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(57) ABSTRACT 

A lubricated surface, a method for reducing Wear between 
moving parts, and lubricants, and lubricant additive concen 
trates containing a Wear reducing agent. The lubricated sur 
face contains a base oil of lubricating viscosity and an amount 
of at least one hydrocarbon soluble magnesium compound 
effective to provide a reduction in surface Wear greater than a 
reduction surface Wear for a lubricant composition devoid of 
the magnesium compound. The lubricant composition con 
tains no more than about 0.05 Wt. % phosphorus and is devoid 
of calcium detergents. 
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ADDITIVES AND LUBRICANT 
FORMULATIONS FOR IMPROVED 

ANTIWEAR PROPERTIES 

TECHNICAL FIELD 

[0001] The embodiments described herein relate to particu 
lar oil soluble magnesium additives and use of such magne 
sium additives in lubricating oil formulations to improve 
antiWear properties of the formulations. 

BACKGROUND AND SUMMARY 

[0002] The next generation of passenger car motor oil and 
heavy duty diesel engine oil categories Will require equivalent 
antiWear properties but With loWer levels of phosphorus and 
sulfur in the formulations in order to reduce contamination of 
more stringent pollution control devices. It is Well knoWn that 
sulfur and phosphorus containing additives impart antiWear 
properties to a ?nished oil, and also may poison or otherWise 
reduce the effectiveness of pollution control devices. 
[0003] Zinc dialkyl dithiophosphates (“Zn DDPs”) have 
been used in lubricating oils for many years. Zn DDPs also 
have good antiWear properties and have been used to pass cam 
Wear tests, such as the Seq IVA and TU3 Wear Test. Many 
patents address the manufacture and use of Zn DDPs includ 
ing US. Pat. Nos. 4,904,401; 4,957,649; 6,114,288, all of 
Which are incorporated herein by reference in their entirety. 
[0004] Sulfur-containing antiWear are also Well knoWn and 
include dihydrocarbyl polysul?des; sulfuriZed ole?ns; sulfu 
riZed fatty acid esters of both natural and synthetic origins; 
trithiones; sulfuriZed thienyl derivatives; sulfuriZed terpenes; 
sulfuriZedpolyenes; sulfuriZed Diels-Alder adducts, etc. Spe 
ci?c examples include sulfuriZed isobutylene, sulfuriZed 
diisobutylene, sulfuriZed triisobutylene, dicyclohexyl 
polysul?de, diphenyl polysul?de, dibenZyl polysul?de, 
dinonyl polysul?de, and mixtures of di-tert-butyl polysul 
?des such as mixtures of di-tert-butyl trisul?de, di-tert-butyl 
tetrasul?de and di-tert-butyl pentasul?de, among others. Of 
the foregoing, sulfuriZed ole?ns are used in many applica 
tions. Methods of preparing sulfuriZed ole?ns are described 
in US. 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 
ole?n derivatives described in US. Pat. No. 4,654,156. Other 
sulfur-containing antiWear agents are described in US. Pat. 
Nos. 4,857,214, 5,242,613, and 6,096,691. 
[0005] A need exists for a lubricating additive that provides 
excellent antiWear properties and is more compatible With 
pollution control devices used for automotive and diesel 
engines. 
[0006] In vieW of the foregoing, exemplary embodiments 
disclosed herein provide a lubricated surface, a method for 
reducing Wear betWeen moving parts, and lubricants, and 
lubricant additive concentrates containing a Wear reducing 
agent. The lubricated surface contains a base oil of lubricating 
viscosity and an amount of at least one hydrocarbon soluble 
magnesium compound effective to provide a reduction in 
surface Wear greater than a reduction surface Wear for a 
lubricant composition devoid of the magnesium compound. 
The lubricant composition contains no more than about 0.05 
Wt. % phosphorus and is substantially devoid of calcium 
detergents. 
[0007] In one exemplary embodiment, there is provided a 
vehicle having moving parts Wherein the vehicle contains a 
lubricant for lubricating the moving parts. The lubricant is an 
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oil of lubricating viscosity having therein an amount of anti 
Wear agent providing an amount of at least one hydrocarbon 
soluble magnesium compound effective to provide a reduc 
tion in surface Wear of the moving parts greater than a reduc 
tion surface Wear of the moving parts for a lubricant compo 
sition devoid of the magnesium compound. The lubricant 
composition contains no more than about 0.05 Wt. % phos 
phorus and is substantially devoid of calcium detergents. 
[0008] In yet another embodiment there is provided a fully 
formulated lubricant composition include a base oil compo 
nent of lubricating viscosity and an amount of antiWear agent 
providing an amount of at least one hydrocarbon soluble 
magnesium compound effective to provide Wear reduction 
greater than an amount of Wear reduction for a lubricant 
composition devoid of the magnesium compound. The lubri 
cant composition contains no more than about 500 ppm phos 
phorus and is substantially devoid of calcium detergents. 
[0009] A further embodiment of the disclosure provides a 
lubricant additive concentrate for providing improved anti 
Wear properties to a lubricant composition. The concentrate is 
substantially devoid of calcium compounds and has a hydro 
carbyl carrier ?uid and an amount of at least one hydrocarbon 
soluble magnesium compound su?icient to provide from 
about 120 to about 2000 ppm magnesium to a lubricant com 
position containing the concentrate. 
[0010] As set forth brie?y above, embodiments of the dis 
closure provide an antiWear additive including a hydrocarbon 
soluble magnesium compound that may signi?cantly 
improve the antiWearperformance of a lubricant composition 
thereby enabling a decrease in the amount of phosphorus and 
sulfur antiWear additives required for equivalent antiWear 
performance. The additive may be mixed With an oleaginous 
?uid that is applied to a surface to reduce surface Wear. In 
other applications, the additive may be provided in a fully 
formulated lubricant composition. The additive is particu 
larly directed to meeting the currently proposed GF-4 stan 
dards for passenger car motor oils and PC-10 standards for 
heavy duty diesel engine oil. 
[0011] The compositions and methods described herein are 
particularly suitable for reducing contamination of pollution 
control devices on motor vehicles or, in the alternative, the 
compositions are suitable for improving the performance of 
antiWear agents in lubricant formulations. Other features and 
advantages of the compositions and methods described 
herein may be evident by reference to the folloWing detailed 
description Which is intended to exemplify aspects of the 
disclosed embodiments Without intending to limit the 
embodiments described herein. 
[0012] It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are intended to provide further 
explanation of the embodiments disclosed and claimed. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0013] In one embodiment is presented a magnesium com 
pound that is useful as a component in lubricating oil com 
positions. The magnesium compound comprises a hydrocar 
bon soluble magnesium compound selected from the group 
consisting of magnesium sulfonates, magnesium phenates, 
magnesium salicylates, and mixture thereof. 
[0014] The term “hydrocarbon soluble” means that the 
compound is substantially suspended or dissolved in a hydro 
carbon material, as by reaction or complexation of a magne 
sium compound With a hydrocarbon material. As used herein, 
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“hydrocarbon” means any of a vast number of compounds 
containing carbon, hydrogen, and/ or oxygen in various com 
binations. 

[0015] The term “hydrocarbyl” refers to a group having a 
carbon atom directly attached to the remainder of the mol 
ecule and having predominantly hydrocarbon character. 
Examples of hydrocarbyl groups include: 

[0016] (i) hydrocarbon substituents, that is, aliphatic 
(e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, 
cycloalkenyl) substituents, and aromatic-, aliphatic-, 
and alicyclic-substituted aromatic substituents, as Well 
as cyclic substituents Wherein the ring is completed 
through another portion of the molecule (e. g., tWo sub 
stituents together form an alicyclic radical); 

[0017] (ii) substituted hydrocarbon substituents, that is, 
sub stituents containing non-hydrocarbon groups Which, 
in the context of the description herein, do not alter the 
predominantly hydrocarbon substituent (e.g., halo (es 
pecially chloro and ?uoro), hydroxy, alkoxy, mercapto, 
alkylmercapto, nitro, nitroso, and sulfoxy); 

[0018] (iii) hetero-substituents, that is, substituents 
Which, While having a predominantly hydrocarbon char 
acter, in the context of this description, contain other 
than carbon in a ring or chain otherWise composed of 
carbon atoms. Hetero-atoms include sulfur, oxygen, 
nitrogen, and encompass substituents such as pyridyl, 
furyl, thienyl and imidaZolyl. In general, no more than 
tWo, typically no more than one, non-hydrocarbon sub 
stituent Will be present for every ten carbon atoms in the 
hydrocarbyl group; typically, there Will be no non-hy 
drocarbon substituents in the hydrocarbyl group. 

[0019] The magnesium compound is desirably a basic or 
overbased magnesium salt that contains an excess of the 
magnesium cation. Generally, the basic or overbased salts 
Will have metal ratios of up to about 40 and more particularly 
Will have a metal ratio of about 2 to about 30 or 40. 

[0020] A commonly employed method for preparing the 
basic (or overbased) magnesium salts comprises heating a 
mineral oil solution of an acid With a stoichiometric excess of 

a metal neutraliZing agent, e.g., a metal oxide, hydroxide, 
carbonate, bicarbonate, sul?de, etc., at temperatures above 
about 50° C. In addition, various promoters may be used in 
the overbasing process to aid in the incorporation of the large 
excess of metal. These promoters include such compounds as 
the phenolic substances, e.g., phenol, naphthol, alkylphenol, 
thiophenol, sulfuriZed alkylphenol and the various condensa 
tion products of formaldehyde With a phenolic substance; 
alcohols such as methanol, 2-propanol, octyl alcohol, cello 
solve carbitol, ethylene, glycol, stearyl alcohol, and cyclo 
hexyl alcohol; amines such as aniline, phenylenediamine, 
phenothiaZine, phenyl-beta-naphthylamine, and dodecyl 
amine, etc. 
[0021] The acidic organic compound from Which the mag 
nesium salt is derived may be at least one sulfur acid, car 
boxylic acid, phosphorus acid, or phenol or mixtures thereof. 
The sulfur acids may be sulfonic acids, thiosulfonic, sul?nic, 
sulfenic, partial ester sulfuric, sulfurous and thiosulfuric 
acids. Sulfonic acids are particularly desirable for use in 
making the hydrocarbon soluble magnesium compounds. 
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[0022] The sulfonic acids Which are useful in preparing 
component (B) include those represented by the formulae 

RXT(SO3H)y (I) 

and 

R1($O3H)y (n) 
[0023] In these formulae, R1 is an aliphatic or aliphatic 
substituted cycloaliphatic hydrocarbon or essentially hydro 
carbon group free from acetylenic unsaturation and contain 
ing up to about 60 carbon atoms. When R1 is aliphatic, it 
usually contains at least about 15 carbon atoms; When it is an 
aliphatic-substituted cycloaliphatic group, the aliphatic sub 
stituents usually contain a total of at least about 12 carbon 
atoms. Examples of R1 are alkyl, alkenyl and alkoxyalkyl 
radicals, and aliphatic-substituted cycloaliphatic groups 
Wherein the aliphatic substituents are alkyl, alkenyl, alkoxy, 
alkoxyalkyl, carboxyalkyl and the like. Generally, the 
cycloaliphatic nucleus is derived from a cycloalkane or a 
cycloalkene such as cyclopentane, cyclohexane, cyclohexene 
or cyclopentene. Speci?c examples of R1 are cetylcyclohexyl, 
laurylcyclohexyl, cetyloxyethyl, octadecenyl, and groups 
derived from petroleum, saturated and unsaturated paraf?n 
Wax, and ole?n polymers including polymeriZed monoole?ns 
and diole?ns containing about 2-8 carbon atoms per ole?nic 
monomer unit. Rl may also contain other substituents such as 
phenyl, cycloalkyl, hydroxy, mercapto, halo, nitro, amino, 
nitroso, loWer alkoxy, loWer alkylmercapto, carboxy, car 
balkoxy, oxo or thio, or interrupting groups such as iNHi, 
40* or iSi, as long as the essentially hydrocarbon char 
acter thereof is not destroyed. 
[0024] R in Formula I is generally a hydrocarbon or essen 
tially hydrocarbon group free from acetylenic unsaturation 
and containing from about 4 to about 60 aliphatic carbon 
atoms, for example, an aliphatic hydrocarbon group such as 
alkyl or alkenyl. The compound may also, hoWever, contain 
substituents or interrupting groups such as those enumerated 
above provided the essentially hydrocarbon character thereof 
is retained. In general, any non-carbon atoms present in R1 or 
R do not account for more than 10% of the total Weight 
thereof. 
[0025] In the above formulas, T is a cyclic nucleus Which 
may be derived from an aromatic hydrocarbon such as ben 
Zene, naphthalene, anthracene or biphenyl, or from a hetero 
cyclic compound such as pyridine, indole or isoindole. Ordi 
narily, T is an aromatic hydrocarbon nucleus, especially a 
benZene or naphthalene nucleus. 
[0026] The subscript x in the above formulas is at least 1 
and is generally l-3. The subscripts r and y have an average 
value of about l-2 per molecule and are generally 1. 
[0027] The sulfonic acids are generally petroleum sulfonic 
acids or synthetically prepared alkaryl sulfonic acids. Among 
the petroleum sulfonic acids, the most useful products are 
those prepared by the sulfonation of suitable petroleum frac 
tions With a subsequent removal of acid sludge, and puri?ca 
tion. Synthetic alkaryl sulfonic acids are prepared usually 
from alkylated benZenes such as the Friedel-Crafts reaction 
products of benZene and polymers such as tetrapropylene. 
The folloWing are speci?c examples of sulfonic acids useful 
in preparing hydrocarbon soluble magnesium compounds 
described herein. Such sulfonic acids include, but are not 
limited to, mahogany sulfonic acids, bright stock sulfonic 
acids, petrolatum sulfonic acids, mono- and polyWax-substi 
tuted naphthalene sulfonic acids, cetylchlorobenZene sul 
fonic acids, cetylphenol sulfonic acids, cetylphenol disul?de 
sulfonic acids, cetoxycapryl benZene sulfonic acids, dicetyl 
thianthrene sulfonic acids, dilauryl beta-naphthol sulfonic 
acids, dicapryl nitronaphthalene sulfonic acids, saturated par 
a?in Wax sulfonic acids, unsaturated para?in Wax sulfonic 
acids, hydroxy-substituted paraf?n Wax sulfonic acids, tetra 
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isobutylene sulfonic acids, tetra-amylene sulfonic acids, 
chloro-substituted paraf?n Wax sulfonic acids, nitroso-sub 
stituted paraf?n Wax sulfonic acids, petroleum naphthene 
sulfonic acids, cetylcyclopentyl sulfonic acids, lauryl cyclo 
hexyl sulfonic acids, mono- and polyWax-substituted cyclo 
hexyl sulfonic acids, dodecylbenZene sulfonic acids, “dimer 
alkylate” sulfonic acids, and the like. 
[0028] Alkyl-substituted benzene sulfonic acids Wherein 
the alkyl group contains at least 8 carbon atoms including 
dodecyl benZene “bottoms” sulfonic acids are particularly 
useful. The latter are acids derived from benZene Which has 
been alkylated With propylene tetramers or isobutene trimers 
to introduce 1, 2, 3, or more branched-chain C 1 2 substituents 
on the benZene ring. Dodecyl benZene bottoms, principally 
mixtures of mono- and di-dodecyl benZenes, are available as 
by-products from the manufacture of household detergents. 
Similar products obtained from alkylation bottoms formed 
during manufacture of linear alkyl sulfonates (LAS) are also 
useful in making the sulfonates described herein. 
[0029] Suitable carboxylic acids from Which the hydrocar 
bon soluble magnesium compounds may be prepared include 
aliphatic, cycloaliphatic and aromatic mono- and polybasic 
carboxylic acids free from acetylenic unsaturation, including 
naphthenic acids, alkyl- or alkenyl-substituted cyclopen 
tanoic acids, alkyl- or alkenyl-substituted cyclohexanoic 
acids, and alkyl- or alkenyl-substituted aromatic carboxylic 
acids. The aliphatic acids generally contain from about 8 to 
about 50, and desirably from about 12 to about 25 carbon 
atoms. The cycloaliphatic and aliphatic carboxylic acids are 
particularly suitable, and they may be saturated or unsatur 
ated. Speci?c examples include 2-ethylhexanoic acid, lino 
lenic acid, propylene tetramer-substituted maleic acid, 
behenic acid, isostearic acid, pelargonic acid, capric acid, 
palmitoleic acid, linoleic acid, lauric acid, oleic acid, ricino 
leic acid, undecyclic acid, dioctylcyclopentanecarboxylic 
acid, myristic acid, dilauryldecahydronaphthalene-carboxy 
lic acid, stearyl-octahydroindenecarboxylic acid, palmitic 
acid, alkyl- and alkenylsuccinic acids, acids formed by oxi 
dation of petrolatum or of hydrocarbon Waxes, and commer 
cially available mixtures of tWo or more carboxylic acids such 
as tall oil acids, rosin acids, and the like. 
[0030] The hydrocarbon soluble magnesium compound 
may also be prepared from phenols; that is, compounds con 
taining a hydroxy group bound directly to an aromatic ring. 
The term “phenol” as used herein includes compounds hav 
ing more than one hydroxy group bound to an aromatic ring, 
such as catechol, resorcinol and hydroquinone. It also 
includes alkylphenols such as the cresols and ethylphenols, 
and alkenylphenols. Phenols containing at least one alkyl 
substituent containing about 3-100 and especially about 6-50 
carbon atoms, such as heptylphenol, octylphenol, dode 
cylphenol, tetrapropene-alkylated phenol, octadecylphenol 
and polybutenylphenols are particularly suitable. Phenols 
containing more than one alkyl substituent may also be used, 
but the monoalkylphenols are more suitable because of their 
availability and ease of production. 
[0031] Also useful are condensation products of the above 
described phenols With at least one loWer aldehyde or ketone, 
the term “loWer” denoting aldehydes and ketones containing 
not more than 7 carbon atoms. Suitable aldehydes include 
formaldehyde, acetaldehyde, propionaldehyde, the butyral 
dehydes, the valeraldehydes and benZaldehyde. Also suitable 
are aldehyde-yielding reagents such as paraformaldehyde, 
trioxane, methylol, methyl formcel, and paraldehyde. 
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[0032] The amount of hydrocarbon soluble magnesium 
compound included in the lubricants of the exemplary 
embodiments also may be varied, and useful amounts in any 
particular lubricating oil composition may be readily deter 
mined by one skilled in the art. The amount of the magnesium 
compound contained in a lubricant described herein may vary 
from about 0.15% to about 2.0% or more by Weight. The 
amount of magnesium compound included in the oil compo 
sition is an amount Which is su?icient to provide the desired 
Wear inhibiting properties. 

[0033] In the preparation of lubricating oil formulations it 
is common practice to introduce the additives in the form of 1 
to 99 Wt. % active ingredient concentrates in hydrocarbon oil, 
e.g. mineral lubricating oil, or other suitable solvent. Usually 
these concentrates may be added With 0.05 to 10 parts by 
Weight of lubricating oil per part by Weight of the additive 
package in forming ?nished lubricants, e.g. crankcase motor 
oils. The purpose of concentrates, of course, is to make the 
handling of the various materials less dif?cult and aWkWard 
as Well as to facilitate solution or dispersion in the ?nal blend. 

[0034] Lubricant compositions made With the hydrocarbon 
soluble magnesium compound described above are used in a 
Wide variety of applications. For compression ignition 
engines and spark ignition engines, it is desirable that the 
lubricant compositions meet or exceed published GF-4 or 
APl-Cl-4 standards. Lubricant compositions according to the 
foregoing GF-4 or APl-Cl-4 standards include a base oil and 
an oil additive package to provide a fully formulated lubri 
cant. The base oil for lubricants according to the disclosure is 
an oil of lubricating viscosity selected from natural lubricat 
ing oils, synthetic lubricating oils and mixtures thereof. Such 
base oils include those conventionally employed as crankcase 
lubricating oils for spark-ignited and compression-ignited 
internal combustion engines, such as automobile and truck 
engines, marine and railroad diesel engines, and the like. 

[0035] Natural oils include animal oils and vegetable oils 
(e.g., castor oil, lard oil), liquid petroleum oils and hydrore 
?ned, solvent-treated or acid-treated mineral lubricating oils 
of the paraf?nic, naphthenic and mixed para?inic -naphthenic 
types. Oils of lubricating viscosity derived from coal or shale 
are also useful base oils. The synthetic lubricating oils used in 
the exemplary embodiments of the disclosure include one of 
any number of commonly used synthetic hydrocarbon oils, 
Which include, but are not limited to, poly-alpha-ole?ns, 
alkylated aromatics, alkylene oxide polymers, interpolymers, 
copolymers and derivatives thereof here the terminal 
hydroxyl groups have been modi?ed by esteri?cation, etheri 
?cation etc, esters of dicarboxylic acids and silicon-based 
oils. 

[0036] Fully formulated lubricants conventionally contain 
an additive package, referred to herein as a dispersant/inhibi 
tor package or DI package, that Will supply the characteristics 
that are required in the formulations. Suitable DI packages are 
described for example in US. Pat. Nos. 5,204,012 and 6,034, 
040 for example. Among the types of additives included in the 
additive package may be dispersants, friction modi?ers, seal 
sWell agents, antioxidants, foam inhibitors, lubricity agents, 
rust inhibitors, corrosion inhibitors, demulsi?ers, viscosity 
index improvers, and the like. Several of these components 
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are Well known to those skilled in the art and are generally 
used in conventional amounts With the additives and compo 
sitions described herein. 

Dispersants 

[0037] Another component of lubricant compositions is at 
least one dispersant derived from a polyalkylene compound. 
The polyalkylene compound may have a number average 
molecular Weight ranging from about 400 to about 5000 or 
more. Dispersants Which may be used include, but are not 
limited to, amine, alcohol, amide, or ester polar moieties 
attached to the polymer backbone often via a bridging group. 
Dispersants may be selected from Mannich dispersants as 
described, for example, in US. Pat. Nos. 3,697,574 and 
3,736,357; ashless succinimide dispersants as described in 
US. Pat. Nos. 4,234,435 and 4,636,322; amine dispersants as 
described in US. Pat. Nos. 3,219,666, 3,565,804, and 5,633, 
326; Koch dispersants as described in US. Pat. Nos. 5,936, 
041, 5,643,859, and 5,627,259, and polyalkylene succinim 
ide dispersants as described in US. Pat. Nos. 5,851,965; 
5,853,434; and 5,792,729. 
[0038] A particularly suitable dispersant is a polyalkylene 
succinimide dispersant derived from a polyisobutene (PIB) 
compound. The dispersant may be a mixture of dispersants 
having number average molecular Weights ranging from 
about 800 to about 3000 and reactive PIB contents of from 
about 50 to about 60%. The total amount of dispersant in the 
lubricant composition may range from about 1 to about 10 
percent by Weight of the total Weight of the lubricant compo 
sition. 

Friction Modi?ers 

[0039] An oil soluble friction modi?er may be incorporated 
in the lubricating oil compositions described herein. The fric 
tion modi?er may be selected from nitrogen-containing, 
nitrogen-free and/or amine free friction modi?ers. Typically, 
the friction modi?er may be used in an amount ranging from 
about 0.02 to 2.0 Wt. % of the lubricating oil composition. 
Desirably, from 0.05 to 1.0, more desirably from 0.1 to 0.5, 
Wt. % of the friction modi?er is used. 
[0040] Examples of such nitrogen containing friction 
modi?ers that may be used include, but are not limited to, 
imidaZolines, amides, amines, succinimides, alkoxylated 
amines, alkoxylated ether amines, amine oxides, amidoam 
ines, nitriles, betaines, quaternary amines, imines, amine 
salts, amino guanadine, alkanolamides, and the like. 
[0041] Such friction modi?ers may contain hydrocarbyl 
groups that may be selected from straight chain branched 
chain or aromatic hydrocarbyl groups or admixtures thereof, 
and may be saturated or unsaturated. Hydrocarbyl groups are 
predominantly composed of carbon and hydrogen but may 
contain one or more hetero atoms such as sulfur or oxygen. 

Suitable hydrocarbyl groups range from 12 to 25 carbon 
atoms and may be saturated or unsaturated. More desirable 
are those With linear hydrocarbyl groups. 
[0042] Exemplary friction modi?ers include amides of 
polyamines. Such compounds may have hydrocarbyl groups 
that are linear, either saturated or unsaturated or a mixture 
thereof and contain no more than about 12 to about 25 carbon 
atoms. 

[0043] Other exemplary friction modi?ers include alkoxy 
lated amines and alkoxylated ether amines, With alkoxylated 
amines containing about tWo moles of alkylene oxide per 
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mole of nitrogen being the most desirable. Such compounds 
can have hydrocarbyl groups that are linear, either saturated, 
unsaturated or a mixture thereof. They contain no more than 

about 12 to about 25 carbon atoms and may contain one or 
more hetero atoms in the hydrocarbyl chain. Ethoxylated 
amines and ethoxylated ether amines are particularly suitable 
nitrogen-containing friction modi?ers. The amines and 
amides may be used as such or in the form of an adduct or 
reaction product With a boron compound such as a boric 
oxide, boron halide, metaborate, boric acid or a mono-, di- or 
tri-alkyl borate. 
[0044] The ashless organic polysul?de compounds that 
may be used as friction modi?ers include organic compounds 
expressed by the folloWing formulae, such as sul?des of oils 
or fats or polyole?ns, in Which a sulfur atom group having tWo 
or more sulfur atoms adjoining and bonded together is present 
in a molecular structure. 

S 

[0045] In the above formulae, R2 and R3 independently 
denote a straight-chain, branched-chain, alicyclic or aromatic 
hydrocarbon group in Which a straight chain, a branched 
chain, an alicyclic unit and an aromatic unit may be selec 
tively contained in any combined manner. An unsaturated 
bond may be contained, but a saturated hydrocarbon group is 
desirable. Among them, alkyl group, aryl group, alkylaryl 
group, benZyl group, and alkylbenZyl group are particularly 
desired. 

[0046] R3 and R4 independently denote a straight-chain, 
branched-chain alicyclic or aromatic hydrocarbon group 
Which has tWo bonding sites and in Which a straight chain, a 
branched chain, an alicyclic unit and an aromatic unit may be 
selectively contained in any combined manner. An unsatur 
ated bond may be contained, but a saturated hydrocarbon 
group is desirable. Among them, an alkylene group is particu 
larly desirable. 
[0047] R6 and R7 independently denote a straight-chain or 
branched-chain hydrocarbon group. The subscripts “x” and 
“y” denote independently an integer of tWo or more. 

[0048] Speci?cally, for example, mention may be made of 
sulfuriZed sperm oil, sulfuriZed pinene oil, sulfuriZed soy 
bean oil, sulfuriZed polyole?n, dialkyl disul?de, dialkyl 
polysul?de, dibenZyl disul?de, di-tertiary butyl disul?de, 
polyole?n polysul?de, thiadiaZole type compound such as 
bis-alkyl polysulfanyl thiadiaZole, and sulfuriZed phenol. 
Among these compounds, dialkyl polysul?de, dibenZyl dis 
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ul?de, and thiadiaZole type compound are desirable. Particu 
larly desirable is bis-alkyl polysulfanyl thiadiaZole. 
[0049] As the lubricant additive, a metal-containing com 
pound such as Ca phenate having a polysul?de bond may be 
used. However, since this compound has a large coe?icient of 
friction, use of such compound may not alWays be suitable. To 
the contrary, the above organic polysul?de compound may be 
an ashless compound containing no metal, and exhibits excel 
lent performance in maintaining a loW coef?cient of friction 
for a long time When used in combination other friction modi 
?ers. 
[0050] The above ashless organic polysul?de compound 
(hereinafter referred to brie?y as “polysul?de compound”) is 
added in an amount of 0.01 to 0.4 Wt %, typically 0.1-0.3 Wt 
%, and desirably 0.2-0.3 Wt %, When calculated as sulfur (S), 
relative to the total amount of the lubricant composition. If the 
addition amount is less than 0.01 Wt %, it is dif?cult to attain 
the intended effect, Whereas if it is more than 0.4 Wt %, there 
is a danger that corrosive Wear increase. 
[0051] Organic, ashless (metal-free), nitrogen-free friction 
modi?ers Which may be used in the lubricating oil composi 
tions disclosed herein are knoWn generally and include esters 
formed by reacting carboxylic acids and anhydrides With 
alkanols or glycols, With fatty acids being particularly suit 
able carboxylic acids. Other useful friction modi?ers gener 
ally include a polarterminal group (eg carboxyl or hydroxyl) 
covalently bonded to an oleophilic hydrocarbon chain. Esters 
of carboxylic acids and anhydrides With alkanols are 
described in US. Pat. No. 4,702,850. A particularly desirable 
friction modi?er to use in combination With the magnesium 
compound is an ester such as glycerol monooleate (GMO). 
[0052] The friction modi?er described above is included in 
the lubricating oil compositions disclosed herein an amount 
effective to alloW the composition to reliably pass a high 
frequency reciprocating rig Wear test (HFRR) in combination 
With the magnesium compound. For example, the friction 
modi?er may be added to the magnesium-containing lubri 
cating oil composition in an amount suf?cient to obtain a 
average HFRR Wear scar of less than about 100 square 
microns. Typically, to provide the desired effect, the friction 
modi?er may be added in an amount of from about 0.25 Wt. % 
to about 2.0 Wt. % (AI), based on the total Weight of the 
lubricating oil composition. 

AntiWear Agents 

[0053] Metal dihydrocarbyl dithiophosphate antiWear 
agents may be added to the lubricating oil composition 
according to the exemplary embodiments in combination 
With the magnesium compound. Such antiWear agents com 
prise dihydrocarbyl dithiophosphate metal salts Wherein the 
metal may be an alkali or alkaline earth metal, or aluminum, 
lead, tin, molybdenum, manganese, nickel, copper, titanium, 
or Zinc. The Zinc salts are most commonly used in lubricating 
oils. 
[0054] Dihydrocarbyl dithiophosphate metal salts may be 
prepared in accordance With knoWn techniques by ?rst form 
ing a dihydrocarbyl dithiophosphoric acid (DDPA), usually 
by reaction of one or more alcohol or a phenol With P2S5 and 
then neutraliZing the formed DDPA With a metal compound. 
For example, a dithiophosphoric acid may be made by react 
ing mixtures of primary and secondary alcohols. Alterna 
tively, multiple dithiophosphoric acids may be prepared 
Where the hydrocarbyl groups on one are entirely secondary 
in character and the hydrocarbyl groups on the others are 
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entirely primary in character. To make the metal salt, any 
basic or neutral metal compound may be used but the oxides, 
hydroxides and carbonates are most generally used. Commer 
cial additives frequently contain an excess of metal due to the 
use of an excess of the basic metal compound in the neutral 
iZation reaction. 
[0055] The Zinc dihydrocarbyl dithiophosphates (ZDDP) 
that are typically used are oil soluble salts of dihydrocarbyl 
dithiophosphoric acids and may be represented by the folloW 
ing formula: 

Wherein R8 and R9 may be the same or different hydrocarbyl 
radicals containing from 1 to 18, typically 2 to 12, carbon 
atoms and including radicals such as alkyl, alkenyl, aryl, 
arylalkyl, alkaryl and cycloaliphatic radicals. Particularly 
desired as R8 and R9 groups are alkyl groups of 2 to 8 carbon 
atoms. Thus, the radicals may, for example, be ethyl, n-pro 
pyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, 
i-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl, phe 
nyl, butylphenyl, cyclohexyl, methylcyclopentyl, propenyl, 
butenyl. In order to obtain oil solubility, the total number of 
carbon atoms (i.e. R8 and R9) in the dithiophosphoric acid 
Will generally be about 5 or greater. The Zinc dihydrocarbyl 
dithiophosphate can therefore comprise Zinc dialkyl dithio 
phosphates. 
[0056] In order to limit the amount of phosphorus intro 
duced into the lubricating oil composition by ZDDP to no 
more than 0. 1 Wt. % (1000 ppm) phosphorus, the ZDDP 
should desirably be added to the lubricating oil compositions 
in amounts no greater than from about 1.0 Wt. %, based upon 
the total Weight of the lubricating oil composition. In combi 
nation With the magnesium-containing detergent and the 
amount of phosphorus from ZDDP in the lubricating oil is 
desirably no more than about 500 ppm and more desirable 
from about 250 to about 500 ppm phosphorus to provide the 
best Wear scar results. 

[0057] Other additives, such as the folloWing, may also be 
present in lubricating oil compositions disclosed herein. 

Viscosity Modi?ers 

[0058] Viscosity modi?ers (VM) function to impart high 
and loW temperature operability to a lubricating oil. The VM 
used may have that sole function, or may be multifunctional. 
[0059] Multifunctional viscosity modi?ers that also func 
tion as dispersants are also knoWn. Suitable viscosity modi 
?ers are polyisobutylene, copolymers of ethylene and propy 
lene and higher alpha-ole?ns, polymethacrylates, 
polyalkylmethacrylates, methacrylate copolymers, copoly 
mers of an unsaturated dicarboxylic acid and a vinyl com 
pound, inter polymers of styrene and acrylic esters, and par 
tially hydrogenated copolymers of styrene/isoprene, styrene/ 
butadiene, and isoprene/butadiene, as Well as the partially 
hydrogenated homopolymers of butadiene and isoprene and 
isoprene/divinylbenZene. 
Oxidation Inhibitors 

[0060] Oxidation inhibitors or antioxidants reduce the ten 
dency of base stocks to deteriorate in service Which deterio 
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ration can be evidenced by the products of oxidation such as 
sludge and vamish-like deposits on the metal surfaces and by 
viscosity groWth. Such oxidation inhibitors include hindered 
phenols, alkaline earth metal salts of alkylphenolthioesters 
having C5 to C12 alkyl side chains, calcium nonylphenol sul 
?de, ashless oil soluble phenates and sulfuriZed phenates, 
phosphosulfuriZed or sulfuriZed hydrocarbons, phosphorus 
esters, metal thiocarbamates and oil soluble copper com 
pounds as described in US. Pat. No. 4,867,890. 

Rust Inhibitors 

[0061] Rust inhibitors selected from the group consisting of 
nonionic polyoxyalkylene polyols and esters thereof, poly 
oxyalkylene phenols, and anionic alkyl sulfonic acids may be 
used. 

Corrosion Inhibitors 

[0062] Copper and lead bearing corrosion inhibitors may 
be used, but are typically not required With the formulations 
of the disclosed embodiments. Typically such compounds are 
the thiadiaZole polysul?des containing from 5 to 50 carbon 
atoms, their derivatives and polymers thereof. Derivatives of 
1,3,4 thiadiaZoles such as those described in US. Pat. Nos. 
2,719,125; 2,719,126; and 3,087,932; are typical. Other simi 
lar materials are described in US. Pat. Nos. 3,821,236; 3,904, 
537; 4,097,387; 4,107,059; 4,136,043; 4,188,299; and 4,193, 
882. Other additives are the thio and polythio sulfenamides of 
thiadiaZoles such as those described in UK Patent Speci?ca 
tion No. 1,560,830. BenZotriaZoles derivatives also fall 
Within this class of additives. When these compounds are 
included in the lubricating composition, they are typically 
present in an amount not exceeding 0.2 Wt. % active ingredi 
ent. 

Demulsifying Agent 

[0063] A small amount of a demulsifying component may 
be used. A suitable demulsifying component is described in 
EP 330,522. The demulsifying component may be made by 
reacting an alkylene oxide With an adduct obtained by react 
ing a bis-epoxide With a polyhydric alcohol. The demulsify 
ing component may 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 

[0064] Pour point depressants, otherWise knoWn as lube oil 
?oW improvers, loWer the minimum temperature at Which the 
?uid Will ?oW or can be poured. Such additives are Well 
knoWn. Typical of those additives Which improve the loW 
temperature ?uidity of the ?uid are C8 to C18 dialkyl fuma 
rate/vinyl acetate copolymers, polyalkylmethacrylates and 
the like. 

Antifoam Agents 

[0065] Foam control can be provided by many compounds 
including an antifoamant of the polysiloxane type, for 
example, silicone oil or polydimethyl siloxane. 
[0066] Some of the above-mentioned additives may pro 
vide a multiplicity of effects; thus for example, a single addi 
tive may act as a dispersant-oxidation inhibitor. This 
approach is Well knoWn and does not require further elabo 
ration. 
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[0067] The individual additives may be incorporated into a 
base stock in any convenient Way. Thus, each of the compo 
nents can be added directly to the base stock or base oil blend 
by dispersing or dissolving it in the base stock or base oil 
blend at the desired level of concentration. Such blending 
may occur at ambient temperature or at an elevated tempera 
ture. 

[0068] The magnesium compound additives may be added 
directly to the lubricating oil composition. In one embodi 
ment, hoWever, they are diluted With a substantially inert, 
normally liquid organic diluent such as mineral oil, synthetic 
oil, naphtha, alkylated (e.g. Clo-Cl3 alkyl) benZene, toluene 
or xylene to form an additive concentrate. These concentrates 
usually contain from about 1% to about 100% by Weight and 
in one embodiment about 10% to about 90% by Weight of the 
magnesium compound. 
[0069] Base oils suitable for use in formulating the compo 
sitions, additives and concentrates described herein may be 
selected from any of the synthetic or natural oils or mixtures 
thereof. The synthetic base oils include alkyl esters of dicar 
boxylic acids, polyglycols and alcohols, poly-alpha-ole?ns, 
including polybutenes, alkyl benZenes, organic esters of 
phosphoric acids, and polysilicone oils. Natural base oils 
include mineral lubrication oils Which may vary Widely as to 
their crude source, e.g., as to Whether they are para?inic, 
naphthenic, or mixed paraf?nic-naphthenic. The base oil 
typically has a viscosity of about 2.5 to about 15 cSt and 
desrirably about 2.5 to about 11 cSt at 1000 C. 

[0070] Accordingly, the base oil used Which may be used 
may be selected from any of the base oils in Groups I-V as 
speci?ed in the American Petroleum Institute (API) Base Oil 
Interchangeability Guidelines. Such base oil groups are as 
folloWs: 

Saturates Viscosity 
Base Oil Groupl Sulfur (Wt. %) (Wt. %) Index 

Group I >0.03 and/or <90 80 to 120 
Group II <0.03 And >90 80 to 120 
Group III <0.03 And >90 >120 
Group IV all polyalphaole?ns 

(PAOs) 
Group V all others not included in 

Groups IiIV 

lGroups IiIII are mineral oil base stocks. 

[0071] The additives used in formulating the compositions 
described herein may be blended into the base oil individually 
or in various sub-combinations. HoWever, it is desirable to 
blend all of the components concurrently using an additive 
concentrate (i.e., additives plus a diluent, such as a hydrocar 
bon solvent). The use of an additive concentrate takes advan 
tage of the mutual compatibility afforded by the combination 
of ingredients When in the form of an additive concentrate. 
Also, the use of a concentrate reduces blending time and 
lessens the possibility of blending errors. 
[0072] The embodiments provide a lubricating oil for inter 
nal combustion engines in Which the concentration of the 
added hydrocarbon soluble magnesium compound is rela 
tively loW, providing from about 120 to about 2000 parts per 
million (ppm) magnesium in terms of elemental magnesium 
in the oil. In one embodiment, the magnesium compound is 
present in the lubricating oil compositions in an amount suf 
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?cient to provide from about 250 to about 1500 ppm magne 
sium, and in a further embodiment from about 450 to about 
1000 ppm magnesium metal. 
[0073] The following example is given for the purpose of 
exemplifying aspects of the embodiments and is not intended 
to limit the embodiments in any Way. 

EXAMPLE 

[0074] TWelve fully formulated lubricant compositions 
Were made and the Wear properties of the compositions Were 
compared using a high frequency reciprocating test rig 
(HFRR). In the HFRR test, a steel ball is oscillated against a 
steel disk, Which is immersed in oil, at a speed of 20 HZ across 
a 1 mm path. A 7 Neuton(~1.0 GPa) load is applied betWeen 
the ball and the disk and test are performed at 1200 C. for one 
hour. After testing, a surface trace of the Wear scar on the 
HFRR disk Was measured using a MICRO ANALYZER 2000 
available from Precision Devices, Inc., Middleton, Wis. The 
cross-sectional area of the Wear scar is reported by the ana 
lyZer at 700 grams load and 1200 C. The standard deviation 
for the Wear scar measurements is also listed in Table. Each of 
the lubricant compositions contained a conventional DI pack 
age providing about 9 percent by Weight of the lubricant 
composition. The DI package contained conventional 
amounts of detergents, dispersants, antiWear additives, fric 
tion modi?ers, antifoam agents, and antioxidants. The formu 
lations also contained small amounts or no ZDDP and 0.35 or 
no glycerol monooleate friction modi?er. Samples 1-4 con 
tained no ZDDP and contained either calcium or magnesium 
detergents. Samples 5-8 contained 0.05 Weight percent 
ZDDP and either calcium or magnesium detergents. Samples 
9-12 contained 0.025 Weight percent ZDDP and either cal 
cium or magnesium detergents. The formulations and results 
are given in the folloWing table. 
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both calcium and magnesium detergents. HoWever, friction 
modi?ers are necessary to improve the fuel ef?ciency prop 
erties of oils and Would typically be included in fully formu 
lated oils. 
[0077] Surprisingly, Samples 6 and 8 produced loWer Wear 
scars than Samples 5 and 7, respectively, even though the 
magnesium-containing detergent Was present in Samples 6 
and 8. As compared to Samples 5 to 8, Samples 9 to 12 
containing less ZDDP produced even loWer Wear scars. Fur 
thermore, the presence of glycerol monooleate friction modi 
?er in Sample 12 along With the magnesium-containing 
detergent prevented Wear better than Sample 11 formulated 
With a calcium-containing detergent. 
[0078] It is expected that formulations containing from 
about 120 to about 2000 ppm magnesium compound in the 
form of a hydrocarbon soluble magnesium compound Will 
enable a reduction in conventional phosphorus and sulfur 
antiWear agents thereby improving the performance of pol 
lution control equipment on vehicles While achieving a simi 
lar or improved antiWear performance or bene?t. 
[0079] At numerous places throughout this speci?cation, 
reference has been made to a number of US. Patents.All such 
cited documents are expressly incorporated in full into this 
disclosure as if fully set forth herein. 
[0080] The foregoing embodiments are susceptible to con 
siderable variation in its practice. Accordingly, the embodi 
ments are not intended to be limited to the speci?c exempli 
?cations set forth hereinabove. Rather, the foregoing 
embodiments are Within the spirit and scope of the appended 
claims, including the equivalents thereof available as a matter 
of laW. 
[0081] The patentees do not intend to dedicate any dis 
closed embodiments to the public, and to the extent any 
disclosed modi?cations or alterations may not literally fall 

TABLE 

Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample 
Component 1 2 3 4 5 6 7 8 9 10 1 1 12 

ZnDDP Wt. % 0 0 0 0 0.05 0.05 0.05 0.05 0.025 0.025 0.025 0.025 
Magnesium detergent No Yes No Yes No Yes No Yes No Yes No Yes 
Calcium detergent Yes No Yes No Yes No Yes No Yes No Yes No 
Glycerol monooleate Wt. % 0 0 0..5 0.35 0 0 0.35 0.35 0 0 0.35 0.35 
Physical Data 
Wear scar on HFRR (square 22 32 154 218 103 47 177 136 30 28 103 55 

microns) 
Standard deviation ofWear scar 2 0 2 2 8 12 23 15 8 1 11 13 

[0075] As illustrated by the foregoing results, Samples 6, 8, Within the scope of the claims, they are considered to be part 
10, and 12 formulated With a magnesium-containing deter 
gent and ZDDP produced loWer Wear scars compared to 
Samples 5, 7, 9, and 11 formulated With calcium-containing 
detergents and ZDDP. The loWest Wear scars Were produced 
by lubricants containing 0.025 Wt. % ZDDP (Samples 9-12) 
as compared to lubricants containing 0.05 Wt. % ZDDP 
(Samples 5-8). 
[0076] More speci?cally, Samples 1 and 3 produced loWer 
Wear scars than Samples 2 and 4 Which indicated that cal 
cium-containing detergents prevent Wear better than magne 
sium-containing detergents in the absence of ZDDP. Com 
paring the Wear results for Samples 3 and 4 to the results for 
Samples 1 and 2 shoWed that the addition of a surface active 
friction modi?er interfered With the antiWear properties of 

hereof under the doctrine of equivalents. 

What is claimed is: 
1. A lubricated surface comprising a lubricant composition 

containing a base oil of lubricating viscosity and an amount of 
at least one hydrocarbon soluble magnesium compound 
effective to provide a reduction in surface Wear greater than a 
reduction surface Wear for a lubricant composition devoid of 
the magnesium compound, Wherein the lubricant composi 
tion contains no more than about 0.05 Wt. % phosphorus. 

2. The lubricated surface of claim 1, Wherein the lubricated 
surface comprises an engine drive train. 

3. The lubricated surface of claim 1, Wherein the lubricated 
surface comprises an internal surface or component of an 
internal combustion engine. 
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4. The lubricated surface of claim 1, Wherein the lubricated 
surface comprises an internal surface or component of a com 
pression ignition engine. 

5. The lubricated surface of claim 1, Wherein the magne 
sium compound comprises magnesium sulfonate. 

6. The lubricated surface of claim 2, Wherein the magne 
sium sulfonate comprises an overabased sulfonate having a 
total base number (TBN) ranging from about 300 to about 
500. 

7. The lubricated surface of claim 1, Wherein the phospho 
rus content ranges from about 250 to about 500 ppm in the 
lubricant composition. 

8. The lubricated surface of claim 1, Wherein the lubricant 
composition further comprises a metal-free friction modi?er 
selected from glycerol esters and amine compounds. 

9. A motor vehicle comprising the lubricated surface of 
claim 1. 

10. The lubricated surface of claim 1, Wherein the amount 
of hydrocarbon soluble magnesium compound in the lubri 
cant composition ranges from about 0.15 to about 2.0 percent 
by Weight. 

11. A vehicle having moving parts and containing a lubri 
cant for lubricating the moving parts, the lubricant compris 
ing an oil of lubricating viscosity and an amount of antiWear 
agent providing an amount of at least one hydrocarbon 
soluble magnesium compound effective to provide a reduc 
tion in surface Wear of the moving parts greater than a reduc 
tion surface Wear of the moving parts for a lubricant compo 
sition devoid of the magnesium compound, Wherein the 
lubricant composition contains no more than about 500 ppm 
phosphorus. 

12. The vehicle of claim 11, Wherein the magnesium com 
pound comprises magnesium sulfonate. 

13. The vehicle of claim 12, Wherein the magnesium sul 
fonate comprises an overabased sulfonate having a total base 
number (TBN) ranging from about 300 to about 500. 

14. The vehicle of claim 11, Wherein the phosphorus con 
tent ranges from about 250 to about 500 ppm in the lubricant 
composition. 

15. The vehicle of claim 11, Wherein the lubricant compo 
sition further comprises a metal-free friction modi?er 
selected from glycerol esters and amine compounds. 

16. The vehicle of claim 11, Wherein the amount of mag 
nesium compound in the lubricant composition ranges from 
about 0.15 to about 2.0 percent by Weight. 

17. The vehicle of claim 11, Wherein the moving parts 
comprise a heavy duty diesel engine. 

18. A fully formulated lubricant composition comprising a 
base oil component of lubricating viscosity and an amount of 
antiWear agent providing an amount of at least one hydrocar 
bon soluble magnesium compound effective to provide Wear 
reduction greater than an amount of Wear reduction for a 
lubricant composition devoid of the magnesium compound, 
Wherein the lubricant composition contains no more than 
about 500 ppm phosphorus and is devoid of calcium deter 
gents and organic molybdenum compounds. 
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19. The lubricant composition of claim 18 Wherein the 
lubricant composition comprises a loW ash, loW sulfur, and 
loW phosphorus lubricant composition suitable for compres 
sion ignition engines. 

20. The lubricant composition of claim 18, Wherein the 
magnesium compound comprises an overabased magnesium 
sulfonate having a total base number (TBN) ranging from 
about 300 to about 500. 

21. The lubricant composition of claim 18, Wherein the 
phosphorus content ranges from about 250 to about 500 ppm 
in the lubricant composition. 

22. The lubricant composition of claim 18, further com 
prising a metal-free friction modi?er selected from glycerol 
esters and amine compounds. 

23. The lubricant composition of claim 18, Wherein the 
amount of magnesium compound in the lubricant composi 
tion ranges from about 0.15 to about 2.0 percent by Weight. 

24. A lubricant additive concentrate for providing 
improved antiWear properties to a lubricant composition, the 
concentrate being substantially devoid of calcium and com 
prising a hydrocarbyl carrier ?uid and an amount of at least 
one hydrocarbon soluble magnesium compound su?icient to 
provide from about 120 to about 2000 ppm magnesium to a 
lubricant composition containing the concentrate. 

25. The additive concentrate of claim 24, Wherein the mag 
nesium compound comprises an overbased magnesium sul 
fonate having a total base number (TBN) ranging from about 
300 to about 500. 

26. A lubricant composition comprising a base oil and the 
additive concentrate of claim 24. 

27. A method of lubricating moving parts With a lubricating 
oil exhibiting increased antiWear properties, the method com 
prising using as the lubricating oil for one or more moving 
parts a lubricant composition containing a base oil and an 
antiWear additive substantially devoid of calcium, the anti 
Wear additive comprising a hydrocarbyl carrier ?uid and an 
amount of hydrocarbon soluble magnesium compound sul? 
cient to provide from about 120 to about 2000 parts per 
million magnesium in the lubricating oil. 

28. The method of claim 27, Wherein the moving parts 
comprise moving parts of an engine. 

29. The method of claim 28, Wherein the engine is selected 
from the group consisting of a compression ignition engine 
and a spark ignition engine. 

30. The method of claim 28, Wherein the engine includes an 
internal combustion engine having a crankcase and Wherein 
the lubricating oil comprises a crankcase oil present in the 
crankcase of the engine. 

31. The method of claim 27, Wherein the lubricating oil 
comprises a drive train lubricant present in a drive train of a 
vehicle containing an engine. 

32. The method of claim 27, Wherein the lubricating oil 
further comprises a metal-free friction modi?er selected from 
glycerol esters and amine compounds. 

* * * * * 


