- 1 - |1 MPROVED HVI - PAO BI - MODAL LUBRI CANT COWVPCSI TIONS FI ELD OF THE

| NVENTI ON [ 0001] The invention relates to |ubricant conpositions containing
hi gh vi scosit ¥l ol yal phaol efins (HVI-PAO) . BACKGR@MN IE

| NVENTI ON [0%85?‘3%%%25}’& phaol efi ns (PA05) of different vi s?gggit’@dg'gﬁades are
known to be useful in synthetic and sem -Caynt hetic industrial oil and
grease formul ati ons. See, for instance, apters 22 and 23 in Rudnick et

al ., "Synthetic Lubricants and Hi gh-Performance Functional Fluids", 2nd

Ed. Marcel Dekker, Inc., gi é; ‘ ﬁQCa i onal m neral

oi | -based products, the SHOBHET Sy X vi sconetrics,

hi gh and | ow tenperature performancepanebsnensys ef fici ency under routine
conditions and ordi nary repl acenment” schedul'es. [ 0003] The

vi scosity-tenperature relationship of a lubricating oil is one of the
critical criteria, which nust be considered when selecting a |lubricant for
a particular application. Viscosity Index (VI) is an enpirical, unitless
nunber whi ch i MBLOOBTHIMENVANTION change in the viscosity of an oil within

a given tenperature range. Fluids exhibiting a relatjvely |arge change in
viscosity wi t HOOHhpdbst ipwentipn wAites 119 AuRFIcant | ORRASEIORS | E9P1HAEX M | ow Vi
oi I, for exampli&osiV lndet BORaRULoIBEnEBYRP BNt enper at ures faster than a high
VI oil. Usuall iﬁotsll\qg]e n:gllegE \};?R)o?(l) fhé ﬁye §egi rabl e because it has higher

vi scosity at higher tenperature, which translates into better or thicker
lubrication filps and better protectiaqn.of the contacting machine el ements.
I n anot her aspect—as the ort—operating tenperature decreases, the
viscosity of godu2gh PYlyaGibaoMfihk (PRDs) BEHERSEt I%scBIBNgATes areZmown® be
viscosity of a low VI oil. This is advantageous because the excessively

hi gh vi scosi t yiseful timsynthgio/angd semjgsyntheticc islustial Rl a1d grgash £ympratans.
operati ng machj.neg.,. t j [PYe]l en : i oth

hi gh and | ow [SI eeg’pfeorr g?ﬁ?“ﬁo?é‘?&? r|\£ozn2.)laéﬂ B?Zm gﬁ{diel%nﬁe "ag ot?gt?%g@%é%é# M

met hod D 2270-88 HigBdelforidandesFurettianadFnolsk, PedriddiMancek Dekkdri dsc.ndagur ed at
40C and 100C uys| TM Met hod D 445-01.. [0004]., PACs conprise a. class of
hydr ocar bons ;@é{%ﬁa. W@ﬂe(%& gﬁecogﬁ?%(’}?fﬂi I%ﬂrgg%hgﬁ%ﬂ?(gﬁtsf qsgj/rlr)z\(?'.zati on
to | ow nol eculpagedngirgdifctPriRdecietdeliht | visatetfcsy! Bighnaintly pbve akdnypdrangd ng
from 1- hexene to 1-octadecene, nore typically from1l- octene to 1-dodecene,
wi th 1- decene Pagforpancapand eapizon cHiriensyt updopr uEpe cepudifiansi and odinagy es of
these fluids i y way of exanple, in US. Patent 6,824,671 and
4,827,073, al'? o%gﬁ%%g%@rgr@}lgof | ower ol efins such as ethyl ene and

propyl ene may al so be used, especially copolyners of ethylene wth higher
olefins, as d Ljb in U.S. Patent 4,956,122 or 4,990, 709 .and t pat ents
referred to tﬁ@r%é{ n%ﬂ‘f Cfﬁﬁg‘qj’tyﬂﬁ@ﬁ’e(ﬁt‘%d?ﬁ?wsﬁ%@ aﬂ)@WéF%S !‘%PP?IOF | - PAO)
are prepared Biicdl OdritbriS t WARE, mAK! YEROhAASEONYRIn 8¢ ATz0h ElibAGant SfoP G
reduced netal oxide catalysts (e.g., chrom un such as described in U S. .
Pat ent Nos. 4patirulgsapplicagen, 0Yscosityobger (VD) & an znupocal gpuitisss2ogumber?.
These HVI - PAGCs e. cl cterjze Vi i VisSLoshtv.d.ndex. (V) and
one or nore O?Vh?%el@&%egw&ﬁg’]ac §$ gg%%rgl l??iglgg\{lgdggg}'gr{cﬁl rggt\?éghgfgéé‘é%{ t han
0. 19, a wei ghtenapeeatagerangd. eElulidsr exiibitihg a atlatiedlwdage 30fhgend ol with nunmber
aver age nol ecul ar wei ght of between 30Q and 18 000, .a | ecyl ar wei ght
distribution SMRSEAMESAC faidia hgve 3 BWdeWS%PWFXbéé‘W[{%S%EL%%MP% in
carbon nunber ,ifi bfg %uﬁ&%'e?év‘d{e%steﬁlg&gﬁer A5eC3an ahisH $9Qi1. \@sﬁﬁﬁ’f,'thé gghof the
HVI - PAO ol i goners neasured at 100C range from3 centistokes ("cSt") to

15, 000 cSt. TRégel isvnomAdasiralble deheusa itisaghighehuiseosity ot khighdr ifempenaire,

commercial prg tio d_ar i al e val il for
i nst ance Spec%)v (rgg%ytrrlar%}a?érg af Eoo%et%g@o;rﬁ %?%I ll] %a%ogaﬁlngo&d[lgeg%gf)mi%g{&ﬁgo&
advant ageous fheop@tthdtingl mabkine difnefACSs In Sanbtirk , aspbit] as| theesil nopeestingar

wei ght unsaturated oligoners are typically and preferably hydrogenated to
produce t her nEIRFraiHg dgﬁ‘iea%i \P@I")l/scgg%q’tlea %ﬁﬁé&l%{ ‘é(}liaﬂ‘?tdﬂ Fasyos SAbAS wei ght
unsat urated HVI - PAO ol i goners useful as lubricant are sufficiently
thermal |y and oxidatively stable to be utilized w thout hydrogenati on and,
optionally, may be so enployed. [0007] HVI-PAO naterials have been used
for formulating oils for internal conbustion engines. By way of exanple, WO
00/ 58423 teaches high performance oil conprising a first and second pol yner
of differing nolecular weights dissolved in a base stock of |ow viscosity.
The first polymer is a high viscoelastic polyner, preferably an HVI - PAO
The base stock used generally has a viscosity of below 10 ¢St at 100C. The
HVI-PAO is "nornmally present in relatively small anmounts”, e.g., 0.1 to
about 25 wt % in the total finished product. Also included in the finished
product is a polyneric thickener, normally based on bl ock copol yners

-, = T T




[0008] See also U S. Patent Nos. 4, 180,575; 4,827,064; 4,827,073;
4,912,272; 4,990,771; 5,012,020; 5, 264,642; 6,087,307; 6,180,575, WO
03/09136; WO 2003R/01360A, U.S. Patent Application No. 20Q5/89R988R3s and
Lubrication Engineers, 55/8, 45 (1999). - 4 - resistance to aging and
oxi dation, |ow foam ng tendency, good | oag-carryi ng capacity, neutrality
toward the materials involved (ferrous and nonferrous netals, seals,
paints), suitability for high and/or |'ow tenperatures, and good

i scosity-te rature be i oy: gear.grease in contrast, are required to
ensure the f ol PBUMSAETRIGHORAHE o his o @HvAAeeh PP nss D 5 sy & el
torques, conpafisddsity by meiib s Ben decrsRkehd affiziendpdf Meicperatiagnemhie. (C. f.

Rudnick et al., supra). Heretofore, a universal gear |ubricant neeting all

t hese requir enBiiss liigh Wopil has perfermance hdvantages iy bath hightasd dow tempgratuse
comercially availabl e, . This . I . I i apt vel op
di fferent typeoé)e %tloflbﬁnlﬁ Qﬁtg%%gg\%{c%?%%ggéﬁsﬁg}é%a |ds yi 'ﬁ}ga%%n Pgié](SjugF

oper ati ng needs rtlatededckinapplid @icodities mefit€] al A0S ang 106°ClasmigoABTY a very
hi gh vi scosity index % fini shed gear |ubricants conprising Goup IV and
Group V base f¥YigihgdD Lof these next generation gear |ubricants utilize
chrome-silica catal yst derived 150cSt PAO This very high viscosity index
G oup |V base oil, when conbined with very |ow viscosity base oil
conponent s ( PA®®] aPhQs pwhpriseGr olags of hadrecarborskinanefacturesiphathedcagilyti¢ net

efficiency and,Vl advantages over. .priof art synthet] L s. It

i s under st ood othﬁg-fneflﬁag‘%i Hmergﬁ%g%i"dé"“bf”f’%%%g @qné@g&?@ct{}@ﬁnﬁgﬁh on of
t he conponent slemBttipioaltyefangingfrérn Claldxee to1idoardédene dmpey fypicalp é@m 1-

advant ages. 100111 One area for inprovenent to this bi -glggel base fluid
system is the actEngitp edadeeene, with Atsiepsneasoine iaest KPEmap arheftey Pegterses | v
base stock - l.ati i | t

Super Syn" uti Ijr?éz%@'o- g/rép(%y éﬁ?}gsigﬁpmgnﬁtdg%bﬁﬁ tg %’e@?]ﬁ??ﬁcﬁ%&’gl%uﬂﬁé to
the rather w dRatembl6e824L601 aved ¢1827d731 mitianighopolphetshel bwvast ¢lafgns buabnes sil i ca

derived Super Syn,base stock csSuper Syn sone. shear instabildty i
observed in tﬁﬁml?qeoﬂgls pqoggfﬁ*fxéa{my §ﬁ8§¥e %x%eéi[ s?s}ﬁ%ﬁlrl_]lyzﬁ?ro ) e‘ggiorfge%ﬁglz? Test
I CEC L-45- A- 9@)h hifhéiSolsfiesfas idesdridRd lih 1S MPatehtef956, 12 0vie4 8b0,702 and nient

vi scous | osses of the finished fluid - 5 - 100121 There is a need to

i mprove shear psteatsireferigd ththsreilpdel | ubri cant formul ations. Accordingly,
this inventions satisfies that need. SUVMMARY OF THE | NVENTI ON [0013] The
invention is directed to oil formulations conprising a high viscosity index
pol yal phaol ef ij@o§ HVHi #AQscodity mdex polyatphaelefint(Hd/1eR AO) eravptepaicdrbyc dopr i ses
a netall ocene catal yzed HVI-PAO with a viscosit reater than 125 cSt kv
100C and a Vi é’(’:%aé’ic‘?’yp‘;’alﬁﬁ’gwfbtfoéla?gra}ppﬁé‘r\e House i%@gﬁ% %%gleo’é"p%ccﬁ?ws? a
viscosity of agl @afimidmd Suckus HGitRAAN! €SS Paban NeR. @327)06%; 4BAT0mBer ei n
the second base stock is at |least 60 cSt Icy 100C | ess than the netal |l ocene

HVI PAO, an esteé90i7d h5413i02808nd .26¢.642. | Ehese BVERAQears ¢hasprtaizedty ester
conpri sing note .thap .l j P n n e t ha gt cent  of
the oil for nu?’g‘{’l}lgn? @]%}elv%fls?&%t r%&gt h)/& %géi ?1136 a&vﬁlsog%sél‘\fﬁ?ntggﬁao
greater than tBiractpf@itd] albramchs extiondf dssbabamént9, aaweighh edetage impleadear shear

stability is disclosed. In .S e rgent, the nethod c rises .gbtai ni ng
an oil fornul éﬁeilélltl AobsrEeh hgbaa%nagﬁb@ﬁ%ﬁ@%ﬁr -PRBEi If’ﬂg’ﬁ %ed%}?ttﬁ}*a
greater than 32Q.c65B308Vand0BOA)G RolecdRPHWeight| NSE¥UESERE BEtwleBAN dRDS, a
second base stock with a viscosity of at least 2 ¢St |Icy 100C and | ess than
60 cSt kv 100@hpeuraiointibhlovsdSfid Measeredtinerrbps numbei fdse grplecgies|range; 00C
| ess than t he gigt abh ooenendMidloQicatr G R Phlgothas

, mp an

hldre®@bt floceast 2
and | ess than e ester ‘conprising nore wel ght percent and | ess
t han 30 wei ghtangerfe@nt3 odntistokeoi(tcSt')rioul 500000San@ThésebHVERA O havd bedrhe oi |
formulation. [0015] In a third enbodi nent, .a nmethod of bl ending an oil
formul ation wited #aDeeaBPessHesH raﬁ(?fmnﬂflﬁsprﬂb‘é‘if’loéis@ﬁ}.) a%h?%’n’g’ﬁf%g'
conprises obtaining a nmetall ocene HVI-PAO with a viscosity greater than 100
cSt lcv 100C and a viscosity index greater than 100, obtaining a second
base stock with a viscosity - 6 - of at least 2 ¢St kv 100C and | ess than
60 cSt kv 100C wherein the second base stock is at least 60 cSt Icy 100C
| ess than the netall ocene HVI - PAO, obtaining an ester with a viscosity of
at least 2 and less than 6, the ester conprising nore than 10 wei ght
percent and | ess than 30 wei ght percent of the oil formulation; and
bl ending the netal |l ocene HVI-PAO with the second base stock and ester to
formulate an oil forrulation with favorable shear stability. BRI EF
DESCRI PTI ON OF THE DRAW NG 100161 Figure 1 is a graph illustrating the
nol ecul ar wei ght distribution of high viscosities PAO [00171 Figure 2 is a

e



100181 Figure 3 is a graph illustrating Noack volatility | osses based on
ester content; [0019] Figure 4 is a graph illustrating oxidation

per f or mance ba@ggm%@n@§ter content; [00201 Figure 5 is g s%ﬂ@mb+w
illustrating Brookfield viscosity based on ester content. DETAIL
DESCRI PTI ON [ 0021] According to the |nven§|on formul ations for use as
industrial oils and greases are provided conprising a high viscosity index
PAO (HVI - PAQ). W have discovered the use of netallocene-catalyst derived

PAGCs surprisin reat]y reduces not .el iJj. nate er.anent vj sity
| osses due to? g‘h‘éﬁ? {‘rf’s tof ‘B?taﬁ%gpe?t{?rsml onsﬁul ¢ fjom fﬁ%ﬁ&?@@%ﬁd t hat
t he very narr@yeﬂ%ae@él ar weight distribution of t he m PAO may provide sone

enhancenent to shear stability of this high viscosity base stock, but the
hi gh degree of benefit observed in the testing was unexpected. This

property, cou I

vi scosity sl a?d es of m g%\ggd%?&/@gl ﬂro%féf&ﬁé&%ﬁ%ﬁ?ﬁs @hﬁé}b%p fi gﬁf&

bl endi ng conceptedutir fw:gllilerunsammv@nehganem \dre amgpicatiyr oaretl g&:&rablybri cant
efficiency. In addition, thi co licable to othe sc05|ty
versions of nP °§?@ﬁ§fé‘bl%¥° @Tﬁgyg’t“?aﬂiﬁ‘i) SR eFﬁ‘Eﬂeri rP‘

150- 600 CSt 1 &ageulks! (EighPLshAFRAE FORALPAYS biig 31991%2@15&13? aYSRibAtantesy hi gh
vi scosity, shear stable base stocks al | ows for the formul ati on of extrenely

high VI, wi desﬁﬁcmtjathemaﬂnam pridativehy gtable hbohtilizediwithout bydregenasian

| osses. Current.te I ir e use of high viscosity olefin

co- pol ynmers (ar&,jg f q?yp%%‘/‘?/'bggge E’?@)’egne ("PIB") viscosity nodifiers to

i ncrease viscosity. These viscosity nodifiers are shear unstabl e and

exhi bit permanent shear viscosity |osses due to pechani cal arl I n one

enbodi ment, t HO&7li n¥APAS Baterals drexe bepp useb dor BrmptRtiog @i land in
sone embodi me t hg,n r [ S [ , hiapd

provi des favo?éalﬁ?lgshgga?ﬁéel?% Ci g%cs}% 9 (t))gZ%x]%HﬁFkIlée/ ﬁl@? gggm%ge%t&{é ?

present i nvenpccr(mrranee oﬂanoauxremgzed‘xmyanﬂmcmgi polymgh ofiditfering qulemlaax (M),
preferably 160 o er er, ny reate II nor e
preferably 198§ tsg %Sé)ﬁveld mfeft;asﬁggoéi( |f2 0%32031‘%?%9]%@2’8““%% 3h/et

still nore prgk&etdatiy pdhaney pggrfaablgrran Hrvumxrer Thenbdse Gitockl ysedigeheralipt
critical to the characterization o useful in the ﬁresent )

i nvention, | shagifoyiscossy Ofb?loa’slm%%tcﬁtﬁ@?& anéﬁ']évllr’é)aAs%F%d’oéi’E‘é Y 8ISSgPt8 ASTM
D2270. - h | 3 r bons, hsanGhidhalii o of
| ess than 0 rep;twg%g% t1 %@% eg%g’l g:]l fbg?wmlgl %%o?pbettﬁm%en 3001(51]%
45,000, a nunﬂneducivﬁtsagecludﬁmuhaﬁnmcglbmdmt lbepm}e@m@(lbwhmr,l@rm@by a

nmol ecul ar wel di stribution,of Dbet en 1 5. 10025 r ar l.y
preferred HVIY %xorhr%lo? ?odjglwqrﬁ R '(lfelgl r?é’nglf mcoé ye}f'zzia(r:lcé ng?ff rom5

to 3000 centigisquested CHlohoméRe ih€ldingKisReemy i sumumesmtnyx ieprexeed herei n
will be referred to sinply as viscosity, unless otherw se noted, and will

be the vi scosicPyveasioaly aﬁé‘@Vﬁ@é@"?a@Fn"g’ﬂf%mASﬂMPB@&@ deteracats; antiateat Of e
speci fied, usy %hgm SRS shoul d be
i nferred. [Ogglgi&ﬁla rg’r%fﬁ)h I neﬁltefs?craw scégl?]?:i}g)s O%,g?@gh@nsegg}ég%ﬁ gomers
measured at 100C range from3 ¢St to 15,000 cSt, or 3 ¢St to 5,000 cSt, or

3 ¢cSt to 1000 _cSt, 000, 0027
The HVI- PACs W] ) & Al S e e, 3@@%? & g#@?é?}d?}r@% ?/ﬁ |0\[N pou]r
poi nt, generaj bon Pel; 0301 A4650; 83646u2r Bl0BRIORY 6ASDN7EY WO 0@/@913@ hey@ erm

"PAO' in HVI-PAGs neans, as is generally accepted in the art, an al i gomer

(1 ow nol ecul 2200367 60 Ap JV preltatenst Applicagen e e 280 HARR03+ iand , Luricatian

1- decene. S | -PACs of the invention may be further
characteri zeﬁ%r?%{ﬂr?g}ga?%gn conpositions conprising the oligoners of one
or nore 1-al kenes sel ected from C6-C36 1-al kenes, nore preferably C6- C20,

still nore prefera C6- C14. h eeds can be 1-hexene, 1-
oct ene, 1-ded8M@l ?%‘@Héaée%’?éf O‘Ii:-g( ﬁ%‘ferﬁ’d’élﬁ%tﬁb ?%lﬁ%w1,ngdpqwgw %sexfﬁgﬁf%of,
such as one or nore of C6 to C36 1-al kenes, or one or nore C6 to C20

1- al kenes, or one or nore C6 to Cl4 al kenes, or m xtures of specific

1-al kenes, such as a mxture of C6 and C 2 1-al kenes, a m xture of C6 and
Cl4 1-al kenes, a m xture of C6 - 9 -




and Cl16 1-al kenes, a m xture of C6 and C18 1-al kenes, a m xture of C8 and
Cl0 1-al kenes, a mxture of C8 and Cl2 1-al kenes, or a feed conprising at
| east two 1- an,ezraﬁﬁB@@d ected fromthe group consisting ofcia&aobhiand Cl2
1- al kenes, and so forth, although oligonmers of |ower ol efins such as

et hyl ene and propyl ene may al so be used, uncludlng copol yners of ethyl ene
with higher olefins, as described in U S. Patent 4,956,122. [0029]
Preferred nethods of maki ng the HVI-PAO fl ui ds useful |n the present

i nvention can e . from several [0Gesse cat al atal sts are
support ed so|.§§§§§%%g>a “§dﬁ“€?ﬁd%€ OYe(@Hn%%y n%ﬁ ca a fmﬂhé%

ol i gomeri zat i ogapaeifgi ﬁdmﬁt}a&oﬁaxﬁeﬁ&ehﬁitwa@s Qhvabalt(feream mmeﬁemw to
250C, or netallocene catalysts. Numerqus patents describe the preparation

of HVI PAO usef liEtalsp s w@%rﬁrutahtrahtqrohghsayérpralewutesmerﬂettr@m arqugood
4,827,064; 4,8 9 4; ,

5. 012, 020. Addﬁgﬁogﬁgfeﬁ%%ﬁﬁﬁg%}“%g o %ﬁe;‘l”%f ﬁ@?&g%%éﬁé%ﬁ%f’%%% %&g‘gesent
i nvention are tiestllopeaug:hegoed nadieio80]lown odr est’:pmratadl elovoditanting s tdrques,

preparation of HVI- eful, i.n _the. present. ventlon oduct s
Couaily are i SPaiEany o vbibelilmpriaR. Ao Buss BHTREghic LansiitstGhe such
as those boiligagrdelpebad!a GRVErstPRABTubLakY me@ingll theSfddQiteMbRibgs | ess
than C20, if they are produced fromthe polynerization reaction or _are
carried over fibnist s ast &lﬁtmﬁ@nﬁa*t\anm areTpparegicemmareiily gvailable. usitas | y

i nproves the v ! e f S

appl i cati ons, rg%llﬂ} eﬂrrtlgﬁcl) Flg\%v&b &ﬁgﬂf&agte?éolgﬁldsl fgrreg{sséﬁ’%g o @ﬁ%hrﬁelg% i on
m xture, this witlspiopbics @a"nsfyangmtdmduzdmexrayng héeds foi asacprappﬂﬁraued.

enbodi nents, the whol e reaction product after renoving any sol vent or
starting material can be used as | ube base stock or for the further

treatnents. -odi@) - IndRBSLI dEb@opiwben Vel Kigh VaRBsiey iRk (W1f Eﬁ@h&ﬁ‘?ear

pol ymeri zation or oligonerization process usual |y have unsaturated doubl e

bonds or havel mwnﬁuwmtsmﬁmups&emcﬁr@p Yhlease fsudst Mﬁn}d@iﬁb‘ll@eb@nds or

uch s br om ARk RC EERPHIEA) Rg Bt RES Lo DRI 1 BT 00,

sui t abl e anal yithicedry highhvstositg iralex drodV/RY bage oilnehdnhmonibike] witk verkloown per

se to one of ordlnar ski in the he ano doubl e bond or
the amount of Y&i8¥{h %Sec‘dLﬁB’glpP?%%?%%Qe-%rdgdcﬁtp&g{/&%Qpr A0PYr 8tock) RS degr ee
of polymeri zatfi@hyed hﬁstﬁﬁp'éMméHcyhé&Qf W%v%tﬁé&nbvé%ﬁd}%ﬂ Q?ntﬁ@ﬂuy %%51‘ zation
process and the amount of other pronoters which partici gate in

term nation stépisaps$. tﬁelspdnmpbiahatoﬂlepmee% aﬂdr wirleh r“m@é,elnt\/s%pﬂdefsent in
t he process f ef| ni c
conponent s isH%ecreégé)gQ% Q{Iﬁé efl{gghcé)ggg)%er%esje@gﬂgp &%’rerglr?? i;hama:%%fo% &! gher
amount of hydrmdgsaitaggas present in the polynerization process, or the h| gher
anount of pronoters participating in the term nation steps. [00321
Oxidative stability and light or U stability of fluids usually inproves
when the anoupjo1pf hRaids bt MpRoLRES RODES bRMoALEHARI MuiARLRH & HR
reduced. Therefore in preferred enbodinents, it is necessary to further
hydrotreat theelgoleyshear irfstabilety ¢fathe mg@rvxst@glheéiroﬁp JdMsbasarsiedkon.150s%tal |y,

the fluids r e l.ess t ha 159,
is sui tJ :abl ew:‘ %gcﬁi gHrrarﬁapH{qbl g% 8pu?nc§clf<sm§plp?(f%sa ud’%?ynf ‘tltﬁlézeyﬂcgqt%ﬂ ([)?1
Fluids with begsreaapeienber thef finisisal flfidn Buoto ﬂleaamepmaeeﬁrowiulﬂ Reeighast

preferred range is less than 1 or Iess than 0.1. 100331 In enbodi nents, the
| ube product s disiibutien fodsceHigingoshrome-siNga doyeda PuPH MR dPseatashs 651 educe
unsat uration. Stms'r?\if)r{)’ayorﬁ@ sl%?%s@bﬂ'f@t F%Q&N@i Y t!fzﬂﬁ%ha@%br&%nt‘ dheht feSisat ure
(e.g., U S Pat 3, exanp . I'n sone - PAO products, the
fluids nmade d{kRkt20hr Bre@mlg ShmrquMérG%Lr%M%)eaWs shaarensxelmyt)r owydegr ee
of unsaturatlg3d such gs th 0S8 with |sco g @%ﬁﬁ gr than 150 cSt at
100C. They ha 8 Eﬂ'%vr?f?‘} PHTIRBEY 1YL theﬁr? mé Y8l ow 2. In these
cases, the direct product may be used wi thout hydrotreating. Thus,
hydrotreat ment of the HVI-PAO product is optional, depending on the nethod
used to nmake the HVI-PAO and the end use. [0034] The present invention al so
conprises lubricant conpositions containing |ubricant base stocks and
additives per se known to be useful for industrial |ubricant application
and greases. [0035] Industrial lubricants conprise a wide variety of
products. Exanples of industrial lubricants are gear lubrication oils,
hydraulic oils, conpressor oils, circulation oils, paper nmachine oils, and
the like. [0036] Depending on applications, industrial |ubricants can have
wi de viscosity range, from2 cSt to 1650 ¢St at 100C, which are nmuch wider
than the VI scosr ty. specr fi catl ons for autormtl ve engl ne 0| I S. For nost

o, e .



10039] Basestocks that may be bl ended with the HVI-PAGCs of the invention

i nclude those that fall into any of the well-known Anerican Petrol eum
Institute (APwh.6afoegeyies of Goup | through Goup V. The ARlweRisnes
Goup | stocks as solvent-refined mneral oils. Goup | stocks contain the
| east saturates and hi ghest anount of sul fur and generally have the | owest
viscosity indices. Goup | defines the bottomtier of |ubricant

performance. Group Il and Il stocks are high viscosity index and very high
viscosity index base stocks, respectively. The Goup IIl oils generally
contain fewer unsaturates and sulfur than the Goup Il oils. Wth regard to
certai n characferd]stThese iD0od meell Oop ithprorBdshieaO wpbllity B Ibs-npelel Aubnidmt t er
than Group | oils articularly in the area of thermal and oxidative
stability. [00® emulé)wp Wos‘ilaélp(sthévﬁgmonéﬁatﬁépwabﬂ%?ér efins, which are
produced via the catal ytic oligonerization of |inear alphaol ef| ns (LAOs),
particularly LAGs - 13 - selected from C5-Cl1l4 al phaol efins, preferably

from 1- hexene SWMMARBNr QHAdHH ENVEDITEOPY ef erably from 1-oct ene to

1- dodecene, es thereof decene being.the ferre

mter b al ¢ HOUgh eqByanenaF diesliet O gL rRGIEE G o tisain Bied Sty

propyl ene, ol iig@eepsly@iphgslbith R/ IRAGNE- In d drasddiinkhe R/ SutBAtdlatignd

ol igoners of ethylene with other higher olefins, as described in U. S

Pat ent 4, 956, X2mpaises ¢ meetylacene satpkyped Had- RAO twidh ajwiscogifyi graater (thace l day al so

be used. PAGCs r I S I5t oi nt
u &tke lpﬁ"@gﬁ Qlyi368Li F&;anld%){ a%e?‘ﬁfa%‘{go 5%9&4 d %ST gtggli%fg op '

characteristics to those ase ol up V
i ncl udes all tvireosityhef atdesse 2stSo &k s 00UE anlddéssdhah 60 c&r low p8OIC tvhrewghhd V.

G Vb t | th t b ts b
der' ved 1rom Sergres? piatkgs 4 Aol BB Shitky ot dbs b o dorsnts Bene
gl ycol s (PAGS)PAG!h estdrQBifiRh viRbdityCol ANkt PR RIsk @dmb@&ﬁe sdt&Clompridy end

with HVI - PAO i ncl’ude the API G oup | base stocks with vi scomtg rangi ng
from3 cSt tonmsgectan k& ovgight| peraent| and h@sa Bpr otk yewghth neteerit ot Khe Q’Jee for

Cuch a5 t hose ‘aaudy i B tpdituich Atghe s 0 impol R bl B9 12 0%

fluids prepared from pol yneri zati on of internal ol efins (al so naned

pol yi nt er nal efins or PlO, | ubes produced from Fi scher-Tr opsc
hydr ocar bon si‘iﬂlﬁlesﬁb DBCESs ‘F‘ElP‘FIHWQH Eymg Pga'iﬁ?l EMRLAYF oFREBFe3D W b

brocess as_deggticter |t Unfh Riodii, Ghd3Read: cdfpdldsospamiiasg hocks
[0043] In one enbodinent, the netal | ocene cat al yzed PAO (or inPAO used for
this inventi oforaadatisa %pr@msmg graetabieatae HHORPAD Withsa visnesit grieatenlitiesi ns or
nore, or a ho fr |.e | <l

net al | ocene cg? %Pgsmygf@%ﬁd 4 91 Afﬁft? %‘%64%{%%?}13&8 clg%o Seg&%ngﬁka%tmk
conposi tion i sithealeiscositg af at éaast 2tofy lal poEeCo| &id Iess @ﬁanmo teSt &30100rage and

havi ng nononers randomy ributed in the p&&yrre L}Qb i.s, preferred that
o

the average cHBGH ﬁ'ﬂﬁwﬁé?oqui’éie plasistis stqleagty W lsshhagntheand
propyl ene, i f RiLReHe HVI-PAO fa%eé%ter%ﬁl PURSANY It fdas PPMPRLs fhnleedR t han
50 wt % i ndividually or preferably |ess than 50 wt % conbi ned. The ¢opol ymers
of the invent eder waprising moreatban ¢) “@nmpmentsamdmtthm B¢ weaghy percentoef any

ot her form of ;appr t Th rs have useful |ubricant
properties i nchle Oglifégmlélice F’Z‘?[ bWatyn&owngale Olf rme"ta Pow t enperature

vi sconmetrics by thensel ves or as bI end fI uid w t h ot her | ubricants or other
pol ymers. Further nore, these c nmer s ve narrow nol ecul ar wei ght

i stri buti onslU9Fel cieck hehembagin e@ t“}H§ pleblendiag anogihdqrmyatign with

embodi ment, nRAGlabk SRAE dBAMY RE el eehisLAThoAOMRRDHAIoRbinkBAS! VO
and up to 26 different |inear “al pha-ol efins selected from C3 0 linear
al pha- ol ef i nsmeﬂaﬂoesnprféVéme vatthadiiseesity grdaternthaed 00 edd KVADDG°C aid ai ned
froman ethylene growth process 'n 2an. al um num, cat St Qr a netal |l ocene
cat al yst. Thewéﬁog Hr\{\(%x rlec{gr @8%‘?’.{)3 Higing 3 Sesen (?afflg {156\ LAY'EC?SI‘%m ot her
process, such as the SHOP process, can al so be used. [0046] This

hono- pol ynmer nPAO conposition is made from single al pha-ol efin choosing
fromC3 to C30 range, preferably C3 to Cl16, nost preferably C3 to Cl4 or C3
to Cl2. The honp-polynmers of the invention can be isotactic, atactic,

syndi otactic polymers or any conbi nation of these tacticity or other form
of appropriate tacticity. Oten the tacticity can be carefully tailored by
t he pol ynerization catal yst and pol yneri zation reaction condition chosen or
by the hydrogenation condition chosen. These hono-pol yners have usef ul

| ubri cant properties including excellent VI, pour point, and | ow
tenperature visconetrics by thenselves or as blend fluid with other

| ubricants or other polynmers. - 15 - Furthernore, these hono-pol yners have



[ 0048] The activated netall ocene catal yst can be sinple netall ocenes,
substituted netall ocenes or bridged netall ocene catal ysts activated or
pronot ed by, {V@rzojomggzg)éﬁce, met hyl al um noxane (MAO) or a peqirsRPhBiLati ng
ani on, such as N, N-di met hyl anil'i ni um tetrakis(perfluorophenyl)borate or

ot her equival ent non-coordinating anion agd optionally wth co-activators,
typically trial kyl al um num conpounds. 49] According to the invention, a
feed conprising a m xture of LAGs sel ected fromC3 to C30 LAGs or a single
LAO sel ected fr act d t h, an i vat net al | ocene
catal yst under® fgalrpl%f‘ré Sﬁft’ 1:9 %éo ny #@Vl@g el rﬁ?&ﬁ’&
suitabl e for usseisfockUigrdtGasst &pastomnoe°cones@&htmm ndlocthd HUF-PADI S
invention is also directed to a copol yner_ conposition made from at | east
two al pha- ol efehi&nipg @B epter EFth laawg@sstmpfhatviqa@t AoHeniess than Qo they ester

di stributed i I r "

Y11 be unda miEisRR Ok den JOR RRlHRRenPhng FRSIahist TR ke "
simlarly "at diefstutatoegaad rlhmchxtgafhensétanmns H\al-P ABawith tthe exodd ey ent

al pha- ol efi ns” nd so for 0050 referred enpodi nment the average
carbon nunber SO qnﬂgateﬁ@rftgr%glgiecﬁ@m for%lél atjon pvif §?rg€\?6h%ﬁrﬁf?i"lgp’efl ns in
said feed is at least 4.1. In another preferred enbodi nent, the anount of

ethyl ene and propylene in said feed is | ess than 50 wt % i ndi vi dual Iy or
preferably | ediRHNAAESORIFDION i TEH DRAWING nore preferred enmbodi nent

conprises a f a t. nents,
i.e., a feed awp ﬁaﬁgaggég ggpgépgéﬁfnﬁg%%@% ?Qﬁfw@@i?fs&ﬂ%ﬁ%ﬂ%?mrel n

t he amount of vestcbsthemEA@nd propylene is less than 50 wt % i ndi vi dual |y.

[ 00511 In enbodi nents, the product obtained is an essentially random i quid
copol ymer conprising the at [east two al pha-olefins. By "essentially
randont is neggi7f hatguene 1§)fa @hptl NRfsHatld He ibdpré @ ﬁfﬁerﬁyaelxﬂs&dan§'o¢%r the
products to be random cofpo yrner. Qher characterizations of randomess,
sonme of which gafrrembnsléffaér praulatiompsiag prestligoecnetcatalyst gerexeddRAOR exomipared

Li kewi se the rstood by one of ordinary skill in
the art, but %{he@ pre ataWSJt](!}ffglg grg‘?j;satl ons of the termare provided
herein. I n describing the products as conpr|5|ng a certain nunber of

al pha-ol efins ast vvo di ffer nt al o] ef | n one of ordinary skill
inthe art inl (](r%g]se d? 3 gaply i gsgﬁpng I‘E@F’éé’ﬁ ‘\Wbﬂﬂsae%t?ﬂféiié’tna‘?ﬁﬂeft hat
what is beingcgiggnribed in the polynerization (or oligomerization) product
i ncorporating sai d certai n nunber of al pha-ol efin nmonomers. In other words,
it is the product obtained by polynerizi ng or oli gorrerl zing said certain

Catalyst syst I onbiete g & e iieeahad chipbiR ot BorRisRa % BTl ©

t oget her vvithc@neraptlvator such as a - 17 - non-coordinating ani on (NCA)
(Formula 2, below) and optionally a co-activator such as a
trial kylalum num or wth nethylal um noxane (MAO) (Fornula 3, below). ,MX 2

Formula 1 B(cfpsd "Bighe NGE a GrbrMidstrating Brookfield viscosity based on ester

content.

DETAILED DESCRIPTION

[0021] According to the invention, formulations for use as industrial oils and
greases are provided comprising a high viscosity index PAO (HVI-PAQ). We
have discovered the use of metallocene-catalyst derived PAOs surprisingly

greatly reduces, if not eliminates permanent viscosity losses due to shearing in



Formula 2 Fornula 3 [ 0053] The term "catal yst systeni is defined herein
to nmean a catal yst precursor/activator pair, such as a

net al | ocene/ aglhiMahredai 1. Wien "catal yst systent is usggdsdosiesesi be such
a pair before activation, it means the unactivated catal yst (precatalyst)
together with an activator and, opti onallg7 a co-activator (such as a

trial kyl al um num conpound). V\hen it is used to describe such a pair after
activation, it means the activated catalyst and the activator or other

char ge- bal anci Furthernore, this . activated "catalyst, systent may
optionally co r?"‘g‘gele%ﬂ‘}ém%t“ﬁ’étl éqtﬁr?deéﬁﬁ‘&‘?‘gplab eY TE RATER- %3‘%&?}8{ ﬁ'ﬁ iety.
Optional I'y andgighibflon bhtheGR-FLd AL Bovidekoheadnhhhdetday tabhuat BBl apound,
is also used as inpurity scavenger. [0054] The netall ocene is selected from

one or nore colisobighsvissesity Bnseystoek, Ftnlrtrﬁﬁ igh degsess ef berefitarbservad in the i s
selected from |t|o pr LI ] afnium
(HO and titani tdgn%Pn?%)’W?S Bﬁé‘;{‘ Lgr lﬁ? i‘nd pgﬁlgpg%(?%%s&leea%tg Q{‘P*P%‘%f ))thep

cycl opent adi enghear(st4k1e )ugheﬂdeswdxty siaitds bf uoPay lallowhifeimuimyrsbie wideatth¢ ut ed

or unsubstituted, and which may be partially h drogen ed, .A can _be no
atom as in rrat?Nn‘Qﬁa%‘ g’l“?“&ﬁ@d“ﬁ’é’?&‘i o duithar 19Ty ‘%e“ésnmog PBA AMPENVEAEA gr oup

whi ch i f presegpricanf eﬁfc‘?érﬁ:?r a REARK! MROHScoRry W S5IREble to :b%ler vidcoSity

di al kyl silyl, dialkylnethy di pheng/i silyl or diphenyl met hyl , bﬂﬁl enyI -
CH2- CH2-), al k\wrseomfen@AO(prdezatﬂRa ve Mi3eaSe and kydre peefierplelyiin dep BYHEN | v C 1
to C16 al kyl r |caIe or per’% nft:g%%l st xylyl radical and the |ike, and
wherei n each of> tHESH) \%}Sg%‘S? ({fﬁ Y8nd Xb, are i ndependently sel ected
fromhalides, OR (R is an al kyl group, preferabl y sel ected from CI to C5
strai ght or br anched chai n al kyl graqups), hydro C 6 aI or aryl
groups, hal oallRY22] g uskef |vieRe higheYisgosiyy.rsbeaf: §t F}’”Fo?t@dﬁl 1526{. t ut ed
net al | ocenes r t r t osity
Fanges. and ar aOHTuaiay B sRaLAChigR P g ““%‘%”%*%‘ﬂ%%%f%ﬁ‘?ﬁ%o%’?’ﬁnﬁﬁt any
of the pol yal gitde 6} 8 |sh®r|do$$dsxc€d1rﬂ¢9t techngdogy egquiey theanss of IBgbissesitunber

or ef orabl y 1. &0 REEQITRr ot ooy 005 B opBUEIPHY A hichy ™, migiery

preferably 1. 3n@éasbeﬁ§cosnyef1alﬁ@bl\Mscbsﬁy @fiodifi&s , arprebbar ﬁxbsltablé. ahd Gexhitess,
preferably 1.0 or |ess, preferably 0.5 or |ess referably 0.1 or |ess.

[ 00561 In anotﬂﬁgﬁaf@ﬁbﬂi@ﬁ’én‘ﬂ“oﬁ’ﬁ& @Fs$h9“%o1%/épiﬂ%§ P]efsf“?@% odi® ePther ei n
are hydr ogenaty a nidhe e r by
ASTM D 1159, p?‘g’fogmeb"lﬁyﬁ% %‘E&Bﬁ‘e% or of {ehrea’tﬁ% fbrthede {ommbn eﬁ??*e‘“rﬁﬁ y 1.5
or |less, pref espmblembbdﬂnms ¢lasm,ateprtlm‘medlfblyamy Gsapsity exxlifigys edmpabvigesl. 2 or
| ess, preferag.l %})1 ti referably 1.0 or less, preferably. 0.5 or

| ess, prefera fl‘%)/) eig%arref [0057] I n anot her enbodi ment, any of the

pol yal pha-ol efi ns descri bed herei n may have nononer units represented by
the fornmula, in addition to the all regular 1,2-connection. - 19 - where

j, k and m ar é9@3thThe H@I\ébgﬁ@nﬂi’refw , prgseny inwentign gre gharagteriggd by 12,

13, 14, 15, 1 e 350
preferably %avé%@ VT}S%OS%?mC%} @ﬁerd?) ggﬁ%ﬁ%@gpkgfr %2’%\1%53%%058]
I n anot her errtgoscdtamhan l%OnandfstﬂlI’lmomobxge&rpiﬁa 1815edri greatde set ived phederbly

preferably haye an MN ht avyera ul ht f 100,000 or |ess,
preferably ?&g@ﬁ 1?963 ?ing %r%rgge]raj)g )%gé %ﬁr)ggnélﬁﬁe%lémﬁdﬁ’
preferably beWﬁ‘wﬂﬂ@%@t aiskab BRMhaRkekREGH ¥f HEIVIEEDs asdulpinthd Gréeft 9/ nol .
[0059] In anot her enmbodi ment g{g of the pol yal pha-ol efins_described herein

preferably haveveatiom is shetietStay ¥ Ageusad herain arc wepywed agrordingdoAStM ess,
preferably beﬁﬁﬁ?@ 200 and 40, 000, preferably between 250 and 30, 000,

pref erably between 500 and 20,000 g/ nole. [0060] In another enbodi ment, any
of the polyal pha-ol efins described herein preferably have a nol ecul ar

ht distribut h th
e o abl s [{eé@z{ﬂﬁgﬁﬁgﬂ%% YohorSi 8aF B Hirthel Qatacliized B e mats 2. 5.

The MWD of nPAO is always a function of fluid viscosity. Alternately any
of the pol yal pha-ol efi ns described herein preferably have an Mv Mh of
between 1 and 2.5, alternately between 1 and 3.5, depending on fluid

Vi scosity.



- 20 - [0061] The Mwv, WMn and Mz are neasured by GPC nmethod using a colum
for mediumto | ow nol ecul ar wei ght pol yners, tetrahydrofuran as sol vent and
pol ystyrene agoG#olobhaf i on standard, correlated with thegddisbfoNissg0Sity
according to a power equation. [0062] In a preferred enbodi nent of this

i nvention, any PAO described herein may have a pour point of less than 0 C
(as measured by ASTM D 97), preferably less than -10 C, preferably |ess
than -20 C, preferably less than - 25C, preferably | ess than -30C,

preferably |es h - 35C, rabl v, 1 ess than - . pr [ abl t ween
P15 ana - 8o o dthaing 63D TeaB e iipnt 2Rty syid bF 1o B er Y eq
embodi ment of &gkt dvergetrhelBeul@ei esw edrd30D ARY 45, 0007ahUREHES adeldpdiemat i C
viscosity (at 40C as neasured by ASTM D 445) from about 4 to about 50, 000
cSt, preferabl §oleedps wpight obbetween 0%t 8 &Y, oancleatlayeighicdisibutipmat el y
from about 4 t&#&%éﬁﬂa 9, 000 cSt, preferably fromabout 6 cSt to about
50,000 cSt, preferably from about 10 cSt to about 30,000 cSt at 40 C

[ 0064] In anot her enbodi nent, any pol yal pha-ol efin described herein may

have a kinematic viscosity at 100C from ahout 1.5.t0 aho 000 cSt,
preferably frdi¥23bo ta“?“i%lyalb’&ﬁm%q JdyI-€40s 6¥eeffgﬁ“;?bl“98‘f ﬁbﬁ?%b‘&‘ﬂ?m@mc St to

about 1, 000 CSIiscoFEW Gamififel SFGR! ¥ b 960@*39ﬁ{§stcﬂce§5(%s€)9 atpRuierrh %Qeﬁ?@fio and
yet nore preferably fromabout 8 cSt to about 500 cSt as neasured by ASTM
D445. The PAQuvigsosifyrashisgd herein wilkbomsifariedgoisimplii@s visngatyofiniesg oths®@se St at

1000C in one e di nment. nd from2 to 3000 cSt at. 100 | her

enbodi mont - anir o vy B b8y Bt RoRlingitnatt AP ALy, (e
pol yal pha- ol eftefipdtagirel saLAEd, OfisuaR$ S100M@N RAEnC b - temp@rhture 1§ 0BBAtidnzdanot her
enbodi nent ané polyahf a ol efin described herein may have a kinematic
viscosity at 108€ shopd be inderigsl. ¢St and a flash point of 150 C or nore,
preferably 200 C or nore (as neasured by ASTM D 56). [00661 I n anot her
enbodi ment, any pol yal pha ol efin described herein may have a dielectric
const ant of 2.[@26F Iressbpdinkdtts, atis@Biti€s ad the tlRY P AEH obgo&FMnEaspet) at [ 0067]

I n anot her e jfrent . _an I efi scri.hed, herein ve a
specific gr a%@@éég‘%‘n@? ?@“{%ggl é@%@ﬁgt %iﬁ%&%&%)eﬁgéﬁr?ocsé.t(gﬁ%(y/j@ﬁﬁ.

[ 0068] | n anothensesbadi 31800 cStasy2(Pesixapddcstl ef i n descri bed herein may
have a viscosity index (VI) of 100 or nore, preferably 120 or nore,
preferably 130 or nore, alternately, form 120 to 450, alternately from 100
to 400, alter y 1 r . . ,
alternately f ?@%ﬂmaflé 21%18%80%%%ﬁ%t@:t@e?fcp%tﬁ]ﬁféé&{’ gmfég&nl%@%xggﬁap glay from
252 to 306, aldvepoatmlint, gdrerallysmdsw 15 dedetesniacd bpASXTMBSTt 165,
alternately at |east about 187, alternately at |east about 200, alternately
at | east about 252. For many | ower viscosity fluids nmade from 1- decene or
1- decene equi y@bkgnt Theedsm (FMDOGn EILP ROk Gnddds Ca3t &, genbRIIPrREGE€h Me range
is from100 to 180. Viscosity index is determ ned according to ASTM Met hod
D 2270-93 [ 1999 an pligregr (low melaaHen weight pelysieryoheneeismpepypheglefigp, f1 ui ds
herein are ne redé 0 Les: S 1 Co Vi .ty can
then be obt ai ALl By eTTrpl o SaUP R SR PR BE IR, S Ve
density of t héurtheruhatactdiiveeduasi fiygirdcarbda ceampdsittons iceapsising the @ligometd/ o,

commonly converted to ¢St or centistokes (I =10-6 n2/s or .1 ¢cSt_ =1
ol sec) . - 85 5 pisgy O alkies RS ERD F§ Gt ey nge Brefetatiy 6

pol y- al pha- ol ebdnsill MBiCHreh@N Ry A0 AUEGHPEsCH thé $88A0 Thh ibeN -kdk@hact-eri zed
by a high degree of |inear branches and very regular structures with sone
uni que head- t ecteread -desarmcl-Hodrserg, -ietragergnpoyies iopmistureshidersofysush ashai n.
The pol yal phas gl &80 thetiets NARRG! YIBRS 0PhoRPCR e ¥IBNSGRR. H%ne

i sotactic, syndiotactic or afactic polyners, or have conbinati on of the
tacticity. Ther mew @6kyCalphianed, el innistunksesfl speeidiclyalkbrespalches aohidmhrended

wi th other fluj have _uni que | ubrjcati ropertie 0071]. Anot her

enmbodi ment isoéeaéﬁ&éﬁ&sga@Fnﬁ?&ﬂB@@HﬁﬁggxgﬂFﬁeé%dﬁikﬂkéf?HLXWﬁWPE§6a

uni que conposition which is characterized by a high percentage of unique
head-t o- head connection at the end position of the polyner and by a reduced
degree tacticity conpared to the product before hydrogenation. The new

pol y-al pha-ol efi ns when used by itself or blended with another fluid have
uni que | ubrication properties. 100721 This inproved process to produce

t hese pol yners enpl oys netal |l ocene catal ysts together with one or nore
activators (such as an al unoxane or a non-coordi nating ani on) and
optionally with co-activators such as trial kyl al um num conpounds. The

net al | ocene catal yst can be a bridged or unbridged, substituted or
unsubstituted cycl opentadi enyl, indenyl or fluorenyl conmpound. One
preferred class of catalysts are highly substituted netall ocenes that give

T T e A 21 Y



100731 A preferred enbodinent is a process to produce a pol yal pha-ol efin
conpri si ng: 1) contacting at | east one al pha-ol efin nononmer having 3
to 30 carbon @i00RnM:E @ netall ocene conpound and an acidyabgbedihder

pol ymeri zation conditions wherein hydrogen, if present, is present at a
partial pressure of 200 psi (1379 kPa) or | ess, based upon the total
pressure of the reactor (preferably 150 pis?i’ (1034 kPa) or less, preferably
100 psi (690 kPa) or less, preferably 50 psi (345 kPa) or less, preferably

25 psi (173 kPa ess, pref.erabl 0 I.,(,69, 1cPa) or |e al ately
t he hydr ogen, ‘?‘%d ﬁ%Léﬁ‘t‘m?ﬁ af’?fé“ﬁ’%ﬁg?élangﬁ 184- %b?ﬂf’ﬁn% B’war&maﬂ¢gﬂt ,
preferably 1, ORQIBREY Qrmikﬁfiéopcsfaﬁa@qlzyl-z&@nd%f)m Peddedmpriigf fnedht ¥vd00 ppm
or less, preferably 250 ppmor |ess, preferably 100 ppmor less, preferably

50 ppm or | essl-akkerdsesckesiod fpan thgrenp cersistingrad (e §80yand & l3phralkengseard
preferably 5 p I o] [ ei 0 i g 3 to
50 car bon” at ong T2k SRplliEisP b fishhE SR HE LR RO B AN

vol ume of the mag alspsbé aséd, iatladingoeapolynveat @f abylatd et highaookfms, and any
di luents or solvents present in the reaction; and 2) obtaining a
pol yal pha- ol ef‘%eﬁc,rghﬁ:ﬂt‘?&hg-lfweqﬁﬂcﬁ*sgg@ﬂati ng the PAO, and obtaining a PAQ
conprising at |least 50 nole% of a C3 to C30 al pha-ol efin nononer, wherein

t he pol yal pha-ol efin has a kinematic viscosity at 100C of 5000 cSt or |ess,

and the pol yallp®®] olPe¢ferred orepirads ed nraking dedd BF-Prié} Buighs ugefiul & themressant ed by
the formula: WO 2010/ 039266RPCT/ US2009/,005448 - 24 - —wh ..1k.and. mare
cach, 1 ndependirReyn tan be At Hopréglers Wgckly canfifs, | FRSHR dpraifyaf ™ 35
17, 18, 19, 2QupgdktedokolRP reduced SroupnvVéBemefal of@igl ¢leo@nln) addlyslQ@déd An
alternate enbodi nment, is a process to produce _a pol yal pha-ol efin c§g€ri si ng:
1) contact i ng AEPREHZAINCARLIORDRS SleRporHEc 6f abeut reers ferBRREaI piea- 8 ef i n
Tonomer havi Ny dnd@icilng AANAAL ReH haferftE Ul BE GRS pidatithlorRwROUNd
and a non-coordinating ani o activator or al kylal unoxane activator, and
optional Iy an PiiQuyisefil um thenpresenpommentionndech pol Yifer Patenti Nas.c 8,887 06éns

10 vl ume 5% o e badediugen LALEeha Vi PR B SpiBlogeent &

catal yst/acti valdxidnabaethodaiof prepating b ¢IVI-PROOERAS, in diprebynt dinler€eoh areor
solvents present in_the reactor and where the feed al pha-ol efin, diluent or
sol vent st readf¥EPpd NSEH. | ess than 300 ppm of het er oat om cont ai ni ng
conpounds; and obtai ning a pol yal pha-ol efin conprising at | east 50 nol e% of
a C5 to C24 al pha-ol efi n nonomer where the poiyal pha-oiefin has a kinematic
viscosity at 1@30 ofn paddraiSembodiests. foPpeé¢mrrativingof Hydribyyen us¢fiil pr gwent i s

o or 1 ess. pPEPERaB Ry s vt PRAVES ushlh Al g Baae pledow ™
preferably 25ghdxpila® wdigfSconfpositiohabhch Q8o BilAg belss, atviueberaapoe0 ppm
or less, preferably 25 mor |less, preferably 10 ppmor less, preferably 5

ppm or |ess. 31583, or P@?%?G]rbﬂh nympey %éhaélrrg%éi vethey i proguerd&om Biepr oduce

a pol yal pha-o bﬁlgg{sér&&fﬂ?{ hﬁ%‘gﬁ%} OF e carried) o r%@lﬁt {hB i fHihE GHatelidIe @ Fhis

conprising at t one a I n mononer havi ng é to 30 carbon atons
with a netal | doehatiaaitep ystallyampoamed tiandolatilityrofabe fidished flmglsardnaertaiot | vat or
or al kyl al unoxane . activator, and optionally an al kyl -al unm num conpound,
nder  pol ymor AT SRPUSSRAR. s uheangs ARk Betibeaachotts sPrstoh B e iad ng 3
to 30 carbon afigiF, s AisEBeMdn &t ndktheveshiye PRI inpreferbat@dbsmimRnishehet ot al
vol une of the catalyst/activator/coactivator solution, nononers, and any

di luents or s¥holenteactipmerteduct gfter HempyiRatasy WhEDHOE SETHRS Mfasesipl can be

al pha-olefin, u%‘d!ak‘fﬁfﬁe aSe §8L1¥§P&)r%ﬂié ﬁ?ﬂﬁkﬁ&éﬁ?@%ﬁ@? | ess than 300 ppm of

het er oat om cont ai ni ng conpounds whi ch; and obtalning a pol yal pha-ol efin
conprising at |east 50 nole% of a C5 to C24al pha-ol efi n nononmer where the
pol yal pha-ol efin has a kinematic viscosity at 100C of 5000 cSt or |ess;
Alternately, in this process described herein hydrogen, if present, is
present in the reactor at 1000 ppmor |ess by weight, preferably 750 ppm or
| ess, preferably 500 ppmor |ess, preferably 250 ppmor less, preferably
100 ppmor |ess, preferably 50 ppmor |less, preferably 25 ppmor |ess,
preferably 10 ppmor |less, preferably 5 ppmor |ess. 2) isolating
the lube fraction polynmers and then contacting this |ube fraction with

hydr ogen under typical hydrogenation conditions with hydrogenation catal yst
to give fluid wth brom ne nunber below 1.8, or alternatively, isolating
the lube fraction polyners and then contacting this lube fraction with

hydr ogen under nore severe conditions with hydrogenation catalyst to give
fluid with brom ne nunber below 1.8 and with reduce nol e% of nm conponents
t han the unhydrogenated pol yners. The hydrogen pressure for - 26 - this
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[00761 Mol ecul ar weight distribution is a function of viscosity. The higher
the viscosity the higher the nol ecul ar weight distribution. Figure 1 is a

graph showi ngwlohgogd.ecul ar wei ght distribution as a fun&;ﬂ,{%@oogkosyjsscosi ty
at Kv100C. The circles represent the prior art prior art PAQG 'Iz e squares
and upper triangles represent the new netgll ocene catalyzed PAGCs. Line 1
represents the preferred | ower range of nol ecular weight distribution for
the high viscosity netall ocene catal yzed PAO Line 3 represents preferred

upper range of | ecul ar Lght distyibution for, the high viscosity
nmet al | ocene ca'tog?\jze °PA beTﬁﬁﬁ%ﬁgoP}& ©t ﬁirge?tiéi gﬁ?“boﬁ}hedeaowl%ﬂzﬁté M 1%nd 3
represents theolplogfetizatash protes Wsadllyedvghinsstufdiéd datibleOBordddPrdiavefoldthec new

net al | ocene catal yzed PAO. Line 2 represents the desirable and t{pi cal MAD
of actual expePPlsBHERFtrucks| eEhopmony plefehle dapds paensehHation emolcticene.
Line 5 represe I i It d r :

[ 0077] Equati o%@oggﬁgggéﬁes“%hgng? g%’f %{Jﬁ%wf&logtﬂf)?{ﬁes‘lgﬁg? l%rﬁfan ng%/télp gigg}

mol ecul ar wei gSTM st IS9pubicamnefindére (ASITdE B2T10PAD. oiheersedsblequelytank 2, 3,

and 4 represent lines 1, respect.i vel Eq. 1MAD = 0.2223 + 1.0232*
Tog (K at - 2o0uethidic &g N, 58 Suelerhin 221300 s ot i n
cSt) Eq. 3MAD skilDid tife @rt3 Thé Qehdubly oftithd GRGblenbdndt dr Be arhMR of QR 7 +
0.44922 * log (Kv at 100C in cSt) [0078] In at |east one enbodi nent, the

nol ecul ar wei FRMPEFiEPRY Perangdp ansseyeral dagters1o thedesise aferaymperatiogualitd on 1.
In a preferre |;’r3c[m ' r ' a7 = gl St ' IS | ess
t han equati onCL an{(:j)g{lr ﬁ?&gB%@?reg%élﬁgﬁbg&h%‘ﬁgl |6%%t%&%%rgc%8%tggl}8§%ln\%gfdght

di stribution id bdss phamwtasguathicn paracigataoie theancrago@idnorsteps VI0TEL Tabl e

1 is a table deponstrati nﬂqthe di fBerences bet ween_ net al | ocgﬂ‘e (fat lyzed
PAO ("PAC') ZSHMSEAUR PRIGGH ATSUBES #8FN5Y PEFeNy iR BABTPIR PARRILY les 1

to 8 in the TabloandoME6dIPHERAT GAhE aaibudt bf sledfic {asbneh@fil AScidgded Dy
nmet al | ocene catal ysts. The netal |l ocene catal yst system products, process

and feeds wer dhejigheri deatpei of rRdtraerizatiopl the &ighen gmRpe! of iy TSRS POBEBY9 and
2T 02006 23y R g ATRL 60188\ R ML, 0 2>
nol ecul ar wei gt tedhisbtiordtepson (MAD). The MAD of nPAO depends on fluid
viscosity as showmn in Figure 1. Table 1 :Exanple No.1 234 5 6 r 8
[0032] 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 DI1159, is suitable 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,

[0033] In embodiments, the lube products in the production of the HVI-PAOs
are hydrotreated to reduce unsaturation. This may be done by methods well-
known per se in literature (e.g., U.S. Pat. No. 4,827,073, example 16). In some
HVI-PAO products, the fluids made directly from the polymerization already
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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.

[0034] The present invention also comprises lubricant compositions containing

lubricant base stocks and additives per se known to be useful for industrial

lubricant application and greases.

[0035] Industrial lubricants comprise a wide variety of products. Examples of
industrial lubricants are gear lubrication oils, hydraulic oils, compressor oils,

circulation oils, paper machine oils, and the like.

[0036] Depending on applications, industrial lubricants can have wide viscosity
range, from 2 ¢St to 1650 cSt at 100°C, which are much wider than the viscosity
specifications for automotive engine oils. For most industrial oils, viscosity is a
significant criterion. General machinery oils are classified according to ISO

Standard 3448 viscosity specification.

[0037] Viscosities of base stocks used to formulate industrial lubricants have
critical effect on finished lubricant performance for industrial machinery
application. For example, high speed and lightly loaded plain bearings can use a
low viscosity lubricant. The viscosity film generated by such low viscosity fluid
is enough to ensure hydrodynamic lubrication. However, higher loadings and
lower speed equipment requires higher viscosity oils to provide stronger and
thicker lubricating film for protection. There are many ways to achieve wide
viscosity range, blending of commonly available low viscosity fluids, such as the

100 SUS solvent-refined base stocks or low viscosity Group IV or Group V base
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stocks, with high viscosity fluids, such as the commonly available bright stock,
high viscosity PAQO, such as SpectraSynTM 100 fluid, high viscosity
polyisobutylenes, or with viscosity improvers or viscosity index improvers. The
quality of the high viscosity base stock is critical to the property and the

performance of the finished lubricants.

[0038]  The lube base stocks used in industrial lubricant formulations comprise
at least some amount of single viscosity grade or a mixture of several viscosity
grades of HVI-PAO fluids. The total HVI-PAO composition can ranged from
1% to 99 wt %, depending on the desirable viscosity grades of the finished lube,
the starting viscosity grade of the HVI-PAO or the viscosities of other
components present in the finished lube. In preferred embodiments, the amount
of HVI-PAO present can range from 1 to 90 wt %, or 15 to 50 wt %, or 15 to 45
wt %, or 50 to 99 wt %, or 50 to 90 wt %, or 55 to 90 wt % . '

[0039] Basestocks that may be blended with the HVI-PAOs of the invention
include those that fall into any of the well-known American Petroleum Institute
(API) categories of Group I through Group V. The API defines Group I stocks
as solvent-refined mineral oils. Group I stocks contain the least saturates and
highest amount of sulfur and generally have the lowest viscosity indices. Group
I defines the bottom tier of lubricant performance. Group II and III stocks are
high viscosity index and very high viscosity index base stocks, respectively. The
Group III oils generally contain fewer unsaturates and sulfur than the Group II
oils. With regard to certain characteristics, both Group II and Group III oils
perform better than Group I oils, particularly in the area of thermal and oxidative

stability.

[0040] Group IV stocks consist of polyalphaolefins, which are produced via the
catalytic oligomerization of linear alphaolefins (LAOs), particularly LAOs
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selected from C5-C14 alphaolefins, preferably from 1-hexene to l-tetradecene,
more preferably from l-octene to l-dodecene, and mixtures thereof, with 1-
decene being the preferred material, although oligomers of lower olefins such as
ethylene and propylene, oligomers of ethylene/butene-1 and isobutylene/butene-
1, and oligomers of ethylene with other higher olefins, as described in U.S.
Patent 4,956,122 and the patents referred to therein, and the like may also be
used. PAOs offer superior volatility, thermal stability, and pour point

characteristics to those base oils in Group I, II, and III.

[0041] Group V includes all the other base stocks not included in Groups I
through IV. Group V base stocks includes the important group of lubricants
based on or derived from esters. It also includes alkylated aromatics,

polyalkylene glycols (PAGs), etc.

[0042] Particularly preferred base stocks to blend with HVI-PAO include the
API Group I base stocks with viscosity ranging from 3 ¢St to 50 cSt, Group II
and III hydroprocessed base stocks (see, for example, U.S. Pat. No. 5,885,438,
5,643,440, and 5,358,628), Group IV PAOs such as those described in U.S. Pat.
Nos. 4,149,178, and 3,742,082, and fluids prepared from polymerization of
internal olefins (also named polyinternal olefins or PIO), or lubes produced from
Fischer-Tropsch hydrocarbon synthesis process followed by suitable
hydroisomerization process as described in U.S. Pat. No. 6,332,974.

Metallocene Base Stocks

[0043] In one embodiment, the metallocene catalyzed PAO (or mPAOQO) used
for this invention can be a co-polymer made from at least two alpha-olefins or

more, or a homo-polymer made from a single alpha-olefin feed by a metallocene

catalyst system.
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[0044] This copolymer mPAQ composition is made from at least two alpha-
olefins of C3 to C30 range and having monomers randomly distributed in the
polymers. It is preferred that the average carbon number is at least 4.1.
Advantageously, ethylene and propylene, if present in the feed, are present in the
amount of less than 50 wt% individually or preferably less than 50 wt%
combined. = The copolymers of the invention can be isotactic, atactic,
syndiotactic polymers or any other form of appropriate tacticity. These
copolymers have useful lubricant properties including excellent VI, pour point,
and low temperature viscometrics by themselves or as blend fluid with other
lubricants or other polymers. Furthermore, these copolymers have narrow

molecular weight distributions and excellent lubricating properties.

[0045] In an embodiment, mPAO is made from the mixed feed LAOs
comprising at least two and up to 26 different linear alpha-olefins selected from
C3 to C30 linear alpha-olefins. In a preferred embodiment, the mixed feed LAO
is obtained from an ethylene growth process using an aluminum catalyst or a
metallocene catalyst. The growth olefins comprise mostly C6 to C18-LAO.

LAOs from other process, such as the SHOP process, can also be used.

[0046] This homo-polymer mPAO composition is made from single alpha-
olefin choosing from C3 to C30 range, preferably C3 to C16, most preferably C3
to C14 or C3 to C12. The homo-polymers of the invention can be isotactic,
atactic, syndiotactic polymers or any combination of these tacticity or other form
of appropriate tacticity. Often the tacticity can be carefully tailored by the
polymerization catalyst and polymerization reaction condition chosen or by the
hydrogenation condition chosen. These homo-polymers have useful lubricant
properties including excellent VI, pour point, and low temperature viscometrics

by themselves or as blend fluid with other lubricants or other polymers.
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Furthermore, these homo-polymers have narrow molecular weight distributions

and excellent lubricating properties.

[0047] In another embodiment, the alpha-olefin(s) can be chosen from any
component from a conventional LAO production facility or from refinery. It can
be used alone to make homo-polymer or together with another LAO available
from refinery or chemical plant, including propylene, 1-butene, 1-pentene, and
the like, or with 1-hexene or 1-octene made from dedicated production facility.
In another embodiment, the alpha-olefins can be chosen from the alpha-olefins
produced from Fischer-Trosch synthesis (as reported in U.S. 5,382,739). For
example, C3 to Clé6-alpha-olefins, more preferably linear alpha-olefins, are
suitable to make homo-polymers. Other combinations, such as C4 and C14-
LAO; C6 and C16-LAO; C8, C10, C12-LAO; or C8 and C14-LAO; C6, C10,
C14-LAO; C4 and C12-LAQO, etc. are suitable to make co-polymers.

[0048] The activated metallocene catalyst can be simple metallocenes,
substituted metallocenes or bridged metallocene catalysts activated or promoted
by, for instance, methylaluminoxane (MAQ) or a non-coordinating anion, such
as N,N-dimethylanilinium tetrakis(perfluorophenyl)borate or other equivalent
non-coordinating anion and optionally with co-activators, typically

trialkylaluminum compounds.

[0049] According to the invention, a feed comprising a mixture of LAOs
selected from C3 to C30 LAOs or a single LAO selected from C3 to C16 LAOQ,
is contacted with an activated metallocene catalyst under oligomerization
conditions to provide a liquid product suitable for use in lubricant components or
as functional fluids. This invention is also directed to a copolymer composition
made from at least two alpha-olefins of C3 to C30 range and having monomers

randomly distributed in the polymers. The phrase "at least two alpha-olefins"
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will be understood to mean "at least two different alpha-olefins" (and similarly

"at least three alpha-olefins" means "at least three different alpha-olefins”, and so

forth).

[0050] In preferred embodiments, the average carbon number (defined
hereinbelow) of said at least two alpha-olefins in said feed is at least 4.1. In
another preferred embodiment, the amount of ethylene and propylene in said
feed is less than 50 wt% individually or preferably less than 50 wt% combined.
A still more preferred embodiment comprises a feed having both of the
aforementioned preferred embodiments, i.e., a feed having an average carbon
number of at least 4.1 and wherein the amount of ethylene and propylene is less

than 50 wt% individually.

[0051] In embodiments, the product obtained is an essentially random liquid
copolymer comprising the at least two alpha-olefins. By "essentially random" is
meant that one of ordinary skill in the art would consider the products to be
random copolymer. Other characterizations of randomness, some of which are
preferred or more preferred, are provided herein. Likewise the term "liquid" will
be understood by one of ordinary skill in the art, but more preferred
characterizations of the term are provided herein. In describing the products as
"comprising" a certain number of alpha-olefins (at-least two different alpha-
olefins), one of ordinary skill in the art in possession of the present disclosure
would understand that what is being described in the polymerization (or
oligomerization) product incorporating said certain number of alpha-olefin
monomers. In other words, it is the product obtained by polymerizing or

oligomerizing said certain number of alpha-olefin monomers.

[0052] This improved process employs a catalyst system comprising a

metallocene compound (Formula 1, below) together with an activator such as a
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non-coordinating anion (NCA) (Formula 2, below) and optionally a co-activator

such as a trialkylaluminum, or with methylaluminoxane (MAQO) (Formula 3,

below).
@ )
y L1\ @, '\—MeB(Cst)‘, Formula 2
K /MX 2 H Me
L2 NCA

Formula 1

Formula 3

f@ﬁ

MAO

[0053] The term "catalyst system" is defined herein to mean a catalyst
precursor/activator pair, such as a metallocene/activator pair. When "catalyst
system" is used to describe such a pair before activation, it means the
unactivated catalyst (precatalyst) together with an activator and, optionally, a co-
activator (such as a trialkyl aluminum compound). When it is used to describe
such a pair after activation, it means the activated catalyst and the activator or
other charge-balancing moiety. Furthermore, this activated "catalyst system"
may optionally comprise the co-activator and/or other charge-balancing moiety.
Optionally and often, the co-activator, such as trialkylaluminum compound, is

also used as impurity scavenger.

[0054) The metallocene is selected from one or more compounds according to
Formula [, above. In Formula 1, M is selected from Group 4 transition metals,
preferably zirconium (Zr), hafnium (Hf) and titanium (Ti), L1 and L2 are
independently selected from cyclopentadienyl ("Cp"), indenyl, and fluorenyl,
which may be substituted or unsubstituted, and which may be partially
hydrogenated, A can be no atom, as in many un-bridged metallocenes or A is an

optional bridging group which if present, in preferred embodiments is selected
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from dialkylsilyl, dialkylmethyl, diphenylsilyl or diphenylmethyl, ethylenyl (-
CH2-CH2-), alkylethylenyl (-CR2-CR2-), where alkyl can be independently C1
to C16 alkyl radical or phenyl, tolyl, xylyl radical and the like, and wherein each
of the two X groups, Xa and Xb, are independently selected from halides, OR (R
is an alkyl group, preferably selected from C1 to C35 straight or branched chain
alkyl groups), hydrogen, C1 to C16 alkyl or aryl groups, haloalkyl, and the like.
Usually relatively more highly substituted metallocenes give higher catalyst

productivity and wider product viscosity ranges and are thus often more

preferred.

[0055] In another embodiment, any of the polyalpha-olefins produced herein
preferably have a Bromihe number of 1.8 or less as measured by ASTM D 1159,
preferably 1.7 or less, preferably 1.6 or less, preferably 1.5 or less, preferably 1.4
or less, preferably 1.3 or less, preferably 1.2 or less, preferably 1.1 or less,

preferably 1.0 or less, preferably 0.5 or less, preferably 0.1 or less.

[0056] In another embodiment, any of the polyalpha-olefins produced herein
are hydrogenated and have a Bromine number of 1.8 or less as measured by
ASTM D 1159, preferably 1.7 or less, preferably 1.6 or less, preferably 1.5 or
less, preferably 1.4 or less, preferably 1.3 or less, preferably 1.2 or less,
preferably 1.1 or less, preferably 1.0 or less, preferably 0.5 or less, preferably 0.1

or less.

[0057] In another embodiment, any of the polyalpha-olefins described herein
may have monomer units represented by the formula, in addition to the all

regular 1,2-connection.



:(a) CEC L-45-A-99 Taper Roller Hearing/C (20 hours) (KRL test 20 hours) at
Sout ht Nest Research Institute [ 0080] When Exanple | to 7 sanples were
subj ected to {RPEIRGbEQ! | er bearing ("TRB") test, they shqWY@bNoshQW
viscosity loss after 20 hours shearing or after extended 100 hours shearing
(TRB). Generally, shear stability is a fugt;ti on of fluid viscosity. Lower
viscosity fluids have nminimal viscosity [0Sses of |ess than 10% Wen fluid
viscosity is above 1000 cSt as in Exanple 7, the fluid loss is - 28 -
approxi mately 9% viscosity. Exanple 8 is a netall ocene PAO with MWD of
5.5. This netalflocene PAO shows significant anount of viscosity |oss at
29% [0081] 10 and 11 are conparative exanples. The high

vi scosity PAO i to methods described in U S. Patent Nos.
4,827,064 and 4 broad MAD and t herefore poor shear
stability in TRB iments, one or nore of the

af orenenti oned G oup to V pasel stocHds nay be bl ended with the HVI-PAO of
the present invention)\ in the agount af 1%to 99 Wt % in enbodiments from
1to 90 wt % or 50 to\99 w“Ry/ gr 55Gw 90 wt % or 1 to 50 wt % or 1 to
45 wt % or 5to 50wt % or 5to 45w % Oten, one or nultiple of these
ot her base stocks are chosen to blend with HVI-PAO to obtain the optim zed

visconmetrics and th er formance. Further, preferr i s ate to
Ve viscos: by bk T abaas: AsERdeih ol & 3kt ndi BercOmbbrdndd |
this inventiong Wherg 17N18aA9e 20 N5L R0 Sn i MtepePHoiy]1 t8RX( pef@tgiar abl y
80 or greater, nore preferably 100 or greater, and even nore preferably 120
or greater. Ad@ﬁ@@amﬁ@ﬁeIa)b}YﬁQg@rtaéifriﬁaﬂﬁP‘ﬂbkim%?nN%Rances, vi scosity index
of these base stocks may be preferably 130 or greater, nore preferably 135
or greater, and even nore preferably 140 or greater. [0083] In addition to
t hese fluids dess8yi rednathevembodinenprankerfrtbel peiyatphandefinsadsedbeihakass of

fluids, selected. tp be different fromthe fluids disguss e, ,and

r ot or bl s haprelE R Ry Shy L pie” e polanRn A 8t Fal ROV & 168 The
pol ari ty of a prdtaslyTBk2enCebE dAdN g0 00D, GRTaablyObEhRRAYISKidit EDobDe art
such as by aniline points as neasured by ASTM D61l nethod. Usually fl uids

with hi gher pdordetably bgtween28Peand RA00apickaratdy betvacs 33fand 49,080 efmelower

polarity will have higher aniline points. Mdst polar fluids will have
aniline points of less than 100C. In preferred enbodi nents, such fluids are
sel ect ed from[aose] ARl afatberpembodifhent, \dnp ad e¢hs polyliphatsiefims| desciibed hasm G oup

V fluids includ kyl benzenes (spych as those descri.hed i . Pat. Nos.
5, 429, 345, 4. BSETGHS) N 5 VAR ROV LSRRGS Eetiag reighis of BDOR g fess,
4,604, 491, angrq'?erﬁﬁ’l?, B8Rken Adierana! ko,bed, epredérabBt beisvedh €252 a1 BEdoo,N
"Synthetic Lubricants and Hi gh Performance Functional Fluids", M MW
Chapter 7, (Lpraferalplydgivedenaxf ard 20,0081g/mplei n [ed.)), Marcel Dekker,

N. Y. 1999. 100841 In one enbodi nent, the use of |ow viscosity, high Vi
Goup Il base oils including visom4 and/or GIL, as an alternate to the
| ow vi scosi ty (B4 nixdalotiee gueelihentiady toliehel pelyalphavl s edasatieedelsdrein

conmposition proyides surprisin erformance. .Thes ormyl ati ong nove away
from conpl et _eP‘S?\égg‘ﬁV HBYE @ E‘QL“églé‘F d’é%%htn‘ﬁﬁé‘ “‘ﬂfé’hm{"ai’ E%‘F@VB} b1 ar
energy efficigngy AR k& MBAGE preferably less than 4, preferably less than 3, preferably
less than 2.5. The MWD of mPAOQO is always a function of fluid viscosity.
Alternately any of the polyalpha-olefins described herein preferably have an

Mw/Mn of between 1 and 2.5, alternately between 1 and 3.5, depending on fluid

viscosity.
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characteristics are the al kyl ated aromati c conpounds including the

al kyl at ed di plenyoosagpounds such as the al kyl ated di phgipglysShsd/EiRis

al kyl at ed di phenyl sulfides and al kyl ated di phenyl nethanes and the

al kyl ated phenoxathins as well as the al kylthiophenes, alkyl berizofurans
and the ethers of sulfur-containing aromatics. Lubricant bl end conponents
of this type are described, for exanple, in U S. Pat. Nos. 5,552,071;
5,171,195; 5,3 38; 344.578: .5 371 248 and 7....100861 r
Goup V quid58E%§t8gF§M§hiIé@ﬁgwéﬁyeﬁggmg??E¥§§§:%%ﬁ%@ﬁgh §1?ﬁ3W§E§F

pol yal kyl ene ghydioms td RiMstholepalat ivadight Sdlyieisl etedydrofuah &stelvesnandapped
PAGs. Ester base stocks nmay al so used as co-base stocks in formul ations
accordi ng to tREYSIFRNES eakibratipastandads carrelated puitththe fhiid yiscesity aceetdinge, by
dehydration ofy, Qk?@&%@o di-acids, tri-acids with alcohols w th nmono-,
di- or multi-alcohols. re?erred aci ds include C5-C30 nonobasic acids, nore
- 30 - preferably 2-ethyl hexanoic acid, isoheptyl, isopentyl, and capric

acids, and di ' cids,.more preferably.adipic, fumri sebacic, .

azel ai c, nal eﬁ@?ézgh?ﬂﬁlqréf,m %8‘“%8&181%? ﬁgﬁ’ﬂ%l g?tbdsp.’ a‘I’)rﬁTgAéf Q%ﬁ%Engbﬁfﬁ%e any
of the suitabliaymace al &HOpSinOLf NGdsY Blafi- 0 PCE{RT hrGsuRIBIBY| RSTM D 97),

2- et hyl hexanol , iso-tridecanols, neopentyl glycol trlnethélol et hane,

2- met hy| - 2- pr digierablzlasy dhanddi’6) preferahbt logs lanp28phn @refgahlyatess thani ol |
and di pent aer i r i i ) I ol s
are sunmar i ze?tsibén’ %ggﬁ%bg %égghl?g%’ ? ﬁé}glt%% IQSQS tsﬂ%gr%.sé[ @%géf?ﬁgﬁ%sgs‘fg%gndar y
conponent of t-b@° lpasferablyomdtwedrf - 10aead -80 ¥ tpyelieblyt hetwsad- 1iSPC and df8Gnt  of
about 1 wt %up to no nore than about 50 wt % of the total conposition, and
in enbodi nents fromabout 1 wt % up to no nore than about 20 wt% This
contrasts w tho@u} oMb ipYEeS&REMBOMH RS BSinv¥RiRIEhily PAC Geséabedherein
fornul ati ons conprises simlar conponents. Al Kkyl naphthal enes are
preferably uséepyi kavanbkivematie giscagibufat 30t@ agpegasurzd bty AGTMp e féP)abPy about
10 to about 2 a2 r I 0, | used
in the sane a%%ﬁ%f%ﬁgjﬁﬁgﬁgﬁ&??gﬁggﬁ%%ghp¢%§ﬁﬁsgﬁ%fstOéﬁg%L§?ﬁgg%§ﬁ§Ienes
in sone | ubri @i, flermutlatiromnsbart & te apeuti 160,000 cSxipteftiably fpenfaboatdcst i n

certain applicat,on G.or esters. are usuyal lly used | nt aof about 1
W %to no mf%al?%go’é?g@ﬁ?t’E@?ng%frqlﬂag%ggiﬁ%m OHBE(EB%%I%I@ZS'M % and
in other enbodinents less than 10 wt % or even less than 5 wt % [0088]

The present inventors have found that usi n%@t hese secondary Group V base

st ocks usual | Y0G6#pr by @nether gmbediprans| any pohwalihiarglefie dlebenhed chgreinpnsduct
properties, s S IS 1Y .S n L], rd

| ubricity, ox#g\gﬁ i%vlélt ngﬁlgﬁ% I ‘ﬁ?@‘{s}‘gn%} ? (:luoéél ?%%n s%? Ltt a\g’eft%’ nélibg)hgdfg ’{)%)brcisé’ant
products. [0088dferdble frors abaitytogbadie3, 000 t$te pfaferablydram abbutidscSrdp abdwd by
sui t abl e bl endi f base sjo onpopent f differi Vi scosities. In
many convent i gﬁ)ﬁg ‘i%ﬁdﬂg‘ierl?rﬁfer‘fhib%‘ioggﬁ oyt t9r JhoHE ,1>05ﬁi°§ﬁ’ear?élr¥etéfl%reused to
I'ncrease vi SC?&!férXbl @Rfn abih & cStREEDOE B0 SR RBARSE B AKIT®I Paasenthe
invention is that t%lckeners are not necessary and in preferred enbodi nents
no t hi ckener sPAQs mrsksmblHaveryisE dsitigsdn thd ramige fodrZeiet S0 et Pogriadws ar e
nost suitably t Leve, W (i oViScCOsity grad 1 th
significant p%@?%@%ﬁ%gg‘g&@g& \Qégg@of{%&gﬁ‘ﬁd;dg} %I%ozﬂ%?rﬁa%gﬁbrﬁ% t’\é\gmo fr(t)rpue
various basesB@ck 300ngRrienhsthepembadiyneny d Adeaidiay, thagelwilgiaksefisdaoadary
base stock an%ﬁagé ?g%itional gase stock conponents) of different

vi scosities, & F#&B@QOB bnded together to obtain a base stock bl end
wWth a viscosity appropriate for blending with the other conmponents (such
as described below) of the finished |ubricant. This may be determ ned by
one of ordinary skill in the art in possession of the present disclosure

wi t hout undue experinentation. The viscosity grades for the final product
are preferably in the range of 1SO 2 to I SO 1000 or even higher for

i ndustrial gear |ubricant applications, for exanple, up to about |SO

46, 000. For the | ower viscosity grades, typically fromISO 2 to |ISO 100,
the viscosity of the conbi ned base stocks will be slightly higher than that
of the finished product, typically fromISO 2 to about |SO 220 but in the
nore viscous grades up to |1 SO 46,000, the additives will frequently
decrease the viscosity of the base stock blend to a slightly |ower val ue.
Wth a 1 SO 680 grade |ubricant, for exanple, the base stock bl end m ght be
about 780-800 cSt (at 40C.) depending on the nature and content of the
additives. [0090] In conventional formulations, the viscosity of the final
product may be brought to the desired grade by the use of polyneric

t hi ckeners especially in the product with the nore viscous grades, e.g.

o I NN S/ o M AN NN N I e



- 33 - preferred. The preferred polyners are the isoprene-butadi ene and

i soprene-styrene anionic diblock and triblock copolyners. Particularly
preferred hi glomlesskar wei ght polyneric conponents ar dhig,R065.80! d
under the designation ShelivisTM 40, ShelivisTM 50 and ShelivisTM 90 by

I nf eni um Chem cal Conpany, which are line [mani oni ¢ copolyners. O these,
Shel i visTM 50 is an anionic di bl ock copolymer and Shelivi sTM 200,

Shel i vi sTM 260 and ShelivisTM 300 are star copol yners. 100931 Sone

t hi ckeners may classified as . .di spersant-viscpsity ind nodi fiers
because of the"ﬁgﬂuanepﬁﬁffPBE?mgﬁngég%ngﬁﬁh?ﬂ%%k FmﬁﬁFﬁ 1N Paggieve7s.
The di sper sant a kir&Rsit tvscbsidlext 10dC frigh S @i HctSisd 4 NashhoinSdB1 fptERE are
t he nitrogen-containing esters of carboxylic-containing interpolyners and
t he oil - sol ubl Boke pyaferally 780 yirer imase (%W%SWQ@WSA%TM@%lat e esters, alone
or in conbination. Commercially avail abl e di spersant-viscosity index

nodi fiers are sold under trade nanes Acryl oidTM 1263 and 1265 by Rohm and
Haas, Vi scopl ejTéd]5 15 knathdr &OB&imgntRaty polgMBhTliRelgésibed dereiiMnanthave

Lubri zol TM 3702 ,and _3715. 10 1 Antigxidants, ,al t hough optional, nmay be
used to i nprovkdf §U1?x?95’éiaf‘§/8fozga?5i F’?St@ llﬁlgz f’b??‘m&é‘?i AdaftdM & t he
present inventgxan. A wi de range of commercially available materials is
suitable. The nbst common types of antioxidant which nmay be used in the
present conpositions are the phenolic antioxidants, the am ne type

ant i oxi dant s, al 0 o | £1 0 r ounds such as the
phosphi tes anc{b%ﬁ&sg é}r’fl)t(f:}éraég|Rt;cfJ dg%‘?’gr gsdygﬁ%y%lﬁ% @Eﬁglﬁi?@ﬁ%gé;gﬁrgm%g%eounds
such as the diadpecifiogspitatod®. 7nd 0Rthemt ypefaradlictsaso 098 gindl. Ky

di t hi ocarbamates, e.g. nethylene bis(di-n-butyl) dithiocarbamate. They may
be used individually by type or in conbination with one another. M xtures
of different tyRF 0h afHBIUnD -53?% j : - 34 -
[ 0095] The pr e[f er fe_d sul fur cgg{)né%{r?ds m‘?%aﬁp}%?‘ggg’g?%%%‘g?? gérg%?el{ifg%ve
conposi ti ons Acdwositnindes (Yheofd08 v more nwreferdbbn 12@or imops, pvefrabht 1dkordant

performance i [ l,£4d such -a hben ul fide

pol ysul fi des, %ﬁrg’?&e}’{s}]ﬁﬁl?’i %gﬁﬁb%ﬁ ﬁ??’eazt%%ai?eg}’ sfr,O%lng(?(gg)p@oﬁbgﬁWﬁﬁeg'a?SWes,

t hi ophene der il2até 988, alteanatedhp Gonat @sto FH0J attérina@!y£omsl40 tb@@@ﬁhtd?hﬁell@l i E
ant i oxi dants i C y..be used in th resent |ubricants nay suitably be
ashl ess (et a}g‘]’fl} E@T&’p}ﬂ%nﬁlltqreat@&rﬁb%ﬂﬁé t‘bﬁgﬁé‘ﬂfFF’_&Fe%ﬂleB’d%qoél%ﬁldﬂ i3l ts of
certain phenoldast SiRfEROBACaHerkieHARONRY: HouP N8NOkiANAGTPAURLL SR PG 2t ed

into the lubricant fluid may vary over a w de range pendi ng upon t’he
particul ar ut pit¢ragtekyogt lapsit ahoeth25ZhEnvimany dowpouisdosity Buidednaderfraanier al |

from about O. % i ght aly | i ound. wi || . be
included int %éeﬁ%?jm'lt&g %n%né?qg?\(/'gr%% gefefj%ﬁl,zvﬁﬂ(z (gﬁggg? lﬁscgﬁr pé%fSHFdél.Il to
gbouéI 5% ﬁr edngaltis frowmt ulae t@l&@.oull’is&)silw if]/dexpﬁrdb@éiﬁﬁmﬁfadégﬁﬂn %@isi'rm[] e

ased on the ta [ tion.unless otherw se specified. 0097] The
preferred phe tf?"éé%ﬁ%@ﬁ?(&é%éﬂe t he hi ndered phenolics which are the ones
whi ch contain a sterically hindered hydroxyl group, and these include those
derivatives of dihydroxy aryl conpounds in which the hydroxyl groups are in
the o-or p- po¥Pé9lonAll kirsawitic videesity Tatpisaaporpruetioo fluls dwetdimaietaedsarddrat| ude

t he hi ndered I bstituted with,C6 alkyl groups and,the alky|ene
coupl ed deriva |5€su§1(l)e§yt eS& ’h"c}\éﬁe@%}?&H& S.°°%>t<3éﬁgﬁ‘ é@enope ﬁ%&ﬁ%qqyby

materi al s of mbitipliypehd Bedutedkinyhdtiheptydityiemel dengity obtHeMlqudd. 0Thy |

phenol ; 2-t-but§l-4- odecyl phenol; 2,6-di,-t-butyl-4-heptyl phenol;

2, 6- di - t - but YUY f5qEIFMapH eHetosity - argeinn ya /sg dfonmumenlyy sonveRedt tpl chhenol ; and
2- met hy| - 6- di ikl (rsiogieayhe PBEREL: - PraARigs, of ortho coupled phenol s

i nclude: 2,2'-bis(6t-butyl-4-heptyl phenol); 2,2 -bis(6-t-butyl-4-octyl
phenol ); and 2,2'-bis(6-t-butyl4-dodecyl phenol). Sul fur containing
phenolics can al so be used to great advantage. The sulfur can - 35 - be
present as either aromatic or aliphatic sulfur within the phenolic
anti oxi dant nol ecul e. [0098] Non-phenolic oxidation inhibitors, especially
the aromatic am ne antioxidants nay al so be used either as such or in

conmbi nation wth the phenolics. Typical exanples of non-phenolic
anti oxi dants include: alkylated and non-al kyl ated aromati c am nes such as
the aromati c nonoam nes of the fornula RBRAR5N where R3 is an aliphatic,
aromatic or substituted aromatic group, R4 is an aromatic or a substituted
aromatic group, and R5 is H alkyl, aryl or R6S(0)xR7 where R6 is an

al kyl ene, al kenyl ene, or aral kyl ene group, R7 is a higher al kyl group, or
an al kenyl, aryl, or alkaryl group, and x is 0, 1 or 2. The aliphatic group
R3 may contain from1l to about 20 carbon atons, and preferably contains
from6 to 12 carbon atons. The aliphatic group is a saturated aliphatic

-~ . N e . o N .



100100] Typical of the diallcyl dithiophosphate salts which may be used are
the zinc dialkyl dithiophosphates, especially the zinc dioctyl and zinc

di benzyl dithyepbpaehas €es. These salts are often used aspc@dfifshgWBRlisgagent s
but they have al so been shown to possess antioxidant functionality,
especially when used as a co-anti oxi dant %Q conbination with an oil-sol uble
copper salt. Copper salts which may be usé&d in this way as antioxidants in
conbination with the phosphorus and zi nc conpounds such as zi nc dial kyl

di t hi ophosphat ude the per salt of .carb S,S
stearic add, p@f‘mlu(ﬁm‘aét" Wﬁm l%racneé(‘(':r sS 06 58 Oféﬁ & W@b%*pfé]arve a

sul fonates, copfgiie &C&h&’dl&,@ﬂiﬁémbﬁ%haﬁ@@ﬂ@éd Bﬁtrahhgreaagree ot nﬁearrt&maem c
aci ds typi cal | y having a nunber average or wel glgt aver age nol ecul ar wei ght

of 200 to 500 #Wdvarkaegwpperucirehvodasmminiaye sed-tobsdr camnggtigps at the
di t hi ophosphat ee t r per
salts of this tg@p anﬁltﬁgpgq%g)gﬁgg%g%?l ogpg?rﬁ%dlg%e&ggésgrwgétg 8S Pat .
No. 4, 867, 890. polh€ ik lcoNarlyrakisy cart he idotdctik, anﬂmtactioforaaiaatmxpdmbrsymfl not

exceed 10 wt. % of t total. conpositiopn and nor rat ss bel ow
St ol Ul 1458 cpiRaon s TRTCIy ARk B G SlLi- ol YT PIoih  or
certai n appl i C@émedvesiRbEndBY wid Ji@d1uids 1498 b Rfke IibHYaRbA ﬁfop@ﬁfékage

[ 00102] An inhibitor package is used to provide the desired bal ance of
anti-wear and anti-rust/ anti-corrosion properties. One conponent of this
package is a it Cly1an ot her
e tri subst W hhq /ieRfts EReAIheREE BFRAS FASIRIB L BN Rl R

cresyl di phenytaphxgsqolmatcpe anigoeitonnwhiehi ialchahicehzed bymﬁ'@hcpe&béma@vafl abl e

This - 37 - co ent pically present .in mnor. anounts u
of the corrposr‘t”rl H'E’F?‘ycp’é%es?uf’hé’ht £Bd Positiog Rf 0'%8 HOJ)YTQG"V\FH& &}’cﬁ the

total conposi trbdlﬂ:eti Sieéﬂ:%%éﬁ&tyt ébd%aﬁ‘é’d 48 the Bradaet E%I@-m’drbg‘@rﬁi'hoﬁer'fl% mance.
[ 001031 The second conponent Of the anti-wear/anti-rust” package i s an

adduct of benmrvrpcslmlrélamiefhws‘ub@t hsagt lyd iteedh 20 biended wathwinothea Alusdrbanee
phosphat e add rovides antiwear and anti oxidation

per f or mance. églr u\gﬂr't&%ﬁ {)ﬁ?gﬂ(ﬁ’ &ecs)nal adducts of this kind (with aromatic
am nes) are described in U S. Pat. No. 4,511,481 to which reference is nade
for a descrrptron of  t hese adducts to ether with the met hod by which they

may be prepar ét/72hr i This [PPro YR ROt IR PO SR BOYmErETPloys Bigtallocene
benzotri azol e.cafalyBts t@Qetﬁérk\Wth DHOBF Intd#b %@tx\bﬁ&%%ddh%%eal%%kﬁlé &ea non-
substituent R is hydrogen or lower alkyl, ClL to C6, preferably CH3. The
preferred tri gageKmatigg tapiop) and |oaz@rlwély(wm)co alct;watgtsrﬁueh|aertuelkylahrrsmumrrponent

wll be referr Z e _al u 0 be
used, as descrr%gél? G-Bgmel?’ﬁ eﬂ%gaq%y%f ni’gf‘ br[c%&élgg %egh%uﬁag%'gﬁgonent
of the adduct oﬁaqnsbbstmrtearoyﬁpdpemaamn@!% pfdes pih ak eflsa@lehylofcoimpeuhdr MmO set
out in US Pat. No. 4,511,481, i.e., a triazole adduct of an am ne
phosphat e. Al PEifeERd Glaps, of eafalyaig are éts&%meh%ﬂ%gi Betabocenes Hiphtgive Bighne
salt, for exa f.an h tﬁ&dp e such
as a dial kyl a%&h@st %ﬁgé‘g&w@ ard h% p osg tg\t’lg&gggu%go may I%fekr%gg%éléﬂam

sane way as t hetalooensesiace évmiig@i auidl gehssituted py@bm@:ﬁex@al tAndthethprsfdriadd i s

t he nono-/di-hexyl -aci osphat.e. sal.t qf 0 ha Cl1 C14 al kyl am nes
wht ch can be. faamer AR ORSGHE iR ard i iRo Ml rdr e, g
present conposipettons thel Pircastdyl Glessrdr enga 1@ Mcludest @eadmént( PR fowdt h t he
preferred adduct. having a 75:25 ratio (weight) of the TTZ and the | ong

chai n al ky/ or 5HBRE EEMMYSsGHFYSE POIoORS, such 38 pcroxr@e,lwgerhelﬁwzngﬁsﬁe
phosphat e sal t bel ow
bout 5wt . op e orkil ¥pnESds HEFR: AROIEHE LhiBpn GO s BERHGRise

% is adequat beligived tmatecbasmcaimlry’sn pratudivity tyipidable mornethalr ﬁ)cfalrdbptefq:rhkﬂsphat e,
e.g. cresyl §hqﬁg EQ?ﬁ hat e, conmponent in order to give a good bal ance of
anti-wear and™3ht 7} Broperties. Normally the CDP and the TTZ adduct are
used in a weight ratio from2:1 to 5:1. [00106] Additional anti-rust
additives may al so be used. Metal deactivators which are commercially
avai |l abl e and useful for this purpose, include, for exanple, the

N, N-di substituted am nonethyl-1,2,4-triazoles, and the N, Ndi substituted

am no net hyl -benzotriazol es. The N, N-di substituted

am nonet hyl 1, 2, 4-tri azol es can be prepared by a known nethod, nanely be
reacting a 1,2,4- triazole with formal dehyde and an ami ne, as described in
U S Pat. No. 4,734,209. The N, N-di substituted am nonet hyl -benzotri azol e
can be simlarly obtained by reacting a benzotriazole with fornal dehyde and
an amne, as described in U S. Pat. No. 4,701, 273. Preferably, the netal
deactrvator |s 1 [brs(2 ethylhexypanlnonethyl] 1, 2 4 trrazole or 1-

. o oy o Y 4



[ 00109] Good antiwear characteristics are indicated by performance in the
FZG Scuffing test (DIN 51534), with fail stage values of at |east 8, nore
usual 'y in thgo#@s:6f 9 to 13 or even higher. The FZG{d&g{k:dosodshdi cative
of performance for steel-on-steel contact as encountered in normal gear
sets; good performance in this test indicates that good spur gear
performance can be expected. The higher FZG test values are typically
achieved with the higher viscosity grade - 40 - oils, e.g. 1SO 100 and
hi gher will have an FZG val ue of 12 or higher, even 13 or higher, in
conparison wth values of 9 to 12 for grades bel ow | SO 100. Val ues of 13 or
hi gher (A116. 6088 K pkeferdd ehit@bRert AS 8aHrdddds toBItolR e DoBMBhaWléfih | SO
grades of 300 and higher. 1001101 The anti-wear performance may al so be
i ndi cated by acommging: (ASTM D 4172) wear test value of not nore than 0.35
nm maxi num scar di anmeter (steel on steel, 1 hr, 180 rpm 54C., 20 Kg/cnR)
with values of not nore than 0.30 mm being readily attainable. 4-ball EP
Vel d val ues of 120 ot) héghetingt ytpleastl bye hfthacslefin ghesonmay hivengchitevid. ASTM
4-Bal | steel-on- bronze val ues of 0.07 mm (wear s I:@HPI anet e are t |cal

t b

[
1001111 The rJ@OPHYPE i Sttt f BFREATRS §°FW8P’& ?znaa‘i"ié‘)é"% gl
665B Wi t h syntReih&ia88n WBh&onCMMBRIN BYdroPeraF posy ﬁ)tn 14 ﬁx%thQﬂt@barﬁhl 24
hours, 121C, is typically 2A maxi num usually 1 Ig 1001121 Excel | ent
hi gh t enper at ressei @%Eﬁ)%mﬁpélrﬁ&kihh@ less, @nmump ﬁlenmﬁﬂéeﬁrequoéfﬂm mance

g(r)”g;: gnl (r)](r:I g?é gcgeap Ep:)r\(gdsﬂl'%pps'ij Bﬁé?wgﬁ@ Aor>c<l| cfaﬁegﬁapg)ﬁfo gﬁ%geen %evlleIO\(,)Vped

to eval uate allesst b&faablrymir pein@B48 dPag ot aess,npneﬁeab:lyr@ pmt(em kPap of dss,

catal ytic oxi dat of oil ss tube together
W th Tron, 6oRBEFEbG abURIRDcER 5P Gismaly Ay GRecRedresit 5y 1h

speci men The ERkdr 22R0 00DSp:A WKL LS W ?@rgbl N Goobsprh o idsS hadragelyat 163C
and 10 Ilters/rhr (gf rledﬁ%lr |§S té’ﬁbbﬂ%‘éf F%roug theOblZéa > esft(I))r 40 ﬁgurs

The cel | is r&aBvemn faroless, wefszabily 08 prime Qrateast ylsnefeei@lzlé prpls! pedsved from

the cell. The m. ned esgnece of hange in
Neutral i zati oﬁp%\llfjn%@r ﬁ?ﬁ%% 18%4) Igr%?é% T or g ?r%'lg/tﬁl]%% 53‘( ASTM D
445) are det el¢ssnecferabite 10 ppul o pess) preferatdy slppﬁn@deam,chrrdemlgﬂwd thoalgki-er m ne

the loss in wejght. Test val ues of no nore DELTA TAN, at
163 C, 120 hr §5e?ma%n%%{rf5&n§r% @ 1 Carbonygtoms %P"eﬁ?ﬂé abrlgg@mgn g GndBPE ons

wi th values behow dpdilihdQhObofMRN of A 'calal RYAN 1ol AR ERE | bl than O
my. KOH being obtainable. Viscosity increas€ in the catal ytic oxi dat’ion
test is typi caldnpmers, ambany dihentsids%enauts pegsehicindke teaoticrs asd 10% 1001131
Good oxi dation resistance is also shown by the TOST val ues attained (ASTM
D943) of at |east 8,000 hours, usually at |east 10,000 hours, with TOST

sl udge (1,000 hour s)2)bejbegning d@d&l@al&;h@emeﬁny\ﬁopnmgemdrog@mﬁhg)thdﬂ(PA[U)re t han
0.5 wt% Oxidation stability can al so be neasure er_net hods, such as
ASTM D2272. mbqlfalin%%Pé&%épmarws@a}eaé&%bmph/y 069 C@hf@ 10 alpbrsglefinned i n
this inventi Oﬁloﬁéi'%exa'ﬁﬁ’eré‘i‘ﬁ M@g:%&&ra%a%ef%'&){s %ﬁ@ﬂém%@bishb&% iefioPe dpxanpl es
are Kurt Orbahn diesel injector test (ASTM 3945) or ASTM D5275 met hod.

Anot her test 50 ¢Ste)rsl¢®aanc‘stham01yaﬂghar®eﬁmeomapmse?dmo@ Veeor newr dfrupishear
test (CEC L-45-T/C éﬁh%gﬁ%f |t, can al so be neasured by a sonic shear
stability t est® (ﬂ§¥ Hod) Shear stability is inportant for many

i ndustrial oil operations. Hi gher shear stability nmeans the oil does not

| ose its viscosity at high shear. Such shear-stable oil can offer better
protection under nore severe operation conditions. The oil conpositions
described in this invention have superior shear stability for industrial

oil applications. 1001151 The tendency of lubricating oils to foam can be a
serious problemin systens such as gearing, high vol une punping,
circulating lubrication and splash lubrication, etc. Foamformation in

| ubricant oils nmay cause inadequate |ubrication, cavitation and overfl ow

| oss of lubricant, | eading to mechanical failure. Therefore, it is

inmportant to control the foam property of a lubricant oil. This is
especially inportant for industrial |ubricants. Many net hods were devel oped
to neasure the foam ng tendency of |ubricant. For exanple, ina - 42 -

M xmast er foam net hod, 550 gram of test oil is charged into the container
of a heavy duty M xmater blender. The beater of the blender was then
agitated at 750 rpmfor five mnutes. The beater is stopped, |lifted out of

the oil and allow any oil to drain back into the container for 20 seconds.
Then nmeasure the total foamvolune in mM. This is the foamvolune at tine O
m nutes. Then after 5, 10, 20, 30, 40, etc. mnutes, neasure the foam
voI umre to judge how fast the foam voI ume di ssi pate Usually the test oil

o r



[00117] Energy efficiency of industrial oil is best tested under operating
condi tions. Such conparisons can be neani ngfully nade by using side-by-side
conmparison. Exaymwl@sef such results are reported in a pagarbBisglsopment
and Performance Advantages of Industrial, Autonotive and Aviation Synthetic
Lubricants” Journal of Synthetic Lubrlcatbﬁp [1] p.6-33 by D. A Law and
J. R Lohuis, J. Y Breau, A J. Harlow and Rochette. Applications

[00118] The lubricating oil's or grease of the present invention nmay be used
for the lubricgtion of rolling el ement bearings (e.g., ball bearings),
gears, circulafflon lubrication system hydraulics, conpressors used to.
conpress gas (gquch as reciprocating, rotary and turbo-type air conpressors,
gas turbine or conpressors) or to conpress liquids (such
as refrigerator m punp or netal working machi nery, as
wel |l as electrica as for lubrication of electrical
switch that produces during on-off cycling or for

el ectrical connectors.\ [00149] /The |ubricant or grease conponents
disclosed in this inveNtion dke/ post Suntable for applications in

i ndustrial machinery where one of nore the follow ng characteristics are
desirable: w de tenperature range, stable and reliable operation superi or

B e char act or 1 VR ty SRR AR TP RS LBt o micd riGpllatad 'S

i ncl udi ng super4, o5, m ah, B8)d9) 2021 eHHRY, atidiareintdgRe 6B | &5350‘ hagwabi lity,

excel l ent foam property, shear stability, and i nproved ant i - wear
characteristics, thermal and oxidative stability, low friction, |ow
traction. The f i r i I

oils, conpr esso(?%zl IASIPQL%?%U‘%?{%&%?}?@%S it 6§cﬁgpg§llp‘§%cr eag(éﬁltar b O%Ttﬁlﬁl nds
of machi nery, caspmsing: as i n ot her applications, for exarrpl e, in wet clutch
- 44 - systens, blower bearings, w nd turbine gear box, coal pulverizer
drives, cooling tower gearboxes, kiln drives, paper machine drives and

rotary screw conpressordontdekpgrad fa%atsa}eamle&ihgﬁs’lmgr hefdt dtob&idorexalpphes are
meant to illustrate the present invention and provide a conparison with

other met hods i Wofﬂ%d@(‘!t@ Br Bdde eerrogie oMy oYith Rumstadigsensoaatalyeat i ons
and variat| on2ofBuRPEY Plu8ndBlidifating dnforSctVAR 63 A0 ILRRkaMY by

scope of the appen ai s, e I nVention may be practice erw se than
as specifical Iayd d)esomallye:m h&ybalmmxmum HdimpleAms, dndarrpnbmnm’a%ﬂ ocmhgons

catal ysts 1001211 Pre i an of the HVI- 3,? et forth in Table bel ow
was doscri bed T e BaproRGR mongskt piing 8 1 Erppateds Lerdraad h 100c

viscosity rangbhgnd v 5nc§t@ BR8P u?&ﬁ e kGtalP i SRATeeHf tHe bdt@fstydcal sker/cdhr ee
representative exanples of these fluids used for product formulation were

sunmari zed i naqtite splutioa) mgnomets) andanypdifisas oresolntsHpyesepAD thegpgster 1
Sanpl e 2 Sanplgg 3 nbfPftiefeSd aﬁ;ﬁg-o%é'lré diént or solvent stream comprises less than

300 ppm of heteroatom containing compounds; and obtaining a polyalpha-olefin
comprising at least 50 mole% of a C5 to C24 alpha-olefin monomer where the
poiyaipha-olefin has a kinematic viscosity at 100°C of 5000 ¢St or less.
Preferably, hydrogen, if present is present in the reactor at 30,000 ppm or less by
weight, preferably 1,000 ppm or less preferably 750 ppm or less, preferably 500
ppm or less, preferably 250 ppm or less, preferably 100 ppm or less, preferably
50 ppm or less, preferably 25 ppm or less, preferably 10 ppm or less, preferably

5 ppm or less.



298 VI 165 214 246 Pour Point, C-55-40 -32 11l. HVI-PAO by netal |l ocene
catal ysts. [001221 Sanple 4. To a 500 ml flask, charge toluene (20 grans),

1, 3- di net hyl gychRRsniadi enyl zirconi um dichloride (0.0%gRRBh@RHs10% MAO
in toluene solution (20.1 grans) under inert atnosphere. Add 1-decene (100

granm) slowy into the catalyst mxture fromaddition funnel while

mai ntai ni ng reacti on tenperature at 20-25C. Let reaction mxture stir for
16 hours. Quench catalyst - 45 - with 3 m water and basic alumina. Filter
to renmove solids. Distill the liquid at 1400/ <1 mllitorr to renove any C20
and |ighter conponents to provide | ube sanple. The lube yield is 92 w.%
The | ube has t(oe7s) olAwitegafer epBsdiineat is18Qrodéss eo Prédide CSpolyhhavlefn = 3259
cSt and VI = 250. This |ube was further hydrogenated at standard typi cal
hydr ogenat i on @dRdSt8ons to give finished product. [00123] Sanple 5. This
sanple was prepared in a simlar manner as Sanple 4, except dinethysilyl

bi s[ cycl opent adi enyl ] zirconiumdichloride was used as catal yst. The | ube
product has the foll b)/vi crgltqmiogea tfeed strtﬂﬁCchmin:g Sit 9d6ast Stne 4lpBavdlefn =

0 R e 00 Sl h PR B SR R 3 385
properties of snkhgén-cocdinatiRg | Mo etiveol SoraRtRAl@mdXane activator, and
optionally an alkyl-aluminum compound, under polymerization conditions
wherein the alpha-olefin monomer having 3 to 30 carbon atoms is present at 10
volume % or more based upon the total volume of the catalyst/activator/co-
activator solution, monomers, and any diluents or solvents present in the reactor
and where the feed alpha-olefin, diluent or solvent stream comprises less than
300 ppm of heteroatom containing compounds which; and obtaining a
polyalpha-olefin comprising at least 50 mole% of a C5 to C24alpha-olefin
monomer where the polyalpha-olefin has a kinematic viscosity at 100°C of 5000
cStoor less;  Alternately, in this process described herein hydrogen, if present,
is present in the reactor at 1000 ppm or less by weight, preferably 750 ppm or
less, preferably 500 ppm or less, preferably 250 ppm or less, preferably 100 ppm
or less, preferably 50 ppm or less, preferably 25 ppm or less, preferably 10 ppm

or less, preferably 5 ppm or less.

2) isolating the lube fraction polymers and then contacting this lube
fraction with hydrogen under typical hydrogenation conditions with
hydrogenation catalyst to give fluid with bromine number below 1.8, or
alternatively, isolating the lube fraction polymers and then contacting this lube
fraction with hydrogen under more severe conditions with hydrogenation
catalyst to give fluid with bromine number below 1.8 and with reduce mole% of

mm components than the unhydrogenated polymers. The hydrogen pressure for



18 19 20 Vis grade 75W90 75W90 75W 140 75W 140 W % HVI - PAO 53.4 0 60 O
W % conventional PAO O 54.2 0 60
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this process is usually in the range from 50 psi to 3000 psi, preferably 200 to
2000 psi, preferably 500 to 1500 psi.

Molecular Weight Distribution (MWD)
[0076] Molecular weight distribution is a function of viscosity. The higher the
viscosity the higher the molecular weight distribution. Figure 1 is a graph

showing the molecular weight distribution as a function of viscosity at Kv100°C.

The circles represent the prior art prior art PAO. The squares and upper
triangles represent the new metallocene catalyzed PAOs. Line 1 represents the
preferred lower range of molecular weight distribution for the high viscosity
metallocene catalyzed PAQO. Line 3 represents preferred upper range of the
molecular weight distribution for the high viscosity metallocene catalyzed PAO.
Therefore, the region bounded by lines 1 and 3 represents the preferred
molecular weight distribution region of the new metallocene catalyzed PAO.
Line 2 represents the desirable and typical MWD of actual experimental samples
of the metallocene PAO made from I-decene. Line 5 represents molecular

weight distribution of the prior art PAO.

[0077] Equation 1 represents the algorithm for line 5 or the average molecular
weight distribution of the prior art PAO. Whereas equations 2, 3, and 4

represent lines 1, 3 and 2 respectively.

Eq. 1 MWD = 0.2223 + 1.0232* log (Kv at 100°C in cSt)
Eq. 2 MWD = 0.41667 + 0.725 * log (Kv at 100°C in cSt)
Eq.3 MWD = 0.8 + 0.3 * log (Kv at 100°C in cSt)

Eq. 4 MWD = 0.66017 + 0.44922 * log (Kv at 100°C in cSt)

[0078] In at least one embodiment, the molecular weight distribution is at least

10 percent less than equation 1. In a preferred embodiment the molecular weight



W % ot her base stock 36.3 36.3 30 30 W% additives 9.3 9.3 10 10 Vi se at
100C, cqi: 15.7 15.7 ,1/10 .,-,-.0 26.3 VI 174
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distribution is less than equation 2 and in a most preferred embodiment the

molecular weight distribution is less than equation 2 and more than equation 4.

[0079] Table 1 is a table demonstrating the differences between metallocene
catalyzed PAO (“mPAO”) and current high viscosity prior art PAO (cHVI-
PAO). Examples 1 to 8 in the Table 1 were prepared from different feed olefins
using metallocene catalysts. The metallocene catalyst system, products, process
and feeds were described in Patent Applications Nos. PCT/US2006/021399 and
PCT/US2006/021231. The mPAOs samples in Table 1 were made from C10,
C6,12, C6 to Cl18, C6,10,14-LAOs. Examples 1 to 7 samples all have very
narrow molecular weight distribution (MWD). The MWD of mPAOQO depends on

fluid viscosity as shown in Figure 1.

Table 1

Example No. | 1 2 . 3 i 4 5 6 b g ] 10 1 1
; cHVI. cHVL. cHVI-
ésample type mPAC | mPAQ | mPAQ | mPAO mPAO mPAC mPAO mPAO PAO PAO PAO
Feed LAO C6/C12 | C6-C18 | C6.C18 C10 €6.10,14 C6,10,14 c1¢ C10 c10 c10 c10
x 100°C Kv, c$ 150 151 540 671 460 794.35 1386.63 | 6781 150 300 1,000
{40aC Kv, ¢S 1701 1600 65642 6900 5640 10318 16362 6743 1500 3100 106,000
vl 198 207 257 248 275 321 303 218 241 307
{Pour, °C -33 -36 21 -18 nd nd 12 -33 27 -18
{MWD by GPC
i w 7.409 8,089 17.227 | 19772 16149 20273 31769 29333 8.974 12,511 | 32,200
( MWD 1.78 2.0 1.90 1.98 2.35 2.18 1.914 5.50 2.3 2.54 4.79
E% Visc Chanae by TRB Test {a}
! 20 hrs 1 033 [ 0865 -2.66 3.64 -4.03 -B.05 -19.32 -29.11 7.42 -18.70 46.78

100hrs | -0.83 | .0.70 A.07 1.79 nd nd nd nd nd 2183 | 51.09
] : : :
i{a} CEC L-45-A-99 Taper Roller Bearing/C (20 hours) (KRL test 20 hours) at South\West Research Institute

[0080) When Example 1 to 7 samples were subjected to tapered roller bearing
(“TRB”) test, they show very low viscosity loss after 20 hours shearing or after
extended 100 hours shearing (TRB). Generally, shear stability is a function of
fluid viscosity. Lower viscosity fluids have minimal viscosity losses of less than

10%. When fluid viscosity is above 1000 ¢St as in Example 7, the fluid loss is



151 203 174 Pour point, C <-65 -55 <-65 -55 Brookfield viscosity @-40C, cP
61, 500 116, 600 54,000 147,600 - 46 - [001241 In order to evaluate the
shear st abi l'i{ 9foofhquPer Syn, neasurenents were conducgqqﬂﬁahggﬁgge KRL
Bearing Shear Test (CEC L-45-A-99). This industry test, in the presence of
the test lubricant, uses a tapered roller gparing run at 60C for 20 hours.
Kinematic viscosity nmeasurenents at 100C are perforned on the candi date
fluid prior to the 20hr run and imredi ately after. The difference in

ki nematic viscosity is an.,jndicator of t er manent s under, e.by the
Cest Tlurd. Trtbron FERe Rl YReSRiho rRamb ics B4 o SR YR 5T 8

fini shed gear §wgbrhiantallcoeht PAO sHowseidifidas smbintfdfwisdosityseesatnaf t er
this test. Two candidate fluid were submtted for this testing in order to

denonstrate the enhanced shear stability of m SuperSyn. In addition, to

per formed at 1PVED o PameER Fofind EH SR ek, PRME sty

i n conposi ti onPADtdre tinhrleeacceingto ofktlolde deatribey sn WiSeHateat Noe.dd827,06vk

150cSt Super Syn .c t (chrome-sil erived vs. netall ocene derived).
Tabl e 4 shows ezgggés)&g?f J&‘ﬁ'ﬁl%ﬁ' F rea ea‘lq/\g‘efeé’éfe PQl theas étﬁg‘ll‘é)ﬁ n
formulation 1 pogigt Table 4

[0082] In embodiments, one or more of the aforementioned Group I to V base
stocks may be blended with the HVI-PAO of the present invention, in the
amount of 1% to 99 wt %, in embodiments from 1 to 90 wt %, or 50 to 99 wt %,
or 55 to 90 wt %, or 1 to 50 wt %, or 1 to 45 wt %, or 5 to 50 wt %, or 5 to 45 wt
%. Often, one or multiple of these other base stocks are chosen to blend with
HVI-PAO to obtain the optimized viscometrics and the performance. Further,
preferred embodiments relate to the viscosity index of the base stocks usable as
blending components in this invention, where in some instances the viscosity
index is preferably 80 or greater, more preferably 100 or greater, and even more
preferably 120 or greater. Additionally, in certain particular instances, viscosity
index of these base stocks may be preferably 130 or greater, more preferably 135

or greater, and even more preferably 140 or greater.

[0083] In addition to these fluids described above, in a preferred embodiment a
second class of fluids, selected to be different from the fluids discussed above,
and preferably having a higher polarity is also added to the formulation. The
polarity of a fluid may be determined by one of ordinary skill in the art, such as
by aniline points as measured by ASTM D611 method. Usually fluids with
higher polarity will have lower aniline points. Fluids with lower polarity will
have higher aniline points. Most polar fluids will have aniline points of less than

100°C. In preferred embodiments, such fluids are selected from the API Group



Formul ation 1 2 cPAO 150 cSt 38.74 nPAO 150 cSt  38.74 cPAO 2 ¢St 28.00
"10 nn 2.0.t. mdi-octyl sebacate 20.00
WO 2010/039266 PCT/US2009/005448
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V base stocks. Examples of these Group V fluids include alkylbenzenes (such as
those described in U.S. Pat. Nos. 6,429,345, 4,658,072), and alkylnaphthalenes
(e.g., U.S. Pat. Nos. 4,604,491, and 5,602,086). Other alkylated aromatics are
described in “Synthetic Lubricants and High Performance Functional Fluids”,

M. M Wu, Chapter 7, (L. R. Rudnick and R. L. Shubkin [ed.)), Marcel Dekker,
N.Y.1999.

[0084] In one embodiment, the use of low viscosity, high VI Group III base
oils including visom 4 and/or GTL, as an alternate to the low viscosity PAO
modal component, and the use of an alternate ester composition provides
surprising performance. These formulations move away from completely
synthetic base stocks, they demonstrate favorable gear energy efficiency

performance.

[0085] Also included in this class and with very desirable lubricating
characteristics are the alkylated aromatic compounds including the alkylated
diphenyl compounds such as the alkylated diphenyl oxides, alkylated diphenyl
sulfides and alkylated diphenyl methanes and the alkylated phenoxathins as well
as the alkylthiophenes, alkyl benzofurans and the ethers of sulfur-containing
aromatics. Lubricant blend components of this type are described, for example,
in U.S. Pat. Nos. 5,552,071; 5,171,195; 5,395,538, 5,344,578; 5,371,248 and EP
815187.

[0086] Other Group V fluids that are suitable for use as blend components
include polyalkylene glycols (PAGs), partially or fully ether- or ester end-
capped PAGs. Ester base stocks may also used as co-base stocks in formulations
according to the invention. These esters can be prepared, for instance, by
dehydration of mono-acids, di-acids, tri-acids with alcohols with mono-, di- or

multi-alcohols.  Preferred acids include C5-C30 monobasic acids, more



20. 00 Defoamant 0.10 0.10 Gear Ol Package A 13.16 13.16 Total (% 100 100
WO 2010/ 039266PCT/ US2009/ 005448 - 47 - 1001261 Table 5 shows the shear

stability progRehblos.gf formulation 1 versus formulati onpcgysERsmdkati on 2
wi th the nPAO has favorable shear stability properties corrpareo{ to
formulationl with cPAG Table 5 Fornulatign 1 2

preferably 2-ethylhexanoic acid, isoheptyl, isopentyl, and capric acids, and di-
basic acids, more preferably adipic, fumaric, sebacic, azelaic, maleic, phthalic,
and terephthalic acids. The alcohols can be any of the suitable mono-alcohols or
polyols. Preferred examples are 2-ethylhexanol, iso-tridecanols, neopentyl
glycol, trimethylol ethane, 2-methyl-2-propyl-1,3-propanediol, trimethylol
propane, pentaerythritol, and dipentaerythritol. Preparation, properties and use

of these alcohols are summarized in Chapter 3 of Rudnick et al., supra.

[0087] The secondary component of the base stock, if used, is typically used in
an amount of about 1 wt % up to no more than about 50 wt % of the total
composition, and in embodiments from about 1 wt % up to no more than about
20 wt%. This contrasts with automotive gear applications, wherein up to 75% of
formulations comprises similar components. Alkyl naphthalenes are preferably
used in amounts from about 5 to about 25 wt %, preferably about 10 to about 25
wt. %.  Alkylbenzenes and other alkyl aromatics may be used in the same
amounts although it has been found that the alkylnaphthalenes in some lubricant
formulations are superior in oxidative performance in certain applications. PAG
or esters are usually used in amount of about 1 wt % to no more than about 40 wt
%, in embodiments no more than 20 wt % and in other embodiments less than 10

wt % or even less than 5 wt %.

[0088] The present inventors have found that using these secondary Group V
base stocks usually improve one or several of the finished lubricant product
properties, such as the viscosity, solvency, seal swell, clarity, lubricity, oxidative

stability, and the like, of the finished lubricant products.

[0089] The viscosity grade of the final product is adjusted by suitable blending
of base stock components of differing viscosities. In many conventional

industrial lubricant formulations, thickeners are used to increase viscosity. One



Ki nematic Viscosity, 40C 62.84 63.29 Kinematic Viscosity, 100C 12.87 12. 36
Vi scosity Index 210 198 Density @60F 0.8627 0.8618 Brookfield Viscosity,
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particular advantage of the present invention is that thickeners are not necessary
and in preferred embodiments no thickeners are used. HVI-PAO fluids of
different viscosity grades are most suitably used to achieve wide finished
viscosity grades with significant performance advantages. Usually, differing
amounts of the various basestock components (primary hydrocarbon base stocks,
secondary base stock and any additional base stock components) of different
viscosities, may be suitably blended together to obtain a base stock blend with a
viscosity appropriate for blending with the other components (such as described
below) of the finished lubricant. This may be determined by one of ordinary
skill in the art in possession of the present disclosure without undue
experimentation. The viscosity grades for the final product are preferably in the
range of ISO 2 to ISO 1000 or even higher for industrial gear lubricant
applications, for example, up to about ISO 46,000. For the lower viscosity
grades, typically from ISO 2 to ISO 100, the viscosity of the combined base
stocks will be slightly higher than that of the finished product, typically from
ISO 2 to about ISO 220 but in the more viscous grades up to ISO 46,000, the
additives will frequently decrease the viscosity of the base stock blend to a
slightly lower value. With a ISO 680 grade lubricant, for example, the base
stock blend might be about 780-800 cSt (at 40°C.) depending on the nature and

content of the additives.

[0090] In conventional formulations, the viscosity of the final product may be
brought to the desired grade by the use of polymeric thickeners especially in the
product with the more viscous grades, e.g. from ISO 680 to ISO 46,000. Typical
thickeners which may be used include the polyisobutylenes, as well as ethylene-
propylene polymers, polymethacrylates and various diene block polymers and
copolymers, polyolefins and polyalkylstyrenes. These thickeners are commonly
used as viscosity index improvers (VIIs) or viscosity index modifiers (VIMs) so

that members of this class conventionally confer a useful effect on the



130200 KRL Shear (bearing, 20hr) 9.3 1.1 KRL Shear (bearing, 100hr) 1.7
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temperature-viscosity relationship. Although optionally used in formulations
according to the present invention, such components may be blended according
commercial market requirement, equipment builder specifications to produce
products of the final desired viscosity grade. Typical commercially available
viscosity index improvers are polyisobutylenes, polymerized and co-
polymerized alkyl methacrylates, and mixed esters of styrene maleic anhydride

interpolymers reacted with nitrogen containing compounds.

[0091] The polyisobutenes, normally with a number average or weight average
molecular weight from 10,000 to 15,000, are a commercially important class of
VI improvers and generally confer strong viscosity increases as a result of their
molecular structure. The diene polymérs which are normally copolymers of 1,3-
dienes such as butadiene or isoprene, either alone or copolymerized with styrene
are also an important class commercially, with typical members of this class sold
under names such as Shelivis™. The statistical polymers are usually produced
from butadiene and styrene while the block copolymers are normally derived
from butadiene/isoprene and isoprene/styrene combinations. These polymers are
normally subjected to hydrogenation to remove residual diene unsaturation and
to improve stability. The polymethacrylates, normally with number average or
weight average molecular weights from 15,000 to 25,000, represent another
commercially important class of thickeners and are widely commercially
available under designations such as Acryloid™.

[0092] One class of polymeric thickeners is the block copolymers produced by
the anionic polymerization of unsaturated monomers including styrene,
butadiene, and isoprene. Copolymers of this type are described, for instance, in
U.S. Pat. Nos. 5,187,236, 5,268,427, 5,276,100; 5,292,820, 5,352,743;
5,359,009, 5,376,722 and 5,399,629. Block copolymers may be linear or star
type copolymers and for the present purposes, the linear block polymers are
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preferred. The preferred polymers are the isoprene-butadiene and isoprene-
styrene anionic diblock and triblock copolymers. Particularly preferred high-
molecular weight polymeric components are the ones sold under the designation
Shelivis™ 40, Shelivis™ 50 and Shelivis™ 90 by Infenium Chemical Company,
which are linear anionic copolymers. Of these, Shelivis™ 50 is an anionic

diblock copolymer and Shelivis™ 200, Shelivis™ 260 and Shelivis™ 300 are

star copolymers.

[0093] Some thickeners may be classified as dispersant-viscosity index
modifiers because of their dual function, as described in U.S. Pat. No. 4,594,378.
The dispersant-viscosity index modifiers disclosed in the '378 patent are the
nitrogen-containing esters of carboxylic-containing interpolymers and the oil-
soluble acrylate-polymerization products of acrylate esters, alone or in
combination. Commercially available dispersant-viscosity index modifiers are
sold under trade names Acryloid™ 1263 and 1265 by Rohm and Haas,
Viscoplex™ 5151 and 5089 by Rohm-GMBHO™ Registered TM and

Lubrizol™ 3702 and 3715.

[0094] Antioxidants, although optional, may be used to improve the oxidative
stability of formulations according to the present invention. A wide range of
commercially available materials is suitable. The most common types of
antioxidant which may be used in the present compositions are the phenolic
antioxidants, the amine type antioxidants, the alkyl aromatic sulfides,
phosphorus compounds such as the phosphites and phosphonic acid esters and
the sulfur-phosphorus compounds such as the dithiophosphates and other types
such as the dialkyl dithiocarbamates, e.g. methylene bis(di-n-butyl)
dithiocarbamate. They may be used individually by type or in combination with
one another. Mixtures of different types of phenols or amines are particularly

preferred.



1001271 Figure 2 displays the shear testing properties of a fornulation
with nmetal |l ocene catal yzed PAO conpared to a chrone-silica catal yzed PAO -
48 - formul at{8n.0hBeTEL al | 0ocene catal yzed PAO 11 cl eardopRapedayer abl e
shear stability conpared to the chrone-silica catal yzed PAO 12 throughout
the entire test. [00128] This unexpected,penefit in shear stability
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[0097]) The preferred phenolic compounds are the hindered phenolics which are
the ones which contain a sterically hindered hydroxyl group, and these include
those derivatives of dihydroxy aryl compounds in which the hydroxyl groups are
in the o-or p-position to each other. Typical phenolic antioxidants include the
hindered phenols substituted with C6 alkyl groups and the alkylene coupled

derivatives of these hindered phenols. Examples of phenolic materials of this

~type is 2-t-butyl4-heptyl phenol; 2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl

phenol; 2,6-di-t-butyl-4-heptyl phenol; 2,6-di-t-butyl-4-dodecyl phenol;, 2-
methyl-6di-t-butyl-4-heptyl phenol; and 2-methyl-6-di-t-butyl-4-dodecyl phenol.
Examples of ortho coupled phenols include: 2,2'-bis(6t-butyl-4-heptyl phenol);
2,2'-bis(6-t-butyl-4-octyl phenol); and 2,2'-bis(6-t-butyl4-dodecyl phenol).

Sulfur containing phenolics can also be used to great advantage. The sulfur can

cSt,
r or
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be present as either aromatic or aliphatic sulfur within the phenolic antioxidant

molecule.

[0098] Non-phenolic oxidation inhibitors, especially the aromatic amine
antioxidants may also be used either as such or in combination with the
phenolics. Typical examples of non-phenolic antioxidants include: alkylated and
non-alkylated aromatic amines such as the aromatic monoamines of the formula
R’R*R’N where R® is an aliphatic, aromatic or substituted aromatic group, R* is
an aromatic or a substituted aromatic group, and R’ is H, alkyl, aryl or
R®S(0)xR” where R® is an alkylene, alkenylene, or aralkylene group, R' is a
higher alkyl group, or an alkenyl, aryl, or alkaryl group, and x is 0, 1 or 2. The
aliphatic group R* may contain from 1 to about 20 carbon atoms, and preferably
contains from 6 to 12 carbon atoms. The aliphatic group is a saturated aliphatic
group. Preferably, both R? and R* are aromatic or substituted aromatic groups,
and the aromatic group may be a fused ring aromatic group such as naphthyl.

Aromatic groups R? and R* may be joined together with other groups such as S.

[0099] Typical aromatic amines antioxidants have alkyl or aryl substituent
groups of at least 6 carbon atoms. Examples of aliphatic groups include hexyl,
heptyl, octyl, nonyl, and decyl. Examples of aryl groups include styrenated or
substituted-styrenated groups. Generally, the aliphatic groups will not contain
more than 14 carbon atoms. The general types of amine antioxidants useful in
the present compositions include diphenylamines, phenyl naphthylamines,
phenothiazines, imidodibenzyls and diphenyl phenylene diamines. Mixtures of
two or more aromatic amines are also useful. Polymeric amine antioxidants can
also be used. Particular examples of aromatic amine antioxidants useful in the
present invention include: p,p'-dioctyidiphenylamine; octylphenyl-beta-

naphthylamine; t-octylphenyl-alpha-naphthylamine; phenyl-
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alphanaphthylamine;  phenyl-beta-naphthylamine; p-octyl  phenyl-alpha-
naphthylamine; 4-octylphenyl-1-octyl-beta-naphthylamine.

[00100] Typical of the dialkyl dithiophosphate salts which may be used are the
zinc dialkyl dithiophosphates, especially the zinc dioctyl and zinc dibenzyl
dithiophosphates. These salts are often used as anti-wear agents but they have
also been shown to possess antioxidant functionality, especially when used as a
co-antioxidant in combination with an oil-soluble coppér salt. Copper salts
which may be used in this way as antioxidants in combination with the
phosphorus and zinc compounds such as zinc dialkyl dithiophosphates include
the copper salts of carboxylic adds such as stearic add, palmitic acid and oleic
acid, copper phenates, copper sulfonates, copper acetylacetonates, copper
naphthenates from naphthenic acids typically having a number average or weight
average molecular weight of 200 to 500 and the copper dithiocarbamates and
copper dialkyl dithiophosphates where the copper has been substituted for zinc.

Copper salts of this type and their use as antioxidants are described in U.S. Pat.

No. 4,867,890.

[00101] Normally, the total amount of antioxidant will not exceed 10 wt. % of
the total composition and normally is rather less, below 5 wt. %. Usually, from
0.5 to 2 wt. % antioxidant is suitable although for certain applications more may

be used if desired.

Inhibitor Package
[00102] An inhibitor package is used to provide the desired balance of anti-wear

and anti-rust/ anti-corrosion properties. One component of this package is a
substituted benzotriazolelamine phosphate adduct and the other is a tri-
substituted phosphate, especially a triaryl phosphate such as cresyl

diphenylphosphate, a known material which is commercially available. This
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component is typically present in minor amounts up to 5 wt. % of the
composition. Normally less than 3% e.g. from 0.5 to 2 wt. % of the total

composition is adequate to provide the desired anti-wear performance.

[00103] The second component of the anti-wear/anti-rust package is an adduct
of benzotriazole or a substituted benzotriazole with an amine phosphate adduct
which also provides antiwear and anti oxidation performance. Certain
multifunctional adducts of this kind (with aromatic amines) are described in U.S.
Pat. No. 4,511,481 to which reference is made for a description of these adducts
together with the method by which they may be prepared. Briefly, these adducts
comprise a substituted benzotriazole. i.e. an alkyl-substituted benzotriazole
where the substituent R is hydrogen or lower alkyl, C; to Cg, preferably CHj.
The preferred triazole is tolyl triazole (TTZ). For convenience, this component
will be referred to as TTZ here although other benzotriazoles may also be used,

as described in U.S. Pat. No. 4,511,481,

[00104] The amine component of the adduct may be an aromatic amine
phosphate salt of the formula set out in U.S. Pat. No. 4,511,481, i.e., a triazole
adduct of an amine phosphate. Alternatively, the main component may be an
aliphatic amine salt, for example, a salt of an organoacid phosphate and an
alkylamine such as a dialkylamine. The alkyl amine phosphate adducts may be
made in the same way as the aromatic amine adducts. A preferred salt of this
kind is the mono-/di-hexyl acid phosphate salt of long chain (C,; -C4)
alkylamines which can be made into an adduct with TTZ in this way for use in
the present compositions. The adduct can range from 1:3 to 3:1 (mole) with the
preferred adduct having a 75:25 ratio (weight) of the TTZ and the long chain
alky/organoacid phosphate salt.
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[00105] The TTZ amine phosphate salt adduct is typically used in relatively
small amounts below about 5 wt. % and normally from about 0.1 to 1 wt. %, e.g.
about 0.25 wt. %, is adequate when used in combination with the trihydrocarbyl
phosphate, e.g. cresyl diphenylphosphate, component in order to give a good
balance of anti-wear and anti-rust properties. Normally the CDP and the TTZ

adduct are used in a weight ratio from 2:1 to 5:1.

[00106] Additional anti-rust additives may also be used. Metal deactivators
which are commercially available and useful for this purpose, include, for
example, the N,N-disubstituted aminomethyl-1,2,4-triazoles, and the N,N-
disubstituted amino methyl-benzotriazoles. The N,N-disubstituted aminomethyl-
1,2,4-triazoles can be prepared by a known method, namely be reacting a 1,2,4-
triazole with formaldehyde and an amine, as described in U.S. Pat. No.
4,734,209. The N,N-disubstituted aminomethyl-benzotriazole can be similarly
obtained by reacting a benzotriazole with formaldehyde and an amine, as
described in U.S. Pat. No. 4,701,273. Preferably, the metal deactivator isl-
[bis(2-ethylhexyl)aminomethyl]-1,2,4-triazole or 1-[bis(2-
ethylhexyl)aminomethyl]-4-methylbenzotriazole (adduct of
tolyltriazole:formaldehyde:di-2-ethylhexylamine  (1:1:1 m)), which are
commercially available. Other rust inhibitors which may be used to confer
additional rust protection include the succinimde derivatives such as the higher
alkyl substituted amides of dodecylene succinic acid, which are also
commercially, the higher alkyl substituted amides of dodecenyl succinic acid
such as the tetrapropenylsuccinic monoesters (commercially available) and
imidazoline succinic anhydride derivatives, e.g. the imidazoline derivatives of
tetrapropenyl succinic anhydride. Normally, these additional rust inhibitors will
be used in relatively small amounts below 2 wt. % although for certain
applications e.g. in paper-making machinery oils, amounts up to about 5 wt. %

may be employed if necessary.
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[00107] The oils may also include other conventional additives, according to
particular service requirements, for example dispersants, detergents, friction
modifiers, traction improving additives, demulsifiers, defoamants, chromophores
(dyes), haze inhibitors, according to application, all of which may be blended

according to conventional methods using commercially available matenals.

[00108] As noted above, the present lubricating oils have superior properties and
performance features. Examples of the good properties include — excellent
viscometrics, high VI, low pour point, superior low temperature viscosities,
thermal oxidative stability, etc. These properties can be measured by many
standard or special test. Usually, the kinematic viscosity were measured by
ASTM D445. VI can be calculated by ASTM D2270. Pour point of a lubricant
can be measured by ASTM D97 method. Cloud point of lubricant can be
measured by ASTM D2500 method. Saybolt Universal Viscosity can be
calculated by ASTM D2161 method. Low temperature, low-shear-rate viscosity
of many gear oils, transmission oils, industrial lubricants and engine oils can be
measured by Brookfield viscometer according to the ASTM D2983 method.
Alternatively, when a range of viscosities at low temperatures are required, a
scanning Brookfield viscosity can be obtained according to ASTM D5133
method. Viscosity at high temperature high shear rate can be measured by

D4624, D5481, or D4741 method.

[00109] Good antiwear characteristics are indicated by performance in the FZG
Scuffing test (DIN 51534), with fail stage values of at least 8, more usually in
the range of 9 to 13 or even higher. The FZG test is indicative of performance
for steel-on-steel contact as encountered in normal gear sets; gobd performance
in this test indicates that good spur gear performance can be expected. The

higher FZG test values are typically achieved with the higher viscosity grade
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oils, e.g. ISO 100 and higher will have an FZG value of 12 or higher, even 13 or
higher, in comparison with values of 9 to 12 for grades below ISO 100. Values
of 13 or higher (A/16.6/90) or 12 and higher (A/8.3/140) may be achieved with
ISO grades of 300 and higher.

{[00110] The anti-wear performance may also be indicated by a 4-Ball (ASTM D
4172) wear test value of not more than 0.35 mm maximum scar diameter (steel
on steel, 1 hr, 180 rpm, 54°C., 20 Kg/cmz) with values of not more than 0.30 mm
being readily attainable. 4-ball EP Weld values of 120 or higher, typically 150 or
higher may be achieved. ASTM 4-Ball steel-on-bronze values of 0.07 mm (wear

scar diameter) are typical.

[00111] The rust inhibition performance is indicated by a Pass in ASTM D 665B
with synthetic sea water. Copper Strip Corrosion (ASTM D130) at 24 hours,
121°C, is typically 2A maximum, usually 1B or 2A.

[00112] Excellent high temperature oxidation performance is shown by a
number of performance criteria including low viscosity change, low acid number
change and low corrosion or sludge deposit. A catalytic oxidation test has been
developed to evaluate all these important criteria in one single test. In this
catalytic oxidation test, 50 ml. of oil is placed in a glass tube together with iron,
copper, and aluminum catalysts and a weight lead corrosion specimen. The cell
and its contents are placed in a bath maintained at 163°C and 10 liters/hr of dried
air is bubbled through the sample for 40 hours. The cell is removed from the
bath and the catalyst assembly is removed from the cell. The oil is examined for
the presence of sludge and the change in Neutralization Number (ASTM D 664)
and Kinematic Viscosity at 100°C. (ASTM D 445) are determined. The lead
specimen is cleaned and weighed to determine the loss in weight. Test values of

no more than 5 mg. KOH (DELTA TAN, at 163 °C, 120 hrs.) are characteristic
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of the present compositions with values below 3 mg. KOH or even lower
frequently--typically less than 0 mg. KOH being obtainable. Viscosity increase
in the catalytic oxidation test is typically not more than 15% and may be as low

as §8-10%.

[00113] Good oxidation resistance is also shown by the TOST values attained
(ASTM D943) of at least 8,000 hours, usually at least 10,000 hours, with TOST
sludge (1,000 hours) being no more than 1 wt. percent, usually no more than 0.5

wt%. Oxidation stability can also be measured by other methods, such as

ASTM D2272.

[00114] The superior shear stability of the oils described in this invention can
also be measured by many shear stability tests. Examples are Kurt Orbahn
diesel injector test (ASTM 3945) or ASTM D5275 method. Another test for the
shear stability is the tapered roller bearing shear test (CEC L-45-T/C method). It
can also be measured by a sonic shear stability test (ASTM D2603 method).
Shear stability is important for many industrial oil operations. Higher shear
stability means the oil does not lose its viscosity at high shear. Such shear-stable
oil can offer better protection under more severe operation conditions. The oil
compositions described in this invention have superior shear stability for

industrial oil applications.

[00115] The tendency of lubricating oils to foam can be a serious problem in
systems such as gearing, high volume pumping, circulating lubrication and splash
lubrication, etc. Foam formation in lubricant oils may cause inadequate
lubrication, cavitation and overflow loss of lubricant, leading to mechanical
failure. Therefore, it is important to control the foam property of a lubricant oil.
This is especially important for industrial lubricants. Many methods were

developed to measure the foaming tendency of lubricant. For example, in a
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Mixmaster foam method, 550 gram of test oil is charged into the container of a
heavy duty Mixmater blender. The beater of the blender was then agitated at 750
rpm for five minutes. The beater is stopped, lifted out of the oil and allow any oil
to drain back into the container for 20 seconds. Then measure the total foam
volume in ml. This is the foam volume at time 0 minutes. Then after 5, 10, 20,
30, 40, etc. minutes, measure the foam volume to judge how fast the foam volume
dissipate. Usually the test oil has good foam property if it produces less foam at
the end of the 5 minutes of agitation and/or the faster the foam dissipates after the
agitation stops. The lubricant formulated using HVI-PAO usually have superior
foam property. Furthermore, the aged or contaminated lubricants based on HVI-
PAO also have much better foam property than conventional formulations. Other

foaming tests include ASTM D892 method — Foam Characteristics of Lubricating
Oils.

[00116] Energy efficiency is becoming a more important factor in modern
machinery. Equipment builders are looking for ways to improve the equipment’s
energy efficiency, reduce power consumption, reduce friction loss, etc. For
example, refrigerator builders, consumers and government agencies are demanding
energy efficient compressors for refrigeration units. Government mandates
minimum energy efficiency for automobiles. Gear operators are demanding more
efficient gears with lower energy consumption, lower operating temperature, etc.
A lubricant can affect the energy efficiency of a machinery system in many ways.
For example, lower viscosity lubricants with specified protection level will have
lower viscous drag, thus less energy loss and better efficiency. Lubricants with
lower frictional coefficients usually have better energy efficiency. Lubricants that
produce excessive foaming reduce the volumetric efficiency. For example, on the
downstroke of the piston, the foamy layer is compacted. This compaction absorbs
energy and thus reduces the energy available for useful work. The lubricants

disclosed in this invention have many of these energy efficient characteristics.
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[00117] Energy efficiency of industrial oil is best tested under operating
conditions. Such comparisons can be meaningfully made by using side-by-side
comparison. Examples of such results are reported in a paper “Development and
Performance Advantages of Industrial, Automotive and Aviation Synthetic
Lubricants” Journal of ,Synthetic Lubrication, [1] p.6-33 by D. A. Law and J. R.
Lohuis, J. Y Breau, A.J. Harlow and M. Rochette.

Applications
[00118] The lubricating oils or grease of the present invention may 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 as electrical applications, such
as for lubrication of electrical switch that produces an electrical arc during on-off

cycling or for electrical connectors.

[00119] The lubricant or grease components disclosed in this invention are most
suitable for applications in industrial machinery where one of more the following
characteristics are desirable: wide temperature range, stable and reliable operation,
superior protection, extended operation period, energy efficient.  The present oils
are characterized by an excellent balance of performance properties including
superior high and low temperature viscosities, flowability, excellent foam
property, shear stability, and improved anti-wear characteristics, thermal and
oxidative stability, low friction, low traction. They may find utility as gear oils,
bearing oil, circulating oils, compressor oils, hydraulic oils, turbine oils, grease for

all kinds of machinery, as well as in other applications, for example, in wet clutch
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systems, blower bearings, wind turbine gear box, coal pulverizer drives, cooling

tower gearboxes, kiln drives, paper machine drives and rotary screw compressors.

Experimental
[00120] The following examples are meant to illustrate the present invention and

provide a comparison with other methods and the products produced there from.
Numerous modifications and variations are possible and it is to be understood
that within the scope of the appended claims, the invention may be practiced

otherwise than as specifically described herein.

I. HVI-PAOs from non-metallocene catalysts

[00121] Preparation of the HVI-PAOs set forth in Table 2 below was described
in U.S. Pat. No. 4,827,064. In this process, fluids with 100°C viscosity ranging
from 5 to 3000 cSt were prepared in high yields. Three representative examples

of these fluids used for product formulation were summarized in Table 1, below.

Table 2. Properties of HVI-PAO

Sample 1 Sample 2 Sample 3
100°C vis, ¢St 18.5 145 298
VI 165 214 - 246
Pour Point, °C -55 -40 -32

II. HVI-PAO by metallocene catalysts.
[00122] Sample 4. To a 500 ml flask, charge toluene (20 grams), 1,3-
dimethylcyclopentadienyl zirconium dichloride (0.01 gram) and 10% MAO in

toluene solution (20.1 grams) under inert atmosphere. Add 1-decene (100 gram)
slowly into the catalyst mixture from addition funnel while maintaining reaction

temperature at 20-25°C. Let reaction mixture stir for 16 hours. Quench catalyst
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with 3 ml water and basic alumina. Filter to remove solids. Distill the liquid at
140°C/<1 millitorr to remove any C20 and lighter components to provide lube
sample. The lube yield is 92 wt.%. The lube has the following properties:
100°C Visc = 312 c¢St, 40°C visc = 3259 ¢St and VI = 250. This lube was
further hydrogenated at standard typical hydrogenation conditions to give

finished product.

[00123] Sample 5. This sample was prepared in a similar manner as Sample 4,
except dimethysilyl bis[cyclopentadienyl] zirconium dichloride was used as
catalyst. The lube product has the following properties: 100°C Visc = 8.96 cSt,
40°C visc = 49.32 ¢St and VI = 164. The lube after hydrogenation under

standard conditions can be used in industrial lube formulation.

Table 3: Lube properties of synthetic automotive gear oils

Example ' 17 - 18 19 20
Vis grade 75W-90 75W-90 . 75W-.1 40 | 75W-140
Wt% HVI-PAO 53.4 0 60 0
Wt% conventional 0 54.2 0 60
PAO
Wt% other base 36.3 36.3 30 30
stock
Wt% additives 93 9.3 10 10
Vise at 100°C, ¢St 157 15.7 24.8 26.3
VI 174 151 203 174
Pour point, °C <-65 -55 <-65 -55
Brookfield viscosity 61,500 116,600 54,000 147,600
@ -40°C, cP
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[00124] In order to evaluate the shear stability of m-SuperSyn, measurements
were conducted using the KRL Bearing Shear Test (CEC L-45-A-99). This
industry test, in the presence of the test lubricant, uses a tapered roller bearing
run at 60°C for 20 hours. Kinematic viscosity measurements at 100°C are
performed on the candidate fluid prior to the 20hr run and immediately after.
The difference in kinematic viscosity is an indicator of the permanent shear
undergone by the test fluid. This difference is reported as a % viscosity loss.
Typical finished gear lubricants exhibit up fo 5% loss in fluid viscosity after this
test. Two candidate fluid were submitted for this testing in order to demonstrate
the enhanced shear stability of m-SuperSyn. In addition, to further demonstrate
the enhanced shear stability, this testing was performed at triple-length (60hrs).

[00125] The test fluids were identical in composition with the exception of the
catalyst used to produce the 150cSt SuperSyn component (chrome-silica derived
vs. metallocene derived). Table 4 shows the basic formulations of the two test

fluids labeled formulation 1 and 2.

Table 4
Formulation 1 2
cPAO 150 cSt 38.74
mPAO 150 cSt 38.74
cPAO 2 cSt 28.00 28.60
di-octyl sebacate 20.00 20.00
Defoamant 0.10 0.10
Gear Oil Package A 13.16 13.16
Total(%) 100 100
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[00126] Table 5 shows the shear stability properties of formulation 1 versus

formulation 2. Formulation 2 with the mPAQO has favorable shear stability

properties compared to formulation] with cPAO.

20840
5 19.8

Table 5
Formulation 1 2
Kinematic Viscosity, 40°C 62.84 63.29
Kinematic Viscosity, 100°C 12.87 12.36
Viscosity Index 210 198
Density @ 60°F 0.8627 0.8618
Brookfield Viscosity, -40°C 12768 14460
Brookfield Viscosity, -55°C 252200 130200
KRL Shear (bearing, 20hr) 9.3 1.1
KRL Shear (bearing, 100hr) 1.7
Add. Metals in Lubes, XRF <0.0020 <0.0020
Add. Metals in Lubes, XRF 2.19 227
Add. Metals in Lubes, XRF 0.1412 0.1433
Add. Metals in Lubes, XRF <0.0020 <0.0020
Add. Metals in Lubes, XRF 0.0091 0.0094
Add. Metals in Lubes, XRF <0.0020 <0.0020
Add. Metals in Lubes, XRF <0.0020 <0.0020
Flash Point 176 176 (est)
Volatility, @ 200°C 19.3 19.6
TAN 4.08

[00127] Figure 2 displays the shear testing properties of a formulation with

metallocene catalyzed PAO compared to a chrome-silica catalyzed PAO
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formulation. The metallocene catalyzed PAO 11 clearly has favorable shear
stability compared to the chrome-silica catalyzed PAO 12 throughout the entire

test.

[00128] This unexpected benefit in shear stability shown in Figure 1 is
exemplified by stable viscometrics up to triple the normal testing time which
greatly increases test severity. Based on this unexpected result for gear
lubricants using m-SuperSyn, There are many additional benefits that are
expected. These benefits include: enhanced film thicknesses under shearing
conditions similar to loaded gear and bearing contacts; enhanced post-sheared
volatility of the gear lubricant (e.g. low introduction of low viscosity sheared
components); with the reduced shear, less free-radical components due to base
oil shearing are created. This therefore consumes less antioxidants (AO) in the
finished gear lubricant and allows more AO to be available for use in other free-
radical processes typical in the lubricant aging process; finished fluid viscosity
retention in the absence of traditional polymeric viscosity improvers; improved

longevity of gear parts (less frequent maintenance) due to viscosity retention.

I11. Benefits of Ester with HVI PAO

[00129] In one embodiment, the formulation space covers the use of high VI

Group III base oils for example, Visom 4, grades of high VI PAO from 150 ¢St
to 600 c¢St, and two different ester compositions, either isononyl heptanoate
ester or dioctyl sebacate ester. In this embodiment, very high VI (200+) base oil
combinations can be produced. These combinations of visom 4 esters may
provide lower cost alternatives to compositions using PAO as the low viscosity

component.

[00130] Table 6 shows various formulations. Formulations A, B, C and D are

base stock combinations. Formulations E, F, and G are fully formulated
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lubricant demonstrating 3 different preferred inventive embodiments.

Formulations H and I show fully formulated lubricants without di-octyl sebacate

for comparison.

Table 6

Components A B C D E F G H I
Gear Oil Package 13.1 | 13.1 | 13.1 | 133
A 6 6 6 1
Gear Oil Package 9
B

490 | 48.0 | 47.0 1 470 | 38.7 | 40.2 | 37.2 | 434
mPAOQO 150 ¢St 0 0 0 0 4 4 4 9 44

46.0 | 42.0 | 380 | 33.0 | 27.0 | 36.5 | 19.5 | 23.1
cPAQO 2 ¢St 0 0 0 0 0 0 0 0 25.90
cPAO 4 ¢St
Monoester 2%0 20.00

) 10.0 | 150 | 20.0 | 20.0 | 10.0 | 30.0
di-octyl sebacate 5.00 0 0 0 0 0 0
Antioxidant 1.0
Defoamant 0.10 | 0.10 | 0.10 { 0.10 | 0.10
Total(%) 100. | 100. 100. {100. | 100. | 100. | 100. 100. | 100.0
’ 00 |00 {00 |00 |00 |00 |00 00 0

{60i31] Table 7 beiow shows the properties of all the formulations in table 5.
As shown in Table 7, the inventive formulations E, F, and G provides improved
properties. These properties include Brookfield viscosity Noack Volatility loss
and flash point. are fully formulated lubricant demonstrating 3 different
inventive embodiments. Formulations H and I show fully formulated inventive

embodiments for comparison.
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Table 7

Components A B C D

Kinematic Viscosity,
ASTM D445, KV 12.85 12.77 12.68 13.15 12.83 12.14 12.43 12.14 11.35

100C

Kinematic Viscosity,
ASTM D445, KV 60.66 | 60.04 | 59.36 | 62.11 | 62.76 58.77 60.45 55.74 50.45

40C

VI (calc) 218 218 219 219 210 209 209 222 227

Density, D4052-1, 0.828

60°F 0 0.8330 | 0.8381 | 0.8438 | 0.8629 | 0.8514 0.874 | 0.8563 | 0.8504

Brookfield Viscosity,
ASTM D2983-7, cP, 8780 8640 8760 9360 12768 10560 13180 6320

-40C

Brookfield Viscosity, - | 20840
ASTM D2983-17, cP, 0 314000 | 353000 61787
-55C

Noack Volatility,
ASTM DS5800, 200C, 215 19.8 18.4 15.8 20 343 343

% lost

Noack Volatility,
ASTM D5800, 150C, 2.8 2.8 25 2.3 35 6.7 15.6
% lost

Flash Point, COC,
ASTM D92 176 160

Flash Point, PMCC,
ASTM D93 156 135.5

DKA Oxidation (192
hr), 160C (500 ml),

CEC L-48-A-00, % 85.3 174.63 145.16 104.6
KV100 Visc Increase

L-33-1 Gear Moisture
/ Corrosion, ASTM PASS FAIL PASS

D7038

[00132] In a preferred embodiment, we have discovered an unexpected
synergistic benefit of using di-octyl sebacate ester in the inventive blends. In

particular, we have discovered the favorable treat range of di-octyl sebacate ester



[00132] In a preferred enbodi nent, we have di scovered an unexpected

synergi stic benefit of using di-octyl sebacate ester in the inventive

bl ends. I n paglyfihdhes We have discovered the favorabl e ghgabobaRgg of

di -octyl sebacate ester - 51 - of preferably greater than 10 wel ght
percent of the finished fornmulation, nore_preferably greater than 10 wei ght
percent and | ess than 30 wei ght percent and rost preferably at |east 15

wei ght percent and | ess than 25 wei ght percent. Even nore preferably the
ester has a viscosjt reater th 3.and |les an_6. kv 100C. 1001331
Frgure 3 i o o raply gEpi i, otk asrsee of A rinistiel rotuliog, moet o
content from fgefbd bRAkr AuarB10 GeigltheRehnNaddRis@$hdh 3Meefoht AercedNake seen
in this figure Noack volatility inproves as the ester content is jncreased
- 31. ['00134]m93t@mferahlwa§,l%@sgi/%wnlghr parsentand feys thandat Woshtier¢astnEree based
on ester contenf f r oyl agl : . ' b 7 can be
seen in this frﬁgrgr%?@ gii/))(l)glééb‘?stéér&%?c?g‘”ls’%ﬁlt?rskq%ae?gv@%é\%1%5}%3\%?%%?9pGeF%Q?ﬁ and
30 wei ght percEotCester with a preferred of 20 wei ght percent - 41. [001351
Figure 5 is a graph illustrating Brookfield viscosity based on ester
content conparing fornulation Ewith Hand I in tables 6 and 7. As can be
seen in this fp@4se Fifidyar Rt graki iflaltfng! SoRRIVEANI} QoWBs 9dedPt caBt and
30 wei ght percent ester with a preferred of 20 wei ght percent - 51. [001361
The exanpl es alooiget templesmplatiens AhBt Gend PAD teblgs beandsbd A ceadie\seeminmany

ndustri el of Ly @ AreasES i RS LGS AN AN AR ELgcavent | onal

| ube conposition a sed " herein are rndicated by a TM
synbol orsynbol, indicating that the names may be protected by certain
trademark rights, e.g., they may b re(%j stered, trademarks |n various

j uri sdi cti ons 1001345 igure foi§1a3graph) iHlugisatiogt %Ifiamnp%ﬁrgﬁwaaﬁpm?st% AYer t est

procedures (SugheaStrém Yhie E, BlanfRS i0Blesdthd 1€ Alsidif be sB@fliPihiler

fi
docunents cited herein are %&?}lﬂjl ncorporated by reference to the extent
such di scl osurfiguies favsratiln onidsiion entetwieern 1@ mictghit persant and Hhweight patcent
jurisdictions jin i ch ch,i rporation is,.permtted. [00139] Wen
nuneri cal | oweef*teﬁ%htaé”%ﬁ’ae%ﬁ%‘??”géﬁh?ﬁ%‘ﬁ%‘? I%ilh‘i ts are listed herein, ranges
fromany lower limt to any upper limt are contenplated. Wile the

illustrative enbodi nents of the invention have been described with

particul arity08185hWFigure e $ndiegranh dblustiating Brepklild oYipeasith s ed Ot F87Hs wi | |
be apparent t I i Il y N i t hout
departing fro%mtﬁﬁlg cgg@rafltﬁggﬁgﬂi&%oggﬁgﬁmﬁhgh@g%@p&ﬁ ﬁ%c%o‘?‘%ﬂ?ﬁ%%ge% is
not intended thgts figeres Eopeabdd okidetiar & betwagp & dedgltareetent bed BOrwiight t o t he
exanpl es and descr.iption setffortitt] Qere%g but tra.JIlher that the clains be
construed as 8%88%5@5?% AP efTﬁgo é i pSIfceBdtent abl e novelty which
reside in the present invention, including all features which would be
treated as equival ents thereof those skilled in the art to which the

by
i nvention per {04134, Theyemanmlestpkovierdesinsaaied dkat FEEHPAEL 631 Begsubbrradlyi t h
reference to : i t.s qa Cifth € pErfER RS - &(ﬁ@ r hat.l ons
wi | | suggest W?ﬁé@ﬁé@gﬁ?’ggt %fs]eﬁlgkirqu?agg i‘hrt!tlhips art HI%E I g %(ag\é? 'E)ﬂéer above
det ai | ed desccopentonal Albe cemplsitibrs.ous variations are within the full
i ntended scope of the appended clainms. - 53 -

[00137] Trade names used herein are indicated by a ™ symbol or ® symbol,
indicating that the names may be protected by certain trademark rights, e.g., they

may be registered trademarks in various jurisdictions.



CLAIMS: 1.An oil formulation conprising: a) a netall ocene
catal yzed HVI-PAO with a viscosity greater than 125 ¢St kv 100C and a

viscosity ind zg,{oﬁggzg\ﬁr t han 100; b) a secqnd R3psesiLCKk W th
a viscosity of at least 2 ¢St kv 100C and | ess than 60 ¢St kv 100C wherein

the second base stock is at |least 60 cSt_ky 100C |l ess than the netall ocene
HVI - PAG, c) a di-octyl sebacate ester with a viscosity of at
| east 2 and less than 6 ¢St kv 100C, the ester conprising nore than 10

i ght t | han 3 i ght cent, of the oil f | ation;
o tne bi1 torfh S St Raie riRLE ke ROURRG et pro R RN A§LRl
wherein the shgghodd a1l hethodof ardnge Gikt), had BtHeadbOuinéfs bRabherei dry ity

viscosity | oss at 100C using the KRL Bearing Shear Test (CEC L-45-A-99) is
| ess than or egeriporatsdibyrozfergncente e lexteat pudl Gis¢lomre s BRtINARRSISeR Withn 1,

wherein the l. - P Is g@&g t t kv
100C. 3. The gﬁ f‘%fdé\?e?rrﬁpg? ﬁ%ﬁorzil@?%}r?%ﬁﬁgontgéﬁ alhn%)[l i@gﬁ@%@gﬁdggﬁgﬁgﬁg a pol ar
G oup V base stock. 4.The oil formulation according to Claim1, wherein the

second base stock i PAO. 5. The oil,.fornul ati on. accordi fo Caim1l
wherein the sd8¥Hd! BXE@ appeRcalsloyeg lpiss ppd %eé‘cgf JeRer E M6 ll?sltg(]

Lg ; g“'siiglc En af}fé%ﬁ,i_rﬁﬁlgés%&% AhPIdwMNBhR itd ah P BpSe ARME aRASRLEISI6H ] WRIIGTL
the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that
the scope of the claims appended hereto be limited to the examples and
descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof

by those skilled in the art to which the invention pertains.

[00140] The invention has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves
to those skilled in this art in light of the above detailed description. All such

obvious variations are within the full intended scope of the appended claims.



7. The oil formulation according to Claim1, wherein the oil fornulation
has a Noack volatility ASTM D5800 of 200C | oss of 20% and | ess. 8.
The oil formulation according to Claim1l1l, wherein the oil fornulation has
no ol efin co-polymers ("OCP') and no poly-iso butylene ("PIB") viscosity
nodi fiers. 9. The oil formulation according to Claim1, wherein the
oil formulation has no viscosity nodi fb&rs. 10. The oil fornulation
accordi ng Eg#@é&%nll’ wherein said HVI-PAO is characterized by a viscosity
i ndex (VI) T than 160, as neasured by ASTM D2270, and by at |east one
of the following: a branch ratio of less than 0.19, a weight average

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

wei ght of betweén 300nanidon8uladen cempridiegiul ar wei ght distribution of

between 1 and 5, a pour nt be - ' rom ne.nu 9 han 3,
a carbon number rangf nagmlﬁ’fa lﬂf’e@g(?afg'zégg%lﬁ% dvih lehsgﬂsan?y %re%tegh}gg tzé
neasur ed atsStk0@or@agd AgistsdiadaUireatercin 1@0;about 15, 000 cSt, as measured
by ASTM D445. 11. A nmethod of inproving shear stablllt Lconprising
obtai ning an oil formasecpehb @éﬁwkﬁlthga‘ascﬁ@éttépfﬁcléaﬁém&r PAD G A a

vi scosity ot i t han
195, a sec%%sgﬁ%ggg c?? ﬂv]@é(’cc%heléé\;llni@%é%ctéﬁ (gb?s ggsa% yefétr@e@ 1%%)?Jéand

| ess t han ke6s th&i tHevmdtBIldcenh BVEIIA @ he second base stock is at least 60 cSt
kv 100C | ess than th taIIocene HVI - PAQ, a di-octyl %ﬁf%de ester with a
viscosity of at Ieas‘E 00ty ]| sghacaterpsier avitha Virgpsity o€t ]Fﬁ% gyhabhacat e
ester conpediShngodrer %é@ﬁé}é&nﬁiﬁl o€t o %ﬁ’gﬂt%ﬁ:eﬁh@ﬂd ?&s"iﬁé@@b
percent of the oil forrmulation and’ [ubricating with the oil formulation,
wher ei n t hecighigzarcest abibkioilyfouhulaten;oi | fornul ati on as neasured by %

viscosity loss at 10 usin t he. KRL Beari.n hear Tes 5 A-99) is
| ess than or equal Cg% 9%&“‘11%%)“%1'5%&%‘%’?3&@? 8?5??8%051

formul ation w tRhdranahah&r shalty SF @ bil Fornf@Mnl i hghsured by %)w@wsay ning a
netal | ocene HVI-PAO with a viscosity greater than 125 cSt kv 100C and a

vi scosi ty lpsrdeix ] Peatsing theanRigBearing Shear Festoléitdi hi-hgAadYeis dass hagerst ock
wth a vi S(g?ﬁl't%)i 2f at | east 2 ¢St kv 100C and | ess than 60 ¢St kv 100C
wherein the second base stock is at |least 60 cSt kv 100C | ess than the
met al | ocene HVI - PAG, c) obtaining a di-octyl sebacate ester with a
viscosity of at least 2 and less than 6 ¢St kv, 100C, the ester ciorrprisi ng
more than 10 wed-ght D eidrprmapationsascardiag t9oClpln ghtWhsasiaehe metallprsng |

formul at i q‘@VPpg hasav1$c)os#?%gf%q{e?ala§1n%0%§{ﬂ/ Ilé@ @'e HVI - PAO wi th the second
base stock and di-octy cate ester wherein the shear stability
of the oil fornulation as neasured by % vi scosHy | oss at 100C usi ng the
KRL Beari ng Shear C L-45-A-99)..is | n or e to 1. 7%

15 The et hod o O it 4 GBI IHRERERS 10 S DR R Tasiagefs Rolar

vol atili tm@gmg@,g%&f 200C | oss of 20 per cent and | ess. 14.The net hod of
Claim 12 wherein the oil fornulation has a Brookfield

4. The oil formulation according to Claim 1, wherein the second base
stock is a PAO.
5. The oil formulation according to Claim 1 wherein the second base

stock is a Group III base stock.

6. The oil formulation according to Claim 1 wherein the second base

stock is a GTL base stock.



vi scosity ASTM D2983-7, CP, of 40C of 13,180 and | ess.
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7. The oil formulation according to Claim 1, wherein the oil formulation

has a Noack volatility ASTM D5800 of 200°C loss of 20% and less.

8. The oil formulation according to Claim 1, wherein the oil formulation
has no olefin co-polymers (“OCP”) and no poly-iso butylene (“PIB”) viscosity

modifiers.

9. The oil formulation according to Claim 1, wherein the oil formulation

has no viscosity modifiers.

10. The oil formulation according to Claim 1, wherein said HVI-PAO is
characterized by a viscosity index (VI) greater than 160, as measured by ASTM
D2270, and by at least one of the following: 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, a pour point below -15°C, a bromine number of less than 3, a carbon number
ranging from C30 to C1300, and a kinematic viscosity measured at 100°C ranging

from about 3 ¢St to about 15,000 cSt, as measured by ASTM D445.

11. A method of improving shear stability comprising

obtaining an oil formulation comprising a metallocene HVI-PAO with a
viscosity greater than 125 ¢St kv 100°C and a viscosity index greater than 195, a
second base stock with a viscosity of at least 2 ¢St kv 100°C and less than 60 ¢St kv
100°C wherein the second base stock is at least 60 cSt kv 100°C less than the
metallocene HVI-PAO, a di-octyl sebacate ester with a viscosity of at least 2 and less
than 6 ¢St KV 100°C, the di-octyl sebacate ester comprising more than 10 weight
percent and less than 30 weight percent of the oil formulation and lubricating with the
oil formulation,

wherein the shear stability of the oil formulation as measured by % viscosity

loss at 100°C using the KRL Bearing Shear Test (CEC L-45-A-99) is less than or
equal to 1.7%.
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12. A method of blending an oil formulation with favorable shear stability
comprising

a) obtaining a metallocene HVI-PAO with a viscosity greater than 125 ¢St kv
100°C and a viscosity index greater than 195,

b) obtaining a second base stock with a viscosity of at least 2 ¢St kv 100°C
and less than 60 ¢St kv 100°C wherein the second base stock is at least 60 ¢St kv
100°C less than the metallocene HVI-PAO;

c) obtaining a di-octyl sebacate ester with a viscosity of at least 2 and less than
6 cSt kv 100°C, the ester comprising more than 10 weight percent and less than 30
weight percent of the oil formulation and

c) blending the metallocene HVI-PAO with the second base stock and di-octyl
sebacate ester,

wherein the shear stability of the oil formulation as measured by % viscosity

loss at 100°C using the KRL Bearing Shear Test (CEC L-45-A-99) is less than or
equal to 1.7%.

13. The method of Claim 12 wherein the oil formulation has a Noack

volatility ASTM D5800 of 200°C loss of 20 percent and less.

14. The method of Claim 12 wherein the oil formulation has a Brookfield
viscosity ASTM D2983-7, CP, of 40°C of 13,180 and less.



