WD 2009/ 123800PCT/ US2009/ 034391 PRODUCTI ON OF SHEAR- STABLE HI GH VI SCCSI TY
PAO CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This application clainms
priority wenedym3sh Provisional Application No. 61/040, @6%/USkecbmesssdbr ch 31,
2008, the disclosure of which is incorporated by reference in its entirety.
FI ELD OF THE | NVENTI ON [0002] The invention relates to the production of

hi gh vi scosity pol yal phaol efins (PAO . BACKGROUND OF THE | NVENTI ON
100031Lubricant viscosity is an inportant el enent for equipnent buil ders

and 10 aut onoti ve pRYMIEPIOKN VSSHPARSEABEE HIGIEVISCOSBIY YA the

lubricant is direcfTy rerated to the thickness of the protective |ubricant
fllmforrredln serV|ce The V|sc05|ty of the lubricant also affects its
circul at i o &BRQAYSREKERE; hORBBAREDAPRLIGATIENS pnent bei ng | ubri cat ed.

Equi prent  ¢¥¥pbnerhs aaplecatlbieﬁelémrpélomyé@mﬁt@éPwlswale‘m@aatmdméé/%(h%iﬁ to be
used w th lg ‘1&%%‘??? 2868, S {u‘e%? YR $OREdYora MRbMELRARE & ff enfitiy, aPI €

Vi sc05|ty is therefdre ér|t|ca |rrporta or ‘proper operation of

| ubri cat ed RRELDOIBHHE NMJOMTIN| st ance to degradation is desirable for
| ubri cant s [6de er %S?nveﬁth%rr%ﬁt%?{oﬁhé’fg&’@8&8fh1 @‘e g”’(f';{ %Ei}/alﬁ‘raoféh}clsf P!

mechani sns |ve an C nechani s are

wel | knomBA@KGmumOﬁTHEﬂNM@[Iﬂ_NJU C decorrp05| tion, the lubricant is
orrpos tion,

usual ly br do i. nt OX|dat|v d

50" hi gher. TRk ul ArbEE AFeB b e ca AP I bR’ phTieth SFORRee

pat hways, bymﬁ@duﬁmanﬁﬁﬁuakﬁnxhaﬂﬁedme@ﬁh@ﬂy@ﬁﬂﬁ&dnﬁhﬂ$emhx@yﬂﬁu@iﬁtman
catal yze further degradation, resul.ti in. ever _jncreasing rate.of

Gogr it i ol OTEECS T ARG Shioed Bty harraaTiay KM ar i ous
deconposi t iaRY aApRtEIBYSicuRiich MR M eMaN GRssAfewWaybiin e@NEquing@@iny lubricatetit i cal ,

| ubricant viscosity is frequently checked in 25 al ppst all |ubricant

appl i cat | ofgVIPTRE FoIROBPR E& PPEtss ispspiically srpdrbaragaiast © s yreshtoi |
viscosity a6t a de¢ifRt iviRodifdi MahicHshc@br daahRAALLAR: is he&BRI dritichIRCT ease
and viscosity decrease are both signs of potential |ubricant degradation.
[0006] I'A i AERAteRT far ProngaPetatien Apriceat FOR™INkbe vi scosity is classified by
| SO Vi SCOSi[d4PT aG&sista M ﬁ?ﬁiaﬁbf h @ AGrableaR ALGTaRRVIE &rvidDYOMMbREMN
centered around t he specif viscosity. For exanple, lubricants with a
Vi scosity dfconpgse S arlildeMOBQtffWulr@PCb@l%@n@i tethwaysj Gﬂﬂmﬁlnﬂgﬂa@@ fsk  t he
| SO VG 220 f

speci fi cat |h2%§ﬁr%£agl/l& gﬂ%n%% alréjg'ﬂl g@%@em}lg‘?}hgg}rﬁl gﬁ?jﬁy%épf b?ggéoaaos\’\/{&/nérthe si nce
known degr deicansns neetahickes dows uite smailewfelgmsmts y Dehag geidativeadegomappsitionent

Shre’ 2 & igh R AEE 4N G4 Ml Fitnlg A BHEGH Bl bEBARSE TS o)

factors asabq lﬂorpmi mftemamdan‘lflyese byproductsarac eatayge furthnedigsadatBine resulting in an

consi der ati ons a%/ " trc?/ Hﬁortant for expensive industrial equipnent.

The cost of " ddWht lrl?%rq‘%? GO CAnt related failures can also play a role in
t he | ubri c@005rhasyee ot lubdeeins Vigdosity is dfvaet ibyehd sarioas Yesdxpesison/ gatlivedyat | ve
to the cost f | ubrica hter criteria for lubricant. cha t.owiill

of ten sbe. A9t P REFT GbriE i S Tedy h et diiosRor vavag cheked

| ubri cast s aBfiost 818 NBALES apPlichlidhk d Thelin-ahionDikdoéRy Beimpaicl a@finthefrtdnhyil cant s

or grease, are_ also classif] edE% di ffer ent viscosity ranges, as .described
by SAE ( SodiSeesty dp dafrcbApiiata iefigHees egrﬁﬁwnorVasg@%tyslaere?sre.aeétwﬁfﬁ@w or by

AGVA (ATer ige@fusEeRbolMBiual BESMEREBIuAERACIBtdd@bh. speci fications. These
| ubricants 10will have the sane issues as industrial |ubricants described

i n previ oud?§98t agrapMiustiglolyByicanh apisptian; {ubsfvisedty ralastifed €adbQ Yiscotife

potential e eX$GRARMsity! GRde SEFHARS 'Tlgvé he ©haRgRoIEEntbRl BFNAY the E&ﬁgﬁd
| ubri cant Ilfe is one feature that offsets the higher initial fi cost for

prem udfdl ubseesakt stor| gramplie fulirganis Wity e vaysouivt ended chtupnd édheSt Wpleld B emi um

| ubri cants %%&ebeﬁgﬁé?“é’gfaaé BorahdRIPVE B! iGN Lbrichnts Rhlth G81 oS
hi gher quality base

ISO VG specifications may still be effective lubricants in service. However, since known
degradation mechanisms result in viscosity changes, many equipment owners will replace

lubricants which fall outside of the ISO VG limits. This decision may also be driven by such
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15st ocks and advanced additive systens, these |ubricants counter the
effects of thermal, oxidative and hydrol ytic attack. 100091lIn addition to
t he chemwal2o00pgieBsani sns for viscosity change di scussed 200WS200008489EVer ,
anot her nmechani sm for viscosity change is mechanical in nature. Viscosity
| oss due to severe shear stress in a |ubricant occurs when | ubricant

nol ecul es are fractured in high 20 shear zones in the equi pnent. These
zones exist in many | oaded gears, roller bearings, or engine pistons at

hi gh rpm  AgdiVB épMent Safddid HJ Ab@ande RERMIR D € SEchzdNE8eratling fnf'a?%tveﬂar ts

of the lubricant base stock nol ecul es are subjected to different nechani cal
stress, cadfgpyitant fs crpinsive edistigl erinmgientlihy chyt odldowsiime ifort ybdgral rodyted

pi eces, re?é‘ﬂu}ésncgm' diso’ Flg&'%t ﬂo‘l)enln' fhe! IHMdaﬁtaEﬁangé SGORE¥n, TH Rwihif@ris Wescosi ty
breakdomn i's specifica lematic wth hirgh viscosity 25l ubricant base

st ocks due cxrensikiefolatiyp ghthmp%@élhémcm| tighter cotepe e dukyicaptohandesus wahpier down
lubricagt mRy§till retain excellent resistance to thermal, oxidative or
hydr ol yti c degradatlon however, a |ubricant with out of range viscosity
can | ead t 0097kmatQihe lcbriacalge sooh af @mtomhtévesallgialerlela@@nts oc itralamhism ﬂléds o, g.,

due to war r%n%% Ve! Do T AN Eax Py lut%ﬁc r@as%vent 1389%6 lbg cg%fergnt V1 COQIH’

shear ed- down Gnt’ nay 1 ni e Ot H esira egrada
processes,ragehaaéqumﬂ&MSﬁE(&wﬂnoﬁySHQnmekdhgnkaﬂﬂ@ﬁ@omBOﬁeﬁdewmms

| ubricant life ti Thus i scosity by
mohans oa ohBE TR b bRk AsteRiid e Bihgehe suie fbpent

[ 0011] Gne i\xfi]mbdi\tealiﬁ saﬁﬁeaﬂ’@ésels afdutthial lngRAntt asscabddan getionepdrsdraghce to

mechani cal k n.wnd t rblnes ar box Gen | Iy, these

e ot e o (OB o e peRest B BBy oB508 s St U080 s S HEDRE ar o

hi ghly | oadﬁadlge@mdmtem$ Bkghdoy 168rRaRnih B enct RatiRCGhavisak thriegied mMial fin
addition, wind turbines tend to be |ocated in inaccessjble Iocatlons such

as the Nor ©prtdBh PrepHmslBIERE bt PIAT (9 srbieYramt CalendsieltRieh i promium

i naccessi bipkprie¥ntd fu EhoRSRSENImdrd BB WiV aH | sbisicRP Al ditahib R fpuality base
Accordingly, it would be highly desirable to have a |ubricant for w nd

t ur bi nd35g&RFkshande ddvangad adiitine sspsisc diepohubricainy cowren fheectfogieplethsrmadie

| ubri cant Qgﬁmgmqhgh hg&ﬁ@ge to mechani cal breakdown over a very |ong
period of tine. e viscosity |oss by nechanical shear down of a
| ubri cant dﬁOOPhbr |I@a 1t1@a§eth§t<zhémw@hme@i@nﬁ@a§grr gidcasiyy skange aliscuisedhlpye,

procedur o, OF Bshan ey REETE 1 disc STk R ARGRLCN bl e 8 T
test is beld ewverdt shearcorssena labn@m e¢cutsowhdnelubrdanamoketwdésdars Hraturedtiahighi t y

per for nCg, 0 YIRS bR, AR {05 Q0E A Uhas LABNE. grn

i mportant vari a rm ni ng suscepti aSe s
Vi scosity bn@mkmmesuéngtﬁmnnkemhﬁamtmgugmammﬂmmgmbmmemmwéNwﬁmfmmbﬂecmlar

wei ght dis r|b tio ined as e, rat.i.o of [ ver aged to
manber - aveltgRtr oy a8 Y M ARy 0 fa e R get R R Y 1 ©

ch Ir 0 Bnt ogr mu(egﬁ%ermsndﬁgy b&lhlly dewss inté $halken Emsmlﬁﬂmg ﬁgemn@hﬁlsluafﬁc ant
calibration, stan S i ca se stoc t r oader are nore
orone to shissrys st Bl RRRE R oaed el R it P BAYRB - Thi s
is beCQBSGlﬁﬂﬂﬁaﬂb@@@td&ﬂ@l@a@ﬁleﬁﬂﬁgﬁ%ﬁ&u&knghﬁ&nfpoh@ﬂsger hi gh nol ecul ar

wei ght fraction, which breaks down easier_in high stress zones than the

nar row MADI#HEE" 5o sRearesdiime Aubsigantamay, il s/iEP  Hcgiferhgrsdtancar ondicgpl

fraction. 3QQdAETR hPRLBAP d8hHEAk0S hBRER:] MRbiHGAMNWRh odtlof Fahgt PRERIPER lead
desirable to have a narrow . e way to achi eving narfrow M is to use

met al | ocend® @rﬁmaquy‘sqhgngeth &4 thesamg Fga@m@ptgbe r, €.2., due to warranty, insurance or

downtime prevention. On the other hand, a sheared-down lubricant may initiate other
30  undesirable degradation processes, such as oxidation, hydrolysis, etc., leading to reduced

lubricant life time. Thus it is desirable to avoid the loss of viscosity by mechanical

mechanism as well as chemical mechanisms discussed above.

[0011] One important example of the need for extended resistance to mechanical

breakdown is in wind turbines gear boxes. Generally, these operate with slow moving gears
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Sinn and Kam nsky based on early transition netals (Zr, Ti, Hf) with

met hyl al um noxane (MAO . Soon after the appearance of netall ocene catal ysts
in 1980 tweino%adssnt ages over the 25 conventional nultiPCsiuseooZioaghber - Natt a
and chrom um catal ysts were recogni zed. Thus, they are highly active

catal ysts exhibiting an exceptional ability to polynerize ol efin nononers,
produci ng uni form pol yners and copol yners of narrow nol ecul ar wei ght
distribution (MAD of | ess than or equal to about 2) and narrow chemi cal
conposi t i oRAlichdirs hichUbddem, an§ Ak mUhl sﬁﬂce?ﬁbl_‘é ABetiaiRalthi@akiesN | 1 Lidea! ymer
chain architectures. 30[ 0015] W1999067437 di scl osed the use of

MAC- act i vateel Habiasy seehedevpeardain mecaisibht dsations) ich 81t North13v9: 1The

10, 000: 1t Q,QbM®iIRP Y mbehdREAMrcallidyh SXCRALER IR %aa_{lsiosér@slahﬂ ilhtrﬂan%%ka&'l@mar ed

to polynethacrylates in nulti-grade transm ssion oi ornul ation: Products
descri bed wrp@icationswéyceordimgly, itrwvoaldoet iphlyderarablado hevedi lybiigsot foo windaigrbitede of

usi ng 2 It -/ k L Q ove
'he. ol Sculal vetant g S e RULTon A Pho: SranAedpaisat (5 Atk SO,

[ 0016] The uwumehapicakhrralidews prva avetydbndpeiod ofamal ysts in the ol i goneri zation
of various al-phaol ef.i n feeds .is. known per se S, 1N

V02007 01184921 o803 ReThds! BEReBis e 655h R R0 oS bedr ooy

[ 0017] A | ubaii lamtash@d ibp geveiad ethogd, adzilddirtgyTdpered RellaraBdanns (TRB)rtest adconing
mechani sns  dj S bove.th S avai l.apl e, —and et,
by 1 eert & CFf LR BT sRaroetairnarorih TR B Y Shri® Serd v MR S
gr ades 10s MhgMRB tsaugbdlicadd ©rcorrfl bBitckhe thera@nficld Bvanttaikty p@vermance of
surprisingly discovered that high shear stable |ubricant 10base stocks may
be preparedﬁﬁ Si@ﬁ?&@?ﬂ%ﬁ“@?ﬁﬂﬁgFﬁ?in feedstocks with single-site

met al | ocengoaaf al Yol SinipOrtant NMaxgle fih AéteBhinmg NMubdep@bIBitySHf & bed {tadkKtor @ret or s.
SUWARY OF THE. I NVENTI ON . [0019] The invention is directed to a process for

the prepar JSFOHY opregidgnnyis sitpgpqlgpular weighfpdistubpon, MLy o Melegifarcyiglct i ng

al phaol ef i nistraRdst o@D Widihed b teqa) bewBhdlvb@ mﬁ\xiﬁfsﬁ}@ey@&&a%eﬂ Nawm xed
flow or continuous stirred tank reactors. 100201l n enbodi nents, Tubricant

bases dPocks Mav@Iubead MedrHEICAPY a8°! perasetindranatpgrRiyw D Usine PelFcsved
shear st abigintihodBAeltiREREiehRds ChibehioRRIAEESs, T\pRLHY Sase l&&‘ﬂs I aRLRAGeES

w | | becone apparent as reference is made to the followng detailed
descri pt i oMWpr & arareproaerisothearevisossityelrasdbes thapdhaprdstegkp evidiarrrevai MavD.

DETAI LED DESCRLRELAN OF Tk MNYBNILON ek QRARIAR Y 00 15 hORGUAVE0k: PN

single-site net ocene catalysts are contacte stock in~a m xed
fl ow or coffiectnmowdichtlireake dovmrksiaramdighrsre{sCONR) thap breatairon MYV pbepatekhi gh

Vi sCosiyhy 'V*ﬁ?cﬁlih‘ﬁgﬂﬁs%%%rﬁﬁrﬁﬁﬁlﬁ?@%@ﬁmﬁ%{ 0023] As used herein, the term

"hi gh-viscosity neans ao i'ns having a kinematic viscosity
measur ed af00dD CTokKWidOdheaf stapteclabmerantshiaiy thdefofst desivabido v OB, MAYIM. " | ow

v Ses Y BRI R RISPELAD PR Y SRt it e
one of nar Sow MK anidskynpsal ed eaheainsiioalmdtdld yZr, 3Q Cof twithudedylSluinidoxaneTank
Reactors (MAO). Soon after the appearance of metallocene catalysts in 1980 their advantages over the
25  conventional multi-site Ziegler-Natta and chromium catalysts were recognized. Thus, they
are highly active catalysts exhibiting an exceptional ability to polymerize olefin monomers,
producing uniform polymers and copolymers of narrow molecular weight distribution (MWD
of less than or equal to about 2) and narrow chemical compositional distribution, controlling
at same time the resulting polymer chain architectures.
30  [0015] WO01999067437 disclosed the use of MAO-activated metallocenes with
Al/Metallocene mole ratios of 100:1 to 10,000:1 to give poly-1-decene with excellent shear
stability when compared to polymethacrylates in multi-grade transmission oil formulation.

Products described therein were made in a batch mode and no distinction was made of using
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[ 0025] Conti nuous Stirred Tank Reactors (CSTR) are per se well-known The
effects of reactor design and operation on nol ecul ar weight distribution
was st udiwo 2pesnesensl y, but there is no sinple concl usi @eTHSAWMOAASYDr
operation will effect MAD, as discussed in J. Applied Chem, 1, 227 [1951].
O her discussion of CSTR operation and ot her reactor WO

2009/ 123800PCT/ US2009/ 034391 operation can be found in Perry's Chem cal
Engi neers' Handbook, 7th Ed. 23-36 CHEM CAL REACTORS, or K. G Denbigh,
Trans. Far agayproeGsing tethBdSo (AP0 RmAQYRRMRIgRI distth@BnGal 1RaaGk k@Rlity

Engi neering, 2nd ed., 1972 John Wley and Sons. p.196. [0026] 1 n sem -batch
operation ®b#eid-i n Continuous Stirred Tank Reactor (CSTR) 5 operation

the reacti ggpigpn B GROVIGHRE- G AetRRIKIBEI AN A tlCIMBERLLSR Jrangbig from
OC to 200C, residence tine can be varied betiween 1 mn to 20 hrs

Met al | ocenelphedefimdeadantyi Keovy grer 1seg ofh caat &l YWEO20/0113FHoWPHP781 EB5Pns to
1 g of gat %d%oﬂ?fi‘ﬁm@o%dqft@%g 9607?3185%)0| efins. Qperating pressure can
range from atnospheri¢ to 1 8 psig. Optionally, hydrogen partial pressure
can range oMM 1 psilulirga®Obavpey highsedtabibion to Hbe tvetials pegaitiore megherhemshead
space of the 10, reactor. when the. . ctor..is I at in. rti filled
rode or - t ha euraehERab L b AT HERC Lol o PRGNS TRy oo BRI iRlsilue gh
in liquid fpdcifedtionsaathcs 18P &1CaanddA Brpddes i igldpbaghnart.s, the operating

condi tions P merization tenperature: .40 to, 150C,, resi e tine:
Thour toa AR P BRGuE Hading Rt QoS R Bt B ¢ eed
ol ef i n90 Opevecakiotig PHagS BeIr @epaadd P beitacting OalplddIghiai Gedst&tke eaBl odkgle-site
100271PACs conprise a well-kno cl ass of hydrocarbons manufactured by the
catal ytic GIAUBHER CHaMIS I { BBFY HEK o5 SO ST Ao Edt M ar - wei ght product )
of |inear gyoaeARY OFAAIEMTSNENETEON These typically range from 1-hexene to
1-tetradecene, although 1-decene is typically preferred, One of the .

parti cul ar [H9hnt dgesTymiiohds dieced & acigrar fy s PReHEsEntihoriFoERt i on
is that, imngehediadentcks bheconBiy eFBMlenS fR@dto®e! Witl 'sfﬁgfe‘%@tetrﬁetﬁ)ch@r_le
1-decene as feed, but also applies to wi de range of m xed al pha-ol efins as
feed, ilAcl GePYS Memicd Hrpor SemguOneStiBed Al iga9rs1- hexene, 1-oct ene,
1-decene, lo@9feCeNEmpAfderks, 1AL PERT Stocik ARG ML P ¥ 8Yn@ ofMiated, f eed,
one acceptable m xed feed (to the first reactor in the case of nultiple
react ors oMW andempriorgyl shearstgbility in t he case of seni-batch node) is a 25

m Xt ure of Xe 1- = do e, - I r in

all propor ‘?‘{)ZEE naq;lesgeargigggl?leeo.b%?t?’ ?ﬁﬁﬁ%ggﬁ[ﬁ q)i/én\}\%gf% t‘@ﬁ:lgeggltﬁe 9%‘3%%%%%3

1- hexene, fefonnabioumadd towtiss foowingutetaded vesvsifitice pefrared fembaliaisotat exampleds t o

about ?g wtaogaé)-r?glg%ﬁ%& 2 and fromabout 1 wt% to about 90 Wt % t etradecene.
0

In preferre Irments, 1-hexene is present in the anmount of about 1 wt %
or 2 wt % oDEXAi FKDOPESCRIPAON ORTBREANVEANIUONIO W % or 20 wt % 1-decene is

30 present | he ,anouynt of about. 25. wt % or W% or 40 wt% or 50 wt%to
abobt 60 w3 7o S s Rbon inblazd e ot ea @ e Sorle Bt o
about 10 wiféaabck2id avinPoe rflodbomddriituous Otintédtanlt réhbrowt (USTR) apautiondd préfrcor 50
wt % or 60 \[ﬁltg%) .and I?[-t(etradece[\)rilres)e}ﬁss/og)reksent in the amount of 1 wt%or 2 W%
or 3 wt % o ReoRy lulgicaRtypnge 516715 wt % or 20 Wt % or 25 wt % to about
30 wt %oer 46028f % s (86U Werln, RANGES hidhoMadky PADE mchisdlyalghaVifins having a

2009/ 123800PCT/ US2009/ 034391 an:y}X Qi(gher limt just disclosed are

cont enpl at EHematiyviscositg pcayyrdrat 30Qu G K ¥ 10ad ety thinok0 St Fedbene! B100F pishn
about 2 Wt %cly0,iRbAYLP2" ki bl RISt HAMADRYL, 3Bupth %o Ler about 70 wt %
1-decene or from about 40 w% to about 70 wt % 1-decene, from about 10 wt %
to about 4500t 11 eerbednents luliricarh batsotiecks sropbisined hapsa et Sest whophnaistecene,
and from aRewD and impW ¥ $hQardRBiy 30 W % 1-tetradecene or from about 15 wt %
to about 50 wt % 1-tetradecene. I\?,urrerous ot her ranges are contenpl ated, such

as rang@s slonknueps HirradsTanbReackod from t hose specified in the exanpl es.

[ 0029] Whi | knor [ | § fi ( e
rosent, soupohs [RnmRRE SR PGBl CRPRl el @ Febint TR of

m xt ure of rakphdeligf amsomotioaeni mgeculdy whght olistigiomen iveatstudied patradupbt band
bromot er) diEPY, A Sufile SR nQl AT ERG ol WRCHHR VATHCIEIROR ey in.
1-tetradecene, erein the phrase consists essentially o or consi sting
essenti al | y. dppliedncherhel,| 2K ) 931dk xthért discnssibnnafl ¢ STR apenagon sl dthat reagoot her
LAOis present (or for that matter nothing else is present) that would
affect the basic and novel features of -the present invention. In yet

anot her preferred enbodi nent the feed (or m xture of al phaol efins)

15consi sts of 1-hexene, 1l-decene, 1-dodecene, 1l-tetradecene, neaning that
no other olefin is present (allowing for inevitable inpurities).

100301Anot her m xed feedstock useful in the present invention is a m xed

] Y a v




20 fromabout 1 w%to about 90 % In preferred enbodi nents, the 1-hexene

is present in amounts of 1 wt%or 2 w%or 3 w%or 4 w%or 5 w%to about

10 Wt % 200wéhy12280wt % or 30 wt % 1-decene is present iPaTIUSRO0BLIAL Of

about 25 wt%or 30 % or 40 wt% or 50 wt%to about 60 wt % or 70 wt % or

75 wt% and 1-tetradecene is present in the amount of 1 wt%or 2 wt% or 3

w%or 4 w%or 5 w%or 10 wt%or 15 wt% or 20 w% or 25 w%to 25about 30
wt % or 40 wt % Ranges fromany lower |imt to any higher limt just

dl scl osed @pgaAntaMeatfdd hOPSHMotRmhideathpheks HahddooR, HANEI. arg-# so

contenpl ated by the present invention. Such two conponent feedstocks may be

bl ends of IR RFHGLQRTetiek . h@%@#@ éfﬁﬂlslfa@é@’eéé%&3 1043ed8HB and

1- dOdecene,Lexlengﬁgle@ﬁerﬁElﬁ Rjeaén%h TFASREERS; 2Ifared11 op0RGE N85 AR dons30196.
tetradecene. For such O m Xed féedstocks, either conponent may be

present in[@F6Lint dn @f:mliba@@l me%tlow m@ﬂemreme@mémuwn@ésedfWtiwhtowﬁ%&)ent S
b t 0 t
eing ig gg‘gfﬁ]ﬁ éﬁg‘uo]n ah%l e WOty ol 2 gf)gpgﬁza\f{\ﬂeo %n%p%rétﬁe@gn%ﬁ; Orofif 0=g0 O

70 wt % of her  enb ments t he nsi st s entially of
a single Lﬁ@(ﬁl‘j@ﬂeaéenﬁe tee emeboyaritd uqdf@@ehenn to\ROQ hrs. Metallocene loading ranging

2009/ 12380 S 34 0 rfi rl d f st

i ncl ude thgse (Zg é%gg{ggﬁﬁe??qué gloﬁ%lsecﬁﬁsr %:Oeg gg%&?’%é’ﬁ f%ﬁﬁ@?l@%g e.g.
al pha- ol ef iOpsradeg preethrd canrmaage fedrinytrmsphegucowtlbO(ppsogeQ@uoﬂaﬂlp,nh}Ercmm@amIlr opsch
synthesis, from steam roce syn S

oY Fenm conPEr Mg SR T Srerar Tt o RSP DR R T Bt

Raf f - 2 18t r ec@otor am@n SO rdacoi k. oﬂe@ﬂé?:lﬁl]nl ) paﬂlaeminadmmator thideorabfatios oﬂ$1&d | n
the feed are co-fed into the reactor. |n another odi nent, .t he

e toa sopsrsa § o o terRRoERRLRY el f® gl aPkh oty Bofr Bt or <
may al so bembe@shesePecabghyting cdn@Bihd@fe: Milfhcriz@5@E &mpengacho ab hesroocand

wth respect to the LAO species. 10Catal yst System%0035hThe cat al yst
syst em conpiSias mggihgyy tecf‘elwélr é&}ﬂy@hmdlfl%é&wérww g to REO.8 # Phhsiiecdrne

met al | ocengJfRy d%@ragﬁgglggsqreogtmgp{ehggﬁ@o Rd it may be neso-, racemic, or

met al | ocenes W th 1 symmetry, C2v symretry or Cs syrmetry, or m xtures
t her eofl FOM@_}@erose of the present invention, the term "catal yst

syst ent In%dﬁfs AT hh gh& Sl dBknokid JIR Qfﬂﬁ%%oﬁsaﬁlﬁlu}’a%{urm tﬁ@&dtm&r
pai r. Wen al yst sys is used to describe such a pair fore

act i vat i onoligamargatieg (pplymarzasion vakOéfdmgla‘tléary’sqlgI(t prasigets adfylgegr o @ig@i HeAOwi t h
an acti vat &%Qrs Oﬂ{ésé’%galééa}’ly r HLYRERY +of ?-‘ﬂé%ﬁd né atlthb‘?%‘hkv hec%hé“IQ ”“m
conmpound) . en I't 1s us e such a pair tér acti vati on,

means the a&qidalippedercdt dngsif tlaermrttdubr adtanpatsorf tl@rpro‘tdsmccoﬂdalggeﬂtﬁatremm ng
noi et Y 9oFur t. t Y,

conpr 20"t RYCBEHE B choBEele G mpBtthorsls BXPAR M ERNGRURTHEMN. o
Met al Iocem@d,ca'ualaysst@ph&OfiB@l@ahmlgysdfsmsmdted;lﬂiaealéfms ash&e;bron:hlslmgofeedshe
present invention include nctt al l.ocene cat stems such

B Gescr | nEw T eorPOR 893 GaboSien 1 HBe R pabon YT bR 0
preferred ner8| i sz&mI eaqil@ﬁhgf ar Meafmdpo& atcbémafbllet mbdad rf(&:ﬂé(’[oSthe firse @b liny
25zirconiu (Zr%jl ét 3@5 n| umf % 3e5] ferre Oﬂ]e
singl e-si t bl BRI o duminglni@RET h O fere FePudeR? @HPkbdr es of
si Iyl - 2kr caiiktdre mnmx@ﬁ@ﬂrdesmhlﬂﬁdecene and I-tetradecene. Mixtures in all proportions
di met hyl silyl bi s[tet rahydr0| nde (|1 zirconium di met hyl. The dichloro anal og
is also a phf be s ede € €a rgpg,@p % to about 90 wt% 1-hexene, from about 1 wt% to about

90 wt% 1-decene, from about 1 wt% to about 90 wt% 1-dodecene, and from about 1 wt% to

about 90 wt% tetradecene. In preferred embodiments, 1-hexene is present in the amount of

about 1 wt% or 2 wt% or 3 wt% or 4 wt% or 5 wt% to about 10 wt% or 20 wt%, 1-decene is

30  present in the amount of about 25 wt% or 30 wt%, or 40 wt%, or 50 wt% to about 60 wt% or

70 wt% or 75 wt%, 1-dodecene is present in the amount of about 10 wt% or 20 wt% or

25 wt% or 30 wt% or 40 wt% to about 45 wt% or 50 wt% or 60 wt%, and 1-tetradecene is

present in the amount of 1 wt% or 2 wt% or 3 wt% or 4 wt% or 5 wt% or 10 wt% or 15 wt%

or 20 wt% or 25 wt% to about 30 wt% or 40 wt% or 50 wt%. Ranges from any lower limit to
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[ 0038] Al so preferred are the partially or fiilly hydrogenated indenyl
rings. 30[0039] Preferred single-site catalysts can also include bridged
(cycl opernvado@nmzb3oo ( 9- f | uorenyt) Zr C12 or their anal ogs. PLOQSR}P0&{3eT r ed
single-site catalysts for the present invention include catalysts such as
rac-di net hyl -silyl-bis(4,5,6,7-tetrahydroi ndenyl) zirconiumdichloride or
rac-di nethyl -silyl- bis(4,5,6,7-tetrahydroi ndenyl) zirconium di nethyl,
rac-di met hyl -silyl -bi s(indenyl) zirconium-7- WO

2009/ 12380QRCTEhSARALHO A e Hhelab A hpigi-ar . %aﬁorﬂlaﬂﬁh wbesiol asbatdios(badeny! )

zi rconiumdinethyl, rac-ethylidene-bis(4 - tetrahydroi ndeny

Zi r coni um APERE 6F frer abeut 2aeeto fehpyt 38 meZai- %f(m% frigmabpyt Sawyﬁw@ﬁlagﬂyw
zi rconi um dideetdvdy frdn@ gk Q8 @eReaddls o W“ff’ lideedd, FRANhET db GOl #Rur

rac- et hylidenebi s(indenyl) zirconium di nethy
rreso di met Ky wt%q Igadegéns(of fBnE atout e2p aﬁ%dtpcﬂbﬁ@teﬁﬁ)y\r% 18lod¢oend phd; ot ablebior i de

mesosdi ’5%%1%’ o a%‘)&tlé'o s %é?éeﬂe SeSEInR SN 4 W@éf gﬂou% 5 G UR-agthy!
maso di rret h si lyl-bis(indeny zirconitumdi chl oride or

meso- di met Hryalmemuls pihi Rgasdenspiniemplataionichiay cingestpysl or minus 5% (£5%) from those
meso- et hyl i 5 7-tetrahydroi ndenyl) zi rconi um di chl ori de or
neso- et hyl |€E§%§“dg?s% qunpge 7-tetrahydroi ndenyl) zirconium di met hyl,

nmesoet hyl i @28} bi Whlhﬁdﬁmyﬂ progértiesnif wthedlindal alphabéefms (LAO) may be present, such
mssoethylld ne bi s zi.rconium . 10 _di.net hy] . her p fer

Srnol o- o) v &° ERE it LRRRR S RES R i i T i e RS v
wi t h dilbf etlenbliglegiiesionf casaljaﬁtanﬂu@reﬂiotefsgied@ydisti ieganttdly & hl&fex@llé,efl&reéeﬁ‘ld

cat al ysts incl ude . . . o .
di phe%yl rretlrff?ﬁ?cﬁlé‘he YRASHS e (PBrare GBI §orriRbni Ym el CHNS e,

di met hyl si leykhteayo b@p@@madk@rtmaeh (9 of diktirP ey hin L IsCzat @6 oBlicPDANYik Prdsbof (or
1(cycl op entadi eny %\9 fl uorenyl %ZI rconium. 15[ 0041] O her preferred

met al | ocend¥ th'ﬁd%%ﬂ?t B GHBrY gAY et arquikeffres ths hasic a%d novel Teatures of the

bi s(cycl op%fbts@ﬂlnev@wl&n Zh K EORLIUBY SR RbOEHSIRIm e Hea¥sd @P RN @€ Blyhdoldinkconi um
di met hyl dimet hy [eye |opentadieny |) zirconiumdie ||l oride,
bi s(1,12- d|CWSFPy‘PfcyB‘FXGB‘i3e1n@e&€He érﬁ?ﬁ%fn%lrfé@%ﬁewwﬁﬁw1 at no other olefin is
oS3, o BB aOetob o] oont um 8 ohloride, bis(L 3
| op en%/ad?/é(m)}g] An@(he;z imixednfeedsiogk @Eﬁf@lr jnd@e present invention is a mlxed feed of 1- Y
tri ot ﬁyf’c%’%@“@éﬂ%%ﬁﬂ&'aﬂ{i’q”f%t?%’ll%%%?LM%&“@%QPOWW%@% P §b T oyol
opent adi  embdut )l wis tooamounidwivetl Higkenebfrom apdut, 12wo tolaliost Yt Ihdecgreyefd op
ent adi gny nd ar.,de th op
ent adi 2§nylﬁjof[2 %bl%l’{ ??ﬁté’ﬁ% c?g %')rleﬁ:y r(? /d In ]fretg%!te(z%e ﬁdlﬁgrﬁ%ltﬁé 2??’?%6 e ér% e%l m

zi rconi um dmotmits)of Uw%blrg(vﬂmrémet%lwwt% 01p58m%1¢b ﬂm)yi DO wi%, @Orwt%nﬁs 285,

di net hyl , ubstltute apal o 00 tor
e e non. cObramia: 1 ABe R b R RS 8 eFR i Arobi i eh 8P RO M Bh B Shpouna
such as nmethyltel toabeud sane s VAW %0175 pitYopasiastcoidetdicSs prossanini tbarasiat dhe

clains thereto cgordinatin io CA) i s eflnegto meg ani on
Shich et § hdm i EBE R e bl e 1 tH Tk G Gor i 2 et DBt S
coor di nat esb@bBY w4y wie. tRaQedEt@h aAbVeNimifD ahmlgl@pn@lit Mk esclveadkly
enough that a neutral Lewi s base, such as an olefinically or acetylenically
unsat ur at e§OHERYASY, can displace it fromthe catalyst center. Any nmetal or

netal | oi d {4t Ca'M&éH Rt RIBAIWPLOA WRaklsY coRehsihRaby e SR BXeitohh t he
catal yst nmetal cation may be used or contained in the noncoordinati ngr
e not

ani on. Sui Sa#} BVheamgogent rﬁ‘%,eldﬁfﬂ%l(s eyt bt o 96 1 12300 ot Trdosre0 bheosag9ad
limted togo@dctid NUBerOhfl 1 A0GkRIAt L M: i § A8 dIRE 8l PhibRcidachdade. but
are not limted to, boron, alum num phosphorus, and silicon. A subclass of
non- codPdi teitatlergnaani Brissuglo e A6 mixed] fepdstoslss, reitheroomporanomeny henpretentciin be
ei ther neu oni

Coni o act i op i BELRDPG P REDR G A% LBl B AR BQUENLE o

st oi chi onmetp wt%att fowkatvabo, At 40ewi’s ondld © 7é)o’lzti’/<vat or can be used

i nt erchang h e ention
o an noa T2Y o dpPOeLeRiuRbi B bR RN o @G BHEIETA L ALER
descri bed ilAlcYWHZOO0T/10dt8B2. These acti vators are per se wel | -known.

[ 0044] The nore preferred NCA is C34-112hONB (n, n-di net hyl ani | i ni um

t etraki s(penta- 10fl uor phenyl) borate. -[00045] Usual | y, the catal yst system
al so include a co-activator, which is usually a trial kyl al um num conpounds.
This trial kyl alum num conpounds can al so be used effectively as a inpurity
or poi son scavenger for the reactor system Most preferred trial kyl

al um num conmpounds are tri-isobutylal um num tri-n-octylal um num or



150r tri-n-decylalum num tri-n-octylalumnum etc. 100461Cx her conponents
used in the reactor systemcan include inert solvent, catal yst diluent,

etc. Theswocompiassnt s can al so be recycl ed during the operats2am/ob4sbe
Product Isolation 100471When the polynerization or oligonerization
reaction is progressed to the pl-e- 20 determ ned stage, such as 70 or 80%
or 90% or 95% al pha-ol efin conversion, the reactor effluent is w thdrawn
fromthe reactor. Usually the reaction product should be treated in the
same mannefoes3 de%ftic@l@ﬂy'aﬁva{ﬂta%ed Rédagi0tksARBILIE Atds@ 4B pRS-bRAN NBurces

2008/ 0020928 (havi riority date of July 19, 2006; U.S. Provisional
Appl i cat i odesqgb edsw/‘%@a?_o 1833, 1¢-2-Hephgradefs dedvadeliomen efhiylene groaty stocetioul d
be deact i val,GriR¥iel PopQAUGHhAR, RbmRtehm og@erlﬁeﬂ PREIBE pRessésyAtda€ bynthesis,
deactivator to a separate reaction vessel. The cat aPyst corfiponents can be
renoved by Gietrhad soreisiog il uigkne frophisfiagrp oparetivni vibas R PRadH stkppl prslat i on
Publ i cati o, Noy, 2008/ 0020928 or by washing w th aqueous base or acid

fol | oned by separating the organic layer as in conventional catalyst
separation [mﬂhod In Aﬁtembochhenfcdtead)ly@ns usealrmvaie fe¢hercefofttdiano thrarragier. In

subj ect ed tgotﬁl t0I {nlleaﬂf otle%ng% eadt gr 1nt (t?haC{]gcqorf e?n e?he?fclas%s ’theI nert
sol vents afd 30 hier conp onenP eavi er 6l gonerization
product . Depmllysﬂmgnmers tdw Ppal lyenmed Bgtaranaly roemgbthem vntbmdsﬁectoﬂoseaclt bihsr and

ol i goneri zat C have high degree of unsaturation as nmeasured by
br oni ne nur% E%?M%E);f@%ﬁg%od or equival ent nmethod). If the bronine
nunber 10s loadmdsstswm hi gh, the heavy ol i goner fractl on |s subjected to a
hydr of i ni sgbtgg st to reduce the brom ne nu usua to | ess. tEl&n 3 or
| ess than | °\B1A5H G TSR S BRIEFUE2 B, 6%"&%9%)“1??? foecep et
hydrofinis Iactngtoeorrde ble@NScenB thaly R Hiidsdd &cinBRPEAICRLd 0 aPlbe tnitgo-PACHBRS 6r
stock. Typical hydrogenation step can be found in many publi shed patents
and | it er afffdlecdrs pAb r%&%ﬁﬁﬁyoﬁ%%’ﬁ@@g’ Ol MRS, ORARHUEHECESRE FPloduct s
have very OpurPBk esthphrid8it Gt en@bn, NKENQHE MNeata @sﬂ§ﬁ@en§j‘ufnbﬂgest b€ single site

pol yneri zation step, the isolated PAO products wi Snatural | y have very

| ow br dfi ner@t%lewérca@rysfd@graéévaéqr N#H's QY DeratcRighyst BREM) ipdtretto daisribe sisbed
directly i ?aﬁ%i/or@%!&a@l@ﬁ' Rnﬁeéi‘fsttBQ%a&w%t%@aJaﬁa‘i}%t W@Ea@ﬂ%@aw OflerSWaR: an

[ 0048] The fraction, as separated directly fromthe react or effluent
or further aﬁwatpw peshapéehafly, @raotasvatprguchfag aéltl¢1b3r1 abprneh gempepnd b nWeer b

al pha- ol ef | luE'e%l toﬁgéc bl LAt Jafrfht QRVGRR, P ¥18 h&@aﬁ@% 2%t A oMty ABY
purge, into yneri zation reactor’ urt nver5|on into | ube
product. Qor Ottltﬁrschhrga@a]ammngsnm@y oFumhmnelppnlupraca‘tae@ f'¢aaa¢3tsn onssmt amaybe
recycl %6 I %ht?ontaﬁ)? C rmér)/se Ic%%ﬂ\%t ra&%@t ootfler cﬁa(r%g F)algr%%n cget hr ough a feed
pre-tréat aining renmovi ng agent,
such as acMgM&dMétuﬂncmCaﬁaWse&ul ar SI eve, or ot her actlve sorbents. This

re-treat v fromth at.al.ys.

P toar omehor CHTGREER G B nBbwl af e PRl iR Suf R ned
1|5vx1c t h fr esletdieathe eh@fybtng stodf, asueh ﬁﬁéﬁcrﬁl#ﬂaﬂnﬁ |V¢(amooml¢©32u mzd@egmyﬂsegaﬂdeedd
olefin str 491T unt e fr i 0 taini.ng t un-reacte

oot ins 1 SR T e TR i i sl T Qi 8 s af mE . WY s
ol efi ngs depesdind@ZrPMatnien GOMYERT thhiHim (tihe amount of inert conponents and

solvents used_in the reaction. Usuall% this ampunt ranges 20 from 5% to 50%
and more cdMSBh y Proferad segle-yicsptlts fohderressy lf%féla%rné%wdﬂ TacERiCSMEX{WeY j on

cont ai ni ng of heiHRIE&RGH e@oggﬁiésns SN éaptdlﬁaaﬁylkﬂfylﬁaqte&ﬁﬁy&&ﬁak ?nﬁlfbohlm@l
pol ymerization reactor in 100% or sometinmes only part of raction
rangi ng fr §imQnd, The dovproantles halsordrsfonsbeataysuos or al ter natl vely 90%to

50% is reqgsg| ed AR Reith&l ROINTRRHARD! ANy hERGSRhtcd T 2FRLNE Of this
fraction tg be] recyclﬁe?gl dep endsq%natﬁe coy %&%I otﬁ of t}ﬁe raction and how

much i d8rt [0038] compaipreast §m@16 sifp| GedHyds taae %iéﬂ yifglpdez rideed r(@@éqp@nta@awl)

tol erate. e anount of recycle, the better the total

| ube vyi el d?ﬁﬂéaje%'e tgrﬁ Oglt}%ﬂ(%al fin usage and better process econom cs.

[ 0050] The f0®8L i ofrdfontdaiimglergitet tagalyst- foe dotraesent pféntion fircbrie tchielyste aothons
effluent c i r | f r nore
cormonl y, _het st FEA B P R BEGED ABHRR AGRFLE or e bRl 2

pol yrer i zabis6hs, 6éaﬁtamydmmﬂényi;)mmoriiumsmnah]dhalcecl1méthyiss11ymm{1nden3ght1%mmnt he
recycled un-reacted olefin fractions in the total feed ranges from0%to
100% NMbre commonly, the weight% of randes fromO0.1%to 70% or
alternatively 0.5%to 50% or alternatively, 1%to 30% O during a
continuous operation, this weight% can change dependi ng on sel ected degree
of conversion, product viscosity, degree of purge stream etc. WO

2009/ 123800PCT/ 1132009/ 034391 Sorretl mes when ITB.kI ng h| gh VI scosity product,

e Y e




5 olefins and other inert conponents, such as solvents and diluents, etc.
In this recycled stream the anount of internal olefins, di-,

tri - sushswptoesedssebef i ns, sol vents and dil uents are usu&Ciryuseevlosgber
concentration than the fresh feed olefins. In other words, the amunt of
reactive alpha-olefins is usually lower than the fresh feed ol efins. The
anount of al pha-olefins can range from2%to 80% and usually is not nore
than 70% However, surprisingly, 10 we found that this fraction containing

| ow anpunt dféiﬂoﬁh@'aﬁréélcﬁﬁlbtﬁﬁ GINbIREERANY SkdoBfint BRI, Hhc-BMAkdchy bisubes base
stock in the sim/lar manner as the fresh feed over 'the netal |l ocene catal yst

wi th high [tasbydipiadenyD amdicarivgh deltlerides tor p%ﬁﬁ%d@ﬁptb}s@ 0/t tpteahdiomdenyhe
product pr Qf?gcfnﬁl}fnfcf1ﬁ@&1§rlh'r§c Etﬁg;ly&hgglseh&ml z‘%ﬁcBﬁéﬂﬁ‘ aircmtoh@e rHrXIfay EhyRdene-
recycled ol efin streamiwith fresh feed, are simlar restee or
in some cadesndyybdueircapam ad@lmﬁmgeomvdmﬁyl BM@#S(%5617§@Wﬂrylndenyl)
Experi nent 5 ny.en onal
benof 115 1 4 g LS B
exanpl es. Tlhfe@aflemﬁqatim@ﬂsfﬂr@duldblﬂﬁmdttnabenir@nium alechidride s atebordimgfhyt-kityl-

i nvention han |.i m and he art
20possessi ShBEy hatpubl gy, MSuRBSudr BN SET S Bl b e Pl ot ner
appl i cat i odghkride pos mebd—ﬁhyitdemsr bik [@ehnn, T-hdsky ds@eddnfy 1) c aikdoyiven ulivesttl e dndser ei n.

Rosear ch | ROV €T ROk AR o b g G R R0 B BB et 20

hours. 1Dur idngetni}m Dthe Phefertdilesinyld-siteScatadstsaitclide e bip@i@docal ra@iid eamewny
fitted into ur.- Bal P test chln roII earin
bror g CHANGS T oAeEt dbfiar o SHAGt: gy B SOMsh P IS
5000 Newt Ofnchfde60C ﬂ@her@lrﬁéﬂ@nﬁa{&cydwba{mmygt9 ﬁﬁ)r&l@l}l&l&oniﬁﬁﬁn t hiechl @Rl l s
conpleted, the used fluid viscosity Is neasured and % vi scosity | oss was

cal cul at ed ff?%lmlftlwé(cbécé‘?i?ﬁ?féacl}‘?“é’l?@sﬂ‘&rg?e"d@?Eﬁ1% ard afpbeniilyi(pyedqrentydignyl)
severity ofotligcdfBit&simcan be increased by extending the test duration up
to 100 or 500 hours 30[ 0054] Mol ecul ar wei ght distribution (MAD), defined
as the 1Pat i(0P48F w&ithgit Prelesicd gmatalascoes ishsiEr they Brbieer wvtellocsies MiEh ean

det er m ned bQ}g’cygl%ben@aﬁi'ié?i?Et &Q&nﬁﬁ&{ Oﬂa{lweapﬁy(c&éﬁop@hta&'i%hﬁﬂ z%b%ﬁi%r %11rM\étﬂﬁ known
mol ecul ar wei ghts as cali bration standards, as describ in p. 115 to 144,

Chapter 6, bTBh]e2 ﬁrmeélwmyakopmdgﬂwl)oiﬂrcpmuyln@rchlonép "by(i asiinpq:tbslcmoma@an@rl)
S 0
20091 12380000 52535 AY SR GRBethiiny B Drcorketd hjchlo pisc1

di scover ed dithyl¢ysppadliciybt r zitbgtivon dihetiyd be baél é34tmm@hylosw1®bntv<ilislmb)si ty

at |lea 1 [ Kv at
e 30 SOy kR, SR # SRR 01263l I BREF, b
distributi cumnétltrﬁSycﬂdpammhbwl)al gmcranidmn dmm)rrde,o ‘bf5616274a+r11flé1h}7125&10‘pehta@e1(3m/ at

100C in cSt refer o e_a nol ecu i ght
di str but -G Ehr T ERRT e 6 eehm NG TRt B e M 1 oo &) 1
Exanpl es 1 bisol, B3 4[t@8h@ihiwclopditaidnpl) expacinimnt s \diatieehydar r i ledpaitdmedtiyl-a
cont i nuous r act or ese runs nstr ted t use of .non-caqordi nating
o o ( NeAP SBIEuA credign CibETTror PRt B RRRSITRG oClPE et o
di stribgti apnetiyldpaener abdtithel beingsused in the runs were purified through a
5 Angstrom mol ecul ar sieve. [0057] The netal | ocene catal yst used was

di et hyl si IA,QF—EQ—%{ t et rahydr oi ndenyl ] zi rconi um di net hyl . [ 0058] The acti vat or
used was Njydd4dj Netiny | RiNdibrnnsiMot &t héH &%%ﬁ’efﬂhg@hf&ﬁhﬁﬂw ¥ ReRabe or 45rikROBI] A
cat al yst sol ution was prepared by pre-m xing netallocene with the activator
i n t ol uene 2EIYR MR FuEd apmgthyjalinypeyeac Q). yEY pR@eseriof tis igwntien il The
experi ment spWaigs GRMAH GRS ol dinaRind ShibE INEURls I&REH ¥ nfe@Dhih BMON S HRA éftfhlnon
process. Both of the reactors were 1-liter autoclave reactors. Al feeds
wer e i #fr odowsawt coardingthéo fhie catalyptenettlationopr thafireaslinptes onkyj weallyrta tthesmetBot h of
t he reactor, r

catal yor ST oo G B B R e R S S Gl g
purified lodectimioaty enstmtédmousicy, pudppldcd lnfr@nah@qataﬂﬁe«:bntmeAh}' tngtal or

stai nl ess d ac: u was
conti nuous%@é&@m%ldﬁ%?tag\%ﬁ%r%o mtcé)lﬁléaﬁﬁut ociﬂd\%%gg}&ﬁ%ﬁln p%}( vvas ﬁgtg% ‘%‘%tal

The or gani caticayresy bwased ur tdreginadi is tthd lhceidocaﬂmmrgrantoanr&anaﬁlu netajsoincledn bet any
C20 and lighter conponents. The resi dual8 oil was then hydrogenated using 1
wt % Ni - "o



25 on- Ki esel guhr catal yst at 200C, 800 psi (5.5MPa) hydrogen pressure for 4
hours. The brom ne nunbers for all sanples after hydrogenation were much
bel ow 1. Wbeowdeastonon condi ti ons and the hydrogenat ed f ipairaisea9losisel
properties are summarized in the following Table 1. This set of data
denonstrates that a wi de range of viscosities can be produced at high
productivities. Also, these data show that a wi de range of mm contents,
rangi ng from 3086%to 51% can be produced. This data further denonstrated

that the MR Qf lihhf%dtt&'bﬁurﬂihﬁhqy%é@ A3 ARLNZ eshityic GG MRIsGn@hde, Y8 dfe MBI I OW.
WO 2009/ 123800PCT/ US2009/ 034391 Tabl e 1. 1-Decene pol yneri zation by CSTR

React or Exafipieé tangoron, unginumpphgsiphesist #16irbilirepp Arsabalise of wnsepoghnafips 8jowo 100
Feed Rates comprises IofleRaRgic Jﬁtiéﬁi)ﬂ’s‘, MichQaftBe cither neutral or ionic. The terms ionic
activator, and stoichiometric ionic activator can be used interchangeably. Likewise, the terms
5 neutral stoichiometric activator and Lewis acid activator can be used interchangeably.
[0043] The preferred activator for the present invention is an NCA, preferably such as
one described in U.S. 7,279,536, or as described in WO2007/011832. These activators are
per se well-known.
[0044] The more preferred NCA is CsHioF20NB (n,n-dimethylanilinium tetrakis(penta-
10 fluorphenyl) borate.
[0045] Usually, the catalyst system also include a co-activator, which is usually a
trialkylaluminum compounds. This trialkyl aluminum compounds can also be used
effectively as a impurity or poison scavenger for the reactor system. Most preferred trialkyl
aluminum compounds are tri-isobutylaluminum, tri-n-octylaluminum or tri-n-hexylaluminum
15  or tri-n-decylaluminum, tri-n-octylaluminum, etc.
[0046] Other components used in the reactor system can include inert solvent, catalyst
diluent, etc. These components can also be recycled during the operation

Lube Product Isolation

[0047] When the polymerization or oligomerization reaction is progressed to the pre-
20 determined stage, such as 70 or 80% or 90% or 95% alpha-olefin conversion, the reactor
effluent is withdrawn from the reactor. Usually the reaction product should be treated in the
same manner as described in U.S. Patent Application Publication No. 2008/0020928 (having
a priority date of July 19, 2006; U.S. Provisional Application No. 60/831,995). In the
preferred manner, the catalyst should be deactivated by introduction of air, CO, or water or
25  other deactivator to a separate reaction vessel. The catalyst components can be removed by
methods described in the aforementioned U.S. Patent Application Publication No.
2008/0020928 or by washing with aqueous base or acid followed by separating the organic
layer as in conventional catalyst separation method. After the catalyst removal, the effluent
can be subjected to a distillation to separate the un-reacted feed olefins, inert solvents and
30  other lighter components from the heavier oligomerization product. Depending on the
polymerization reaction conditions, this oligomerization product may have high degree of
unsaturation as measured by bromine number (ASTM D1159 method or equivalent method).
If the bromine number is judged too high, the heavy oligomer fraction is subjected to a

hydrofinishing step to reduce the bromine number, usually to less than 3 or less than 2 or less
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than 1, depending on hydrofinishing conditions and the desired application of the PAO base
stock. Typical hydrogenation step can be found in many published patents and literatures of
PAO production process. Sometimes, when the PAO products have very high molecular
weight or hydrogen is used during the polymerization step, the isolated PAO products will
5 naturally have very low brominue number or degree of unsaturation, the product can be used
directly in many applications without a separate hydrogenation step.
[0048] The light fraction, as separated directly from the reactor effluent or further
fractionated from the light fraction contains un-converted alpha-olefins. This light fraction
can be recycled with or without any purge, into the polymerization reactor for further
10 conversion into lube product. Or, this fraction as is, or the appropriated fractions, can be
recycled into the polymerization reactor, after passing through a feed pre-treatment column
containing the typical polar component removing agent, such as activated alumina, molecular
sieve, or other active sorbents. This pre-treatment column can remove any of the impurity
from the catalyst residual or other impurities. Alternatively, this fraction can be combined
15  with fresh feed olefins before feed purification column.

Recycled feed olefin stream

[0049] The amount of the fraction containing the un-reacted olefins from the reactor
effluent ranges from 1% to 70% of the fresh feed olefins, depending on the conversion, the
amount of inert components and solvents used in the reaction. Usually this amount ranges
20  from 5% to 50% and more commonly, from 5% to 40% of the fresh feed olefin. This fraction
containing the un-reacted olefins can optionally be recycled into the polymerization reactor in
100% or sometimes only part of the fraction, ranging from 99% to 20%, alternatively 95% to
40%, or alternatively 90% to 50%, is re-cycled into the polymerization reactor. The amount
of this fraction to be recycled depends on the composition of the fraction and how much inert
25  components or solvents the polymerization reactor can tolerate. Usually, the higher the
amount of recycle, the better the total lube yields and better alpha-olefin usage and better
process economics.
[0050] The fraction containing the un-reacted olefins from the reactor effluent can be
recycled into the polymerization reactor by itself; or more commonly, the un-reacted olefins
30 fraction is co-fed into the polymerization reactor with some fresh alpha-olefins. The
weight% of the recycled un-reacted olefin fractions in the total feed ranges from 0% to 100%.
More commonly, the weight% of ranges from 0.1% to 70%, or alternatively 0.5% to 50% or
alternatively, 1% to 30%. Or during a continuous operation, this weight% can change

depending on selected degree of conversion, product viscosity, degree of purge stream, etc.
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Sometimes when making high viscosity product, higher percentage of the recycled stream is
used to reduce reactor viscosity and enhance reactor control.
[0051] The fraction containing the un-reacted olefins usually contains the feed alpha-
olefins, internal olefins or di- or tri-substituted olefins, small oligomers of the starting alpha-
5 olefins and other inert components, such as solvents and diluents, etc. In this recycled
stream, the amount of internal olefins, di-, tri-susbstituted olefins, solvents and diluents are
usually in higher concentration than the fresh feed olefins. In other words, the amount of
reactive alpha-olefins is usually lower than the fresh feed olefins. The amount of alpha-
olefins can range from 2% to 80% and usually is not more than 70%. However, surprisingly,

10 we found that this fraction containing low amount of alpha-olefins can be converted into high
quality lube base stock in the similar manner as the fresh feed over the metallocene catalyst
with high lube yields and high catalyst productivity. Furthermore, the product property from
this recycled olefin stream or the mixture of recycled olefin stream with fresh feed, are
similar to 100% fresh feed or in some cases, product can advantageously have lower

15  viscosity.

Experimental

[0052] The invention may be better understood, and additional benefits to be obtained
thereby realized, by reference to the following examples. These examples should be taken
only as illustrative of the invention rather than limiting, and one of ordinary skill in the art in

20 possession of the present disclosure would understand that numerous other applications are
possible other than those specifically enumerated herein.

[0053] The shear stability data (TRB test) were generated at SouthWest Research
Institute in San Antonio, TX, using CEC L-45-A-99 procedure at 20 hours. During this test,
the oil is tested in a tapered roller bearing fitted into a Four-Ball EP test machine. The taper

25  roller bearing, submerged in 40 ml of test fluid, was rotated at 1475 rpm with a load of 5000
Newton at 60°C for a standard duration of 20 hours. When the test is completed, the used
fluid viscosity is measured and % viscosity loss was calculated from the sample viscosity
before and after the test. The severity of the TRB test can be increased by extending the test
duration up to 100 or 200 hours.

30 [0054] Molecular weight distribution (MWD), defined as the ratio of weight-averaged
MW to number-averaged MW (= Mw/Mn), can determined by gel permeation
chromatography (GPC) using polymers with known molecular weights as calibration
standards, as described in p. 115 to 144, Chapter 6, The molecular Weight of Polymers in
“Principles of Polymer Systems” (by Ferdinand Rodrigues, McGraw-Hill Book, 1970).
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[0055] The present inventors have also discovered that the MWD distribution should be
as a function of viscosity at least 10 percent less than algorithm MWD = 0.2223 + [1.0232*
log (Kv at 100°C in ¢St)]. More preferably, the mPAO should have a molecular weight
distribution less than the algorithm: MWD = 0.41667 + [0.725 * log (Kv at 100°C in cSt)].

S Most preferably, the mPAO should have a molecular weight distribution algorithm: MWD =
0.66017 + [0.44922* log (Kv at 100°C in ¢St)].

Examples 1 to 6

[0056] The following experiments were carried out in a continuous reactor. These runs
demonstrated the use of non-coordinating anion (NCA) as activator, high lube yields and or

10  narrow molecular weight distribution. 1-decene and toluene used in the runs were purified
through a 5 Angstrom molecular sieve.

[0057] The metallocene catalyst used was dimethylsilylbis[tetrahydroindenyl]zirconium
dimethyl.
[0058] The activator used was N,N-dimethylanilinium tetra(pentafluorophenyl)borate.

15 [0059] A catalyst solution was prepared by pre-mixing metallocene with the activator in
toluene solution to give 0.8 micromole catalyst per ml of solution. The experiments were
conducted in a series dual-reactor continuous solution process. Both of the reactors were
1-liter autoclave reactors. All feeds were introduced into the first reactor continuously at
fixed rates. Both of the reactors were controlled at the same reaction temperature. The

20  catalyst solution, a scavenger tri-n-octylaluminum (TNOA) solution, and purified 1-decene
were continuously pumped into a stirred one-liter stainless autoclave heated to reaction
temperature. Reaction product was continuously withdrawn from the autoclave, quenched,
and washed with water. The organic layer was further distilled at high temperature to remove
any C20 and lighter components. The residual oil was then hydrogenated using 1 wt% Ni-

25  on-Kieselguhr catalyst at 200°C, 800 psi (5.5MPa) hydrogen pressure for 4 hours. The
bromine numbers for all samples after hydrogenation were much below 1. The reaction
conditions and the hydrogenated finished lube properties are summarized in the following
Table 1. This set of data demonstrates that a wide range of viscosities can be produced at
high productivities. Also, these data show that a wide range of mm contents, ranging from

30 86% to 51%, can be produced. This data further demonstrated that the MWD of the lube

products as analyzed by GPC were all very narrow.
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Table 1. 1-Decene polymerization by CSTR Reactor
Example No. 1 2 3 4 5 6
Reaction Temperature, 50 60 70 80 90 100
°C
Feed Rates
1-decene, ml/min 40 40 40 40 40 40
metallocene (dimethyl), | 2.39E- | 2.39E-06 | 3.73E- 3.73E- 3.73E- 3.73E-
mol/min 06 06 06 06 06
activator, mol/min 1.20E- | 1.20E-06 | 1.87E- 1.87E- 1.87E- 1.87E-
06 06 06 06 06
Scavenger TNOA, 7.57E- | 7.57E-10 | 9.10E- 9.10E- 9.10E- 9.10E-
mol/min 10 10 10 10 10
microgram 337 33.7 52.6 52.6 52.6 52.6
metallocene/g 1-C10
Run Time, hrs 2 1 1 1 1 na
%Conversion 73.9 31.4 35.8 94.6 98.5 na
% Lube Selectivity 95.1 97.1 94.3 96.5 93.1 89.0
Hydrogenated Lube
Property
KV@100°C, cSt 295.206 | 169.073 | 79.489 26.543 14.89 11.198
KV@A40°C, cSt 3002.31 | 1617.989 | 696.789 | 197.18 99.737 70.364
\! 249 225 197 169 155 150
PP -30 -30 -33 -48 -57
Molecular Wt by GPC
Mn 6103 4537 3182 1964 1516 1309
Mw 10732 7579 4823 2586 1760 1493
MWD 1.758 1.671 1.516 1.317 1.161 1.140
5 [0060] Two of the polyolefin samples, Example 1 and 2, made in this CSTR reactor and

metallocene catalyst were compared to two Comparative Example 1 and 2 fluids prepared

according to procedures reported in U.S. Pat. No. 4,827,064, which is mostly batch or semi-

batch operation. They have comparable 100°C viscosities, VI and pour points, but with
broader molecular weight distribution.

10 [0061]

Example 1 and 2 fluids had no or little viscosity change. In contrast the Comparative fluids

When these examples were subjected to standard TRB shear stability test,

with broad MWD and made by non-CSTR process, had high amount of viscosity loss.
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Comparative Example 3 to 6
[0062]

carried out in a batch mode. 50 gram of purified 1-decene was charged into a reactor under

Comparative Example 3 to 6. In this set of experiments, the polymerization was

N, atmosphere and heated to reaction temperature. Then a catalyst solution containing 0.912
milligram (mg) metallocene rac-dimethylsilylbis(tetra-hydroindenyl)zirconium dichloride,
0.801 mg activator N,N-dimethylanilinium tetra(perfluorophenyl)borate and 63.6 mg of tri-
isobutylaluminum dissolved in 5 ml purified toluene was added while maintaining the
reaction temperature within £ 2°C of set temperature. The reaction was allowed to go for 16
hours and then water was added to deactivate the catalyst and washed to remove any catalyst
residual. The remaining organic layer was then distilled to remove light solvent or unreacted
starting material or 1-decene dimer. The properties of the residual lube fraction were
summarized in Table 3. As these data demonstrated that the molecular weight of the fluids
prepared by batch mode is always broader than the fluids prepared in CSTR mode of
operation.

Table 3. Batch Mode Processing

Comparative Example 3 4 5 6
Temperature, °C 35 65 70 70
microgram metallocene/g 1-C10 18.24 18.24 9.12 19.08
Wt% Conversion 68.0 94.9 93.0 91.8
Wt% Lube Selectivity 95.7 97.0 99.2 96.2
Lube Properties
V100°C, cSt 1095.24 194.61 115.66 72.53
V40°C, ¢St 12502 1848.26 996.27 606.46
VI 310 226 211 191
Pour Point, °C -28 -32 -38
Mn 12287 4458 3300 2909
Mw 25151 9094 6650 4718
MWD 2.05 2.04 2.02 1.62

- 14 -




295. 206 300 169.073 150 KV(cil40C, cSt 3002.31 3100 1617.989 1500 VI 249

241 225 218 PP -30 -27 -30 -33 Molecular W by G PC Mh 6103 12911 4537
8546 Mv 1WB2209/123800 PCT/US2009/034391
Example 7

[0063] Example 7. Similar to Examples 1 to 6, except a mixed alpha-olefins containing
33 wt% 1-hexene and 67 wt% 1-dodecene and reaction temperature was maintained at 55°C.
The resulting product has the following properties: 100°C Kv = 185.1 ¢St; 40°C Kv = 2106
5 ¢St; VI=210; Pour Point = -30°C; Mn = 4583; Mw = 7864; MWD =1.716.
[0064] Examples 1 to 7 demonstrate that coupling CSTR processing with metallocene
catalysts produces products with very narrow MWD with significantly improved shear
stability. In addition, these examples show that the improvement is not limited to pure
1-decene as feed, but also applies to wide range of mixed alpha-olefins as feed, including
10 feeds comprising one or more of 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene
and 1-hexadecene.
Example 8
[0065] A 25/60/15 wt% mixture of C6/C10/C14 LAOs was purified using 3A mole sieves
under 30 psig nitrogen pressure and then was fed to the CSTR equipment while maintaining
15  the same nitrogen pressure. Continuous LAO feed was then started at a rate of about 500
Ib/hr during CSTR operation. The water content of LAO coming out of the mole sieve bed
and entering the reactor was about 5 ppm. The residence time of LAO in the mole sieve bed
was about 4 hours.
[0066] Feed purification: the mixed LAO feed was purified before the reactor via
20  commercial, pre-activated 3A mole sieves. The sieves were loaded in the feed purification
vessel under nitrogen. The mole sieve bed was first filled up with the LAO feed mixture in a
batch mode. This operation was monitored closely for any exotherm in the mole sieve bed.
No exotherm was observed. Continuous LAO feed was then started at a rate of about 500
Ib/hr during CSTR operation. The water content of LAO coming out of the mole sieve bed
25  and entering the reactor was about 5 ppm. The residence time of LAO in the mole sieve bed
was about 4 hours.
[0067] The  metallocene  catalyst used was  rac-dimethyl-silyl-bis[4,5,6,7-
tetrahydroindenyl]zirconium dichloride, the activator used was N,N-dimethylanilinium

tetrakis(penta-fluorophenyl) borate. Tri-n-octylaluminum (TNOA) was used as co-activator.
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[0069] A constant nitrogen pressure of about 15 psi was maintained on the cylinders and

the catalyst components were metered into the reactor via rotameters using tubing providing

about 5 minutes of residence time. The molar ratio of the three catalyst components
10 metallocene/activator/co-activator was 1 : 1: 10.

[0070] The typical concentration (neat) of the catalyst components in the reactor was:

metallocene: 10 ppm
activator 19 ppm
Co-activator: 80 ppm

[0071] The reactor, purged with nitrogen for several hours beforehand, was purged with
15  toluene having a moisture content of about 1000 ppm and then flushed three times with mole
sieve dried LAO feed (having less than 5 ppm water). After establishing that the water
content in the LAO from the reactor tested less than 10 ppm water, the reactor and LAO were
considered clean and dry and ready for start of the reaction step.
[0072] After preparation of the initial reaction heel, flow rates of LAO, Catalyst
20  components, and TNOA as scavenger were started for CSTR operation. The residence time
during the run was 3 hours and was maintained by controlling the total weight control of the
reactor. The working volume in the reactor was 200 gallons.
[0073] Reactor temperature set point was 140°F (60°C). The flow of cooling water on the
heat exchanger was adjusted so that temperature fluctuated by +/- 2°F from the desired 140°F
25  set point during CSTR operation. Conversion in the reactor was monitored via refractive
index measurement. The average conversion during the run was about 77%. The reaction
effluent sample was distilled in the laboratory to determine its viscosity. Small adjustments

in reactor temperature around the 140°F set point were made to get to the desired 150 cSt
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viscosity. The polymerized mPAO crude was first collected in totes and the samples from

each tote were distilled to determine product viscosity before transferring the totes to a tank

truck.

[0074] During the reaction, aliquots may be taken an tested as "totes". During this
5 operation, the distilled viscosity from every tote was found to be within +/- 10 ¢St of the

target of 150 cSt; most of the totes had viscosities within +/- 5 ¢St of the target. The robust

viscosity control of the metallocene process was clearly demonstrated during the run.

Reaction quench

[0075] The polymerized mPAO crude from the reactor was quenched by adding water
10  and mixing.

CSTR shutdown

[0076] The reaction in the CSTR was stopped by stopping the feed and then adding water
to the reactor and mixing.. The viscosity of this final reactor drain material was within the
150 ¢St specification.

15  Catalyst filtration

[0077] The catalyst in the quenched reaction mass was filtered via two sets of cartridge
filters commercially available from Cuno (10 micron absolute) made of Cellulose Glass with
a Melamine resin per se known in the art.

Distillation of Crude Product from CSTR

20 [0078] The composition of crude product obtained after separation from the quenched

catalyst was:

Component % by GC
Hexene 5.0
Toluene 2.0
Decene 13.9
Tetradecene 3.5
C18-24 Dimers 0.5
mPAQO Product 75.1

[0079] This crude was distilled in a single stage Thin Film Evaporator (TFE). The
ordinary artisan can select the appropriate TFE from commercially available apparatus.

Typical processing conditions during the TFE were:

25
Pressure: 10 mmHg
Bulk temperature: 490°F
Hot Oil temperature: 540°F
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reaction tenperature was mai ntained at 55C. The resulting product has the
follow ng properties: 100C Kv = 185.1 cSt; 40C Kv = 2106 5 cSt; VI = 210;
Pour Point = -30C, Mh = 4583; Mw = 7864; MAD = 1.716. [0064] Exanples 1 to 7
denonstrate that coupling CSTR processing with netall ocene catal ysts

produces products with very narrow MAD with si (I:mi ficantly inproved shear
[0080] Under these process conditions, total residual monomer, solvent and dimer were

less than 1.0%. GC indicated no sign of cracking or thermal degradation under these thin
film evaporator conditions of temperature and pressure.

S5 [0081] Although a single-stage TFE was used in this experiment, a two stage continuous
flash Thin Film Evaporation is preferred mode of distillation. This will minimize any issues
with product cracking and also reduce/eliminate emission of light ends.

Hydrogenation

[0082] 150 ¢St mPAO was hydrogenated in a fixed bed hydrogenation unit. Typical
10 hydrogenation temperature was about 350°F and pressure was about 250 psig. The flow rate

during hydrogenation was 1 GPM and bromine number of ~1.0 was achieved.

Polish Filtration

[0083] Final filtration of hydrogenated mPAO is necessary to reduce the particle count,
particularly for > 4 micron particles (mean diameter). Polish filtration involved a

15 combination of Sparkler™ filter (commercially available from Sparkler Filters, Inc.) with
diatomaceous earth impregnated filter paper and about 2 micron absolute bag filters.
Anti-oxidant addition

[0084] 150 ppm Irganox L-57 was added to the filtered mPAO.

20  Characterization of final product

[0085] Selected characteristics of the final mPAO product are listed below:

Pour Point -39C
100 C Viscosity 158 ¢St
40 C Viscosity 1729 ¢St
VI 204

Applications

25  [0086] The lubricating oils or grease of the present invention are particularly preferred to be
used for the lubrication of rolling element bearings (e.g., ball bearings), gears, circulation
lubrication system, hydraulics, compressors used to compress gas (such as reciprocating, rotary
and turbo-type air compressors, gas turbine or other process gas compressors) or to compress

liquids (such as refrigerator compressors), vacuum pump or metal working machinery, as well
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was about 5Sxqfient fohe plt@ﬁrtszl,emneﬂ sttahmﬁy,ozindLuA@rowed tah@-weel ehaaacweudsethem aadhout
4 hours. [0067]Th ta ocenecat al ystuse sra o
a7 O OBy T (O FEHR: QB PPad I FLOLES FORPD Dhing Vs
N, N- di met hydranitinigrvilsiaobptasedt iofl§, 18 ditaghid bllsoftﬁlﬁih@ﬂﬂ@ greh&rfai €l kinds of machinery,
Tri-n-octyl al umpi num ((TNOA).. was used as co- acti

2009/ 123800PEFI' 3826091638 ﬁ“‘t%og%]%?fflplf hite¥etd ‘Et%ﬁ 9%Sfenl§oﬁb8vﬁéh‘fa§l%r‘?é‘nd
suppl i ed i furBebe-boal dadpRva@ssuliviededdlihd RURF Seaboxe8|kilhi dPRSs, iphpdr QhadRine -
The concentration of catal yst conponents was as follows: 5 netall ocene: 1%
in tol uene ¥ APATUIY SCIEYLPRPEESOene co- activator: 25% i n tol uene [0069] A

const ant niggs8pen KIAESR! Qis@fsitd UL Wi Rfths @S afRERRIN TN b ayliinders
and t he catal yst conponents were netered into the reactor via rotaneters

usi ng tlabi ﬁ@nﬁﬁf%WFmd#@teélﬁ"e&tl@ @ioht#0es) of residence tinme. The molar ratio

of the thr 9pt ahysti Q@«@}@asléa{g%ﬁ\w&%slraﬁlgagmwgrjﬁ@ activator was 1
: 1. 10. Thet |cal concentration (neat) of the catalyst conponents

inthe r eactQQ?ﬂ] waé\loaﬂwﬂwlm@nSedel@nwmaa@tfdlv&tOcihqgSﬁwwﬂamth%wdh 180 ppm
100711The r?&gﬂt i @ o‘PAeTteJ? ARG %e@f?){:me%ea\ﬁﬁﬁaf"}#r rﬁg&rtﬁanbog%ngﬁﬁ nd, was

purged wth uene a nol sture content o i and t hen
fl ushed thl{@?lli rr@suwonlhmﬂgemlmd@cemdledtd_MMMS()haw ng Iess than 5 ppm

wat er) i@bé]eSt %ﬂ gtoﬁhll 5’%61%&% de\{@'f’n? ed B n&sg E)tlhé @Iegrtl]?t %A ard gﬁ%ns‘ der ed

react or te | ess ppm wat er
cl ean and @eyesdhBlus 6&dyqufigied sznthrﬂlameﬁomiaeon daatirdRIDy aedcapilBO7 &Y vihi.er

preparati OTO(BE] t h%n‘lergls gt'at%b 0 h%r%vclgel }(1)6?61!11 %Ee meanllr(l)gvsv oli‘ ?trr%g us%fd hléf%% sh%:ﬁltta&le%?etir
ordinary meaning in the art; and reference shall be taken, in particular, to Synthetic
Lubricants and High-Performance Functional Fluids, Second Edition, Edited by Leslie R.
25  Rudnick and Ronald L. Shubkin, Marcel Dekker (1999). This reference, as well as all patents
and patent applications, test procedures (such as ASTM methods and the like), and other
documents cited herein are fully incorporated by reference to the extent such disclosure is not
inconsistent with this invention and for all jurisdictions in which such incorporation is
permitted. Note that Trade Names used herein are indicated by a "™ symbol or ® symbol,
30  indicating that the names may be protected by certain trademark rights, e.g., they may be
registered trademarks in various jurisdictions. Note also that when numerical lower limits
and numerical upper limits are listed herein, ranges from any lower limit to any upper limit

are contemplated.

[0094] While the illustrative embodiments of the invention have been described with
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20 conponents, and TNOA as scavenger were started for CSTR operation. The
residence time during the run was 3 hours and was mai ntai ned by controlling
t he t ot alwoebghi23gsont rol of the reactor. The wor ki ng volPGFAIS20090B439T eact or
was 200 gallons. [0073] Reactor tenperature set point was 140F (60C). The

fl ow of cooling water on the heat exchanger was adjusted so that
tenperature fluctuated by +/- 2F fromthe desired 140F 25 set point during
CSTR operation. Conversion in the reactor was nonitored via refractive

i ndex meas yherRRbty, it HE1 B¥&maGRoSOMUETRiI0RY ofif mBGifitRRNE Wikl ﬂ@a%@b&mq &l The
reaction effluent sanple was distilled in the |aboratory to determne its

vi scosi ty. c8hkg 1eadityj maderhyribese sllpdmchoprt witheys depagiing fem thedrihand srore efet

poi nt wer e yiRdention 98LcotBndiNGt i8S i@k ht Betsc I of the claims appended hereto be
2009/ 123800PCT/ US2009/ 0343971 Vi scosity. The polynerized nPAO crude was
first col | dgtiedtd the exmpdes gndldesheptpangstt &xsththetpn. each tote were distilled to
determ ne product viscosity before transferring the totes to a tank truck.
[0074] During the reaction, aliquots may be taken an tested as "totes".
During this 5operation, the distilled viscosity fromevery tote was found
to be within +/- 10 ¢St of the target of 150 cSt; nost of the totes had
viscosities within +/- 5 ¢St of the target. The robust viscosity control of
the netal |l ocene process was clearly denonstrated during the run. Reaction
guench [0075] The pol ynmeri zed nPAO crude fromthe reactor was quenched by
addi ng water 10and m xi ng. CSTR shutdown [0076] The reaction in the CSTR was
st opped by stopping the feed and then adding water to the reactor and

m xi ng The viscosity of this final reactor drain material was within the
150 cSt specification. 15Catalyst filtration 100771The catalyst in the
guenched reaction nmass was filtered via two sets of cartridge filters
comercially available from Cuno (10 m cron absol ute) made of Cell ul ose

G ass with a Melamine resin per se known in the art. Distillation of Crude
Product from CSTR 20100781The conposition of crude product obtained after
separation fromthe quenched catal yst was: Conponent % by GC Hexene 5.0
Tol uene 2.0 Decene 13.9 Tetradecene 3.5
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-~ C18-24 Dinmers 0.5 nPAO Product 75.1 [0079] This crude was distilled in
a single stage Thin Fil m Evaporator (TFE). The ordinary artisan can
sel ect the appropriate TFE from comercially avail abl e appar at us.

Typi cal processing conditions during the TFE were: 25 Pressure: 10
mHg Bul k tenperature: 490F Hot G| tenperature: 540F WO

2009/ 123800PCT/ US2009/ 034391 [ 0080] Under these process conditions,
total res¢qpgugrgsononer, solvent and dinmer were less than 1.0% GC

i ndi cated no stgn of cracking or thermal degradation under these thin

filmevap . .ftions of tenperature and pressure.
5[ 0081] Al %‘gﬁg%’agﬁ%ﬁ%gl e-stage TFE was used in this experinent, a two

t [ flash Thin FilmE tion.li d de of .
i S0i1 L ation. Thi's PP [ PIPEER ey IR LSCoNHY B B Ot aRPiy Hing

al so r edug@taeling’h oRbiEstEVbEHI RmpdikinkiagiiglesitdSmetilebend el héfcoordinating

[ 0082] 150 ¢St nmPAO was hydrogenated in a fixed bed hydrogenation,

uni t. Typieen withi Eeayeatqrapisingnplefing daid laldnsasrsprisynnnt ad gse dinstr e
was abouty 350,108 havifBes thBbh RhPAWE NG hydicaggnat -

brom ne naulr?r}%e? of - THOEWas I"aal(,:)\{?ﬂ e\%gl. ldlgodrl ig)shggiqat ?’gt@fl%}%qf\é%gg%ﬂ%a&d
filtrati omnphuduglr tiged deddreatlon (S TRecpssbiny, dand oheduiog at PéOpsurtable [fer

Cou P B b RN B o B ) I &1 i

(comrer ciWIY ovaslakke from Sparkler Filters, Inc.) with
di at omaceous earth inpregnated filter paper and about 2 m cron
absolute bag filters. Anti-oxidant addition 100841150 ppm | rganox

L-57 was pdded t@nt BRickds! dradiath q?ﬁ@eregpgi@rf&%t@éﬂ,ﬁﬁ&}%sﬁg cbhtB@ing, is
product 100851Sel ected characteristics of the final nPAO product are

| i st ed bedbawgcteRaresd byPoivater g9@mt 0Dless thas tdppmy 158 ¢St 40 C
Vi scosityl729 cSt VI 204

3. The process according to claim 1 or 2, including a step of hydrogenating a

product from said CSTR and then obtaining a product suitable for use in a lubricant.

4. The process according to any one of the preceding claims, including a step of
filtering a product from said CSTR to obtain a product having less than 1000 ppm of
particles having a mean diameter of > 4 microns and less than 1 ppm each of the metals
Al Zr, Si, and B.

5. The process according to any one of the preceding claims, wherein said
product suitable for use in a lubricant is characterized by a KV gy of greater than 10 to
300 cSt, a MWD of 1.76 or less, and a Viscosity Index of 195-220.

6. The process according to any one of the preceding claims, wherein said
product suitable for use in a lubricant is characterized by a KV,gp of 20 to 250 ¢St, and a

MWD of 1.76 or less.
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Applications 25100861The lubricating oils or grease of the present
invention are particularly preferred to be used for the lubrication
of rolling elenent bearings (e.g., ball bearings), gears, circulation
| ubrication system hydraulics, conpressors used to conpress gas
(such as reciprocating, rotary and turbo-type air conpressors, gas
turbine or other process gas conpressors) or to conpress |iquids
(such as jefrigergt %&%E&ﬁcﬁﬁ%%,anya&{é‘l&@ RMPreQ8di R L RImWORKABY said
machi nery, as wel |l 2009/ 123800PCT/ US2009/ 034391 as el ectri cal
appl i cat i padyct switahleafor figsrinjadphricent is ohararteréded by riklo efd50dh 9Phest, and a
produces I ical arc during on-off cycling or for electrical
connectorgﬁvﬁéggy??ggﬁ?ubricant or grease conponents disclosed in
this invention are nost suitable for applications in industrial

machi nery_wher e e of nore the followi ng ¢characteristj¢cs are 5
desi rabl €% wi de 38%@@?%@%@@%@&9 aél_va%}eeofgﬁw PRerqon eleyperybeen, said
superior REQKRK OMixDEERERR WARS BhLRT eRENE MG of €168 LAY Ced hiphh-8fins. The
present oils are characterized by an excell enf bal ance of perfornmance
properties including superior high and | ow tenperature viscosities,
flowabiligy, exc 0 . t she st abilj. nd |.pr.Qv
anti - wearé'c har ac? ‘é% ﬁagéclel;:ss ,%E%oﬁ&elr grgf’ aéﬁdo ngx?%}a ] srlégcesdtn%%ﬂa?r{lg,wgég% S%gd
friction, febdwockriag inixed. feddsmyk mychf dongdstel késkhtiajiyas Ogaad CAL lagphaloddinsng
oil, 10 circulating oils, conpressor oils, hydraulic oils, turbine
oils, grease for all kinds of machinery, as well as in other

applicatigns, fofhe¥pdmbe acdodilBlio Gyttt & teePReedd PWRIMDSRhdr&idSsaid
wi nd turbine gear box, coal pulverizer drives, coolgggﬁgomer

gear boxesfeedsidck iy nimiaed fopdsieak whielhpansisthrasseatiallyef G0t Id@lihar-olefins.
conpressors. [0088] Kinematic Viscosity (KY) was neasured according to
ASTM D445 at the 15tenperature indicated (e.g., 100C or -400).
100891Vi stlosi ty Thelgxodes hcovadingl @b eanwi osredofadeopidididing olafns Tivhdoeid 25401

100901Noack, vol ati lit s, deternmined according t he, AST 0
Tothod - aEEIEHa® axei EnsRRk Mo el Lo EAR: M FTF alpha-
perfornmedgigmzual |y rather than biannually. 100911Pour point was
determ ned according to ASTM D5950. 201009210 i goner distribution was
determ ned by using the Hew ett Packard (HP) 5890 Series Il Plus GCC,
equi pped wth fl Lon| J ol .( =apl Y, : :
1009310l s st at b P%‘%"%é%?&i?g‘“ﬂg‘?%?’%& ¢ ‘“’e"’:ﬂn@énﬁﬁg%‘ﬁ?? Htag’?gﬁsw%egée‘g%d
her ei n shiabdstdchkea tivedricaistick athychreasistngf €6, € e Caz tanddHd alpghedehce
shal |l be taken, in particular, to Synthetic Lubricants and

H gh- Perf ormance Functional Fluids, Second Edition, Edited by Leslie
R 25 Ruphi ck amge B@a@dsdcégrdiﬁgMﬁnewﬂﬁ%ed@@i&F@mnﬁé%@admg‘E hi s
reference, as well as all patents and patent aPp i cations, test
procedures (such(@g feTRf ditinggad feefstogk ovpiaplecalar sisveseto thak theewdter
cited herc%h&nf"!iﬁsafd%éé@tdcﬂ?}%ﬁ&% ?zﬁc?%oxﬁ%cti’hﬁf S 1R08En Y0 gh e extent such
di sclosure 1s not 1 nconsistent wth this~invention for al
jurisdictions in(bMebuotactsngathe fesdsogofiramistp (Aswik aratatysdsystiot eonpaing a
Trade Nanes .used herein are indi d by a TMs ol or .:k synmbo

30" el Tl S Rsn aREy Sy N et i Syl i Ranie
rights, enQ@.CSTR®YobiY apeoduegi stered trademarks in various
jurisdictions. Note also that when nunerical lower limts and

numeri cal upper (9 sfragatiggsaidipsedugt hiepesten (b fHorgsaid catalystsyyiemoner | ni t
to any upper |im s 09%Alhi e the illustrative
enbodi nents of Fhfd?ﬁggﬁggo %@%ﬁﬁggﬁggescfibed wth - 19 -

particul arity, i te)viltetingeaid Rd&r st duoaintahidteradaP AOUmvimgHess thandi GO0qpi ofhs
will be apparent to and can be readily nade hose skilled.in th
Bt it hom e g P AReRGr 62 4 pibalh S0 diss VR T maM errih bb el
Accor di nghy 7r,idi, dnd B10t i ntended that the scope of the clains appended
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- 5. The process according to any one of the preceding clains, wherein
said product suitable for use in a lubricant is characterized by a
KV100 of greater than 10 to 300 cSt, a MAD of 1.76 or |less, and a
Viscosity Index of 195-220. 6. The process according to any one of
the preceding clains, wherein said product suitable for use in a

| ubricant is characterized by a KV,00 of 20 to 250 c¢cSt, and a MAD of
1.76 or Iggs. FheTHScRS Oa‘é@éﬁmﬁ%ozﬁr@' Ok bP tlﬁen}fregélﬁné)fclahﬁs? Wh&GRANO
clains, wherein said product suitablé for use 1Tn a |lu bricant is

char act erpredutt bbyltaévld@m@i mfa E0cand isoderacrizedibya M WIRDhof is lesp hayy given
| ess. pre i ng cl ains,
wherein QQEE F@QH qhgg%%??zf (ggﬁpﬁﬁE@ﬁCIBﬁgﬁg

essentially of Cl10 and C12 al pha- oIeflns 9. The process according

to any one of the ceding clainms, wherein said feedstaock is a . m xed
f eedst ockldwhi ch c%ﬁéhrg% awssing A P4Odnadedy e prepsss Tl et heen the
10. The pLEGEHS|ARERHh %gaxl él, C”b@é(n &il belrc{ll'aﬁng%ﬁc&)%ﬂ‘gss&l &, 'TErdraYiﬁ@'bﬁ' n
said feedstock is a mxed feédstock which consists essentially of Cl2
and Cl4 aupfize @l of mashinery preafhe process according to any one of the
preceding clains, wherein said feedstock is a m xed feedstock which
consists essentially of C6, Cl10, and Cl4 al pha-olefins. 12. The
process amgtor di ngrieolubiigano BE clafm t1Te wheetetherigbidaai ¥BuseMig ek et @aﬂﬂx
feedstock is a nlxe% feeﬂftock whi ch conS|sts Ofgﬁﬁ C10, 12 and

Cl4 al pha PR yHEm, plowerheanie, swad Wb &R FOoto ol ubea g f“ff'e cooling
pr ecedi NGgoGkALdIBboi, 'Rﬂh We&Paper machine drivé, 491 réasieRwonfr¥sHg sai d

f eedst ock ovef noléecular sieves so that the water content of said
feedstock, prior to said contacting, is less than 10 ppm

(b) contacting the feedstock fromstep (a) with a catal yst system
conprising a single site netall ocene catal yst, an NCA activator, and
a trialkyl alum numco-activator, in a CSTR to obtain a product;

(c) separating said product fromstep (b) fromsaid catal yst system
(d) distilling said product to obtain a PAG (e) filtering
said PAOto obtain a filtered PAO having | ess than 1000 ppm of
particles having a nean dianmeter of > 4 mcrons and |l ess than 1 ppm
each of the netals A, Zr, Si, and B. 14. The process according to
any one of the preceding clains, wherein said product suitable for
use in a lubricant is characterized by a MAD that is |ess than given
by the algorithm MAD = 0.41667 + [0.725 * log (Kv at 100C in cSt)].
15. A lubricant conprising a PAO nade by the process of claima1,
wherein the lubricant is used in a gear oil, bearing oil, circulating
oil, conpressor oil, hydraulic oil, turbine oil, or machinery grease.
16. The lubricant of claim 17, wherein the lubricant is used in a wet
gear box, clutch system blower bearing, w nd turbine gear box, coal
pul verizer drive, cooling tower gear box, kiln drive, paper machine
drive, or rotary screw conpressor.
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