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LUBRI CATI NG O L COWPGOSI TI ONS FOR | NTERNAL COVBUSTI ON
ENG NES FI ELD [ 0001] Provi ded herein are |ubricating
oi | conpositions for internal conbustion 5 engines.
The conpositions provided herein conprise a Goup |11
base stock and a conbinati on of ester base stocks.

Met hods j S | ' [

compos: t UL AFINE DI BRrRASritls s R ritnar

[ 0002] Hi gh out put eQEIYMBUSHON EXCGINEREr wear

protection and | ess energy | oss 10 under extrenely

severe operating conditions. The |lubricant oil

conpositions for such engifggrgyre required to provide

extreme pressure performance but w thout the

rosio :

O oy e TRt o 6fic ity iSO, Ry G Fcombustion
engiaty €Hid @nglosiiohs prividedbhetraa tomprisial Group @d biase stock and a

ssen i cles. s formulated. in this . .
colRRREPT AbeTiB LAt ﬁ@ oy drgkireed Yinghe ippigating ot
coﬂﬁ&&ﬁ&ﬂ%@@lsgﬁe&%édp' aced on racing 150ils.

erefore, there is a continuing need for new

lubricating oil formulations that are suitable for
use in high output engi BACKGROVAFY OF THE | NVENTI ON
[0003]In a first aspect, there is provided a

[0002br i cat iHigh outhutcargnasiréquire higher weanpoicsiimgaral lascnmrgy loss

Il base oil; and a conb nati ?FE'F f est er, base stoc

ungig s FRCISY B OpGTHARA SEROTS0 bf TeheiGant oil compapippns fpr such

enSALLAre li’&%ﬁreé E@ﬁx‘&vt&véxﬁgm% IRQERE perfiin®mes blividout thkQorrosion
cSt at 100 C, (b) an ester base stock having

imkaat efrathecextiessayissyrerdigegise fluerent taging ©0s axs foOnWsted &y modifying

100C and. . b t hayi s
U T e
madabR0A bbimalls Qﬁ@Bﬂicﬁﬂ?@ﬁeet tHegleffoinSaniet @¥maRL: Maced on racing

met hod of making a |ubricating oil conposition
oilg oPrE i dhareiis asqampinpingmiesd fry nowilybricatipg ol formulaipss that are
ion of ester base stocks,
sul beerféjgﬂgﬂ(?ﬂl% 1-%19{'% ontscorrprl ses (a) an ester base
stock having kinematic viscosity of 2-10 cSt at 100
C (b) an est eSUMERARY @k THE INGENTIOMNL i C
"viscosity of greater than 10 to 50 ¢St at 100 C and
[0008) an ester Dasefisd Qﬁiﬁedﬂ,athef‘eg iKpRefRt £ IWrkensd ty! &mposition
greater than 100 cSt_at 100 C._ 5[ 0003b] Provi ded
cORBRENg aabeoupuBE ibese ioHy aed 12 ewsmhiBation; enestembase ptesksdwherein the
n and friction reduction to internal
Co%ﬁ%‘%%% n&{legngl nes. In one enbodi nent, the
| ub(ai)@atelsn&gbsgeIstabkﬂiaOMgﬂmmtmozmbm@e)faz @& cltpt 100 °C,
base oil and a conpination of ester base stocks.
[ oo anestarhags stosk gt anaticneseriby BF eropicp dhan 1 fo 50 oSt at
106@9 gsent in an anount 10 greater than about 50%
%o or about 70% by weight of the lubricating oil
conpsintekienbase stock having kinematic viscosity of greater than 100 ¢St at 100 °C.

[0003a] In a second aspect, there is provided a method of making a Iubricating oil
composition comprising the step of mixing:

(i) a Group Ul base oil; and

(ii) a combination of ester base stocks, wherein the combination comprises

(a) an ester base stock having kinematic viscosity of 2-10 ¢St at 100 °C,
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[0005] I'n certain enbodi nents, the conbination of

ester base stocks conprises three or nore ester base

stocks. In certain enbodi ments, the conbination of

ester base stocks conprises three ester base stocks.

In certain enbodi nents, the conbination of ester base

stocks c ' ‘hakd : |

i nomat | COTL SRS bt dp SRR QRRE BIQEHy DY than 1010 50

(ii) an esterl(®a’€eamskt ock having ki nematic viscosity

of about 10 to 50 cSt or, greater than 10 to.50 cSt a

200" ¢ and<Y i et daseniodr bt e Eimg e SR RRE 100 oSt at

vi scosi tyjgafecgr eat er than about 100 cSt at 100 C. In

certain enbodi nents, the anount of the conbination of
[0883dr badbovidetkereinmre hbribating dbtonmysisions Suhpreyide e

IS lLess than abgut.50% ight of the |ubricati .
P RP g BROT Rt g e amrarclbolim s Th o R aament, the
luB¥icating ofl @BRpHAti b codfprins bk EroRHEb&E ks diatohdbenation of ester base

| ubricating oil conposition is |ess than 5 about 45%
stegdut 40% or about 35% by wei ght of the |ubricating

oi | conpositions. [0006] Al so provided herein are

hods | I ' ' j j t] i '

O podr sah oL 2 ol i BERAEl g p ol amount
gredter thah bt 80% 6Q8H ok hbodd 8% i Weightnat thdjubsicating oil compositions.

conbi nati on of ester base stocks, wherein the

1040t i b grEan Empagients, s Tabriafion oo Yasg o Colfbrises
thRe bE moPASEr PhQCHodQ. MU KhBEIRELE, tht $68BinaMo®bf ester base

greater than 10 to 50 ¢St at 100 C and (iii) an ester
stdzks eorspibesk thraw evter tebnistnelesi dn et sinbgdinfentyy dgtcembinatian of ester

ST AT AP N

at 200 POYEY AfbstG VA GbEIORavaIdkiAem M d Hsdodity b€ abbitd 0ab 150 ¢St or
conpositions provided herein. In one enbodi ment, the

graaerbamiie Pomef 5 handdiigangsicapaicptasl hafiiag kinematic
| ubricating oil conposition to the engine. In certain
enbodi ments, the lubricating oil conpositions
provi ded herein are useful in high output engines,
such as racing car engines, sports car engines and
ot hers. In one enbodi nent the |ubricating oi
conposi tions provide higher wear protection to the
hi gh out put engi nes. In another enbodi nment,
| ubricating oil conpositions provide |ess energy 20
| oss under the severe operating conditions of the
hi gh out put engi nes. [0008]In some enbodi nents, the
| ubricating oil conpositions disclosed herein are
substantially free of viscosity index inprovers. In
ot her enbodi nents, the lubricating oil conpositions
di scl osed herein are free of viscosity index
i mprovers. [0009]1n certain enbodi nents, the
| ubricating oil conposition disclosed herein
25further conprises at |east one |ubricating oi
additive selected fromthe group consisting of
anti oxi dants, antiwear agents, detergents, rust
inhibitors, demulsifiers, friction nodifiers,
mul ti-functional additives, pour point depressants,
foaminhibitors, nmetal deactivators, dispersants,
corrosion inhibitors, thermal stability inprovers,
dyes, markers, and conbi nations thereof [0010]C her
enbodi nents will be in part apparent and in part
poi nted out hereinafter. DESCRI PTI ON OF THE DRAW NGS
[0011] Figure 1 depicts a chart showing the results of
MIM fraction tests at a 5SRR (slide/role ratio
bet ween ball and disc) of 25% for conparative
| ubri cant
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conpositions and | ubricant conpositions provided

herein. [0012]Figure 1 depicts a chart show ng the
results of MIMtraction tests at a SRR (slide/role
rati o between ball and disc) of 50%for conparative

Vi%?zgi&if ; néfﬁé‘? ogé%ﬁglgi%]nagilé@ E’(;I %a%:tgﬁﬁg?nr‘gﬁg%%lgtg,ﬁhe amount of
the BRVMbiALiISE dsfp BhdeStks Mi: ﬁlfb@ﬁ:ﬁﬂi]%“@ﬁ 8sthfostiondis ®sRthan about

(slide/role ratio between ball and disc) of 75%for

508ohpmcrhi vEthe lidriceting oit opppesitionsndn getthin gipppd&meats, the amount

o PRI URBR R M riob6 PR ARG RERL e e
abBut 45%, ABBut( A% AR 85%Hy weifigtoperdubabdtingnll dingoitiohs.
100% for conparative |ubricant 15conpositions and

| ubri cant conpositions provided herein. Definitions

[09@d15] To 4lse pravidsdeicrep aigrarshadsa drakin ol bR FRUNg g ogpositions.
Inggé%goﬁkusé‘ﬁ{ %eerﬂe@xggsgff&ns%r?se %? %gli)élg% a Group 111 base oil; and

reviations or of ort u erein are
(byleéomiedatial efrestefbysetsardks, velidein vheatdndrindonsioorrisen di) an ester
not defined is understood '

h ]
‘Daffeet RpvITE KRERAES M HOSRY P b0 040t il Colil essten s ok

haWn]g}Jﬁéﬁﬁlﬁm&ﬂ W%Qitelt i 1 ARPYD &Rtk 000 °F QLG Y A ester base
m or a

or anount’ ase ol refers to the anpunt of
stdchédabiag &iminaticyisbsityeafdreater than ¥9béSttah&00 UBr (seatubpgection D,
oi | E i osition. In some enbodi nents, "a major
p of a base oil refers to an ampbunt of the base
oil nore than 50 wt.% nore than 60 w.% nore than
[0FETIW . % ATRS Brdvidtid HiNhreYdetRsds BT EbridadiAg 98 intérndbdbustion
the lubricating oil 25conpositjon. [0017]"Sulfated
engigh v riubrieating sfilegompositionspraivisied thersin. ot cebrianertthe

ditives. (& | ci L i- um .
A
ceiBiaeuhedindatqrith Mg taindSTINMobg6ditionhipohided herein are useful in high

i ncorporated herein by reference. -3-. @J;g)rgifls A
OUERBREINES, SYCN AFARCINE CHSYBUIERIPOTAT $4f eppings angothers. In one

enftRERRYE e 1AL Rin Qi ARRES bODiQUTaly AN BolBgPoShe bigh
oulpes sngiha 14 anbthes erhlesEmbhahibBicatingdgil ¢camspositiomn pRovide 1945 energy
| es ttgan 1 M.%‘Iessdthan g Slh\rlél.o/ | ess. than 0 1
losgungger the seystsopgrafipepepdifonsphihc SORES based on
the total weight of the 5conposition. [0019] A
[060B]POSI t iIRRohB3Mbodimdnis the 1Qhricntide BHASREoEIEDEY disdiGsed herein
composi tion which contains from0.001 wt.%to O w.% = |
argfubstistidbnfseueityisteaie inden impreverst dn other grbodimentgdhe lubricating

.conposition. [0020]1l.n the fall ow ng. i.ptiqn, all
oif RGP oh? Sisp SSRHEP e e & it APimdER BhiphLAT, 2
regardl ess whether the word "about" or "approxi mate"
[0b®]used iTh ceiin@aibodimdne tesiublicatiieyl csmpovitioy disyloted herein
percent, 2 percent, 5 percent, .or, sone‘SNiﬁnes 10 to . .
furgher sappsines atygmehenrdpbrcasingeiladditive splgaediiom the girpgconsisting
of ahiftlidar opti 806 ARURREreCo ekt ifbiters, CpRi RS RicAGH
metifed aseli-funotiqal hdditivar pourhpeidtdepevdanty, frambighibitors, metal

- de%%létl;g?sg Edlgaeg_e%%x]t%,e W%%i&%g&l%b{t(l)r%?tlhle%laq Istsélgh%sf %gf)rovers, dyes, markers,

and combinations thereof.
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15 k is a variable ranging from1 percent to 100
percent wth a 1 percent increnment, Le., kis 1
percent, 2 percent, 3 percent, 4 percent, 5
percent,..., 50 percent, 51 percent, 52 percent,...,
95 percent, 96 percent, 97 percent, 98 percent, 99
ercent,_ or 100 percent, Myreover, any nunerica
{0018 ,ge dé?tﬁ?re‘an IGRSs WK b Pt aRpagrdf Ak nagt nogted out
her e is also specifically disclosed. 20DESCRI PTI ON
OF EMBODI MENTS [ 0021] Provi ded herein are lubricating
oi |l conpositions for internal conbustion engi nes
conprising a) RESCRIPTION QHSBIEIRRAVENGD) a
conmbi nati on of ester base stocks and optionally c)
[00de or rRigwee lluepiceat chagt sholvimiiie résvlas of MITAM @actidnhiests ata
conmhi nation conprises: 25(1) .an ester base stock
SRIf AR RS RO AR sy P BV dppeBr g Qugent
comiploilioRllrfiThBHlcaiPEfn s Rdns BN Rerkihnemal i c Vi scosi ty
t 100C of 10 to 50 cSt or greater than 10 to 50 cSt

and (iii) an ester base stock having a kinematic
[0012]scosi thygwe 1 HepiCtsof chgwisshbwing thamesti9oLIFIM trActiohests at a

t.ock. [.0022] The G0 I e oil is scri bed
SRI e B0 R i RN T PR RE o0 P apsry e Seet | o
compoSifionsléidubiiant SdtapNRRER Grovilied Kdr&dp |11 base oils
are defined as having the follow ng m ni nrum
characteristics: >0.03%sul fur, >90% sat urates, and

100350 5 Jiigeedidepictsrsehart sheweng e assalizioby Tivh ragtepests at a
: o S}
SRISEH B0 e TRt tAA dich 0B s RUBL LG A e tdant "

comipbditib@sanddubridast admpesitsins poovitedhbdeiny wei ght, and in
one enbodi nent at | east about 98% by weight. In one

odi i, ot sul fur content .is up t ut 0.02%
00§ "vei giieura g erao s retis VIS Mot tests ata
SRIO(:BaAANY iR tikeen! tHICRE cﬁ?ﬁlEg ol i 0®Ntfor ddASaVdt®e Nftrichnt

index of the 10 Goup IIl base oil is about 125, in
compagtiprs andrrdtiantenmpaepitaans provilethher@0. [ 0023] The Group
I1l base oil used herein is available froma nunber
of di verlf,e%n?j& Les. For exanpl e, the base oil can be
manuf actured using a variety of different processes
including but not limted to distillation, solvent
[001531 i ni ndlo thyititangthe yptdasasdinggf tid sudEpremhzatdiwinsedhetein, a
erefining Rerefined stock is typically subs tiall
numpPe! PR ARECHARER ol SO sho R UP# %%aﬁ are dcted Belot. Any
ternITRPBEAGLAN bNGortE 2R AT JRBhL PR ur@ErsRIo8 b B4R tHS Brdinary meaning
[0024] I n one enbodinent, the G oup IIl base oil I
useddesr 4 skaded artisamamiemaporhndons eathi the sdinhissiors yithisepplication.
| ubricating oils or mxtures thereof The |ubricant

se oilL§ .include bhas t ock bt ai hed b -

0080 mert > BendRr Boug ERe B R N BF Skl st at
leasio®) WY SIThabbatLitaGEEcdthpdsitis duGeshe RyboNGHDE, ac liafg

the aromatic and pol ar conponents of 20 the crude
amogpy” of pipasesibreberh i ginemarit O ehe ase aelinyere thanal vedanppes, than 60
m.%)ldlg’re Qﬁa?lpﬁf&g” of LR gﬁg%’%ﬂ‘%o& J%X{éttﬁﬁrc' SFwh? ooocfetﬂéjfu%ﬁ ating oil

usi ng carbon nonoxi de and hydfogen gases, for exaone
compdsior-i sher Tropsch process. [0025]1n one enbodi nent,

the Goup Ill base oil used herein is derived from

tural stacks (as opposed to_being derived from ..
Iﬁﬂl?i}l nt het | Suldele e%sfao}ﬁ% drefegs o R@EosTicH mealgpptatpipg additives
o €XNkiRigt ~Rer 9 L SGASITEN -
(e SR ook RR ARG, A, PR WARLARTLEL & Whically
meajthed a@buliag td ASTMCBRTAgvloch & incwpodeddriamby oifétsnce.
vegetable oils (e.g., rapeséed oils, castor oils and

‘lard oil), petroleumoils, mneral oils, and oils
derived fromcoal or shale.
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[0027] The base oil may be derived from unrefined,
refined, rerefined oils, or mxtures thereof |In one
enbodi ment, unrefined oils are obtained directly from
a natural source or synthetic source (e.g., coal
shal e, or tar sand bitunmen) w thout further
purification or treatment. Exanples of unrefined oils
0018k | ude 4 compPEtion thab i srbtantiglly deel 9f seqmapguad refers to a

congﬁsfe{go:n: vgkg?ﬁ)p&{t%ﬁé R:@? }h@n BS%.%,QQ@!;Q&A I(P\m.%', Fé%g tagiSnvgtd%, less

romdistillation, or an ester o
thad HrvetCh) lgssftham3 an.%gdewmnthdn Tot.tgtesp timadsst. Y lshthah 0.5 wt.%, less
i.ch then be used wi.thout further treatnent. .
Ry Vel G 8 im0 0 A 6 SORBOLHHh SRreath 1f F el ciigiof the
cothftRftignef i ned oils have been treated in one or nore
purification steps to inprove one or nore properties.

Suitabl e purification techniques include - _
[00d9kt i | | africomposifign gt & ifea] of 4 cothpalmdireletst toragromposition which

ewaxi n al vent ~exts.act, on, acid.or bas .
corg e EL BN Frth g A P Bkt G ol weighgf he
comficitlonown to those skilled in the art. Rerefined oils

are obtained by treating used oils in processes
simlar o those used to,obgﬁin the refined oils.
24}

[0030kse r elndhs frllpving desgripti DRASGES disclased hereppare gpproximate
5 s Eron ara b |

valfiEPFRSRASE WnOinPud el -4t 260 BANIH AP RS e PRARRARRn

thetevathk ddaam npryospcbys | pifseitDD 28icBats 8 poicknicler, soreckithe i) to 20

th droi soneri zatj on of. wax may. al be, used, .. . _u.
pergi, ik & el Wk Sm o R e SR imit, RY, is -
dis@BYAOinySM KR FAIAn® A% BirOthb rang ¢ spaBifichIBPABEIBLR. Fh badtiRular, the

produced by the hydroisonerization of natural or
folloyingambersvaitbin the ranes arerepscifipdiedisclengdy RaR +k*(R™-R™), wherein

iy b RIIRRE REPO i8R Y o portRE I ETB S TherBlPr . ki
1 pbrebit 32 Bddent 20p&icbitd4 pdGentaf Perbent 13, H3Rrechk SIPeteit, 52

Goup LIl base oils 1nclude UXBO 4R UCBO 7R TEXHVI
Peregiibe k8 PEIFER. 46 pPrESah AT pooet( Yhpsreet. Aoncecent, ppa 00 percent.

MoYdoVE0 Shy Hur : % i
RS o 00 0200 M Rl M e s e
spelMACHIWVASclbEedHYI 90N- 100N (100% sat urates, 125

vi scosity index and 0.01% sul fur); and "MOTI VA"

TEXHVI 75N (10Q9 j ' i ndex and

0. 0% sul fur). Bﬁ%ﬁéﬁﬁ@ﬁ@bﬁi@@%up |11 base

oil used_in the lubricant qil conpositions provided

{00pL ei n i Rrovideddere g lubricatng pil compaiqng fekinfesna) combustion
e g ) & o Bl oy ) A mEPaRn ool b Stocks
andt dpgionalyoe)tond @vartoye tubtiadtingsii badditofest Wiereiotposimbioation n

certai n enbodi nents, the anount of Goup Ill base oi
CONIRIISEHe | ubricant 30 oil conpositions provided herein

IS [{PArfestd? BRscARQU hav BIP DYintRhR vivRIsBRht Aot Re2-10 ¢St

conposition. In certain enbodi nents,” the anount of

Gr ol ah|estepbsse Btk havinge Kinepraticanscosity bt WP o k0 ton¥) ¢St or

royid h i.n 1s about 50%to about 90% by tota

ge\%&%‘ﬁ? ?@fo ?@‘gétc%lﬁj;osi tion. In certain enbodiments,

t hegianmigtter GasdEt0PhAJihg RERNAkIL visdodiReat! 10010 68Btca®t than 100

conpositions provided herein is about 50%to about

70%Yy total weight of the composition. In certain

enbodi nents, the anobunt of Goup IIl base oil in the

| ubricant 5 oil conpositions provided herein is about

50% to about 60% by total weight of the conposition.

In certain enbodi nents, the4amount of Goup |1l base

oil in the lubricant oil conpositions provided herein

is about 45% 50% 52% 54% 56% 58% 60% 62% 64%

66% 68% 70% 75% 80% 85% or about 90% by tota

wei ght of the conposition. In one enbodi nent, the

amount of Goup Ill base oil in the |ubricant oi
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25 having kinematic viscosity of greater than about

100 cSt at 100 C. [0033]In certain enbodi nents, the

anmount of the conbination of ester base stocks in the

| ubricating oil conposition is |ess than about 50% by

wei ght of the lubricating oil conpositions. In

odi nents, the anount of the conbination of
A‘ﬁﬁ?é ‘H%Qggstocks in the lubricating oil conposition
| ess t.ha SOW about. 45%. 30 ahout_40% or

[‘"’%@out 35589 yrHB gmﬂ%@ serifsidine e Agersan Peiroloum Institute

(AHEF@&%&&PD@Q h@'h ¢afddl Ap &{3@9@ E&Sﬂu bAL oAV A HeAREd as
t he

e conbi nati on of ester ase st oc
havtnﬂihe Eadtovigg widinponplesidt¢rostics: sEOa(B(%J sulA99%5 908h caitiratesdsnd >120

V‘iS(‘é)é 45% d%%g}ntngag) th%ggﬁ\/g odggg u ggﬁo/le %g]gjg%Publicaﬁon

1 50@ b QIU bn@&%ocﬁﬁ@ﬂﬁ 1hR0Meur@BOsnt kR Yt Bl GBAHIIT AW Yis at least about

i ght of the Iubrlcatlng oi | conpositions. In one
95%hﬁmgbérwld in pae smbediment @fleqsh@bw@ AdYortetwaghtoflnese er

e 85 ST el 100 BB B by SR g R BB

emifidimeipas abé .o IES be mfebg&ﬁ ehsémdfﬁbdammﬁgthlé ViR B®ityl iidex of the
viscosity, of 2-10 cSt at 100 t [0034]1In certain
Groypi drsredit 15, abphiel 205 trenoffies embpdidnenh isany thamkitat i c

VISCOSIty of 2-10 cSt at 100C conprises an ester of
[00@3]' phat i T:hedle%%ﬁ i vacd G gy H@‘Q&é iskfbafl 2810 %n?é Ql.%bélrQ)f diverse
and an al cohol " having 4-14 carbon atons. In
sousgh obdmeample; the bmsé pih atn be tizbalsttoredaisihg zfmrletbgofzmﬂférent
Aari

R R LW L —

oligBficflzatfipband rdfiifh. RALARANREMIOI Sy RGN sub QSR EAY 9 Fotm
acid, brassilic acid and tetradecanedioic acid:

materglpiteeduesd thromeh ineaskiGicEringy FoTHaMINaors A PrAYIQUS 0Ne

i ncl ude n-butanol, isobutanol, n-anyl al coho
[ooizﬁgaoﬁyh'exlg'nﬁﬁgﬂﬂb ﬁj‘i‘n ﬁ{@'mu 1193?851?3{4 U5 AR Som natural

Tubnietiny bﬂ;/,@brmﬂlebxcahxbhpat[mgcmlsmﬁ @luxtudﬂ:srtﬁél’ewﬂ Hehedobticant base oils
i St ek 2 S A e oentare " ectane
hydRPHRELFANO0bils ﬁo@ﬁ&:ﬁl g%@f&kack{r{%otgg £RRRYC %ﬂﬁ golar components of

i sot et radecanol n one ernbodi nent
thedmésDérHy&mcmhomamnb@m@bbamma& ﬁn@nmnpkseﬂﬁﬁapmpmﬁbnn
i ds and, al cohol s nclude for

di basi
hyda%ce:%%é?s@galwfs duﬁ%ﬁ lgéqgecar I](%;On%ikh?}} 0 en gases for

| exaﬂﬁleﬁﬁ%@wl@f Flop3chBiodaydsbut yl ) adi pate,

(2- et hyl hexyl) adlpate di (i sononyl) adi pate,
dl(lsodecyl) adi pat e, %unde ') adipate,
[00ZR](t r i ddByn§ cabpshimeat, thi haseied ybod hetgipag derived from

s ST O 2 AV Bl LS s st s
thatatzesdhaile thelpdrBrmahbyadiniydopitppebaictrs @H syatetibphdwi| )
azel ate, d|(2 25ethy|hexy|) azel ate, d|(|sooctyl)

el ate, i.son ate, di(i.sodecyl) azel ate,
l"“ﬁ(t ri déEW iR 7B @enaq Fhﬁ Nediral g@@mgw ds jrclude animal oils,

t
vee PO b PR S St R R R GBS e o
anddﬂ§dmxeditﬂneﬁﬂythbdyl 2 propyl heptyl)] azel ate,
di (n-butyl) sebacate, di(isobutyl) sebacat e,
di (1-et hyl propyl) sebacate, di (1, 3-nethyl butyl)
sebacate, di(2-nethyl butyl) sebacate,
di (2- et hyl hexyl) 30sebacate,
di [ 2- (2- et hyl but oxy) et hyl | -Sebacat e,
di (2,2,4-trinethyl benzyl) sebacate, di(isononyl)
sebacate, di (i sodecyl) sebacate, di(isoundecyl)
sebacate, di(tridecyl) sebacate, di(isotetradecyl)
sebacate, di[m xed (2-ethyl hexyl, isononyl)]
sebacate, di(2- ethyl hexyl) glutarate, dl(lsoundecyl)
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Ester base stocks having kinematic viscosity of about
10 to 50 cSt or greater than about 10 to 50 cSt at
100 t [0037]1In certain enbodi nents, ester base stocks
for use in the conpositions 10 provi ded herein have
kinenatic vi scosity of about 10 to 50 cSt at 100 C

cert n enbodi nent s base_stocks for use_ in
l“"%ﬂe conp B e R 8 %@H@%g%i HIEReE- tefinedretichned oils, or

m1§f&r§§ﬂ’1%fetoy B orldle {mérﬁaﬁ}m LoifkQrd tgige(? ﬁre&‘]{y 280 a natural

In certain e |nenis the ester ase sto
souh:a\olr synthétivesoatee de. gJ soa:lss;haje of tag saatletuntehawithOut forthe

puriiri oy Beraies phouBueh Bl ed: 2 Thu 6L fbmingd dirccty

froRa%8to efa%h IR bil ©bMiRAR LYy ﬁBmQﬁ&ﬂIa@ibntJ}%B ester
10 to cSt O C conprises, for ‘exanpl e,

otl ‘Pﬁﬁ‘ﬂ%dly@dﬁlw |ftcn,slll an ¢$tﬁ@ﬁ¢a}nloo Ipr(me@qo aavh ofrvehictenpis mepl be used

wich fftncf B S50 s e o B EPEPY et

refifedbiBf Hand ﬁb&ﬂf&ﬁ%@‘ihloﬁe A€ hibr&pludfication steFORAMPIGFe one or more
haVIn%%S:VISCOSIty of about greater than 10 to 50 or
Propgsties: bls pypfigiondechngqes gnatude digtilleHon.dydegsracking ed

.
by dp g it Fanessp P R gld ofpdsCgamston. ftgpion, g
perdjadiongaihof whicl laregitroinm to-thoschrlEG)Zn B2 a0 ReéFndddbils are obtained
wherein R2 is aIk Iene nd R4 may be {he sane_or
by tgafing bk JR PSR ERIISF rm%oseawd FRb(E (R it oty These

rereﬁﬁgd s B 81sEKR0 R as 2hiheA R rébr&@k’seﬁ lts Qﬁd 5?&?61% radglﬁonally

ferent 'and are each a positive nu
Pr0®@$dddqyrte@mnm¢s herremovalhd spend Iaédnumémrxdanljmgkdoavnqnodhcts
ester copol yner conprises an a- olefin with 3 to 20,
i anot her e 8 car-b
[003] A0 N5ise SRR b (R heariRoBiaRin o S ragalso be used,

eithdr f16Md @118 cohbhie¥en@ithkhd eptien end/dr sy‘ﬁﬂieﬁél BaseloiNOMRAGvax
1-decene, 1-undecene, 1-dodecene, 1-tridecene,
isomerpleoilds pradhesd by the dpidinesrssization ofsegtralasisgnthetic waxes or

mn%ngﬁméégfgﬁgﬁé%éﬁ? %@%ﬁ%ﬁ@ﬁgﬂéygpnadecene and

el cosene nent, the
a-ol efin/dicarboxylic acid ester copol ymer conprises
[00Z8] car boxBHanplacif drhey [Th @as&mikstakwﬂiedeseldi mkEgeatent nos. 6,503,872

o TIPAET la ME LGP S TSE SO BTG e igoo

TESANY] blbaIE0 Nk a@q@mmm@ﬁ (85RQdiveRE 128 bﬁcosn;y mdex and 0.02%
di carboxylic acid forns an ester with an al cohol

sulfay T N @780 satntsitns, hli)WSCOSItIn irglestahé 0.02% sulfur);

" X I|c forns. an este

METREE TRRITTORRED AL BN witbfy iRl gRR oS p W

and MDA TEXHYE mgaml sat&itbﬁl’lQB VisRb Y AR@Ex ardUl.@aGkifur). Tn
pent anol , hexanol ept anol, octanol, nonano

one gEeaREICL HIGEARdIT batoat dassbin the hibgsintelcompositions provided
her ﬁg[ﬂggéﬁﬁg eg&}a@ecanol hexadecanol ,
e e

ept adecano oct canol , nonadecanol and ei cosanol .
15[ 0042]In certain enbodi ments, the
[003H ol ef i Anh dertdin bobydintenas itd: asdat of Gpipiiesast 6il in the lubricant

oil compositions provided herein is more than about 40% by total weight of the
composition. In certain embodiments, the amount of Group II1 base oil in the lubricant
o1l compositions provided herein is more than about 50% by total weight of the

composition. In certain embodiments, the amount of Group Il base oil in the lubricant
-6 -
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prepared by copol ynerizing the a-olefin with the
di carboxylic acid ester by nmethods known to one of
skill in the art. An exenplary process is described
i n Japanese Patent Application No. (Sho.) 58-65246.
In certain enbodi nents, the nDIar rati o of the

lic acjd

a-olefin (x).to.the ester éﬁﬁ di car box [
oil gognposyiong prpvided hgredipjsakppt wl?%lﬁ?% b hm@taﬁwewhh%@he
e t
con 508 HIRUBSH Aot A8 bl 0o EPRELIRR b hoan

oil gmysisitfons prsiladdreesdimisi abotiKeEl % enhhine 7(1%5557 tatabwb@ht)bf the

con}epi%ftsigi% ° %r}‘glﬁijg | g%iigx@l&@ tﬁ? %B)?)%%tgof(:f%g ¥I?E m tlge l?llgncant

oil EeRhRIsitRAs Ero‘if‘id&@i‘h%réi‘@i‘s' ABGuts (VG IR hbcut EO%%@/&kaw&ght of the
greater than about 100 cSt at 25100C. [0044]1n

Conmslttiann Ieedyiadhi erobedimentssthe stonnteideronp Ut kadeayl indghe lubricant

o SEART O HAT B SR AN S0CE b o

6498 566% 0986 9084, 96K 803, FNUMAbLR JOPELPIotA kididht bR tHe®mposition.
art . Exenplary conplex ester base stocks are

In oge gbpiaent, ihd mnpetof Crow [Ebog 2ilin §he Ibrigsrkoil compositions
& r epared
proﬁﬁp@ﬂér%qg ab&LR s4ﬁ dg@g )(; goté%p\xééj %rf z%:rcg)llén ?ltlgfl
gener al fornula R—(CPDZ 5 wherein Ris any allphatlc
or cycl d.atopthdbationyfhstedraey ktogkoup and n i s at
| east 2, provided that the hydrocarbyl group contains

10017V as L2 b ot e S ition o6 sitopse g0 yid in the

luba@¥p 48 Eotdpasitibhehdréh 'c@m?ﬁs&% ila4ad tBRk 2 stef bdsB8tocks. In certain
pol ybasic acid to equivalents of alcohol fromthe

emhedienis thsgambin sies base stasks peinpiiseh droresterdpeustocks. In
3 nohyd al cohg
cortipatinGgn &S Gth & MBERNSIs DRI an cster base
stockihaoing kinednaAlcoddobitt of Hgut F-aDest & 100 "Ch@l) rﬁﬁbytbﬁbase stock
acid is in the range between about 0.84:1 to 1,

having dansatic wsgis of hent [k ﬁmcsttﬁél%rﬁ)wﬂ@s@eﬁst%ag% stock
I b tyl
hav R RIS ik Wl ah about 100 LS B0 € e

tri nmet hyl ol but ane, 15nono- pentaerythrltol
[Oﬂ?ﬂe} nt aer yinleeitsiolembaduhadits, ﬂmﬂcmdﬁlymmmctf obter lﬁzﬁé)éiﬁdzltsmsed in the

enbodj.nent s,. the al cohol s r use, in .
tobrfiglibg ol PR iR i OO T (e 3" B8 Ry I certain
embRAHAGTts, th QAL IRRBAIEEE bl GRIRL cor @R IRty estdrGARO4SCKs. In

include, but are not limted to |soEentyI al coho
certhig shodiments émomblg@w@pzf;@lsteab@@ﬁmc s ermeprisgh: (BlapcHist base
stock%?wx?}x%tﬁne At tl_%cx)/gsg:lo fglo il]% Fs%%b Eef‘ ﬁmol gter Phsd :cs:ttogk having
klne’ﬁ;aﬁwsngcbswge@ﬁgfhatbmh@mwm 30 cHeA0Q0y PC ahe @hipdn eskes QdeLtbck
al cohol , and n-decyl al cohol. a0047%|n ope
aviggtkasasistviscony Yoirgathan abousdPYestadQY¢c acids for

use herein include any C2 to Cl2 diacids, e.g,

i pic, |
0034 13584 SpyBSREe R noeap thlguttl s

stockpipthe Yuterhibng dihs@npdsditdn aﬂe;ssmhmbbecﬁd% byweide loﬁthe

1ubrﬁ:a{] d rgi ggwygql’lﬁ‘t&%r I gﬁgxﬁnag %r Ibgg ad gLe, an hﬁg}{ﬁhe combination of
esteﬁﬂzﬂ‘.\é dfdcl€in AE MBHC ﬁ&?jd)l@ c@fﬂ?&@ﬁéﬂjﬁfles@ %ﬁi%gﬁ% ngl)ﬁtq% %,
ydri de, and anh i des of pol ybasic aci

abm@ 40%1 pr ahoat 3 o bm We1ghtd1ftthwkubr1¢ﬁﬁ1g8)1mmp@|smloh§z Intdeetain

| ubricating oil conposition may further conprise at

| east one lubricating7oil additive or a

nodi fier (hereinafter designated as "additive") that

can 30 inpart or inprove any desirable property of

the lubricating oil conposition. Any
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| ubricating oil additive known to a person of
ordinary skill in the art may be used in the
| ubricating oil conpositions disclosed herein. Sone
suitable addi ti ves have been described in Mrtier et
"Chem stry and Technology of Lubricants," 2nd
k}!letlon London, ﬁtrln (1996);. and Lesli
embQdHRTHR the ameRnt o4 i 8 wqweéﬁ e@ﬁ%‘?ﬁsgﬁﬁoy Saiﬁaheslubrlcatmg oil
conﬁﬁglubﬁ?st AP 45s NI @7, atMRE 853, 5@&%%%( %&Qﬂ@%%‘oﬁt 38%,
f are 1ncorporated herein reférence. 1n
abosioifds.capboidi4vedbent 3096, dbebt 28%;1 abogt ES% aabdi 23% eboar2(86, about

0 eI cted fromt. consi stj ng of. antioxi dants
1% St 4 B ST a7 BERPE oLt Jne Smodiment, the
amA@RIYF e CoRbMatibh bEEHQbaSDHbKsGh The lﬂ'b'Mdtmé B €bin ?Gﬁﬁon is about
addi tives, pour point depressants, foam I nhibitors,
38%rer aout a4bthiyweeightn! tti kipseatmgtas] camepositionon
inhibitors, thermal stability inprovers, dyes, 10

R B ATROR SR RO PR

| ubricating oil conposition, when used, may range
[0034]om abdutcefaif @inbatliniérity tlabatir ba: wbckhavinpgdineaimidtviscosity of

.01 % to ahout 5 wt m.about 0.1 w. %t
2- 1@5@@6 m@) %/&wem%m%égé:at%ﬁf/ %lwgla%fiﬁaaﬂﬁé? hevigg 4 rlr%ecagfbon atoms

I t
g

havmgrﬂpbf!sc&rb@matnay mcdwmufctmm s glut@i Ogdd, wlipie 4c0d, plysuic acid,

sub?r} q,ﬂc&%%ﬂ?lcgl@%[la a&%u }ctagl B]e) Cgi/.%é 1@8&8%%%&%851%8#6 Cﬁl%ld brassilic

acid @idaktraRtatiodd adill e Ekathples 8f 1h8 Al@hbls HAWRL 3rL1t4J c%fbon]a):oms
Metal Detergents [00501l n sone enbodi nents,

inclpdmp-buappk isobutanelopesyl eiceholpisesnglededhet, @rlwxz@ol 2~

t t. net a

o ARG A BN B KRORRSEIAIEAE ool
d1memy1haxnme,rﬁ3aﬂyniemtﬁ)1 2 he-vimetlylmtataab &db&andl, 3,5,5-

rlcatlng oil conpositions acts as_a neutralizer of
tmnﬁgﬁy ec‘fmﬂﬂ' Logerangngl 1spisranpleisgpndecippl Zspytylogtanol, md@caﬂ‘)l and

nts, the netal detergent prevents the

ormation of deposits on the surface of an engi ne.
Dependi ng on the nature of the acid used, the
[00%5dt er gerdh omaymbadisneat] dhg diestats Whick tandresobtfined feomatipise,

alipf bR g bR ot R LREN G e sine diC-
metREBRy )Rt di(DBLmemeIaas Laliipas, eﬁ@eémﬁh@fylmdxﬁaw Qfis8honyl)

neutfral and overbased detergents, The t
adipatsy di(isadesat) adpate dlpadasyD @d@@iei, détrai@@yii adlp@e hiigsetradecyl)

n n reguin d.b
adlp%ﬁeéag% i chi 0 @IP é?n‘%gl? %{f]ﬁ%&bgl Tl %reghr}(e}%e%%l lsogoth)j ad1p¥1te
d1(1leﬂjﬁptbpbrlarazaa@am’ﬁmm}dbml@dzel%edl(e)cemgiﬁmtyma@lela&xdms

ormof particles of inorganic 30 base,

ethnl%afaﬁ?%iéteo@(@a?%ﬂh arcdate.Jifisenonnl azdgte Ligsnslse ) grelite,
dl(u‘i'&‘etc? g]éé}!n‘e dJ@?{Seggf%ﬁ@%&?gy %Fﬁg}rlﬂgdzgllta%ggl[ﬁlﬁi%d (2-ethylhexyl,

par rsi nous

decylpinetdte. dl[ﬁ][l&edi(ﬁaethﬂhemjﬂ Budeyhy| anfat, dignigahieathylhexyl, 2-
o of t tal |valence of excess

d
PromvORE 1l GoeaEh L-BHBY ey i obRa D e asates G Loy BRI
VAR e e
seba@ﬂl&udh[lt@ -gihgtlbakdxyhetioy]] sdbeeaty,l di(ﬂ'iemanmsthyﬁiekWI) @bacate,

AP 1oL B RSB aet gy eate A dcey)

mul ti - hydroxy al kyl or al kefyl aromatic conpounds,
al kyl or al kenyl hydroxy aromatic sul fonates,

sul furized or unsulfurized al kyl or al kenyl

napht henates, netal salts of al kanoic acids, netal
salts of an alkyl or alkenyl multiacid, and chem ca
and physical m xtures thereof OQther non-limting

isot:
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20 3 wt.% or fromabout 0.1 wt.%to about 1 w.%
based on the total weight of the lubricating oi
conmposition. Some suitable detergents have been
described in Mrtier et al., "Chem stry and
Technol ogy of Lubricants,” 2nd Edition, London,

Sprin apter_ 3, pa es 75-85 1996) and Lesli
Sebﬁsatqaégﬁptekra @%f@bﬁeb%m ad; (gedhy w}nlwyylﬂrﬁabacate di(2-

R ERS  S  SUE

i ncorporated herein by reference. 2)Ant| Wear and/ or
[008&it r e IRrcegsinremnbagentss, 1366 8jcFtees havbnildmmiatig vicbsity of 2-7

oSt R RO BT e 1tk U & e g B @ igeosity

este |u‘setﬁﬁ@h@lﬁ%ﬁ&aﬂt Mtcoﬁﬂ}%sﬂﬁﬂé pravided héreinnis PohBE 960, a diester
Specifically, three conditions comonly lead to wear

basgoreshyirhebgin famy agidsflayme3ckinemasin fiseoeity snk(QEE of ¢ 3)cSt.
surface contact with foreign matter; and (3) erosion
CuophB B AR TR X Fbh] 1P g st
thanedont 10 @SECStaad00VCt h for eign matter is abr aS| ve
wear, and from contact wth corrosive naterials S
mo&ﬁrr03|ve wear. Fatigue wear,is an addition type. of

ar t haft PR SHRHoA! ?Pt%&EFFbWéﬁtSt%% & USGf %@gn%ﬂsglons

proWiabd Rk Hale KRR vRbsid! o?%&m@rtb 808t AERBRECTn certain
stresses for 5 prol onged periods. Abrasive wear can
emlh@ﬂpcréw,@meeuasb)stqms falusé motha nompos,mmsmroﬁdtd hatindave

anismto.renove th 0Si V
KBRS T e LEIRY Bab SR DTRS0 B TR0 LE: i PifRRenBodiments,
the Baer Hagé kid€k hiven % Eﬁ@ﬁhﬁ@vﬁ&%ﬁﬁ%‘f gfdﬁﬁi’ thaulodo gb et %196 °C

attack the net sur f aces e control of adhesive

compsiies pAyrlicstess afifed sl menaggdiorylieacidal Inoge gmbpdisent the ester
. - I P [ e .
bas B0 SR PR Vi ol oAIER YR JEo STRSEHIBEPC comprises,
for exaniyde pen@brytihitobejn ool prspmeladd heopehtyd etsicekdojuble esters of
igefrated by a luybricant film Increasing |oad,
C5 BIUAPOSHReaddr ot her wi se deviating from such
optimal conditions pronote netal -tonetal contact.
is co t
R IR e S o SR T
copblymer hados a vizcodiy df@beutcgredtettlhm dinto M srcabeint 30 @rdd cSt at 100

o N e.its 15 fil g@ln abilit In certain

C°éﬁﬁ Fﬁﬁﬂ?§31?%h§q%98 agdltlve gnd EP agents offer
protection by a simlar nmechanism 1In certain
enbodi nents, EP additives requipre higher activation
tenperatures and | oad tHai' an¥fjwear additi ves.

[ 0055] Most antlmear and [extre pressure agents

contain sul f w—jch)-etH ,Cphgs us, boron, or

conbi nations th reof glas s of compounds t hat
P

i nhibit 20 adhesi ve ncl gde, for exanple, allcyl

and aryl disulfldes | ysUl| des;

di t hi ocar bamat es; chlorlnated hydr ocar bons; and

phosphor us conpounds such as al kyl phosphites,
[003 0s phatvdsreid iR hi dﬂijﬂb hxt, 88, andid are each hydrogen, alkyl group, -
R o R e e

! i Qe

o G SR Soaf a2yt B Mgkt ymay b, e same or
def¢rmktsa)1dsm ¢zshafpoditivi |numbesphat e, met al (e.g., Zn, Pb,

Sb, Mo and the like) salts of dithiocarbanate, net al

(e.g., Zn, Pb, Sb and the FPke) salts of fatty acids,

boron conpounds, phosphate esters, phosphite esters,

am ne salts of phosphoric acid esters or

t hi ophosphoric acid esters, reaction products of

di cycl opent adi ene and t hi ophosphoric aci ds and

conblnatlons thereof The amount of the antl-mear
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conpounds. The netal of the di hydrocar byl
di t hi ophosphate netal salt may be an al kali or
al kaline earth netal, or alum num I|ead, tin,
nol ybdenum manganese, nickel or copper. In sone
enbodi nents, the nmetal is zinc. In other enbodinents,
the al ky] group aof the di hydrocarhyl dithiophosphate
lﬂﬂﬂ@t al  saPtcCHAE ephopRetithaeoiimlitarboglicaeisiter gopolymer
r o carhan, at
confsiFan, biol RN 5 28 pBREME: SERSREDRT B PRt §Blng.
Exchifatly iBolahdRRhRle pidpyldne, { Batcher-pinead] MBtshe, 1-ABptene, 1-
alk¥l group is Iineaﬁror branched. [0058] The annﬁ%t
octeste, {enefichy-deessar byindetenhilopidsepisal-&idesens, 1gefradecene, 1-
' [ zin iaklcyl ,dithiophosphate salts.in
penfEtal PHekifeblo o Bios i ¢ Mokt EROF RedRdnd iifleosene.
15 neasured by its phosphosphorus content. In sone
[00&11bodi NMElRtoRe ebnibe dipies ahe &RNefin/Gics:dbt ARt acef estdt@opolymer
lubricating oil conposition disclosed herein is from
cominisgs digarhaxyhic. apad eavangin ethylene hpkags. Franplapelthe dicarboxylic

Wt %0 £ O . % fr . % -
ecidfincfpd SRy sitalGoc adPTRC Bishoche i d faconi
acid. Ulprdne @tribodingnt, thodigadokyltnacid GRS hd bseitivhly di akahdiHaving 1

di t hi ophosphate netal salt may be prepared in 20 .
to 28 cediogafrres- it aROBEh SR BERRY Hisclcaoxyiie aeidigrmg apester with an
RS o AR OSBRI cor,
propganoh dutms!, peitan 2185 aaold htfiam! etino b nbaianed, debanof aindedinol,

DDPA wi.th a .co und .of the netal, such as an oxide,
dodeaph idfgadh CHRSUALR P et deoHTpL dpideCaol,
octRIBDAR TBRARcard | BRPAicEBMoPe made by reacting m xtures

of primary and secondary al cohols with P2S5. |In other

enbodi nents, 25 two or nore di hydrocarbyl . _
[0043]t hi opHosptivnicenbadinents de @ol earbekyhie@cis astee copolymer is

hydr ocar byl rou on one are,entirely.secondary in
preRAfel] B PO DR A o R oIS PR thg Flserse Sl AL Y methods
kno@nGo 8RE bf §ilY PR YA Sk eb1 GhSess 18 ABscFibBE irS PphiiesE PRent

be prepare fromthe di hydrocarbyl dithi ophosphoric
Aprdehiden Ny. (Séag bBAp24ht In eraimenicehpentsdhe ola om of the a-olefin

0 GBS i oatBsticui s Lok Shoft GG EPeRaRSohe
nuntek Q%?Qé&n@[@cﬂhﬁ&eiiglﬁt (':&lstﬁg esterl &9@8%11‘?5 llssﬂj@@ to 3000.

enbodi nents, oil soluble zinc dia
di t hi ophosphat es may be produced from di al kyl
[004/i]t hi opHoophembediarindshe egterdeensteck foy uscdrareinas (K¢tjenlube 135"

R3 [ OW HS/ P% (.l | 3 erein each.of a [
o DR, ST oo eieig A et SV b1 TSl o 2
visdBERNSIEL R abURPtd.t uted al kyl . In some embodi nents,

the al kyl group has from about 3 to about 30 carbon

atons or from about 3 to about 8 carbon atoms.

[ 00@rtgrThase gtogkk hrvingkinghatipnisedstly af grentef thapaboil 00 ¢St at
100@ | ) can be prepared by reacting al cohols R30H and

RAOH with P2S5 where R3 and R4 are as defined above.

In sone enbodi nents, R3 and R4 are the same. In other
[00#t1bodi nEREesrtailRdnodinihta ke ebter Bhdefsercktavinkikiddmidtiaesiscosity of

enbodi ments, R30H angd R4AOH react with P2S5
ereadgriban ahoab LA §51 ot A0 19 2 gamplpeesterbpsmntadnt Suchrgmplex ester

b Aoty s O i Yise B P R e

hydr oxyl al kyl conmpounds need not be nonohydr oxy

al kyl conpounds. In sonme enbodi nents, the

di al kyl di t hi ophosphoric aciHs is prepared from nono-,
di-, tri-, tetra-, and other 15 pol yhydroxy al kyl
conpounds, or m xtures of two or nore of the
foregoing. In other enbodi nents, the zinc

di al kyl di t hi ophosphate derived fromonly primary

al kyl alcohols is derived froma single primry
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acid formation step may contain certain anmounts of
one or nore of P2S3, P4S3, P4S7, or P4S9.
Conpositions as such may al so contain minor anounts
of free sulfur. In certain enbodi nents, the
phosphorus pentasul fide reactant is substantially

destrihag VGRS PR D24 T oS SETOR er b Serpley e base stock

is pk Gy s substantially free of free sulfur.
[0064] I n the present invention, the sulfated ash
cont ent (@) a phlyhydroay! doatpoiund répresenietl by dhwpgrmietal formivéa:
|l ess than 5 wt. % Iessjgge?ﬂ4 W.% less than 3 w.%
less than 2 wt.% or | eS¥s an 1 wt.% as neasured
wh@e W Hiang aliphaAie OYch864liphAREB]drocagtig oRITpQRIE FE Dbt iR e,
EP agents for use in the lubricant oil conpositions
prowided thatite iy dpcarkiibgrguy lcoatiaing ifronyaous A do PO rarbon fiodss,

di t hi oc . | ringhﬁ% ns, -di al kyl

hydr oge ﬁég%g@ Bﬁ‘%tl% é&d g’ﬁ sal1t slz%g ) g%@?&é‘h %%‘?)’t%?‘flged that the
ratidof efuivdiiithofthe pblybadt agidtd egevabhtagemtshod fionke wolyhidroxyl

the art. For exanple, sul fides are synthesized

[ pol
compoyyl & 18 theengs bWPerbﬁzb%im W2 hia sul fur or sul fur
hal i des, gﬁﬂhﬂy dshy L.on. :

Di al kydi (t3§1f9!([)rlg ar amataés ar’g&g{;&g%)(g?lggﬁ% ;ﬁtﬁﬁe?fe&/nvalems of the
momzytiniabiczbalgo tuidalets of drehanytesaccd i§ whihe barpabetyeeen about
Oggﬁegﬁr.d by reacting a di akyl am ne and carbon

Bt &l Pilde at | ow tenperature) with bases, such as

[0043)NC  OXi TR Iy ANFIr RO B¥ icEfiplelestdY bhse StRAGILRN bktGire not
activated ol efins, such as aPkyI acrylates. [0066]In

limiged toaienpentt @dyovbritimethyha ethaty, itwmethyilg ipppane ompaslintolbnigne,
conprise. 0 or. more.EFP agents. |n,one enbodi nent,

]noﬂgggg?ﬂH%Pﬁiﬁﬁnggﬁ@mﬁEaﬁggﬁPmﬁgga@ng)'synergisn1 15
For exanpl e, synergi smmay be observed between sul fur

[0046]d chl dnicoraia @nibadimdigs, B doehivlstor Afe RXBORIAPl¥x ester base

| ubricating oil conposition provided herein includes
stocds @ree s Hok & epchgd Ard/oslancas moyohydsinaleohgh Exemplary alcohols

- il Ny ' e:
I T
hepsil bfcobid, 1somictyy blcbholdblggr2esthgldreatum]), okdodyliat@held iso-nonyl alcohol

napht hal ene | uor oal kyl pol.ysi | axane,. an ea

(e Spapht HORGRE: I8 ¥ D pVRR Bl oo (Rt et SAgarlesyl alcobol.
[ 0067] Protecti on agai nst rust is an inportant

[oo£7nsi dernatohe BmbBdinithapbRBadiddi ptARttsoxy MY b084or use herein

. protection, rust ultimately causes a | oss of netal,

inclpdreanstly: todwe dianiglss he, Ripisg Pralaic.okbackreanscladpermadioicasels. Tn

anofheP %Bédi&ehtn th%%?&ri&%lt{nu Q:{:eti# %{Dehch npltgg éjsltetrlb%ge tock are selected
COrrosi on exposes - fresh neta At FCEN Wear > at oan

froracaeige ailgdridatdutaie apigidirieeslipy ahhelride! @hlelcamay@ide, phthalic
that m ght be released into the fluid and act as

anhydideanadivadydrde.apethyl magspantydne; hexawerapgthsfip anhydride, and
: gagaﬂ ] [ herein can optionally conprise
m]'Xg&ru thﬁﬁﬂgﬂg%%gkgﬁggmban i nhibit the corrosion of
netal surfaces. Any rust inhibitor known by a person
of ordi farLubkiating ail alditiwes nmay be used in the
| ubricating oil conposition. The rust inhibitors

tach thenpsel ve nmetal surfaces to form an X
[0043kpenet (psioaally. ShesliPrigetsgeei FITRPOSHINCRa X Bthglecomprise at least
i : M i £f Lt
one R g P e RO kgl 8BS hat can

impaid @i tiwese amt &rsaable\prepertyhnd thelubdlicaingfoalommpoaitivheidmy
pol ar ends and associate with the lubricant via their
nonpol ar ends. Suitable rustlinhibitors may include,
for exanple, various nonionic polyoxyethyl ene surface
active agents such as pol yoxyet hyl ene | auryl ether,
pol yoxyet hyl ene hi gher al cohol ether, pol yoxyethyl ene
5 nonyl phenyl ether, polyoxyethyl ene octyl phenyl
et her, pol yoxyethyl ene octyl stearyl ether,



10

15

20

25

30

acids (e.g., 2-ethyl hexanoic acid, lauric acid,
myristic acid, palmtic acid, oleic acid, 10linoleic
acid, linolenic acid, behenic acid, cerotic acid and
the like), oil-soluble polycarboxylic acids (e.qg.,

t hose produced fromtall oil fatty acids, oleic acid,
l.i nol ei.c gpjd and the |ike), al kenyl succinic acjids in

lubgjgatiag oflpddibivg SROYR it B agrsebht ediry thilhin the e i propsed n the
-f- C - - .

e S B R it S L SuBE) Culditves e bogn

deseritgbdtin &Mdriikie nl.| G¥gpnaiva andl ghaolbpe gblwdirtantyddpdikdition,

Ci 15 havi.ng a ol ecyl ar ight in t r ange, of
Longt, Sreina00! BATCORL it cRHT Rt PSP ArdbR et Ry and
Appitaithse NGl Yods IMagedskiePEl0ads: bRt HwisoRRe indodbdrited herein

acid amne salts, netal salts of heavy sul fonic acid,
by 1eteretical I sompostpbedimanisdthe dubsicating pibhgditide ¢an bel selshist from the

and phospheric ester. 4. Demulsifiers 20[ 0069]. The .
o SRS RE R s b SBaCreP R, demulsifers.
fricOei inodHleky nf0iPiinctiond adeiiies igouepoihBipresfihtd) T iibitors,

oi | -water separation in_lubricating oil conpositions

metphdpactiyatorsxhEnsednisocarkrsian ighibipsatheroa stagd i igprovess, dyes,
. ordinary skill in the art may be
1nm§§§§9ﬂﬁ¥?ﬂgﬁﬁﬁégﬂg%%ﬁng oi |l conposition. Non-limting
exanpl es of suitable denulsifiers include anionic
[004Q]r f act dntgsndrel, the, coabdnytatina ph tdrhl of tlee Riditives at the lubricating oil

al kyl benzene,25sul f onat es .and |  ke), nonjonjc
conoRtiegs St e Ry RpmERD roREero) D e ReibgR Ll R Ve fim about
0.010%+.98® dbBuihs wt. PO LY BbRYALRNE0.2X%1H% to BRI Pr5ORY-EBRed on the total
.oxide, block copolyners of ethylene oxide, propylene
weighti of sheakylbirietimg| oikeomposisicar $ugherpibie tetel arhdunt a€ thsidditives in the
ol.yoxvet hyl ene sorbitan. ester conbi.nat i
b AR oGl B M TRty PR E A R 28 e o grom
abottSRONet.e4 o dbdat 1L0et. B, 0F RosRuy 08 M. %9 to SIS MRS, based on the
oxi de or ethylene oxide and initiators, such as, for
totabyyeighbpiihe lubgicoideg ol compesiiarn. f or mal dehyde resi ns,
sol oxanes, polyam nes, and polyols. In certain
enbodi Metal DEtpOLMLEr S contai n about 20 to about
5096et2§pen%aoxiégg Tﬁgse materi al s concentrate at
the water-oil interface and create | ow viscosity
[005nes, tlhepmbymbodimits thedubpéaing odaiospoeitior parvaded herein

confbRe 4uifeel & SnP AES Vo GRBE ity Arerszhiad 1 gk, g aftie
compok@lts. "B RebinlboRidaheitalths nlfal @E‘L.@féeﬁﬁéliﬂ ﬂﬂﬁkﬁlﬁlﬁﬁ?compositions

sul fonic acids, are also useful in certain

actsgp gIncatiglizen el aciiie paydygtstwidiinshe ¢ib eerainginttiodimengs, the metal

b ;01 . %10 t el L% fr .
derck it ples BB el My po bRt obf it “pprcine on
the wdtuodfeheddditised, thie.d¥er fems ety davé hiliti@iad fundEbed) For@kample,

.the lubricating oil conposjtion, Sone suitable .
antigpe ARt PRoEhies. Hagertaieatpegiss LibripREs Bl ennsttiogs cetain metal

n - . I , , n .
AR M LGP lgch S B g e
detef @86 ) Thevthiine Povesbasad'ak paededdo defisd slditives efhésherv@ein a metal

105.Frictiga@?bdifi£és [ 0070] The Iu?ricatln? oi
conigiiBSErESS Gh that EarBee Y Hisreiphienistey of theparusila sighsliagd the

bfdd i QRS gt - -
P T par 1S ARy Ty o o of i ofpoveanc
baseg egen pdroside@r damhanate sdoidobindad Wishestenth afmyetidealis €he sheath

the lubricating.oil., conposition, They are typjcal]ly
SCIVES IO EHE %?&a&tcgqség %\‘zﬁpf’ﬁ“&l éﬂq’a‘}‘mgﬁlﬁa%j‘f“aﬁﬁ egwge a}ll Hpmpmount
nonpol ar |inear hydrocarbonlzhain. The pol ar end
groups either physically adsorb onto the netal
surface or chemcally react wwth it, while the
hydrocar bon chain extend into the lubricant. The
chai ns associated with one another and the |ubricant
to forma strong lubricant film[0071] Non-limting
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25[0072] I n one enbodi ment, the friction nodifier is a
saturated fatty acid containing a 13 to 18
car bon-atom chain. The amount of the friction
nodi fier may vary from about 0.01 w.%to about 10
w.% fromabout 0.05 wt.%to about 5 w.% or from
about 0.1 wt.%to about 3 wt.% based on the total
of eygesy metadis qamRMORIl CKpIEscA @S d1d ralie phsal creivalemsaf excess metal to

cuff ey o ceser e

Lubricants,” 2nd Edition, London Spri nger, Chapter
[00®] - 1 9 Sormgﬁsllﬂlﬁﬁlgmimﬁ)k@ 96 }:ultzdvmnhiahﬂatﬁg&ts include

sulfﬁ&li% cgélpp A %@g@i %zggeny S E]Klgrgkéﬁgl‘ﬁrgﬁngu%sulfonates
borﬁé@sﬂfon%&%ﬁlf&ﬁﬂédz&gmga%@ed nﬁ%l@al@sf ot"ﬂ?hl‘ﬁthﬁ&(y alkyl or

|ncorporate herei n y reference. 6. Pour
alkeDgharesetin tempp0aiz 3R er klkenyldadrary womat@combi@satm,@nlﬁmzed or

i.scl d, herein . ca onal | se.a [
s 30 SEHER S SR Bl Relal s VR lifor§ bt andilsths ofan
alkyl 'ébﬁlﬂ(@@j,tllnﬂlﬂtlé)dlﬂ e@ﬁrma@idal a1 ph%«@iéam;at&m@@ﬂfefeof Other non-
depressant known erson of ordinary skill in the

limigipg ewyplbéom@abhe riinQ cfgiteaeiudg mstal selderséesi phegates,
sahéa{]l)agt‘ésg ! Eéxf’% 'ﬂoﬁﬁpsp %l[}r@{bt ?hoﬁ?elé ranﬁ %P@gglqggﬁsetﬁgrggf SI’h& metal can be

ne or "nor ura ures sel ect
any nfe@ahsuitdble ﬁﬁlmﬂ&ﬁg mlﬁmampphﬂnate éa’li)cyla&)@t phbsphogite dé@rgents.

Norgﬁ,g{qncgoﬁ”pmon ST FA E@C%O”y;g%gggwgm and
tranmlgﬂﬂ'f %ﬁ{e éms&jlahe&g Sthé h@&m mg 'ﬂgo the like.
exa es o sui t abl e pour’ point dep resgant s |nclu

An pwmpiuyhmtahdewzrg@gt vsdhct&yﬂna)abt ymatoeeqbui trendurbgicatih gyl
net.hacryl al k fumar ate pol yners,

congeiiaty PP R SHeR oot o condenat o6 of
tetra-paraffin phenol, condensates of a chlorinated

[oog2r af fi @Mdefdﬁlylﬁﬁ@ﬁ{&ﬂﬁbﬁﬁe med]ldepet @ine 8 diaad dah @618 $han
styrene ester ollgbnerlzed al kyl phenols, phthalic

1008¢ ppmelspihgn 1%@%9@@ ssthary | OGpinatdessohn L, based on the

o QO NB LR o0 MRS a8 Wy o

metal deydrgﬁit |19 fGahebdoutihedlywt.tstoaboy Owy.%4, lﬁaﬁﬁaboaﬂdos wt.% to about
entaerythrito In some enbodi nent s

I rastearate
Freoni ADOTLL sh HaRaL | oth TSRO B o SeIR, VORBLY |
r
1“‘”3%?2? bif ARG Softe SHBRRALEAL h&lt 1lh QEIRBLEH Morter o
al., Okenasmuand Eéchlnhé)gp ofiLulpéiants, tept E@ﬁathcmdyn \&lriylgén; Chapter

abo . t.%1o0 a 10w @’.fr bout
3. piesgrty Qladh and L, T hadppion aiiconG TR s of beyidie e
AppﬁcMon{q’m%ﬂQM&J@& ke, (apehh, ﬂ'fgeﬁ 0E3-1 30003, bHE of
composi tion. Somne SU|tabIe pour p0|nt depressant s
Vﬂuﬁaméiwﬁemﬁd@é@ﬁwmebwr@kmqu|er et al., "Chem stry and
Technol ogy of Lubricants,"” 2nd Edltlon London,

Spri nger,, 25 \08S 187 6 and

Leslie F%) Rudni cbﬁearu?br i canttrelﬂaa% ss\l/lees f#wem stry

and Applications,” New York, Marcel Dekker, Chapter
[005B], pagehe3ddHicaAbide od Qﬂﬁﬁ)osmoﬁ Hisofosouhhcabin@me optionally contain

i ncor porated herein y reference, 7 Foam I nhi bitors,
anti [T 2Y SR TCUBESSBE 3888150 WY eag SRPBS i albevipraent dagd fas moving parts

i g [ {0

S L e R L EHOREES
to-shrdamcionfact) (2))aurface eon2drt withdbtdigdt manerk aaif3 ) byoswnpie son

of ordinary skill in the art nmay be used in the

| ubricating oil conpositionl3Non-limiting exanples of

sui tabl e anti-foans include silicone oils or

pol ydi net hyl si | oxanes, fluorosilicones, al koxyl ated

al i phatic acids, polyethers (e.g., polyethylene

gl ycol s), branched polyvinyl ethers, alkyl acrylate

pol ymers, al kyl 5 nethacryl ate pol yners,
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15[ 0075] I n sonme enbodi nents, the |ubricating oi
conposition conprises at |east a netal deactivator.
Some non-limting exanples of suitable netal
deactivators include disalicylidene propyl enedi am ne,
triazol e derivatives, thiadiazole derivatives, and

nmer capt obenzim dazqgl.es.. 9. D spersants 20[0076] The )
corREPEARTARY BT EOHHBR TPTOHT PG BE8ae FENeitA Bistion or adhesive
weag O%blﬁ%hﬂa& WRRS bR rudh ﬁ%%fa%%twéap,a‘agl)c}‘fﬁgme 951&%& With corrosive

udge, varnish, and other deposits pin
matgrals ictaswsiya spendEdigun veeac 5l dna@iddiionsltigpeeot Wenr ¢leat issdammon in

enbodi nent s, . di spersant s. perfo t hese functions via
e TR PR B TS BB PG ot B <Sprer PR sbesses fo
proRabed p&idk AAbRABVeSvdaR cd§d pretdfi&l bedistalitls tcdhRbibhiZiR%ion
col| ol dal dispersions in order to prevent aggregation
meenismdp repeveyie offending deletis Hirrostwepuraaciaobe aldresséd by using

f)as S ndi.ng _such pr.oducts. i.f they for in
ol b URRRRCHT o BT R Soullorh iR g e
surfates. dbgcegasliopadhdgdtheOkdar tdtjubiseticnge oAl a)s chOesHtgar and
surface/interfacial energy of undesirable materials
extepedaerugdEP) #89n¥s- t endency to adhere to surfaces. The
undesirable materials are typically formed as a
[0054SY! t Qfindgex bﬁl%thv(% ARQNIAL1RR 2R 10blGht H‘p:'iéﬁ Ctices bifhe
reaction of c en1caPly reactve species such as
equipardnb shydul dbeaefifatsivaliytshparied bphdibrinanf filoe slnicreatihg load,

engi ne r the decosmpositi.on of,thermally. unstable
decfEgppR . MBS T RE SO S OBV iGRE piRotc metal-o-
met Pl dnfdt. ETIEY MMt Set t{A05] dalsEQ thRbSraRSP R eise f the contact zone

di spersant nol ecul'e conprises three distinct

duede friggiopaldicat adiely iagumn(legdsdo Hedpescedd Wyricagi-deqesity 2id hence ts
‘ ; d . ¢3 onnect in [ or i nk
PRl oD, B Bo SRR AP RS SR g s oter
protpaionberd similar Mathintsm. alkccehath enbdiaents, HP yiig Rk r@fuirdthigher
.or. above about 2000 Daltons, in_one enbodi nent, at or
actiyivpdeEpaatrescod losd themantivesr additvess  enbodi nent,  at
or above about 5000 Daltons, and in yet another
[ﬂﬂﬁt]‘b odi MBIkt aRliweir AR %Xffelﬁp gt)&‘s&? Qgen@é&ﬁ%ﬁ sulfcValib ey
of olefins, such as polyisobutylene, polypropylene,
phogrdlons) béran) efcombinaginds thereofir €ke tlhseeof conyamnbethasimbibit

s T A0 B SRR b L
dithRhbbSaRE Sl R tatydYRAr ting, B ABEphofsRIoB ok h as alkyl

nunber average nol ecul ar wei ght of pol yi sobutyl ene in
phogithiies piipspbaics.ahithsonhamateshardmdleanybthosphoba®s.and about

3000 Daltons, or, in sone enbodi ments, between about

Oto - Pal t [N furt her. L.ment s,
100588, o T2 BRI 00 % "G5t bt bEL PR R o
compoditichisrprotvided hdreinlibclndd ainc dithiophosphitbemeliab@er &) Sbi Blo and

%ér ggg;]g{ oxygen-derived. Nitrogen-based
the e} st iboahestiys: wsial (o8 eZmu SPr Y adibrele) Fals of
: ] r igh ' - [ re
R ke R NI R T R G
comboundsxatmppleate ekitat pHospiaterdstend, ami@nalts of phosphoric acid esters or

. triethyl engtetram ne. ] ne-derived di spersants are_ .
thiopjjas %C_&ﬁe#ﬁf%rf%célﬂﬂ et digyrlepentadipreandhiopbosphoric
acid} RRP& M hANEE il ahe ARRknfSBhahSRvwea! %g;%ﬂt ﬁﬁ%% ggxﬁeﬁgn about

or ester dispersants. Oxygen-based di spetsant
0.01twidle da hbagut neutt Ybafromiubbet A.08 wabé meaboasR ot &, p éospatiost 0.1

e.typic basi c 00,78].Non- 1 jim ti.ng. ex | es of
w9l &tbé?ﬁf)t“%y&é’é?@?ﬂ Gefieh Eﬁa(r%%tbﬂgﬁea% (RgRasition. Some

al kenyl succini mi des nodi fildd with other organic
conmpounds, al kenyl succini m des nodified by
post-treatnent with ethyl ene carbonate or boric acid,
25succi am des, succinate esters, succinate
ester-am des, pentaerythritols, phenate-salicylates
and their post-treated anal ogs, alkali netal or m xed
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10 lubricating oil conposition. Exanples of anti

oxi dants useful in the present invention include, but
are not limted to, phenol type (phenolic) oxidation
inhibitors, such as 4,4 nethylene bis(2,6 d

tert. butyl phenol), 4,4 bis(2,6 di tert- butylphenol)

4. 4" his(2 nethyl tert hut phenol er
suitgble @RUTRSER gEenEs lfaéqet e%fl‘%ﬁpﬁp@%@ I)es 1Q|_R4Ru %ly deant gddzt:ves:

RSPl AR bt Sy pen s

(2003 )s phiales h;cbq@ratwwrpimdlyuleje;er@g 2' isobutylidene
bis(4,6 dlnethylphenol) 2,2" 5 nethyl ene bIS(4

t hyl cl oh t but
1005703 hy HeSGH Copogarite abs arfipoft gt Bongr s 2, 4
dlhﬂdrHEaeryﬂ dlﬁldpﬁbﬁpﬂﬂtét ﬂﬂlztapﬁﬁn Qlch ad zfic Qlkallﬁﬁ Idithibphosphate

di met hyl am no p cresol 6 di tert

Gonqmumd-‘el i Heat ytabeithe d@ﬂmﬂﬁwbw&wh@pkm mitabpalsmay be an alkali

or Iﬁ?al @F‘%Le’noﬁ&{m@l S( %‘lazl t%‘ﬁ hﬁlwdﬁgéﬁb%%( gém ?& r P%lﬁ)l%r

copbaﬂ; ﬂhksemésehfooaﬁl@w thedﬁetam ctirel $4 Sthér etnbdcﬁménﬂsuhy hik$l group
hydr oxybenz D phenyl am ne type oxi dati

of the b I0G Y NS Tt lohae e A 6 Ayt Geibgn
atoﬁll pfl?(ﬁgt e 3r}8 ab%el%yc!aﬁlﬁ{n%&n@m Fl?(clu@ g‘t@@b g carbon atoms, or

al pha naph am né ur - base
froxarabom)a cabbst § mrgon atdxﬂsai[n fukth8r 8hb¢dnnenispho pikghgoep is linear
ul furi zed phenolic antioxidants and the |ike),
ﬂ&%ﬁ fror ous- based anti oxi dant s (e.g., phosphites and
the like), zinc dithiophosphate, oi - 25 sol ubl e

[oessapper CPRPAHNHS oBHE GRYHRb Y] ANEiohheHBAE mdRIREN including the
pes of oxidation inhibitors jnclude netal

Zm@l fllaHWb dihipplimspleate salty.in th lnbrietingiod campapitipe fisclesef! hegein is

0

eSS Y. Sl SpLRATBR e QORI Bl
con®dno b th]eQuMica%lg 611 @mngbsiubn Bis€1bsadtheéit & fodin ubod WAL $4.% to

or from abou W.%to about 3 wt. % based on the
aboupP-4¢ W@"mm a'POIttrQef P tocRpyt iyt QW Y% eﬁﬁa Fhouhl-236.% to

Lb). t

wboR0F e PR | SRR e AR SR IARER T

and Applications,"” BEM/York Mar cel Dekker, Chapter
[0039] pagesThe dizﬁdrpmsl)qiﬂmlmbpha@ mﬁamagmmt lscpriopared in

scopaht] VA Fooen Eabretod BEFrates S bRl tipigpbgsphoric aid

(DINEA £ BugRbyREANInddnd op Mdrd biPdltdHolyandfphehdIRCdonpoanddRith P,Ss
| ubri cant oi | conposition provided herein. Thus, for

andehernptuiraliging thﬁgﬂ?ogna@ BIRA withgycompound olihg meidy wghes agoxide,
hyd\f\%gll? 8Pca8hh n?ﬁ% O%ﬁ a'l npn sl%nﬁe e{]mbolﬁlijriis:ﬁt&aﬁgﬁf’A% a]Eﬁ made by

I'vesS are we er Ssul

readfifigithixbwresc sl foihadry aﬁd b&doﬁd&ylmmhbls@hﬂﬂ%ss f Dfotﬁefr&iﬂfﬁﬂodunents

sul furized oxynolybdenun1d|th|ocarbanate sul furized
twogRymeIe lerRsaTY gEophesobaEs aids ¢anihsprepared where he hydrocarbyl

R A R e SR i

othes ey axird 9 pralamds. chhthcteyl Thogint galtseebe prgpace/om the

dibidaey G RbaHpOT S aga by Resstint gf?t\l}:alé?g%"s‘?q?éﬁquﬁégb some
embdIHHONE 2 basRITR 2Rkl Thd éd}ﬂpcﬁﬁﬁﬂg%’ﬁs‘ge po ﬁgﬂ d cﬁxnents an

viscosity I ndex 15 inprovers in ynet hacryl at’e
oxidy pedpalderoecaborith pl eme ipusepy| ene copol yners,

styrene-i soprene copol yners, hydrated

styrene-i soprene copol yners, polyisobutyl ene, and

di spersant type viscosity rhélex improvers. D

Processes of Preparing Lubricating G| Conpositions

100821The lubricating oil conpositions disclosed

herein can be prepared by any 20 net hod known to a

person of ordinary skill in the art for naking

| ubricating oils. In sonme enbodi nents, the base oi
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[0084] I n certain enbodi nents, the |ubricating oi
conpositions provided herein are suitable for high
out put engines, for exanple those found in racing
cars and sports cars. In one enbodi nent, the

| ubricant oil conpositions herein prOV|de hi gher wear

[00p0]ot ect i I@ra;omq @embedinatip ogysolublesziphdialkybdithiaphgsphates may be
pro&t‘fc\éﬁ rﬁ%n? hi[ﬁ%oﬁlg&gh&l@%lﬁds r%éregglfﬁdéﬂﬁﬁrﬁgla(zﬁ put

I Nes. one e pressu
perfornance of such engines is evidenced by
i mprovenent in Fal ex Réat ( W1 D 3233 Method B). In
one enbodi nent, the Iubr\c oi | conpositions
mnimze or elin1nate t he osi on i npact of other
extreme pressure agentgggfn &gh? |cant oi
conmposition by mnimzing or eI| ating t he use of
such agents. |n, certain enmbodi nents, the |ubricant

whespin epeli w‘iﬁlaandoﬁ’q sis ilopprdantls dnprrias b Finchgsk ke of iaeastas granched
suthEtE{%d ailﬁ? ﬂlfsoh{ée (szmé o[ﬂg al%?pn%’g{égg&tfr Iagout 3 to about 30

ricant” conposi |ons &rern ol | pressure
carlsdnadddih$ by fronB86] Sveatoat § ewbagaexanpl es are present ed
to exenplify enbodinents of the Iubricant oi

np03|t de rein i ntended t
ooffinr s °t hbRe TRk biRbodors eifsocBEerPD shbihmemmELby
readifly AQhbR RIH RO vaal B, (el e eﬁﬁrﬁ“rzﬁé Xs delned above In

parts and 20 percentages are by wei ght nyneri cal

sonmnuh;shramés aBp MRnapéhe s Inipther ﬁmbpdmmgeg anreR’ are

cireHE g o Gl OO OO A B IRR SE Bigncousty. In

stillSfaaper diﬁb(iiﬁﬁ‘erﬁé &3@11alﬁiJRf@Htremﬁvﬁtﬁ%SgS&q%rfﬁany.d etails
described in each exanpl e shoul d not be construed as

necessar features of the clained subjg mat t er

EBlavpL ESVBEpwe sbRYHOr Hellest srpPpedndsiry dhidke wefls These hydroxyl
o 0 B A L s o
dial\lfylsidihbiphtysp‘i{oﬂc asiilt is preygeed ﬁométﬂ@o( Codit, Y, tebd0@nd ®Ste)
polgpy%ﬁ)q Bﬁlpou‘[} S, g'r I%mctures 0 o grnmore ?theﬁ'oregomg In o‘ﬁwr
embodiments, the zinc dialkyldithiophosphate derived from only primary alkyl alcohols is
derived from a single primary alcohol. In further embodiments, that single primary
alcohol is 2-ethylhexanol. In certain embodiments, the zine dialkyldithiophosphate
derived from only secondary alkyl alcohols. In further embodiments, that mixture of

secondary alcohols 1s a mixture of 2-butanol and 4-methyl-2-pentanol.

[0063] The phosphorus pentasulfide reactant used in the dialkyldithiophosphoric
acid formation step may contain certain amounts of one or more of P»Ss, P4S3, P4S7, or
P4Se. Compositions as such may also contain minor amounts of free sulfur. In certain
embodiments, the phosphorus pentasulfide reactant is substanttally free of any of P,Sa,
P4Ss, P4S7, and P4Se. In certain embodiments, the phosphorus pentasulfide reactant is

substantially free of free sulfur.

- 16 -



10

15

20

25

30

19.0 4.5 163 Ketjenlube 135 344.2 34.2 142 Pri ol ube
3986 47000 2000 278 [0087] Chevron UCBO 4R and UCBO
7R are commercially available Goup Il base oils.

Pri ol ube 3960, a di-ester based on saturated short
chain fatty acids, is a low viscosity synthetic ester
base stock which is commercially avail able from

[0064loda. 5indhe pemnlbeveraen, the Hiltastsh cenigpt Qfithgiqtal lubricating oil
= H G lo C 0
corfRUEEISBUELS g oSRBL YR, S0 S St 06 o
lessetharet vhds asstaaskedhtonding tec ARTM O824l y avail able from

Al czo Nobel. Priolube 3986, a conplex ester, is a

100 et o) BT CHURTABEARE PEeer s B e iia; g oil Sompositons
inclEd@ ARy Esdlardl dSEOSRH DAy slifdck Chthiddrabdates, chlorinated

onposi tions of conparative exanples 1-3 were

C
hydppeartone dlialkglrydiroggnipbosihétes.anchshlst ofotisyl phosphaae a¢ids. Methods

of fiingrese TSP ERCRPMETRAR R TR RuR, Py il are

synfhgbioaromep | EM G diher 1) redétipowith Yulfiirag eaifimyhalides, followed by
addi tion of varying anounts of a non-di spersant

dehyglropaleperatiopd Bialkyeithincarbamaies e pierrser gheriy negirplidng
. . i s .
s flrHBCEOUR A 5 Ry LSRG L HALIRHL RS O
disuHide pt Ibiviteldpaatusd)ocikisbaaag snch syrihhetide oeattmiodyasgde, or by its
stocks. .Inventjve anples 4 - 6 [0089] The
addrtmtpeamﬁﬁie Jefing a%@éia{lhiﬁgry C%xanpl es 4 - 6,
prepared according to the fornul ations provided in

[00d@b! e 1, InWRkEinaYsARshtS, thd RibeBatttof SiPEBMosMiohS 8ShpNse one or
grades by 20 the addition of varying anbunts of a

motsi Bfhagentse ds iong empodiment, @sesf mprghgiconstldtacepiends talsgnergism.
3986 These | ubri,catin .. cQ itigns, contain. a

Forgiigpie, B 1S Wpct il berd SRR b ARG s Blindhe e

ageftsC AExeAipl 27 bricatingOnl c@mpBdificiipranidied hbieghinViudeQsietof more
synthetic ester base stock. Extrenme Pressure Wear

EP aeepts pigciedrimmcdnt detojdihéonharriater@smarnalin e &asecondary
alkm&gfjsuﬁ%ﬁhéd &15{3 ﬂﬂy‘ﬁgn)ll %ﬁfﬁd%l‘nghym%@s%eamte, chlorinated

naphthalene, fluoroalkylpolysiloxane, and lead naphthenate.

3. Rust Inhibitors (Anti Rust Agents)

[0067] Protection against rust is an important consideration in formulating
lubricants. Without protection, rust ultimately causes a loss of metal, thereby lowering
the integrity of the equipment, and resulting in engine malfunction. In addition, corrosion
exposes fresh metal that can wear at an accelerated rate, perpetuated by the metal ions

that might be released into the fluid and act as oxidation promoters.

[0068] The lubricating o1l composition disclosed herein can.optionally comprise a
rust inhibitor that can inhibit the corrosion of metal surfaces. Any rust inhibitor known
by a person of ordinary skill in the art may be used in the lubricating oil composition.
The rust inhibitors attach themselves to metal surfaces to form an impenetrable protective

film, which can be physically or chemically adsorbed to the surface. Specifically, film
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pol:SoV)\gyeo lene sorbitol mono-oleate, and polyethylene glycol monooleate. Suitable rust
inhibitors may further include other compounds such as, for example, monocarboxylic
acids (e.g., 2-ethylhexanoic acid, lauric acid, myristic acid, palmitic acid, oleic acid,
linoleic acid, linolenic acid, behenic acid, cerotic acid and the like), oil-soluble
polycarboxylic acids (e.g., those produced from tall o1l fatty acids, oleic acid, linoleic acid

and the like), alkenylsuccinic acids in which the alkenyl group contains 10 or more

. carbon atoms {e.g., tetrapropenylsuccinic acid, tetradecenylsuccinic acid,

hexadecenylsuccinic acid, and the like); long-chain alpha,omega-dicarboxylic acids
having a molecular weight in the range of 600 to 3000 daltons and combinations thereof.
Further examples of rust agents include metal soaps, fatty acid amine salts, metal salts of
heavy sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and phosphoric

ester.
4. Demulsifiers

[0069] The lubricating oil composition disclosed herein can optionally comprise a
demulsifier that can promote oil-water separation in lubricating oil compositions that are
exposed to water or steam. Any demulsifier known by a person of ordinary skill in the art
may be used in the lubricating oil composition. Non-limiting examples of suitable
demulsifiers include anionic surfactants (e.g., alkyl-naphthalene sulfonates, alkyl benzene
sulfonates and the like), nonionic alkoxylated alkylphenol resins, polymers of alkylene
oxides (e.g., polyethylene oxide, polypropylene oxide, block copolymers of ethylene
oxide, propylene oxide and the like), esters of oil soluble acids, polyoxyethylene sorbitan
ester and combinations thereof. In certain embodiments, the demulsifiers for use herein
include block copolymers of propylene oxide or ethylene oxide and initiators, such as, for
example, glycerol, phenol, formaldehyde resins, soloxanes, polyamines, and polyols. In

certain embodimetns, the polymers contain about 20 to about 50% ethylene oxide. These
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materials concentrate at the water-oil interface and create low viscosity zones, thercby
promoting droplet coalescence and gravity-driven phase separation. Low molecular
welght materials, such as, for example, alkali metal or alkaline earth metal salts of
dialkylnaphthalene sulfonic acids, are also useful in certain applications. The amount of
the demulsifier may vary from about 0.01 wt.% to about 10 wt.%, from about (.05 wt.%
to about 5 wt.%, or from about 0.1 wt.% to about 3 wt.%, based on the total weight of the
lubricating oil composition. Some suitable demulsifiers have been described in Mortier et
al., “Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter
6, pages 190-193 (1996), which is incorporated herein by reference.

A, Friction Modifiers

[0070] The lubricating o0il compesition disclosed herein can optionally comprise a
friction modifier that can lower the friction between moving parts. Any friction modifier
known by a person of ordinary skill in the art may be used in the lubricating oil
composition. They are typically long-chain molecules with a polar end group and a
nonpolar linear hydrocarbon chain. The polar end groups either physically adsorb onto
the metal surface or chemically react with it, while the hydrocarbon chain extend into the
lubricant. The chains associated with one another and the lubricant to form a strong

lubricant film.

{0071} Non-limiting exampies of suitable friction modifiers include fatty
carboxylic acids; derivatives (e.g., alcohol, esters, borated esters, amides, metal salts and
the like) of fatty carboxylic acid; mono-, di- or tri-alkyl substituted phosphoric acids or
phosphonic acids; derivatives (e.g., esters, amides, metal salts and the like) of mono-, di-
or tri-alkyl substituted phosphoric acids or phosphonic acids; mono-, di- or tri-alkyl

substituted amines; mono- or di-alkyl substituted amides and combinations thereof.

[0072] In one embodiment, the friction modifier is a saturated fatty acid
containing a 13 to 18 carbon-atom chain. The amount of the friction modifier may vary
from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to about 5 wt.%, or from
about 0.1 wt.% to about 3 wt.%, based on the total weight of the lubricating oil
composition. Some suitable friction modifiers have been described in Mortier ef al.,

“Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6,
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pages 183-187 (1996); and Leslic R. Rudnick, “Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapters 6 and 7, pages 171-222 (2003), both

of which are mncorporated herein by reference.
6. Pour Point Depressants

[0073] The lubricating oil composition disclosed herein can optionally comprise a
pour point depressant that can lower the pour point of the lubricating o1l composition.
Any pour point depressant known by a person of ordinary skill in the art may be used in
the lubricating oil composition. In certain embodiments, pour point depressants possess
one or more structural features selected from: (1) polymeric structure; (2) waxy and non-
waxy components; (3) comb structure comprising a short backbone with long pendant
groups; and (4) broad molecular weight distribution. Non-limiting examples of suitable
pour point depressants include polymethacrylates, alkyl acrylate polymers, alkyl
methacrylate polymers, alkyl fumarate polymers, di(tetra-paraffin phenol)phthalate,
condensates of tetra-paraffin phenol, condensates of a chlorinated paraffin with
naphthalene, alkylated naphthalenes, styrene esters, oligomerized alkyl phenols, phthalic
acid esters; ethylene-vinyl acetate copolymers and combinations thereof. In one
embodiment, the pour point depressant is selected from tetra (long-chain) alkyl silicates,
phenyltrstearyloxysilane, and pentaerythritol tetrastearate. In some embodiments, the
pour point depressant comprises an ethylene-vinyl acetate copolymer, a condensate of
chlorinated paraffin and phenol, polyalkyl styrene or the like. The amount of the pour
point depressant may vary from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.%
to about 5 wt.%, or from about 0.1 wt.% to about 3 wt.%, based on the total weight of the
fubricating oil composition. Some suitable pour point depressants have been described in
Mortier et al., “Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer,
Chapter 6, pages 187-189 (1996); and Leslie R. Rudnick, “Lubricant Additives:
Chemistry and Applications,” New York, Marcel Dekker, Chapter 11, pages 329-354
{2003), both of which are incorporated herein by reference.

7. Foam Inhibitors

[0074] The lubricating oil composition disclosed herein can optionally comprise a

foam 1nhibitor or an anti-foam that can break up foams in oils. Any foam inhibitor or
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antl-foam known by a person of ordinary skill in the art may be used in the lubricating oil
composition. Non-limiting examples of suitable anti-foams include silicone oils or
polydimethylsiloxanes, fluorosilicones, alkoxylated aliphatic acids, polyethers {e.g.,
polyethylene glycols), branched polyvinyl ethers, alkyl acrylate polymers, alkyl
methacrylate polymers, polyalkoxyamines and combinations thereof. In some
embodiments, the anti-foam comprises glycerol monostearate, polyglycol palmitate, a
trialkyl monothiophosphate, an ester of sulfonated ricinoleic acid, benzoylacetone, methyl
salicylate, glycerol monooleate, or glycerol dioleate. The amount of the anti-foam may
vary from about 0.01 wt.% to about 5 wt.%, from about 0.05 wt.% to about 3 wt.%, or
from about 0.1 wt.% to about 1 wt.%, based on the total weight of the lubricating oil
composition. Some suitable anti-foams have been described in Mortier et al., “Chemistry
and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 190-193

(1996), which is incorporated herein by reference.
8. Metal Deactivators

[0075] In some embodiments, the lubricating oil composition comprises at least a
metal deactivator. Some non-limiting examples of suitable metal deactivators include

disalicylidene propylenediamine, triazole derivatives, thiadiazole derivatives, and

mercaptobenzimidazoles.
9. Dispersants
[0076] The lubricating oil composition disclosed herein can optionally comprise a

dispersant that can prevent sludge, varnish, and other deposits by keeping particles
suspended in a colloidal state. In certain embodiments, dispersants perform these
functions via one or more means selected from: (1) solubilizing polar contaminants in
their micelles; (2) stabilizing colloidal dispersions in order to prevent aggregation of their
particles and their separation out of oil; (3) suspending such products, if they form, in the
bulk lubricant; (4) modifying soot to minimize its aggregation and oil thickening; and (5)
lowering surface/interfacial energy of undesirable materials to decrease their tendency to
adhere to surfaces. The undesirable materials are typically formed as a result of oxidative

degradation of the lubricant, the reaction of chemically reactive species such as
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carboxylic acids with the metal surfaces in the engine, or the decomposition of thermally

unstable lubricant additives such as, for example, extreme pressure agents.

[0077] In certain aspects, a dispersant molecule comprises three distinct structural
features: (1) a hydrocarbyl group; (2) a polar group; and (3) a connecting group or a link.
In certain embodiments, the hydrocarbyl group is polymeric in nature, and has a
molecular weight of at or above about 2000 Daltons, in one embodiment, at or above
about 3000 Daltons, in another embodiment, at or above about 5000 Daltons, and in yet
another embodiment, at or above about 8000 Daltons. A variety of olefins, such as
polyisobutylene, polypropylene, polyalphaolefins, and mixtures thereof, can be used to
make suitable polymeric dispersants. In certain embodiments, the polymeric dispersant is
a polyisobutylene-derived dispersant. Typically the number average molecular weight of
polyisobutylene in those dispersants ranges between about 500 and about 3000 Daltons,
or, in some embodiments, between about 800 to about ZOOO-IDaItonS, or in further
embodiments, between about 1000 to about 2000 Daltons. In certain embodiments, the
polar group in the dispersant is nitrogen- or oxygen-derived. Nitrogen-based dispersants
are typically derived from amines. The amines from which the nitrogen-based
dispersants are derived are often polyalkylenepolyamines, such as, for example,
diethylenetriamine and triethylenetetramine. Amine-derived dispersants are also called
nitrogen- or amine-dispersants, while those derived from alcohol are also called oxygen
or ester dispersants. Oxygen-based dispersants are typically neutral while the amine-

based dispersants are typically basic.

{0078] Non-limiting examples of suitable dispersants include alkenyl
succinimides, alkenyl succimimides modified with other organic compounds, alkenyl
succinimides modified by post-treatment with ethylene carbonate or boric acid,
succlamides, succinate esters, succinate ester-amides, pentaerythritols, phenate-salicylates
and their post-treated analogs, alkali metal or mixed alkali metal, alkaline earth metal
borates, dispersions of hydrated alkali metal borates, dispersions of alkaline-earth metal
borates, polyamide ashless dispersants, benzylamines, Mannich type dispersants,
phosphorus-containing dispersants, and combinations thereof. The amount of the
dispersant may vary from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to
about 7 wt.%, or from about 0.1 wt.% to about 4 wt.%, based on the total weight of the
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lubricating 01l composition. Some suitable dispersants have been described in Mortier et
al., “Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter
3, pages 86-90 (1996); and Leslic R. Rudnick, “Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter 5, pages 137-170 (2003), both of

which are incorporated herein by reference.
~10.  Anti-Oxidants

[0679] Optionally, the lubricating oil composition disclosed herein can further
comprise an additional antioxidant that can reduce or prevent the oxidation of the base
oil. Any antioxidant known by a person of ordinary skill in the art may be used in the
lubricating oil composition. Examples of anti oxidants useful in the present invention
include, but are not limited to, phenol type (phenolic) oxidation inhibitors, such as 4,4’

methylene bis(2,6 di tert.butylphenol), 4,4' bis(2,6 di tert-butylphenol), 4,4' bis(2 methyl 6

‘tert butylphenol), 2,2' methylene bis(4-methyl 6 tert butylphenol), 4,4' butylidene bis(3

methyl 6 tert butylphenol), 4,4' isopropylidene bis(2,6 di tert butylphenol), 2,2' methylene
bis(4-methyl 6 nonylphenol), 2,2' isobutylidene bis(4,6 dimethylphenol), 2,2' 5 methylene
bis(4 methyl 6 cyclohexylphenol), 2,6 di tert butyl 4-methylphenol, 2,6 di tert butyl 4
ethylphenol, 2.4 dimethyl 6 tert butyl-phenol, 2,6 di tert 1 dimethylamino p cresol, 2,6 di
tert 4 (N,N'-dimethylaminomethylphenol), 4,4' thiobis(2 methyl 6 tert butylphenol), 2,2'-
thiobis(4 methyl 6 tert butylphenol), bis(3 methyl 4 hydroxy 5 tert-10 butylbenzyl)
sulfide, and bis(3,5 di tert butyl 4 hydroxybenzyl). Diphenylamine type oxidation
inhibitors include, but are not limited to, alkylated diphenylamine, phenyl alpha
naphthylamine, and alkylated alpha naphthylamine, sulfur-based antioxidants {e.g.,
dilauryl-3,3"-thiodipropionate, sulfurized phenolic antioxidants and the like),
phosphorous-based antioxidants (e.g., phosphites and the like), zinc dithiophosphate, oil-
soluble copper compounds and combinations thereof.. Other types of oxidation inhibitors
include metal dithiocarbamate (e.g., zinc dithiocarbamate), and 15
methylenebis(dibutyldithiocarbamate). The amount of the antioxidant may vary from
about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to about 5 wt.%, or from about
0.1 wt.% to about 3 wt.%, based on the total weight of the lubricating oil composition.

Some suitable antioxidants have been described in Leslie R. Rudnick, “Lubricant
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Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 1, pages 1-
28 (2003), which is incorporated herein by reference.

11. Multifunctional Additives

[0080] Vartous additives mentioned or not mentioned herein can provide a
multiplicity of effects to the lubricant oil composition provided herein. Thus, for
example, a single additive may act as a dispersant as well as an oxidative inhibitor.
Multi-functional additives are well known in the art. Other suitable multi-functional
additives may include, for example, sulfurized oxymolybdenum dithiocarbamate,
sulfurized oxymolybdenum organo phosphoro-dithioate, oxymolybdenum
monoglyeeride, amine-molybdenum complex compound, and sulfur-containing

molybdenum complex compounds.

12, Viscosity Index Improvers

- 10081] In certain embodiments, the lubricating oil composition comprises at least

a viscosity index improver. Some non-limiting examples of suitable viscosity index
improvers include polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers, polyisobutylene,

and dispersant type viscosity index improvers.

D. Processes of Preparing Lubricating Oil Compeositions

[0082] The lubricating oil compositions disclosed herein can be prepared by any
method known to a person of ordinary skill in the art for making lubricating oils. In some
embodiments, the base oil is blended or mixed with the ester base stocks and optionally
an additive. In certain embodiments, the ester base stocks are premixed followed by
addition of the base oil. The combination ester base stocks and the optional additives
may be added to the base oil individually or simultaneously. In some embodiments, the
combination of ester base stocks and the optional additives are added to the base oil
individually in one or more additions and the additions may be in any order. In other
embodiments, the ester base stocks and the additives are added to the base oil
simultaneously. In one embodiment the ester base stock having a kinematic viscosity of 2

— 10 ¢St and or the ester base stock having a kinematic viscosity of greater than 10 to 50
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¢St 1s added to the group III base oil prior to the addition of the ester base stock having a

kinematic viscosity of greater than 100 cSt.

[0083] Any mixing or dispersing equipment known to a person of ordinary skill in

the art may be used for blending, mixing or solubilizing the ingredients.

E. Applications of the Lubricating Oil Compositions

[0084] In certain embodiments, the lubricating oil compositions provided herein
are suitable for high output engines, for example those found in racing cars and sports
cars. In one embodiment, the lubricant oil compositions herein provide higher wear
protection and less energy loss under extremely severe operating conditions for the high
output engines. In one embodiment, the extreme pressure performance of such engines is
evidenced by improvement in Falex Test (ASTM D 3233 Method B). In one
embodiment, the lubricant oil compositions minimize or eliminate the corrosion impact of
other extreme pressure agents in the lubricant oil composition by minimizing or
eluninating the use of such agents. In certain embodiments, the lubricant oil formulations
provided herein improve the shear stability of the oil. In one embodiment, the lubricant

compositions herein improve oil pressure stability.

[0085] The following examples are presented to exemplify embodiments of the
lubricant oil compositions provided herein but are not intended to limit the subject matter
to the specific embodiments set forth. Unless indicated to the contrary, all parts and
percentages are by weight. All numerical values are approximate. When numerical
ranges are given, it should be understood that embodiments outside the stated ranges may
still fall within the scope of the claimed subject matter. Specific details described in each

example should not be construed as necessary features of the claimed subject matter.

EXAMPLES
[0086] In the Examples, the base oils listed below are used in the lubricant
compositions:
TABLE 1
Base Stock Kinematic Viscosity Kinematic Viscosity  Viscosity Index
at 40°C (cSt) at 100°C (eSt)
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Fal ex Test4 (ASTM

Chevron UCBO 4R 19 4.1 127
Chevron UCBO 7R 39 7.0 135
Priolube 3960 19.0 4.5 163
Ketjenlube 135 3442 34.2 , 142
Priolube 3986 47000 2000 278
[06087] Chevron UCBO 4R and UCBO 7R are commercially available Group I1I

base oils. Priolube 3960, a di-ester based on saturated short chain fatty acids, is a low
viscosity synthetic ester base stock which is commercially available from Croda.
Ketjenlube 135, a butanol ester of an c-olefin/maleic acid copolymer with a. molecular
weight of about 1800, is a medium viscosity synthetic ester base stock which is
commercially available from Akzo Nobel. Priolube 3986, a complex ester, is a high

viscosity synthetic ester base stock which is commercially available from Croda.
Comparative Examples 1-3

[0088] The hubricating oil compositions of comparative examples 1-3 were
prepared according to the formulations provided in Table 1. The compositions of
examples 1-3 were adjusted to three different SAE (Society of Automotive Engineers)
viscosity grades by the addition of varying amounts of a non-dispersant viscosity index
improver, and/or varying the ratios of two Group I1I base stocks. These lubricating oil
compositions contain a major amount of one or more Group 111 base stocks and no |

synthetic ester base stocks.
Inventive Examples 4 - 6

[0089] The lubricating oil compositions of examples 4 — 6, prepared according to
the formulations provided in Table 1, were adjusted to three different viscosity grades by
the addition of varying amounts of a high viscosity synthetic ester base stock (Priolube
3986). These lubricating oil compositions contain a major amount of one or more Group
I11 base stocks and a combination of a low, a medium and a high viscosity synthetic ester

base stock.
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Extreme Pressure Wear Test Performance

{0090} The Falex Test (ASTM D3233 Method B) is a bench test which measures
the extreme pressure properties of fluid lubricants. This method comprises running a
rotating steel journal at 290 = 10 rpm against two stationary V-blocks immersed in the
lubricant sample. Load is applied to the V-blocks by a ratchet mechanism. In Test
Method B, load is applied in 250-Ibf (1112-N) increments with load maintained constant
for 1 min at each load increment. The fail load value obtained is the criteria for the level

of load-carrying properties.

[0091] A summary of the viscosity the viscosity properties and extreme pressure

wear protection performance of Examples 1-6 is provided in Table 2.

TABLE 2
Examples 1 2 3 4 5 6
SAE 0il Viscosity 5W30 0W20 10W40 0W20 5W20 5W30
Additive Package 1 9.1 9.1 9.1 - - -
(wt %)
Additive Package 2 - - - 8.25 8.25 8.25
(wt %)
Antiwear (wt %) 0.80 0.22 (.80
Friction modifier (wt 0.30 0.70 0.30
%)
Foam inhibitor (wt %) 0.02 0.02 0.02
Non-dispersant olefin 8.69 5.35 8.00 - - -
copolymer VII (wt %)
Priolube 3960 (wt %) - - - 18.00 18.00 18.00
Ketjenlube 135 (wt %) - - - 14.00 14.00 14.00
Priolube 3986 (wt %) - - - 2.00 4.00 6.00
Chevron UCBO 4R 51.49 74.59 57.75  55.75 53.75
(Wt %)

Chevron UCBO 7R (wt  29.59 10,02  81.77 - - -
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2nd fail load (Ib) 1250 1250 2000 4500 1750 3'4

fail load (Ib) - 3500 3750
Examples 1 2 3 | 4 5 6
%)
Kinematic viscosity 10.49 7.59 13.47 7.06 8.26 9.55
at 100°C (cSt)
Kinematic viscosity 58.51 392 86.19 36.52 43.89 51.66
at 40°C (cSt)
Viscosity index 171 165 159 159 166 172
HTHS at 150°C (cP) 3.05 2.57 3.70 2.79 3.10 3.58
HTHS at 100°C (cP) 6.90 5.34 8.68 5.79 6.10 7.44
HTHS at 50°C (cP) 23.91 17.93 31.84 19.55 22.61 26.51
CCS at -35°C (cP) - 4585 - 5650 - -
CCS at -30°C (cP) 3405 - 4190 5518
CCS at -25°C (cP) 4223
Falex Test! (ASTM
D3233 B)
1* fail load (Ib) 1250 1250 2000 2250 3250
2™ fail load (Ib) 1250 1250 2000 4500 1750
3" fail load (Ib) - - - - 3500 3750

' Additive package contains a borated dispersant, an ethylene carbonate post-treated
dispersant, an overbased detergent, a zinc-containing anti-wear agent, a molybdenum-
containing friction modifier, an ashless friction modifier, an anti-oxidant, a foam inhibitor
and diluent oil.

2Additive package contains a borated dispersant, an ethylene carbonate post-treated
dispersant, an overbased detergent, a mixture of two zinc-containing anti-wear agents,
two molybdenum-containing friction modifiers, a foam inhibitor and diluent oil.
3Ethylene-propylene copolymer viscosity index improver available from Chevron Oronite
Compnay L1LC.

*A third test was run only when first and second results were different.

[0092] As demonstrated by the data, the lubricant compositions of examples 4-6

show higher HTHS at 150°C which are useful for wear protection at extreme conditions.
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"Addi tive package contains a borated di spersant, an

et hyl ene carbonate post-treated di spersant, an

over based detergent, a zinc-containing anti-wear

agent, a nol ybdenum containing friction nodifier, an

ashless friction nodifier, an anti-oxidant, a foam

inhibitor and diluent oil. 5 2Additive package
Exaapltsad-Haisa showdete dadpargag propariice thgtidaeed by hropmivement in
th Egét-treated disg;rsant, an overbased detergent, a

© HPE GFRCIBE PISRRIS WRRL €8t ai ni ng anti -wear agents, two

nol ybdenum contai ning friction nodifiers, a foam

i nhi bi t Opri@sh PbdtweRforRidnee 3E hyl ene- propyl ene

copol ynmer viscosity index inprover available from

Chevron Oronite Conpnay LLC. 10 4A third test was run
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t he i
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CLAI M5 What is clainmed is: 1.A lubricating oil

conposition conprising a Goup H base oil; and a

conbi nati on of ester base stocks, wherein the

conmbi nation conprises: 5(a) an ester base stock

havi ng ki nematic viscosity of 2-10 cSt at 100C,

(b) an ester base stock having kinematic viscosity of
illugragiar end exrarpld GoriporBGescdiclarity P owlestanding, it will g readily

ester base .stpck i-ng Ki t] [ i f. .
o3P pEE DRty MR DBl e BRI g ipcoran
chaf@RRAS niddoitatibnLhay B2 hadykterad withbat depattipgfidm H@Seirit or

ol l 10is nmore than about 50% by the total weight of

scopanef the ppncaded ¢aims | conposi ti on. 3. The
| ubricating oil conposition of any one of the
precedi ng clainms, wherein the Goup Ill base oil is
about 58% by the total weight of the lubricating oi
conposi tion. 4. The lubricating oi
conposition of any one of the preceding clains,
15wherein the Goup IIl base oil is about 54% by the

total weight of the lubricating oil conposition.

5. The lubricating oil conposition of any one of the
precedi ng clains, wherein the Goup Il base oil has
ki nematic viscosity of 4.1 ¢St or 7 ¢St at 100C

6. The lubricating oil conposition of any one of the
precedi ng cl ai ns, 20wherein the conbination of ester
base stocks is |ess than about 50% by wei ght of the
total weight of the lubricating oil conposition.

7. The lubricating oil conposition of any one of the
precedi ng clains, wherein the conbination of ester
base stocks is about 38% by wei ght of the total

wei ght of the lubricating oil conposition. 258. The

| ubricating oil conposition of any one of the
precedi ng cl ains, wherein the conbination of ester
base stocks is about 36% by wei ght of the total

wei ght of the lubricating oil conposition. 9.The

| ubricating oil conposition of any one of the
precedi ng cl ai s, wherei n the conbi nation
of ester base stocks is about 34% by wei ght of the
total weight 300of the lubricating oil conposition.
10. The lubricating oil conposition of any one of the
precedi ng cl ai ns,
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wherein the ester base stock (a) conprises a diester

based on short chain fatty acids 11. The

| ubricating oil conposition of any one of the

precedi ng clains, wherein the ester base stock (a)

conprises a diester basedLadMshort chain fatty acids

havi ng 5a ki nematic viscosity at 100C of 4.5cSt.

. ricating oil conposition of any one of the

v%%%%g%ﬁﬁ%qglalns wherein the ester base stock (b)

conpri se ester. _ .

| ubr Fcat |"’h$ CF‘%}@O% GEPPISHIPL TG e GB?“Pt e TB%e ofl; and a
chIREAEh BPestdr BhdBiioc) @habH thh@nashion basstised: ock (b)

conprises a butanol ester of an ct- olefin/naleic acid

1000@25{ Bk base stock ha é@eﬁaﬁ'c%%sﬁg H‘% that 100°C,

conp on of any on e preceding clains,

wherein the ester base stock (b) conprises po r
ot ) NG Heskelen Be HRSEust Py sﬂgreazfer GRS s

18®Cc aklpe lubricating oil conposition of any one of the
preceding'clains, 15mherein the ester base stock (c)

conprises. a I est.er vin n [ [ o
o Blsb5 Bt PR o iR el st BFERk okl BE 85 of Mo
conposition of any one of the precedlng ¢l ai ns,

wher e¥n t Hedvhsisaingh! cowpesitionpl slagp §cwhereyy the Sirgrm lehase oil
1006:E B8 RO6uP 5’0‘%\’%% gltattotélfweﬁéﬁl@ of @ ﬁ:lbrt%h@ Bt cdpokifén.

conp05|t|on 201 l'ubricating oil conposition of

o odtor bt El%g%’%?é e%%fﬁr%osiﬂoogutf oy AR GRRERUR ctims.

vihbeid Bk diroei1gbhseafil i hbow BBPOBY theotatal weight of the 1ubn1:&mg oil

The | ubricating oil conposition of any one of the

HPRSEWINg cl ai ms, wherein the anmount of ester base

stock (b) is betmeen 10% to 20% by wei ght of the

t ot a|4 2 5wBleg htbriodting hail comprséion ehany one of tiggpregsgng claims,
%}gtd’l‘g% ﬁk Ibas%oﬁpgsa'bgﬁt% o9 fb Y 102 %vefg:tt E)Pﬁle lubncatmg oil

prece ereln the amount of ester base

<£@p@%ﬂ@b) IS about 14% by wei ght of the total weight

of the conposition. 20. The lubricating

oi | gonposhd iaRicRfngasly comBodiont BE aRy @ﬁ@datnge pleataiy, claims,

30wherein the anmount of ester. base st

HhGTaEn GroRPUl bEgmRIERS RBFGRLC BIoPREo ok G WL L 157
the conposition. 21.The lubricating oil conposition
of ary oneﬂn:f lubtientipg e?xilechm;gbsitioai efsgnywimer &i the tphaseding clamps,

R 5By BB PRSBS 35t 0

Wﬁ@ﬁbt@thﬁgamngoﬂommﬁsmbnon of any one of the
preceding claim wherein the anbunt of ester base

stock (c) 1he 1ARRHnA% Q%m‘ﬁ@élgm o®fan} rb%etd?ttﬁé pYREGRY claims,

of the conposition.” 23. The |ubricatin

whergio fietcombingfiomplesish Base ftockiels ghee 881 Vt:qlﬁilt fthe total weight

of the lubricating oil composition.

8. The lubricating oil composition of any one of the preceding claims,
wherein the combination of ester base stocks is about 36% by weight of the total weight

of the lubricating oil composition.

9. The lubricating oil composition of any one of the preceding claims,
wherein the combination of ester base stocks is about 34% by weight of the total weight

of the lubricating oil composition.
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wherei n the anount of ester base stock (c) is about

6% by wei ght. of the total weight of 10the

conmposition. 24.The lubricating oil conposition of

any one qf the. preceding clainms _further conprisi.ng at

| east' ond Mg dHPiGatRe OF SARF PR & 3PH e°n§r°$u‘§e cpé%cg‘lilg‘% icﬂaéms’
whdreia il @ WhaNisok (@ dohEiads adB@etk Basedlad @ibg @Rdis fattly Wsits.

inhibitors, denulsifiers, friction nodifiers, nmulti-

functjon dditj.ve Vi ' [ [ VL S 1 PQLLS:
poi nﬁi‘ de?F‘S? ggrhc%é?g ?’ gacrﬁn?p%gllﬁ IIE %ég ragf;I e(?iggmat a? pitceding W,
wieantthesatob:se stoiksperosmnits, a Bt bskdon shattichiin Gitts acids having

ubricjty i.mp er.s conbi nations thereof. 25. A
ab?@?ﬁ%‘?f%%%l# ﬁaglo éofg‘gg%:ati ng oil conposition
conprising the step of mxing: a Goup ||| base oil; .
and 2ba cbwblvhagarish odf CQERROSHHIOR 1 i t B kY, GHRIPETIRE t rams.
“%Qrgﬁltﬁ%spﬂasg&w(b)s&%pﬁ%@a s Ll base stock having

kinematic viscosity of 2-10 cSt at 100C, (b) an

ester_base stock .having kinemati.C vi SCos| of . .
gr eater tﬁ‘ﬁnf“%@capﬁgé)él g‘ﬁ‘pog{ oF R X rde & bt Freceding claims,
weeintfhe @5itEhash 8®ek $b)0@inphissy N Gulshdlesslt bE aw insdeBithsieiofacid
greater than 100 cSt at 25100C. 26. A net hod of
PRASYPEat i ng a hi gh out put engine conprising the step
of operating the engine with the lubricating oil_ )
conpo4i t i Bre bibricatye ouile cofipasitan ned anyt ene2df tp7pregpding clams,
thod of cl ai e [ ) ngi I
e Bt STt fy LSS Ao oGl D0 MpcR PRk of
3deBtodO@L. cl ai m 26, wherein the high output engine is
a race notorcycle engine or a sports notorcycle

engi N8;  The lubricating oil composition of any one of the preceding claims,

wherein the ester base stock (c) comprises a complex ester having kinematic viscosity of
2000 cSt at 100°C.

16. The lubricating oil composition of any one of the preceding claims, Wherein
the amount of ester base stock (a) is between 10% to 25% by weight of the total weight of

the composition.

17. The lubricating oil composition of any one of the preceding claims,
wherein the amount of ester base stock (a) is about 18% by weight of the total weight of

the composition.

18. The lubricating oil composition of any one of the preceding clamms,
wherein the amount of ester base stock (b) is between 10% to 20% by weight of the total

weight of the composition.

19. The lubricating oil composition of any one of the preceding claims,
wherein the amount of ester base stock (b) is about 14% by weight of the total weight of

the composition.

20. The lubricating oil composition of any one of the preceding claims,
wherein the amount of ester base stock (c) is between 1% to 10% by weight of the total

weight of the composition.

-32 -



21.  The lubricating oil composition of any one of the preceding claims,
wherein the amount of ester base stock (¢) is about 2% by weight of the total weight of the

composition.

5 22.  The lubricating oil composition of any one of the preceding claims,
wherein the amount of ester base stock (¢} is about 4% by weight of the total weight of the

composition.

23, The lubricating oil composition of any one of the preceding claims,
wherein the amount of ester base stock {c) 1s about 6% by weight of the total weight of

10 the composition.

24.  The lubricating oil composition of any one of the preceding claims further
comprising at least one additive selected from the group consisting of antioxidants,
antiwear agents, detergents, rust inhibitors, demulsifiers, friction modifiers, mulii-
functional additives, viscosity index improvers, pour point depressants, foam inhibitors,

15 metal  deactivaiors, dispersants, corrosion inhibitors, lubricity improvers and

combinations thereof.

25. A method of making a lubricating oil composition comprising the step of
mixing: _ |
) a Group Il base oil; and -

20 (ii)  a combination of ester base stocks, wherein the combination comprises

(2) an ester base stock having kinematic Viséosity of 2-10 ¢St at 100°C,

(b) an ester base stock having kinematic viscosity of greater than 10 to 50 ¢St
at 100°C and

(c) an ester base stock having kinematic viscosity of greater than 100 cSt at
25 100°C.

26. A method of lubricating a high output engine comprising the step of

operating the engine with the lubricating oil composition of any one of claims 1 to 24,

27. The method of claim 26, wherein the high output engine is a race car

engine or a sports car engine.

30 28, The method of claim 26, wherein the high oufput engine is a race

motorcycle engine or a sports motorcycle engine.
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