- | - ENHANCEMENT OF LOW TEMPERATURE PERFORMANCE OF GROUP |11 BASE STOCKS
BY BLENDI NG W TH HVI - PAO BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON
100011Thewpnresant4sunventi on rel ates to lubricating oil forrosk@bvioesyss havi ng
| ow pour points and good | ow tenperature Brookfield viscosities.
DESCRI PTI ON OF THE RELATED ART 100021In jthe industry there is a current
trend to lubricating oil formulations possessing and exhi biting enhanced
| ow t enperature perfornmance, as evidenced by |ower pour points and | ower

oo A Lol

-40C Brookfield w i engd in
transm ssion fl u}ﬁfg& ! E'E‘:BFS S i)bEvrti es are
essential to ens@XOROLE NI BASE R R BEPA ch may be

P
encount ered upon equi pmrent start-up. Low -40C Brookfield viscosity is also
essential for enhanced fuel econony. 100031U52007/0000807 (WD 2007/005094)
t eaches i ndBAGKGERAUND OQBMHRE N VENEIEN conposi ti ons cont ai ni ng hi gh

vi scosity i ndex polyal phaol efins (HVI-PAO . The use of EIVI-PAO in such
conpositions provides i nproved shear stability, enhanced anti-wear

per f or manceFIEHUPE&H THH INVENTION ti es, energy efficiency, etc. HVI-PAO is
prepared by the polynerization of al pha olefins using reduced netal oxide

catal ysts s S scribed.in U.S. Patent 4,6 827,064, U.S. Patent

4827 073, " HOBLF By B PrepeBbia Fntion (s Rhlbbribaierihed Tymeatiens e melave

5, 264, 642. b3 G Bb Rk ferfiPLiEn NS BROIERRI Lisosilaal ySt s, act ivat ed

nmet al | ocene catal ysts Or Zeigler-Natta (Z-N) catal ysts. 100041HVI - PACs are
characterized by having a high viscosity index and one or nore of a branch
ratio of |epgstaPTION OFANERFIABED Q¢ nol ecul ar wei ght of between 300
and 45,000, a nurrger average nol ecuIFar wei ght of between 300 and 18,000, a

mol ecul ar wei ght distribution of between 1 and 5, a pour point bel ow - 15C,

and a kine 2] vi dr iy tnduatry 1ber€ isra curecnt drepd tof lubricati® ot formulaso090 cSt .
Materials of the.type, are.conmerci al avai l able, such as Spectra S

Ut rarhd 11 PRSReie B BFRBHITE Eenieslo R rRA T sstemraots08s PUBENbs « hat
such fl ui dspy R6REL IRl Yokt SthdMdwerV LALOSBEIKIRAEX AR oikied 30TRIs FERALET . are
particularly useful in“formulating gear oils, circulating oils, conpressor

oi | s, hydr aespecially né¢ldgant netnangpeissiondhuid fdresilatimmisalvare good Idw déroiseratuge

greases. The HVI-PAO is used as such,or c be m x wi th at | east .qne
ot hor 1 ngr cTPBRIeE are EREhT GriEUi ISR Ao BREOT A e s pgTaueh St

pol yet her el%ﬁ?'b%en@blkﬁ/téf’éﬁq.{%' dquipriéfStarRBh Y Jloky LAPE BHORALRL visERHD id
stock, Group 11 or Goup IlI'l hydroprocessed base stock or |ubricant oi
derived fr catsthysieniiadoeenlradedizo) estrmnks, such as sl ack wax or waxy

Fi scher - Tropsch hydrocarbons. [0005] G oup Il or Goup IIl stocks are high

The G oup 1 0063| e DsdBRY oBbGRtar LRAF 2obY g PO RtHes oSt MERESE, m Y han
the Goup I|grefde ScomPosifirs i tconfainingi Clﬁ%ﬁd @iB@dsittyheir@e?“%gél'yblpﬁb&@ﬁﬁs are

materials such as those disclosed in U Pat ent "5, 885, 438, U.S. Patent
5, 643, 440 aiVIsP8O)pPatheritsenf3IHBI-82L) in such48apokitions prdvides immipedd SMeanax

i t by i i Zj | ack F-T feed h
borrof um DB PARRFHhcAteyRe BigOfiende; GHPGHOTPE AIOTCS fa LY a
t wo- st ep praﬁeﬁacgj e@yqutmtﬁh@gréwf&rdowq%][ﬂoz}rﬂ&i%%n b al B4 SIkhes hi gh

VI material is nmade by the two-step process o

hydr ocr acki usipghyetiused ometali oxidg cptalystd eunh asasdessribed MLt Parens d82Ed6hat t he
| ubricants gf, '.807 .h erjor propert.i a perfor e features,

i ncl udi ng egcgel}?ag?ﬂt @%&@2@1 Hgspgtﬁmgﬁ’%b% |103ﬂ_§o_§?te Bgﬁﬂ% @?‘?&igl ow
tenper at ur epybsCc936d 683, HURDIRD 9 iaflRtbe/ adt Widg Se6litELAtalysR, hhGA&X!
exanpl es are given only of HVI-PAO per se or of mxtures of HVI-PAO in
conbi nat i ormefatlhcensratalyito naleighed Natth @-Nj catabysks. nat i on wi t h convent i onal
mneral oils identified as a mxture of a 4 cSt paraffinic solvent dewaxed

st ock and t ni c hase st.oc ot.h of , which are .G ou st ocks.
el o000 ARATACY A6 BRASEREG by BRRe A mitl ik oBE ivdithd o Sviao
range, the §ronotd ¢t BimicR¥aid bf kds ﬁfa@@.l@r@%fbgg@'adefé'gé aRsibdulfsweilghf 6OM

61,500 cP to 147,600 cP and pourggm nts of <-65C to -55C. The formul ati ons

in these exttpees3Vhandidéd00asaumberkecrogs whlagelas weightyafihegwedn 340 a0,
conventional PAO and ot her base stocks with higher polarity, especially
G oup V base stocks including esters or alkylated aromatics of | ower
viscosity (1.3 to 6 cSt).

base
s



100071US2008/ 0020954 is directed to a lubricant fornulation conprising at

| east two base stocks; the first has a Kinematic Viscosity @100C greater
t han 300 wétoswmd74s4f i ght nol ecul ar wei ght di stri buti on, pamiuseocovesssecond
stock has a Kinematic Viscosity @100C of Iess than 100 cSt. The first
stock is identified as a netall ocene catal yzed PAOwith a KV @100C of 300
cSt or greater while the second stock can be a | ow viscosity PAO, one or
nore G oup V base stocks such as an ester, polyal kyl ene glycol or an

al kyl ated a I VEr :

hydr ocr ac kef ggés’ea lugarc()%r' ggﬁtelhrwﬂpuq{oﬁe?ﬁqugﬁéltl earnraaftés)BEs)%gﬁ&gggﬁﬁa GTL
or simlar hase, zﬁidQCK@cﬁh&tlmvi(sbbﬁlﬁﬁattlmf’@Qﬁ tl rangd 6pfroms asewd. 15,000 sStst at ed
that favorable |rrprovenents are observed when the first high viscosity
stock i s addeateriats bﬁblna tygtei ang @qmmrmalb)onpmiaézlmgsuphumSpﬂoyra@thraTM G oup

her e are oo EeeRyayil ERRHR (RS 7dTtRE” afbel Ryt BT han

a PAO of lomllas ,?ﬂe?&%ly%agém' \hycdsﬁyqﬁa@aewfl 130 o greart katk q;aasﬂcularl
napht hal ene, ate eSter and adi pate ester along with a gear oil addl tive

package. loﬁw&ﬂUBEfGﬁﬁﬁl@ﬁﬂg 24@ oids, dtircelatieg oils, compreksod ofiley hydrpulmwﬂngiSt he

per f or manc | ubricating oils aof Vi scosi t i

stocks in c@%ﬁg‘ﬁé@‘i’rbﬁﬁiﬁ?’t %C%W8¥I?E%H‘3‘gs %’FF?)&FE"S# iggﬂ{yf):l)g??n‘? Pﬁﬁcﬁashaw ng
a kv @ 100%dcﬂ otrQQn B@Mﬁe@%ﬂ’%@@eeﬁpeffé thigr h%r@cﬁ@ﬁltseljec%%moﬁvéﬂ%al

| ubricating oils are describ as exh| It I nproved oxidation stability,

I o¥v t;ayrper aPADe q:srtcﬂp,epblye?)erm pokyfthgy a:sea‘.re,Eiallqrhar:amang hﬁa{[drs]sqmbydlk%lyMG/\e: ght

retention s er|o at ex ed by additized w onventi ona

vi scosity 4Pl gownﬁggﬁﬁp%? W%rdrpaptlﬁsf %szw? tfw&rwoeﬁsa%fb pseatieckePbup 11

oi I's additig, t I r vent i onal
viscosity. m)gﬂf 'éimetr(nls ﬁ%vﬁgrﬁ‘”ﬂ%ﬁbﬁ’ dzilr\?ddbg Sr%%%(e’ S‘é‘ih\%é glaglz(at a ygltn

syst em conpwhasy EigcherrBiopbdloleatrecabdnsan aI um noxane. In the exanple,
however, use is made onIy of either ethyl ene-butene copolyners of KV @I 00C

of 28 er/s 14 er/ P 00 nei t her ,of whic

V1 2P0y mIOBBSE g TPt (Toma THT 0 elbtigh, YiSesird Shodk. et by Bisivo
2007/ 095392 Sosfit r1ﬁ8&7€@a§&st@cl@§‘%€s&chvﬁ§V' T'He @rb@fiv IHY&WEGnéfbﬁ&%httam as
measured by AST whi ch conprises a blend of about 65 to 97.5 wt % of a

par af fi ni c fewler Iuasatmgtea avd leds suHOr ﬁranghe@tremp HzoiKyY L@ 3O inindadaded that 8

m®2/s or greater an our poi nt  of or l.ess and an, ester. o
e et i oothe ot dy sk, HRotatctials ShdhasodRe sdorlgSbdte O oPiess The
text goes 05‘885’4%3@@ pGten's &@rﬁofdd?!Q@P'atéﬁ% 5%8@8”%6‘4@8@1?& Ry if eed

stocks to neet thé€ requirenent of Goup I'I'l base’stock. Waxy feed stocks
are identifa dighayl b)eamg;omarzitermandmbynsommaztmglataakat’ax ki - ffewak wlamy Keedor

st ocks produced by synthet] rocesses exenplif ui,ds

synt heti c p% @éé%gﬁyquﬁé%bo& a@ﬁa@rehépdm bk VY ik £ D¥rdpsch

process. %gﬁuééée%'& SII’ %ﬁ? o?%nﬁéff&ﬁ mﬁt'{;gfajwﬁfeoﬁgw ] ng and

hydroflnlngto ucet Inic | st oc No nention I's nmade
of using I—Mtnaiéﬁ@] as\yuduer byi thet tveo-stept prcessn ofirhydodcradking=kgdnolissnerizing

DESCRI PTI ON OF THE | NVENTI ON 10010] It has been di scovered that |ubricating
oi | formul RSTEHIUREAIFY-si ng base stocks sel ected fromthe group consisting
of Goup Il hydroprocessed base stocks, GIL base stock, synthetic or

nat ur al - waxpoDgHr onasbaBel YA RO TRicAE BRSS0BHack saaelmsv BldpeRtfest Ry eof
can be fornulated to exhibit enhanced pour points of about 5C or | ower,
pref erabl y pdrbormans®d Gatures,aneludingnexcello@ Bsowhétries,chigh Spdowypoaf paibwut

60, 000 cP | f bI b 000, cP. bl
about 30, 0oURERSD IO Sgusera] vRHEc, desrarl riiNg SoBEOBG: e BF 'FHsy by
adding HVI - BADIG SHEBivRASGS S KV ILPAG DA TR B &fmﬂm}e@a@ft FAROBAOLEh W %

preferably at |'east about 2275 w% nore preferably at |east about 45 wt %
of the - 5Scombioatadn mithr r:om\tﬂnmlgnaﬂi P AfG» ramd/ cant inocgmbindtiow evigh wonhentiomialyht

rati o of HVI ; PA base sto k or, GIL se stock, ydr qdewaxed
O hydr of ST AR et RrAiPDA DoY) & dotsherio i ASb Pl BPVIE AT wacy
hydr ocar bo t

pr ef er abl yn%rggig ot H%tﬁ)ér%‘g?é%lrjsgfgc}r tgglﬁg/ggﬁg&? %E d rg@ﬁ%&%ﬁ%#rr%%ﬁatl olﬁsal ly,
PAO-4 (4 cST PAO has been used in synthetic transm ssion fluid to assi st
in neeting stringent |ow tenperature Brookfield viscosity requirenents and
| ow pour point due to the excellent properties of PAO-4. It has been found
t hat base stocks selected fromthe group consisting of Goup |1l
hydr opr ocessed base stock, GIL base stock, synthetic and natural waxy

hydrocarbon hydroi sonerate base stocks and mi xtures thereof when bl ended
W th HVI - PAO i nst ead of vv| th conventl onal hi gher KV PAO have low

e Y o o o b Y r 1 . N APN A



hydr opr ocessed base stock, GIL base stock, synthetic or natural waxy

hydr ocar bon hydr oi sonerate base stock and m xtures thereof is conbined with
about 10 wo 2D/oarfH0f the HVI - PAO to nmake the conbi ned lpasarssaoob4944
Preferably the ratio of HVI-PAO to the Goup Il hydroprocessed base stock,
GIL base stock, synthetic or natural waxy. hydrocarbon hydroi sonerate base
stock and m xtures thereof is about 1 : 2, preferably about 1 : 1, nore
preferably about 2 : 1. Fornul ations nmade using this blend base stock can

further contaj . este 0 SYaL aba R i r 10 to
25 wt % base%@%&ﬂ?érglg Eﬁﬁ%’%ﬁe@? B’gl? i“(l: ne[ as Q'fe)‘?%é*s’p‘%dr ga%gggglgtef Oghfllggggstwt % of
an addi ti veexhibiedd -A0°@0BidokYiel PRiskdeesIftora $ 1S500B¢RIR) 147,600 ER aBd ipSur
transm ssion additi ve package. The fornul ati on can further contain from

about 20 t oP@EBsVRIEEFS°Gne I Gor Bheoformuatinnsnin theas ekamghloyiiseluded pasgno

havi ng Kv@ .0 in.the range. of ab 0 140 /s, ef er abl bout 100
o 5 100199 Re BB Feld A RRhreogF $Euctaly sboueigel PAG I, EReL i
synthetic ostodlat W§tﬁ|hiEHé§Yp61¥ﬂfy9%g;§&Qaﬂl}hmélq5 SOBRAL B cRARR i RE es@Rdor

m xtures thereof is characterized as having a KV @100C in the range of
about 2 to @Bylateg/asompties el lawicy visbosity 3.2 @ @6Stm2/ s, nore preferably about
3.5to 15 nink/s, and a VI of at |east about 120. 100151G oup |11

hydr opr oces as ' t . itute e
st ocks char@?g ‘éfi zeg% 228@2\2/%% §n§]il}ésc§§cgf¥§ lpﬁhgéé{pe%)&gwabghocroglgdr?‘le%[%iglst han

120, cont ailkadl 0D bdstosteckseie st hus adichehavie Bi8osity @G0 EAEteaRrt @an
10016] GTL materials are nmaterials that are derived via one or nore

synt hesi s, *¥hebhand aright meleswWanwveight distabutiam gebiiamthe speandstock has a

conpounds,  RURTRIE Rem AT e LARRSY “BecRhPeE R R P

such as hydq agelocedd baalydedRACRwithal RING@TPIPK 6130068 t&T, gromenaiRe tigt hane,
et hyl ene, acetyl ene, propane, propylene, propyne, butane, butyl enes, and

but ynes. GriecoRd stosk gan e ardgworisenssis PAO7one of morexsouprV base siocks suay

| ubri cating, vj it t,.ar erall eri,ved fr.omhydpocarbons;, for
exanpl e, \Afgﬁsy&ggﬁ%é’\éli%@y 15@%%9%§P85ﬁ§,a\ﬁfﬂgttedaarrgm?ﬁ‘ér%lgre\/éémﬂje 'Q}b%orf rom
sinpl er gas@fup TH' DYUrapRoéeRbed NG GOORRERMISd Baer QERRs CONtBkRi Heghtg@pounds

and/or elenents as feed stocks. GIL base stock(s) and/or base oil(s)
i ncl ude oi |eouBtsrpartssuich as RAQ UGB EL wirlsirpidan hasg stogksg er mixtures thereof are also

separated/fractiopated fr.0 nt hesized GIL materials such as, for.exanple,
by distill a?n?l())r o angt ‘ssu%%gﬁﬁ%t‘fay“ h%ﬁ %QrgﬁeTSmQ ¥t r‘i’gFe g @FB&LEJFH{; step
whi ch i nvol MgB vaicbbigy sk R9bbdaf tRlubaicating g%t&ﬂ%éh@ﬁsﬁwﬁﬁrzilmr@fol vent
dewaxi ng process, to produce tube oils of reduced/|ow pour point; (2)

synt hesi zedlwétous diepades, GEbrpades sogks (pageeRamara, [A988HoddMerpie this
hydr oi somerj, zed ¢ and/ aor sol vent. de synt hesi zed X _or.synthesi zed
waxy hydr pcséitﬁlgﬁgt?t%’?) AGSr W&?ﬁ%ﬁe’d‘_ t{‘\%ﬁsg? 5%/?8 ‘Eé‘iﬁ’Fﬁﬁ a%)ﬁhy“érotg?ﬂ vent
dewaxed Fi shera TPARSIT (dwd ldliﬁ’érﬁﬁticf"vi&dosﬁy: iﬂ"ymﬁéthﬁﬁﬁvitl’{"aﬂk?llﬁted

hydrocar bons, waxes and possi bl e anal ogous oxygenates); preferab
hydr odewax gwpbthatepgr phalateesicr end adiphiswettr blongavitiaa gear oit additine patdkagsi ng
dewaxed, F-T waxes, or mxtures thereof [0017] GTL base stock(s) and/or base

oil (s) deri fr ials,; ci,al ly hydraodewaxed or .

hydr oi somerllbggso] cgpbgzr{%?/‘&?ﬁs‘% vgiﬁt d&%&% ec}gwa% %‘%ﬂ\ﬁgxyfg?e raaproalgrég ef’he?bl y F-T
mat eri al  deferfoemiabes efihbrieahiS bilgod/hith DiReesiQl ddrbprisiAg G TN BARCHBEIZRd
typically as having kinematic viscosities at 100C of fromabout 2 mR/s to

about 50 nrARmbiRARINYith 48 )cffeThes ampunt ofra pelyolcharfiwd davingh KYp@c HI0°¢ as

havi . Qi f about,-5 t, ~40C | STM D97). Th
e ohar adpaft JidecberRRaN aodlc10 50 ARG, 100 Zs; ikbobORrAng,ds o 't o 140
or greater defSTddDR2HNibitihQkPtdvedagiditititstabitity, Fblv RaFRr&LRCKOPIiRE/ OF

base oil (s) are typically hi ghl y paraffinic (>9(5% saturates), and may
cont ai n mi Xtignossy Getentberb 6p¢ [sberirudlilindweaight retentiany supspier 46 fthatsexhibited

conbi nati o ' nan-cyclic isoparaffins. The ratio of the naphthepic
(i.e., cycﬁ%%gbgfﬁgﬁyu%gﬁvghta1 R Ges %ﬂp8h§gV%?P SSURFH rf%éR@étalyst
and t enper axtitRted PG rdup! It 1Y GrdapUl Ba§ ad&itieek (th B8 J4RE pBRT e G or
typically have very |ow sul fur and nitrogen content, - 8°- generally
containing | ess than about 10 ppm and nore typically |ess than about 5 ppm
of each of these elenments. The sul fur and nitrogen content of GIL base
stock(s) and/or base oil(s) obtained fromF-T material, especially F-T wax,
is essentially nil. In addition, the absence of phosphorous and aronatics
make this material especially suitable for the formul ati on of | ow SAP
products. [0019] The term GIL base stock and/ or base oil and/or wax

i sonerate base stock and/or base oil is to be understood as enbracing

. o e o Y n e o o N 1



-9- 100221 The HVI-PAO enployed in the present invention is characterized

as having a KV @100C in the range of about 3 to about 1000 nrn2/s,

pr ef er ablwoabmur744t o 500 rrun2/s, nore preferably aboutrCTAB2100/08004 M/ s,

nom pref erably about 120, preferably at |east about 140, nore preferably at
| east about 160. HVI-PAO is distinguishgd fromconventional PAO having the
sane or simlar nolecular weights, kinematic viscosity indices and pour

poi nts by the branchi ness of the HVI-PAO and the nmet hods enpl oyed for its

o/ nomati o v ipaliffeitorel By ReslRes dhis Wltolbt el Oty REMARIRG L7 °o

appear to beta19% fiateny cbMpriSigea nididlocehd hed ahrhlhﬁmdxhﬁé/ perthoerample, thel r
structural norphol'ogy and in how they are synthesized. OOZ%éConventr onal

PACs are nelievdyer:use ip otadesnly af esherogthylene-butene capeliymess ef Kns @ pP@ier abl y

C8 to C15 a olezfrns h_as, 1- oct cene decene he |ike
in the pr es%lﬁgg s 88 ;ﬁég DL 8h ocfeﬁgR/ 118§ éfs%lteh@’ef:r(? e&’e‘llcrlb'a%? ts
catal yst i nghydi @) lrifarmammte«tmethuunumefd@ht%sedaocraoron trifluoride or
conpl exes of bor on trifluoride with water, al cohols such as ethanol,

propanol or butanol, carboxylic acids or esters such as et héw acet ate or
ethyl propi 9989k, P092290740 Warsi §Uﬁ°tetil\lp pARsaral hayging anlow dyaamiof pAQ,

different fr.om convention | - f

Mhstance,  paroray S abrisarat bR ATV IS SR QSRS B Moy Gl o

catal ysts (@7.9.wt% 6fapaffedic @mhamxrgh Vil bf ¢30 gegx)eatewpkwt @ teocd yRdbdut
activated netall gcene catal ysts, or Zi e?I er-Natta cat al éSt s. HVI - PAGs

are furt her3.8imm’/squigseater ambia ponr peiahof at € er1§$ﬁ @tﬂﬁ%ﬂttﬁbﬂ Jubdagingy

th f branch f .
ol ecul ar wERgdR BaneuH st fork 3530 080 dnodre kL Bat slHRDRe,
wei ght of bd’és!‘ﬁ@é‘ tﬁ@%a?dfﬂnikso@% b@ingﬂhﬁ‘&@'ﬁ%ﬁn Wxg'hfeeﬂ' StbEMsLIY nfRt Qhe

between 1 and 5, a pourgﬁor nt bel ow -15C. For the purposes of the present

applicati onregnitempet efpp drepilﬂllmsq:rstocm Waxy feed; steiks dre ld@élé'wdeeé WNASTM

D2270, ki t 5, d
by ASTM Do et gesvERaSRY w ety AREHET oK. Dot o BRUET RV, Syt Bacy
are prepar eﬁtobasseéore@mee w y@yt&%uma okythBii@o! skt UDnNg the

supported solid reduced Goup VIB netal oxide catalysts (e.g., reduced
chr om um onKeibiel-Eagelbardt pazaess br gmrrl%lscrhpa-tTropsct)mdttetss oduchiwaxytstopkeaze ur e of

about room t enper at.ur 2 te catal ctivated taI I ocene
catal ysts (RFOgsse a}tya é‘foté‘i?&“éwé‘y Waét% aggn@(%tf’?f}g’@n Oa‘?{a

al unoxane) &’é%ﬁe@'_}ﬁ@fﬁﬁlcl\@t §tdck ZNo ﬁ@ﬁﬁéﬁfstrﬁa&élSﬂ“uﬁﬁ%@ﬁlePAbteyﬁhe% )
Patent Nos. 4,827,064; 4,827,073; 4,912,272; 4,914,254; 4,990,771;

4,926, 004; t&lﬁ@@ﬁp@.’&mnﬁpf)m E)Gﬁ;rplés 264, 642; and 5, 859, 159. These HVI - PAGs
are characterized by having a high vi scosity i ndex (VI) and one or nore of
the follow ng characteristics: a branch ratio of |ess than 0.19, a weight

aver age nol BESCRIP F and 45,000, a nunber average

nol ecul ar wei ght of between 300 and 18 000 a nol ecul ar wei ght distribution

f b 5 Ve
carbon nunbOT0f  LRTER HisoB % o o Rifiskag Ofl%erl%‘@ B pEBROTPELE: (e
HVI - PAO ol | geamr selbced Lf'rOIhntHehgrd%'beﬁ&{‘sﬁstin@VSf'tGr@ﬁ giydeshratesdét basenge

fromabout 3 mR/s to about 1,000 mm2/s preferabe about 3 to about 500
m n2/s, norsogksedilabase stbdgtsynﬁ@tlpcprammml woRy hydrosarbom; ydreispmepred er abl y

about 150 tQ abpu 0N e use as ba st ocks
Snce ¢ hei roBaEk Bl Bierdl AR AP dgRds Sralrng o,
for instancegs ab%mcnmsmddbérr ?ré‘férabrtsabctm QBYIEX $P IV bn@hmvccatoﬁamny

[ 00261The HVI - PACs usef ul he présent invention are characterized by

havi ng a hi ghcosnsc@fsahqutrﬁﬂd&o (:R/I()r lem en‘rdemlvll)y abowt 35,000 e&t er lCSBGOm@re

preferably 14 reat ref y .16 r yet
nor e prefer%rﬁ?‘ifogﬁ bgpt S{)Qgﬁé?? elli’re a@Y;ﬁbSPg?grS’Pg %F
greater. Anyupd@hg!HVI- PA@tG/EuctY\BésleestG&Ts it fantdre@int (o ot fl'@as@ﬁ%tﬁcltoetﬁv't%at' on
of HVI - PACs usef u% in the present invention, is about 350. VI as used

herei n are Mefgablgdht amt)abkvutg'ZZti)“A%rmmzpmferaN%aglﬁastodbdueﬁ\ﬁee%©(§®h<and

45, 000, a nunber average nol ecul ar wei ght of between 300 and 18, 000, a

nol ecul ar wei ght distribution of between 1 and 5. 100281Particul arly
preferred HVI-PAGCs are fluids with kinematic viscosity @100C ranging from
about 150 to about 300 mm2/s The term "kinematic viscosity" as used herein
W ll be referred to sinply as viscosity, unless otherw se noted, and w |
be the viscosity determ ned according to ASTM D445 at the tenperature
specified, usually 100C. When no tenperature is nmentioned, 100C shoul d be

i nferred. 100291 The HVI-PAOs may be further characteri zed |n an
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hal i de such as organo-al um num hal i des and/ or hydrogen halides. There are
many variations of Ziegler or Ziegler-Natta catal ysts, as described in the
book Zi egvenrneiant#4Cat al ysts and Pol yneri zati ons by JohmCBarseg09do4944

Academ c Press, New York 1979. [0032] Wile the olefin copolynmers (OCP) nade
using Ziegler-Natta catalysts tend to hawe nunber average nol ecul ar wei ght
of about 10,000 or nore, and many of the conventional VI inprover OCP are
made by such nethod, as reviewed in Chapter 10 of Lubricant Additives,

Chemistry l.cati . ' - L , New
Yor k 2003, a{&ﬂa&ﬁﬁ?gé@&@l §f§ff}?8§§¥a8§ ’elfm%r% %%gﬂ%?%%?@& gfyst spég&)al so be
used to pre@ad,_% M NBadd\étodRAS? (T LIHAsE sotidrehyidesdevwsi el or hip@raisdesdived/cat
invention. 100331Preferably the HVI-PAO fluids used in the present

i nvelnti on aﬁa@d&@@b@@? dewangdasyaghetioyer nagsalevroeo hydiosprhgnabasstsi®dkoene and
i ne. S . . S, AP 834; A P
2704, 491; WBEF 50T ip & Bhoi T 25 Bicitanfy aBOw P {1, oty pE ARy | o

Patent 5, 498,R99.- 1The polyolefin fluids which are preferred in the present

i nvention are those synthesized using netall ocene catal ysts and are
characterized as having a nol ecul ar weiglglt distribution (MAD) defined as

the ratio of00lhk wirahtionallys 2BaOHI 6t S BeOynhas dache ubtthier SytBetG e
mol ecul ar V\Eér%g%lﬁz&h %Ht to5 a9§istl ﬁis%eéfﬁ&gi gt%h_ggﬁqgvl/ %%%@Fgwr% Br%ﬁ%eﬁ({ from

about 1 to er "average an average ecular wei g can

be det er m neidcdatyt Rguiresbiisqa] dbwgpdurppsifiedueng ther oxcilest pdpett@Cofwith a
suitable calibration curve, as is known to those skilled in the art.

100341The pBAPHer it has baenriound itlai brase storlss selerted fiogn thst gieyprenasiing of ui ds

froma firsg al olefin su S hy, [ | eng, ..1- byt { cted
with a secoﬁ&?ul)gﬂlfﬁ?%érrgmocg?sﬁﬁraﬁ’ a%f %tﬁ |E1Ff d\}/\ﬁp%ﬁs‘?g%g}y’sstypgfegﬁta%grr%h&glﬁvg%ﬁ’?d chain
al pha ol ef i Rydi6t£B6:¢ HydrionOnietateIAs@ biobks MEitupdidthsiest Whes bléirle afith
preferably -Cl4 st ralght or branched chain al pha ol efin and m xtures

t her eof , | sHYdRMQtiastendh of Huithy ceguensional higher KoY BAQghayeylow &gpapasature

conprising at.least one net.all.ocgn e &.:C 3} ent.adi envl transi.t;i on
metal | comottity R SPamEranr y SRl ooy il g A8 A eSS Ona.
The term megctveRERRE higie@NIeVIPAOOARAL RaMe IRttt ehat 99 iHeRpédt&dlyhpnd
between a transition netal and at | east one cycl opentadi ene ring structure.

The t er m cykdsopesit &nshehat i wlers Graep Ulle GREI wary feed dscmerdteopr wmistires at ed
pol ycyclic structures, .such.as i | ;and fluarenyl. whi.ch incorporate a

P Pves orber arPT incomed SiHTIAA R a8 is HPHER 1 DR RBSEERE e
sel ection ofhéheARUSL Rk SyiBREGh VN oASMERGNK VAPARY Coakéhtinkl Aghbhe
relative proportions of the feed olefins, usually et glg/llélene and

al pha- ol ef i RV BA@ is mlentifiethdomtht purpasesnef bis texhyo daeP ARdhpringpl €Ne@ or

et hyl ene an -pent ene,. Or hyl.ene.and pro ene an - but ene. [ 0035] The
catalyots ol GHRaUPRCSGE LALAER Ga0omors SEeSaBoR B mR T ds are
organonetal | i c coordination conmpounds whi ch are cycl opent adi enyl
derivatives[0oi2p QtoigpureXBedred ahatoGrédpe 1P yideshrocdsadd @ilpIGTIheabd §rRRL S

(56th Edition of Handbook of Chem stry and Physics, CRC Press, 1975) and
i ncl ude nonbmthfticaerdnatprad yeaxopbydragarny lhydegisomerater bargr stoelt apd nigturghe

transition petals, rticul arl ' e.th al |l o f up |1 VB
mecal suon TEredf Ean PRl kL AR o Ao he R R SRR EEn Ry e hE

further actiowafeatherdtift vifcorhdtiBpaBrmIMR A HITHIMBRS LREW hehievhtld ohY by Ny t he
reaction product with the netal |l ocenes are thensel ves the reaction products

of an al umi wigrafta cambipption oh PA¥R-drangrcopventionad PAGKS-sh P4@-149) wabetheour ce,

h sul. f 1 | | |
conpound. | SRiBNAEbr PR Bt PR o R R Gy 3 hBhroRBRel uR | 2o
metal deri vabék/ eGPl BaseYstbe yhétie & nathfil Wil hoeeba®oH I8fddbisymeriad oyed

in accordance with this invention contain at | eas?&gne cycl opent adi ene
ring. The nlasalstack andiratxtergs thesentidan replocp PAMBS qsPA@rld0l as the base siagk

cycl opent adRERyT cPIRFAtich Kot EROGBAE lBists Rt bl eDatiaf Mipihe
subst it uent gisédindric peffofthdndeds BnéyRetddt uents) such as, for exanple, a
hydr ocar byl substituent (e.g., upto 5 C1 to C5 hydrocarbyl substituents)

or other - 14 - substituents; e.g., such as, for exanple, a trialkyl silyl
substituent. The netal | ocene can contain one, two or three cycl opentadi enyl
rings; however, two rings are preferred. [0037] Useful netall ocenes can be
represented by the general fornulas: (Cp)",MR';(l) wherein Cp is a

cycl opentadi enyl ring, Mis a Goup IVB transition netal, Ris a

hydr ocar byl group or hydrocarboxy group having from1 to 20 carbon atons, X
is a halogen, and mis a whole nunber from1 to 3, nis a whole nunber from

~ 1 ~ R . ~ LN NI N NI VAl T Y A~



and R 's(C5Rrk)2M) wherein (CoRek) is a cycl opentadi enyl or substituted
cycl opentadi enyl, each R is the sane or different and is hydrogen or a
hydr ocar bwb 20sdizessh such as al kyl, al kenyl, aryl, al kyl acylys2am/oe4oyd al kyl
radi cal containing from1 to 20 carbon atons, a silicon containing

hydr ocar byl radical, or hydrocarbyl radigcal s wherein two carbon atons are
joined together to forma C4-05 ring, R' is a Cl-Ca alkylcnc radical, a
di al kyl germanium or silicon, or an al kyl phosphine or am ne radi cal

3873 RGHSP 1 B SRRSO D TS

atoms, hydr paabpsysseadbedd 60K, NGTI OBask- 2ckar HAfthatcord: afanlral ogexy and
can be the sane or different fromeach other, Q is an al kyldi ene radi cal
havi ng fr onhdreearbew drydeisaraeratsnbascostack gnd gnigtuses thergofi is @ombingd withs js 0

wh is 0, k. i i ' wh is 0,.and.Mis, defined
2s above.  eaabl B Jordtirwlar B ithe HVIHAS P MHIR e 2etmyR b St ucy
anyl, isoanpleferibiyythe rfafiobott WVI-ROL 1 theOGkdip IMOyHropdessskd Hasé ¥tock,

2- et hyl - hexg}l , Bhenyl and the |ike. Exenpl arg silicon containing - 15 -
hydr ocar byl GTadbassl stogk.esynthetia oy | naterpl waxyi bydrprarbpy | hysneisemeysie bassi |yl .

Ex | hal t. i pel lorjng, Db 1 f i d i odi d,
of t heae” hatBgeR G atmEres: e i SPast o7 bt abant L7y R srctriily” "
radi cal s ar ghgwebhaxyrorafuliohs milcOXing BAY bRRY basstbBie chl kitheExenmirp&y Of

the al kylidene radicals is nethylidene, ethylidene and propylidene. [0038]
The al unoxagsterccomproneds inuge fagiounh in ke @poEy o rabeat 1 @ to B6oeds dased obdhaeycl i c

i 1 nbi nation of the two. Cycli may b
" epr esont eclBhCh STBABY &1 STell ALIFET R BT bt I B nod PR ST Ro® mmy be
represent edacﬂﬂti@é"?a&&@@ rsakh 2@ dTHlafu bl & AMrom@hie thinSmissidh hdGtioePaERIgel OF MUl &

Ris a Cl-05 al kyl group such as, for exanple, nethyl, ethyl, propyl, butyl
and pentyl , The fomaation agdurtbér ¢ordam3rem aboyt 2(hthb 35 wit% efonendremere dfram 1 to

about 20. Preferably, . Ris nethyl and.n ' e 4-18. Ceneral | in the
o epar ati onc O AR R EAGE Ree R el g0R i Tinerdt ALl Gt o1

a mxture ofsd hgld g%éraﬁﬂﬂaﬂb%hb@nﬁﬁm’.ounds i's obtained. [0039] The

al umoxane can be prépared’in various ways. Preferably, they are prepared by
contacting water with a solution of alumnumtrial kyl, such as, for

exanpl e, al [9814Lm The oy I1]1 hydreprecgssedbase staskn G Is basgestecks xtthetdc bl uene
or an aliphatic,hydrocarbon., For exanple, the alum numal kyl is tregated

Wi th wat er HVPh&YP AYSRCAbAR Rydrahehisrite baRe Hock ol bives HBERBE™ ¢ ne

al um num al dykactiddedass ﬁé\HH% UV (@NRI0O! inCae RAgdeT 4kt ¢ «oBbasked Wi th a
hydrated salt such as hydrated ¢opper sul fate or "ferrous s_ulzf ate.

Pr ef er abl y, prefasatdly abontah ¢o 28 mmapamert preferalymbouthdetoolS mntijsgand @dvt er r ous
sul fate. The rpﬁt h? c ises treating a dilute solution of alum num
trimethyl %2 Mé toluene, with ferrous sulfate represented by the
general formula FeSO4, 7H20. The ratio of ferrous sulfate to al um num
trinethyl im@oUspir &bbop HPBYEropraveksedBast 8focRy reSAefitén Petroleuindingtifild es of
alumnumtrinmethyl. The reaction is evidenced by the evolution of nethane.
General net (@) tbesp stogks sharecteyized asihagingne visves)y dndes: equal 40 wicstaster can be

found in ents:. WS PRatent 5 H63, 304 S, Patent .5, 693,838, U S
Pat ent 6, Tgtng%ﬁg{) can%i'm an%e‘?{f/% 6),r ﬁgsﬂﬁgr anéj‘[glgvegp{%_or Wﬁ%%afu':?ﬁeés' nole ratio
of alum numin the alunoxane to total netal in the netall ocenes which can
be usef ul | yj0ot®] oyed Lcmatdpials dretrigterials gkatQe d&dvdd Gia%one o rherex9athesisl, and
desirably about. 1: 1 to 1000 ; 1. Preferably, the nole ratio will be in the
range of abwnpebinaioen, 1trapsfermatipng fgamrengenisngt and{pr egrsiatiodgconsrugtive ;1

[ 0041] The sQl d,j e i 0 ta i nert
hydr ocar bon&ox‘%%és;ar?rlgcgfa %'}Otug ﬁg’%ﬁg%&?j&rﬁﬂg ha?&pguﬁcﬁsér%y(\ﬁmggﬁx?é@g?gﬁ to the
catal yst sysimgounds cihdas! slematsadse foudl stoklaovarhangl hiydedgede cafboh disrite| e,

i sobut ene, butane, pentane, hexane, heptane, octane, cycl ghexane,

net hyl cycl otekethemongridenewatey) cnethane tatane; k ethylengq 29qsbylgntr ipFeRANEn i s

o ot or abl y RBPHERE: byl HBERE, M Ghobs MUBARE AL Bte AR AOr s i ng

the olefins, the solvents and any ot her feed gases, preferably are purified
by passing through nol ecul ar sieves and/ or oxygenate renoval catalyst beds,
as typically practiced in polyolefins synthesis. The purpose of the
purification is to renove water, oxygenates or any other trace polar
conponents that can deactivate the polynerization catalysts. Usually highly
purified feed streanms result in high catalyst productivities and high | ube
selectivity, sinplified work up or product isolation step, narrower

nol ecul ar wei ght distribution. Al these are beneficial for an econom cal

o o . -~ 4 "



by conventional techniques such as contacting the polynerization reaction
medium wi th water or an al cohol, such as nethanol, propanol, isopropanol,
etc., or woabiomg7&a flashing the nediumto term nate thecpalsgomenimati on
reaction), the product polyner can be recovered by distillation under
vacuumto renove |ight fraction, which_.has a boiling point bel ow 650F at
at nospheric pressure. The residual oil fraction can be used as is for this
invention. O nore preferably, the residual oil fraction is further

500- 2000 pet 8oL fRRealn B Judicohd S hel ikl R GipeRBLARIATBE

for proper Hﬂﬂuﬂﬁb@ﬁgﬁﬁﬂBx&ﬁpk?dﬂfgs&ﬂﬂeﬁ%@fﬁ?&@km%ﬂﬁ@ﬁhﬁﬁ&%ﬂhmﬂ@ﬂﬂei0 | ow
brom ne nunber, usually bel ow 2. ual Ié(,p the | ower the brom ne nunber the

better the gartgdctiroms primpldr| \gase@ishetareon-oitaming e cemappnds; y hyfmasni The

pol yneri zation .may be conduct enpl ovi ng.t he. | qui ha-.ql.ef | ct ant
Be JoTvent. SRR uAds A or Bl Bp el Siockt ST PE PRI Pl ] diS

al pha- ol ef i phski @ili(§) GaRluEe Wsgd tRSliddhein edet ilgbe Melli Wailidy t AhBat i vely,

pol yneri zati on Zn;e// be acconplished in the Eresen_ce of a hydrocarbon inert
to the pol yseparagesl/fracticpatad @embsymshesizeid oblitroaterialsenuchree, Tarsexpameny,
hexane, isoqctane, decgan t ol uene.. .xyl ene, d,the like, .[0046] Angt her
Tet od t o pUSHHIEE rEge PR MpsRed 46 i, T8 Wieproifesinerin o "
pol yneri zatjinQplvedleth¥s b boftPbf @XaMlyGe deBaxitigOprokessC @8 iat JolPéHtydthwRixing f | ui ds
can be made from ethyl ene and al pha-ol efins i'n range from 0% et hyl ene to 50
W % et hyl engroasssf éegroduve lubhevilsabp meduskedflowspaunpdiat; f2d pyhthesized -iax ene,

m xed. butenes or m xed butanegs in BB stre | i negr al pha-.ol efi.ns,

el udi ng . ISHEREHS: CTUTRG. Tor. GNUBNE, AR, of AT SBEEAR! ca
1- hexadecengqy/dr QY& %eGA%ed QYnthBEzd Wak'd? sYhiebBE Wi RTREEHbAHs; gig)ese
al pha-olefins in the feed ranges from50 w%to 100 w% ° - 18 - [0047] The
HVI - PACs whinairodaveaxedoemhydrosonwirizedioat fmd/br wolvhinthdewaxaor Eseher-Brepseli t i on

f | yol ef i n_§f 1 ui . j | | i | abl B
cormer of al | GSH) dHFEDA bpl APEHERER. A BB tOTen HPLS: “Ebrpae
Chevron, BPE i % lpy N the
present i nvaelﬁ‘ﬁggg? IE5tﬁ ggeqahﬁse{%%%{)eg?ﬁg?gyﬁoggﬁ ?gédaggh%qrg tsi }Ilﬁegg@gdl?g&r%vbe}] any

| ow nol ecul cat andog kolvemtrdeoaixingdesyawdhF-d5whakess er boxturesghtrebbw about 600F
(about 315C), or with carbon nunber |ess than C20, if they are produced

fromthe po i zation reacti or,,are carrjed,over, fromthe starting
mater i a7 SEy Beieo ek i Pyt et e MO8 G BBt e
finished flahesally hy@RidedaRed BE A dloiRPRIizedchP RSd/oP 5o NERHeWhxe@W HO0b | Ng
fraction is present in the reaction mxture, this distillation is not
necessary. Was feednpmferably BEA srabatil derived based sipeki(e) arsber base pl(edarg af t er

renovi ng any, sol vent, or. starting. mat.erial. can bhe us | ube base ock or
for t he f ur B PR WRITELY o COT SR WAEMALDEFPHTES ShaabCupt BOPT 04 O ¢ he
pol ymer i zat j,@/5a6 a%bbﬂﬁﬂﬁﬁhﬁ@fAS’T‘MODM?)? SThES UL i rthahatHd &izel Ry sisalfoubl e
bonds or have ol efinic nol ecular structure. "The anount of double@ bonds or

unsat ur at i 3% laving péunpaints afpboentSSCdaanbbet H#OXS wr dewery(AFIMr RP 7 reTheyds,
such as brom ne nynber (ASTM 1159), brom ne index . (ASTM D27 oy, ot her
Su tabre. arPpC R S SLYPKH haaglamﬁ,wms’tadadéﬁ%o F‘R@{t]&(}?eﬁq L
se to one O%re%fjtﬁgTM Bhbyd) in the art. The anmount of double bond or the
anount of ofefinic conpositions depends on several factors - the degree of
pol ynmeri zati on, the amount of hydrogen present during the pol ynerization

process and00h8] anbunddisionhyhe dgElh basesseck(glurndrgr thase puil(yhrerd zenicadly

process and .t anount of at prompters which particulate in the

term nati O&llg?@pspglfa?{iwg pgﬁib%ri?g?ria%’ﬁ ’pr%ré ssmg r C@Pﬁaé? a rsespr(é%e_nt_ in
the processmohbdiRldparafting A undItielcleparaifensbemdgorbinkfién Wﬁﬁnhoﬂf:%éﬁcef' ni c
conponents is decreased by the higher degree of polynerization, the higher

amount of hgopasaimsgadhprreiemf the naphthesiis fiee.i zacloparapiimc esrtentom sweh hi gher
anount of promoters participating i he.term nation st -9 . -

[0050] Oci deorvanaastVariey i e Enelot S GRRRr et FRhers Gllagmss,

i mproves WheHcK(§eamdIBr BhseObil(NIA3ibAIR; have derbioty RAIFES afd nPk@dnnédnt&Ant ent s
is reduced. Therefore in preferred enbodi nents, it is necessary to further
hydrotreat the polymer if they have high degree of unsaturation. Usually,
the fluids with brom ne nunber of less than 5, as neasured by ASTM D1159,
is unsuitable for high quality base stock applications of the invention.
Fluids with brom ne nunber of |less than 3 or 2 are preferred. The npst
preferred range is less than 1 or less than O 1 [0051] The HVI-PAGCs are
hydrotreated to reduce unsaturation. This may be done by nethods well known
per se in literature (e.g., U S. Patent No. 4,827,073, exanple 16). In sone

A~ o - o o -, =
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generally containing less than about 10 ppm, and more typically less than about 5
ppm of each of these elements. The sulfur and nitrogen content of GTL base
stock(s) and/or base oil(s) obtained from F-T material, especially F-T wax, is
essentially nil. In addition, the absence of phosphorous and aromatics make this

material especially suitable for the formulation of low SAP products.

[0019] The term GTL base stock and/or base oil and/or wax isomerate base
stock and/or base oil is to be understood as embracing individual fractions of such
materials of wide viscosity range as recovered in the production process, mixtures
of two or more of such fractions, as well as mixtures of one or two or more low
viscosity fractions with one, two or more higher viscosity fractions to produce a

blend wherein the blend exhibits a target kinematic viscosity.

[0020] In a preferred embodiment, the GTL material, from which the GTL
base stock(s) and/or base oil(s) is/are derived is an F-T material (i.e.,

hydrocarbons, waxy hydrocarbons, wax).

[0021] In addition to the Group III base stock or GTL base stock, base stocks
suitable for use in the present invention include base stocks and/or base oils
derived from the hydrodewaxing or hydroisomerization/cat (and/or solvent)
dewaxing of natural wax or waxy feeds, mineral and/or non-mineral oil waxy feed
stocks such as gas oils, slack waxes (derived from the solvent dewaxing of natural
oils, mineral oils or synthetic; e.g., slack wax from the solvent/dewaxing of F-T
waxy stocks, Fischer-Tropsch feed stocks), natural waxes, and other waxy stocks
such as waxy fuels hydrocracker bottoms, waxy raffinate, hydrocrackate, thermal
crackates, foots oil or other mineral, mineral oil, or even non-petroleum oil-
derived waxy materials such as waxy materials recovered from coal liquefaction
or shale oil, linear or branched hydrocarbyl compounds with carbon number of
about 20 or greater, preferably about 30 or greater and mixtures of such base

stocks and/or base oils.



W % Hi

VI - PAO (V1=-160) 45 45 45 45 45 W % Conventi onal PAGO 100

(VI =160) 45 45.5 45.5 45 45
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[0022] The HVI-PAO employed in the present invention is characterized as
having a KV @ 100°C in the range of about 3 to about 1000 mm?/s, preferably
about 3 to 500 mm?/s, more preferably about 150 to 300 mm®/s, more preferably
about 120, preferably at least about 140, more preferably at least about 160.
HVI-PAO is distinguished from conventional PAO having the same or similar
molecular weights, kinematic viscosity indices and pour points by the branchiness
of the HVI-PAO and the methods employed for its synthesis. While an HVI-PAO
and a conventional PAO might both have the same kinematic viscosity, viscosity
index, pour point, etc. and, therefore, appear to be nominally the same, they differ
in how they perform, in their structural morphology and in how they are

synthesized.

[0023] Conventional PAOs are made by the polymerization of C; to Cs; alpha
olefins, preferably Cg to Cy¢ alpha olefins such as 1-octene, 1-decene, 1-dodecene
and the like in the presence of a polymerization catalyst such as the Friedel-Crafts
catalyst including, for example, aluminum trichloride, boron trifluoride or
complexes of boron trifluoride with water, alcohols such as ethanol, propanol or

butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate.

[0024] In comparison, HVI-PAQO are a distinct class of PAO, different from
conventional PAO, the HVI-PAO being prepared by, for instance, polymerization
of alpha olefins using reduced metal oxide catalysts (e.g., reduced chromium on
silica gel), zeolite catalysts, activated metallocene catalysts, or Ziegler-Natta (ZN)
catalysts. = HVI-PAOs are further distinguished and differentiated from
conventional PAOs by their possession of branch ratios of less than 0.19, a weight
average molecular weight of between 300 and 45,000, a number average
molecular weight of between 300 and 18,000, a molecular weight distribution of
between 1 and 5, a pour point below -15°C. For the purposes of the present
application and the appended claims, viscosity index is measured by ASTM
D2270, kinematic viscosity is measured by ASTM D445, pour point is measured
by ASTM D97.



WM Li ght PAO (4 cSt) (VI=-125) 25.9 25.9 W% Goup Il (Visorn)(4
cSt) 25.4 25.9
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[0025] High viscosity index polyalphaolefin (HIV-PAO) are prepared by, for
example, polymerization of alphaolefins using supported solid reduced Group
VIB metal oxide catalysts (e.g.,, reduced chromium on silica gel under
oligomerization conditions at a temperature of about room temperature to 250°C),
zeolite catalysts, activated metallocene catalysts (e.g., catalyst systems comprising
a metallocene and an alumoxane) and Ziegler-Natta (ZN) catalyéts such as
described in U.S. Patent Nos. 4,827,064; 4,827,073; 4,912,272; 4,914,254,
4,990,771; 4,926,004; 4,967,032, 5,012,020; 5,264,642; and 5,859,159. These
HVI-PAOs are characterized by having a high viscosity index (VI) and one or
more of the following characteristics: a branch ratio of less than (.19, a weight
average molecular weight of between 300 and 45,000, a number average
molecular weight of between 300 and 18,000, a molecular weight distribution of
between 1 and 5, and pour point of about -15°C or less. Measured in carbon
number, these molecules range from C;¢ to Ci300. Viscosities of the HVI-PAO
oligomers useful in the present invention measured at 100°C range from about 3
mm’/s to about 1,000 mm?s, preferably about 3 to about S00 mm%s, more
preferably about 100 to about 400 mm®/s, still more preferably about 150 to about
300 mm®s. These HVI-PAOs have been used as base stocks since their
commercial production and are commercially available, such as, for instance,

SpectraSyn Ultra™ fluids, from ExxonMobil Chemical Company.

[0026] The HVI-PAOs useful in the present invention are characterized by
having a high viscosity index (VI), preferably 120 or greater, more preferably 140
or greater, and still more preferably 160 or greater, yet more preferably 200 or
greater, and yet still more preferably 250 or greater. An upper limit on VI, while
not critical to the characterization of HVI-PAQOs useful in the present invention, is
about 350. VI as used herein are measured according to ASTM D2270.

[0027] The HVI-PAOs generally are characterized by the following: Csq to

Ci300 hydrocarbons, a branch ratio of less than 0.19, a weight average molecular



W% G oup Il (Yubase) (4 cSt) 25. 4 25.9 W % G oup 111 (GIL 3.6)
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weight of between 300 and 45,000, a number average molecular weight of

between 300 and 18,000, a molecular weight distribution of between 1 and 5.

[0028]  Particularly preferred HVI-PAOs are fluids with kinematic viscosity @
100°C ranging from about 150 to about 300 mm?s. The term “kinematic
viscosity” as used herein will be referred to simply as viscosity, unless otherwise
noted, and will be the viscosity determined according to ASTM D445 at the
temperature specified, usually 100°C. When no temperature is mentioned, 100°C

should be inferred.

[0029] The HVI-PAOs may be further characterized, in an embodiment, by a
low pour point, generally about -15°C or lower, as determined by ASTM D97.

[0030] The term “PAO” in HVI-PAOs means, as is generally accepted in the
art, oligomers (low molecular weight polymer) of one or more alpha olefins, such
as l-decene. In embodiments, the HVI-PAOs of the invention may be further
characterized as hydrocarbon compositions comprising the oligomers of one or
more 1-alkenes selected from Cg to Ci¢ 1-alkenes, more preferably Cq to Cy, still
more preferably C¢ to C,4. Examples of the feeds can be 1-hexene, 1-octene,
1-decene, 1-dodecene, 1-tetradecene, etc., or mixtures thereof, such as one or
more of C4 to C;4 1-alkenes, or one or more C6 to C20 1-alkenes, or one or more
Cs to Cy4 alkenes, or mixtures of specific 1-alkenes, such as a mixture of C4 and
C,, l-alkenes, a mixture of Cs and C,y l-alkenes, a mixture of Cg and C;,
1-alkenes, or a feed comprising at least two 1-alkenes selected from the group
consisting of Cg C,y and C;, 1-alkenes, and so forth, although oligomers of lower
olefins such as ethylene and propylene may also be used, including copolymers of

ethylene with higher olefins.

[0031] The HVI-PAO fluid can be made by reacting the olefin monomers in
the presence of a conventional Ziegler or Ziegler-Natta catalyst; e.g., TiCl,, TiCl;,
VCly or VOCI;, with promoter, such as magnesium chloride, zinc chloride, etc.

and with an activator(s), including trialkylaluminum, trialkylboron, and/or a
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halide such as organo-aluminum halides and/or hydrogen halides. There are many
variations of Ziegler or Ziegler-Natta catalysts, as described in the book
Ziegler-Natta Catalysts and Polymerizations by John Boor, Jr., Academic Press,
New York 1979.

[0032] While the olefin copolymers (OCP) made using Ziegler-Natta catalysts
tend to have number average molecular weight of about 10,000 or more, and
many of the conventional VI improver OCP are made by such method, as
reviewed in Chapter 10 of Lubricant Additives, Chemistry and Applications, Ed.
by L. R. Rudnick, Marcel Dekker, Inc., New York 2003, the process using Ziegler

or Ziegler-Natta catalysts can also be used to prepare the HVI-PAO fluid suitable

for use in the present invention.

[0033] Preferably the HVI-PAO fluids used in the present invention are
produced using a catalyst system comprising a metallocene and an aluminoxane.
See, for example, U.S. Patent 4,668,834; U.S. Patent 4,704,491; WO 90/1503;
U.S. Patent 5,043,515; U.S. Patent 5,859,159; U.S. Patent 5,498,809. The
polyolefin fluids which are preferred in the present invention are those
synthesized using metallocene catalysts and are characterized as having a
molecular weight distribution (MWD) defined as the ratio of the weight average
molecular weight to the number average molecular weight of about 5 or less. The
HVI-PAO fluids have a MWD of from about 1 to 5. Both number average and
weight average molecular weight can be determined by the technique of gel
permeating chromatograph (GPC) with a suitable calibration curve, as is known to

those skilled in the art.

[0034] The polymerization reaction for the production of polyolefin fluids
from a first alpha olefin such as ethylene, propylene, 1-butylene reacted with a
second, different alpha olefin which is a straight or branched chain alpha olefin
selected from C,-C; alpha olefin and mixtures thereof, preferably C,-C,, straight

or branched chain alpha olefin and mixtures thereof, is conducted in the presence
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of a catalyst system comprising at least one metallocene (e.g., a cyclopentadienyl-
transition metal compound) and preferably an activator; e.g., an alumoxane
compound. The term metallocene refers to compounds containing a coordination
bond between a transition metal and at least one cyclopentadiene ring structure.
The term cyclopentadiene ring structure includes saturated or unsaturated
polycyclic structures such as indenyl and fluorenyl which incorporate a five-
membered ring. The co-monomer content can be controlled through the selection
of the metallocene catalyst component and by controlling the relative proportions
of the feed olefins, usually ethylene and alpha-olefin; e.g., ethylene and 1-butene
or ethylene and propylene, or ethylene and 1-pentene, or ethylene and propylene

and 1-butene.

[0035] The catalysts employed in the production of these polyolefin fluids are
organometallic coordination compounds which are cyclopentadienyl derivatives
of a Group IVB metal of the Periodic Table of the Elements (56™ Edition of
Handbook of Chemistry and Physics, CRC Press, 1975) and include mono- di-

and tricyclopentadienyls and their derivatives of the transition metals.
Particularly desirable are the metallocenes of Group IVB metal such as titanium,
zirconium and hafnium. These metallocenes are further activated with an
alumoxane. The alumoxanes employed in forming the reaction product with the
metallocenes are themselves the reaction products of an aluminum trialkyl with

water or precursors which act as water source, such as copper sulfate hydrates.

[0036] In general, at least one metallocene compound is employed in the
formation of the catalyst. Metallocene is a metal derivative of a cyclopentadiene.
The metallocenes usefully employed in accordance with this invention contain at
least one cyclopentadiene ring. The metal is selected from the Group IVB,
preferably titanium, zirconium, and hafnium, and most preferably hafnium and
zirconium. The cyclopentadienyl ring can be unsubstituted or contain one or
more substituents (e.g., from 1 to 5 substituents) such as, for example, a

hydrocarbyl substituent (e.g., up to 5 C1 to C5 hydrocarbyl substituents) or other
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substituents; e.g., such as, for example, a trialkyl silyl substituent. The
metallocene can contain one, two or three cyclopentadienyl rings; however, two

rings are preferred.
[0037]  Useful metallocenes can be represented by the general formulas:
(CpImMR,X, | M

wherein C,, is a cyclopentadienyl ring, M is a Group IVB transition metal, R is a
hydrocarbyl group or hydrocarboxy group having from 1 to 20 carbon atoms, X is
a halogen, and m is a whole number from 1 to 3, n is a whole number from 0 to 3,

and q is a whole numbér from 0 to 3;
(CsR"DgR"(CsR'IOMQs¢ (1D
and
R”{(CsR").MQ’ d11)

wherein (CsR’y) is a cyclopentadienyl or substituted cyclopentadienyl, each R" is
the same or different and is hydrogen or a hydrocarbyl radical such as alkyl,
alkenyl, aryl, alkylaryl, or arylalkyl radical containing from 1 to 20 carbon atoms,
a silicon containing hydrocarbyl radical, or hydrocarbyl radicals wherein two
carbon atoms are joined together to form a C4-Cq ring, R is a C;-C, alkylene
radical, a dialkyl germanium or silicon, or an alkyl phosphine or amine radical
bridging two (CsR"}) rings, Q is a hydrocarbyl radical such as aryl, aikyl, alkenyl,
alkylaryl, or arylalkyl radical having from 1-20 carbon atoms, hydrocarboxy
radical having from 1-20 carbon atoms or halogen and can be the same or
different from each other, Q" is an alkyldiene radical having from 1 to about 20
carbon atoms, sisOQor 1,gis0, 1 or2,sis O when gis 0,k is 4 whensis 1, and k
is 5 when s is 0, and M is defined as above. Exemplary hydrocarbyl radicals are
methyl, ethyl, propyl, butyl, amyl, isoamyl, hexyl, isobutyl, heptyl, octyl, nonyl,
decyl, cetyl, 2-ethyl-hexyl, phenyl and the like. Exemplary silicon containing
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hydrocarbyl radicals are trimethylsilyl, triethylsilyl and triphenylsilyl. Exemplary
halogen atoms include chlorine, bromine, fluorine and iodine and, of these
halogen atoms, chlorine is preferred. Exemplary hydrocarboxy radicals are.
methoxy, ethoxy, butoxy, amyloxy and the like. Exemplary of the alkylidene
radicals is methylidene, ethylidene and propylidene.

[0038] The alumoxane compounds useful in the polymerization process may
be cyclic or linear or the combination of the two. Cyclic alumoxanes may be
represented by the general formula (R—AI—O), while linear alumoxanes may be
represented by the general formula R(R—AIl—O),- AIR,. In the general formula
R is a C;-Cs alkyl group such as, for example, methyl, ethyl, propyl, butyl and
pentyl, n is an integer of from 3 to 20, and n” is an integer from 1 to about 20.
Preferably, R is methyl and n and n” are 4-18. Generally, in the preparation of
alumoxanes from, for example, aluminum trimethyl and water, a mixture of the

linear and cyclic compounds is obtained.

[0039] The alumoxane can be prepared in various ways. Preferably, they are
prepared by contacting water with a solution of aluminum trialkyl, such as, for
example, aluminum trimethyl, in a suitable organic solvent such as toluene or an
aliphatic hydrocarbon. For example, the aluminum alkyl is treated with water in
the form of a moist solvent. In an alternative method, the aluminum alkyl such as
aluminum trimethyl can be desirably contacted with a hydrated salt such as
hydrated copper sulfate or ferrous sulfate. Preferably, the alumoxane is prepared
in the presence of a hydrated ferrous sulfate. The method comprises treating a
dilute solution of aluminum trimethyl in, for example, toluene, with ferrous
sulfate represented by the general formula FeSO,,7H,0. The ratio of ferrous
sulfate to aluminum trimethyl is desirably about 1 mole of ferrous sulfate for 6 to

| 7 moles of aluminum trimethyl. The reaction is evidenced by the evolution of
methane. General method to produce methylaluminoxane (MAQ) or other
alumoxane can be found in many patents: U.S. Patent 5,663,394, U.S. Patent
5,693,838, U.S. Patent 6,194,340, U.S. Patent 6,518,445, etc.
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[0040] The mole ratio of aluminum in the alumoxane to total metal in the
metallocenes which can be usefully employed can be in the range of about 0.5 : 1
to 5000 : 1, and desirably about 1 : 1 to 1000 : 1. Preferably, the mole ratio will
be in the range of about 500 : 1 to 5 : 1 and most preferably about 250 : 1to 5: 1.

[0041] The solvents used in the preparation of the catalyst system are inért
hydrocarbons, in particular a hydrocarbon that is inert with respect to the catalyst
system. Such solvents are well known and include, for example, isobutene,
butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane,

toluene, xylene and the like.

[0042] Polymerization is generally conducted at temperatures ranging between
20°C and 300°C, preferably between about 30°C and 200°C. The polymerization
feeds, including the olefins, the solvents and any other feed gases, preferably are
purified by passing through molecular sieves and/or oxygenate removal catalyst
beds, as typically practiced in polyolefins synthesis. The purpose of the
purification is to remove water, oxygenates or any other trace polar components
that can deactivate the polymerization catalysts. Usually highly purified feed
streams result in high catalyst productivities and high lube selectivity, simplified
work up or product isolation step, narrower molecular weight distribution. All
these are beneficial for an economical process and more desirable product.
Reaction time is not critical and may vary from several hours or more to several
minutes or less, depending upon factors such as reaction temperature and the like.
One of ordinary skill in the art may readily obtain the optimum reaction time for a

given set of reaction parameters by routine experimentation.

[0043] The catalyst systems described herein are suitable for the
polymerization of ethylene and alpha-olefins in solution over a wide range of
pressures. The polymerization can be complete at a pressure of from about 10 to
3,000 bar. The polymerization reaction can be conducted in batch mode, semi-

batch or semi-continuous mode, or in continuous stir tank reactor (CSTR) mode.
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[0044]  After polymerization and, optionally, deactivation of the catalyst (e.g.,
by conventional techniques such as contacting the polymerization reaction
medium with water or an alcohol, such as methanol, propanol, isopropanol, etc.,
or cooling or flashing the medium to terminate the polymerization reaction), the
product polymer can be recovered by distillation under vacuum to remove light
fraction, which has a boiling point below 650°F at atmospheric pressure. The
residual oil fraction can be used as is for this invention. Or more preferably, the
residual oil fraction is further hydrogenated using standard hydrofinishing
conditions, such as under 500-2000 psi H, pressure, 100-250°C and 2 wt% nickel
on Kieselguhr catalyst for proper amount of time to reduce the degree of
unsaturation down to low bromine number, usually below 2. Usually, the lower
the bromine number the better the product, especially the better oxidative

stability.

[0045] The polymerization may be conducted employing the liquid
alpha-olefin reactant as solvent. For example, 1-butene or propylene or other
appropriate alpha—oleﬂh liquid can be used as the reaction medium. Alternatively,
polymerization may be accomplished in the presence of a hydrocarbon inert to the
polymerization such as butane, isobutene, pentane, isopentane, hexane, isooctane,

decane, toluene, xylene, and the like.

[0046] Another method to produce these HVI-PAO fluids is by using
Friedel-Crafts polymerization catalysts. For example, the high viscosity
polyolefin fluids can be made from ethylene and alpha-olefins in range from 0%
ethylene to 50 wt% ethylene as feled. The other alpha-olefins can be propylene,
1-butene, mixed butenes or mixed butanes in BB stream, linear alpha-olefins,
including 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene,
1-octadecene, or the mixture of them. The amount of these alpha-olefins in the

feed ranges from 50 wt% to 100 wt%.
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[0047] The HVI-PAOs which are known materials and fall within the present
definition of polyolefin fluids as used herein are generally available on a major
commercial scale from suppliers such as ExxonMobil Chemical Company,

Chevron, BP and others.

[0048] In the preparation of HVI-PAOs useful in the present invention, the
lube products usually are distilled to remove any low molecular weight
compositions such as those boiling below about 600°F (about 315°C), or with
carbon number less than C,, if they are produced from the polymerization
reaction or are carried over from the starting material. This distillation step
usually improves the volatility of the finished fluids. In certain special
applications, or when no low boiling fraction is present in the reaction mixture,
this distillation is not necessary. Thus, in preferred embodiments, the whole
reaction product after removing any solvent or starting material can be used as

lube base stock or for the further treatments.

[0049] The Ilube fluids made directly from the polymerization or
oligomerization process usually have unsaturated double bonds or have olefinic
molecular structure. The amount of double bonds or unsaturation or olefinic
components can be measured by several methods, such as bromine number
(ASTM 1159), bromine index (ASTM D2710) or other suitable analytical
methods, such as NMR, IR, and the like, well known per se to one of ordinary
skill in the art. The amount of double bond or the amount of olefinic
compositions depends on several factors — the degree of polymerization, the
amount of hydrogen present during the polymerization process and the amount of
hydrogen present during the polymerization process and the amount of other
promoters which particulate in the termination steps of the polymerization
process, or other agents present in the process. Usually, the amount of double
bonds or the amount of olefinic components is decreased by the higher degree of
polymerization, the higher amount of hydrogen gas present in the polymerization

process, or the higher amount of promoters participating in the termination steps.
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[0050] Oxidative stability and light or UV stability of fluids usually improves
when the amount of unsaturation double bonds or olefinic contents is reduced.
Therefore in preferred embodiments, it is necessary to further hydrotreat the
polymer if they have high degree of unsaturation. Usually, the fluids with
bromine number of less than 5, as measured by ASTM D1159, is unsuitable for
high quality base stock applications of the invention. Fluids with bromine number
of less than 3 or 2 are preferred. The most preferred range is less than 1 or less
than 0.1.

[0051] The HVI-PAOs are hydrotreated to reduce unsaturation. This may be
done by methods well known per se in literature (e.g., U.S. Patent No. 4,827,073,
example 16). In some HVI-PAO products, the fluid made directly from the
polymerization already have very low degree of unsaturation, such as those with
viscosities greater than 150 ¢St at 100°C. They have bromine numbers less than 5
or even below 2. In these cases, the direct product may be used without
hydrotreating. Thus, hydrotreatment of the HVI-PAO product is optional,
depending on the method used to make the HVI-PAO and the end use.

EXPERIMENTAL

[0052] Experiments were performed combining various Group III base oils and
a GTL base stock with conventional PAO-100, PAO-4, and HVI-PAO, along with
blending conventional PAO-100 with PAO-4, all in combination with 20% of an
ester and 9 wt% conventional transmission fluid additives, based on the weight of

the total compositions.

[0053] The results of these experiments are presented in Table 1:
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Table 1
SAE 50 Transmission Fluid or 75W-90 Gear Oil

A B B B B C D D D D

Vis Grade

W% Hi 45 45 45 45 45
VI-PAO
(VI=160)

W% 45 45.5 45.5 45 45
Conventional
PAO-100
(VI=160)

W% Light 25.9 25.9
PAO (4 cSt)
(VI=125)

Wt% Group III 254 259
(Visom)(4 cSt)

Wt% Group 111 25.4 259
(Yubase)
(4 cSt)

W% Group 111 25.9 259
(GTL 3.6)

W1% Group | 259 |7 259
(AP/E Core
100)(4 cSt)

Wt% Additives 9 9 9 9 9 9 9 9 9 9

Ester (5.3 cSp* 20 20 20 20 20 20 20 20 20 20

Vis at 100°C 15.7 15.2 15.5 15.5 16.8 16.2 159 15.5 15.7 17.1

VI 183 181 180 189 180 199 206 190 201 192

Brookfield 33,150 | 82,182 | 167,200 | 66,486 | 615,869 | 20,500 | 20,950 | 22,245 | 21,245 | 49,989
Viscosity, cP

Pour Point, °C -51 -51 -45 -45 -42 -51 -54 =51 -45 -48

*Esterex A-32.
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Vis Grade
Wit% Hi 225 225 225 225 225 11.25 11.25 11.25 11.25 11.25
VI-PAO
(VI=160)
Wt% 225 225 22.5 225 225 33.75 | 33.75 | 3375 | 33.75 33.75
Conventional
PAO-100
(VI17=160)
Wt% Light 259 259
PAO (4 cSt)
(V17=125)
Wt% Group 25.9 ' 259
HI (Visom)(4
cSt)

Wt% Group 259 259
III (Yubase)
(4 cSt)
Wt% Group 259 259
III (GTL 3.6) -
Wt% Group | 25.9 259
(AP/E Core
100)(4 ¢St)
Wit% 9 9 9 9 9 9 9 9 9 9
Additives
Ester (5.3 20 20 20 20 20 20 20 20 20 20
cSt)*
Vis at 100°C 15.7 14.7 15.2 15.5 16.8 15.9 15.3 15.3 15.5 16.5
\2 188 181 182 194 185 189 189 183 192 183
Brookfield 28,294 | 41,391 | 41,341 | 36,642 | 159,166 | 26,494 | 53,243 | 53,889 | 45,740 | 323,131
Viscosity, cP
Pour Point, °C -54 -48 -48 -45 42 -54 -54 -45 -45 -42
*Esterex A-32.

[0054] As seen and was already known in the industry, the addition of PAO-4
to formulations can improve low temperature performance in transmission fluids

and gear oils with stringent Brookfield viscosity limits.

[0055] Table 1 shows conventional blends made by combining conventional
cPAO (100 cSt) with PAO-4 (Blend A), with Group III (Visom-4) (Blend B) and
with Group III (Yubase 4) (Blend B’), with GTL-3.6 (Blend B"’), and with a
Group I stock (Blend B"""), at similar concentrations. The Brookfield viscosity of
Blend (A) is lower than for Blend B or Blend B” which utilize Group III stocks as
well as for Blend B”* which used GTL-3.6 and Blend B”"" which used a Group I
stock. This was expected from the literature. The results are as expected when
using conventional cPAQO (100) with PAO-4, and conventional cPAO (100) with
Group III stocks, as well as with GTL and Group I base stocks. The low
temperature performance is unacceptable with the Group III GTL and Group I



182 194 185 189 189 183 192 183 Brookfield Viscosity,

41, 341 36, 642 159, 166 26,494 53, 243 53, 889 45, 740 323,131 Pour Poi nt,

- 48

WO 2010/027454 PCT/US2009/004944

-22-

base stocks as compared to the PAO-4. Blend B and B’ resulted in Brookfield
viscosities about three to five times higher than the blend using PAO-4 as the
co-base stock (Blend A).

[0056] In comparison, for Blend C and inventive blends, Blend D, Blend D’
and Blend D’ where conventional cPAO 100 is replaced with HVI-PAO at the
same concentration, the Brookfield viscosity was unexpectedly and uniformly
lower and superior to that even of reference Blend A. While for Blend D', the
blend using HVI-PAO and GTL-3.6 the pour point rose to -45°C, the extremely
low Brookfield viscosity of 21,245 cP indicates even the fluid exhibits an

unexpected improvement in performance as compared to reference Blend A.

[0057] This improvement is not seen when Group I oil is employed in place of
the Group III base stock or GTL-3.6 in combination with the HVI-PAO. In Blend
D"’" which mixes a Group I base stock with HVI-PAO, the Brookfield viscosity is
an unacceptable 49,989 cP while the pour point is -48°C.

[0058] Additional blends were prepared to determine if the enhancement in
low temperature properties could be secured at concentrations of HVI-PAO as

low as 25% or 11.25% of the formulation.

[0059] Blends E, F, F', F'" and F'*" report blends with a 50:50 ratio of
conventional cPAO (100) to HVI-PAO in combination with PAO-4 (Blend E),
Group III Visom 4 (Blend F), Group III Yubase-4 (Blend F"), GTL-3.6 (Blend
F"") and Group I (Blend F""").

[0060]) Blend E shows a slight decrease in apparent viscosity by ASTM D2983
when the ratio of cPAO-100 to HVI-PAO is 50:50 (22.5 wt% HVI-PAO in the
blend). Although the Brookfield viscosity for Blend E is higher than that for
reference Blend A, it is still within 30% of the value found for Blend A while the
pour point is within the margin of error of the test and thus meets that of Blend A.
In comparison, for Blends F, F', F"" and F'"’, while both the Brookfield

cP 28,294 41, 391

C -54
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determ ne | ];)ert oremaenrgzgas?r(r:lﬁerlrre trc])tthlatnusing PAO-4 (Blend A), but not obtained when using
cPAO-100 base stocks (Blends B through B”"). As much as 70% improvement in
Brookfield viscosities are observed in blends with HVI-PAO concentration as low
as 11.25 wt% compared to using cPAO alone (Blend H' vs. Blend B"), while the
total replacement of cPAO-100 with HVI-PAO produces blends which are
superior in terms of the Brookfield viscosity and at least meet the pour points of

oils formulated using PAO-4 and cPAO-100 (Blends D, D" and D" vs. Blend A).



| ow tenperature properties could be secured at concentrations of

HVI - PAO as | ow as 25% or 11.25% of the fornulation. [0059]Bl ends E,
F, F, F'" and F" report blends with a 50:50 ratio of conventi onal
cPAO (100) to HVI-PAO in conbination with PAO-4 (Blend E), Goup |1
Visom4 (Blend F), Goup Il Yubase-4 lend F'), GIL-3.6 (Blend F")
and Goup | (Blend F"). [0060] Bl end E"stfiows a slight decrease in
apparent viscosity by ASTM D2983 when the ratio of cPAO-100 to

HVI - PAO i g12GivpP (22.5 W% HVI-PAO in the blend). Al though the
Brookfield viscosity for Blend E is higher than that for reference
Blend A, it is still wthin 30%of the value found for Blend A while
the pour pointyis w thin,t i : -

neets that of 1BI en?k@t}l{bﬁ fggpnlggé%égﬁgﬁ%a;ﬁ%é%Pef%{lf‘s&l%ﬁn%:ﬁ%wg%%ggﬁﬂ of
whi | e bot #houhetSBE oplofee et a Braa@fieldwis ooty at 4415 Canfidbpo 60,000 R bslohavesing

noved i nt o, regi.Qns ich,are inferior in coppari to reference

B ond A ¢ RS RBRHERR RoG bl Ehp Stuliaf PEPRES T heiGerReShTBaR srosk.
[0061] Bl 6ftbasdGtodd, ortrhixtukt thardf, Hy a8diAgar the BadeRR ck €L tesstaben 10M2FPAO
cont ent i%X&%%'Lbced o] ]h],é 25 Wg% of the fornulation and the ratio of
cPAO- 100 ) pes! P thegotablubrignsins pridermulaiorivhsran iegetisolithe B VAPAO to
hi gher th f . l-end o
still unegdgee%:{agla?j?%alﬁ é%?ﬂljio% ﬁ?ﬁﬁyﬁ% Z;Bbr%gto@tiog Isgyﬂv/i% g g?)ns% eire?% ﬂ%)?%?rgla?ne%w
by Bl endsfoBnultiompith Be prpoie®BRhOhe hubrricatirigtoil formmlatigreditce dbtyindedmn highat

t he use of,Aﬁ% Qup, 'oHnﬁ?flG%L Iq)%ggstgékocks wi th HVI - PAO base st ocks
provi des en éncea ow tenperature performance simlar to that using
PAO-4 (Blend A), but not obtained when using cPAO-100 base stocks

(Bl ends B through B). h . 0%, nprovenent . i r ield

vi scosi ties a?ye' obgfe%vnééﬁ\ﬁ?%ﬁlaé%@swgﬁr?lﬁ quﬁﬂan%:gﬁg%ﬁt"gﬁgl%ﬁesﬁs | ow
as 11.25 wt % conpared to using cPAO alone (Blend H vs. Blend B'),
while the tot re f .cPh i I, PAO pro es.bl.ends
Whi ch are superi or | RIFERME of1aif ERRAER ! ARgNi0 TERRY TG PRC:
meet the 300 qposrriess. of oils fornul ated usi ng PAO-4 and cPAO- 100
(Blends D, D' and D' vs. Blend A). - 24 - CLAIMS 1. A nethod
for producing lubricating oil formnulations having a pour point of
about -45C or 4.owerTlanokethoBsfaddii lelherein slooBiobkficl visd@yaf -48P0 ik about
60, 000 cP. @qd wer. _using a base (a) stock selected fromthe group
consi sti nt” BdFS1 11 hydroprocessed base stock, GTL base stock or
m xture thereof, by adding to the base stock (a) at |east about 10 w

% HVI - PAO based on the total. | ubrjcatin i roul ation wherein the
ratio of the HV-P et‘%etg%g%fCéel%‘czlkw@‘571#1%30%’%00{(’2%{&?”5&9Sfyéh'dmg(a(‘Jﬁarl? ut
about 10 IMOREMWr186s0f an ester to the lubricating oil formulation
with the proviso that the lubricating oil formulation does not
include a light PAO (4 cSt) or an APl G oup | base stock. 2.
The method of @l ai Mhk MAREEIAEIZIRS PN PR BlookSel@RREsity 2PG0eT id B3¢
3. The nmethod of cam | wherein the Brookfield viscosity at -40C is
about 30, PFP0IP Blespess. 4. The method of claim1 wherein the
Brookfield viscosity at -40C is about 25,000 cP or |ess. 5

The method of claim?2 wherein the Brookfield viscosity at -40C i_s-
about 30,000 cP or Hhegacthod of claimg, 2;7hd, fret hvdeisi bp & VHEA Wterddphinane

Br ookf i el ghyinB 6O 1da¥t Mout H05wk 8 BROMEn f2 1 QAuGRa0he b $imulation.

8. The method of claim 1, 2, 3, 4, 5 or 6 wherein the HVI-PAO is added in an

amount of at least about 45 wt % based on the total lubricating oil formulation.



7. The nethod of claiml1, 2, 3, 4, 5 or 6 wherein the HVI-PAO i s
added in an amount of at | east about 22.5 wt % based on the total

| ubricating oil formulation. 8. The nmethod of claiml, 2, 3,
4. 5 or 6 wherein the HVI-PAO is added in an anpunt of at | east about
45 wt % based on the total |ubricating grl formulation. - 25 -

9. The nethod of claim7 wherein the wt“tratio of HVI-PAO to base

stock (a) is about 1:1. 10. The nmethod of claim8 wherein the
wt ratio of HvyPAO .
met hod of cl ai %n 7 \Aﬁ%rrg?tﬁ&ti éfe&aﬂﬁf%%ifﬂgﬁl(}?p%ﬁtgjg%ﬂg IbPégs%tos%gﬁt-g?gSa) i's
about 2:1aboutl:l. 12, The nethod of claim8 wherein the wt ratio of
HVI PAO to base stock (a) is about 2:1. 13. The nethod of claim
1, 2, 3, 4, 5 or 6 further conprising the step of adding about 5 to
12 wt % of an H¥di t Theemethoddickleim/@whereluahewt mitip lné HVIBADCabasegptaikl(a) is
forrrulaU%pDtl 14. The method of claiml1, 2, 3, 4, 5 or 6
wherein t llI—I\/I-PAO is characterized by a KV@OOC in the range of
about 3 to about 1000 mMm2/s, a VI of at |east about 120, a branch
ratio of |ess an ht ayerag ight of between
300 and 45, 000’ inen b %g?thg‘é/x\fe%g%%’ geitc {’T’Pm%a:aar?tf PO oatt sgs Ag
18, 000, aabwmk2dul ar wei ght distribution of between 1 and 5 and a pour

poi nt of about -15C or |ess. 15. The method of claim 14
wherein the HVI-PAO has a KV@00C in the range of about 150 to 300
me/ s. I5. The mehbbof dfincd aheneib, th@wt Bitio 4f HY IPAOGo hbigetshrk (a) is

conpri si n%git hﬁ' step of addi ng about 20 to about 35 wt % of a
convent i of 2"t fi gh viscosity PAOto the lubricating oil fornulation.

13. The method of claim 1, 2, 3, 4, 5 or 6 further comprising the step of adding

about 5 to 12 wt % of an additive or additive package to the lubricating oil formulation.

14. The method of claim 1, 2, 3, 4, 5 or 6 wherein the HVI-PAQ is characterized
by a KV@100°C in the range of about 3 to about 1000 mm?*/s, a VI of at least about 120, a
branch ratio of less than 0.19, a weight average molecular weight of between 300 and
45,000, a number average molecular weight of between 300 and 18,000, a molecular weight

distribution of between 1 and 5 and a pour point of about -15°C or less.

15.  The method of claim 14 wherein the HVI-PAO has a KV@100°C in the
range of about 150 to 300 mm®*/s.

16.  The method of claim 1, 2, 3, 4, 5 or 6 further comprising the step of adding
about 20 to about 35 wt% of a conventional high viscosity PAO to the lubricating oil

formulation.





