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ADDI TI VES AND LUBRI CANT FORMULATI ONS FOR | MPROVED

ANTI WVEAR PROPERTIES TECHNI CAL FI ELD 5 The enbodi nents.

descri bed herein relate to particular oil soluble

metal additives and use of such netal additives in

| ubricating oil formulations to inprove antiwear
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No. 4,654,156, Other sul fur-containi ng antiwear agents

1%}fcg)hexyl polysuifide, diphenyl polysulfide, dibenzyl polysulfide, dinonyl
polysulfide, and mixtures of di-tert-butyl polysulfides such as mixtures of di-tert-butyl
trisulfide, di-tert-butyl tetrasulfide and di-tert-butyl pentasulfide, among others. Of
the foregoing, sulfurized olefins are used in many applications. Methods of preparing
sulfurized olefins are described in U.S. Pat. Nos. 2,995,569; 3,673,090; 3,703,504;
3,703,505; 3,796,661, and 3,873,454, Also useful are the sulfurized olefin derivatives

described in U.S. Pat. No. 4,654,156. Other sulfur-containing antiwear agents are

described in U.S. Pat. Nos. 4,857,214, 5,242,613, and 6,096,691.
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described in U S. Pat. Nos. 4,857,214, 5,242,613, and

6,096,691. 1 A need exists for a lubricating additive

that provides excellent antiwear properties and is

nore conpatible with pollution control devices used

for autonotive and diesel engines. 5 SUWARY COF THE
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A further embodiment of the disclosure provides a method of lubricating
moving parts with a lubricating oil exhibiting increased antiwear propertics. The
method includes using as the lubricating oil for one or more moving parts a lubricant
composition containing a base oil and an antiwear additive. The antiwear additive
contains a hydrocarbyl fluid and an amount of hydrocarbon soluble titanium
compound providing from about 50 to about 500 parts per million titanium in the
lubricating oil.

As set forth briefly above, embodiments of the disclosure provide an antiwear
additive including a hydrocarbon soluble titanium compound that may significantly

mmprove the antiwear performance of a lubricant composition thereby enabling a

decrease in the amount of phosphorus and sulfur antiwear additives required for
, _
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30 lubricating oil. As set forth briefly above,
enbodi nents of the disclosure provide an anti wear
addi tive including a hydrocarbon sol uble titanium
conmpound that may significantly inprove the antiwear
performance of a lubricant conposition thereby
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description which is intended to exenplify aspects of

t he Iyrigfterheeandsrivond thahtbeth (et Raegoingh genrgilndesedptiqnnpnd the

R TR RET bl B8 e pnd o
prande tfin¢her epplhmation @f detcmbodindes disclpsadand atadmede npl ary
and expl anatory only and are intended to 15 provide
further explanation of the enbodi nents discl osed and

DETAINED DESCRTIPFIORESERMBOBIMENENBODI MENTS | n one
enbodi nment |s present ed q% novel conpositiopn, useful as

a coRsemboriment ixpreseatadrign el copAsBnYseiy as afmponent in

BRERRS! bil QOmPOSRAS ETR EHPRARMO NSNS Y Gydréarbon soluble
titanrum conpound that may be used in addition to or

titgmiuar pranpduad theipnae baared froaddidemient kd ﬁaqartaﬁitrﬁpb@%ﬂment for
co%gait}on\a{ﬁa%tﬁ%ﬁ} Ad EM:? ?{ﬁg&%}{% SpIRinek sk The

conponen Res an concentrat es
pr oVI'lmbeqbnhmry doutponednof ctbafrpddltltvm)rmdl eoraemtyaﬂesoqnanbdnd for
) Ice tit. n| um co u(p gléle {? drocarb N The term
u ‘6? é’mpﬁé‘ HE® ﬂ*h&t %36 S SUHBCT LRBHL CORPPUY -y
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dlssolved in a hydrocarbon material, as by reaction or complexation of a reactive
titanium compound with a hydrocarbon material. As used herein, “hydrocarbon”

means any of a vast number of compounds containing carbon, hydrogen, and/or

. oxygen in various combinations.

Examples of suitable titanium compounds for use according to the disclosure,
include, but are not limited to, titanium compounds derived from acids, alcohols, and
glycols, such as titanium carboxylates, titanium phenates, titanium alkoxides, titanium
sulfonates, and the like. Such compounds may contain from about 5 to about 200 or
more carbon atoms in a hydrocarbyl component of the compound.

The term “hydrocarbyl” refers to a group having a carbon atom directly
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titani um conmpound with a hydrocarbon material. As used
herei n, "hydrocarbon" neans any of a vast nunber of
compounds contai ni ng carbon, hydrogen, and/or oxygen

i n various conbi nati ons. Exanples of suitable titanium
conmpounds for use according to the disclosure, 30
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Titanium salts of carboxylic acids may be made by reacting the alkali metal
salt aqueous solution of an organic acid, the amine salt aqueous solution of the
organic acid, and/or the ammonium salt aqueous solution of the organic acid with the
aqueous solution of titanium tetrachloride and subsequently oxidizing the reaction
product. Examples of titanium salts of carboxylic actds include, but are not limited
to, titanium salts of formic, acetic, proprionic, buyric, valeric, caproic, caprylic, lauric,
myristic, palmitic, stearic, oleic, linoleic, lnolenic, cyclohexanecarboxylic,
phenylacetic, benzoic, neodecanoic acids, and the like.

Other titanium organic compounds that may be used include, but are not
4 _




10

15

20

25

30

al kyl titanates, such as octylene glycol titanate,
butyl titanate, polybutyl titanate, tetra- isopropyl
titanate, tetranonyl titanate, and tetra iso-octyl
titanate. Aryl and aral kyl esters of titanium may

- al so be used such as tetraphenyl titanates,
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Lubricant compositions made with the hydrocarbon soluble titanium additive
described above are used in a wide variety of applications. For compression ignition
engines and spark ignition engines, it is preferred that the lubricant compositions meet
or exceed published GF-4 or API-CI-4 standards. Lubricant compositions according
to the foregoing GF-4 or API-CI-4 standards include a basc oil and an oil additive

package to provide a fully formulated lubricant. The base oil for lubricants according

to the disclosure is an oil of lubricating viscosity selected from natural lubr_icating
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synthetic lubricating ol Xt ur
chomssteristi¢ss tham cire ct@qmlmdsm thodvmmiitomal | Puiahdé dYledackeges are
destAE l&%%% ?:[e' tSN{) ols 15 axgip 6%@9 ) q”or eernple
conpr essi on-rgni t T RS Cofbuer 3R engimnes, suc
Amenguhenypes ef aﬂdltﬁvemﬁclu&adgtmelse adwitive epagkaber el daagents,

o3l SPRUOSoT0e 0L S e ke bR W

Bty agdnts]Unt RRIBIRKE WHHRkLE anbitbsddemafsimed, viscosity index
sol vent-treated or aci d treated mneral _|ubricati ng

imgroverppnd fie I ateveral ef thassoomnenerts aredvell keyvn to those skilled
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viscosity derived ¥rom coal or saeareaso usefu
cobymsitions descifbel haggint het i ¢ | ubricating oils used in

o AR 05SSR B o VRFl Al B ocron
backisdngdayinigftn@iodalngbups thittae€l cdpable of associating with particles to be
disnersed. Typically, the dispersants comprise amine, alcohol, amide, or ester polar
moieties attached to the polymer backbone often via a bridging group. The ashless
dispersants may be, for example, selected from oil soluble salts, esters, amino-esters,
amides, imides, and oxazolines of long chain hydrocarbon substituted mono and
dicarboxylic acids or their anhydrides; thiocarboxylate derivatives of long chain
hydrocarbons; long chain aliphatic hydrocarbons having a polyamine attached directly
thereto; and Mannich condensation products formed by condensing a long chain
substituted phenol with formaldehyde and a polyalkylene polyamine.
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pol y-al pha-ol efins, al kyl ated aromatics, alkyl ene

oxi de polyners, interpolyners, copolyners and
derivatives thereof here the term nal hydroxyl groups
have been nodified by esterification, etherification
etc, esters of . di carboxylic, acids and silicaon- base
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shlers di spersants include an oil soluble

. exanmpl.e
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gr ouPsidatied naﬁmtdmmbinaomﬂar&s sedicat thegemiehby parHabe ksks to

to.be dispersed,. Typicall t he di spersants conpr
defeRiqrate 1y é%ﬁwﬁ whigh o%ter&}r %Oa &en s svlgel}fsﬁ Ry dae Pro‘ﬁwts of
oabdamhagdht & EIH@g&P ohdY WBfnifaskd aBsosat to%nth‘é' ﬁeﬁl l@ﬁﬂf&gs Ngd by

group. The ashlers dispersants nmay be, exaggEla
v1§@sémg@w!ﬂ1r Smlbpmdatmm 1959 t@lu@shl@iﬁsed abﬁnnb‘», bee earth

0 f
: ?%T:t: 2T A @h%ﬁﬁth%(%?%l&? H%Igé gpﬁggra ca? boxﬁL ?1(%& 1, Sidg chains,
cadmumlhmnyllﬂlehtyldmlﬁim ;ashlkssogidirsbbbid pll&natibe rand asul feeigecd phenates,

| 0 chai.n . hydrocarbons; .| on hai n atic
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4§€ ensing a long chain substituted phenol wth

-dehyde and a pol yal kyl ene pol yanine. 6 Viscosity
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tenperature operability to a |lubricating oi
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al?ﬂlshlf&'rﬁ@%#ﬂ?ﬁﬁ peMl4 i functional viscosity nodifiers
that

unction as dispersants are also 5 known.

Sui t Anellv miscwsi dfya rieohivisiyig esmp@ehly msybk ywkehe A preferred
defimls] Irlrge E:gm[())cf)ne% h;/ (lie%gn e%n% EP 330,522. It is obtained by reacting an
alkylene oxide with an adduct obtained by reacting a bis-epoxide with a polyhydric
alcohol. The demulsifier should be used at a level not exceeding 0.1 mass % active
ingredient. A treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

Pour point depressants, otherwise known as lube oil flow improvers, lower the
minimum temperature at which the fluid will flow or can be poured. Such additives

are well known. Typical of those additives which improve the low temperature

Afluidity of the fluid are Cs to C;3 dialkyl fumarate/vinyl acetate copolymers,

polyalkylmethacrylates and the like.
Foam control can be provided by many compounds including an antifoamant
7
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propyl ene and hi gher al pha-ol efins, pol ynethacryl ates,
pol yal kyl net hacryl ates, nethacryl ate copol yners,

copol ymers of an unsaturated di carboxylic acid and a
vinyl conpound, inter polynmers of styrene and acrylic
esters, and rtially hydrogenated copol yners of
okthg P@]F.Yél,lq?@%g@ﬁefm sxdmplpailinens ail eppolydsmpthyl siloxane.
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miferal lubrication oils which may vary widely as to their crude source, e.g., as to

0O

"1

whether they are paraffinic, naphthenic, or mixed paraffinic-naphthenic. The base oil
typically has a viscosity of about 2.5 to about 15 ¢St and preferably about 2.5 to about
11 ¢St at 100° C. _

Accordingly, the base oil used which may be used may be selected from any
of the base oils in Groups I-V as specified in the American Petroleum Institute (API)

Base Oil Interchangeability Guidelines. Such base oil groups are as follows:

[Base Oil Group! [Sulfur (wt.%) Saturates  |Viscosity

(wt.%) Index

Group I - >0.03 and/or <90 80to 120

Group II < (.03 And > 90 80to 120
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of the polysiloxane type, for exanple, silicone oil or

pol ydi net hyl sil oxane. Seal swell agents, as

descri bed, for exanple, in U S. Patent Nos. 3,794,081

and 4,029,587, may al so be used. Each of the foregoing

addi tives, when used, is used at a functionally
GrapflHct i ve |5 amout0-9D i npart théndesirled pPBpenti &s20

'Gr&u?l‘\/ne ub iceﬁ ol E'IE' 1eﬂ'n9r exanpte, 11 am _additive
} 1S a éj or

corrosion i1n $ , a functionallly effectijve
amount of this corrosron inhibitor would be an|anount
sufficient|to inpart the desired corrosion inhibition

Gréupay act erl $hfl 6fhetsthok iR1MdeREA cant. Cenerjal Ty, the
concentration ofGEgE-I®f these additives, whenjused,

ranges up to about 20% by wei ght based on the wei ght
of the 10 lubricating oil conposition, jand in one
enbodi ment | from about 0.001%to about 20% by wei ght,

and 1 n one enbodi nrent about 0.01%to about 10% by

jG&%h@I—IIbgﬁ%‘i‘ﬁn%l biBaseWRicght of the lubricating oil
conposition. The titanium conpound additives may be

addedhelpddiivesyused in Hermuliginec@ei segipebitiont dessobed herein ¢an be
_ odli f. il i o
SRR ERCHLTRLS o) BOYRNGRY YRS LU BhIRE, Boveres s
petfdraldeto blendh aH oftheresraponeits, coayutdndly ivsingi dn, addiplet doacentrate

.al kylated (e.qg., 0O -C13 al kyl) .benzene | uene.or ...
3y PR EOP G SRR R et PRVERD - FRedee of i additive
cEHROBRRINE fakbeadvattage by tHeaRbRhNcIniREbAHMP Hifork¥l b9 thd Béthbination

100% by wei ght, and in one enbodi nent about 10%to

oh BTty igi Yhtlosr afhen pidifne eANETHBGundlsopdle use of a
cck fraddt ills H1d@iingUiRe hiki lfeg’sreﬁyh'lg b%l&@ﬁoﬂﬂm érl‘d?glg’

additives and 20 concentrates SCri herein may be
sel etheembedimentsprofide i dubsigatingeeil fordnternal gombustionsngioes in
] xture . ' S ils..i.nclu .

el He Spb At of F oD} PE0/GE AT Softhled gl Srppguna is
refdtivelydbw, prpeidyngafrgrh abohteT0 tosaboutioydirts gepmilibh (Epe)stitanium
. al kyl nzenes, .organi c .esters of phosphoric acids,
i e gl e e oo RsliRel, B dapian CSipound
isPrédentdin the! Ribrieatigosil brhfosiiingin BRYmMGahY suMfisiehtyio 3gotide from

their crude source, e.g., as to 25 whether they are
ahoyt 594 tobeut Hhprn ditgrium gpetal gadyin a further embodimient from about

lm%&tﬁ%@g@ﬁpﬁ‘&ﬁiﬁﬁhﬁaaﬂhe base oil typically has a
Vi scosity about 2.5 to about 15 cSt and preferably

abouthefodowingatsemple is givestionthe P00 oPexcondifyigd yspertaof the
S ' e - b se e.selected from
crfafims piE ol R TR RE A SR YRS e BF T eq [
the American PetroleumlInstitute (API) 30 Base Q|
I nterchangeability GuideEEnes. Such base oil groups
~are as foll ows: Example
Thirteen fully formulated lubricant compositions were made and the wear

properties of the compositions were compared using a four ball wear test according to
European test code IP-239. Each of the lubricant compositions contained a
conventional DI package providing 11 percent by weight of the lubricant composition.
The DI package contained conventional amounts of detergents, dispersants, antiwear
additives, friction modifiers, antifoam agents, and antioxidants. The formulations also
contained about 0.1 percent by weight pour point depressant, about 11.5 percent by

weight olefin copolymer viscosity index improver, about 62 to 63 percent by weight
9 .




Base G| Goup' Sulfur (wt.% Saturates Viscosity
(W.% Index Goup | > 0.03 and/or < 90 80 to 120
Goup Il <0.03 And > 90 80 to 120 8 Goup Il < 0.03
And > 90 > 120 Goup I'V all polyal phaol efins (F%(B)

others not included in Goups I-1V
15‘@%‘% nFutrql il akoukil harmgreept by watght é@(bm@eﬂt Tigeiral oil. Sample

i i
A5 35l O S0 SORRAE 0D sqmpounis i
ainpygity Bldﬁaiehytomrowde staut Qo abobt 2hiiom atanums mekdwEhe sgmples
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sol The use of an ncentrate takes
gﬁ?ﬁ%@ﬂb@m{Héﬁ%ﬁ%ﬁhﬁ”@%ﬂﬁ Wgﬁy af forded by the
conmbi nation of ingredients mhen in the formof an
addi tive concentrate. Al so, the use of a concentrate
reduces blending tinme and | essens the possibility of
bl ending errors. 10 The enbodi nents provide a
| ubricating oil for internal conbustion engines in
whi ch the concentration of the added hydrocarbon
sol ubl e titaniumconpound is relatively |ow

provi di ng fromabout 50 to about 500 parts per mllion
(ppm titanium in terns of elenental titaniumin the
oil. In one enbodi nent, the titaniumconpound is

present in the lubricating oil conpositions in an
anmount sufficient to provide from 15 about 100 to
about 200 ppmtitaniumnetal, and in a further

enbodi nent from about 120 to about 180 ppmtitani um
metal . The follow ng exanple is given for the purpose
of exenplifying aspects of the enbodinents and is not
intended to limt the enbodinents in any way. 20
Exanple Thirteen fully formulated | ubricant
conpositions were made and the wear properties of the
conpositions were conpared using a four ball wear test
according to '
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P OrOrfNrcENTis'a f1taM11}n gcgdeear}élate from OM Group, Inc. of Newark,
New Jersey and contains about 6.7 % by weight titanium metal.

Ti-2-EHO 1s titanium 2-ethylhexoxide containing about 8.7% by weight
titanium metal.

KR-TTS is titanium IV 2-propanolato, tris isooctadecanoato-O from Kenrich
Petrochemicals, Inc. of Bayonne, New Jersey and contains about 5.5% titanium metal.

LICA-01 is titanium IV 2.2(bis 2-propenolatomethyl)butanolato, tris
neodecanoato-O from Kenrich Petrochemicals, Inc. and contains about 5.8% titanium
metal.

KR-12 is titanium IV 2-propanolato, tris(dioctyl)phosphato-O, frofn Kenrich
Petrochemicals, Inc. and contains about 3.1 % titanium metal.

KR-9S is titanium IV 2-propanolato, tris(dodecyl)benzenesulfanato-O, from
Kenrich Petrochemicals, Inc. and contains about 3.5% titanium metal.

PPD is a pour point depressant from Afton Chemical Corporation of
Richmond Virginia, under the trade name HiTEC® 672.

As illustrated by the foregoing results, samples 2-13 containing from about 80
to about 200 ppm titanium metal in the form of a hydrocarbon soluble titanium
compound significantly outperformed a conventional lubricant composition
containing no titanium metal. Sample 1 containing no titanium metal had a wear scar
diameter of about 0.65 millimeters whereas the other samples containing titanium had
wear scar diameters ranging from about 0.35 to about 0.47 millimeters. It is expected
that formulations containing from about 50 to about 500 ppm titanium metal in the
form of a hydrocarbon soluble titanium compound will enable a reduction in
conventional phosphorus and sulfur antiwear agents thereby improving the
performance of pollution control equipment on vehicles while achieving a similar
antiwear performance or benefit.

At numerous places throughout this specification, reference has been made to
a number of U.S. Patents, All such cited documents are expressly incorporated in full
into this disclosure as if fully set forth herein.

The foregoing embodiments are susceptible to considerable variation in its
practice. Accordingly, the embodiments are not intended to be limited to the specific
exemplifications set forth hereinabove. Rather, the foregoing embodiments are within
the spirit and scope of the appended claims, including the equivalents thereof
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the above table, the following legend is used: Ti-TEN
CEN is a titanium neodecanoate from OM G oup, Inc. of
Newar k, New Jersey and contains about 6.7 % by wei ght
- availphlgias ppadtenpt law - 2- EHO i s titani um 2- et hyl hexoxi de

cont @ Ni 9 .G it ani .
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putdizo endhthetharexiding afly tlisolvséemoiliflvatifiet sradteestionansy datditerally

f aonne, Ne ersey apd contain bout 5.5%

- ot wiERRALHRR e of thF ceithes ey 574 ¢SGR G D B Agreof under the

déctifo@aiaalvaleatet hyl ) but anol ato, tris neodecanoato-O
from Kenrich Petrochem cals, Inc. and contains about
5.8%titanium netal. KR-12 is titaniumlV :
2-propanol ato, tris(dioctyl)phosphato-O, from Kenrich
Petrochem cals, Inc. and contains about 3.1 %titanium
metal. KR-9S is titaniumlV 2-propanol at o,
tris(dodecyl )benzenesul fanato-O, from Kenrich _
Petrochem cals, Inc. and contains about 3.5%titanium
nmetal. PPD is a pour point depressant from Afton

- Chem cal Corporation of Richnond Virginia, under the
trade nane H TEC(r) 672. As illustrated by the
foregoing results, sanples 2-13 containing from about
80 to about 200 ppmtitaniumnetal in the formof a
hydr ocar bon sol ubl e titanium conpound significantly
out performed a conventional |ubricant conposition .
containing no titaniumnetal. Sanple 1 containing no
titaniumnetal had a wear scar
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di anmeter of about 0.65 mllinmeters whereas the other
sanples containing titaniumhad wear scar dianeters
rangi ng fromabout 0.35 to about 0.47 mllinmeters. It

is expected that fornulations containing from about

50 to about 500 ppmtitaniumnetal in the formof a
VWhatltsodaimiedms: sol ubl e titani um compound will enable a
redugtiondn . .conventional .nhosphorus and sul fu .
ant i Gedt Solee ol SRR Moo R gf c Igprioant
cqapdsitiono noweinieok e et lubficaiali vk@sitwhindean amount of a
achi evin simlar antiwear,. performance or ,benefit.
hyOATRRYY SRIGDIS) e, GOMRRRI et eSO BRI acteggion in surface
wef BERBCHRaD ASurBRE WddP8Ea hiBricaht CUMBSIiti& dddosd ofBE B8 earbon
Al'l “such cited docunents are expressly incorporated in
- sqlyhlp titanirg compeurdh scl osure as if fully set forth

herein. The foregoi ng enbodi nents are susceptible to
consi derable variation in its practice. Accordingly,

t he 2nibbeiubeictted aurtaceaif clanh dn gbdreirothi dubricatetiesdrfboe domgrises
specific exenplifications set forth herei nabove.

e Yﬁﬁ??bregoing enbodi ments are within the

spirit and scope of the appended clains, including the
equi val en thereof, 12 available ,as a matter of law .
The %a?gﬁi@é'gata% S‘FF&"*’P%F@HH Iy 8’%81@61 gdwbrigaied gnefageogprises
atFROA TBITEG drQofdBnerR 8Pkl fterAl SobBulths &XlRNt any

di scl osed nodi fications or alterations nmay not

literally fall within the scope of the clains, they

are go : ri.her [ -
of "t e B8 fuffp BREhiT; SRl HE i 3 Bifpgises
arsintdraad sudaaepricompgnant ofin tompassiao@hitiog eafine. | ubri cant
conposition containing a base oil of lubricating
viscosity and an anount of a hydrocarbon sol uble
titafi UrhecRiBEOAtEd s@ificRcifl Meini Q, HRMisl €hél amBEMCH Rftrbéhrbon
?urface‘ wear greater. _than a surface wear of a.
sQUie fitaiim ETRPOEIIBYidereioitao Wt of Hianfye mssal rapging from about

560! Bhesdo pﬁpimm%r&jﬁg@sﬁigﬁe | ubricated surface

of claim1, wherein the lubricated surface conprises
an engine drive train. 3. The lubricated surface of

cl ai N The 1&’1@%&%(1%&’3& (Lf@z{lincﬁ%%re§1¥ Elfe%%%r&c Eli softble titanium

compound is selected from the group consisting of titanium compounds derived from

organic acids, alcohols, and glycols.

7. The lubricated surface of claim 1, wherein the hydrocarbon soluble
titanium compound is selected from the group consisting of titanium carboxylates,

titanium phenates, titanium alkoxides, titanium phosphates, and titanium sulfonates.

8. A motor vehicle comprising the tubricated surface of claim 1.

9. A vehicle having moving parts and containing a lubricant for lubricating
the moving parts, the lubricant comprising an oil of lubricating viscosity and an

amount of a hydrocarbon soluble titanium compound effective to provide a reduction

A
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an internal surface or conponent of an interna
conbustion engine. 4. The lubricated surface of claim
1, wherein the lubricated surface conprises an
internal surface or conponent of a conpression
ignition engine. 5. The lubricated surface of claim1,

inislees Weahe! tesuming parky greafentlisorn sushicaliear of thannering parts

P PROU B REAANER AR ln AP UL Ao’ e

conmposition. 6. The Iubrlcated surface of claiml1,
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surface wear of the nDV|ng parts greater than
digsgt engare-wear of the noving parts provided a Iubricant
devoi d of the hydrocarbon sol uble titani um conpound.
10. The vehicle of claim9, wherein the hydrocarbon
sol uldl. & fuily deinurated htbpioarrtd:oh@osieibecmagriﬁng) mbaseenileomypnent

t|n of..a titani.um.c oynd I,
of IR Tl ab ahRBhcoP RTRGHDE PE kiR nugining gent
effebtivd ®i prodide awbéuction ik be amodhoeppinepheras Ubklﬂflﬁ'lahﬁﬂbaﬂﬁgent
group consi s

C Qun selected fromthe
neﬁﬁ?%'%ﬁ? u%e 9&% SPBROsign AR BWI éH'éit%la} lyj %%Ya&ffﬂt wear

pelokRXd des theldbb@ik %mhﬁaﬁﬁﬁlﬁl&;ﬁtanﬁﬁg abdrtani um
sul fonates. 12. The vehicle of claim8, wherein the

nmoving parts conprise a heavy duty diesel engine. 13.

A fulg
Y4 y\“ﬂeClﬁgHéa?& @&nbé’bﬁﬁqncﬁfﬁﬁtl%lg? If'fﬁ 8&11/}6119 ﬁleqmahts ‘l:(ﬂlgpo%ltlon

base oil conponent I SCOSI
coann@ﬁiahﬁvh#dﬂ@@&nﬁmnam@mubmhonﬂmamuuMH@mntenmwmupnsunmﬂe
ef f.ective t.o provide a reduction in an anpunt

rbr@ﬂgﬁsggﬁe FHLOBENGEY 1 anti wear agent

15. The lubricant composition of claim 13, wherein the hydrocarbon soluble
titantum compound is selected from the group consisting of a titanium compound

~ derived from organic acids, alcohols, and glycols.
16. The lubricant composition of claim 15, wherein the hydrocarbon soluble

titanium compound is selected from the group consisting of titanium carboxylates,

titanium phenates, titanium alkoxides, titanium phosphates, and titanium sulfonates.
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needed in the |ubricant conposition to provide

substantially equi val ent wear perfornmance in the

absence of the titaniumcontaining agent. 14. The

| ubri cant conposition of claim13 wherein the

| ubri cant conposition conprises a |ow ash, |ow

sul f &7, An@eﬂllgdv op hrsdystiag (vecar (i rmetahpalésmp@gu ¢rigge comprising

I [ i ne e

%ért?l ¢ én 55?{ gﬁﬁlofoinlu]bggéntt c%)rrhp\?\)g&oﬂ gon%q]{?smg Ia base oil

cmmrmﬂaobblhnsaﬂnlgb.hﬁ:osﬂy tahirom dboop 80 fdabosit $80 eatteper million

romt I ou S| St.l N titanl umco ound
tfsafi inffe B O Rece oo Rt i e veol's. 16,
The [ ubricant conmposition of claim15, wherein the

- hydrocarbon sol uble titaniumconmpound is, selected
f r om' $-héhgygthed ob lain d/ hesgin the eagingroamrisesa heat g duty diesel

e %ﬁénlun1phenates titani um al koxi des, titanium
p osphates, and titaniumsulfonates. 15 17. A nethod
reduci ng wear of netal parts in an engine

corr‘p“,Sl me%lr})tda&' ﬂl%nt P'/e wﬂe%elrr]leﬂ% fg%dsrocaﬂlao % olu bl t1t

| ubricant conposi ti on cohprising a b
cahpdunkris seddtetigiroth sieogriotiy cansibting @i aitmiim 56mpou1abdnﬂved from
500 parts mllion, titaniumin the formof a
oI G %%?‘Q]ét ?:1'1‘54 #Y§9%-ani um conpound. 18. The net hod
of claim 17 wherein the engine conprises a heavy duty
di esel engine. 19. The nmethod of claim 17, wherein

the BydrBeamstiodsel glsim 19, twhereim theohyseeasbans selublsctitesium
ol 1 sPONR (AT bl BhoiGidg bE Mol CARBYAGes, ditanium

pladateT Heamemhabid xefes ditanimmlithosphateseand tithwuimsiifosaedon
sol ubl e titaniun1 conmpound i s selected fromthe group

consjsti,n t ani.um car boxyl at.e ani um

honah el Yot A FohERer R prvidiABs FRbrpued agtigrear
propérfies Whﬂ&ﬁﬁdﬁﬁﬁé(ﬁﬁposﬂﬂon ék)dlpfmiﬂg@l@tcoﬁséﬂtﬂate\/ﬁld a hydrocarbyl

concentrate for providing i nproved anti wear

casrerfipng, the conpeniraty spmPHFRE ab ApOERt 9f srhydFFaFog) salpbig fatanium
At LafRieAN dod JRAHEOCAH bﬂhwe@iﬁr?érﬁfrﬁlalaéﬁ dﬁort BR lubricant

concentrate conprising an anount o rocar bon
cogrprasiiion greatenthemen eotinge pgriomhdrice jog ratlulomf:apt ounpiesitam devoid
Iubrlcant conposition
(ﬁﬂﬂéh%EQETﬁﬁﬁ&gﬁﬂgﬁgsﬁ%§§m££ of mance of a |ubricant
conposi tion devoid of the hydr ocar bon sol ubl e
tit aﬁ ulﬂ_lg %HE%%Q %bncentrate of claim 21, wherein the hydrocarbon soluble
titanium compound is selected from the group consisting of a titanium compound

derived from organic acids, alcohols, and glycols.
23. The additive concentrate of claim 22, wherein the hydrocarbon soluble
titanium compound is selected from the group consisting of titanium carboxylates,

titamum phenates, titanium alkoxides, titanium phosphates, and titanium sulfonates.

24. A lubricant composition comprising a base oil and the additive

concentrate of claim 21.
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22. The additive concentrate of claim?21l, wherein the
hydr ocarbon sol uble titanium conpound is sel ected
fromthe group consisting of a titani um conpound
derived from organic acids, alcohols, and glycols. 23.
The additive concentrate of claim?22, wherein the
hy dr 3% ah boethed lofi Bitgicating axdving pmﬁpwithoa lubrisatines i dbxhibiting
in{cf:el%gndt %%\x%ﬁro ﬁx%pgr?%al tﬁ% 'n{é%o%f bl tn nl uu in SbthXI!lbq{cgt?ﬁg oil for
“titani um phe t1F ani um al RoX 1%t 2R
o os pivat esoviag atts taambmm&woﬁ@mﬁmﬂ cd&ﬂamlﬂglwbasecahtand an

onpos on conprisin a base oil d, t he dditi e.
BB Ui P ve @ ransting SRxdrogon cotrer Hiid and an
athHt I0F 8Y/d106arBBYY bélEbIR Aftdrfuichbputdiprol datd AénAbbut 50 to about
exhi bitin i ncreased antiwear properties, the nethod
SQUpastsipsT mlios biivgius i the libiisaliea®iing oi | for one or
nore noving parts a |ubricant conposition containing a
base oil and an antiwear additive, the antiwear
addi 26.Videowstiped of ¢lgina2 hydreozinthieyhodag pams cdnhprise nacdngparts
rmunt of hydr ocar bon sol ubl e titani um conpound
hg from about 50 to about 500 parts per
mII|on tltanl umin the lubricating oil. 26. The

nmet hod cI m 2 e t he, noving parts ¢ ri se
movi #ig %E? 0f5 ﬂmghgﬁa"@ ergip th qﬁ&ﬁ%ﬂﬁ%ﬁéﬂ%@ fPBi the roup
co%@rstn‘i‘@@f @é&nﬁr@%nﬁﬂ%ﬁfﬁ%n cfigin€ b s §shrt 1 Eﬁdn%gﬁfeo u p

consi sting of a conpression ignition engine and
spark ignition engine. 28. The nethod of cIa|n125

wher gy ”};ﬁé‘ &A% NG l:l@fr}x “é’seswgé} \Ajn”‘ﬂff‘er b %E@Hé& a@”mtemal
engi hé havi ng a crankcase€’an erein rrca
c(m:hbusﬁmnpnglaehaangcaranﬂaasemi Wwhpress et lubncattimg oil comprises a

crankca e of th The nmet hod of claim 25,
“W?%ei‘ﬂ PHE U F(?ﬁ?ﬂ(ﬁe&e8%ﬁwce&ﬁlﬁﬁ ses a drive train
| ubricant present in a drive train of a vehicle

cont ai ni ng t he engine.. 30. The nethod of_ claim 21,
wher€t Pﬁ“é3t &%&Wt?énwélﬁqeﬂ’o‘lhé Iybricating oH %PF&S‘%&“V% train

TuBREARE fai%geﬁt E@%ﬁb@&&h‘b‘f@ VERIRR! Dhtaltfin Olthe &nbinbani um

compound derived from organic aci al cohol s, and
glycols. 31. The nethod of claim 30 wherein the

hydr’ﬁf arﬁ%nm‘(%&lloﬁ b(l)fe clta{ntx %' L{?ﬂ & ? rclc% b%ﬁl foch%tﬁg titanium
fromthe group consrs of "Trtant u carBoxy at es,
cdmpoancﬂ iselepled faine the gromlamnsmmg kbxtitkesym torhpmindrderived from

orEamg’ gcﬁst %ﬁ:eh&g d.antdlgtl %%islfl m sul fonat es.

31. The method of claim 30, wherein the hydrocarbon soluble titanium
compound is selected from the group consisting of titanium carboxylates, titanium

phenates, titanium alkoxides, titanium phosphates, and titanium sulfonates.

32. A metal surface comprising a wear reducing amount of an oleaginous
composition containing an amount of titanium provided by a hydrocarbon soluble
titanium compound sufficient to reduce metal surface wear to less than an amount of

metal surface wear in the absence of titanium.
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32. A netal surface conprising a wear reducing anmount

of an ol eagi nous conposition containing an anount of
titani um provi ded by a hydrocarbon soluble titanium
compound sufficient to reduce netal surface wear to

| ess than an anmobunt of netal surface wear in the
absehteThé meid amifann of kTaid332, Pherare thal hsimrdadwa sotubtd Gianmum

32 erein.t hydrocarhon.sol ubl e. ti.tani um c oun
ool Radeod e AL OGRS Re R Tl M p R from
orgamipacids alieholegshd gloeols.or gani ¢ aci ds, al cohols, and

gl ycols. 34. The netal surface of claim 33, wherein

t he hydrocarbon soluble titanium conmpound is sel ected

from4 henghrRUP sGINR! otidf8 7, wet R i Ryirs ARon! Bhds titanium

titanium phenates, titanium alkoxides, titanium
cqsripipf a6 eslectgd dram dlam Bipnp sapnsigiing ef tit@sm Thdokglates, titanium

o  Furt C ¢
PR o S s SR KA S A SRR, 2
than an anmount of phosphorus and sul fur antiwear

f tant. al | i val ent T
in the  ShedREl SPTaReoh A A7p AL SRR AR tipunt of
plRpRRUN end 3@ fur AEiweahhgdng Whichigildls Inanvie e@blint! dfephosphorus

anmount of  hydrocarbon soluble titanium conpound .
angy s etV 3R agelfs t for subganisdyt cwrlend r wear pgrigpnpnpgeoip the

atskARUF WY hﬁéé&bc{n%_oidﬁfe ﬂiﬁﬁhhﬁ&ﬂﬁrpotuﬁl The lubricant

conposition of claim13, wherel e anount of
hydr ocar bon sol ubl e titani um containing agent provides

fro boyt 50.t.0 about 500 arts per mllihon titaniu
reralo g TP ottt o SR e Bfoull of 18l bB b fbre
titAadipmwbengiundtgrevideofioin afout 5§ do abautlin saptsylek enillion titanium

tt:atanhu[nb%g ound in the concentrate is sufficient to

mefahip thelu about 50 to about 500 parts per million
titaniumto a | ubricant conposition containing the
concentrate and carrier fluid. 39. The nmetal surface

of ci%ai miBe, luRresy| eompprsitinne odi elaiis Ebnpydstein dhe amount of
. _ "
YRR oA ARAH c6idpinth Pl pOVCR Hdn? aBRL S kBl 500
pacts peomition tigmium metal.

38. The lubricant additive concentrate of claim 21, wherein the amount of
hydrocarbon soluble titanium compound in the concentrate is sufficient to provide
from about 50 to about 500 parts per million titanium to a lubricant composition

containing the concentrate and carrier fluid.
39. The metal surface of claim 32, wherein the oleaginous composition

contains from about 50 to about 500 parts per million titanium provided by the

hydrocarbon soluble titanium compound.
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