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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
netal additives and use of such netal additives in
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mxtr%ésof di-tert-butyl trisulfide, di-tert-b
t et “PPRIAINIE A wea, frepdle) wWeleknoyen japg d@cluémgydrocarbyl
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|n many_ appl i cations t hods ‘of” prepari ng
syathetiq, drigins; otrighippes; asulfutized r thienyl | derivaBvesPasulfihized terpenes;

e i, 6030 Rl Rl el G s

sulguridedr i eblutgleat) n sdbfiizad | \dSobutylene, sulfurized triisobutylene,
dicyclohexyl polysulfide, diphenyl polysulfide, dibenzyl polysulfide, dinonyl

- polysulfide, and mixtures of di-tert-butyl polysulfides such as mixtures of di-tert-butyl
- trisulfide, di-tert-buty! 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.



described in U S. Pat. No. 4,654,156. O her

sul fur-containing anti wear agents are described in

U S. Pat. Nos. 4,857,214, 5,242,613, and 6,096,691. 1
A need exists for a lubricati.ng additive that provides

excel l ent antiwear properties and is nore conpatible

with pollution control devices used for autonotive and

di esel engines. SUWARY OF THE EMBODI MENTS In a first

as péciced prisisdor aslubrienfing edditive it prevideskexselianhantiwear properties
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enginecosity and an anount of a hydrocarbon sol ubl e
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surface wear greater than a surface wear of a
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sol ubl e titanium conmpound. In a second aspect, there
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phosphorus or sulfur antiwear agent needed in the lubricant composition to provide
. substantially equivalent wear performance in the absence of the titanium-containing
agent.
In a fifth aspect, there is provided a method of reducing wear of metal parts
with a lubricant composition comprising a base oil component of lubricating viscosity

and from about 50 to about 500 parts per million titanium in the form of a hydrocarbon

‘soluble titanium compound.



2 In a sixth aspect, there is provided a | ubricant

concentrate for providing inproved antiwear

properties to a |lubricant conposition conprising the

concentrate and a hydrocarbyl carrier fluid, the

concentrate conprising an anount of a hydrocarbon

sol ubl e titani um conpound sufficient to provide an

anti wear performance for the |ubricant conposition
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from % outrSS% 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
improve 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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2a equi val ent antiwear performance. The additive nmay

be m xed with an ol eaginous fluid that is applied to

a surface to reduce surface wear. In other

applications, the additive may be provided in a fully
ted |ubrigcant co The additive is

f or nul sition
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PRovE ISRiwaten efhe ewbydm@m@eclowdamdlctalmﬁdt o or
as a partial repl acerrent for conventional antiwear
addi tives contai ning phosphorus and sul fur. The

DETARED DESCRETION OMEMBODIMENTSNd concentr at es

provided f | ubr.icant compositions i s a hydrocarbon
Do ubt &% oS R tmE0 Thnuch oy deeihre 6 fomponent in
lubritatiige bilneuigsositivat. t The cOMPRLIHAn! Sonsptet anhid@blibon soluble

5 dissolved in a hydrocarbon naterial,

suspended or
mﬁ%‘“ﬁ& compeynd, thap may disprsedan; aslditsm to preat e ipagial replapgment for
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“hydrocarbon soluble” means that the compound is substantially suspended or

dissolved 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 titanjum 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
slﬂfonates, 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

3
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derived fromacids, alcohols, and glycols, such as
titani um carboxyl ates, titani um phenates, titanium
al koxi des, titanium sulfonates, and the |ike. Such
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hydeocattayllposupat oms in the hydrocarbyl group; typically,

there will bg nqg non-hydrocarbon substituents in the ‘
hydr et O’SP%f%;b‘. titapupm, alkoxides trludsebe arg inog fimited to, C,-Cy
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in 5! Bt Nos. 2,160,273; 2,960,469; and 6,074,444

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 acids include, but are not limited
to, titanium salts of formic, acetic, proprionic, buyric, valeric, caproic, caprylic, lauric,
myristic, palmitic, stearic, oleic, linoleic, linolenic, cyclohexanecarboxylic,
phenylacetic, benzoic, neodecanoic acids, and the like.

Other titanium organic compounds that may be used include, but are not
4
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di et heyl di phenyl titanates, and the |ike. Exanples of
suitable titanates may be found 25 in U S. Patent

Nos. 2,160, 273; 2,960,469; and 6,074, 444. Titanium

salts of carboxylic acids may be nmade by reacting the

1al .k%l i nmetal salt aqueous_solution of an organic
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h" over based" égerla_t.es or 5 "overbased sul phurized o
PHEEE ACvntageRESly iRemperted Untoodhrieatingrremnositions h The titanium
cétHp RGN ifay 6! SudBal Afr¥ct t‘f"ttﬁéq aiiﬁg ah ad’oﬂ‘l[%'éitﬁm. In one
ual 'y con nore
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ergbodimsnt, howgwen itheye atesdilwed ity & supstamtidlybirert, normally liquid
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b Uitubhsuch s Mo P Slnhel i 60 « L of irertiasti ac)
napthd, aillatiated .(e’BheC16 HA1GNakeY , beadbrics blakes or PHASHRN & e an
a .dvaephenatneai descrj bed abqve may include 10 SOdl'urth]@
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e R MRS In ST B P B, Tt SR REE ohiles o
hygeocathve dikiierge atihgrat ubtioating il i oz aithed Guivable colveAs | Uneily these
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materials less difficult and awkward as well as to facilitate solution or dispersion in
the final blend.
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 base 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 lubricating
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addi tive concentrate. The titanium additive

concentrates usually contain fromabout 0%to about

99% by weight diluent oil. 20 In the preparation of
lubricating oil formulations it is comon practice to

bt e ditives,in the formof, I, to 99 W . %
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Eorrodke6 AsRin A8 BiERrs A/ g ﬁ%ﬁ{ | i
Ieco r essi :Jn-i gni %@ﬁ%?ﬁ%ﬁ%ﬁ usrtil)II n E%%E?ﬁ?‘“ls‘ﬁ‘é‘?ly the
d’égarég‘ms%% et earg negqitired in diegfommulations. i nSuitabte Di padkages are
j I [ - t | ke, al ,oj hhcl.ude
ASuERR) OF el uf TEs) Dheht K, 3HRYHS Fpg b7 4AF b8 Gl
Amiorg ,the | tiypesi df gﬂﬂﬁiﬂee ungmblklb(i; iﬁgﬁie Wt@&;‘eﬁﬁ)hﬂ%@p arc_detergents,
.sol vent -t.reate r. acid-freated mneral _Jubricating._ .
b i Pafficfy cSoal SRInasRS. sHwOrideRd, foam Mhibitor,
luipdcif hienis; -roaphbitaRrs, Eotpdfon ifBilifordf ddnuhbifeat Vigbosity index

. Vi scosi t%tderi ved fromcoal or shale are al so usefu

mprovers, apd therie.  Saygrah of these pompenentsage siellsngsatoi those skilled
in tehé Sirtl INeRE T RBrekdig Y- o} nlm&_a 11 .
conmonl'y usglg gynt%et ?%Q‘E?H{r?‘é"‘é@%%ln ol nrsts QJV}H% @-‘ﬁe additives and
comipesitides dasatibekereint |inited to, pol y-al pha-ol efins,
?Lréﬂog%?%@%g% ielsg aispgxl‘sk tls %Pc it exalndo?l sF())?lllngE(r)Isy’meric hydrocarbon
backbone having functional groups that are capable of associating with particles to be

dispersed. 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.
6
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conposi tions described herein. 25 For exanple, ashless

thgi ;%é?%l nt Bydragenated diomenolweensbief Jurtydiens cand isoprenc  and
isby&ﬁg@gﬁlpﬂgenzlgﬁ\&kbone havi ng functional groups that

are capabl e of associating with particles to be

di spErylstion Tiphibitats| ¢r, anthxidingp exciiea tthe ¢anipnéys of dasenstocks to
caiR! in 30 ter. pol i et t dt
ARSI 1n JE%: BicHC hBHoRROR car B iR AL pirdiucts of

oxidatiars suchdas pridganing viyisheikef @posSkABR! e H&hESHBes and by
am no- esters,

fromoil solubje salts, esters, 30 .
vigoRsth oY dich oxiatio ipgbitershegde GRgleeNaplwols, alkaline carth
mbil s@eR 6P AlkyisHeRb kbR %Oﬁgﬁ:@ erfb1GAEORX Y] 9P b@% chains,

ar boxy tived o

or_ their anhydrides; thioce ate deriva
caldwg eeniphenpl aulfider asbirss dilosjublesphenates phdtsutfurized phenates,

Vi I i ne .attached directl
pl{b\légl?%t% g;[lngérllg %gnnl c gg(gde 3@5?93151?10%r od’E‘SF OfE rrggteﬁy metal
thipgathemstesgamal bidnglubiiai coppaubsipéutide dasd HesreibedMih U.S. Pat. No.

4%601} dehyde and a pol yal kyl ene pol yam ne. 6 Viscosity
‘nodrtrers (VM function to inpart high and | ow

t enpRuAt UnBibiteRe! 8dkdiéd Y fiotn @ thybrgrsaﬁnja'&e%ﬂdng T8¢ Y¥hionic

Oriﬂed @%ehave that sole function, or { e o
Porxyrikyieae Rat¥nls and) esters fesrpefn a0l ynxyalbsleny phoudls, ands anionic
allb13hifehis Aciv AeL HNisdp di spersants are also 5 known.
ui table viscosity nodifiers are polyisobutyl ene,

copoh ysmalls awbumt oy b eleendsifying component may be used. A preferred
demulsifying component is described in 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 0f 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
fluidity of the fluid are Cg to Cis dialkyl fumarate/vinyl acetate copolymers,
polyalkylmethacrylates and the like.

Foam control can be provided by many compounds including an antifoamant
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o B TR bR A el i S P afigectude

mmeral lubrication 01Is whlch may vary widely as to their crude source, e.g., as to

""I

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 cSt 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 11 <0.03 And > 90 80to 120
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_ 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 Iubricant 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



of the base oils in Goups |-V as specified in the
American PetroleumlInstitute (APlI) 30 Base Q|
I nt erchangeabi lity Guidelines. Such base oil groups
are as follows: Base O Goup' Sulfur (w.%
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fconp%{)tﬁ%lﬁtag& Eégﬁlct:suarrF NSata 31%5? ﬁ’é‘oﬁ’ﬁngﬁ ©t i ve concentrate
(i.e., additives plus a diluent, such as a hydrocarbon
solvent). The use of an additive concentrate takes
advant age of the nutual conpatibility afforded by the
conbi nation of ingredients when in the formof an
addi tive concentrate. Al so, the use of a concentrate
reduces blending tinme and | essens the possibility of
bl endi ng errors. 10 The enbodi nents provide a
| ubricating oil for internal conbustion engines in
whi ch the concentration of the added hydrocarbon
solubl e titanium.conmpound is relatively |ow
provi ding fromabout 50 to about 500 parts per mllion
(ppm titanium in terns of elenental titaniumin the
oil. In one enbodi nent, the titanium conpound 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 ment from about 120 to about 180 ppmtitani um
metal. The follow ng exanple is given for the purpose
of exenplifying aspects of the
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]%Othe above ta‘blcI z_he followmg legend is used:
Ti-TEN CEN is a titanium neodecanoate from OM Group, Inc. of Newark,
New Jersey and contains about 6.7 % by weight titanium metal.

Ti-2-EHO is 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 22(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, frorh Kenrich
Petrochemicals, Inc. and contains about 3.1 % titanium metal.

© KR-9S is titanium IV 2-propanolato, tris(dodecyl)benzenesulfanato-Q, 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 varation 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
12
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specific exenplifications set forth herei nabove.

Rat her Tt b QFaael pgp%g r hthin, t .
spirit anz'g)scope%gwﬁgﬁ%g{eﬁ e glﬁatlﬁ?rybn?%tgfl ﬁ‘é‘?%céa PRPTISS
arpitdrgal surfhse othemgminentld aavaipredsion igaitianeaginer of | aw.

The patentees do not intend to dedicate any discl osed

enbodi nents to the public, and to the extent any

di sch.osHst tabgtchtedatuifass oflclahnt Bf ¥hbRES (HYmB@Lt of hydrocarbon
fall within the scope of the clains, they

Literal L
scl{RIC HEpim cpBpouBA B Viiss o1 HEY0EBY of eeium mstal genging fem about
506 Hat 560 Hxthn Iudiaht é&n@sﬂidﬁe‘j is: 1. A lubricated

surface conprising an antiwear coating of a |ubricant
conposition containing a base oil of lubricating

Vi S GO MBS s FARY 8k clg{m ?, wherein the hydrocarbon soluble 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 lubricated surface of claim 1.

9. A vehicle having moving parts and containing a Iubricant 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

\
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hydr ocar bon sol ubl e titani um conpound effective to
provide a reduction in surface wear greater than a
surface wear of a lubricant conposition devoid of the
hydr ocar bon sol uble titani umconpound. 2. The

. ubLi cat ed ﬁ;face,of claim1, wherein the lubricated

B A58 & 9 ARG B VingrPREIURUCH 1P Hiriicn wear of Fie moving parts

phovkicderuboi bASE of theh@iriRathor BRI Brahift Lot e

surface conprises an internal surface or conponent of

an internal conbustion engine. 4. The lubricated

surfage qheCl @ikl M}g;e'n Jubricat ed surfac -

conpri ses eanéillﬂtbe?fna su?’f zﬁ:ﬂé@%&}? l{ggnlﬁ'?%%ﬁbg& sgfible titanium

cerpeimdds selacted fiiotn the geoy comsisfing 6h e tikanivirh cainpusd ddried from
l.a erei,n.the amount of hydrocarbon sol uble

mga?%r#iu@m %18%1%)0 %ﬁﬁdﬁ#yé:\(??sdes an anount of titanium netal

rangi ng fromabout 50 to about 500 ppmin the

| ubri an,h?é:]o ocipition._ 6. The lubricated surface of

cl ai m-1 SEBICHE ©f S18YH 8¢ aylserin stbr Upidsoqarkam selpble titanium

ctﬁﬂﬁﬂiﬁn!dﬁé defectR! 86hCBe| O LG RYPr GRARNS tc%n%gxﬁfates, titanium

titani um conpounds derived from ~“organic ac
rhgnatspditanivayalkexidess Hitanivin piibsphatesandditadususuifansesof

claim11, wherein the hydrocarbon soluble titanium

conpound is selected fromthe group consisting of

tit adlurbbearchmlybhitlesn 8, wheehi hemhen@pass céhpddd 4Meavy duty
digéekoxi.des, titani um phosphates, and titanium

st Forltes. 8. A notor vehicle conprising the
| ubricated surface of claiml1. 9. A vehicle having

ts and containing a lubricant for ‘

novi Fg pﬁh . : L .
| ubr }& 4t fuhly formulatag\lpbricant cermpositien ¢arhprisiaga base oil component

fAghRE3 i ' i i ity and an . .

OB AE NSRS dn ot OF Wi HochboN sRBF kG efeining agent

effective td provids preduitin m areataotntast phbdphiofusor flfie an@ear agent
Vi .parts greater than g surface wear of _the

nelicd 16 T WIBHBRL | onboSTon 4 | waide gBiRsItaHY  psvalént - woar

penfprinascrib die stabtdd of the HiRRIUMCERIRMI YEend 0. The vehicle
of claim9, wherein the hydrocarbon soluble titanium

conmpound is selected fromthe group consisting of a

tit i UPAECRIBREMAS ki Pr%m] r IR hos iti

al cohol s, and gl y8%$1ﬁ§% .off e v@h‘?@%}é&o@g (l:%cr%n tﬁﬁmposmon
CORmESRS & lavh @shhyldwosidfubcmdslovuphosphértshibrivant composition suitable

for compression ignition engines.

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

derived from organic acids, alcohols, and glycols.
16. The Iubricant 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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conpound is selected fromthe group consisting of
titanium carboxyl ates, titanium phenates, titanium

al koxi des, titanium phosphates, and titanium

sul fonates. 12. The vehicle of claim8, wherein the

MoV parts conprise a heavy duty diesel engine. 13.
A fquI%y %omﬁhﬂa‘t e redwsing et ob el patm i enpetiginen gomprising
chbag&ifY khs eAPAs Rlin! Y0 GE% loSFigs ! d -
am)unr§g of h%ar le%&gon _so#ug‘ng@attn:ttq%ﬁn:ﬂgﬁl}%ggn O\zfﬁpr{?snﬁh a base oil
cappanent of fericatieg viscorityvandeframrabouct0 tnationt 460 pamsiper million

: f ' din th
PR B TotR o B M kitbo T bR oty " 1

equi val ent wear performance in the absence of the

titanip,um containi .agent. 14, The | ubri cant .
co mﬂ?i t' Sﬁ"%ﬁodgﬁ'%gmgy Wherein therangine gampRsgHa heavy duty diesel
efgifiposi tion conprises a |ow ash, |ow sulfur, and | ow
phosphorus | ubricant conposition suitable for

conpression ignition engines. 15. The |ubricant

conpasi t TP Réh&d VU dit -13{1 N e tﬁll? 50%?!)%{ bOMble titanium
soluble titani um conpound’is selecte romthe group
cempeyk is sgleettd from thagroup cmsisting df a titaniune dothpamd derived from
Qr.gani ci.aglds, aleohols, and glycols. 16. The
5 ??%%ﬁtﬁg%ﬁ%%gPﬁggﬁoéf claim 15, wherein the

hydr ocar bon sol uble titanium conmpound is sel ected

fro he_group cpnsi sting of titanium carboxylates, .

t L afPu mTE‘F] e _,O%t(i?‘_tlﬁhiqgm“d}%%i the dhydraopehonyspluble titanium
chhipsRiacseRlecRA0rdh tBE] g?&};?‘ %ﬁs‘i’ﬁﬁ?e&f‘ tithtiutn’ carboXRHAE Yitanium
of reduci ng wear of netal” parts ’n an engi ne
phanass Gtapigm diserides: titagiumh phesphiates, qna titaniwntshlfanates.

| ubri cant conposition conprising a base oil conponent

of | ybrigaf IS ity and from,about 50 to abou .
S00 bt (& IobRent] RV Yormuie TP RSvidipin Gporaved antivear
pilopeiities as hdnbsednt bbpbsitian icMpsieifpale GondeBiratbd" B hi@hcarbyl
of. céa|n117 wherei n the engi ne conprises a heavy d

t
TIELNIC, 1R SPRRFALTs comREisiRg: HouneHnt of aiyrirparban splsble fitanium
cOrhifoutMdQFRRIGR N 105 OhrdPlde it 3RkWE:: aHRte Fob Sih%c fi&kicant

fromthe group consisting of a titani um conmpoun
coapqsitim grey then garsntwger perforalanohof 8 Jubsivdntytopgmisition devoid

ofgtgf; Hﬁ&gcﬁg{n@g&iu@g tﬁmc%%m%&r ei n the hydrocarbon

anit um

£

22. The additive concentrate 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,

titanium 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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L

conpound is selected fromthe group consisting of
titanium carboxyl ates, titanium phenates, titanium

al koxi des, titanium phosphates, and titanium

sul fonates. 21. A lubricant additive concentrate for
providi ng inproved antiwear properties to a |lubricant
corrpgg'r rrLf B}F%ﬁﬁj‘é’lﬂﬁ@ﬁ% 1R ALY Atith @ deprigating o1l exhibiting
ifwrelised antivkar $apértisy, thd Hethodt #Eﬁ?#}%‘ﬂﬁ%e i l,§h D9

an anount ong@Eydrécarbgn(go ubl et ?%%?%ﬁg&g@%%%ﬁhg%ﬂfbr
08¢ 9| BPENMmAVNSH Py @dubricanit ¢omepositiper f@ttainingen base beand an

AL s el | L] ater than an.antjwear . .
et et SRR PR Bertlf s BReBRrb sy g and am
aippunioeinibocasipindlheble 'titaah?m _mibﬁxpﬁz 1nﬁxilmpﬂwid_212g ﬁ'ﬁllﬁelbout 50 to about
itive concentrate. qQ al m.21, wherein the
Sﬁgg?%%%?j%ﬁﬂ%ﬁﬁmu@mt ¢ Honsaiesfibound i s sel ect ed
fromthe group consisting of a titani um conpound
deri §gd_ll,{lr om or %gni ¢ acids, alcohols, and glycols. 23.
The Z8dTt§ Fethogmt cimade whierein shemoving pads e¢mpriseanoving parts
obxele ‘bon soluble titaniumconpound is selected
fromtihe group consisting of titanium carboxyl ates,
titani um phenates, titani um al koxi des, titanium
phospghatgs, t it ani sul fanates. .24. A,l ubyjcant -
corrng‘l tﬁ%nmg%ﬁgr():fscﬁlﬁla ' PHEECY; e SR I’\%S‘ﬂ%?g‘?‘{ f‘?’é‘ the group
cansistiegtof atcemptessioniigni@dn erginnd Aspilk [96tidH engine.
| ubricating noving parts with a lubricating oil
exhibiting increased antiwear properties, the nethod
CONPR8SITHG Higkidd 8F ddif 128D EGEI thePleheih®! incRdEs U internal
nore noving parts a lubricant conpositi B8R cORtar ni ng a
cosalustign| engiig haying,atcrankgascaath whorein tHeelubricatinganil comprises a
crafidialkd 1 Sl d rbyl carrier fluid and an
arml?%% ggp 9%%%2%{%@%&?% %@F‘g eP%‘lng'ni um conpound
provi ding fromabout 50 to about 500 parts per

milli titani i,n t |.ubricating oil. 26. The X .

met h%%n%‘?e ’E&ﬁ?%@%@%ﬁgy@%‘mﬂ e hﬁ)ﬂcwglqda} PUMRIEGH A dgie train
lubTivAm @rsent is a dfvedRiORi éhicld Conthiifind b '&H%ne.f claim

25, wherein the engine is selected fromthe group

consi sting of a conpression ignition engine and a

sparkg.i ofhd MG 9F REim281, WaerdR o %g?ﬁoc%%aﬁ%ﬂgg thle. titanium

wherei n the engine includes an 1 ntern

cogipgund ihssleatie] momrtae groap eonsislinghel etitaniuhecdryind aleiingd from
orgénhc ggﬁgrﬂéo%%ls?md glycols. |

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 suifonates.

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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crankcase oil present in the crankcase of the engine.
29. The nethod of claim25, wherein the |ubricating
oil conprises a drive train |ubricant present in a
drive train of a vehicle containing the engine. 30.

The nethod of claim 21, wherein the hydrocarbon )
sol ubPe Hhermsfplsirface gp slavar 3% wherae theohfdrorarbdnesqiuide itanium

@RSt i i ' i ved from .
DOt i 300 At U EQRAND S Hn ] ol et from
opgantd agids, doohalhendighycohe hydr ocar bon sol ubl e titani um
conpound is selected fromthe group consisting of

titani um carboxyl ates, titanium phenates, titanium

al kogitdGhe rhéthibsirfaioe I OBRH A3 Wherdidl tHe Ky dafbon soluble titanium
surface conprising a wear

Smfo%ﬁtes}ﬁfngﬁitfrA' t al )i o
PREUEING & 8 Biy OBRGORYHINE ebHifeaIR [Carpoxylates, titanium
pheRtR] fapBnakaRies) titfiud! OGRS PEAMS Pféﬁlf%nates.

hydr ocar bon sol ubl e titanium conpound surficient to
reduce netal surface wear to |less than an anmount of

met aks sufiac bnt epgecof, titanium 17 33.

The. 13: ar i, e Qurlile | O° AIH°3EE sBnd:! {HbriThe o PRt of
phesphorue and tsuHin antiwenrprpond whick ¢4 &6t elghnf s ambhet 6F pluRphorus

St of atitaniu onpgund derived from .

m%ﬂ?%éf#?rc il Spgls i S&Wﬂﬁrmﬁ@?mﬁm&rh@rﬁ@?@m@ in the
alssandeasfah@hydibairbodSolublear fiitmtdagpduad ocar bon sol ubl e
titanium conpound is selected fromthe group

consi sting of titanium carboxylates, titanium

phensg esynd vERBIUGTE lakn*é d | @ n
‘titani um sul fongg es. a35.9’Tﬁ)gerr?§e4 g]?éqé}lljlr ac:g?gl aléq%%i'br%ﬁl S%hﬂ)le
tigpiunt gempeundcpioyides ifrogn ahowin®id alafut 590qspte qren snidliwh titanium
m%ﬁ”ﬁ‘tﬁeﬁﬁ;tdc‘ﬁﬁ@r agents which is | ess than an anount of
phosphorus —and sul fur antiwear agents for

substantially equi val ent wear perfornmance in the

absence \%‘ﬁt &%@h dr ocar bon, sol gbl e titani um conpound.
36. The i cBRt compesigonypbrdaim tie whergmt te amount of

- hydlyStagson b8 Htathn-cohtdi S| %b,&% | f
)g%out 50 to about SOCSBE%I??%% er m?@?gﬁgg’f%‘%‘ﬂﬁ%‘r"%‘“ 500
P sl milijon Hganigmmedalnt . 37. The |ubricant composition

of claim 13, wherein the anmount of hydrocarbon

sol ubl e titanium containing agent provi des from about

50 t3B. abbetutsdiant 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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parts per mllion titaniumnetal. 38. The | ubricant
additive concentrate of claim 21, wherein the anount
of hydrocarbon sol uble titanium conpound in the
concentrate is sufficient to provide fromabout 50 to
about 500 parts per mllion titaniumto a |ubricant
conposi t i o‘fp H%M@%FOMUMMﬁ er
fluid. 39. fﬁgkﬁﬂﬂaﬁ P AT OVEARPROEZERTHES ei n t he
ol eagi nous conposition contains fromabout 50 to
about 500 parts per m on ti rovi ded by the
hydr ocar bon sol ubl e tf%éﬁ?ﬁﬁlggﬁﬁgﬁﬁhp S ADDI TI VES
AND EUBEh@ﬁNWmEﬁRNUhAﬁh&MEHf&ﬁﬁhh&ﬁﬁ&hﬁibé&%h%ﬁ&ﬁdpaﬁs The

Abst ract f th l.osure A | ubricated
WP oltied PROGES ' Brsd 6. lﬁéﬂw@gg VIRAORKE imeheng pmount of a
. hpdwotarbor BelubleUitahiat %Qn@ﬁﬁﬁcﬁ@ﬁ’e&ﬁf@tté'ﬂ?évlﬁe Qal%ﬁu&id i surface
| ubricating viscosity and an amount of hyd rocag%

VBT gigRieT thad g stiasccw B sl Rdubrcant Wmnosstmnpie:ymdj@f the hydrocarbon

S@mgkqﬁmﬁmmkﬁﬂ?g&&ﬁce wear greater than a surface wear
of a lubrica conposi tion devoid of the hydrocarbon

sol ubl e titani um conpound. 19
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