LUBRICATING OIL WITH ENHANCED PROTECTION AGAINST WEAR
AND CORROSION [0001] The present invention relates to lubricating oil
compositions. More specifically, the present invention relates to
lubricating oil compositions that have reduced levels of phosphorus and
sulfur, yet provide improved lubricant performance as diesel engine oils,
especially in heavy duty applications. [0002] Environmental concerns have
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(CO), hydrocarbon and nitrogen oxide (NO,) from compression-ignited
(diesel-fueled) and spark-ignitea“@gsg 2 @Nnternal combustion
engines. There have also been continued efforts to reduce the particulate
emissions from compression-ignited internal E&)m.bustion iiesel engines,
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contemporary emission standards for passenger cars, other vehicles, and heavy-duty
machineries, original equipment manufacturers (OEMs) have been applying exhaust
gas after-treatment devices. Such exhaust gas aftemreatment devices include, but are
not limited to, catalytic converters and/or particulate traps.
[0003] Catalytic converters tyi)ically contain one or more oxidation catalysts,
NOy storage catalysts, and/or NHj reduction catalysts, The catalysts contained therein
generally comprise a combination of catalytic metals such as platinum, and metal
oxides. Catalytic converters are installed in the exhaust systems, for example, the
exhaust pipes of automobiles, to convert the toxic gases to nontoxic gases. The use of
catalytic converters is thought to be essential in combating global warming trends and

other environmental detriments. The catalysts, however, can be poisoned and

rendered less effective, if not useless, as a result of exposure to certain elements or



containing lubricating oil additives. Examples of phosphorus lubricating oll
additives include zinc dialkyldithiophosphates and the like. Zinc
dialkyldithiophosphates are among the most effective and conventionally
used antioxidants and antiwear agents, from both a performance and
coshgHailyeBResSAnapQiRbri LaRhisaling . Qilnfrip BASHIaRS wWHRIhEReKorus
are effective antioxidants and antiwear agents, the phosphorus, sulfur

abshasibenintIdkee duednae PN KeastNith the gatalystnand pRayhorus-

shorten the service life of the catalytic converters. Reduction catalysts are
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the exhaust gas, which are introduced by the degradations of both the
bastied rsedinkRmitkokidreanisdind skurisodialningituiipbansigites are

additives. Examples of sulfur-containing lubricant oil additives include, but

aneon; lpiteskiefrapresiddbsutichatgdiangethetoulfaiechad aulforatedents,
detergents. [0004] Particulate traps are usually installed in the exhaust
sfisierboesppeialiynindiesglengaiRsitepevandpeiagriantiaskpasticles
or very fine condensate particles or agglomerates thereof (i.e., "diesel
soatipdettioikewhilelérsanldBif:tie c anvisehinasriisidd dremapetitstidg: air,
water, and other elements of the environment, diesel soot is a recognized
cahekpbaens, Thidseaiapsh kiowdvesdoan ibe hlrckedreremetallic thshawhict and
is the degradation product of metal-containing lubricating oil additives
inghydibgrenriracereisb-jfodftia gatdierg entaddityy & d0QQS] dataigstsrara
long service life for the after-treatment devices, it is desirable to identify
luinsicatifideaih daehizivesthageked adhinifionamdegHtivedmpactdsninsbelxhaust
devices. To this end, OEMs often set various limits for maximum sulfur
apalorhittosehotusl foedriswheelvicaifitibandf fiogh fitle haseicdnised=wrblend the
instance, when used in 2 light-duty passenger-car internal combustion
ehginestthmdulflfitevelsmiegyphcakynt rehaddd tes bExanyrledd\wuli@ocontaining
wt.%, and the phosphorus levels at or below 0.08

lubricant oil additives include, but are not limited to, magnesium sulfonate and other

sulfated or sulfonated detergents.

{0004] Particulate traps are usually installed in the exhaust system, especially
in diesel engines, to prevent the carbon black particles or very fine condensate
particles or agglomerates thereof (i.e., “diesel soot™) from being released into the
environment. Aside from polluting air, water, and other elements of the environment,
diesel soot is a recognized carcinogen. These traps, however, can be blocked by
metallic ash, which is the degradation product of metal-containing lubricating oil
additives including common ash-producing detergent additives.

[0005] To insure a long service life for the after-treatment devices, it is
desirable to identify lubricating oil additives that exert a minimum negative impact on
such devices. To this end, OEMs often set various limits for maximum sulfur and/or

phosphorus for “new service fill” and “first {ill” lubricants. For instance, when used in
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wt.%. The maximum sulfur, phosphorus and/or sulfated ash levels may
differ, however, when the lubricating compositions are used in heavy-duty
internal combustion engines. For example, the maximum phosphorus
level may be as high as 0.2 wt.% in those heavy-duty engines, and the
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enhance emission compatibility should not overshadow the need to
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diesel engines have valve train systems, including valves, cams an
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Further, engine oils must provide sufficient detergency so as to insure
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products of non-combustibles and incomplete combustibles of

hygsaaarinm aNgsleiesiationofarainenis AR Rediatssess high as

above, the need to preserve the integrity of catalytic converters has led to

they os@10f, IBshHRORIRS BN RIIRSPRAISCARIAINIGE AJHIHYS%] may be as high
However, the use of detergents, which are typically metal sulfonate
detgrggniscis often inevitable because of the sustained needs to

neutralize the oxidation-derived acids and suspend polar oxidation

reqbess in the lobrieant dhesedaifigoRtSonMBNRY SRAIHNIESIAIRIow the

production of sulfur or sulfur compounds in the exhaust. Indeed, the

ameuat®pashdeeifeitet uisiesmasirefthencs emoamtRneR@nition and diesel
standards can be exceeded by far less metal sulfonate detergent than is

neeessRihe cacNeveaflaguaie, dettigenc Resaumanseel adiicingsthel of
levels of detergent overbasing may reduce the level of ash produced, but

it algfdledisebdhebecided Bed palizingidapaciy-ef FoateRrisaiie oils must provide
composition, potentially leading to acid corrosion of the engine pistons

anguotisempastsr o8 8s Thesaigiediwanidchadihwmptagenppiaidratifpduction of
engine oil additives that
deposits, which are products of non-combustibles and incomplete combustibles of
hydrocarbon fuels and deterioration of engine oils.
[0007] As discussed above, the need to preserve the integrity of catalytic
converters has led to the use of less phosphate and phosphorus-containing additives.
However, the use of detergents, which are typically metal sulfonate detergents, is
often inevitable because of the sustained needs to neutralize the oxidation-derived
acids and suspend polar oxidation residues in the lubricant. These detergents,
however, contributes to the production of sulfur or sulfur compounds in the exhaust.
Indeed, the amount of ash permitted under most of the current environmental
standards can be exceeded by far less metal sulfonate detergent than is necessary to

achieve adequate detergency performance. Reducing the levels of detergent

overbasing may reduce the level of ash produced, but it also reduces the acid



not only foster cleaner environment by allowing the catalytic converters
and particulate traps to effectively reduce pollutants, but also improve
engine performance by, for instance, reduce wear and friction within that
an engine. A need is thus apparent for compromises or new approaches
thrgugh vghc otk erenyirgnioantabmiseiacsion siandard eand he acid
engine lubrication needs can be met. [00091 A desirable lubricant for low

phesphasusand wisdlpisiepplisatidng myst also demonstrate minimum
level of antiwear and anticorrosion benefits. But it has been observed that

wheoodte level of pheRpBorumisd 6duaeshin duric adisdipllc AMPES iditives that
there tend to be an attendant reduction in antiwear, anticorrosion, or even

antiexiaidl ey e detmangs irbaiaen bensieifqr thisieastio esntiwaarsand/or
anticorrosion capacity, certain boron-containing compounds have been
foyattitmlgeovighe wedfeatidebpredaisppibiaatihudalveeliiSove engine performance
extreme-pressure benefits. 100101 Various borated compounds have

beey frepaimttandRinployacns fdeiergeitsibhpeisengiskillkeddod etk

For example, Pare et al. disclosed in U.S. Patent No. 5,346,636, a

colipjdadinétedatinahdessaines:bgrpnahdsphesphonscH bethohaigdelronmental
product was obtained by a process comprising: (1) obtaining an alkali
metaltestidonatadardsanadateadkglineleaithiifoaate 42 bremeting the

borated and overbased sulfonate of (1) with at least one phosphorous
sulidéypnd (3) sepesiativly thbrjared dotdovljihinetdramiiidowactitn applidations
colloidal product was said to confer favorable antiwear and
extnemedpreksusaspiap esfie smtor] Ubvid atfrag ol <o mpbaiticos.okROIHchdAts, But it
another example, Shanklin et al. disclosed in U.S. Patent No. 6,008,165,

a |blwicatingbedreadrpasitibentiiat icecltainde sphanat édreispedsart lebmmtakg oil
4 salt of a phosphoric acid, a metal overbased composition comprising at
leastnomesitcambdveytattandpotveimate atsuliohatéputicarginttiveagtaltivasosion, or
lithium, sodium, potassium, magnesium or calcium. The berated

dispersamti inithéibpaterfowasen Atcotepborattefor this loss in antiwear and/or

anticorrosion capacity, certain boron-containing compounds have been found to
provide wear and corrosion protection, as well as extreme-pressure benefits.

16010} Various borated compounds have been prepared and employed as
detergents by persons skilled in the art. For example, Parc ef al. disclosed in U.S.
Patent No. 5,346,636, a colloidal material that contained boron and phosphorus. The
colloidal product was obtained by a process comprising: (1) obtaining an alkali metal
sulfonate or borated alkaline earth-sulfonate; (2) reacting the borated and overbased
sulfonate of (1) with at least one phosphorous sulfide; and (3) separating the products
obtained from the reaction. That colloidal product was said to confer favorable
antiwear and extreme-pressure properties to ubricating oil compositions.

[0011] In another example, Shanklin ef a/. disclosed in U.S. Patent No.

6,008,165, a lubricating oil composition that contained a borated dispersant, a metal
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ester, which was said to confer favorable antiwear properties to lubricating
oil compositions. [00121 Moreover, Hellmuth et al. disclosed in U.S.
Patent No. 3,480,548, a lubricating oil composition prepared by reacting a
lubricating oil dispersion of an alkaline earth metal carbonate and alkaline
esathafive tdidaphisaicandid asutiahatevittedichorasidompanpdssededtbad from:
boric acids, boron oxides, and aqueous alkyl esters of boric acids. That
adalitivevass pbporte diteuliimetionwietranlthasatuieffective el enginh, petassium,
substantially improve oxidation stability and anticorrosive properties,
especisiyragaiaktoordbions dnaludispelsade irothatrpatals wi@0aiBdlcohol borate
Furthermore, King et al. disclosed in U.S. Patent No. 3,929,650, a
pesticuleiiechlivpe sidrioé arfalkalbragkahidbvrate porppoigsdophdparsthp pil
contacting boric acid with an alkali metal carbonate overbased metal
seifopatetinithin an oleophilic liquid reaction medium. That particulate
dispersion of metal borate compound was said to confer favorable
elifddle-pressMerpropertiednoithistichiinglobcdomid Ssilotest MO0 BH8M5YE: a
another example, Carrick et all disclosed in U.S. Patent No. 6,605,572, a
|Ubhasiteeoitlcomposition prapacchtaineat dingor bt ortiainmbdisraraemel an
OR RO\ OMB--O RO-B ROV O R B B Rd ROB-O-B-OR or ROB FOR
wiisebiie sash Rejvd saridepenatshaliidinopgathiogiadlyy diedaahgniwgd fonate with a
adjacent R groups might together form a cyclic group; wherein the ratio of
shiftameduponnd sshssphbns: Bovasadpresamedidysitradameamsalkgpiters of
+ 3P' > 0.35, wherein S’ was the

boric acids. That additive was reported to function not only as an effective detergent

but substantially improve oxidation stability and anticorrosive properties, especially
against corrosions induced by ferrous metals.

[6013] Furthermore, King ef al. disclosed in U.S. Patent No. 3,929,650, a
particulate dispersion of an alkali metal borate compound prepared by contacting
boric acid with an alkali metal carbonate overbased metal sulfonate within an
oleophilic liquid reaction medium. That particulate dispersion of metal borate
compound was said to confer favorable extreme-pressure properties to lubricating oil
compositions.

[0614] In yet another example, Carrick ef af. disclosed in U.S. Patent No.

6,605,572, a lubricating oil composition that contained a boron-containing compound:

O
B

RO—B RO /OR Ei} é

rRe. RO—B—O—H—0R, or RO Uo7 oR

wherein each R was independently an organic group and any two adjacent R groups

might together form a cyclic group; wherein the ratio of sulfur to boron to phosphorus
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concentration in percent by weight of sulfur in the composition, B1 was the
concentration in percent by weight of boron in the composition, and P1

was the concentration in percent by weight of phosphorus in the

composition. That lubricating oil composition contained 0.01 to 0.25 wt.%

of sufuepenecdSWiofameassofHER'sphorus 0BT wikssais' tadsbart
improved wear protection. [0015J The present invention provides
luksioatingmibedmprosiiobs thethprRddehightevelmpbsiroteasbmaghinst

wear and anticorrosion benefits, but which introduce low levels of
phasphartsiandigresedfurbiowibsial @giresinlihe ieveisvfiophasphOmissithe

the lubricating oil compositions of the present invention are typically at or
betoncatinat ¢hA0 perSintdryadexghetdplalkphitid wHdéompesigomt or

below about 0.12 wt.%. The levels of sulfur in the lubricating oil
coiripoditheitatdighel presertitioventitimadd)tdpical? atvarhetbyldooutd B08 wt.%
wt.%, or even at or below about 0.40 wt.%, such as at or below about

0.35 let26f plitvphghupotrbgui edidtheiampouihofasid withpssection.
compositions are also typically low, calculated to be at or below about 1.6
wt[#8)1& at or belbwy @bt inSontiéh, poreven abokgalgwibbaupdsRiosihat
such as at or below about 1.15 wt.%. Therefore, the present lubricating oil
coprpusitibmshd e alsarEpaesitainl e Saomst arearvicbartieonalssiakdpolits,thanwhich
the conventional diesel engine oils that contain high phosphorus and
suffirodihe dompositodsbisplepresedbinefition desiltengilongéhsrviteo!
lives for the catalytic converters and the particulate traps while providing
thepbiessihoduprotgetibiagpding il eamgaditonrosidhe prisoseingines are typically at
[00161 In the first and broadest aspect, the present invention provides a
lulsridzdiog ellcedMBositidn, suitablebfde usdauti) dérivu diesabrayindsiow about
including the heavy duty ones, comprising a major amount of an oil of
ludtiEativig viddesity dndionduoimibedubsicienizatkiatierensaitionnefahe present
alkyltoluene sulfonate detergents, wherein the 6 lubricating oil composition
comperséangatiarsalaatas el @eantdh B pihdephiori at or below about 0.40

wt.%, such as at or below about 0.35 wt.%. Although not required, the amount of ash
of these compositions are also typically low, calculated to be at or below about 1.6
wt.%, or at or below about 1.5 wt.%, or even at or below about 1.2 wt.%, such as at or
below about 1.15 wt.%. Therefore, the present lubricating oil compositions are more
desirable from an environmental standpoint than the conventional diesel engine oils
that contain high phosphorus and sulfur. The compositions of the present invention
facilitate longer service lives for the catalytic converters and the particulate traps
while providing the desired protection against wear and corrosion in those engines.
[0016] In the first and broadest aspect, the present invention provides a
lubricating oil composition suitable for use with various diesel engines, including the
heavy duty ones, comprising a major amount of an oil of lubricating viscosity and one

or more borated alkaline earth metal alkyltoluene sulfonate detergents, wherein the
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and no more than about 0.50 wt.% of sulfur. The one or more borated
alkaline earth metal alkyltoluene sulfonate detergents of this aspect are
typically overbased. These detergents may be prepared by various
known processes but may also be prepared by the improved process

drserinad henaibnlPOlARMReeR A A RGE RS HQIL Ve8P phosphorus,

provides an additive package composition or a concentrate comprising

ORI oRRR Berigda b na-cA i e, AlOHRURNRsIIBRALR alkaline carth
detergents in an organic diluent liquid, for example, base oil, and

opiéenally MsRsRN Al MallQNSPIBRTs Al dilly aspdesHRdypi laRHGRUA QL. These
such as, for example, ashlers dispersants, other non-borated

MRiEHLAHNANG S5 aen Sy RRIMe RhaNdiives Ba N eI 5 epared by

modifiers, corrosion inhibitors, foam inhibitors, seal fixes or seal pacifiers.

[Q6d BhinvdhipdRspeststhedaventian provides a method of operating a
diesel engine provided with one or more exhaust gas after-treatment

dpeep, whichimgtweeneampeisas:phiieating SRidEP@MRIWYIER additive package
lubricating oil composition of the first aspect, or with an additive package

CORasiivn oF a caneantirtecalifeiseenndrsReebol@RIH kAl EQHA metal
aspect, the invention provides a method of preparing a lubricating oil

cenoylesition ehthe dstasnratonan addiiverekaggiconceritaie by, the: oil,
second aspect. [00201 Persons skilled in the art will understand other and

furthendbiedls alasvantsigesriang deaitisdsial helgriesen iovaadionzoyl, such as,
referring to the following description. 7 DETAILED DESCRIPTION OF

THdEckdAp N TANE{0 AR aioUs e Al @Atk mbrdlitoanisiaeddasgened
below by way of non- limiting illustrations. [0022] The present invention
phaties lahiidatngaicodapesitiane@sodifiers, corrosion inhibitors, foam
inhibitors, seal fixes or seal pacifiers.
[0018] In a third aspect, the invention provides a method of operating a diesel
engine provided with one or more exhaust gas after-treatment devices, which method
comprises lubricating said engine with a lubricating oil composition of the first
aspect, or with an additive package composition or a concentrate of the second aspect.
[0019] In a fourth aspect, the invention provides a method of preparing a
lubricating o1l composition of the first aspect or an additive package/concentrate of
the second aspect.
{0020 Persons skilled in the art will understand other and further objects,

advantages, and features of the present invention by referring to the following

description.



described above. The compositions have a total phosphorus content of at

or below about 0.2 wt.% in typical embodiments, at or below about 0.16
wt.% in some other embodiments, and at or below about 0.12 wt.% in

further embodiments. An exemplary lubricating oil composition of the
present inventioDEIMAINERDESORE IWON GIPTesporvE EBed on the
total weight of the composition. [0023] The lubricating oil compositions of
theg(@zHent inveRusiodsafeatartotald sulfordioricnted désoribedoveiabdit Gy of non-
wt.% in typical embodiments, at or below about 0.4 wt.% in some other
embodingeithsstentid@t or below about 0.35 wt.% in further embodiments.

An exemplary lubricating oil composition of the present invention

cofifzizes aboutlB3dreveinfaiitur phaddes dotitieatoigbweighpodithes as
composition. Oil of Lubricating Viscosity [0024] The lubricating oll
codyositidmbbthe e sempivvanionis eantpriskc phb anecontoro ke basebelow
oils, which are present in a major amount (i, e., an amount greater than
abaem B8O 2ty e Getypicdhsitthe hiamats]ldsopredent dhan @ifountgieatene other
than about 60 wt.%, or greater than about 70 wt.%, or greater than about
80amtbsiphthts |abd eatingadive ehapo SitidnyThabAstheil sotfodicomtsndis
typically less than about 1.0 wt.%, preferably less than about 0.6 wt.%,
maorepaferdulriedsnthoi abositiome e arcqaniicetdibnprefeiabhbtegs. 12
than about 0.3 wt.%. An exemplary lubricating oil composition of the

previetit thpdnsidmosnipriséombisubsl ReigiiobthasegibRie025] Suitable
base oils may be one that has a viscosity of at least about 2.5 cSt, or at
ledl802Bbut 3.0 cBte briwigehingt ddasmapouti 315 ¢Shspiciseat iavtetisndibogta total
4.0 cSt. at 40C. Suitable base oils may also be one that has a pour point

of bloncabisnt FEECobPHewwbaold 1/ on éxEnabetobpdibaints @4 subklow
as below about OC. [0026] The base oil used in the lubricant
cofhpusRianst S tiesimeatisn endpdiments, and at or below about 0.35 wt.% in

further embodiments. An exemplary lubricating oil composition of the present
invention comprises about 0.34 wt.% of sulfur, based on the total weight of the
composition.

Oil of Lubricating Viscosity
[0024] The lubricating 0il composition of the present invention is comprised
of one or more base oils, which are present in a major amount (i.e., an amount greater
than about 50 wt.%). Generally, the base oil is present in an amount greater than about
60 wt.%, or greater than about 70 wt.%%, or greater than about 80 wt.% of the
lubricating oil composition. The base o1l sulfur content is typically less than about 1.0
wt. %, preferably less than about 0.6 wt,%, more preferably less than about 0.4 wt.%,
and particularly preferably less than about 0.3 wt.%. An exemplary lubricating oil

composition of the present invention comprises about 87.2 wt.% of base oil.



be a natural oil, a synthetic oil, or a mixture thereof, provided that the

sulfur content of such an oil does not exceed the above-indictated sulfur
concentration limit required to sustain the low sulfur lubricating oil

_ compositions. The natural oils that are suitable include animal oils and
vef#izdile oils (Soitabdsterson;lkanchpibe Finethathalovssosiyy afso iocudeut 2.5
mineral lubricating oils such as liquid petroleum oils and solvent-treated

or ettichtradtedt rmioatdl (utSicatiogeoils khthehpandffineSt aphtiestiteast about 4.0
mixed paraffinic-naphthenic types. Oils derived from coal or shale are
algduseil’Gyhittetie babrichsing ik inbtude hytrbeszyomosisudhbakw about
polymerized and interpolymerized olefins (e.g., polybutylenes,

poRiSfopylkekesy propy/HHE isobutyl bekeabolyniees sevh jis below about 0°C.
poly(1-hexenes), poly-(1-octenes), poly(1-decenes), etc. and mixtures

thdf#3h] alkylbenzbnésstecd. nsatiecyibbriveres ctemadadytiverizenesention may
dinonylbenzenes, di-(2- ethylhexyl)benzenes, etc.); polyphenyls (e.g.,
biptsenyisutarphemyisithdkiglatbor pohipheaylsrett. yratkylat¢antiiphewlyir content
ethers and the derivatives, analogs and homologs thereof, and the like.
Sywitlsatic dolsicdoeronollsaisul ithsl ableveiindixdpareth Byr eckontration limit required
Fischer-Tropsch gas-to-liquid synthetic procedure. [0027] Another class of
kniswatssymt Hestito witsrldatitup Bilating leidl esraifioisions okigenpomainels thatlare suitable
interpolymers and derivatives thereof where the terminal hydroxyl groups
hairelde anoditeld byl preicblsciisda as exteriithliond oil)elherificatidnils may
Examples of these synthetic oils include polyoxyalkylene polymers

préfrsrén doolinertiidivmidizgans sueh oxitiawdd propytenectlsded apidanietreated
alkyl and 9 aryl ethers of polyoxyalkylene polymers (e.qg.,
methytigdigriedomspstehlalyigetnewiéy oh Svimgraimpiecuphtiirsihronixedo

or diphenyl ether of poly-ethylene glycol having a molecular weight of

1,000 GoahdisaimoRes: &He getystbexyliv alsts Buaticiotive yselabstimthetic
acid esters, mixed C3-C8 fatty acid esters, and C13 Oxo acid diester of
tet}g@ﬁﬁy’{g}geoég,w)gde hydrocarbon oils such as polymerized and interpolymerized

olefins (e. g., polybutylenes, polypropylenes, propylene isobutylene copolymers, etc.);
poly(1-hexenes), poly-(1-octenes), poly(1-decenes), etc. and mixtures thereof;
alkylbenzenes (e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-
ethythexyl)benzenes, etc.); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenyls, etc.); alkylated diphenyl ethers and the derivatives, analogs and
homologs thereof, and the like. Synthetic lubricating oils also inciude oils prepared by
a known Fischer-Tropsch gas-fo-liquid synthetic procedure.

[6027] Another class of known synthetic lubricating oils includes alkylene
oxide polymers and interpolymers and derivatives thereof where the terminal
hydroxyl groups have been modified by a process such as esterification or
etherification. Examples of these synthetic oils include polyoxyalkylene polymers

prepared by polymerization of ethylene oxide or propylene oxide, and the alkyl and
9



[0028] Yet another suitable class of synthetic lubricating oils are the esters

of dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids

and alkenyl succinic acids, maleic acid, azelaic acid, suberic acid,

sebasic acid,fumaric acid, adipic acid, linoleic acid dimer, malonic acid,
allayfrhetloniccdqidiycalkaiyl analodionasidsywitle i ylapid isof minphiats (dygol ether
butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol,

etfipieng giyobicdiatimdighe ofylcoddronbetikey] propyiépelygtybplinSpbcifichaving a
examples of such esters includes dibutyl adipate, di(2-ethylhexyl)
setaderreladiveipbikyf fubtdratd,, Hi0gtyhdebanatendimdpothagtiatsters thereof
diisodecyl azelate, dioctyl phthalate, didecyl phthalate, dieicosyl
selragateetivenpidtisydte gl Stelofaliycleid extitsdime i ardkthactbdapiex of
ester formed by reacting one mole of sebacic acid with two moles of
teticieatidaregiewiland two moles of 2-ethylhexanoic acid and the like.
[0029] Esters useful as synthetic oils also include those made from C5 to
C18028bnocarbagflimnadigssarabionyens eirtypdisicr bendestinghilsire the esters of
neopentyl glycol, trimethylolpropane, pentaerythritol, dipentaerythritol and
tripesirderptheitslido039) Fhidainthisticwitioan asish Bkya peindphads tihalkenyl
(PAO). Typically, the PAOs are derived from monomers having from 4 to
30suseiibnedds RRLGE fiodh ezedais eadrBebeainmyl, Exbaniples bfuseti¢ acid,
PAOs include those derived from octene, decene, mixtures thereof, and
thedigic THeskPIEDSeithgimavenelasiscrisl iz eond asidsr aternys selonic
12, or from 4 to 8 mm2/s (cSt) at 100C. Mixtures of mineral oil with one or
maeedst wighfaregsTigobalod phaleise bybd Ajookali horréalteotedivisgdrmérohol,
rerefined oils, either natural or synthetic (a % s well as mixtures of two or
m&é}%ﬁﬁ&’ﬂyﬁé@@ﬁﬂt@ﬂ%@@g&? Histbydarcryigebmamogiber Brritlpee
compositions of the present invention. Unrefined (or raw) oils are those

obgysed- dirssilcrraamplsaniaret aypthbrdustss dd Witmstipatede-cthylhexyl)

purification
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisoocty! azelate, diisodecyl azelate,

dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of
linoleié acid dimer, and the complex ester formed by reacting one mole of sebacic
acid with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid
and the like.

[0029] Esters useful as synthetic oils also include those made from Cs to Cj2
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

10030} The synthetic oil can also be a poly-alpha-olefin (PAO). Typically, the
PAOs are derived from monomers having from 4 to 30, or from 4 to 20, or from 6 to
16 carbon atoms. Examples of useful PAOs include those derived from octene,

decene, mixtures thereof, and the like. These PAOs may have a viscosity from 2 to
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treatment. Refined oils are similar-to the unrefined oils except they have

been further treated in one or more purification steps. Many such

purification techniques are known to those skilled in the art such as

solvent extraction, secondary distillation, acid or base extraction, filtration,
petbotationndne ke dikéoRetediSatmils @St oisIHEC hefiethes ofiméekial oil with
service but are subsequently treated so that they may be re-applied in
sepuicer Beraubththeragethpifs\&Immsy devesesi contain spent additives and
breakdown products, in addition to the standard oil refining steps, steps
thd@83dlild remblreetfiecd prafinad ditid esrelet b reibkdoner paoatakts syostdbie (as
taken. Such rerefined oils are also known as reclaimed or reprocessed

oilweB esatadtndkatinte antimite)aifAbieyiypkserfcoBsifonhtte Daberganars be used in
[00321 It has been found that the incorporation of certain borated alkaline
edilth inlzighatigtohmsdisoifohthe pretengémtssiohd jreSond ifnrentiowils are
provides lubricating oil compositions with the desired levels of wear and
cofirostorbisioedaliorlT lemevnaipproactyetheiis fommmspridroan dimder purification
performance with lower than conventional levels of phosphorus and
sulfeaime. tRsrianed eillsaiinsisalin-inshauakdhol eiffeesationhey Heverbesdurther
of the present invention can be prepared by various known procedures as
wélrals binthreraunaredpimbiealie pitse danE saibeghbealion [@oBgues are
Certain methods of making borated sulfonates are known in the art. For
eximple irites sikidiechirNbe 216881 26 sohoué ettectivel sseendary distdtion,
method for 11 producing an alkaline earth metal borate dispersion. During
thadifstrsheps pribmstian (Ryadors perelrivad anddlimis gB eaclizadionsage oils that
20C to 100C, where (A) is 100 parts by weight of an oil soluble neutral _
sulferfabe st shiRafnasdrih sresabs@y s o tsated o Has hyxveigHtcorsapplicd
hydroxide or an oxide of an alkaline earth metal; (C) is boric acid in an
anideviRat Reassed s Benthet vrlmastei By s(eopisis B Hibiavsy Wéight

of water; and (E) is 50 to 200 parts by weight of a dilution solvent. During
th&msakappm products, in addition to the standard oil refining steps, steps that would

remove the spent additives and breakdown products must be taken. Such rerefined
oils are also known as reclaimed or reprocessed oils.

Borated Alkaline Earth Metal Alkyltoluene Sulfonate Detergents
{0032] It has been found that the incorporation of certain borated alkaline
earth metal alkylioluene sulfonate detergents of the present invention provides
lubricating oil compositions with the desired levels of wear and corrosion protection.
The new approach allows for top tier engine performance with lower than
conventional levels of phosphorus and sulfur. The borated alkaline earth metal
alkyHholuene sulfonate detergents of the present invention can be prepared by various
known procedures as well as by the new and improved process described herein.
{0033} Certain methods of making borated sulfonates are known in the art. For

example, in U.S. Patent No. 4,683,126, Inoue ef a/. disclosed a two-step method for
11



step, the reaction mixture of the first step was heated to 100 to 200C in

order to remove the water and much of the dilution solvent. The

disclosure of this patent, to the extent it pertains to the preparation of

borated sulfonates, and to the extent it does not conflict with the
digelbsungsantkelaienstbmiiaidimeerdopetetbylrefee toelirf06B A 1 ttwials
related patents, Hellmuth et al. disclosed a method of preparing a borated
athiitiod Bhat arnivet ad bfides goasinacting #h2fE&sing ARECtotdienass risin{lbparts
(TBN) of such a borated additive. Specifically, they described in U.S.
Pateriily. o Batao! 5aBibbetsnitebsutfditive ffrenaliediny carbtinga; (B) is 10 to
lubricating oil dispersion of an alkaline earth metal carbonate and an
all¥liparedrtmietil dyohpeerbidn suito nsidovpitianalieliog eamhpoetad (C) is boric
selected from the group consisting of boric acids, boron oxides, and
adtiddngmppertahatds Borie &didsnrorebaenlitbBl. 8 Pateta Mbparts by weight
3,679,584, they described a process for increasing the proportion of
aldaptsTe apdh (ré}ai&ﬁwaﬂﬁﬂ\m%bléwaﬂk@liﬂ%@ﬁiﬂﬁ?ﬁé@l@ﬂﬁdﬁ&ﬁ@g the second
lubricating oil composition. That process comprised: (1) mixing a
chitoihtacavirmaneduanalife avtktanetasdinrtrthie 18R MICAMhE Enpier to
metal hydroxide, and boric acid; and (2) contacting the resultant mixture
wWitHexpR Wissicadrriechistibe betionwduenpat Bdisedomucesd gt fragnt, to
pertain to the preparation of borated sulfonates, and to the extent they do
nBtecariamitiriaime @isksouapatting efdipnatebpulfonpies st orhssaispt it does
reference, 12 [0035] In yet another example, Fischer et al. disclosed in

unet eonidist NEh @,@d@%@%ﬂ @&ﬂo@ﬁa{@gwma%amawm (e
borated. Specifically, that process comprised: (a) mixing an overbased )
stiBitlte with drés ielatedinaiantadits inathes’ @) BbeeTg mesheeeé eparing
(a) with a borating agent at a temperature that was sufficiently low to
pReRIAted At irATO ARG Oy FARSHRT NG i perEatiie iy 0 tah Rags ergpber
(b) to a temperature that was higher than the boiling point of water; (d)

rdiove eliaadanyeh wdity vaicihatWadhsddseridPer GeHebatettitone:

the reaction . . U .
3,480,548, a borated additive prepared by reacting a lubricating oil dispersion of an

alkaline earth metal carbonate and an alkaline earth metal hydrocarbon sulfonate with
a boron compound selected from the group consisting of boric acids, boron oxides,
and aqueous alkyl esters of boric acids. Moreover, in U.S. Patent No. 3,679,584, they
described a process for increasing the proportion of alkaline earth metal in an
overbased alkaline earth metal sulfonate lubricating oil composition. That process
comprised: (1) mixing a carbonate-overbased alkaline earth metal sulfonate, an
alkaline earth metal hydroxide, and boric acid; and (2) contacting the resultant
mixture with carbon dioxide. The disclosures of these patents, to the extent they
pertain to the preparation of borated sulfonates, and to the extent they do not conflict

with the disclosures and claims herein, are incorporated by reference.

12



from the rest of the reaction mixture of (c), while retaining substantially all
of the carbonate; and (e) harvesting the product of (d). The disclosure of
this patent, to the extent it pertains to the preparation of borated

sulfonates, and to the extent it does not conflict with the disclosures and

clgrassyerein, iginearpeihiedmnipleERcRe] D30 iscibutthe Uexararies, No.
Schlicht disclosed in U.S. Patent No. 4,965,003, a process for preparing a

botaned ai) ovathaned it dokdlemdial daterge alsaddifivedf@pdoblabiptshat
Specifically, that process comprised: (a) mixing a metal salt dissolved in a
hyphreeashomgeluehtayithiingeialbatasddal polas sathents 6)keatingthiquid
metal salt mixture of (a) at a temperature ranging from about 10C to
abeutiik) 0 whiderpahsingxancadidi gath thiougmheebdusarto)ditriiaghat was
the treated mixture of (b) at a temperature of about 10C to about 100C; (d)
addiffir &by dtivg @gentto thissfilinate fokio) @ rid) reddhin ththe filieaievei o the

the borating agent for a period of about 0.25 to about 5.0 hours at a

te mjperatusé (tangingeinporaneuthiSCatchathontiA06e te)lheationt tifevater; (d)
borated mixture of (d) at a temperature sufficiently high to distill all the
watenavecsubsaajtal hoatiard tiethatpothnisehsentd{f) tvonligmnthaddistilediandaction
borated mixture of (e) to below the boiling point of the remaining solvent
anfidittehegeshefdbe leddiltrateixhix¢ure(cansl(dy strippingsiisteotidly alef the
distilled filtrate mixture of (f) under a pressure ranging from about 10 to
aboub2i@aymms (dyhanvdsaing teenpedatirel (dnglig dBdonrabbiti2p@etd, to the
about 150C, thereby recovering the borated metal detergent additive. The
discitzsuie mef thiss patbatpepthatioxtehbirped airfotm tire prépathtiontoft it does not
borated sulfonates, and to the extent it does not conflict with the
disein8intesitnthecliichssheeindisl imosrporate ds bycrefenstekb JOO BT me.
variation of this process was disclosed by Schlicht et al. in U.S. Patent
Nd043945,004. Thatfprthee szasopprisadichd)dasidinedabbratiRgtenie 16, 260,003, a
overbased metal salt in the presence of a protic solvent and a

hygroesssehion sepamantorated and overbased oil soluble metal detergent additive for

lubricants. Specifically, that process comprised: (a) mixing a metal salt dissolved in a
hydrocarbon solvent with a metal base and a polar solvent; (b) treating the metal salt
mixture of (a) at a temperature ranging from about 10°C to about 100°C while passing
an acidic gas through the mixture; (¢) filtering the treated mixture of (b) at a
temperature of about 10°C to about 100°C; (d) adding a borating agent to the filtrate
of (¢) and reacting the filtrate with the borating agent for a period of about 0.25 to
about 5.0 hours at a temperature ranging from about 15°C to about 100°C; (e) heating
the borated mixture of (d) at a temperature sufficiently high to distill all the water and
a major portion of the polar solvent; (f) cooling the distilled and borated mixture of
(e) to below the boiling point of the remaining solvent and filtering the cooled filtrate
mixture; and (g) stripping the cooled and distilled filtrate mixture of (f) under a

pressure ranging from about 10 to about 200 mms Hg, and at a temperature ranging
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reacting for a period of 0.25 to 5.0 hours at a temperature ranging from
15C to 100C; (b) heating the borated metal salt mixture of (a) to a
sufficiently high temperature so that at least about 80 percent of the protic
solvent feed could be distilled; (c) cooling the distilled borated mixture of
(b)itenbebow tEE Qadinbopoifio threndm atongsopvdpttansiditaréng tergent
cooled filtrate mixture; and (d) stripping the cooled distilled filtrate mixture
of {djiiivdel heplrskured afigiizgpiton, 10 te 2Q@:nninpetttgrand diegreparation of
temperature ranging from 20C to 150C, and recovering the borated metal
debergedtsatfdiintes, Agdin, fieedisoldsdreof dhiipfienyitb finedisdritits and
pertains to the preparation of borated sulfonates, and to the extent it does
notleonilistraithithecdigctasdrey @ifictalatms herein, is incorporated by
reference. An Improved Process to Prepare Borated Alkaline Earth Metal
Alk§idTjene Sulorateif@03hBpecifisallyathistlosateblylkhlinbtearth in U.S.
metal alkyltoluene sulfonate detergents of the present invention can be
préptmgdNesihg Enlivipiidve grprosessmpoisyetisin gu () geasimy i) alcadstan
one oil soluble alkyltoluene sulfonic acid, or an oil soluble alkaline earth
alkpltohaeedseifdnalts sdit, presemixtfre tereobl deh(iindtlbadt@nebsourdeent and
of an alkaline earth metal’ (iii) at least one source of boron, in the
preswiticg diramixtode tOmbtish héaysatt le ésvperthyarocgiryiiceo VEHE, to
(b) at least one low molecular weight alcohol; and (iv) one or more
ovErBESing duidépathedsrand wetwhiek isistric of(d) (b sefirignthehigh
reaction product from step (a) to a temperature that is greater than the
temperature so that at least about 80 percent of the protic solvent feed could be

distilled; (c) cooling the distilled borated mixture of (b} to below the boiling point of
the remaining solvent and filtering the cooled filtrate mixture; and (d) stripping the
cooled distilled filtrate mixture of (c) under a pressure ranging from 10 to 200 mms
Hg and at a temperature ranging from 20°C to 150°C, and recovering the borated
metal detergent additive. Again, the disclosure of this patent, to the extent it pertains
to the preparation of borated sulfonates, and to the extent it does not conflict with the
disclosures and claims herein, is incorporated by reference.

An Improved Process to Prepare Borated Alkaline Earth Metal Alkyltoluene

Sulfonate

[0038] Specifically, the borated alkaline earth metal alkyltoluene sulfonate
detergents of the present invention can be prepared using an improved process
comprising:

(a) reacting

(i) at least one oil soluble alkyltoluene sulfonic acid, or an oil soluble alkaline carth

alkyltoluene sulfonate salt, or a mixture thereof;
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distillation temperatures of the hydrocarbon solvent, the low molecular

weight alcohol, and any water generated from step (a), so that the

solvent, alcohol and water generated may be distilled from the product of
step (a); wherein no external source of water is added to the reaction

miGthee ldasingeeuprootss afBaid8leArthoratall alkaline earth metal toluene
sulfonate salt prepared by this process typically has low sediment rate.
Fdiigxerivplks oeseotome’ bbsedimét presproe d€ssrthxdvrabonp6sisegvol.%,

or less than about 0.12 vol.%, or less than about 0.10 vol.%, or even less
thé&m ablsasi0008 hytlvocsbon sdvers than about 0.03 vol.%, based on the

total volume the resulting salt. The sediment rate can be measured by
ceftaint lseshomedowatiwdesttraveighivétiokabiwn in the art, such as the

ASTM D2273. [00401 A number of known hydrocarbon solvents can be
uselin this process. For example, a suitable hydrocarbon solvent may be
n-pentane, n-hexane, cyclohexane, n-heptane, n-octane, isooctane,
n-gizdane oo inrairtaresbasie etids. sitetsteonsyaf oduebdn kwigeasidnay also

be an aromatic solvent, such as one selected from: xylene, benzene,
tol(Pheating thexaaesiothenasbict fooa sEA(slimblemRGHOr (ohdhis prodesthan the
is typically one of relatively low molecular weight, having, for example,
abdistill gy aibsupezasuneson Srohsimsarbemsalsonoldeulamiendiaubiiseight
greater than about-200. Alcohols of those molecular weights tend to have
bowieRPpbitid Rt MrECE aEREiadTowm SERI1AY el e et elgghohpnd water
the reaction mixture after the reactions are complete. For example, a
sukenieatad orpl he dippied deoneiaeadvshbsieriaty of

low-molecular-weight monohydric alcohols, each comprising about 1 to
abBhEENGN BB ERUrHeuUoRE Kpetif e ddedhersaton gy duringrthe
example, methanol, ethanol, propanol, isooctanol, cyclohexanol,
cy®l§gperttanol, isobutyl alcohol, benzyl alcohol, beta-phenyl-ethyl alcohol,

: [0039] A borated alkaline earth metal toluene sulfonate salt prepared by this

process typically has low sediment rate. For example, the volume of sediment may be
less than about 0.15 vol.%, or less than about 0.12 vol.%, or less than about 0.10
vol.%, of even less than about 0.05 wt.%, such as less than about 0.03 vol.%, based on
the total volume the resulting salt. The sediment rate can be measured by certain
standard methods that are well known in the art, such as the ASTM D2273.

[6040] A number of known hydrocarbon solvents can be used in this process.
For example, a suitable hydrocarbon solvent may be n-pentane, n-hexane,
cyclohexane, n-heptane, n-octane, isooctane, n-decane, or mixtures thereof. A suitable
hydrocarbon solvent may also be an aromatic solvent, such as one selected from:
xylene, benzene, toluene, and mixtures thercof.

[0041] A suitable alcohol for this process is typically one of relatively low

molecular weight, having, for example, about 1 to about 13 carbon atoms and/or a
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ethylhexanol, dodecanol, tridecanol, 2-methyleyclohexanol, sec-pentyl
alcohol, and tert-butyl alcohol. An exemplary borated alkaline earth metal
alkyltoluene sulfonate salt of the present invention is prepared in the
presence of methanol. [0042] A suitable low molecular weight alcohol may
alsddvalarpotytitdrinairetiet. thas sharmpld, suchhats alt tiosk malebdaa weights
dihydric alcohol, such as ethylene glycol. [0043] Moreover, derivatives of
certdite duitablsliog mmbisdbibdravesigfitciensholwyd se bepbighyuidaldohdis from
may also be used. Examples of these derivatives may include glycol
nileneethiers mixdurortestersastiohssaarongriwgthbe trermpleeatajiisatde alcohol
glycol and monobutyl ether of ethylene glycol. [00441 The alkyltoluene
suidyriic asics o Wiiorathariotrafddvatiallpeudsariveighs moadyrdigateohols,
sulfonate salts of the present invention may derive can be prepared by
neethousiatsgakodvirirtiostdrd. cdromatmpie Misecatrgibridive ssglioniglcohol
acids may be prepared by sulfonating alkyltoluene precursors using

knewhes ditfosainpleagwithenelicthasoareranapliscegianed arsdoknmel,
trioxide, chlorosulfonic acid, or sulfamic acid. Other conventional
negtherkntanvhisebiizl Soehalr trhiey Faleriwliferiambsirettvd Alephelsy be
applied, wherein the alkyltoluene precursors are 16 mixed with a SO3/Air
fatindhtivaneladedsatol ssidenprel. CHENT RO Mg eRB AtacESTRINR(HObO!L, and
[0045] In turn, the alkyltoluene precursor may be originally derived from a
ctsmizbritd mhiahabdbi- Sremelpss bosrah alkaliptasadhonsa @ltokye prenhonate
suitable alkyltoluene precursor may comprise an alkyl chain that is about
16ntooHes PTeOcTSrinalsBLion 45 tor eptseiee M@r@%%ﬁ%ﬁ‘i@%%bout 26,
carbon atoms long. The toluene ring may be linked to any position on the

alfPrhain excéprrsiiednivmelerrineraiaht eleahp! mapélephe appbdAric

the art will appreciate, "position 1" on an alkyl chain
alcohol. For example, such an alcohol may be a dihydric alcohol, such as ethylene

glycol,

[0043] Moreover, derivatives of certain suitable low molecular weight
monohydric or polyhydric alcohols may also be used. Examples of these derivatives
may include glycol monoethers and monoesters, such as monomethyl ether of
ethylene glycol and monobutyl ether of ethylene glycol.

[6044] The alkyltoluene sulfonic acids from which the borated alkaline earth
metal alkyltoluene sulfonate salts of the present invention may derive can be prepared
by methods that are known in the art. For example, the alkyltoluene sulfonic acids
may be prepared by sulfonating alkyltoluene precursors using known sulfonating
agents, such as, for example, sulfuric acid, sulfur trioxide, chlorosulfonic acid, or
sulfamic acid. Other conventional methods, such as the SOs/Air Thin Film

Sulfonation method may also be applied, wherein the alkyltoluene precursors are
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refers to the carbon position at the end of the chain. On the other hand,

the alkyl chain can be linked to the toluene ring at any carbon position,

except for the position at which the methyl group of the toluene is

attached. [0046] The olefin that is used to alkylate the toluene can be a
singieedlefith arSD ikt daHinf e riomadd &fin Soadttoll, IGERMET HO3GEcatly

the alkylation agent of choice. Regardless whether a single olefin or a

miktald BY13A®0 alkylate the toluene, however, the olefins are often
isomerized. If the olefins are isomerized, they may be isomerized prior to,
dupd@dspr after tnetaikylbtiatk pliepydnatraeeupsefenalylid soipmddediepived toom a
the alkylation step. [0047] Methods of isomerizing olefin are known.

Parsoren skl diiedak Gra fiypisciynubet ety bi et tidastewd ttype slefiacitlignitable
catalysts for this purpose. Specifically, the acidic catalysts can be solid or
liqaiikly 180 menstppeofrkoouvaysalidracic o editalydisimibat beaboitablgobbivat 40, or
solid catalyst having at least one metal oxide is preferred. The metal

oxitersdrt e abnetsilected dnorhowtalt tal abeolites, syhtinetione diings The toluene
synthetic molecular sieves, and clays. For example, the solid acidic

catalgstap inplisles theragipo foionsoofthn adicid ichelays orpinfercigis tinol b oal dre alkyl
sieve, or a zeolite having an average pore size of at least 6.0 angstroms.
Usdhibadisiootiays skilitddingdortexahaphecdinten Spavitinidriitn tapdkitechain

and saponite, may be derived from naturally-occurring or synthetic _
maedeials: hitlandebulpgsitoayratbo swioéthe eiRitatinteacthstbadktbe alkyl chain
molecular sieves with one-dimentional pore systems, having average pore
sizae bt laskedhanhs. Bhasgsrioms! ssyakengmsision exsdt Endipdgresition at
Examples include SM-3, MAPO-11, SAPO-11, SSZ-32, ZSM-23,

MADG!Bhe SrRHEL 3N the tdgneis atrsed5, SUZ-4, NU-23, NU-86,

and natural or synthetic ferrierites. These catalysts are described, for

exHIB#R, in HANDBdG thet i otee cuilinfew thytsuspaessdmarnsingle olefin or a

Szostak (New York, Van Norsrand Reinhold, 1992), and in U.S. Patent
Ngnixture of various olefins, although the latter is typically the alkylation agent of

choice. Regardless whether a single olefin or a mixture is used to alkylate the toluene,
however, the olefins are often isomerized. If the olefins are isomerized, they may be
isomerized prior to, during, or after the alkylation step, bu‘_t are preferably isomerized
prior to the alkylation step.

[0047] Methods of isomerizing olefin are known. Persons skilled in the art
typically use one of at least two types of acidic catalysts for this purpose. Specifically,
the acidic catalysts can be solid or liquid. A number of known solid acidic catalysts
may be suitable, but a solid catalyst having at least one metal oxide is preferred. The
metal oxide can be one selected from: natural zeolites, synthetic zeolites, synthetic
molecular sieves, and clays. For example, the solid acidic catalyst comprises the acid
forms of an acidic clay, or an acidic molecular sieve, or a zeolite having an average

pore size of at least 6.0 angstroms. Useful acidic clays, including, for example,
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5,282,858, which are hereby incorporated by reference. [00481 The
isomerization process can be carried out, for example, at temperatures
ranging from about 50C to about 280C. Because olefins tend to have high
boiling points, the process is suitably carried out in the liquid phase, in
batehitanrddmtite) tys nitedewd| satheits tafanedd:r b ofifrech antocidyeorglags or
flask, which may be heated to the desired reaction temperature, is

tygyicthkyi cisede @iy tRélatbé chandyay dentinweus pilgdessrnsatdgstefitiamtly
carried out in a fixed-bed process. In a fixed- bed process, space rates,
winickanleasigretva thates-dirontachbptveeositngs rbactagts ergde thee sizes of less
catalyst beds, can range from about 0.1 WHSV to about 10 or more

WkiS\ . (.aegstwaightnef rdactzay fesdi@dicweiglysof Eatatpdtpechoa$Me
catalyst is charged into the reactor, which can be heated to the desired
réd&Ri-18nipePatelré, IHhe- SleliPbhia 3 alde be-heatetPorefithe/it d-axpb5&d20,
to the catalyst bed. [00491 Persons skilled in the art are able to choose
isoBMrifatidiZebriditiclis Nideks, widoteiveation ymibetitsfofiisttae riZtiosatalysts
may be achieved. Specifically, the level of isomerization is typically

chrr deteribed, By ¥raaplouimt IANPIROBIERNS ARG the RSBV EST i divshingrin

a particular olefin sample or mixture. The amount of alpha olefin and the
leVetasiip hieshingylcaieim Narsroeddéedrhalde d A9 hgvhiivlisScBateiidnal
methods, 18 including, for example, Fourrier Transformed Infra Red

(F12RY, §pdictrbisbopy keretollmwinpotagcd by artfersdecof a sample at 910 cm

1. The percentage of branching can also be measured by FTIR
spetfdscopy bioliswmayaséontrsoehiea bf saasihaiatol Sygumieat
[00501 While the olefins in the alkxlation mixture may be branched or
litemperahissamsing fworabaue thE trabent ASERtBT AN waeliay tend to have
alkyltoluene that is derived from a mixture of primarily linear alpha olefins.

[Oogh brHinaRgiatohe risshiHe préadncriviedon v e tgeidpiassipPigeh or
continuous mode. In the batch mode, a stirred autoclave or glass flask, which may be
heated to the desired reaction temperature, is typically used. On the other hand, a
continuous process is most efficiently carried out in a fixed-bed process. In a fixed-
bed process, space rates, which measure the rates of contact between the reactants and
the catalyst beds, can range from about 0.1 WHSYV to about 10 or more WHSV (i.¢,
weight of reactant feed per weight of catalyst per hour). The catalyst is charged into
the reactor, which can be heated to the desired reaction temperature. The olefin can
also be heated before it is exposed to the catalyst bed.

[0049] Persons skilled in the art are able to choose isomerization conditions
under which particular levels of isomerization may be achieved. Specifically, the level
of isomerization is typically characterized by the amount of alpha olefins and the level
of branching in a particular olefin sample or mixture. The amount of alpha ofefin and

the level of branching can in turn be determined using various conventional methods,
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simultaneously with, or after, the isomerization step. It is however

preferred that the isomerization step occurs before the alkylation step, so

that the olefins that are used to alkylate toluene comprise isomerized

olefins. [00521 Various known alkylation methods can be used to make
théndliiliglUufen expresier SwserfeprTexasfiptacd hyhicBedlyIdROBreanienpy by
which takes place in the presence of a hydrogen fluoride catalyst, may
cofopietentyilsesvsotbimpriposamBlegaiessof. tHepethathpsed beanching can
achieve alkylation, however, a one-stage reactor is nearly always used as
thelpodie medsvessblinTiRichetteoseaptiby Yodlolditakepldcerbi@os31 altunple at
alkylation process typically takes place at a temperature ranging from
abbdb20E to about 250C. Similar to the isomerization process discussed
above, the alkylation process is preferably carried out in a liquid phase to
actiifidjodate théMigiddhelefafsnattitbsalionaperatirgsrcheyalicyatimed or linear,
process may be activated in batch or continuous mode, with the former
medekamngacapiedesutfite frestetinvohson oo alvisciavakytiglassefihgkis derived
and with the latter mode carried out in a fixed-bed process. In either
mdentherrsmetorieffl oent pipicalplpbatalietsnalkyltoluene, mixed with

excess toluene. The excess toluene can be removed by distillation,

strippiig evapordtionlkiyldsrnataued tor ptrenmesesiknowy takhpkee prior to,
skilled in the art. 19 [00541 A second and alternative starting material in
theinolsinsrostswithescrifed tisovemeslydimantepkdliisdewrhentatdbrred that the
alkyltoluene sulfonate salt, which can also be prepared by methods
knésameoizhidee gkillectinsthefare. tBpelifikaity ienasotibaidbeapteitnbyhat are used to
reacting an alkyltoluene sulfonic acid with a source of suitable alkaline
eanlliyintabinahrecprapasesoherirgdrokifioromoter. Conventionally this
hydroxilic promoter may be water, but the reaction may also be carried

oul ARk absenderisuineyietial siiae mssipde wnbatescdriaintieade, the

only water that may or may not be present in the reaction mixture is the

by pHedtdreneiseaasaiont on seeaandt.wdreical alkylation reaction, which takes place

in the presence of a hydrogen fluoride catalyst, may competently serve this purpose.
Regardless of the method used to achieve alkylation, however, a one-stage reactor is
nearly always used as the preferred vessel in which the reaction would take place.
[0053] The alkylation process typically takes place at a temperature ranging
from about 20°C to about 250°C. Similar to the isomerization process discussed
above, the alkylation process is preferably carried out in a liquid phase to
accommodate the liquid olefins at these temperatures. The alkylation process may be
activated in batch or continuous mode, with the former mode being carried outin a
heated and stirred autoclave or glass flask, and with the latter mode carried out in a
fixed-bed process. In either mode, the reactor effluent typically contains alkyltoluene,
mixed with excess toluene. The excess toluene can be removed by distillation,

stripping evaporation under vacuum, or other means known to those skilled in the art.
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suitable alcohol such as 2-ethyl hexanol, methanol, or ethylene glycol may
serve as the hydroxilic promoter. [0055] Moreover, this reaction takes

place in an inert solvent, in which the resulting sulfonate salt may be
dissolved. As stated above, that inert solvent may be selected from:
nip@sthne, n-haxanend yalbhkxaadya tepignmaostan€dsooetgrecdss
decane, benzene, toluene, xylene, and mixtures thereof. [00561 Suitably,
thbﬂlkwahebe»aﬁma}emmama;kddmealmimmemlrhlkyjmgm@swfmam salt, which can
strontium. For example, the alkaline earth metal alkyltoluene sulfonate
nadsolbe arepateid by satthaddithewootoabpenslindpdeadtivenbaSpeafftbabsaltmay be
may be calcium hydroxide (also known as lime) or calcium oxide. [0057]
Thletadresid oty retiotofd ew aliylkcuarewel fhtiakoliovith thevsmeretsoftable alkaline
alkaline earth metal in the process is typically greater than about 0.20:1,
ocgthateraltiathabowst0:8011 by dveiiigrratertiraf@bentiodiy fisabydiexilic
about 0.40:1. [0058] The alkaline earth metal alkyltoluene sulfonate salt of
theqmresantanbetider, Whidlercdetive thayiglesally fonmedodilsdhablesence of any
alkyltoluene sulfonic acid starting material or is itself the starting material,
issfuethel WotatechrSpetifictalylmthsboase dfdoorhnvstintrbeiuseay dntoaheot be
reaction mixture to achieve this end. That 20 source may be in the form of,
farescairiplticosrictiavidhibomssihh yomtedusd irhestesetioor bistiked of water, a
boron-containing materials. The boron source of an exemplary process of
thaiprlelsenitdhobsiidraisorthpbleticadidrstsenkhowathy gsyig yesibimay serve as
Although no external source of water is added to the reaction mixture,
wehydmsHatipeteseithe byproduct of the reaction involving an alkaline

earth metal reactive base with an alkyltoluene sulfonic acid and/or an
alRahad earth Awytesivesndisukerizee tddes iplage ippasapdsdi ensuaiade e
molecular weight alcohol. It is believed that condensation of boric acid

niaybisen Fei enatprelenee st dissdi ed fomitbisdberd-chigbirrstsodyry may be
selected from: n-pentane, n-hexane, cyclohexane, n-heptane, n-octane, isooctane, n-
decane, benzene, toluene, xylene, and mixtures thereof.
[0056] Suitably, the alkaline earth metal may be calcium, barium, magnesium,
or strontium. For example, the alkaline earth metal alkyltoluene sulfonate may be a
calcium salt, and the corresponding reactive base of that salt may be calcium
hydroxide (also known as lime) or calcium oxide.
[0057] The weight ratio of low molecular weight alcohol to the source of an
alkaline earth metal in the process is typically greater than about 0.20:1, or greater
than about 0.30:1, or even greater than about 0.35:1, such as about 0.40:1.
[0058] The alkaline earth metal alkyltoluene sulfonate salt of the present
invention, whether derived originally from an oil soluble alkyltoluene sulfonic acid
starting material or is itself the starting material, is further borated. Specifically, a

source of boron is introduced into the reaction mixture to achieve this end. That

20



as, for example, those represented by the formulae below:
110~W~0~n~,011 Il o~,0 HOBsSSONsI-011111 OH OH OH These
oligomers then react with the alkaline earth metal reactive bases to form
borated salts, thereby introducing.boron into the alkaline earth metal

adkyiiad uemebs ilfdrafesod ihemresepidnvearntiacid] BEo8] ahhgdakateaon esters,
alkaline earth metal alkyltoluene sulfonate salts of the present invention

ave diypitaloovedoasading yrdefiniiio Thovenhasedmraté ralexaraplary process of
characterized by a metal content in excess of that which would be present
aibeqrclisunt o thetstoishichubini ofichb alet dincativasibathe sidp Adtbsall 1o

be overbased. The term "base number" or "BN" refers to the amount of
bageregjuivatendfovaitigs adis d toKiRHerr Home mistmahsampiendietsless the
higher BN reflects more alkaline products and thus a greater alkalinity
réserodudtng Bl rofidampiosivangke dkeinredibyetalacetyvefbmetobsn
including, for example, ASTM test No. D2896 and other equivalent
prdcatiivess Thidommacibaldiase nlimbber corth it itobiens sultheatgsolinin the
of base equivalent to milligrams of KOH in one gram of functional fluid.
Titresenternfs: aret@d oltennudeduiatenshgitgéetigiwiths tsdise sl ibrdecndensation
"BN," respectively. The term "low overbased" refers to a BN or TBN of
abbbrrictacibmay80cThia thenrtsigleovbrirasety' faufeberio acBINIbzoRBNXE ofuch
about 60 or more. [0060] The borated alkaline earth metal alkyltoluene
sutfdnatxzahothtre oreeentadberiioriarmylsabeleTBN of about 10 to

about 500, or about 50 to about 400,
HO\B 0. _OH

HO\B _0O.__OH é\ 0
C,)H (iJH OH

These oligomers then react with the alkaline earth metal reactive bases to form
borated salts, thereby introducing boron into the alkaline earth metal alkyitolueﬁe
sulfonates of the present invention,
[6059] The borated alkaline earth metal alkyltoluene sulfonate salts of the
present invention are typically overbased. By definition, overbased materials are
characterized by a metal content in excess of that which would be present according
to the stoichiometry of the metal cation in the sulfonate said to be overbased. The
term “base number” or “BN” refers to the amount of base equivalent to milligrams of
KOH in one gram of sample. Thus, higher BN reflects more alkaline products and
thus a greater alkalinity reserve. The BN of samples can be determined by a variety of
methods, including, for example, ASTM test No. D2896 and other equivalent
procedures. The term “total base number” or “TBN” refers to the amount of base

equivalent to milligrams of KOH in one gram of functional fluid. These terms are
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or even about 100 to about 300, such as about 150 to about 200. An
exemplary borated alkaline earth metal alkyltoluene sulfonate salt of the
present invention is highly overbased and has a TBN of about 160.

100611 Many conventional methods and reaction conditions for

OVERiSR ASHIG ntaMHYEONBRPASING Y CRTRMR el xiENEXIERRIES A SUBB term “low
methods and conditions are described in U.S. Patent No. 3,496,105, and

otheesbakbe heratet aliaing eBrhomeialt alkyliohiams sikoraie Sioihe erbased”
present invention are overbased, each with one or more overbasing

acieieratdeasNoneTmNvbicbdatsd ier asigde Accordingly, if boric acid is
included in the process as the source of boron, it may also serve to

oviglsige the refdthoganal atleslisaléaf06R]al hekbhoddeskalddbngteatty of the
metal alkyltoluene sulfonate salt of the present invention may be

prenacadibyefaosxampleydisSTRIe ofixtng:al Dydrasarbdin, selybnitsiicts about 400,
xylene with a low molecular weight alcohol such as methanol and a
sovireecnidiowlkaline gsuth J0efalsuab dasat dditisnatopd Aidan Erisaplary
premixing step may be performed at or near ambient temperature, such
ashat@bd ulkkhGeteashaonttl Qkytto hicabeulf2Qiictoalthduh S pfes¢00mIEntion is
Following premixing and if necessary, foam inhibitors and other
pragddgingeaidsethayddptionayhe alslsled 60.the reaction vessel. [00641 An
alkyltoluene sulfonic acid may then be added to the mixture with agitation.
Tyjeeally, the alkfiojuenssulionlmacidis addechsiowlyoodgimpbniedagbasing
22 time to avoid a rapid rise in temperature in the reaction mixture,
maintdiningdiastegipecatboa dfcthide nhixtmrplis afrangerefiaBbun@0Giditions are
about 55C. Thereafter, the reaction mixture is agitated for about 5

midesashtal abbUS 2BamiriNe st ¢01edpendtorecref Hhobw0Q tdkabottB0CHetal
or about 41C to about 46C, so as to insure adequate neutralization of the
alledtinkobanb snitalatesotivechmernT e cetictionemiatres¢d.ther with one or more

overbasing acids, at least one of which is boric acid. Accordingly, if boric acid is
included in the process as the source of boron, it may also serve to overbase the
resulting borated salt.

[0062] The borated alkaline earth metal alkyltoluene sulfonate salt of the
present invention may be prepared by, for example, first premixing a hydrocarbon
solvent such as xylene with a low molécular weight alcohol such as methanol and a
source of an alkaline earth metal such as a calcium hydroxide. This premixing step
may be performed at or near ambient temperature, such as at about 15°C to about
40°C, or at about 20°C to about 35°C. .

[0063] Following premixing and if necessary, foam inhibitors and other
processing aids may optionally be added to the reaction vessel.

[0064] An alkyltoluene sulfonic acid may then be added to the mixture with

agitation. Typically, the alkyltoluene sulfonic acid is added slowly over a period of
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cooled using a bath or other cooling mechanism to about 20C to about

25C, or about 21 C to about 24C, and is held at this temperature range

for about 1 hour to about 3 hours. This neutralization step may be omitted

if an alkaline earth metal alkyltoluene sulfonate salt is the starting material
insteath afeid atkagid kieni: salfperatamcich [DO6S8]ctisouradunt, ororasuiol ts
boric acid is then added slowly over a period of about 20 minutes to about
A@mpertesdofttenmittatiz erereagtiat shixtt 29 Whilebmaintaihifibatvefter, the
temperature of that mixture at about 20C to about 30C. This is followed
byehdidinmikenencigitutediurebatiabotin2s sdoadiout 30 @fovntan aidditiopedature
15 minutes. Again, this mixture is cooled to about 20C to about 25C. The
coblihguindethammubt I0%h rentoued Frortothlbors Ai6n sreasstel imisheradequate
immediately or within about 30 minutes. [0066] Typically, the reaction
migtirdizthem§ by kediaechtthneatth sactioe basseiheawpetiiatmixture is then
temperatures. It is believed that this stepped heating ap{proach may serve
topetidoesthe sbetimunithateoline Meahprisayte. sborXAm sreakobbiates or about
alkaline earth metal alkyltoluene sulfonate salt of the present invention

iy Geopreprrith andbivbeldstSspemipry Hetirmgeadaezhaitn haxturakput 3
a first intermediate temperature of about 65C in about 20 minutes to
aboursa®hisi novéraletiswatebynas derydtedsd cordk ahiter pedianetal alkyltoluene
temperature of about 80C in about 90 minutes to about 2 hours, followed

by hesmeirsedt & thiedintireagiatiakamisedlan etabolroocudoaiottidsc

in about 1 hour. 23 [0067] The low molecular weight alcohol, the )
hyR68hrbon salvenircaPiverrers susb sderiernsichissariddehsiendy diHageriod
the reaction so far are then removed from the reaction mixture through
soh abatib A hieimses thab e Riviontas tndharrepbplisestrpnetiomebérsgetyhile
alkaline earth metal alkyltoluene sulfonate salts of the present inyention
magipEisiap e temrssteekbempRaFRiRO N R folprr hestnitCor This is
dl?gyll&}\!gg ’by holding the reaction mixture at about 25 to about 50°C for an additional

15 minutes. Again, this mixture is cooled to about 20°C to about 25°C. The cooling
mechanism is then removed from the reaction vessel either immediately or within
about 30 minutes.

[0666] Typically, the reaction mixture is then slowly heated to reach one or
more intermediate temperatures. It is believed that this stepped heating approach may
serve to reduce the sediment rate in the final product. For example, a borated alkaline
earth metal alkyltoluene sulfonate salt of the present invention may be prepared in a
process comprising heating the reaction mixture to a first intermediate temperature of
about 65°C in about 20 minutes to about 40 minutes, followed by heating to a second
intermediate temperature of about 80°C in about 90 minutes to about 2 hours,
followed by heating to a third intermediate temperature of about 90°C to about 95°C

in about 1 hour.
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simply heating the reaction mixture to above the boiling temperatures of
the alcohol, solvent and water. In that process, the reaction mixture is

heated to reach a temperature of about 125C to about 140C in about 1
hour. [0068] Optionally, an inert liquid medium, such as a diluent oil or a

lufpieamt base THe My ithgarbarasedettadbroie artippirabtibenteoresices well as
the viscosity of the reaction mixture and/or disperse the product. Suitable

ditient-aiistaehiss Boshipdnga R dand g dedifiad foraxaien lodmled Fom the
AND LUBRICANTS HANDBOOK, (George E. Totten, ed., (2003)) at page

198w nhaseaite idsoughf sepnekalongthody tibeiie lohemidakieyigin B example,
biological origin.” It may not be necessary to add such an inert liquid
meaiboraddhilk jlineteuaif nfamexiampiictirespifactu et salexstlitie gr{@H6 A vention
The distillation step typically continues for about 2 hours at a temperature
ofradobié pROEréd AL PEREOC:diojoisied the kalllikgdive nesbtididixtiliatiéor
about 15 minutes at that temperature. The unreacted alkaline earth metal
rediatple Heasey sourescabhatonié ailabo teahdioriti racielygamatinesiofbitalcohol,
are then eliminated using conventional and well known methods such as
cesoiritng atio nvased/ b fhtrapioresk;ahexawntiple, thetlveratbchtlétadimeacarth
metal alkyltoluene sulfonate salt of the present invention may be
preparadtinaofrbeesd 25100 singutHd fieehingbofitiehreaction product in
the presence of a certain filter aid in a precoated pressure filter, followed
byi@0a8hing the Casidtinkfypet éhevithqpid coativihamnedtstoringiBwoh @l pelictubricant
24 [0070] The resulting borated alkaline earth metal alkyltoluene sulfonate
sditaf oihenpretent beeldid nochmpast srabdx i to abxbue hwtvisswitplodthe
3 to about 5 wt.%, or even about 3.2 to about 4.5 wt.%, such as about 3.5
torabdigtved vii¥oel bodisperFh thiemeidot b Srate et 8 usalt cdnapeknown in the
measured by certain standard methods that are well known in the art,
such as for éxBinedicfothex ASTIM IDAYBLS sNASTRRDBNES HMGrBOOS! (fheerge E.
resulting borated alkaline earth metal alkyltoluene sulfonate of the

Totten, ed., (2003)) at page 199, as “base fluids ... of mineral origin, synthetic

chemical origin or biological origin.” It may not be necessary to add such an inert
liquid medium at this juncture if, for example, the product is extruded.

[0069] The distillation step typically continues for about 2 hours at a
temperature of about 180°C to about 200°C, followed by holding the reaction mixture
for about 15 minutes at that temperature. The unreacted alkaline earth metal reactive
base, source of boron (if other than boric acid), and boric acid are then eliminated
using conventional and well known methods such as centrifugation and/or filtration.
For example, the borated alkaline earth metal alkyltoluene sulfonate salt of the present
invention may be prepared in a process comprising the filtering of the reaction
product in the presence of a certain filter aid in a precoated pressure filter, followed

by washing the resulting pellet with precoat oil and storing such a pellet,
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present invention typically has a boron to alkaline earth metal ion ratio of

in the range of about 1:0.2 to about 1:0.7, or about 1:0.3 to about 1:0.6, or
even about 1:0.5 to about 1:0.58, such as about 1:0.51 to about 1:0.56.
[00711 Moreover, a borated alkaline earth metal alkyltoluene sulfonate
saltgpared of thergprdsentioneatialk flas eaibcasity atkiioiofatiohate salt of
150 cSt to about 280 cSt, or about 170 ¢St to about 250 cSt, such as

abtbet @@ wShvastmeasupdsis deco Hlandwith wheASTWoDU3 & Fhat 5 wt.%,
salt may also have a flash point of greater than about 170C, or even
aboutvE:geus Gchtasiabdut. 1 90C:, asrheasbred 3nS arebrdahdewtiih, tHdoron.
ASTM D93. [00721 The lubricating oil composition of the present invention
cohiprised ohbosmmotechalaten békatinviredial etkidiolsiendaslifotiandsshltsare
prepared in accordance with a variety of suitable processes such as
thosadwemplifisbicatrbsecippidatlyx amiplbrideting 10U d2AfipbsitichSIhB 5 185,
present invention may comprise about 5 to about 60 mM, or about 10 to
abller 807 enMhoreevisingbortababalbysutaad mialoflioyléobrenorel foratstefithe
alkaline earth metal alkyltoluene sulfonate salts, based on the total weight

of ptisechibriceniion il dorhydiisiorporm éx e Hpliae darthi vaginbi @il o pbaitiba range
of the present invention comprises about 16 mM of a borated calcium
allofldioeink G forhtat daft, Tbasebouh tikdtstaibreid . 6f thav anrisatidgdoilto
composition. 25 Other Additives Metal-Containing Detergents [0073] The
lulseating Gif coripasilong bOthé jrebewit if¥éhtion may comprise one or
more other metal-containing but non-borated detergents in addition to the
onB8Tthore bordiewsaikalmbosatad stialinasayiohenbatkiforiacasapdonate salt
described above. Metal-containing or ash-forming detergents function
boBieRsrad e fertctsntdavrsion hamovisespodits A ad abrinbirreliizerabout

or rust inhibitors, thereby reducing '
280 ¢St, or about 170 ¢St to about 250 ¢St, such as about 200 ¢St, as measured in

accordance with the ASTM D445. That salt may also have a flash point of greater
than about 170°C, or even about 180°C, such as about 190°C, as measured in
accordance with the ASTM D93.

[0072] The lubricating oil composition of the present invention comprised one
or more borated alkaline metal alkyltoluene sulfonate salts prepared in accordance
with a variety of suitable processes such as those exemplified above. Typically, a
lubricating oil composition of the present invention may comprise about 5 to about 60
mM, or about 10 to about 50 mM, or even about 15 to about 40 mM, of one or more
borated alkaline earth metal alkyltoluene sulfonate salts, based on the total weight of
the lubricating oil composition. An exemplary lubricating oil composition of the
present invention comprises about 16 mM of a borated calcium alkyltoluene sulfonate

salt, based on the total weight of that lubricating oil composition.
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wear and corrosion and extending engine life. Detergents generally

comprise a polar head with long hydrophobic tail, with the polar head
comprising a metal salt of an acid organic compound. The composition of

the present invention may contain one or more non-borated detergents,

which are normally salts, and esp&elatlydoddithesed salts. Overbased

salts, or overbased materials, are single phase, homogeneous Newtonian
syMembChataigtargzBdtbroantsetal content in excess of that which would

be present according to the stoichiometry of the metal and the particular
acl@f¥dlganic cOmpduncitiogctddamigpskieontetathT peessdripasation may
materials are prepared by reacting an acidic material (typically an
incrgapitacia or fowentzrboxyik cavidisnghusnoatioatelickiteyenithin addition
mixture comprising an acidic organic compound, in a reaction medium
colnprisimg at feast ometidertkdigenictbohesak ot isnaindfanait salts described
naphtha, toluene, or xylene) in the presence of a stoichiometric excess of

a nlstat Ddsteeentrinirenes ash-oomn criricagiaic Hroeline bothgs datksgents to
useful in making the overbased compositions of the present invention
incksiscarbenylic depositsalionit asidoreuiphlbaph orustonbbifiong, desaeby reducing
phenols or mixtures thereof. Frequently, the acidic organic compounds
arevearbostyicrasion andsaifordingatasinathisulsricentmesaenrdiicapprise a polar
groups (such as hydrocarbyl-substituted benzenesulfonic acids), and
hybgadarishllonsdutitapbrbititsilicvadidbe pos kaad gooxyisiagie fapidsa! of an
e.g., salicylates, can be prepared by reacting an aromatic carboxylic acid
witeigrosgapie stiaRoHTstal bo sseRARItst HednesKid dgentiparBidyontain one or
Neutral or overbased products may then be obtained by methods well
knBWreiRob aAtet Ketaremiiey Meierr semmaliomiticedAseRsdi n e eased salts.
contain heteroatoms, such as nitrogen and oxygen, but preferably, the ,
mdRErewsthinksonn wabssr aeiaE2 S s ek Riste PEMBsHREUS R g vtonian

more carbon atoms, such as a i .
systems characterized by a metal content in excess of that which would be present

according to the stoichiometry of the metal and the particular acidic organic
compound reacted with the metal. The overbased materials are prepared by reacting
an acidic material (typically an inorganic acid or lower carboxylic acid, such as
carbon dioxide) with a mixture comprising an acidic organic compound, in a reaction
medium comprising at least one inert, organic solvent (such as mineral oil, naphtha,
toluene, or xylene) in the presence of a stoichiometric excess of a metal base and a
promoter.

[6074] The acidic organic compounds useful in making the overbased
compositions of the present invention include carboxylic acids, sulfonic acids,
phosphorus-containing acids, phenols or mixtures thereof. Frequently, the acidic

organic compounds are carboxylic acids or sulfonic acids with sulfonic or thiosulfonic
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benzene moiety. The aromatic carboxylic acid may contain one or more
aromatic moieties, such as one or more benzene rings, fused or

otherwise connected via alkylene bridges. Examples of aromatic

carboxylic acids include salicylic acids and sulfurized derivatives thereof,
suzhuas fyattosahygdhsedbitistde isaliey ieacideanidode rvatiyemthbydafcarbyl-
Processes for sulfurizing, for example a hydrocarbyl-substituted salicylic
acidhsirmted salicii¢trosis.skilled in the art. Salicylic acids are typically
prepared by carboxylation, for example, by the Kolbe-Schmitt process, of
pHe0BXides. InTashaadss sehogintcids adigelatralipobeamertieddy reacting an
diluent in admixture with uncarboxylated phenol. [00761 Sulfonates can
beompptcadibyudingsd faticacppropo aleifoeiiziteomikgirsLipstitateth oxide or
aromatic hydrocarbons such as those obtained from the fractionation of
petydienidoiNtigsd obeaitbasadnradigtativry dherdmebieingd catibads well
Alkaryl sulfonates usually contain from about 9 to about 80 or more
cdrbonwmin ths, aprefbrabiymaidemutieitof sho capmatie Oashpyhcaroith sgserontain
alkyl-substituted aromatic moiety. 100771 Metal salts of phenols and
sutfisiatbphiepiolh aaiprgsarenisyraantion medvrahlnopeopriiste aeatains only
compound such as an oxide or hydroxide. Neutral or overbased products
mast benctbeais edlibip e the dikoivel T8RS B¥HY BrerFerrexasipras.zpch as a
sulfurized phenols may be prepared by reacting a phenol with sulfur or a
suMvzessrtHiisig tonapoadostas hoxy ks avishen s oOitE D SUNeY iRGHD Red i atic
or sulfur dihalide, to form products that are mixtures of compounds in
winetiepiass sHeRepheholsne isnageairiesUirseonhehsing SriegascbTs]
The metal compounds useful in making the overbased salts are generally
arficleisbtidies BypPlefcthrEdRpsUiRaRoRYieapds derbide i Gitipacids and
Elements. The Group 1 metals of the metal compound include Group la
alRalfwraes slerevatives digreo o seabisia i draniarhylaabviings eroedinrid and

such as copper. The . _
derivatives thereof. Processes for sulfurizing, for example a hydrocarbyl-substituted

salicylic acid, are known to those skilled in the art. Salicylic acids are typically
prepared by carboxylation, for example, by the Kolbe-Schmitt process, of phenoxides.
In that case, salicylic acids are generally obtained in a diluent in admixture with
uncarboxylated phenol.

[0076] Sulfonates can be prepared by using sulfonic acid in to sulfoniate
alkyl-substituted aromatic hydrocarbons such as those obtained from the fractionation
of petroleum or those obtained from alkylation of aromatic hydrocarbons. Alkaryl
sulfonates usually contain from about 9 to about 80 or more carbon atoms, preferably
from about 16 to about 60 carboﬁ atoms per alkyl-substituted aromatic moiety.
[0077] Metal salts of phenols and sulfurized phenols are prepared by reaction
with an appropriate metal compound such as an oxide or hydroxide. Neutral or

overbased products may be obtained by methods well known in the art. For example,
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Group | metals are preferably sodium, potassium, lithium and copper,
more preferably sodium or potassium, and particularly preferably sodium.
The Group 2 metals of the metal base include the Group 2a alkaline earth
metals (e.g., magnesium, calcium, strontium, barium) as well as the

Gralifudbethplalsosliehypbezineparcddsimiaoting kefacablynte ety pZametals
are magnesium, calcium, barium, or zinc, more preferably magnesium or

calgibizinfiay dorpoyrareferalliteateidma (0N b Exanaplastalithene verhaskihlide,
detergents include, but are not limited to calcium sulfonates, calcium
phenates peadcictntisal eyl aibsuraloilvompiixadatesveiich Mixtuias tieiedsf. are
Overbased detergents suitable for use with the lubricating oils of the
présielgtinbentifnreytiieitavboidgebased (i.e., Total Base Number (TBN)

below 100). The TBN of such a low-overbased detergent may be from
ab@ir8jto abouflse et compbond slikédub hontakihoihtronediastd dhttare

about 20. The overbased detergents suitable for use with the lubricating
oilgenkthByprag €ty é i dirong)? alteri ativghpibelshiigtho Perhase dable. of the
TBN above about 100). The TBN of such a high-overbased detergent
mdidmeciromlabdiubip0 toctddeof 450motalroomabond 2@0utix &boup 350 icdi metals
from about 250 to about 280. A low-overbased calcium sulfonate
detergestdnith, poTBiuot, Abbuti)G sane lahiGhoop d thasédscaldimcopper. The
sulfurized phenate with a TBN of 28 about 260 are two exemplary
ovEroapddriletdsgents dfithid yulodoatingosissompbigitionsindf dheppresent
invention. The lubricating oil compositions of the present invention may
copmpitsebimoreltmopetasenpased petangerits prehicibinaydieal lloncTal 2
detergents, all high-TBN detergents, or a mix of the those two types.
100861sSdithb leadetbrge ntslfde tihe (utmipatinglkilivoregpdsitionds ¢¢ themagnesium,
present invention also include "hybrid" detergents such as, for example,
phealatetsadioyidies, ulfonpie/phlnatbs, Guifgnbersadis\latbss zinc or cadmium.
sulfonates/phenates/salicylates, and the like. Hybrid detergents have
beBreGegdiisbd Gorvgxamplds imr ¢ osigPetiam. ek 811581568, or zinc, more

preferably magnesium or calcium, particularly preferably calcium.

[0079] Examples of the overbased detergents include, but are not limited to
calcium sulfonates, calcium phenates, calcium salicylates, calcium salixarates and
mixtures thereof. Overbased detergents suitable for use with the lubricating oils of the
present invention may be low overbased (i.e., Total Base Number (TBN) below 100).
The TBN of such a low-overbased detergent may be from about 5 to about 50, or
from about 10 to about 30, or from about 15 to about 20. The overbased detergenis
suitable for use with the lubricating oils of the present invention may alternatively be
high overbased (i.e., TBN above about 100). The TBN of such a high-overbased
detergent may be from about 150 to about 450, or from about 200 to about 350, or
from about 250 to about 280. A low-overbased calcium sulfonate detergent with a

TBN of about 16, and a high-overbased calcium sulfurized phenate with a TBN of
28



6,281,179, 6,429,178, and 6,429,179. The disclosures of these patent
applications and patents, to the extend they pertain to hybrid detergents

and do not conflict with the disclosures herein, are incorporated by

reference in the entirety. [00811 For the lubricant oil compositions of the
pebsant tivaetion, dhengrtoy ot cobdbe! dotedporated theddbavad etdrgani{s)itions
if present, may be from about 0.5 to about 50 mM, or from about | to
abbthedrewdvit mvevemfrhe hiboichBitg @bootnd8simibhs nfthe prexlaryention
embodiment of the present invention, about 4 mM of a low-TBN sulfonate
deteygempise mboutial onklcobebhkigh JEBNzsulfurizechphanbtel doergasN

are present in the lubricating oil composition. Ashless Dispersants [0082]
THet¢vgmieatalphoghed BN abittogentf ther presehthiavieridwmapaliso

comprise one or more ashlers dispersants. Dispersants are generally

u$eeBf) maintaibuitaldasietangiots iftsshsblebrieetinials kesuiperytiosof the present
oxidation during use, thus preventing sludge flocculation and precipitation
otieptisitiolsoinehatal habtsl Nittorgsntisonchinindoashionpl trdeildeisglicylates,
dispersants are basic, and contribute to the TBN of a lubricating oil
comfsositdrhenatdsich teytaialivdeds witHonetentdtueins slididaisal and the like.
sulfated ash. An ashless dispersant generally comprises an oil soluble
pdlymitide2s dapds Geartmebaekintnd. Hav g iumetionl Yrbugst thas &rd 53,565,
capable of associating with particles to be dispersed. Many types of

a$hidds! dispetearistarakada I thErerdisfdosses pyphesk disjset santivations and
include, but are not limited to, amines, alcohols, amides, or ester polar
miitaiss atdsrrydensithepptyiriarioarkidsicveemranihde grbapailichavith the
ashless dispersant of the present invention may be, for example, selected
frétpcbibasieibrecsnlRscaeersomisih byastersnemitis srtieRY; and

oxazolines of long chain hydrocarbon substituted mono and dicarboxylic
ad¥8} their adleydiribbricanscatsorpateigarivatheBTesaBhg idian, the amount

hydrocarbons, long chain aliphatic
of the non-borated overbased detergent(s), if present, may be from about 0.5 to about

50 mM, or from about 1 to about 40 mM, or even from about 2 to about 38 mM. In an
exemplary embodiment of the present invention, about 4 mM of a low-TBN sulfonate
detergent plus about 32 mM of a high~TBN sulfurized phenate detergent are present
in the lubricating oil composition.

Ashless Dispersants

[0082] The lubricating oil compositions of the present invention may also
comprise one or more ashless dispersants. Dispersants are generally used to maintain
in suspension insoluble materials resulting from oxidation during use, thus preventing
shudge flocculation and precipitation or deposition on metal parts. Nitrogen-
containing ashless (metal-free) dispersants are basic, and contribute to the TBN of a
lubricating oil composition to which they are added, without introducing additional

sulfated ash. An ashless dispersant generally comprises an oil soluble polymeric
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hydrocarbons having a polyamine attached directly thereto; and Mannich
condensation products formed by condensing a long chain substituted
phenol with formaldehyde and polyalkylene polyamine. [0084] "Carboxylic
dispersants" are reaction products of carboxylic acylating agents (acids,
animydirdeboesierkbete hoamphisiciipas!l geasi 3tz dprefprhls p bedeassthep with
carbon atoms with nitrogen containing compounds (such as amines),
orgarticlés/trbrydisprrredubtigysupts ad alipbstid qemspoisnds includimghe art.
monohydric and polyhydric alcohols, or aromatic compounds including
phie8R] and naghytiots Kiapettentsasuduieohydric nudtenidted Thessneaetimhols,
products include imides, amides, and esters. [00851 Succinimide
dispeidsants estaptylpendictdsexigbatisp shsartynTirdyacrbomouiadadlbing
reacting hydrocarbyl-substituted succinic acylating agent with organic
hygiraxys cBhepshivds dospwishnanfitlespeererisivenéeonsy baefhyexagete, selected
attached to a nitrogen atom, or with a mixture of the hydroxy compounds
anframitie ] Tie selm egerscimidnacsitaingangdes irefdes and oxazolines of long
hydrocarbon-substituted succinic acid or a succinic acid-producing
cophpiaudirtrarizaresuhstbiadasses ane dicirhweltiSdds piabsiashydrides;
typically include hydrocarbyl-substituted succinic acids, anhydrides, esters
(indlisgaghalestsrsyaiivg hefiges. oifdusbecsihaipidopa sbdidisliiadnts
have a wide variety of chemical structures, which may be represented by
thdiydrasarkoos bagdng A R]yRnigHpcheddjreptly ﬂl,%m-wdceﬂm@@

condensation products formed by condensing a long chain substituted phenol with
formaldehyde and polyalkylene polyamine.

[0084) "Carboxylic dispersants” are reaction products of carboxylic acylating
agents {acids, anhydrides, esters, etc.) comprising at least 34 and preferably at least 54
carbon atoms with nitrogen containing compounds (such as amines), organic hydroxy
compounds (such as aliphatic compounds including monohydric and polyhydric
alcohols, or aromatic compounds including phenols and naphthols), and/or basic
inorganic materials. These reaction products include imides, amides, and esters.
[6085] Succinimide dispersants are a type of carboxylic dispersants. They are
produced by reacting hydrocarbyl-substituted succinic acylating agent with organic
hydroxy compounds, or with amines comprising at least one hydrogen attached to a
nitrogen atom, or with a mixture of the hydroxy compounds and amines. The term
"succinic acylating agent" refers to a hydrocarbon-substituted succinic acid or a
succinic acid-producing compound, the latter encompasses the acid itself. Such
materials typically include hydrocarbyl-substituted succinic acids, anhydrides, esters

(including half esters) and halides.
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/I -CHy O O wherein each Rt is independently a hydrocarbyl group, such
as a polyolefin-derived group. Typically the hydrocarbyl group is an alkyl
group, such as a polyisobutyl group. Alternatively expressed, the Rl
groups can contain about 40 to 500 carbon atoms, and these atoms may
be{¢i88ENt in aliplatici fabased Ri2psrsanal kytene wrdepariegnuhdmynaal structures,
ethylene (C2H4) group. Succinimide dispersants have been more fully
desbiithedan biorepxesenia] by heFfatent!Nos. 4,234,435, 3,172,892 and
6,165,235. The disclosures of these patents, to the extend they pertain to
succinimide dispersants and o not conflict with the-gisclosures herein,
are incorporated by referengg in the entirety. [00871 ?She

ical

kenes
from which the subsiifi "f"&rews.s{mg %ﬁ%&d_ﬁ{e_i ly homopolymers
and interpolymers of r_n@ri'zable olefin rfonomers of 2 tg. 16 carbon
atoms, and usually 2 to 6 cagbon atoms. The amines whic dre reacted
with the succinic acylating agents to form the carboXylic dispersant
composition can be monoamines or polyamines. [00881 Succinimide
dispersants are referred to as such since they normally contains nitrogen

largely in the form of imide functionality, although the amide functionalit

maPERE Hh G it GHLERTRETANGR BHASET i BEARinuSTeds ap gletin-derived
T L TR e IR A v
AT MENP B £ TR Tt St B R BB e bor
reaction temperature is generally in the range of about 80C u the
de%t8fﬂfxc?§%] e?érﬁ?@?ﬁt‘ﬁ??é’%?%%ﬁﬂr%‘ %“?ﬁlé v ,zméoﬁﬁ%ea@ouﬂ
falflzsor?l%g\évrﬁs rgml g&%lgzged(églgig'g'?\(glg}:i.tiglqg:ligleégi g 1536?5)(&%22 lz?&ecge%hnemore fully
described in, for example, U.S. Patent Nos. 4,234,435, 3,172,892 and 6,165,235. The
disclosures of these patents, to the extend they pertain to succinimide dispersants and
do not conflict with the disclosures herein, are incorporated by reference in the
entirety.
[0087] The polyalkenes from which the substituent groups are derived are
typically homopolymers and interpolymers of polymerizable olefin monomers of 2 to
16 carbon atoms, and usually 2 to 6 carbon atoms. The amines which are reacted with
the succinic acylating agents to form the carboxylic dispersant composition can be
monoamines or polyamines.
[¢088] Succinimide dispersants are referred to as such since they normally
contains nitrogen largely in the form of imide functionality, although the amide

functionality may be in the form of amine salts, amides, imidazolines as well as

mixtures thereof. To prepare a succinimide dispersant, one or more succinic acid-
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procedures for preparing the succinimide dispersants of the present
invention have been described in, for example, U.S. Patent Nos.
3,172,892, 3,219,666, 3,272,746, 4,234,435, 6,440,905 and 6,165,235.
The disclosures of these patents, to the extend they pertain to

prepduatiencofmpwoanihinnde tispetsantandnes doertetcahdlict iwitiodtie water is
disclosures herein, are incorporated by reference in the entirety. 100891
Suitabled sipdestispetlsaptssaray afsonnchadly Eminkadibpersantsiyhicht
are reaction products of relatively high molecular weight aliphatic halides
andzamines;idoselferatidyl paiyalky eree tpol feampees v Exagples tharetfeharge of
been described, for example, in U.S. Patent Nos. 3,275,554, 3,438,757, ‘
3 A4 3566 B0 4icanibs tibhe e Tiperaissiafuhestok theser patemesiug, which
the extend they pertain to amine dispersants and do not conflict with the
disgioslirethebetmcarel 856 imodANSFatetdojtiefel dateél sranthexemiplty of the
100901 Suitable ashless dispersants may further include "Mannich
dispershints fonbicprsine tbactiosiprotiectspiratiogt phtheatserenthioientien have
alkyl group contains at least 30 carbon atoms with aldehydes (especially
fopaealdetvyibe)! amdoamimme e $hEcRalym OfpalidEReSPalynAlihesh, Brege/40,
dispersants have been described, for example, in U.S. Patent Nos.
3838008, 3,986, 82028] 5016598 5398016y sares tghtikepathets, to the extend
disclosures of these patents, to the extend they pertain to Mannich
diperparsndndrpaaiovaf porinintiis dispisureapé dsimoarsniflesiigih the
incorporated by reference. 32 [0091] Suitable ashless dispersants may
evbstlpairicpost treateedtiopueskitsefovhiste Hréholsrlined by reacting
carboxylic, amine or Mannich dispersants with reagents such as
ditA8BOAptothiatolidahlarshles cigeerseairyoaymbfiod vdrianinfedisnestapes which
carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitrile _
epoxigestibrspdusinpbaietivahohish malcrdat telahi ¢ ldpdatieshpltdasand amines,
been

preferably polyalkylene polyamines. Examples thereof have been described, for

example, in U.S, Patent Nos. 3,275,554, 3,438,757, 3,454,555, 3,565,804, and the
like. The disclosures of these patents, to the extend they pertain to amine dispersants
and do not conflict with the disclosures herein, are also incorporated by reference in
the entirety.

[0090} Suitable ashless dispersants may further include “Mannich
dispersants,” which are reaction products of alkyl phenols in which the alkyl group
contains at least 30 carbon atoms with aldehydes (especially formaldehyde) and
amines (especially polyalkylene polyamines). These dispersants have been described,
for example, in U.S. Patent Nos, 3,036,003, 3,586,629, 3,591,598, 3,980,569, and the
like. The disclosures of these patents, to the extend they pertain to Mannich
dispersants and do not conflict with the disclosures herein, are likewise incorporated

by reference.
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described, for example, in U.S. Patent Nos. 3,329,658, 3,449,250,

3,666,730, and the like. The disclosures of these patents, to the extend

they pertain to post-treated dispersants and do not conflict with the
disclosures herein, are further incorporated by reference. [0092] Suitable
asjuless} dispersguiabivyshr Baispasmtwhish ane inthigolyaersatd dispersants,
oil-solubilizing monomers such as decyl methacrylate, vinyl decyl ether
anaighraoleailad weighithlgfiasboiiyiin)antimess Kantddshidispatkants with
substitutes. Polymeric dispersants have been described, for example, in
U.BaRatenubloss diai0aptihidZde2h0a 31666178 achuoh theulikde, Tdidehydes,
disclosures of these patents are similarly incorporated by reference.

[OG8RInks anardxe il acyd hydaticig baih cobyivsitio nuot e prbgdnd teyvertien,

a bissuccinimide treated with ethylene carbonate is used as the ashlers
dispersde, boranathswendsmpldid itdctingtaibedmppsitonsdidhebeen

present invention, a borated bissuccinimide derived from heavy
pofyacnibeal afud expolyisalnuiiyfe fasucdinic 3a6TRIE $48sd a8 Ghe,730, and the
ashless dispersant. In yet another exemplary lubricating oil composition

of like. s ditt-lovertof lzos@phiass, disthe rsert dixtyneedam poiswry-botte of
these bissuceinimides is used. [0094] The ashless dispersant is suitably
présgrtiangmaarhdunobédndlicabobthe isolahues HOdnvassfisthebduoprorated by
to about 8.0 wt.%, or even about 3.0 to about 7.0 wt.%, such as about 4.0

to miferah€c0 wt. %. An exemplary lubricating oil composition 33 of the

present invention comprises an ethylene-carbonate treated bissuccinimide
digpéraant in anSantahinteilapodis et 9marivtvebivisricanddcsibre
composition of the present invention comprises a berated bissuccinimide
dispergatyrirearpamberiubilizbgundnomarssial eselbed arethacrylate, vinyl decyl
ethylene-carbonate treated bissuccinimide dispersant in an amount of

abetle @ahigh molecular weight olefins with monomers containing polar substitutes.

Polymeric dispersants have been described, for example, in U.S. Patent Nos.
3,329,658, 3,449,250, 3,666,730, and the like. The disclosures of these patents are
similarly incorporated by reference.

[6093] In an exemplary lubricating oil composition of the present invention, a
bissuccinimide treated with ethylene carbonate is used as the ashless dispersant. In
another exemplary lubricating oil composition of the present invention, a borated
bissuccinimide derived from heavy polyamine and a polyisobutylene succinic
anhydride is used as the ashless dispersant. In yet another exemplary lubricating oil
composition of the present invention, an ashless dispersant mixture comprising both
of these bissuccinimides is used.

{0094] The ashless dispersant is suitably present in an amount of from about
0.5 to about 10.0 wt.%, or about 2.0 to about 8.0 wt.%, or even about 3.0 to about 7.0

wt.%, such as about 4.0 to about 6.0 wt.% . An exemplary lubricating oil composition
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Antiwear Agents [0095] The lubricating oil compositions of the present
invention may further comprise one or more antiwear agents.

Dihydrocarbyl dithiophosphate metal salts are frequently used as

antiwear and antioxidant agents. The metal may be an alkali or alkaline
earfihmetatcor ialvemiimmnetepdsasmmmetly baerumbonan ganied dissictahonide
copper. The amount of this particular type of antiwear agent may be
linditggebisyrthia ghosphospharost edhtertomarpthemdiibeingeidatmposition of the
compositions of the present invention. Accordingly, these zinc salts may
berpresdnnmthen gbrigating olidratedrivsmiecfinbdndispersaabouapanmmnt of

or about 14 to about 22 mM, or even about 16 to about 20 mM. An

exampldr) wiicatingebibeompbslioerofrtitaprdseicdrhierisinioodephseasant in
about 19 mM of a zinc dithiophosphate. [0096] They may be prepared in
acubpgznue ofiebaiovhwedhniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohol
orAantiveem denk S5 and then neutralizing the formed DDPA with a zinc
compound. For example, a dithiophosphoric acid may be made by

el mixturddotprieriipeaeil csepptiaeyariche kreatnd inagybgp may further
multiple dithiophosphoric acids can be prepared where the hydrocarbyl
greDpeOsE one eFaertiraljaas gaarlsy Ihydseauterl didigrh e apsial salts are
groups on the others are entirely primary in character. To make the zinc
safteansnBysiccdranantraraiiad sripuidntagtatbel heducklnms beapedkali or
hydroxides and carbonates are most often employed. Commercial

aduirlins sarthongiahigr chHTHMIEN 638 cdn. sroivkdgmento B Ieesss wigkel or
excess of the basic zinc_ compound in the neutralization reaction. [0097
THeopPefeliaviasossiup Susradiamat dprodhasprereaera Y berbanicddy the

from diaIkykgldithiophosphori.c acids of the formula: S »
phosphosphorus content maximum of the lubricating oil compositions of the present

invention. Accordingly, these zinc salts may be present in the lubricating oil in
amounts of about 12 to about 24 mM, or about 14 to about 22 mM, or even about 16
to about 20 mM. An exemplary lubricating oil composition of the present invention
comprises about 19 mM of a zinc dithiophosphate.

10096] They may be prepared in accordance with known techniques by first
forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually by reaction of one or
more alcohol or a phenol with P;Ss and then neutralizing the formed DDPA witha
zine compound. For example, a dithiophosphoric acid may be made by reacting
mixtures of primary and secondary alcohols. Alternatively, multiple dithiophosphoric
acids can be prepared where the hydrocarbyl groups on one are entirely secondary in
character and the hydrocarbyl groups on the others are entirely primary in character.
To make the zinc salt, any basic or neutral zinc compound could be used but the

oxides, hydroxides and carbonates are most often employed. Commercial additives
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ROO / SH OR' The hydroxyl alkyl compounds from which the
dialkyldithiophosphoric acids are derived can be represented generically
by the formula ROH or R'OH, wherein R or R'is alkyl or substituted alkyl,
preferably branched or non-branched alkyl containing 3 to 30 carbon
atdragudvitbye: priefer ab s deso bRz iscalir an che dserofian-dvesnshddhalkybic zine
containing 3 to 8 carbon atoms. [0098] Mixtures of hydroxyl alkyl
compgundd inalycalsothd used. réfesem. hydroxyl alkyl compounds need not
be monohydroxy alkyl compounds. The dialkyldithiophosphoric acids may

thi808&preparedteqnefanebeiltiol thic tatradiaikg! dithieppodphyesoxgatiey|
compounds, or mixtures of two or more of the foregoing. Preferably, the

zinaiatied dthiogiatsplybdéldephagplivoin ants pfithafpatkayalcohols is
derived from a single primary alcohol. Preferably, that single primary
alcohol is 2- ethylhexanol. Preferahy, the zinc dialkyldithiophosphate
derived from only secondary alkyl alco . Preferably, that mixture of
secondary alcohols is a mixture of 2-bu rﬁkgﬁd 4-methyl-2-pentanol.
[00991 The phosphorus pentasulfideateactant used in the
dialkyldithiophosphoric acid formation step may contain minor amounts of
e GO RbAS! RS Pt Sl A Sk RSP HS SEid arc
may also contain minor amounts of free sulfur. 35 Viscosity Index o
Mé‘éﬁﬂé‘?@ o0 beopmsecipdieatieiicailcbriibe Jhispid HRAE prdséNtinvesisnk ot
mj%/, optionally comprise one or more viscgggg index modifiers. The

visto ,

Sty ex whgidutsd sekxtopreferitrdysaahest anprbvdangipd alkyl containing

incorporating therein certain polymeric )
3 to 30 carbon atoms. More preferably, R or R’ is a branched or non-branched alkyl

containing 3 to § carbon atoms.

[6098] Mixtures of hydroxyl alkyl compounds may also be used. These
hydroxyl alkyl compounds need not be monohydroxy alkyl compounds. The
dialkyldithiophosphoric acids may thus be prepared from mono-, di-, tri-, tetra-, and
other polyhydroxy alkyl compounds, or mixtures of two or more of the foregoing.
Preferably, the zinc dialkyldithiophosphate derived from only primary alkyl alcohols
is derived from a single primary alcohol. Preferably, that single primary alcohol is 2-
ethylhexanol. Preferably, the zinc dialkyldithiophosphate derived from only
secondary alkyl alcohols. Preferably, that mixture of secondary alcohols is a mixture
of 2-butanol and 4-methyl-2-pentanol.

[6099] The phosphorus pentasulfide reactant used in the
dialkyldithiophosphoric acid formation step may contain minor amounts of any one or
more of P2S;, PyS3, P4S7, or P4Sy. Compositions as such may also contain minor

arnounts of free sulfur.

35



materials that function as viscosity modifiers (VM) or viscosity index

improvers (VII). Generally, polymeric materials useful as viscosity

modifiers are those having number average molecular weights (Mn) of

from about 5,000 to 250,000, preferably from about 15,000 to 200,000,
mBqudterahlyfiodifiewst 20,000 to 150,000. These viscosity modifiers

can optionally be grafted with grafting materials such as, for example,
maldibi@hhydrid€hahebtihetiyg fvdcb ongtesisiboan Hheeacte withnfon may
example, amines, amides, nitrogen-containing heterocyclic compounds or

al epitioh 4B femmpise tfoe oti onak wiscosity imddifierslifitspdrsamiseisitysindex of the
modifiers). [00101] The exemplary lubricating oil compositions of the
présenttimieistionreasep) ey iapiowsdthy lenerpropyigribecdpaigragrolymstic
may or may not be grafted by maleic anhydride. The copolymers may be
empiyedsaharfamoomafreiscehounodiftersaBovh 1005wy tidakdumpiogers

to about 8.0 wt.%, such as about 2.0 to about 6.0 wt.%, of the lubricating
oil(50mpositioal] F otipmdvio difites 00Bo21 [as cescaimite mbdifinmeats these having
lubricating oil compositions of the present invention further comprises one

or muoresfricioremogiterdaieishis M) o€ briminbrptSrgan e rRdlHbmueferably
compounds are known to function as friction modifiers in lubricating oil
cofrpogitionis] Wik tal280060idnegeantbxrtan trod ahemid@PeP@it> b, These
lubricating oil composition. Examples of such oil soluble
orgéssesiopbddirunrasompeunbstineradediviib carbiraapaterials such as, for
dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides,
anekeepikenaledcrmbndad e dic 26 [601me O swibferecirdptittipier example,
trinuclear molybdenum compounds can be prepared by reacting in the
appropeiatenigard ()reererrEdiainohgieny it senre widhorga cohol, to form
(NH4)2M03S13n(l-120), where n varies between 0 and 2 and includes
nomusidicividenalridsvaniysnodthassdsisanariscesiiydacsibarss a

tetralkylthiuram T N . .
[00101] The exemplary lubricating oil compositions of the present invention

employ various ethylene-propylene copolymers, which may or may not be grafted by
maleic anhydride. The copolymers may be employed at an amount from about 0.2 to
about 10.0 wt.%, or about 1.0 to about 8.0 wt.%, such as about 2.0 to about 6.0 wt.%,
of the lubricating oil composition.

Friction Modifiers

[00102] Iﬁ certain embodiments, the lubricating oil compositions of the present
invention further comprises one or more friction modifiers. Various sulfur-containing
organo-molybdenum compounds are known to function as friction modifiers in
lubricating oil compositions, while also providing antioxidant and antiwear credits to
a hubricating oil composition. Examples of such oil soluble organo-molybdenum
compounds include dithiocarbamates, dithiophosphates, dithiophosphinates,

xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.
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disulfide. Other oil soluble or dispersible trinuclear molybdenum

compounds can be formed during a reaction in the appropriate solvent(s)

of a molybdenum source, such as of (NH4)2Mo03S13.n(H20), a ligand
source such as tetralkylthiuram disulfide, dialkyldithiocarbamate, or
dietityilithiophOsphdidland dsputfiblabstradtngragebtisuch camppanidean be
ions, sulfite ions, or substituted phosphines. Alternatively, a trinuclear
npedpbadriynescifug hatldeagatbsriete disiMIQIMOG3STA 6] nwhdrdeMinssaurce such
counter ion, and A is a halogen such as Cl, Br, or I, may be reacted with a
ligraiNHs0vioe S uietia® a vwdietkyl dithiecbebyernn e orddalkyg dithidph osphate

in the appropriate liquid(s)/solvent(s) to form an oil soluble or dispersible
tetidieanehatylderimitbempoebid lighel appropsath lisjaitisdkgttintam be,

for example, aqueous or organic. [00104] The terms "oil soluble" or
"dispéidibiethesed sdrdile do disparsibéssinilyldmdicalebttanthe compodsdan be
or additives are soluble, dissolvable, miscible, or capable of being
stspeddeding theeoitiondh groppptiopriat® helsea(sindarmhbbdsmmikaritreyuch
are, for instance, soluble or stably dispersible in oil to an extent sufficient
tesexit Havlimn@en déti £he otligamd senvieormeiens intreHizhiltiveasil desulfide,
employed. Moreover, the additional incorporation of other additives may

aféd pddiii snadrporstion dfaighbthienispbite pard@dutfadaistrecting agent such
desired. [00105] An exemplary lubricating oil composition of the present
irventonledmsloydfdaieibeleribsiisiediphestbioomplstrpsifetticntrinuclear
modifier. Of the lubricating oil composition, the molybdenum complex

g Wolestuteidmbabidesaistsoag IM M Fofs anduroMbite aperter ion,

0.5 wt.%, or even from about 0.20 to about 0.40 wt.%. An 37 exemplary

e oAatin g loilagsm poeition(df e prbsent hnveatind cothpriceand suifapisach as a

molybdenum succinimide complex in an amount of about 0.20 wt.%,

bédistey stithiesandrinareighd sl itiinRhambadn vodpermppiidatioxidants
Hquid(s)/solvent(s) to form an oil soluble or dispersible trinuclear molybdenum
compound. The appropriate liquid/solvent may be, for example, aqueous or organic.
{00104} The terms "oil soluble” or "dispersible” used herein do not necessarily
indicate that the compounds or additives are soluble, dissolvable, miscible, or capable
of being suspended in the oil in all proportions. These do mean, however, that they
are, for instance, soluble or stably dispersible in oil to an extent sufficient to exert
their intended effect in the environment in which the oil is employed. Moreover, the
additional incorporation of other additives may also permit incorporation of higher
levels of a particular additive, if desired.
[00105} An exemplary lubricating oil composition of the present invention
employs a molybdenum succinimide complex as friction modifier. Of the lubricating |

oil composition, the molybdenum complex may constitute from about 0.1 to 0.8 wt.%,

or from about (.15 to about 0.5 wt.%, or even from about 0.20 to about 0.40 wt.%. An
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[00106] The lubricating oil compositions of the present invention may
optionally further comprise one or more antioxidants. Oxidation inhibitors

or antioxidants reduce the tendency of mineral oils to deteriorate in

service. Such oxidation inhibitors include hindered phenols, alkaline earth
metahgstisy dbbaikydiplhenblivigestershdvirgppeaiar ablyiSntoodiRisdky sulfurized
side chains, calcium nonylphenol sulfide, oil soluble phenates and
sulfuiligettphe natesiplids phasitfuiizedaassutfofidechhfddeartiobssed on the
esters, phosphorous esters, metal thiocarbamates, oil soluble copper
commpbunghias deshribedtingfoll exapyigiod.S. Patent No. 4,867,890.

[00107] Aromatic amines having at least two aromatic groups attached
dirsotlipxidahes nitrogen constitute another class of compounds that is
frequently used for antioxidancy. Typical oil soluble aromatic amines
haldttpal least filre arbrivatiogrolpsnpoaches ditbe tyetognavaniine may
nitrogen contain from 6 to 16 carbon atoms. The amines may contain
mogithaliyhiotheo nuatipr roupsoTinerarorhaticlsingsCrsldftenindiipdoittitad

by one or more substituents selected from, for example, alkyl, cycloalkyl,
allosipxityitxysdacy| recgiadniny, dydnoxy) aild niteigiowmpsifeendes. Such
Lubricating oil compositions in accordance with the present invention may
comadatieormbibitot 08 udedbodersdophuiids orlidmeatott Bad salabolt 3.0
wt.%, such as from about 0.50 to about 2.0 wt.%, of one or more
amibxlgbens!thinegrsnpiang iprsfioatihg(Gile Smpdkitortotctinnsresisimm
invention comprises about 0.5 wt.% of an antioxidant that is
di-®Byipbherhdatfiite ol ntHublexdempiesansbrid atings dipBS esm pbsitihe ol furized
the present invention comprises about 1.0 wt.% of a hindered phenolic
propivhirzed teydiptuiiones egame s pisoonossiorssmetal thiocarbamates, oil
di-Cg-diphenylamine. Other Additives [001091 Other additives may be
incoipbiateniete P Iupaeatdgseiibednmp baitirampletHe. pr8stant Noemdor,890.

to satisfy the particular performance )
{00107} Aromatic amines having at least two aromatic groups attached directly

to the nitrogen constitute another class of compounds that is frequently used for
antioxidancy. Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine nitfogen contain from 6 to 16 carbon atoms. The
amines may contain more than two aromatic groups. The aromatic rings are often
substituted by one or more substituents selected from, for example, alkyl, cycloalkyl,
alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.

[00108] Lubricating oil composttions in accordance with the present invention
may contain from about 0.05 to about 5.0 wt.%, or from about (.10 to about 3.0 wt.%,
such as from about 0.50 to about 2.0 wt.%, of one or more antioxidants. An
exemplary lubricating oil composition of the present invention comprises about .5

wt.% of an antioxidant that is di-Cg-diphenylamine. Anther exemplary lubricating oil
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requirements associated with diesel engine oils. Examples of such other
additives include, for example, rust inhibitors, anti-foaming agents, and

seal fixes. 1001101 Rust inhibitor or anticorrosion agents may be a

nonionic polyoxyethylene surface active agent. Nonionic polyoxyethylene
surfaveddtiive cfgbatscirollideciitracermati sienisbduto] .folydkydthyliedered phenolic
lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene

nopadpheatd etteegpolyidayethylenl actpiphdh§lwethen golyeryBttyiémeine.

octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol

mdatee Ardditiveslyoxyethylene sorbitol mono-oleate, and polyethylene
glycol monooleate. Rust inhibitors or anticorrosion agents may also be

ott{éd Ethpoundsthevkidtitvelunieyfor axamplefastéatidleciubaiedtg er fatty
acids, dicarboxylic acids, metal soaps, fatty acid amine salts, metal salts

of beapyssiitionid teigreseriahveatisoxigisatiely tstepnicpbiyhyrioraleotls,

and phosphoric esters. [001111 Foam inhibitors typically include alkyl
metisatiyaetpalymmishnithdlinsthstgitic ot p dlymeries ek sneplater additives
compositions of the present invention contain silicon-based foam

intitisitods.i frafrenrls rergingiroprsapoidaorpperrasHbomdsE P gies or

from about 20 ppm to about 40 ppm, such as about 30 ppm, based on the
totHIOWIGht of tRetanittition YOTPIRsISeattive Sakebsl s taimie seal
swelling agents or seal pacifiers. They are often employed in lubricant or
adBflyexssthpssiiorsars irriiie saapel eatdeed yss sy lenscpraoe getive agents
premature seal failures and leakages. Seal swell agents may be, 39 for
exdpiiée. dinkuleibid satindiedpeliphstiby msrsmatiethgd R apsyatbeiere higher
such as di-2-ethylhexylphthalate, mineral oils with alkphatic alcohols such

as alakel riien ey anpribelsara eryiphipnybaibematianietlylene octylphenyl ether,

hydrocarbonyl-substituted phenol, and di-2- ethylhexylsebaeate. [00113]
Sope&er st aisBe et staRdF deBitobL sapprnRIelayhRihfsieRly xyethylene

sorbitol monostearate, polyoxyethylene sorbitol mono-oleate, and polyethylene glycol
monooleate. Rust inhibitors or anticorrosion agents may also be other compounds,
which include, for example, stearic acid and other fatty acids, dicarboxylic acids,
metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial
carboxylic acid ester of polyhyric alcohols, and phosphoric esters.

[00111] Foam inhibitors typically include alkyl methacrylate polymers and
dimethyl silicon polymers. Exemplary compositions of the present invention contain
silicon-based foam inhibitors in amounts ranging from about 10 ppm to about 50 ppm,
or from about 20 ppm to about 40 ppm, such as about 30 ppm, based on the total
weight of the composition.

[60112] Seal fixes are also termed seal swelling agents or seal pacifiers. They
are often employed in lubricant or additive compositions to insure proper elastomer

sealing, and prevent premature seal failures and leakages. Seal swell agents may be,
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effects; thus for example, a single additive may act as a dispersant as well

as an oxidation inhibitor. These multifunctional additives are well known.
[00114] As readily understood by those skilled in the art, the amounts of
certain additives are suitably listed with the unit "mM" rather than the unit

"fir s apleambsmubieasnualitileliwheiiclistout auithi tHey drsicarhon, esters such as
calculated with reference to the amount of calcium ion in 1 kilogram of an
adidiiethgbwsghththeldompiising slchithrkoditical [pbolsjupitsiridecyl alcohol,
lubricating compositions contain one or more of the above- mentioned
atfigitiveghicaeticadaliveinajisic anijibidndedcarton g Hist tolkihpianat endidi-2-
that enables the additive to provide its desired function, It may be
debiyihsisylatbasatih not essential, to prepare one or more additive
concentrates comprising additives (concentrates sometimes being

rdfd &3l to as duunivel phckbgesywnideany addities eatdmosisleanpdtiplicity of
added simultaneously to the oil to form the lubricating oil composition.
TeieRtaeeipoeoInayseTelsi o dios e 36 i ad Rty Belbasen
wt.%, typically 10 to 20 wt.% of the concentrate, the remainder being the
ofteflaupniddtiharistessieynali BestipnakpdiHEr R SRR ¥Bmposition of

the present invention employs about 12.8 wt.% of a concentrate, with the _
rdfdittier beindsercaditzmrdeisisodbrdhasgyskidledsmyht ne.dbprasppenisof certain
can be blended in any order and can be blended as combinations of
candpdrise wopob1ispd RiEhibe mish WM D eatanda Hircvaibotftop.” An
reference to the following examples, which are not to be considered as
linatvbdrRaddiiye. ERaniset Sitotrermithe¥bionmsrslessd iéd sefsrence to
provided to illustrate the present invention without limiting it. While the
preSEMOVeRTRcHAY Ineeh dddlansan itn AdERCOIS YL Romprising such

embodiments, this application is intended to encompass those
an additive.

{00115} When lubricating compositions contain one or more of the above-
mentioned additives, each additive is typically blended into the base oil in an amount
that enables the additive to provide its desired function. It may be desirable, although
not essential, to prepare one or more additive concentrates comprising additives
(concentrates sometimes being referred to as additive packages) whereby several
additives can be added simultaneously to the oil to form the lubricating oil
composition. The final composition may employ from 5 to 30 wt.%, preferably 5 to
25 wt.%, typically 10 to 20 wt.% of the concentrate, the remainder being the oil of
lubricating viscosity. An exemplary final lubricating oil composition of the present
invention employs about 12.8 wt.% of a concentrate, with the remainder being a
suitable oil of lubricating viscosity. The components can be blended in any order and

can be blended as combinations of components,
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various changes and substitutions that may be made by those skilled in

the art without departing from the spirit and scope of the appended

claims. Example 1: Preparing an Overbsed Borated Calcium Alkyltoluene
Sulfonate Salt [00118] In a 5-liter glass vessel, about 228 grams of

m§abane], about h80avetdmmswatDyddnahanohdboudclDRySfeamseab the following
hydrated lime (calcium hydroxide) were mixed to achieve homogeneity or
neahgritegehailyardhoutdi2cgraidered anlalkiyltblaertétsattgric acid,

which had a molecular weight of about 471, was added to the vessel,

while maintaining the temperature EX2eMPAXSN mixture in the range of

about 20C to about 30C. This addition was completed in about 15
milgdtEsT]JAbout 291 1hgfathsvaidoricradad pevydeyidaktithdnstcteth¢ptbent
vessel, while maintaining the temperature of the reaction mixture in the
rangeiabeithd00itoithoiit 368G The presoti onvanikturbay bsethdeske pedhwvith
this temperature for about 15 minutes. The vessel containing the reaction
misetferenwa sothper Hieatadodigrsten shid yifrdice aboit BEDded abeutcdsBs{2hose
from about 65C to about 93C; and from about 93C to about 128C. About
35&granishehgeSandpubsiingienoiharasaaddenadethy thessekiled thahe art without
mixture was stirred. The entire mixture was then subject to centrifugation

at &eh@0QUB artialpirgoid seetmenthwapnerodethimbis was followed by
heatlng the I|qU|d phase to about 185C under a vacuum of about 40

repeated ina second batch usmg the set of steps and the same amount
of gdlitnaterials except that the amount of methanol added to the
premixture was increased to about 240 grams. The resulting salts were

ani9xé8iand its vativasd prispelarss aseclistbain’? aliem el s pagieabout 1800

Analysis of the borated calcium alkyltoluene sulfonate salts Properties
BagehsBdtshione, and about 192.5 grams of hydrated lime (calcium hydroxide) were

mixed to achieve homogeneity or near homogeneity. About 572 grams of an
alkyltoluene sulfonic acid, which had a molecular weight of about 471, was added to
the vessel, while maintaining the temperature in the reaction mixture in the range of
about 20°C to about 30°C. This addition was completed in about 15 minutes. About
291.9 grams of boric acid powder was then added to the vessel, while maintaining the
temperature of the reaction mixture in the range of about 30°C to about 35°C. The
reaction mixture was then kept at this temperature for about 15 minutes. The vessel
containing the reaction mixture was then heated in 3 steps: (1) from about 35°C to
about 65°C: (2) from about 65°C to about 93°C; and from about 93°C to about 128°C.
About 358 grams of a Group I mineral oil was added to the vessel and the mixture
was stirred. The entire mixture was then subject to centrifugation at a 10,000G and the
solid sediment was removed. This was followed by heating the liquid phase to about

185°C under a vacuum of about 40 mbar, thereby distilling the solvent xylene.
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wt.% Calcium 7.66 7.90 wt.% Sulfur 2.81 2.80 wt.% Boron 4.09 4.08
Base Number (mgKOH/g) 168 174 Closed Cup PMCC Flash Point C 202

196 Example 2: Larger Scale Preparation of an Overbased Borated

Calcium Alkyltoluene Sulfonate [00120] A 1900-liter stainless steel
ré@ttdPlequipped withia poebése waikeapeatdibinol jeekut baichaisivglihg swiipf steps
was used as the reaction vessel. About 798 kilograms of mixed xylene

wiad Bitasaied imnouhbofadseniThiayesetdt hakthisamevoiad methbenltagda! to the
which was below the flash point of xylene. A nitrogen purge step was
uBEthistee s thereasrsiiatabpukyde gimmbe s toabdti Boppanalpedand
126 kilograms of calcium hydroxide powder was then added to the
ré8ctiaHa prepeeivs esnlisigdrinTHdleohbsisvin the reactor was blended
and mlxed Wh|Ie about 351 kllorams of aIkyItquene sulfonlc aC|d was

COOlP,M“,Q -- 5 of boric adfatel)
through e aeHe Erl-conveyor-ov -perjagbi-about L0-miites—Abot 13
kllOg qvlilé (ﬁopdﬁ‘llld.lIUI wds lIIEII auue gpogle reactorov &%penuu Ul
aboytgRe mm@qmgHWn@grature of the Tgagtion mixture
rose talafea uupd®1dd elacopientanf the zeactor was blended and mixed at
that temperature for about another 42 15 minutes. The reactor was then
heated in 4 steps at atmospheric pressure to remove the methanol and
tExwaide thak wasgeed cdfecpclunitignt o€ 2pd0tiorb {dodiibonabd (taBd@Grio
about 69C, over a period of about 60 minutes; (2) from about 69C to about
780cydtndn enpehidfbodabout 100 minutes; (3) from about 78C to about
93C, over a

[00120] A 1900-liter stainless steel reactor equipped with a turbine mixer,

a hot-oil jacket and a cooling coil was used as the reaction vessel. About 798
kilograms of mixed xylene was charged into the vessel. The reactor was then cooiéd
to about 20°C, which was below the flash point of xylene. A nitrogen purge step was
used to reduce the amount of oxygen in the reactor to about 3 ppm. About 126
kilograms of calcium hydroxide powder was then added to the reactor via a screw
conveyer. The contents in the reactor was blended and mixed, while about 351
kilograms of alkyltoluene sulfonic acid was added to the reactor over a period of
about 48 minutes, during which the temperature of the reaction mixture rose to about
43°C. The reactor was cooled to about 20°C, and about 195 kilograms of boric acid
was added through the screw conveyor over a period of about 10 minutes. About 113
kilograms of methanol was then added to the reactor over a period of about 15
minutes, during which the temperature of the reaction mixture rose to about 36°C. The

contents of the reactor was blended and mixed at that temperature for about another
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period of about 60 minutes; and (4) from about 93C to about 127C, over a
period of about 60 minutes. About 163 kilograms of a 100 Neutral Oil was
added to the reactor. The reactor was then heated to about 171C and the
pressure in the reactor was reduced to about 50 mms Hg over a period of
abiduinitiBemibbtessoahatstibexyenednned Hepdistiiodospherpressuneeito remove
the reactor was then restored to the atmospheric pressure. Thereafter,
abben2ghkitol rach thofwk0&r Neutwab @ihwratddued gdhbecnetiotor 1 rom about
pressure filter with the aid of diatomateous earth was used to filter away
tha4 €2 tirbens SAGIchvvas Biivdatbebtorbelapoutids A pfiosn Theutddifitg about
borated alkyltoluene sulfonate salt was analyzed and its properties are
lisT8&betow arpTrabieof abvabld® miavgs: §bnfeopraparafliéiCofoabavdtbisarer a
borated calcium alkyltoluene sulfonate Lar a Scale Batch Properties
wipdsiGhidiabeirt. 68 mingies aidr(2) TermyabeB G0k 200D oBake/ Numimrameriod of
KOH/ 167 Kinematic Viscosity 100C cSt 112 Example 3: Evaluation of
Prafreetioh nigakest Wbezt 00K pp@myeiad ChhparaiVE Bisaddeddo the reactor.
prepared and tested for wear protection in a modified 4-Ball wear test.
Spduifieaghpr avaydieen hepiatl taadoiel VRS wedthamierswene tsterposres
balls were "pre-aged" in the test sample oil for 2 days at 160C in the
presshised of oS flonms s aver/moariodsmglesin plemgiads wep ehakthe xylene
bubbler. The machine was run at a single speed, at approximately 1800
retsiuthsriis@icdeF Meintaesurnimihe wasthn yvey shemresnipdismigaatutenheric
loading arm, and a force

pressure. Thereafter, about 23 kilograms of 100 Neutral Oil was added to the reactor.

A pressure filter with the aid of diatomateous earth was used to filter away the
sediments, which was estimated to be about 1.2 vol.%. The resulting borated

alkyltoluene sulfonate salt was analyzed and its properties are listed below in Table 2.

Table 2: Larger scale preparation of an overbased borated calcium alkylfoluene

sulfonate
Properties Large Scale Batch
wt.% Calcium 7.65
wt,% Sulfur 2.78
wi.% Boron 4,03
Base Number (mgKOH/0) 167
Kinematic Viscosity @ 100°C (¢St [12

Examnle 3: Evaluation of Protection Against Wear

[60121] Oil A and Comparative Oil A were prepared and tested for wear
protection in a modified 4-Ball wear test. Specifically, a typical 4-ball machine was
used. Prior to the test, the steel balls were “pre-aged” in the test sample oil for 2 days
at IQODC in the presence of an air flow at 15 liter/hour, using a simple glass tube as a

bubbler. The machine was run at a single speed, at approximately 1800 revolutions
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transducer mounted between the motor and loading arm, was used to

apply load to the balls. The force transducer was also connected to a

computer that measured and adjusted the load in accordance to the

amount of load required at each given stage of the test. At the far end of
thedoadingearin, ardidpleicepsentese psoprimas grounted adtidmgaeasandd: force
the distance between the sensor and the loading arm once every minute
andansdaretodatiated behsegivimgractortinuoad ingaatoytwfsthecd teeapdy load to the
wear. The equipment further comprised a torque sensor, which measured
thédtlstibhedbthe troatineehathy ids@ovientivtcibiosr eratiprenrjhbatisasured and
recording a readout every minute. A temperature sensor was also
maditeiddshthiodshinlsidesdanomturibgiamempearblond wshithecdin cqdogpen stage of
The components of Oil A and Comparative Oil A are listed below in Table

3, rhéget.thé thestansed tdhebuideg 2rpall displatemeniestisset e appimted, which
table 4. Oil A and Comparative Oil A each has a phosphorus content of
absgeeeal el standeabstierrcdstesmsor aisbtlc0 Buling gsnTensle @ery minute and
Components of Oil A and Comparative Oil A Components Oil A Borated
carsardedtiprasts. Siesacrs NGO eleeies tratipimiens. 4 ha oguipment
4 wt.% Ethylene Carbonate-Treated Bissuceinimide 2 wt,% 2 wt.% Low
OVirs saRRiS e TaHe Tars O TRich mmaswrRshtevieiael thiipsatingpball vis-
mM 32 mM Zinc-DTP 19 mm 19 mm Molybdenum Complex 0.2 wt.% 0.2

wt i ihe SomiphEn i 82lS WEVKIDS AWReagoMisHErE & PIEh Y depyteiature

wt.% | wt.% Foam Inhibitor 30 m 30 m Pour Point Depressant 0.2 wt.%
0. 361508 was also mounted to the ball holder to maintain temperature of the oils.

[00122] The components of Oil A and Comparative Oil A are listed below
in Table 3, where the results of the modified 4-ball wear test are listed below in table
4. Oil A and Comparative Oil A each has a phosphorus content of about 0.12 wt.%
and a sulfur content of about 0.34 wt.%.

Table 3: Components of Oil A and Comparative Oil A

Components 0il A Comparative Ol A
Borated Calcium Alkyltoluene Sulfonate 16 mM None
Borated Succinimide 4 wt% 4 W%
Ethylene Carbonate-Treated Bissuccinimide 2 wth 2 wt%
Low Overbased Benzene Sulfonate 4 mM 4 mM
High Overbased Phenate 32 mM 32 mM
Zinc-DTP 19 mM 19 mM
Molybdenum Complex 0.2 wt.% 0.2 wt.%
di-C8-diphenylamine 0.5 wt.% 0.5 wi.%
Hindered Phenotlic Ester 1 wt% 1 wt%
Foam Inhibitor 30 ppm 30 ppm
Pour Point Depressant 0.2 wt% 0.2 wt.%
Viscosity Index Improver 3.6 wt.% 3.6 wt%
MA-Grafted EP Copolymer 6 wt% 6 wth
Treat Rate 12.8 wt.% 12,8 wt.%
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Viscosity Index Im rover 3.6 wt.% 3.6 wt.% MA-Grafted EP Copol mer 6
wt.% 6 wt.% Treat Rate 12.8 wt.% 12.8 wt .% 44 Table 4: Results of the
Modified 4-Ball Wear Test Oil A Comparative 6-ii-A 1 Ponderated Wear
Index 25 (average of 2 34.6 (average of 3 runs) runs) [00123] It may be
observed that Oil A, which comprised about 16 mM of a borated calcium
alkyltoluene sulfonate salt detergent, exhibited significantly improved
prosbétid nRxgalshivbaliadi Gedvpdiat ¥eacheparative Oil A, which does
not comprise such a detergent. [00124] Oil B and Comparative Oil B were
prepared in accordance to the compofénts listed below Pefpdyhes.0il A
SpecificaifyretcdMisatedive Oil B comprided & ¥erated ca|citiffaverage of 3

dealcinim a!l \I;W)'SDI ane

) o
UTUATC O oA TuUTTT yII.\JIu\.oII\’

sulfonate salt. Oil B and Comparative Oil B each has a sulfur content of

a 9 wt.% and a phosphorus content of about 0.16 wt.%. [00125]
i1 P Tl 1ot S g et R e A L
standard Mack T-12 test, which.simulates,the operating.conditions of.a
R S i R e
presence of the test oils. Specifically, a modified Mack E7 E<Tech 46

D e S P cer e Lol hitich does not

(:ocmbusiigr{;us(%s;ge({&kn}/vaIs1 used in the test. In a 300-hour procedure, the
firSt 160 Foure were rgfeé speed and power to generate soot. Thereafter,

IR At 200 hours, e gnpjng was Yeh{yRied.t BER ITAUE (R o he
maximize the wear on the rings aﬁglr e91|ners. \iyﬁe mount of wear on the

rlnc%%n%ggerllllg%{s e%f%erl%%o{rtaefjagﬁel%Wslge&%glzﬁlg; Comparative Oil B comprised a

borated calcium alkylbenzene sulfonate rather than a borated calcium alkyltoluene

alk | anzonealfonate rathorthan o
y Crzcc-Sutvnatcr1atter—tiarta

sulfonate salt. Oil B and Comparative Oil B each has a sulfur content of about 0.39
wt.% and a phosphorus content of about 0.16 wt.%.

[00125] The wear protection capacities of these oils were determined in a
standard Mack T-12 test, which simulates the operating conditions of a heavy duty
diesel engine and allows the measurement of wear in the presence of the test oils.
Specifically, a modified Mack E7 E-Tech 460 engine rated at 460 bhp and 1800 rpm,
with EGR and 2002 low-swirl combustion system, was used in the test. In a 300-hour
procedure, the first 100 hours were rated speed and power to generate soot.
Thereafter, in the last 200 hours, the engine was over-fueled at peak torque rpm to
maximize the wear on the rings and the liners. The amount of wear on the rings and

liners are reported below in Table 6.
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45 Table 5: Components of Oil B and Comparative Oil B Components Oil
B Comparative Oil B Borated Calcium Alkyltoluene Sulfonate 15 mM
None Borated Calcium Alkylbenzene Sulfonate None 15 mM Borated
Bissuccinimide 0.85 wt.% 0.85 wt.% Ethylene Carbonate-Treated
Bissuccinimide 6.60 wt.% 6.60 wt.% Molybdenum Complex 0.10 wt.%
0.10 wt.% Pour Point Depressant 0.30 wt.% 0.30 wt.% High Overbased
PhgatdeeS 1 S onivichBnisif OolviB Que BapedrSintofatd1.75 mM 1.75 mM
Di-C8-Di henylamine 0.05 wt.% 0.05 wt.% Secondary Zinc DTP 22 mM

22 mNLCPrimasytyinc DTP 4 mM 4 mM Fo&ihBnhibitor 10 mCo@gnyaive Oil B
ViscosiBPigbelpny dlgigueng Suifopats wi 04 STrddf Rate. 14 A9t 95 14.05
wt.o TaBeSE e plobieneRn o T9%) B Compartd

| Borafed Bissuccinimide RS wt b’ V </
Pass/F 'E{hy%h‘é'(';‘dfﬁb‘da‘tedﬁ%at%d'B'fé%hc‘b‘!ﬁﬁ'ﬁd%“’ 686”\363/ <24-Top 6805t YT
Loss nm}%gemnﬁ;wge,pur' FD INnCrease} (ppikbn 1o <59 Zplwey) Nr.
Pb Indreasedimmpr&sanl5 OIl Consumption.fg/k).80.7 80.6 &85 wefal
Mack Megit$ o064 Fhendt©00 15 mM 15 mM

Low Overbased Sulfonate 1.75 mM 1.75 mM

Di-C8-Diphenylamine 0.05 wt.% 0.05 wt.%

Secondary Zing DTP 22 mM 22 mM

Primary Zinc DTP 4 mM 4 mM

Foam Inhibitor 10 ppm 10 ppm

Viscosity Index Improver 8.3 wt% 3.3 wt%

Treat Rate 14.05 wt.% 14.05 wt.%

Table 6: Results of the Mack T-12 Test
Oil B Comparative Oil B | Pass/Fail
Standard CJ-4

Linear Wear (UM) 259 25 <24

Top Ring Weight Loss (mg) 60 81 <105

EOQP Pb Increase (ppm) 15 18 <35

250-300 hr. Pb Increase (ppm) i 8 8 <15

il Consumption {g/h) 60.7 80.6 <85

Total Mack Merits 905 641 = 1000

[00126]
comprising a borated calcium alkyltoluene sulfonate salt performed better in linear
wear, top ring weight loss, Pb increase, o1l consumption and total Mack merits than a

corresponding lubricating oil composition comprising a borated calcium alkylbenzene

As can be observed from Table 6, the lubricating oil composition

sulfonate salt. The latter salt has been demonstrated to impart improved wear

protection to lubricating oil compositions to which that salt is a part.

Example 4: Evaluation of Protection Against Corrosion

[00127]
the list of components in Table 7 below. Specifically, Comparative Oil C comprised a

borated calcium alkylbenzene sulfonate salt rather than a borated calcium alkyltoluene
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[00126] As can be observed from Table 6, the lubricating oil composition
comprising a borated calcium alkyltoluene sulfonate salt performed better

in linear wear, top ring weight loss, Pb increase, oil consumption and total
Mack merits than a corresponding lubricating oil composition comprising
abldvated sodtcih Cadkyl benremat i suifohGteashlha¥ heolattphaak tagdmeehabout
demonstrated to impart improved wear protection to lubricating oil
coiipesitionsite wHiohctmderdalf ibaop&rd4Bxtaple 4: Evaluation of

Protection Against Corrosion [00127] Oil C and Comparative Oil C were
pfPA/d in accordEheeonithiothpriitaiooorapanéeroiniEsbiely welowstermined
Specifically, Comparative Oil C comprised a borated calcium

. adhylbemperes! sulotrdasdib EINEPGRAY SHbbrdidd teal drntheaikghpiodrido petect
sulfonate salt. Oil C and Comparative Oil C each has a phosphorus
chatergiof apoinst 0orosienomedi Goslifufuarmetlsoabout mdudingsopper, lead,
[00128] The corrosion protection capacities of these oils were determined
alivel asshpbesebionbioseaveidimSTEReD G52 ngaT R e snteH theilcehpasiryir
to protect the engine against corrosion. Specifically, four metal coupons

irvede adrrgecoppesieti oinai A PRvRSA dPTBRSFRINEYRY PRTiefseldtimg When the
measured amount of the test oils. Air was passed through the oils atan
elesiared tempetedutecforuppirivg strasied vilsereipexpemgdiodsisplerigosion.
the coupons and stressed oils were examined to detect corrosion.
Comnssnirations Ofceopperletdathdbig tiewearacdpbiediablribravbelow.

Table 7: Components of Oil C and Comparative Oil C Com onents Oil C
1S )] 1Y

pakaice (i &

Borated Calcium Alk Ibenzene Sulfonate None 16 mM orated

SucdifSiPHIBRMR L 0% 4 Wi%Ethvlene C #B&ﬁt%l@a@éﬁﬁm%— ratixg Q4 ¢
Borated Calcium Alkyltoluene Suffonate 6 m None
Borated Calcium Alkylbenzene Sulfonate | None 16 mM
Borated Succinimide 4 wt% 4 wt%
Ethylene Carbonate-Treated 2 wth 2 wt%
Bissuccinimide
Low Overbased Sulfonate 4 mM 4 mM
High Overbased Phenate 32 mM 32 mM
Zinc-DTP 19 mM 19 mM
Molybdenum Complex 0.2 wt.% 0.2 wt.%
di-C8-diphenylamine : 0.5 wt.% 0.5 wt.%
Hindered Phenolic Ester I wt% 1 wt%
Foam Inhibitor 30 ppm 30 ppm
Pour Point Depressant 0.2 wi% 0.2 wi%
Viscosity Index Improver 3.6 wt.% 3.6 wt.%
MA-Grafted EP Copolymer 6 wi% 6 wt%
Treat Rate 12.8 wt.%
Table 8: Results of the HTCBT Test
Gil C Comparative Oil C | Pass/Fail Standard
Cu (ppm) 6 6 <20
Sn (ppm) 1 1 <50
b (ppm) 8 i1 < 100
[06129] From Table 8, one may draw the conclusion hat a labricating o1l

composition comprising a borated calcium alkyltoluene sulfonate salt has marginally
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Bissuccinimide Low Overbased Sulfonate 4 mM 4 mM High Overbased
Phenate 32 mM 32 mM Zinc-DTP 19 mM 19 mM Molybdenum Complex
0.2 wt.% 0.2 wt.% di-C8-diphenylamine 0.5 wt.% 0.5 wt.% Hindered
Phenolic Ester 1 wt.% | wt.% Foam Inhibitor 30 ppm 30 ppm Pour Point
Ddptessartitcdi2osity@wOp2ony. YhalViscosippditthexctmprdsieg 3.6ovetdd Guginm
wt.% MA-Grafted EP Copolymer 6 wt.% 6 wt .% Treat Rate 12.8 wt.%
Tabley BeRaswltsi1bbtlae ICBT Test Oil C Comparative Oil C Pass/Falil
Standard Cu(m) 6 6 <20 Sn (pm) | 1 <50 Pb (ppm) 8 11 < 100 [00129]
From Table 8, one may draw the conclusion hat a lubricating oil
composition comprising a borated calcium alkyltoluene sulfonate salt has
marginally 47 better anticorrosive capacity than a composition comprising
a borated calcium alkylbenzene sulfonate salt. 48 WHAT IS CLAIMED IS:
1 A lubricating oil composition comprising: (a) a major amount of an oil of
lubricating viscosity;
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(b) one or more borated alkaline earth metal alkyltoluene sulfonate
detergents; wherein the lubricating oil composition comprises no more
than about 0.20 wt.% of phosphorus and no more than about 0.50 wt.%
of sulfur. 2. A lubricating oil composition comprising: (a) a major amount of
arveHLATIUBrichtivigviAIadSity; (b) one or more borated alkaline earth metal
alkyltoluene sulfonate detergents prepared by a process comprising: (i)
recting (1)Julrricaiingnd oinphabienchrapissugtonic acid, or an oil soluble
alkaline earth toluene sulfonate salt, or a mixture thereof, (2) at least one
source of@rﬂ@ﬂ%&hﬁ%&ﬁ@hﬁmﬂ(@ lbréestinge sogiee of boron, in the
presence of a mixture comprising: a. at least one hydrocarbon solvent;
and b. at(Pasteopicnieve hoedielkelisg rerdicarsti] akdyarsdionaiedetergents;

overbasing acids, at least one of which is boric acid; (i) heating the
reaction prestai fghvietmstingoihouninsraan sapariscsgre aberatamm ghout 0.20
distillation temperatures of the hydrocarbon solvent, the low molecular

weight al®bfiol0bpiparRoWsEr ehBIRIR B MbAPREE- S(fibvgo/'twét%ﬂ@‘éolvent

alcohol and water generated may be distilled from the product of step (i);
4PwheretnlHBrisptaia i keRIPRe SHOESERTIB MM to the reaction mixture

during the process; wherein the lubricating oil composition comprises no
more thaffthbout 02T WinosBi i isspih SfJ8 G HREHISES %n about 0.50

wt.% of sulfur. )
(b) one or more borated alkaline earth metal alkyltoluene sulfonate

detergents prepared by a process comprising:
(i) reacting

(H at least one oil soluble toluene sulfonic acid, or an oil soluble alkaline
earth toluene sulfonate salt, or a mixture thereof;

(2) at least one source of an alkaline earth metal;

(3) at least one source of boron, in the presence of a mixture comprising:
a. at least one hydrocarbon selvent; and
b. at least one low molecular weight alcohol;
and

) one or more overbasing acids, at least one of which is boric acid;
(ii) heating the reaction product from step (i) to a temperature that is
greater than the distillation temperatures of the hydrocarbon solvent,
the low molecular weight alcohol, and any water generated from step
(1), so that the solvent, alcohol and water generated may be distilled

from the product of step (i);
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3. The lubricating oil composition of claim 1 or claim 2, comprising no

more than about 0.16 wt.% of phosphorus. 4. The lubricating oll

composition of claim 3, comprising no more than about 0.12 wt.%) of
phosphorus. 5. The lubricating oil composition of claim. 1 or claim 2,

comprising, no more than about 0.4%.(') wt.% of l‘J?Hur. . The lubricating 8“ )
composition B RIBFHTE® HERG B ARhIE Et‘ﬂsg\ DA tAmIoR e during the
sulfur. 7. The lubricating oil composition of claim 1 or claim 2, comprising

about 5 t8" 5660t 60 mM of the one or more borated alkaline earth metal

Ikyltol lfanate det 8. The lubricating ol tion of
claim 7. COIHRING LRI04 L6OUPSD RF SPE S P oA atE 20

alkaline ea | alkyltoluene sulfonate deter .9ZJh lupricating
o compaan B AR A P S 6 LBt S B e
ong or e borated alkaline earth metal,alkyltoluene sulfonate. .
etergen e TR e AT S LS EHen Sf SHyTore o e pB 8amige hon
claims, wherefi e r more borated alkaline earth metal alkyltoluene
sulfonatealc)i%ltleggie%g%%go o%@%pi?éasdetergents. 50 11. The lubricating oil
cognposi' n of.claim 10 gr 2. wherein the, one.pr more borated alkaline

cotth meraRnot RS Tomm R & e S R AR By 012
to about &/Q%zl@f H%%%g{{%ating oil composition of claim 11, wherein the

one or more borated alkaline earth metal alkyltoluene sulfonate

dejergenis,g m@gﬁnﬁ I® yofflfp%g%h of claim I or claim 2, comprising no more than

about 0.40 wt.% of sulfur.

6. The lubricating oil composition of claim 5, comprising no more than about 0,35
wt.% of sulfur.

7. The lubricating oil composition of claim 1 or claim 2, comprising about 5 fo

about 60 mM of the one or more borated alkaline earth metal alkyltoluene
sulfonate detergents.

8. The lubricating oil composition of claim 7, comprising about 10 fo about 50
mM of the one or more borated alkaline earth metal alkyltoluene sulfonate
detergents.

9. The lubricating oil composition of claim 8, comprising about 15 to about 40
mM of the one or more borated alkaline earth metal alkyltoluene sulfonate
detergents.

10, The lubricating oil composition of any one of the preceding claims, wherein the
one or more borated alkaline earth metal alkyltoluene sulfonate detergents are

overbased detergents.

50



50 to about 400. 13. The lubricating oil composition of claim 12, wherein
the one or more borated alkaline earth metal alkyltoluene sulfonate
detergents each has a TBN of about 100 to about 300. 14. The lubricating
oil composition of claim 13, wherein the one or more borated alkaline

ealth meEialiytichtienewtonsis iieiednis dach Dag/leerBNief @ost more
150 to about 200. 15. The lubricating oil composition of claim 1 or claim 2,

further caparisindkatiae eamhare tabalibdrsiieshmneléhconhirng tetargenis a TBN
16. The lubricating oil composition of claim 15, wherein the one or more

non- boratésbmetHl-coabawridgidetergents are selected from: carboxylate
detergents, sulfonate detergents, phenate detergents, and mixtures

théfeof. IheTlbrivhtiieatifigaihsoshjpositietnnh dajmwikbeiwiier e themoetdorated
in the one or more non-borated metal-containing detergents is selected

from: sodilkmlinp ctatsmatalithioyimloepparl foragnésiengentateichrhastadiiBidinof about
barium, zinc, and cadmium. 18. The lubricating oil composition of claim

15, wheréit tatdeast4ie of the one or more non-borated metal-containing
detergents is a calcium salt or a magnesium salt. 51 19. The lubricating

oil CompdBitidntoicalany dil s omipestioat leksnoh2, sfltbreiotkeamenommore borated
non-borated metal-containing detergents is a calcium sulfonate. 20. The
lubricatinglkifioermpdsmerioflkldinukbee whérsitcatdeastoneaoh thas o@3df of about
more non-borated metal-containing detergents is a calcium phenate. 21.

The lubridéfirtg dilbsdAfibsition of claim 19, wherein the calcium sulfonate

is a low overbased detergent.

14, The lubricating oil composition of claim 13, wherein the one or more borated
alkaline earth metal alkyltoluene sulfonate detergents each has a TBN of about
150 to about 200.

15.  'The hubricating oil composition of claim 1 or claim 2, further comprising one
or more non-borated metal-containing detergents.

16.  The lubricating oil composition of claim 15, wherein the one or more non-
borated metal-containing detergents are selected from: carboxylate detergents,
sulfonate detergents, phenate detergents, and mixtures thereof.

17. The lubricating oil composition of claim 15, wherein the metal in the one or
more non-borated metal-containing detergents is selected from: sodium,
potassium, lithium, copper, magnesium, calcium, strontium, barium, zinc, and
cadmium.

18.  The hibricating o1l composition of claim 15, wherein at least one of the one or

more non-borated metal-containing detergents is a calcium salt or a

magnesium salt.
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22. The lubricating oil composition of claim 20, wherein the calcium
phenate is a high overbased detergent. 23. The lubricating oil
composition of claim 15, wherein the one or more non- borated
metal-containing detergents are present in an amount of about 0.5 to
ahgut SO Fhe hbricating ol composifen leisim 23, wheredte .. o
one or more non- bofated metal-containing detérgents are present in an

amount g abat 44p. 8PAS A% MR, TeIubricatna.oll somppsiien of
any one o?t e preceding ¢ a!ms,I%urt%eg comprising one or more ashless
d%gersaﬁ%.lﬁ rigﬁé%flgﬁﬂﬂgﬁloﬁoﬁgf%%q% %ﬁé@e‘:ﬁrﬂ a%t Egvstc]eﬁglgf% € one or
least one of the one &r more*ashless dispersarits is a succinic-based

dispers TF icati | POSitl laim 26.. wherein the
succinic?ng%rsgggjo%?}s%ﬁjg@s%ﬁé%%%gﬁgggﬁ?ﬁ%%%%p%r%ggn%g\{é{%I[}%l 8

[upricati ' it] Toe it ~cipic- .
eorsa g e D T S A st i

claim 25hergihe e dLmere ashless dispersants are present in an
amount of 0.5 to about 10.0 wt.%. 52 30. The lubricating oil composition of

claim 297 Hneie; e NG Yo MPESiIASH IG5 HIS 6! SHYS AR PLERGAL Bl??'ﬂate isa

amount of 2.0 to about 8.0 wt.%. 31. The lubricating oil composition o
claim 30pWhetRNRLNERLgpRYE ashlers dispersants are present in an
amount of 4.0 to about 6.0 wt.%. 32. The lubricating oil composition of

claim 1 onelaiB}idadERer SAMBLRINE ONGPh MOMGIRAMINAY QUM AR non-

The lubricating oil composition of claim 32, wherein at least one of the one

or borated metal-containing detergents are present in an amount of about 0.5 to
about 50 mM.
24.  The lubricating oil composition of claim 23, wherein the one or more non-

borated metal-containing detergents are present in an amount of about 2 to
about 38 mM.

25.  The lubricating oil composition of any one of the preceding claims, further
comprising one or more ashless dispersants.

26. The lubricating oil composition of claim 23, wherein at least one of the one or
more ashless dispersants is a succinic-based dispersant.

27. The lubricating oil composition of claim 26, wherein the succinic-based
dispersant 1s a bissuccinimide dispersant,

28.  The lubricating oil composition of claim 26, wherein the succinic-based
dispersant is a borated dispersant.

29.  The lubricating oil composition of claim 25, where the one or more ashless

dispersants are present in an amount of 0.5 to about 10.0 wt.%.
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more antiwear agents is zinc dithiophosphate. 34. The lubricating oll
composition of claim 32, wherein the one or more antiwear agents are
present in an amount of about 12 to about 24 mM. 35. The lubricating oil
composition of claim 34, wherein the one or more antiwear agents are

t a ount of about 16.to abput 20 mM. 36. The lubricatin
D osit L S e ARG Ll? MR f@o%ﬁﬁgmar ohgss

more vis sn% |nqsex modlflersmSaZ1 E;rhe gt(g 05| n of claim
36, wher€iR at 1648 one ot the bAed %f difiers is an

et61§){'leneﬁlo %{%gu% 1ycr&%r 38 TheI %d%’[}gllc 8%?}%55%%@%%8}1@%

whereln € one more cS
amount of:about 2.0 to abou Ow % lubricati 0|I mposition
of any onée% t %Pﬁr%rg esen H}r%% afnrt e?r }égaﬁnsffngtto ore

f”‘?ﬁon Mg % iand !:%tr)rglcoa?t??nm% C&aﬁqsmop o Elafurﬂ:l%e% cv(\)/rt}l%%esmg one or
t least one O? e on OI' maore 1riction modaiiiers sa

molybde%%] nin terial. 41. The lubricating oil composition of
claim 40 e%gﬂ%%elﬁ%oén lybdenum- containing material is a molybdenum

S%'n'mﬂ%@a@@% A1 'zs%l Whricat %n%*zc%ﬂe‘)%&'a nQkaim ];:‘?"?Le one o

wherein the one o re fI’ICtI n mod ifers are p esent in an amoun

about 0.1.10.2001¢,0.8 gl{& ?%ﬂ'@&ﬁﬁ%{%gg@ga%l composition of claim

42, wherein the one or ore iction mo are present in an amount of

abpiit 0. }51Qﬁg%hggsowtc&ﬁlpﬁgﬂ&?réggéﬁﬁt@ Ql&em RS Han,P de%rg'n wear

43, wherein the one or more t lers are present In an amount o

about 0.2 4p,abaui,B:A0 W20 AR, h 6 UBEIGATR & AL GARGSON of any

one of the preceding claims, further comprising one or more antioxidants.

35. The lubricating oil composition of claim 34, wherein the one or more antiwear
agents are present in an amount of about i6 to about 20 mM.

36. The lubricating oil composition of any one of the preceding claims, further
comprising one or more viscosity index modifiers.

37. The lubricating oil composition of claim 36, wherein at least one of the one or
more viscosity index modifiers is an ethylene-propylene copolymer.

38.  The lubricating oil composition of claim 36, wherein the one or more viscosity
index modifiers are present in an amount of about 2.0 to about 6.0 wt.%.

39. The lubricating oil composition of any one of the preceding claims, further
comprising one or more friction modifiers.

40.  The lubricating oil composition of claim 39, wherein at least one of the one or
more friction modifiers is a molybdenum-containing material.

41.  The lubricating oil composition of claim 40, wherein the molybdenum-

containing material is a molybdenum succinimide complex.
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46. The lubricating oil composition of claim 45, wherein at least one of the
one or more antioxidants is an aromatic amine. 47. The lubricating oil
composition of claim 45, wherein at least one of the one or more
antioxidants is a phenolic ester. 48. The lubricating oil composition of

claim 45,.whergin the one or more. antioxidants are present in an amount .
otabou b AR PO B R a0, R i g e Ihedion
claim 48, whetein the one qr. maore antioxidants are, present in an Wount

of about 1('51%?%()1 ABSUt %r%s%gt%g% a&d”%“é“il?%ﬁ @3&1 ﬁg %)%Oc%r%tobg'l ion" ot any

ong of t receding claims, further c rising one or more additives .. ..
selicted T TUSt MBS OB HAIDHGIS, A CEal THes B R fieton

lubricating ofl coRQSIn 0t i S0, WOPISln. At astons ot foam

inhibitors is a silicon-based foam inhibitor. ubricating oi

C%.pOSi%@':H{bgl%%]gi’i %8%%5@28}% 9%1%0450\% gz%tnf' epé%l@o(%fn%re friction

silicon-based foam Inhibitor. ricating oil composition of any one

of the pregisig SIS CAMPS/ o B EASLARPHL PRI PRI o,

based on the total weight of the lubricating oil composition

'UQB‘.C&“ﬂﬁhgil&&{e&ﬂ%‘mc%%{}ismé?oﬁ%@%ﬁ%ﬁ%ﬁﬁ%&&%%%ﬁéi%, RRfMer

of boron, based on the total weight of the lubricating oIl composition. 55.

The Iubrig&%ggﬂgc&ggggg{gqg Sfglaigaaé, comprising at least about 500

ppm of boron, based on the total weight of the lubricating oil composition.

- 5GThe Wﬁé'ﬁ%m%gc&mﬂﬂﬂ%&fl 8@@1&545:%@{@[@ @a@%ﬁtew& one or
1000 ppm of boron, based on the total weight of the lubricating oil

compositighe afiokiglubticating, pilgompesition of claim 2, wherein each
of the one or more

47. The lubricating oil composition of claim 45, wherein at least one of the one or
more antioxidants is a phenolic ester.

48. The lubricating oil compositioh of claim 45, wherein 1.the one or more
antioxidants are present in an amount of about 0.1 to about 3.0 wt.%.

49. The lubricating oil composition of claim 48, wherein the one or more
antioxidants are present in an amount of about 0.5 to about 2.0 wt.%.

50. The lubricating oil composition of any one of the preceding claims, further
comprising one or more additives seleéted from: rust inhibitors, foam
inhibitors, and seal fixes.

51. The lubricating oil composition of claim 50, wherein at least one of the foam
inhibitors is a silicon-based foam inhibitor.

52. The Jubricating oil composition of claim 51, comprising about 20 to about 40
ppm of a silicon-based foam inhibitor.

53. The lubricating oil composition of any one of the preceding claims, comprising
at least about 50 ppm of boron, based on the total weight of the lubricating oil

composition.
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borated alkaline earth metal alkyltoluene sulfonate detergents is derived
from an alkyltoluene sulfonic acid, and wherein the alkyl group of the
alkyltoluene sulfonic acid comprises about 10 to about 40 carbon atoms.
58. The lubricating oil composition of claim 57, wherein the alkyl group of
the. alkylitelhebrécstiifgnit asithosimnprisbel@hoas 1édtopatsoig BAeearbbont 100
atoms. 59. The lubricating oil composition of claim 58, wherein the alkyl
group. optine cfl byitoh, baged wifdhic tatitiven php iebediobrit 4t podbmum @ Gition.
carbon atoms. 60. The lubricating oil composition of claim 57, wherein the
aiyl gralie bitiHieatatigydibkmemposiilfonid deithis4 tineqrialkglagloas.abduiss 00
method of preparing a lubricating oil composition comprising admixing:

(a) a majemarhbomnpbasedidwiHalwlohtingeghiseOBityulb)wtisgoiloreposition.
borated alkaline earth metal alkyltoluene sulfonate detergents; resulting in
aSlubricdtied Witicetimgositiomtheti tomglridesmdSmoneiHamabidessoadout 1000
wt.% of phosphorus and no more than about 0.50 wt.% of sulfur. 62. A
method mfmpeipariag, Hdststientingtoihcompaisiticheduhmiriging cibinsixipesition.
(a) a major amount of an oil of lubricating viscosity; and (b) one or more
bdtated Hikdlthscesing ohctaimibsiton ehelsinienatectidtesene! the parcet byore
a process comprising: 55 (i) reacting (1) at least one oil soluble toluene
sulfonictusided plkaliie sontibraciitalind teluehe iliensis difreneisidaivad from
mixture thereof, (2) at least one source of an alkaline earth metal; (3) at
least onansskirtielotmospHomakeiprevendetsimtheixdissd gompeibihg allyatoluene

least one hydrocarbon solvent; and b. at least one low molecular weight
alcohol:sulfonic acid comprises about 10 to about 40 carbon atoms.

58.  The lubricating oil composition of claim 57, wherein the alkyl group of the
alkyltoluene sulfonic acid comprises about 12 to about 30 carbon atoms.

59. The lubricating oil composition of claim 58, wherein the alkyl group of the
alkyltoluene sulfonic acid comprises about 16 to about 26 carbon atoms.

60.  The lubricating oil composition of claim 57, wherein the alkyl group of the
alkyltoluene sulfonic acid is a linear alkyl group.

61. A method of preparing a lubricating oil composition comprising admixing:
(a) a major amount of an oil of lubricating viscosity;
(b) one or more borated alkaline earth metal alkyltoluene sulfonate detergents;
resulting in a lubricating oil composition that comprises no more than about
0.20 wt.% of phosphorus and no mere than about 0.50 wt.% of sulfur.

62. A method of preparing a lubricating oil composition comprising admixing:
(a) a major amount of an o1l of lubricating viscosity; and
(b) one or more borated alkaline carth metal alkyltoluene sulfonate detergent

prepared by a process comprising:
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and (4) one or more overbasing acids, at least one of which is boric acid,;
(i) heating the reaction product from step (i) to a temperature that is
greater than the distillation temperatures of the hydrocarbon solvent, the
low molecular weight alcohol, and any water that is generated from step
(1), so tha{; the s{olvent, alcohol and water generated may be distilled from
the produ 1%5 Csf%% (1); wherein no external source of water is added to

BB R S T
and no mg eethasn O%&OS. tO wt.% of sul% 63, A method of reducing
wear in a diess] eunglne co pﬂ%ﬁm’&%ﬂﬁa ﬁeggid engine with the

ubricating,ol ompositon of apy,ong. of caims 11 60. 64. A method of

reducing €orrosion in a"diesel engine Comf) [ laofjeratlng said engine

with the 'kﬁ?@{%&}gé‘s‘% grillecs%m e %iP Qrgr];,é}g)(h%n[%e%];glc%i g}sa]m%(t%?é c§06mprising:
a. at least one hydrocarbon solvent; and
b. at Jeast one low molecular weight alcohol;
and
(4) one or more overbasing acids, at least one of which is boric acid;
(ii) heating the reaction product from step (i) to a temperature that is greater
than the distillation temperatures of the hydrocarbon solvent, the low
molecular weight alcohol, and any water that is generated from step (i), so that
the solvent, alcohol and water generated may be distilled from the product of
step (1);
wherein no external source of water is added to the reaction mixture during the
process;
resulting in a lubricating oil composition comprises no more than about 0.20
wt. %0 of phosphorus and no more than about 0.50 wt.% of sulfur.

63. A method of reducing wear in a diesei engine comprising operating said engine

with the lubricating oil composition of any one of claims 1 to 60.

64. A method of reducing corrosion in a diesel engine comprising operating said

engine with the lubricating oil composition of any one of claims 1 to 60.
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