]ﬁq@ t hdr awn
fromthe reac éﬂ?suc s In éng éla%e&c@n%‘m%rﬁ{)bd.&%t wn%g'tgr?tf &c\(,)glnt ain

sol ubl e, suspmuydﬂmﬂbrraune(ed cat al yst corrponents These corrponents are
preferably deactivated o ved. An usu cat t deactivation
met hods or aqueouﬁ&?&s"ﬁ%f?ﬁ? & WP ed]s@d’sf’ IOFE%EW ﬁ%‘y%%t al yst
conponent . TyRh&hliyeonpléte of ¥hbh B8 pko?iuﬁlﬁﬁﬁﬁth&ﬁ@ﬁﬁ@roﬁ/thég&bfok @ich &fin

stoichionetrib anount or excess of "air, noisture, cohol , Tsopropanol, etc.
The 10 mi x& ur @CBER}, earprodissch oty wiill hordmna@lebb,cﬁdspmde@xmbl@t@ystw th water to

I h d h bj d
G st a1 on S PoREHb L8t Bommion i B Mt Fmdybe, AfaT The™' °° 1

distillation gansfabiEdtilost desdivatich rﬁahodécglaqudbeﬁwhsmams:ﬁcw@be fige@d C18 and
| ess. These |ight conmponents can us ﬁg as diluent for further reaction.
O they can b@mmawaétab«swqmnoemtawyne theyrpagtion isdeagtiyated by andition

Synthest s,  asefdiofohb@hbnBh!RakobHE! diANES ML AEAtpaISRL Widt | on, oSt

sui tabl e for urt unctionalization fo con\/ert In er for mance
f 1 ui ds. dOthms@urbnsghtmwb:éfequhnhmmdmudtydhmdeo@evmerddrmvbe used as

hi gh quality raffinic s nts., Pol zatl n_or..oligonerj.zation in
absence of hygﬂ?"d&éﬁ‘“}l@ nor 0@5 Wﬁﬁ?ré gerg% ?8%%?@“%85%’%%@ 88 ol i goners
wi th high degfegRveboltsaMERER e r@@éﬁh@‘oﬂ@ﬁb@s Thd BRERatidaLRh furfd@nds can be
easily converted into functionalized fluids with nulti pl e performance

features. Exaipioasamolight srppten praduat feseClirndyess: Shegedightnamperenteeant han 300
can be found yn, &%&I&hi%?lﬁg{h fl%Qét?o%S Oﬁ%%%ﬁ@ﬂéeﬁaﬁ@éﬁ{l fing«' ng the

polymers with e| c an succinic i de whi ch can
t hen react®d mﬁehal&hi othe, chalhmxahsyhuﬂn,esw,calsylmtﬁnﬁghtalacﬁnly:ocbchlcthwe emylidene i nto

d| spersants. Exanples for 5%51 on, Ca? he found in e book
"Lubricant Ad¢iEY 1, PRt i fyt%% stion %‘H‘mtoect?n"%mL 1| e R Rudni ck,
p. : performance fluids. Or these light olefin products can be hydrogenated to be used

. as high quality paraffinic solvents.
Polymerization or oligomerization in absence of hydrogen is also
20  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 MW greater than 300 can be found in preparation of ashless
dispersants, by reacting the polymers with maleic anhydride to give PAO-succinic
25  anhydride which can then reacted with amines, alcohols, polyether alcohols to
convert into dispersants. Examples for such conversion can be found in the book
“Lubricant Additives: Chemistry and Application,” ed. By Leslie R. Rudnick, p.
143-170.
In another embodiment, any of polyalphaolefins produced herein is
30  hydrogenated. In particular the polyalpha-olefin is preferably treated to reduce
heteroatom containing compounds to less than 600 ppm, and then contacted with

hydrogen and a hydrogenation catalyst to produce a polyalpha-olefin having a



143-170. In anot her enbodi nent, any of polyal phaol efi ns produced herein is
30 hydrogenated. In particular the polyal pha-olefin is preferably treated to
reduce heteroatom containing conpounds to | ess than 600 ppm and then
contacted w en and a hydrogenation catalyst to ce a

pol yal pha-ol‘g?r n hg{/g%g a WD 2007/ 011973, PCT/ US2006/ 0279$?T?‘g5§"“6’r"67ﬁ’1‘3ne
nunber less than 1.8. In a preferred enbodi nent, the treated pol yal pha-

ol efin conprises 100 ppm of heteroatom contai ni ng conpounds or |ess,
preferably 10 ppm of heteroatom contai ning conmpounds or |ess. (A heteroatom

cont ai ni ng ﬁ]_rgg]%g}guﬁ n ther t han
carbon and 5 hy rogen‘% % g}rPg'El %%gﬁkﬁegﬁgggra\ﬁﬁnggﬁ%&ata f% I'S sel ected
from t he gr ouplefic comprises h@ppﬁmsﬂmm‘ommﬂ c@uteining/conihoulds r&rleks,];ﬁefb]arl S,
preferably the, hydr nat.i on catal S ed fromt he .consi sting of
one or nore ofo g’ggerﬁ?om(ﬁ?ntwg ““Féf é‘? é?‘ i8¢ npor t ed on

silica, alum pgy dﬁh&%aédn‘ip%ﬁh&coﬁﬁﬁlﬁgﬂﬂléast %eatﬂh@?er@f?ab%rb@ﬁhﬁ’@ supports. A
preferred hydrogenatlon catalyst is nickel 10 supported on ki esel guhr, or

pl ati num of phydregtngnbrefepably the dydnegenation ¢atalysins sedested| frormibieyedmipum support ed

on al um na. Usual cke t.al S s 60% N on

Kei sel guhr caf%sV@g ?@’“B%%%drtﬁf’“%%sﬁigp%gﬁgan%ﬁf éﬁ?ﬁg{abw tﬁﬁﬂﬁ%&? ?‘?Dunt of
Co- Mo | oadi ngcatﬂysteﬂ@@é@ﬁumtﬁ&goﬁiygkr@mrgadﬂm o aloné ¥ENi, P8, Mi CK®h, supported
on kersleghur lica, alumna, clay or silica-al uni na, 15 In a preferred

embodi ment  t hBeFab Pl G Nop prg Wa sippottahenalien AR, 1P gein, Zitsonda, gr

hydr ogenat i on glg!;g erably 100 to

300C. In anot]flglerhrzglr@ef té’?‘?%é ngﬁpgré &ﬁ}@%ﬁg@%ﬁ%@@sgﬁéﬂ contacted with

rlnégr o%en dind alppynhdxgﬁues;elguhr gaplatuymn oﬁ:nﬂlagilllnn'hsnpppmsrdi mnhlﬁmr?ﬁn(ﬁ m n]tht es fj 0
ours, pr rom es anot her, pre erre

enbodi ment | 200t Rstel o Al i ik ris R A o erte B

hydr ogenat i Ongmfeaha b Nidh I@elselr@rﬂalf OBt B R6E Wre s@%pcfr!’e@ utdFystisith High 2500 psi,

preferably from 100 to_ 2000 psi. In anot her erred enbodi nent the

hydr ogenat i onaBewe e§§ommé@g¢ Mewamyeﬂle@wdrqgmtmaata@ﬁfdﬁrp@k@ln a
pol'yal pha- ol e%%goﬁ%'dhc;nﬁe?ﬁl tOsifch eaitp‘ﬁlﬁckr)lc}/ayor %*1?@‘—91 §a 10 1O 80%]ess mm

triad groups pba “3 0 contact with the 25 hydrogen
and hydr offenati on Imat;aéfgﬁed erEburduharrtttﬂmrolyaﬂ;ﬂmraﬂaﬁﬂ Breontacthy dithfedraganon  of
PAO s pl ease see US 5,573,657 and "Lubrican dro ef i ni ng
Processes” - paer hvfiepeepationsatalyst 33, PRRgRuLS ‘?Jn %}d ﬁa% %‘%iye@ Mg, by

. 300°C. In another preferred embodiment the polyalpha-olefin is contacted with

hydrogen and a hydrogenation catalyst for a time period from 5 minutes to 100
hours, preferably from 5 minutes to 24 hours. In another preferred embodiment

20. the polyalpha-olefin is contacted with hydrogen and a hydrogenation catalyst at a
hydrogen pressure of from 25 psi to 2500 psi, preferably from 100 to 2000 psi. In
another preferred embodiment the hydrogenation process reduces the number of
mm triad groups in a polyalpha-olefin by 1 to 80 %. Preferably the PAQ has 10 to
80% less mm triad groups than the polyalpha-olefin prior to contact with the

25  hydrogen and hydrogenation catalyst. For further information on hydrogenation
of PAO's please see US 5,573,657 and "Lubricant Base Oil Hydrogen Refining
Processes" ( page 119 to 152 of Lubricant Base Qil and Wax Processing, by
Avilino Sequeira, Jr., Marcel Dekker, Inc., NY, 1994,

This hydrogenation process can be accomplished in a slurry reactor in a

30  batch operation or in a continuous stirred tank reactor (CSTR), where the catalyst
in 0.001 wt% to 20 wt% of the PAO feed or preferably 0.01 to 10 wt%, hydrogen
and the polyalpha-olefins are continuously added to the reactor to allow for certain



Avilino Sequeira, Jr., Marcel Dekker, Inc., NY, 1994. This hydrogenation
process can be acconplished in a slurry reactor in a 30 batch operation or
in a continuous stirred tank reactor (CSTR), where the catalyst in 0.001
w%to 20 9 AO feed or preferably 0.01 to 10 wt% hydrogen and

t he pol yal \Sﬁg@gqoé’ﬁ)ﬂggfare continuously added to the reac®&/Us OQP%W f or
certain WD 2007/011973 PCT/ US2006/ 0279 64 residence tinme, usually 5
mnutes to 10 hours to allow conpl ete hydrogenation of the unsaturated
olefins and to all ow proper conversion of the nmdiads. The anount of
catal yst added .i | | . |l J.yst to conpensat or the catalyst
deacti vat i on.reﬁlﬁémgi’%ger 'S}és{'[aﬁgéﬁuﬁ 857*)‘891]8318{'@&0 ﬁf{t‘yng?"épsl%ﬁﬁ%%@f’v’ﬁn t hdrawn 5
from t he reactheunsafirgie@oRAHEINITO KIOW Rrof@Scdnhesion of e diadentihef uged or
settled to renove the solid hydrogenation catalyst. The catal yst can be

regener at ed affaount afepdalyst addedds wugle very smalbig togampensateder the c#8lyer f art her
distilled or ]y ri x In sone
cases, when t%%E@‘%%@ogféﬁgﬂtédgsﬁ%ﬁ?%#%@atgﬁg%%gé%{]tng}@% dglg% "Vation over
| ong t er mHpefamiteatcadttre The psdiduct fixblce pslthen ditaded aenipifrd ©8 sated the carri ed
out in a manner where | xed anount of catalyst is maintained in the
react or, usuaﬁepvvﬁ.ﬁ"fs&ﬁd/gw ogenahis cafalyst. Tha cafal Sé‘éal?tb&rﬁegenﬁ??&ed@ﬁgy hydr ogen

and PAO feed gu&dC Rk hjuBsiakdPHE Eaitle s6d 43k Br fubl§&didialeg oand only
hydr ogenat ed PAO was withdrawn fromthe reactor. The hydrogenati on process

can al so be aButbiepttedtodhe fghtzompresht HadcesSrpr beems casen, whendhe t he sol i d

I ' IASi . d d t
oYt ur . R Bt B B DSl B EREL
si mul t anepus| stirfrantirhyifogediavion pfochatdan b edrriedout s sdfieeHeye 4 fixedaxi m ze the

contact between hydrogen,  PAQ and catal yst and to allow best heat
nmanagenent . 85@9’5&?@1@@%‘1%@3‘3& topapaiydhl ‘éﬁ‘%%?ﬁﬁ’%é‘f@& to give

proper resid & | Jubsat.py at ed.
olefins in tﬁ@%é%d%%ﬁ%%%% ?gg})%feg@%g%%@sﬁogﬂy%g&mﬂ ?er%%aads in the
process. The fegdiragadamisdhfaeenbtad BAOowas withdrayeuframs thesreagtorf ur t her distill ed
or fractionated t lve the right conpopent, if ..necess . ually, the
fini shed hydrocarb l}yifggpﬁﬂo& r%ﬁ?ﬁecggﬁgﬁgﬁgccﬁ%&&%ﬂy@ﬁ%gﬁéﬁ 2 and have
reduced appungroédss,TiwhidhaBesdliddatalyReis padked iRgRnatvdarPéotorddd hegedtow
pol y- al pha-ol efi ns when used al one or blended with other fluid has unique

| ubrication pieagertemperaturg Bydsegraand PhShicad pan befedhiyaughitgierdtent of the -

present inve ngifnﬁﬁaneously from the top or bottom or countercurrently to maximize the

contact between hydrogen, PAO and catalyst and to allow best heat management.
The feed rate of the PAO and hydrogen are adjusted to give proper residence to

20  allow complete hydrogenation of the unsaturated olefins in the feed and to allow
desirable conversion of mm triads in the process. The hydrogenated PAO fluid
can be used as is or further distilled or fractionated to give the right component, if
necessary. Usually, the finished hydrocarbon PAO fluids have bromine number
less than 2 and have reduced amount of rum triads than the unhydrogenated PAO.

25 : The new poly-alpha-olefins when used alone or blended with other fluid
has unique lubrication properties.

In another embodiment, a novel lubricant of the present invention
comprises the PAQ's produced in this invention, together with one or more other
base stocks, including Group I to Group V base stocks with viscosity range from

30  1.5t0 100 cSt at 100°C to formulate suitable viscosity grades. In addition,
additives of one or more of: thickeners, VI improvers, antioxidants, anti-wear

additives, detergent/dispersant/inhibitor (DDI) packages, and/or anti-rust additives



conprises the PAO s produced in this invention, together with one or nore
ot her base stocks, including Goup Ito Goup V base stocks with viscosity
range from30 1.5 to 100 cSt at 100C to formul ate suitable viscosity grades.
I n addition Ogtﬂ%ltl' es of one or nore of thickeners, VI inprovers,

anti oxi dant & “Wear additives, detergent/dispersant PCHESH0€/E794¢ DD )
packages, and/or anti-rust additives W5°2007/ 011973 PCTI US2006/ 027943 65
may be added. In a preferred enbodi nent the PAO s produced herein are
conbined with one or nore of dispersants, detergents, friction nodifiers,

traction inprovin ditive enul sifiers ef gaman .chr onophor es
(dyes), and/ orr“a)ﬁf?fz%ld%&nh"l %P’iﬂfﬁ“g&enﬁ‘é@@e tﬁﬁ? IS;A&&WEF%%&PBWEI cants can be
used in aut ongymbigedGhitinecStore of @bperdafROdi@g@itd, Frictiondustifidrahradlidn 9r ease,
or gas turbine engine oil. These are exanples of additives used in finished

| ubri cant f orimpresingaditivesdlemudifiors, deformantacchermentores édsgle amstorbags s i n t he

formul ati ons a4 Ful | t ! - e . t i.c lubricant
or functi onal 19%1—,”' ds T?;lé% iﬁ@?ouﬁ%%ﬁlr%ubr@éﬁg E%E}’:’ecusgﬁb E?ﬁ:nén S can(§cgse

Hi gh- Per f && megit@ngive oil), dndkirikl ¢ll, @fcase, snghsEakbine. enfindoilcKhesetare. 10 Mar cel
Dekker, Inc., N.Y, (19&9&. Addj tional _jnformation on addjtives used in
product f or muP#mples of adfitivesruserin finsshed lubrpant fermulatigns. Afdiional ons, Ed. By T.
Mang and W : " %-’t\f(&brgfﬁ.pﬂe AT I e : :her enbodi nent,
this invention re %?[{e)és(n%ﬁéll 1. Apr ogess tghﬁ%%g%yenﬂgﬁg’gﬁ%l pha-ol efin
conpri si ng: 13ynthetit acparngynthetic bibricant er finpticnabfleifls canrherfounslia "Byniliatig t o 24

carbon atons w,th an unhridged substdtuted his cyc ntadienyl transition
net al conppuﬂn'ﬂ’q‘fﬁ’gtf ﬁ@%hgéfg@%??%@loﬁglrﬁFﬁﬁoﬁﬁ ﬁ&j@&%ﬂﬁcgﬁ(i‘on on both
cycl opent pyli emfiaptel DENKES In@NA). (BI99). eQsditibnaDinForBBtivh bh hdligvedsellin| east one 20
cycl opent adi enyl ring, a non-coordinating anion _activator, and optionally an

al kyl - al umi nerasiuch fpgautaiion giebefoppdingdubrcanty and LybriestionsiBd B Thet al  conpound
to activatoryg 1 o b ﬁ;w ixf, : i num conpound is
present then Mhagg@o?{é???sg{’%%%%q a I;IG@F%’%%L%%%@UM to transition netal

compound is 1:4 to 4000:1, under polynerization conditions wherein: 25 i)

hydr ogen is esent at, a.partial. pressu of 0.1 to 50 psi, based upon the
t ot al pressu%aaf’hf’%eénl?@é@f’%r H’rm'tpaﬂ_ﬁ‘_)% %srﬁ)‘_rati on of the hydrogen is from1
to 10, 00fs ppm or A @gszedddo PRIEES a polidipharblefi€tdmpriengdl pha- ol.ef i n mononer (s)
having 3 to 24 carbon atons are S

: 1) contacting one or more alpha-olefin monomers having 3 to 24

Y

. carbon atoms with an unbridged substituted bis cyclopentadienyl transition metal
- compound having: 1) at least one non-isoolefin substitution on both
cyclopentadientyl rings, or 2) at least two substitutions on at least one

20  cyclopentadienyl ring, a non-coordinating anion activator, and optionally an alkyl-
aluminum compound, where the molar ratio of transition metal compound to

_activator is 10:1 to 0.1:1, and if the alkyl aluminum compound is present then the
molar ratio of alkyl aluminum compound to transition metal compound is 1:4 to
4000:1, under polymerization conditions wherein:

25 i} hydrogen is present at a partial pressure of 0.1 to 50 psi, based upon the
total pressure of the reactor or the conceniration of the hydrogen is from 1 to
10,000 ppm or less by weight ;

i) wherein the alpha-olefin monomer(s) having 3 to 24 carbon atoms are
present at 10 volume % or more based upon the fotal volume of the

30 catalyst/activator/alkylaluminum compound solutions, monomers, and any
diluents or solvents present in the reaction;

i11) the residence time of the reaction is at least 5 minutes;



present at 10 volune % or nore based upon the total volune of the 30

catal yst/activator/al kyl al um num conpound sol uti ons, nononers, and any
diluents or solvents present in the reaction; iii) the residence tine of the
reaction isap,heasi.o mnutes; WO 2007/011973 PCTIUSZOOS%&§%34% 66 iv) the
productivity o% the process is at |east 43,000 grans of %WBH@%& per
gram of transition netal conpound; V) t%e process i s continuous or

sem -conti nuous, and vi) the tenperature in the reaction zone does not rise
by nmore than 10 C 5 during the reaction; and vii) ethylene is not present

at nore than 30 vo % Of -1 DOIELSS | | t jon.zone; and 2)
obt ai ni ng a pol yal ‘b’ﬁ@é’l{%‘ﬁ‘f’%‘t"%"@, op{sggnagﬁagﬁgtg)&%@%@ﬁ%il%rﬂ%uc 10 PAO,
wher ei n t he PP geamipf iragsitiodatmdtalantupbhdyol e% of a C3 to C24 al pha-ol efin

nononer, and wherein the PAQ has a kinemgtic viscosity at 100C of 20 cSt or
| ess. 2. The proceWdDHPropess ALTORHRYqUS RREErtiFHOUs. 2 fsi ti on metal conpound i s

represented by they &fe%ﬁlee’rat%i% HAQE oA 2 Db hdV o2 WO héR 4G °c67 R2 3
RLR4 52 Rlo R7 'R6 9

5  during the reaction; and
vii) ethylene is not present at more than 30 volume % of the monomers
entering the reaction zone;
and
2) obtaining a polyalpha-olefin (PAO), optionally hydrogenating the
10  PAO, wherein the PAO comprises at least 50 mole% of a C3 to C24 alpha-olefin

monomer, and wherein the PAQO has a kinematic viscosity at 100°C of 20 ¢St or

less.
2. The process of paragraph 1 wherein the transition metal compound is
represented by the formula:

15



R8 where Mis a Goup 4 netal; each X is a hydrogen, hal ogen, hydride
radi cal s, hydrocarbyl radicals, substituted 5 hydrocarbyl radicals,
hal ocar byl radicals, substituted hal ocarbyl radicals, silylcarbyl radicals,

substituted silylcarbyl radicals, gernylcarbyl radicals i.tuted
ger nyl car bWO?ﬂﬁﬁplégﬂ:’s, or both X are jgined and bound tgc?@gzoﬁ@@%is atomto

forma netal |l acycle ring containing fromabout 3 to about 20 carbon atons,
or both together can be an olefin, diolefin or aryne ligand; and 10 R to
R10 are i ndependently, a radical group which is a hydrogen, a heteroatom
hydr ocar byl , substituped hydrocarbyl, hal ocarbyl, substituted hal ocarbyl,

silyl carbyl or gerny
not hydrogen or an i

arbyl, provided that: 1) at |east one of RL to RSis
ool efin and,at | east one of R6 to RLO is not hydrogen
or an isoolefmor 2) at | east of R to R5 are not hydrogen, or 3) at

| east two of RI to W +1973 PCT/ US2006/ 027943 68 RS are not hydrogen
and at | east {wo of R1D are not hydrogen, and where any two adjacent
Rl to R5 grou grmajd to C20 cyclic or poly cyclic noiety, and
where any two adj acen R10 groups may forma C4 to C20 cyclic or poly
cyclic moiety. 5 3. The p Sspydf paragraph 1 or 2 wherein the PAO has a
pour point of O C or } E%e process of paragraph 1, or 3 wherein the
PAO has a pour point_@¢f -40\ C or less and a kinematic viscosity at 100 C of
15cSt or |ess. 5. Th&lproces- of any of paragraphs 1 to 4 wherein the PAO
has a pour point 10 of -55 C\or less and a kinematic viscosity at 100 C of
1 CcSt or less. 6. The process\of any of paragraphs 1 to 5 wherein the

pol yal pha-ol efin is pondecehb{K@ying an Mv Mh of between 1 and 3.5. 7. The
process of any of paragraphs I/to 6 wherein the polyal pha-olefin has a

Brom ne nunber of 1.8 or nore/ 15 8. The process of any of paragraphs 1 to 7
wherein the polyal pha-olefin has a Kinematic viscosity at, 100C of from1.5
to 15 cSt. 9. The proceggs”of fany of paragraphs 1 to 8 wherein the

pol yal pha-ol efin has a \Kinefatic viscosity at 100C of from1l.7 toll cSt

10. The process of any of p@aragraphs 1 to 9 wherein the polyal pha-ol efin has

where M is a Group 4 metal,
gach X is a hydrogen, halogen, hydride radicals, hydrocarbyl radicals, substituted

5  hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals,
silylcarbyl radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or
substituted germylcarbyl 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
atoms, or both together can be an olefin, diolefin or aryne ligand; and

10 R'toR"are independently, a radical group which is a hydrogen, a heteroatom,

hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarby! or germylcarbyl, provided that: 1) at least one of R to R® is not
hydrogen or an isoolefin and at least one of RS to R'? is not iydrogen or an

isoolefin or 2) at least two of R' to R are not hydrogen, or 3) at least two of R' to



20 kinematic viscosity at 40C of from3 to 1,000 cSt. 11. The process of any
of paragraphs 1 to 10 wherein the polyal pha-olefin has a Viscosity |Index of
90 or nore. 12. The process of any of paragraphs 1 to 11 wherein the

pol yal pha- al a Viscosity Index of 90 to 200. 2 e cess of
any of par a‘ﬁgéﬁ(}:{@n%%o 12 wherein the &?I yal pha-ol efin ﬁ)as Sé‘-‘r"gg’%ﬁhgo. nt of
0

-40C or less. 14., The process of any paragraphs 1 to 13 wherein the
pol yal pha-ol efin has a wei ght average nol ecul ar wei ght of 100 to 50, 000
g/ nol . 15. The process of any of paragraphs i to 14 wherein the

pol yal pha- ol eRf srehashydshen an@htdbist fesiafao BN £6 Hbidydvpeatind @he3Byt 0 40, 000
g/mol. 16. The process ,of any of paragraphs 1 to 15 wherein the nononers

having 3 to mww&&pw%pénww 4 to ©2) eislie 95 pRly grlie majgty.2007/ 011973
PCT/ US2006/ 02 wh
: erg&sﬂti«o alifleeREIGERD é{:uéﬁpraggféﬁaat Qgg)%g%yéel Ooglpéﬁo er e' n

nmononer s havi ng on “at ons
The process otyciomoddty.par agr aphs 1 to 17 wherein the pol yal pha-ol efi n(s)

are selected fromthe grou cons of 1-bute ent ene, exene,1 5
hept ene, goc%ene 'Eh%i%%ﬁ%gﬁp% ‘3!' W&%@Bg@ &8@8%%5%@01@@& ‘gecene, 1-
tetradecene, |Lrpgntadecene, 1- hexadecene, 1- hept adecene, 1-octadecene, |-
nonadecene, |-elcosene, 1-unei cosene, 1-docosene, 1l-tricosene, 1-tetracosene,

1- pent acosené, 1 h'&mmmefmxmﬂhyll,oﬁp@n@érth@?A@imlepouFmt@rfeﬂr(hnd 5-
phenyl - | -pent The roces @‘{rﬁ/ f raphs 1 to 18 wherein

t he pol yal pha na(é %ﬁ’% 3}58%?%&‘?;9 ?ﬁl g?%rugs consi sting of 1-
pentene, |- hezene Tlie—ﬂrewsﬁaﬂanybfpmgﬁﬁlmlﬂo-mmaﬁmérﬂ@GQ@EPo&pumdecene

1- dodecene I-trldecene -t et radecene, Bentadecene and 1-hexadecene. 20.

The procedd of 'éﬁycé’rleﬁ%‘f’@gﬂaﬁﬁgatﬁﬂﬂﬁfoi@% 0-e¢ Af {96t polesfal pha- ol ef i n(s) 15

dodecene.  1-t &t r ad Pt EE GYUTEEAFET )y VISR b ot Cor ™ &
par agr aphs 1 pmiycmoenﬁmwmgmnth/Mnbf/bdtwbm}bamﬂﬁ conpri ses octene, decene,

and dodecene. ;22 IS BL00E 5 U Al P A S8 tucpci i ST £ 1

Bromine number of 1.8 or more.
15 & The process of any of paragraphs 1 to 7 wherein the polyalpha-olefin has a
Kinematic viscosity at 100°C of from 1.5 to 15 cSt.
9. The process of any of paragraphs 1 to 8 wherein the polyalpha-olefin has a
Kinematic viscosity at 100°C of from 1.7 to12 cSt.
10.  The process of any of paragraphs 1 to 9 wherein the polyalpha-olefin has a
20  kinematic viscosity at 40°C of from 3 to 1,000 cSt.
11.  The process of any of paragraphs 1 to 10 wherein the polyalpha-olefin has
a Viscosity Index of 90 or more.
12.  The process of any of paragraphs 1 to 11 wherein the polyalpha-olefin has
a Viscosity Index of 90 to 200. .
25 13.  The process of any of paragraphs 1 to 12 wherein the polyalpha-olefin has
a pour point of -40°C or less.
14..  The process of any of paragraphs 1 to 13 wherein the polyalpha-olefin has
a weight average molecular weight of 100 to 50,000 g/mol.
15.  Theprocess of any of paragraphs 1 to 14 wherein the polyalpha-olefin has
30  aweight average molecular weight of 336 to 40,000 g/mol.
16.  The process of any of paragraphs 1 t0 15 wherein the monomers having 3

to 24 carbon atoms are present at 55 mole% or more.



20 a dielectric constant of 2.5 or less (1 kHz at 23 C. 23. The process of
any of paragraphs 1 to 22 wherein the polyal pha-olefin has a flash point of
150C or nore. 24. The process of any of paragraphs 1 to 23 wherein the

pol yal pha-o ' a specific gravity of 0.75 to 0.96_g/¢cnB. 25 25. The
process of lét’ﬂr%\{yi0?).{‘/lﬁ|¢{i])§';17r3agraphs 1to 24 \AQQrei n et hyl ene, p’F' PUMOZZE  but ane
nononers are present at less than | weight % 26. The process of any of
paragraphs 1 to 25 wherein the nononers having 5 to 24 carbon atons are
present at 60 nole% or nore. 27. The process of any of paragraphs | to 26

wherein the no | 4 qﬂ%j?ﬂ? ﬁ&% at 70 nol e%
or nore. 28. henglﬁggg%gésorb?a%@ﬁ%#g%grﬂ?ié?ﬁ{) gﬂe Ttno egsrlﬁ‘{e conprising WO
2007/ 011973 PBTatish avaisCRd fréSnt G5 bolebtor ovad. | y treating the

pol yal pha-ol efi n reduce _het er oat o ng.ai nin onpoynds t ess than 600
ppm 2) opti ofal | awf%ﬁqfﬁ’gy ?%%ﬂ)&?ﬁhiﬂﬁ’ﬂgﬁ%ﬁe g&%ﬂi’n%?lsﬁ?ﬂts)s or
diluents; 5 3 sl fadrdnh 13 gh cQﬂsiéfﬁ.hBE‘@»‘bﬁ{eﬁE,' 1I Medn, 1EeREgn and a

hydr ogenati on catalyst; and 4) obtarning a polVyal pha-ol efi'n having a
brom ne ninbérepiens 3 -ackene, 1-tor8ne, 19decaive 1 yndesens 1afoderene drigidhces, herei n t he
pol yal pha-olefin is trea to 10 renove.heter.oat om cont ai ni g conpounds
prior to conﬁ%‘{aﬁe&eﬂ’? th%%‘éenﬁyldggfﬁg?fm%r]lgqegﬁd?%ge’%ﬁ%&ﬁgﬁlgt f’on cat al yst .
30. The pr oceampadicen?l-2itbaab, 12 Andibeserd, N-dobesché, aakieskend)| 1vtatridagere| Bf i n
conprises 100 ppm of heteroatom contai ning conpounds, or |ess, 31. The
process of p%&éﬁ%ﬁ%éé‘%ﬁ@ﬁf"ﬁﬁ@%lﬁ&@t@éﬁ 6%@1ﬂh@t@}eeﬁdr§' 15 conpri ses
10 ppm of hetp‘i‘l@ﬂ_@h@é&n&%t ai ni ng conpounds or |less. 32. The process of any of
0 31

par agraphs 1 here scavenger is present and conprises nethyl al unoxane
and or nodi fi¥d mdtheprmkssrodamnet paBgrapht & ipiwkesindhe polyalplia-glafis(@y aphs 1 to

32wherein the actiyator conprises.  one._.or re NN- di et hyl ani | i ni um
D ot o e S o i B CoReisRB L &t pAPE e Bt
t et ra( pent af | g¢enePihgdiehe, 1Qteaém, {-0h®end NRl0aIeHE, 1LiSidecetd, 1Ltradecene,

1-pentadecene and 1-hexadecene.

20.  The process of any of paragraphs 1 to 19 wherein the polyalpha-olefin(s)
15  are selected from the group consisting of 1-hexene, 1-octene, 1-decerte, 1-
dodecene, 1-tetradecene and 1-hexadecene. ‘
21.  The process of any of paragraphs 1 to 20 wherein the polyalpha-olefin
comprises octene, decene, and dodecene.
22.  The process of any of paragraphs 1 to 21 wherein the polyalpha-olefin has
20  adielectric constant of 2.5 or less (1 kHz at 23 °C).
23.  The process of any of paragraphs 1 to 22 wherein the polyalpha-olefin has
a flash point of 150°C or more.
24.  The process of any of paragraphs 1 to 23 wherein the polyalpha-olefin has
a specific gravity of 0.75 to 0.96 glem®,
25 25. Theprocess of any of paragraphs 1 to 24 wherein ethylene, propylene and
butene monomers are present at less than 1 weight %.
26.  The process of any of paragraphs 1 to 25 wherein the monomers having 5
to 24 carbon atoms are present at 60 mole% or more.
27.  The process of any of paragraphs 1 to 26 wherein the monomers having 5
30  to 24 carbon atoms are present at 70 mole% or more.

28.  The process of any of paragraphs 1 to 27 further comprising



C18 al kyl group), trityl tetra(pentafl uorophenyl)borate,

tris(pentafl uorophenyl)boron, tri-al kyl amoni um

tetra(pentafl uorophenyl)borate (where the alkyl is a Cl1 to C18 al kyl
group), tetra-al kyl ammoni um tetra(pentafl uorophenyl)bo Le.the al kyl
is a d toYa¥H &P group). 25 34. The process of any %?bﬁééﬁgﬁﬁﬁﬁs 1to 33
wherein the transition nmetal conpound conprises one or nore of.
bis(1,2,4-trimethyl cycl opentadi enyl)zirconium di chl ori de;

bi s(1, 3-di net hyl cycl opent adi enyl ) zi r coni um di chl ori de;

bi s(tetramet hyl CyC.lPOpe@?ﬁ&ﬂaﬁ?%ﬁtﬁg%ﬂl%lﬁ%&éﬂm!ﬂﬂce BBteroatom

bi s( pent anet hyl cycl opent adi enyl ) zi'rconi um di chl ori de;

bi s(1, 2, 4- t r ioPBtaMnG CaEIReyBdR ta dise fgn PO piBNT um di net hyl ;

L T P A AR BRI

bi s( pent anet hiilvente] opent adi enyl ) zi rconi um di net hyl . 35. The process of any
of paragraphs 1 tqo 34 wherejn the transitjon netal conpound conprises one
or nore of: 5 Bis(3, 2- gpHacmg s Rqlvieharoleimanih hydrogesand mhyiegemsipge,

Bi s(1, 3-di net W%@pent adi enyl ) zi rconi um di chl ori de,

Bi s(1,2,3-tinmethyl’cycl opentadi enyl) zirconi um dichl ori de,

Bi s(1, 2, 4- t ri met hyd)cy cloblaimgipayahbhazdleftommving adirominemudber less than

Bis(1, 2,3, 4-t1e ramet hyl cycl opent adi enyl ) zi rconi um di chl ori de, 10
Bis(1,2,3,4, 5-‘%ent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s( 1- et hyl -2, et MiHeqsdeTphAgiaghYE WhbrelOhb Holyalbliblefih tetreateBits ( 1- met hyl - 2-n
propyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s( 1- netify| remeveietapiiepcoplsbiRErpayIds PTPE WrfonteriRa Fith fiedydrogen
Bi s(1- net hyl - 3- ' ) zi [ di chl oride, 15
i s(1-methy %dﬁggiélo‘ﬁ’éﬁéyg‘%%ﬁ@%@%y ) zi rconi um di chl ori de

Bi s(1- net hyl opent adi enyl ) zi rconi um di chl ori de,
Bi s(1- net hyl -3 n- Bilteypracgsd af peragregh 8oryhirein the treated phlydiplordlden
Bi s(1- net hyl - 3- n- pe | cycl gpent adi enyl.).zi rconi um dichl ori de,
B o(1, 2 di wer RPN A SR P FREROAR PHeeh or | de.
Bi s(1, 2-di metdyy! - 4rHe-pRé@RYdrpYGLRPE 10 }UERMthe Bhit6Dpi pi-GIBfer | de, 20
Bi s(1, 2-di met hyl - 4-n-butyl cycl opéent adi enyl ) zi rconi umdi chl ori de,
15  comprises 10 ppm of heteroatom containing compounds or less. R

32.  The process of any of paragraphs 1 to 31 where scavenger is present and
corprises methylalumoxane and or modified methylalumoxane.

33.  The process of any of paragraphs 1 to 32wherein the activator comprises
one or mare of N,N-dimethylanilinium tetra(pentafluorophenyl)borate, N,N-

20  dialkylphenylanilinium tetra(pentafluorophenyl)borate (where the alkyl is a C1 to
C18 alkyl group), trityl tetra(pentafluorophenyl)borate,
tris(pentafluorophenyl)boron, tri-alkylammonium tetra{pentafiuorophenyl)borate
(where the alkyl is a C1 to C18 alkyl group), tetra-alkylammonium
tetra(pentafluorophenyl)borate (where the alkyl is a C1 to C18 alkyl group).

25 34,  The process of any of paragraphs 1 to 33 wherein the transition metal
compound comprises one or more of:
bis(1,2,4-trimethylcyclopentadienyl)zirconivm dichloride;
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride;
bis(tetramethylcyclopentadienyl)zirconium dichloride;

30  bis(pentamethylcyclopentadienyl)zirconium dichloride;
bis(1,2,4-trimethylcyclopentadienyl)zirconium dimethyl;
bis(1,3-dimethylcyclopentadienyl)zirconium dimethyl;



Bi s(1, 2-di et hyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bis(1, 3- d| et hyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1, 2-di - n- propyt cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1, 2- | opent adi enyl ) zi rconi um di chl ori de,

Bi s(1-net \PO?H@ % hyI cycl opent adi eny] ) zi r coni um di chIPéﬁ?[Bséow‘mg“
Bis(1, 2- d| et hyl - 4- n- pr opyl cycl opent adi enyI ) zi rconi um di chl ori de,

Bi s(1, 2-di et hyl -4-n-butyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1-net hyl - 3-i - propyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1- et hyl Z1 kconi di chl oride, 30

(1, 2-di net hyI?b(I:g fe open#lgﬁaé%“ﬁdieﬂ%? %%‘Eda‘élﬁ’%ﬁ‘?wm rconi um di chl ori de,
(1, 3- di net hylbisfpsd mhhﬁwomwhthdmm}maﬁﬁm@nﬁﬂkﬂ) zi rconi um di chl ori de,

1, 2- di net hyl t adi enyl t hyl I dj e di chl d
( VWO 20 0;?31123 %ggqagg%/cg'éq%&gr?arq%ap%%% tc? QE wﬁugre{n tﬂg tr%nzs:llt{o(i\'l?rrlgta"im | chiori de,
(1, 2-di net hylg e)&%ug% ycl opent adi enyl ) zi rconi um di chl ori de,
(1, 2-di net hyl C)S/ﬁgjl opent a c’g! I enyl) df: n- but yl cycl opent adi enyl ) zi r coni um

dichloridé, (®is@ Mmﬂm%y@mﬂ@w@m@mdbhbﬁ@ent adi enyl ) zi r coni um
di chl ori de,

(1, 3-di met hyllgfféi fstleyelopentadienygironnium tighlerde e nt adi enyl ) zi r coni um

di chloride, Bis(1,2,3- mmetléylcyclopentadlenyl)zucomum dichloride,
(1, 3-di net hyl cyc1 I et hyl cycl opent adi enyl ') zi rconi um

opent a
di chl ori de, ﬁﬁ erciqpsnﬁa@m:dk@ﬁvwmd@ hlagids{ 1- et hyl i ndenyl ) zi r coni um

di chl ori de, [ i de,
Bi s(4- net hyl i n%e Z§2| rcomé%agﬁaﬁ+0r|ﬂggﬁwngm§?fﬁﬁ]ghgl ‘met hyl i ndenyl ) zi r coni um
g! c?l40r5 [ glé)7 tlBs(ﬂ(243,55@pﬁtamﬂwb::yyldpmmwmmmdmhlnﬁm c_hljorl clig

is(4,5,86, [ zirco chl ori de,
Bis(4,5,6,7- t@f‘é %@ﬂ%@%&ﬁq@% 4@@%’{? m di chl ori de,
(Cycl opent, adlmﬁqllﬁét Hyl2-Rpf £ Mﬂi&éﬂ}@@%&n)xﬁ dicRietigen di chl ori de,
Bi s( 1, 2-di met hyl cycl opent adi enyl ) zi r coni’'um di rret% de

Tl

Bi s(1, 3-di mtﬂiyﬂid?@hﬂp?eﬁbHWﬂWQemaﬂ@@ﬂDwmum
SREEL L R e

15  Bis(1-methyl-3-n-propylcyclopentadienyl)zirconium d1chlor1de
Bis(1-methyl-3-n-butylcyclopentadienyl)zirconium dichloride,
Bis(1-methyl-3-n-pentylcyclopentadienyl)zirconium dichloride,
Bis(1,2-dimethyl-4-ethylcyclopentadienyl)zirconium dichloride,
Bis(1,2-dimethyl-4-n-propylcyclopentadienyl)zircomum dichloride,

20  Bis(1,2-dimethyl-4-n-butylcyclopentadienyl)zirconium dichloride,
Bis(1,2-diethylcyclopentadienyl)zirconium dichloride,
Bis(1,3-diethylcyclopentadienyl)zirconium dichloride,
Bis(1,2-di-n-propylicyclopentadienyl)zirconium dichloride,
Bis(1,2-di-n-butylcyclopentadienyl)zirconium dichloride,

25  Bis(1-methyl-2,4-diethylcyclopentadienyl)zirconium dichloride,
Bis(1,2-diethyl-4-n-propylcyclopentadienyl)zirconium dichloride,
Bis(1,2-diethyl-4-n-butylcyclopentadienyl)zirconium dichloride,
Bis(1-methyl-3-i-propylcyclopentadienyl)zirconium dichloride,
Bis(1-ethyl-3-i-propylcyclopentadienyl)zirconium dichloride,

30 (1,2-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride,
(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride,
(1,2-dimethylcyclopentadienyl)(methylcyclopentadienyl)zirconiwm dichloride,



Bis(1,2,3,4-tetranet hyl cycl opent adi enyl ) zi rconi um di net hyl ,

Bi s(1, 2,3, 4, 5-pentanet hyl cycl opent adi enyl ) zi r coni um di net hyI

Bis(1l-meth y -2-etyl cycl opent adi enyl ) zi rconi um di net hyl ,

Bi s(1- et hy yl cycl opent adi enyl ) zi rconi um di et

Bis(1l-nmeth %@“&’“ﬁyﬂ% | cycl opent adi enyL,) zi rconi um di net T:mgz%%m”“

Bi s(1- net hyl - 3-etyl cycl opent adi enyl ) zi r'coni um di net hyl ,

Bi s(1- met hyl - 3- n- propyl cycl opent adi enyl ) zi rconi um di et hyl ,

Bi s(1- met hyl - 3- n- but yl cycl opent adi enyl ) zi r coni um d| met hyl ,

Bi s(1- et hyl - %} :

Bi s(1, 2-di rret -anlﬁl%%’%w%gé opek@%@ﬁﬁcﬁ)? %zn':itsri@g Riirn metB ﬁcb{mﬁg’

Bi s(1, 2-di netmﬂ&mamymydpyém&:dngbam-dﬂu buylcyziopemadienyl)dircoatuny |

Bi s(1, 2-di met 4 n- but yl cycl opent adi enyl ) zi rconi um di met hyl , WO
2007/ 011973 06/ 027943 73 Bis(1, 2-diethyl cycl opent adi enyI ) zi rconi um
di met hyl OI8hénY4di AR B Uy ABh G A &ﬂa{émgﬁa@yl

Bis(1, 2- di - n- propﬁl cy opiént adi gﬁ(bﬁ’ ?rcorll%@r%g

Bi s(1, 2-di% n- (ﬂﬁt@mmtlxylcorpbmmww(l)kdmmdmlwqwmadlhtwnmsomum

Bi s(1- et hyl ‘élﬁ d(haet hyl cycl opent adi enyl ) zi r coni um di net hyl ,
Bis(1,2-dieth F propyl cycl opent adi enyl ) zi r coni um di nmet hyI

Bi s(1,2-diet mm— tﬁnﬁtl@l@ﬁbﬁé(ﬁddﬁ&?l)(lasiﬂi@ﬂxyjlc)yélob&ﬁﬁmékg?l)dirmmBlchlonde

Bi s(1- net hyI ylcyc ent adi enyl ) zi rconi um di net hyl

Bi s( 1- et hyl - ]6134 etifleenyi ) zi r coni um di net hyl , 10

(1, 2-di net hyI %I%l ; adi enyl ) zi r coni um di net hyl ,

(1, 3-di net hyllg% opeglg‘rﬁig %ﬂc %ﬁ%@@r@%adl enyl ) zi r coni um di et hyl ,

(1, 2-di rrelmyIBry@}-mpthyﬂnraHnﬁ)michmﬂtdm}ﬂmdeJ opent adi enyl ) zi rconi um di net hyl ,
(1, 2-di met hyl %1%1 cI opent adi enyl ) zi r coni um di net hyl,
(1, 2-di net hyllg%g %Egll“%?ﬁ Ic e’outyl cycl opent adi enyl ) zi rconium 15
di net hyl, (1, %@ﬁ%{&ﬂﬂ}ﬁ%@ggﬁ;@%@mﬁﬂ,ﬁgyd opent adi enyl ) zi rconi um

di met hyl ,

(1, 3-di rret hy | Bigcd S éretepivdraindgayDzircanivre dieplagidel opent adi enyl ) zi rconi um
di met hy

(1, 3- d| rret hyl%lﬁgfsd%grﬁ?u Vderﬁilzl Slftily]gldgn%l?zﬁf uﬁ%f)e%rtl adi enyI ) zi rconi um
di met hyl ,15 20Bi{4s3,6, Mderuiydinid; T-dimiettplieldeiyyirconium dichloride,

(Cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)zirconium dichloride,
Bis(1,2-dimethylcyclopentadienyl)zirconium dimethyl,
Bis(1,3-dimethylcyclopentadienyl)zirconium dimethyl,
Bis(1,2,3-trimethylcyclopentadienyl)zirconium dimethyl,

20  Bis(1,2,4-trimethylcyclopentadienyl)zirconinm dimethyl,
Bis(1,2,3,4-tetramethylcyclopentadienyl)zirconium dimethyl,
Bis(1,2,3,4,5-pentamethylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-2-ethylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-2-n-propylcyclopentadienyl)zirconium dimethyl,

25  Bis(1-methyl-2-n-butyllcyclopentadienyl)zirconinm dimethyl,
Bis(1-methyl-3-ethylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-3-n-propylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-3-n-butylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-3-n-pentylcyclopentadienyl)zirconium dimethyl,

30 Bis(l,2-dimethyl-4-ethylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-dimethyl-4-n-propyleyclopentadienyl)zirconium dimethyl,
Bis(1,2-dimethyl-4-n-butyleyclopentadienyl)zirconium dimethyi,



Bi s(1- et hyl i ndenyl ) zirconiumdinethyl, Bis(2-nethylindenyl)zirconium

di net hyl, Bi s(4-nethylindenyl)zirconium di net hyl,

Bi s(4, 7-di met hyl i ndenyl ) zi r coni um di et hyl , 25

Bi s(4, 5,6, 7; oi ndenyl ) zi rconi um di et hyl ,

Bi s(4, 5, 6, 7th"2’§"§7&?¥9§§0 2- et hyl i ndenyl )zi rconi um di met hyfGT/US2006/027943
Bis(4,5,6,7-tetrahydro-4, 7-di net hyl i ndenyl ) zi rconi um di net hyl , or

(Cycl opent adi enyl ) (4, 5, 6, 7-t et rahydr oi ndenyl ) zi rconi um di net hyl . 36. The
process of any of paragraphs | to 34 wherein the transition netal 30
conpound C0”pB!is?EQnWIWcldrfﬁﬁﬁdiQﬁﬂ)zﬁb&{iﬂm%irﬂétﬁﬁlt, hyl cycl opent adi enyl ) haf ni um
di chl oride, Bis(1, 3-di nethylcyclopentadi enyl)hafniumdichloride, WO

2007/ 011973 P8I LSi0kylorkesatadizaylBirseriyia dBnethylet hyl cycl opent adi enyl ) haf ni um
di chl ori de, A 2. 4-trinet hyl cycl opent adi enyl.) haf ni um di chl ori de,
Bis(1,2,3, 4-tg‘ﬂi%‘é‘§ﬂ§ﬂf8@é‘ﬂ{9 BERtadicny F?%’é‘f‘ﬁﬁl]ﬁ?%}’ thlori de,

Bi s(1,2, 3, 4, 5Bignbarattuiexdpenadieadizetodikh alheyyn di chl oride, 5
Bi s(1- met hyl - 2- et hyl cycl opent adi enyl % haf ni_ um di chl ori de,

Bi s(1- met hyl - ﬁlaﬁl-meﬁpi-aésy@ptbpbmlwtﬂﬁwylﬂm@mw&wb| ori de,

Bi s(1- et hyl - 2 . | ' . dj i de,

3 ST o B A e e
Bis(1-net2y:-Eﬁﬂl%«b@?ﬂcy?bmwh?tgpﬁmﬂ?ﬁWD?ﬁmhﬂnmngMPmrige, 10
Bi s(1-net -3-N-bu .cl open I eny. afi1i.um_di chlori de,

Bi SE 1- et _rfy’| - %Js?l-aéﬁg@%éwﬂ%ﬁ% oaal?t_@%#%aww%dm{ Tor i de,

Bi s(1, 2-di met Wé(l-%ﬂﬁ!—@?@?éﬁﬂ@%ﬁéﬁé&%ﬁﬁk&&ﬁfﬂﬁh Hiaddiygh! ori de,

Bi s(1, 2-di met hyl'- 4-n-propylcycl opent adi'enyl ) haf i i_urﬁ di chl ori de,
Bi s(1, 2- dilfet ﬁﬁz-dnmthﬂgymm@dmpﬂﬁsmr@ngam)enﬂbmmmum dimethyl. de, 15

Bi 1,2-dieth | t adi ] f ni i.chl.or.i , .

o (1 5 a0 ot Y ES AR AR A e AT B Pk Bl dimethy,

Bi s(1, 2-di - n- pr,24dj typsprhadic foi gHi frégbéum dimethyl,

B: 221 2-d: 2 Eu?{?ﬂagﬁop nt a?i _eﬁ{/llx?’)fsg?!idiy?jg?nméi_ clﬁpg?ir‘cji_e, i ey

Bi o( 1. et hyl - Sha M yeYaqRenBERY ey P TRt figsthyho

Bi s(1, 2- di et hy] > 4ifler1epyd feuGhRRAR 2ciSity bR SletRustheiiRbhi:
15  dimethyl, : '

(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dimethyl,

(1,3-dimethylcyclopentadienyl)(1,2-dimethylcyclopentadienyl)zirconium
dimethyl,
(1,3-dimethylcyclopentadienyl)(1,3-diethylcyclopentadienyl)zirconium dimethyl,

20  Bis(indenyl)zirconium dimethyl,

| Bis(1-methylindenyl)zirconium dimethyl,
Bis(2-methylindenyl)zirconium dimethyl,
Bis(4-methylindenyl)zirconium dimethyl,
Bis(4,7-dimethylindenyl)zirconium dimethyl,

25  Bis(4,5,6,7-tetrahydroindenyl)zirconium dimethyl,
Bis(4,5,6,7-tetrahydro-2-methylindenyl)zirconium dimethyl,
Bis(4,5,6,7-tetrahydro-4,7-dimethylindenyl)zirconium dimethyl, or
(Cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)zirconium dimethyl.

36.  The process of any of paragraphs 1 to 34 wherein the transition metal

30  compound comprises one or more of:
Bis(1,2-dimethyleyclopentadienyl)hafnium dichloride,
Bis(1,3-dimethylcyclopentadienyl)hafnium dichloride,



Bi s(1, 2-di et hyl - 4-n-but yl eycl opent adi enyl ) haf ni um di chl ori de,
Bis(l-nethyl-3-i-propy|cyclopentadienyl)hafniun1dich|oride,
Bi s(1-ethyl-3-i-propyl cycl opent adi enyl ) haf ni um di chl ori de,
(1, 2- dinet tadi enyl ) (cycl opentadi enyl ) hafiiiung 25
(1, 3-di nethyb?é@hggﬁgtadlenyl)(cyclopeg}adlenyl)hafnlun1éﬁ@%p hg%%J
(1, 2-di net hyl cycl opent adi enyl ) (net hyl cycl opent adi enyl ) haf ni um di chl ori de,
(1, 2-di net hyl cycl opent adi enyl ) (et hyl cycl opent adi enyl ) haf ni um di chl ori de,
(1, 2-di net hyl cycl opent adi enyl ) (1, 2-di - n- butyl cycl opent adi enyl ) haf ni um
g! cm ori ge, 3Bis{112, 3-1GinBBYy Y16t RRAINRSHaMdidHi Gl opent adi enyl ) haf ni um

i chl oride, _ ] ] '
(1, 3- dunet hy| Bis€l.2frénmeitiylsyisippeniadieny?) bafuitg dighdoriisent adi enyl ) haf ni urri

?Ilcgl glr Irrgtehyl\/%?@lo%é\g 119 %]Fﬁ%ﬁ U%ﬁt%gﬂg@ﬁ&?ﬁ\g‘%%’g@ﬁ‘td%du enyl ) haf ni um
di chl ori de, B| ; zgd@:% n}daﬁmmqm@emh&my%gﬁn@]a{cﬁbﬁué hyI I ndenyl ) haf ni um

di chl ori de yl i ndenyl ) haf ni um di chl ori de,

Bi s(4- met hyl |ﬁt§@n§9ﬁ h?wthyiﬁyahomt@ﬂdw@ afipjugy dichiondaret hyI i ndenyl ) haf ai um
di chl d ehl d
B: g(4or5| 6e7 te fﬂﬁi g‘?’?%‘%@’ﬁ@@%@ﬁ%‘?’ﬂﬁh Il umdgmoﬁi of i g(ral =
Bi s(4, 5, 6, 7- t Bis{laimgthyb2-4- liiﬂjdlqyelbpgﬂtadmiﬁl)hdmiuafdmhlomdh chloride, 10
I tad 6,.7-te | }.haf ni di chl ori de,
b1 5 1. 2 di met AL Peitspet i Elp D DBHAG delhgrs ™ o
Bi s(1, 3-di met Biétpmeihgp%tﬁé?ﬁ opRafadiesHafnieh Hiﬁhlonde
Bis(1,2,3-trinethylcycl opentadi enyl) haf ni um di met hyl ,

Bis(1,2,41Qri B@(hwﬁybﬁ lgmlwtamml)haﬁnmaudwbwp, h1|5
Bis(l 2 3,4

B :El 2.3, 4, t5§IpS %ﬁ?&&% %R@[éiﬁ %‘ﬂ%@?‘%%%ﬁ‘i ‘%?e%/hyl

Bi s(1-net Ey: B1semhﬂimqthylelp]ﬁhy1ayblwta)1hlﬂylyhaﬁnmd idivaldnige, I

Bi s( 1- -2

Bi 2% 1- nméi hyl - élsﬂsﬁh’%‘ﬁlﬁz“g? OB@aﬁca%bE” %)W?Pge IF@E?V 20
Bi s(1- met hy! - Biset AnincaiRyIPRBLAHyERY iR R BENVide,

15 Bis(1,2-diethylcyclopentadienyl)hafnium dichloride,
Bis(1,3-diethylcyclopentadienyl)hafnium dichloride,
Bis(1,2-di-n-propylcyclopentadienyDhafnium dichloride,
Bis(1,2-di-n-butylcyclopentadienyl)hafnium dichloride,
Bis(1-methyl-2,4-diethylcyclopentadienyl)hafnium dichloride,

20  Bis(1,2-diethyl-4-n-propylcyclopentadienylhafnium dichloride,
Bis(1,2-diethyl-4-n-butylcyclopentadienyl)hafnium dichloride,
Bis(1-methyl-3-i-propylcyclopentadienyl)bafhium dichloride,
Bis(1-ethyl-3-i-propylcyclopentadienyl)hafnium dichloride,
(1,2-dimethylcyclopentadienyl)(cyclopentadienyl}hafnium dichloride,

25  (1,3-dimethylcyclopentadienyl)(cyclopentadienyl)hafirium dichloride,
(1,2-dimethylcyclopentadienyl){(methylcyclopentadienyDhafnium dichloride,
(1,2-dimethylcyclopentadienyl)(ethylcyclopentadienylyhafnium dichloride,
(1,2-dimethylcyclopentadienyl)(1,2-di-n-butylcyelopentadienybhafmium
dichloride, "

30 (1,3-dimethylcyclopentadienyl)(cyclopentadienyl)hafnium dichloride,
(1,3-dimethylcyclopentadienyl)(1,2-dimethylcyclopentadienyl)hafnium
dichloride,



Bi s(1- net hyl - 3-n- propyl cycl opent adi enyl ) haf ni um di et hyl ,

Bi s(1- net hyl - 3- n- but yl cycl opent adi enyl ) hafiiium di net hyl,

Bi s(1- met hyl - 3- n- pentyl cycl opent adi enyl ) hafiiium di met hyl,

Bi s(1, 2-di - 4- et hyl cycl opent adi enyl ) haf ni um di met h

Bi s(1, 2-di %‘i %J{@ﬁ?ﬁ- propyl cycl opent adf'senyl ) haf ni um di né{:w%z?mﬁmzwm
Bi s(1, 2-di net hyl - 4- n-but yl cycl opent adi e€nyl ) haf ni um di net hyl ,

Bi s(1, 2-di et hyl cycl opent adi enyl ) hafiiium di met hyl ,

Bi s( 1, 3-di et hyl cycl opent adi enyl ) haf ni um di net hyl ,

Bi (1, 2- di - nypEQMYEiRYIEIARSREREIN,I-BRihHlcyEbsknfRl dbyljhaftfim dichlorid
Bi s(1, 2-di- n:(t_)’u'g yl cy(}:q{é%pent adi egn?,l)’ haf n?ur% dﬁérret h{l)ry/,) oriee,
Bi s( 1- met hy| Bis(indenydjhiasiivy diab adi enyl ) hafiiium di net hyl,

Bi s(1, 2-di et hyl s 4-n- Ry I L. opent adi.enyl ) hafi zi um di net hyl, WD 2007/ 011973
PCT/ US2006/ o%ﬂ?“%@@?@%ﬁ?“ IMW& n-but yl cycl opent adi enyl ) haf ni um

di met hyl,  BiBi§(-nettylindedi)jinfigh Mickicgidepent adi enyl ) haf ni um di net hyl ,

Bi s(1-ethyl - 3-i-propyl cycl opent adi enyl ) haf ni um di net hyl

|
, 2- di nefhy Easidinperindensdhpfoige dichlsddt adi enyl ) haf ni um di nethyl, 5
di met hylﬂiiy;ghg‘ﬂﬁ%ggé{geﬁﬁ) rréﬁn@ﬁ@gﬁ‘fedl enyl ) haf ni um di net hyl ,

di met hyl'c cl ope . yCl bpent adi enyl ') haf hi um di et hyl ,

i 1ot Py L eral et adt ol (Lo Bt vl cycl aent adi enyl ) haf nf um
i met hyl (E‘@éiﬁfﬁ@%&%&?@ﬂd@ﬁ]a%&@% adi enyl ) haf ni um di et hyl ,
0 (tl, 3- di metdiyh GY1-RARYREIACNTImethyliddyRifhraiehiong)t adi enyl ) haf ni um

i met hyl ,
(Ilng diymslﬂhy|(6y@ompta¢iml)@s@6,¥(tqt;®yénomdmyy1w&ﬁméivhhmide.ny| ) haf ni um di met hyl ,
Bi s(i ndenyl i i | . i | ) haf ni um di et hyl ,

51 (2 ot byl G RRTE pendh S AR WG ) T O, ey Ty Pt i um

di met hyl , Bi ®isti3-dinstiyleytlopenaiiényidashivundidiethet,hy|

B: rsn(a4, % 6, 7|- Sz(ei\?{r ahydr o?n%eg I )haf%‘nil)h i, met ﬁg?l Y

Bis(4,5,6,7-t %@&%Wﬂ%%{qwﬂﬂm%ﬁ agw&?flﬁhneﬁ%i met hyl ,

Bi s(4,5,6, 7-ta%(&legzgﬁ%n%&@cﬁjﬁﬂamimﬁﬁﬁmhhﬁﬁéﬂwm di methyl, or -20

( Cycl opent adi enyl -t et rahydr oi ndenyl ) haf ai um di et hyl .
15 Bis(1,2,3,4-tetramethylcyclopentadienyl)hafnium dimethyl,

1

1, 3-
1, 2-
1, 2-
1, 2-

(
(
(
(
(
d
1
d

Bis(1,2,3,4,5-pentamethylcyclopentadienyl)hafnivm dimethyl,
Bis(1-methyl-2-ethylcyclopentadienyl}hafnium dimethyl,
Bis(1-methyl-2-n-propylcyclopentadienyDhafnium dimethyl,
Bis(1-methyl-2-n-butylicyclopentadienyl)hafnium dimethyl,

20  Bis(1-methyl-3-ethylcyclopentadienylhafnium dimethyl,
Bis(1-methyl-3-n-propyleyclopentadieny)hafnium dimethyl,
Bis(1-methyl-3-n-butylcyclopentadienylhafininm dimethyl,
Bis(1-methyi-3-n-pentylcyclopentadienylhafniurn dimethyl,
Bis(1,2-dimethyl-4-ethylcyclopentadienylhafnium dimethyl, -

25  Bis(1,2-dimethyl-4-n-propylcyclopentadienylyhafninm dimethyl,
Bis(1,2-dimethyl-4-n-butylcyclopentadienyl)hafhium dimethyl,
Bis(1,2-diethyleyclopentadienyl)hafhium dimethyl,
Bis(1,3-diethylcyclopentadienyl}hafhium dimethyl,
Bis(1,2-di-n-propylcyclopentadienyDhafnium dimethyl,

30  Bis(1,2-di-n-butylcyclopentadienyl)hafhium dimethyl,
Bis(1-methyl-2,4-diethylcyclopentadienylhafinium dimethyl,
Bis(1,2-diethyl-4-n-propylcyclopentadienyl)hafoium dimethyl,



37. The process of any of paragraphs 1 to 34 wherein the transition netal
conpound conpri ses one or nore of.
bi s(1, 2-di et hyl cycl opent adi enyl ) zi rconi um di chl ori de, bis(1, 3-

di met hyl cy Lenyl)zirconiumdichloride, bis(1,2,4 2
trimet hyl c%ﬁ%@ﬁ&&fenyl ) zi r coni um di ?éﬂ ori de and PCT?USZOOG’“”MS
bi s(tetramet hyl cycl opent adi enyl ) zi rconi'um di chl ori de, bi s(1-nethyl -2-
et hyl cycl opent adi enyl ) zi rconi um di chl ori de, bis(1-nethyl-3-
et hyl cycl opent adi enyl ) zi rconi um di chl ori de, bis(1 -methyl-3-n-
propyl cycl op i LA } hél 14 -m?i thyl-3-n 30
but yl cl opent 2‘%‘?@%@)9%‘&?i‘:?&f‘%”%@%‘oﬁe@ﬁ?‘s Z?ﬁéétgﬁg tetrahydro
i ndenyl ) zi r c Bis{irmethylF3-bpropglcytiopdnitadtayl)hafmimodimiethyl, di chl ori de, WO
2007/ 011973 RCT/ U 6/ 027943 . 77 his - di et hyl cycl opent adi enyl ) zi r coni um
di met hyl , bi ﬁ,@%ﬁi ﬁ’éf?rﬂlg}YelfFé‘PH?B‘é‘Hiea}%@ﬁW??‘P ¥ um di met hyl , bis(1, 2, 4-
trimethyl oycl bRy R ot BERA T boBRADM Y hafnium dimethyl,
bi s(tetranet krg{zgd?cl opent agi en fi?gi I‘Cgl):’;],i um diyrr)et hyulm,l 1tljiiws(yl- methyl-2 5
!

et hyl cycl dpe wathlylczrlopenisdienyii(ayetongntadienylhnniure dinyethyd,

t hyl I di. | ) zi ' [ 1- ARSI
or opy| Cycl opaieauretylcFSPp R kY orBara Va8l
but yI cl opent adj2ediitlefhglcyclopértidietiyiiesiyitycldpesiadiedyfhatnita diadtigd] o
i ndenyl ) zi rcopi um di chl or de&,l zi rconi um, dj, gret hyl 0 38. The

i s(l | ) :

process of ariy-20fmsiwicyriapen @QJ{YB?@-%%%@W@RG@WI@wl)étﬁ@mnhGaﬁqeﬂ&f nmpound is

t dt ] : 1S4 the f | a: R3AL,
her e each R 1L R R e sting of
met hyl , tel(JlnyI (é,3-mnqg&wwm,opt\mmilqlﬁmd))pyﬂ1d1hm@b}|!lmdqpenta?mflrmhl_3alﬁuwndbmtw1, n- pten][ yl,
i so- pen : open n- hex i.S0-.hex n- he $0- he , Nn-oc :
i so- O(F:)t yl y n @§"ﬁsﬁw‘fyﬁ@@‘é‘ﬁﬁ?ﬂyﬁiﬁﬁ'&@@ﬁ?ﬁﬁpﬁ‘ﬂaﬁﬁﬁﬁaﬁm H’&’gci]i)lfll]’, Y
n-tetradecyl ,BiGRRAY dimefhgkadecyl , n-heptadecyl, n-octadecyl, and

their iso-analogs. 39. The _process of any of paragraphs | to 38 wherein the
process is a BisQrinethréndenysénium dimethylrhe process of paragraph 39 wherein

(e bocess Sy AANBMUARAREERD CoTDY | Sira @) contnuous!y

15  Bis(4-methylindenyl)hafnium dimethyl,
Bis(4,7-dimethylindenyl)hafnium dimethyl,
Bis(4,5,6,7-tetrahydroindenyl)hathium dimethyl,
Bis(4,5,6,7-tetrahydro-2-methylindenyl)hafoium dimethyl,
Bis(4,5,6,7-tetrahydro-4,7-dimethylindenyl)hafnium dimethyl, or

20  (Cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)hafiium dimethyl.
37.  The process of any of paragraphs 1 to 34 wherein the transition metal

compound comprises one or more of:
bis(1,2-dimsthylcyclopentadienyl)zirconium dichloride, bis(1,3-
dimethylcyclopentadienylzirconium dichloride, bis(1,2,4-

25  trimethylcyclopentadienyl}zirconiumn dichloride and
bis(tetramethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-2-
ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-
ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-
propyleyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-

30  butylclopentadienyl)zirconium dichloride, bis(4,5,6,7-tetrahydro

indenyl)zirconium dichloride, bis(indenyl)zirconium dichloride,



nol e% of the one or nore C3 to C24 al pha-olefins into a reactor, b)
continuously introducing the transition nmetal conpound and the activator
into the reactor, 25 c) optionally continuously introducing co-activator
into the reactor and d) continuously w thdraw ng the efin from
the react of¥O 2R101I4R process of paragjaph 40 further Cg%@éﬁﬁgﬂ%& nt ai ni ng
a concentration of hydrogen in the reactor of 10,000 ppmor |ess by weight.
30 42. The process of paragraph 40 or 41 wherein the process further
conprises: 1) optionally, continuously treating the polyal pha-olefin to
reduce het erigl @rdifethyiytiopentadienyt)inctaining dinffsy tHign 3600 ppm WO 2007/ 011973
PCT/ US2006/ 027943 78 2) optignally, continuoqusly fractionating the

pol yal pha- ol JWWB’YC@B%?‘Q?@ weontyrg Amedid BibdA-f ract i ons, where the heavy

fractions haV@nfe . S Hi i nuously contacting the

pol yal pha- ol et n%\kn@{yﬁmﬁéﬁ?%%?rlﬁgg@%ﬁ gﬁﬁ%’r ogenation catal yst, 4)

cont i nuousl| y leik(taamctitylayclopéntadighyd)zinéoaiunn dinesthyddis(1 mabylsde nunber| ess than
1.8. 43. The cess of .any. of paragr 1l to 42 erein the tenperature in
t he _react{;r ‘%ﬁﬁf" ‘?ﬂemfé’_én erfgﬁuﬁ.‘gq‘ﬁaﬁﬁblsﬁlh@e@’%%ss of paragraph 43
wherein the t&Hﬁ@i&éﬁéﬁﬁdieﬁylﬁﬁﬁﬂiﬁﬁ&%@th?@Qisglgneﬂ@}-}ﬁhe process of paragraph
43 wherein the tenperature is from50C to 180 C' 46. The process of

par agr aph 43 mhpyleyolopehiedienyhircaniymelimsthyl bis(lp0ehyb3-n50 15 C. 47. The

process of a f oL 4 . ¥y 1 xet al | ocene and
activator ar 2@( lgglﬁltog%{teVGIP@rQﬁ%&nﬁlégﬂlﬁ%r%’%ﬁ%’%?%g% ngs{ed%mfl Zﬁ%é@mhour s. 48.
The process odickioydebr Pistiedpngidticcodinhodidéthyher ei n sol vent or diluent is 20

resent. 49. The process of _ paragraph 48 wherein the solvent or diluent is
Eel ect ed 8. pThe process of a%yo %aragraphslto 37 whereinanalkylalumqnmn

compound is present and the alkylaluminum compound is represented by the
formula: RzAl, where each R is, independently, selected from the group consisting
of methyl, ethyle, n-propyl, iso-propyl, iso-butyl, n-butyl, t-butyl, n-pentyl, iso-
pentyl, neopentyl, n-hexyl, iso-hexyl, n-heptyl, iso-heptyl, n-octyl, iso-octyl, n-
15  nonyl, n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecy, n-
hexadecyl, n-heptadecyl, n-octadecyl, and their iso-analogs.
39.  The process of any of paragraphs 1 to 38 wherein the process is 2
continuous process.
40.  The process of paragraph 39 wherein the process is a continuous process
20 comprising:
a) continuously introducing a feed stream comprising at least 10
mole% of the one or more C3 to C24 alpha-olefins into a reactor,
b) continuously iniroducing the transition metal compound and the
activator into the reactor,
25 c) optionally continuously introducing co-activator into the reactor,
and
d) continuously withdrawing the polyalpha-olefin from the reactor.
41.  The process of paragraph 40 further comprising maintaining a
concentration of hydrogen in the reactor of 10,000 ppm or less by weight.
30 42.  The process of paragraph 40 or 41 wherein the process further comprises:
1) optionally, continuously treating the polyalpha-olefin to reduce

heteroatom containing compounds to less than 600 ppm,



-fromthe group consisting of butanes, pentanes, hexanes, heptanes, octanes,
nonanes, decanes, undecanes, dodecanes, tridecanes, tetradecanes,
pent adecanes, hexadecanes, benzene, toluene, o-xylene, mxylene, p-xylene,
m xed xyl enes, 25 ethyl benzene, isopropyl benzene, and n-butyl benzene. 50.
The process of any of paragraphs 1 to 49 wherein the no cont act ed
with the t Mh30TPBASBet al conpound and. the activator inggﬁéﬁo %2?94gnd t he
reactor is a continuous stirred tank ractor. S1. The process of any of
paragraphs 1 to 50 wherein catalyst residual is 30 renoved fromthe product
by contacting with a solid sorbent. WO 2007/011973 1'-CT/US2006/ 027943 79
52. The process 0f2) any oﬁﬁorﬁﬁﬂr,%hﬁﬂf&sl% fhaRtichhtind BlePolyaphARAPHRES are

coO

contacted with the transition netal npound and fhe activator in the

sol ution phasparaisthe light apt mawy aesions rwhess the Aeavyriacthensthavo2Gor mheer e t he

~ nononer s arecgﬂnqnt acted with the transition netal conpound and the
activator in % urry phase. 54. The process of any of paragraphs 1 to 53

wherein the nononshs axentim@idIAcdsbting tHe palyadihisolstinumith Rydigpmpeund prior to

bei ng introduced into the reactor 55. The process of any of paragraphs i to

53 where the hydfogenasionsatalysld or 10 activator are conbined with an

al kyl al um num co und i i -J1S8e e process of

par agr aph 54 vvhe;rg'?t hecg’F“@‘@P%fﬁﬁ‘?‘%ﬁ{%@g%%@ﬁﬂ S a%ge{ltgglg] rom

tri-isobutyl alumbeniesy thenm i.8n- octyl al um num tri-n-hexyl al um num and

tri-n-dodecyl gl um_num 15 57. The proge ny.of paragraphs | to 54 where
an al kyl al um‘Wum *CERPYEHRL ia§yBE%E%?Pﬁﬁﬁzogﬁ&%%%%ﬁﬁ%ﬁegat’ggll%gped from
tri-isobutyl gkatdrgFomi-10°C 82960¢] al um num tri-n-hexyl al um num and
tri-n-dodecyl al um num 58. The process of any of paragraphs 1 to 57 where in
t he pol yaldhhatel effihg prasesscdiperagtaphl 4diviharen, e e infremd0YgtnE0i on
cat al yst sel apt ed fromthe group 20 consisting of supported Goup 7, 8, 9,
and 10 netal s.”'59. The process of any of paragraphs 1 to 57 wherein the
pol yal pha- ol ef5i n IThe peauessaeftpachgisiph 43 lghareirgihe iansbrame yofrag S0sE took80cat al yst
sel ected fromthe group consisting of one or nore of Ni, Pd, Pt, Co, Rh,
Fe, Ru, Gs, C& M, and W

46,  The process of paragraph 43 wherein the temperature is from 70°C to 150

15 °C.

- 47.  The process of any of paragraphs 1 to 46 wherein the monomers,

metallocene and activator are contacted for a residence time of 5 minutes to 100

hours.

48.  The process of any of paragraphs 1 to 47 wherein solvent or diluent is
20 present.

49.  The process of paragraph 48 wherein the solvent or diluent is selected

from the group consisting of butanes, pentanes, hexgmes, heptanes, octanes,

nonanes, decanes, undecanes, dodecanes, tridecanes, tetradecanes, pentadecanes,

hexadecanes, benzene, toluene, o-xylene, m-xylene, p-xylene, mixed xylenes,
25  ethylbenzene, isopropylbenzene, and n-butylbenzene.

50.  The process of any of paragraphs 1 to 49 wherein the monomers are

contacted with the transition metal compound and the activator in a reactor and

the reactor is a continuous stirred tank reactor.

51.  The process of any of paragraphs 1 to 50 wherein catalyst residual is

30 removed from the product by contacting with a solid sorbent.



supported on silica, alumna, clay, titania, zirconia, or mxed netal oxide
supports. 25 60. The process of paragraph 59 wherein where the hydrogenation
catalyst is nickel supported on keisleghur, silica, alumna, clay or

silica-alumg ~JdNne process of any of paragraphs | t 1Rin the
pol yal pha- %@??033%1373 contacted with hygyogen and a hydrgggﬁ%tﬁlﬁgﬁ @gt al yst at

a tenperature from?25 to 350C. 30 62. The process of any of paragraphs 1 to
61 wherein the product produced has 60 wt %or less CIO dinmer. WO
2007/ 011973 PCT/ US2006/ 027943 80 63. The process of any of paragraphs 1 to

62 wher ei n t h§2, pr orieGlrodePeReRe df phragartld Wo 5Yovdierd 18 mokbidediarer . 64. The
process of any of paragraphs.l to 63 wherejn the process_further conprises:

k 5 1) cat al y&ntactediwiihdhe pransitopgnetsl comppyadanddbg scdivateaindhesqlytia®y  cont acti ng

the polyal phagplefin with a solid sorbent, 2) optionally, treating the
pol yal pha-ol efin to reduce heteroatom containing conpounds to |ess than 600
ppm 3) opti ofkal | yThefproeeks af my iofiparhdgrephad| ip S0 pierethe hionomerseepar at e t he |i ght

10 and heayy fractiong, where. the heavy fractions have, r nmoye carbons,
3) cont actd no PRI b eI PR e BOE P L AP on

catal yst, andsk) omezgr&eegoﬁn%k%ﬁhgaﬁfsqltefswﬁ&aﬁﬂﬁlﬁoﬂafﬁa@eﬁl@ nunber | ess
than 1.8. 15 Exanples Fluid properties were neasured by follow ng standard

met hods, excepmtaciedavithdrasadicildwntinutrconypoyd plidnte being intiodsesddiioytheat 40 and
100C in cSt b% A?QITM 445 et hod; pour point by ASTM D97 net hod; and

viscosity i ndef%ct 1F\/I) 20 according to ASTM D2270. The fol'l owi ng exanples are

for purposes §5. i |ThiSirockd @ungdE parageplarico s wheld the iet@locenanplies. The

1-decene used for all of_ the experj ts was purifjed by mxing 1 liter of
unt r eat ed1® anrsHiyHer W&P"W‘l"ﬁg?’@h@w LG COmP R pIier m)%@mggﬁe si eve,

(whi ch reactor.
56.  The process of paragraph 54 where the alkylaluminum compound is
selected from tri-isobutylaluminum, tri-n-octylaluminum, tri-n-hexylaluminum,
and tri-n-dodecylaluminum. .

15 57.  Theprocess of any of paragraphs 1 to 54 where an alkylaluminum
compound is present and the compound is selected from tri-isobutylaluminum, tri-
n-octylaluminum, tri-n-hexylaluminum, and tri-n-dodecylaluminum. _
58.  The process of any of paragraphs 1 to 57 where in the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst selected from the group

20  consisting of supported Group 7, 8, 9, and 10 metals.

59.  The process of any of paragraphs 1 to 57 wherein the polyalpha-olefin is
contacted with hydrogen and a 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.

25 60.  The process of paragraph 59 wherein where the hydrogenation catalyst is
nickel supported on keisleghur, silica, alumina, clay or silica-alumina.

61.  The process of any of paragraphs 1 to 60 wherein the polyalpha-olefin is
contacted with hydrogen and a hydrogenation catalyst at a temperature from 25 to
350°C.

30 62. Theprocess of any of paragraphs 1 to 61 wherein the product produced
has 60 wt % or less C10 dimer.



25 was activated by calcining at 200C for at |east four hours under a stream
of purging dry nitrogen gas), and 10 grans of Oxi-C ear catalyst (purchased
from Altech Associates, Inc of Deerfield, IL 60115) for at |east two days
inside a gl ov under a dry, inert atnosphere of ni ’19?§2906/0 fg; nol ecul ar
si eve and WE’-Z%%E‘%QMH on catalyst wegg then renoved byl;(;l trat |Ion in the

gl ove box to provide 30 purified 1-decene. Alternatively, the feeds were
purified by passing through a bed of activated 13X nol ecul ar sieve al one
under nitrogen atnosphere. WD 2007/011973 PCT/ US2006/ 027943 81 The Data in
Tabl e 3 wer e 6geneMht prbces of ahyl sfparagrpks Pl 62 wehidraiattheoprbducd progasadr i zat i on
reaction was general |y carried out under nitrogen (N2) inert atnosphere or
argon inert %%%%r%f.lesﬁ 19489881 | scal e screeni ng experinent, 2.96 grans
of purified kadecanepuRssdfdarbs hS 1T 63 WhatbiplSosde lupact or 5 fit ted
wi th glass liner \?\nﬁtﬁ atota rgg{:ag%a? vol ume 0%15.5 , an agflstator and a

t enper at ure comprigdsi er, foll owed byiaddition of 2 micronple of tri-n-

octyl cl um_ni um ang, 0. 04 i cronpl e of N, N-.di net hyl anj | i hi.u

tetral ds(perfl uorgbhen(j‘?@%@?ﬁﬂ%@ﬁfﬁ?"&ﬂ%@ e#@%ﬁﬁi?@ﬁf’%er. The react or
was then he%bﬁ[gcﬂﬂgthé‘?bl oL S166d WAk b kSl dogsREr at ure and the desired anpunt
of 10 netall ocene catalyst in toluene (0.04 mcronole of netall ocene

cat al yst sol ution2)of optiangly mseiing the pelyalpheaelefinltpagducs hetsrqaiam e t he

pol yneri zat i %Eﬁﬁ% Hele t he reacti on was quenched by
addi tion of %erl on =di°0 P‘é‘é{%ﬁ%}g%&?@g@@%al nol es as the netall ocene
catal yst. The pol gwer i sgidnally,/fractidngtingthe palyaipha-plefid us tepavatesthe hghtat ed by

stripping the reactor contents, from abqut roomtenperature to 50 15 C
under hi 39 vé@ﬁﬁ?ﬁvﬁf clens; & ?FWW%‘M@“FB“%@NB@ OEBOLFHHOONSNr eact ed starting

material and dinmegy i. YERARR I dBSR b &ar bon
atons. The produé‘? prg%né?('?iﬁ%gﬂ,é i ncl u%ib}]égﬁ\r%lagyul arnﬁgﬁ J}g%%ﬁm?h/h wer e
anal yzed by gelalysherdreati on chromat ography using tetrahydrofuran as 'the

sol vent and pol ystyrene,, as the | j bratign standard. The,residyal fluid

vi scosity was cal té%l at glatawgaa Q@@Bﬁ‘%@ﬁ?ﬁ‘&ﬁ‘%ﬂuaﬁ S %P%rﬁ%%SOMI ated the
Mv by GPC to Ifg.uid viscosity as described in Table 3. Experinments PD-1 to
PD-103 In the experinents belowin Table 3, 40 nnol of catalyst, 40 nnol of
acti vat or15( N, N- di met hyl ani | i ni um 25 tetraki s(perfluorophenyl)borate), 2

m cronol of lektri-n-octylalumnun), = 4.00 nmL of 1-decene, and 1.00 ni

of toluene were d. Each experinent was
Fluid properties were measured by following standard methods, except

when described otherwise: kinematic viscosity at 40 and 100°C in ¢St by ASTM
445 method; pour point by ASTM D97 method; and viscosity index (VI)
20 according to ASTM D2270.

The following examples are for purposes of jHustration only and are non-

limiting examples.
The 1-decene used for all of the experiments was purified by mixing 1 liter

of untreated raw material with 20 grams of activated 13X molecular sieve, (which
25  was activated by calcining at 200°C for at least four hours under a stream of

purging dry nitrogen gas), and 10 grams of Oxi-Clear catalyst (purchased from

Altech Associates, Inc of Deerfield, IL 60115) for at least two days inside a glove

box under a dry, inert atmosphere of nitrogen. The molecular sieve and de-

oxygenation catalyst were then removed by filtration in the glove box to provide
30 purified 1-decene. Alternatively, the feeds were purified by passing through a bed

of activated 13X molecular sieve alone under nitrogen atmosphere.



run for 90 m nutes. WO 2007/011973 PCT/ U52006/ 027943 82 Table 3. 1-Decene
Batch A igonerizations Ex # Catalys Tem H2 C20+ Conversi o GPC GPC PDI
\ﬁscosity t p pressur Yieldn (%9 to Mv Mh MMWMat 100 C (C e (g) C20+ n)

(cS) (psi lis}y 80 0 03646 12.3 2,024 1,757 1.2 8. RifhigndndfO O
0.5614 18. S‘w E@ﬁ“?}%% 1.1 4.1 PD-3 § 120 0 0.5624 19.0 % 1,257 1,194 1.1

3.3 PD4 1800 0.3751 12.7 2,174 1,873 1.2 6.4 PD-5 1 100 0 O. 6060 20. 4
1,457 1,359 1.1 3.9 PD-6 1 120 0 0.8420 28.4 1,302 1,224 1.1 3.4 PD-7 1
100 44.7 1.9434 65.6 1,267 1,203 1.1 3.3 PD-8 1 120 44.7 2.0314 68.5 - - -
- PD-9 1 120 YHe Datd iiG2Ble 89vede generated-as RiltoQ. Thd POlymdriZatidnl813 73.6 1, 295
1,231 1.1 3.4 .PD-11 2 100 0 0 1413 4 8 3 258 2.569 1.3 10.1 PD-12 2 120 0
0.1984 6.7 1, Ylgomerizgton regction yvas generalysarrigd opt widenniirogend™Ne) ings 2 695 1.3

108 PD-14 24000 il Aol 39Reh slidsnl oforind 40 44. 70,0971

33.6 1,620 1, 489 14.5" PD-16 2 47°1,432 1.1 4.2
PD-17 3 100 0206kpafs ﬁlﬁp]‘ll‘lﬁﬁ@l-ﬂe@ndﬁfﬂs added intd a siaEl ¢Bintesq H6e]@emdt02995 10. 1
62012 31.14.0 PD20 3

1,224 1,170 1.Q 3. D-19 3.10Q 0

120 0 O. 14§4 ﬂg‘égwj‘%gasill‘l%ﬁ‘“ a1°t§“§a ‘?—‘d"&ﬁ“ fé'bmg E‘si%%%‘ 43 3 1,345
1,278 1.1 3. 6ten§@r£&e%oﬁtﬂﬁleﬂ4‘oﬂovﬂed%§§adlﬁ§n of Zlmﬁzz&n&e%@ﬁl A1 3.6 PD 23 3
100. 54.7 1.5646 52.8 1 357 1,284 1°1 3.6 PD-24 3 120 44.7 0.5144 17.4

1,175 1,125 10Gy@1m1mm@@m041mr®n@eoﬁﬁy dngilylagaigngos 1.4 103.4 PD-26 4
120 0 0. 0565 ’Eeh%ki%(p%?ffuo?op%ggyl)]oo?ate soﬁﬂmn of 1 micromole/liter. The reactor was

then heated fo the desired reaction temperature and the desired amount of

10 metallocene catdlyst in toluene (0.04 micromole of metallocene catalyst solution
of 1 micromole/liter), was added to initiate the polymerization reaction. After 3
hours, the reaction was quenched by addition of carbon dioxide (CO;) gas of equal
moles as the metallocene catalyst. The polymerization / oligomerization product
was isolated by stripping the reactor contents, from about room temperature to 50

15  °C, under high vacuum for at least 2 hours to remove solvent, unreacted starting
material and dimer, i.e., any component having less than thirty carbon atoms. The
product properties, including molecular weight and Mw/Mn, were analyzed by gel
permeation chromatography using tetrahydrofuran as the solvent and polystyrene
as the calibration standard. The residual fluid viscosity was calculated by a

20  correlation equation, which correlated the Mw by GPC to fluid viscosity as
described in Table 3.

Experiments PD-1 to PD-103 In the experiments below in Table 3, 40

nmol of catalyst, 40 nmol of activator (N,N-dimethylanilinium
25  tetrakis(perfluorophenyl)borate), 2 micromol of TNOAL (tri-n-octylaluminumy),
4.00 mL of 1-decene, and 1.00 mL of toluene were used. Each experiment was

run for 90 minutes.



PD-27 4 100 0 0.0221 0.7 5,729 3,995 1.4 117.1 PD-28 4 120 0 0.0462 1.6
2,495 2,059 1.2 7.5 PD-29 4 100 34.7 0.6167 20.8 4,274 3,190 1.3 73.1
PD-30 4 100 54.7 0.0643 2.2 3,614 2,759 1.3 11.3 PD-31 4 120 34.7 0.0992

g[fsg ilioéwg’zzt’%"i’;%%gso 2.1 3,922 2,93

2.2 3,645 2,785 1.3 11.4 PD-355 80 O

%

2 PD-32 4 120 44.7 0.0935 3.2 2,
1.3 12.3 PD-34
5352 -T871- 2,438 2,034 1.2

\ Eo G

7.8
0653

PD-36 5 100 0 0.8795 29.7 1,609 1,480 1.1 4.5 PD-37 5 120 0 0.5211 17.6
1,308 1,232 1.1 3.4 PD-38 5 80 0 0.4908 16.6 2,642 2,184 1.2 8.0 PD-39 5

100 0 0.8901 30.0 1,583 1 TFuled. L-Dbcche BIRIOligomafhafiofly 7976 26.9 1,354 1, 281
1.1 3.6 WD 20 7401107'2 PCT/1JS2006/ 027943 D-41 5 7 1 3083 44. 1
1,401 1,327 1) ¥x¥ [patabysiiemb Ha0 [§20% [Gonyesin| £Ch| GPELL PDUJ¥istostiyd. 1 PD- 43
5 120 44.7 1.B556 4517 1, p1pprassur|Yield | (3)10 | AwAl Mn1{IOWAM| 3 100372 46. 2
1,433 1,343 141 3.0 PDI#S)p 00 |56)7) 103083 )51. 6|1, 430 1)342 @S| .8 PD-46
6 100 54.7 2.2348 [75.4 { - -(psia}b[>47 6 120 54.7 1/8615|62.8 PD- 48 7
100 54.7 1.417/PDAY. 81- - RRD- 4838461 001237 219241514457“-921’325.95,46 1.1
4.3 PD-50 7 P94 { T. 46(] - f0.5614] - B3, N 1 'i,‘iﬁ-‘?ﬁ,."d" 9 - - -
(o7 52,8 1000 ST 033 gl TG b T PR g e 0gse T 0, 3734
P55 8 120 HEEd a3 20 s Saadd TT3dbs 127, 12178 :QSZ&;‘&QE( 5847 4 3621
12 2 1 135 1 oeD-S 115 ¢10G, 59_7 060607 WA 1 hA57%p1,389 b B.11%9 39074 1.1 3.0
PD. 58 8 120 4PB-6] 1473|826 1 Oad0.8420p7 2847 £1302[1,224] 11 | 3.4

PD-7] 1 [100] 447 |1.9434] 656 [1267[1203] 1.1 | 3.3

PD-8| 1 |[120] 44.7 [2.0314] &85 | - | - - 3

PD-9] 1 120 547 [2.0621] 696 | - | - - -

PD-10] 1 100 547 [2.1813[ 736 |1,205{1231] LI | 3.4

PD-11] 2 [100] 0 [0.1413] 48 [3.258/2,569| 1.3 | 10.

PD-12] 2 }120] 0 01984 67 |1,77711,593] L1 | 5.0

PD-13[ 2 [100] 0 [0.1914f 65 [3,462[2,695] 1.3 | 108

PD-14] 2 |120] o0 (02125] 72 |1,743]1,568| 1.1 | 4.9

PD-15] 2 [120] 447 j0.9971] 336 [1,620]1,489| i.l | 45

PD-16] 2 |120] 54.7 10.9083[ 30.6 [1,547[1432] 1.1 | 42

PD-17[ 3 _|100[ 0 [0.1225f 41 [1,511}1,402] L1 | 41

PD-18] 3 [120] 0 [0.2995] 10.0 |1,224|1,170] 1.0 | 3.1

PD-19] 3 |100] 0 03620] 122 [1,48011383] 1.I | 40

PD-20] 3 [120] 0 10.1434] 48 [1,231[1,163| 1.1 | 32

PD-21| 3 [100] 547 [1.2840] 433 |[1,345[1278] L1 | 3.6

PD-22| 3 100 447 [1.8752] 63.3 |1,37211,303| LI | 3.6

PD-23] 3 |100| 54.7 [1.5646] 52.8 [1,357[1,284] 11 | 3.6 |

PD-24| 3 [120] 447 [0.5144] 174 |1,175|1,125| 1.0 | 3.0

PD-25] 4 [100] 0 10.0179] 0.6 |5,305(3,804| 14 | 103.4

PD-26| 4 [120] 0 [0.0565] 1.9 |[2,437]2037] 1.2 | 73

PD-27| 4 [100] 0 [0.0221] 0.7 |[5,729(3,995| 14 | 117.1

PD-28] 4 [120] 0 [0.0462] 1.6 [2495(2,059| 12 | 75

PD-29| 4 [100| 34.7 |0.6167] 208 |4,274|3,190| 13 | 73.1

PD-30] 4 [100]| 347 [0.0643] 22 [3,614]2,759] 13 | 113

PD-31| 4 |120] 347 [0.0992] 3.3 [2,114[1820] 12 | 6.2

PD-32] 4 [120] 447 [0.0935] 3.2 |2,585|2,140] 12 | 7.8

PD-33 4 |100| 347 [0.0630] 2.1 [3,922(2932] 1.3 | 123

PD-34] 4 [100] 547 [0.0653| 2.2 |3,645(2,785| 1.3 | 114

PD-35| 5 |80 | 0 [0.5352] 181 |2,438(2034] 12 | 73

PD-36] 5 |100} 0 [0.8795] 207 [1,609]|1480| 1.1 | 45

PD-37] 5 [120] 0 [0.5211] 17.6 |1,308]1.232| 1.1 | 34

PD-38] 5 [80 [ 0 [04908] 166 |2,6422,184| 12 | 8.0

PD-39] 5 1100 O [0.8901] 30.0 [1,583|1,448| 1.1 | 44

PD-40 5 1120 0 [0.7976] 269 [1354]|1281] 1.1 | 36




PD-59 9 100 54.7 1.6228 54.8 -
PD-61 9 120 54.7 0.6742 22.7 -
1,105 1.1 3.0 PD-63 10 100 44.7 1.6585 56.0 1,234
120 44.7 1. 47 1,110 1,048 1.1 2.8 PD-65 10

1,058 1.1 2¥9

byt

PD-60 9 120 54.7 0.3539 11.9 -
PD-62 10 100 44.7 1.4583 49.2 1,194

1.7 1,225 1,1

PD-73 11 100

57.8 1,276 1,

PD-76 11 120
62.9 1,117 1,
PD-79 11 100

65.7 1,296 1,

PD-82 11 120

62.1 1,131 1,

PD-85 11 100

52.6 1,310 1,

0.7822 26.4 1

1.1 2.9 PD-§

1.2387 41.8

1,142 1.1 3.2 PD-64 10
120 $hyifsShogh®ua7. O 1, 141

10 120 54.7 1.3328 45.0 1,076 1,017 1.1 2.6 PD-67 10
100 44.7 1.4456 48.8 1,212 1,123 1.1 3.1 PD-68 10 100 54.7 1.7571 59.3
1,185 1,101 1.1 3.0 PD-69 10 120 44.7 0.9474 32.0 1,097 1,040 1.1 2.7
PD-70 10 120 44.7 0.8823 29.8 1.066 1,010 1.1 2.6 PD-71 10 120 54.7 0.0495

Po-al1 8. 1 100D 527 11.308% 044178PBR4MA. 16327, [3181 1] 137 1. 1L 3.5

FB-42] 1.£999243. 1.1, (24064, 1454 1. L3113 1L,PE 7401 1001 544 7 1. 7127

BRU3Y- 15 3. [J20Wh4lP (135360 459 OPEL2 2 15591L114Q9,l,03414 11 2.8

TARREAED c3’4;t 13908 93021 114330 LHEITT P TAp 5% 1 2 8630

18215 P S ) A T A 7 P R PR T T P Y £ A AR

DAG6] 163 140 nﬁﬂ 223480 B4 ghag 22 2 1 130 0 059 4k 1 2.9

BR-4711 ©115284 5.7 118915 06381 11 2 9 PDI33-11| 120 54| 7 1.8410

BD5I8]. 17 2. |[00pPEBA (1817210 47.8. 6138 20.7 1. 349 {1,216 111 3.6

BD-4D| 1. 2443008, 74.1, 226824], 17p61. 11,3514 1,425-|84.111] 1003 54} 7 1. 5584

BBG0L. 17 3. 4000 00 h0eTs 734361/ US2006/ 027943 B4 PD-8f 11 120 0

Pﬁb.i/l 968 1hol 249 1388 349120 44.f7 1.8857 6B.6_1, 140 1, 028

4BDi [ T0§ O 1 07ORP7 30313 28Ds L PLiA ot [0 1.7 9% g2 [L00 44.7

1phas3] €0 101 4.7 (0.3734] 12.6 11,11911,051 1.1 2.8

PD-54] 8 [120| 447 (02420 82 [1239]1,112( 1.1 32

PD-55| 8 11201 54.7 [0.2318] 7.8 [1.229]1,094] 1.1 32

PD-56] 8 |100] 54.7 {03621] 122 |1,135(1,064]| 1.1 2.8

PD-57| 8 1120] 44.7 [0.2421] 8.2 [1,189]1,074] 1.1 3.0

PD-58] 8 [120] 447 [01473] 5.0 {1,289[1,1271 1.1 3.4

PD-59] 9 |100[ 54.7 [1.6228] 548 | - - - -

PD-60] 9 |120] 54.7 [0.3539) 11.9 - - - -

PD-61| 9 [120] 54.7 |0.6742| . 22.7 - b - - -

PD-62] 10 [100t 44.7 [1.4583] 492 [1,194[1,105] 1.1 3.0

PD-63| 10 {100| 447 [1.6585] 56.0 [1234[1,142] 1.1 32

PD-64] 10 |120} 447 {1.4781] 49.9 [1,110}1,048] 1.1 2.8

PD-65{ 10 |120} 447 [02079] 7.0 [1,141[1,058] 1.1 2.9

PD-66] 10 |120| 547 [1.3328] 45.0 [1,076[1,017] 1.1 2.6

PD-67| 10 |100| 44.7 [1.4456] 488 |1,212(1,123] 1.1 3.1

PD-63| 10 |100| 547 [1.7571] 593 [1,185[1,101] 1.1 3.0

PD-69] 10 |120] 447 [0.9474] 320 [1,00711,0401 1.1 2.7

PD-70 10 |[120] 44.7 [0.8823] 29.8 [1,066{1,010] 1.1 2.6

PD-71] 10 (120} 54.7 [0.0495] 1.7 {1,225[1,128] 1.1 31

PD-72] 11 |100] 0 07898 26.6 [1318]1,193( 1.1 35

PD-73] 11 [100 447 [1.2999] 439 [1,271]1,156] 1.1 3.3

PD-74] 11 [100| 547 11.7127] 578 [1276]1,160] 1.1 33

PD-75] 11 |120] © (0.6013] 203 [1,129]1,042] 1.1 28

PD-76] 11 120 447 [1.9060] 643 [1,135]1,056| 1.1 2.8

PD-77{ 11 |[120] 54.7 |1.8636] 62.9 {1,117]1,034] 1.1 2.8

PD-78] 11 [100] ©0 l0.8842] 298 [1,330[1,201] 1.1 35

PD-79] 11 (100} 447 [1.6737] 565 [1,290]1,169| 1.1 34

PD-80] 11 100 54.7 [1.9463] 65.7 [1,296(1,177] 1.1 34

PD-81] 11 [120] 0 |o.6646] 224 [1,139]1,059| 1.1 2.9

PD-82] 11 [120] 44.7 [1.9115] 64.5 [1,152{1,058] 1.1 29

PD-83] 11 [120] 54.7 [1.8410] 62.1 |1,131]1,045] 1.1 2.8

PD-84] 11 [100] O [0.6138] 20.7 [1349]1216] 1.1 3.6

PD-85| 11 [100| 447 [1.4443] 48.7 [1296|1,172] 1.1 34

PD-86| 11 [100| 54.7 {1.5584] 52.6 [1,310(1,188] 1.1 3.4




PD-91 12 100 54.7 1.1749 39.6 1,445 1,285 1.1 3.9 PD-92 12 120 0 0. 6507
22.0 1,216 1,109 1.1 3.1 PD-93 12 120 44.7 1.4787 49.9 1,202 1,104 1.1 3.1
PD-94 12 120 54.7 1.8587 62.7 1,167 1,075 1.1 2.9 PD-95 12 100 O 1.1199
37.8 1,476 1. 304 1}1‘%4 0 PD-96 12 100 54.7 1.1552 39. 0pdrARRnde226% 1.1 3.8
PD-97 12 1W080F°MP4 13 9 1,210 1, 11081 1 3.1 PD98 12 100 0 1.0271 34.7
1,503 1,323 1.1 4.1 PD-99 12 100 44. 1.4780 49.9 1,420 1,259 1.1 3.8 PD
1210054712133409141612631138 100 PD- 12 120 ' 0 0.8040 27.1
1,206 1,104 1.1 3.1 101 PD-_12 120 44.7 0.5413. 18.3 1,197 ,1,102 1.1 3.1
102 PD- 12 17BDS8%|7 14. 0B29 (3501 10,7883 12667 11,157 | 12068 | 108 ¢l 2.9
(1, 3-Me, n- Bu-|PD)esir MaZ, | R0i[S44.7- 1386 6B 6E2 1,840 Is1,¢2E4CGn) 2HF Meg, 4 is
Cp2Hf Me2, 5 i Bplgy{PrrCP) ol Vg, [.0680[C VBEEP) Pidded, 314 [ S| {VECPIgZrve2, 8 is
(VesCp) 221 NoIprhd[S 1o FquiTir e -JsgHZT WES. AT (dseq U e Py gzrie2, 11 1 s
(Eth)ZZfl\/EZ PD,.paL \]:2\ ‘.J,[y faf —th i
5 N2 / 5% hy fst

bY

[
P N 1 A ) Tz L AN W e N
correl ati on d& g?Qrpp"rlh ]zncpn 6;59 -:maz‘-Dmn{g 1241:64 195, nQ]i Il B < 4000,
viscosity at XD d2cs 0] dbZa(lxiB7] 14B974| 1.2 | hiD4 Abbo vddcosity at
100C in ¢S = |8PgB00a2( MiIRD [+547 0B8RI 62.77. DL BH. | 1107 SExalnbl es 2A to 8A In a
600 m aut ocl|RDe?5]a 120l Utd0gn OonflailaPing3V gy B476 |of,304puri.ii ed 4.0degene and 4
gram of tri-npbcgell ajauny roarh 64.NCALs5S0l B9.00N| 1,42t 1526% ngl.RO| ny3 §NOAL per
gram of sol ut/ppig7|N HO0T IEid SOT VRfi2¥er §3.90de210 |MeIg Baci Of Wag pi essuri zed

wi th hydr ogenpFo@PPOP {G@E BT € 5(}2'7? TREFCATEROT [ 32 B 4N° n xture
was heated t P g ¢FF%‘ET71]- - +- — N

condition, a [eakatyst—spii-on
sol ution and |1; 80 rrgucat]a@ys?’ﬁ'zx
activator (dija2®hlanilini dnp
2007/ 011973 RAPuU$23F6/ pi2Pd430

101 | : [

PD- | 12 (120 44.7 [0.5413} 183 (1,197(1,102| 1.1 { 3.1
102 | .

PD- | 12 |120| 54.7 (1.0399; 35.1 |[1,i61]|1,067| 1.1. | 2.9
103 '

" is (1,3-Me,n-Bu-CphZrMe,, 2 is (n-Pr-Cp),HiMe,, 3 is (Me4Cp)HiMe;, 4 is

. Cp:HMe3, 5 is (n-Pr-Cp),ZrMe, 6 is (MesCp)oZrMe,, 7 is (MeCp)zZrMe,, 8 is
(MesCp)aZrMes, 9 is (n-Pr-Cp)(Mes-Cp)ZrMe,, 10 is (1,3-diMe-Cp)ZrtMe;, 11 is
(BtCp),ZrMey, 12 is (n-BuCp)sZrMe,. "Pressure is given for the mixture of 95%

5 N/5%hydrogen. “Viscosity of fluid at 100°C was estimated based on a
correlation developed between GPC Mw and measured viscosity. For Mw <
4000, viscosity at 100°C in ¢S = 0.0034(Mw)} - 1.0174. For Mw > 4000, v:scoszty
at 100°C in ¢8 = 0.000002(Mwy + 0.0102(Mw) — 7.0186.

10  Examples 1A to 8A. In a 600 ml autoclave, a solution containing 90 gram of
purified 1-decene and 4 gram of tri-n-octylaluminum (TNOAL) solution
containing 20 mg TNOAL per gram of solution in toluene solvent were added.
The reactor was pressurized with hydrogen to appropriate pressure indicated in
Table 1A. The mixture was heated to reaction temperature with slow agitation.

15  Under this condition, a catalyst solution, containing 20 gram toluene, 0.5 gram
TNOAL solution and 1.60 mg catalyst A (1-Me-3-n-BuCp),ZrMe,) and 3.84 mg

of activator (dimethylaniliniumperfluorotetraphenylborats), was added slowly



85 over a period of 15 mnutes to 30 m nutes while maintaining reaction
tenperature wthin 10C of the set tenperature. The reaction m xture was
stirred for 4 hours. The reactor was cool ed down to roomtenperature and
then 10 gr jvated alum na were added to the r i ] reto
deacti vat ea\gﬁéﬁ)‘%é??@%st and to 5 absorpsthe catal yst. Tmﬁﬁﬁﬁﬁ@%ﬁs t hen
filtered to renobve the solid and any catalyst residual. The residual
organi c | ayer was anal yzed by Gas Chronotography to obtain conversion and
product selectivity. The organic |layer was further fractionated to renove

sol vent, unr eg¢ératheRb@bf ISmintid tb BOHimitésaphiledRaintakifipdbactio2nr-fhiens and

smaller, to give a residual fraction. If indicated, the 10 residual fraction

was further hydthisgigtod theset lsmpymaiag cFhaseaction mixtgseorasastsoghfond biirs on

Ki esel guhr catalyst. at 200 i..h N; P for 4 hours. The
vi sconetric pﬁﬁﬁgefaﬁ%g’a%?m%@%%g%ﬁ%Ffé%%%ggﬁ%@eﬁé gl[ a%s ?Iaﬁtiwafeg t he

unhydr ogenat edhupfigtiwereaddddab tienextioh atigire th deactivate eriatalyet piderties of this
unhydr ogenat ed residual fraction were repaorted in Table A The catal yst 15

product i vi 8y wesorizlecaipkysle dlhaslunmaa yasihen Bltered toArmay o tgeelidengeanyr om f eed
ol efins per g@@gﬁdﬂi ﬁéél%%g?tgloﬁ%ﬁlla -"Wﬁg%{%tﬁ?@a Tabl e 2A shows the

exanpl es of U usin pcene an va?or to produce
fluids. The c&hainystogrpplgdoobiai donearsionendprodbat séledtedtyoithe begasiadeyebasi s as

Exanple 1 to 9. As._th at ow, Exanples 20 1.t0.8 ha igh.catal yst
pr ocrzlrgcti vity @8 &Fﬂ’i’?ﬁgﬁﬁ‘ 085}8%8%5"1’]83‘? 303{)&3& eaCtﬁ%?lﬁﬁT‘%é'éc){nﬁgﬁ'ﬁ%@n?ﬁ’ghegt
catal yst prodygia iGSzm oledk nd stalRBRE 2ive alrésidiRl AdotBn K W ifldicaBd, dhd OCene.

Exanpl es | throudg wer e conduct ed gener al I%/1 as descri bed above, with 25

addi t i onaltOex prsidugtiiackipn sas Airther kydsegeneted with Tadosemwitle? ko af2bi08 2 present s

2007/ 011075 PRI OE AR GEet i arkgBpetiofoee todsli 884 ) ol yst 4

A AA Rxn Tehpus. Thd icohifrid frbpdries df2Be hydPogenatsd produq sierdsiffilad®d thd 60
unhydrogenated products. For convenience, the viscometric properties of this
unhydrogenated residual fraction were reported in Table 1A. The catalyst

15  productivity was calculated as the grams of total product made from feed olefins
per gram of metallocene metal.

In comparison, Table 2A shows the examples of US6548724 using
metallocene and NCA activator to produce fluids. The catalyst productivities
were calculated on the same basis as Example 1 to 9. As the data show, Examples

20  1to 8 have high catalyst productivity in grams of product per gram of
metallocene. The highest catalyst productivity Table 2 A appears to be 41.6 kg/g

metallocene.

Examples 1 through 8 were conducted generally as described above, with
25  additional experimental details provided in Table 1 below. Table 2 presents
selected data taken from Examples 14 to 18 of US 6,548,724,

30



Decene*, g 90 90 90 90 90 Catalyst*, ng 1.6 1.6 1.6 1.6 1.6 Activator*, ng
3.84 3.84 3.84 3.84 3.84 TNOAL, ng 90 90 90 90 90 W % Conversion 61.5 82.9
89.1 89 85.4 of feed olefins W % Selectivity 49.3 32.7 53.3 53.7 55.2 to
C20 Product_Property KV100 C, cSt 4.65 5.02 4.42 4.38 4. eSt 20.3
22.01 18, SEVOFRIIUL 65 v scosity |ndex 153 164 152 147‘%%%[15}%%88%630tivity
gproduct/ g 34,594 46,623 50, 105 50,063 748,038 netall ocene A =

(1- Me-3-n-BuCp) 2Zr M2, B = (Me4Cp)2ZrCl2, Activator =

di met hyl ani |'i ni unperfl uorotetraphenyl borate, TNOAL = tri-n-octyl-al um num

* = Solution vgpehta, granms in reaction flask 5 Table 1A (Continued) 6 7 8

Catalyst B B FRgle TE, C 2071 . \m-m 30 Decene*, 90
90 90 Catalys&zi Tt 6+t 6—Ackv , . —84 3.84 TNOAL, ny
W % Conversi o PPl on o1 ot L nchaglo S 6—W-94-Seteeti vity to C20 79.8
orZfeed_plef-rs—78-8 . 6 Yo Set :

64.4 16.7 ProfiTempalertylid2d0p d00o& 121 o4 42001171285 | kvad ¢, cSt 16, 25
18.19 65.46 Mi3pwsswgpsindek 143, |148 162 10 30 60

Decene*, g 90 90 90 90 90

Catalyst*, mg 1.6 1.6 1.6 1.6 1.6

Activator¥, mg 3.84 3.84 | 384 | 3.84 3.84

TNOAL, mg 90 90 90 90 90

Wi% Conversion 61.5 82.9 89.1 89 854

of feed olefins

‘Wt % Selectivity 493 327 | 533 53.7 55.2

to C20

Product Property

KV100 °C, cSt 4.65 502 | 442 | 438 4.39

KV40 °C, ¢St 203 | 22.01 | 18.86 | 18.87 | 18.68

Viscosity Index 153 164 152 147 151

Productivity |

g product/g 34,594 | 46,623 | 50,105 | 50,063 | 48,038

metallocene

A = (1-Me-3-n-BuCp)rZrMe;, B = (Me4Cp)aZrCly, Activator =
dimethylaniliniumperfluorotetraphenylborate, TNOAL = tri-n-octyl-aluminum,
* = Solution weight, grams in reaction flask

5
Table 1A (Continued)
6 7 8

Catalyst B B B
Rxn Temp, °C ' 120 100 60
H?2 pressure psi 30 30 30
Decene*, g 90 90 90
Catalyst*, mg 1.6 1.6 1.6
Activator*, mg 3.84 3.84 3.84
TNOAL, mg
Wi% Conversion of feed olefins 78.8 75.7 83.6
Wt % Selectivity to C20 79.8 64.4 16.7
Product Property
KV100 °C, cSt _ 3.94 4.29 11.06
KV40 °C, cSt 16.25 18.19 65.46
Viscosity Index 143, 149 162
Productivity

product/g metallocene 44,332 42,638 47,000

A = (1-Me-3-n-BuCp),ZrMe;, B = (MesCp)2ZrCly, Activator =
dimethylaniliniumperfiuorotetraphenylborate, TNOAL = tri-n-octyl-aluminum,
* = Solution weight, grams in reaction flagk

10



Productivity product/g netall ocen44,332 42,638 47,000 A =
(1- Me-3-n-BuCp) 2ZrMe2, B = (M4Cp) 2Zr C12, Activator
di met hyl ani |'i ni unperfl uor ot et raphenyl bor at e,

*

= Sol uti on wej
PCT/ US2006/ Y928%
Catal yst C 2ZrMe2 C 2ZrMe2 C 2ZrMeZ i Pr

'Hqg%

TNOAL

grans in reaction flask 10 WD 2007
Tabl e 2A US 6,5§ , 724 14 15 16 1

g/nmole 251.5 251.5 251.5 376.1 376.1 Catalyst w.,
13. 1635 13.1635 Activator Z,

di ner

Productivity
etal |l ocene TI

tetra(perfl uor
catal yst sol ut

di met hyl ani | i

added to an au
heated to reac

sel ecti v
5.3 Pour poin

Mbl e wt

tri-n-octyl-alum num

/
Fogssme |

)2Zr C12 (i PrC Zzr C12

m 8. 8025 8. 8025 8. 8025

ing 11.1 28.035 28.035 28.035 28.035 |BA,
gram 0. 1572 0. 1572 0. 1572 0.1572 0.1572 pressure, psi 0 0 50 0 50
1-decenef eed, gppm882 1096 1049 1072 1047 Tanp. C 100 110 110 110 110 %
i 6 : ‘O’"7"ﬁ$‘5 4‘{;{0 10_ KT, L’Si'aii' 67 6—"7b. 4
b ng! 59 <99 -66 -9 Vi sdosity Index 160 Catal Vst
F GUULII“ Cat Lozt 12 1'7Q 1'7 Q?ﬂ A_’I:IL RSR 19 A’.? /IO Qg')
3 = 2nh||'r% Zi: i e Iiﬁr., @)éziéﬁlh’ l‘ﬁpszPG‘lz ni um
oyl iimele at .| 25H8anpl 8505 Bt A31Runs - 3Tkl t heése I76ds. h
Coatalysiowt.angi ng |16.8085 TINGM0251 .16 8:8625 clat A8 635 1 |antB. B384 ng of
ActiveerfZ, mey ot et|r aphény| @#G35e i 08.885 gr arpg.036! uéne28.084t i pn was
TIBA Btancont ai 1 pg599 OremRr |1odsgene ans780 10 pused TNOAL
b Qesb&ERR] at UT|e Ugder| Mygy oggn pjpesSsiT e, oThe 50
1-decene feed, gram 882 1096 1049 1072 1047
Temp. °C 100 110 110 110 110
% dimer selectivity 24.9 35.7 40.7 35.9 41.6
100°C Kv, ¢St 11.4 6.7 6.7 5.4 5.3
Pour point, °C -57 -59 -59 -66 -69
Viscosity Index 160
Catalyst Productivity
o product/g catalyst 12,178 17,870 | 41,636 18,437 40,392
etallocene
TIBA = tri-isobutylaluminum, Activator Z = N, Ndimethylanilinium
tetra(perfluorophenyl)borate,
Example 9

10

15

20

Batch Runs — In these runs, a catalyst solution containing 10 mg TNOAL, 1.6 mg

catalyst 1 and 3.84 mg of dimethylaniliniumperfluorotetraphenylborate in 20 gram

toluene solution was added to an autoclave containing 90 gram of 1-decene and 80

mg of TNQAL heated to reaction temperature under hydrogen pressure. The

reaction was then discontinued after 4 hours by injecting 10 gram of solid

alumina. The product was isolated by filiration to remove any solid residual,

distilled at 100°C under vacuum to remove toluene or unreacted olefins followed

by distillation at 160°C/<1 milli-torr vacuum to remove light ends. The reaction

conditions and residual olefinic polymer properties and compositions are

summarized in Table 4. In all of the following experiments the molar ratio of

TNOAI scavenger to catalyst was 60, and the molar ratio of activator to catalyst

was 1.0. Theresidual fraction of some runs was firther hydrogenated with
hydrogen with 2 wt% of a 50% Nickle on Kieselguhr catalyst at 200°C and 800

psi hydrogen pressure for 4 hours.
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fraction of sone runs Thde 4. uxmnemngdmmﬁ@ﬂmgﬁhmaropgen wth 2 w % of

a S0% Nickle o st at-200C and 800..20 _psi hydrggen
pressure for 4[R¥urs. WO 2007/ 011978 Pd¥ Us€de/ 827943 E 88| TaBl e [4. 1- Decene
A igomeri zatior?catgl},gfatch Reactor [Run A B C @ Fi Cat alystTIT £ Tj1 11 Tenp
C 120 80 100 1203 20—HZAP+4SSH-€—{ P +0-1-0—10—36-66—W %
Conversion of ¢Eemp&8)4 g2 o go i E& £, 1@9 e 1321y g—lol nl e | jbe
sel ectivity 50 /Hamessuredpsik 46 7 dg & halO3 adPtyl 280100 80 c$ 4. 65 10.11
5.02 4.42 4.38|WidLonversicosfty at| Gc5 ;72véfb82@.38§ﬂ. 67 22.0% 88486 18.87
18.68 VI 140 1&&tii@6lefid9 135 139 Pour point,| C <- 60 rimhminni<-61 <-61
g Lube/ g Zr 17WA% L3be58edRity0 23,5000 | 833169.321 46271 | 6B 5] g44.8t al product /
g Zr 34,59 40, 1¥isbkito 4t Fid °0)as 50,0665 f.1038.024 3.4 % L.secEng3bydrogenat ed
0.0 0.8 3.1 6. Fyig By LENT O ik NGB APEHYIST8.36 o alg70f €fa4zs7]1000 C 27.5
27.4 26.3 Mol e%u e T type OrsUT{RFT Qg | 130 | 139 135 139

Pour point, °C <-60| nm | nm | nm | <-61 | <61 |

g lube/ g Zr 17,53137,58129,50| 23,410 | 23,179 | 21,521

9 9 5 : ‘
g total product / g Zr 34,59140,72146,62| 50,105 | 50,063 | 48,038
4 5 3 [ '

% 1-decene hydrogenated | 0.0 0.8 3.1 64 |

Olefin Content by H-NMR i

analysis i

Total olefins/1000 C 27.5 27.4 26.3

Mole% olefin type

distribution

1,2~disubstituted olefins 43 4.0 3.5

Tri-substituted olefins 19.2 24.0 26.7

Vinylidene olefins 76.5 72.0 69.8

“nm = not measured

Example 10 - Continuouns Runs.

This set of experiments was carried out in a continuous reactor process. 1-decene

and toluene used in the runs were sparged with nitrogen and then purified through

a 5-Angstrom molecular sieve. The metallocene catalyst used was Catalyst 1,

preactivated with N,N-dimethylanilinium tetra(pentafluorophenyl)borate with

equal molar amounts of metallocene and activator in toluene solution. The

10

experiments were conducted in a series dual-reactor continuous process. Both of

the reactors were 1-liter autoclave reactors. All feeds were infroduced into the

first reactor and products were continuously withdrawn from the second reactor.

Both of the reactors were controlled at the same reaction temperature. The

product isolation and hydrogenation were similar to that of Example 9. The
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Table 5. , Table 5

TEHEHEC me—6Hy

1.0.0.

ydrpge
LTSI

IUUIZQ m

cess

Metallocene 1 1 1
H2, scc/mn 5 20 5
6 6 W% efin 59.

Jl Ic\rll -— T
ﬂ%ﬁcﬁmmz 2 813

v aw zZJ J_LU
R (“ﬁm\/pf <i28n

"32%
Oﬁi u

40
e 28 ec

n 40 40 40 40
48x10" 2.48x10
tivity 87.2

81.7 59.2 52.3 ((Q
100 C, 8.05 6.53 4

{oialysiymslin se
58 4.36 cS._V

SAEX\Nt [248218

scosityiat 40

214;3_‘3@ 07
C._cS

18.48x 17
43.43 3

.[7 Viscosity at

18. 54

Wt% Olefin
Conversion

59.8 76.4

73.2

83.8

2.50 20.00

(C30-+)

Wi% Lube selectivity |

87.2 81.7

59.2

52.3

'Wt% C20 selectivity |

12.8 18.3

40.8

47.7

'Viscosity at 100 °C,
cS®

8.05 6.53

4.58

4.36

. [Viscosity at 40 °C, ¢S

43.43 32.50

20.00

18.54

VI

161 160

151

150

Pour point, °C

-60.9 -60.3

-51

45

g lube/ g metallocene

15,924 {19,049

13,220

13,378

Example 11

Catalyst 1 is (1,3-Me,n-Bu-Cp),ZrMe;

Experimental procedures: 100 grams of pure 1-butene or propylene were charged

10

into a 600-ml autoclave at room temperature, followed by the proper amount of

~ hydrogen if hydrogen was added( see Table 6 below). The reactor was then

heated to reaction temperature. At reaction temperature, catalyst solution

containing all catalyst components were added in three stages to reactors, so that

reaction temperature was maintained as constant as possible. The reaction was

15

quenched after 16 hours and lube product (C20 and above) was isolated in similar

manner as in Example 9 above. The results and certain reaction conditions of

propylene and 1-butene oligomerizations are summarized in following Table 6.

The product fluids have low viscosities and were produced with productivity of

more than 43,000 g total product/g of metallocene catalyst. Furthermore, the lube

20

suitable for high performance liquids.

product produced from propylene or 1-butene has good VI and low pour points,



VI 161 160 151 150 Pour point, C-60.9 -60.3 -51 -45 Lube/ netal |l ocene
15,924 19,049 ;13,220 13,378 5 Catalyst 1 is (1, 3-Mn-Bu-Cp)2Z Mee Exanpl e
11 Experinental procedures: 100 grans of pure 1-butene or propyl ene were
charged 10 into a 600-nl autoclave at room tenperat ur epcfgdo@eshsdy the
proper amoWx2HOUH Y dr ogen if hydrogegywas added( see Table 6 bel ow). The
reactor was then heated to reaction tenperature. At reaction tenperature,
catal yst solution containing all catalyst conponents were added in three
stages to reactors, so that reaction tenperature was naintai ned as const ant
as possible. The reaction was 15 quenched after 16 hours and | ube product
(C20 and abovEjampisNosol ated i n siilAar 11Banner as in Exanple 9 above. The
results and cRedcomTempahiuteioCondi tjlons 8¢ propyl ene and 1-butene

ol i goneri zat | RyFogdh Présbure®ysi zed in @l 1 oy ng Table 6. The product fluids
have | ow vi scasiiidiggnsand were pr SheM bitef Oductivity of nore than
43,000 g tot afy %gyct/g of netall ogghe fgf al yst. Furthernore, the l[ube 20
pr oduct producdag &QJR“ i yl ene or 1-butene has good VI and | ow pour points,
suitable for h|(%1 %%rnﬂ rmance |iquids. WO 2007/011973 1PCT1US2006/ 027943 90
Exanple No. 1 ? action Tenperat ur oC 110 80 hydrogen pressure, psi
30 30 Feed O%&?&eﬁ%ﬁl ene 1- but eé grams 100 100 Catal yst sol ution
in addition f Mol uene, grans 4620 21F'f'BA, ng 26 12.7 Metall ocene, ny
1.47 1.824 AMeiallaesde, Mgy 3. 205 3. dgW3 B34 conversion by GC 67.52 87.52
Product Sel ecAPtiNaigr, mEght ends (<C3493 wi-30488. 4 54. 12565

Wit% Conversion by GC 67.52 87.52
Product Selectivity

light ends (<C24), wit% 78.4  54.12565
lube, (C25 and above)wt% 21.6  45.87435
Lube Properties

V1000C, ¢S 10.02 9.68
V400C, cS 102.77 94.39

VI 70 75

Pour Point,oC 30 -32.
Bromine Number 25.6
GPC

Mw 1000 782

Mn - 868 710
Mw/Mn 1.152  1.101

g total pdt/g metallocene 45,932 47,982

TIBA is trisiobutylaluminum, Activator = N,N-dimethylanilinium

tetra(perfluorophenyl)borate, Catalyst A = bis(l-methyl-3-n-

butylcyclopentadienyl)zirconium dimethyl

All documents described herein are incorporated by reference herein,

including any priority docurments and/or testing procedures, except to the extent

they are inconsistent with this specification. As is apparent from the foregoing

general description and the specific embodiments, while forms of the invention
10 have been illustrated and described, various modifications can be made without

departing from the spirit and scope of the invention. Accordingly, it is not

intended that the invention be limited thereby.



| ube, (C25 and above)w % 21.6 45.87435 Lube Properties V1000C, ¢S 10.02
9.68 V40oC, ¢S 102.77 94.39 VI 70 75 Pour Point,oC -30 -32 Brom ne
Nunmber 25.6 GPC Mwv 1000 782 WMh 868 710 MM Mnh 1.152 1.101 g total pdt/g
nmet al | ocene 45,932 47,982 TIBA is trisiobutylalumnum Activator =

NN- di met hyl aui l i nium tetra(perfluorophenyl)borate, Catalyst A =

bi s(1-met hyl - 3-n- butyl cycl opent adi enyl ) zi rconi um di nethyl 5 Al docunents
descri bed herein are incorporated by r ler ence herein, i ncl udi ng any
priority docunments and/or testing procedures, except to the extent they are
inconsistent wwth this specification. As is apparent fromthe foregoing
general deggnipii on and the specific enbodi nents, while forms of the
invention 10 have been illustrated and described, various nodifications can
be made without departing fromthe spirit and scope of the invention.

Accordingl¥, it,is no% iqgendquthgt %?e invention be limted thereby. 91
CLAIMS: 1. VA pro®b¥esyt8 Prrdise & BONIBRH-GSFRRAMBEIPE n conprising: 1) contacting
one or nore al pﬂa‘0|&fnia@tiﬂ@&ﬁ@&ﬁor9§l§hﬁlﬂleﬁntr&)ﬁﬂ1eﬁﬁ{abﬁ@3t%tZQfEﬁrb%th an

unbri dged substituted his cycl opentadi enyl transition netal conmpound
havi ng: 1) atgms Mathen ushadgegrsubstiverdbis sydopsstadieny] sansiion mestal ceppp@ident adi enyl

rings, or ; S! ! I 0 I C i enyl
ri ng, a noﬁ%"(l:‘ggtt') rlb{‘ltﬁgfsli %%ev%rﬂ'lg%%%%%hﬁj\g;gcpﬁ)% &la}%ogh 3ﬁ£§%§pﬁg?%%gr%{%pi gpnpouﬁd,
where the hestawo swbistitutiohs b nedst dretyoRpaitadiegiogchdnecoadinatiag @fiiohs 10: 1 to

0.1:1, and the nolar ratjo of al kyl alum num conpound o transition netal
cormpound | &tiater.agd apalkykalumine coyapapng, Yhese Thﬁﬁnn@ﬁrfa??f’ fransifior st )

hydrogen | 8,/ #5680 adivafdr R3] @10, P GFAEEmOlar iid of AyLaldlmnPd3gutiPon the

t ot al
to transition metal compound is 1:4 to 4000:1, under polymerization conditions wherein:

i} hydrogen is present at a partial pressure of 0.1 to 50 psi, based upon the total
pressure of the reactor or the concentration of the hydrogen is from 1 to 10,000 ppm or
less by weight ;

ii) wherein the alpha-olefin monomer(s) having 3 to 24 carbon atoms are present
at 10 volume % or more based upon the total volume of the
catalyst/activator/alkylaluminum compound solutions, monomers, and any diluents or
solvents present in the reaction;

iii) the residence time of the reaction is at least 5 minutes;

iv) the productivity of the process is at least 43,000 grams of total product per
gram of transition metal compound;

v) the process is continuous or semi-continuous, and

vi) the temperature in the reaction zone does not rise by more than 10 °C during
the reaction; and

vii) ethylene is not present at more than 30 volume % of the monomers entering
the reaction zone;
and

2) obtaining a polyalpha-olefin (PAQO), optionally hydrogenating the PAO,
wherein the PAO comprises at least 50 mole% of a C3 to C24 alpha-olefin monomer, and

wherein the PAO has a kinematic viscosity at 100°C of 20 ¢St or less.
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pressure of the reactor or the concentration of the hydrogen is from1l to
10,000 ppmor |ess by weight ; ii) wherein the al pha-olefin nmononer(s)
having 3 to 24 carbon atons are present at 10 volunme % or nore based upon
the total volume of the catalyst/activator/alkylalum num conpound

sol utions, nononers, and any diluents or solvents present in the reaction;
iii) the residence tinme of the reaction is at least 5 mnutes; iv) the
productivity of the process is at |east9243,000 granms of total product per
gramof transition netal conpound; v) the process is continuous or

sem -conti nuous, and vi) the tenperature in the reaction zone does not rise

by nmore than 10.C durin t.he action d vii), eth e 1S not .present at
nore than 30 vo llﬁ@%/es%gfcfl lrﬁyﬁ tg Emsﬁ}qnﬁﬁetz]t %E%@Flr%e%tﬁg Yand 2)
obt ai ni ng gePSintdd:pha-ol efin (PAO, optionally hydrogenating the PAQ
wherein the PAO conprises at |east 50 nole% of a C3 to C24 al pha-olefin
nononmer, and wherein the PAO has a kinematic viscosity at 100C of 20 cSt or
|l ess. 92 2. The pcess of claiml wherein the transition netal compound is
represent ed by Eb formula: R 3 R R4 RS S M2 RI0O R RO R7 R8 where
Mis a Goup 4 ;

MX,
R10
RO
R
R’
RS

where M is a Group 4 metal;

each X is a hydrogen, halogen, hydride radicals, hydrocarbyl radicals, substituted
hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals, silylcarbyl
radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or substituted
germylcarbyl 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 atoms, or both together can

be an olefin, diolefin or aryne ligand; and



each X is a hydrogen, hal ogen, hydride radicals, hydrocarbyl radicals,
substituted hydrocarbyl radicals, halocarbyl radicals, substituted

hal ocar byl radicals, silylcarbyl radicals, substituted silylcarbyl

radi cal s, gennyl carbyl radicals, or substituted gernylcarbyl radicals, or
both X are joined and bound to the netal atomto forma netallacycle ring
contai ning fromabout 3 to about 20 carbon atons, or both together can be
an olefin, diolefin or aryne ligand; angh 93 Rl to R10 are independently, a
radi cal group which is a hydrogen, a heteroatom hydrocarbyl, substituted
hydr ocar byl , hal ocarbyl, substituted hal ocarbyl, silylcarbyl or

ger nyl car byl;, ovided that: 1) at |east one o to R5 is not hydrogen or
an i sool ef #I 1%y [Oaéﬁm eratentiyes fricpbstoRp F‘ﬁ“cgés %gYﬁlﬂgﬁ'&r% gRrogtoman j sool efin or
2) at |eas : ; e f RLto
R5 are not%ﬁy r%gghﬁéﬁ%ﬂgﬁ%ngg%byggdg%g%%gﬁgﬂﬁ%%%ﬁgfgﬁﬁ%iQ fﬁ”ﬁggﬁ, and
where any tgemdchradgmovidd that: R atdeastipiss of R/ t6 &7 i mot GxidibgenGaGn isopbdfinc or  pol y

cyclic noiety, .and wh a I wo jacent R6 t0.R10.groups may. fiorpga C4 to
20 cyol 1o 2 BgR ORI 40 R it Bk o a8t gy 2 HeR ot Ko b r i ¢ he
PAO has a RAliot BPABEe?br 341 1€as@ivol SFRS to RN ke RokhydPoRniafd ¥ 18808k d ¥f Blt0100 C of
15¢cSt or le 4. e process of any of clai 1.to 3 wherein the

vol yal pha- @ bimmpehysorartcd ererhensi thg adiscauRiio BT gioupswsen frmardh & €20 5. The

process of any. of ¢lai l1.t0.4 erein.the.pol yad 0l efm has_a m ne
Pnber ot £501sP pafl GeliEmbichd afd WiSEEhD Ay RERY R} B10e HShTmad forky £ e
pol yal pha- a4 b Bydlid or policeliddhbiety. vi scosity at 100C of from 1.5 to 15 cSt.

7. The process of any of clains 1 to 6 wherein the pol yal pha-ol efm has a
Kinematic viscosity at 40C of from3 to 1,000 cSt. 8. The process of any of

claims 1 tgq 7 j - 0l efil SLIy anb f 90 to
200. 9. Thg"pr\(,)\/ggé?og?stsgﬁ gﬂ?kgﬁ?'rﬁé*%iﬁ@g@m%faﬁr@ﬁ@%%ﬁ?a?%ﬁiﬁs% efin has
a pour poi nahd atfnemdQEviatosite as10004C ofliGcSildrdeser ocess of any of clainms 1 to 9
wherein the al pha-ol efin nononers are selected fromthe group consisting of

1- butene, 1-pentene, 1-hexene, 1l-heptene, 1-octene, 1-nonene, 1-decene,

1-undecene,4 1'1 df]ﬁg Bf‘dggses cogﬁmté‘} Bqﬁﬁﬁﬁq’to %‘v@}f‘e}éiﬁgiﬁfbﬁagﬁlﬁl%:o‘?&ﬂ% i@??@lﬁ&%ne 1

- hexadecene, , -oct adecene, ecene, cosene, 1-
unei cosene hating an Mw/Mn of between 1 and 3.5.

5. The process of any of claims 1 to 4 wherein the polyalpha-olefin has a Bromine

mumnber of 1.8 or more.

6. The process of any of claims 1 to 5 wherein the polyalpha-olefin has a Kinematic
viscosity at 100°C of from 1.5 to 15 ¢St.

7. The process of any of claims 1 to 6 wherein the polyalpha-olefin has a Kinematic
viscosity at 40°C of from 3 to 1,000 ¢St.

8. The process of any of claims 1 to 7 wherein the polyalpha-olefin has a Viscosity
Index of 90 to 200.

0. The process of any of claims 1 to 8 wherein the polyalpha-olefin has a pour point
of -40°C or less.



docosene, 1-tricosene, 1l-tetracosene, 1-pentacosene, 1-hexacosene,

4-nmet hyl -1 - pentene, 4-phenyl -1-butene, and 5-phenyl-I|-pentene. 11. The
process of any of clains 1 to 10 wherein the pol yal pha-olefin has a
dielectric constant of 2.5 or less (1 kHz at 23 C). 12. The process of any
of claims 1 to 11 wherein the polyal pha-olefin has a flash point of 150C or
nore. 13. The process of any of clains | to 16 wherein ethyl ene, propyl ene
and butene nononers are present at | es¥ than | wei ght % 14. The process of
any of clains 1 to 13 wherein nononers having 5 to 24 carbon atons are
present at 70 nole% or nore. 15. The process of any of clainms 1 to 14
further compri SirRgprbteRRE hANEH d1¥ims 188D IR rdiN heRYIMA FIANOM AR e T educe

het er oat om contai ning conpounds to |ess than 600 ppm 2) optionally

separ at i ng s¢leeepibmahgpiraup Festsisting bf bM@m,dm@ngl-ﬁﬁmeu@ dtkepteng)l-eddencact i ng

ot ar ni ng. T eyt et ERPERET T AR e SR RE T b e b PafRlecsf ) i

process of jcleRhd¥cdie, Mhehiaidtehid) @ -Reld¥enpNEn®la@Edehie,  1Seibdsemd, @ dulidicdsenEpyLe
het er oat om cont ai ni ng conpounds prior to contacting with the hydrogen and or

the hydr ogesrsenes h-tdeasans d tietrapgseng.7l-pamiacopangcbbexagpseap-wethyl- bppene, t o 16
where a scgy, rij 1 | . ¢ | ses nethyl al unoxane and or nodified
met hyl al um(%t glr%gﬁ H@tﬁer%}éﬁ%?%%%@@l H%{ﬁ%/ of clainms 1 to 17 wherein the
activator conprises one or nore of N, N-dinethylanilinium

tetra(pentafl uor phenyl}%orate,_N,N—dialkylph nyl anj linjym i i

t et r a( pent df1 uolBpRERFISOb aRwekelfipisd te 19%@6@%@? PPg’ajé’h'(‘:IOi#%‘ hes g diglegtic gr oup)
trityl te I hapylRepat e, tris(pentafl uorophenyl)boron,
tri-alkyIa%%%%?%ﬁ$ﬁ§g¥géfgéntaéF%onghenyl)borate (where the alkyl is a C
to G 8 al kyl group), tetra- al kyl ammoni um tetra(pentafl uorophenyl)borate

(where the alkyl.,is a C1l to 18 a3l kyl roup). 19 .Th rocess ,of any of
Sl 1 td018 BHEPEERORENT PERSIIGN e BhpglRlehs CliBRs eboghe o nor e
of . bis(1, 20t bf 15BERY hip¥s! opent adi enyl ) zi rconi um di chl ori de;

bi s(1, 3-di met hyleycl opent adi enyl ) zi rconi um di chl ori de;

13.  The process of any of claims 1 to 16 wherein ethylene, propylene and butene

monomers are present at less than 1 weight %.

14, The process of any of claims 1 to 13 wherein monomers having 5 to 24 carbon

atoms are present at 70 mole% or more.

15, The process of any of claims 1 to 14 further comprising

1) optionally treating the polyalpha-olefin to reduce heteroatom containing
compounds to less than 600 ppm,

2) optionally separating the polyalpha-olefins from solvents or diluents;

3) contacting the polyalpha-olefin with hydrogen and a hydrogenation
catalyst; and

4) obtaining a polyalpha-olefin having a bromine number less than 1.8,

16.  The process of claim 15 wherein the polyalpha-olefin is treated to remove
heteroatom containing compounds prior to contacting with the hydrogen and or the

hydrogenation catalyst.



bi s(tetranethyl cycl opent adi enyl ) zi rconi um di chl ori de;

bi s(pent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de;
bis(1,2,4-trimethyl cycl opentadi enyl) zirconi um di met hyl ;

bi s( 1, 3-di et hyl cycl opent adi enyl ) zi r coni um di et hyl ;

bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di net hyl ; or

bi s(pent anet hyl cycl opent adi enyl ) zi rconi um di net hyl . 20. The process of any
of clainms 1 to 18 wherein the transitiof netal conpound conprises one or
nore of. Bis(1,2-dinethylcycl opentadi enyl)zirconium dichlori de,

Bi s(1, 3-di net hyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bis(1,2,3-ypi mefrhy #ﬁﬁ@&s%@ﬁﬁ‘} seiapxh s ik %@ie%@c%e%%éﬂE bf@@ent and comprises

Bis(1,2,4-trinethylcyclopentadi enyl)zirconium dichloride

Bis(1,2,3, metdgﬂarlmdmylamyor wpdified dicthydlyméxapeni um di chl ori de,
Bis(1,2,3,4 5- pent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de, 96
Bi s(1- net hyl - 2- et hyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1- met hyR- 2- ThepRRYs Y GhPHRMiAHR 1861 IhicfeiPMt HORVALGERbADHER one or more
Bi s(1- et hyl - 2-n-butyl | cycl opent adi enyl ) zi r coni um di chl ori de,

Bi s( 1- met hyf NN-dimsthidguilivipenicaa(peniyilyorophenylinomtei Hﬂ‘ﬂ -dieilgdphenylanilinium
Bi s(1-neth r i i

g1 o( 1. mot ngtee B P h AR AR 31t 85 s E gl o wiot

Bi s(1- met hyétma:dﬁta}ﬂaﬂﬁo)ahw@baﬁww@eﬁfhﬂhbﬁpﬁﬁgﬁbmohmcmyaamﬁhemum

Bi s(1, 2-di net hyl - 4- et h cl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1, 2- di AR taﬂuﬁwp i (a@éxﬁthﬁalkwyﬁyﬂlrteéfﬂﬁe}mgr@ﬁpbmfr@e

Bi s(1, 2-di l.ar

B S(1 2. d Eﬁ{x‘%‘*méﬁmpe&%%ﬁﬁeny?@ R S
Bi s(1, 3-di etduph.cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s( 1, 2-di - n-propyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1, 2-di -n-butyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(1- et hgb: 2, g hRIbyloryf) ORAMEAT!E 1Y el AR R ALERLAT (dihound
Bi s(1, 2-di et hyI 4-n- propyl cycl opent adi enyl ) zi rconi um di chl oride,

Bi s(1, 2-di eblthtISEAone blwmyted;ftl opent adl enyl ) zi rconi um di chl ori de,
Bis(1- rre 0 Zi i.um di chl ori de,

Bi s( 1- et %P? 448 @%’lﬁ% ?Jﬁ?mﬁ %ﬁ/“)‘&?filfgﬁ?ﬂﬁﬁq di chl ori de,

bls(l 3-dlmethylcyclopentad1eny1)z1rcon1um dichloride;
bis(tetramethylcyclopentadienyl)zirconium dichloride;
bis(pentamethylcyclopentadienyl)zirconium dichloride;
bis(1,2,4-trimethylcyclopentadienyl)zirconium dimethyl;
bis(1,3-dimethylcyclopentadienyl)zirconium dimethyl;
bis(tetramethylcyclopentadienyl)zirconium dimethyl; or

bis(pentamethylcyclopentadienyl)zirconium dimethyl.

20.  The process of any of claims 1 to 18 wherein the transition metal compound
comprises one or more of:

Bis(1,2-dimethylcyclopentadienyl)zirconium dichloride,
Bis(1,3-dimethylcyclopentadienyl)zirconium dichloride,
Bis(1,2,3-trimethylcyclopentadienyl)zirconium dichloride,
Bis(1,2,4-trimethylcyclopentadienyl)zirconium dichloride,
Bis(1,2,3,4-tetramethylcyclopentadienyl)zirconium dichloride,
Bis(1,2,3,4,5-pentamethylcyclopentadienyl)zirconium dichloride,



(1, 2-di met hyl cycl opent adi enyl ) (cycl opent adi enyl ) zi rconi um di chl ori de,

(1, 3-di net hyl cycl opent adi enyl ) (cycl opent adi enyl ) zi rconi um di chl ori de,
(1, 2-di net hyl cycl opent adi enyl ) (net hyl cycl opent adi enyl ) zi rconi um di chl ori de,
(1, 2-

(1

, 2-di
di
di
, 2-di met hyl cycl opent adi enyl ) (et hyl cycl opent adi enyl ) zi r coni um di chl ori de,
, 2-di net hyl cycl opent adi enyl ) (1, 2-di - n- butyl cycl opent adi enyl ) zi r coni um
dichloride, (1, 3-dinethylcyclopent adi engll ) (cycl opent adi enyl ) zi rconi um
di chl ori de, 9
(1, 3-di net hyl cycl opent adi enyl ) (1, 2- di met hyl cycl opent adi enyl ) zi r coni um
di chl ori de,
(1 3-di net en p‘% thfz tadi enyl ) zi r coni um

di chl ori detﬁig@%{g‘%&ﬁ?} hgl ér{é:%lnaﬂibny@%gctﬁ orl %81&18 &é;( 1- net hyl i ndenyl ) zi rconi um
di chl ori de Bls(&mitﬁyl@h@wpyhﬂehpér)tzdw@b)mrwmdn dichitidde, 97
Bi s(4- nmet h ).ZI rco C i met hyl i ndenyl ) zi r coni um
di chl ori de Tnéf(ﬂgy Zpb ‘? @B WW}%#@HW di chl ori de,
Bis(4,5,6, t o i chl ori de,

7B 5@ Ih g gc?glcg@%é%kdd&%? cfl)ﬁiMalelﬂHHaéj

Bis(4,5,6,7-tetra enyl ) zirconi’um di chl ori de,
(Cycl opent ﬁis(éﬂmtbnﬂéB-ﬁ-pﬁqufldyelopahgcﬂ@mﬂ)ndmwum dichlboide,um di chl ori de,

Bi o( 1,3 ai reryreser RERb R ERAG SrR B Rl

Bi s(1, 2, 3- thil18h *1 le a@pé‘ﬁadl oré)Eie@RATI RhIBREEY | |
open

Bls(124tr|rreth adi eny 2|rcon|umd|rrethyl

Bi s(1,2, 3, zBls(étzrthmthyw@;&mlmbmw@wmmmmmthnrmlﬁmat hyl ,
Bis(1, 2,3, t t hyl ,
o1 o( 1" met hytod e Rl o Tt P R bR ™
Bi s(1-net h}BlS@ zadlﬁfea@th&itﬁawlbﬂtaam@ﬁmﬁm daamdnd@t hy! |

Bi s(1- net hy n- but yl | cycl opent adi enyl ) zi rconi um di net hyl ,

Bi s( 1- net hﬁw(éﬁe@lﬁtp Jé %l)@fgﬂn)% dighlariden di met hy!l |
Bis(l-meth n r |umd|rrethl
Bi SE 1- net hy¢ @-3 dlgﬂl%g%&@opent ?&?@%?é@gﬁﬁﬂm di net hyl , Y

Bi s(1- me'sj hyBls(?. mdngemo;ﬁylcydblfmmdimgﬂc)lﬂmphll)u? dicldoriden di :j met hKI 3
B 1, 2-di et cl opent adi en i um di net

B; 251 2- di @ﬁ@ﬁ -dip-putgicy g%lpw%?% @chl Mdoni um di met | hyl ,
Bi s(1, 2- di ngt@¥hetfsity, @%ﬂﬁﬂ@c&%&ﬂ%ﬁ%ﬁﬁﬁkéxﬁﬁxﬁm&%d' met hyl ,

Bis(1,2-diethyl-4-n-propylcyclopentadienyl)zirconium dichloride,
Bis(1,2-diethyl-4-n-butylcyclopentadienyl)zirconium dichloride,
Bis(1-methyl-3-i-propylcyclopentadienyl)zirconium dichloride,
Bis(1-ethyl-3-i-propylcyclopentadienyl)zirconium dichloride,
(1,2-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride,
(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride,
(1,2-dimethylcyclopentadienyl){(methylcyclopentadienyl)zirconium dichloride,
(1,2-dimethylcyclopentadienyl)(ethylcyclopentadienyl)zirconium dichloride,
(1,2-dimethylcyclopentadienyl)(1,2-di-n-butylcyclopentadienyl)zirconium dichloride,
(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride,
(1,3-dimethylcyclopentadienyl)(1,2-dimethylcyclopentadienyl)zirconium dichloride,
{1,3-dimethylcyclopentadienyl}(1,3-diethylcyclopentadienyl)zirconium dichloride,
Bis(indenyl)zirconium dichloride,

Bis(1-methylindenyl)zirconium dichloride,

Bis(2-methylindenyl)zirconium dichloride,



Bi s(1, 2-di et hyl cycl opent adi enyl ) zi r coni um di net hyl ,

Bi s(1, 3-di et hyl cycl opent adi enyl ) zi rconi um di net hyl ,

Bi s( 1, 2-di - n- propyl cycl opent adi enyl ) zi rconi um di net hyl ,

Bi s( 1, 2-di - n- buyl cycl opent adi enyl ) zi rconi um di net hyl ,

Bi s(1-net hyl - 2, 4-di et hyl cycl opent adi enyl ) zi r coni um di net hyl ,

Bi s(1, 2-di et hyl -4-n-propyl cycl opent adi enyl ) zi rconi um di net hyl ,
Bis(1,2-diethyl-4-n-buy|cyclopentadien%ﬂ{zirconiun1dinethy|,

Bi s(1- met hyl - 3-i - propyl cycl opent adi enyl ) zi rconi um di met hyl , 98
Bi s(1-ethyl -3-i-propyl cycl opent adi enyl ) zi r coni um di net hyl ,

, 2-di net “&'ﬂﬁ’% I : nent adi enyl ) zi rconi um di net hyl
, 3- di et y%(cycl peﬁ%@g’@%%g%g Oglgg’nt adi enyl ) zi rconi um di et hyl ,
di
d

(
(

, 2- di et hyl I t adi, | ).(.et hyl cyu t adi 1) zi i di net hyl ,
(1 2- di ot A Oy ek Ar Brweiicostion SEHBBRI vl opent adi enyl) 2i rooni am
g: E Ey: . Blisk4,3;6H-REYA-GCY ShARARIBEY PR i R isdnBRRR! adi enyl ) zi r coni um
(
d

1, 3- d%/rrét Bjd(4.9 6L istalakt-47ydinethylindtingbritophsyrc dicleridadi enyl ) zi r coni um
i met hyl , . . . . . .
( Ilng d%/met |§9¥°&‘§P€P@BEH¥%(&5e?1}1‘3‘{‘*¥?%’98%d8?3ﬂ%?rr8%‘|“8&é‘%‘!"&&‘i‘*e nyl ) zi rconi um

di met hyl, ]j.i?yj(ﬁ@idﬁﬂ@tﬁz]b AbpneidaR)SikdRiuY HimeBiys ( 1- met hyl i ndenyl ) zi r coni um
di methyl, Bis(2-net i ndenyl ) zi rconi um di net hyl ,
Bi s( 4- met h{Bis(hdslipethylcydepantadicnyheirdopium digletyd, 7- di met hyl i ndenyl ) zi r coni um

di net hyl , i D 6 t i | ) Zi i di net hyl ,
oo b, PAERP RSN RO MRAR, 0 FL by
Bi s(4, 5, 6, Bid(eR eyt clbpehtaditmyzirosiamy dimethgoni um di net hyl , or

(Cycl opent adi enyl ) (4,5, 6, 7-t etrahydr @i ndenyl ) zi rconium di net hyl. 21. The
process of Béﬁ(}/széf‘g‘ﬁ?ﬁalinﬁ%‘ﬂfy?lﬁp%@adgﬁ%})é‘?‘ﬁm%%dmig’i tion metal conpound

. T . di Y haf ni
i ol or 1 de DT e F e e i i h or 1 de.
Bi s(1, 2, 3- Bis( ety -Qyethydprhipediadeyyl)debmibmrdicedil, or i de,

2 TR o

Bis(1-methyl-2-n-butyllcyclopentadienyl)zirconium dimethyl,

Bis(1-methyl-3-ethylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-3-n-propylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-3-n-butylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-3-n-pentylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-dimethyl-4-ethylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-dimethyl-4-n-propylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-dimethyl-4-n-butylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-diethylcyclop entadienyl) zirconium dimethyl,
Bis(1,3-dicthylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-di-n-propylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-di-n-butylcyclopentadienyl)zirconium dimethyi,
Bis(1-methyl-2,4-diethylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-diethyl-4-n-propylcyclopentadienyl)zirconium dimethyl,
Bis(1,2-diethyl-4-n-butylcyclopentadienyl)zirconium dimethyl,
Bis(1-methyl-3-i-propylcyclopentadienyl)zirconium dimethyl,



Bi s(1, 2, 3, 4, 5- pent anet hyl cycl opent adi enyl ) haf ni um di chl ori de,

Bi s(1- nethyl 2- et hyl cycl opent adi enyl ) hafiiiumdichl ori de,

Bi s(1- met hyl - 2- n- propyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s(I-nethyl-2-n-butyllcycl opent adi enyl ) haf ni um di chl ori de, 99

Bi s(1- et hyl - 3-et hyl cycl opent adi enyl ) hafiiium dichl oride,

Bi s(1- net hyl - 3- n- propyl cycl opent adi enyl ) hafiiium di chl ori de,

Bi s(1-nmethyl -3-n-butyl cycl opent adi enyl )ffafiii um di chl ori de,

Bi s(1-net hyl - 3-n- pentyl cycl opent adi enyl ) haf ni um di chl ori de,

Bi s(1, 2-di net hyl - 4-et hyl cycl opent adi enyl ) hafi hi um di chl ori de,

Bis(1, 2- dlqﬁgmxhnﬁgq hia@ery siyn)dhabfium di chl ori de,

Bi s(1, 2-di (h n]%ﬁgﬂﬁtg%?openta%?gnyl)hafnlzn1d|chIorlde

B o(1, 2. di dlsydws mytbybmdammdmyl)ﬁomalbpmta,dwrd'i)ammmulmélmethyl

Bi o( 1, 2- i U vaRprEareRBid g&b@ﬁ?‘ﬁy%ﬁ% e B ot

Bis(1,2-di {n 2%%9&9&1 @iy (it th dﬂaidmpemadieﬁﬁbz@;rcbﬁiam dimethyl,

Bi s(1-net hyl -2, 4- dlethy yclopenta hafiiiumdichloride,

Bi s(1, 2- d| el ,H;dmmthﬁ pelepspiadiey %loéﬁ%tﬁ(}lﬁ@fllzmwlwdéfw%ﬂb de,
Bis(1,2-d adj ¢

Bi o( 1. mot hy| 24l fcﬁ%%éyﬁ%ﬁ?pﬁﬁﬁ% A S PRp i Mol Bty

Bi s(1-et hyl(1 3-d:mpﬂhgnyélmkaalp@m)eﬁ}bbpmtadiafymzmmim Bnosthyle,

(1. 3-di mot P@ R e N B R A
(1, 2-di ne Jﬁﬁ i chl oride,
(1, 2- dlﬁEth¥ g%%bﬁgeg a%%enf%%éQP%B¥Eyé§%%E%?%§g%ﬁﬁ¥&% Ekﬁﬁ%ﬂichlorlde,
(1, 2-di net IBis(mdehypreomidinatipkthfll, 2- di - n- but yl cycl opent adi enyl ) haf ni um
di

d: gm 8;: gg B1s((1~meth)g1nr£§nﬁ llI% I(I:I{n%p tﬁdll enyl ) (cycl opent adi enyl ) hafi hi um

(1, 3-di met iykoysdiRpeRtAdIAOYlibhBidediet hyl cycl opent adi enyl ) haf ni um
di chl ori de

(1, 3-di met @S(émtbgdmdmd)wnwmmﬁnaemk hyl cycl opent adi enyl ) haf ni um

di chl ori de, f.ni um d| chl.ori de, Bis(1l-methylindenyl)hafnium
di chl or i de Bl & sé‘?eﬁ?é’rﬁ{‘gnﬁ WA di chlori de,

glsgﬁ neéhﬂhgnd@ﬂyk&ﬁm&@byﬂthpﬁb@ﬁmﬂqunaﬁﬁs(4 7-di met hyl i ndenyl ) haf ni um
i chloride
Bls(4,5,6,7-tetrahydro-2-methylmdenyl)mrcomum dimethyl,
Bis(4,5,6,7-tetrahydro-4,7-dimethylindenyl)zirconium dimethyl, or

(Cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)zirconium dimethyl.

21.  The process of any of claims 1 to 18 wherein the transition metal compound
comprises one or more of:
Bis(1,2-dimethylcyclopentadienyl)hafnium dichloride,
Bis(1,3-dimethylcyclopentadienyl}hafnium dichloride,
Bis(1,2,3-trimethylcyclopentadienyl)hafnifum dichloride,
Bis(1,2,4-trimethylcyclopentadienyl)hafhium dichloride,
Bis(1,2,3,4-tetramethylcyclopentadienyl )hafnium dichloride,
Bis(1,2,3,4,5-pentamethylcyclopentadienyl)hafnium dichloride,
Bis(1-methyl-2-cthylcyclopentadienyl)hafnium dichloride,
Bis(1-methyl-2-n-propylcyclopentadienyl)zirconium dichloride,
Bis(1-methyl-2-n-butyllcyclopentadienyl)hafnium dichloride,



Bi s(
Bi s(
Bi s(
(Cyc

7-t etrahydroi ndenyl ) haf ni um di chl ori de, 100

, 7-tetrahydro-2-net hyl i ndenyl ) haf ni um di chl ori de,
7-tetrahydro-4, 7-di met hyl i ndenyl ) haf ni um di chl ori de,
a

-t

-t

- o-
I\)I\JNOOI\)'O aoao

di enyl ) (4,5, 6, 7-t et rahydr oi ndenyl ) haf ni um di chl ori de,
i met hyl cycl opent adi enyl ) haf ni um di net hyl ,
i met hyl cycl opent adi enyl ) haf ni um di net hyl ,

W
nuunmn
—~

ri met hyl cycl opent adi enyl ) haf A7 um di met hyI ,
ri met hyl cycl opent adi enyl ) haf ni um di net hyl ,
, 4-tetranet hyl cycl opent adi enyl ) haf ni um di et hyl ,

, 4Bi %%%ﬂ@&tﬂl?ﬂ'c%d@ﬂgéﬁﬂﬂign gDhARM) disdishasn di net hyI
yl et hyl cycl opent adi e ) haf ni um di net hyl ,
ﬁw@—metbyloiawpmcb’pl@nmﬁl grmhymafm dICb}@nde,rret hyl |
y

- t t hyl,
s e b AR PR ARt el By ™
yBls@ Iﬂctﬁflgﬁﬁllﬁmicgﬂaﬁémdhﬁ%héﬁiﬁﬁﬂ dicklaridd, met hyl |
yl - 3-n-butyl cycl opent adi enyl } hafiiium dj net hyl,

ﬁls(éﬁndlp@ﬂww@w Sslomeniadier}pfrigm dichlardenet hyl |

i @%‘E% by pr op%l%b@gfa{’)&q ﬁ%&%@%ﬁ%@éﬁ%} PT%![ hyl ,

== pien pien pien pijun s B

rmts(h)ﬁ dlﬁwﬂrybutxylbﬂylcychmmtﬁmngl)lydfﬁﬂuaf dichlonidh, met hyl ,

AR R e )

- BgreuokchpeRiad A AARIBHME! T byl

hyBls(z 24dleh Bltotlylcyglolbemmlmnaﬂhdnmm)&lalﬂmdnm di met hyl ,
B SRRt gty vum o ety

hyéls@ metH{rIOPXJdFéﬂ?)llé%Qﬁi%ﬁtg&@ﬁM%}%ﬁﬁﬁlﬁ gwmgideet hyl,

et yl - 3-i - propyl cycl'opent adi enyl ) haf ni um di met hyl ,
[
[
[

PRRPPRRPPRPPRPRPPREPERERRPRPEPRPPTARMN

seueorgocgueuciosivegueuviociueJueusioegueucioriveJueiuviocue ool
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DO OuuOmuunmuunnmnunmoumoumumunmnumnmunununmuvmuvumumumonunon

met H3is{dylediofhs fr-amremwﬂwnﬂadlpeﬁ)l‘agn@n)dldirlraﬁm um gl met Ey:
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Bis(1-methyl-3-i-propylcyclopentadienyl)hafnium dichloride,

NN N
PP

Bis(1-ethyl-3-i-propylcyclopentadienyl)hafnium dichloride,
(1,2-dimethylcyclopentadienyl)(cyclopentadienyl)hafnium dichloride,
(1,3-dimethylcyclopentadienyl)(cyclopentadienylhafnium dichloride,
(1,2-dimethylcyclopentadienyl)(methylcyclopentadienyl )hafnium dichloride,
(1,2-dimethylcyclopentadienyl)(ethylcyclopentadienyl}hafnium dichloride,
(1,2-dimethylcyclopentadienyl)(1,2-di-n-butylcyclopentadienyl)hafnium dichloride,
(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)hafnium dichloride,
(1,3-dimethylcyclopentadienyl)(1,2-dimethylcyclopentadienyl)hafnium dichloride,
(1,3-dimethylcyclopentadienyl)(1,3-diethylcyclopentadienyl)hafnium dichloride,
Bis(indenyl}hafnium dichloride,

Bis(1-methylindenyl)hafnium dichloride,

Bis(2-methylindenyl)hafnium dichloride,

Bis(4-methylindenyl)hafnium dichloride,

Bis(4,7-dimethylindenylhafnium dichloride,
Bis(4,5,6,7-tetrahydroindenyl)hafnium dichloride,



(1, 2-di net hyl cycl opent adi enyl ) (et hyl cycl opent adi enyl ) hafiiium di net hyl,
(1, 2-di net hyl cycl opent adi enyl ) (1, 2-di - n-but yl cycl opent adi enyl ) haf ni um
di met hyl, (1, 3-di net hyl cycl opent adi enyl ) (cycl opent adi enyl ) haf ni um di net hyl ,
(1, 3-di net hyl cycl opent adi enyl ) (1, 2- di met hyl cycl opent adi enyl ) haf ni um
di met hyl ,

(1, 3-di net hyl cycl opent adi enyl ) (1, 3-di et hyl cycl opent adi enyl ) haf ni um di et hyl ,
Bi s(i ndenyl)hafiiiumdinmethyl, Bis(1- ma]t(%yl i ndenyl ) haf ni um di net hyl ,

Bi s(2- met hyl i ndenyl ) haf ni um di met hyl , Bi s(4-net hyl i ndenyl ) haf ni um di net hyl ,
Bi s(4, 7-di met hyl i ndenyl ) haf ni um di et hyl ,
Bis(4,5,6, t en

Bis(4,5,6, ;B‘%gﬁgzx ragy%}g%t hﬂi?ﬁﬁ%gnxm&?lla ni um dcll et hyl ,

Bi s(4, 5, 6, BlB(éti@;Mejrabydrp# 'ﬂdnmﬂmﬂindm},é)hyfn)mmﬂnhlwmdd,l met hyl, or

(Orctooent agh el futpln Lo EbL AR ARAR LS oL - 22 The
conpri ses ogllg(lq(dlmﬂﬁd@,u Fgﬁﬁlgmg)hgfnmm&ml opent adi enyl ) zi rconi um

di chl ori de, bi | cycl opent adi en 1) zi rconi um di chl ori de,

bis(1,2, 4- Blsﬁlsﬁedmﬂw%’bb’pemt@@dm}é)hﬁﬁlﬂznﬂm ykm di chl ori de and
bi s(tet ramaéh I % o(ﬁ%?c}m | en%‘d%ea}/lé}h or| dl%ygorl de, bi s( 1- met hyl -

et hyl cycl opent'a eny g am (1- net hyl -

et hyl cycl orm@(qa;h ﬁnﬁéthﬂty&mmmedquﬁuﬁaamdﬂmemgm 1- et hyl - 3 n-
propyl cycl o ent adi enyl ) zi rconi um di chl ori de i s(1-net hyl - 3-n-

but yi cl ope p%ﬁtstﬁneéa?hmmpaméﬁmfl)ba@m%ﬂwﬂhﬂ 6, 7-tetrahydro
denyl di chl d

e V2 o, ok nis B S MPRAT Sapabn 4 o or

di et hyl cydihe(jdanéthyl;ka&brbomlopmtadxmyﬁhafnhhyduneﬂiyg( 1,2, 4-

trimet hyl I di

bi s( et 1 s B PBG BT o BIGRH SHRYAHEBAPAIRT HEFHGY, bi ( 1- met hyl - 2

et hyl cycl opgRtiadL&apyd- iﬁfﬁﬁﬂl%@ngddﬁgﬁﬁrﬁﬂfmuﬁi SfntaEt hy! - 3-

et hyl cycl opent adi ehyl ) zi r'cohi um , bi s(I-méthyl-3-n-
propyl cycl oweﬁtmdhﬂnybﬂlxlcydomnmdlmyﬂhaﬁmhn d1meﬁ1y], met hyl - 3- n-

butyl cl operiadi syl ) 211 COm U LB DY LS &1 oL ravar o

i ndenyl) zir
Bis(1-methyl-3-n-butylcyclopentadienyl }hafnium dimethyl,

Bis(1-methyl-3-n-pentylcyclopentadienybhafnium dimethyl,
Bis(1,2-dimethyl-4-ethylcyclopentadienyl)hafnium dimethyl,
Bis(1,2-dimethyl-4-n-propylcyclopentadienyl)hafnium dimethyl,
Bis(1,2-dimethyl-4-n-butylcyclopentadienyl)hafnium dimethyl,
Bis(1,2-diethylcyclopentadienyl)hafnium dimethyl,
Bis(1,3-diethylcyclopentadienyl)hafnium dimethyl,
Bis(1,2-di-n-propylcyclopentadienyl)hafnium dimethyl,
Bis(1,2-di-n-butylcyclopentadienyhafnium dimethyl,
Bis(1-methyl-2,4-diethylcyclopentadienyl)hafnium dimethyl,
Bis(1,2-diethyl-4-n-propylcyclopentadienylhafnium dimethyl,
Bis(1,2-diethyl-4-n-butylcyclopentadienyl)hafnium dimethyl,
Bis(1-methyl-3-i-propylcyclopentadienyl)hafnium dimethyl,
Bis(1-ethyl-3-i-propylcyclopentadienyl)hafnium dimethyl,
(1,2-dimethylcyclopentadienyl){cyclopentadienylYhafnium dimethyl,
(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)hafnium dimethyl,



di chloride, or bis(indenyl)zirconiumdinethyl. 23. The process of any of
clains 1 to 22 wherein the al kyl al um num conpound is represented by the
formul a: R3ALl, where each R is, independently, selected fromthe group
consisting of nethyl, ethyle, n-propyl, iso-propyl, iso-butyl, n-butyl,
t-butyl, n- pentyl, iso-pentyl, neopentyl, n-hexyl, iso-hexyl, n-heptyl,

i so-heptyl, n-octyl, iso-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl,
n-tridecyl, n-tetradecyl, n- pentadecy,]ﬁ hexadecyl n- heptadecyl,

n- oct adecyl, and their i so- anal ogs. 24. The process of any one of clains 1
to 23 wherein the process is a continuous process conprising: a)

conti nuously 2Ld1ﬁnemg12¢§ua§elﬁa(£§% Iﬁ&thﬁeymmmeﬁyl?&ﬁﬁw &fifihyR0 1ol e% of - the

one oOr I’T'DI’GC3'[O aoelns into a reac conlnuously
i nt roduci ng[lthnltthahsrclppmdmwb)[ethydmhmnnta@nwnhaéumtdnmdhm into the

reactor, o iRl bR At A R e et S il Bimi o m ¢ e

reactor. 25(1 3Tchﬁle E&g&aﬁe@édl&iy@(dpc%ﬁeﬁtwléﬂma&mﬂirﬁdﬂ@g mai ntai ning a

concentration of drogen in reactor of 10,000 ppm or_ |ess by weight.

26. The pr dé8sdimgthy dem@aﬁ1WDQB2«dﬂwtbylwcdmmpd@gwmmmtm Shgonr | sear 1)
t |1 | e i t
cont ai ni ny AaBRsHYRY Rk ddaCEs iR JOPLRABE R Falrb ShGAUZE ) J O O

fracti onat i Big(iidegylpaifdiahalmec®hef i n to separate the Ilght and heavy
fractions, where the heavy fractions have 20 or nore carbons, 103 3)
conti nuousl@‘S@dﬁ?thﬂiﬂdﬁ@mh@@%@I% ¢tBHa- ol efin with hydrogen and a

hydr ogenat i t sly obtaining a polyal pha-ol efm having a
brom ne nu&gagq?&ﬁgﬁﬁ%ﬁgﬁﬁ?ﬁ@B(%@Mﬂ e process of any one of clainms 1 to 26
wher ei n theBﬂg(eFrpahﬁindmylbhafmhmdnmahylor in is the range of 70C to 150 C. 28.

The process 16(;} f cl, ai .to. 27 \M;erei n the nononers are contacted with
the transit® Y@B%’Jgﬁ dippeth¥hct i vator in a reactor and the reactor

is a contipgy Q§6$&aﬁ$ ol R IHBBEIA Gim&Ryl. The process of any of clains 1 to

28 wherei n cat al' yst g 8 Q&XL rennvé% $¥0n1 t he product by contacting with

a solid sorBie5,6 7-tetrahydro 2-methylindenyl)hafnium dimethyl,
Bis(4,5,6,7-tetrahydro-4,7-dimethylindenyl}hafnium dimethyl, or

(Cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)hafnium dimethyl.

22.  The process of any of claims 1 to 18 wherein the transition metal compound
comprises one or more of:

bis(1,2-dimethylcyclopentadienyl)zirconiaom dichloride, bis(1,3-
dimethylcyclopentadienyl)zirconium dichloride, bis(1,2,4-
trimethylcyclopentadienyl)zirconium dichloride and
bis(tetramethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-2-
ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-
ethylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-
propylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-
butylclopentadienyl)zirconium dichloride, bis(4,5,6,7-tetrahydro indenyl)zirconium
dichloride, bis(indenyl)zirconium dichloride,
bis(1,2-dimethylcyclopentadienyl)zirconium dimethyl, bis(1,3-
dimethylcyclopentadienyl)zirconium dimethyl, bis(1,2,4-

trimethylcyclopentadienyl)zirconium dimethyl,



30. The process of any of clains 1 to 29 wherein the nononers are contacted
with the al kyl al um num conpound prior to being introduced into the reactor.
31. The process of any of clains 1 to 30 where the netal |l ocene and or
activator are conbined with an al kyl al um num conpound prior to entering the
reactor. 32 The process of any of clains 1 to 31 where the al kyl al um num
conpound is selected fromtri-isobutylalum num tri-n-octylalum num
tri-n-hexylalumnum and tri-n- dodecyﬂ9¥uninun1 33. The process of any of
claims 1 to 32 where in the polyal pha-olefmis contacted wth hydrogen and
a hydrogenation catal yst selected fromthe group consisting of supported

G oup 7, 8bis%etrﬁﬁ&hﬁ@yél@ﬂeﬂiaﬁien}%woﬁﬂlm dibfethd, %%?E—ﬁwﬂfyl-@ny of claims 1 to 32

wherein the polyal pha-olefin is ' contacted w't ydrogen and a hydrogenati on

cat al yst sethybyeldpéntatienyheirgmiup donetkylshishgnehylehe or nore of Ni, Pd, Pt,

Co, Rh, Fe, Os . and ar ted ilica, alumna, clay,
titania, zie%%HFlgPé%glﬁybgﬁcﬁﬁﬁ%%ﬁe 1§(ﬁ]dﬁ%ﬁﬂ' ."35. The process of claim
34 wher ei n pyfpRicclopéntitichyDaRbeHilR dirkathy bisll -th&hylixkel supported on

kei sl eghur, silica, alumna, clay or silica-alumna. 36. The process of any

of ¢l aims bublslamniwensisronsmpbmgthhisbherk miridspnieiiatcontmn hydr ogen
and a hydr%%%[b%tdipo&bg&ﬁaé%ﬁizhg%ﬁntd%ﬁﬂature from25 to 350C. 37. The
>clarns 0 ’

process of "any o wherernh the product produced has 60 Wt %
or less C10 diner. 38. The process of any of clains 1 to 37 wherein the
product produced has 40 wt % _or, I ess C10 diner. 39. The process, of any of
claims 1 ta3338 whepwesssohanyelilams 1itp 22 mlercinips plkyladumippm compoynd isy esi dual
is renoved ’ ' t ' e -olefin
with a sol ir%{r%g]rl%gﬁya%lgs ﬁ%‘g? 'ﬁ%ér%ha’l 131/%}6 tp %:gg{éhgﬁ%%gg%@%sg}%ﬁég%@ In to reduce
het er oat omgommptcahsisting of aoipd,tidde, neprbpd sist-heopyh @0-ppyh n-Bptyhpibuodal-1 vy,
fractionatin he pol yal pha-qlefmtaq separate the |jght. and _ heav

fractions, p\‘?\ﬂ%r‘@t Eoth Et%é’ﬁ gﬁr‘fﬁdﬁ'{"?’ﬁ’ﬁrés%gs‘é'[’?C}EBFYLHW‘_E%E% BERYL 134’}°%¥;nt acting
the pol yal phamol, ‘ﬁfdeE‘le‘ﬁ-lhﬁcflé&yﬂh%ﬁ@cﬂriﬁnﬁe&}ﬂ,q{-fé%&%&l, Qlfbenfaa&@, M—SE1 8and 5)

obtai ni ng a pol yal pha-ol efi h having a bromne nunber I'ess than
hexadecyl, n-heptadecyl, n-octadecyl, and their iso-analogs.

24.  The process of any one of claims 1 to 23 wherein the process is a continuous
process comprising:
a) continuously introducing a feed stream comprising at least 10 mole% of

the one or more C3 to C24 alpha-olefins into a reactor,

b) continuously introducing the transition metal compound and the activator
into the reactor,
c) optionally continuously introducing co-activator into the reactor, and

d) continuously withdrawing the polyalpha-olefin from the reactor.

25.  The process of claim 24 further comprising maintaining a concentration of

hydrogen in the reactor of 10,000 ppm or less by weight.

26.  The process of claim 24 or 25 wherein the process further comprises:

1) optionally, continuously treating the polyalpha-olefin to reduce
heteroatom containing compounds to less than 600 ppm,

2) optionally, continuously fractionating the polyalpha-olefin to separate the

light and heavy fractions, where the heavy fractions have 20 or more carbons,
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3) continuously contacting the polyalpha-olefin with hydrogen and a
hydrogenation catalyst,
4) continuously obtaining a polyalpha-olefin having a bromine number less

than 1.8.

27.  The process of any one of claims 1 to 26 wherein the temperature in the reactor in
is the range of 70°C to 150 °C.

28.  The process of any of claims 1 to 27 wherein the monomers are contacted with
the transition metal compound and the activator in a reactor and the reactor is a

continuous stirred tank reactor.

29.  The process of any of claims 1 to 28 wherein catalyst residual is removed from

the product by contacting with a solid sorbent.

30.  The process of any of claims 1 to 29 wherein the monomers are contacted with

the alkylaluminum compound prior to being introduced into the reactor.

31.  The process of any of claims 1 to 30 where the metallocene and or activator are

combined with an alkylaluminum compound prior to entering the reactor.

32 The process of any of claims 1 to 31 where the alkylaluminum compound is
selected from tri-isobutylaluminum, tri-n-octylaluminum, tri-n-hexylaluminum, and tri-n-

dodecylaluminum.

33.  The process of any of claims 1 to 32 where in the polyalpha-olefin is contacted
with hydrogen and a hydrogenation catalyst selected from the group consisting of
supported Group 7, 8, 9, and 10 metals.
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34.  The process of any of claims 1 to 32 wherein the polyalpha-olefin is contacted
with hydrogen and a 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.

35.  The process of claim 34 wherein where the hydrogenation catalyst is nickel

supported on keisleghur, silica, alumina, clay or silica-alumina.

36.  The process of any of claims 1 to 35 wherein the polyalpha-olefin is contacted

with hydrogen and a hydrogenation catalyst at a temperature from 25 to 350°C.

37.  The process of any of claims 1 to 36 wherein the product produced has 60 wt %

or less C10 dimer.

38.  The process of any of claims 1 to 37 wherein the product produced has 40 wt %

or less C10 dimer.

39.  The process of any of claims 1 to 38 wherein the process further comprises:

1) catalyst residual is removed from the polyalpha-olefin by contacting the
polyalpha-olefin with a solid sorbent,

2) optionally, treating the polyalpha-olefin to reduce heteroatom containing
compounds to less than 600 ppm,

3) optionally, fractionating the polyalpha-olefin to separate the light and
heavy fractions, where the heavy fractions have 20 or more carbons,

4) contacting the polyalpha-olefin with hydrogen and a hydrogenation
catalyst, and

5) obtaining a polyalpha-olefin having a bromine number less than 1.8,



