‘Lubri cating Conpositions The present invention relates to |ubricating

conposi ti @yosshdas! udi ng functional fluids. The invention perapesiisn
particul ar ‘'to crankcase lubricants for autonobiles and trucks. There is an
i ncreasing denmand for |onger interval s-between changes in crankcase oils,
and for a reduction in the volume of used oil to be disposed of. For these
and other reasons, there is a need to inprove the efficiency and useful

life of oil-based |ubricants, pabiesing?CompbsifieAs used as crankcase :

| ubricants in internal combustion engines In autonobiles and trucks. One of
the factors which substantially shortens the useful |ife of lubricating
conpositions is oxidation of the oil conponent. Oxidation results in the
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antioxidants; aromatic amnes, for exanpl e, al kyl ated di phenyl am nes and
phenyl - a- napht *Uﬂlélﬁf theFactorsWhicRGubstantially shortens the useful life of lubricating
compositions is oxidation of the oil component. Oxidation results in the formation
of acids, which tend to corrode engine parts, and in an undesirable increase in -
viscosity, which renders the composition less useful as a lubricant.

While high quality oils are themselves relatively resistant to oxidation,
contaminants, for example iron, which are inevitably present in internal
combust_ion engines, and common lubricant additives, for example magnesium-
and/or calcium-containing detergents and alkenyl succinic acid/polyamine or
polyester dispersants, have the effect of greatly accelerating the oxidation
process, to the extent that oxidation is one of the major contributors to reduced
lubricant life. Further, lower quality basestocks have a greater tendency to
oxidize than do basestocks of higher quality.

Examples of oxidation inhibitors which have been proposed for use in
crankcase lubricants are zinc dihydrocarbyl dithiophosphates which, although
primarily used as antiwear agents, also act as antioxidants; aromatic amines, for
example, alkylated diphenylamines and phenyl-a-naphthylamines; hindered
phenols; alkaline earth metal salts of sulphurized alkyl phenols in which the alkyl
groups preferably contain 5 to 12 carbon atoms, for example, calcium nonyiphenyl
sulphide and barium octylpheny! sulphide; phosphosulphurized or sulphurized
hydrocarbons; and oil-soluble copper compounds. ‘ '

_ Some of the above-mentioned _oxidétion_inhibitors have been found to be
very effective in use. European Patent Specification No. 24 146 B claims
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- alkylated dlphenylammes and phenyl-1 -naphthylamme and its alkylated ‘
derivatives.

Despite the effectiveness of the copper-containing compositions discussed
above, even more highly effective antioxidants for lubricating compositions,
~ particularly lubricating compositions suitable for use as crankcase lubricants,
would represent an important contribution to the art.

It has now been found that copper and a phenothiazine, optionally together
with an aromatic amine, provide surpnsmgly good oxidation control as the sole
antioxidant system or in combination with other antuoxndants

The present invention provides the use o_f"co_pper present in oil-solubie
form and at least one oil-soluble phenothiazine as an antioxidant system for a
lubricating composition, that is, to inhibit oxidation of the lubricating composition.

The invention also provides a lubricating composition suitable for use as a
crankcase lubricant, comprising a major proportion of lubricating oil, 1 to 500 parts
per million by mass (ppm) of added cOpper present in oil-soluble form, and from
0.01 to 2 mass %, preferably 0.05 to 1 mass %, of at least one oil-soluble
phenothiazine.

The invention further provides a lubricating composition com'prisihg a major
proportion of lubricating oil, 1 to 100 ppm of added c':opper present in oil-soluble
form, and from 0.01 to 2 mass %, preferably 0.05 to 1 mass %, of at least one oil-
soluble phenothiazine. |
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The phenothiazines are said to be useful as oxidation inhibitors for lubricating oils

or fuels. The U.S. patent also contains summaries of a number of earlier U.S.

patents which describe phenothiazines of various types. These patents include

U.S. Patent No. 3 803 140, in which copper bis (frifluoroacetylacetonates) and

copper phthalocyanines are mentioned as metal complexants for use in

- compositions which also contain certain substituted phenothiazines. Various
phenothiazines are also described in U.S. Patent Nos. 5024 774 and 5 034 019.
None of the above patents suggests that cil-soluble copper be used as an

additional antioxidant in a composmon which also contains a phenothiazine
antloxldant

European Specification No. 475 904A discloses a mixture of
phenothiazines obtainable by reacting a specified mixture of diphenylamines with
elemental sulphur in the presence of a condensation catalyst selected from iodine,
aluminium bromide or chloride, ferric chloride, antimony chloride, copper iodide or
sulphur iodine, iodine being the preferred catalyst. The mixture of phenothiazines
will normally also contain unreacted diphenylamines, the phenothiazines

- preferably comprising 10 to 20 wt % and the diphenylamines 80 to 90 wt % of the
total mixture. The mixture is said to be useful as an antioxidant for a wide variety
of organic materials, mcludmg lubricants.

As will be shown below, the applicants have surprisingly found that in the
antioxidant systems of the invention there is a synergistic effect such that the
systems have a degree of antioxidant activity significantly in excess of the activity
that might be predicted on the basis of the antioxidant actwuty of the individual
components of the system.
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The m xture 1s sal fel]J an anti1 ox] or avmde varlety
however, mean that, in the fina lubncatlng composmon or example, th

composition in the form in which it is introduced into the crankcase of an engine,
which composition may, and normally will, contain other additives, one or more of
which may promote the solubility of the substance in question, the substance is
soluble to an extent sufficient to have its intended effect in the environment in
which the lubricating composition is employed. Further, the term oil-soluble as
used herein also includes the case where a substance is colloidally dispersible in
oil provided that in the final lubricating composition the substance can have its
intended effect in the environment in which the lubricating composition is
employed. | - -

The copper is advantageously incorporated in the composition in the form
of an oil-soluble copper compound. The copper compound may be in cuprous or
cupric form. Examples of suitable oil-soluble copper compounds include the oil- |

- soluble copper compounds mentioned in European Patent Specification Nos.
24 146 B, 280 579 A and 280 580 A, the disclosures of all of which are
incorporated herein by reference. Thus, for example, the cbpper may be blended
into the oil as an oil-soluble c:pper salt of a synthetic or natural carboxylic acid. |
Examples of carboxylic acids from which suitable copper salts may be derived
include C to C4g fatty acids, for example, acetic acid, stearic acid and palmitic
acid; unsaturated acids, for example, oleic acid; branched carboxylic acids, for
example, naphthenic acids of molecular weight of from 200 to 500, neodecanoic
acid and 2-ethylhexanoic acid; and alkyl- or alkenyl-substituted dicarboxylic acids,
for example, alkenyl-substituted succinic acids, for example, octadecenyl succinic
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- The copper may be blended into the oil as a copper dithiocarbamate of the
general formula (R1R2NCSS)n, Cu or a copper dithiophosphate of the general
formula [R10(R20)P(S)S],Cu, where n is 1 or 2 and each of R1 and R2, which
may be the same or different, represents a hydrocarbyl radical containing 1to 18,
preferably 2 to 12 carbon atoms, for example, an alkyl, alkenyl, aryl, aralkyl,
alkaryl or cycloalkyl radical. Other copper- and sulphur-containing compounds,
for example, copper mercaptides, xanthates, and thioxanthates, are also suitable
for use in accordance with the invention, as are copper sulphonates, (optionally
sulphurized) phenates and acetylacetonates.

Other copper compounds which may be used in accordance with the
invention are overbased copper compounds. Examples of such compounds, and
of processes for their preparation, are given, for example, in U.S. Specification
No. 4 664 822 and European Specification No. 0 425 367 A, the-disclosures of
both of which are incorporated herein by reference. In the preparative processes
described.in the U.S. -speciﬂcation', the copper is used in an essential'ly oil-
insoluble form, for example as the chloride, sulphate or C4 to Cg carboxylate, but
in the overbased product the copper is incorporated into the colloidally dispersed
material in such a way that the product can act as an antioxidant for a fubricating
composition. The European specification describes the use of copper C7 to C1g
carboxylates which are partially soluble in hydrocarbons so that in the overbased
product they are situated at the interface of the base oil and colloidally dispersed
micelles. The copper-containing overbased products have an antioxidant effect

‘when used in lubricating oils. |
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wherein each of the aromatic rings may be unsubstituted, or substituted by one or
more substituents, w is an integer from 1 to 4, preferably 1, and R represents a
hydrogen atom or a hydrocarbyl radical, which hydrocarbyl radical may if desired
contain one or more hetero atoms. The phenothiazines used in accordance with
the invention also include the oxidation products of such compounds in which the
ring sulphur atom, and/or any' other sulphur atom that may be present in the
molecule, is oxidized fo give a sulphone or sulphoxide group.

Examples of suiiable substituents for the aromatic rings in the above
formula | include hydrocarby! radicals, radicals of the formula ZR3 (wherein Z .
represents O or S and R3 represents a hydrocarbyl radical), hydroxyl radicals,
halogen atoms, and fused aromatic rings, which fused aromatic rings may
themselves be substituted by one or more substituents selected from hydrocarbyl
radicals, ZR3 radicals and halogen atoms. Suitable hydrocarbyt radicals are, for
example, those having up to about 30 carbon atoms, preferably up to about 20
‘carbon atoms. |

Hydrocarbyi radicals referred to in the preceding paragraph, and specific
examples of hydrocarbyi radicals mentioned below, may contain one or more
hetero atoms. Such hetero atoms may, for example, interrupt a hydrocarbon
chain or ring and/or form, or form part of, a substituent on a hydrocarbon group.
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Lerr] car P&éff\lre% Géas? Y prepare, but the use of such compounds is not essential. Thus,
for example, one phenothiazine aromatic ring may be unsubstituted or carry, e.g.,
an alkyl substituent, wh||e the other is substituted by a fused aromatic nng (giving
a naphthalene radical).

Examples of specific substituents for the aromatic rings are alkyl, alkenyl,
aryl, alkaryl, aralkyl, hydroxyl, alkoxy, alkylthio and aryithio radicals, halogen
atoms, and fused aromatic rings. -

Preferred hydrocarbyl radicals as substituents for the phenothiazine
aromatic rings or as RS are alkyl radicals, especially alkyl radicals having up to 20 -
. carbon atoms, for example up to 16 carbon atoms, especially up to 12 carbon
'. atoms. The alkyl radicals preferably have at least 4 carbon atoms. The alkyl
radicals may be straight chain or branched, aithough in some cases branched
_radicals may be preferred. In some cases it may be advantageous if a tertiary
carbon atom is directly attached to the aryl radical (for example the benzene or
naphthalene radical) of which it is a substituent.

Exémples of speciﬁc alkyl radicals aré n-butyl, tert.-butyl, i-pentyl, tert.-
pentyl, n-hexyl, tert.-octyl, n-decyl, n-dodecyl, and tert.-dodecyl radicals. '

Further examples of suitable substituents for the phencthiazine aromatic
rings are given in U.S. Patent No. 4 785 095 and the patents discussed therein.
The disclosures of all those patents are incorporated herein by reference.
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Examples of hetero atoms or hetero groups which a hydrocarbyl radical
represented by R may contain are amine, amide, cyano, sulphide, carboxyl, and
hydroxyl groups, and oxygen and sulphur atoms. The hetero atom(s) may cause _ ‘
the substituents to have characteristics which are not typlcal of hydrocarbyl

groups contammg carbon and hydrogen only

Examples of radic_ais which m‘ay be present as substituents on the
phenothiazine ring nitrogen atom are hydrocarbyl'radioals having 1 to 20,
advantageously 1 to 12, preferably 1 to 6, carbon atoms, and cyanoalkyl and
hydroxyalkyl radicals in which the alkyl moieties have 1 to 20, preferably 2108,
carbon atoms

Examples of suitable hydrocarbyl radicals are alkyl radicals having 1 to 12,
preferably 1 to 4, carbon atoms, alkenyl radicals having 2 to 12 carbon atoms,
cycloalkyl radicals having 5 to 20, especially 5to 12, carbon atoms, and aralkyl
radicals having 7 to 9 carbon atoms. Specific examples of such radicals are
methyl, n-butyl, i-pentyl, n-hexyl, n-octyl, tert.-octyl, n-dodecyl, phenyl, tolyl,
cyanoethyl, cyanopropyl, cyanobutyl, and benzyl! radicals.

Examples of substituents which are hydrocarbyl radicals interrupted by
hetero atoms are radicals of the formula -CH2-0-Y, wherein Y represents a
hydrocarbyl radical which may contain one or more hetero atoms. ‘Thus, for
example, Y may represent an alkyl, aryl , alkaryl, aralkyl, cycloalkyl, alkoxyalkyl,
cycloalkoxyalkyl or aryloxyalkyl radic:a|, preferably an alkyl radical having 1 to 20,
preferably 1 to 12, especially 1 to 4, carbon atoms or a cycloalky! radical having 5
to 20, especially 5 to 12, carbon atoms. A specific example of a substituent of the
formula -CH2-0-Y is the methoxymethyl radical.



contain one or nore hetero atons. The phenot hi azi nes used in accordance
with the iwyesgisn al so i nclude the oxidation products of HIEPIYOMEROuUNdS in
whi ch the ring sul phur atom andlor any other sul phur atomthat may be
present in the nol ecule, is oxidized togglve a sul:phone or sul phoxi de
group. Exanples of suitable. substituents for the aromatic rings in the
above fornmula 1 include hydrocarbyl radicals, radicals of the formula ZR3
(wherein Z reprEspeniaﬂy@refenﬁdmhﬂanlaapeeﬁm-ruae in degardanee with thagiresant,

hydr oxyl f élé?@ ﬁ% %,bc b fused
aromatic rﬁ%‘ﬁﬁhsarehﬁé ves %F’H'dq)l one Ic}%{"rrgr%es%st ituents

sel ect ed 908 lWSr%@émb'ﬁﬂt 9&3’%&\'@"“2@3‘%@9:9!‘@9&&? A% ogen at ons.

Sui t abl e hydrocarbyl radlcals are, for exanple, those having up to about 30
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Sggllgrzzf Oralkaryl or aramﬁ ?gt sﬁsetrlag:h%gps representgéégr?ﬂ 62 ﬁgnql ly '
' EX‘E”F' ;es orkaihitwgores emmors haer@amrm OAp preferabily reprebentsan alkylene ﬁnd
substlI tue e I de,
car boxyl , '%(ﬁ%ﬁ éﬂ%%ﬁ/@?@gﬁg éénﬁgg?%o&&% gﬁé%g{%ﬁy%w%épa"fﬂghﬁet ero
at on(’s) ruadical baving sipdoiscarbas @tems,don examples onecarban atom. wAp refarablyiot
typical ofreBitieRtam Slkyl radical or a group of the formula

Y (COL(Y2)y Y3

wherein x and y are independently zero or 1, Y1 represents an alkylene radical,
preferably a methylene radical, Y2 represents an alkylene radical containing 1 to
8 carbon atoms, and Y3 represents an alkyl, cycioalkyl, alkenyl, alkaryl, aralkyl or
aryl radical, for example, an alkyl radical containing 1 to 18 carbon atoms; a
cycloalkyl radical containing 5 to 7 ring carbon atoms and optionally substituted
by one or more alkyl radicals having 1 to 18 carbon atoms; a phenyl radical
optionally substituted by one or more radicals selected from alkyl, alkoxy and
alkylthio radicals such that the total number of carbon atoms in the substituted
phenyl radical is 7 to 30; or a naphthyl radical optionally substituted by one or
more radicals selected from alkyl, alkoxy and alkyithio radicals such that the total
number of carboh atoms in the substituted naphthyl radical is 11 to 40.

Preferred sulphur-containing substituents for the phenothiazine ring
nitrogen atom are groups of the formula -A3-S-(CH>CO2)xA4, wherein A3
represents an alkylene, alkenylene or aralkylene radical, A4 represents an alkyl, -
cycloalkyl, alkenyl, aryl, alkaryl, or aralkyl radical, and x is zero or 1.

- Advantageously, A3 represents an alkylene radical, especially a methylene
radical, A4 represents an alkyl radical, and x is zero or 1. Especially preferred
compounds are those in which A3 represents a methylene radical, and either x is
zero and A4 rep?esents an alkyl radical preferably having 6 to 15, for example, 9
to 12 carbon atoms, for example, a tert.-nonyl, n-dodecyl or tert.¥dodecyl group, or
X is 1 and A4 represents an alkyl radical having 6 to 10 carbon atoms, for -
example, a 2-ethylhexyl radical or an i-octyl radical.



groups contai ni ng carbon and hydrogen only. The two aromati ¢ phenot hi azi ne
rings nay, happdi fferent substituents, and/or substituemicyEpaseisid er ent
positions. ere there are two or nore substituents on the sane ring, these,
may differ fromone another. In some t8ses it may be advantageous for one
or both of the rings to carry a substituent in the position para to the
‘carbon atomto which the phenothiazine nitrogen atomis attached: the
para-substituted.conpounds are in general. easier to manufacture.

Phenot hi azi nes i n ich.the aronati ¢ rings are. retrically substituted
WEh r ogard 3 tephnetiaziie AfamEid finds B RuBsTERT.dra Jegiibe

pr ef er absubstitudrd(s)contdining\stifficientssarbon ptams.taerender thenphenathiszinesdil-
conmpoundgay ' : i O | romatic
gy SoiuBieh e BAGRRhisRine Al Riirddtn A duid BB 3uBRRLRGIIRg PTR | C
ot her i swaythatithaphensthiazing isailsplblg.i c ring (gi ving a napht hal ene

radi cal ). Exanples of specific substituents for the aromatic rings are

al kyl , al keny aryl, alkaryl. .aralkyl roxyl,. I i o and
aryl thio radi @ph?a‘?@ﬁﬁ‘ 'EHE?SH&K""} ngg’ea‘?%r%mw%@ ‘,}éme{’%rred

hydr ocar imvientioni ared methods.fos makingpkeriathiazinesparegiven in U-S. BatentiNos. ri ngs

or as R3 | 4 ' ' %pé’élflfdﬁ : ' i to 20
car bon a??ﬁ‘%@%rﬁggypf?ﬁgn§o Egl %’;{{r on at gr?g?@%gzp?e?:?ﬁpyé@pﬁ?o 12 carbon
atons. TeReGificationstefermadtajndhese dPGUMENtS. at | east 4 carbon atoms. The

al kyl radicals may be straight chain or branched, although in sone cases

e ¢ 0B polhopl e 66 g 2B BEpapASHAy o o8 A RGBS T
exanpl e solablecaroaraticcaminepht haisethe cerpesilignsoadvantagequsly eontainudtatat uent .
- Exampl esoffroseb o2 mbiyy T efefably 07f ® midde ik, a@ebpedidhy 0.1 tomsnty!
" mass %, of one or more oil-soluble aromatic amines. A mixture of amines may be -
used if desired. In determining the proportion of amine, the mass of any diluent oil
added with the amine should be ignored; that is, the proportions of amine given
herein are "active ingredient" proportions. ' |

Aromatic amines for use in accordance with the invention have at least one
aromatic group directly attached to at least one amine nitrogen atom. Sécondary .
aromatic amines, especially. (see below) those having two aromatic groups:
attached to the same amine nitrogen atom, are preferred for use in accordance
with the invention, but the use of other aromatic amines is not excluded. The
aromatic amines used in accordance with the invention are preferably those
having an'tioxidant_propenies in crankcase oils even in the absence of the copper
compounds and phenocthiazines used in accordance with the invention.

Aromatic groups in amines for use in accordance with the invention
advantageously contain from 6 to 16 carbon atoms. The amines may contain one
or more aromatic groups, for example at least two aromatic groups. where there
are two aromatic groups both are preferably bonded directly to the same amine
nitrogen atom. Compounds in which two aromatic groups are linked by a covalent
bond or by an atom or group for example, an oxygen or sulphur atom, or a -CO-,
-SO2- or alkylene groUp may also be used. 'Arpmatic rings, which are preferably
aromatic hydrocarbon rings, may be unsubstituted or substituted by one or more
substituents selected from, for example, alkyl, cycloalkyl, alkoxy, aryloxy, acyl,
acylamino, hydrdxy and nitro groups. -‘Amines containing alkylsubstituted aromatic



‘pentyl, n-hexyl, tert.-octyl, n-decyl, n-dodecyl, and tert.-dodecyl

radi cal s. WEBEISB% -exanpl es of suitable substituents for t PET/EISOIE2hi azi ne
aromatic rirngs are given in U S. Patent I\P 4 785 095 and the patents

‘di scussed therein. The disclosures of all'those patents are incorporat. ed
herein by reference. WO 95/ 31522

'PC/ EP951/ 01824 -8- If the phenothiazine ring nit rogen atomis

unsubst i t ut aydrocarbonriags @erpeefersed caspesiallyitbose containing two sliyb-substituteds) ,
t aken togettm nyP8r ring carbon atons is such that the phenothiazine is
oi | - sol ubl e. i ndi Cat ed above, the phenothiazine ring nitrogen atom nay
be substltuted by a hydrocarbyl radical, which hydrocarbyl radical my
contain one or nmiDihehatomeopgroups whichmaytbe bordedhte theor etach amiaeriiteogen
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groups whi cl‘foéemﬂ@c Bydrpgen fbalaﬂﬂeﬁﬂfségadtagalknl),gmupg,ysmlgy rang g-agm] ne.
am de, cyanqurogls ey ptiohallp 8¢ sLibsilid) Yél éxathplel ) 6fe of Ribregreigps and

sul phur ato cause the substituents to have.
charact er i st§e@ct f EY%oﬁﬂt gﬁ%ﬁ@%‘ kXY gR¥PScar byl groups cont ai ning .

carbon and hydrogen only. Exanples of radicals which my be present as

Fadi cal S havi ng f%@%ﬁﬁtatﬁﬁt%m A RPN B el RTINS on

atons, and dpYeRSianN@Me IRMen MA@ “radicals in which the aI kyI noi eti es
have |1 to 20, preferably 2 to 8, ' :
R4 N -Ro
N
R3

wherein R1 and Ry, which represent the same or different radicals, each
represents a hydrogen atom, an alkyl group having 1 to 18 carbon atoms, an aryl
group having 6 to 16 carbon atoms, an alkaryl group having from 7 to 34 carbon
atoms or an aralkyl group having from 7 to 12 carbon atoms, and R3 represents
an aryi group having from 6 to 16 carbon atoms or an alkaryl group having from 7
'to 34 carbon atoms. Each of the alkyl, aryl, alkaryl and aralkyl groups mentioned
in the definitions of R4, Rz, and R3 may if desired be substituted by one or more
substituents selected, for example, from alkyl, cycloalkyl, alkoxy, aryloxy, acyl,
acylamino, hydroxy and nitro groups.

Preferred N-aryl amines for use in accordance with the invention are
naphthylamines, phenylnaphthylamines, and, more especially, diphenylamines,
including substituted diphenylamines, particularly diphenylamines of the formula:




carbon atoms. Exanpl es of suitable hydrocarbyl radicals are al kyl radicals
havi ng 1 wW@oskssapreferably | to 4, carb?ﬂgatons, al kenyl pege®abfspavi ng 2
to 12 carbon atons, cycloal kyl radicals ving 5 to 20, especially 5 to 12,
carbon atons, and aral kyl radicals having 7 to 9 carbon atons. Specific
exanpl es of such radicals are nmethyl, n-butyl, i-pentyl, n-hexyl, n-octyl,
‘tert.-octyl, n-dodecyl henyl, tolyl, cyanoethyl, cyanopropyl, cyanobutyl,
and benzyl WaefeinRs a Bﬁpwaéhdppgqaegtthqmgomlfiﬁﬁe@r@d%p&@eahby|

radi cal s i neprésénits @ntaikyl gr&liphating® 9/28 ¢RBbA ASmEf ard'@ drid Avéprek8At 0,
wherein Y %EBF sents a hydrocarbyl radical which may contain one or nore
hetero atons™ Thus, for exanple, Y may represent an al kyl, aryl , alkaryl,
aral kyl, cycloal kyl, al koxyal kyl, cycl oal koxyal kyl or aryl oxyal kyl radical,

preferably an al Mmétﬂ:daigﬁ"&éﬁ?gg ‘?’;3%%% frpﬁgéﬁﬁgmsé/‘{véh%e Henfisheci al 1y

1 to 4, carbon atonms or a Ccycl ¢ P%’/ especCially 5
to 12, carbRuitable acomatic diamines inclida,theseof thetasmula:uent of the fornul a
-CH2-0-Y is the met hoxynet hyl radical. WO 95/ 31522 _ :
PCT/ EP95/ 01824 Especi ahhy preferr phenot hi azi nes for use in accordanc
with the present invengion are thgse, for exanple those of fornmula | -above,
havi ng a sul phur- cont&ini ng substituent on the phenothiazine ring nitrogen
atom Exanpl es dRgsw-pNu—-ecdta-nNrg—sBstituents for the phenothi azine
ring nitrogen atomare groups of the fornula [err], wherein [err]

represents a hydrocarbyl ene radi cal and A2 represents an al kyl, cycloal kyl,
al kenyl , aripwhich R4, R5, Rg and Ry represent the same or different radicals and each

represents a hydrogen atom, an alkyl group having from 1 to 12 carbon atoms or ‘
an aryl, alkaryl or aralkyl group each having from 6 to 22 carbon atoms, and D
represents an arylene group containing 6 to 14 carbon atoms or a group of the

formula: o

wherein X repi'esents a covalent bond (so that the rings are joined directly to each
other via a single bond), an alkylene group containing 1 to 8 carbon atoms, a
~CO- or -S02- group or -O- or -S-. D may be unsubstituted or may contain one or
more substituents selected from, for example, alkyl and alkoxyl groups.

As indicated in more detail below, additional additives may be incorpdrated N
in the compositions of the invention to enable them to meet particular
requirements. Thus, for example, the compositions advantageously also
comprise: '

- (A) atotal of from 1 to 10 mass % of one or more ashless dispersant
-compounds; or '



al karyl or aral kyl radical, each of the radicals represented by [er] and A2
opti onal | wo®esis2eni ng one or nore heter tons. [err] prePCT/EPISPOIBMpr esents -
an al kyl ene or al kenyl ene radi cal havi gqaerr] to 18 carbon atons, '
especially a linear al kylene radical having up to 8 carbon atons, for
exanpl e, one carbon atom A2 preferably represents an al kyl radical or a
group of the fornula [ wherein x and y are independently zero or 1,
[err] represent® ana&lﬂybf]diﬁtodﬂlmass "/que:raerumrmnmgnmeheste&du cal, [err]

-represents an al kyl giiaf; c’?@aﬁgh?ﬁ%f] r‘?&o@?ﬁaisé?&%h@%ﬁatom and Y3

represents an al kyl, cy kar ar al or aryl radical,
for exanple, an al kyI radi cal containing 1 to 18 carbon atons; a cycl oal kyl

radi cal cont a: (k(l')rg 5m|ntui’eofagasmebsdlsvlegsmt@gmmhamé;aiﬁmsfdswéed Iby
one Or nore a carbon atons; a en radl ca
1 ¢ PSR TnPrsar dibelsdt bm &l

optionally substitu radicals selected fromal kyl, al koxy .
and al kylthio radicals such that the total nunber of carbon atons in the

substituted phyRy bowasaféhslaavznfa@eagsly@l sPcOAPRSdy a tétafbrromPio 80T | v

substitut edg(ﬁ/f one or re radic pﬁ%ﬁﬁ@;ég%alﬁ%%hbﬁ%gﬁwe
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aral kyl r 2pDry anﬁafiseﬂphﬁniéﬂ QIkS?fpﬁenoMMﬂﬁﬁé‘t%@S’S| y, A3 represents an
al kyl ene radical, especially a nethylene radical, A4 represents an al kyl

radical, and x is zero.or 1. Especially pref erred conpounds are.those in
whi ch A3 r epr eThetcompamentsydfthe antidkidant systemeisetddén accordance withrtie A4

represent i3htiéh fway bé Hcofborlied iftd8 bas8 Wi nf coRvenient Way. ThasPedeh ©
of the components can be added directly to the oil by dispersing or dissolving it in
the oil at the desired level of concentration.. Such blending may occur at ambient
temperature or at an elevated temperature.

The components of the antioxidant system may be lncorporated mduwdually
into the base oil, or any two, or all, of the components may be incorporated
together. Where all the components are added together they are conveniently
added in the form of a concentrate compnsmg a solution, typically in oil,
containing :

(1)  from 10 ppm to 30 mass %, advantageously 10 ppm to § mass %, of
' copper present in oil-soluble form; a_nd -

(2) from0.1to 30 mass % preferably 0. 1 to 20 mass %, especlally 0.5
: to 10 mass %, of one or more oil-soluble phenothlazmes

~ Such a concentrate advantageously also comprises (A) from 0 to 60 mass
% of an ashless dispersant and/or from 0 to 40 mass % of a polymeric viscosity
index improver dispersant (although such a viscosity index improver dispersant
would normally be added separately), and/or (B) a total of from 0.0 to 8 mass % of
calcium and/or magnesium. The concentrate may also contain a total of from 0 to
60 mass % of one or more zinc dihydrocarbyl dithiophosphates. ‘As indicated later
in this specification, other-additives may also be present in concentrates.



to 12 carbon atons, for exanple, a tert.-nonyl, n-dodecyl or tert.-dodecyl

group, : and A4 represents an al kyI radi cal havipgr fD1shd carbon
at ons, %?§@§%| a 2-ethyl hexyl il or an i-octyl radical. -10- f |
L]

t he phenoth| azi ne arorratlc rings are ubstltuted or dor carry
substituent(s) containing sufficient carbon atons to render the

phenot hi azi nes oil- soluble, the phenothiazine ring nitrogen atom shoul d be
substituted in such as way that -the phenothl azine is oil-soluble. Exanples

O hoceCf o AR Reeliin sTHied Rend Shove SILHS S Hullieh o BRrts MHEEH 8355005
and 5 O%Hdeﬂdsepataﬁlytmharbaspeml fTIuws |forneMmplé,7mem:i>pBr and t he
.Spec'f'gﬂ"ér%%a% &aﬁnaee st ¥ ofl8 ahamqaﬁorﬁ s%irﬁé ¥isef the

i nventi al n one o nmore oil - so e aromat | ¢ am ne
Thus, t N Pfﬁﬁﬁiiﬂv%iilﬂaﬂ'ﬂ ofhenparty contain a total of from0.05 to 2
mass [err] eferably 0.1to 1l mass % and especially 0.1 to 0.5 mass % of

' | ubl . I . . dif
desi red. 1 n ol e SSR 1 s BObSfcacn. He nated o 1diolimaiRordfe Lot
oi | addeﬁhaMcbmpnlsmoa_mrrwmemnate inclmq;ngmeimasaaf any additional opnstitiuents of
- am ne gl,;(&rglpgg{fﬁh"%ﬁfﬁ"'?ﬁ%l ve ingredient" proportions. Aromatic am nes for

use i n accordance i nventi on have at | east one aromatic group
directly attached to at | east one am ne nitrogen atom Secondary aromatic

ani nes, espeBadd yild SEitabIe fotise! iRARE coRiposiionyf ti@ivention iriude those
suitable for use as crankcase Iubrieating oils for spark-ignited and compression- '
ignited internal combustion engines, for example, automobile and truck engines,
marine and railroad diesel engines, and those suitable for use as aviation
lubricants or as lubricants for two cycle engines. The base oils may be natural or
synthetic. ' '

The lubricating oil base stock conveniently has a visbosity of about 2.5 to
about 12 cSt or mm2/s and preferably about 2.5 to about 9 cSt. or mm¢2/s at
100°C. Mixtures of synthetic and natural base oils may be used if desired.

As indicated above, additional additives may be mcorporated in the
| compositions of the invention to enable them to meet particular requlrements

Examples of additives which may be included in lubricating oil compositions are
detergents and metal rust inhibitors, vnscoslty index improvers, corrosion
inhibitors, other oxidation inhibitors, friction modifiers, dispersants, antl-foammg
agents, anti-wear agents, pour point depressants, and rust inhibitors. Some of
these classes of additives have already been mentioned earlier in this
specification but, where appropriate, additional information is given below.

Detergents and metal rust inhibitors include, for example, the oil-soluble
sulphonates phenates, sulphurlzed phenates, thlophosphonates sat -ates, and
naphthenates and other oil-soluble carboxylates of a meta_l particule - the alkali

~ or alkaline earth metals or magnesium, for example, sodium, lithium, calcium,
barium and magnesium. The most commonly used metals are calcium and
magnesium, mixtures of calcium and magnesium, and mixtures of caIcnum and/or
magnesium with sodlum The detergents may be overbased overbased



attached to the sane amne nitrogen atom are preferred for use in

accor dancggMdsisissbhe i nvention, but the use of other aronapCI/Eres/nes: i s not
excl uded. The aromatic am nes used in ack& dance with the invention are
preferably those having antioxi dant properties in crankcase oils even in

t he absence of the copper tonpounds and phenoth|a2|nes used in accordance
with the invention. Aromatic groups in amnes for use in accordance with

t he i nvendetergends furictiondoth gs detdrgentsfanﬂmﬁdtmuﬁﬂlmersbharehymducfﬁge am nes

may cont m@apgﬁ%%nggbﬁ{?{do&éﬁ&n ﬂamm&or exanple at | east two aromatic

gr oups. ere there are aronatic-groups both are preferably bonded
directly to the same amine nitrogen atom Conpounds in which two aromatic

grougf‘ g:e |]Inke réasitégﬁatwe\eadagpﬂe@emh:@bléﬁvs?éggtraauiﬂérsgér@up for gﬁagpl)g an
X su S

usgg. Ar oﬂﬁlﬁfls@g}‘{ rgﬂﬁp@ﬁ‘ 8# ﬂh}‘%}ea#@p'éﬁpéf lﬂiér &ﬁ@@%ﬁ?% 'rings,

be unsubsmethaoaylatscapdimets,mepblymemefam unsaturatedacarh@:wlcaqdandad from
for exa”pbﬁ‘\y rhef&x\&mb%n érs&'éi?fé?ﬁﬁ iAo et o, hydroxy

and nitro ainin

|tute 1824 1 1 -
hydr ocar bbvﬂrpsﬁgetesr@pemgrﬁp&&tvr éﬁq’ 9 ?tbf %ﬂﬁ: ﬂ@g t wo
al kyl - subisopteriefsutatiizme] as walirzss thetpgartialy lydrogenated homopolynhers®f be bonded

;ﬁcé?ﬁaﬁésﬁ%ﬁﬁvﬁ%@sﬁbﬁn o0 [nel'ude, for exampl e, hydrogen atoms and
al kyl and aral kyl groups; such al kyl and aral kyl
in accordance with the invention, the use of a supplementary antioxidant is

not normally necessary. A supplementary antioxidant may however be used if
desired or required in a particular case. Examples of supplementary antioxidants
include antioxidants mentioned earlier in this specification. Suitable
supplementary antioxidants include, for example, other aromatic amines, for
example alkylatéd phenylamines and phenyl a-napthylamine; hindered phenols;
alkaline earth metal salts of sulphurized alkyl-phenols having preferably Cs to
C12 alkyl side chains, e.g., calcium nonylpheny! sulphide; barium octylpheny!
sulphide; hindered phenols; phosphosulphurized or sulphurized hydrocarbonS'
and other oil-soluble copper compounds for example those mentloned earlier in
this specification.

Friction modifiers and fuel economy agents which are compatible with the
other ingredients of the final oil may also be included. Examples of such materials
are glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate;
esters of long chain polycarboxylic acids with diols, for example, the butane diol
ester of a dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated
alkyl-substituted mono-amines, diamines and alkyl ether amines, for example,

~ ethoxylated tallow amine, ethoxylated tallow ether amine, and the like.

In general, suitable dispersants include oil soluble salts, amides, imides,
oxazolines and esters, or mixtures thereof, of long chain hydrocarbon-‘substituted
mono and dicarboxylic acids or their anhydrides; long chain aliphatic
hydrocarbons having a polyaminé.attached directly thereto; and Mannich
condensation products formed by condensing about 1 molar proportion of a long
chain substituted phenol with about 1 to 2.5 moles of formaldehyde and about 0.5
to 2 moles of a polyalkylene polyamine. In these dispersants long chain



groups may optionally be substituted, for exanple, by one or nore groups
selecte&ﬁ@g&g&udroxyl, al kyl and aIkgx&ngroups. Exanpl epcafEposimas®s i C

am nes ich may be used in accordanc ith the invention are am nes of the
formul-a R1 N R2 R3 wherein RL and R2, which represent the sane -
- or different radicals, each represents a hydrogen atom an al kyl group-

having 1 to 18 carbon atons, an aryl group having 6 to 16 carbon atons, an
al karyl gydmpatbm grgupsme Euttablydemedmnapolymems ofia thdcslmmonm‘lmaw ng

from?7 t Bﬁo pr, I\M@é fﬁﬁﬂ rome6 to
16 car boﬂl l?réé a arﬁgun{pbe“haagéni@ Ef'rllgiécg(ﬂ\‘ car nvggoéns ‘Each
of the ab ~, aryl, aI karyl and aral kyl groups nentioned in the definitions

of [err] and [err] nay i f desired be substituted by one or nore
ST oy aeyt RS e B0 ndrsRR piinn SR b lecrel) 4K, o nes
for use nmpmveoada as@ dispersant Examaplescof viscesity jrideixjimproverdispersants
Choat | oRalao 17 i @radie 1 i bt ol bR ol A 10
12 wher eBMINgS, &r@mplmouamlesséy@ma W@&hﬂ sybstituted MaNo PRdi cal s, each
r epr esengiafioxglic uidihaviich theé Rpdrbcarby? Subsstitiient conyirisesanchain@fd n
' epr €s en&uf? me?ﬁt %rn%th to impart vuscosnty index i |mprovmg properties to the compounds. |
In general, the viscosity index improver dispersant may be, for example, a polymer
of a C4 to C24 unsaturated ester of vinyl alcohol or a C3 to C1( unsaturated | ‘
mono-carboxylic acid or a C4 to C4q di-carboxylic acid with an unsaturated
nitrogen-containing monomer having < > 20 carbon atoms; a polymer of a C2 to
C2p olefin with an unsaturated C3 to C ;g mono- or di-carboxylic acid neutralised
with an amine, hydroxyamine or an alcohol; or a polymer of ethylene with a C3 to
C2g olefin further reacted either by grafting a C4 to Cog unsaturated nitrogen -
containing monomer thereon or by grafting an unsaturated acid onto the polymer
backbone and then reacting carboxyli¢ acid groups of the grafted acid with an
amine, hydroxy amine or alcohol.

Examples of - :persants and viscosity index iniprbver dispersants which
may be used in accordance with the invention may be found in European Patent
Specification No. 24146 B re;erred to above. -

Antiwear agents include zinc dihydrocarbyl dithiophosphates (ZDDPs).
Especially preferred ZDDPs for use in oil-based compositions are those of the

. formula Zn[SP(S)(ORa)ORbh wherein Rg and Ry may be the same or different
hydrocarbyl radicals containing from 1 to 18, and preferably 2 to 12, carbon
atoms, for example, alkyl, alkenyl, aryl, aralkyl, alkaryl and cycloaliphatic radicals.

" Particularly preferred as Ry and Rp, radicals are alkyl radicals having 2 to 8
carbon atoms. Examples of radicals which . and Rp may represent are ethyl, n-
propyl, i-propyl, n-butyl, i-butyl, sec-butyl, - - n-hexyl, i-hexyl, i-heptyl, i-octyl, i-
decyl, dodecyil, octadecyl 2-ethylhexyl, nonyipnenyl, dodecylphenyl, cyclohexyl
and methylcyclopentyl radicals. In order to obtain oil solubility, the total number of
carbon atoms in Rg and Ry, will generally be about 5 or greater.



‘Aromati c di am nes may al so be used in accordénce with the invention.

Sui tabl e ¥esmiéls di amines include those of the fornula: [perEpSoIs2hi ch
Jerr] and [err] represent the sane or HiZferent radicals and each
represents a hydrogen atom an alkyl group having from to 12 carbon atons
or an aryl, alkaryl or aralkyl group each having:from6 to 22 carbon atons,
and D represents an aryl ene group containing 6 to 14 carbon atons or a
group of the fBounpaint depressants, otmrmserkmm asalubbe.nltﬂdmnmprpyerst lawert he
fings are Haé)ﬁ}ﬁﬁ\uﬂﬂeﬁ'i%ér!tdr%a?mﬁﬂw bl flond oF eﬁr Wilkeaagughky! ene
[err]. D ﬁﬁ?“'ﬂ@ ﬁF%WBHMeJm@M{m%q "(ﬂ$ P'QQVSJEQ?W uent s

sel ected tdmperature fluidityodfthe fluid arer0f t@UﬁWélkanmateMnylmtaﬁed in more

of the | nbﬁnwﬁw% %@gﬁ%bﬁﬁ%#?aﬁ%%f@#ﬂ@% Bityidbred T For
exanpl e, anhtifcamant of thepslysilbxanedype, for example, sitiopne oit or polydinmethyt al  of

froml tog {;5( s % of one or nore ashl ess di spersant conpounds; or 13
(B) atota 0.3 to 10 nass % of one or nore nitrogen- or ester- |
containing viscosity index inprover dispersants; or (C) a mxture of an
ashl ess di sper Somie ohthie@btveanentiorsdl additivesoedr provide a multiplicity of effects;

thus for example, a single additive may act as a dispersant-oxidation inhibitor.
This approach is well known and need not be further elaborated herein.

When lubricating compositions contain one or more of the above-
mentioned additives, each additive is typically blended into the base 0il in an
amount which enables the additive to provide its desired function. Representative
effective amounts of such additives, when used in crankcase lubricants, are as

follows:
Additive _ : Mass % a.i.* Mass % a.i.*
- (Broad) (Preferred)
Detergents/Rust Inhibitors ' 0.01-6 0.014
Viscosity Modifier 0.01-6 0.01-4
Corrosion Inhibitor 0.01-5 - 0.01-1.5
Oxidation Inhibitor ' 0.01-5 0.01-1.5
Dispersant : - 0.1-20 0.1-8
Pour Point Depressant 0.01-5 0.01-1.5
Anti-Foaming Agent - 0.001-3 0.001-0.15
Anti-wear Agents 0.01-6 0.014
Friction Modifier 0.01-5 0.01-1.5
Mineral or Synthetic Base Qil - Balance Balance

* Mass % active ingredient based on the final oil.

- As indicated earlier, when a 'plurality of additives are employed it may be
desirable, although not essential, to prepare one or more additive concentrates
comprising the additives (concentrates sometimes being referred to herein as



I ndex i nprover dispersant. The conpositions advantageously al so conprises a
total of _fromz2 to 8000 ppm of cal ci um and/ or magnesi um gpﬂg rably
conpriségoP?%H?%OO to 5000 ppm of calcgqg1and/or nagnesiﬁﬁ?as gﬁzgsic

cal ci um sul phonat e and/ or a basi ¢ nmagnesi um sul'phonate. The conpositions
may conprise, for exanple, 0.01 to 5 mass % of one or nore other |ubricant
antioxidants, particularly one or nore ZDDPs and/or sul phurized al kyl
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an ashl esntathing attive ingreédients ihrapinariolst, Basadhon thé atiditive package,ofvfoscosi ty
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0.0 t o 8bawisEs mass %, and most preferably from about 8 to about 50 mass % by _
weight, additives in the appropriate pmpoﬂioqs with th§ remainder being base oil.

The final formulations may employ typically about 10 mass % of the
additive package(s) with the remainder being base oil.

‘The following Examples illustrate the invention. In the Examples, all |
proportions of constituents are active ingredient proportions by mass, calculated
on the mass of the total composition, unless otherwise specified.

Comgarativé Examples 1 to 3 and Example 1

_ Various additives were evaluated in a lubricating base formulation. The
susceptibility of the formulations to oxidation was measured using a bench test,
the ERCOT test, designed to simulate the oxidative, iron-catalysed reactive
environment of an internal combustion engine. In the ERCOT test, a sample of

~ the cbmposition under test containing ferric acetylacetonate giving 40 ppm iron as
catalyst is oxidized by passing air through the composition at elevated
temperature, and the viscosity is determined at intervals using a Haake
viscometer. A plot of the results obtained is used to estimate the time elapsing
before a 200% increase in viscosity took place.

The effectiveness of a ZDDP (Comparative Example 1),.a ZDDP and a -
di(alkylphenyl)amine (Comparative Example 2), an oil-soluble copper compound
(: cmparative Example 3), and a phenothiazine and an oil-soluble copper



-cal ci um and/ or magnesium The concentrate may al so contain a total of from
0 to 60 N@gresiigrh Oone or nore zinc di hydrocarbyl dithi opheep/Erdses2s ,
indicated later 1n this specification, ther additives may al so be present
4n concentrates. 1 4 A concentrate as di scussed above could be in a
nunber of parts which are .added separately to the:base oil. Thus, for
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The results obtained in the ERCOT test are given in Table 1.

TABLE 1
Comp. Ex. 1 | Comp. Ex. 2 | Comp. Ex. 3 | Example 1

ZDDP* 1.0 1.0 - -
Cu Oleate - - 0.63 0.63
Naugalube 438L* - 1.0 - -
Pearsall 5212-29* - - - 1.43
Cu (ppm) o . - 250 250
Added S (%) 0.2 0.2 - 0.23
ERCOT Viscosity '
after hours _ _

0 63 63 79 79

16 141 102 85 78

24 - 162 140 78

40 - - - 96

48 - - - 143

*  Mass % active ingredient based on the total composmon
+ Mass % commercual product based on the total composition.




Exanpl es of additives which may be included in lubricating oil conpositions
are det epgpeiysisnd nmetal rust inhibitors, viscosity indexpcmgposumes,
corrosion inhibitors, other oxidationd ﬂm bitors, friction nodifiers,

di spersants, antl-foam ng agents, anti-wear agents, pour point depressants,
and rust inhibitors. Sone of these classes of additives have already been
mentioned earli In this sepeC| fication but, where appropriate, additional
information i s giNRIPSHES Ay @&E@%ﬂt%"%ﬂ‘ﬁ‘(@t%@nfﬁé@t IMPFPYRMRAtIN| ncl ude,
for exanpl eantioxitlant bropErtiss waswhtdined Leing thlecsomsssitions aduordingdophenat es,

t hi ophosph and napht henates and ot her oil-sol uble
.car boxyl at 3%&%% mbéﬁtgﬂ%

~magnesi um for exanple, sodium lithium calcium bariumand magnesi um The
nost conmonly used netals are cal ¢ci um and magnesi um m xtures of calcium
and magnesi nesi umwi th sodi um The
det er gent s ¥&y sASRELT A2 s FHERE sat®r gents function both as
detergents and acid neutrallzers ther eby redu0|ng wear and corrosion and

t endi
extending engl no, ke BoES A, GHBRAL IR SotiasRal
pol ynet hacrdisparsant, ggmn ﬂ?ﬁ%@%’“ﬁ:aﬂ@ yvasmrssa;aéela@ddheammal@asmgat ed
di car boxyl isefee aizeoc% horbase wpm@ms&uéuy iohties aaéd fatriulatiortlookPlaca ifthe

acrylic est nd partial Iy hydrogenated copol ymers of styrene/ 1soprene,
styrene/ but%&gﬁ ﬁ f‘lﬁi’% $R/ but adi ene, as wel | as the partially
. hydrogenat ed honopol yners of

The effectiveness of an oul—soluble copper compound, certain oil-soluble - '

phenothiazines, and combinations thereof, in inhibiting oxidation was determined
by adding to the base formulation 0.5 mass % of the phenothiazine, based on the
composition with the phenothiazine, and cupric oleate to give the proportions of '
copper shown in Table 2 below. The phen_bthiézines used had the formula

(l:H'z-S-R’

N.

wherein R' represents (a) -CH2-C(O)OCHoCH(C2oHs5)-(CH2)3-CH3
(b) -CH2-C(O)OiCgH17
{c) -nCq2H2s
(d) -tCq2H25
(e) -tCoH1g

The resulting compositions (Comparative Examples 5 to 12 and Examples
2 to 12) were subjected to the ERCOT test using the same conditions as for the
base formulatlon (Comparatlve Example 4). The results are shown in Table 2, in
which the fi gures shown as “Hours increase" are obtained by subtracting the time
elapsing before a 200 % increase in viscosity took place in the base formulation
from that elapsing before a 200 % increase in viscosity took place in the
composition under test. ' B

LI

particular the alkali or alkaline earth netals or -



-but adi ene and i soprene. In accordance wth the invention, the use of a
suppl ene %{(ﬁ Loxidant is not normally- necessary A sup@f,gmmymy

ant i oxi dan @ owever be used if deQ rMed or required in a particular
-case. Exanpl es of supplenentary antioxidants include antioxi dants nentioned -
earlier in this specification. Suitable supplementary antioxidants incl ude,
for exanple, other aromatic am nes, for exanple alkylated phenyl am nes and
phenyl [err]-napthylam ne; hi nder ed phenol s; al kal.i-ne earth netal salts of
sul phuri zed al kyl - phenol s ‘having preferably [err] to Cl12 al kyl side chains,
e.g., calcium nonyl phenyl sul phide; barium octyl phenyl sul phide; hi ndered

phenol s; phosphosul phurized or sul pMABLE®@ hydrocar bons; and ot her _
0|I-soluble copper conpounds for exanple t hose nentloned earl|er in thls

speci f i get-tofr—fttcton—retiittt-s—ant-tet—econemr

conpati i e wi th the ot 'erProgpml‘bﬁtIs of Phenothiazineo; Irlqyrmlm:oem :
i ncl udeq. Exanpl es of i als gre glyﬁﬁggl% pnpest ers of hi gher
fatty agrd : v EXanpric Ogrycer y DO Ul ©d SIN SN OTT0 o
pol ycar Hoxyl i ¢ aci ds wifth di ol s, for gxanpl e, the buthne diol ester pf a
di meri zgd Egr@t ed fatty acod oxazjol i ne cgnpoundsf angase &f8e/! atpd
al kyl - sub, ed. nono-{am nes Ogl am negs and alkyl ether am nes, for
exanpl e, ?‘a?ed tal | ow am et Hoxyl at et tal |l ow et her 'ani ne, apd the
li ke. In@amprEk 6suitaple di s@arsants includ® oil sofuble sB9ts, anjdes,
I m des, E EQ and Jesters, m xtjures thgreof, of |ong ain
hydrocarb n- Supst it ut ed nono and di carfpoxylic aC|ds of their anhydrldes;
| ong ch °@Pt§ i ¢ hyldr ocar b8ns havi ng a pdﬁ)/am ne pttach&¥direct y -
t her et o; Egndz Manni ch condensat gon products fqgyed by condengg@g abouf 1
mol ar pro‘?grtlg ﬂf a ljong chajn substj tuted B enol wWth abcgjb 1to@R.5
nol es of RaFte yde and about” 0.5 (t "
- . _ 5 (b) : 20.8

Ex4 80 : (b) 31.0

Comp. Ex. 10 ' 0 . (©) 16.6

Ex. & - 8 (c) - 2141

Ex. 6 _ 40 _ (c) 33.5

Ex. 7 80 R () 36.1

Comp. Ex. 11 0 (d) 16.6

Ex. 8 _ 5 - (d) 273

Ex. 9 _ 40 : (d) - 32.2

Comp. Ex. 12 | 0 " {e) 234

Ex. 10 5 | (e) 29.3

Ex. 11 40 (e) 33.3

Ex. 12 N 80 - - (e) . >64

The results show that when using both a copper compound and a
phenothiazine, significantly better results are obtained than would be expected
from the results for the individual components, thus indicating that there is
synergism between the copper and the phenothiazine. In connection with this,
although the figure for the "Hours increase" obtained when using 5 ppm copper
alone is not given in Table 2, this figure would be lower than the figure of 1.0
obtained (see Comparative Example S) when using 10 ppm copper alone.
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lubricating composition is. suitable for use as a crankcase lubncant

5. A lubricating composition suitable for use as a crankcase lubricant,
comprising a major proportion of lubricating oil, 1 to 500 ppm of added copper

- present in oil-soluble form, and from 0.01 to 2 mass %, preferably 0.05 to 1 mass

%, of at least one oil-soluble phenothiazine.

8. A composmon as claimed in claim 5, wherein the proportion of
added copper is 3 to 250 ppm, especlally 3fo 100 ppm.

7. A lubrlcatmg composmon comprising a major proportlon of
lubrlcatmg oil, | to 100 ppm of added copper present in oil-soluble form, and from
0.01 to 2 mass %, preferably 0.05 to 1 mass %, of at least one oil-soluble
phenothiazine.

8. A composmon as claimed in claim 7, whlch is suitable for use as a
crankcase lubricant.

Q. | An invention as claimed in any one of claims 1 to 8, wherein the .
phenothiazine is an.oil-soluble compound of the formuia |

Z—

(1)

(Slw
This Sheet ‘Has Been Rep laeed

(

-



‘may be used in accordance with the invention nmay be found in European

Pat ent Sp@ f% yon No._ 24146 B refer ed to above. Anti wperEpsmisa i ncl ude
zinc di hydrocarbyl dithiophosphates ’s). Especially preferred ZDDPs for
-use in oil-based ccmmmm mﬂ mm] hose of the formula. [err] wherein Ra and
Rb may be the sane rocar byl radical's containing from1 to
18, and preferably 2 t6 12, taroort atons, for exanpl e, al kyl, al kenyl,

aryl, ar avhetein ehﬁaoﬂheeardmapclrm@srrpt;abemnseblstﬂaﬂed oPsmbstttutbdrtiywnaerf erred

as Ra an

Exanpl es o&br a@&tﬁ@ﬁs%%éﬁﬁhgé@b@yﬁ}ggr enl?Iy aﬁd?ﬁ‘l‘%ﬁ?@s@ﬁt@%p I

i - propy! , hydragery gtom of giydrocarylyadigal, which hydrega |may contgin | |

i -octyl, éne 8efiivre hetutoatdms mrtarﬁoﬁdhtror?pmdwt bﬁéudh a mpbum nyl,
dodecylphenyl cycl ohexyl and nethyl cyclopentyl radicals. In order to
obtain oil sol ubility, the total number of carbon atons in Ra and Rb will
general |y be at@ut Aninvegtica@sclaimedinziaios, wharain, inthedfosnulagiven irer wi se

mgwrjl 3.5 d!:lﬂt?f Qoﬂrbst‘t\%hts Wt@éf&rémahemgstahe ssrgq . Vesﬁagiya?d@rwr%etawm ch

| -
Typi cal - ofadicaisqagisal o108 FFRUIR 2R RIS 2 FSRIRSUER P8 AR AT Ui di 1y of
the flui drwrcsénts &) hydeodarbyl|radical)k iy droxpleradicals, haldgenatomscand fusedner s, and

pol ymet ha oam control can be provided by an antifoamant of the
pol ysi | oxé%@fé@‘gsfor exahpl e, silicone-oil or polydinethyl siloxane. Sone

“of the above-nentioned additives can provide a nmultiplicity of effects;
11.  Aninvention as claimed in claim 9, wherein, in the formula given in
claim 9, sUbstituents for the aromatic rings are selected from alkyl, alkenyl, aryl,
alkaryl, aralkyl, hydroxyl, alkoxy, alkylthlo and arylthio radicals, halogen atoms
and fused aromatic rings.

12. Aninvention as clarmed in claim 9, wherein, in the formula given in
claimg, R represents a hydrocarbyl radical containing at Ieast one sulphur atom.

~ 13.  Aninvention as cIaimed in any one of claims 1 to 8, wherein the
phenothiazine has a sulphur-containing substituent on the phenothiazine ring
nitrogen atom. :

14.  Alubricating composition comprising a major proportion of
lubricating oil, 1 to 500 ppm added copper present in oil-soluble form, and from
0.01 to 2 %, preferably 0.05 to 1 mass %, of at least one phenothiazine having a
sulphur-containing substituent on the phenothiazine ring nitrogen atom, the
substituted phenothiezine being oil-soluble.

15. A composition as claimed in claim 13 or claim 14, wherein one or
both of the aromatic rings in the pheriothiazine carries one or more substituents
selected from hydrocarbyl radicals, radicals of the formula ZR3 (wherein Y4
represents O or S and R3 represents a hydrocarbyl radical), hydroxyl radlcals
halogen atoms and fused aromatic rings.

16. A composition as claimed in claim 13 or claim 14, wherein one or
both of the aromatic rings in the phenothiazine carries one or more substituents
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thus for exanple, a single additive may act as a di spersant-oxidation
i nhi bitor. Th| s approach is well known and need not be pgfkpsoigsaborated
her ei n. Pé’f’ﬂ Vlhen T ubri cati ng co s tions contain one or nore of the

above- menti oned I' H E ve.is typically blended into the
base oil in an a I m‘rmum l S the additive to provide its desired
function. Representatfvet eff eéti ¢ anounts of ~such additives, when used in

k
gfesgrglase% gtaywa l, %\(&gv%&%h&\% aralkyl, @@&Wntélkﬂtmaeha@y‘&hmereby

neousl’y to the ba | "to f th
| ubri cd@ m%.ha‘zsﬁﬁo%@mﬁ- &R %ﬁ%ﬁﬂ%#ﬂ!ﬁf‘@ ‘the addi ti vzecglncen?ra?:azns) ©

into the Iubrlcatlng oil may be facilitated, for exanple, by mxing with

packagars) i1 A SOmRBpORtERad FEgReeriameialo 16ttt
pr oper nmportm@ca is3 e 260 ppm; @seerialyBiteV00PRMe fi nal

formul ati on when the additive package(s) is or are conbined with a

pr edet er m ne nt of hase |lybric Thus, . t,he ¢ f. the

ant i oxi dant ste’ﬁf‘"ﬂgﬁ’ﬁ’sli ?Lj '&EF@@'%M?P% ﬂfeelﬁmiig?gqiv@ﬁpﬁdﬂ can be-
added tsuitabbd foraselas a crenkicase lubricant ot her conpati bl-e sol vents along with
other desirable additives to formone or nore additive packages containing

active ingredients in an-anount, based on the addi tive package, for
“exanpl e, frot8-aboi¥ investip asialzimesiinany-ong of Glal {32 &&IV# ’%Jhﬁa%ut 5to
about ThensubstiftentBA tﬁ@ﬁhgnﬂ@égémbdow fHasrﬂ'\émwﬁ -Ag-SHOHLCOR)Mass % by ..

\Qgsghgl S ll\\;iv,er%presenpsearzli Bikyidne; %‘ken&}[en%ocgrtérgi?@le“"'etJ&dﬁcﬁ? Ag§nai nder bei ng‘

represents an alkyl, cycloalky!, alkenyl, aryl, alkaryl, or aralkyl radical, and x is
zeroor 1. o

20. An invention as claimedin claim 19, wherein, in the formula given in
claim 19, A3 represents a methylene radical, A4 represents a alkyi radical, and x
iszeroor 1. : '

21. Aninvention as claimed in clalm 20 ‘wherein, in the formula-given |n |
- claim 19, A3 represents a methylene radical and either x is zero and A4 _
represents an alkyl radical having 6 to 15 carbon atoms or x is1 and A4 -
represents an alkyl radical having 6 to 10-carbon atoms.

22, -Aninvention as claimed in any one of claims 1 to 21, wherein the

copper is used, or incorporated in the.composition, as an oil-soluble copper salt of

* a Co to Cqg fatty acid, an unsaturated carboxylic acid, a naphthenic acidof ... |
molecular weight of from 200 to 500, or an alkyl- or alkenyl-substituted .
dicarboxylic acid, an oil-soluble copper dithiocarbamate of the general formula
(R1 R2NCSS)nCu or oil-soluble copper thiophosphate of the general formula
[R10(R20)P(S)S],Cu, where n is 1 or 2 and each-of R1 and R2, which may be -
the same or different, represents a hydrocarbyl radical containing 1 to 18 carbon
atoms, or an oil-soluble copper sulphonate, phenate or acetylacetonate. '

23, Aninvention as claimed in any one of claims 1 to 22, wherein the
antioxidant/cor : -osition also comprises one or more oil-soluble aromatic amines.
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"The final forrrul ations may enpl oy typ| cal Iy about 10 mass %of the additive

package( SqoYkhisa ihe_r_eu:tm_nder__be_l_ag__base 0il. The foll ow mmmns

illustrate the I nvention. In the Exanp all proportions of constituents.
*are active ingredi (fﬂjmﬂuwuﬁlmwuﬂy rrass cal cul ated on the mass of the
total conposition, speC|f|ed Conparative Exanples 1 te 3
and Exanple 1 Various addrtives were eval uated in a |ubricati ng base

fornmul ati on. T2 suAmnventiohias\claimedia daim8, ahersin the pwpdﬂbn@h was

oxi dat ?3@%&“?‘““&%%%&5?‘?9 TEfom Rbin £ TSt Pitetly OX Bkt o

engi ne. |Mas®&%.ERCOT test, a sanple of the conposition under test
containing ferric acetyl acet onat e giving 40 ppmiron as catalyst is
oxidized b air through, the conpasit]on at el evated erature

and the vi sty TAR inuetR RS HEImed a2 SLciAln 34 HaRE M.

pl ot of tdxeatrleastlane ofitheiamines,chassank oomeea akyl substituentsren ¢he ps ang before a
200% i ncr%ﬁ%g?rh scosity took place. The effectiveness of a ZDDP
(Conparative nr’}g e 1), a ZDDP and a di (al kyl phenyl )am ne (Conparative
Exanpl e 2), an oil-soluble copper conpound (Conparative Exanple 3), and a

phﬁngt {“ azi ne 261? Wﬁdenﬁﬁh'&'&atﬁ@dﬁﬂrcladlrg%&;ﬂa?ﬁ@ﬁﬁggﬁmlﬂiﬁ?rgn' 2
INNIEDITI N on nm ne l 0]
. Bop’ (oo AipESi AR ot B8 A8 T ARyt shbegally SR ploddtef | M Doa

di (nony! -gipheaylaminal phenyl ) ani ne (avail abl e commercially, for

27. Aninvention as claimed in any one of claims 1 to 26, wherein the
composition also comprises one or more additives selected from ZDDPs and
sulphurized phenols.

28.  Aninvention as claimed in any one of claims 1 to 27, wherein the
composition also comprises: |

(A) atotal from 1 to 10 mass % of one or more ashles.é dispersant
compounds;

(B) atotal of 0.3 to 10 mass % of one or more nitrogen- or ester-
containing viscosity index _improver dispersants, or

(C) a mixture of an ashless dispersant compound and a said viscosity
index improver dispersant.

29. Aninvention as claimed in any one of claims 1 to 28, wherein the
composition comprises a total of from 2 to 8000 ppm of calcium and/or
magnesium, for example, a total of from 500 to 5000 ppm of calcium and/or
magnesium as a basic calcium sulphonate and/or a basic magnesium sulphonate.

30. An invention as claimed in any one of claims 1 to 29, wherein the
‘composition also comprises one or more additional components selected from rust
inhibitors, pour point depressants, antiwear agents, additional antioxidants.and
viscosity index improvers. -

| | ' ' heet Has Been Replaced

\\ll\l\\ .



exanpl e, as Naugal ube 438L from Uni royal Chem cal Conpany), cupric ol eate
and/ or tyy, ot hi azi ne m xture sopdrupsmiszshe trade
name Pearsal I (R) 5 ﬁm'ﬁg l&ArggsﬁPearsall Products Group, to give =«
t he proportians of wﬂﬁ per- and m xture given in Table 1, and

subj ecting the resutting Lc ns to the ERCOT test using the

conditions indicated above. Pearsall (R) 5212-29 is a m xture of

nonyl - subst i 8dt edkﬂqnwngrhtmcompmdgmmdiumn castainin@0 % acti ve
~ingredients in oil and contains |l ess than 2 % of di phenyl am ne (DPA). The
results obtained in the ERCOI test are ven in Table 1. TABLE 1 [err] *
Mass % act i v&€} ngfren 20 PPRuIP maS{Sr‘-’/eotg@mer&mﬁ%@ﬁ ipjoi)soluble fery and

conmmerci al product based on the total conposition. . 20 The results given .

uns ot ai ned (ot nijomE 106 RES S ERESHGIE Tl 28 il i bERRIRRGRTT (1,
" Conparative ExarrptOe&Omass %2 obone Ekm@peed-spluhlemenothmmwu ng base
fornul ation (Conparative Exanple 4) containing a di spersant, a netal

det er gent, and ZDDP S pared, and the tinme, el apsi before a 200 %
increase in &%@eﬂgfatﬁaﬁ glzimed in clgimdtawvhigh 'Sﬁﬁgmpé@ﬁs wmfe ERCOT

test wato saaﬁaw% of an ashless dispersant and/or from O to 40 mass % of a polymeric
viscosity improver dispersant.

3. A concentrate as claimed in claim 31 or claim 32, which further _ ‘
comprises a total of from 0.01 to 8 mass % of calcium and/or magnesium.

34. A composition substantially as described in any one of Examples 1
to 12 herein. |



The effectlvenesseof an oil-sol ubl e copper conpound, certain oil-soluble

phigRgd-Ai azi nes, a chmﬁ@ﬂﬂmf gnEE-lthereof in inhibiting oxidation was

determ ned by add n fgrmukati on 0.5 mass % of the
phenot hi azi ne, b

R A

phenothlm us dlhad the formjld [err] [err] The reésulLtimg <ompositions
( Conpar a les 5 to 12 and Hxanples 2 to 12) were subjected to the
ERCOT test usi ng conditions as for the base fornul ation

(Conparative Rxanpl Iuﬂ}lcatﬁcbrecérﬁé&ﬁlﬁn%Er}p?ﬁﬂ'g‘a 'ilj 3@@*0?{;%’:1@ Bf l’éﬁirfégtlﬁ@e

figures shown ‘as are o ting_t ne
el apsi ngoilef 40 508 ppov ofadded capper weseatclasallrsnlulaleﬁowaeed fien RO bté’s%

formulati sf % E% fBPéblyﬁ‘b%!ﬁﬂo”ﬁn%%%%ﬁatﬂ@@s%ﬁé‘éﬂ 88RMI¢ PhEhemRsdine of 00k
pl ace |n osition under test. TABLE 2 Proportion Cu

Phenothlél%? mu #burs Increase [err] The results show t hat when usi ng both
a copper compound and a phenot hi azine, significantly better results are
obt ai ned than woul d be expectgd fromthe results for the individual
conponents, thus indicating t at there i s synergi smbetween the copper and
t he phenot hi azine. In connect on with this,

a0

wherein each of the aromatic rings may be unstbstituted, or substituted by one or
more substituents, w is an integer from 1 to 4, preferably 1, and R represents a
hydrogen atom or a hydrocarbyi radical, having 1 to 20 carbon atoms which
hydrocarbyl radical may contain one or more hetero atoms, or an oxidation
product of such a compound.

o

2. A composition as claimed in claim 1, wherein the proportion of added
copper is 3 to 250 ppm, especially 3 to 100 ppm.

- 3. A composition as claimed in claim 2, wherein the proportion of added
copper is 1 to 100 ppm. :

4, A composition as claimed in any preceding claim, wherein, in formula
(1), substituents for the aromatic rings are selected from hydrocarbyl radicals,
radicals of the formula ZR3 wherein Z represents 0 or S and R3 represents a
hydrocarbyl radical), hydroxyl radicals, halogen atoms, and fused aromatic rings.

5. A composition as claimed in claim 4, wherein, the hydrocarbyl
radicals are selected from alkyl, alkenyl, aryl, alkaryl, aralkyl, alkoxy, alkylthio and
arylthio radicals.

6. A composition as claimed in any one of claims 1 to 5, wherein, R
represents a sulphur-containing substituent.

AMENDED SHEET
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I ncrease” obtai ned when using 5. ppm
2, this figure woul d be | ower than t he
figure of 1.0 ofitadi ngd WOW¥

e’ ” G el o, N

proportion of il, 1 tlo 500 ppm of added. c,*opﬁer present I n

oil -soluble form 0 2 mass % preferably 0.05 to 1 mass %
of at |east one ~sol ubl e phenothl azine of [err] wherein each of the
aromatic rings7my Aeampositon asiclaimediin slairat6, witegeinbin fommuda (it e
substltue : a?ﬁﬁji R represents a
hydr ogen a Eeﬁ%ﬁrté% é?%%@?ﬁl;ﬁdic{agg}vétgrﬂnﬁg\t/ﬁagt?ﬁ?%ﬁé)&ﬁgar on atons which
hydr ocar byl radical nay contain one or nore hetero atons, or an oxidation
product of sucg a CRW&IH& as clﬁlrﬁéméhg'dﬁﬁ cﬁ%héb?éd@%ﬁhg Bla‘ﬁh@'s’iﬁit&ble
wherein the proportion of ﬂﬂq Hgopper S to 250 ppm especially 3 to 100
ppm 3. fORUSBASA CTANKGas8 INEARE] in claim 2, wherein the proportion of
added copper is 1 to 100 ppm 4. A corrposition as clained in any
preceding cl ai wh rel .o for l subst i f romatic
rings are sel etted W%ﬂ? qu'm?éd'% Eﬂygneroﬂ %8 %ceéﬁﬁq ?‘?E?'T' rmul a ZR3
wher ei n Mhemm&lmastlﬁ form8leaih-83(CHEC B pA s whetejnl Agcrepbgsentadincal ) ,

hydr oxyl cal d r

compos! 1 08, fikelisRER aiRinetlichl 7t trdliRt B AlRE evcloalkyt”

alkenyl , aryl, alkaryl, or aralkyl radical, and x is zero or1

coppor1al one i sin§t given i

10. A composition as claimed in claim 9, wherein A3 represents a
methylene radical, A4 represents an alkyl radical, and x is zero or 1.

11. A composition as claimed in claim 10, wherein either x is zero and
A4 represents an alkyl radical having 6 to 15 carbon atoms, or x is 1 and A4
represents an alkyl radical having 6 to 10 carbon atoms.

12. A composition as claimed in any one of the preceding claims,
wherein the copper is used, or incorporated in the composition, as an oil-soluble
copper salt of a Co to C4g fatty acid, an unsaturated carboxylic acid, a naphthenic
acid of molecular weight of from 200 to 500, or an alkyl- or alkenyl-substituted
dicarboxylic acid, an oil-soluble copper dithiocarbamate of the general formula
(RTRZNCSS),,Cu or oil-soluble copper thiophosphate of the general formula
[RTO(R20)P(S)S]Cu, where n is 1 or 2 and each of R1 and R2, which may be
the same or different, represents a hydrocarbyl radical containing 1 to 18 carbon
atoms, or an oil-soluble copper sulphonate, phenate or acetylacetonate.

13. A composition as claimed in any one of the preceding claims also
comprising one or more oil-soluble aromatic amines.

14. A composition as claimed in claim 13, wherein the proportion of
aromatic amine in the composition is from 0.05 to 2 mass %, preferably 0.1 to 1
mass %.
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r adi cal s are—se1—ee{—ed—+ﬁem~al—kyhh al kenyl , aryl, alkaryl|, REPIAGEMENT o$HEETy

alé<4y Qlo and A conposition as 4l dgrnmed in any omne
al ns 1t ]@“}Mamﬂﬂ T“Epreseni@ -a sul phur - cont ai|nifnggaueyi1H9&nt..

237 Aco dinclaim6, wherein, irn ormJIa(I)R-

represents a hydrocarbyl radical cont a| ning at |east one piror—atoTTG.
A conposition as clained in an one t rece n W
use as a crank@aseAIGPMRSItAN a%calmg\ ﬁ%ﬂ?q ggé'ﬁ‘a any one of

the pr eCSndéﬂﬁa&* GnaTef thecarainesRhasient e nﬁcreralkyi s[.:bstlt].lemtsemrethe pBanepr esent s
an al kyl ene, al kenyl ene or aralkylene radi cal, A4 represents an al kyl,

cycl oal k@qom%{ éﬁ’ﬁg aryl, alkaryl, or aral kyI radical, and x is zero or

1. 10. Acorrp05|t|on as clainmed in claim9, wherein A3 represents a

met hyl ene radjgal I | g 15, Vqﬁ:é,%"p{hel 11.
A corrp05|t|on11§15 cf‘ ne@glﬁaﬁgé Ela‘i"r%&u{flvﬁhy Oﬁ% dgﬁ%rgr?s X 1i>é)s Zero and

[ epr esenaming mlat}eaatmedﬁlthﬁamlngs ds adlinReniamife. at ons, or X is 1 and A4
represents an al kyl radical- having 6 to 10 carbon at ons. A conposition

as clainmed in any one of the precedi ai ns, erein oppe S used,
or incorporat &6 i nA tmm% Plﬁ*meagn 2RY &ne- %fmﬁ Bfec 8% rﬁ% %Ish

[err] t Oc&ﬁbh]smbfiir‘?é’oﬂﬁlbﬁb aaaitives sl cRideflomA DDRS land aﬂpmrlzed‘dpﬁ'nﬂi&nl c
acid of nolecular weight of from200 to 500, or an al kyl- or

al kenyl - substi t ut ed ] )
18. A composition as claimed in any one of the preceding claims, also

[ p—

LA

comprising:

(A) a total from 1 to 10 mass % of one or more ashless dispersant
compounds; ‘

(B) a total of 0.3 to 10 mass % of one or more nitrogen- or ester-
containing viscosity index improver dispersants, or

(C) a mixture of an ashless dispersant compound and a said viscosity
index improver dispersant.

19. A composition as claimed in any one of the preceding claims, comprising a
total of from 2 to 8000 ppm of calcium and/or magnesium, for example, from 500
to 5000 ppm, as a basic calcium sulphonate and/or a basic magnesium
sulphonate.

20. A composition as claimed in any one of the preceding claims, also
comprising one or more additional components sel_ected from rust inhibitors, pour
point depressants, antiwear agents, additional antioxidants and viscosity index

improvers.
21. A concentrate comprising an oil soluble containing:

(1)  from 10 ppm to 30 mass % of copper present in oil soluble form; and



di car boxylic_acid, an oil-soluble copper dithiocarbamate of the general
f0J4 £ lTerr] or oil-soluble copper thiophosphate of the general fornula

|

[err],” where. ﬂ lu ch of Jmror] and [err], which nmay be the sane
or different r“ll ||Mllmmm X Eocar byl radical containing 1 to 18 carbon
atonms, or an oil-<ol bbl & cbpper sul phonate, phenate or acetyl acetonate. 13.
A conposition as clained in _any one of the eding _cl gi ns_als rising
one or nore 0(20-sofrwﬂe1é9§9dna§sé’(mnfeﬁefaﬁlx%rﬁsﬁ %rﬂﬁﬁiﬁ ?‘i‘&ﬁpgg'aﬁygﬁgd in
claim 13, wherei n ) AERBOL! bPENE® br AicIEWIlisolubie phenothidwinesoptie tion is
fromO0.05 to 2 masP O/(LHDQEf er af)lg 0. 1l to,1 mass % REPLACEMENT SHEET 24
15. A conpositi onP5¥ )ﬁ%ge L %I"h?ﬁfrﬁé'or claim14, or at |east one of

t he am nes, has one or nore al kyl substituents on the or an aronatic rings.
16. A conposijion j ' =Y ; [ he
am ne, or at #ﬁeastAﬁggéﬁfra%gaéagnaﬁﬁé? ﬂ?glagﬁgﬁ pﬁ}m %Irgnotr?grﬂp?lfe%ﬁfﬁ Ot
conposi tédmass %l afianeashlessdigpersant andfar frona Ocoi 58i%nef aalymedapr i si ng

one or rmé&ﬁgqﬁfﬂrgféﬁ%&%ﬁp from zZDDPs and sul phuri zed phenols. 18. A
as c

conposi t1on armed 1'n any one of the preceding clains, also conprising:
(A) atotal from1l to 10 mass % of one or nore ashl ess dispersant

23. A concentrate as claimed in claim 21 or claim 22, which further
comprises a total of from 0.01 to 8 mass % of calcium and/or magnesium.
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(71) Applicant (for all designated States cxcepr Us): EXX
CHEMICAL PATENTS INC. [US/US); 1900 East Ljriden
Avenue, Linden, NJ 07036 (US).

(72) Inventor; and
75) Inventor/Applicant (for US only): FIELD, Ian, Peter [GB/GB];
New Cut Mill Cottage, Abmgdon, Oxfordshire 0X14 5JZ
(GB).

(74) Agents: NORTHOVER, Robert, Frank et al.; Exxon Chemical
Limited, Exxon Chemical Technology Centre, P.O. Box 1,
Abingdon, Oxfordshire OX13 6BB (GB).
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Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.
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(54) Title: LUBRICATING COMPOSITIONS
(57) Abstract

Crankcase lubricant composmons for use in automobile or truck engines comprise a major proportion of a lubricating oil, and an
antioxidant system comprising added copper present in oil-soluble form and at least one oil-soluble phenothiazine.
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conprises a total

of fromO0.01 to 8 nmss
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sol ution contai ni ng:

soluble form and (2)

especially 0.5 to 10 mass %

(1)

26 31.

% of cal ci um and/ or
A concentrate conprising an oi
from10 ppmto 30 rmass % of copper present

magnesi um

in oil

fromO.1 to 30 nmass % preferably 0.1 to 20 mass %

of one or

nmore oil -sol ubl e phenot hi azi nes.. 32.

A concentrate as clained in claim31, which also conprises fromO0O to 60
mass % of an ashl ess di spersant and/or fromO to 40 mass % of a pol yneric
viscosity inprover dispersant. 33.

claim 32, which further conprises a total
caIC|un1and/or

magnesi um 34.

A concentrate as clained in claim31 or
of fromO0.01 to 8 nass
A conposition substantlally as described in

any one of Exanples 1 to 12 herein.
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