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1. A functional fluid comprising:

(a) an oil of lubricating viscosity,

(b) the reaction product of an amine and a sulfonic acid; and

(c) a compound of the structure

{(RX);P=X

where each X ts independently sulfur or oxygen, provided that at least one X is
sulfur, and wherein each R is independently a hydrocarbyl or a substituted hy-

drocarbyl group.
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Metal Free Hydraulic Flutd With Amine Salt
BACKGROUND OF THE INVENTION

The present invention relates to a functional fiuid which contains an
amine salt of a sulfonic acid.

Functional fluids such as hydraulic fluids must exhibit extreme pressure
“ntiwear protection properties as well as anti-rust or anti-corrosion properties.
A commonly used test of extreme pressure properties of a composition is the
FZG test, which is described in an article "Scuffing Tests on Gear Qils in the
FZG Apparatus,” by Niemann et al., in ASLE Transactions, 4 71-86 (1961).
Many formulations have been prepared in an attempt to provide good antiwear
and/or anti-rust or anti-corrosion properties, which have found varying de-
grees of usefulness. Among these are the following:

U.S. Patent 3,791,976, Messina et al., February 12, 1974, discloses a
hydraulic fluid consisting of a petroleum base blend and tricresyl phosphate,
phenyl-1-naphthylamine, and barium dinonylnaphthalene sulfonate.

U.S. Patent 4,179,389, December 18, 1979, and U.S. Patent 4,210,541,
July 1, 1980, both to Mann, disclose stabilized hydraulic fluids containing a
zinc bis(dialkyldithiophosphate) as an antiwear agent and a minor amount of
zinc dironylnaphthalene sulfonate.

U.S. Patent 4,395,286, Sturwald, July 26, 1983, discloses a water-based
coating composition which upon drying prevents rust and corrosion on metal
surfaces. The composition includes a monovalent metal or amine salt of a
suifonic acid such as dinonylnaphthalenesulfonic acid.

U.S. Patent 4,431,552, Salentine, February 14, 1984, discloses a lubri-
cant which contains a phosphate, monothiophosphate, and dithiophosphate in a
critical ratio. Sulfur-free phosphates include hydrocarbyl phosphates. Mono-
thiophosphates include O,0,0-trihyrocarbylphosphorothioates; the hydrocarbyl
groups may be aromatic or alicyclic. Dithiophosphates include the amine salts

of 0,0- and O,S-dihydrocarbyldithiophosphates.
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SUMMARY OF THE INVENTION
The present invention provides a functional fluid comprising an oil of
lubricating viscosity; the reaction product of an amine and a sulfonic acid; and
a compound of the structure:
- (RX):P=X
where each X is independently sulfur or oxygen, provided that at least one X is

sulfur, and wherein each R is independently a hydrocarbyl or a substituted hy-

drocarbyl group.

The invention further prordes a fu?ctnonal \El:ii or a grease comprising
an oil of lubricating viscosity; a R ' , and a compound of
the structure: .

X
(RO)Z,Il> -8 -R

where a is zero or 1, X is suifer or oxygen, each R and R" is independently an
alkyl group or a substituted alkyl group.

The present invention further provides concentrates comprising a con-
centrate-forming amount of an oleophilic medium and the above-defined addi-
tives.

The functional fluids, greases, and concentrates of the present invention
can serve as lubricants or related materials; they exhibit useful antiwear prop-
erties even though they are preferably formulated without conrventional metals
such as zinc. Certain of the materials of the present invention moreover are
capable of passing stringent filterability and rust tests.

DETAILED DESCRIPTION OF THE INVENTION

The oil of lubricating viscosity. The first and major component of this

invention is an oil of lubricating viscosity, including natural or synthetic lubri-
cating oils and mixtures thereof. Natural oils include animal oils, vegetable
oils, mineral lubricating oils of paraffinic, naphthenic, or mixed types, solvent
or acid treated mineral oils, and oils derived from coal or shale. Synthetic lu-
bricating oils include hydrocarbon oils, halo-substituted hydrocarbon oils, al-

kylene oxide polymers (including those made by polymerization of ethylene
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oxide or propylene oxide), esters of dicarboxylc acids and a variety of alco-
hols including polyols, esters of monocarboxylic acids and polyols, esters of
phosphorus-containing acids, polymeric tetrahydrofurans, and silicon-based
oils (including siloxane oils and silicate oils). Included are unrefined, refined,
and rerefined oils. Specific examples of the oils of lubricating viscosity are de-
scribed in U.S. Patent 4,326,972,

The lubricating oil in the invention will normally comprise the major
amount of the composition. Thus it will normally be at least 50% by weight of
the composition, preferably 20% to 99.5%, and most preferably 97 to 99%. As
an alternative embodiment, however, the present invention can provide an
additive concentrate in which the oil can be up to about 20% by weight, pref-
erably about 1 to about 10%, and the other components, described in more
detail below, are proportionately increased. Commonly the concentrate will be
formulated such that 1-3% of the concentrate is added to lubricating otl to

prepare the finished oil.

The reaction product of an_amine and a sulfonic acid. The second com-

ponent of the present invention is the reaction product of an amine and a sul-
fon’< acid. This component generally serves as an anti-rust agent and is par-
ticularly useful when used in the presence of the phosphorus and sulfur-
containing compounds described below. The reaction product of an amine and
a sulfonic acid can represent a variety of different chemical materials depend-
ing on reaction conditions. Under mild reaction conditions the reaction prod-

uct is commonly a salt,
R-SO;H + NR'y —> R-SO; NR;H’

which can be prepared by the simple mixing of the amine and the sulfonic acid
under ambicnt conditions, optionally in a suitable solvent. Most commonly the
product of the amine and the sulfonic acid will be the simple salt, although

other products and mixtures of such products are included within the scope of

the present invention.



10

15

20

25

30

The sulfonic acids useful in the present invention include sulfonic and
thiosulfonic acids. Generally sulfonic acids are preferred. The sulfonic acids
include mono- or polynuclear aromatic and cycloaliphatic compounds. Sulfo-
nic acids can be represented for the most part by one of the following formu-
las: Rz-T-(SO;H), and R;-(SO;H)s, wherein T s a cyclic nucleus such as, for
example, benzene, naphthalene, anthracene, diphenylene oxide, diphenylene
sulfide, petroleum naphthenes, etc.; R, is an aliphatic group such as alkyl,
alkenyl, alkoxy, alkoxyalkyl, etc.; (Rz)+T typically contains a total of at least
15 carbon atoms; and R; is an aliphatic hydrocarbyl group containing typically
at least 15 carbon atoms. Examples of R; are alkyl, alkenyl, alkoxyalkyl, car-
boalkoxyalkyl, etc. Specific examples of R; are groupr derived froni petro-
latum, saturated and unsaturated paraffin wax, and the above-described polyal-
kenes. The groups T, Ry, and R; in the above Formulas can also contain other
inorganic or organic substituents in addition to those enumerated above such
as, for example, hydroxy, mercapto, halogen, nitro, amino, nitroso, sulfide, di-
sulfide, etc. In the above Formulae, a and b are at least 1. In one embodi-
ment, the sulfonic acids have a substituent (R; or R;) which is derived from
one of the above-described polyalkenes.

Hlustrative examples of these sulfonic acids include monoeicosanyl-
substituted naphthalene sulfonic acids, dodecylbenzene sulfonic acids, didode-
cylbenzene sulfonic acids, dinonylbenzene sulfonic acids, cetylchlorobenzene
sulfonic acids, dilauryl beta-naphthalene sulfonic acids, the sulfonic acid de-
rived by the treatment of polybutene having a number average molecular
weight (Mn) in the range of 500 to 5000, preferably 800 to 2000, more pref-
erably about 1500 with chlorosuifonic acid, nitronaphthalere sulfonic acid,
paraffin wax sulfonic acid, cetyl-cyclopentane sulfonic acid, lauryl-cyclohexane
sulfenic acids, polyethylenyl-substituted sulfonic acids derived from polyethyl-
ene (Mn=300-1000, preferably 750), etc. Normally the aliphatic groups will be
alkyl and/or alkenyl groups such that the total number of aliphatic carbons is at

least about 8, preferably at least 12 up to about 400 carbon atoms, preferably

about 250
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The sulfonic acid used in the present invention is preferably an aromatic
sulfonic acid, as described above, and is preferably substituted (on the aro-
matic ring) by at least one alkyl group. Preferred acids include mono-, di-, and
tri-alkylated benzene ard naphthalene (including hydrogenated forms thereof)
sulfonic acids. Illustrative of synthetically produced alkylated benzene and,
naphthalene sulfonic acids are those containing alkyl substituents having from
4 to 30 carbon atoms, preferably 6 to 30 carbon atoms, and advantageously 8
to 24 carbon atoms. Such acids include di-isododecyl-benzene sulfonic acid,
polybutenyl-substituted sulfenic acid, polypropylenyl-substituted sulfonic acids
derived from polypropene having an Mn=300-1000, preferably 500-700, cetyl-
chlorobenzene sulfonic acid, di-cetylnaphthalene sulfonic acid, di-lauryldi-
phenylether sulfonic acid, diisononylbenzere sulfonic acid, di-isoocta-
decylbenzene sulfonic acid, stearylnaphthalene sulfonic acid, and the like.

Alkyl substituted naphthalene sulfonic acids are quite suitable for use in
the present invention, and in particular dialkylnaphthalene sulfonic acids such
as dinonylnaphthalenesulfonic acid are preferred.

The production of sulfonic acids from detergent manufactured
by-products by reaction with, e.g., SO;, is well known to those skilled in the
art. See, for example, the article "Sulfonates” in Kirk-Othmer “"Encyclopedia
of Chemical Technology®, Second Edition, Vol. 19, pp. 291 et seq. published
by John Wiley & Sons, N.Y. (1969).

The amine with which the sulfonic acid is reacted can be any of the
well-known amines, including primary, secondary, and tertiary amines. They
can be aliphatic amines, both straight chain or branched, cycloaliphatic amines,
heterocyclic amines, aromatic amines, or alkyl-substituted aryl amines. The
amines can further be monoamines, containing one amine functionality per
molecule, or polyamines. Examples of polyamines include alkylene poly-
amines, hydroxy containing polyamines, arylpolyamines, and heterocyclic
polyamines

Alkylene polyamines are represented by the formula
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HN- Alkyleney V)R
R, Ry
wherein n has an average value 1 or 2 to 10 or 7 or 3, and the "Alkylene”
group has 1  or 2 to 10 or 6 or 4 carbon atoms. Each R; is independently
hydrogen or an aliphatic or hydroxy-substituted aliphatic group of up to about
3Q carbon atoms.

Such alkylenepolyamines include methylenepolyamines, ethylenepoly-
amines, butylenepolyamines, propylenepolyamines, pentylenepolyamines.
Specific examples of such polyamines are ethylenediamine, diethylenetriamine
(DETA), triethylenetetramine (TETA), tris-(2-aminoethyl)amine, propylene-
diamine, trimethylenediamine, tripropylenetetramine, tetracthylenepentamine,
and hexaethyleneheptamine, pentaethylenehexamine. Ethylenediamine is pre-
ferred.

A particularly useful reaction product of an amine and a sulfonic acid is
the ethylenediamine salt of dinonylnaphthalenesulfonic acid in which two molés
of the sulfonic acid are reacted with one mole (two equivalents) of the ethyle-
nediamine. This material i1s commerctally available in concentrate form from
King Industries, Norwalk, CT, under the name NA-SUL™ EDS.

The amount of the above-described reaction product preferably is 0.003
to 3 weight percent of the functional filuid, when the reaction product is the
ethylenediamine salt of dinonyinaphthalenesulfonic acid.  Preferably the
amount is 0.01 to 0.2 weight percent. The preferred amounts may be adjusted
if a different reaction product is used, and the amounts will of course be ad-
justed if the composition is prepared as a concentrate rather than as a finished
functional fluid. Such adjustments are well within the ability of a person
skilled in the art.

The sulfur and phosphorus-containing compound. The third component

of the composition of the present tavention is at least one compound of the

structure.
(RXhP=X



where each X is independently sulfur or oxygen, provided that at least one X is
sulfur, and wherein each R is independently a hydrocarbyl or a substituted hy-
drocarbyl group. This component can be generally described as a thiophos-
phate, and it is preferably a mixture of two or more materials having one or
two sulfur atoms.

Thiophosphates containing one sulfur atom (monothiophosphates) can
be prepared by reacting a phosphite with a sulfurizing agent such as sulfur,
sulfur halides, and sulfur containing compounds, such as sulfurized olefins,
sulfurized fats, mercaptans and the like. The general reaction is believed to be
as follows:

(RO):P + § —> (RO):P=8

The starting material for preparation of monothiophosphates is a
phosphite, (RO);:P, which is a readily available class of materials. In the phos-
phite and in the resulting monothiophosphate, the three R groups can be the
same or different groups including aliphatic, aromatic, and alkyl-substituted
aromatic groups. In a preferred embodiment the starting material is a triaryl-
phosphite such as triphenylphosphite. The following example relates to prepa-
ration of thiophosphates.

EXAMPLE A

A reaction vessel is charged with 1204 parts (3.69 equivaients) of
triphenylphosphite. The phosphite is heated to 160°C under nitrogen where
112 parts (3.51 equivalents) of sulfur ts added over three hours. The reaction
temperature is maintained at 160°C for four hours. (In an alternative process,
the mixture is thereafter heated to 195-200°C and maintained at that tempera-
ture for a period of hours.) The mixture is then filtered through diatomaceous
earth and the filtrate is the desired product. The filtrate contains 8 404 phos-
phorous (8.7% theory) and 8.4% sulfur (8.50% theory)

Triphenylthiophosphate is sold by Ciba-Geigy under the trade name Ir-
galube TPPT™. Other suitable monothiophosphates include tricresyithiophos-
phate, tri-p-dodecyliphenylthiophosphate, trioctylthiophosphate, tri-p-t-butyl-

phenylthiophosphate, tri-B-naphthylthiophosphate, trilauryithiophosphate, tri-
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p-heptylphenylthiophosphate, thiophosphates based on sulfur-coupled al-
kylphenols.

The thiophosphate can also be a material containing more than one sul-
fur atom. Such materials can be prepared by reacting hydroxy or mercapto
compounds with phosphorus peatasulfide to form an intermediate, according ta

reactions believed to be:
2 ROH + % P.Ss —> (RO)P(=S)SH + 4 H,S
ROH + RSH + % P;S; —> (RO)}RS)P(=S)SH + %4 H.;S
2 RSH + % P,;Ss —> (RS);P(=S)SH + % H;S

Each of the intermediates can be further reacted with an activated olefin
CH,=CHA, where A is an activating group such as acid or ester substituent
(either -C(O)OR or -OC(O)R):

(RX):P(=S)SH + CH,=CHA —> (RX)P(=S)S-CH.CH:A

or (RX):P(=S)S-CHA
f
CHa:
The first of the preceding products is believed to be predominantly formed

when A is -C(O)OR, the second when A is -OC(O)R
Alternatively, the intermediates can be reacted in a variety of ways to
provide additional materials useful for the present invention

O
<\
(RX):P(=S)SH * CH; - CH-R —> (RX):P(=S)-S-CH;CH(OH)R

¢

fRO):P(=8S)SH + P.§; —> (RSKP S + P;0.S«a + n .S
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For the above reaction, when R = 2-ethylhexyi, the reactants can be re-
acted at 8$3°C, increasing to 160°C, with stirring under mitrogen. Aromatic

equivalents can also be prepared.
. (RS);P + S —> (RS):P=S

For the above reaction, trilauryltrithiophosphate (available from GE
Specialty Chemicals) can be reacted with suifur under nitrogen with stirring at
85-160°C. Aromatic equivalents can also be prepared.

In a preferred embodiment the sulfur and phosphorus-containing com-
pound contains an ester functional group and can be prepared by reaction with
an acid or ester-containing olefin, as illustrated above. Such an ester is there-
fore prepared by reaction of a dithiophospheoric acid and an alpha.beta unsatu-
rated carboxylic compound, such as an acrylic or methacrylic acid or ester. If
the carboxvlic acid is used, the ester can be formed, if desired, by subsequent
reaction, known to those skilled in the art. The unsaturated carboxylic esters
can contain 4 to 40, preferably 4 to 24, and more preferably + to 12 carbon at-
oms. Preferably, the unsaturated carboxylic ester ts an allyl or vinyl ester of a
carboxylic acid or an ester of an unsaturated carboxylic acid.

The vinyl ester of a carboxylic acid can be represented by the formula
RsCH=CH-O(Q)CR: wherein R¢ is a hvdrogen or hydrocarbyl group having
from 1 to 30 carbon atoms, preferably 1 to IZ carbon atoms, and more pref-
erably hydrogen; and R: is a hydrocarbyl group having 1 to 30 carbon atoms,
preferably [ to 12 and more preferabiv t to 8 carbon atoms Examples of vinyl
esters include vinyl acetate, vinyl 2- ethylhexarcate,  \inyl butanoate, and vinyl
crotonate.

In another embediment, the unsaturated carboxylic ester is an ester of
an unsaturated carboxylic acid such as maleic, fumaric, acrylic, methacrylic,
itaconic, citraconic acids, and the like In one embodiment, the ester is repre-

sented by the formula R;O-(QC—CH=CH—C(O)OR,, wherein each Ry 15 in-
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dependently 2 hydrocarbyl group having | to 18 carbon atoms, preferably 1 to
12 and more preferably 1 to 8 carbon atoms.

Examples of unsaturated carboxylic esters, useful in the present inven-
tion, include methyl acrylate, ethyl acrylate, 2-ethylhexyl acrylate, 2-hydroxy-
ethyl acrylate, ethyl methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxy-
propyl methacrylate, 2-hydroxypropyl acrylate, ethyl maleate, butyl maleate,
and 2-ethylhexyl maleate. The foregoing list inciudes mono- as well as diesters
of maleic, fumaric, and citraconic acids.

The following examples relate to the preparation of ester-containing
matenals:

i EXAMPLE B

A mixture of butyl slcoho! and amyl alcohol (4 moles) and powdered
P2Ss (1 mole) are introduced into a reactor and maintained at 65-75°C for sev-
eral hours, with evolution of H.S. The intermediate, dialkyldithiophosphoric
acid, is purified by filtration.

The dialkyldithtophosphoric acid, 668 g. is placed in a 2L flask and 145
g methxl acrylate is added in one portion The components react exothermi-
cally; the mixture is heated to 110-115°C under nitrogen and maintained at
temperature for 14 hours The product is purified by filtration over diatoma-
ceous earth filter aid.

EXAMPLE C

The dialkyldithiophosphoric acid intermediate of Example B, 968g, is
ptaced in a 2 L flask. Vinyl acetate, 278 g, is added in | portion The mixture
is heated under nitrogen at 95-100°C for 6 hours and then cooled The reac-
tion mixture ts washed with a solution of 31 8 g sodium carbonate in 400 mL
water, followed by washing with 400 mL. water alone  The organic layer is
separated and vacuum strigped at 100°C, (10 mm) pressure, for 3 hours The
product is purified by filtration over diatomaceous earth filter aid

in one embodiment, the phosphorus-contaimng material 1s an ester

represented by the formula
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R*'(xhH x° R R” O
N I . | ! i s
P—X"—C—C — C-OR"
R"*(xz)/ 1'1"‘ 1'1
wherein each X', X? X?, and X' is independently oxygen or sulfur;

R"!, R"? and R"¢ are independently hydrocarbyi or substituted hydro-
carbyl groups;

R, R"*, and R"® are independently hydrogen or hydrocarbyl groups;
and

X! and X? are preferably oxygen, and X* and"X* are preferably sulfur.

Each R"' and R"? is independently a hydrocarbyl group or a substituted
hydrocarbyl group of 1 to 50 carbon atoms, preferably 1 to 30 carbon atoms,
more preferably 3 to 18 carbon atoms, and more preferably up to 8 carbon at-
oms. Each R"!' and R"? is preferably independently an alkyl group or an alk-
oxyalkyl group, most preferably an alkyl group. Examples of R"! and R"? in-
clude independently, t-butyl, isobutyl, amyl, isooctyl, decyl, dodecyl, eicosyl,
2-pentenyl, dodecenyl, phenyl, naphthyl, alkyiphenyl, alkylnaphthyl, phenylal-
kyl, naphthylalkyl, alkylphenylalkyl, and alkylnaphthylaltkyl groups. R"! and
R"? can also be atkoxyalkyl groups of the structure R"'(O-(CH;)n)s~ , where m
is 2-6, preferably 2, nis 1-10, and R"™ is a hydrocarbyl group. Such alkoxyal-
kyl groups include polyethylene oxide groups. Preferably the R"' and R"?
groups are branched alkyl groups, and most preferably they are a mixture of
branched groups of 4 to 5 carbon atoms.

Preferably each R**, R"*, and R"® is independently a hydrogen or hydro-
carby! group of from 1 to 50 carbon atoms. More preferably each such group
is independently a hydrogen, an alkyl group of | to 22 carbon atoms, a cy-
cloalky!l group of 4 to 22 carbons, or an aromatic, alkyl-substituted arowiatic,

or aromatic-substituted alkyl group of 4 to 34 carbon atoms Most preferably

each such group is hydroges.
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R"® is preferably an alkyl group of 1 to 22 carbon atoms, a cycloalkyl
group of 4 to 22 carbon atoms, or an aromatic, alkyl-substituted aromatic, or
aromatic-substituted alkyl group of 4 to 34 carbon atoms.

In one preferred embodiment, the phosphorus and sulfur-containing
component of the present composition comprises a mixture of at least two
compounds, one of which is a triaryl thiophosphate, preferably a triaryl
monothiophosphate, and the second is a thiophosphate ester of the structure:

S

(RO)z-B-S-R'
wherein each R is an alkyl group and R' is a carboxylic ester-substituted alkyl
group. The presence of such a mixture of materials leads to improved per-
formance on the FZG test. In a preferred combination the first component is
triphenylmonothiophosphate and the second is a material in which the R groups
are mixed branched C, and Cs alkyl groups and R' is -CH,CH,CO,CH;. In
such a mixture it is preferred that the triaryl thiophosphate and the thiophoﬁ-
phate ester are present in relative amounts by weight of 10:90 to 90:10, and
preferably 20:80 to 60:40.

The compositions of the present invention can also contain phosphorus-
containing compounds other than those already described, and such mixtures
can also lead to good FZG performance. Examples of such other compounds
are material having a structure:

X
(RO)z‘.}‘!' -S,-R"

where a is zero or I, X is sulfur or oxygen, and each R and R" is independently

.an alkyl group or a substituted alkyl group. When X is sulfur and a is 1, the

formula corresponds to
S
il
(RO);P-S-R"
which encompasses the materials described above, including the thiophosphate
esters, e.g. where each R is a branched alkyl group of up to 8 carbon atoms

and R" is -CH,CH,CO,CH:. However, other compounds are also included, in
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which a is zero. These include phosphonates and thiophosphonates prepared
by the reaction of (RO);P(=X)H (dialkyl hydrogen phosphite or -
thiophosphite) with an activated olefin CH;=CHA as described above, where A
is an activating group such as ester substituent (either -C(O)OR or -OC(O)R).
Such a reaction is thought to proceed largely as shown:
X X
(RO);P’H + CH,=CHA —> (RO)zlll‘ - CH,-CHa-A

This reaction is normally conducted in the presence of a base such as sodium
methoxide or an epoxide. Suitable activated olefins include those described in
greater detail above, including vinyl alkanoates such as vinyl acetate and alkyl
acrylates and alkyl methacrylates, such as methyl acrylate. N

Alternatively, amino-substituted phosphonates can be prepared by the

reaction

X X

(RO)Z'I%H + CH;0 + R'NH; —> (RO)z}" - CH;NHR' + H,0
where R' is a hydrocarbyl group such as an alkyl group, and preferably a terti-
ary alkyl group such as t-butyl, t-octyl, or a t-Cy, - Ci¢ alkyl mixture. Suitable
materials include O,0-di-n-butyl(N-t-butylaminomethyl)phosphonate, diphenyl-
(N-diamylaminomethyl)phosphonate,  dioctyl(n-didodecylaminomethyl)phos-
phonate, and dicyclohexyl(N-t-Cy;.14 alkylaminomethyl)phosphonate.

Additional materials can be prepared by effecting a rearrangement of a
trihydrocarby! phosphite at elevated temperature (160 - 200°C) in the presence
of an alkyl halide catalyst:

(R

(RO);P —> (RO);P-R

Suitable combinations include combinations of triarylmonothiophos-
phates and the above-described functionalized phosphonates. Examples of
such materials are di-n-butyl(n-butylphosphonate).

The following examples related to the preparation of such phosphorus-

containing compounds;
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Example D
Two hundred ninety-one grams of di-n-butyl hydrogen phosphite
("DNBP") is charged to a 1 L 4-neck flask fitted with a stirrer, subsurface ni-
trogen inlet, cold water condenser, dry ice condenser and thermowell. The
material is heated to 60°C. Vinyl acetate, 129 g, is added to the flask over a
period of 1 hour using an addition funnel. Thereafier the mixture is heated to
90°C and maintained at temperature for 3.5 hours, and ther=after maintained at
100°C for 5.5 hours. Thereafter the mixture is heated to 115°C and 0.5 g di-t-
butyl peroxide is added and the mixture maintained at 115-120°C for 5.5
hours. The reaction mixture is vacuum stripped for 2 hours at 80-140°C at
250 Pa (1.9 mm Hg) pressure and the resulting material vacuum filtered to
isolate the product.
Example E
Two hundred ninety-one grams di-n-butyl hydrogen phosphite is
charged to a 1-L flask similar to that of Example D. Methyl acrviate, 129 g, 1s
added over 20 minutes; the temperature remains at room temperature. A solu-
tion of sodium methoxide, 13 g as a 25 weight percent solution in methanol is
added over a period of several hours, during which time an exothermic reaction
occurs. The flask is cooled with a water bath to maintain the temperature near
room temperature. Thereafter the mixture is heated to 125°C and maintained
at temperature for 4 hours. The mixture is vacuum stripped for 1 hour at
120°C and 130 Pa (1 mm Hg) pressure. The product is isolated by filtration.
Example F
Tributyl phosphite, 202 g, and n-bromobutane (a catalytic amount of §
g) is placed in the flask of Example D and heated to 150°C, increasing the
temperature to 200°C over a course of for 5§ hours, and maintained at 200°C
for a total of 14 hours (on two successive days). The product is isolated by
filtration.
Example G
A t-Cy1.14 alkylamine, 185g, and 200 mL toluene are charged to the

flask of Example E, further equipped with a Dean-Stark trap. The mixture is
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heated to reflux, and formaldehyde (parafuimaldehyde), 33 g, is added in por-
tions over 2.5 hours; the mixture is held at 125-130°C for an additional 2
hours, while water of reaction is collected. Thereafter di-n-butyl hydrogen
phosphite, 176 g, is added by addition funnel over 1.5 hours and the mixture is
held at 130-135°C for an additional 2 hours. The toluene solvent is removed
by vacuum distillation and the product purified by fiitration.

The preferred combinations of triarylthiophosphates and dithiophos-
phate carboxylic ester or functionalized phosphonates, described above, can be
employed as antiwear additives for functional fluids, if desired, even in the ab-
sence of the reaction product of the amine and the sulfonie acid. The use of
this combination of materials provides improved results in the FZG extreme
pressure test compared with the use of either component alone. However, for
best performance, including successful passing of filterability tests, it is pre-
ferred that an anti-rust agent, preferably the amine reaction product described
above, be present as well. ‘

If two phosphorus-containing components are used, their amounts are
preferably those relative amounts which will lead to an improvement in the
FZG performance. Typically a trialkylmonothiophosphate and a second phos-
phorus-containing component will be used in weight ratios of 10:90 to 90:10,
and preferably 20:80 to 60:40. Preferably the amounts of the two phosphorus-
coataining materials are each 0.05 to 2 weight percent, preferably 0.1 to 1
weight percent, and more preferably about 0.3 weight percent. The total
amount of the phosphorus-containing component or components in the com-
positions of the present invention is preferably 0.02 to § weight percent of the
fluid, and more proferably 0.2 to 2 weight percent. Of course, proportionately
larger quantities of each material will be present in a concentrate.

Antioxidants. The compositions of the present invention preferably also
contain an effective amount of an antioxidant, normally 0 02 to 2 weight per-
cent of the fully compounded fluid. Antioddants conprise a wide class of well~-
known materials, including notably hindered phenols and aromatic amines.

Hindered phenols are generally alkyl phenols of the formula.



[ 3
saes

E
[ 4
L4 [ 3
[ 4

sey &
1 4 -
‘o
[N ]
L)

[ 4
.0
*
L
[
"RD® S50 99

seses
L)

L4 *w
(]

LT X ]

LT 1
L]

{ 1]

. A%

LI 3
]
- *e

. (2]
LA L

10

15

20

25

30

16

OH

wherein R is an alkyl group containing from 1 up to about 24 carbon atoms
and a is an integer of from 1 up to S. Preferably R contains from 4 to 18 car-
bon atoms and most preferably from 4 to i2 carbon atoms. R may be either
straight chained or branched chained; branched chained is preferred. The pre-
ferred value for a is an integer of from | to 4 and most preferred is from 1 to
3. An especially preferred value for a is 2. When a is not §, it is preferred that
the position para to the OH group be open.

The hindered phenolic antioxidant is an alkyl phenol, however, mixtures
of alkyl phenols may be employed. Preferably the phenol is a butyl substituted
phenol containing 2 or 3 t-butyl groups. When a is 2, the t-butyl groups nor-

mally occupy the 2,6-position, that is, the phenol is sterically hindered:
OH /k

When a is 3, the t-butyl groups normally occupy the 2,4,6-position. Other
substituents are permitted on the aromatic ring. In one embodiment the hin-
dered phenolic antioxidant is a bridged compound in which two or more aro-
matic rings are linked by a bridging group; each aromatic ring bears a phenolic
OH group. Examples of phenolic antioxidants include 2,6-di-t-butyl-p-cresof
and 4,4'-methylenebis(2,6-di-t-butylphenol). These and other hindered pkeno-
lic antioxidants and their methods of preparation are well known to those
skilled in the art. Such antioxidants are commercially available; one example
of such a material is 2,6-di-t-butylphenol, available from Ethyl Corporation as
Ethyl 701™.

Aromatic amine antioxidants include aromatic amines of the formula
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NHR’
©/R“
wherein R® s ‘—@ or @ R’ and R® and R’ are independently a

hydrogen or an alkyl group containing from 1 up to 24 carbon atoms. Pref-

erably R® is
—@ R’

and R® and R’ are alkyl groups containing from 4 up to about 20 carbon atoms.
A particularly useful amine antioxidant is an alkylated diphenylamine such as

nonylated diphenylamine of the formula
f
N CoHyo

[oghel

Aromatic amine antioxidants and their preparation are well known to those

CqH,

skilled in the art. These materials are commercially available and are supplied
as Naugalube 438L™ by Uniroyal Chemical Company.

Other types of antioxidants include alkylated hydroquinones, hydroxy-
lated thiodiphenyl ethers, alkylidene bisphenols, acylaminophenols, esters or
amides of B-(3,5-di(branched atkyl)-4-hydroxyphenyl)propionic acids, aliphatic
or aromatic phosphites, esters of thiodipropionic acid or thiodiacetic acid, and
amine or metal salts of dithiocarbamic or dithiophosphoric acids.

The antioxidant component used in the present invention is treferably a
mixture of one or more hindered phenol antioxidants and one or more aromatic

amine antioxidants. Such a combination provides good antioxidant perform-

ance over a wide temperature range
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Other_additives, The compositions of the present invention can also

contain other additives which are typically used for the application at hand.
Some of the other agents which can be employed include corrosion inhibitors;
metal deactivators; other rust inhibitors; and extreme pressure and anti-wear
agents, which include chlorinated aliphatic hydrocarbons, boron-containing
compounds including borate esters, and molybdenum compounds. Viscosity
improvers can also be present, which include polyisobutenes, polymethacrylate
acid esters, polyacrylate acid esters, diene polymers, polyalkyl styrenes, alkenyl
aryl conjugated diene copolymers, polyolefins and multifunctional viscosity
improvers. Pour point depressants can also be used if desired, as well as dis-
persing agents or surfactants. Antifoam agents can be used to reduce or pre-
vent the formation of stable foams, including silicones or organic polymers
such as acrylate polymers; a specific example is a copolymer of ethyl acrylate,
ethylhexyl acrylate, and vinyl acetate. Demulsifiers can also be present; they
include trialkyl phosphates, polyethylene glycols, alkyl amines, amino alcoholg,
and carboxylic acids. Metal deactivators such as benzotriazole, tolyltriazole,
and derivatives thereof can also be used.

Many of the above and other additives are described in greater detail in
U.S. Patent 4,582,618 {column 14, line 52 through column 17, line 16, inclu-
sive); others are deseribed in Canadian patent publication 2,002,252, Prefera-
bly the additional additives will not include metal ions, so the total compaosi-
tion can be substantially or entirely metal free or sulfated ash free.

Greases. As has been stated above, the additive composition of the pre-
sent invention can also be employed in a grease composition, Greases are
typically prepared by thickening an oil base stock using a thickener, also re-
ferred to as a thickening agent. The oil base stock for greases can be an oil of
lubricating viscosity, as has been descrived in detail above. The most common
such oil is a mineral oil.

Thickening agents can be categorized as simple metal soap thickeners,
soap complexes, and non-soap thickeners. Simple metal soap thickeners are

well known in the art. The term "simple metal soaps" is generally used to indi-
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cate the substantially stoichiometrically neutral metal salts of fatty acids. By
substantially stoichiometrically neutral is meant that the metal salt contains
90% to 110% of the metal required to prepare the stoichiometrically neutral
salt, preferably about 100%, e.g., 95% to 102%.

Fatty acids are defined herein as carboxylic acids containing 8 to 24,
preferably 12 to 18 carbon atoms. The fatty acids are usually monocarboxylic
zcids. Examples of useful fatty acids are capric, palmitic, stearic, cleic and
others. Mixtures of acids are useful. Preferred carboxylic acids are linear; that
is, they are substantially free of hydrocarbon branching. Particularly useful
acids are the hydroxy-substituted fatty acids such as hydroxy stearic acid
wherein one or more hydroxy groups may be located at positions internal to
the carbon chain, such as 12-hydroxy-, 14-hydroxy-, etc. stearic acids.

While the soaps are fatty acid salts, they need not be, and frequently are
not, prepared directly from fatty acids. The typical grease-making process in-
volves saponification of a fat which is often a glyceride or of other esters such
as methyl or ethyl esters of fatty acids, preferably methyl esters, which saponi-

fication is generally conducted in situ in the base oil making up the grease.

Whether the metal soap is prepared from a fatty acid or an ester such as
a fat, greases are usually prepared in a grease kettle, forming a mixture of the
base oil, fat, ester or fatty acid and metal-containing reactant to form the soap
in-situ. Additives for use in the grease may be added during grease manufac-
ture, but are often added following formation of the base grease.

The metals of the metal soaps are typically alkali metals, alkaline earth
metals and aluminum, For purposes of cost and ease of processing, the metals
are incorporated into the thickener by reacting thé fat, ester or fatty acid with
basic metal containing reactants such as oxides, hydroxides, carbonates and
alkoxides (typically lower alkoxides, those containing from 1 to 7 carbon at-
oms in the alkoxy group). The soap may also be prepared from the metal itself
although many metals are either too reactive or insufficiently reactive with the

fat, ester or fatty acid to permit convenient processing. Preferred metals are
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lithium, sodium, calcium, magnesium, barium and aluminum. Especially pre-
ferred are lithium, aluminum, and calcium,; lithium is particularly preferred.

Preferred fatty acids are stearic acid, palmitic acid, oleic and their cor-
responding esters, including glycerides (fats). Hydroxy-substituted acids and
the corresponding esters, including fats are particularly preferred.

Complex greases are those which are prepared using soap-salt com-
plexes as the thickening agent and are likewise weli-known to those skillud in
the art. Soap-salt complexes comprise salts of a fatty acid or ester and 2 non-
fatty acid or ester. Fatty acids have been described in detail above; non-fatty
acids typically include short chain (e.g. 6 or fewer carbon atoms) alkanoic ac-
ids-such as acetic acid; benzoic acid; and diacids such as azeleic acid and se-
bacic acid. Sometimes medium weight acids (e.g. caprylic, capric) are also in-
cluded in the mixture. Examples of such soap complex thickeners, then, 1n-
clude metal soap-acetates, metal soap-dicarboxylates, and metal soap-benzo-
ates. Widely used soap-salt complexes include aluminum stearate-aluminum
benzoate, calcium stearate-calcium acetate, barium stearate-barium acetate,
and lithium 12-hydroxystearate-lithium azelate.

Preparation of complex greases is well known. In some instances
(calcium complex greases, for example) a short-chain alkanoic acid is reacted
with a metal base (e.g. lime) while the fatty acid salt is being formed. Alterna-
tively, a two-step process can be employed, in which a normal soap is formed,
which is then "complexed" by reaction with additional metal base and low
weight acid. In other instances the procedure can be more complicated, if for
example the acids and bases do not efficiently react together directly, Various
methods of preparing complex greases are is described, in more detail on pages

2.13-2.15 of NLGI Lubricating Grease Guide, National Lubricating Grease

Institute, Kansas City, Missouri (1987).

Non-soap greases are prepared using non-soap thickeners These in-
clude inorganic powders such as organo-clays, fine fumed silicas, fine carbon
blacks, and pigments such as copper phthalocyanine Other non-soap greases

employ polymeric thickeners such as poiyureas. The polyureas can be formed
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in situ in the grease by mixing oil with suitable amines in a grease kettle, and
slowly adding an oil solution of an isocyanate or a diisocyanate. Non-soap
thickeners are described in pages 2.15-2.17 of NLGI Lubricating Grease
Guide.

Thickeners are incorporated into a base oil, in amounts typically from

about 1 to about 30% by weight, more often from about 1 to about 15% by
weight, of the base grease composition. In many cases, the amount of thick-
ener used to thicken the base oil constitutes from about 5% to about 25% by
weight of base grease. In other cases from about 2% to about 15% by weight
of thickener is present in the base grease. The specific amount of thickener
required often depends on the thickener employed. The type and amount of
thickener employed is frequently dictated by the desired nature of the grease.
The type and amcunt of thickener employed are also dictated by the desired
consistency, which is a measure of the degree to which the grease resists de-
formation under application of force. Consistency is usually indicated by the
ASTM Cone penetration test, ASTM D-217 or ASTM D-1403. Types and
amounts of thickeners to employ are well-knowa to those skilled in the grease
art and is further described in the NLGI Lubricating Grease Guide.

The additives described above can advantageously be used in any of the

above-described greases, to provide improved extreme pressure and ruste
inhibiting properties. The amount of the reaction product of amine and sulfon-
ic acid, if present in a grease, is typically 0.05 to 10 percent by weight of the
grease, and preferably 0.1 to 3 percent by weight. The amount of the sulfur
and phosphorus containing compound or compounds is typically 0.5 to 8 per-
cent by weight. Preferably two separate phosphorus containing compounds are
employed, as described above, preferably each being present in amounts of 0.5
to 4% by weight. Other additives which are commonly employed in greases,
can also be present in customary amounts for their knowa functions. Examples
of such materials are anti-oxidants, additional extreme pressure agents, friction
modifiers, metal deactivators, tack modifiers, adhesion modifiers, and materials

which modify the water shedding properties of the grease.
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Grease formulations of the present invention can be prepared by mixing
the base grease with the additives at a modestly elevated temperature, typically
40 - 90°C {100 - 200°F), preferably about 75°C (170°F). The mixing should
be thorough enough to fully distribute the additives throughout the grease;
commonly employed equipment can be used to effect this mixing.

As used herein, the term “hydrocarbyl substituent* or “hydrocarbyl
group" is used in its ordinary sense, which is well-known to those skilled in the
art. Specifically, it refers to a group having a carbon atom directly attached to
the remainder of the molecule and having predominantly hydrocarbor charac-
ter. Such groups include hydrocarbon groups, substituted hydrocarbon
groups, and hetero groups, that is..groups which, while primarily hydrecarbon
in character, contain atoms other than carbon present in a chain or ring other-
wise composed of carbon atoms.

EXAMPLES
Example 1.

A composition is prepared of mineral oil containing a base package of
additives for a hydraulic fluid. The additive package is free from metal salts
and comprises an aromatic amine antioxidant, a hindered phenol antioxidant, a
demulsifier, an antifoam agent, and a triazele metal deactivator. The total
amount of these additives is about 0.54 percent by weight. To this composi-
tion is added 0.25 weight percent triphenyl monothiophosphate, 0.35 weight
percent of the dithiophosphate ester of Example B, and 0.05 weight percent
NA-SUL™ EDS, the ethylenediamine salt of dinonylnaphthalenesulfonic acid.

The resulting composition is tested in a Neimann (FZG) Four-Square
Gear Test Rig, which consists of two gear sets, arranges in a four-square con-
figuration, driven by an electric motor. When the test is run, a test gear is set
in & test fluid, while increasing load stages (from 1 to 13) until {ailure. Each
load stage is run for a 15 minute period A visual rating method is used for
determining the damage load stage The visual method defines the damage
load stage as the stage at which more than 20% of the load-carrying flank area

of the pinion is damaged by scratches and/ot scuffing. (An alternative method
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is the weight loss method, which defines the damage load stage as the stage at
which the combined weight loss of the drive wheel and pinion &zceeds the av-
erage of the weight changes in the previous load stages by more than 10 mg.)
The composition of this Example exhibits a value of 11 in the FZG test (DIN
51524). The composition also exhibits a passing value of 1.6 in the standard
AFNOR Wet Filterability test E-48-691. The results of this test are expressed
m terms of the fluid filterability index (*IE*). For a given flnid the IF is de-
fined by the relationships

Tz00 -~ Taee
IF = or
2T

Tzee - Taeo

IFz =
2(Twe-Tse)

where T, is the time required for n cm® of a fluid (the same fluid for each
measurement) to pass through a test membrane. (The IF: value is used herein
unless otherwise indicated.) The closer the value of IF to the ideal value of 1,
the better the filterability of the fluid. The test membrane or diaphragm has an
effective filtering surface area of 11.3 cm® and an overall diameter of 47 mm;
the membrane is preferably cellulose ester having an absolute stopping power
of 0.8 mm (particle size). The material to be tested is passed through the
membrane under an applied pressure, measuring the time required for 300 cm’
of fluid to pass, at S0 cm’ intervals. The pressure employed is normally 100
kPa (1 0 bar), although it can be reduced or increased if the flow of liquid is
unusually stow or fast The filterability index is the average of three succes-
Sive Tuns.

The composition further exhibiis good rust performance and thermal

stability.



25

-24-

Examples 2-21.

Compositions are prepared in mineral oil, typically Sun™ 250 neutral oil,
containing a baseline additive composition typical for hydraulic fluids, which
includes about 0.5 to 0.7% by weight of a combination of an aromatic amine
antioxidant and a hindered phenol antioxidant and smalter amounts of other,
conventional additives such as viscosity index improvers, dispersants, anti-foam
agents, metal deactivators, and demulsifiers. {(The amounts and identities of
these other additives may vary slightly from examplse to example, so precise
comparisons among the examples are not appropriate. However, the differences
introduced by these other additives are not believed to be significant.) To each
compaosition is added a combination of phosphorus-containing materials, a first
material which is triphenylthiophosphate or a related matenal, and a second
phosphorus-containing material as indicated in Table 1. In certain casas the
sample includes the amine rust inhibitor {amine salt) of Example 1 (NA-SUL™
EDS)., at a level of about 0.05%. In other cases an alternative (acidic) rust
inhibitor is used {not specifically noted), at approximately the same tevel. Results

of the FZG tests on these samples ara presented in Table 1 (along with Example

1
Table 1

Ex  1st Maternial % 2nd Material % sAaI"fm F2G
2 Triphenylmonothio~ 0.25 Dithiophosphate ester 0.35% Y n

?‘gggggg)te (*DTPE") of Ex B
1 TPTP C.4 DTPEofExB 085 ¥ 12
3 TPTP 0.25 DTPEofExB 03 - 12
4 TPTP 0.2 DTPEofExB 05 - "
5 TPTP 04 DTPEoOfExC 0.2 -
6 TPTP 0.3  Adduct of di-n-butyl 03 - 12

and vinyl acetate
{“DNBP/VA") of Ex D

70T mag 79T we
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Ex 1st Material % 2nd Material % Ar;\ine FZG
salt
TPTP 0.2 DNBP/VA of Ex D 0.2 -

8 TPTP 0.2 DHBP adduct with 0.2 - 10
divinyl adipate (2:1)

9 TPTP 0.2 DNBP adduct with 0.2 - 8
methyl acrylate of Ex E

271818 Twsup 7977 ap0
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10 TPTP 0.2  adduct of di-Cy.0 0.2 — 6
phosphite + tetraeth-
ylene glycol diacrylate
(2:1, molar)

11 TPTP 0.2 DNBP adduct with 02 — 7
formaldehyde and
primary t-Cy, alkane -
amine, of Ex. G

12 TPTP 0.2  dibutyl n-butylphos- 02 — 8
phonate of Ex. F
{(BuO);P(=0)Bu

13 TPTP 0.2  tri(2-ethylhexyl)- 02 — 6
mongthiophosphate
14 tri(p-n-Cio-phenyl)-  0.21 DTPE of Ex. B 05 — 11
thiophosphate
15  tri-(o/m-cresyl)thio- 04 DTPE of Ex. B 0.5 — 9
phosphate
16  tri(n-C)2)-tetrathio- 0.21 DTPE of Ex. B 0.5 — 11
phosphate
17  tri-(n-C2)-tetrathio- 0.2 DTPE of Ex. C 02 — 6
phosphate .
18 tri(o/m-cresyl)-thio- 0.21 DTPE of Ex. C 02 — 10
phosphate
19 tri(p-n-C,2-phenyl)- 0.21 DTPE of Ex. C 02 - 8
thiophosphate
20 TPTP 0.3  dibutyl n-buty!phos- 03 Y 3
phonate of Ex. F'
21 TPTP 0.2 DTPE of Ex. C 02 — 9

"'A commercial sample from Albright & Wilson Co.

The results show that antiwear protection is obtained in the above com-
positions. The degree of protection generally is a function of the concentra-
tion of the active ingredients in the sample; for more complete protection, the
amounts of additives can be increased. Those samples exhibiting relatively
lower FZG vaiues can be thus improved, if desired, by increasing the amounts
of one or both major ingredients by an appropriate amount. The amounts can
be reduced, if desired, for less demanding applications. Those samples which
are indicated as containing amine salt (i.e. the amine salt of alkylnaphthalene
sulfonic acid) also exhibit good cold filterability.

Examples 22-30.

The following compositions are likewise prepared:
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Table I1
1st Mat'l % 2nd Material % Rust Inhibitor %
TPTP 0.05 DTPE of Ex. B 03 NA-SUL™EDS 0
TPTP 2.0 DTPE ofEx.B 03 NA-SUL™ EDS 0.01
TPTP 0.3 DTPE ofEx. B 0.05 NA-SUL™EDS 02
TPTP 0.3 DTPEofEx. B 20 NA-SUL™EDS 3
TPTP 5.0 none 0 NA-SUL™EDS 1
tri-G-naph- 0.6  diphenyl(N-diam- 0.3  dodecylbenzene 0.1
thylthio- ylaminomethyl)- sulfonic acid +
phosphate phosphonate diethylene-

triamine

trilauryl- 0.3  tri(2-ethylhexyl)- 0.2  lauryl-cyclo- 0.1
thiophos- tetrathiophosphate hexane sulfonic
phate acid + ethylamine
none 0 DTPE of Ex. B 40 NA-SUL™EDS 0.l

Examples 31-38.

Grease compaositions are prepared by combining a base grease formula-
tion with the components of the present invention, as indicated below, as well

as customary additives not specifically set forth:

Table I11

Ex Grease 1st Mat'l %  2nd Mat'l % Rust Inhib. %
type

31 Lil2-hy- TPTP 1.5 seeEx. 12 1.5 NA-SUL™ Q.05
droxy ste- EDS
arate

32 * TPTP 0.5 DNBP/VA 0.5 same 10.0

of Ex. D

31 Al com- TPTP 40 see Ex. 27 40 same 0.0§
plex

34 " TPTP 30 seeEx. 28 30 — 0

35 Cacom- — G DTPE of 2.0 NA-SUL™ 30

plex Ex. B
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36 " see Ex, 27 1.0 same 1.0 same 0.3
37 clayinoil seeEx.28 2.0 same 20 seeEx. 27 05
38 polyurea  TPTP 2.0 same 20 seeEx.28 0.5

Each of the documents referred to above is incorporated herein by refer-
ence. Except in the Examples, or where otherwise explicitly indicated, all nu-
merical quantities in this description specifying amounts of materials, reaction
conditions, molecular weights, number of carbon atoms, and the like, are to be
understood as modified by the word "about." Unless otherwise indicated, each
chemical or composition referred to herein should be interpreted as being a
commeicial grade material which may contain the isomers, by-products, de-
rivatives, and other such materials which are normally understood to be present
in the commercial grade. However, the amount of each chemical component is
presented exclusive of any solvent or diluent oil which may be customarily pre-
sent in the commercial material, uniess otherwise indicated. As used herein,
the expression “consisting essentially of* permits the inclusion of substances
which do not materially affect the basic and novel characteristics of the com-

position under consideration.
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The claims defining the invention are as follows:

1. A functional fiuid comprising:
(a) an oil of lubricating viscosity;
(b}  a triaryithiophosphate; and

{c) acompound of the structure

X
|
(RO),P-S,-R"

where a is zero or 1, X is sulfur or oxygen, and each R and R" is independently

an alkyl group or a substituted alkyl group.
2. The functional fluid of claim 1 wherein the triarylthiophosphate of (b) is a

triarylmonothiophosphate.
3. The furctional fluid of claim 1 wherein in component (¢) ais 1 and X is

sulfur, or a is zero and X is oxygen.
4. The functional fluid of claim 1 further comprising
(d}  the reaction proeduct of an amine and a sulfonic acid.
5. The functional fluid of claim 4 wherein the amine is a diamine and the
aromatic sulfonic acid is an alkyl-substituted naphthalenesulfonic acid.
6. A grease comprising:
(a)  an oil of lubricating viscosity;
(b}  a triarylthiophosphate;

{c}) acompound of the structure
X
|
(RO),P-S,-R"
where a is zero or 1, X is sulfur or oxygen, and each R and R” is independently

an alkyl group or a substituted alkyl group; and

(e) & thickener.

J20/9esp?97T.0pa
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7. The grease of claim 6 further comprising

(d)  the reaction product of an amine and a sulfonic acid.

8. A concentrate comprising:
(a) a concentrate-forming amount of an oleophilic medium;

(b)  a triarylthiophosphate; and

{c) a compound of the structure X

X

[
(RO),P-S,-R"

where a is zero or 1, X is sulfur or oxygen, and each R and R” is independently

an alkyl group or a substituted alkyl group.
9. The concentrate of claim 8 further comprising
{d}  the reaction product of an amine and a sulforic acid.
10. The functional fluid of any one of claims 1 to 4 or the grsase of claim 8 or

9 substantially as hereinbefore described with reference to any one of the

examples.

DATED this 26th day of June, 1997.

THE LUBRIZOL CORPORATION
By Their Patent Attorneys:
CALLINAN LAWRIE

22/6/9Tmeap 797 08



ABSTRACT QF THE DISCLOSURE
Functional fluids comprising an oil of lubricating viscosity, the resction prod-
uct of an amine and a sulfonic acid, and at least one sulfur-contzining com-
pound of the structure

(RX):P=X N

where X is sulfur or oxygen exhibit good anti-rust and antiwear performance.
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