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This invention relates to a lubricant composition combining a combination of additives
5  providing antiwear properties and a combination of additives providing antioxidant properties.

It is well known to include antiwear additives and antioxidants in lubricating oils such as

. - engine oils. Antiwear additives are included to'reduce the wear occurring when two metal surfaces

| nib together, i.e. boundary lubrication regimes, such as is found in valve trains in internal

| combustion engines. As well as reducing the operational lifetime of the metal parts, wear has the

" 10  disadvantage that it releases metal contaminants into the lubricating oil which tend to accelerate the

| ' ~ formation of engine oil sludge. It is believed that the antiwear additive acts to. provide a protective

' film over the metal surfaces. Antioxidants are included to protect against sludge formation.

Sludge is formed in engines as the resuit of a complex degradation of the lubricating oil in service.

A number of interacting factors are believed to cause degradation including the engine design -

15 particularly the recirculation of crankcase blow-by gases, fuel quality, oil consumption and vehicle

operation, especially stop-go "city” driving. The net effect of these factors is a concentration of

| y harmful contaminants in the lubricating oil leading to oxidative degradation of the oil which results

- in a thickened sludgy oil with reduced lubrication qualities. Tlns thickened oil can also deposit in
| ' the engme with harmful effects.

20 ‘It is recognised that dispersant additives are effective at reducing sludge deposition by

! - solubilising the contaminants in the oil. However, dispersants have the disadvantage that they

( ~ _ merely minimise sludge drop-out rather than prevent the initial degradatxon of the oil. Although
dispersive action is important, the combined prevention of engine wear (thereby reducing metal |
contamma_tlon) and lubricant oxidation (thereby reducing oil thickening) will minimise oil

25  degradation which is a major factor in sludge formation. The identification of effective antiwear
and antioxidant additives are therefore nnportant for the development of high performance engine
oils. S

One well known compound whlch provxdes both antiwear and antioxidant properties is

_ zinc dlalkyldlthlophosphate ("ZDDP"). Generally ZDDP is employed at treat levels of 1 to 2
30 wt.% based on the total weight of the lubricating oil, which gives a phosphorus level in the
lubricant typically in the range of from 0.05 to 0.15 wt.%, and a zinc level from 0.1 to 0.2 wt.%.

In recent years there has been increasing concern that lubricant ash levels, such as that produced by

! - the zinc in ZDDP, contribute to particulate emissions in the exhaust fumes from internal
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5 Addmve Combination" d&scnbe antxwear agents with reduced phosphorus and reduced or

eliminated zinc content.
-We havé found that improved antioxidant performance can be obtained by combining the
antiwear additive combinations disclosed in these patent applic;ation's with certain antioxidant
combinations. ' '
10 _ Accordingly the present invention provides a lubricant composition comprising:

(@ abaseoil

(i) an antiwear additive combination comprising (a) an organo-molybdenum
compound and (b) an ashless organo-phosphorus compound, and

15
(iii) an antioxidant additive combination comprising (a) an aminic antioxidant .
' and (b) a phenolic antioxidant; the weight ratio of aminic antioxidant to phenolic
‘antioxidant being greater than 1:1. '
20 Preferably the antiwear additive combination further. comprises (c) a zinc thiophosphate

- compound selected from zinc dialkyldithiophosphate, zinc diaryldithio-phosphate, zinc
alkylaryldithiophosphate and zinc arylalkyldithiophosphate and mixtures thereof.

The present invention has the advantage that it provides a lubricant composition with

good antiwear properties, whilst achieving low ash and phosphorus levels, and combines this

25 antiwear system with enhanced oxidation performance by using the antioxidant additive

combination as defined above, provided the amine and ﬁhenolic components of the antioxidant
combination are used with a specific range of ratios relative to each other.

The organo group of the organo-molybdenum compound is preferably selected from a

carbamate, a carboxylate and a xanthate group and mixtures thereof, which groups may be

30  substituted with a hydrocarbyl group and/or one or more hetero atoms, with the proviso that the
' organo group selected results in an organo-molybdenum compound that is oil-soluble or oil-
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5  dithiocarbamate of the formula :

Ry S Yy Yy S R3
A R R T
N-C-S-Mo /< Mo-S-C-N o
/ S \
0 Ry : | | Ry

where Ry, Ry, R3 and R4 each independently represent a hydrogen atom, a Cq to Cyq alkyl group,
a Cg to Cyq cycloalkyl, aryl, alkylaryl or aralkyl group, or a C3 to Cyg hydrocarbyl group
| containing an ester, ether, alcohol or carboxyl group; and Xj X3, Y1 and Y2 each mdepex_xdently'
15  represent a sulphur or oxygen atom.

Examples of suitable groups for each of Ry, Ry, R3 and R4 include 2-ethylhexyl,
nonylphenyl, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-hexyl, n-octyl, nonyl, decyl,
dodecyl, tridecyl, lauryl, oleyl, linoleyl, cyclohexyl and phenylmethyl. Preferably R; to Ry are
each Cg to C;g alkyl groups, more preferably Cyq to Ci4.

20 It is preferred that X; and X; are the same, and Yy and Y7 are the same. Most
preferably X and X are both sulphur atoms, and Y1 and Y> are both oxygen atoms.

Thus in a preferred embodiment the organo-molybﬂenum compound is sulphurised

- oxymolybdenum dithiocarbamate wherein the thiocarbamate groups contain Cjg to Cj4 alkyl

o groups. Such compounds are commercially available and are supplied, for example, by R.T.
25  Vanderbilt Company.

Where the organo group of 'the organo-moljbdenum oonipound is a carboxylate, this is
preferably a Cy to Csp, more preferably a Cg to Cjg, carboxylate group. Examples of suitable
carboxylates include octoate, e.g. 2-ethyl hexanoate, naphthenate and stearate. These compounds
may be prepared, for example, by reacting molybdenum trioxide with the alkali metal salt of the

30 appropriate carboxylic acid under suitable conditions.

Where the organo group of the organo-molybdenum compound is a xanthate, the
compound preferably' has the formula:

S | e
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the exhaus tappligation EPcAr#33025, the disclosure of which is incorporated herein by reference.

5 The ashless organo-phosphorus compound is essentially free of metal, and preferably
" contains sulphur. Phosphorothiolothionates and phosphorothionates and mixtures thereof are
preferred compounds :

Phosphorothiolothionates have the general formula:

S
| i
10 - R50-P-SRy am

T

where Rs, Rg and Ry each independently represent a hydrocarbyl group which may be substituted |
15  with one or more functional groups or hetero atoms, or may be unsubstituted, and which may be
branched or straight-chain.

e Preferably Rg and Rg are each a C1 to C3q alkyl group, or a Cg to C3q cycloalkyl, aryl,
| .. aralkyl or alkylaryl group. Ry is prefecably a C; to C3p alkyl group, a Cg to C3g cycloalkyl,
| aryl, aralkyl or alkylaryl group, or a C{ to C3g hydrocarbyl group containing one or more
20  carboxylic acid, ester, alcohol, ether or amine groups, or an ammonium ion, preferably one or
 more carboxylic acid groups. Examplec_ of suitable phosphorothiolothionatm which are
commercially available include VANLUBE 727, VANLUBE 7611 both subplied by R.T.
Vanderbilt Company, IRGALUBE 63 supplied by Ciba-Geigy, and ECA 6330 supplied by Exxon

| _ Chemical Company.
25 Phosphorothionates have the general formula:
S
I
Rg0-P-0Ryo _ av)
1 |
0
|
Ro

30 _ _ N .
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i nt-ernal conbustion engines. There is alsq concern that,the phosphorus from
-the lubricant -2 - tends to poison cat'efl‘ysts used in catalytic
 converters, thereby preventing themfromfunctioning to full effect.

I nternational patent application publication Nos. WD 95/07964 and WD
where Rg, Rg, and Rjq each represent a hydrocarbyl group which may be substituted with one or

~ more functional groups or hetero atoms, or may be unsubstituted, and which may be branched or
straight-chain. . ' '

Preferably Rg and Rg are each a €; to C3 alkyl group or a Cg to C3g cycloalkyl, aryl,

5  aralkyl or alkylaryl group. Rig is preferably a Cj to C3q alkyl group or a Cg to C3g cycloalkyl,

aryl, aralkyl or alkylaryl group, oraC 1 to C30 hydrocarbyl group containing one or more amine,

carboxylic acid, ester, alcohol or ether groups, or an ammonium ion, preferably an amine group or

ammonium ion. Examples of suitable phosphorothionates which are commercially available include
IRGALUBE TPPT supplied by Ciba-Geigy. '

0 The zinc thiophosphate compound (c) when used, has the general formula :
Ry — 0 $ 5 O — Ry3
P-S-Za-S- P | V)
Rig - 0 ~ ™~ o — Ri4
15 |

where Ry1, Rq2, Rq3 and Ry4 each independently represent a hydrogen atom, a Cj to Cpq alkyl
group, a C6 to Cag cycloalkyl, aryl, alkylaryl or aralkyl group, or a C3 to Cq hydrocarbyl group

~ containing an ester, ether, alcohol or carboxyl group. Preferably each of Ryj to R4 is a Cy to
Cig, more preferably C3 to Cg, alkyl group which may be straight-chain or branched. Such

20 compounds are commercially available and are supplied by, for example, Exxon Chemical

Company.

The amounts of each of the antiwear additivgs (a), () and (¢) to be included in the
lubricant composition according to the invention are the amounts that are effective in providing the
desired level of antiwear performance, whilst reducing the amount of phosphorus and zinc to an

25  acceptable level. -

~ Whilst not being limited to any particular theory,' it is believed that the antiwear
properties of the organo-molybdenum compound (a) are generally attributable to the presence of the
molybdenum. Thus when determining the amount of organo-molybdenum compound to be
incorporated into the lubricant composition, one first needs to determine the desired amount of
30 molybdenum. Preferably the amount of molybdenum contained in the lubricant composition is
from 0.001 to 0.5 wt.%, more preferably 0.005 to 0.2 wt.%, and most preferably 0.01 to
0.05 wt.%, based on the total weight of the lubricant composition. The amount of organo-
molybdenum compound that this corresponds to depends upon the type of compound selected.
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preferably from 0.05 to 1.0 wt. %, based on the total weight of the lubricant composition.

Where the organo-molybdenum compound is a carboxylate, the amount of compound used
depends upon the molecular weight of the carboxylate group selected. For example, where the
carboxylate is 2-ethyl hexanoate, the amount of molybdenum carboxylate used is preferably from
0.005 to 2.5 wt.%, more preferably from 0.025 to 1.0 wt.%, and most prefetably from 0.05 to

-0 25 wt. %, based on the total weight of the lubricant composition.

‘"Where the m_'gano-molybdenum compound is a xanthate, the amount of compoﬁnd used

" depends upon the molecular weight of the hydrocarbyl, e.g. alkyl, groups contained in the xanthate

groups. Typically, ho_wever, the amount of molybdenum xanthate used is preferably from 0.003 to
2.0 wt.%, more preferably from 0.01 to 0.7 wt.% and most preferably from 0.03 to 0.2 wt. %,

based on the total weight of the lubricant composition.

Similarly, it is believed that the antiwear properties of the ashless organo-phosphorus and

zinc thiophosphate compounds are generally attributable to the presence of the phosphorus. Thus

when determining amounts of these compounds to incorporate, one first needs to determine the

«desired amount of phosphorus in the lubricant composition.  Preferably the total amount of
~ phosphorus contained in the lubricant composition is from 0.001 to 0.3 wt.%, more preferably

from 0.01 to 0.2 wt.%, and most preferably from 0.02 to 0.1 wt.%, based on the total weight of
the lubricant composition. The amounts of ashless orgamo-phosphorus compound and zinc
thiophosphate éompound that this corresponds to depends upon the relative proportions of these
compounds and the molecular weight of the specific compounds selected. Typically, however, the

amount of ashless organo-phosphorus compound incorporated into the lubricant composition is |
from 0.01 to 0.3 wt.%, more preferably 0.05 to 2.0 wt.%, and most preferably 0.1 to 1.0 wt.%
based on the total wexght of the lubricant composition, and the amount of zinc thiophosphate
compound is preferably from 0.01 to 3.0 wt.%, more preferably 0.1 to 2.0 wt.%, and most

preferably 0.2 to 1.0 wt.% based on the total weight of the lubricant comp_osmon.

The ratio of compounds (a) : () : (c) in the lubricant composition is preferably such that
the weight ratio of molybdenum to phosphorus is from 1:50 to 100:1, more preferably 10:1 to
20:1, and most preferably from 1:1 to 10:1. The weight ratio of phosphorus derived from the
ashless organo-phosphorus compound (b) to zinc thiophosphate compound (c) is preferably from
10:1 to 1:20, more preferably from 5:1 to 1:15 and most preferably 1:1 to 1:10.

||I||I|l MBARIN
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amine antioxidant employed, provided it is oil-soluble or od-dlspersxble Prefetably the aminic
antxoxldant is secondaty amine having the general formula

H

R"'—N'—"R"

where R’ and R" each independently represent a C; td Cy( substituted or unsubstituted alkyl |
group or a Ce to C3q substituted or unsubstituted cycloalkyl, aryl, aralkyl or alkylaryl group. If

- substituted, the substituent may be for example an alkyl, aryl, alkoxy, aryloxy, acyl, acylamino,
“hydroxy, carboxyl or nitro group. Preferably R' and R'' are each a substituted or unsubstituted

aryl or alkylaryl group.

- Examples of suitable aminic antxoxldants include diphenylamine, alkyldiphenylamines
havmg one or more alkyl substituents each having up to about 16 carbon atoms, phenyl-a-

naphthylamine, phenyl-B-naphthylamme, alkyl-substituted phenyl-c-naphthylamine or phenyl-B-

naphthylamine having one or more alkyl substituenits each containing up to about 16 carbon atoms.
Examples of suitable alkyl substituents include t-butyl, t-pentyl, hexyl, n-octyl, t-octyl, nonyl,
decyl and dodecyl. Many secondary aromatic amine antioxidants are commercially available
including, for example Irganox L57, Irganox L74 and Irganox LO6 available from Ciba-Geigy,
Vanlube 81, Vanlube SL, Vanlube 848 and Vanlube DND available from R.T. Vanderbilt; -
ADDITIN M10277 available from Rhein-Chemie; Lubrizol 5150A avallable from Lubrizol;

' Naugalube 438L and Naugalube 680 available from Uniroyal.

The phenolic antioxidant is preferably a hindered phenol. Such phenolic compounds are

-well-known and there is no particular restriction in the type of phenolic antioxidant employed

provided it is oil-soluble or oil-dispersible. Preferably the phenolic antioxidant is a hindered

phenol having the following formula:

R2
HO R¢

Rb

- where R3 and 'Rb each independently repiesent a hydrogen atom or a C; to Cpy4 alkyl group,

30

~ having the formula:

provided that at least one of R and RD is an alkyl group; and RC is a hydrogen atom or a group

i i
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anDunts of ashl ess organo- phosphorus conmpgund (b) and Z|nc t hi ophosphat e

conpound (c) are such that the anmount of phosphorus contained in the

liubri cant conposition is from0.001 to 0.3 w.%and the weight ratio of

~ phosphorus derived fromthe ashl ess organo-phosphorus conmpound to
phosphorus derived fromthe zinc thi ophosphate conpound is from10:1 to

1: 20 and the conbi ned anount of mﬁﬂébn

where X is an alkyl, aryl, aralkyl alkylaryl or cycloalkyl group, which may be substituted with
one or functional groups and/or hetero atoms, and n is an integer from 1 to 24.

, More preferably R® and RD are each selected from hydrogen, methyl, ethyl, propyl,
5 isopropyl, n-butyl t-butyl, pentyl, n-octyl, t-octyl nonyl, decyl and dodecyl groups, provxded Ra
and R are not both hydrogen.

More preferably RS is selected from the group —(CH2)p,COORY or -
«(CH)mSCOORY where RY is C; to Cyg alkyl or aryl group, and m is an integer from 1 to 18.

Alternatively the phenolic antioxidant may have the formula:

———

R
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-3- anti oxidant (d) and phenolic anti oxi dapt (e) is from0.1to 50 w.% -
-and the weight ratio of aminic antioxidant®{d) to phenolic antioxidant (e)
'i$ greater than 1:1, the weight per cents being based on the total weight
of the lubricant conposition. The present invention has the advantage that
It provides a lubricant co sition with good antj wear properties, whil st
achi eving | ow ash and phosplorus |.88¢gls, and conbf nes this antiwear system
‘Wi th enhanced oxi dation perfornmance g the pnti oxi dant additive

conbi nation as defined aboveggor ) Re ndY

Rb | p

- where Y is a carbon atom or a hetero atom, for example a sulphur atom, R3, RP and RE are as
5  defined above, and p is an integer from 2 to 4, the actual value of p depending upon the valeacy of
Y.

Specific examples of suitable phenolic antioxidants inciude 2,6-di-t-butylphenol, 2,4,6-tri-

t-butylphenol, 2-t-butylphenol, 4-methyl-2,6-di-t-butylphenol, 2-methyl-6—t-butylphenol, 2,4-
dimethyl-6-t-butylphenol, and esters and sulphurised ester thereof, wherein the ester group is |

10 substituted in the para position on the phenol ring. Many phenolic antioxidants are commercially

available and examples include L101, the Irganox products L101, L108, L118, L130, L135, L107,

L109 and L115 available from Ciba-Geigy; Hitec 4701 available from Ethyl Corporation; Parabar

441 available from Exxon Chemical Company; and Vanlube 691C available from R.T. Vanderbiit

Company.

15 The weight ratio of the two types of antioxidants should be such that the lubricant
composition according to the invention contains more amine antioxidant by weight than phenolic
antioxidant. Preferably the weight ratio of aminic to phenolic antioxidant is from 1.5:1 to 20:1,
more preferably from 2:1 to .10:_1, and most preferably from 3:1 to 5:1. The inclusion of at least a |
proportion of phenolic antioxidant in addition to aminic is preferred to ensure appropriate oxidative

20  stability over a range of temperatures and conditions. It has also been silgg&sted that the two
components may act synergistically, at least under certain conditions, to give a higher activity fora
given treat rate than either alone. Whilst not being limited to any particular theory it is believed
that the two components may co-operate in interfering in free-radical oxidation mechanisms.

. The amount of antioxidant compounds incorporated into the lubricant composition should

25 be the amount which provides effective antioxidant protection. Preferably the total amount of

phenolic and aminic antioxidant incorporated is from 0.1 to 5.0 wt. %, more preferably from 0.5 to
3.0wt.%, and most preferably from 0.8 to 1.5 wt.%, based on the total weight of the lubricant

composition. :

Thus the amount of aminic antioxidant incorporated is preferably from greater than 0.05

30 to 4.8 wt.%, more preferably from 0.3 to 2.7 wt.%, and most preferably from 0.6 to 1.2 wt.%;
and the amount of phenolic antioxidant incorporated is preferably from 0.01 to 2.5 wt.%, more -
preferably from 0.05 to 1.0 wt.%, and most preferably from 0.1 to 0.5 wt.%, based on the total
weight of the lubricant composition. I ———
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conventionally refined mineral oil, an oil derived from coal tar or shale, a vegetable oil, an animal
oil, a hydrocracked oil, or a synthetic oil, or a mixture of two or more of these types of oils.
Examples of synthetic oils include hydroisomerised paraffins, polyalphaolefins, polybutene,
alkylbenzenes, polyglycols, esters such as polyol esters or dibasic carboxylic acid esters, alkylene
oxide polymers, and silicone oils. The viscosity of the base oil depends upon the intended use, but
generally is in the range of from 3 to 20 cSt at 100°C.

The antiwear additive compounds (a), (b) and (c) and antioxidant compounds (d) and (e)
may be mixed directly with the base oil, but, for ease of handling and introduction of the
compounds to the base oil, are preferably in the form of additive concentrate comprising the
additive compound, or mixture of any two or more of these compounds, contained in a carrier
fluid. Thus in a further aspect the present invention provida an additive concentrate comprising

- compounds (a), (b), (c), (d) and (e) as defined above, and (f) a carrier fluid. The carrier fluid is

typically an oil and may be, for example, any of the oils mentioned above in the description of the
base oil. Alternatively, it may be an organic solvent, for example naphtha, benzene, toluene,
xylene and the like. The carrier fluid should be compatible with the base oil of the lubricant
composition, but otherwise is preferably inert. Generally the concentrate will comprise from 10 to
90 wt. % of the additive compound(s), preferably from 30 to 70 wt.%, the balance bein_g the carriei'

fluid.

" The lubricant composition according to the invention may also contain other additives,
which may be added directly to the base oil, as a separate additive concentrate, or included in the

.concentrate of the antiwear_ and antioxidant additives. For example, where the lubricant is an
‘engine oil, other additives that may be incorporated include one or more of a detergent, dispersant,

corrosion inhibitor, extreme pressure agent, antifoaming agent, pour point depressant and viscosity
index improver. Such additives are well-known and the selection of appropriate additives could
readily be determined by a person skilled in the art of lubricant formulating.

The lubricant composition may find use in any application where the parts to be lubricated
are subject to wear. _'It is especially suitable for use as an engine oil for internal combustion

engines.
The invention is illustrated by the following Example.
Example 1A:
.An engine oil was formulated by adding the following antiwear and antioxidant additives

to a basecase oil having a viscosity of 14 ¢St at 100°C and coﬂsisting of a conventional engine oil
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t he f or nmubased [oBra ]:onvenuonally refined mineral oil and containing standard engine oil additives other

10

15

20

than ZDDP :

(@ 0.2wt.% MOLYVAN 822 (= 0.01 wt.% Mo), a molybdenum dxthtocarbamate
supplied by R.T. Vanderbllt Company;

(b) 0.8 wt.% ECA 6330 (= 0.025 wt.% P), a phosphorothiolothionate supplied by

- Exxon Chemical Company;

© 1.0wt.% PARANOX 14 (= 0,075 wt.% P), a ZDDP supplied by Exxon Chemical
Company;

@ 0.8wt.% IRGANOX L57, a dialkyl-substituted diphenylamine supplied by Ciba-

-Geigy, and

| () 0.2 wt.% IRGANOX L118, an ester derivative of a 2,6-di-t-butylphenol supplied by
Ciba-Geigy.

Examples 1B and 1C:

Two further engine onls were formulated except that the amounts of aminic antioxidant ()]
and phenolic antioxidant (e) were varied as follows :

Example 1B: 0.5 wt.% (d) IRGANOX L57, and 0.5 wt. % (¢) IRGANOX L118

- Example 1C: 0.2 wt.% (d) IRGANOX L57, and 0.8 wt.% (¢) IRGANOX L118
All percentages are By weight baserl on the total weight of the fully fommlated engine oil.
The resulting, fully formulated engine oils were tested for oxidation as follows : |

The kinematic viscosity at 40°C (KV40) was measured usinﬁ a Haake PK100 viscometer. 250 cm3
of the oil was then placed in a glass tube with 40 ppm iron (using an oil-soluble iron catalyst), |

‘heated to 165°C, and maintained at that temperature for 168 hours in the presence of air flowing at

" arate of 1.7 litres per minute. The KVy4q of the oil was then measured again, and thus the

e T

viscosity increase of the oil determined. The lower the viscosity increase, ﬂne better the

antjoxidation performance of the oil. The results are given in Table 1 below.

For comparative purposes, a further set pf engine oils were formulated using the three

- formulations described above for Examples 1A, 1B and 1C, except that the antiwear additives (a),
- (b) and (c) were replaced by 1.2 wt.% PARANOX 14 ZDDP (= 0.1 wt.% P). These engine oils

were tested for oxidation as described abo_ve and the results are also giv_en in Table 1.

is Sheet Has Been Reﬂlaced
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where Rerr], Rerr], ert{] and Rerr]_gach i ndependent|y.represent a
'hydrogen atom a C[err] to (Jerr] alkyl group, a (Jerr] to (err]
wycloal kyl, aryl, alkylaryl or aralkyl group, or a Cferr] to Cferr]
hydr.ocar byI group containing an ester, ether, al cohol .or carboxyl group;

and Xerr] Xerr], Ylerr] and Y[err] each independently represent a sul phur

or oxygen atom Exanples of suitable groups for each of Rerr], Rerr],

Rlerr] and R err] include 2-ethyl hexyFA!%xl phenyl, nethyl, ethyl,
n- propyl, iso-propyl, n-butyl, t-butyl, n-hexyl, n-octyl, nonyl, decyl,
dodecyl, tridecyl, Iauryl ol eyl, 1Tinoleyl, cyclohexyl and phenylnethyl
Pref er aply boaackhClo to—Cfa ’ _
'pre’fera)Iy C[err] to C[rr]. _ % Viscosity Incréase
Oil ' Phenolic : Aminic Antioxidant Wt Ratio
4:1 1:1 i:4
“Basecase + : > 400 259 153
Ttiple Antiwear
Basecase + - 195 189 193
ZDDP
. 5.

The resuits show that “altering the aminic antioxidant to phenolic antioxidant has
significant effects on the oxidation performance of the oil when the triple antiwear additive
combination is used, whereas altering the ratio has little, if any, effect when the sole antiwear

. additive is ZDDP. When the aminic to phenolic ratio is 4:1 good antioxidation performance is
10  achieved with the lubricant containing the triple antiwear additive combination, but this

_performance is not achieved when the weight ratio of aminic to phenolic compounds is 1:1 or less
than 1:1.
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It is preferred that,X[err]{ and X[err] are the sane, arljd Y[err] and Y[err]
are the sane. Mst preferably X[err] and X err] are both sul phur atons, and .

Y[err] and Y[err] are both oxygen atons. Thus in a W t he

organo nol ybdenum conpound i s sul phuri sed oxynol ybd | ocar bamat e _
wherein the thiocarbamate groups contain CJerr] to w ‘m\‘mﬂmﬁ :
Such conpounds are comercially avail abll8-and are supE“ ,
R T. Vanderbilt Conpany. Were the organo group of the'sorganbg-nbl ysodenum

conpound is. a carboxylate, this is preferably a CJerr] to CJerr], nore
preferably a Cerr] to CJerr], carboxylate group. Exanples of suitab‘le

CLAIMS
1. A lubricant composition comprising :
(i) a base oil

(i) an antiwear additive combination comprising (a) an organo-molybdenum
compound and (b) and ashless organo-phosphorus compound, and

(iii) an antioxidant additive combination comprising (d) an aminic antioxidant
(which may be a secondary aromatic amine) and (e) a phenolic antioxidant
(which may be a sterically-hindér’ed phenol), the weight ratio of aminic
antioxidant to phenolic antioxidant being greater than 1:1.

2. A lubricant composition according to claim 1 wherein the weight raﬁo of aminic
antioxidant to phenolic antioxidants is from 1.5:1 to 20:1.

3. A lubricant composition according to claim 1 or claim 2 wherein the antiwear
. additive combination further comprises (c) a zinc thiophosphate compound selected from

zine dialkyldithiophosphate, zinc diaryldithiophosphate, zinc alkylaryldithiophosphate
- and zine arylalkyldithiophosphate and mixtures thereof.

4 A lubricant composition aecording to any preceding claim wherein the organo-
molybdenum compound is a molybdenum dithiocarbamate.

5. A lubricant composition according to any preceding claim wherein the ashless
.organo-phosphorus cempound is a phosphorothiolothionate or a phosphorothionate ora
mixture thereof.

6. . Alubricant composii:ion.acc_ording to any preceding claim wherein the amount
of organ'o&nolybdenum cbmpoimd_ contained in the lubricant composition is such that
the amount of molybdenum contained in the lubricant composition is from 0.001 to 0.5
wt.%, preferably 0.005 to 0.2 wt.%, based on the total weight of the lubncant
composition. e

vrmonsons T
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} '8
car boxyl ates include oct oatfe, e.g. 2-ethyl hexanoate, naphthenate and

stearate. These conpounds may be prepared, for exanple, by reacting

#ol ybdenum trioxide with the alkali nmetal salt-of th

carboxylic acid under suitable conditions. Wiere the o of the
~.organo- nol ybdenum conpound ‘i s a xanthate, the corrpound“ﬁ?ﬁmﬂmnﬁllmﬁm he

“fornmul a:

-14-

7. A lubricant composition according to any preceding claim wherein the amount
of zinc thiophosphafe compound and as}dess organo-phosphorus compound contained in
the lubricant composition is such that the amount of phosphorus ‘contained in the
lubricant composition is from 0.001 to 0.3 wt.%, preferably 0.01 to 0.2 wt.%, based on
the total weight of the lubricant composition.

8. A lubricant composition according to any preceding claim wherein the weight
ratio of phosphorus derived from the ashless organo-phosphorus compound to
phosphorus derived from the zinc thiophosphate oompound is from 10:1 to 1:20,

preferably from 5:1 to 1:15.

9. A lubricant composition according to any preceding claim wherein the amount

of aminic antioxidant contained in the lubricant éomposition is from greater than 0.05

wt.% and up to 4.8 wt.% based on the total weight of the lubricant composition, and/or
wherein the amount of phenolic antioxidant contained in the lubricant composition is

from 0.01 to 2.5 wt.% based on the total weight of the lubricant composition.

10.  An additive concentrate comprising:
(a) | an organo-mqubdenum compound,
®b) an ashless organo-phosphorus compound,

(¢ a zinc thiophosphate compound selected from zinc dialkyldithiophosphate,

- zinc diaryldithiophosphate, zinc alkylaryldithiophosphate and zinc arylalkyldithio-
' phosphate,

PMO93EPEO10 HAS 02/09/94

(@ an aminic antioxidant, -
@ a ph_enolic antioxidant, and

@) a carrier fluid.
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‘ ‘ ' -15-
- Np[erﬁl@ROCS[err])[err] mhe&e Ris a Cferr] to (Jerr] h&drocarbyl group,
-1 prefierably an al kyl 'group. Exanpl es of suitable nol ybdenum xant hate
gonpounds and their nethod of preparation are described in European patent
~application EP-A-433025, the disclosure whi ch is incorporated herein by
ref erence. The ashl ess organo phosphorusﬁﬁﬁﬁﬁtund Is essentially free of
netal, and preferably contai ns sul phur. Phosphor ot hi ol ot hi onates and
phosphorothlonates and m xtures thereof are preferred conpounds
Phosphor ot hi ol ot hi onat es have the general formul a:

A lubricant composition e.g. for engine oils comprises (i) a base oil, (il) an antiwear
m&ﬁﬁwaundnmnmncumpnmmg@0anoqmn&nmhﬁdammnanmmmmdamia»anaﬂﬂamtngmn
5 phosphorus compound, and (iii) an antioxidant additive combination comprising (d) an aminic
antioxidant and (¢) a phenolic antioxidant, the weight ratio of aminic antioxidant to phenolic
antioxidant being greater than 1:1, preferably from 1.5:1 to 20:1. The antiwear additive
combination (i) 'may further comprise (¢) a zinc thiophosphate compound selected from zinc
dialkyidithiophosphate, zinc diaryldithiophosphate, zinc alkylaryldlthmphosphate and zmc

10 aqﬂdkﬂduhmmhmmhmeamdnmnuns1hamof

heetlliiiflaﬁleﬂllgﬁm
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I . TetSwo-4 Ifes

S[err] where Rlerr], Rerr] and Rerr] each i.ndé“p&ﬂﬂ?ﬁi,&mﬁgﬁﬁ‘e@%ﬁ?@ SG
hygrocar byl grappadEiclHBEETSbe s@ostitlted with ¢ -~ T

groups or{heiesphtidl QFbgedol . MBYpd€a URSUbsti t ut ed,

o ot o e cainty P8l el 28] Jo el L be ahd Rierr]

al kyl grg (l.entds to o 5& oalkyl, a
‘group. Rigkr §° : b C[err] a
Jerr] cy ‘kylaryl gr

hydr ocar B e

LUBRICANT COMPOSITION CONTAINING COMBINATION OF ANTIWEAR AND
ANTIOXIDANT ADDITIVES

This invention relates to a lubricant composition combining a combination of additives
providing antiwear properties and a combination of additives providing antioxidant properties.

It is well known to include antiwear additives and antioxidants in Iubricating oils such as
engine oils. Antiwear additives are included to reduce the wear occurring when two metal surfaces
rub together, i.e. boundary lubrication regimes, such as is found in valve trains in internal
combustion engines. As well as reducing the operational lifetime of the metal parts, wear has the
disadvantage that it releases metal contaminants into the lubricating oil which tend to accelerate the
formation of engine oil sludge. It is believed that the antiwear additive acts to provide a protective
film over the metal surfaces. Antioxidants are included to protect against sludge formation.
Sludge is formed in engines as the result of a complex degradation of the lubricating oil in service.
A number of interacting factors are believed to cause degradation including the engine design -
particuiarly the recirculation of crankcase blow-by gases, fuel quality, oil consumption and vehicle

| operation, especially stop-go "city” driving. The net effect of these factors is a concentration of
hérmful contaminants in the lubricating oil leading to oxidative degradation of the oil which results
in a thickened sludgy oil with reduced lubrication qualities. This thickened oil can also deposit in
the engine with harmful effects.

It is recognised that dispersant additives are effective at reducing sludge depositiori by
solubilising the contaminants in the oil.. However, dispersants have the disadvantage that they
merely minimise sludge drop-out rather than prevent the initial degradation of the oil. Although
dispersive action is important, the combined prevention of engine wear (thereby reducing metal
contamination) and lubricant oxidation (thereby reducing oil thickening) will minimise oil
-degradaﬁon which is a major factor in sludge formation. The identification of effective antiwear
and antioxidant additives are therefore important for the development of high performance engine

oils.

One well known compound which provides both antiwear and antioxidant properties is
zinc dialkyldithiophosphate ("ZDDP"). Generally ZDDP is employed at treat levels of 1 to 2
wt.% based on the total weight of the lubricating oil, which gives a phosphorus level in the
lubricant typically in the range of from 0.05 to 0.15 wt. %, and a zinc level from 0.1 to 0.2 wt.%.
In recent years there has been increasing concern that lubricant ash levels, such as that produced by
the zinc in ZDDP, contribute to particulate emissions in the exhaust fumes from internal

This Sheet Has Been Re s the replacement sheet

[T e



carboxylic acid, ester, alcohol, ether or am ne groups, or an anmoni um i on,

. preferably one or nore carboxylic acid groups. Exanples of suitable
phosphor ot hi ol ot hi onates which are commercially avail abl e i ncl ude VANLUBE

727, VANLUBE 7611 both supplied by R T. Vanderbilt Conpany, | RGALUBE 63
suppl i ed by Ci ba-CGei gy, and ECA 6330 supplied by Exxon Chem cal Conpany.
- Phosphor ot hi onat es have the general fornula: [err]

combustion engines. There is also concern that the phosphorus from the lubricant tends to poison
catalysts used in catalytic converters, thereby preventing them from functioning to full effect.

Applicant's co-pending GB applications 93188951.1 and 9318923.1 both filed on the
same day as the present application and both entitled "Lubricant Composition containing Antiwear
Additive Combination" describe antiwear agents with reduced phosphorus and reduced or

eliminated zinc content.

We have found that improved antioxidant performance can be obtained by combining the
antiwear additive combinations disclosed in these patent applications with certain antioxidant

combinations.

Accordingly the present invention providés a lubricant composition comprising:
@ abaseoi

(ii) an antiwear additive combination comprising (a) an organo-molybdenum
compound and (b) an ashless organo-phosphorus compound, and

(iii) an antioxidant additive combination comprising (a) an aminic antioxidant
and (b) a phenolic antioxidant, the weight ratio of aminic antioxidant to phenolic
antioxidant being greater than 1:1.

Preferably the antiwear additive combination further comprises (c) a zinc thiophosphate
compound selected from zinc dialkyldithiophosphate, zinc diaryldithio-phosphate, zinc
alkylaryldithiophosphate and zinc arylalkyldithiophosphate and mixtures thereof.

The present invention has the advantage that it provides a lubricant composition with
good antiwear properties, whilst achieving low ash and phosphorus levels, and combines this
antiwear system with enhanced oxidation performance by using the antioxidant additive
combination as defined above, provided the amine and phenolic components of the antioxidant
combination are used with a specific range of ratios relative to each other.

The organo group of the organo-molybdenum compound is preferably selected from a
carbamate, a carboxylate and a xanthate group and mixtures thereof, which groups may be
‘substituted with a hydrocarbyl group. and/or one or more hetero atoms, with the proviso that the
organo group selected results in an organo-molybdenum compound that is oil-soluble or oil-
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- 6 - where Rlerr], Rerr], and R err] each represent a hydrocar byl group

whi ch may be substituted with one or more functional grqups;,em{ag*wﬁ

at'oms, or may be unsubstituted, and which nmay be branche U’ml ’E
i' ‘yl

strai ght chain. Preferably R[err] and R[err] are each a
al kyl group or a CJerr] to (Jerr] cycloal¥yl, aryl, aral

group. R err] is preferably a CJerr] to C[err] al kyl group or a (Jerr] to
C err] cycloal kyl, :

dispersible, preferably oil-soluble. It is preferred that the organo-molybdenum compound is

phosphorus-free.

Where the organo group is a carbamate, which is preferred, the organo-molybdenum
compound is preferably a molybdenum dicarbamate, more preferably a molybdenum

dithiocarbamate of the formula :
Ry S Y Y2 S R3
AN B A R
1
N-C-S-Mo 7 NMo-S-C-N o
/ S \
Ry R4

where R{, Ry, R3 and Ry each independently represent a hydrogen atom, a C; to Cyq alkyl group,
a Cg to Cyp cycloalkyl, aryl, alkylaryl or aralkyl gioup, or a C3 to Cyq hydrocarbyl group
containing an ester, ether, alcohol or carboxyl group; and X; X3, Y; and Y7 each independently
represent a sulphur or oxygen atom. -

Examples of suitable groups for each of Rj, Ry, R3 and R4 include 2-ethyihexyl,
nonylphenyl, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-hexyl, n-octyl, nonyl, decyl,
dodecyl, tridecyl, lauryl, oleyl, linoleyl, cyciohexyl and phenylmethyl. Preferably Ry to Ry are
each Cg to C;g alkyl groups, more preferably C 10to Ci4.

It is preferred that X; and X7 are the same, and Y; and Y, are the same. Most
preferably X; and X5 are both sulphur atoms, and Y and Y7 are both oxygen atoms.

Thus in a preferred embodiment the organo-molybdenum compound is sulphurised
oxymolybdenum dithiocarbamate wherein the thiocarbamate groups contain Cyg to Cj4 alkyl
groups. Such compounds are commercially available and are supplied, for example, by R.T.
Vanderbilt Company.

Where the organo group of the organo-molybdenum compound is a carboxylafe, this is
preferably a C; to Csq, more preferably a Cg to Cjg, carboxylate group. Examples of suitable
carboxylates include octoate, e.g. 2-ethyl hexanoate, naphthenate and stearate. These compounds
may be prepared, for example, by reacting molybdenum trioxide with the alkali metal salt of the
appropriate carboxylic acid under suitable conditions.

Where the organo group of the organo-molybdenum compound is a  xanthate, the

compound preferably has the formula : This is the replacement sheet
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aryl, aral kyl or alkylaryl group, or a (JQerr] to (Jerr] hydrocarbyl group
cont ai ning one or nore am ne, carboxylic acid, ester, alcohol or ether
grioups, or an ammoniumion, preferably an am ne group or ammoni um i on.
Exanpl es of suitable phosphorthionates which are comrercially avail abl e
i ncl ude | RGALUBE TPPT supplied by C ba-Ceiggy. The zinc thiophosphate
conpound (c) has the general fornula: [err] where R err], Rerr], Rerr]
"and R err] each independently represent a hydrogen atom a C[err] to (err]
al kyl group, a C[err] tMox(R&IGSP)cycl oal kyl, aryl, al kylaryl ofhral kyl
group, or a (Jerr] to CJerr] hydrocarbyl group

where R is a Cy to C3q hydrocarbyl group, preferably an alkyl group. Examples of suitable

molybdenum xanthate compounds and their method of preparation are described in European patent
application EP-A-433025, the disclosure of which is incorporated herein by reference.

The ashless organo-phosphorus compound is essentially free of metal, and preferably
contains sulphur. Phosphorothiolothionates and phosphorothionates and mixtures thereof are

preferred compounds

Phosphorothiolothionates have the general formula:

S
il
R50-P-SRy (IID

[
0
|
Rg

where Rs, Rg and R7 each independently represent a hydrocarbyl group which may be substituted
with one or more functional groups or hetero atoms, or may be unsubstituted, and which may be
branched or straight-chain.

Preferably Rg and Rg are each a C; to C3q alkyl group, or a Cg to C3q cycloalkyl, aryl,
aralkyl or alkylaryl group. R< is preferably a C; to C3q alkyl group, 2 Cg to C3q cycloalkyl,
aryl, aralkyl or alkylaryl group, or a C; to C3g hydrocarbyl group containing ome or more
carboxylic acid, ester, alcohol, ether or amine groups, or an ammonijum ion, preferably one or
more carboxylic acid groups. Examples of suitable phosphorothiolothionates which are
commercially available include VANLUBE 727, VANLUBE 7611 both suj)plied by R.T.
Vanderbilt Company, IRGALUBE 63 supplied by Ciba-Geigy, and ECA 6330 supplied by Exxon
Chemical Company.

Phosphorothionates have the general formula:

S
I '
Rg0-P-0Ryg w

l

0

|

Rg
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containing an ester, ether, alcohol or carboxyl grouﬁfeferabl—reac—h-ef
Rlerr] to Rlerr] is a (Jerr] to (Jerr], nore preferabl*p},,sqhgémlsé

al Ryl group which nmay be straight-chain or branched. Su

commercially avail able and are supplied by, for exanple Wﬂmﬂﬂ

Conpany. The ampunts of each of the antiwsadr additives c) to

be included in the |ubricant conposition according to the invention are the
anounts that are effective in providing the desired | evel of antiwear

per f or mance, wheké Rg;tRg, ankdi Rij ¢ gach represemsarhydesicarhylssprpowhich may) be syhstituisd yith one or
acceptabl e | fy€ltnctional groups or hetero atoms, or may be unsubstituted, and which may be branched or

straight-chain.

Preferably Rg and Rg are each a €} to C3q alkyl group or a Cg to C3q cycloalkyl, aryl,
aralkyl or alkylaryl group. Rjgq is preferably a C; to C3¢ alkyl group or a Cg to C3q cycloalkyl,
aryl, aralkyl or alkylaryl group, or a C; to C3q hydrocarbyl group containing one or more amine,
carboxylic acid, ester, alcohol or ether groups, or an ammonium ion, preferably an amine group or

, ammonium ion. Examples of suitable phosphorothionates which are commercially available inciude

IRGALUBE TPPT supplied by Ciba-Geigy.

The zinc thiophosphate compound (c¢) when used, has the general formula :

Ry — 0§ s 0 — Ry3
P-S-Zn-s- b - )
Ry — 07" N 0 — Ry

where Ry 1, Rq2, R13 and Ry4 each independently represent a hydrogen atom, a Cj to Cyg alkyl
group, a Cg to Cag cycloalkyl, aryl, alkylaryl or aralkyl group, or a C3 to C3g hydrocarbyl group
containing an ester, ether, alcohol or carboxyl group. Preferably each of Rjj to Ri4is a Cy to
Cyg, more preferably C3 to Cg, alkyl group which may be straight-chain or branched. Such
compounds are commerciaily available and are supplied by, for example, Exxon Chemical

Company.

The amounts of each of the antiwear additives (a), (b) and (c) to be inciuded in the
lubricant composition according to the invention are the amounts that are effective in providing the
desired level of antiwear performance, whilst reducing the amount of phosphorus and zinc to an

acceptable level.

Whilst not being limited to any particular theory, it is believed that the antiwear
properties of the organo-molybdenum compound (3) are generally attributable to the presence of the
molybdenum. Thus when determining the amount of organo-molybdenum compound to be
incorporated into the lubricant composition, one first needs to determine the desired amount of
molybdenum. Preferably the amount of molybdetmm contained in the lubricant composition is

: ‘from 0.001 to 0.5 wt.%, more preferably 0.005 to 0.2 wt.%, and most preferably 0.01 to
' 0.05 wt.%, based on the total weight of the lubricant composition. The amount of organo-
molybdenum compound that this corresponds to depends upon the type of compound selected.

This is the replacement sheet
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Whil st not being limted to any particular theory, it is believed that the
antiwear properties of the organo-nol ybdenum conpound (a) are generally
atfributable to the presence of the nol ybdenum Thus when deternining the

~amount of organo-nol ybdenum conpound to be incorporated into the |ubricant
conposition, one first needs to determ ne-¢he desired anount of nobdenum

The anopunt of nol ybdenum contained in the |ubricant conposition is from
0.001 to 0.5 wm.% preferably 0.005 to 0.2 w.% and nost preferably 0.01

to 0.05 W.% bas§hefdthé bigaiooclybdefiirg Bémmsund bea dithivcarbamite Cthepmeint bHeompdins
amount of organp-nmgl ybden 0 ' ; pQn
amount of Bt bR SR EATRAAo! BE' bl SREIEY BB b hoblERR HSuptP
_ defined in formula (I) above. Typically, however, the amount of molybdenum dithioca;bamate
used is preferably from 0.01 to 3.0 wt.%, more preferably from 0.02 to 2.0 wt.%, and most
preferably from 0.05 to 1.0 wt.%, based on the total weight of the lubricant composition.

Where the organo-molybdenum compound is a carboxylate, the amount of compound used
depends upon the molecular weight of the carboxylate group selected. For example, where the
carboxylate is 2-ethyl hexanoate, the amount of molybdenum carboxylate used is preferably from
0.005 to 2.5 wt.%, more preferably from 0.025 to 1.0 wt.%, and most preferably from 0.05 to
0.25 wt. %, based on the total weight of the lubricant composition.

Where the organo-moiybdenum compound is a xanthate, the amount of compound used
depends upon the molecular weight of the hydrocarbyl, e.g. alkyl, groups contained in the xanthate
groups. Typically; however, the amount of molybdenum xanthate used is preferably from 0.003 to
2.0 wt. %, more preferably from 0.01 to 0.7 wt.% and most preferably from 0.03 to 0.2 wt. %,
based on the total weight of the lubricant composition.

Similarly, it is believed that the antiwear properties of the ashless organo-phosphorus and
zinc thiophosphate compounds are generally attributable to the presence of the phosphorus. Thus
when determining amounts of these compounds to incorporate, one first needs to determine the
desired amount of phosphorus in the lubricant composition.  Preferably the total amount of
phosphorus contained in the lubricant composition is from 0.001 to 0.3 wt.%, more preferably
from 0.01 to 0.2 wt. %, and most preferably from 0.02 to 0.1 wt.%, based on the total weight of
the lubricant composition. The amounts of ashless organo-phosphorus compound and zinc
thiophosphate compound that this corresponds to depends upon the refative proportions of these
compounds and the molecular weight of the specific compounds selected. Typically, however, the
amount of ashless organmo-phosphorus compound incorporated into the lubricant composition is
from 0.01 to 0.3 wt. %, more preferably 0.05 to 2.0 wt.%, and most preferably 0.1 to 1.0 wt.%
based on the total weight of the lubricant composition, and the amount of zinc thiophosphate
compound is preferably from 0.01 to 3.0 wt.%, more preferably 0.1 to 2.0 wt.%, and most
preferably 0.2 to 1.0 wt. % based on the total weight of the lubricant composition.

The ratio of compounds (a) : (b) : (c) in the lubricant composition is preferably such that
the weight ratio of molybdenum to phosphorus is from 1:50 to 100:1, more preferably 10:1 to
20:1, and most preferably from 1:1 to 10:1. The weight ratio of phosphorus derived from the

- ashless organo-phosphorus compound (b) to zinc thiophosphate compound (c) is preferably from
10:1 to 1:20, more preferably from 5:1 to 1:15 and most preferably 1:1 to 1:10.

This Sheet Has Been RTlaced This is the replacement sheet
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-7- \Were the organo-nol ybdenum conpound is a dithiocarbamate, the anount
of  conpound used depends on the nol ecul ar wei ght of the R groups contai ned
in the thiocarbamate groups, as defined in fornula (1) above. Typically,
however, the anount of nolybdenum dithiocgrbanate used |s preferably from
0 01 to 3.0 w. % nore preferably fromO0.02 to 2.0 wt.

The aminic antioxidant is preferably an aromatic amine, more preferably a secondary
aromatic amine. Such amines are weil know and there is no particular restriction of the type of
amine antioxidant employed, provided it is oil-soluble or oil-dispersible. Preferably the aminic

- antioxidant is secondary amine having the general formula '

H

l |
R'—.N_Rll

where R' and R" each independently represent a C; to Coq substituted or unsubstituted alkyi
group or a Cg to C3q substituted or unsubstituted cycloalkyl, aryl, aralkyl or alkylaryl group. If
" substituted, the substituent may be for exampie an alkyl, aryl, alkoxy, aryloxy, acyl, acylamino,
hydroxy, carboxyl or nitro group. Preferably R’ and R'' are each a substituted or unsubstituted

aryl or alkylaryl group.

Examples of suitable aminic antioxidants include diphenylamine, alkyldiphenylamines
having one or more alkyl substituents each having up to about 16 carbon atoms, phenyl-a-
naphthylamine, phenyl-B-naphthylamine, alkyl-substituted phenyl-a-naphthylamine or phenyl-B-
naphthylamine having one or more alkyl substituents each containing up to about 16 carbon atoms.
Examples of suitable alkyl substituents include t-butyl, t-pentyl, hexyl, n-octyl, t-octyl, nonyl,
decyl and dodecyl. Many secondary aromatic amine antioxidants are commercially available
including, for example Irganox L57, Irganox L74 and Irganox L06 available from Ciba-Geigy,
Vanlube 81, Vanlube SL, .Vanlube 848 and Vanlube DND available from R.T. Vanderbiit;

ADDITIN MI10277 available from Rhein-Chemie; Lubrizol 5150A available from Lubrizol;
Naugalube 438L and Naugalube 680 available from Uniroyal. '

The phenolic antioxidant is preferably a hindered phenol. Such phenolic compounds are
well-known and there is no particular restriction in the type of phenolic antioxidant employed
provided it is oil-soluble or oil-dispersible. Preferably the phenolic antioxidant is a hindered
phenol having the following formula: -

R2
HO O)~xe
Rb

where R? and RV each independently repiwent a hydrogen atom or a Cj to Cpq4 alkyl group,
provided that at least one of R and RV is an alkyl group; and R€ is a hydrogen atom or a group
having the formula:
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and nost preferably from0.05 to 1.0 wt.% based on the total weight of the
| ubricant conposition. Were the organo-nol ybdenum conpound is a
carboxyl ate, the anount of conpound used depends upon the nol ecul ar wei ght
of the carboxylate group sel ected. For exanple, where the carboxylate is
2-ethyl hexanoate, the amount of nolybdenum carboxyl ate used is preferably

from0.005 to 2.5 wt.% nore preferably ffom0.025 to 1.0 wt.% and nost
- preferably from0.05 to 0.25 w.% based on the total weight of the
| ubri cant conposition. Where the organo nol ybdenum conpound is a xanthate,
t he ambunt of conpound used

i =(CHp)p - X

where X is an alkyl, aryl, aralkyl, alkylaryl or cycloalkyl group, which may be substituted with
one or functional groups and/or hetero atoms, and n is an integer from 1 to 24.

More preferably R2 and RD are each selected from hydrogen, methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, pentyl, n-octyl, t-octyl, nonyl, decyl and dodecyl groups, provided R3
and RD are not both hydrogen. '

More preferably RC is selected from the group —(CHz)nCOORY or
«(CH2)p,SCOORY where Rd is C; to Cg alkyl or aryl group, and m is an integer from 1 to 18.

Alternatively the phenolic antioxidant may have the formula:

This Sheet Has Been Reﬂlmd This is the replacement sheet

Date: 03 bec 1995



depends upon the nol ecul ar wei ght of the hydrocarbyl, _e. g.—atkyt-—groups

contained in the xanthate groups. Typically, however, the { Replaced
nbl ybdenum xant hate used is preferably fromo0.003 to 2. B %‘ﬁ/ﬂh&ﬁ‘%‘“”
. %
l S

R

preferably from0.01 to 0.7 wt.% and nost.gpreferably from

based on the total weight of the |ubricant conposi.tion.
believed that the antiwear properties of the ashl ess organo-phosphorus and

zi nc thiophosphat e conpoundseare generally attributable to the presence of
t he phosphorus. Thus when def er m ngRdg anmounts of lthese conmpounds to

incorporate, one first needsg to deterDn he deg4ired anmount of phosphorus
in the [ubricant conpositio 'HJh aQ RC v
. _ Rb P

where Y is a carbon atom or a hetero atom, for example a sulphur atom, R3, RP and RC are as
defined above, and p is an integer from 2 to 4, the actual value of p depending upon the valency of

Y.

Specific examples of suitable phenolic antioxidants include 2,6-di-t-butylphenol, 2,4,6-tri-
t-butylphenol, 2-t-butylphenol, 4-methyl-2,6-di-t-butylphenol, 2-methyl-6-t-butylphenol, 2,4-
dimethyl-6-t-butylphenol, and esters and sulphurised ester thereof, wherein the ester group is
substituted in the para position on the phenol ring.' Many phenolic antioxidants are commercially
available and examples include L101, the Irganox products L101, L108, L118, L130, L135, L107,
L109 and L115 available from Ciba-Geigy; Hitec 4701 available from Ethyl Corporation; Parabar
441 available from Exxon Chemical Company; and Vanlube 691C available from R.T. Vanderbilt

Cornpany.

The weight ratio of the two types of antioxidants should be such that the lubricant
composition according to the invention contains more amine antioxidant by weight than phenolic
antioxidant. Preferably the weight ratio of aminic to phenolic antioxidant is from 1.5:1 to 20:1,
more preferably from 2:1 to -10:1, and most preferably from 3:1 to 5:1. The inclusion of at least a
proportion of phenolic antioxidant in addition to aminic is preferred to ensure appropriate oxidative
stability over a range of temperatures and conditions. It has also been suggested that the two
components may act synergistically, at least under certain conditions, to give a higher activity for a
given treat rate than either alone. Whilst not being limited to any particular theory it is believed
that the two components may co-operate in interfering in free-radical oxidation mechanisms.

The amount of antioxidant compounds incorporated into .the lubricant composition should
be the amount which provides effective antioxidant protection. Preferably the total amount of
phenolic and aminic antioxidant incorporated is from 0.1 to 5.0 wt.%, more preferably from 0.5 to
3.0 wt.%, and most preferably from 0.8 to 1.5 wt.%, based on the total weight of the lubricant

composition.

Thus the amount of aminic antioxidant incorporated is preferably from greater than 0.05
to 4.8 wt.%, more preferably from 0.3 to 2.7 wt.%, and most preferably from 0.6 to 1.2 wt.%;
and the amount of phenolic antioxidant incorporated is preferably from 0.01 to 2.5 wt.%, more
preferably from 0.05 to 1.0 wt.%, and most preferably from 0.1 to 0.5 wt. %, based on the total

weight of the lubricant composition.
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amount of phosphorus contained in the l.ubricant conpositi 0. 001
to 0.3 m.% preferably from0.01 to 0.2 w.% and rmst..H]r.eferabI y- from

0:02 to 0.1 wt.% based on the total weight of the lubric | RepRérd
The amounts of ashl ess organo phosphorusieconpound and .zin w’me
of

conmpound that this corresponds to depends upon the relati
t hese conpounds and t he nol ecul ar wei ght of the specific conpounds
sel ected. Typically, however, the anmount of ashless organo phosphorus

conpound i ncor peyRthed oilnPldybein thdfubficafi wﬁgﬁm&d dckstBinky So fhe AiVeRtiddimdybeQny
wt. % nor referaply 0,0 t%F‘E'O%ﬁ % . an tﬁr%ferﬁblﬁg.éﬁto 1.0 w.%
based on t9%¢ i Fuifablefor e inended, ise qf;the %'Bﬂ‘fa“f:gﬁr‘ﬁ‘f?s § PBR LAY b6 SO FTATRLE: B
zinc conventionally refined mineral oil, an oil derived from coal tar or shale, a vegetable oil, an animal
oil, a2 hydrocracked oil, or a synthetic oil, or a mixture of two or more of these types of oils.
Exaﬁxplw of synthetic oils inciude hydroisomerised paraffins, polyalphaolefins, polybutene,
alkylbenzenes, polyglycols, esters such as polyol esters or dibasic carboxylic acid esters, alkylene
oxide polymers, and silicone oils. The viscosity of the base oil depends upon the intended use, but

generally is in the range of from 3 to 20 cSt at 100°C.

The antiwear additive compounds (a), (b) and (c) and antioxidant compounds (d) and (e)
may be mixed directly with the base oil, but, for ease of handling and introduction of the .
compounds to the base oil, are preferably in the form of additive concentrate comprising the
additive compound, or mixture of any two or more of these compounds, contained in a carrier
fluid. Thus in a further aspect the present invention provides an additive concentrate comprising
compounds (a), (b), (c), (d) and (e) as defined above, and (f) a carrier fluid. The carrier fluid is
typicaily an oil and may be, for example, any of the oils mentioned above in the description of the
base oil. Alternatively, it may be an organic solvent, for example naphtha, benzene, toluene,
xylene and the like. The carrier fluid should be compatible with the base oil of the lubricant
composition, but otherwise is preferably inert. Generally the concentrate will comprise from 10 to
90 wt. % of the additive compound(s), preferably from 30 to 70 wt.%, the balance being the carrier

fluid.

The lubricant composition according to the invention may also contain other additives,
which may be added directly to the base oil, as a separate additive concentrate, or included in the
concentrate of the antiwear and antioxidant additives. For example, where the lubricant is an
engine oil, other additives that may be incorporated include one or more of a detergent, dispersant,
corrosion inhibitor, extreme pressure agent, antifoaming agent, pour point depressant and viscosity
index improver. Such additives are well-known and the selection of appropriate additives could
readily be determined by a person skilled in the art of lubricant formulating.

The lubricant composition may find use in any application where the parts to be lubricated
are subject to wear. It is especially suitable for use as an engine oil for-internal combustion

engines.

The invention is illustrated by the following Example.

Example 1A:
~ An engine oil was formulated by adding the following antiwear and antioxidant additives
to a basecase oil having a viscosity of 14 cSt at 100°C and consisting of a conventional engine oil
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t hi ophosphat e corrpound Is preferably from0.01 to 3. O_\M_/e—npx-e—ppef—ePabI y

Q.1to2.0w.% and nost preferably 0.2 to 1.0 wt.% based on the to
wei ght of the lubricant conposition. The ratio of conp et ee ‘idc)
in the lubricant conmposition is preferably such that th
nmol ybdenum t o phosphorus is from 1:50 t03;L00: 1, nore pr o
20: 1, and nost preferably from1l:1 to 10:1. The wei ght ratlo of phosphorus
deri ved fromthe ashl ess or gano- phosphorus conpound (b) to zinc

t hi ophosphgy M@f&g‘i’ ﬁﬁpedf W% Lin Qorhaififlg standdd Rhgihé Bil addifi R oied. £ O

1: 15 and nDs

(a) 0.2wt.% MOLYVAN 822 (= 0.0l wt.% Mo), a molybdenum dithiocarbamate
supplied by R.T. Vanderbilt Company;

b) 0.8wt.% ECA 6330 (= 0.025 wt.% P), a phosphorothiolothionate supphed by
Exxon Chemical Company;

© 1LO0wt% PARANOX 14 (= 0.075 wt.% .P), a ZDDP supphed by Exxon Chemical
Company; :

(d) 0.8 wt.% IRGANOX L57, a dialkyl-substituted diphenylamine supplied by Ciba-
.Geigy, and

() 0.2 wt.% IRGANOX L118, an ester derivative of a 2,6-di-t-butylphenol supplied by
Ciba-Geigy.

Examples 1 1C:

Two further engine oils were formulated except that the amounts of aminic antioxidant (d)
and phenolic antioxidant (e) were varied as follows :

Example 1B: 0.5 wt.% (d) IRGANOX L57, and 0.5 wt.% (¢) IRGANOX L118
Example 1C: 0.2 wt.% (d) IRGANOX L57, and 0.8 wt.% () IRGANOX L118
Ail percentages are by weight based on the total weight of the fully formulated engine oil.
The resulting, fully formulated engine oils were tested for oxidation as follows : |

The kinematic viscosity at 40°C (KV4q) was measured using a Haake PK100 viscometer. 250 cm3
of the oil was then placed in a glass tube with 40 ppm iron (using an oil-soluble iron catalyst),
heated to 165°C, and maintained at that temperature for 168 hours in the presence of air flowing at
a rate of 1.7 litres per minute. The KV4q of the oil was then measured again, and thus the
viscosity increase of the oil determined. The lower the viscosity increase, the better the
antioxidation performance of the oil. The resuits are given in Table 1 below.

For comparative purposes, a further set of engine oils were formulated using the three
formulations described above for Examples 1A, 1B and 1C, except that the antiwear additives (a),
(b) and (c) were replaced by 1.2 wt.% PARANOX 14 ZDDP (= 0.1 wt.% P). These engine oils
were tested for oxidation as described above and the results are also given in Table 1.
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.--8- The aminic antioxidant is preferably an aromatic am ne, nore preferably
a_secondary aromatic am ne. Such am nes are well know and there is no

particular restriction of the type of am ne antioxi dant enpl oyed, provided

it is oil-soluble or oil-dispersible. Preferably the am nic antioxidant is

secondary am ne having the general fornulazferr]

TABLEL
% Viscosity Increase
Qil Phenolic : Aminic Antioxidant Wt Ratio
4:1 ' 1:1 1:4
Basecase + >400 259 153
Triple Annwear :
Basecase + 195 189 T 3
ZDDP

The results show that altering the aminic antioxidant to phenolic antioxidant has
significant effects on the oxidation performance of the oil when the triple antiwear additive
combination is used, whereas altering the ratio has little, if any, effect when the sole antiwear

- additive is ZDDP. When the aminic to phenolic ratio is 4:1 good antioxidation performance is
achieved with the lubricant containing the triple antiwear additive combination, but this
performance is not achieved when the weight ratio of aminic to phenolic compounds is 1:1 or less

than 1:1.
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where R and R' each independently represent a Clerr] to CJerr] substituted
or unsubstituted alkyl group or a (Jerr] to (Jerr] substituted or

unsubstituted cycloal kyl, aryl, aralkyl or alkyl arW—gLeLLpﬁ_lLsMut ed,

t he substituent may be for exanple an al kyl, aryl, alkox aryl oxy, acyl,

acyl am no, hydroxy, carboxyl or nitro group. Pr efer mumnﬁ"f each
a substituted or unsubstituted aryl or a4 aryl 'gr
suitabl e am nic antioxi dants include di phenyl am ne, al kyI di phényf ani nes

havi ng one or nore al kyl substituents each having up to about 16 carbon
atons, phenyl-[err]- naphthylam ne, phenyl-[err]-naphthylam ne,

al kyl - substgramvesl phenyl -[ err]-napht hyl am ne or phenyl -
1. A lubricant coxfxposition coﬁxprising :
(@ abaseoil

(ii) an antiwear additive combination comprising (a) an organo-molybdenum |
compound and (b) and ashless organo-phosphorus compound, and

(iii) an antioxidant additive combination comprising (d) an aminic antioxidant
(which may be a secondary aromatic amine) and (e) a phenolic antioxidant
(which may be a sterically-hindered phenol), the weight ratio of aminic
antioxidant to phenolic antioxidant being greater than 1:1.

2. A lubricant composition according to claim 1 wherein the weight ratio of aminic
antioxidant to phenolic antioxidants is from 1.5:1 to 20:1.

3. A lubricant composition according to claim 1 or claim 2 wherein the antiwear
additive combination further comprises (¢) a zinc thiophosphate compound selected from
zinc dialkyldithiophosphate, zinc diaryldithiophosphate, zinc alkylaryldithiophosphate
and zinc arylalkyldithiophosphate and mixtures thereof.

4. A lubricant composition according to any preceding claim wherein the organo-~
molybdenum compound is a molybdenum dithiocarbamate.

5. A lubricant composition according to any preceding claim wherein the ashless
organo-phosphorus compound is a phosphorothiolothionate or a phosphorothionate or a

| mixture thereof.

6. A lubricant composition according to any preceding claim wherein the amount
of organo-molybdenum compound contained in the lubricant composition is such that
the amount of molybdenum contained in the lubricant composition is from 0.001 to 0.5
wt.%, preferably 0.005 to 0.2 wt.%, based on the total weight of the lubricant

-+ composition.
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[ err]-napht hyl am ne having one or nore al kyl substituents each contai ning
yp to about 16 carbon atons. Exanples of sui tablﬂ_a.l_k_ywllﬂs
include t-butyl, t-pentyl, hexyl, n-octyl, t-octyl, nonyl, decyl and
dodecyl . Many secondary aromatic anine anti oxi daniﬂ”ﬂm}'ﬁ
avai | abl e including, for exanple Irganox L57, Irg mw”ﬂ nox LO6
avail able from G ba- Ceigy, Vanlube 81, Vanl ube SL Vanlube' 848 and Vanl ube
DND avai |l abl e from R T. Vanderbilt; ADDI LI N M0277 available from
‘Rhei n-Chem e; Lubrizol 5150A avai l abl e from Lubri zol ;  Naugal ube 438L and
Naugal ube 680 available from Uniroyal The phenolic antioxidant is
preferabl ¥, a hi Adpbeidaith@ifositionCdicdddipOto £nyt PrEeediAg Slaim wherein the amount

of zinc thiophosphate compound and astdess organo-phosphorus compound contained in
the lubricant composition is such that the amount of phosphorus contained in the
lubricant composition is from 0.001 to 0.3 wt.%, preferably 0.01 to 0.2 wt.%, based on

the total weight of the lubricant composition.

8. A lubricant composition according to any preceding claim wherein the weight
ratio of phosphorus derived from the ashless organo-phosphorus compound to
phosphorus derived from the zinc thiophosphate compound is from 10:1 to 1:20,

_ preferably from 5:1 to 1:15.
9. A lubricant composition according to any preceding claim wherein the amount
of aminic antioxidant contained in the lubricant composition is from greater than 0.05
wt.% and up to 4.8 wt.% based on the total weight of the lubricant composition, and/or

wherein the amount of phenolic antioxidant contained in the lubricant composition is
from 0.01 to 2.5 wt.% based on the total weight of the lubricant composition.

10. An additive concentrate comprising:

(a) an organo-molybdenum compound,

() an ashless organo_-phosphorus compound,

(© a zinc thiophosphate compound selected from zinc dialkyldithiophosphate,
zinc diaryldithiophosphate, zinc alkylaryldithiophosphate and zinc arylalkyldithio-
phosphate, .

(d an aminic antioxidant,

(e) a phenolic antioxidant, and

@ a carrier fluid.

_—
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are well -known and there is no particular restriction in the type of
phenol i ¢ anti oxi dant enpl oyed provided it is oil-soluble or

bi | -dispersible. Preferably the phenolic antioxidant is a hindered phenol
having the followi ng fornmula: [err] where R err] and R err] each

i ndependent |y represent a hydrogen atomt8r -a Clerr] to (Jerr] al kyl group.

LUBRICANT COMPOSITION CONTAINING COMBINATION OF
ANTIWEAR AND ANTTOXTIDANT ADDITIVES

Abstract

A lubricant composition e.g. for 'gine oils comprises (i) a base oil, (ii) an antiwear
additive combination comprising (a) an organo-molybdenum compound and (b) an ashless organo-
phosphorus compound, ‘and (fii) an antioxidant additive combination comprising (d) an aminic
antioxidant and (¢) a phenolic antioxidant, the weight ratio of aminic antioxidant to' phenolic
antioxidant being greater than 1:1, preferably from 1.5:1 to 20:1. The antiwear additive
combination (ii) may further comprise (c) a zinc thiophosphate compound selected from zinc
dialkyldithiophosphate, zinc diaryldithiophosphate, zinc alkylaryldithiophosphate and zinc
aqﬂdkﬂdﬁﬁqmmqmmzamdnﬁmnnsﬂkmwﬁ
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pr ovi ded| t haRERLAGHR (SFHHR b1 S(Y’rl
R[err] i iMabydpidgerpagednt or“'&“" Fod.g
“an,_al kyl {iZatyissar al kagkd -2-KyPaged—r- {cycl oal kyl | gMot [
_su stitu ;g]d')yunﬁxlrgfe)nefquundmﬁéﬁél -gr-dqups and/ or ?héét‘ o atomsi” r1 N E‘i

i nt eger fPRbdrdcO 24petbr 6. prekeadably- IR efr] and :Rﬁ'efr gk e each-sBt fe?c?e%e """
from hyd'ﬁgﬁ@g d@kﬁmmppt hyl.....pr.opyl.,..\i sopropyl, In- butyl, t-butyl, pen'EﬂyI
" n-octyl, “=—ottyts nUllyI, aecyl and dodecyl group fpppﬂl{ﬂe@ﬁﬁﬁr’fﬂ --Rb
are not both hy A AR

nif.

This invention relates to a lubricant composition combining a combination of additives
providing antiwear properties and a combination of additives providing antioxidant properties.

It is well known to include antiwear additives and antioxidants in Iubricating oils such
as engine oils. Antiwear additives are included to reduce the wear occurring when two metal
surfaces rub together, ie. boundary lubrication regimes, such as is found in valve trains in
internal combustion engines. As well as reducing the operational lifetime of the metal parts,
wear has the disadvantage that it releases metal contaminants into the lubricating oil which
tend to accelerate the formation of engine oil sludge. It is believed that the antiwear additive
acts to provide a protective film over the metal surfaces. Antioxidants are included to protect

_ against sludge formation. Sludge is formed in engines as the result of a complex degradation of
the lubricating oil in service. A number of interacting factors are believed to cause degradation
including the engine design - particularly the recirculation of crankcase blow-by gases, fuel
quality, oil consumption and vehicle operation, especially sto;i-go "city” driving. The net effect of
these factors is a concentration of harmful contaminants in the lubricating oil leading to

.oxidative degradation of the oil which results in a thickened sludgy oil with reduced lubrication
qualities. This thickened oil can also deposit in the engine with harmful effects.

It is recognised that dispersant additives are effective at reducing sludge deposition by -
solubilising the contaminants in the cil. However, dispersants have the disadvantage that they
merely minimise sludge drop-out rather than prevent the initial degradation of the oil
Although dispersive action is important, the combined prevention of engine wear (thereby
reducing metal contamination) and lubricant oxidation (thereby reducing oil thickening) will
minimise oil degradation which is a major factor in sludge formation. The identification of
effective antiwear and antioxidant additives are therefore important for the development of high
performance engine oils. ' .

One well known compound which provides both antiwear and antioxidant properties is
zine dialkyldithiophosphate ("ZDDP"). Generally ZDDP is employed at treat levels of 1 to 2
wt.% based on the total weight of the lubricating oil, which gives a phosphorus level in the
lubricant typically in the range of from 0.05 to 0.15 wt.%, and a zinc level from 0.1 to 0.2 wt.%.
In recent years there has been increasing concern that lubricant ash levels, such as that
produced by the zinc in ZDDP, contribute to particulate emissions in the exhaust fumes from

internal combustion enmnﬁw that the phosphorus from the lubricant
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Myre preferably Rlerr] is selected fromthe group -(CHerr])[err] COOR[ err]
or (CHerr])[err]SCOOR[err] where Rd is (Jerr] to (Jerr] alkyl oraryl
group, and mis an integer froml to 18. Alternatively the phenolic
anti oxi dant nmay have the forrmula: [HO [err] where Y is a carbon atomor a

hetero atom for exanple a sul phur atom HKerr], Rerr] and Rlerr] are as
defi ned above, and p is an integer from2 to 4, the actual value of p

dependi ng upon the val ency of Y.

tends to poison catalysts used in catalytic converters, thereby preventing them from
functioning to full effect. '

International patent application publication Nos. WO 95/07964 and WO
95/07965 described antiwear agents with reduced phosphorus and reduced or
eliminated zinc content. '

We have found that improved antioxidant performance can be obtained by
combining the antiwear additive combinatidns disclosed in these patent applications
with certain antioxidant combinations.

Accordingly the present invention provides a lubricant composition
comprising a base o0i.]l and a combination of additives comprising :

(a) an organo-molybdenum compound,
®) an ashless organo-phosphorus compound,

© a zinc thiophosphate compound selected from zinc dialkyldithio-
phosphate, zinc diaryldithiophosphate, zinc alkylaryldithio-
phosphate, zinc arylalkyldithiophosphate and mixtures thereof,

d an aminic antioxidant, and
(e) . aphenolic antioxidant,

wherein the amount of organo-molybdenum compound (a) is such that the amount of
molybdenum contained in the lubricant composition is from 0.001 to 0.5 wt.%; the
amounts of ashless organo-phosphorus compound (b) and zinc thiophosphate
compound (c) are such that the amount of phosphorus contained in the lubricant
composition is from 0.001 fo 0.3 wt.% and the weight ratio of phosphorus derived from
| the ashless organo-phosphorus compound to phosphorus derived from the zinc
thiophosphate compound is from 10:1 to 1:20; and the combined amount of aminic
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Speci fic exanples of suitable phenolic antioxidants include

2,6-di-t-butyl phenol, 2,4,6- tri-t-butyl phenol, 2-t-butyl phenol,

:4-met hyl -2, 6-di -t - butyl phenol, 2-nethyl-6-t-butyl phenol, 2, 4-

di met hyl - 6-t - butyl phenol, and esters and sul phuri sed ester thereof, wherein
,the ester _group is substituted in the parg position on the phenol ring.

i Many phenolic antioxidants are comrercial I'y avail abl e and exanpl es i ncl ude
'L101, the Irganox products L101, L108, L118, L130, L135, L107, L109 and
L115 avail able from C ba-Ceigy; Htec 4701 avail abl e from Et hyl

- Cor por at i onantiaxidiatr (d¥ 4fid phenblidaretidxidentEeXisfrath @l twb.00GwnMand thendeightil ube

691C avai | aplif If iR antYARISHPLd) bo SR Yintioxidant (e) is greater than 1:1, the

weight per cents being based on the total weight of the lubricant composition.

The present invention has the advantage that it provides a lubricant
composition with good antiwear properties, whilst achieving low ash and phosphorus
levels, and combines this antiwear system with enhanced oxidation performance by
using the antioxidant additive combination as defined above, provided the amine and
phenolic components of the antioxidant combmatlon are used with a specific range of
ratios relative to each other.

The organo group of the organo-molybdenum compound is preferably selected
from a carbamate, a carboxylate and a xanthate group and mixtures thereof, which
groups may be substituted with a hydrocarbyl group and/or one or more hetero atoms,
with the proviso that the organo group selected results in an organo-molybdenum
compound that is oil-soluble or oil-

—_—
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The weight ratio of the two types of antioxidants shoul be such t hat the

1 ubricant conposition according to the invention cont H
anti oxi dant by wei ght than phenolic antioxi dant. Prefej r
ratio of amnic to phenolic antioxidant is from1.5:1

preferably from2:1 to 10:1. and nost pregferably from3:1 to 5 1. The

inclusion of at |east. a proportion of phenolic antioxidant in addition to
amnic is p&?&%tﬁ@ dprLﬂra%WUﬁ foluble. It is preferred that the organo-molybdenum compound is
phosphorus-free. :

Where the organo group is a carbamate, which is preferred, the organo-molybdenum
compound is preferably a molybdenum dicarbamate, more preferably a -molybdenum

dithiocarbamate of the formula :
S Yo
U w it 1.7
N-C-S§ -l!tlo\ x:\ Mo-S-C -N\ ®
Ro | ' ' Ry

where Rj. Rg, Rg and R4 each independently represent a hydrogen atom, a C; to Cgq alkyl
group, a Cg to Cgq cycloalkyl, aryl, alkylaryl or aralkyl group, or a Cg to Coq hydrocarbyl group
containing an ester, ether, alcohol or carboxyl group; ‘and X X9, Y1 and Y9 each independently
represent a sulphur or oxygen atom.

Examples of suitable groups for each of Rj, Rg, Rg and Ry include 2-ethylhexyl,
'nonylphenyl methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-hexyl. n-octyl, nanyl, decyl,
dodecyl, tridecyl, lauryl, oleyl, linoleyl, cyclohexyl and phenylmethyl. Preferably R; to Ry are |
each Cg to C18 alkyl groups, more preferably Cjg to Cy4.

‘ It is preferred that X; and Xp are the same, and Y; and Y are the same. Most
. preferably X; and X9 are both sulphur atoms, and Y; and Yg are both oxygen atoms.

Thus in a preferred embodiment the organo-molybdenum compound is sulphurised
oxymolybdenum dithiocarbamate wherein the thiocarbamate groups contain Cyg to Cp4 alkyl
groups. Such compounds are commercially available and are supplied, for example, by R.T.
Vanderbilt Company.

Where the organo group of the organo-molybdenum compound is a carboxylate, this is
preferably a C; to Cgq, more preferably a Cg to Cyg, carboxylate group. Examples of suitable
carboxylates include octoate, e.g. 2-ethyl hexanoate, naphthenate and stearate. These
compounds may be prepared, for example, by reacting molybdenum trioxide with the alkali
metal salt of the appropriate carboxylic acid under suitable conditions.

Where the organo group of the orzano-molybdenum compound is a xanthate, the |

compound preferably has the formula :
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-, 10 - appropriate oxidative stability over a range of tenperatures and
conditions. It has al so been suggested that the two conponents may act
synergistically, at |east under certain conditions to,give a higher
activity for a given treat rate than either alone. Wilst not being limted
to any particular theory it is believed that the two conponents nmay

co-operate in interferi @g h&)é% radi cal oxidation nech sns. The anount

of anti oxi dant conpound: ated into the [ubricant g@?rposi tion should

be the amount which provides effective antioxi dant protection. The total
where R is a C; to Cgg hydrocarbyl group, preferably an alkyl group. Examples of suitable
molybdenum xanthate compounds and their method of preparation are described in European

patent application EP-A-433025, the disclosure of which is incorporated herein by reference.

The ashless organo-phosphorus compound is-essentially free of metal, and preferably
contains sulphur. Phosphorothiolothionates and phosphorothionates and mixtures thereof are

preferred compounds

Phosphorothiolothionates have the genergl formula:

where Rg, Rg .a'nc.l Ry each: independently represent a hydrocarbyl group which may be
substituted with one or more functional groups or hetero atoms, or may be unsubstituted, and
which may be branched or straight-chain.

Preferably Rg and R are each a C; to Cgg alkyl group, or a Cg.to Cgq cycloalkyl, aryl,
aralkyl or alkylaryl group. R7 is preferably a bl to Cgg alkyl group, a Cg to Cgg cycloalkyl,
aryl, aralkyl or alkylaryl group, or a C; to Cgp hydrocarbyl group containing one or more
_carboxylic acid, ester, alcohol, ether or amine groups, or an ammonium jon, preferably one or
more carboxylic acid groups. Examples of suitable phosphorothxolothmnates which are
commercially available include VANLUBE 727, VANLUBE 7611 both supphed by R.T.
Vanderbilt Company, IRGALUBE 63 supplied by Ciba-Geigy, and ECA 6330 supplied by Exxon'
Chemical Company

Phosphorothionates have the general formula:

S
|l
Rg0- li' -0Rj0 aw
0
!
| Rg
-
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.% preferably from0.5to 3.0 wt.% and nost prefer
.% based on the total weight of the |ubricant corrpos

armunt of am nic antioxidant incorporated is preferabl than
0.05to 4.8 w.% nore preferably fromO0.3to 2.7 w'. % and nost preferably

from 0. 6 tqwhja,%g%ﬁ yandRil LG PR o Hrabis prg ouf m@igghﬁgb shﬂlﬁﬂ{tﬁ?d)&ﬁh%ﬂ%

is preferab
‘and nost puoefmra m}cm%lmuns 2 hstsnwth%. w8y b@n“l‘ swbstitited, apd which man he

lubri cant ¢oiaRed dris@Right-chain.

a-rmunf of phenolic and am nic antioxidant incorporat edmsW Q0.1 to d. 5.0
‘6 1.5

Preferably Rg and Rg are each a C; to Cgg alkyl group or a Cg to Cgg cycloalkyl, aryl,
aralkyl or alkylaryl group. Ryg is preferably a Cy to Cgg alkyl group or a Cg 'to Cgg cycloalkyl,
ary), aralky! or alkylaryl group, or a C; to Cgq hydrocarbyl group containing one or more amine,
carboxylic acid, ester, alcohol or ether groups, or an ammonium ion, preferably an amine group
or ammonium jon. Examples of suitable phospharothionates which are commercially available

include IRGALUBE TPPT supplied by Ciba-Geigy.

The zinc thiophosphate compound (c) has the 'general formula :

Ryy—0O S O— Ry3
. >¥'—-S-Zn-s-j’< ™
0 O—— Ry

Rig—

where Ry), Rg, Ry3 and R} 4 each independently represent a hydrogen atom, a Cy to Cag alkyl
group, a Cg to Cgg cycloalkyl, aryl, alkylaryl or aralkyl group, or 2 C3 to Cgg hydrocarbyl group
containing an ester, ether, alcchol or carboxyl group. Preferably each of Rj to Ry4 is a Cg to
C1s, more preferably C3 to Cg, alkyl group which may be straight-chain or branched. Such
compounds are eommercxally available and are supplied by, for emmple, Exxon Chemical
Company.

The amounts of each of the antiwear additives (a), (b) and (c) to be included in the.
lubricant composition according to the invention are the amounts that are effective in providing
the desired lavel of antiwear performance, whilst reducmg the amount of phosphorus and zine to
an acceptable level.

Whilst not being limited to any particular theory, it is believed that the antiwear
properties of the organo-molybdgnum campound (a) are generally attributable to the presence of
‘the molybdenum. Thus when determining the amount of organo-molybdenum compound to be
incorporated into the lubricant composition, one first needs to determine the desired amount of
molybdenum. The amount of molybdenum contained in the lubricant composition is
from 0.001 to 0.5 wt.%, - preferably 0.005 to 0.2 wt.%, and most preferably 0.01 to 0.05 wt.%,

- based on the total weight of the lubricant composition. The amount of organo-molybdenum
compound that this corresponds to depénds upon the type of compound selected.
This is the replacement shoet
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The base oil enployed in the |ubricant conposition acconﬁkiSﬂEhtH%ﬂeQﬁReElaced

I nvention may be any base oil suitable for the intended
| ubricant. Thus the base oil may be, for exanple, a conv ﬂﬂg.ﬂl [mm ui ned
mneral oil, an oil derived fromcoal tar or shale, a ve
animal oil, a hydrocracked oil, or a synthetic oil, or a mxture of two or

' Eo (r]I e of these tCl mae??yeobﬂg&no-lﬁbbihﬁttﬂﬁxlx oa‘fon@ymmés i dithiccarbapiatescthe amount of
ydr oi soneri se ar I n . | 2l ey

ol vl yooresmpairedPed irpend of Bsk PR drer B B QR i AP mate
esters, algsyipsnas olefinel jioiforrmils () aatdivei | Typinally,ohoweveShtheyameunti ofymolybdenym
oo o | o Gl sk § drfeFitiy foit Wor dlo FEACKEN profefably'trbil 0.02399 Wx,

from3 to
and most preferably from 0.05 to 1.0 wt.%, based on the total weight .of the lubricant

composition.

Where the organo-molybdenum compound is a carboxylate, the amount of compound
‘used depends upon the molecular weight of the carboxylate group selected. For example, where
the carboxylate is 2-ethyl hexanoate, the amount of molybdenum carboxylate used is preferably
from 0.005 to 2.5 wt.%, more preferably from 0.025 to 1.0 wt.%, and most preferably from 0.05 to
0.25 wt.%, based on the total weight of the lubricant composition. : '

Where the organo~molybdenum compound is a xanthate, the amount of compound used
depends upon the molecular weight of the hydrocarbyl, e.g. alkyl, groups contained in the
xanthate groups. Typically, however, the amount, of molybdenum xanthate used is preferably
from 0.003 to 2.0 wt.%, more preferably from 0.01 to 0.7 wt.% and most preferably from 0.03 to
0.2 wt.%, based on the total weight of the lubricant composition.

Similarly, it is believed that the antiwear properties of the ashless organo-phosphorus
and zinc thiophosphate compounds are generally attributable to the presence of the phosphorus.
Thus when determining amounts of these compounds to incorporate, one first needs to
determine the desired amount of phosphorus in the lubricant composition. » - The total
amount of phosphorus contained in the lubricant composition is from 0.001 to 0.3 wt.%,
preferably from 0.01 to 0.2 wt.%, and most preferably from 0.02 to 0.1 wt.%, based on the total

_ weight of the lubricant composition. The amounts of ashless organo-phosphorus compound and
zinc thiophosphate compound that this corresponds to depends upon the relative proportions of
these compounds and the molecular weight of the specific compounds selected. Typically,
however, the amount of ashless organo-phosphorus compound incorporated into the lubricant
composition is from 0.01 to 0.3 wt.%, more preferably 0.05 to 2.0 wt.%, and most preferably 0.1
to 1.0 wt.% based on the total weight of the lubricant composition, and the amount of zinc
thiophosphate compound is preferably from 0.01 to 3.0 wt.%, more preferably 0.1 to 2.0 wt.%,

"and most preferably 0.2 to 1.0 wt.% based on the total weight of the lubricant composition.

The ratio of compounds (a) : () : (c) in the lubricant composition is preferably such that
the weight ratio of molybdenum to phosphorus is from 1:50 to 100:1, more preferably 10:1 to
20:1, and most preferably from 1:1 to 10:1. The wéight ratio of phosphorus derived from the
ashless 6rgano-phosphorus compound (b) to zine thiophosphate compound (c) is from
10:1 to 1:20, preferably from 5:1 to 1:15 and most preferably 1:1 to 1:10.

This is the replacement sheet

Date: 2 2 nE.C \991



The antiwear additive conpounds (a), (b) and (c) and anti oxi dant conpounds
(d) and (e) may be mixed directly with the base oil, but, for ease of
handl i ng and i ntroduction of the conpounds to the base oiI, are preferably
in the formof additive concentrate conprising the additive conpound, or

m xture of any two or nore of these conpoynds, contained in a carrier
fluid. Thus in a further aspect the present invention provides an additive

trat d d d fined
Sbove, and (1) o Thipmi SHIGRAFL elosgtiY i bibiat Sruine, Bore perEa B ARORiRTY
nay be, fohroﬁiﬁ@iﬁﬁh&le esuchaimﬁm:ewenknmhnmmde &hﬁMﬁrhEhliﬁQsﬁ'ﬁﬁﬁﬂ offthie aypeodt
the base ol ;. /intRkiddld enspiyed, brovitba s 3 sQM8R U GuSlpteiibue. w&er%éﬁ%%mm

napht ha,
antioxidant is secondary amine having the general formula

H

I
R'—N —R"

where R’ and R" each independently represent a Cj to Coq substituted or  unsubstituted alkyl
group or a Cg to Cgq substituted or unsubstituted cycloalkyl, aryl, aralkyl or alkylaryl group. If
substituted, the substituent may be for example an alkyl, aryl, alkoxy, aryloxy, acyl, acylaniino,
hydroxy, carboxyl or nitro group. Preferably R'and R* are each a substituted or unsubstituted

aryl or alkylaryl group.

Examples of suitable aminic antioxidants include diphenylamine, alkyldiphenylamines
having one or more alkyl substituents each having up to about 16 carbon atoms, phenyl-a-
naphthylamine, phenyl-B-naphthylamine, alkyl-substituted phenyl-a-naphthylamine or phenyl-
p-naphthylamine having one or more alkyl subsl:ittients each containing up to about 16 ¢arbon
atoms. Examples of suitable alkyl substituents include t-butyl, t-pentyl, hexyl, n-octyl, t-octyl,
nonyl, decyl and dodecyl. Many secondary aromatic amine antioxidants are commercially
available including, for example Irganox L57, Irganox L74 and Irganox L06 available from Ciba-
Geigy, Vanlube 81, Vanlube SL, Vanlube 848 and Vanlube DND available from R.T. Vanderbilt;
ADDITIN M10277 available from Rhein-Chemie; Lubrizol 5150A available from Lubrizol;

" Naugalube 438L and Naugalube 680 available from Uniroyal.

The phenolic antioxidant is preferably a hindered phenol. Such phenolic compounds
are well-known and there is no particular restriction in the type of phenolic antioxidant
employed provided it is oil-soluble or oil-dispersible. Preferably the phenolic antioxidant is a
hindered phenol having the following formula:

Ra
HO Re
Rb’
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. benzene, toluene, xylene and the like. The carrier fl lJllhdSﬁé‘eOBds@ethe laced
- ‘conpatible with the base oil of the |ubricant conposi t| se S
preferably inert. Generally the concentrate wll corrprl .

. Wt.%of the additive conpound(s), preferably from30 to
- bal ance being the carrier fluid. - 11 4

where R? and RP each independently represent a hydrogen atom or a Cj to Cgq alkyl group,
provxded that at least one of R? and R is an alky! group; and RCisa hydrogen atom or a group

having the formula:
«(CHg)p - X

where X is an alkyl, aryl, aralkyl, alkylaryl or cycloalkyl group, which may be subsntuted mth _
one or functional groups and/or hetero atoms, and n is an mteger from 1 to 24.

More preferably R2 and RD are each selected from hydrogen, methyl, ethyl, propyl,
lsopropyl n-butyl, t-butyl, pentyl, n-octyl, t-octyl, nonyl, decyl and dodecyl groups, provxded Ra
and RD are not both hydrogen.

More preferably RS is selected from the group --(CHQmCOORd or
(CHp);SCOORY where R is C; to Cyg alkyl or aryl group, and m is an integer from 1 to 18.

Alternatively the phenolic antioxidant u'xay have the formula:

[ -

HO O RC |oeeeeY

. RD P

where Y is a carbon atom or a hetero atom, for example a sulphur atom, Ba, RD and RC are as
defined above, and p is an integer from 2 to 4, the actual value of p depending upon the valency
of Y. - .

Specific examples of suitable phenolic antioxidants include 2,6-di-t-butylphenol, 2,4,6-
tri-t-butylphenol, 2-t-butylphenol, 4-methyl-2,6-di-t-butylphenol, 2-methyl-6-t-butylphenol, 2,4-
dimethyl-6-t-butylphenol, and esters and sulphurised ester thereof, wherein the ester group is
substituted in the para position on the phenol ring. Many phenolic antioxidants are
commercially available and examples include L101, the Irganox products L101, L108, L118,
L130, L135, L107, L109 and L115 available from Ciba-Geigy; Hitec 4701 available from Ethyl
Corporation; Parabar 441 available from Exxon Chemical Company; and Vanlube 691C
available from R.T. Vanderbilt Company.

The ﬁreight ratio of the two types of antioxidants should be such that the lubricant -
composition"according to the invention contains more amine antioxidant by weight than
phenolic antioxidant. Preferably the weight ratio of aminic to phenolic antioxidant is from 1.5:1
to 20:1, more preferably from 2:1 to 10:1, and most preferably from 3:1 to 5:1. The inclusion of
at least a proportion of phenolic antioxidant in addition to aminic is preferred to ensure
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The | ubricant conposition according to the invention nmay al so contain other
additives, which may be added directly to the base oil, as a separate
additive concentrate, or included in the concentrate of the antiwear and
antioxi dant additives. For exanple, where the lubricant is an engine oil,
other additives that may be incorporated ioclude one or nore of a

detergent, dispersant, corrosion inhibitor, extrene sute ag

ant i f oam ngappgesriate HEdAtive StaRIitH SyeTca sange of temRATARERS ﬂ)d% ngfr%%?h“ besn

addi tives d.gg&%éd thkd ¥ Bw e ol éntS o et e&ﬁstaany Qﬁ'léaai endasl dirtaiiv esndiréns,do

readily be ned b ?o person skille w‘.mfsubrl canthm

formul at i nggweahlg eractwt r a given treat rate an'ei t not béing limited to any
particular theary it is believed that the two components may co-operate in interfering in free-

radical oxidation mechanisms.

The amount of antioxidant compounds incorporated into the lubricant composition
should be the amount which provides effective antioxidant protection. The total
amount of phenolic and aminic antioxidant incorporated is from 0.1 to 5.0 wt.%,.»  preferably
from 0.5 to 3.0 wt.%, and most preferably from 0.8 to 1.5 wt.%, based on the total weight of the

lubricant composition.

Thus the amount of aminic antioxidant incorporated is preferably from greater than
0.05 to 4.8 wt.%, more preferably from 0.8 to 2.7 wt.%, and most preferably from 0.6 to 1.2 wt.%;
and the amount of phenolic antioxidant incorporated is preferably from 0.01 to 2.5 wt.%, more
preferably from 0.05 to 1.0 wt.%, and most preferably from 0.1 to 0.5 wt.%, based on the total

weight of the lubricant compaosition.

The base oil employed in the lubricant composition according to the invention may be
any base oil suitable for the intended use of the lubricant. Thus the base oil may be, for
example, a conventionally refined mineral oil, an cil derived from coal tar or shale, a vegetable
oil, an animal oil, a hydrocracked oil, or a synthetic oil, or a mixture of two or more of these -
types of oils. Examples of synthetic oils include hydroisomerised paraffins, polyalphaclefins,

polybutene, alkylbenzenes, polyglycols, esters such as polyol esters or dibasic carboxylic acid
esters, alkylene oxide polymers, and silicone oils. The viscosity of the base oil depends upon the
intended use, but generally is in the range of from 3 to 20 cSt at 100°C.

The antiwear additive compounds (a), (b) and (¢) and antioxidant compounds (d) and (e)
may be mixed directly with the base oil, but, for ease of handling and introduction of the
compounds to the base oil, are preferably in the form of additive concentrate comprising the
additive compound, or mixture of any two or more of these compounds, contained in a carrier
fluid Thus in a further aspect the present invention provides an additive concentrate
comprising compounds (a), (), (¢), (@) and () as defined above, and (f) a carrier fluid. The

. carrier fluid is typically an oil and may be, for example, any of the oils mentioned above in the
description of the base oil. Alternatively, it may be an organic solvent, for example naphtha,
benzene, toluene, xylene and the like. The carrier fluid should be compatible with the base oil of
the lubricant composition, but otherwise is preferably inert. Generally the concentrate will
comprise from 10 to 80 wt.% of the additive compound(s), preferably from 30 to 70 wt.%, the

" balance being the carrier fluid. -
_ This Sheet Has Been R This is the replacement sheoet
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The l.ubricant conposition may find use in any appl | catlon V\/nere the parts
to be lubricated are subject to wear. It is esp Elussﬂh H
I' trated

an engine oil for internal conbustion engines. The |nv

by the follow ng Exanple. Exanple 1A An engine oil"’

addi ng the follow ng antiwear and antioxi dgnt additi ves to a asecase oi |

having a viscosity of 14 cSt- at 100[err] C and consi sting of a conventi onal

engi ne oi | based 'Qﬁ'e Ruibfif4ht @binps¥ntidn! décdr@inigts theinbaitivn rRay alddébnedii bitien addjtives,

standard engiﬂcﬁ may be added directly to the base oil, as a separate additive concentrate, or included in
the concentrate of the antiwear and antioxidant additives. For example, where the lubricant is
an engine oil, other additives that may be incorporated include one or more of a detergent,
dispersant, corrosion inhibitor, extreme pressure agent, antifoaming agent,- pour point
depressant and viscosity index improver. Such additives are well-known and the selection of
appropriate additives could readily be determined by a person skilled in the art of lubricant

formulating.

The lubricant composition may find use in any application where the parts to be
Jubricated are subject to wear. It is especially suitable for use as an engine oil for internal
combustion engines.

The invention is illustrated by the following Example.

Example 1A:

An engine oil was formulated by adding the following antiwear and antioxidant
additives to a basecase oil having a viscosity of 14 cSt at 100°C and consisting of a conventional
engine oil based on a conventionally refined mineral oil and containing standard engine oil
additives other than ZDDP : '

(@ 0.2wt.% MOLYVAN 822 (= 0.01wt.% Mo), a molybdenum dithiocarbamate
supplied by R.T. Vanderbilt Company; .

® 08wt% ECA 6330 (= 0.025 wt.% P), a phosphorothiolothionate supphed by Exxon
Chemical Company;

© 1.0wt% PAR.ANO!\ 14 = 0.075 wt.% P), a ZDDP supplied by Exxon Chemical
Company;

(@ 0.8wt.% IRGANOX L57, a dialkyl-substituted diphenylamine supplied by Ciba-
Geigy, and

(e) 0.2 wt.% IRGANOX L118, an ester derivative of a 2,6-di-t-butylphenol supplied by
Ciba-Geigy.
Examples 1B and 1C:

Two further engine oils were formulated except that the amounts of aminic antioxidant

(d) and phenolic antioxidant (¢) were varied as follows : _ . .
This is the repldacement sheet
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additives other than ZDDP: (a) 0.2 w.% MOLYVAN 83fis IVb), a

nol ybdenum di t hi ocarbamate supplied by R T. Vanderb ) 0.8
wt. % ECA 6330 (= 0.025 wt.% P), a phosphor ot hi ol oth |ed by Exxon

Chem cal Conpany; (c) 1.0 wt. % PARANOX 14 (= 0.075 %P) a ZDDP ‘suppli ed
by Exxon Chem cal Conpany; (d) 0.8 u#.% | RGANOX L57, a dial kyl -substituted

di phenyl am ge. SR Ph! 68 wik @ BREANOX L57, and 0.5 we.% () IRGANOX L118
Example 1C: 0.2 wt.% (d) [RGANOX L57, and 0.8 wt.% (s) IRGANOX L118

All percentages are by weight based on the total weight of the fully formulated engine

The resulting, fully formulated engine oils were tested for oxidation as follows :

" The kinematic viscosity at 40°C (KV4qp) was measured using a Haake PK100 viscometer.
'250 em3 of the oil was then placed in a glass tube with 40 ppm iron (using an oil-soluble iron
catalyst), heated to 165°C, and maintained at that temperature for 168 hours in the presence of
air flowing at a rate of 1.7 litres per minute. The KV 4 of the oil was then measured again, and
thus the viscosity increase of the oil determined. The lower the viscosity increase, the better the
antioxidation performance of the oil. The results are given in Table 1 below.

For comparative purposes, a further set; of engine oils were formulated using the three
formulations described above for Examples 1A, 1B and 1C, except that the antiwear additives
(a), () and (c) were replaced by 1.2 wt.% PARANOX 14 ZDDP (= 0.1 wt.% P). These engine oils
were tested for oxidation as described above and the results are also given in Table 1.

TABLE1
% Viscosity Increase
Oil Phenolic : Aminic Antioxidant Wt Ratio
| 4:1 1:1 ' 1:4
Basecase + >400 259 : 153
Triple Antiwear
Basecase + . 195 189 - 193
ZDDP |

The results show that altering the aminic antioxidant to phenclic antioxidant has
significant effects on the oxidation performance of the oil when the triple antiwear additive
combination is used, whereas altering the ratio has little, if any, effect when the sole antiwear
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.Ceigy, and (e) 0.2 wt.% | RGANOX L118, an ester derivative of a
2,6-di-t-butyl phenol supplied by G ba-Ceigy. Exanples 1B and 1C. Two
further engine oils were fornul ated except that the amounts of amnic
antioxi dant (d) and phenolic antioxidant (e) were varied as foll ows:

13
additive is ZDDP. When the aminic to phenolic ratio is 4:1 good antioxidation performance is
achieved with the lubricant containing the triple antiwear additive combination, but this
performance is not achieved when the weight ratio of aminic to phenolic compounds is 1:1 or less
than 1:1.
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.- 12 - Exanple 1B: 0.5 wt.% (d) | RGANOX L57, and 0.5.wt.%(e) | RGANOX L118
Exanple 1C. 0.2 wt. % (d) | RGANOX L57, and 0.8 w. %(e) | RGANOX L118 Al'l
per cent ages are by wei ght based on the total wei ght - of the fully forrrul at ed

engine oil. The resulting, fully formul ated engi ne oi
oxi dation as follows: The kinematic viscpgity at 40' was
measur ed using a Haake PK100 vi sconeter. m,” ' ﬁ"' "
CLAIMS:
1. * Alubricant composition comprising a base oil and a combination of
additives comprising :

(a) an organo-molybdenum compound,
(b) an ashless organo-phosphorus:compound,

(¢) azinc thiophosphate compound selected from zinc dialkyldithio-
- phosphate, zinc diaryldithiophosphate, zinc alkylaryldxthmphosphate and
zine arylalkyldithiophosphate and mixtures thereof,

(d) an-aminic antioxidant, and
' (e) a phenolic antioxidant

wherein the amount of organo-molybdenum compound (a) is such that the amount of
molybdenum contained in the lubricant composition is from 0.001 to 0.5 wt.%; the
amounts of ashless organo-phosphorus compound (b) and zinc thiophosi)hate

compound () are such that the amount of phoéphorus contained in the lubricant
composition is from 0.001 to 0.3 wt.% and the weight ratio of phosphorus derived from
the ashless organo-phosphorus compound to phosphorus derived from the zinc
thiophosphate compound is from 10:1 to 1:20; and the combined amount of aminic
antioxidant (d) and phenolic antioxidant (e) is from 0.1 to 5.0 wt.% and the weight

ratio of aminic antioxidant (d) to phenolic antioxidant (e) is greater than 1:1, the |
weight per cents being based on the total weight of the lubricant coinpoéition.

2. - Alubricant composition according to claim 1 wherein the weight
ratio of aminic antioxidant to phenolic antioxidant is from 1.5: 1 to 20:1.

\
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250°cnferr] of the oil was then placed in a glass tube with 40 ppmiron

(using an oil-soluble iron catalyst), heated to 165ferr}E—and—raintai ned

at that tenperature for 168 hours in the presence o | ] at_a rate
of 1.7 litres per mnute. The KV[err] of the oil wa H gai n,
and thus the viscosity increase of the ol$ determ neg® S )

viscosity increase, the better the antioxidation performance of the oil.
The results are given in Table 1 bel ow. For conparative purposes, a further
set of engine oils were fornmulated using the three fornul ations descri bed
above for Exanpl 8s 1A, Ailsbriganti@mpesitian acheding beclaimi hwwhereinithe weight (a) ,

(D) "and (Clorianil 6kiblntecphbaoks BARGNEd & #0030 8l W0 % P) . These

engi ne oi

4. A lubricant composition according to any preceding claim wherein
the organo-molybdenum compound is a'molybdenum dithiocarbamate. '

5. A lubricant composition according to any preceding claim wherein
the ashless organc-phosphorus compound is a phosphorothiolothionate or 2 mixture
thereof.

6. A lubricant composition according to any ﬁreceding claim wherein

the amount of organo-molybdenum compound contained in the lubricant composition
is such that the amount of molybdenum contained in the lubricant composition is
from 0.005 to 0.2 wt.%, based on the total weight of the lubricant composition.

_ 7. A lubricant composition according to any preceding claim wherein
the amount of zinc thiophosphate compound and ashless organo-phosphorus
compound contained in the lubricant composition is such that the amount of
phosphorus contained in the lubricant composition is from 0.01 to 0.2 wt.%, based on
the total weight of the lubricant composition.

8. A lubricant composition according to any preceding claim wherein -
the weight ratio of phosphorus derived from the ashless organo-molybdenum
compound to phosphorus derived from the zinc thiophosphate compound is from 5:1 to
1:15. ' '

9. A lubricant composition according to any preceding claim wherein
the amount of ami_nié antioxidant contained in the lubricant composition is from
greater than 0.05 wt.% and up to 4.8 wt.% based on the total weight of the lubricant
composition, and/or wherein the amount of phenolic antioxidant contained in the
lubricant composition is from 0.01 t6 2.5 wt.% based on the total weight of the

lubricant composition.
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B were tested for oxidation as described above and the results are al so gi ven
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10. An gdditive concentrate comprising :

(a) an organo-molybdenum compound,
(b) an ashless organo-phosph_orus compound,

(¢) a zinc thiophosphate compound selected from zinc dialkyldithio-
' phosphate, zinc diaryldithiophosphate, zinc alkylaryldithiophosphate,
zine arylalkyldithiophosphate and mixtures thereof,

(d) an aminic antioxidant,
(e) a phenolic antioxidant, and
() a carrier fluid,

- wherein the amount of organo-molybdenum compound (a) is such that the amount of
molybdenum contained in the lubricant composition is from 0.001 to 0.5 wt.%; the
amounts of ashless organo-phosphorus compound (b) and zinc thiophosphate
compound (c) are such that the amount of phosphorus contained in the lubricant
composition is from 0.001 to 0.3 wt.% and the weight ratio of phosphorts derived from
the ashless organo-phosphorus compound to phosphorus derived from the zinc
thiophosphate compound is from 10:1 to 1:20; and the combined amount of aminic
antioxidant (d) and phenolic antioxidant () is from 0.1 to 5.0 wt.% and the weight
ratio of aminic antioxidant (d) to phenolic antioxidant (e) is greater than 1:1, and the
amount of carrier fluid (f) being from 10 to 90 wt.%, the weight percents being based
on the total weight of the lubricant composition. '

-
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Tosiva- xfos
ZDDP The results show that altering the am nic antioxidant to phenolic
anti oxi dant has significant effects on the oxidation performnce of the oil
when the triple antiwear additive conmbination is used, whereas altering the
ratio has little, if any, effect when the sole antiwear additive is ZDDP.
“When the amnic to phenolic ratio is 4:1 good anti oxi dation performance is
achieved with the l'ubricant containing tha-triple antlvvear additive

conbi nati on, li? PANON CONTOINTR SME]L
e Compounds 1< i Sl RS AARES -

amnic to phen
This invention relates to a lubricant composition combining a combination of additives

providing antiwear properties and a combination of additives providing antioxidant properties.

It is well known to include antiwear additives and antioxidants in lubricating oils such
as engine oils. Antiwear additives are included to reduce the wear occurring when two metal
surfaces rub together, ie. boundary lubrication regimes, such as is found in valve trains in
internal combustion engines. As well as reducing the operational lifetime of the metal parts,
wear has the disadvantage that it releases metal contaminants into the lubricating oil which
ténd to accelerate the formation of engine oil sludge. It is believed that the antiwear additive
acts to provide a protective film over the metal surfaces. Antioxidants are included to protect .
against sludge formation. Sludge is formed in ehgines as the result of a complex degradation of
the lubricating oil in service. A number of interacting factors are believed to cause degradation
including the engine design - particularly the recirculation of crankcase blow-by gases. fuel
quality, oil consumption and vehicle operation, especially stop-go "city” driving. The net effect of
these factors is a concentration of harmful contaminants in the lubricating oil leading to
oxidative degradation of the oil which results.in a thickened sludgy oil with reduced lubrication
qualities. This thickened oil can also deposit in the engine with _harm.ful effects.

It is recognised that dispersant additives are effective at reducing sludge deposition by
solubilising the contaminants in the oil. However, dispersants have the disadvantage that they
merely minimise sludge drop-out rathier than prevent the initial degradation of the oil
Although dispersivﬁ action is important, the combined prevention of engine wear (thereby
reducing metal contamination) and lubricant oxidation (thereby reducing oil thickening) will
minimise oil degradation which is a major factor in sludge formation. The identification of
effective antiwear and antioxidant additives are therefore ixhportant for the development of high
performance engine oils.

One well known compound which provides both antiwear and antioxidant properties is-
zine dialkyldithiophosphate ("ZDDP"). Generally ZDDP is employed at treat levels of 1 1o 2
wt.% based on the total weight of the lubricating oil, which gives a phosphorus level in the
lubricant typically in the range of from 0.05 to 0.15 wt.%, and a zinc level from 0.1 to 0.2 wt.%.
In recent years there has been increasing concern that lubricant ash levels, such as ‘that
produced by the zinc in ZDDP. contribute to particulate emissions in the exhaust fumes from

internal combustion engines. There is a,lS__..sgncgm_tha.L.the-phosphrms from the lubricant
: PEPLACEVENT SHEETS Sf
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CLAI M5: 1. A | ubricant conposition conprising a base oil and

a conbi nation of additives conprising: (a) an organo-nol ybdenum conpound,

-2 - ’ .
tends to poison catalysts used in catalytic converters, thereby preventing them from
functioning to full effect.

International patent application publication Nos. WO 95/07964 and WO
95/07965 described antiwear agents with reduced phosphorus and reduced or
eliminated zinc content.

We have found that improved antioxidant performance can be obtained by
combining the antiwear additive combinations disclosed in these patent applications
with certain antioxidant combinations.

Accordingly the present invention provides a lubricant composition
comprising a base oi.l and a combination of additives comprising :

(a) an organo-molybdenum compound,
(b) an ashless organo-phosphorus compound,

© a zinc thiophosphate compound selected from zinc dialkyldithio-
phosphate, zinc diaryldithiophosphate, zinc alkylaryldithio-
phosphate, zine arylalkyldit_hiophosphate and mixtures thereof,

@ an aminic antioxidant, and
(e) a phenolic antioxidant,

wherein the amount of organo-molybdenum compound (a) is such that the amount of
molybdenum contained in the Iubricant composition is from 0.001 to 0.5 wt.%; the
amounts of ashless organo-phosphorus compound (b) and zinc thiophosphate
compound (c) are such that the amount of phosphorus contained in the lubricant
composition is from 0.001 to 0.3 wt.% and the weight ratio of phosphorus derived from
the ashless organo-phosphorus compound to phosphorus derived from the zinc
thiophosphate compound is from 10:1 to 1:20; and the combined amount of aminic

This is the replacement sheet
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(b) an ashl ess organo-phosphorus conpound, (c) a zinc thiophosphate
conpound sel ected from zi nc dial kyl dithi o- phosphate, zinc

di aryl di t hi ophosphat e, -zi nc al kyl aryl di t hi ophosphate and zi nc

aryl al kyl di t hi ophosphate and m xtures thereof, (d) an am nic anti oxi dant,
and (e) a phenolic antioxidant wherein the amount of organo-nol ybdenum
conpound (a) is such that the anount of nol ybdenum contained in the

| ubricant conposition is fromO0.001 to 0.53wm.% the

antioxidant (d) and phenolic antioxidant (e) is from 0.1 to 5.0 wt.% and the weight
ratio of aminic antioxidant (d) to phenolic antioxidant (e) is greater than 1:1, the
weight per cents being based on the total weight of the lubricant composition.

The present invention has the advantage that it provides a lubricant
composition with good antiwear properties, whilst achieving low ash and phosphorus
levels, and combines this antiwear system with enhanced oxidation performance by
using the antioxidant additive combination as defined above, provided the amine and
phenolic components of the antioxidant combination are used with a specific range of
ratios relative to each other. '

The organo group of the organo-molybdenum compound is preferably selected
from a carbamate, a carboxylate and a xanthate group and mixtures thereof, which
groups may be substituted with a hydrocarbyl group and/or one or more hetero atoms,
with the proviso that the organo group selected results in an organo-molybdenum
compound that is oil-soluble or oil- '
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anount s of ashl ess organo- phosphorus conpound (b) and zi nc thi ophosphate
cormpound (c) are such that the anmobunt of phosphorus contained in the

| ubricant conposition.is from0.001 to 0.3 w.%and the weight ratio of
phosphorus derived fromthe ashl ess organo-phosphorus conpound to
phosphorus derived fromthe zinc thiophosghét®e compound is from10:1 to ..
1:20; and t he dispadsiblee gireferebintoilesblublei nficis preferzed thahthe epgangymolybenpm; ompound is
antioxidant,(S%m#ﬁmgg@gho.l to 5.0 wt.%and the weight ratio of amnic

ant i oxi dant ( o0 phenolic antioxidant (e) is greater than 1:1, the weight

per cents being based on the total weight of the |ubricant conpositiaon.
Where the organo group is a carbamate, which is preferred, the organo-molybdenum

compound is preferably a ﬁxolybdenum dicarbamate, more. preferably a -molybdenum

dithiocarbamate of the formula : .
R - § Y Y [S R3
N~C-S§ -Mo/ " Mo-§-C-N
_ ~ Xo ~ \ .
Rg ' Ry

where Rj, Rg, R3 and Ry each independently represent a hydrogen atom, a C; to Cgp alkyl
group, a Cg to Coq cycloalkyl, aryl, alkylaryl or aralkyl group, or a Cg to Cgp hydrocarbyl group
containing an ester, ether, alcohol or carboxyl group; and Xj X, Y and Yg each independently
represent a sulphur or oxygen atom.

~ Examples of suitable groups for each of Ry, Rp, Rg and Ry include 2-ethylhexyl,
nonylphenyl, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-hexyl, n-octyl, nonyl, decyl,
dodecyl, tridecyl, lauryl, oleyl, linoleyl, cyclohexyl and phenylmethyl. Preferably R; to Ry are
each Cg to C;g alkyl groups, more preferably C;p to Cy4.

It is preferred that X; and Xg are the same, and Y; and Yo are the same. Most
preferably X; and X9 are both sulphur atoms, and Y; and Y5 are both oxygen atoms. -

Thus in a preferred embodiment the ocrgano-molybdenum compound is sulphurised
oxymolybdenum dithiocarbamate wherein the thiocarbamate groups contain Cyg to Ci4 alkyl
groups. Such compounds are commercially available and are supplied, for example, by R.T.
Vanderbilt Company. '

Where the organo group of the organo-molybdenum compound is a carboxylate, this is
preferably a Cy to Cg0, more preferably a Cg to Cjg, carboxylate group. Examples of suitable
carboxylates include octoate, e.g. 2-ethyl hexanoate, naphthenate and stearate. These
compounds may be prepared, for example, by reacting molybdenum trioxide with the alkali
metal salt of the appropriate carboxylic acid under suitable conditions.

Where the organo group of the organo-molybdenum compound is a xanthate, the
compound preferably has the formula :
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2. A'l ubricant conposition according to claim1l wherein the weight ratio

of am nic antioxidant to phenolic antioxidant is from1.5:1 to 20:1. -14
- 3. A lubricant conposition according to claim1l wherein the weight
ratio of am nic antioxidant to phenolic antioxidant is from3:1 to 5:1.
- S -—
Mog (ROCS9)4 a

where R is a C; to Cgg hydrocarbyl group, preferably an alkyl group. Examples of suitable
molybdenum xanthate compounds and their method of preparation are described in European
patent application EP-A-433025, the disclosure of which is incorporated herein by reference.

The ashless organo-phosphorus compound is-essentially free of metal, and preferably
contains sulphur. Phosphorothiolothionates and phosphorothionates and mixtures thereof are

preferred compounds

Phosphorothiolothionates have the general formula:

where Rs, Rg and Ry each independenﬂy represent a hydrocarbyl group which may be
substituted with one or more functional groups or hetero atoms, or may be unsubstituted, and
which may be branched or straight-chain.

Preferably R5 and Rg are each a C; to Cgq alkyl group, or a Cg to Cgq cycloalkyl, aryl,
_ aralkyl or alkylary! group. Ry is preferably a Cj to Cgg alkyl group, a Cg to Cgq cycloalkyl,
aryl, aralkyl or alkylaryl group, or a C; to Cg3p hydrdcarbyl group containing one or more
carboxylic acid, ester, alcohol, ether or amine groups, or an ammonium ion, preferably one or
more carboxylic acid groups. Examples of suitable phosphorothiolothionates which are
commercially available include VANLUBE 727, VANLUBE 7611 both s.upplied by R.T.
Vanderbilt Company, IRGALUBE 63 supplied by Ciba-Geigy, and ECA 6330 supplied by Exxon
Chemical Company.

Phosphorothionates have the general formula:
N
Il
0
l
Rg
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4.  A'lubricant conposition according to any preceding clai mwherein the
or gano- nol ybdenum conpound i s a nol ybdenum di t hi ocar bamate. 5. A
| ubri cant conposition according to any preceding clai mwherein the ashl ess

or gano- phosphorus conpound i s a phosphorothi ol ot hi onate or a m xture
t hereof . 6. A lubricant conposition according to any preceding claim

wherei n the anount of organo-nol ybdenum conpound contai ned in the | ubricant

conposition is such that_the amount of=gotybdenum cqntained in the
| ubri cant - cormbexsiRgi R apdR1p each represent a hydrocarbyl group which may be substituted with one

or more functional groups or hetero atoms, or may be unsubstituted, and which may be
branched or straight-chain. ' :

Preferably Rg and Rg are each a C) to Cg alkyl group ar a Cg to Cgp cycloalkyl, aryl,
aralkyl or alkylaryl group. Ry is preferably a C; to C3q alkyi group or a Cg to Cgp cycloalkyl,
aryl, aralkyl or alkylaryl group, or a C; t Cgq hydrocarbyl group containing one or more amine,

" carboxylic acid, ester, alcohol or ether groups, or an ammonium ion, preieraﬁly an amine group
or ammonium jon. Examples of suitable phosphorothionates which are commercially available

include IRGALUBE TPPT supplied by Ciba-Geigy.
The zine thiophosphate compound (c) when-used) has the general formula :

Bn—o~§ i - O——Ry3
: P~§-Zn-S§~- o W)
— O/ _ _ \ O—— Ry

Ris

where Ry, Ryg, Ryg and Ry each independently represent a hydrogen atom, a Cj to Cog alkyl
group, a Cg to Cog cycloalkyl, aryl, alkylaryl or aralkyl group, or a Cg to Cag hydrocarbyl group
containing an ester, ether, alcohol or carboxyl group. Preferably each of Rg to Ryg is a Cg to
C1g, more preferably Cg to Cg, alkyl group which may be straight-chain or branched. Such
compounds are commercially available and are supplied by, for example, Exxon Chemical

Company.

The amounts of each of the antiwear additives (a), (b) and (¢) to be included in the
lubricant composition according to the invention are the amounts that are effective in providing
the desired level of antiwear performance, whilst reducing the amount of phosphorus and zine to

an aeceptah_le level

Whilst not being limited to any particular theory, it is believed that the antiwear
properties of the organo-molybdenum compound (a) are generally attributable to the presence of
the molybdenum. Thus when aetumining the amount of organo-molyhdenum compound to be
incorparated into the lubricant composition, one first needs to determine the desired amount of
molybdenum. The amount of molybdenum contained in the lubricant compaosition is
from 0.001 to 0.5wt.%,  preferably 0.005 to 0.2 wt.%, and most preferably 0.01 to 0.05 wt.%,
based an the total weight of the lubricant composition. The amount of organc-molybdenum
compound that this corresponds to depends upon the type of compound selected.
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fromO0.005 to 0.2 w.% based on the total weight of the |ubricant
conposition. 7. - A lubricant conposition according to any preceding claim
wherein the anount of zinc thiophosphate conpound and ashl ess
or gano- phosphor us conmpound contained in the |ubricant conposition is such
that the anobunt of phosphorus contained in the |ubricant conposition is
from0.01 to 0.2 wt.% based on the totalZu®ight of the |ubricant
conposi tion.-8. Wherd the iargano-ranivhdenimi exmpaued rigi & (flithipcarpamates g AGoRRa Pl
wher ei n t he el Rk ubé deBeriths oR HRSRBIRGIS: WaEHL\GE thelR SFBubd\@naSiddas ShethiRAdamate
phosphor us .
groups, as defined in formula (I) above. Typically, however, the amount of molybdenum
dithiocarbamate used is preferably from 0.01 to 3.0 wt.%, more preferably from 0.02 to 2.0 wt.%,
and most preferably from 0.05 to 1.0wt.%, based on the total weight of the lubricant
composition. |

Where the organo-molybdenum compound is a carboxylate, the amount of compound
used depends upon the molecular weight of the carboxylate group selected. For example, where
the carboxylate is 2-ethyl hexanoate, the amount of molybdenum carboxylate used is preferably
from 0.005 to 2.5 wt.%, more preferably from 0.025 to 1.0 wt.%, and most preferably from 0.05 to
0.25 wt.%, based on the total weight of the lubricant composition.

Where the organo-molybdenum compound is a xanthate, the amount of compound used
depends upon the molecular weight of the hydrocarbyl, e.g. alkyl, groups contained in the
xanthate groups. Typically, however, the amount of molybdenum xanthate used is preferably
from 0.003 to 2.0 wt.%, more preferably from 0.01 to 0.7 wt.% and most preferably from 0.03 to
0.2 wt.%, based on the total weight of the lubricant composition. '

Similarly, it is believed that the antiwear properties of the ashless argano-phosphorus
and zinc thinphosphate compounds are generally attributable to the presence of the phosphorus.
Thus when determining amounts of these compounds to incorporate, one first needs to

_determine the desired amount of phosphorus in the lubricant composition. : The total
amount of phosphorus contained in the lubricant composition is from 0.001 to 0.3 wt.%,
preferably from 0.01 to 0.2 wt.%, and most preferably from 0.02 to 0.1 wt.%, based on the total
weight of the lubricant composition. The amounts of ashless argano-phosphorus compound and
zinc thiophosphate compound that this corresponds to depends upon the relative proportions of
these compounds and the molecular weight of the specific compounds selected. Typically,
however, the amount of ashless organo-phosphorus compound incorporated into the lubricant
composition is from 0.01 to 0.3 wt.%, more preferably 0.05 to 2.0 wt.%, and most preferably 0.1
to 1.0 wt.% based on the total weight of the lubricant composition, and the amount of zinc
thiophosphate compound is preferably from 0.01 to 3.0 wt.%, more preferably 0.1 to 2.0 wt.%,
and most preferably 0.2 to 1.0 wt.% based on the total weight of the lubricant composition.

The ratio of compounds (a) : (b) : (c) in the Jubricant composition is preferably such that
the weight ratio of molybdenum to phosphorus is from 1:50 to 100:1, more preferably 10:1 to
20:1, and most preferably from 1:1 to 10:1. The weight ratio of phosphonxs derived from the
ashless organo-phosphorus compound (b) to zine thiophosphate compound (¢) is from
10:1 to 1:20, preferably from 5:1 to 1:15 and most preferably 1:1 to 1:10.
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conpound to phosphorus derived fromthe zinc thiophosphate conpound is from
5:17 to 1:15. 9. A | ubricant conposition according to any preceding claim
wherein the anount of aninic antioxidant contained in the |ubricant
conposition is fromgreater than 0.05 w. % and up to 4.8 wt. % based on the
total weight of the lubricant conposition, and/or wherein the anount of

phenol i c anti oxi dant contained in the | hqg@-ﬁe.nt onposition_is from Q.

2.5 wt. % based orin’tek?é“’f‘!?ta&lmwg?w pﬁgfeﬁa & ﬂnu%rﬂng%\ 3 Pfei?{aﬂly 2 _sechilda};p
aromatic amine. Such amines are well know and there is no particular restriction of the type of
amine antioxidant employed, provided it is oil-soluble or oil-dispersible. Preferably the aminic
antioxidant is secondary amine having the general formula S

H

|
R._ N —_Rﬂ

where R' and R" each independently represent a Cj to Cog substituted or  unsubstituted alkyl
group or a Cg to Cgg substituted or unsubstituted cycloalkyl, aryl, aralkyl or alkylaryl group. If
substituted, the substituent may be for example an alkyl, aryl, alkoxy, aryloxy, acyl, acylamino,

‘ hydroxy, carboxyl or nitro group. Preferably R' and R" are each a substituted or unsubstituted

aryl or alkylaryl group.

Examples of suitable aminic antioxidants include diphenylamine, alkyldiphenylamines
having one or more alkyl substituents each having up to about 16 carbon atoms, phenyl-a-
naphthylamine, phenyl-B-naphthylamine, alkyl-substituted phenyl-a-naphthylamine or phenyl-
p-naphthylamine having one or more alkyl substituents each containing up to about 16 carbon
atoms. Examples of suitable alkyl substituents include t-butyl, t-penty], hexyl, n-octyl, t-octyl,
nonyl, decyl and dodecyl. Many secondary aromatic amine antioxidants are commercially
available including, for example Irganox L57, Irganox L74 and Irganox L06 available from Ciba-
Geigy, Vanlube 81, Vanlube SL, Vanlube 848 and Vanlube DND available from R.T. Vanderbilt;
ADDITIN M10277 available from Rhein-Chemie; Lubrizol 5150A available from Lubrizol;

'Naugalube 438L and Naugalube 680 available from Uniroyal.

The phenolic antioxidant is preferably a hindered phenol. Such phenolic compounds
are well-known and there is no particular restriction in the type of phenolic antioxidant
employed provided it is oil-soluble or oil-dispersible. Preferably the phenolic antioxidant is a
hindered phenol having the following formula: |

Ra
HO RC

Rb
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-15- 10.
conpound,

An additive concentrate conprising: (a) an organo-nol ybdenum

(b) an ashl ess or gano- phosphorus conpound, (c) a zinc

t hi ophosphat e conmpound sel ected from zi nc di al kyl di t hi o-

where R and RD each independently repres.ent a -ﬁydrogen atom or a Cy to Coy alkyl group,
provided that at least one of R2 and Rb.is an alkyt group; and_Rc is a hydrogen atom or a group
having the formula: ' '

~(CHg)p ~X

where X is an alkyl, aryl, aralkyl], alkylaryl or cycloalkyl group, which may be substituted with
one or functional groups and/or hetero atoms, and n is an integer from 1 to 24.

More preferably R? and RD are each selected from hydrogen, methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, pentyl, n-octyl, t-cctyl, nonyl, decyl and dodecyl groups, provided R2
and RD are not both hydrogen.

More preferably RC is selected from the . group -(CH?)mCOORd or
(CHg);nSCOORY where R is C; to Cyg alkyl or aryl group, and m is an integer from 1 to 18,

Alternatively the phenolic antioxidant uiay have the formula:

R2 _
HO ——©— 1%.‘?
Rb . p | ‘
where Y is a carbon atom or ; hetero atom, for example a sulphur atom, R3, RP and R are as
defined above, and p is an integer from 2 to 4, the actual value of p depending upcn the valency '

of Y.

Specific examples of suitable phenolic antioxidants inciude 2,6-di-t-butylphenol, 2,4,6-
tri-t-butylphenol, 2-t-butylphenol, 4-methyl-2,6-di-t-butylphenol, 2-methyl-6-t-butylphenol, 2,4-
dimethyl-6-t-butylphenol, and esters and sulphurised ester thereof, wherein the ester group is
substituted in the para position on the phenol ring. Many phenolic antioxidants are
commercially available and examples include L101, the Irganox products L101, L108, L118,

- L130, L1335, L107, L109 and L115 available from Ciba-Geigy; Hitec 4701 available from Ethyl

-Corporation; Parabar 441 available from Exxon Chemical Company; and Vanlube 691C
available from R.T. Vanderbilt Company.

The weight ratio of the two types of antioxidants should be such that the lubricant -
composition- according to the invention contains more amine antioxidant by weight than
phenolic antioxidant. Preferably the weight ratio of aminic to phenolic antioxidant is from 1.5:1
to 20:1, more preferably from 2:1 to 10:1, and most preferably from 3:1 to 5:1. The inclusion of
at least a proportion of phenolic antioxidant in addition to aminic is preferred to ensure
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~

phosphat e, zinc diaryldithi ophosphate, zinc al kyl aryl dithiophosphate, zinc
aryl al kyl di t hi ophosphat e and mi xtures thereof, (d) an amnic antioxidant,
(e) a phenolic antioxidant, and (f) a carrier fluid, wherein the anmount of
or gano- nol ybdenum conmpound (a) is such that the:.anobunt of nolybdenum
contained in the lubricant conposition is_fypm0.001 to 0.5 wt.% the

anount s of ashl

appropria A0 BNOSRAL (Rer L IR T celdperatiids ZhdCorldtioR NRSIIAHSR been
suggested that the two components may act synergistically, at least under certain conditions. tc
give a higher activity for a given treat rate than either alone. Whilst not being limited to any
particular theory it is believed that the two components may co-operate in interfering in free-
radical oxidation mechanisms. '

The amount of antioxidant compounds incorporated into the lubricant composition
should be the amount which provides effective antioxidant protection. -Reefersbis—the total
amount of phenolic and aminic antioxidant incorporated is from 0.1 to 5.0 wt.%, smoews-preferably
from 0.5 to 3.0 wt.%, and most preferably from 0.8 to 1.5 wt.%, based on the total weight of the
lubricant composition. '

Thus the amount of aminic antioxidant incorporated is preferably from greater than
0.05 to 4.8 wt.%, mare preferably from 0.8 to 2.7 wt.%, and most preferably from 0.6 to 1.2 wt.%;
and the amount of phenalic antioxidant incorporated is preferably from 0.01 to 2.5 wt.%, more
preferably from 0.05 to 1.0 wt.%, and most preferably from 0.1 to 0.5 wt.%, based on the tozal
weight of the lubricant composition.

The base cil employed in the lubricant composition according to the invention may be
any base oil suitable for the intended use of the lubricant. Thus the base oil may be, for
example, a conventionally refined mineral oil, an oil derived from coal tar or shale, a vegetable
oﬂ.ananimaloﬂ.ahydmmckedoﬂ,.orasyntheﬁcoil. or a mixture of two or more of these
types of oils. Examples of synthetic oils include hydroisomerised paraffins, polyalphaolefins,
polybutene, alkylbenzenes, polyglycols, esters such as poiyol esters or dibasic carboxylic acid
esters, alkylene oxide polymers, and silicone oils. The viscosity of the base oil depends upon the
intended use, but generally is in the range of from 3 to 20 ¢St at 100°C,

The antiwear additive compounds (a), (b) and (c) and antioxidant compounds (d) and (e)
may be mixed directly with the base oil, but, for ease of handling and introduction of the
compounds to the base oil, are preferably in the form of additive concentrate comprising the
additive compound, or mixture of any two or more of these compounds, contained in a carrier
fluid Thus in a further aspect the present invention provides an additive concentrate
comprising compounds (a), (b), (¢), (d) and (e) as defined above, and (f) a carrier fluid. The
carrier fluid is typically an oil and may be, for example, any of the ofls mentioned above in the
description of the base oil Alternatively, it may be an organic solvent, for example naphtha,
benzene, toluene, xylene and the like. The carrier fluid should be compatible with the base oil of
the lubricant composition, but otherwise is preferably inert. Generally the concentrate will
comprise from 10 to 90 wt.% of the additive compound(s), preferably from 30 to 70 wt.%, the

* balance being the carrier fluid

1
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conpound (c) are such that the anount of phosphorus contained in the

| ubricant conposition is from0.001 to 0.3 w.%and the weight ratio of
phosphorus derived fromthe ashl ess organo-phosphorus conpound to
phosphorus derived fromthe zinc thi ophosphﬁte. conmpound is from10:1 to

1:20; and the conbined amount of. am nic.. A HRkiok thay e cBR@EPbther additives,
anti oxi dant (e) i sthe BW?W%‘.“B“W. /d’jo agg tEe wel ght_agat io of am njc

ant i oxi dant iith imay beaddéd direedyitoxheibase oflcys 2 SeRgrass Bdditive sopcentrate prnriyded in

amount of.carrier flui L] Oadiitivils. For bXienpls; ivéieke fiRrlabritamt is
bei ng based ﬁc?qf&n%#gfgv{e/)eﬁng\nqegg#({ e Lu _ri?:ant gqnposi Li on.
" an engine oil, other additives that may be incorporated imnclude one or more of a detergent,

dispersant, corrosion inhibitor, extreme pressure agent, antifoaming agent, pour point
depressant and viscosity index improver. Such additives are well-known and the selection of
appropriate additives could readily be determined by a person skilled in the art of lubricant

formulating.
The lubricant composition may find use in any application where the parts to be
Jubricated are subject to wear. It is especially suitable for use as an engine oil for internal

combustion engines.

The invention is illustrated by the following Example.

Example 1A:

- An' engine oil was formulated by adding the following antiwear and antioxidant
additives to a basecase oil having a viscosity of 14 cSt at 100°C and consisting of a conventional
engine oil based on a conventionally refined mineral oil and containing standard engine oil
additives other than ZDDP : |

(@ 0.2wt% MOLYVAN 822 (= 0.01 wt.% Mo), a molybdenum dithiocarbamate
supplied by R.T. Vanderbilt Company; '

M) 0.8 wt.% ECA 6330 (= 0.025 wt.% P), a phosphorothiolothionate supplied by Exxon
Chemical Company; |

. (©) 1.0 wt.% PARANOX 14 ¢= 0.075 wt.% P), a ZDDP supplied by Exxon Chemical
Company; '

(@ 0.8wt.% IRGANOX L57, a dialkyl-substituted diphenylamine supplied by Ciba-_
Geigy, and

(@ 0.2 wt.% IRGANOX L118, an ester derivative of a 2,6-di-t-butylpheno) supplied by
Ciba-Geigy.

Examples 1B and 1C:

Two further engine oils were formulated except that the amounts of aminic antioxidant

(d) and phenolic antioxidant (e) were varied as follows : | -,
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Example 1B: 0.5 wt.% (&) IRGANOX L57, and 0.5 wt.% (¢) IRGANOX L118

Example 1C: 0.2 wt.% (d) IRGANOX 157, and 0.8 wt.% (¢) IRGANOX L118

All percentages are by weight based an the total weight of the fully formulated engirie

The resulting, fully formulated engine oils were tested for oxidation as follows :

The kinematic viscosity at 40°C (K'V.m) was measured using a Haake PK100 viscometer.
250 em3 of the oil was then placed in a glass tube with 40 ppm iron (using an oil-soluble iron
catalyst), heated to 165°C, and maintained at that temperature for 168 hours in the presence of
air flowing at a rate of 1.7 litres per minute. The KV g of the cil was then measured again, and
thus the viscosity increase of the oil determined. The lower the viscosity increase, the better the
antioxidation performance of the oil. The results are given in Table 1 below.

For comparative purposes, a further net: of engine oils were formulated using the three
formulations described above for Examples 1A, 1B and 1C, except that the antiwear additives
(@), (b) and (c) were replaced by 1.2 wt.% PARANOX 14 ZDDP (= 0.1 wt.% P). These engme oils
were tested for oxidation as described above and the results are also given in Table 1. :

TABLE1
% Viscosity Increase
Oil Phenolic : Aminic Antioxidant Wt Ratio
| 4:1 .' 1:1 1:4
Basecase + >400 258 153
Triple Antiwear |
Basecase + _ 195 189 _ 193
ZDDP |

The results show that altering the aminic antioxidant to phenolic antioxidant has
significant effects on the oxidation performance of the oil when the triple antiwear additive
combination is used. whereas altering the ratio has little, if any, effect when the sole antiwear
additive is ZDDP. When the aminic to phenolic ratio is 4:1 good antioxidation performance is
achieved with the lubricant containing the triple antiwear additive combination, but this
performance is not achieved when the weight ratio of aminic to phenolic compounds is 1:1 or less
than 1:1.
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CLAIMS:
1. A lubricant composition comprising a base oil and a combination of
additives comprising :

(a) an organo-molybdenum compound,
() an ashless organo-phosphorus compound,

(©) a zinc thiophosphate compound selected from zinc dialkyldithio-
phosphate, zinc diaryldithiophosphate, zinc alkylaryldithiophosphate and
zinc arylalkyldithiophosphate and mixtures thereof,

(d) an aminic antioxidant, and
(e) a phenolic antioxidant

wherein the amount of organo-molybdenum compound (a) is such that the amount of
molybdenum contained in the lubricant composition is from 0.001 to 0.5 wt.%; the '
amounts of ashless organo-phosphorus compound (b) and zinc thiophosphate
compound (c) are such that the amount of phosphorus contained in the lubricant
composition is from 0.001 to 0.3 wt.% and the weight ratio of j)hosphorus derived from
the ashless organo-phosphorus compound to phosphorus derived from the zinc
thiophosphate compound is from 10:1 to 1:20; and the combined amount of aminic
antioxidant (d) and phenolic antioxidant (e) is from 0.1 to 5.0 wt.% and the weight
ratio of aminic antioxidant (d) to phenolic antioxidant (e) is greater than 1:1, the
weight per cents being based on the total weight of the lubricant composition.

2. A lubricant composition according to claim 1 wherein the weight
ratio of aminic antioxidant to phenolic antioxidant is from 1.5:1 to 20:1.
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3.  Alubricant composition according to claim 1 wherein the weight
ratio of aminic antioxidant to phenolic antioxidant is from 3:1 to 5:1.

4 A lubricant composition according to any preceding claim wherein
the organo-molybdenum compound is a molybdenum dithiocarbamate.

5. A lubricant composition according to any preceding claim wherein
the ashless organo-phosphorus compound is a phosphorothiolothionate or a mixture

thereof.

6. A lubricant composition according to any preceding claim wherein
the amount of organo-molybdenum compound contained in the lubricant composition
is such that the amount of molybdenum contained in the lubricant composition is
from 0.005 to 0.2 wt.%, based on the total weight of the lubricant composition.

_ 7. A lubricant composition according to any preceding claim wherein
the amount of zinc thiophosphate compound and ashless organo-phosphorus
- compound contained in the lubricant composition is such that the amount of
phosphorus contained in the lubricant composition is from 0.01 to 0.2 wt.%, based on
the total weight of the lubricant composition.

8.  Alubricant composition according to any preceding claim wherein
the weight ratio of phosphorus derived from the ashless organo- phosphorus
compound to phosphorus derived from the zinc thiophosphate compound is from 5:1 to
1:15. '

9. . Alubricant composition according to any preceding claim wherein
the amount of aminic antioxidant contained in the lubricant composition is from.
greater than 0.05 wt.% and up to 4.8 wt.% based on the total weight of the lubricant
composition, and/or wherein the amount of phenolic antioxidant contained in the
lubricant composition is from 0.01 to 2.5 wt.% based on the total weight of the
lubricant composition. -
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10. An additive concentrate comprising :
(a) an organo-molybdenum compound,
(b) an ashless organo-phosphorus compound,

(© a zinc thiophosphate compound selected from zinc dialkyldithio-
phosphate, zinc diaryldithiophosphate, zinc alkylaryldithiophosphate,
zinc arylalkyldithiophosphate and mixtures thereof,

(d) an aminic antioxidant,
(e) a phenolic antioxidant, and
() a carrier fluid,

wherein the amount of organo-molybdenum compound (a) is such that the amount of
molybdenum contained in the lubricant composition is from 0.001 to 0.5 wt.%; the
amounts of ashless organo-phosphorus compound (b) and zinc thiophosphate
compound (c) are such that the amount of phosp_hofus contained in the lubricant
composition is from 0.001 to 0.3 wt.% and the weight ratio of phosphorus derived from
the ashless organo-phosphorus compound to phosphorus derived from the zinc
thiophosphate compound is from 10:1 to 1:20; and the combined amount of aminic
antioxidant (d) and phenolic antioxidant () is from 0.1 to 5.0 wt.% and the weight
ratio of aminic antioxidant (d) to phenolic antioxidant () is greater than 1:1, and the
amount of carrier fluid (f) being from 10 to 90 wt.%, the weight percents being based
on the total weight of the lubricant composition.
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LUBRICANT COMPOSITION CONTAINING COMBINATION OF
ANTIWEAR AND ANTIOXIDANT ADDITIVES

Abstract

A lubricant composition e.g. for engine oils comprises (i) a base oil, (if) an antiwear
additive combination comprising (a) an organo-molybdenum compound and (b) an ashiess organo-
phosphorus compound, and (jii) an antioxidant additive combination comprising (d) an aminic
antioxidant and (¢) a phenolic antioxidant, the weight ratio of aminic antioxidant to’ phenolic
antioxidant being greater than 1:1, preferably from 1.5:1 to 20:1. The antiwear additive
combination (i) may. further comprise (c) a zinc thiophosphate compound selected from zinc
dialkyldithiophosphate, zinc diaryldithiophosphate, zinc alkylaryidithiophosphate and zinc
arylalkyldithiophosphate and mixtures thereof.
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