
EP 0 389 187 B1 Description The present invention relates to additives
suitable for use as extreme pressure (EP)/anti-wear (AW) addi- tives and/or
antioxidants in lubricating oil compositions and/orAW/lubricityagents
andlorantioxidants In middle 5   distillate fuels compositions and to
lubricating oil compositions and middle distillate fuels compositions con-
taining such. The use of zinc dialkyl dithiophosphates (ZDTPs) as additives
in lubricating oils for the purpose of improv- ing the wear and corrosion
characteristics of the oil has long been known from, for example GB Patents
Nos. 957,017; 1,358,478 and 1,565,961. 10      Despite thefactthatZDTPs
have been veryeffective and very successful in a numberof engine
lubricating oils, it is presently considered desirable to reduce the
phosphorus content of thefinished lubricating oil by the provision of
alternative and/or supplementary additives for the purpose of reducing
environmental pollution. The use of sulphurised materials as EP/AW
additives in lubricating oil compositions is also well-known from, for
example, US Patent Nos. 3953347. USP 3953347 discloses sulphurised
compositions prepared by 15  reacting, at about 100 to 250C, sulphur with a
mixture comprising (A) 100 parts by weight of at least one fatty acid
ester, (B) about 0 to 50 parts by weight of at least one fatty acid, and
(C) about 25 to 400 parts by weight of at least one aliphatic olefin
containing about 8 to 36 carbon atoms. US 3915873 relates to a lubricating
composition comprising a major amount of oil and an antiwear amount of a
cosulphurised [err] alkyl phenol and fatty acid esterof a [err]fatty acid
and a [err]alkanol or alkenol. 20      According to the present invention
there is provided an additive suitable for use as an extreme pressure/
anti-wear additive in lubricating oil comprising the product obtainable by
reacting at elevated temperature a mixture comprising (i) sulphur, (ii) at
least one [err]to[err]unsaturated carboxylic acid, or amide or acid salt
thereof and (iii) at least one hydrocarbyl-substituted phenol, the amount
of (iii) in the mixture being 15 to 65% by weight based on the combined
weight of (i) (ii) and (iii). 25      The present invention also provides
an additive suitable for use as an extreme pressure/anti-wear additive in
lubricating oil comprising the product obtainable by reacting at elevated
temperature a mixture comprising (i) sulphur, (ii) at least one [err] to
[err] unsaturated carboxylic acid and (iii) at least one
hydrocarbyl-substituted phenol, the amount of (i) in the mixture being from
1 to 25% by weight based on the combined weight of (ii) and (iii), the
amount of (ii) in the mixture being 20 to 85% by weight based on the
combined weight of (i), (ii) 30  and (iii), and the amount of (iii) in the
mixture being 15 to 65% by weight based on the combined weight of (i), (ii)
and (iii). Sulphur (component (i)) is preferably in the form of elemental
sulphur, although othersources can be used for example sulphur monohalides
or sulphur dihalides. The unsaturated carboxylic acid (component (ii)) is
preferably a [err] to [err] unsaturated carboxylic acid. It 35   may be a
straight-chain or branched-chain acid and may be mono-, di- or
poly-unsaturated. The acid may be mono-, di- or poly-basic. Examples of
suitable acids include oleic acid, linoleic acid, linolenic acid, and the
like. Mixtures of acids, for example rape top fatty acid and tall oil fatty
acid, may also be employed. Alternatively, or in addition, acid
derivatives, for example amides, or acid salts eg of calcium or sodium may
be used. 40      The hydrocarbyl-substituted phenol (component (iii)) may
suitably be an alkyl phenol. The alkyl substituent (or substituents) of the
alkyl phenol may suitably be [err] to [err], preferably [err] to [err],
alkyl groups which may be straight-chain or branched-chain. The alkyl
phenol may be a monoalkyl phenol or a polyalkyl phenol; where the alkyl
phenol is a polyalkyl phenol it is preferably a dialkyl phenol; a
particularly suitable dialkyl phenol is dinonyl phenol. The alkyl group (or
groups) may be ortho, meta or para in relation to the hydroxyl function of
45  the phenol. In addition to the components (i) to (iii) the mixture may
also contain at least one olefin and/or at least one mercaptan and/or a
lubricating oil as a diluent. The olef in may be either a mono-, di- or
polyolef in, which may contain from 6 to 100 carbon atoms. Both internal
and terminal olefins may be employed. Suitable olefins include [err]-alpha
olef ins, propylene tetramer, 50  isobutene oligomers and polyisobutenes.
Both aliphatic and aromatic mercaptans may be employed. Examples of
suitable mercaptans include 1- dodecanethiol, 2-mercaptobenzothiazole and
2,5-dimercapto-1,3,4-thiadiazole. 



The olef in and/or mercaptan and/or lubricating oil as a diluent may
suitably be present in an amount suf- ficient to provide from 0 to 65% by
weight in the final product. 55      Sulphurisation promoters may also be
employed if desired. Suitable promoters include organic or inorganic bases,
aliphatic alcohols, glycols and glycolethers. Examples of suitable
promoters include diphenylamine, di- butylamine, calcium hydroxide, sodium
hydroxide, butanol, ethylene glycol, 1,2-propane diol and methyldigly- col,
preferably diphenylamine. 2    EP 0 389187 1 The elevated temperature at
which the mixture is reacted may suitably be in the range from 100 to 250,
preferably from 130 to [err]. Reaction may suitably be carried out at
atmospheric pressure, optionally with agitation and/or nitrogen spargin.
Alternatively, elevated pressure may be employed. Finally, it is preferred
to filter the product. 5      In another aspect the present invention
provides a lubricating oil composition comprising a major propor- tion of
an lubricating oil base stock and a minor proportion of the additive as
hereinbefore described. The amount of the additive present in the
lubricating oil composition will vary depending on the nature of the
lubricating oil base stock and its field of application, for example
automotive, marine or industrial, but will generally be in the range from
0.01 to 10%, more generally from 0.1 to 5% w/w. 10      The lubricating oil
base stock may be any oil of lubricating viscosity, which may be a mineral
oil or a syn- thetic lubricating oil. Suitable mineral oils include both
solvent extracted or solvent refined oils obtained in ac- cordance with
conventional methods of treating lubricating oils. The base oil may be
derived from paraffinic, naphthenic, asphaltic or mixed base crudes.
Alternatively, the base oil may be a synthetic oil, or a mixture thereof
with mineral oil. 15     In addition, the lubricating oil composition may
contain conventional additives, for example dispersants, detergents, Vl
improvers, anti-oxidants, pour-point depressants, or the like. The
additives of the present invention have good EP/AW and antioxidant
properties, as will be demon- strated hereinafter, and maintain good
compatibility with other lubricating oil additives and base oils. Moreover,
they are essentially non-corrosive to copper and engine bearings. 20
Lubricating oil additives are generally manufactured and marketed in the
form of a concentrate for sub- sequent blending into finished lubricating
oils. In another embodiment of the invention there is provided a
lubricating oil additive concentrate for use in the production of finished
lubricating oils which comprises a lubricating oil base stock and an
additive as here- inbefore described in a concentration of from 2 to 20 %
w/w based on the weight of the additive concentrate. 25      The
lubricating oil base stock may be any of the aforedescribed lubricating
oils, but is preferably a solvent neutral oil. As an alternative to
incorporating conventional additives directly in the finished lubricating
oil com- position some or all of them may be incorporated with the additive
in the additive concentrate. The invention will now be further illustrated
by reference to the following Examples and Comparison Tests; the latter,
although not illustrative of the invention, are included only for purposes
of comparison. 30 (A) PREPARATION OF ADDITIVES Example 1 35     (a)
Reaction Mixture: [err] - alkyl phenol    = 92.0 g Rape top fatty acid    =
232.0 g [err] - alpha olef in  = 84.1 g Diphenylamine      = 2.5 g 40
Sulphur             = 51.7 g (b) Method (i) The reaction mixture (a) was
heated to 180-[err] and held at this temperature for 20 hours with a
nitrogen sparge. 



(ii) The mixture was stripped at [err]/10 mm Hg/60 minutes. 45        (iii)
The reaction product was filtered. (c) Product Weight Crude product = 405 g
(d) Product Composition Sulphur      = 8.81% w/w 50      Alkyl phenol   =
22.7% w/w Example 2 (a) Reaction Mixture 55      [err]-alkyl phenol    =
84.0 g Rape top fatty acid    = 92.8 g C18-alpha olefin   = 0 g
Diphenylamine      = 2 g 3    EP 0 389187 B1 Sulphur            = 20.6 g
(b) Method The procedure of Example 1(b) was repeated. (c) Product Weight 5
Crude product = 177 g (d) Product Composition Sulphur      = 7.49% w/w
Alkyl phenol   = 47.5% w/w 10  Comparison Test 1 (a) Reaction Mixture
[err]-Alkyl phenol   = 0 g Rape top fatty acid    = 1000.0 g 15
[err]-alpha olefin   = 0 g Diphenylamine      = 0 g Sulphur            =
113.3 g (b) Method The procedure of Example 1 (b) was repeated except that
in step (ii) the mixture was stripped at [err] 20     instead of [err]. (c)
Product Weight Crude product = 972 g (d) Product Composition Sulphur      =
9.40% w/w 25      Alkyl phenol   = 0% w/w Comparison Test 2 (a) Reaction
Mixture 30      [err]Alkyl phenol    = 7.8 g Rape top fatty acid    = 81.2
g [err]alpha olefin    = 0 g Diphenylamine      = 0.9 g Sulphur
= 10.1 g 35     (b) Method The procedure of Example 1(b) was repeated. (c)
Product Weight Crude product = 89 g 



(d) Product Composition 40      Sulphur       = 9.10% wlw Alkyl phenol   =
8.8% w/w Comparison Test 3 45     (a) Reaction Mixture [err]Alkyl phenol
= 42.7 g Rape top fatty acid    = 280.9 g [err]alpha olefin    = 84.1 g
Diphenylamine      = 2.5 g 50      Sulphur            = 51.7 g (b) Method
The procedure of Example 1(b) was repeated. (c) Product Weight Crude
product = 414 g 55      (d) Product Composition Sulphur      = 8.95 g Alkyl
phenol   = 10.3% w/w 4    EP 0 389 187 B1 Comparison Test 4 (a) Reaction
Mixture [err]-Alkyl phenol   = 344.2 g 5      Rape top fatty acid    =Og
[err]alpha olefin    = 0 g Diphenylamine      = 0 g Sulphur            =
68.8 g Ethylene glycol    = 76.5 g 10      Lime               =8.4 g (b)
Method (i) The reaction mixture (a) was stirred at [err] for 1 hour. (ii)
The mixture was stripped at [err]10 mm Hg/90 minutes. (iii) The product was
filtered. 15     (C) Product Weight Crude product = 380 g (prior to
filtration) Lights       = 90 g (d) Product Composition Sulphur      = 9.5%
w/w 20      Alkyl phenol   =90.6% w/w Comparison Tests 1 to 4 are not
examples in accordance with the present invention because the alkyl phenol
content in the mixture was not in the range from 15 to 65% w/w based on the
combined weight of sulphur, carboxylic acid and phenol in the mixture as
hereinbefore defined. The Tests are included only for the purpose of
comparison. 25 (B) Testing of Additive Compositions Shell-Seta Four-Ball
Test 30      The products of Examples 1 and 2 and Comparison Tests 1 to 3
were diluted with SN150 base oil. In ad- dition, commercially available
ZDTP was also diluted with 150SN base oil. The diluted additive
compositions were tested for EP/AW properties in the Shell-Seta Four-Ball
Test. This test involved pressing a rotating steel ball against a triangle
of three stationary balls lubricated with the composition under test The
Initial Seizure 



Load (ISL), the Weld Load (WL) and the Scar Size after 1 hour at 40 kg load
(AW) were determined. The results 35  of the Test are given in Table 1.
Rotary Bomb Oxidation Test The products of Examples 1 and 2 and Comparison
Tests 1 to 4 and a ZDTP (identical to that used above) 40  all diluted with
SN150 base oil as in the Shell-Seta Four Ball Test were tested for
antioxidant activity in the Rotary Bomb Oxidation Test. The time taken to
achieve a 25 psi oxygen pressure drop (T) was determined. the results are
given in Table 2. Copper Strip Test 45 The products of Examples 1 and 2 and
Comparison Tests 1 to 4 and a ZDTP (as used in the previous tests) all
diluted with SNI 50 base oil as in the Shell-Seta Four Ball Test were
tested for their corrosivity to copper in the Copper Strip Test The copper
strip ratings were determined at 1500C after 3 hours in conventional manner
according to the following:- 50      1A- 1 B slight tarnish 2A - 2F
moderate tarnish 3A - 3B dark tarnish 4A - 4C corrosion The results of the
Test are given in Table 2. 55    EP 0 389 187 B1 TABLE 1 5
REFERENCE              CONCN          ISL      WL      AW wt   in        kg
kg       mm SN150 10 Example 1             0.3           105       150
0.85 Example 2             0.3           110       150   0.68 Comp. Test 1
0.3            73       150   0.32 Comp. Test 2          0.3            75
160   0.34 Comp. Test 3          0.3           100       140   0.65 ZDTP
1.0           85       140    ND 20                SN150
40       117   1.75 The results presented in Table 1 demonstrate that the
additive compositions according to the invention 25  are superior EP/AW
agents to the Comparison Test additive compositions and the ZDTP TABLE 2 30
REFERENCE             CONCN        RBOT      COPPER STRIP % in         T
RATING SN150       mins 35 Example 1                 0.3      92.5
1B Example 2              0.3         84.0           1B 40
Comp. Test 1            0.3         35.5           1B, Comp. Test 2
0.3         33.5           1B Comp. Test 3           0.3         35.5
1B Comp. Test 4           0.3         33.5           3B (1.0%) ZDTP
0.3         80.0           ND SN150                   _          25.5
1B 50 



The results presented in Table 2 demonstrate that the additives according
to the invention have signifi- cantly improved antioxidant properties as
compared with the Comparison Test additives and are roughly equal in
antioxidant performance to the ZDTP. The additive according to the
invention are no more corrosive to cop- per than the additives of the
Comparison Tests. 55    EP 0 389 187 B1 Claims 1. An additive suitable for
use as an extreme pressure/anti-wear additive  in lubricating oil
comprising the product obtainable by reacting at elevated temperature a
mixture comprising (i) sulphur, (ii) at least one 5       [err]to [err]
unsaturated carboxylic acid, or amide or acid salt thereof and (iii) at
least one hydrocarbyl- substituted phenol, the amount of (iii) in the
mixture being 15 to 65% w/w based on the combined weight of (i) (ii) and
(iii). 2.  An additive as claimed in claim 1 wherein the amount of (i) in
the mixture is 1 to 25% w/w based on the 10      combined weight of (ii)
and (iii) in the mixture and the amount of (ii) in the mixture is 20 to 85%
w/w based on the combined weight of (i) (ii) and (iii). 3. An additive as
claimed in either claim 1 or claim 2 wherein (i) is elemental sulphur. 4.
An additive as claimed in any one of claims 1 to 3 wherein (ii) is a[err]
unsaturated carboxylic acid, or amide or acid salt thereof. 5. An additive
as claimed in any one of claims 1 to 4 wherein (iii) is a mono or dialkyl
phenol. 6. An additive as claimed in any one of claims 1 to 5 wherein said
mixture further comprises a [err] olefin. 20 7. An additive as claimed in
claim 6 wherein said olefin is a [err] alpha olefin. 8. An additive as
claimed in any one of claims 1 to 7 wherein said mixture further comprises
a mercaptan. 25  9.   An additive as claimed in any one of claims 1 to 8
wherein said mixture further comprises a lubricating oil. 10. An additive
concentrate comprising a lubricating oil and an additive as claimed in any
one of claims 1 to 9 said additive being present in an amount 2 to 20% w/w
based on the weight of the concentrate. 30  11. A lubricating oil
composition comprising a lubricating oil and an additive as claimed in any
one of claims 1 to 9 said additive being present in an amount 0.01 to 10%
w/w based on the weight of the composition. Patentansprricho 35 1.
Additiv, geeignet ffr eine Verwendung als Hochdruck-/verschleilffhinderndes
Additiv in Schmierol, ent- haltend das Produkt, das man durch Umsetzen bei
erh6hterTemperatureiner Mischung erhilt, enthaltend (i) Schwefel, (ii)
zumindest eine C01- bis Cl0-rungesittigte Carbonstiure, oder sines Arnids
oder eines S~u- resalzes derselben und (iii) zumindest sin
Hydrocarbyl-substitulertes Phenol, wobei die Menge an (iii) in 40      der
Mischung 16 bis 65 % Gew./Gew., bezogen auf das kombinierte Gewicht von
(i), (ii) und (iii), betrigt. 2.  Additiv nach Anspruch 1, dadurch
gokennzeichnet, daB die Menge an (i) in der Mischung von I bis 25 %
Gew.(Gew., bezogen auf das kombinierte Gewicht von (ii) und (iii) in der
Mischung, und die Menge an (ii) in der Mischung 20 bis 85 % GewiGew.,
bezogen auf das kombinierte Gewicht von (i), (ii) und (iii), 45
betrdgt. 3.  Additiv nach elnem der Ansprfiche 1 oder 2, dadurch
gekennzeichnet, daB (I) elementarer Schwefel ist. 4. Additiv nach elnem der
Anspriche I bis 3, dadurch gekennzeichnet, daa (ii) eine C14- bis
C22-ungesat- 50      tigte Carbonsdure, oder ein Amid oder Sduresalz
derselben, ist. 5.  Additiv nach einem der Ansprache I bis 4, dadurch
Sekennzelchnot, dag (iii) ein Mono- oder Dialkyl- phenol ist. 6. Additiv
nach elnem der Anspriche I bis 5, dadurch gekennzeichnet, daB die Mischung
ferner ein C6- bis Clo00-lefin enthailt. 7. Additiv nach Anspruch 6,
dadurch gokennzelchnot, daB das Olefin sin C18-r-Olefin ist. 7 



EP 0 389 187 B1 8. Additiv nach einem der Anspruche 1 bis 7, dadurch
gekennzeichnot, daf& die Mischung ferner ein Mer- captan enthAlt. 9.
Additiv nach einem der Anspruche I bis 8, dadurch gekennzeichnot, dal3 die
Mischung fsrner ein 5       Schmier6l enthAlt. 10. Additiv-Konzentrat,
enthaltend ein Schmierfl und ein Additiv gemAI? elnem der Ansprache I bis
9, da- durch gekennzeichnet, daR. das Additiv in einer Menge von 2 bis 20 %
Gew.Gew., bezogen auf das Ge- wicht des Konzentrats, zugegen ist 11.
Schmier8lzusammensetzung, enthaltend ein Schmier6l und ein Additiv nach
elnem der Anspruche 1 bis 9, dadurch gekennzelchnet, daft das Additiv in
elner Menge von 0,01 bis 10 % Gew.lGew., bezogen auf das Gewicht der
Zusammensetzung, zugegen ist. 15 Revendicatfons 1. Additif utilisable comme
additif d'extreme pressionlanti-usure dans une huile lubrifiante,
comprenant le produit obtenu en falisant reagir A. une temperature 6lev6e
un m6lange comprenant (I) du soufre, (ii) au moins un acide carboxylique
insature en C10 a C1A0, ou un amide ou un sel acide de celul-ci et (iii) au
moins un phenol hydrocarbonyl substitue, la proportion de (iii) dans le
melange etant de 15 a 65% en poids par rapport au poids combine de (i),
(ii) et (iii). 2. Additif selon la revendication 1, dens lequel la
proportion de (I) dans le melange est de 1 A 25% en poids par rapport au
poids combine de (ii) et (iii) dans le m6lange et la proportion de (ii)
dans le melange est 25      de 20 A 85% en poids par rapport au poids
combine de (i), (ii) et (iii). 3. Additif selon la revendication 1 ou 2,
dans lequel (i) est le soufre elementaire. 4. Additifselon l'une quelconque
des revendications I A 3, dans lequel (ii) estun acide carboxylique
insature 30      en C14 a C22, ou bien un amide ou un sel acide de
celui-ci. 5. Additif selon l'une quelconque des revendications 1 A 4, dans
lequel (iii) est un mono ou un dialkylphenol. 6. Additif selon I'une
quelconque des revendications I A 5, dans lequel ledit melange comprend,de
plus,une olefine en Cs a C1A   . 7. Additif solon la revendication 6, dans
lequel ladite olefine est une alpha-olefine en C18. 8. Additif selon l'une
quelconque des revendications 1 A 7, dans lequel ledit melange comprend,de
plus/un mercaptan. 40 9. Additif selon l'une quelconque des revendications
1 A 8, dans lequel ledit melange comprend,de plus, une huile lubrifiante.
10. Concentre d'additif comprenant une huile lubrifiante et un additif
selon lune quelconque des revendica- 4s      tions I a 9, ledit additif
etant present en une proportion de 2 A 20 % en poids par rapport au poids
du concentre. 11. Composition d'huile lubrifiante comprenant une huile
lubrifiante et un additif selon l'une quelconque des revendications I A 9,
ledit additif etant present on une proportion de 0,01 A 10% en poids par
rapport au poids de la composition. 55    


