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denum compounds in an amount sufficient to provide in
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Description

Field of the Invention

[0001] The presentinvention relates to a lubricating oil composition, in particular to a lubricating oil composition which
is suitable for lubricating internal combustion engines and which has improved friction and wear reduction and improved
fuel economy.

Background of the Invention

[0002] Increasingly severe automobile regulations in respect of emissions and fuel efficiency are placing increasing
demands on both engine manufacturers and lubricant formulators to provide effective solutions to improve fuel economy.
[0003] Optimising lubricants through the use of high performance base stocks and novel additives represents a flexible
solution to a growing challenge.

[0004] Friction-reducing additives (which are also known as friction modifiers) are important lubricant components in
reducing fuel consumption and various such additives are already known in the art.

[0005] Friction modifiers can be conveniently divided into two categories, that is to say, metal-containing friction mod-
ifiers and ashless (organic) friction modifiers.

[0006] Organo-molybdenum compounds are amongst the most common metal-containing friction modifiers. Typical
organo-molybdenum compounds include molybdenum dithiocarbamates (MoDTC), molybdenum dithiophosphates
(MoDTP), molybdenum amines, molybdenum alcoholates, and molybdenum alcohol-amides. WO-A-98/26030, WO-A-
99/31113, WO-A-99/47629 and WO-A-99/66013 describe tri-nuclear molybdenum compounds for use in lubricating oil
compositions.

[0007] However, the trend towards low-ash lubricating oil compositions has resulted in an increased drive to achieve
low friction and improved fuel economy using ashless friction modifiers.

[0008] Ashless (organic) friction modifiers which have been used in the past typically comprise esters of fatty acids
and polyhydric alcohols, fatty acid amides, amines derived from fatty acids and organic dithiocarbamate or dithiophos-
phate compounds.

[0009] However, current strategies with regard to friction reduction for fuel economy oils are not sufficient to meet ever
increasing fuel economy targets set by Original Equipment Manufacturers (OEMs). While there is a challenge to approach
similar levels of friction modification using solely ashless friction modifiers, molybdenum friction modifiers typically out-
perform ashless friction modifiers in the boundary regime.

[0010] While organo-molybdenum compounds are useful for providing high levels of friction modification, there are
also known limitations with these compounds. For example, molybdenum-based friction modifiers can negatively impact
seals and the TEOST cleanliness test. The present inventors have also shown that MoDTC loses its effectiveness as
a friction modifier as the lubricating composition within which it is contained ages. This can be compensated for by
increasing the amount of MoDTC used in a lubricating composition.

[0011] However, given the increasing fuel economy demands placed on engines, there remains a need to further
improve the friction reduction and fuel economy of internal combustion engines utilising lower levels of molybdenum-
based friction modifiers.

Summary of the Invention

[0012] Accordingly, the present invention provides a lubricating composition for use in the crankcase of an engine
comprising (i) a base oil; (ii) one or more oil-soluble molybdenum compounds in an amount sufficient to provide in the
range of from 100 to 1000ppmw of molybdenum; and (iii) one or more alkyl dithiocarbamate compounds.

Brief Description of the Drawings

[0013] Figure 1 shows the results of the Examples.

Detailed Description of the Invention

[0014] The present inventors have surprisingly found that the friction modifying ability of oil-soluble molybdenum
compounds in alubricating composition can be protected by the addition of one or more alkyl dithiocarbamate compounds
to said lubricating composition. This reduces the amount of oil-soluble molybdenum compounds required in a lubricating
composition in order to maintain an acceptable level of friction modification.

[0015] Preferred oil-soluble molybdenum compounds include molybdenum dithiocarbamates, molybdenum dithio-
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phosphates and molybdenum amine complexes. More preferably, the one or more oil-soluble molybdenum compounds
comprise one or more molybdenum dithiocarbamate (MoDTC) compounds. Most preferably, the one or more oil-soluble
molybdenum compounds is/are one or more molybdenum dithiocarbamate (MoDTC) compounds.

[0016] Molybdenum dithiocarbamate (MoDTC) can be represented by structures | (dinuclear) and Il (trinuclear).

s*’? II
&

[0017] In structure I, X is oxygen or sulphur. In both structure | and structure I, R is suitable a linear or branched
paraffinic chain containing from 4 to 20 carbon atoms.

[0018] The one or more oil-soluble molybdenum compounds present in the lubricating composition are included at a
level sufficient to provide from 100 to 1000 ppmw of molybdenum, preferably at a level sufficient to provide from 100 to
300 ppmw of molybdenum.

[0019] The one or more alkyl dithiocarbamate compounds present may generally be of formula Ill

S

]
R 2
\ )L R

N s 1T
e

R

[0020] In structure I, RTis H or a C5 to Cy straight chain or branched alkyl group. R2 is a C4 to C, straight-chain or
branched alkyl group or, alternatively, R? is such that the alkyl dithiocarbamate compound is of structure IV.

S

1 S

R 3 1
N S S N

N \R1

[0021] In structure IV, R'is H or a C5 to Cy straight chain or branched alkyl group. R3 is a C4 to C, straight-chain or
branched alkyl group. Preferably, R3 is (CH,),, wherein n is 1, 2 or 3, preferably n is 1.

[0022] The one or more alkyl dithiocarbamate is present in an amount of at least 0.1wt%, preferably at least 0.3wt%,
even more preferably at least 0.5wt% based on the total weight of the lubricating oil composition. The one or more alkyl
dithiocarbamate is present in an amount of at most 4wt%, preferably at most 3wt%, even more preferably at most 2wt%
based on the total weight of the lubricating oil composition.

[0023] The total amount of base oil incorporated in the lubricating oil composition of the present invention is preferably
present in an amount in the range of from 60 to 92 wt. %, more preferably in an amount in the range of from 75 to 90
wt. % and most preferably in an amount in the range of from 75 to 88 wt. %, with respect to the total weight of the
lubricating oil composition.

[0024] There are no particular limitations regarding the base oil used in the present invention, and various conventional
known mineral oils and synthetic oils may be conveniently used.

[0025] The base oil used in the present invention may conveniently comprise mixtures of one or more mineral oils
and/or one or more synthetic oils; thus, according to the present invention, the term "base oil" may refer to a mixture
containing more than one base oil, including Fischer-Tropsch derived base oils. Mineral oils include liquid petroleum
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oils and solvent-treated or acid-treated mineral lubricating oil of the paraffinic, naphthenic, or mixed paraffinic/naphthenic
type which may be further refined by hydrofinishing processes and/or dewaxing.

[0026] Mineral oils include liquid petroleum oils and solvent-treated or acid-treated mineral lubricating oils of the
paraffinic, naphthenic, or mixed paraffinic/naphthenic type which may be further refined by hydrofinishing processes
and/or dewaxing.

[0027] Naphthenic base oils have low viscosity index (VI) (generally 40-80) and a low pour point. Such base oils are
produced from feed stocks rich in naphthenes and low in wax content and are used mainly for lubricants in which colour
and colour stability are important, and VI and oxidation stability are of secondary importance.

[0028] Paraffinic base oils have higher VI (generally >95) and a high pour point. Said base oils are produced from
feed stocks rich in paraffins, and are used for lubricants in which VI and oxidation stability are important.

[0029] Fischer-Tropsch derived base oils may be conveniently used as the base oil in the lubricating oil composition
of the present invention, for example, the Fischer-Tropsch derived base oils disclosed in EP-A-776959, EP-A-668342,
WO-A-97/21788, WO-00/15736, WO-00/14188, WO-00/14187, WO-00/14183, WO-00/14179, WO-00/08115, WO-
99/41332, EP-1029029, WO-01/18156 and WO-01/57166.

[0030] Synthetic processes enable molecules to be built from simpler substances or to have their structures modified
to give the precise properties required.

[0031] Synthetic oils include hydrocarbon oils such as olefin oligomers (PAOs), dibasic acids esters, polyol esters,
and dewaxed waxy raffinate. Synthetic hydrocarbon base oils sold by the Royal Dutch/Shell Group of Companies under
the designation "XHVI" (trade mark) may be conveniently used.

[0032] Preferably, the base oil comprises mineral oils and/or synthetic oils which contain more than 80 %wt of saturates,
preferably more than 90 %wt, as measured according to ASTM D2007.

[0033] It is further preferred that the base oil contains less than 1.0 wt%, preferably less than 0.1 wt% of sulphur,
calculated as elemental sulphur and measured according to ASTM D2622, ASTM D4294, ASTM D4927 or ASTM D3120.
[0034] Preferably, the viscosity index of the base oil is more than 80, more preferably more than 120, as measured
according to ASTM D2270.

[0035] Preferably, the lubricating oil composition has a kinematic viscosity in the range of from 2 to 80 mm2/s at 100
°C, more preferably of from 3 to 70 mm?2/s, most preferably of from 4 to 50 mm?2/s.

[0036] The total amount of phosphorus in the lubricating oil composition of the present invention is preferably in the
range of from 0.04 to 0.12 wt%, more preferably in the range of from 0.04 to 0.09 wt% and most preferably in the range
of from 0.045 to 0.08 wt%, based on total weight of the lubricating oil composition.

[0037] The lubricating oil composition of the present invention may further comprise additional additives such as anti-
oxidants, anti-wear additives, detergents, dispersants, additional friction modifiers, viscosity index improvers, pour point
depressants, corrosion inhibitors, defoaming agents and seal fix or seal compatibility agents.

[0038] Antioxidants that may be conveniently used include those selected from the group of aminic antioxidants and/or
phenolic antioxidants.

[0039] In a preferred embodiment, said antioxidants are present in an amount in the range of from 0.1 to 5.0 wt%,
more preferably in an amount in the range of from 0.3 to 3.0 wt%, and most preferably in an amount in the range of from
0.5 to 1.5 wt%, based on the total weight of the lubricating oil composition.

[0040] Examples of aminic antioxidants which may be conveniently used include alkylated diphenylamines, phenyl-
o-naphthylamines, phenyl-B-naphthylamines and alkylated a-naphthylamines.

[0041] Preferredaminicantioxidantsinclude dialkyldiphenylamines such as p,p’-dioctyl-diphenylamine, p,p’-di-o-meth-
ylbenzyl-diphenylamine and N-p-butylphenyl-N-p’-octylphenylamine, monoalkyldiphenylamines such as mono-t-butyld-
iphenylamine and mono-octyldiphenylamine, bis(dialkylphenyl)amines such as di-(2,4-diethylphenyl)amine and di(2-
ethyl-4-nonylphenyl)amine, alkylphenyl-1-naphthylamines such as octylphenyl-1-naphthylamine and n-t-dodecylphenyl-
1-naphthylamine, 1-naphthylamine, arylnaphthylamines such as phenyl-1-naphthylamine, phenyl-2-naphthylamine, N-
hexylphenyl-2-naphthylamine and N-octylphenyl-2-naphthylamine, phenylenediamines such as N,N’-diisopropyl-p-phe-
nylenediamine and N,N’-diphenyl-p-phenylenediamine, and phenothiazines such as phenothiazine and 3,7-dioctylphe-
nothiazine.

[0042] Preferred aminic antioxidants include those available under the following trade designations: "Sonoflex OD-3"
(ex. SeikoKagaku Co.), "Irganox L-57" (ex. Ciba Specialty Chemicals Co.) and phenothiazine (ex. Hodogaya Kagaku Co.).
[0043] Examples of phenolic antioxidants which may be conveniently used include C,-Cgq branched alkyl esters of 3,5-
bis(1,1-dimethyl-ethyl)-4-hydroxy-benzenepropanoic acid, 2-t-butylphenol, 2-t-butyl-4-methylphenol, 2-t-butyl-5-meth-
ylphenol, 2,4-di-t-butylphenol, 2,4-dimethyl-6-t-butylphenol, 2-t-butyl-4-methoxyphenol, 3-t-butyl-4-methoxyphenol, 2,5-
di-t-butylhydroquinone, 2,6-di-t-butyl-4-alkylphenols such as 2,6-di-t-butylphenol, 2,6-di-t-butyl-4-methylphenol and 2,6-
di-t-butyl-4-ethylphenol, 2,6-di-t-butyl-4-alkoxyphenols such as 2,6-di-t-butyl-4-methoxyphenol and 2,6-di-t-butyl-4-
ethoxyphenol, 3,5-di-t-butyl-4-hydroxybenzylmercaptooctylacetate, alkyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionates
such as n-octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, n-butyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
and 2'-ethylhexyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, 2,6-d-t-butyl-a-dimethylamino-p-cresol, 2,2’-methylene-
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bis(4-alkyl-6-t-butylphenol) such as 2,2’-methylenebis(4-methyl-6-t-butylphenol, and 2,2-methylenebis(4-ethyl-6-t-butyl-
phenol), bisphenols such as 4,4’-butylidenebis(3-methyl-6-t-butylphenol, 4,4’-methylenebis(2,6-di-t-butylphenol), 4,4’-
bis(2,6-di-t-butylphenol), 2,2-(di-p-hydroxyphenyl)propane, 2,2-bis(3,5-di-t-butyl-4-hydroxyphenyl)propane, 4,4’-cy-
clohexylidenebis(2,6-t-butylphenol), hexamethyleneglycol-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], triethyl-
eneglycolbis[3-(3-t-butyl-4-hydroxy-5-methylphenyl)propionate], 2,2'-thio-[diethyl-3-(3,5-di-t-butyl-4-hydroxyphe-
nyl)propionate], 3,9-bis{1,1-dimethyl-2-[3-(3-t-butyl-4-hydroxy-5-methylphenyl)propionyloxylethyl}2,4,8,10-tetraoxas-
piro[5,5]undecane, 4,4’-thiobis(3-methyl-6-t-butylphenol) and 2,2’-thiobis(4,6-di-t-butylresorcinol), polyphenols such as
tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]methane, 1,1,3-tris(2-methyl-4-hydroxy-5-t-butylphe-
nyl)butane, 1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene, bis-[3,3"-bis(4’-hydroxy-3’-t-butylphe-
nyl)butyric acid]glycol ester, 2-(3’,5’-di-t-butyl-4-hydroxyphenyl)methyl-4-(2",4"-di-t-butyl-3"-hydroxyphenyl)methyl-6-t-
butylphenol and 2,6-bis(2’-hydroxy-3’-t-butyl-5’-methylbenzyl)-4-methylphenol, and p-t-butylphenol - formaldehyde con-
densates and p-t-butylphenol - acetaldehyde condensates.

[0044] Preferred phenolic antioxidants include those available under the following trade designations: "Irganox L-135"
(ex. Ciba Specialty Chemicals Co.), "Yoshinox SS" (ex. Yoshitomi Seiyaku Co.), "Antage W-400" (ex. Kawaguchi Kagaku
Co.), "Antage W-500" (ex. Kawaguchi Kagaku Co.), "Antage W-300" (ex. Kawaguchi Kagaku Co.), "Irganox L109" (ex.
Ciba Speciality Chemicals Co.), "Tominox 917" (ex. Yoshitomi Seiyaku Co.), "Irganox L115" (ex. Ciba Speciality Chem-
icals Co.), "Sumilizer GA80" (ex. Sumitomo Kagaku), "Antage RC" (ex. Kawaguchi Kagaku Co.), "Irganox L101" (ex.
Ciba Speciality Chemicals Co.), "Yoshinox 930" (ex. Yoshitomi Seiyaku Co.).

[0045] The lubricating oil composition of the present invention may comprise mixtures of one or more phenolic anti-
oxidants with one or more aminic antioxidants.

[0046] In a preferred embodiment, the lubricating oil composition may comprise a single zinc dithiophosphate or a
combination of two or more zinc dithiophosphates as anti-wear additives, the or each zinc dithiophosphate being selected
from zinc dialkyl-, diaryl- or alkylaryldithiophosphates.

[0047] Zincdithiophosphate is a well-known additive in the art and may be conveniently represented by general formula
V:

oR®

/S\Zn/s\ / .

P
~or’

R4

U

o
AN
O/

RS

w
w

wherein R4 to R7 may be the same or different and are each a primary alkyl group containing from 1 to 20 carbon atoms
preferably from 3 to 12 carbon atoms, a secondary alkyl group containing from 3 to 20 carbon atoms, preferably from 3
to 12 carbon atoms, an aryl group or an aryl group substituted with an alkyl group, said alkyl substituent containing from
1 to 20 carbon atoms preferably 3 to 18 carbon atoms.

[0048] Zinc dithiophosphate compounds in which R4 to R7 are all different from each other can be used alone or in
admixture with zinc dithiophosphate compounds in which R4 to R7 are all the same.

[0049] Preferably, the or each zinc dithiophosphate used in the present invention is a zinc dialkyl dithiophosphate.
[0050] Examples of suitable zinc dithiophosphates which are commercially available include those available ex. Lubrizol
Corporation under the trade designations "Lz 1097" and "Lz 1395", those available ex. Chevron Oronite under the trade
designations "OLOA 267" and "OLOA 269R", and that available ex. Afton Chemical under the trade designation "HITEC
7197"; zinc dithiophosphates such as those available ex. Lubrizol Corporation under the trade designations "Lz 677A",
"Lz 1095" and "Lz 1371", that available ex. Chevron Oronite under the trade designation "OLOA 262" and that available
ex. Afton Chemical under the trade designation "HITEC 7169"; and zinc dithiophosphates such as those available ex.
Lubrizol Corporation under the trade designations "Lz 1370" and "Lz 1373" and that available ex. Chevron Oronite under
the trade designation "OLOA 260".

[0051] The lubricating oil composition according to the present invention may generally comprise in the range of from
0.4 to 1.2 wt% of zinc dithiophosphate, based on total weight of the lubricating oil composition.

[0052] Additional or alternative anti-wear additives may be conveniently used in the composition of the present inven-
tion.

[0053] Typical detergents that may be used in the lubricating oil of the present invention include one or more salicylate
and/or phenate and/or sulphonate detergents.

[0054] However, as metal organic and inorganic base salts which are used as detergents can contribute to the sulphated
ash content of a lubricating oil composition, in a preferred embodiment of the present invention, the amounts of such
additives are minimised.

[0055] In order to maintain a low sulphur level, salicylate detergents can be used.

[0056] Thus, in one embodiment, the lubricating oil composition of the present invention may comprise one or more
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salicylate detergents.

[0057] In order to maintain the total sulphated ash content of the lubricating oil composition of the present invention
atalevel of preferably not greater than 2.0 wt%, more preferably at a level of not greater than 1.0 wt% and most preferably
at a level of not greater than 0.8 wt%, based on the total weight of the lubricating oil composition, said detergents are
preferably used in amounts in the range of 0.05 to 20.0 wt%, more preferably from 1.0 to 10.0 wt% and most preferably
in the range of from 2.0 to 5.0 wt%, based on the total weight of the lubricating oil composition.

[0058] Furthermore, it is preferred that said detergents, independently, have a TBN (total base number) value in the
range of from 10 to 500 mg.KOH/g, more preferably in the range of from 30 to 350 mg.KOH/g and most preferably in
the range of from 50 to 300 mg.KOH/g, as measured by ISO 3771.

[0059] The lubricating oil compositions of the present invention may additionally contain an ash-free dispersant which
is preferably admixed in an amount in the range of from 5 to 15 wt%, based on the total weight of the lubricating oil
composition.

[0060] Examples of ash-free dispersants which may be used include the polyalkenyl succinimides and polyalkenyl
succininic acid esters disclosed in JP1367796, JP1667140, JP1302811 and JP1743435. Preferred dispersants include
borated succinimides.

[0061] Examples of viscosity index improvers which may be conveniently used in the lubricating oil composition of the
present invention include the styrene-butadiene copolymers, styrene-isoprene stellate copolymers and the polymeth-
acrylate copolymer and ethylene-propylene copolymers. Such viscosity index improvers may be conveniently employed
in an amount in the range of from 1 to 20 wt%, based on the total weight of the lubricating oil composition.

[0062] Polymethacrylates may be conveniently employed in the lubricating oil compositions of the present invention
as effective pour point depressants.

[0063] Furthermore, compounds such as alkenyl succinic acid or ester moieties thereof, benzotriazole-based com-
pounds and thiodiazole-based compounds may be conveniently used in the lubricating oil composition of the present
invention as corrosion inhibitors.

[0064] Compounds such as polysiloxanes, dimethyl polycyclohexane and polyacrylates may be conveniently used in
the lubricating oil composition of the present invention as defoaming agents.

[0065] Compounds which may be conveniently used in the lubricating oil composition of the present invention as seal
fix or seal compatibility agents include, for example, commercially available aromatic esters.

[0066] The lubricating compositions of the present invention may be conveniently prepared using conventional for-
mulation techniques by admixing base oil with the organo-molybdenum compound and polymeric friction reducing additive
together with and one or more other optional additives at a temperature of 60°C.

[0067] Inanother embodimentof the presentinvention, there is provided a method of lubricating an internal combustion
engine comprising applying a lubricating oil composition as hereinbefore described thereto.

[0068] The present invention further provides the use of a lubricating composition as described herein for reducing
friction.

[0069] The presentinventionfurther provides the use of alubricating composition as described herein for reducing wear.
[0070] The presentinvention further provides the use of a lubricating composition as described herein for improving
fuel economy.

[0071] The presentinvention is further described below by reference to the following examples, which are not intended
to limit the scope of the present invention in any way.

Examples

[0072] A bench test oil ageing method was developed based on the Ford oil ageing batch reactor test described in
De Feo, M., Minfray, C., Bouchet, M.D.B., Thiebaut, B., Le Mogne, T., Vacher, B., Martin, J.M.: Ageing impact on
tribological properties of MoDTC-containing base oil, Trib. Intern. 92, 126-135 (2015) and used to investigate MoDTC
ageing in Graham, J., Jensen R., Spikes, H.A.: The friction-reducing properties of molybdenum dialkyldithiocarbamate
additives, Part 2, Durability of friction reducing capability, Trib. Trans. 44, 637-646, (2001). This consists of a multi-
necked round-bottomed flask supported in a temperature-controlled magnetic-stirrer heating mantle. Air and a blend of
1000 ppm NOx in air are supplied separately from cylinders via a pair of programmable flow controllers to enable any
NOx composition in air up to 1000 ppm to be obtained. The test conditions used in this study are listed in Table 1.

Table 1 - Oil Aging Test Conditions

Initial oil volume 500 ml
Total gas flow rate 200 cm3/min
NO, content of gas flow 0-770 ppm
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(continued)

120°C
350 rpm

Temperature

Stir speed

[0073] Oil samples (5 ml) were withdrawn during oil ageing and friction was measured in a high frequency reciprocating
rig (HFRR, PCS Instruments, Acton, UK). All HFRR tests were conducted at 1 mm stroke length, 20 Hz stroke frequency,
4 N load and a temperature of 120°C. HFRR test duration was 20 minutes and friction coefficient was averaged over
this time to obtain mean values for a test. AlSI 52100 steel balls and discs were employed with hardness 810 VPN and
880 VPN respectively. Friction values obtained from the 20 min HFFR tests were averaged and plotted as a function of
ageing time.

[0074] The test oil was a solution of a commercial Adeka Sakura Lube165 MoDTC (0.3% wt., 135 ppm Mo) in group
Il base oil. Base oil viscosity was 20.1 mPas at 40°C and 4.09 mPas at 100°C with a viscosity index of 102. A relatively
low MoDTC concentration was chosen in order to limit ageing time at the lower test temperatures.

[0075] Three antioxidant types were selected and incorporated at 1% wt. Antioxidant 1 was an alkyl DTC (VANLUBE
7723), antioxidant 2 was the aminic type (Irganox L57) and antioxidant 3 was the phenolic type (Irganox L135).

[0076] The results of the Examples are shown in Table 2 and Figure 1.
Table 2
Friction Coefficient
Test Time Comparative Ex 1 Comparative Ex 2 Comparative Ex 2 Example 1
(hrs) MoDTC alone MoDTC + AO 2 MoDTC + AO 3 MoDTC + AO 1
0 0.062 0.069 0.105 0.088
2 - - 0.135 -
16 - - - 0.083
17 - 0.085 0.136 -
30 0.075 0.143 - -
42 0.142 - - 0.089
66 - 0.146 - -
84 - - - 0.079
125 - - - 0.094

[0077] Antioxidants of the aminic and phenolic types, commonly used in lubricant formulations, did not provide a benefit
in extending the friction reducing benefits of MoDTC.

[0078] Table 2 showsthat MoDTC alone delivers low friction and maintains this low friction at 30 hrs of testing. However,
by 42 hours the friction has significantly increased. In the presence of the aminic AO (AO2), the MoDTC delivered low
friction, but the friction levels had increased significantly by 30hours, a shorter time than MoDTC alone. The phenolic
antioxidant (AO 3) shows a very antagonistic effect, increasing the initial friction from the MoDTC alone baseline and
leading to a premature significant increase in friction by just 2 hours into the test.

[0079] Surprisingly, AO1, alkyl DTC, protected the MoDTC to delivering low friction to 84 hours and beyond.

Claims
1. Alubricating composition for use in the crankcase of an engine comprising (i) a base oil; (ii) one or more oil-soluble
molybdenum compounds in an amount sufficient to provide in the range of from 100 to 1000ppmw of molybdenum;

and (iii) one or more alkyl dithiocarbamate compounds.

2. A lubricating composition as claimed in claim 1, wherein the one or more oil-soluble molybdenum compounds
comprises one or more molybdenum dithiocarbamate compounds.

3. Alubricating composition as claimedin claim 2, wherein the molybdenum diothiocarbamate compound or compounds
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are of structure I:

|| / H /

wherein X is oxygen or sulphur and R is a linear or branched paraffinic chain containing from 4 to 20 carbon atoms.
A lubricating composition as claimed in any one of claims 1 to 3, wherein the one or more oil-soluble molybdenum
compounds present in the lubricating composition are included at a level sufficient to provide from 100 to 300 ppmw

of molybdenum based on the total weight of the lubricating composition.

A lubricating composition as claimed in any one or claims 1 to 4, wherein the one or more alkyl dithiocarbamate
compounds present is of formula Ill

1
R 2
N
N S
/

R1

ITT

wherein, R'is H or a C4 to C, straight chain or branched alkyl group and R2is a C to Cy, straight-chain or branched
alkyl group.

A lubricating composition as claimed in any one or claims 1 to 4, wherein the one or more alkyl dithiocarbamate
compounds present is of formula IV:

1 S S

R /lL 3 R1
\N S/R\S/U\N/ v
17 N1

R

wherein R1is H or a C5 to C, straight chain or branched alkyl group and R3is a C4 to C, straight-chain or branched
alkyl group.

A lubricating composition as claimed in claim 6, wherein R3 is (CH,), and wherein nis 1, 2 or 3.

A lubricating composition as claimed in any one of claims 1 to 7, wherein the one or more alkyl dithiocarbamate is
presentin an amount of atleast 0.1wt% and at most 4wt%, based on the total weight of the lubricating oil composition.

A lubricating composition as claimed in any one of claims 1 to 8, wherein the base oil is a Fischer-Tropsch derived
base oil.
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