LUBRI CATI NG O L COWPGOSI TI ONS FOR | NTERNAL COVBUSTI ON
ENG NES FI ELD [0001] Provided 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 of making and using the lubricating oi

conposi t i YERBATTIRIGONY mr@mxoﬁé@mﬁmﬂ%ﬂ

Hi gh out put engines re g er wear protection
and | ess energy | 0s§0 UHON EXGINERel y severe
operating conditions. The lubricant oil conpositions
for such engines are required to provide extrene
pressure perfornmance but WELKBut the corrosion

' ct of other extre essure agents. rr .
oty ng oi F’?VE@F ?@flﬁﬁﬁ"ﬁ?@t&ﬂwl BPPYiGRg Ofd‘ﬂ}ﬁ‘"\l)ér?t”inBWHPn
&lolnSs. OThelcobbse@ins pehvRiell Berbis @6inprike RAFSHNUHasSRItk GhES .
%%% oils fornmulated in this manner doq not optimal]y

ingien ofj it Paje sapts- Mrdhodepimpaking e Laenls a%mmﬂa%@l&

QhpbsitisRGd WkoebGibed her efore, there is a continuing
need for new |ubricating oil formulations that are

suitable for use in hi ngi nes. SUMVARY OF
THE | NVENTI ON [ 0003] P%g§ﬁ§%@8h§'ein are lubricating
i |_conposi |o s that provide wear tectjon and
b on Rt Faoey e ot Ton AT saee lox
@ﬁer eRffAey @@rafe, opchtng 2fhdltidhy. i Ttalibrgan®bil c&ﬁpﬂ@ﬂsmstfbm{.‘»h
rise a %&8 gw%il base oil and a co éﬁﬁloa
eé“é’t” apEgRe © KB IS PETTRRIFCAED f figrosion

ifap@ii Bf dthdr RB&Re pteksureSa Prite S@idtent 1ﬁc1ﬂ§101BsMhnﬂﬁt6(ﬂﬁﬁhod1ﬁqng
% . 60% qr abaqut 70% ht of th

t han .ab 5
SRR R BRI dﬁgasseng%soye@f St el Glated in

tﬁlﬂ%ﬂhﬁﬁfﬁﬁ 6t optiR@il¢ aaddfRati R et m@g rfmBRE GerBAnAS KiSced on
nprises 25 three or npre ester base stocks

I n
BP9l 1G5, Skt 18 3 COMUIDg HETEH AL 10 vrfoeit i fopidagions that

@é@ﬁmﬂeﬁﬁmmmd‘ﬁgu@&l er base stocks. In certain
enbodi nents, the conblnatlon of ester base stocks

VAT R A )ki an oster
e b e L e e

p&(btd:dtl))n aid Rt rebagRn %¢ BEHnah &)ﬁh‘tﬁl@ﬁdﬁleﬁgﬁﬁt L€ onk embodiment, the

lubricating oil compositions comprise a Group III base o1l and a combination of ester base

stocks.

[0004] In certain aspects, the Group I base oil is present in an amount greater

than about 50%, 60% or about 70% by weight of the lubricating oil compositions.

{0005] In certain embodiments, the combination of ester base stocks comprises
three or more ester base stocks. In certain embodiments, the combination of ester base
stocks comprises three ester base stocks. In certain embodiments,l the combination of
ester base stocks comprises: (i) an ester base stock having kinematic viscosity of about 2-
10 ¢St at 100 °C, (ii) an ester base stock having kinematic viscosity of about 10 to 50 cSt
or greater than 10 to 50 ¢St at 100 °C and (iii) an ester base stock having kinematic
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viscosity of greater than about 100 cSt at 100 C. In
certain enbodi nents, the anount of the conbination
of ester base stocks in the lubricating oi
conposition is |less than about 50% by wei ght of the
| ubricating oil conpositions. In certain enbodi nents,
the anmount: of the conbination of ester base st ocks

IJESSE%?&E Eg gﬂergtﬁgri 5‘% 00'8 rcgtaf%ﬁ) &fdéj gg aln em tfas t%'t% gmount of

| thdogoimbatatiorgofaister caserptoskis i thaBibricdtng Gﬁ ]:OIﬂgbasrmOm isOask dad about

L a t ds of kln ] ubrl 0|l
oS Duf oF e pfRaty o ShRilo b S Shiracnt, g amount
tdﬁ ﬁleS:blﬁblnﬁﬁonmf xstagaaéeas)ocas ﬁﬂmjpbﬁdahngxasc&m@)bhnora@ ths{ Bin
wherein the

f b
RN NG N T CYNT

haV|ng klnenatlc viscosity of 2-10 ¢St at 100 C, (ii)
d000ékt er balsepsvdekhdiey argneli®dk pieddg lubrix:iamgmﬁ doynpoditions.

9% S&tﬁ%ec{ lEhe I'P]e]ﬂg)OC{S %01}52%15% %16 sga o% 919}{1%6 ?a G (*up Ié% gan aEn r(b) a

base st ock ReNBLt € VISt
techabindiR@ of &tera)ase]sﬁ)@ks'[ whésmahd eonebisgon C(ﬁmprila;s (1) an ester base

SRRt 0 B SRR, Bichho e Rinote
IMmat?camt;dngtyooﬂth@dmﬂﬁ 10 todi0SPAtAVD ﬁteahdtng)eh sttg Ibﬁse@ftﬁk
B bR g PEOREB LS L300 o GRdprascipRD.
eekgraping4nbodi mrents, the lubricating oil conpositions
provi ded herein are useful in high output engi nes,

as r |n i nes, ..S gines and .
i‘#ﬁzlr | 0T ag Ef)dec eq]t‘ As mefhy E i::@frfcﬁ goatn 853 BMBustion
@ngmmasutlt Tnbrisitipg oi cetepoitighsprovidarhepirtie ohd Bpect, @het:ﬂs&hods

i nes ect Iubrlc
SfiheB B of BHAES B b g 0 PSRt e B T
smbcmilﬁerﬂ@ tledetrihtingoi Canthotiii@is rofidet] hercin g usefdt ﬁlhigh output
|nes n sone enbodi nents, e |lubricati
68 &Hﬁbis* rtl‘i“&ﬁ]n‘?f GRS oERE FRr S f’%ﬁ‘@&% e eamaspest ﬁ%
fubﬁeitlﬁé oN c&apsitioys prodidx highg W‘dﬁ;ﬁrﬁtecﬂdﬁ t@fhh @fgh output engines. In
odi nents, .the |ubricating qil tions

oL e SRIRE Bl e gOBTErg Yl qeuindor the severe

bRty esslitidn® 00@E high ottt aApResnbodi ments, the
| ubricating oil conposition disclosed herein 25

her ¢ rise t |east.one |ubricating oil . )

Lo * SRR G s Gt B0 TR A itsfosed herein
aa&mt@bﬁhtﬁﬂ]ﬁrtf&e oﬂﬁitsd:d&ﬁ;amdagiﬁtﬁhﬁ/ﬁrsd &t ehgenbsdimems tthe lubricating
?ﬁ‘]hlblt?rs ﬁ) élflera:@ pctlon nodi fi ers,

FerPopifipRs qissipsrd Beselp previss © Bé‘iﬁ’rslt}b'&ii‘ﬁ‘t*mé?@b’ifréssant s,
foam i nhi bitors, netal deactlvators di spersants,
H00% 0si onInt cxlndzini eﬁnﬁbé;mehhﬂhﬁhﬂbn@ettﬁ@ bil b(trypdsi‘mfbﬁ O€68d herein
%}[tﬁesi' ’coggrris!(eg gtsl’east onequ’gncggng oalt ad%ﬂwe se ecteedoﬁf‘om the group consisting
of antioxidants, antiwear agents, detergents, rust inhibitors, demulsifiers, friction
modifiers, multi-functional additives, pour point depressants, foam inhibitors, metal

deactivators, dispersants, corrosion inhibitors, thermal stability improvers, dyes, markers,

and combinations thereof.



10

15

20

25

[0010] Ot her enbodinments will be in part apparent and

- in part pointed out hereinafter. DESCRI PTION OF THE

DRAW NGS [0011] Figure 1 depicts a chart show ng the
results of MIMtraction tests at a 5 SRR (slide/role
rati o between ball and disc) of 25%for conparative
| ubri cant cConposi ti ons and | ubricant corrposi tions

| ded reln 1 ure 1 de a chart
BRGNP b e PR B Pa Pyt
(stdicleén ol e rati o between ball and disc) of 50% for
conparative lubricant conpositions and | ubricant

conposi tions prQui [ jgure 3

depi cts a chartw{)ﬁj&gﬁ%g&éﬁk traction
ao.b al

dPBef O Jmer Dbk AEbaPGudd el O MSH R Rl o

aﬂRR dshdﬂrbleamo teonpa dall azminhscpﬁﬁ_ﬁﬁl‘ydﬁdcdmmmnm lubfiiel ]

" Ig{urﬁ%ﬂsde@ ctcs a g:ntf)a ShOOWL e?,ht hle_ results of MM

PABYTOR° fEst R "CEVUEF PBFE rati o between

baII and disc) of 100% for conparative |ubricant 15

deHpbsi ti &iglra hdepictbn bwﬂhomgwmsb&uitm@@mcﬁmdests ata

%%%e(:g /rol ori)e%wet%n%all grgiodl s%% fT §2J/f 1%9 co&m 18% egmher ei n,

aompm;rttnses amﬁlubreanfs:ombhin@umaivubdheran. ot her short hand
as used herei n are defined below. Any term

viati fl j . St
b L T
SRR (slade/rele mtlerbptwean bdusndwiischoft 1386 fou bmi}w'rti@mlublﬁcanh is
' of a base oil
BBt L A oricl Spoea i bR BIRAEE. 2T 0 PFEReT 0
vvt % of the lubricating oil conposition. In sone
&8I e ntRsure Ademgton chaafrpbgwmg thyfreslthef T tractief testssat a
SRRANARLS %&%&v&e@ﬁbﬁ %d@gc of YA, b2y u\v@%t@caﬁmr e
-

nore t % noret
evmpRsiient @driul@@amtcp%wuqnh emlvubd baati ng oil 25
conmposition. [0017] "Sulfated ash content" refers to
t he amountpghidyatal - contai ning additives (e.g.,
cal CI um rmagnesi um nol ybdenum zinc, etc.) in a
icating o0il and is tﬁgl cal I%? nmeasur ed accor di ng

STM -?Afacﬂ%ﬁqeélpp yndets ‘HP%B@ SeRgpEiend 183‘5}036(1 herein, a

hﬁﬁ&? 8NEBns, abbrdvALRE o VEQRRRHahd 2MisddRteil e defined below. Any
"subst anti al | y free" of_ a conpound refers to a
term, abbreviation or’shorthand not defined 1s understood to have the ordinary meaning

used by a skilled artisan contemporaneous with the submission of this application.

[0016] “A major amount” of a base oil refers to the amount of the base oil is at
least 40 wt.% of the Iubﬁcating oil composition. In some embodiments, “a major
amount” of a base o1l refers to an amount of the base oil more than 506 wt.%, more than 60
wt.%, more than 70 wt.%, more than 80 wt.%, or more than 90 wt.% of the lubricating oil

composition.

[0017] “Sulfated ash content” refers to the amount of metal-containing additives
(e.g., calcium, magnesium, molybdenum, zinc, efc.) in a lubricating oil and is typically

measured according to ASTM D874, which is incorporated herein by reference.
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conposition which contains |ess than 20 wt.% | ess
than 10 wt.% less than 5 w.% less than 4 w.%
less than 3 wt.% less than 2 wt.% less than'1 w.%
less than 0.5 wt.% less than 0.1 w.% or |ess than
0.01 wt.% of the conpound, based on the total weight
of t he 5 conposition [0019] A conposition t hat is

ound refers to osition
@hfﬂi. IR S e e SR
basdsifsh Mﬁ&h doladls 18 thgito @f 94t 1&% thﬁpll’mﬁi% tu:s@ fhan BG)@Z’/D]Iess
Hg the fo]llow ng description, close

et WE%r lessdpasroX e thepg Wl %Sg ﬂmflgb Eﬂl@% R 3pthg less

tdg W6, 8ethan®01 VABPHOKE ERARINd, Hasdd sﬁithb Rotal weight of the
connection therewith. They may vary by 1 percent, 2

pOFPEHECR- 5 percent, or, sometimes, 10 to 20 percent.
Whenever a nunerical range with a lower limt, RL,

oot gpn UppBlcotpdsition tRis “fise” WiaSehpaad ref@rho m&ipesﬁmn which

falling within t a s specifically disclos
Aot ot O VS 0§ f b e ORGP Hah of the

[ RRPEsiRITe speC|f|caIIy di scl osed: R-RL+k*(RU—RL)
wherein 15 is a variable ranging from1l percent to

ég&@ge e egﬁ‘ﬁ%ﬁ’%ﬁ?ﬁ’mg é‘vp gri}fﬂg’gl;ql ! miggabe nﬁbsglﬁfed hgrem are approx}mate

panes E’égardless wﬁe@hd@ EHeGRd Cabbit” pe*apgzrohmafﬁe? is [ped meBhmection,

9 er.c t 7. perce er cent
TR Thot mepsRGY Lateent BTG, SPredin e s 0 0 20
RRER. oiﬂ{eha@ﬁla Ryndrigl g weriswadindle RF-ned ah BpgeBmit, RV, is -

CPEIRHCEIVERIPS FB0R TR Posss sr Bl hlordot EALFRG

GbllovaRIRAScts vaken $he Fanklhe %}E@iﬁcﬁﬂ)ﬁfﬁb@&sb@ R=REAG(RERY), wherein
caonprising a) a Goup Ill base stock and b) a

o raspiesmneye feam éPel‘B%’i’éE‘ 100 pereent vith@ lgystcepfiggremeng y-e., k is

QRfRrceht, ﬁpéreenlt lsl}kfc%ﬁtt 4 ﬁ&céﬁt l5 (p’éii@hﬂ 1,58 perc¥isy leﬁeﬂzeﬁthﬁ
conbi nat 1 on conpri ses: i) an ester base stock
PEFE g & RET |P§r°91Fts%7d?>eF‘t69t $ PIeryE 78 perpentpr L&} percent.

Midrdovaf) aﬁﬁﬁ&ﬁen@ﬁ%@n&éhé’ﬁ%d BV E Bmbéd 8N Rh& MIﬂ?eca@wetlyalso
at 100C of 10 to 50 cSt or greater than 10 to

emcificaitidigqlestd- an ester base stock having a klnenatlc
viscosity at 100C of greater than 100 cSt. -4 A The

Base Stock DESCRIPTION OF EMBODIMENTS
10021] Provided herein are lubricating oil compositions for internal combustion
engines comprising a) a Group 111 base stock and b) a combination of ester base stocks
and optionally ¢} one or more lubricating oil additives, wherein the combination
cormprises:

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

(ii) an ester base stocic having a kinematic viscosity at 100°C of 10 to 50 ¢St or

. greater than 10 to 50 ¢St, and

(iil) an ester base stock having a kinematic viscosity at 100°C of greater than 100

cSt.
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[0022] The G oup Il base oil is described in the
American PetroleumlInstitute (API) Publication 1509,
16th Edition, Appendix E. - Goup IIl base oils are
defined as having the follow ng m ni mum
characteristics: >0.03% sul fur, ?90% saturates, and
>120 5 viscosity index, as determ ned by the ASTM
nethods listed in Table E. 1 of Publication 1509. In
obvel t, the saturates content of the G oup

I ase oj,l east 96 wel ght
e o oat Heftrous Iy bEERH gBGED G Pt
qripndiueRation 1306, mﬂtﬂdluonpmﬁtemt( H. S}rbh@ I[[Id:aﬂxﬂlgtaremeﬁgé}bas

wei.ght. and jn another . jjyent .up tgo abo
3?/%%%30%*?%@?@ st AL SYie S0P Gogsies nd =120
IMS%W@ﬁdeﬁb he gat@n&?m thd {\s ”Dﬂi‘xﬁetﬂdd:li g(s)tsd ﬂlg%gfg iﬁiﬁ& Publication
er e odal nen greater
éﬁﬁi RropF CBASUnETH the SBtFraroBieR, G Eepant Dbl f 6 gest abou

msmh@rw&éht Chin¥ & SR enHOGihfeASat 1daQab&X 88RIL§ weldhe 1h3se ol |
can be manufactured using a variety of different

sroedusisthe selfug gPHent B tﬂ gpout Pﬁ%%é’a weightipad ivyapethsron,

RIb¥@Rent ®ftd Mo00.0 h%@& %?%Bt %%ﬁ@ S5bdA8nent, the viscosity index of the
ol i gonerization, and rerefinin Rerefined stock is

{GrpHOAL bage @il gbarit 7 alin grofhepembadgpsnt mroster ten 430

i ntroduced t hrough manufacturing, contam nation, or
[[9628] OUS USR GrodiP¥eke biNuRA BeRiHNOKia BN froth Iagmaa@ WPdiverse
I'll base oil js derived fromnatural _|ubricati

Gpyrees Egifpapledhe e rd 411 hrgnaefastugd uHng ey 9@@%@%

H&eslsémﬁétﬁﬁﬁg bR as€limitddSo dishilidtied esohz@t&@efﬁtiﬂgc kedrodh ﬁtoe&@ng,

ﬁ% i soneri zation of synthetic wax and sl ack wax,
g

gmegigationy wdsere Heleat Berpacd sk & tppieiy septagijally free from
e ARELAE HrBE AR ARk eingNdnBRlRfiof BFREASRLS: of 20

the crude oi|. Hydrocarbon synthetic oils include,

e © pecuntBeehahs ron b et Hnanra

MbECAEE 0118 3HR%otic @i ca®ieail bemixiurds thé:ssre Thd [BASEbase oils
process. [00251 In _one enbodi nent, the C}ougﬁlll base

eﬂctuda basg sieksepipined bydtompagatiop ghsyoHhsticFar andslek ay. gg well as

ﬁp&@&&ﬁtat% BadR 1B Erdéﬁééd\b?%y&ﬁaexm:@ %tﬂ’x@ %hﬁu@ﬁtdfpﬁ%?éom}féﬁdns of
is refined such that it exhi ts the perfornance

Hsgrusle §€é§¥dﬁfiﬁa@&w&}?§tﬁ%‘ﬁ§ﬂéfncg-‘)?ﬁtfﬂfeﬁtxﬁ@ﬂﬁd% pEspired from
h8&dboh By G8sts P 8RROE 1A IN rtdAExiBR4dd M irogen gases, for

.lubricating oiI's include animal oils, veégetable oils

pemyle inpFisbgrebapshipocesast or oils and lard oil),
petroleumoils, mneral oils, and oils derived from

Fms or shab® entodlB e @mp PR SR Qi1 isiBY¥relEis A8k §6m

omunrefined, refined, rerefined oils, or mxtures

pHwRkIcks fas opnnscd edwmeerited fiam sfhsiesayres), apdds refined such
oht iek0@dds HeREb i ankt AW BsdB@tUaBdmeters of synthetic base oils.

[0026] In certain embodiments, the natural lubricating oils include animal oils,
vegetable oils (e.g., rapeseed oils, castor oils and lard oil), petroleum oils, mineral oils,

and oils derived from coal or shale.
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source or synthetic source (e.g., coal, shale, or tar
sand bitunmen) without further purification or
treatment. Exanples of unrefined oils include a shale
oil obtained directly 5 froma retorting operation, a
petroleumoil obtained directly fromdistillation, or
an ester oil obtained directly from an
esterlflcatlon process each, of which may the

wi t hBgthate il pryrbedprvad o unrpdetl. feliped; 1F’§ﬁ%qdé’ﬂs or

smmu{ea kheteB N SndIBORIHAGH vRldiscPNEARS obtdhRi dirb @y IfR@0h natural
oil s have been treated in one or nore purification

SPEHROTSHURFAS SOVES Gife Conrl: SHEEOT i sEsidvtier) withgytfumhes

ﬁbHﬁﬁJahQ@&ﬂ 1RmleRe @Aaﬂlﬂ% of DedEe ofll iStihde ALV obtained directly
hydr ocracki ng, 10 hydrotreating, dewaxing, solvent

éwmmstom operetien, 8 petrsiein wkeltaned dmctlyiron distliagnn, oppreester
seln@a bl ﬁloln st \gmho@ﬁ%cé@ QA otf@vhh;ﬂ%? ik &4
he art. er ef 1 ne | s ‘are obtalne ytreatlng
u@@dutoﬁmﬂsr ireptpentc Befoned od§ are sianilar ty thdnaseingd eidp exeept that
9%}'&1@(]1 Eﬂstﬂ?ﬁe Be%rw 'tr@gt?d & 0|n§ or I;ll—gl% SrifiéaBbs gt Oﬂﬁg ngdrl)v% AL ?r more
nown as reclainmed or r processe Ol f d)
aroperiidd | fuitebla birificarocdwipes ibyludediiniauere Bydrarackmepy aI

Y
R38R e BEMlte” SR G bton LR EARUE BB i Raich
@ercmu@nnayommm drekarsedy thoet skildad imtherae. Berefined oils are obtained
be Ellﬁlég'é:l.:i]e noﬂ\émmt pr}g%e?rsga? gallatﬂg%[f% :tho%g géerg (%Od ot I.%H’ﬁﬁ ref?nﬁ(? 8E These
hﬁyefmd side alzmknm afrechdherdt @ remocwd bfhseﬁndmﬁma&e sdditionally

m Xt ur er eof . over ati,on, catal yst ..
R A S L R R
in US patent nos. 6,503,872; 20 6,649,576; and
02813, 438 B@@h@rht@/ﬁ@qunyﬂmismé@tioh bgwmam@ HJOBO,
@g—l}{ %
élﬁler gg? tion (I!)NSlﬁ%Eﬂg laf al%ﬂ&/lar 878&% NS gvg:?
iEEMbM&oﬂGt\bx(o@ﬁ:ﬁ&% ﬁathuthatsemﬁnmﬁn vimpodi |0t ﬂla’dtewaaam or
20/ ul f VA'. T N- 100N (100%
ur a e Ql"}za%ah '\ég)(;lc;%osrﬁletnzat%xgg!ﬂygﬁd 0.01% sul fur);
and I\/DTI VA" TEXHVI 75N (100% saturates, 125
{008¥osi t y Fxauplrs affdrogp Ubbasebfigary diselpsed 2EUS pagent nos. 6,503,872;
I
?ubr’l can 67 3%%%8%}?&%& rlglv ﬂﬁﬁﬁerdgﬁ%éﬂl‘t?%%m =
IRXEVI EIGB@ sﬁl@h af TEZHY -1 00N EX5 asanuaedh 62N visnsily,indeend 0.02%

%b& ?I onseﬁ?%i/%%ﬂes gers' 21'25 VJIS@O rrlgr%née %gadn&g%}' S‘{I&QO%
kMOff ﬁ\_t’za'l TEKH@hﬁOI@ﬂ O €l Oﬂ%ﬂmupmacﬁt, il Zvischsityoedexand0.01% sulfur);
?en%ﬁj(gan t"g[@)%?f[ 25 ng%% saturG{e% U&S ! lslaosﬁsnede}? Iamcl d (p%) mﬂﬁu In

051°t1 O1s brOV| erern 1s nor
brieambabiaicht, 5a%rbyp Hbbat oilveded it thoflubiibant ot oop@sitivhgmovided

%Gr?lgfsrﬁ%@m%?ﬁ 6t he amount of Group Il base

[06030] In certain embodiments, the amount of Group 11 base oil 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 III base oil in the lubricant
oil compositions provided herein is more than about 50% by total weight of the

composition. In certain embodiments, the amount of Group 1l base oil in the lubricant
-6-
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oi | conpositions provided herein is about 50%to

about 90% by total weight of the conposition. In

certain enbodi nents, the amount of Goup IIl base oi

in the lubricant oil conpositions provided hereinis

about 50%to about 70% by total weight of the

conposition. In certain enbodlnents t he anmount of
Il base o0il| in theI

g&%ﬁ@ﬁ?%@@&ﬁ@fﬂﬁ}%@,l’ﬂ@a lsr?éPlg. %Q% gb%ﬁl greighirfithe

GO dnO lidderifi ciki¥odigfents NBe mﬁ&ﬁﬁp&ﬂxbupm babdloiFAkeAUBYcant

enbodi nents, the anpbunt  of oo IIID se Qil_in the

| isPmBesHtons B‘iOI‘“dE% h?ff%‘é‘ 1% 3bpH <0 &rtﬁ Ao Yotk gl‘ ttal weighbef g
48%posaidH P& uinhodiaRis, tﬁ@&&o&@&@(}r@@pfbﬂ bab4Mh in@RMubricant
68% 70% 75% 80% 85% or about 90% b % tot al . wei ht
il wwgosgmba@vwﬁ%herem isbee Venh dbnuidihe by tord waieh

@Bﬂﬂ&nloh' nb%@n{bo&ﬁmh@ Qhd MioE@MtSro) i1 &%@Pﬁ'tﬁé l%}ﬁzant
0 provided herein is about 54% or 58% by t ot al

\ﬁélCQIHPOSéﬁOH‘é Pevidedpaginds adpaut 458, SCeriein é‘ﬂ%o’iﬁ‘yeﬁ 8%stlep, 62%,
Basessk %L%S 75‘%07"35]“/1; 8'0'? 88 B@hﬁbu@@/ﬁ)w LAz thtotl} fhe composition.

combi nati on of ester base s used 1 n

e cadboilimygnio the agonpios quv@rIE bﬁ@r%ﬁ in thedwhpicans e8 cepppositions
I oDESKe

SRR hOE s S R Pl PO b ' BBsiiep i
conprises three ester base stocks. In 15 certain
enbodi nentls, Cembinatipmptester Basegtockst er base stocks
conprises: (i) an ester base stock having kinematic

YOOSEPSi t Y 19 teriOsthbodinéhiS Bk cahbih@RnGs edidriblseabcRSIsET in the
base stock having ki nemat i_c vi scosity of about 10 to

Bibricating il camprsition erpicpmprs deast hiss Saerdptsclotkn 4 Loiin

kinB&ImRENS (0 DEBEIativn S es@F §BE &bcksRapraeotes 210G aS stiks. In
100 T. [0032 In certain enbodi nents, the conbination

&§riagsgghody . the sebingtioaef pRerbrEe stosls sommFipEal) agsist ase

%E@&a%{glk%ﬁmﬁ@{}i%bdaltf SMBbiSER &k of 190SE, (hﬁ:{n%é‘teﬁ%@&tock
base stocks. In certain enbodinents, the conbi nation

brvinggimaig ycasity ok @bO@berpfp 5868t AAPLE @ét(léla atppld base stock
§1v@ 8nentdlic vRELs§ 0P RARARIERBESI00LEE: ¢GRI nati on of

ester base stocks conprlses (|) an ester base stock
haV|ng ki nematic viscosit -10 ¢St at 100 C

HB3dst er pasatan gehodrusptsntpe cwh*&ﬂwea.o exjir besssiorks wspd td o
GibBaHRE ofl B&g% Ricn®h&Pin eSthprides H06hsGhRB Gstérithde)stRRs. G8 b&tain

base st ock havi ng ki nematic viscosity of greater
PRBA BT fhefewb%twra@f efigbage Stperg 3TPPIIsKs e efpase stocks. In

eRRANe i Rnts! 1€ c@rHPiHﬂIonQ»? et DaGQBRINRhl B85 Oy AILEF base

base stocks in the lubricatin Qi | conposition is
stedchaying ﬂﬂnaméfeﬁ vxs@%tzbyf 20K gttt BIO "En@) an esisr besa sioplghaying

LRIRARdcOR afef bRl 0 oSHRRELBH LS and (ﬂS aﬁ @Ré}%tase%fock

t he conbln of ester base stocks in
haying; keleemaﬁg W@WSle ofipegnthaprabput 10868t at hRh’ Cabo ut 50%
about 45% 30 about 40% or about 35% by wei ght of the

fog®s]i cat i MYcialn SAFRABSInts @B Smolikl of 8 kéhMnation of ester base
stocks in the lubricating oil composition is less than about 50% by weight of the
Iu_bricating oil compositions. In certain embodiments, the amount of the combination of
ester base stocks in the lubricating oil composition is less than about 50%, about 45%,

about 40% or about 35% by weight of the lubricating oil compositions. In certain
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-7 enbodi nents, the anmount of the conbination of _
ester base stocks in the lubricating oil conposition

i s about 49% about 47% about 45% about 43% about
40% about 38% about 36% about 34% about 30%

about 28% about 25% about 23% about 20% about

15% or about 10% by wei ght of the Iubrlcat|ng (o]
conmpgsitions. I'n one enbodinent, the 5 anpunt of the

CoReimERs, 8 agronptt éh*e Ebmatqnyester hase sioks ypihg lubricatipg oil

beh}t)&m&p@sselbbﬁt%% §bcﬁb@m abS@ U5 QI atRBOIY,, 3K v, WBb@ Rk,
he lubricating oil conp03|t on. Ester base stocks

HBAUF AR EDt SE6PRY 261 SR SR 2 pbgst 20%, about
[19‘%%4 llbolufll ©F ’6% genesredL e ﬁﬁg oif J&ﬁl&)@ﬁﬁ(ﬁfs hase eﬁt)&ﬁjﬁent the

havi ng ki nematic vi scosity cSt at 100
eoApY PEEe combiedioaof efter &Psieﬁwgkﬁ ig thej lﬁwﬁf@lg@elucamh@\lﬁmgs about

43k br GPAY; BY QRbt &%@G&@&@AIP&%SIMVI ng 4-14

carbon atons.” I n one enbodi nent al 1 phatic

~dibasic acids having 4-14 carbon atons include

succi Fster hase gocks| havingikinemutig visesity pE2-48 £ at BHE& i ¢

acid, suberic acid, azelaic acid, sebacic acid,

mdqc aned II@b&taaﬁn%odeéC&B edirobg sagk ﬁavuigrmmahb Giscosity of
acid_ and tetradecanedi oi C s of the

0 EN 002 domprisesen cxan dhafiohatin LA S thiBe A seckpftoms

hﬁ%%l@ﬁ&l'havxﬁ%mkaﬁb& B8k, Inl h6 3MYddiRb AROliphatic dibasic acids
n- hexanol 5 et hyl but anol ,. . cycl ohexano
Hhesrt onl%rrﬁelmla%iucmlﬁéﬁwgi%wﬁléx%? acid, piperic acid,

E\Ib@ﬁé 0 |azelal€lécﬁﬂ3 tsbpaki %&a nﬁﬂdecaﬁécﬁ'&@ ?{Jid‘ %?Sd%@é}ledmlc acid, brassilic
-t rl nmet %K@pent anol i sooct anol

5-
pqiql i&féittmdﬁ@% [ acidg EW@W e,ag‘@a@(%}aamgqg 4-14 carbon atoms

S RUOASERRN! isobReabl W aRS AR, isbi eafcaﬁml n-Rfhol, 2-
i sotetradecanol . [0035] In one enmbodi nent, the

ethubutanod, axplplsiaraln-bwtisph pheptinek meihydehesgol, n-octanol,
@ihleﬂﬂﬁﬁekéﬁoﬂ (@Qﬁ@n&xm ds @&&@W@h@h& ﬂs&e{aﬂaes s 5or

exanp ropyl ) adi'pate, di(
meriwlf@ml Ysonatiapek Bodeghicl, i @un%cﬁyaﬂ Bchuyﬂlqctaaglu fisieesnol and

s hexyl ) adi pate, di(isononyl) adipate,
gb%?%% §§|) adi pate, di (undecyl) adlpate

tridecyl) adipate, dl(lsotetradec% adlﬁate
552 2, 4- Wﬁwﬂt vhe)diesiersyaliieh cagiop pptaiger from these
ﬁ%h&tcmmagféwhs aﬂcﬁsﬁ&b%bé Ila&uceobop@&dﬁlple @iti(-éthﬁ% hﬁ(}}l)(b’id%iél di(3-

azel ate, di (3-nethyl butyl) azel at

motdy sl adipito, &3 %mﬁ?ylhéti( Ia§hpét§eil@teéhyﬂ¥§iﬂ(1) @éi@éet: 91I(1)?0n0n}’1)
'teahgsocgl:)g i) é‘)éﬁdmc%é Qcﬁl?a!te Qié&fd@é}ﬁ%ﬁ%ht)e RaHleRbfecyl)

di (tfi1decyl at e, m xe

iditrofiyl.3.j-ramethplpentyld afilmt% eﬂdn@@déHW%MImmfm@& wzyate

€ e

ﬂfl&ﬁﬁ@gpﬁ%&%b ﬁ éé??&nmhn%%§%§fL§Q%§%¥%haze ate
sl xclite, sk(ba%trlé azettite, Hopuony]) pzebah difaedseyl) azelate,

T |
%@é{;ﬁg ? 2%2:'1%, ?’@Xl 26{1[@ l%%g{ﬁ%%;? 1so%b£y]1) %z%ﬁé,ﬁy[%ﬁ)&—zﬂlylhexyl,
dcytRazetalry Hifieixped §2- ethylhexyl isodecyl)] azelate, di[mixed (2-ethylhexyl, 2-
propylheptyl}] azelate, di(n-butyl) sebacate, di(isqbutyl) sebacate, di{1-ethylpropyl)
sebacate, di(1,3-methylbutyly sebacate, di(2-methylbutyl) sebacate, di(2-ethylhexyl)
sebacate, di[2-(2-ethylbutoxy)ethyl] sebacate, di(2,2,4-trimethylbenzyl) sebacate,

di(isononyl) sebacate, di(isodecyl) sebacate, di(isoundecyl) sebacate, di{tridecyl)
-8-
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30 sebacate, di[2-(2-ethyl butoxy)ethyl] sebacate,
di (2,2,4-trinmethyl benzyl) sebacate, di(isononyl)
sebacate, di(isodecyl) sebacate, di(isoundecyl)
sebacate, di(tridecyl) -8 sebacate,

di (i sotetradecyl) sebacate, di[m xed (2-ethyl hexyl,
i sononyl )] sebacate, di(2- ethylhexyl) glutarate,

di (i soundecy | utarate, and di (i sotetradecyl .

FbRcap dh ol haT) Spre e R G ony Rgscate, G-
otathiS GAS bitiVor@fad IBazhte, | N

anothgﬂ§%ﬁ%%%|%g§?ﬂﬁ&$§- u%gt at g(n a'%Wﬁﬁ onete

enbodi ment, the low viscosity 5 ester used.in the

| %30 cant TBFFIT%%MIP?%@W%%%FW V%%’F*&?‘HanéflsCOSIW of 2-7

Rt o 43R dinfendln€54 63t abEMEd. BiborsRALbdiSRA me io&t ﬁycosr[y
aci ds, haV|ng a kinematic viscosity at 100C o

cesfer usgds inghe IgBricantsqi beaRypOHEISHEPRICH BFFeip P e gast § dggter
aRQdton 1t éﬁeuﬁ Ga iRl 2918 @ lkflematidARoARAU 1 00RO oF .526:.

cSt at 100 C [0037] 1n cértain enbodi ments, ester
base stocks for use in .the conpositions 1% ﬁ’ vi ded
& ¥

her ei BstRaRAse kotfeniaving KiperasicvissoRsy oLyt Br grepter

Qﬁa,ﬂgﬂmggﬂog{)(}gfﬁﬁm°Cenbodl nments, ester base stocks
for use in the conp03|t|ons prOV|ded herei n have

tic vi SCOSI t reat r t out
SUPIEE G vl 6 e RS F e st Biawe
ﬁ@@d@d mavﬂnmgvéqimlv@scw@ @osjomyloaﬁ S@esat €00 Chamcet@in

EbBTRo AP TP TR oo B SE HERETER e

Qtﬁieﬁiétml"ﬁsd@ A1 Shee 1HAAMbAY 1(Kio Berest 4t ¢0V/ (S askrtain @hbodiments,

reater than 10 to 50 ¢St. at, 100 C ¢ o

bt otk RGeS Viees e IREET D0 il oS 100 °C
%&ﬁﬁﬁs@ﬁ g lyAkd&O bt 86LON BoRsiB6:51i0hcidsCIn o%bodlment thc ester
nmonocar boxylic acjds. [0038] In one enbodi ment

dageatock Baviig pcgiagie .Vﬁﬁ%faf af %rs%sn thag 1949 o0 k{00 °C comprises,

GRRQA Qéfytﬁﬂtc@uﬁiléi%@& 2 and REdPentg! Solliedtelbf
to 50 %F about 20 to 5 %?M%t 100aﬁg6@é§9&ﬁhlch IS
Epttsmpresarbpyylicgedtl a 1: | C[0039] wherein R is

al kyl; X, X2, X3 and X4 are each hydrogen, alkyl
%{B - R@o&@nt%auﬁénmﬁ‘e@stﬂs aﬂ’@@d]&hﬂ&&bdx@*h@i&ﬁ’és%ﬁe

and R4 may be the sane or different and _are
spnejimer fang agscepityal abget erogter $138 19dp S alsp 20 5é?r?§t 3@ 100
a@demHﬁX&Q%th?b B 25 different and are each a

positive nber . [0040] In certain enbodi nents, the
a-ol efin/dicarboxylic acid ester copolyner
Xt X
CHf_'l —T———C—-w
R1X_X3 xiy
[0039] wherein R! is alkyl; X', X2, X? and X" are each hydrogen, alkyl group, -

R2CO5 R® or -CO, R* wherein R” is alkylene, R? and R? may be the same or different and
are each alkyl, any two of X!, x?, X3 and X* are CO, R*; and x and y may be the same or

different and are each a positive number.
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conprises an a-olefmwith 3 to 20, in another

enbodi nent, 6 to 18 carbon atons. Exenplary

a-ol efins include propyl ene, 1-butene, 1-pentene, |
-hexene, 1 -heptene, 1- octene, 1-nonene, 1-decene,
1-undecene, 1-dodecene, 1l-tridecene, 1-tetradecene,

5 pentadecene, 1-hexadecene, 1-heptadecene,

1- oct adecene, 1-nonadecene and l1-eicosene..  [0041] In

dPRIOR b o dli Iinserfain epRodnetse e g7 e findfiesheyy icacid gs@r eapplypoer
% ﬂ@:@ég&{ ith 38 2611 Y b Gt & DY LG Afloms.

ene age. Exanples of the dicarboxylic acids
iBxeilnpleey cxmlleﬁmsancdwiedamp‘yimarll-lmt@c,l blpen’cr:nt flderemiect -bepitabe, 1-
nesaconi c_ac acon
SrBB ate ey EapBR | Bouih Foihe G st
gentadec@lapl -hdxadcarg, 1-hdfladecen2(l -caddoane dtamsdecdne aah delvasene.
enbodi nent, the dicarboxylic acid forns an ester with

o] Sonh i R B

Rukpiel dicaBilyAnadid hatv&lg&m@thyldﬁe phiapel Exaﬁiptea ﬁf)ﬂhe dlca.rboxyhc
no anol dodecanol , .tridecanol

e e T
Laaa.t ﬁd&@@ﬁ@bdlme@cmaaﬁ&wghm 210 fathe et wathen alcohol having 1

elcosanol 15 [0042] In certajn_e iments, the )
A0 ¥ eerhondioms: Branpihet emadiment:tag diga 6?%?@?"( {pigns an ester with an
@Ic@lﬂﬂh% toBARMoY ARxsZ Eﬁﬂnﬁl@ﬁof%edldbﬁd}lﬁndmdefmdtﬁéﬁol ethanol
c acid ester by nethods, known to one

di car box
SRIPRol %/aﬂﬁepe&iaapo 1, hgxapsl hepianely oqtngl agunelgdegane rurl‘ﬂf‘@erwl
l1Pded AR NEELRBR IRl ccaf Peh@maddafd), MadeéeﬁBﬁh%ptaﬁgcaﬁazdfG

I'n certain enbodi ments, the mol ar ratio of the
acféqleéwhn%@ycap@mﬁéwe@tl@r (y) of a dicarboxylic acid
is 1:9to 9:1. In certain enbodi nents, the 20 nunber

Tooan pge ol eGtilrAimpiRinghts, B om@mecﬁ&a@usox9mhd/dmr cdpBlymer is
000 to 3000. [0043] In one enbodinent, the ester

presered bpestpolymerizing thear-elpfn wih theeicpbaxylis acid gger byanethods

I
RS onE RIS Ina AR blar LSS, Bl ibe 3P RRIRE Poten
1pPlidgtioENb. G{Bhdo)aﬁeéﬁﬁ@ck&ehan |emgod¢mne$1me| m:olam reigod| thqu~oleﬁn
eater, o t..100, .c 0044]
G P B el AR st Pl B Bt B et ey e
kinleratdraoe\nid@aki tvighf of tigr @at espolylanisabolt 3000 cSt at
100 C is a conpl ex ester base stock. Such conpl ex

ﬁﬁ)&?}r Exe rrpﬁ? og’et e%l%l%& £ thl% %‘}Qp b Qstga(efiop lESk %Qe{nl 15 "I&:ij%ltﬁﬁbe 135"

&% "est ase
dbeiaid] bae df an hJSlepfﬂutrﬁﬂém acd c@o@ﬁ&r Axbng alnranEi 800 and a

?ggﬁg§gﬁgﬂgt&qgwggnplex ester base stock is prepared

Ester base stocks having kinematic viscosity of greater than about 100 ¢St at

160 °C.

[0044] In certain embodiments, the ester base stock having kinematic viscosity of
greater than about 100 ¢St at 100 °C is a complex ester base stock. Such complex ester

base stocks are known to one of skill in the art. Exemplary complex ester base stocks are
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(1) a pol yhydroxyl conpound represented by the
general formula: R (OH)2 5 wherein Ris any

al i phatic or cyclo-aliphatic hydrocarbyl group and n
is at least 2, provided that the hydrocarbyl group
contains fromabout 2 to 20 carbon atons; (2) a

pol ybasi c acid or an anhydride of a pol ybasic acid,

srEER Uil 05 QA2 B e S o Bp-EE G compliFgrese sock

p@by@y@ﬁ&myl conpound isin the range bet ween about

1.6:1to 2; 10 (3 noh | | coho ]
provi ded t(ﬁ%ﬁ p‘?ﬂ’é/d?oﬁf 2-:@9 ?1?%%85‘3{{6 formula:
nmonohydri ¢ al cohol to eqy{aahents of the polybasic

aC|d |s in the range be out to 1.2:

vViE R iRy gl %9 it & elp- aﬁ}“@up hyi?fﬂ‘@r‘a/b&ta}lwdégﬁ @trlefﬁb?s e
%&m&ed KHAEhY dRirodaby ado8p BHiaind frdth kiRt 3 @ 20RePENiMs;
glycol, trimethyl ol ethane, trlnethylolpro ane

trimet hyl dpmoémsw aqid, op@hrnhydife 467 plKhesie 6F1d provided that the
RAIM ACH AN @B hhe RNBagl adiERIRBFNERE bitaRlohollRRHEE pél_{/hydroxyi
certain enbodlnents the al cohols for use in the
conptuad isds fherangg datween shons! aildo 285080 C13 br anched

and/ or "Qﬁﬁhn 9&¥§ﬂaﬁoﬁbﬁﬁﬂ@hﬂmﬁﬁ@ﬁﬁbéf&w§£ﬁﬁﬁgfﬁe

i ncl ude, but are hot limted to isopentyl alcohol
imonpledar algphobleciauivaiseih epihy polsbasisteeid is i hetragge\petween about
@@gqh@hgllso octyl aIcohoI (e.g., 2-ethyl hexanol),
n-octyl al cohol, iso-non al cohol 20 (e.g

00356- t ri nide Inylbfolls foraxaing complmqstpr bage %,t@crkoncludesbm e@yllot

SRR e e B 0, R Bttt
omeo-pertairythritph pénfebeythmipl, @Rl dipeTraydiiati ds e.g.,

adipic azel aic, sebacic and dodecanedioic acids. In

r er enp Qé;{ﬂ%tlbodlrﬁkﬁltsaﬂﬁ%h(gi?ﬁ)r fiQfin Hl% %oxhﬂei &?er base

- conpl ex ester base stock are selected fromsuccinic

statipars Geto (b braaghcd antienlincirgaonopitisiateokmih ﬁmnmey alcohols

ﬂﬁlu@é Cbu@&w&ﬁfnﬁ@d upig OJ]KEﬁlcy'l gzc&%x Lol 519&101 1 alophol, n-
ydrid c "anhydr’i de, hexahy

hfirnﬁxl@}cpblféh IS%Myl aﬂnomlc{e an Iaye@h)fﬂ Beenad), nweﬂyyﬁ@@p lsa@pmé alcohol
Fé%,lﬂ%zg 'trﬁl%tﬁﬁ—q l%'xgn Q'HBhM%ﬁ:oLcﬁO? cy%‘i:bﬁ?ﬁ] ‘%11(!1 M—’deéyhﬁcohol

ricating “oil osition may her conprise-a
| east one Iubrlcat|ng oi | addltlve or a nodifier

(09d7lei naf tepreadioginant dhearplybagie Py M@aljvo’ssﬁlatamé%ﬁqr usgerein
{RRas Enny th @P{cﬂéﬁ?dsa@g Qﬁﬁb rﬁ@lgﬁ @5&&%& MO&E&H%&@IC a01d? In

Iubrlcat|ng oi | conp03|t|on Any [ubricating o

addher pokodineninihe anhydiides sgrise the mnrpénsttgkbalsfr stpqly arhpslected
foh s{?&}ﬁlcbﬁ]hy&ﬁfé, élﬁta.{’lb @nhydride, adipic aphydride, maleic anhydride, phthatic

anhydride, nadic anhydride, methyl nadic zinhydride, hexahydrophthalic anhydride, and
mixed anhydrides of polybasic acids.

C. Lubricating oil additives

[0048] Optionally, the lubricating oil composition may further comprise at least
one lubricating oil additive or a modifier (hereinafter designated as “additive™) that can
impart or improve any desirable property of the Iubricating oil composition. Any
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| ubricating oil conpositions disclosed herein. Sone
suitabl e additives have been described in Mrtier et
al ., "Chem stry and Technol ogy of Lubricants," 2nd
Edition, London, Springer, (1996); and Leslie R
Rudni ck, "Lubricant Additives: Chem stry and 5
Applications,” New York, Marcel Dekker (2003), both

f which_are .incorporated herej.n referenc
S Rk G Ra2 b & Bt ) A P ebeakfh pgee
sairgsﬁxgdmfcb@m,stmﬁus digE1644R heremS iSeink sngmsr_& additived kinadbaabis,

ti, ents, ergents r.us n I tor ) .
S %di : T el fl| %%%"B?ffyrfwd. Techapogy %ﬂi“?”fﬁ%fﬁc?m@ﬂﬁam
q@ﬂactn; dﬁ&ger?(l@%)?&id"ﬁesl‘i’@ﬂ@ rreREsRRL aubﬁcaamaaﬂheb iR Siry and
activators, dispersants, Si
f Agrbstionsy QNow Reknareek ke €403, r?aﬁld\? h aary@%orp%ed herein
ﬁﬁ’&@ﬂé&e ANt QEdb R lch@NBe fubBE88E oil QQ48k ckﬂbe@%fé@t&@ﬁom the

e concentration of each of the additives in the
|t icenststingolstioxi gt HETPIge IR ETEge dust Pl Endfenulsifiers,
fﬂl&ﬂh %@errsom%]fu%trogﬁltagdﬁ@& UWout 1M‘t{def/1%ssﬁﬁt9 %zﬁ&pﬁlﬁfbﬂors

/0o to about % or fromabout O.
tnas:taé B%@vazms digperganish 9@@@10@ anhitiers, hemgal St@\léh@ﬁ’{flpf@f’erﬁv hiées
| ek C ald RGpRhbokRQgi tion. Further, the total
annunf of the additives in the 15 Iubrlcat|ng (o]
osition may range from about 001 w.%to_about

e % flp BFRCI b ROTEETATIGR O @@%h@f Pscdeitye ipghedybriggting oil

CBIQfSBsﬁf%Q,LWheg u@edena}/ dn@c BB Wb 01 %A. ‘Vﬁ@%ﬁ‘(ﬁt Piwi Aefrom about

total .wel e lubricating oil osition,

UEVE "/Ué’tag?lﬁér?tts/%[f@ domabpy Oslo%%éwz%ﬂ M-, baspdon 2116 total

LRt Srahd DEH@ling SPERGsiibR PIRIESY QS aR8lofhibf 1R Additives in the
conprises at |east a neutral or overbased netal

dérigrigenil compesiioaduvirngs frogy abadd]- 401 ve-% okpyr8itSe. fiom

%ﬁd'u‘i @'Opw? %’tg ‘%({HF b S ‘%I Ia?frﬁﬁta%ut g8t80PRMbSutis . %, based on the
l'ubricating ol npositions acts as a neutralizer -

drftal aveieht @ftb@rk}mf@ﬂsg il eoripesttige. oi |l . In certain

enbodi nents, the netal detergent prevents the

fornationlgﬁﬁgﬁﬁﬁg&%gngn t he surface of an engine.
Dependi ng on the nature of the acid used, the

et ergent _may have addition funct.i ons, for e
: g@sg]nt i oxilRySRe GRRAGERGD e EIe lﬁcﬁtg%gtoéllCﬂmﬁ%‘t}é’(?tpgowd%g%erem

koHriseat 1636 aQlehtr A QRPRSbdsbDMstalCdR @t s hdditive, or additive
detergents conprising either overbased detergents or

RRROTFES Igerinay enbpdimients, Srdppal et oepa felbrsstieg ogpanpositions

LRE 892 &M@ﬂﬁé&ﬁﬁ%ldicﬁ)réd%@ RE@eh thoofll efhnicB@i RS IINESs, the metal
which contain a netal . content in excess of that

Aelerernt Breves haorapbeefidshesits gn B syrfee plangins- aPenvadiag on
RO RIS, Re RIIRN SaPedve atifEShal MRGIOBX §5$8ample

metal exists in the formof particles of |norgan|c d
Eiﬁ@éldafé PEpretich yiatrogitiid esneets.durisaiig @l cosppTidng detaip }pe&ﬂ
£35S Qo ﬁ&:&;@klu&%%erbé';@@daé}gaﬁéﬂm nRiRHE Sf AcRitriBind bRlrBhsed

the part| dispersion in a liquid ol eagi nous
Jes¢rgente Th remd aprrhased” is intended to define additives which contain a metal

content in excess of that required by the stoichiometry of the particular metal and the
particular organic acid used. The excess metal exists in the form of particles of inorganic
base, e.g. a hydroxide or carbonate, surrounded by a sheath of metal salt. The sheath

serves to maintain the particles in dispersion in a liquid oleaginous vehicle. The amount
-12 -
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-12 of excess netal is commonly expressed as the
rati o of total equival ence of excess netal to
equi val ence of organic acid and is typically 0.1 to
30. [0051] Sone non-limting exanples of suitable
netal detergents include sulfurized or unsulfurized
al kyl or al kenyl phenates, al kyl or al kenyl aromatic
sul fonates, 5 borated sulfonates sul furized or
@hexressuRdty acrommonty aarepssd af thafatioiol il pauspleasaqfiexesss metal to
RSN ce @f&g&&d &I&M@g ﬁly @] #ydo. or al kenyl “hydroxy
aromatic su nat es, furized or wunsulfurized
alk or al kenyl na hthen ts of .

ihou C avmgdion £ Sgrpss %"{‘S“g% e%‘f@%ﬁ%@%@ﬁ@ﬁ?l
@Mhhiz@&brdmsﬁﬁﬁz&iWI 6P IkHFPpHRAMSS, SRYI oFhIXEnYT &Smatic sulfonates,

thereof . Qther non- limting exanples of sujtable

el sefmatey swfusizeden yngd fyrizedaetal selkspl avltishydsperlipbe
hesSAhbiombtiet SSoudR0 ﬁzam@ afkesyl h{r&ib@&hﬁﬁﬁ@ QR &Ss, @ﬁtﬁmed or

conbi nati ons thereof. The net can_be any met al

spsuifupred Akt orplitenygaahihgisamestal sHis ﬁgﬂ%am@aimdwm%l galigof an
Bﬁ?ﬁ&%ﬁ{é@}l %u%tcﬁr Qﬁﬂﬂlémicall\ﬁﬂ Iphﬂrs'iea]t mﬁau@smf e8tef non-

suitabl e metals include al ka met al s, al kal i ne

hetitiesxamples afsaitablornenl detergents include awtebsudiataiesi phepates,

rg%(l% H’FE ?JbOéﬁEOH% Jh%ghg n(i:ﬂgﬁvews‘” c hCO%];}%OHE Iﬁﬁrelof kﬁ]g me%[l] can be

tahemhtalmmt@dﬁ fongalboing sulBnatenbewits. sowglate ﬁtph@a@@nate detergents

%ﬁnﬁ&t}ﬁ% f lélg ol Eel?%@gs é%c?&g éjg?l?ﬁ s Mkalipe &]Q%lss g
trhivzsition bEH0O Ip prme trobwliméndn ﬂ@@@@dmﬁﬁa MeeBs K. PNanL i@ he like.

i ght
Bl S50 AL AT DRSS AL W e o
ewbmﬁﬁw&nmép&ﬁhemhﬂsﬁnﬂmmmnMnmenetal detergent is
fromabout 0.001 wt.%to about 5 wt.% from about

?)0@?] Wt . ()/‘;de\%(targl@) We Abbust éﬂtthe/ﬁletglrdefefégﬂﬂ aﬁ@ﬂ% cag b% lé§§ the

0 abo based on the total™ welght
IlQﬂﬁ’ﬂlppmt fessghayi 1100@ oppolsistthanl 00 spmeordes thab Il%pmmmeg@nﬂl@

lfbﬁ% @v_?ggﬁ(%‘ 6Edd Pﬁg UIE) sftloﬁ r mesto%le %ébodlm% %lo 2 oﬁnt of the

ogy o ants, Ition
Bptal dayergent SHmpt drout BYO lp\ag"ééo ABUBEWL%ODEY ; abca.:n@wws% te about

T

prégesing 88 edrBi®siti200 Sy’rpe botahle dbte@Bntnhdve heardescribed in Mortier ez

PR AP Y I SRl R e

E,Qﬂ@ﬁ§ﬁt&5 @ivodi; aadl bedid Fn®udnivk, ¢ anbriophriAldavdsy Ch@mraa dmd

AR TR0 Hi Rt 1S Tan PR ok O

Shiek ke lidtdoyated Herede by afidericeons commonly | ead to wear
in engines: (1) surface-

2) Anti Wear and/or Extreme Pressure Agents

[0053] The lubricating oil composition disclosed herein can optionally contain
anti wear or extreme pressure agents. Wear occurs in all equipment that has moving parts
in contact. Specifically, three conditions commonly lead to wear in engines: (1) surface-

to-surface contact; (2) surface contact with foreign matter; and (3) erosion due to
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30 to-surface contact; (2) surface contact with
foreign matter; and (3) erosion due to -13 corrosive
materials. Wear resulting from surface-to-surface
contact is friction or adhesive wear, from contact
with foreign matter is abrasive wear, and from
contact with corrosive materials is corrosive wear.
Fatigue wear is an additional type of wear that is
COHPBYE Pateriaby Y garaseltnh B seitace-drustagg @ntpstis Giptign prrpdhesive .
GRAL & CQH{act&I?!/1§1Q‘0§¥gg%dtt%ﬂg Ebra §REALE Ind FbRIS8Hct Wil cérroswe
prol'onged periods. Abrasive wear can be prevented b

i el s|is ergrosife wedr Epiégye wep is prpaddiienal gneted micarrhat & common in
agﬁ?ﬁﬁ@m%@% e%tnffzﬁzggérg QO%%B{ 1h%0nt:9l? Bﬁt%%'o\éﬁpé%ﬁfe r&%ﬁ}teﬁﬁresses for

essed by using a Ives which neutralize t
rrecleteed perde cAlgesivehaitar ganhedbreyeried by inetalling ac¢fficipe filtration
r I
FBlaisrP RS E To SRRIAERMER, CBlrofeNRal KR WERross by wing
@ﬂdlnmwhm*mmiee @Eﬁ’éacmga@pecées a0 wp Ol BitHerwisedtaclotbe inatal
i-Qns e | .

EREe Sl SEREG B Ve e ¥ Bt s S G PR B and
|emD¢‘ﬁll€CErnStsquel(E]?ﬂlagbm'ts;r easi ng | oad, decreasing speed,
or otherw se deviating fromsuch optiml conditions

@H}gt e nBUJﬂer 5 %maﬂ?&n@iﬁoﬁ?&ts?&fd amI waé tﬁé)lﬁ&t:t%{nfaces of the
typically causes a tenper at i ncrease 1n
carpmott shoattebe efifgetively $parmad orvalubicat f,llmMin@basmg leady n

I I I i .
oFRER kel BN doyiihy S8Rk AR HaBR et o
ametdl padact. athds ¢ontagt tapldaJEzFbamge atesperfafuey inctpaf@thetht: I:Qmacbgone
XS %orﬁict%aal%%gthvav 4 n tuﬂ'l it rto lL: RJS ﬁI%Ica”E%%o and hence jts

additives Tequl re h |va enpera Tres AR
Iﬁdradoxtﬂmmabdny | lveartaia dnibmdlmelﬁs, apm@@s pddibstand BP ngegroffer
S ogesc’:g?,'%gy a sim, %r?%gc At ag% ! ngoPondslm Sré“rlifgo mtlgf%lrg({mre Elgher
fabta»ssc&stemf)eraxmaspmmmtdsd thhraintiwehd ddifttives20 adhesi ve wear
i nclude, for exanple, alkyl and aryl disulfides and

ul fi e

K pAas el R RARE &S Al (BBt e
plmslpm& barpn, |@h gspblmttm$ thdiepfhi W lebisyoh of @sypowmid that inhibit

PSR RRNRPE Sy OO FUSTRL e St ager
donpagiatmagsnshlrioved betirdvarbens) andpghogglensicompounds such as alkyl
di t hi.oph t b, .M and 25 th
ey R Bhar diRr SonsBsmar afomidio g 20 bo.
Sb, M and the I | ke) salts of dithiocarbanate, netal
(085¢. , Zn ExBpplaSpngndartagents thitepn baintlydefin tiztltlyicagiods,
Qgﬁp%gmoﬁﬁ ”Px?&'%ﬁ%%ﬁos Eﬁﬁﬁ@%@ ﬂ§$p%5§pg?t§,'}g§ﬁ*té.§.?91?,%?h§ and

ori c acli
tﬂalhk@helmodfdnhlopmlahhtee stetd &, 2 1 AR Ebi nMoraod thetige)ohlts of

glt}né{ o %%efg %G(Q%, %%ﬁ, I%'b ?11%1 f2 Epe rs!ﬂ%s of fatty acids, boron

compounds, phosphate esters, phosphite esters, amine salts of phosphoric acid esters or

“ thiophosphoric acid esters, reaction products of dicyclopentadiene and thiophosphoric

acids and combinations thereof. The amount of the anti-wear agent may vary from about
0.01 wt.% to about 5 wi.%, 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
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aci ds and conbi nations thereof. The anmount of the
anti-wear agent may vary from about 30 0.01 w.%to
about 5 wt.% fromabout 0.05 wt.%to about 3 wt.%
or fromabout 0.1 w.%to about 1 w.% based on the
total weight of the lubricating oil conposition. Sone
-14 suitable anti-mear agents have been described in
Leslie R Rudnick, "Lubricant Addjtives: N
wRbIgAstiFeaar 4aspis havegsp desribed fodresli R Bekrisk: “L@Téfﬁﬂf ditives:
%he%%%n%&h%%m( 3@9;3%1{ Wil &l DeScel, REQFRQ, BhR6223.258
herei n” by reference. 71 In certain enbodi nents,
(B3 A nthichigimeorpeyatst htrgmcbw IEeEsei ses a 5
di hydrocar byl dithi ophosphate netal salt, such as

Zpawy) di al kijleeeHid BhBRIMASHR) 8 Gnti-GRARQH thSor c&hﬁm@m al of
the dlg%drocarbyl di t hi ophosphate netal salt nay be

athvdroeapy! dithophaispbats metalesaltshchas zige dialiy] Hiipphomphite

c%&ﬂounhé Nhe AR Q@%%ﬂydﬁ@d}gﬁ '&ﬁﬁg‘é‘pho%lﬁ{é%etsﬁ Kalt Iﬁap&eaﬁn -alkali
In sone enbodi nents, the netal is zinc. In other

enblselingeatismetpler almeippmglessh {0, Testly bdpriny e engaripkel or
%}g I%QI%Q %E&iuﬁ@&@?he%@ét& AR, fIﬁ QﬂklacQ@Jngn%mts %@'QQ&H tgroup

on 10 atons rom about to about 18 car
mlh}’ﬂmﬁbld @dhmp@sp@tfab@t@hsalm%cfmm@ﬁuta% lppgout 82 Carbou

aE oy ﬁ&g {)ou%?y ttcﬁ ﬂ;ﬁt claﬁ)oﬁ 9{0919 nfr(ﬁx[tl A%t 3 ﬂo%b&u rlﬁ Iaﬁ'f)%n aéc.)ms, or

Mbodi Men group 1s li1near branc
[f®:@5®39uﬂ31te abam § gturbori atptne Inhi Epgtigr eroldiydnts, the alkyl group is linear
% Fﬁ&ﬁ hosphate metal salt including the zinc

I a 'di t hi ophosphate salts in the |ubricating oi
conposition disclosed herein is 15 neasured by its

pimﬁb hos phBeasoneiff dprdibydrpcarbihalithioplngphnianeal Sﬁlh’él(’l‘ldmg the
&Bﬂgﬂgﬁssp‘ﬁlgﬁts% tm afe lﬁtﬁ%atiﬂék%ﬂ'cgﬁf)ésﬁgmgisl:losied heI'EI}l is

conp03|t|on ose herein 1 s from about
eeasuatsontitsphasphotrhogs £qniamnf- Ab seme gmbiodigrents, the phgsplygsphorus

Qoﬂt@rﬁ% thé%ﬁgf:%t%n%%qﬂ CQPJPHS%HOQI d?sc}%edo’f?ek% is %BLH)OIQ *0% 1\t "/«%0

based on t he lubricating oil
@b 642 tit&h frofnad591 0. rrwe%do hiyodit © t@whiel ordiorhateptba ph¥tte
gﬁmb gS@lok b%ﬁom%%gmigﬁfokﬁw%%n@a&g ﬁ@g&ﬁ,gosmo h

nown' t ech niques by firs ormng a car

dltthphOQﬁPOflC aci d 1ilDDPA) usualg% by reactlng
6#5%r  mordegihydrasaipl dthippbpsphrénsetilsale rp Buprdeared it h

ch%ﬁian%# ﬂﬁ%@@éﬁhfqﬁéé b%/'fﬁlg f&rﬁ'@ngf ﬁﬁ%%c%%ﬁfdo&nﬂosﬁhomc a(;1d

ound the metal, Such as an oxid hydr ox

' @DBA} ety by sactitgeonget mbre of Alcelwheand nb@éhm@mr@unda w1th P,Ss

secondarygﬁﬁﬁﬁﬂgFQXﬁ?Pﬁégfggghghﬁhﬁﬁer enb &@:%@%MEQQQme

%drowide oxrcarbpn@e of thy dieit alnlsythe einbddirgsito s PIBAI waydeingxle by
(f‘ea@tm%’] REERAE \zl\iﬂ'er Sécogda%y aqgo%gg RAQ%' S grhﬁ&ﬂgi: e%o&ﬂ’l%nts
itirely Secondary rn character aher

iwyaloronae H;hlydrgcembgpishthmphdsﬁwnc acids can be prepared where the hydrocarbyl
groups on one are entirely secondary in character and the hydrocarbyl groups on the
others are entirely primary in character. The zinc salts can be prepare from the
dibydrocarbyl dithiophosphoric acids by reacting with a zinc compound. In some
embodiments, a basic or a neutral zinc compound is used. In other embodiments, an

oxide, hydroxide or carbonate of zinc is used.
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others are entirely primary in character. The zinc
salts can be prepare fromthe dihydrocar byl

di t hi ophosphoric acids by reacting with a zinc
conpound. In sone enbodi nents, a basic or a neutra
zinc conpound is used. In other enbodiments, an 30
oxi de, hydroxide or carbonate of zinc is used. -15
[ 00601 In sonme enbodi ments, oil soluble zinc dialk

|
PRSI ophosiplemeemprjmes. o pelekle giac finlki ditugphapphates iy be
%&@&&%%%&g@w %h%%%&ﬁh&rﬁ%ﬁ§%ﬁ5¥e%&té@)byff%r@ﬁ(ﬁ (11):

(I'r), wherein, éach of and
R4 is independently Ilnear or branched al kyl or
linear or branched 5 & dFed al kyl. In some

enbodi nents, the al kyl gro has from about 3 to

about 30 carbon atons or/f Ngm about 3 to about 8
carbon atons. [00611 THeS di al Ryl dii},hi ophosphoric

acids of formula (I1) can be prepared by reacting
atteehndash RICHnard iRd@pemichity IRRS5orbharied Rk yhsrdinRé oabrenched

as. defin ove. sone e I men R4. ar
AR EaTS) TR SR BB R S P T AP g bt S0
Ghbbesiemt or frdin kbtuk Bey ab@ﬂ‘ﬂmﬂkﬂml’at(ﬁns. R30H an d R4 OH

react with P2S5 sinultaneously. In still further

JERREL o iy B e LE R b iy s (618 py prpparea by
Q@Bﬁigmdﬁom()ﬁlaﬁ@ Rﬁb@H uﬁmd’zssT\hl&s@Riarﬂrfﬁ)a;el as deffney b.bovle In
Stk a R e T e e or B ST RERY ot "
Tgfem“e PR ot E‘@g‘}’fmﬁ ‘Otand ROH seabogilabsSs sndiunbbiely. 1o
1 B ety Or S B e v S RRRS, b

zi nc dlalkyldlthlophosphate derived fromonly primry
qoaeg] al c cMﬁdnSesi csf hydexyhatigl éangrouadssnayglse bp niseﬁaffyese hydroxyl

hol _that
RS EGwopd? st el o) B Ao R sohbBin! Bific BR bR, e
tdlhﬁcyl’dnﬁﬁ)pﬂdysi@tdﬁcl d&ldts Iiuhpiﬂfmml dtoad mo?cﬁam vr&dtefrai—omd@diey
0 ol S ur er e
PRI eSS Bt o ShEps ST B SRR F ot
Eﬁbbﬁxﬁeﬁb tmcfdlﬂm{zfﬂwhoﬁmggﬂtemﬁved ﬁ%@@ﬂ} pfﬁhﬁy alkyl alcohols is
S or us nt asu S I N e. .

Frg‘feﬁ%oaﬁ % 7 %ﬂ&&ﬁﬁ&ﬁ?ﬁol gt ?f&ﬂ%ﬁ@fﬂ&ﬁtseflﬂg g primary

%%g%m@ &E%&%dgﬁbis’éo MoeEMamh @fbodRentl tHFRLie dﬁﬂlkyﬁﬂiﬁi%)ph(ﬁtﬁlﬁﬁa
or | ONs a al s cont al

AR foopoRmbt secerdapy n@sﬁ éfsPerﬂ\Sr Iﬂﬁwsf@é?f{% ﬁnems at mistufe o

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

10063} The phosphorus pentasulfide reactant used in the dialkyldithiophosphoric
acid formation step may contain certain amounts of one or more of P2Ss, P4Ss, P4Sy, or
P4S,. Compositions as such may also contain mir_lor amounts of free sutfur. In certain_
embodiments, the phosphorus pentasulfide reactant is substantially free of any of P53,
P4Ss, P4S7, and P4Se. In certain embodiments, the phosphorus pentasulfide reactant is
substantially free of free sulfur.
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enbodi nents, the phosphorus pentasulfide reactant is
substantially free of any of P2S3, 25 P4S3, P4S7, and
P4S9. In certain enbodi nents, the phosphorus

pentasul fide reactant is substantially free of free
sul fur. -16 [0064] In the present invention, the
sulfated ash content of the total Iubricating (o]

05|t|on is less than 5 w.% _ less tha
T80T ¢ han 13 thprefent imeation, ty sylfgfgd agly cgytent Pf[éé%f% aﬁéﬁﬁa‘fmg oil
omiBsititD iRASETw R CIR§sAhR0t W10/ Ak Mab8 Ah.%, [10Q 8k 21WR %, or

one embodi nent, the EP agent s for use in the

e e AR Yo iRt mewwis arqordnaste ASTMDE (e al kyl and ar yl

di sul fi des and pol ysul fi des, dithiocarbanates,

thbas[ I nat ed on@é’rﬂﬁdlﬁﬁéﬂi) QliléSEP gHedts KM|usé’1Mdh@]g&ﬁbant oil compositions

pho hites, and salt a sph rlc ds.
gyl ﬂsﬁaﬁamsﬂlédf ]Eﬁﬁé‘&éﬁp&"&?rg Sl e
a{yamcaEwns XA Eﬁﬂhgdxog’éh' p‘hﬁr&ﬂhftésdﬁﬁl salifof alyNpHogsoZ e ahids QMBthods

ol efins either reacting with sulfur or sulfur

P4 iees thegedih e 2gsyknovR BE #h alf 5 GRS, plysultides are

%ﬂhé@&% Ebh QEALDBIRE BPrediBy %tﬁl@.@l‘fﬁﬁ@r QiuPBAIdBY followed by
neutralizing 10 dithiocarbam c acid (which can be

selsiErhalgsenpions dzkﬁﬂ%@th@canbawww Risp et ygisutralizing
%&%ﬂﬂﬁc Aid tver GABE 5@5&5&% f%éﬁg R358Plamitk &1 &Sbon

zi nc_oxl de or anti nony oxid by its addition to
iullidapiddw srerrere) Siltbpsesssush Wm(a@s&@q HRBETOTYIEEIS] 0T by its
GR6HiA] 8 LARRAIRAL Suaf g tRrigal i ng of | compositions
conprise one or nore_ EP agents. |In one enbodi nent,

use of nore that one EP aafnt | eads to synergism _ 15

HBA66k x anp| 18 coréyin@ndémsTia fhe hebrisHEe ol CAmBRYAEE ROTERIISF pfc o
e £P L%@h{sn i1 G Unolinlgl, BER FGRR that oNB E%EIR leBdMto synergism.

| ubricating oil conposition provided heréin includes
dneexsmplepyyacreim mgeln ebsyeqddetvegn s Brpndshigrine-containing EP

bk YA bR Bﬂhﬁ&ﬁ’éﬁﬁﬁ oi &fnﬁ;ﬂﬁﬁb{n ﬁzlo{ﬁ}ﬂad Reyde mQ?,‘ll}]ldes olne or more

seécondar furized oils, di

, ny
JiF) appreese qu’@ci lﬁym tZ ldeiblpﬁmsahsée (pempaleyhtyee & secondary

I | .yor
AR, SEloel oS dﬁ’%b*é%‘ BB HeNBX B orthale Sbrinated

pagerlenprfometkynelyadetens pod lgad naphthenstd. npor t ant

consideration in fornmulating |ubricants. Wthout

protection, I UglystinhidiRyE{An RS %e,ﬂs y oss of netal,
thereby lowering the integrity of the eqU|pnent and

resulting in engine malfunction, In additiQ

W67 bsi on Pr@ﬁﬁwgégalw Bt 3R PO RO ROk R R ogpulagipe

AgpieARy. aVREbuf BloBctiRe FREAMALRH daVsel BB seBtrAdtal] BOShZdwering
that m ght be released into the fluid and act as

&hei kg tb A h sHrtRrBer, an RBBPS PHESINE BIRHRPR gingifition, corrosion
CONRAT bk ARtafih SR S5 786 SlcBleRRd raAbpeRRhikY bf B RMHets$ Bns

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

[0068] The hubricating oil 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 ordinaty skill in the art may be used in the lubricating oil cornposition.
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
217 -



10

15

20

25

30

rust inhibitor that can inhibit the corrosion of

nmetal surfaces. Any rust inhibitor knowmn by a person
of ordinary skill in the art nmay be used in the

| ubricating oil conposition. The rust inhibitors
attach thenmsel ves to netal surfaces to form an

i npenetrable protective 30 film which can be
physically or chem cally adsorbed to the surface.
Speetidn awalrk wherf fhe pdditivey ifterparaithdie odd gudacomie therpelar ends

andaséoma S mtﬂ*ﬁls Jﬁ)%m%fa%nﬁngﬁmhdé U fARE M iAhibiled hay

ends assocl ate w ricant via
tﬂqbudc fmpmbiarvaanutsnonmqwbdoeyqﬂuéqne swfﬂcmqhw agepgyuch as
cl.ud I
e
pmb%ﬂmxébhm&pﬂgaﬁaﬂwyheemhmhqwbﬁhquy@xﬁﬂaneoﬂﬂgh@mﬂ

h t h
B BT ki BB R R0 e DK BREMLAE) Ner
pallyulyctbilends yokbitol roed- pleﬁte,l and py]etthylbimrﬁycol mmioobmhe Byitable rust

IO e n - TaF Bl oo RGE ST e ¢ spgple. monocarboxylic
@fﬁﬁSB(@EhSlleﬂfjrﬁlegé:maimdmnﬁohmmls&mﬁabﬂmmu&ﬂ oleic acid,

|b|t further. include ot uch
h]éoqelf & éggg cg(:l%rkfﬁ%%?%tg)?ﬁo i, act %1} é@eolg%? &ﬁ solugl
golfﬁafbdxﬁl‘iﬁ(@[tﬁl(&l gathoth prbdihtéd Bodedlthil Ay Ackds] dei@adid] linoleic acid

tic d, oleic.acid nol.ei ¢ ac
RrciB ke i isi ipin Shich ekt Bt S HAIE A9 qrpmore

. bdrk@atord dfe ) @étié?h@eny@@lhc}iﬁlaﬁﬂ@ﬁyﬂre{déceﬁﬂblﬂ:&n{c%c@, , those

roduced fromt CJ ol ei c_aci d,
PadtcenlsusEng acﬁnfalt e -%WE%P@&%%@%W&‘& i
haviddi GBIt e W%kéiﬁ Mhe SnRISE GDORS 3000Slalldhs Qd d¥RIbfhations thereof.

carbon at ons t et rapropenyl succi hi c_aci d,

wtlenereawiy IOEHEE‘T‘%@EPT& inglydg meta) sapiy &ae ppd apineisse mgle) its of
ﬁ&%’ b0 @nlcd KB) partifRebeRAicRcilehiBPe QBB BRI alBhd % phsphoric

acids 15 having a nol ecul ar weight in the range of

. 6@ t o 3000 dal tons and conbi nati ons thereof.

Furt her exanples of rust agents include netal soaps,
fatty aci d. am penmadiificss netal salts of heavy
sul fonic acid, partial carboxylic acid ester of

B2 SR rBRREIRHL S RS chronay comprie

&@Eﬁﬂﬂﬁérltth@ ?axﬂbr&ﬁxlﬁwldwhﬁfﬁpdiatmam mFt1¢mngbm yonfoBifonsskat are

a mulsifirer t can e ol wat er . s

XpORID 1 Blet PiE BT AT DT T SRS Wi PP of BB a1 e art

ﬂﬁ% B used usdlz@ lﬁ;{ﬂihcaﬁﬁlg ofl @B Sditidne NGBt gagcamplﬁseﬁfssﬁiﬁab&f

ordi nary. sKi in the art e us In e

fempitae | inqlpde priong sygeapisdpg- {\Bﬁ‘ﬁaﬁ%ﬁ%ﬂﬁﬁﬂt@?ﬁ% byl hgpzene

mohﬁQ Ad 1R}, SiohioBik SikoRe htad &1k APhMDI Bsis plAGéra bt Bkylenc
al kyl - napht hal ene sul fonat es, al kyl benzegf 25

(e
%ﬂers 6hat %@Y%%ew@er RAYProRybFHe §XidE: b&?%&gﬂb@%ﬂ cthylene
&k LRPFRA oi&SiHiShe PR IR 6fl s@hikY h@fepolyoxyethylene sorbitan

ester and combinations thercof. 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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oxi des (e.g., polyethylene oxide, polypropylene

oxi de, bl ock copolyners of ethylene oxide, propylene
oxi de and the |like), esters of oil soluble acids,

pol yoxyet hyl ene sorbitan ester and conbi nations
thereof. In certain enbodinents, the demulsifiers for
use herein include bl ock copolynmers of propyl ene

oxi de or ethylene oxide and initiators, such as, for
Juptasieksiepicentragd ay therveter-gilHaiagice apderpvit MBHgesHaendssthereby
39 n%&&éﬁﬁe%ﬁze%%%%&&% el B A e sdlratiGET LAk Rolocular
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Slmﬂrlfcﬂlmgc)ﬂ achpisitioar omk stotablls démtisifiers be\retlabrrﬁescnbed in Mortier ef

app cat ons ano of 5,
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abpges DOOB3 ([#998% whizhabinetrpdated hél/qm by refereme.about 0. 1
Ww.%to about 3 w.% based on the total weight of

the lubrigcati ition. Sone suitable
denuIS|f|§fs hgg% %g%%ﬁgﬁgirlbed in Mortier et al.

"Chem stry and Technol ogy of Lubricants,"” 2nd Ed|t|on
[#8bn, Sphhe h@epaun@wawp@posn@n Gsslyansl hemm cpg pp(amg B gomprise a
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oerpoksi 2 peoton df erdingsyesdfilhia it ant reayrpeaistd 1o thl P‘gﬂ%@mﬂiﬁ se
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%om Jsietﬁ)h m?ﬂveyqp CQ Sy lt)%éha?ﬁﬁ%l%(?%\iﬁ mrr%%ﬁ)fo| ag l;:ﬁ %(T@l% and a
aaoqmm bneaohydmcanhqa plyals kTHld poian encharoyps eithrrphysecalis @i}mibnmto
i de b R Bl rGATRAS, uhgg the &Yo@ diRehd o te
g- chain ol ed ar e group 8
rhdxmp@lt afthd dhpiesassdojaledowoiln b@nmgﬂha] and th?ﬁvéarpmmtm fognd Strong
groups Enther physi cally adsorb onto the netal
urface or chemcally react with it, while the -

hydr ocarbon chain extend into the Iubrlcant The
¢Malhs as Hoilmitug wiamples wbsuiade Fetiommadifines idse faant

té:%léé}%?l%&dssﬁé’r&%?v% l(éjgrél&ﬁl% eétérls ra#egQ:ZtHs maesl Jn@ﬂaf éaﬁgand

es of Trictron nD iers include f
B lika) df dattyl carbogd icdisid; nhem—ycht m\ﬁesall@éw@stltiﬂaﬂ plstsphioric aCldS or

E)?(E(S%onicf att): L% eggat?v%%% X%ﬂels e éCI ges Malts?%ldttﬁe lﬂ&?of ﬁl&ﬁ) di-
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d L
A g S e i sy SR sl B ﬂ%‘o {h%%

phosphori c aci ds or phosphoni c acids; nono-,
{0072]al ky! Inone embodiment, the friction modifier is a saturated fatty ac1d

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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substituted am nes; nono- or di-al kyl substituted
am des and conbi nations thereof. 25 [0072] In one
enbodi nent, the friction nodifier is a saturated
fatty acid containing a 13 to 18 carbon-atom chai n.
The amount of the friction nodifier may vary from
about 0.01 vvt %to about 10 wt . % from about O 05

% to abo 5 wt from about 1 w, %
awatlg%l%(l%) @5%88116# Bﬁém%t%rbf’wf éﬂ{m’w ‘?’I’fé“”"y and
Aypﬁaaﬁéﬂsl”f}@ev@mquaﬂea%&k&mhé&m Adi7t glaker 7&&&@(20039 both

fiers have been described in Mrtier et al.

“W@ﬁhé‘ﬁﬁ%ﬂoﬂ?ﬁ@t@é@ﬁﬁbwdﬁﬁmﬁe Lubricants," 2nd
Edi ti on, London, Springer, Chapter 6, -19 pages
183-187 (%996) poarPbihEBédressihts Rudni ck, "Lubri cant
Addi tives: Chem stry an Appl i cations," New York

| De - t 171-
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conposi ti on, g\n
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tagy Ldtoh&ad | U) Qoﬁblmﬁ‘(@lﬁp QS ris@id-a shért BRKKGRE With long pendant
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structure co rrsing a s hor t bone w th Ong
B@ﬁ@@ﬁh‘f@ ghBIgp's 2 ﬂcgf@mewje N9PEREE- ﬁtsqeféfzfmr%fﬁn RRsoghightbalate,
Aok fidafAb bt B p NRfEn ph ol BB tRRRE £ahcHnakl 'pﬁlﬁ@ih%ﬁlp our

poi nt depr essant s include pol ynethacryl ates, alk

| aenhiliaiene affolajadmashihaleres styrens chas Qe aneizsd ilhwpeno Ys phthalic

%K XAtT% %E?Leﬁ% SinDPAMIRS Spoltinéik 8hd @nfddadbdsitreof. In one

eno ate, condensat es of tetra-paraffi
bwbmentdbﬂm poinbdepoisant is Bt ented e ity dongr o) %Mcxl iligages,
E A A o e Htotsoniso
peurpbizhdeprisranl coaneisett @ ook yinst scristopdmitmondmsate of
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%lgglrlﬁgefd &)a.{aﬁ‘i'mseﬂlg gig;? g%'lygﬁcgf st Ellﬂi‘,GOI‘ ﬂ?:lqu’ﬁ ?héumount of the pour

press fetra g- chai n) al kyl |
poihi deateemnt mpheny fromsibew Oyl o) y's o ahere 10 at b, from about 0.05 wt.%

? earl])% ate§V¥tt ‘y r (I)rtfr%l %b%tu{ &? RN% @'rt%ta&)ut I3Qvt5/o HEse§ H;[P@lg LdiR Qz&eﬁ’ht of the
He pour’ poi ne ressan onpr i sé< an
Bﬂ)hydtﬁg el vompdsitane lSame smtapbl p;bmam,int dep;@m@dgm e flesgdbed in

nat e araffi he ! ty, .
R T s o
ORybtara; yagks mm@qmwa} £0d Datlic®. Rodatdo mybiﬂamd%zvefsr om
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t3063), both of which are incorporated herein by reference.
7. Foam Inhibiters

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

foam inhibitor or an anti-foam that can break up foams in oils. Any foam inhibitor or
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| ubricating oil conposition. Sone suitable pour point
depressants have been described in Mortier et al.
"Chem stry and Technol ogy of Lubricants,” 2nd

Edi ti on, London, Springer, 25 Chapter 6, pages

187-189 (1996); and Leslie R Rudnick, "Lubricant

Addi tives: Chem stry andApplications,” New York

Marcel Dekker, Chapter 11, pages 329-354 ézoqgg o
botiHfoant kngivh b a pereor] ef @atinar sk i therremay b uspdmabelbricating oil
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conposi tion di scl’osed herein can optionally conprise
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anethanmyiateyelyosed polmalkdreatnings insleohigaiying thereofrdoseme on.
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weityfaar aboat0) 1pal %y nestent pet. YbafrkoxiaunD.e svt.4td about 3 wt.%, or
onbi nations, thereof. Jln so enbadi t the . .
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Rahpisitdhe Sofe suithbla bl foan® hateteapimaibed ieylosinr @ el Cherhistry

sul.fonated r.i ci nol ei, I, enzoylaceto t hyl

ah T raic o Gy sy S Ripa DRIty SRS CERpcTS! Fhbes 190-103
di Wb aheh isthermambdbereh by hderaitiei - f oam may vary from
about 0.01 wt.%to about 5 w.% from about 0.05 w.%

t o about ?g Wt . %i el ez1]Oﬁfart(9rrsn about 0.1 w.%to about 1

W . % based on ehe]%ofa‘f wei ght of the |ubricating

oil conposition. Sone suitable anti-foans have been

de¥5T i bed In sorivberplicdiments, gie lubricgtingwil spmpositipngomprises at least a
Technol 0 i C It
SRR sy SoiOhd Gk e iy 5 o0 R nory inigae
idisaliny idane pegylhmdginrindg yriazele demvatises, Biadivedladerivatives, and
E)neac%tgo %tz%ig‘az% S[00751 In some enbodi nents, the

M4BT Ca ing oIl "conposition conprises at |east a

nmetal deactivator. Sonme non-limting exanples of

sui t abl e Pet al Déwarsabtsat ors i ncl ude disalicylidene
propyl enedi am ne, triazole derivatives, thiadiazole

%ﬁﬁh]\’ at i Vege hidRgaid¥RiCaRhORENZdi ) HATIR &S canDptionally comprise a
i spersants 20 [00761 The |ubricating oil conposition
disperbansbat cae prsont elAzco prNishans §theigleprsits By keeping particles

gﬁs%%‘é& ﬂﬂltcoilgliﬁél sEAd) [H'b@ﬂ’ﬁp&m%dﬂg%, di\éﬁerrﬁhé Iﬂerf(ﬁfﬁldzhese
ot her deposits by keeping particles ) )
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 tubricant; (4) modifying soot to minimize its aggregation and oil thickening; and (5)
Towering surface/interfacial energy of undesirable materials to decrease their tendency to
adhere to surfaces. The undesirable materials are typically formed as a resulf of oxidative

degradation of the lubricant, the reaction of chemically reactive species such as
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suspended in a colloidal state. In certain

enbodi nents, dispersants performthese functions via
one or nore neans selected from (1) solubilizing

pol ar contami nants in their mcelles; (2)

stabilizing colloidal dispersions in order to prevent
aggregation of their 25 particles and their

separation out of oil; (3) suspending such products,
icirbotydiy adidey with the mtehésuribeﬂs ko the brgisaprthe degympasiion pf grmaily
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10 na u1t al i c dispers
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H}ﬁ@h&%ﬂlﬂpga@r@sﬁ@w . BbieesvR @6%?@1’%%% 0 called
AiRebtn- S%Qn@@lls%e@mts while thds8 dsovea feridherRt dso RABEINRSBen
about 800 to about 2000 Daltons, or in furggy
SRS ERAPRSS. HEYSEdRsSERES A0S PEicalgtspiralgric the amine-
Pakd @8rsahtd a€eFidllp beghodi ments, the 15 pol ar group
in the dispersant is nltrogen- or oxygen- derlved

Pbg ogﬁ?ngg d dIS ers f%ﬂ? E%zlcallﬁp' based

ﬂic&ﬁfh{l&@nélﬁenﬁlr s@c@iﬁﬁm&@dncﬂlfﬁid%ﬂﬁﬂler organic compounds, alkenyl
polyalkylenfpolyanlnes such

Beeipimjifesmadified by mastrratoent gtﬂﬁ%ﬁ%‘ﬁfgcré%bsxanﬁfebm acid,

ALRBIEE kit RBe AhSREEBANAS cAMrRnAdes Dea@bry@elto, béagie Ralicylates
or am ne-di sp ersants, while those derlved from

A BOROS i apted A o Pk Ry R el meil dfaline carth metal

shrape ﬁﬁﬁéﬁﬁns 0%%&%1@(1 bRsed Al BRAES aRbssidls@f AR 2hi Y metal
neut r al e am ne- based dispersants are

baypiEs aplyyn@ggqh}gss 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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[0078] Non-limting exanples of suitable dispersants

i ncl ude al kenyl succini m des, al kenyl succinim des

nodi fied with other organic conpounds, al kenyl

succi nim des nodified by post-treatnment with ethyl ene
carbonate or boric acid, 25 succiam des, succinate
esters, succinate ester-anodes, pentaerythritols,
phenate salicylates and their post treated anal ogs,
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about 10 wt.% fromabout 0.05 w.%to about 7 w.%
or from ahlgut Qund cMiddad O about 4 wt.% based on the
total -weight of the -22 lubricating oil conposition.
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MIPh er etOptigpally g’@ﬁ’iﬂ‘i‘f’@t“ﬁ;? U EAGPOFER crein can further
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B R R G RO SO B e Blop R ghag oi-
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h | th 4 hyd 5

PebeaeErabial fo . And cunbciin®) B 151 YA
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 wi.%, based on the total weight of the [ubricating oil composition.

Some suitable antioxidants have been described in Leslie R. Rudnick, “Lubricant
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hydr oxybenzyl ). Di phenyl am ne type oxi dati on

i nhi bitors include, but are not limted to, alkylated

di phenyl am ne, phenyl al pha naphthyl am ne, and

al kyl at ed al pha napht hyl am ne, sul fur-based

antioxidants (e.g., dilauryl-3,3"-thiodipropionate,

sul furized phenolic antioxidants and the |ike),
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'conprlses at least a viscosity index inprover. Sone

non- i m tiHpIpLocaiR] 8P refariis LaR&HY, %@ﬂ@ﬁiﬂpﬁmﬁ&ﬁex 15
i mprovers include polynethacrylate ype pol yners,

qﬁdsy‘ ene- PrIRRYERAGHLCANIMHIRESns disloYddeiefi &R PE ﬁr@ﬁaxed by any
copo ners hydrated styrene-i soprene copoly

plte {Pagpweson ohpidngfyshiba At ar&fg;'b@alwgs%rgiatl@g 9iliqdysome
Iemsaﬁl%ﬁé hdbasEbiPRBIIBE K miRECRAR 1hB Gstd: WRE sERkd 246 oflidnally
gno a cgt?\!fet III? Qgrtam 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
embodimenté, 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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[0082] The lubricating oil conpositions disclosed
herein can be prepared by any 20 nethod known to a
person of ordinary skill in the art for naking
lubricating oils. In sonme enbodinents, the base oi

IS blended or m xed with the ester base stocks and
optionally an additive. In certain enbodi nents, the
ester base stocks are prenmi xed followed by addition
@Bt is hédeh asthe giohp 1T hase o0 phibmathecidigen efthdase bast stoklshaving a

d the optjonal addjti be added to the b
PG SR 01 P EShaousl y. In some o

enbodi ments, the 25 conbination of ester base stocks
4083t he optnyomaingaud dispérsvies cqpipencatidwdntioa péreontsd swlimgiy skill
i.ndividual |y, in 0on r.. i . 1N
ad Oa}r% e nubse ur%%/%%lél%?cﬁn rrﬁ}%gé gresr%ﬂl%%{ng{aﬁeel?&gdel%%di nment s,
the ester base stocks and the additives are added to
ttheAprdisatiasof theilmbiricatieQd I(Gpmpopitionte enbodi ment t he
ester base stock having a kinematic viscosity of 2 10
d#84hnd orlntckrrieeplqdimente thetlguieatipg\pilisgmaositiond pigyided herein

' hid ¥r B L 10th38 foefll if Blcink 8ar@ HEGorts
;égésﬁﬂ‘zdi%%gglﬁh Iglllitﬁatbcgl 13%%?f}e%e9?%r to the _add%rf i on of °
tchrs. Bsineembodimentt tie kubligait ng cempditinemierdie provide bighar yeaf
B ERER al1RR iy oo e R o SR
antpunaginbe Iusederhiordihénerith extremaipcbay rfomgngbhiflsiigh angines is

be . | di : : i ' £ i i
& RN e oSt TF ST g AR L R RE, "0

lenbndicatt] the lubtitant oifpaspdsitons mpriroizé dedinbeateihe coresien impact of

_ le f hi gh [ f or. l.e.
Pt S0 e S AP 0 DB BB A

ars- an
efibodiingtht psctofi eudhuigerite dintcentdin crooripomity, thehgriaet eil formulations

pr OVj hi gher ar rotecti.gn and | ess.energy..l 0ss
e Bt pdaiey TR GhER IR AL IR o RRcan
RbgBositdnohdrgin im@og sibpresshre sebditenbodi nent, t he

extrene pressure performance of such engines is

e N

‘ddnipas il cansositions pioxdedhereh bnt anatat ittérded rimosthosubject matter

i act t her _extr.e S ULk e Nt
8P euP DS 3L PSS A BREAL S D
@biceita@t am @y thixhustll obmsiehvaage ate spprbximeater Wdien numerical

nbodi nents, th brj t. 0l | | at 1
i R Hol et AP n AT Fea R RS qgoecs may
ﬁii]ll fa_lIl withrhe sdsbe df e Blaimddhiebjbdt lnrattfza {Sbed@%%qéwi Hﬁ_sﬁﬁm in each
erein i nprove oi ressure stability. 51. The:
BB o st 8 B Sk et et ettt
enbodi nents of the Ilubricant oil conpositions

provi ded herein but are EXAMPEBSded to limt the
subj ect matter

[0086] In the Examples, the base oils listed below are used in the Iubricant
compositions: '
TABLE 1
Base Stock Kinematic Viscosity  Kinematic Viscosity  Viscosity Index
at 40°C (eSt) at 100°C (cSt)
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to the specific enbodinents set forth. Unless
indicated to the contrary, all parts and 20
percentages are by weight. Al nunerical values are
approxi mate. When nunerical ranges are given, it
shoul d be understood that enbodi nents outside the
stated ranges may still fall within the scope of the
clai med subject matter. Specific details described. in
msxhon’ex,‘ampiRe shoul d 9ot be construed! as necessar {27

at ur f_the claingd subject matter. EXAVPLES
[Cge\geaﬁﬁﬁgﬂﬁe Exanpl (25?, t he base oi I?él i sted bel 0\1/v3255
FkiBlubs®Hoi N the [ ubrigant conpositidohs: TABLE 1 BaEse
St ack Ki nematl c \/ i sc ty Kinematic scosity
Viederddiety> | ndex 3%% é (cSt) at 10(%2(080 5 CheVion
PEBL4Rst9 4.1 127 AZbevron UCBO 7R26® 7.0 135 278
Priolube 3960 10 0. 4.5 163
142 Priol ube 3986 47000 2000 278 [00871 Chevron
lﬂ@‘ﬂ 4R and LEBOcHDd ?fi%n&@&ﬁéfﬁ{ Al &Mamly%hl%bﬁ(ﬁaﬁb i

base 0|Is Pri ol ube 3960, a di-ester based
éyattewulatPeidlubh B340, ¢ tisdster based gin @@}r@fgd shiogf chpin Hify acids, 1 1s a low
viSS B MBI HR fhedn Crod
corre B?IXWQ'I%X %‘%Z}d Csb(i%ﬁgﬁcg ?n@%%gg%aa Ket ) enlu beml%S
acebuﬂmatas easi:tuemo fsteanf anto-oleBfv/imalefraicdi copdionat m@pomqlmlﬂr

S B B Al S 00 10 AP

GORHRIRIIR balably Alohakitze NobelPrikeie 1966 elcomPlek ettarjea high

3986, a conplex _ester., i.s.a hi Vi, SCQ thetic
Sty Bt ek Yo AR Nk A P o,
Croda. Conparative Exanples 1-3 10 [00881 The
| ubri cat i NQompdrationiposnilesolkd¥ of conparative exanpl es
1-3 were prepared according to the formul ations
j ded i I LdnARui0f RIPLER:
ﬁﬁ@\élmere a Je-lg@?ié:gut omlt(ﬁﬁlgggg&gf% erdent gAEeX(a%gm ety (r)?‘
Autpar béovsligrg ihedfomsilations prowided ip Tgblad e Jhpgprmegitions of
addltl n; of .va SRR E
SReT T Seradiatel R B (DR PR TRV, Ergineery
o;ﬁscassm g@d@s\lp/ the etddb.amevf saryink emoTeefa nouﬁirap@raﬁni vigrosity index

improver, and/or varying the ratios of two Group HI base stocks. These lubricating o1l _

compositions contain a major amount of one or more Group III base stocks and no

synthetic ester base stocks.
Inventive Examples 4 - ¢

[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
IIT base stocks and a combination of a low, a medium and a high viscosity synthetic ester

base stock.
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10

15 conpositions contain a nmgj or anount of one or nore
Goup Il base stocks and no synthetic ester base
stocks. Inventive Exanples 4 - 6 [00891 The
| ubricating oil conpositions of exanples 4 - 6,
prepared according to the formnulations provided in
Table 1, were adjusted to three different viscosity
grades by 20 the addition of varying anbunts of a
hi gh vi sco&ittemesBnesshiee WeaeEess Pettfersmanse ock (Pri ol ube
3986). These lubricating oil conpositions contain a
®499] amoupk rakx 988 (QSTW@B $XRURA B Isla HoADG et WAk Sneasures
and a conbination of a |ow, a nmediumand a high
vheseBepe pressyieprerties abfwd lubhests. Jhisaethod gorppiisea pgning a
B %%LH + k JB%CIE&QE]%?&SE@ fHthe
S%ST e%1233 N@E%§B R?&%g&ﬂﬁ%gﬁg Q?%%%' nmeasur es
Heicek sememte Ipred s%appbeqdp dse¥-blogks byt rﬁfphﬁt @eﬁ@@ﬁmc anfest
mtﬁ‘od'?tl&gqg a%gﬂ}ﬁ %ég(? 1343 %f'ﬂb il?crerﬁe%s%ihqgadsﬁleﬁﬁtlamed constant
journal” at rpm-agai nst two stationary
Yol roiples eachinad Sweenient. t The 81 logbyalusahiaingd iihecrittrieddr thelevel
I bl ocks by a ratchet nechanism In
Pﬂ)ag%@&%gﬁﬁgﬁl Soad is applied in 250-1bf (1112-N)
increments with | oad maintai ned constant for | mn
48098hch | oheroppy eftbaviscopie theajscosity BYPUass fad s agpsure
[ yi ng
Rl bRl oY B AR LAY e
vi scosity properties and extreme pressure 10 wear
protection performance of TBBA#t es 1-6 is provided in
Tabhfes2. TABLE 2 jExanples 1 233 4 546 SABQ1 ¢
Vi scosity 5WB0 OA20 10WI0 ON20 5W20 5WB0  Additive
Package 1' 9.1 9.1 9.1 - - - (wt % Additive Package

BAF- OIinscc&lt?5 8. 25W&8025 0Wa0 %ovAmt | weao (\sW2) 05800
Frlctlo nDdlf r( 0.30 0.70 0. 30 Foam
ﬁﬁ]ﬁﬁ“ﬁ?l’?f%a% % 0992 0. 0370, o\gbl |

(Wt %)

Additive Package 2* - - - 8.25 8.25 8.25
(wt %) ,

Antiwear (wt %) 0.80 022  0.80

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 VIE (wt %)

Priolube 3960 (wt %) - - - 18.00 18.00 18.60
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 - - -

27 -



Non- di spersant olefin 8.69 5.35 8.00 - - - copol yner

V113 (vt % Priolube 3960 (wt %9 - - - 18.00 18.00
18.00 Ketjenlube 135 (wt 9% - - - 14.00 14.00 14.00
Priolube 3986 (vt %9 - - - 2.00 4.00 6.00 Chevron
UCBO 4R 51.49 74.59 57.75 55.75 53.75 (wt % Chevron
UCBO 7R (wm 29.59 10.02 81.77 - - - -27 Exanples 1 2

3456 Kinematic viscaosity 10.49 7.59 13.47 7.Q06
dxomples 55 at 100C (cSt)* Kinerhtic viscosity 58. 81
39.2 86.19 36.52 43.89 51.66 at 40C (cSt) Viscosity

2"4’%7 3.70 2.79 3.10 3.58 HTHS at 100C (cP) 6.90 5. 34

8.68 5.79 6.10 7.44 HTHS at 50C (cP) 23.91 17.93

.84 19,55 22.61 26, 51 at_-35C (cP) - 4585 -
éé%ﬂa-ﬁc-‘”s"éé@ at -3‘(2969(cp)- 405 I:"5-421904@518 Ség:s at”=>
-2 500°C I3} 4223 Fal ex Test4 (ASTM D3233 B) 1st fai

| oad (Ib) 1250 1250 2000 2250 fai oad
dHpynaio siscosBE0 20084500 -3%7?50 35%51% fé%%zl odt-{ b) 21:6¢
-at 40°@9&4) 3750 ' Additive package contains a borated
di spersant, an ethyl ene carbonate post-treated
digperdateE, an oveﬁ%bsed Wetergbit, al2% nc- d8htai nlitg
anti-wear agent, a nolybdenum containing friction
nodi fier, an ashless friction nodifier

TERHS S 5UGHD) a foaksi nhiditor SAhd gifent 34P1 . 358

HTHSat 100°C (P) 690 534 868 579 610 744
HTHS at 50°C (cP) 2391 1793 3184 1955 2261 2651
CCS at -35°C (cP) - 4s8s - 5650 - -
CCSat-30°C(cP) . 3405 - | 4190 5518
CCS at -25°C (cP) 4223

Falex Test' (ASTM

D3233 B)

1* fail load (1) 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. ~

?Additive 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.

3 Ethylene-propylene copolymer viscosity index improver available from Chevron Oronite
Compnay LLC.

*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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5 2Additive package contains a borated dispersant, an
et hyl ene carbonate post-treated dispersant, an

over based detergent, a m xture of two zinc-containing
anti-wear agents, two nol ybdenum containing friction
nodi fiers, a foaminhibitor and diluent oil

3Et hyl ene- propyl ene copol ymer viscosity index
|nprover avallable fron1Chevron Qonite npnay LLC.

Feramples fribradso sy DefigElopdFRTBIS PTORSESS £ S Elenc ) SategFaiEnt in

HESEId:SeWehEpdishifear@piest. [ 00921 As denonstrated by the
data, the Iu%rl cant conpositions of exanples 4-6

show hi ghe at 1 0C which are useful for wear
protecti onﬁé‘ft‘"gj}efte]?% %8RGt i ons. -28 Exanples 4-6
al so show better |oad-carrying properties as

q0993¢n c ed 'hycﬁoﬁmoeﬂiermtstfori domptdaivefaliresnt e icommpasitions of

B GRPR SR SR relbleo 8 BTt o0 PP REg G ble
dzazgm?lﬁlst Txﬁbrfsﬁa?glg tS v@tﬁﬂi?igsﬁregi ’uiSng gmsiiugr&uamlsﬂalaxﬂﬂ@ﬁmﬁest
Wit SretThuceeandeiba SOURRR HhEEE: Sri Sl Botpu 100%
Tﬂe’iﬁ&d mhé/&ﬁbﬂem it MidBg shesd betdmyes tiiRrhall bdiskeditided®r the mean
con

l.ide to roll ti %.. 50% ,..05% ,
SR pbbe Pl indetskosk b S ety SeePl i ool Lpal iy o babais
hatipepeEbentadalwaa pbudi slait Hkc@deddTht PltsHRAstoviSREE Bigures
of the ball and di sk- SRR= (Speedl - Speed2) /

(1(4Speedl +Speed2)/2)). Each oil's 10 traction
coefficient data was plotted agai nst disc speed. The
j004p ar e A4 dviod€shtddrin Fi@t&fs&& thib-cdmpdsQidfsigf E‘kﬁmples 4-6 show

enonstrated..i.n Fi -4, the co ti ons af
R Ren 45 T a S PE s B COBY IS oGHRay hgeant
dileemppands asmeapraned with the conparative |ubricant
oi | conpositions of Exarrpl es 1- 3 15 [0095] While the

!ﬂ(g@ 1 Iczgg Wlet tﬁeo [@glggéli {)1? }gos ons Qrgxgge r ﬁ]’oegnrhag%:/ geened%scnbed
evith@ekpeas d ashmﬁd'dlallﬁﬂueﬁd)ﬂdntboﬁﬁ&hmj‘ thsspefifiofeeturaamont ment
shoul.d no attrjbuted t er,. e i.ent.s of the,
SR teR Shot Erdt bt Aot e b s R R e S Bty
héreine No%r@[tte&ﬁﬂo&ﬁleﬂf is a&:ﬂreﬁﬁta@@td alb bisptdieofahad]filed subject

t he met hods

subj e mat ter. 0 odi ne

B S G T a6 THGPNEAY [P St B ot gmidhed
Q&Ihﬂr Leshetniveditints] the nidBloodsndl hchidé, of 16 kmhiﬁnuﬂl'y fRe f,
substantially free of , . Steps not enu (gl rein.
V5P Tk PO Tt Y PEAOTORE MGHPAHS OB ﬂﬁ%@ d
embodiments exist. It is noted that the methods for producing the compositions disclosed
herein are described with reference to a number of steps. These steps can be practiced in
any sequence. One or more steps may be omitted or combined but still achieve

substantially the same results. The appended claims intend to cover all such variations

and modifications as falling within the scope of the claims.

[0096} All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated by

reference. Although the foregomg has been described in some detail by way of
29 -



enbodi nents exist. It is noted that the nmethods for
produci ng the conpositions disclosed herein are
described with reference to a nunber of steps. These
steps can be practiced in any sequence. One or nore

steps may be omtted or conbined but still achieve 25

substantially the sane results. The appended cl ai ns
nd to,cove such vari a

BlaF oot SRl oo o e B it bygaacity

Gbpirdts to th6¥d36¢rdiaty sﬂlﬂhh itlg:ad i Ihghtaalﬁ thepaatidngs herein that certain

Bt 20 SO R 20 By PR B SRR Che A Difan o

a6ope bf ®aahpchddicnds al publlcatlon or patent
application was specifically and individually

i ndi cated to be incorporated by 30 reference.

Al t hough the foregoing has been described in sone

detail by way of -29 illustration and exanple for
purposes of clarity of understanding, it wll be .
readily apparent to those of ordinary skill in the

art in light of the teachings herein that certain
changes and nodi ficati ons may be nmade thereto w thout
departing fromthe spirit or scope of the appended
claims. 5 -30 CLAIMS Wiat is clained is: 1. A

| ubricating oil conposition conprising a Goup |11
base oil; and a conbination of ester base stocks,
wherein the conbi nation conprises: 5 (a) an ester
base stock having kinematic viscosity of 2-10 cSt at
100C, (b) an ester base stock having kinematic
viscosity of greater than 10 to 50 ¢St at 100C and
(c) an ester base stock having kinematic viscosity of
greater than 100 cSt at 100C. 2. The lubricating oi
conposition of claim1l1, wherein the Goup Ill base
oil 10 is nore than about 50% by the total weight of
the lubricating oil conposition. 3. The lubricating
oi |l conposition of any one of the precedi ng clains,
wherein the Goup Il base oil is about 58% by the
total weight of the lubricating oil conposition. 4.
The lubricating oil conposition of any one of the
precedi ng cl ai ns,
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15 wherein the Goup Ill base oil is about 54% by the

total weight of the lubricating oil conposition. 5.
The lubricating oil conposition of any one of the
preceding clainms, wherein the Goup Ill 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 clains, 20 whefeAMX he conbi nati on of
ester base stocks is |ess than about 50% by wei ght of
t he Wigtiatlamegdes: ght of the lubricating oil conposition
7. The lubricating oil conposition of any one of the
precedi nf claivrscamahlesompesitioh eompovgi oAl Bfe ab teml a
bas e.osbiR6deSs dshr RO 3AUR Yhe WA on @Jmph&@ t ot al

wei ght of the lubricating oil conposition. 25 8. The
| ubri cat @yg et bas€VIPRS IS k@RaRfvisaRy oONR) Bfar fobe,
precedi ng clains, wherein the conbination of ester
base st oBkis et bab ok RGO vighdity of grdahemin0b & 50 ¢St at
wei gfitec ,0f the lubricating oil conposition. 9. The

| ubricating oil conposition of any one of the

pr ecedi g6 1Al i aool¥AGH Sl 1S:sE0HY BALLOR 18 EPHEE

base stocks |'s about y welig

wei ght 30 ofpf m@mmb 511 &%am@lgn Q%legqr,lgg&kﬁ iR p I bgse o

10. The lubricating nposi tion any on
precéﬁ?ﬁﬁmﬁﬂﬁwﬁg%bYWﬁ@F%W*@Wﬁ@e%Q?%¥g%%§€m§wﬁck (a)
conprises a diester based on short chain fatty acids.
11. The Tubriedtiignsict eunyds ¢finh ot ofdiy PesEneofainhe
pr ecedicingheghraipTH, basewh & bun 58% ey s toed whigs ef ht Dibiicat{ng pil
COMPLisRSeA di ester based on short chain fatty acids
having 5 a kinematic viscosity at 100C of 4.5cSt.

12. The &ubrng%ﬁrfa&nmoh eg};m@o%l Jflaepo&fofetﬂey x@aa&n@&mwe
precedi n m@ ster base stock (

P et rere M e sL8% SR umo st Ripeaop o

conpespsiign of any one of the preceding cl ains,
wherein the ester base stock (b) conprises a butano
est er of 5an Bedbefcitng wal comosiei d and Onecfpbd yreding dams,

The uRhine @tdup G 1kd oil GRKREOSHE 1iQDsiPhr 4aNY: PN Aok BIE
preceding claims, wherein the ester base stock (b)

conpri ses a Aal YwREatS sk forpSioR Of KdyNREBL ihe @é&&ﬁgﬁlh&é{
of 31’161‘611’1%’16 combmagion of ester base stocks is less than about 30% by weight of the total
weight of the Iubricating oil composition.

7. The lubricating ofl composition of any one of the preceding claims,
wherein the combination of ester base stocks is about 38% by weight of the 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 oii composition.

-31 -



10

16

20

25

30

15. The lubricating oil conposition of any one of the
preceding clains, 15 wherein the ester base stock
(c) conprises a conplex ester having kinematic
viscosity of 2000 cSt at 100C. 16. The lubricating
oi | conposition of any one of the preceding cl ai s,
wher ei n  10he Tammbiridatigf cilesmegsitba s argt @e kot (ha)preegling claims,
bet WEADein st Pal §t(8kke% cé/ﬁﬁnlngm dx&{er 1008 of s‘ﬂ&rﬁ!han\{\ﬁfq%hs of

the conposition. 7. The lubricating oil
conpos ' tipn %e ﬁ@nyca eollotfomﬁcgﬁorp bELE %@ s 9:1[3 %i’e@@mﬂ claims,

mhere unt ester hase stock about
18% ‘F S‘Pi’féa)f‘lﬁpﬁi“ "’v\g?sﬁh‘lﬂs%?“ (Bamfam’ acids having
conpekm@mmwwmm$QWﬁmmehwabﬁﬁcating oi | conposition of
any one of the preceding clains, wherein the anmount
of ester basdhstubudkinghyl dogpdsgtnwelemy ka9t the 28%diby claims,

Wei glberdfthd 18 bhsOtitk (v) 2Bph] GhilymefesttNe cONPOSI ti on.

19. The lubricating oil conposition of any one of the

precedi ngz.cl Q'hemilbncm%?ﬁledoﬁpogilﬂ&l myl r?ghe Qﬂ‘megleeamb%ﬁs
St OCkP]e(‘elt?thl s OUtstoc:llZ A) b ttan(g es‘t r ! g}.ﬂ?nﬂr}x’ﬁ €1 acld

e conpos Br catichd”
conp@@ﬂwm@n of any one of the precedlng clainms, - 30
wherein the anount of ester base stock (¢) is between
1% t o 1094 by Tkelebepting foil t dympopigamadt. anyyeinq it the pregefling claims,
co I'Tp@lidrdnl tﬁHbster'bEsg stdck. (b) EhBprikctl B HbiGad: bRghaink kiGHIROSLsiyA

of a the preceding clainms, wherein the

anDunt d¥ er base stock (c) is about 2% by wei ght
of the tg O o oom o8] OIETBP% t OB e BreBfting JG
Iubrlcat|ng ol conp 57 O™ and ohe "ot PG s

pr ecEificidhecreibig stockf efrn@rlﬁs ¢ P@P&ﬁmb&vm kipegeide visprgisieof
st ocloof ) atii®@ @bout 4% by wei ght of the total weight
of the conposition. 23. The lubricating oil
COHpOSith@ﬂhﬂﬂmﬂﬂ#oﬁm&m@&mbﬂehﬂfﬁﬁ@ﬂhﬂ@w&h@kﬁﬁm\ﬂﬂmn

wher ﬁé fﬂmm g}% e";’tQE%HJéfsm&f (a) ?ssogtglgentfé‘ﬁ % 7§‘;’ gfsbe 9 £ the %taape%'ﬂt of

6% b the total weig
conp %WF@HW”‘24 The Iubrlcat|ng 0|I conp03|t|on of

any one of the g{ecedlng clainms further conprising
at | east one TudirtdRe defoEpsEEn Pf Bhophel Y srjsding clams,
conswisteinng anbuntaftesteobsel stk $) is about 18% by weight of the total weight of

the compositiorn.

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

weight of the composition.

19. The hibricating oil composition of any one of the preceding claims,
wherein the amount of ester base stock (b) is about 14% by Wei'ght of the tota] 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.

-3 -



antiwear agents, detergents, rust inhibitors,
demul sifiers, friction nodifiers, nmulti- functiona
addi tives, viscosity index inmprovers, pour point
depressants, foaminhibitors, 15 nmetal deactivators,
di spersants, corrosion inhibitors, lubricity
i nprovers and conbinations thereof. 25. A- nethod of
making a | ubricating oil conposition conprising the
?t e;) of  réixi nige h(bnc)a?@ & airt@odiﬂoh oba@eonelok,the%éied%g ciauns
I'1) &k t
Qm& %Tﬂl{t %St(g‘ basg B% %n §O%‘£ 2%} bybwae] %A%le tgta “ﬁlévl ﬁtbe

conbi nati on conpri ses ester

ki nemt P& ¥Pscosity of 2- 10 cSt at 100C, (b) an ester
pbase stock haV|n9 ki nematic viscosity of greater than
10 to 50 ¢St UPTREIERE W COPEYSItR OB aTemme thde MWk claims,
haV|ngmkmmhn@mmden@bnsm&y@@ﬁa@ﬁﬁ@ﬁ@h@@h&ﬂ&&&ﬁu&@haﬁ&
25 10@fmpofn, A method of lubricating a high output
engi ne conprising the step of operating the englne

wth t he |291br | @I%t lhﬁﬂatigé loi1 Q:Q%Qiﬁ&!: &f%lgy ol ogg}é P V\f;'ﬁe%mc claims,

clalns . The net

the hi'y i tg“i Bt 8 FFase; S?dh(“'} ﬁ&@%% by Wil of e gtal amght of
Bspor t % apostipgi ne. 30 28. The nethod of clai m 26,

wherein the high output engine is a race notorcycle

engi ne or ?A speritbsicatug Gl compisigoreafgiyes of thd freceding ciaims further

comprising at least one addifive selected from the group consisting of antioxidants,
antiwear agents, detergents, rust inhibitors, demulsifiers, friction modifiers, multi-

‘functional additives, viscosity index improvers, pour point depressants, foam inhibitors,

15 metal deactivators, dispersants, corrosion inhibitors, lIubricity iroprovers and

combinations thereof, -

25.  A-method of making a lubricating oil composition comprising the step of
mixing: |

@ a Group IIT base oif; and -

20 _ (i)  acombination of ester base stocks, wherein the combination comprises

(&) 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

{¢) an ester base stock having kinematic viscosity of greater than 100 cSt at

25 100°C.

30

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

operating the engine with the Iubricating oil composition of any one of claims 1 1o 24,

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

engine or a Sports car engine.

28. The method of claim 26, wherein the high output engine is a rage

motoreycle engine or a sports motorcycie engine.
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