A LUBRICATING OIL ADDITIVE COMPOSITION AND METHOD OF MAKING THE SAME FIELD OF
THE INVE%TI%)I}IM%;}FS@% present invention is directed to an improved lubricating oil additive
composition 274 composition that may be used in a tractor hydraulic fluid. BACKEKRINRD oF THE
INVENTION 10 Organic friction modifiers have been used in lubricating oil applications for many
years. Friction modifiers allovk ILDERHEADING Bile ARDSR IV COMPIIES Ti®e ssary for smooth
operation of e.g. transmission flui f '@s t%r % ng Vi lic fluids, and also improve
fuel 15economy in engine oils. Tr%ﬂrr%ﬁgc}ggti féoc i\igf%ll’qc Ion rﬂg I m?ﬂ;@érle often C10-C30 organic
compounds with a linear or nearly linear non-polar group at one end, and a polar functionality such as
a carboxylic acid, a carboxylic acid deri\ﬁg{%sémﬁﬁ ﬁﬁﬁg IQmide, or salt, an amine, or an
alcohol or diol, at the other end. Such fr ' ugh by forming adsorbed layers on
a metal surface, with the polar end attaching to the metal, and the non-polar end sticking out into the
lubricant. 25In fr. IC I, fricti ifiers must be only
marginally soIuﬁﬁ%ﬁé@ﬁ%@ﬁggr%&ﬁﬁs%)gg{%‘gégg %régglfgﬂrﬁégwgﬁ go%%ﬁﬁ@%f%ﬁé%&% modifier in the
finished lubricartmpasdditioadincmpaddition Sugpiens ke nsedynfartisttadiittrastio fubticant
manufacturers in the form of a mixture of additives, or additive composition, solubility of the friction 30

temperatykes. In addition, we have discovered that the presence of co-additives such as high

molecular weight dispersants can also decrease the solubility of friction modifiers in lubricating oils and
lubricant additi(gainith fintions FBOEFESCR MO KeOF THEIRELARRBRING TONilsen|icasomatont No.

4,062,785 dis a non-aqu bri : coprise ' ineral oj minar: proportion
of a fatty amidctll-:ﬁgl i %‘gé}dg et%ﬁ?%@. Iﬁa%[%gﬁ%t%%. ﬂ%%ﬁgig% (ﬁg:%l]g%es {gotgﬁq&%mp@%[&%ns
formulated for tgarasterimisasengnseayitdan sl apabaiitionoéngifedranaraissionrivids.by

including in sa@d&%prﬂlo%s%gggzﬁﬂmsof adtnlga 8%9@‘%&%?”%@@%@;& P&)@/"?u%?id amide.

15Moore, U.S. Patent No. 5,28 4 discloses a lupricating oll compositio mprises (a) a major
amount dffan @CRaMY IoRRGNEOHSCosity; (b) a minor amount of a friction modifying, polar and
surface-active compound; (c) a minor amount of a Group IA alkali metal containing compound and (d)

a minor amount of a transition element metal in a hydrocarbon-soluble or dispersible 20 compound.
The most cost-effective friction modifiers are often C10-C30 organic

compounds with a linear or nearly linear non-polar group at one end, and a
polar functionality such as a carboxylic acid, a carboxylic acid derivative such

20 as an ester, amide, or salt, an amine, or an alcohol or diol, at the other end.
Such friction modifiers function through by forming adsorbed layers on a metal
surface, with the polar end attaching to the metal, and the non-polar end
sticking out into the lubricant.

25 In order to be adsorbed from the lubricant onto the metal, friction modifiers
must be only marginally soluble in a [ubricant. This can cause problems with
solubility of the friction modifier in the finished lubricant. In addition, since
additive suppliers generally furnish additives to lubricant manufacturers in the
form of a mixture of additives, or additive composition, solubility of the friction

30 modifier in the additive composition is also a concern. These problems are
exacerbated when the friction modifier is used at high concentrations, or when
the friction modifier is a solid at ambient temperatures.
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Davis et al., Published International Patent Application No., WO 92/18588 discloses a lubricating oil
composition comﬁrising a major amount of an oil of lubricating viscosity; andjﬁ? an amount of at least
one alkali MGafbY ded 25 salt of an acidic organic compound to proviﬁg feALastt 0.0019
equivalents of alkali metal per 100 grams of the lubricating composition; (b) at least 1.60 by weight of
at least one di$peadditip() weldastonksomtat ethtionb thebyrdsbingh aspbated dithas enstioras
antioxidant; anﬁi [é([ﬁ) r%E) Leas} one magn Isiumsté)]\r/}?rbas,r(?d meta| sglt of an aCidiﬁ of anig £om r%)und
provided 30 thatthe It eﬁ%"aﬁng §iPCH 6 SIS S HEE (%’%%I A GveTbaset sutﬁ!o ate an(} alcium
overbased phenatifigrewdetticatititpailsnapasitibricaonitaduittessctirapaivon £.08 % by weight calcium;
and provided that (c ) and (d) are not the same. Igarashi et al., U.S. Patent No. 6,051,536 discloses
an oil composition for continuously variable transmissions comprising base olil, (a) a sulfonate, (b) an
ashless dispersant, (c) an acid anbl&& G| B [arNa@6-MidlyitiehaTEIedRIound, and (e) an amine
antioxidant. European Published Patent Application No. 0120665 discloses a soluble-oil, suitable when
diluted with water, for use as a cutting fluid comprising (i) an alkali or alkaline earth metal alkyl
benzene sulphiditad; (Li). 3. fdtgtacidNOdibbehGamidstibzenixe datkaaglernine bobatestiv ) that
polyisobutenesuccinirnide; and a.major proportion of mineral gil. Curti .S. Patent No. U.S.
6,759,375 disc gsr‘%e%rés %urW@lfgbr?}f:% ('Ja% fﬁ[ea?%%{lac?)}rinrgﬁ 5 %@&ﬁgﬁéﬁ%@e@% R'exhaust gas recycle,
lubricated with (a) an 15 oil of lubricating viscosity; (b) 0.05 to 1 percent by weight of an amide of an
aliphatic carboxyli id; and ( legst.one addjti IPd‘i per. etergent, .or anti- ent.
OSUMMERY AL e asat M (i e oo S SE e e o bESTR¥ans such
as are found irfdaimidaiteyfofl Wetergemnes) kuise duhsgamnislémindethall onrsbludiitity efidigsriietting point

friction modifiefs w. | inatiqn wyi icating, ojl di nts | th lupricating oils
and Iubricatingézﬁ ﬁ%ﬁggoﬁr%ﬁé%@ﬁéw Trr& %%I\gréﬂad estgj‘rﬁb%ﬁgrﬁjegﬁﬁa e péié%r%%d%ctf@éﬁé is directed
to lubricating ofl adilitireito mpositiarposyhpriiid)B0{@8.at least 3.5 wt-% of at least one friction modifier
selected from the group consisting of fatty acids, fatty acid amides, fatty acid esters, and alkane diols

which have a melting point of greater than 30 degrees Celsius;
15 Moore, U.S. Patent No. 5,286,394 discloses a lubricating oil composition that

comprises (a) a major amount of an oil having lubrication viscosity; (b) a minor

amount of a friction modifying, polar and surface-active compound; (¢} a minor

amount of a Group IA alkali metal containing compound and (d) a minor

amount of a fransition element metal in a hydrocarbon-soluble or dispersible
20 compound.

Davis et al., Published international Patent Application No., WO 92/18588
discloses a lubricating oil composition comprising a major amount of an oil of
lubricating viscosity; and (a) an amount of at least one alkali metal overbased
25 salt of an acidic organic compound to provide at least about 0.0019
equivalents of alkali metal per 100 grams of the lubricating composition; (b} at
least 1.60 by weight of at least one dispersant; (c) at least one metal
dihydrocarbyl dithiophosphate; (d) at least one antioxidant; and (e) at least
one magnesium overbased metal salt of an acidic organic compound provided
30 that the lubricating oil composition is free of calcium overbased sulfonate and
calcium overbased phenate; provided that the composition contains less than
about 0.08 % by weight calcium; and provided that (c ) and (d) are not the
same.
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(b) at least 10 wt-% of at least one dispersant; and (c) a sufficient amount of at least one surfactant to

make said additive composition haze-, sediment-, and skin-free, provided $aatsighadsktve

composition contains at least 150 mm surfactant per kg of said 5lubricating oil additive compaosition.
The present disclosure is also directed to a lubricating oil composition comprising 10(a) a major
amount of base oil of lubricating viscosity; (b) at least 0.35 wt-% of at least one friction modifier

selected from the grauponsisting op{aUYARIS 4 asih aidesdatbasi esigrbshshatiane diols

which have a ting point of greater than 30 C; 15(c) at least 1 wt-% dispersant; and (d) a sufficient
amount of surfgoriinuoLBlxkeasEid fuREMIGDR O RRHETIBRNB LRSS Stintdnte, ARS8, provided
that said lubricating, oi it] ntajns at.le n of toial rf%(‘r?é]{ ) igh lubricating
oil compositionggo%gél'igﬁ{%%&%%%%%w O%Eogé%dﬁzam@g’NﬁgN%%Vhile thgmég%ﬁ%uswptible
to various nodiftranions arendi{enativertnens) bpeeificttembodiments thereof are herein described in
detail. It should 25be understood, however, that the description herein of specific embodiments is not
intended to limit the invention to the particular forms disclosed, but on the contrary, the intention is to

cover all modificatiersardquibirine, Bateattdrpativedcalite WitkAose disflosss scepdisidttd invention
as defined by the appenged ciaingy Wufoiiens Thedolevng BasURP IR gasciption are

defined as suc ajor amount” of a base oll refers to a concentration of the base olil within the
lubricating oil celxaibsitionlvfiitdeast dbauelr vallop. InasiaeembElIaTEiss, EmajdrineGht of a

base oil refers ration of.the base ojl.within th ieating oil cepppsition @fat least about
50 Wt.%é Ieagiegg%%ﬁ)(fg@ gvi‘jtg% at lI@Iast gbout@(/)y(%vla%.%, gi@ﬁ%ﬁ&t 80 Wt.%,é or at eé)?st %gabout 90
wt.c/o. "On an activestbasiednoitatméchatonly fhejacierssipoabRtReE #ibarticular additive are
considered when determining the concentration or amount of that particular additive within the overall
lubricating oil composition 15 or the lubricating oil additive composition. Diluents and any other
inactive compofienis,otitfe RatihieNoudh.8s BilEhBdh chsplasRacd swrdhthiselas igieracluded.

Unless otherwi M [ r%{j Mri ' ‘P‘Lb%%f?@ j @q@éﬁggtg@gﬁg{in il additive
composition, co%r‘écen gl%ﬁ?@ﬂ%ﬁc%e tgggglar? for aﬁ%qc?cﬁﬁv S are %ﬁcétive of the conce tr%tion of the
15  oil of lubricating viscosity; (b) 0.05 to 1 percent by weight of an amide of an

aliphatic carboxylic acid; and (c) at least one additional dispersant, detergent,

or anti-wear agent.

20 SUMMARY

It has now been discovered that the inclusion of sufficient quantities of
surfactant, such as are found in Iubricating oil detergents, solves the probiem
of the low solubility of high melting point friction modifiers when used in

25  combination with lubricating oil dispersants in both tubricating oils and

lubricating oil additive compositions.

In its broadest embodiment, the present disclosure is directed to
lubricating oit additive composition comprising
30 (a) at ieast 3.5 wi-% of at least one friction modifier selected from the
group consisting of fatty acids, fatty acid amides, fatty acid esters, and
alkane diols which have a melting point of greater than 30 degrees
Celsius;
-3-



20additive, and not of any inactive components within the additive, within the lubricating oil
compositigpps theseksicating oil additive composition. "Molecular weight“peferg g daumber
average molecular weight of a compound, and is expressed as Daltons. 25 A "hydraulic fluid" is a fluid
used to transfer power through a hydraulic system. A "tractor hydraulic fluid" is a multipurpose

non-aqueous lubricakPLEEEES I v P @blaRriaf &SReMAGRbEbIe to serve as a lubricant not
only for 30 hydraulic fystemSrRIMERIGURP SERE 852 e YNRMAAILY InaikeviaiPrkegiRRd Wet

clutch lubricant, and a final drive lubricant. In general a tractor hydraulic fluid contains higher

concentrations of lubABEHGEIINT E83RarPEEERCH SRR Y YarkERe FIAYIRG &R ENAAR Hid&: a

specification defined by-aR Q&N SUeRBHdORN Deske asiassey-diprauaen. Tae RgMoiP ARl is an
abbreviation for polyisobutene. 5 The term "PIBSA" is an abbreviation for polyisobutenyl succinic

anhydride? The term Ye0E6RiE G RILPUPEISPSAD ARGSILIBMaving the formula: O HI -C-C-W -C-C-Z H 100
wherein W and Z are independently selected from the group consisting of --OH, --Cl, -0-- lower alkyl or
taken together are -0-- to form a succinic anhydride group. The term "--O--lower alkyl" is meant to
include alkoxy 6'¢ R5eBS8 disAiRsvgshSoriEcRiRs [ LEarirAling ql CRIBRPSIERY in the art to include
many of the a'EBjrﬁpHEiH , etc. species which are also formed by the reaction of a succinic anhydride
with an amine. The predominant product; however, is succinimide 20 and this term has been generally
accepted as meaning the product of a reaction of an alkenyl- or alkyl-substituted succinic acid or

anhydridggvith an amine. Alkenyl,or alkyl-sygeinimidas e Sisciorediig WweRsERys references and are

well known in the art. Certain fundamental types of succinimides and related mat’erials encompassed
by the term of art "succinimiffe) atéaasightdn 2stls obalelftagbeng Juotinnsmpgiign6¢es§4 237;

3,100,673; 3,219,666; 3,172892: ARk RRFR A idhRSliscIoRYraz Bt WhiEY BtschareRkogrorated by

reference. _ . . _
acid esters, and alkane diols which have a melting point of

greater than 30 °C;

15 (c) at least 1 wt-% dispersant; and
(d) a sufficient amount of surfactant to make said lubricating oil
composition haze-, sediment-, and skin-free, provided that said
fubricating oif composition contains at least 15 mm of total
surfactant per kg of said iubricating oil composition.

20

DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof are herein described in detail. It should

25  be understood, however, that the description herein of specific embodiments
is not intended to limit the invention to the particular forms disclosed, but on
the contrary, the intention is to cover all modifications, equivaients, and
alternatives falling within the spirit and scope of the invention as defined by
the appended claims.

30



The term "alkenyl or alkylsuccinic acid derivative" refers to a structure having the formula: 0 H
R-C-C-L H2C-C-M 5 wherein L and M are independently selected from the group consisting of --OH,
--Cl, --Om %9/6?1819@33? taken together are -0-- to form an alkenyl or alkylgt(?créﬂéog?{ﬂﬁﬁ&ﬁﬁe group.
10The term "alkylvinylidene" or "alkylvinylidene isomer" refers to high molecular weight olefins and
polyalkylene c@efioiients having the following vinylidene structure: CH2 R 15 wherein R is alkyl or
substituted alkyl of sufficient chain length to give the resulting molecule solubility in lubricating oils and
fuels, thus R generally has at least about 30 carbon atoms, preferably at least about 50 carbon atoms
and R is lowerHileyfaifcatingtt&tosabeed Gvitarton desorptibhancRieined /s 2dthe alkylvinylidene
isomer is methylvinylidene. The term "soluble in lubricating oil" refers to the ability of a material to
dissolve in aliphatic and aromatic hydrocarbons such as lubricating oils or fuels in essentially all
proportiorts. 235A heajernatiogintfhofec biaseveihefelsfittsa redensetutraledin ofi rodudarge puilywidvized olefins

having a residyal unsaturation) of sufficient.molecular. . weight and chaipJength, to lend solubility in
lubricating oil tltj)1 e?‘f's?ggg 108 ch')sduC(%? F’l"y%%};"éhy (éﬁlef’lar%s g\%{ngaaggat gd c\é\%bé’hs orﬁésr%Hf%ffice. The
term "high molecbadineigis payakkivll eefensnt pblgdiegeymupseatSsuficemtentiatotapivbight such

that the products prepared, havin ch sufficient molecular weights are sol g)l in lubricating oil.
Tyoicaly (hes Rah Mot e, st o7 EXERsRon o it RSt e R
preferably at ldassabbot50&arbin atéeast Bhesd Rlhivinie)exuzasiatotiptlyatk b groapsemsty be

derived f[i h%%rlr{r!céicuka%welght polyolefins. 10 The term "amino” refers to -NR1R2 wherein R1 and

R2 are indepe y %r'og'en or a hydrocarbyl group. The term "alkyl" refers to both straight- and

branched-chain alkyl groups.
“‘On an actives basis” indicates that only the active componeni(s) of a
particular additive are considered when determining the concentration or
amount of that particular additive within the overall lubricating oil composition
15 or the lubricating oil additive composition. Diiuents and any other inactive
components of the additive, such as diluent oil or unreacted starting material,
are excluded. Unless otherwise indicated, in describing the lubricating oil
composition or the lubricating oil additive composition, concentrations
provided herein for all additives are indicative of the concentration of the
20 additive, and not of any inactive components within the additive, within the

lubricating oil composition or the lubricating oil additive composition.

“Molecular weight” refers to the number average molecular weight of a
compound, and is expressed as Daltons.

25
A *hydraulic fluid” is a fluid used to transfer power through a hydraulic system.

A “tractor hydraulic fluid” is a multipurpose non-aqueous lubricant used to
lubricate tractor hydraulics. It must be able to serve as a lubricant not only for
30 hydraulic systems, but must also serve as a transmission lubricant, wet brake
and wet clutch lubricant, and a final drive lubricant. In general a tractor

hydraulic fluid contains higher concentrations of lubricant additives than does

-5-



15 The term "lower alkyl" refers to alkyl groups having 1 to about 6 carbon atoms and includes
primary, secondary and tertiary alkyl groups. Typical lower alkyl groups include, for e le, methyl,
ethyl, n-prB"&E%%ﬁ%’B\?L n-butyl, sec-butyl, t-butyl, n-pentyl, n-hexyl and %@P%%?”é?f&%%l?erm
"polyalkyl" refers to an alkyl group that is generally derived from polyolefins which are polymers or
copolymers ofansingpladiinsrpaitidulatly &-gereolefing, suebt o gtegitinaliprogpfoned hytydene, and
the like. Preferégg/’(I g@% Er]ngg%bgllﬁf' gépé)'\lﬁnry%g\g%gl%jﬁfgoogpout 24_carbon atoms, 25 and more
preferably, about 3 to"I2 carbon atoms.”More preferred Tnono-olefins include propylene, butylene,
particularly isobutylene, 1-octene and 1-decene. Preferred, polyolefins prepared from such
mono-olefins inglu olypropylene ' l%b isobutene. 30 Lubricating Oil Additive
Composition Orfr?'ée g%ﬁbﬁgejn'tgo %h%%%%gé%ﬁéﬁ\;gﬁﬁég % n%%ét}(é% to a lubricating oil additive
compositibn. This composition comprises a friction modifier, a -8- dispersant and a surfactant. In one
e bodimen: ol BEITHAERON 0 B AMnIaY BRI GHBRALIVGAE iAo
embodiment of the nvention, the additive’compaosition ‘comprises (a) at bleast 3.5 Wt% of at least one
friction modifier selected from the group consisting of fatty acids, fatty acid amides, fatty acid esters,
and alkane di hich have a melting poipt of ar n? % ius; (b) at least 10 wt %
dispersant; ar?dﬁzg) g@ﬁ |clfg%?]é%r1§3'1ér‘f% 01P éﬂ%’%g a%tagi%m aaf;%li% iﬂ%ﬁ@éﬁ@g oil composition haze-,
sediment- and skin- free, provided that said 10additive composition contains at least 150 mm
surfactant per kg of the additive composition. Preferably, when the additive composition is employed in
a tractor hydraulic fluid, the tractor hydraulic fluid conta‘ s an oleamide type friction modifier; 15 from
about 1 wt% to about 3.75 wt% of an alkenyl suceitH ide based dispersant; and an amount of a
low overbased detergent. The additive composition, for reasons of handling, is commonly supplied as
a concentrate containing from about 20 wt% te-abgut-86-wids of an organic 20 diluent, more preferably
20 wt% to 70 wt %, even more preferably 20 to 6OWNt%“The diluent should provide the composition
with the n@cessary handling characteristics, e.g. approgriate viscosity and low temperature properties;
help to solubilize additives in the composition, and be compatible with the end use of the additive
composition. As will be described, the addition of a surfactant 25 may allow the use of less diluent in

the additive confprsitioitaag Wdlirl ibERIMISED RelestRiyramdiu GeprRGRessHpg & base oil as
described hereir ?[L@Eigg'@n_ M%p%q@p Srichiomn ificss aet Iapitherinereass-erfiecrease friction

at the boundary between surfaces that dre moving relative to one another. Organic friction
anhydride group. The term “--O--lower alkyl” is meant to include alkoxy of 1 to

15 6 carbon atoms.

The term "succinimide” is understood in the art to include many of the amide,
imide, etc. species which are also formed by the reaction of a succinic
anhydride with an amine. The predominant product, however, is succinimide

20 and this term has been generally accepted as meaning the product of a
reaction of an alkenyl- or alkyl-substituted succinic acid or anhydride with an
amine. Alkenyl or alkyl succinimides are disclosed in numerous references
and are well known in the art. Certain fundamental types of succinimides and
related materials encompassed by the term of art "succinimide” are taught in

25 U.S. Patent Nos. 2,992,708; 3,018,291; 3,024,237; 3,100,673; 3,219,666;
3,172,892; and 3,272,746, the disclosures of which are hereby incorporated
by reference.



modifiers do not contain metals, such as are found in metallo-organic compounds such as
molybdenum dithiocarbarnates. In one embodiment of the invention, at least one friction modifier is
employed W& ating oil additive composition. Preferably, the frictRfTNS&i&Pie344igh melting
point organic friction modifier. High melting point organic friction modifiers are relatively linear organic
molecules. Tha bt lgash cakkénglion alodiiricaipiyeddritrinseserirnue aliaRIG selasisthiiom the
group consistiriﬂ oé f?é%apids, fatty acid amides, fatty acid esters, and alkane diols 10 which have a
melting point o At&Htfan 30 C. Preferably, the friction modifier(s) employed in the present invention
has a melting point of at least 40 C; more preferred, the friction modifier has a melting point of at least
45 C; even more preferred, the friction modifier has a mglting point of at least 50 C; most preferred, the
friction modifier has a melting point of at least 55 C; 15[ nd even most preferred, the friction modifier
has a melting point of at least 60 C. In one embadifent g present invention, the high melting point
organic friction modifier is selected from the group ¢onsisting of fatty acid amides and 20 alkane diols.
In one preferred embodiment, the high melting pgj ic\friction modifier is an alkane diol. More
preferred, the alkane diol is a vicinal alkane diol, i.e. 1,2§hydroxyalkane. A particularly preferred alkane
diol is Adeka FMG-168, which is believed to be a mixturg of 016 and Cig 1,2- hydroxyalkanes. In
another preferred embodiment, the high melting point 25 organic friction modifier is a fatty acid amide.
Preferably, the fatty acid amide is oleyl amide. In another embodiment, mixtures of high melting point
friction modifievéhauwih hsandxddes ofdégiendeltitly pelittdijracidragdeseoohaikéng diols, may be
used. 30 The congentration-of th e are high.melting point arganic friction modifiers within the
lubricating oil 66%%b§§én"%cr$3n%“gﬁlg§{@{;%£ é}t{]lté)gs%tta i) .‘é@ﬁ@??%%‘p%%‘?é{ﬁﬁf at least
0.40 wt.%, at ledstiSueBinitoanaydizams Qrbwm. %, at least 0.6 wt.%, or even at least 0.7 wt.%. The
concentration - 10- of the one or more high melting point organic friction modifiers within the
lubricating oil additive composition on an actives basis is at least about 3.5 wt.%, more preferably at
least 4.0Wt. %, Taeldasnd @ kyl vioyvid et & Oaitylsirat itbase Gs0mePorafes/nragheassigdliat.%. 5
Dispersant 10Typically; &:di ' insoluble, coptaminants in .a lubricating oil,
thereby keepir%%@?a%‘geshggr%ﬁ%iﬁ%&#@%%éﬁﬁgg g’ﬁ‘%?ggf?]%fg gps%rﬁ gor‘ﬁvé@gaﬁ%ﬂ{aflr?&%n to reduce
changes in lubsicadivgasil viscosity by preventing the growth of large contaminant particles in a
lubricating oil. 15Dispersants contain at least one high number-average molecular weight hydrocarbon
group; at least one polar group; and at least one linking group to connect the polar and nonpolar
groups. Dispersants are typically metal-free, generglly; containing only carbon, hydrogen, nitrogen and
oxygen, sometimes containing boron. 20 The high jjumber-average molecular weight hydrocarbon
group in the dispersant is generally a polyolefingstc RS a polyethylene group, an olefin copolymer
such as an ethylene-propylene copolymer, a polybutene polymer, or a polyisobutene polymer. A
preferredi iydrocarbon group is a 25 polyisobutene polymer, especially a polyisobutene polymer

containing a hi ropastion of methylvinylidene olefin groups, such as at least 70 mole%
methylvinyliden\%g %)ro iﬁggﬁﬁt%%é? F%%gﬁy%qﬁgﬁég %‘%?ﬁé‘f@ﬂiﬁqﬁ%@%ﬁ% aterials are
commercially aeailirlg fraieeue BIGEildy Elisbopalfigoolsonlifass, 30UETR gunsbenaremnge
molecular weight of the hyd rbon group is at least 500, preferably at least 700 Daltons. The
number averagéa(tet]r%ao"?g(E:iltﬂalrJ%\r/\%e%%?%?gé#}&W%b%ggﬁgaﬁ&uﬁﬁ@?&ésﬂ%}éﬁ é%&ﬂ%@ﬁ@%%ns, preferably
less than and Ry is lower alkyl of about 1 to about & carbon atoms. When R, is methyl,

20  the alkylvinylidene isomer is methylvinylidene.

The term “soluble in lubricating oil” refers to the ability of a material to dissolve
in aliphatic and aromatic hydrocarbons such as lubricating oils or fuels in
essentially all proportions.

25
The term “high molecular weight olefins” refers to olefins (including

polymerized olefins having a residual unsaturation) of sufficient molecular

-7 -



-11 - WO 2010/039399PCT/US2009/056344 3000. Ranges for the molecular weight can be between
500 and 5 é]“ bout 600-2800, about 700-2700, about 800-2600 8% g%%o about
1000-24009,9 §b2§l{#; 1%%%300, about 1200-2200, about 1300-2100, or eveﬁ a Ro}lé;%gf%% -2000. A
particularly preferred embodiment of the hydrocarbon 5group is a high methylvinylidene polyisobutene

with a moleculwieigsighndicheiwéangliot lend 2ebdilitnépolaricptop !l deribedliveagisiar low molecular
weight compo [ . : tami il on polar groups are
10 amines ané5 g?ﬂ%%;ﬁ%%%@%ﬁ?aﬁn%g@?ﬁ%ﬁ?ﬁaﬁ:@% gg@%%ny preferred polyamines are

the polyalkylene polyamines, especially polyethylene polyamines such as diethylene triamine,

triethylene pol i ; ike, i P ' rectriethylene
tetramine, tetrﬁ{ﬁti%ﬂg q&%@iﬂﬁ%@% t%gﬁﬂ:gl?géfe gflle%){él %%%‘.2%’5% ggyvlﬁlgh&ére bottoms
prhod:Jclt<s &f diﬁmﬁmﬂif;@wfgb%ﬁmﬁiﬁ@bmmmﬁmdmm %F@Qaﬁﬁh‘lé@ Sﬁ&halso é)e usebd.
The linking gr it ki # s ar Q ta:hxdrocarbon
groups. Comn%éﬁf m%ng g@%p@sgare tT?e 20%5%%%%%%; suCC|nat‘etzﬁ%)gtérjlqgﬁg}%fyeqno%??:eg?#| Mps.
Commonly theMiglaag!ar svRigs st vtighewwp theavgorb 62ebb A kpuliBOrerrempatesit. employed in the
present inventjgn may. be any.suitahle, disper EJRixt iple dispesantspr use in a
lubricating oil. @%ﬂem téz en:%%(}:ment of the S@e%té(&ﬁoﬁﬁggﬁspgﬁgatlis ?%_%S%Iess dispersant,
such as an asiile@itigieraps mayderrirrdeckicanBign-opkrylauveiamse! wlaftsrivative thereof,
such as ggpolyalkylene succinimide (preferably, polyisobutene succinimide). 30In another embodiment
of the present invention, the dispersant is an alkali metal or mixed alkali metal, alkaline earth metal

borate, dispersit &My dradacalkeieradent NBHRS Wispeaisidr loratkBimharedntapersashate, polyamide

ashless disper@@;o gﬂ@fl@ﬂ'{?&d\@m};parg@& dispersant, phosphorus- - 12- WO
2010/039399PCT/US2009/056344 contaihing dispersant, or combination or mixture thereof. These
and other suitable dispersants have been described in Morier et al., "Chemistry and Technology of

Lubricants,” Z%Ef#&}ﬂms-éﬁzgﬂ%fe%erﬂa%th%i@ﬁwﬁaﬂa%a%ée&%%)ézé{)ﬁgmﬂgFt Rudnick,

"Lubricaqts Additives: Chemistry an

The term "lower alkyl" refers to alkyl groups having 1 to about 6 carbon atoms
and includes primary, secondary and tertiary alky! groups. Typical lower alkyl
groups include, for example, methyl, ethyl, n-propyl, isopropyt, n-butyl,
sec-butyl, t-butyl, n-pentyl, n-hexyl and the like.
20
The term "polyalkyl" refers to an alkyl group that is generally derived from
polyolefing which are polymers or copolymers of mono-olefins, particularly
1-mono-olefins, such as ethyiene, propylene, butylene, and the like.
Preferably, the monoc-olefin employed will have 2 to about 24 carbon atoms,
25 and more preferably, about 3 to 12 carbon atoms. More preferred
mono-olefing include propylene, butylene, particularly isobutyleneg, 1-octene
and 1-decene. Preferred, polyolefinsg prepared from such mono-olefins include

polypropylene, polybutene, especially polyisobutene.
30 Lubricating Oil Additive Composition
One embodiment of the present invention is directed to a lubricating oil

additive composition. This composition comprises a friction modifier, a
-8-



5 Applications,” New York, Marcel Dekker, Chapter 5, pages 137-170 (2003), both of which are

ijr!corporat%lohﬁrl%i/r&g%ggference in .thei.r entirety. In one embodiment_ of tl—?@%%?&%}@%’g%ﬂ'on the
ispersant’Is a succinimide or a derivative thereof. In another embodiment, the dispersant’is a
succinimide 10 or derivative thereof which is obtained by reaction of a polybutenylsuccinic anhydride
and a polyamidéspargathantherseimboinient dne disperdaneid dlsacdditvdeomgpesitinive thereof
which is obtai ' I in ydride and a polyamine, wherein the
polybutenylsugﬁlgrﬁa%aér%?ﬁgrf?gyegéﬁg uc%l§ F;r)ﬁjk?ﬁ %ﬁd‘{%ﬁg?é and maleic 15anhydride (such as by a
thermal reaction method using neither chlorine nor a chlorine atom-containing compound). In another

embodiment o {1 BTESRIINERIBR e Hspeisrnn b AsHEIBAeEHOn AL oL

condensation reaction between 20 polyisobutenyl'succinic an d one or more
alkylene dolyaleasts. 5 e ¥R 185GA | daghierenfootiimencdiberiselideebdroml tfeagtioumproduct of high

methyivinyldegs alysoby e GuBkand alnie ARl e anplseRrlnisederberipent the

dispersant is a primarily bis cinimide 25 reaction product derived from having a number

average moleouhieiweiylis aNmgitinasin5005808@r shah 36 sleaneeoC-28003;dbdat L1090, about
200.2600, abayi 900,200 2ot 100p-2408. el 4100230, 8RRy 12002200, ghout 1300-2100,

or even about 14 In anot ent, the dispersant is a primarily bis-succinimide
reaction produlsttdioaieg BbeoP BasdianghaRen, seslineizt aslisis0o et eardBedtisaisaitlieast about

1000, at fepst ahauh LI pblsiighaban 200 blaamahayt 4390 apleast poos 400, at least about

1500, at least about 1600, at - 13- least about 1700, at least about 1800, at Ieast about 1900, at least
about 2000, atddgivanenmRestioat least about 2200, at least about 2300, at least about 2400, at least
about 2500, at least about 2600, at least about 2700, at least about 2800, at least about 2900, at least
about 3000. 5 In one embodiment, for example, the dispersant is a primarily bis-succinimide reaction

product deriveﬁ?lﬁ&ﬁamooﬂmﬁf& aniﬁ&h@uwﬁmai_lﬁqmn sremeppesiétradresipotivdeitlie
subsequently %rietqﬁéc?r%m?}‘\?&gﬁﬁem8@8@%@%@&% i@_&fr%i@?%@ﬁi@ﬁom 1-2:wt.%,

such as 1.2 wt.%) 10in the succinimide. In another embodiment, t ispersant is a primarily

bis-succihtmid& eaheteniptouiieti@ered fBofh Y400 MAFaivicsLEGEMRMiCgreRBet preferred
embodiment isd%ﬁé@%ﬁ'g%b&@é%@n?%iﬁYSﬁ,&%%@%@%&%ﬁ%ﬂt of 15about 0.1-3 wt.% (such as

about 1-2 wt.%, such as 1.2 wt.%) in the succinimide. In another efmbodiment, the dispersant is a
primarily bissuccinimide reaction product derived from 2300 Mn PIB, which succinimide in another

preferred embegimantin, sUBSFHERNYT R AL WIh eI e IFR PRt AR A BREPTeesred

embodiment, the dispersant is a succinimide prepared by the reaction of a high molecular weight

alkenyl- or alkfosiggstitatedcatginieGrFyriad@itd 20 pokjalkgiedfopbIFanIiohel/ing L18210Cnitrogen
atoms (2ygraggiVRlHe)mRIRISSA-aHR 2DIRISIARIMG{@Yeans VAIHR) BREIISI 20 to 60
wt%. The diluent should provide the composition with the necessary handling
characteristics, e.g. appropriate viscosity and low temperature properties; help
to solubilize additives in the composition, and be compatible with the end use
of the additive composition. As will be described, the addition of a surfactant
25 may allow the use of less diluent in the additive composition than would
otherwise be necessary. The diluent is preferably a base oil as described
hereinafter.

Friction Modifier

30
Friction modifiers act to either increase or decrease friction at the boundary
between surfaces that are moving relative to one another. Organic friction

-9-



25 The alkenyl or alkyl group of the alkenyl or alkyl succinimide compound, in this regard, can be
derived from a._pol % e having a number average molecular weight of %o -3Q00, such as
about 10006%;?575@ é %%11200- 2300, or even about 1400-2100. In some e%r’h%z%i?r%g%%g,g {é reaction
between polybutene and maleic anhydride for the preparation of polybutenyl succinic 30 anhydride can
be performed Iyycaliisksrirdniongbraxedsinsimetdiprinechcasrdarglyfansdnie entetimegs)ithe

resulting polybgéﬁnq}%ﬁl,ﬁgig%ﬂ%%@ﬁ@eﬂlg}ha&tﬂEgggg&éﬁg}@gyccinimide produced from the

polybutenyl succinic anhydride has a chlorine content in range of approximately 2,000 - 14- to
3,000 ppm (wt). In contrast, a thermal process using no chlorine gives a polybutenyl succinic

anhycride and s RNBO AHSSIITINE [NUAA HioEas CONLEA 1ARERCl such i pag than 30

ppm (wt). Therefore, a succini ved from a succinic a Ide produced by rmal 5
process ispreforibd, libseatng rmbadicidrescompos itien snrakéereiyriteectiméon imdfigbiscating oil

ccomimide Wi 1 S e T Ve 2E O LI AR an
aldehyde, c? kemm@f!_arﬁ?ﬂ(ﬁm@é@fdﬂﬁé/ q%ﬁ@t@%@@@@%@@ler@@a%?ﬁ@@)ﬂtﬁ offictieio a(éi?r,] a
succinamide, S = aerythri -salic nd their
post-treated ana og@g})ﬁrl §1r§ I}@e gr ﬁﬂ@%ﬁ%ﬁ?ﬂ%@%ﬂhﬁo .[ %re erstmo |fi§fésELf2cinimides

are borated aIK@ﬁgﬂ'ls@ﬁgl@Iféﬂ&mmééity@@@mﬁ?ﬁmﬁﬁiﬁﬁ-ﬁ@t&irﬁﬁﬁb@&&nﬁcﬁ@@
aer-reafgd i b Ad OrARNESEARIAE RGEEAROUA o apothBrambeman. fgdispersan

comprises alkenyl- or alkyl- succinimide that has not been after- or post-treated. 200ther dispersants
which may be B1Rgitge8)ithepyeseintjhe apesEMmverestiomflasebieiiat opiinhitfddoleasters of

polyalcohols apg p@lyﬁ%?gtggggigﬁ&rg?al o LA ANFORIESS i%'@%aﬁgiﬁ?%f BO% %@‘?%gd

analogs, alkali metal or mix , alkaline earth metal borates, dispersions of hydrated alkali

metal borates, ‘§S¥RNomMeE ANeared AR st oratiicnBpslgantliingodsadigpeaah®dand the

lik ixt f j t ' tadditive (7] . [ itable form.
e o el el SR e ety st o

0 nded In the lubricating oil composition in the form of

a concentbate 8ofhENSInGRSY RigiabiehibecECipRonGiiter bagsuarelnampaisiml srRup 1l oil, or
combination okgixture thereof) and the dispersant. In one embodiment, the process or diluent oil is an
oil that is different from the base oil (e.g., Group | base oil) of the lubricating oil composition, such as a
different Group | base oil, a Group Il - 15- base oil, or a mixture or combination thereof. In another

embodiment, the pRACERHIHIMART G %2R QLIS IRISAMMEIRR hAgRAY (Gotht BFgHRi¢ Pase oil)

of the lubricating oil composition. 5The concentration of the one or more dispérsants within the
lubricating oil dBRtESTERIBATER BEIREEHANTIShA RrasasRRtistDa Ol dathoAsisharigBl atdeast 1.25

WL.%, at lpast g yMeYbiglseapt bfe Piferddeam scliteit, heVRRRIRARhG- DYRTbrEBRIC

concentration of the one or more dispersants within the lubricating oil additive’composition on an
actives basis idritiRasnediissis Fnakanmeiel priferapiyeierced: hesiieos diokbise19%Ra), at least

17.5 wt.%, at Igagh 20 Wb, @ eVenglRasiirank Yo- A particularly preferred alkane diol is
Adeka FMG-168, which is believed to be a mixture of Ciys and Cqg 1,2-
hydroxyalkanes. [n another preferred embodiment, the high melting point

25 organic friction modifier is a fatty acid amide. Preferably, the fatty acid amide
is oleyl amide. In another embodiment, mixtures of high melting point friction
modifiers, such as mixtures of high melting point fatty acid amides and alkane
diols, may be used.

30 The concentration of the one or more high melting point organic friction
modifiers within the lubricating ofl composition on an actives basis is at least
about 0.35 wt.%, more preferably at least 0.40 wt.%, at least 0.45 wt.%, at
jeast 0.5 wt.%, at least 0.6 wt.%, or even at least 0.7 wt.%. The concentration

-10 -



Surfactant 15A surfactant is an organic acid that can used to make a lubricating oil detergent. The
Zgrfactanti)gglﬂ%eﬂ%% ?Igegast one relatively low mol_ecular weight non-polar tgg 1(/rteb£azti{\3/§0% ggpared to

ispersants) and a polar head. The molecular weight of the non-polar tail must Hé Targe enough to
make the surfactant or resulting detergent oil-soluble and compatible with other 20 additives. Typically
the molecular weitjie oindeonomgrelanighil widibectpemdt A2 Daltbitditne nabdifieGOyitiore theeferably at
least about 15 1S, (i q 12); nrefera é t t i ut C16).
The molecuIarﬂ\7lvBer;ﬂi:;&rt%r;‘(;:l\'gtrtlﬁer t%u 8i§ EXfe;:)i(c%}l I%%%‘%%ﬁﬁag%tg é %%a?t%%% %%?grggﬁé é?g%?ggly less
than about 420MDakoMS(ERGTEThbiyadltitegendrallytdaSahyeretdrbomt, Unditlaabedifest. Ur, lstanched or
a _mixture of qug%rsgg_cb%%hgpegéw é?ifégsqﬂﬁa gﬁ_r%/_ed from an olefinic compound such as an
oligomer of ethylene, propyléne or butylene or a mixture of olefinic monomers, or can be derived from
another s@urce such as olefins derived from the thermal cracking of wax. Alternatively, the non-polar
portion may be derived 30from an aromatic lubricating oil basestock. The polar head of the surfactant
may be any polar moiety which forms a salt with a metal. Particularly preferred polar moieties are
sulfonic acid groups, - 16- especially aryl sulfonic acid groups; hydroxyaromatic groups, especially
phenolic groups;; aromatic aromatic carboxylic acid groups, such as a hydroxyaromatic benzoic
acid group, co erred to as a "salicylic acid" group; and carboxylic acid groups, which can be
supplied from for 5 example a fatty acid, a naphthenic acid, or a petroleum oxidate. Most especially
preferredigre sy S containi sylfoni id gr eql ar?gﬁggﬁg ' id group. Most
preferregI guerEYﬁ%?gg’e glk@l teg%ﬁ;[mlfgtl?g &Jﬁgrﬁ(ga%fgggeﬁsepeﬁé?a ggziﬁy ate e@mgzre?}rgeqsr?ﬂ onic acids
or alkylated toluérisaiingrid atigsehy keepeembdaraentonthet sgriactdntsinaiipglsl keeamployed.

These S“rfaCt"jlrﬂFégQFéﬁﬂf‘s ag{a?sB%W@ﬂ' EB}yéHEHH%%HQ?'THHﬁSQﬁ Véﬁ’(r%'&?&i"aﬁge”ates’

alkyl or alkenyl'aromatic sulfonates, borated sulfonates, Ized or unsulfurized metal of
multi-hydroxy &kvenrtingein arowiatiel iagsssiaoynanypertisiesnyl aldporgtingatic sulfonates,
sulfurized or unsulfurized alkyl or alkenyl naphthenates, metal salts of alkanoic acids, metal salts of an
alkyl or alkenyl multiacid, and chemical and physical mixtures thereof. The surfactant may be supplied

to the lubifcatinBIEEOMBDSABHB £12(P86in FHse il aiETdigeAveiedeterdeigCisal nYeeigRilt of a
factant. Th ' f t ' ization.of acidi abusti . cleani
surtactant. The, HGHARSN g’ﬁ&@&?%@ %&@Pdﬁ?ﬁg@ﬁﬂbﬁ%ﬁ@& i%&'&ﬁ@ﬁﬁ%ﬁ%‘?@gg@% cleaning

and keeping clean engine sirfaces, especia at are at high temperatur ation and
corrosion inhibRfstiadethss PRlG ntharepematalssl dvisresastanindyriedikanatoeiier. metals;

alkali metals; angh 25/ ReUBIRATART UM MEIRSSSYFY | @HFnR@SEH'%%M%@H%Bﬁ?@M%E

detergents are'the alkdline earth metals, especially calCium and Thagnesiunt, most especially calcium.
The detergent eRajaRINGASMMAsed, containing a less than stoichiometric 30 amount of metal relative
to the susigctant; neutral, containing an amount of metal approximately equal to that of the surfactant;
or overbased, containing a greater than stoichiometric amount of metal relative to the surfactant. At
least - 17- WO D@101@50399PLrHo92Eeg/0583a4ular weight hydrocarbon group in the

dispersant is generally a polyolefin, such as a polyethylene group, an olefin
copolymer such as an ethylene-propylene copolymer, a polybutene polymer,
or a polyisobutene polymer. A preferred hydrocarbon group is a
25  polyisobutene polymer, especially a polyisobutene polymer containing a high
proportion of methylvinylidene olefin groups, such as at ieast 70 mole%
methylvinylidene polyisobutene, or at least at least 80 mole%
methylvinylidene. Such materials are commercially available from e.g. BASF
as Glissopal® polyisobutene.
30
The number average molecular weight of the hydrocarbon group is at least
500, preferably at least 700 Daltons. The number average molecular weight
for a hydrocarbon group is less than about 5000 Daltons, preferably less than
-11 -



a portion of the metal in an overbased detergent is present in the form of a dispersed colloid, generally
as the metal hgdroxide, or as the salt of the metal and an overbasing acid, typically the metal

carbonate, P 284#i%H{Tre of hydroxide and salt of overbasing acid. Deterg&Mt& 208 hdtbnly
provided 5 commercially as a concentrate containing a significant amount of lubricating oil, typically

between 20 ang080 wiRkrgbsidatingeoindtecticaalyignefesied sleiergests S00thisdryeotiosse the
alkaline earth meta) salt lated ar IC onic acjd eclally alkylated benzene sulfonic
acids or alkylat%%l %ﬂ%&%@%ﬁ%&ﬁ?@égﬁ ’C %ﬁHﬁﬁgﬁd%%génggRﬁggéﬁszs g’n?tp?[uéspecially
calcium salts. FQOag00s abeost arBDcRBOONIgbos! a2 esrERGTly 4eirrre3hdee @RNbisavagutral or
slightly overbased calgi It of an alkylated aromatic sulfonic acid, especially a salt that does not
contain a signh"?géft’tj‘l'tt af‘ﬁ%ﬁ%@&e éaﬁ?ﬁ'gﬁ%&rl%@‘ﬁg %‘is?@%%@ﬁfﬁ?i@g&é 2\Vﬁﬁ8§q{5’%rise one
or more obthe glvaye-deschiligd sufagtantsidene apaoussioliruréaciant thahonellbe adaen:teithe

lubricating oil compositi da %I jye composition depends upon the amount and nature of the 20
dispersant an&t?@ﬁ@ﬁ%gﬁr‘@g 'ﬁ%ﬁ'iction modifier that are also contained in the lubricating olil

composition and additive composition. One aspect of the invention is that the lubricating oil
composition miﬁ; confain at least about 1 miIIimPIe of surfggﬁnt per,ka}of Iubricatiagg%lfl composition
(abbreviated h 0] 3%9%‘!’19/@)9%9%@" rﬁs‘ﬁ%@tr f’ﬁﬁean RinVEfion TR Ellﬁ?icating oil
additive compasitianienuss teatainfatéceshatmitathioantpaslieteof Surfaciantgatskgrotivbdeating oil
additive campasition.  The concentration of.syrfactant may be measured by gny canvenient method,
el v R e L e e e D
composition opaefiitnez complgsitmmeOnareethive of putpsikyienthe puwlantaineepncestietialivof a
detergent is disclpsed in U.S. Patent No. 5,558,802. According to this patent, the moles of - 18 - WO
2010/039399P@§’8$5¥ O%%@EW&?@itﬁlﬁ%aﬁ%féﬁ% ?ggéﬂ‘ﬁ%ggiﬁgﬁgﬁ%% BBlE%'HSd directly
in some casesamtl thethiess nEspbaalyrivesfewbe nibigsaltiéne qaitiamiseifonate iritegtanalysis is
possible using,the liguid chromatography method described in ASTM 3712. For other organjc acids,
the moles of sgfgt}rr%urﬂsfp Be Eee%ﬁ/egbﬂ gr\%}é%n i il@%(flﬂ#ggqﬁri?ﬁé?@w%%lu ftf ¥wB H%@ﬁﬁ?imetric
methods] fotalabidmameb 8o (i) aodettsnuh edstisaipA ST Ngbies 4 alimiisieasdoatiyemiretsknown
analytical techm%&e%%llg}/v dFter[nr?inatir%n of }Qe (ﬁj%ganic salt content. Thus for phenates and
carboxylates (inc ung saﬁ&/yg{esyﬁe 1BaFERAhE 8?%etal must be determined and allocated
between organic and inorganic acids 10 using a metal ratio. The total amount of calcium present is
conveniently determingd by inductively coupled pla atpmic emission ctrometry-- ASTM D4951.
Metal ratio is dih%g] nagénl%egt%{%ﬁ)anrﬁ% n%t)%farﬁ‘é’ta?%ﬁ%?eent%%iagdgc{?‘fﬁe%%1088{]819 2ta i excess of
that required teorwraliing gnyorosdiocridgregeotigse., tizoamonmt bhinregalgreuprslizirg itharganic
acids. 15/Metal rati quoted hy manufacturers of commercial detergents and.can be determined
by a manéu act%pﬁ%m&gekr%ﬁﬁga%\(eeogﬁéﬁo% arﬁgﬁﬂ?l&? SAES 'rsése&nrf%a{.‘nfa(ﬁ zatt\Ele":’raEEgrg< Wolecular
weight of the oggainiciadicst Etia aneouiot iberhetidossithare spouim a detergent may be determined by
dialyzing the detergent and quantifying the amount of the residue. If the average 20 molecular weight
of the organic salts is not known, the residue from the dialyzed detergent can be treated with strong
acid to convertlthe ghlkperitsnicigfurayeamalyzdocb\potsentatogeapitic mediyodhs, mojorsiNidReand mass

Spectroscopy g epUsiFiec INARSSPINANG frspeten are parioulpiy e detpropntadalysec

and then residueis treate onvert any sa heir respectivé acid 1orm. The
hydroxidgmunssbofiiteniixtiiieecareties beendiasyribe ljsthersaathischdesshilesd thsh8&mdrD1957. If
the detergent i = lig. i mpound, (e.q...alcoholic
derivatives of %?F@ﬁeﬁ% %@%o%ﬂ%%% #ﬁ%%rr%?gc%grg Bo%@@ﬁ%ﬁ%@%%’hgeﬁté%ogrl@etlég%%(?/'ﬁ]c':nagg groups
on salicylic acid), sesietvatdeartiagress naustbesord b oy tprentsy tios imiden(srefienalsly hydroxy!

groups so thatgg%g%g&%gg w&%&@gé%rmined by ASTM D1957 can be corrected. Suitable

techniques to determine the quantity of non-phenolic hydroxyl groups include analyses by mass
spectroscopy, liquid chromatography, and proton NMR and correlation to compounds having known

propertiegy A speandmeinos iRluREX NGBt BPAREHPTIBIGHA SRS WRSHLQEAR an alkali
metal or mixed alkali metal, alkaline earth metal borate, dispersion of hydrated
alkali metal borate, dispersion of alkaline-earth metal borate, polyamide
ashless dispersant, benzylamine, Mannich type dispersant, phosphorus-
-42 .



5 organic acid present assumes that all of the organic acid charged to make the component is in fact

converted to the salt. When the lubricant contains more than one calcium salt of amounts of individual
salts are adtfed%HYE P to reach a total amount of calcium salt. In practic@ €U0 &IFds can give
slightly different results, but both are believed to be sufficiently precise to 10allow determination of the

amount of salt geessintrig thespsesisiondieayirasiiatRIRGiEatheupEe BTV entigisd UhisaliRg-OH
Composition 15 T%%J%Jbg‘catin oil additive compasition described above is generally added to a base

oil that is sufficiel ﬂ%&?@gﬁ%iﬁﬁﬁ@?%} SeskTineshiBriMpresmsttlon ShRRYSINYeaRE and

transmissions. Tagherlipgihefuhisatnaoi camprstiom oldhadH espMguention senBrisaagnajor
amount of oil Oré. ugr'caﬁiﬁg iscoa’ty and a minor amount of the lubricating oil additive 20composition.
i90ed 5

The base oil e b&8Ry G Svide CRFBF ohts B AR ARRE VRS o SIRE RIS Y 2880l of
|Ubficaﬂn@iscﬂ%ﬁmm’smmﬂimmémmi@ﬂ@ét@ﬁﬂ?@é@%ﬂ@ﬂﬁ@“ﬁ%ﬁi' having
a viscosity of at least 4 ¢St 25 at 100C and a pour point below 20C, preferably at or below 0C, is
desirable. Th:%‘ﬁfbocgi W@ HSNRATFHGEH SRR EY SFTARIEE JodedseRIRLYal oils for use as the

base oil in this invention include, for example, paraffinic, naphthenic and other oils that are ordinarily
used in Iubrica{in oil corggasitions. Sénthetic oils include, for example, both hydrocarbon synthetic

300ils and syntAetReSBROGIRSALANIRE HERGHHAVETYME HISSHSPISERiIS A RHRSRATHEA Q) nthetic
oils may include deriexavepieerilst preparesterrarifisopehenerigaiionspbeibiiere, Relyaiphaalefin or

PAO oils, gr oils prepared frgm hydrocarbon synthesis procedures using carbon monoxide and
hyd roger;1 820 Qrgggﬁgazﬂ’&c{%%{g{lﬁgé-ﬁm%é@ég eacian SrRnRYRYRBYISHRANSS include
liquid polymersaphgtpivecisiths halirgrine Propgevispodiy: banssimherseiub air tredavdraognated

liquid oligomers of C5 to C12 alpha.olefins such as 1-decene trimer. Likewise, alkyl benzenes of
proper viscosity-SHEHAS8 didod %Wﬂi‘rﬁeﬁa?‘&ecﬂ? bW RISEd. B serfelRthe eGaRIRIRle the esters

of monocarboxytity peids edaemicarbansijeagids, amgell as maayhyeiraxy alkansisiand pedyols.
Typical examples are didodecyl adipate, pentaerythrito| tetracaproate, di-2-ethylhexyl adipate,
dilaurylsebaca%égﬂﬂtw?%gﬁé?nﬁ@byé%fg?s ;5%9 f8%h ﬁg%ré@ PHISAE aABYiCAASYlic acids

and montgandsiiditivideoxyualkanotsycatralande esetbiBleatsoef nynerakeitewihisinthabe gils are
also useful. Thlﬁ'&’ the base oll cﬁ}n.be a refinm affin type base oll, a refined naphthenic base
oil, or a syntheti (ﬁ%?o@ 5K %‘8%%@ )oil of lubricating 15viscosity. The base oil can also
be a mixture of mineral and synthetic oils. In one embodiment, the base oil is a Group | base oil, or a

blend of t [ff t b iJs. The G | base oll be, trole derived
e R R SR MR 78 oo

succinimide reaction product of the condensation reaction between
20 polyisobuteny! succinic anhydride (PIBSA) and one or more alkyiene
polyamines. The PIBSA, in this embodiment, can be the thermal reaction

product of high methylvinylidene polyisobutene (PIB) and maleic anhydride.

In another preferred embodiment, the dispersant is a primarily bis-succinimide

25  reaction product derived from PIB having a number average molecular weight
(Mn) of about 500-3000, such as about 600-2800, about 700-2700, about
800-2600, about 900-2500, about 1000-2400, about 1100-2300, about 1200-
2200, about 1300-2100, or even about 1400-2000.

30 In another embodiment, the dispersant is a primarily bis-succinimide reaction
product derived from PIB having a Mn of at least about 600, at least about
800, at least about 1000, at least about 1100, at least about 1200, at least
about 1300, at least about 1400, at least about 1500, at least about 1600, at
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20 Institute (API) Publication 1509, Fourteen Edition, December 1996 (i.e., APl Base Oil
Interchang& biH%%gggglines for Passenger Car Motor Oils and Diesel En]g' [8%,@9/

ich is
incorporated herein by reference in its entirety. The API guideline defines a base's oc}:%gakg a lubricant

component that may be manufactured using a variety of different processes. In this regard, a Group |

25 base oil is sl Baving 1dP8.tahlicafurborteBHbasérlgrm @beylicl W0GbsaLieees akvst(as

determined b 9 i TM D
Geermies bvARESP 210101 SRS o 0 Wt e egoT
ASTM D 31203B:G240p.| talsesileloowt cirbpried Ikpal cleobb28CUishivbhbalieutskidObutfrom a
distillai j ight [, Medium Neutral, and
vacuum distillg 89’{%8%‘&2%@% can m(a 9%9 b?gg%f?b@%éﬁgra edium Neutral, an

Heavy Neutral base sto hé petroleum derive ol 0 may include residual stocks or
bottoms fractions, such as, for example, bright stock. Suitable Group | base stocks are ExxonMobil

CORE(N 100, R0 MALERRAIAE. SRR 0% arhEontali &) 2500

base stocks. 5In one e Iment, the base oil is a Group Il base oil. Group’ll base olls are primarily

paraffinic and FeAGiRBsONRS O 0830 wefiiTasy ViEigBit Mit 1EE: 9gickatitatdyBYOw iy HNaHES viscosity
index ranging g%gzﬁ%éo %ﬂﬁ@%’#ﬁ Gi@“@db@%%ﬁeﬂﬂ ks eafehevign 100R, 620K, ggpcﬁgand SR

Group Il base s, avallable from Chevron Products Co. (San Ramon, CA). 10In one embodiment,
the base oil cabPbeenbriienaPraieuelol thyblaisrshiaeenuhdre, wh. buen fuadr Mo Yase stocks
having di{@reqﬁmwe[ﬂwﬁig@s and viscosities, wherein the blend is processed in any suitable
manner to create a base oil having suitable properties. Other Additives 15In one embodiment of the
present invention, the following additive components are examples of some of the components that

may be favoraply employed- 18 dasukriGAENg Qleremasiioprihiens srasiriss pliaddiiyessre

provided to illustrate the present invention, but they are notintended to limit it: 201.Anti-Oxidants

Anti-oxidants retftiecthesiyrierityror biedd\viatElidratdtigho AusgHIStIEId oRYGEMEA I Bleated his
deterioration ise?ﬁ%?ﬁ}%%%tb%t%@%myf@&g%aw }’a%mé?ré'iﬁe&ﬁ%ﬂs%r%%mﬂﬁ&?e&f‘ viscosity

of the oil, and 25by an increase in corrosion or wear. Examples of anti-oxidants useful in the present

invention' fhcluaboBlit &k howithteSushpiien@tgpe (bRenlit osdefioasniiBitors, elicihathe
4,4"-methylenesis(efilidert-RutdRbeng!) efhboeithedr IRy RILIBREMis a primarily bis-
4,4'-bis(2-methyl-6-tert-butylphenol), - 22 - 2,2'-methylene-bis(4-methyl-6-tert-butylphenol),
4,4'-butylideneSHREBUMERYISRSERDDIPRHE I Ived suprégOfdbie B (vbian SHCHIMIHAR o),
2,2-methylene;RisidsmethvtGraanyiphen@her: 2 isobubdidanaiis (1&sdie thvipheaglyiene
2,2'-5-methylene-bis(4-methyl-6-cyclohexylphenol),
carbonate.
20
In another preferred embodiment, the dispersant is a succinimide prepared by
the reaction of a high molecular weight altkenyl- or alkyl-substituted succinic
anhydride and a polyalkylene polyamine having 4 to 10 nitrogen atoms
{(average value), preferably 5§ to 7 nitrogen atoms (average value) per mole.
25 The alkenyl or alkyl group of the alkenyl or alkyl succinimide compound, in
this regard, can be derived from a polybutene having a number average
molecular weight of about 900-3000, such as about 1000-2500, about 1200-
2300, or even about 1400-2100. In some embodiments, the reaction between
polybutene and maleic anhydride for the preparation of polybutenyl succinic
30 anhydride can be performed by a chlorination process using chlorine.
Accordingly, in some embodiments, the resulting polybutenyl succinic
anhydride as well as a polybutenyl succinimide produced from the polybutenyl
succinic anhydride has a chlorine content in the range of approximately 2,000

-14 -



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-l-dimethylamino-p-cresol, 2,6-di-tert-4-(N,N'-dimethylaminomethylphenol 63
104,41-thi%(i’s%% ém%-G-tert-butylphenol), 2,2'-thiobis(4-methyl-6-tert-bu¥§§f?@gﬁ8 ,/0‘6344
bis(3-methyl-4-hydroxy-5-tert-10-butylbenzyl)-sulfide, and bis(3,5-di-tert-butyl-4-hydroxybenzyl).
Diphenylaminéety}y8Qikigatiorfwihibitarsnifrdayen hbearainptdicsissdusing kytatddatipbegylesnine,
15phenyl-alpha-naphthylamine, .and alky! -alpha-napht Ine, Sulfur-c Ining. oxidation
inhibitors inclu%@glf}'}l%g si ice@1gn%rlgxo@}f{%ﬁde%g,%mégtaagﬁ%?:éaﬁ%rﬁg{% é@%in@g&*ﬁ%c}érbamme),
and 15-methylenebiséditnrtiddithivcarzagate]. Riubsphdasscirapodddspesediallibretiks) phosphites,
sulfur-phosphqrus_compoungds pper.compou IsQ d joxidants, 2.
Anti-Wear AgeSngCAnrm:'\%%arradggg%E fé%cegw%%r%%o%aﬁd%nﬁéglI%r(é)%?lr{%%l% C%Z |t|%nﬁj%?%§rr\tinuous
and moderate poacssExampkieotduch agents iagibddjrbanbadvaotdintie dstoaikosphliatéseand

thiophosphategoq,ﬁg n%aigstﬁgq&%?,fcgiﬁ%am%s% eoséﬁ{ rLand molybdenum complexes. Especially

preferred antiwéar compounds are amine p%osp ates. 3. Rust Inhibitors (Anti-Rust Agents) 30
Rust inhibitors correct against the corrosion of ferrous metals. These include (a) Nonionic

| hyl f i as - 23 - . I I hyl
Figher aconol B e R ers o O e B S A "
polyoxyethyleseicoityhsitdaryhéathds, gty drgatbyladit e gostipen pdlyedacian, ferre sobbitisl acithostearate,

polyoxyethylene. sorhitol,5 and hyleng gl nQo X iscellaneous
other coerfn%ourr%‘z‘s %L% BIS %@@%%geér% g%%%{ﬁ;ét ﬁ a%@éﬁd%%’o%ﬁ%&@d%?%@gﬁéo ps, fatty acid
amine salts, metay/sales cifhemaisulfanicgsiojpadidl carbosgliatides stesotpoFtey disteaicahol, and

ohosphorc oot A< OSBRI LT R U SRR O] IR may

come into contac hroug amination. Demulisifiers'in dition product of

alkylphenol andestigdenratogie opdhyoiijethgle neralkppétns, enthpdlyesydtalgehe ﬁﬁﬁﬁmb&telr. 5.
Exireme Pressyie RGN 65 AIEEL aF 5P iSRRI SIRFHSS LR IO gy misgalic parts

15  alkenyl- or alkyl-succinimides which are after-treated with boric acid or a
boron-containing compound.  In another embodiment, the dispersant
comprises alkenyl- or alkyl- succinimide that has not been after- or post-
treated.

20  Other dispersants which may be employed in the presently claimed invention,
inciude but are not limited to, esters of polyalcohols and polyisobutenyl
succinic anhydride, pnenate-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,

25 polyamide ashless dispersants and the like or mixtures of such dispersants.

The dispersant additive (“dispersant”) can be in any suitable form. In one
embodiment, the dispersant is mixed or blended in the lubricating oil
composition in the form of a concentrate comprising any suitable process or
30 diluent oil (such as any Group | oil, Group H oil, or combination or mixture
thereof) and the dispersant. In one embodiment, the process or difuent oil is
an oil that is different from the base oil (e.g., Group | base oil) of the
lubricating oil composition, such as a different Group | base oil, a Group |
-15 -



20conditions of high loads. Examples of EP agents include sulfurized olefins, zinc
dialky-1-dithiophosphate (primary alkyl, secondary alkyl, and aryl type), diphenyl sulfide, methyl
trichIorostégpaggf‘oéﬁ%ﬁﬂated naphthalene, fluoroalkylpolysiloxane, lead n£ﬂﬁ3’e%%g?g{oﬁ%ﬂfralized or
partially neutralized phosphates, dithiophosphates, and sulfur-free 25phosphates. 6. Low Melting Point
Organic Frictidredmdifie s Frictionume difi@swibthatiettitygpeatts lksativdned0eth xairatst bidhe
30employed in this invention. These include certain fat als, faitt ids,. fatty acid partial esters,
fatty acid amio%gcﬁﬁgs/lg}’nﬁ{igs?nallﬁ}ﬁ §m%ﬁe%ll§’:%l%t§ﬁ§é g(;raa%et %/)(aﬁr%lgoen%sj% %lé"pdr%cgeu m%. Other -
24 - friction mbdgie s jrud toe idericediaford aic frtivermodifiers such as sulfurized oxymolybdenum
dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithioate, oxymolybdenum
monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum 5complex compound, and
sulfur-confainififnenolytckroatico mplExecomp arnchoBs pheparsataisi mgtiictitre mantitetsymapl also be
used. 7Multifuncti Additives 10Som itiv i rovide.ng [ It}
simuItaneousl&%ﬁggétll%%ﬁag}ﬁtég 2'9} %Vﬁ%l%lr?ég a;ﬁ%{gﬁ%fp%w%gs%h%t@aﬁg%é%%ﬁ%%%%@%raotvide
antiwear, extrégaspre@sure, dnddieioh nhibMoratBspetihlRSpreidtreat des the2dkantyto primary alkyl,

and secondary gikyl f%ﬂ%@dé%hﬁ%h&%?}c}?‘t‘?ﬁné’ r&%‘r?é%ﬁ'r@dozﬁ”Sflt%dét@RBhc?ﬁ’f.h‘&%sd%g?e?gBﬁ%a"y .
preferred. 8. VIScosity Index Improvers Viscosity index improvers are used to Increase the viscosity
index of 20lubrggtingtiodidutbrice ipgenilicidditive visousigititreasarobativeis widsimdseabingst
temperatie. F @e(j'baﬁfty.%ten%#& %?eF‘atBPQeAﬁa%[&deE%e Q%OIYJWI%?stS%W_ % RSt
copolymers, hydrated styréné-isoprehe copolymers, and polyisobutylene are all used as viscosity
index improverk? BasticulzatygrefctediViscosieyezbangasimpretdss are the polymethacrylate
polymers. Nitrogen- and oxygen-functionalized polymers, the so-called dispersant viscosity index
improvers, may also be used. 9. Pour Point Depressants 30 Pour point depressants lower the
temperature atSmnightanixes precipitate out of lubricating oils, thus extending the temperature range in
which the lubricating oil can operate before oil flow is impeded. Pour
15 A surfactant is an organic acid that can used to make a lubricating oil
detergent. The surfactant includes at least one relatively low molecular
weight non-polar tail (relative compared to dispersants) and a polar head.
The molecular weight of the non-polar tail must be large enough to make the
surfactant or resulting detergent oil-soluble and compatible with other
20  additives. Typically the molecular weight of the non-polar tail will be at least
120 Daltons {i.e. about Cg); more preferably at least about 150 Daltons (i.e.
about Ci2); more preferably at least about 220 Daltons (i.e. about G). The
molecular weight of the tail is typically less than about 560 Daltons (C4o), more
preferably less than about 420 Dalions (Cy). The tail is generally a
25 hydrocarbon, and can be linear or branched or a mixture of linear and
branched. The tail is often derived from an olefinic compound such as an
oligomer of ethylene, propylene or butylene or a mixture of olefinic monomers,
or can be derived from another source such as olefins derived from the
thermal cracking of wax. Alternatively, the non-polar portion may be derived

30 from an aromatic lubricating oil basestock.

The polar head of the surfactant may be any polar moiety which forms a salt
with a metal. Particularly preferred polar moieties are sulfonic acid groups,
-16 -



- 25 - point depressants include polymethyl methacrylates, ester-olefin copolymers especially ethylene
vinyl acetate co olélmers, and others 10.Foam Inhibitors 5 Foam inhibitors work to accelerate the

release of AQERUIRET N a lubricant during operation. Common foam inhi%%/rg%ﬁ&%{gseﬁ%ﬂyl
methacrylate polymers and dimethylsiloxane polymers. 1011.Metal Deactivators Metal deactivators

hinder corrosi@spéostal sufacesicamid dmthtgroez; idmgdrozphrtomaticlugroatisg edpetiaigby
reducing oxidation caused by the catalytic effect of the metal ion. Comm etal 15deactivators
includes sl NG e e e B o A B SEE B e
derivatives, andyarencggrimbefizinielszoie sa cidl ipdofiovangn mantyplefererasarmed ttedlicstiate specific
embodiments of this invention and are nat to be construed in any w. s limiti e f 20the
invention. Exaﬁ% esH o Misfiate ﬁ?aé‘[?%xééé%eac gglg%%@gch%{@c er%%ﬁsa%?t ng %%%tﬁé&g?ﬁﬁmber 25
of additivebconepasitivas arfd thybacading oils miuihianiin gdidffe ingarpetnots wifricticiateodik&shigh
molecular weight dispersant, an tergent surfactant, we. ed, ed_for,ca ibility.
Additive comp%g %%%ﬁWerBF%%gfee%ey%ﬁ%na%Hg%(%%@Rgerg%é?r%ﬁén e %m%o]%ﬁ] 0 gﬁﬂe éF efihg additive
components ae$p6eibio T herdompidsitionsoidrgsetpasiddast optdderacdaysafabthets irtel
compatbilty regelpgs wers taken. bipgipos shihe-camnonians wers than siored and aliepgeveral
months final compatibility readings were taken. scale’for the additive composition compatibility
readings was as folplated t@ue Glesul Bmddaigghis.no skin on additive composition 51 = Skin on additive
composiqan 2 = Very viscous additive composition 3 = Additive composition forms gel Finished oils
were made by blending the appropriate additive composition and 10 basestock at approximately 100
F. The finishedroitsieveretsutismsaé tilueos foreaidays arelythaoibriginoplopadbiliiyasadings were taken.

The soale for t10 TUCALH LI e S e U b e o e on
finished oil  alkenyl phenates, alkyl or alkenyl aromatic sulfonates, borated sulfonates,
sulfurized or unsulfurized metal salts of multi-hydroxy alkyl or alkenyl aromatic
15 compounds, alkyl or alkenyl hydroxy aromatic sulfonates, sulfurized or
unsulfurized alkyl or alkenyl naphthenates, metal salts of alkanoic acids, metal
salts of an alkyl or alkenyl multiacid, and chemical and physical mixtures
thereof.

The surfactant may be supplied to the lubricating oil composition as a

20 component of a detergent. A detergent is a metal salt of a surfactant. The
functions of detergents can include neutralization of acidic combustion gases;
cleaning and keeping clean engine surfaces, especially surfaces that are at
high temperature; oxidation and corrosion inhibition. Metals used to make the
metal salt of a surfactant include alkaline earth metals; alkali metals; and

25 certain transition metals, such as zinc. Particularly preferred metals for
detergents are the alkaline earth metals, especially calcium and magnesium,
most especially calcium.

The detergent may be underbased, containing a less than stoichiometric
30 amount of metal relative 1o the surfactant; neutral, containing an amount of
metal approximately equal to that of the surfactant; or overbased, containing a
greater than stoichiometric amount of metal relative to the surfactant. At least
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1 = Skin on finished oil 2 = Haze, floc, or deposit in finished oil 20The additive compositions and
lubricating oils of this invention are clear and bright (i.e. without noticeable haze or sediment) and
skin-free foV 2 & 6P east two months, more preferably at least six moMEE/EFEIMSFHdihg. Effect of
detergent surfactant concentration on finished oil compatibility 25 Finished tractor fluids were prepared

to illustrate the#ffection tbe deteraen Shréaf@véwgém@@ﬁ%p' gﬁgpé ﬂg%dsﬁaﬁﬁr_]@@iglingtﬁn
leyl amide friction modifier, which has a melting point of between an : pecifically, the
firﬁshed tractor Iﬁﬁ?@ﬁﬂep?ﬁg\i@ddcth%% hES G5 MESBIASIERXIdmigeasitea saloptiiasneld of an

ethylene carboante-aieajesrbisshus chaithidgslesive ctieomaH OchhbRabé usenessyceinig aghydride and

heavy polyamine;, 0.1 wt% of a 395 TBN ail concentrate of magnesium sulfonate; 5 The tractor

hydraulic fluid SX3"R8IHGIREY S5 SFrRYE RAVRGLE1 A ARIGFIRIRIREE, EBFRRRRSHYPIBIISIRY friction

modifiers Bot ofthmeriererignagnd mmwmg.obgﬁmcﬁ ) iﬁﬂ@éﬁv\{gﬁfdﬂfﬂ@cfc%ﬁ&%im%ﬂgfggove
concentrations of additive and varying amounts of a \ oil concentrate of a Ca sulfonate
Sulfonate) andod{s%%ﬁyo%eéﬁ’ﬁgéh%gt@Bﬂs&ﬁﬁkr{%\twﬁ%gﬂﬂoﬂﬁte Hacssanyneieiesedhown in

Table |, with theemgainterfef theshydrnbicfldesbgisgMenpeoRbiipsiRise Barowranke L8N base
stock, to achieve the 15stated additive concentrations. Table | Example Wt-% LOB Sulfonate Wt-%
HOB SulfonatePTYIAFUC sulfonic acids, especially alkylated benzene sulfonic acids or
alkylated toluene sulfonic acids, especially calcium and magnesium salts,
10 most especially calcium salts. For reasons of cost and convenience, an
especially preferred detergent is a neutral or slightly overbased calcium salt of
an alkylated aromatic sulfonic acid, especially a salt that does not contain a

significant amount of the salt of an overbasing gas.

15 The lubricating oil may comprise one or more of the above-described
surfactanis.

The amount of surfactant that must be added to the lubricating oil composition
and additive composition depends upon the amount and nature of the

20 dispersant and the high melting point friction modifier that are also contained
in the lubricating oil composition and additive composition. One aspect of the
invention is that the lubricating oil composition must contain at least about 15
millimoles of surfactant per kg of lubricating oil composition (abbreviated
heretofore as mm/kg). Another aspect of the present invention is that the

25 lubricating oil additive composition must contain at least about 150 millimoles
of surfactant per kg of lubricating oil additive composition.

The concentration of surfactant may be measured by any convenient method,
or determined from knowiedge of the manufacturing of detergent added to the
30  lubricating oil composition or additive composition.

One method of measuring the surfactant concentration of a detergent is
disclosed in U.S. Patent No. 5,558,802. According to this patent, the moles of
-18 -



Detergentl Surfactant Concentration, mm surfactant/ Kg oil Initial Appearance Final Appearance 0.00

1267.12220.001.578.72230.311.26 10.02
WO 2010/039399 PCT/US2009/056344

calcium salt of an organic acid present can be determined directly in some
cases and in others must be derived. When the salt is a calcium sulfonate,
direct analysis is possible using the liquid chromatography method described

in ASTM 3712. For other organic acids, the moles of salt must be derived.

o  When this is required titrimetry including two phase titrimetric methods, total
acid number (TAN) as determined using ASTM D664, dialysis and other well
known analytical techniques allow determination of the organic salt content.
Thus for phenates and carboxylates (including salicylates) the total amount of
metal must be determined and allocated between organic and inorganic acids

10 using a metal ratio. The total amount of caicium present is conveniently
determined by inductively coupled plasma atomic emission spectrometry--
ASTM D4951. Metal ratio is defined as the total amount of metal present
divided by the amount of metal in excess of that required to neutralize any
organic acid present, i.e., the amount of metal neutralizing inorganic acids.

15 Metal ratios are quoted by manufacturers of commercial detergents and can
be determined by a manufacturer having knowledge of the total amount of

salts present and the average molecular weight of the organic acid. The
amount of metal salt present in a detergent may be determined by dialyzing

the detergent and quantifying the amount of the residue. If the average

20 molecular weight of the organic salts is not known, the residue from the
dialyzed detergent can be treated with strong acid to convert the salt to its

acid form, analyzed by chromatographic methods, proton NMR, and mass
spectroscopy and correlated to acids of known properties. More particularly,

the detergent is dialysed and then residue is treated with strong acid to

25  convert any salts to their respective acid form. The hydroxide number of the
mixture can then be measured by the method described in ASTM D1957. If

the detergent contains non-phenolic hydroxyl groups on the phenolic
compound (e.g., alcoholic derivatives of ethylene glycol used in manufacture

of commercial phenates or carboxylic acid groups on salicylic acid), separate

30 analyses must be conducted to guantify the amounts of those hydroxy! groups
so that the hydroxide number determined by ASTM D1857 can be corrected.
Suitable techniques to determine the quantity of non-phenolic hydroxyi groups
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include analyses by mass spectroscopy, liquid chromatography, and proton
NMR and correlation to compounds having known properties.

A second method for deriving the number of moles of calcium salt of an
organic acid present assumes that all of the organic acid charged to make the
component is in fact converted to the salt. When the lubricant contains more
than one calcium salt of amounts of individual salts are added together to
reach a total amount of calcium sait. In practice the two methods can give
slightly different results, but both are believed to be sufficiently precise to
allow determination of the amount of salt present to the precision required to
practice the present invention.

Lubricating Oil Composition

The lubricating oil additive composition described above is generally added to
a base oil that is sufficient to lubricate moving parts, for example internal
combustion engines, gears, and transmissions. Typically, the lubricating oil
composition of the present invention comprises a major amount of oil of
lubricating viscosity and a minor amount of the lubricating oil additive
compaosition.

The base oil employed may be any of a wide variety of oils of lubricating
viscosity. The base ol of lubricating viscosity used in such compositions may
be mineral oils or synthetic oils. A base oil having a viscosity of at least 4 ¢St
at 100°C and a pour point below 20°C, preferably at or below 0°C, is
desirable. The base oils may be derived from synthetic or natural sources.
Mineral oils for use as the base oil in this invention include, for example,
paraffinic, naphthenic and other oils that are ordinarily used in lubricating ol
compositions. Synthetic oils include, for example, both hydrocarbon synthetic
oils and synthetic esters and mixtures thereof having the desired viscosity.
Hydrocarbon synthetic oils may include, for example, oils prepared from the
polymerization of ethylene, polyalphaolefin or PAQ oils, or oils prepared from
hydrocarbon synthesis procedures using carbon monoxide and hydrogen
-20 -



Includes magnesium sulfonate, LOB and HOB calcium sulfonate. - 28 - WO
2010/039399PCT/U82009/056344 80.311.8913.21290.002.5113.512100.771.26 14302 11

0.62 1.57 Py02010/039399 PCT/US2009/056344
gases such as in a Fisher-Tropsch process. Useful synthetic hydrocarbon oils
include liquid polymers of alpha olefins having the proper viscosity. Especially
useful are the hydrogenated liguid oligomers of Cg to C1; alpha olefins such as
1-decene trimer. Likewise, alkyl benzenes of proper viscosity, such as

5 didodecyl benzene, can be used. Useful synthetic esters include the esters of
monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy
alkanols and polyols. Typical examples are didodecyi adipate, pentaerythritol
tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like. Complex
esters prepared from mixtures of mono and dicarboxylic acids and mono and

10  dihydroxy alkanois can also be used. Blends of mineral oils with synthetic oils

are also useful.

Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic
base oil, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating
15 viscosity. The base oil can also be a mixture of mineral and synthetic oils.

In one embodiment, the base oil is a Group | base oil, or a blend of two or
more different Group | base oils. The Group | base ¢ils can be any petroleum
derived base oil of lubricating viscosity as defined by the American Petroieum

20 Institute (APl) Publication 1508, Fourteen Edition, December 1996 (i.e., API
Base Oil Interchangeability Guidelines for Passenger Car Motor Qils and
Diesel Engine Qils), which is incorporated herein by reference in its enlirety.
The API guideline defines a base stock as a lubricant component that may be
manufactured using a variety of different processes. In this regard, a Group |

25 base oil is an oil having (a) a total sulfur content greater than or equal to
about 0.03 wt.% (as determined by ASTM D 2270), or a saturates content
less than 90 wt.% (as determined by ASTM D 2007), and (b) a viscosity index
(V) of 80-120 (as determined by ASTM D 4294, ASTM D 4297 or ASTM D
3120).

30
Group | base oils can comprise light overhead cuts and heavier side cuts from
a vacuum distillation column and can also include, for example, Light Neutral,
Medium Neutral, and Heavy Neutral base stocks. The petroleum derived base
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oil also may include residual stocks or bottoms fractions, such as, for
example, bright stock. Suitable Group | base stocks are ExxonMobil CORE®
100, ExxonMobil CORE® 150, ExxonMobil CORE® 600, and ExxonMobil
CORE® 2500, base stocks.

In one embodiment, the base oil is a Group |l base oil. Group il base oils are
primarily paraffinic and have less than 0.03% sulfur by weight, at least 90%
saturates by weight, and a viscosity index ranging from 80 to 120. Suitable
Group 1l base stocks are Chevron 100R, 220R, 600R and 5R Group il base
stocks, available from Chevron Products Co. (San Ramon, CA).

In one embodiment, the base oil can be a blend or mixture of two or more,
three or more, or even four or more base stocks having different molecular
weights and viscosities, wherein the blend is processed in any suitable

manner to create a base oil having suitable properties.

Other Additives

In one embodiment of the present invention, the following additive
components are exampies of some of the componenis that may be favorably

employed in the lubricating oif composition.

These examples of additives are provided 1o illustrate the present invention,
but they are not intended to limit it:

1. Anti-Oxidants

Anti-oxidants reduce the tendency of oils to deleriorate upon exposure
to oxygen and heat. This deterioration is evidenced by the formation of
sludge and varnish-like deposits, an increase in viscosity of the oil, and
by an increase in corrosion or wear. Exampies of anti-oxidants useful in
the present invention include, but are not limited to, phenol type
(phenolic) oxigation 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-butyiphenol),
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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-methyiene-bis(4-methyl-6-cyciohexylphenol),
2,8-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethyiphenol,
2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-I-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-naphthyiamine, and alkylated-alpha-naphthyiamine.
Sulfur-containing oxidation inhibitors include ashless sulfides and
polysulfides, metal dithiocarbamate (e.g., zinc dithiocarbamate), and
15-methylenebis{dibutyldithiocarbamate). Phosphorus compounds
especially the alkyl phosphites, sulfur-phosphorus compounds, and
copper compounds may also be used as antioxidants.

Anti-Wear Agents

Anti-wear agents reduce wear of moving metallic parts in conditions of
continuous and moderate loads. Examples of such agents include, but
are not limited to, phosphates and thiophosphates and salts thereof,
carbamates, esters, and molybdenum complexes. Especially preferred
antiwear compounds are the amine phosphates.

Rust Inhibitors (Anti-Rust Agents)

Rust inhibitors correct against the corrosion of ferrous metals. These
include (a2) Nonionic polyoxyethyiene surface active agents such as
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Table I, after approximately 3 months of storage, no finished oil containing at least 15 mm/kg of

detergent gﬁ?ffﬁgﬂ%gég%tained any sign of floc or skinning.Initial appeara%c\:%T&Wngf%:’sﬁ%élI with final
polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether,
polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl phenyl
ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol

5 monooleate, and polyethylene glycol monooleate; and (b)
miscellaneous other compounds such as stearic acid and other fatty
acids, dicarboxylic acids, metal soaps, fatty acid amine salts, metal
salts of heavy suifonic acid, partial carboxylic acid ester of polyhydric
alcohol, and phosphoric ester,
10

4. Demulsifiers

Demulsifiers promote the separation of oil from water which may come
into contact with the oil through contamination. Demulsifiers include

15 addition product of alkylphenol and ethylene oxide, polyoxyethylene
aikyl ether, and polyoxyethylene sorbitan ester.

5. Extreme Pressure Agents (EP Agents)

Extreme pressure agents reduce wear of moving metallic parts in

20 conditions of high loads. Examples of EP agents include sulfurized
olefins, zinc dialky-1-dithiophosphate (primary alkyl, secondary atkyl,
and aryl type), diphenyl sulfide, methyl trichlorostearate, chlorinated
naphthalene, fluoroalkylpolysiloxane, lead naphthenate, neutralized or
partially neutralized phosphates, dithiophosphates, and sulfur-free

25 phosphates.

6. Low Melting Point Organic Friction Modifiers

Friction modifiers with melting points less than 30 °C may also be

30 empioyed in this invention. These include certain fatty aicohols, fatty
acids, fatty acid partial esters, fatty acid amides, ,alkylamines, alkyl
amine alkoxylates, and borated versions of the preceding. Other
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5appearance. The final appearance was determined after the finished oil had been stored for
approximateg/ 3 months. Effect of detergent surfactant concentration on composition compatibility -
Oleyl amide c%%%%"ﬁ?t?ns A similar effect on compatibility is seen with adt 'fo%s&%‘??{ﬂéfs%ﬁbns
containing polybutene succinimide dispersant, oleyl amide friction modifier, and magnesium sulfonate
detergent, and varyingriatiooumisdifi¢he ih€Basulfenatela RBga MECTRA LD 03838@PCIULIS2909/056344
and HOB sulfonate discipsr%d ﬁbc))(v?h In %gdirt}ion t@.\t}geser%odrip nent%‘ﬁthe ompositions contained
approximately constaRt amaants of aﬂh(/v &PEduit '8,(:@0 LB ikt r;g’ riction modifiers not of the
invention, antioxidantexgmbyhadsriuon. dkjsompbsiprs eoithéomie, apgrosipiatelyudnwt-% Soleyl amide.
Table Il Example AWctli-v1 Pol bgtene Suc&:ini ide Wt-% SH [fOonBate Wt-% SuﬁggonBate Additive
%{J %‘? ﬁ? F % ybdenum

Composition smoma B%Ocn&gtlgﬁ 9% RAY I eaeeEhimie é? ;gpegr?xm:k €, amine-mo
5 compiex compound, and sulfur-containing molybdenum complex

compound. Copper-containing friction modifiers may also be used.

7. Multifunctional Additives

10 Some additives function {o provide many functionalities simultaneously.
In particutar, the zinc aryl and alkyl dithiophosphates can
simultaneously provide antiwear, extreme pressure, and oxidation
inhibition. Especially preferred are the alkaryl, primary alkyl, and
secondary alkyl zinc dithiophosphates. Primary alkyl zinc

15 dithiophosphates are especially preferred.

8. Viscosity Index Improvers

Viscosity index improvers are used {o increase the viscosity index of
20 fubricating oils, thereby reducing the viscosity decrease of an oil with
increasing temperature. Polymethacrylate polymers,
ethylene-propylene copolymers, styrene-isoprene copolymers,
hydrated styrene-isoprene copolymers, and polyisobutylene are all
used as viscosity index improvers. Particularly preferred viscosity
25 index improvers are the polymethacrylate polymers. Nitrogen- and
oxygen-functionalized polymers, the so-called dispersant viscosity

index improvers, may also be used.

9. Pour Point Depressants
30
Pour point depressants lower the temperature at which waxes
precipitate out of lubricating oils, thus extending the temperature range
in which the lubricating oil can operate before oil flow is impeded. Pour
- 925
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point depressants include polymethyl methacrylates, ester-olefin
copolymers especially ethylene vinyl acetate copolymers, and others

10. Foam Inhibitors

Foam inhibitors work to accelerate the release of gas entrained in a
lubricant during operation. Common foam inhibitors include alkyl
methacrylate polymers and dimethylsiloxane polymers.

11. Metal Deactivators

Metal deactivators hinder corrosion of metal surfaces, and chelate
metal ions in solution in [ubricating oils, thereby reducing oxidation
caused by the catalytic effect of the metal ion. Common metal
deactivators includes salicylidene propylenediamine, triazole
derivatives, mercaptobenzothiazoles, thiadiazole derivatives, and
mercaptobenzimidazoles.

The following examples are presented to illustrate specific embodiments of
this invention and are not to be construed in any way as limiting the scope of

the invention.

Examples

To illustrate the improved solubility characteristics of this invention, a number
of additive compositions and lubricating oils containing differing amounts of
friction modifier, high molecular weight dispersant, and detergent surfactant,
were blended, and tested for compatibility.

Additive compositions were made by blending together appropriate amounis
of the differing additive components at 150 - 160 °F. The compositions were
set aside to cool for a day, and then initial compatibility readings were taken.
Portions of the compositions were then stored, and after several months final
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compatibility readings were taken. The scale for the additive composition
compatibility readings was as follows:

0 = Clear and bright, no skin on additive composition
5 1 = Skin on additive composition
2 = Very viscous additive composition

3 = Additive composition forms gel

Finished oils were made by blending the appropriate additive composition and
10  basestock at approximately 100 °F. The finished oils were set aside to cool
for a day, and then initial compatibility readings were taken. Portions of the
oils were then stored, and after several months final compatibility readings
were taken. The scale for the finished oil compatibility readings was as
follows:
15
0 = Clear and bright, no skin on finished oil
1 = Skin on finished ol
2 = Haze, floc, or deposit in finished ol

20  The additive compositions and lubricating oils of this invention are clear and
bright (i.e. without noticeable haze or sediment) and skin-free for a time of at

ieast two months, more preferably at least six months, after blending.

Effect of detergent surfactant concentration on finished oil compatibility

25
Finished tractor fluids were prepared to iliustrate the effect of the detergent
surfactant concentration on typical tractor fluids containing an oleyl amide
friction modifier, which has a melting point of between 66 °C and 72 °C.

30  Specifically, the finished tractor fluid comprised the following:

e 0.5 wt-% of oleyl amide;
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¢ 1.91 wt-% as actives of an ethylene carbonate-treated bis-succinimide
derived from 2300 MW polybutene succinic anhydride and heavy
polyamine;

« 0.1 wt% of a 395 TBN oil concentrate of magnesium sulfonate;

The tractor hydraulic fluid also contained appropriate amounts of antiwear
additives, corrosion inhibitors, friction modifiers not of the invention, and

antioxidants.

10  Finished lubricants were made containing the above concentrations of
additive and varying amounts of a 27 TBN oil concentrate of a Ca sulfonate
(LOB Sulfonate) and a 320 TBN oil concentrate of a carbonated Ca sulfonate
(HOB sulfonate) as shown in Table |, with the remainder of the hydraulic fluid
being ConocoPhillips Pure Performance 110N base stock, to achieve the

15  stated additive concentrations.

Table |
Total
. , Detergent’
W% W% | surfactant Initial Final
Example LOB HOB Concentration, A A
Sulfonate | Sulfonate | mm surfactant/ bpearance | Appearance

Kg oil
1 0.00 1.26 71 2 2
2 0.00 1.57 8.7 2 2
3 0.31 1.26 10.0 2 2
4 0.00 1.89 10.3 2 2
5 0.31 1.57 11.6 2 2
6 0.00 2.20 11.9 1 2
7 0.62 1.26 12.9 2 0

! Includes magnesium sulfonate, LOB and HOB calcium sulfonate.

-8 -



13519.326.23 19.05 159.6 1 0 36 21.47 3.46 14.11 159.8 0 0 37 22.26 0 14.64 160.1 0 0 38 19.98

3.2219.71
WO 2010/639399 PCT/US2009/056344

8 0.31 1.89 13.2 1 2
9 0.00 2.51 13.5 1 2
10 0.77 1.26 14.3 0 2
11 0.62 1.57 14.5 1 0
12 0.92 1.26 15.7 0 0
13 0.77 1.57 15.9 0 0
14 0.62 1.89 16.1 1 0
15 0.92 1.57 17.3 0 0
16 0.77 1.89 17.5 0 0
17 1.23 1.26 18.6 0 0
18 0.92 1.89 18.9 0 0
19 1.23 1.67 20.2 0 0
20 1.54 1.26 21.5 0 0
21 1.23 1.89 21.8 0 0
22 1.54 1.57 23.1 0 0
23 1.54 1.89 24.7 0 0

As is evident from Table |, afler approximately 3 months of storage, no
finished oil containing at least 15 mm/kg of detergent surfactant contained any
sign of floc or skinning. Initial appearance correlates well with final
5 appearance. The final appearance was determined after the finished oil had

been stored for approximately 3 months.

Effect of detergent surfactant conceniration on composition compatibility -

Oleyl amide compositions

10
A similar effect on compatibility is seen with additive compositions containing
polybutene succinimide dispersant, oleyl amide friction modifier, and
magnesium sulfonate detergent, and varying amounts of the LOB Sulfonate
- 929 .-
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and HOB sulfonate disclosed above. In addition to these components, the
compositions contained approximately constant amounts of antiwear
additives, corrosion inhibitors, friction modifiers not of the invention,
antioxidants, and diluent oil. All compositions contained approximately 5 wt-%

5 oleyl amide.

Tabie Il
WE% . . Additive
Example Pcﬁ;gxteesne Vfgé) LVES S%{;glig?ttg;’ Ap;alggiraalnce Appi,iggnce
Suceinimide Sulfonate | Sulfonate | mm sulfonate
surfactant
24 18.71 12.07 15.38 83.0 3 2
25 18.15 14.63 14.91 979 3 3
26 19.34 9.35 15.89 110.6 3 3
27 19.98 6.44 16.42 111.8 3 3
28 20.70 3.34 17.01 124 .1 1 2
29 21.44 0 17.62 124.8 1 2
30 18.73 15.1 12.31 136.1 1 1
31 20.70 6.67 13.61 136.6 3 2
32 19.34 12.47 12.71 136.9 2 2
33 17.60 14.18 17.35 148.2 1 0
34 18.13 11.69 17.88 148.3 1 1
35 19.32 6.23 19.05 159.6 1 0
36 21.47 3.46 14.11 159.8 0 0
37 22.26 0 14.64 160.1 0 0
38 19.98 3.22 19.71 170.5 0 0
39 20.68 0 20.39 171.0 0 0
40 19.66 7.92 16.15 181.2 0 0
41 20.34 8.2 13.38 182.3 0 0
42 19.01 7.66 18.75 192.2 0 0
43 20.01 9.67 13.15 2014 0 0
44 18.71 9.05 18.45 203.3 0 0
45 19.96 0 22.97 212.2 0 0
46 19.30 0 25.38 220.5 0 0
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As is readily apparent from Table 1l, after approximately 3 months of storage,
no additive composition containing at least 150 mm/kg of detergent surfactant

o contained any sign of skinning or gel. The final appearance of the additive
composition was determined after the additive composition had been stored
for approximately 3 months.

it is understood that although modifications and variations of the invention can

10 be made without departing from the spirit and scope thereof, only such
limitations should be imposed as are indicated in the appended claims.
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46 19.30 0 25.38 220.5 0 0 As is readily apparent from Table I, after approximately 3 months of
storage, no additive composition containing at least 150 mm/kg of detergent surfactant 5 contained
any sign of skinning or gel. The final appearance of the additive composit] termined after the
additive corﬁﬁggﬂf% :ﬁggdq been stored for approximately 3 months. I?t is %%[\eﬁr%%gg}%%although
modifications and variations of the invention can 10be made without departing from the spirit and
scope thereof, aishidl imitaliarid Bkiould be imposed as are indicated in the appended claims.
WHAT IS CLAIMED IS: 1.A lubricating oil additive composition comprising (a) at least 3.5 wt-%
of at least one friction modifier selected from the 5group consisting of fatty acids, fatty acid amides,

fatty acid esters]and afkbRECHERG gtV CPMBRFIEAPHRIEI 88 er than 30 degrees Celsius;

(b) at least 10 wt-% of gf)lgastaesdispersapt.Andast ofe) AGidficiesd iasraseckat femstibae

factant t ke said addit] ition haze-, sedi -, kin-f ided th id
2dcitive 106y e AGEREINE 8 FIALPEAD i L AR EE 5o 'SP SRR et O ke

composition. 2. heldubkicating eibarditivg pomipoisiieatef Bimir(LaegezemTeisiustion modifier has a
melting point of at Ieas{bé}%{j RIAKTD %‘?l%ugf at least one dispersant; and

(c) a sufficient amount of at least one surfactant to make said additive

composition haze-, sediment-, and skin-free, provided that said additive
10  composition contains at least 150 mm surfactant per kg of said lubricating oll
additive composition.

2. The lubricating oil additive composition of Claim 1 wherein the friction
modifier has a melting point of at least 40 degrees Celsius.

15
3. The lubricating oil additive composition of Claim 2 wherein the friction
modifier has a melting point of at least 45 degrees Celsius.

4. The lubricating oil additive composition of Claim 3 wherein the friction
20  modifier has a melting point of at least 50 degrees Celsius.

5. The lubricating oil additive composition of Claim 1 wherein the at least
one surfactant comprises a salt of an alkyl aromatic sulfonic acid.

25 6. The lubricating oil additive composition of Claim 1 wherein the at least
one friction modifier comprises a fatty acid amide.

7. The lubricating oil additive composition of Claim 1 wherein the at least
one dispersant is selected from the group consisting of polyalkylene
30 succinimides and Mannich base derivatives of polyalkylene phenols.

8. The lubricating oil additive composition of Claim 7 wherein the
dispersant is a polyalkylene succinimide.
-32 -



15 3. The lubricating oil additive composition of Claim 2 wherein the friction modifier has a melting
point of at least 45 degrees Celsius. 4. The lubricating oil additive composition of Claim 3 wherein the
friction 20modifier has a melting point of at least 50 degrees Celsius. 5. The lubricating oil additive
compositionWPéfoH’?:‘f%erein the at least one surfactant comprises a sgl?%"f'jgﬁ‘)gm?f%%matic
sulfonic acid. 256.The lubricating oil additive composition of Claim 1 wherein the at least one friction
modifier comprises a fatty acid amide. 7. The lubricating oil additive composition of Claim 1 wherein

the atleast one gispersapy IR BrIEARY A doiaveu Rapiastig cbPabialkyienediauseiniieides and

Mannich base derivatives of polyalkylene phenols. 8. The lubricating oil additive composition of Claim
7 wherein the di§ibrabirtaseasyOstiigné ireraideiifide. - 32 - WO 2010/039399PCT/US2009/056344
9.The lubricating oil additive composition of Claim 8 wherein the polyalkylene substituent is

polybutenyl. 510, The lubricating oil additive composition of Claim 9 wherein the polybutenyl substituent
is a polyisobutenyl subsfigiehOUeRERSn e A 8b§l%’??ﬁ%%ﬁ5§?itﬁngia5@ri§edgﬁg iF.]olrga/gobutylene
having at least 58ombladmof aubetiydvinylidene ismiyeobGbhd hesliativading oivaeditive temposition
of Claim 10 wherein said additive, composition contaips at least 200 mm surfactant.per said
lubricating oll adaﬂRV'é %%?ﬁ%y iﬁgﬁs?ftﬂ%?§fﬁegﬁrﬁ\??§ﬁr?§q 0 @Hﬁﬁ%%tggnmepﬁgi\ﬁgﬁ %3% Fgglgrﬁﬁ wherein
said 15additive coolpdsitiba owitgins gideasti2gd®enm surfactant per kg of said lubricating oil additive
composition. 13. The lubricating oil additive composition of Claim 12 wherein said additive
composition contains at least 300 mm surfactant per kg of said 20lubricating oil additive composition.
14. A lubrid&ing Bl conpesitibriesiingricing¢atven semantiiet Bhadeidil dPlusheEringSAktosity;
25(b) at least 0. 308 Rt RaridPNedHEIAE BORE SEbeCtedh surfactant per kg of said

fubricating oil additive compaosition.

12.  The lubricating oil additive composition of Claim 11 wherein said
15  additive composition contains at least 250 mm surfactant per kg of said

lubricating oil additive composition.

13.  The lubricating oil additive composition of Claim 12 wherein said
additive composition contains at ieast 300 mm surfactant per kg of said
20 lubricating oil additive composition.

14. A lubricating oil composition comprising

{a) a major amount of base oil of lubricating viscosity;

25 (b) at least 0.35 wt-% of at least one friction modifier selected
from the group consisting of fatty acids, fatty acid amides, faity
acid esters, and alkane diols which have a melting point of
greater than 30 °C;

(c) at least 1 wt-% dispersant; and

30 (d) a sufficient amount of surfactant to make said lubricating ol
composition haze-, sediment-, and skin-free, provided that said
lubricating oil composition contains at least 15 mm of total
surfactant per kg of said lubricating oil composition.
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from the group consisting of fatty acids, fatty acid amides, fatty acid esters, and alkane diols which
have a melting point of greater than 30 C; (c) at least 1 wt-% dispersant; and 30(d) a sufficient amount
of surfactant to make said lubricating oil composition haze-, sediment-, and skin-free, provided that
said lubricating oil composition contains at least 15 mm of total surfactant per kg of said lubricating oll
composition. - 33 - 15. The lubricating oil composition of Claim 14 wherein the lubricating oil

composition coptains .at least 20 mm of total surfacta . l{ icati | ition. 5 16. The
lubricating oil ci)gmposﬁfb% %%&?gﬁjﬂq_g 'Lv%%?‘e‘?ﬁ%@%ﬁi@%‘r% ﬁi lﬁﬁéﬁ%ﬂ“&%‘%@%@%@? least 25 mm
of total surfactaorpes$itiof tdriaattngtddasiBpositionf oal7sTiNa dtnicadngopifdobmetingrodf Claim 16
wherein the Iubcr(i}catirg]%igilncomposition contains at least 30 mm of total surfactant per kg of lubricating
oil composition: Ty equbricating oil composition of Claim 14 wherein the composition is 15a tractor
hydraulic fiuid. 19. The additive composition of claim 1, further comprising from 20 wt% to 80 wt% of
an organic dllu?BF' 2OThe lubricating oil composition of Claim 15 wherein the lubricating oil
composition contains at least 25 mm of total surfactant per kg of lubricating oil

composition.
10 17. The lubricating oil composition of Claim 16 wherein the lubricating oil
composition contains at least 30 mm of total surfactant per kg of lubricating oil

composition.

18.  The lubricating oil composition of Claim 14 wherein the compasition is

15 a tractor hydraulic fluid.

19.  The additive composition of claim 1, further comprising from 20 wt% to

80 wt% of an organic diluent.

20
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