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This invention relates to a novel class of compositions
useful in lubricating oils and to the method of preparing
same. More specifically, it relates to novel oil-soluble
compositions and lubricating oil compositions having im-
proved antioxidant activity, bearing corrosion protection
and extreme pressure properties, containing the same.

The temperatures and pressure conditions existing in
present-day automotive, aircraft and marine engines are
known to accelerate the deterioration of lubricating oils.
This deterioration, which is usually atiributed to the oxi-
dation of the oil, produces acids and sludge, it increases
the fluid viscosity and, as a consequence, it reduces the
lubricating ability of the oil. Certain parts of the engine,
particularly copper-lead type bearings, become corroded
by the acids. The accumulation of sludge produced from
this oxidation, from impurities in the suction air, or from
ignition products becomes deposited around the various
parts of the engine. The pressure exerted within the en-
gine and the gears at the elevated temperatures also tends
to aggravate these effects, resulting in physical abrasion
of the moving parts.

To overcome this oxidation, lubricating oils are gener-
ally formulated with antioxidants which are designed to
inhibit the formation of oxidation products and thus
lengthen the life of the lubricating oil. For example, or-
ganophosphorus sulfur compounds are a useful type of
inhibitor.

It is a major object of this invention, therefore, to pro-
vide novel organic phosphorus-sulfur compounds and a
method for their preparation. Another object of this in-
vention is to provide lubricating oil compositions contain-
ing these novel oil-soluble, non-metallic organic phos-
phorus-sulfur compounds. Another object of this inven-
tion is to provide lubricating oil compositions having im-
proved stability against oxidation and extreme pressure
and temperature conditions found in present-day auto-
motive, aircraft and marine engines. A further object
of this invention is to provide lubricating oil compositions
having improved inhibition to engine bearing corrosion.

The aforementioned and other objects we achieve by
adding to a lubricating oil an amount sufficient to reduce
oxidation decomposition thereof of a 1-(0,0-diorgano-
phosphorodithioato)alkyl carboxylate. These novel com-
pounds are highly soluble in lubricating oil and are effec-
tive in preventing oxidation of the oil even under high
temperature conditions.

The novel compounds of this invention have the struc-
ture:

oo
(RO)r—P—8—CH—0—C—/R’
RI, n

wherein 7z is an integer of 1 to 2; R is an alkyl, including
both primary and secondary alkyl, or cycloalkyl or al-
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kenyl radical containing from 1 to 12 carbon atoms, or
an aryl, alkylaryl or alkenylaryl radical having from 1 to
5 alkyl substituents attached to the aromatic nucleus, the
alkyl substituents containing from 1 to 12 carbon atoms
and having a total of up to 18 carbon atoms, or a hydroxy
or halogen derivative of the above-defined alkyl or aryl
radical; R’ is hydrogen or an alkyl or cycloalkyl or al-
kenyl radical or (when # is 2) an alkylene, alkenylene or
arylene radical having from 1 to 11 carbon atoms; or an
aryl radical, such as phenyl or naphthyl, or aralkyl or
alkaryl or an alkenylaryl radical, the aromatic nucleus
being substituted with up to 5 alkyl groups each having
from 1 to 12 carbon atoms, with a total number of up to
18 carbon atoms, or the halo derivatives thereof; and R’
is alkyl, aralkyl, aryl, haloalkyl and haloaryl having sim-
ilar substituent groups as R’ above. When #r is 1 and R’
may be the bracketed group itself: or when # is 2 and
R’ is alkylene, alkenylene or arylene, the carboxylates
are dibasic as indicated by the formula

S
T
(RO)r—P—S—CH—0O—
R/I

=le}

0 8
| T
—0—CH—$—P—(OR);
RII

—R’—

Suitable dicarboxylates include oxalates, succinates, ma-
leates, fumarates, phthalates, or cyclohexane dicarbox-
ylates.

In the typical procedure for preparing the compositions
of this invention, a phosphorodithioic acid reactant is
mixed gradually and with agitation, with an alkyl car-
boxylate reactant reactive at the alpha carbon at a tem-
perature in the range of about 40° to about 150° C.

The preferred reaction sequences are alternatively as

follows (in the case of n being 1):
© 3 ﬁ
(RO)>—P—8—M + X—CH~0—C—R’ ——
3 i
(RO);—P—8—CH—O0~—C—R’ 4+ MX
© 3 ﬁ
(RO)—P~—8H + CH—0—C—R' —
R!Il
8 0 8
1 [
(R0O)—P—8—CH—0O—C—R’
RIII

wherein R, R’ and R” have the aforementioned defini-
tions (R’ being substantially the same as R’ except that
it is the alkylidene or aralkylidene thereof by virtue of
the double bond as shown), M is an alkali metal, and X
is either a halogen group such as chloro, jodo or bromo,
or a tosyl group.

The ratio of the alkyl carboxylate to the phosphorodi-
thioic reactant is at least stoichiometric and usually in
the range of about 0.75 to 4.0, and preferably 1.0 to 1.5,
moles of carboxylic ester per mole of phosphorodithioic
acid compound. When both of the reactants have been
combined, the temperature is held at the temperature of
the reaction until the reaction is deemed complete. Gen-
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erally, the total reaction time takes about 30 minutes
to five hours, preferably 1 to 2 hours.

The reaction is preferably carried out in a liquid phase.
If sufficient phosphorodithioic acid reactant is used no ad-
ditional solvent is necessary. If desired, an organic solvent
which is not reactive to the reaction mixture may be added.
Such solvents include benzene, n-heptane, cyclohexane, or
any of the known solvent-refined processing oils.

At the end of the reaction, excess carboxylate is re-
moved by vacuum distillation. If an organic solvent has
been added, this too is removed by distillation. Other reac-
tion products, reactants or solvents may be removed by
washing. The residual product is in the form of an oil-
soluble liquid. If a process oil is used as the reaction sol-
vent, the oil may be allowed to remain in the product for
subsequent addition to the final lubricating composition.

As discussed earlier, the temperature for the reaction
is maintained at a moderate level, in the range of about
40° C. to about 150° C., and preferably from about 45°
C. t0 90° C. Once the product has been formed in the reac-
tion mixture the temperature can be increased without
danger of thermal decomposition of the product.

Suitable esters for use as the carboxylate reactants in
this invention include the vinyl and substituted vinyl esters
of carboxylates described hereinabove and specifically
vinyl acetate, vinyl propionate, vinyl butyrate, butenyl
propionate and other aliphatic acid esters containing up
to 12 carbon atoms, including branched aliphatic acid
esters, such as vinyl isobutyrate. Aromatic esters include
vinyl benzoate and vinyl naphthoate. Other esters which
may also be used include dicarboxylic acid esters, such
as divinyl succinate; aryl dicarboxylic acid esters, such
as divinyl phthalate and divinyl terephthalate: and the un-
saturated carboxylic esters, such as divinyl maleate and di-
winyl fumarate. Halogenated esters include alpha-chloro-
ethyl acetate, alpha-chloroethyl propionate, alpha-chloro-
ethyl benzoate, alpha-chloropropyl acetate, di-alpha-
chloroethyl succinate. Similarly the tosylated methyl esters
and alpha-tosyl alkyl esters are readily obtained.

The phosphorodithioic acid ester reactants are normal-
ly prepared by the reaction of 4 moles of an alcchol or
phenol with one mole of phosphorus pentasulfide as fol-
lows:

]
4ROH + PsSs —-— 2(RO)2—-—1|>——SH + H.S

Suitable alcohols include methyl alcohol, ethyl alcohol,
propyl alcohol, isopropyl alcohol, butyl alcohol, isobutyl
alcohol, amyl alcohol, isoamyl alcohol, hexyl alcohol,
oleyl alcohol, isohexy! alcohol, isodecyl alcohol, trimethyl-
pentyl alcohol, crotyl alcohol, benzyl alcohol, tetrahydro-
furfuryl alcohol, dimethylbutyl alcohol, and cyclic alco-
hols, such as cyclohexanol. Suitable aromatic alcohols
include phenol and alkylphenols which have up to 5 alkyl
groups on the ring, including cresol and nonylphenol.
Halogenated alcohols may also be used, such as chloro-
phenol and ethylene or propylene chlorohydrin. The re-
sulting product is hereafter referred to as O,0-dialkyl- or
0,0-diarylphosphoredithioic acid. Mixed esters may also
be utilized, and hence any combinations of the above
alkyl and aryl compounds are satisfactory in employing
the present invention. The alkali metal salts are prepared
by simply reacting the esters with metal hydroxides or
alkoxides in a conventional neutralization reaction.

The 1-(0,0-diorgancphosphorodithiato)alkyl carboxyl-
ate products of this invention have excellent solubility in
the typical lubricating oils in which they are intended to
be used. Generally their solubility exceeds the amount re-
quired to obtain the desired antioxidant and anticorrosion
characteristics furnished by these products.

The following examples and test results illustrate the
typical manner of carrying cut and utilizing the invention
thereby. Any mention of parts and percentage in these ex-
amples unless otherwise specified will be deemed to be
on a weight basis.
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Example 1.—Preparation of 0,0-diisobutylphosphoro-
dithioic acid

Into a four-necked flask equipped with a stirrer, con-
denser, dropping funnel and thermometer are added 296
grams (4.0 moles) of isobutyl alcohol and the contents
are heated to 75° C. At that temperature 222 grams (1.0
mole) of phosphorus pentasulfide are added portionwise
over an hour period with agitation. After all of the sulfide
reactant is introduced, the temperature is raised to 90° C.
and held for three hours. The evolution of hydrogen sulfide
gas indicates a substantially complete reaction. The reac-
tion product is cooled and filtered.

Example 2.—Preparation of 1-(0,0-diisobutylphosphoro-
dithiato) ethyl acetate

Into a flask equipped with a stirrer, condenser, dropping
funnel and thermometer are added 484.6 grams (2 moles)
of the O,0-diisobutylphosphorodithioic acid prepared in
Example 1 and thereafter with stirring 258.3 grams (3.0
moles) of vinyl acetate are added dropwise to the acid
over a half-hour period. The temperature during this addi-
tion is maintained at 78° C. At the end of the addition
period, the reaction mixture is heated for one hour at a
temperature ranging from 85° C. to 90° C. The reaction
mixture is then passed into a rotary film evaporator heated
by a boiling water bath and the unreacted vinyl acetate re-
moved under reduced pressure. The yield of product is
650.9 grams of an amber-colored oil indicating a yield of
about 99%.

Analysis—Calc’d for CoHy;04PSe: P, 9.44; S, 19.5.
Found: P, 9.45; S, 18.5.

This product was also produced by the alternative pro-
cedure as follows:

To 121.4 grams (0.991 mole) of 1-chloroethyl acetate
in 100 ml. of N,N-dimethylformamide there is added drop
by drop a solution of 210.7 grams (0.75 mole) of potas-
sium O,0-diisobutylphosphorodithioate (prepared from
the acid of Example 1 and potassium hydroxide) in 150
ml. of N,N-dimethylformamide while stirring. The addi-
tion requires 20 minutes and the temperature is maintained
at 30-35° C. The temperature is then increased to 62° C.
and heating and stirring are continued for one additional
hour. The reaction product is washed with water extracted
with benzene and rewashed. Benzene is removed by dis-
tillation and the residue is distilled in a molecular still at
less than 0.01 mm. pressure. There is obtained 165 grams
of 1-(0,0-diisobutylphosphorodithiato)ethyl acetate.

Analysis—Calc'd for C;pHy0,PS,: P, 9.44; S, 19.5.
Found: P, 9.56; S, 19.0.

Example 3.—Preparation of 1-(0,0-dioleylphosphorodi-
thiato)ethyl acetate

0,0-dioleylphosphorodithioic acid prepared through
the reaction of 400 grams (1.6 moles) of oleyl alcohol
and 100 grams (0.45 mole) of phosphorus pentasulfide
is charged into a reaction flask equipped with a stirrer and
thermometer and heated to 45° C. Vinyl acetate (103
grams, 1.2 moles) is then added over a half-hour -period
with agitation. During this addition, the temperature rises
to 85° C. The reaction product is then maintained at 85~
90° C. with stirring for an additional hour and topped to
a vapor temperature of 100° C. at 0.2 mm. to give 453
grams of a dark, amber colored adduct,

Analysis—Calc’d for CyuHqO.PSy: P, 4.3; S, 8.9.
Found: P, 4.9, S, 8.6.

Example 4.—Preparation of 1-(0,0-di-2,2,4-trimethylpen-
tylphosphorodithiato) ethyl acetate

The phosphorodithioic acid obtained in the example is
prepared by a reaction between 122 grams (0.55 mole)
of phosphorus pentasulfide and 260 grams (2.0 moles) of
2,2, 4-trimethylpentan-1-ol, according to the procedure of
Example 1. To this acid are added 69 grams (0.8 mole)
of vinyl acetate over a 10-minute period at a temperature
of 60° C. When the addition is complete, the tempera-
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ture of the reaction mixture is raised to the reflux tem-
perature, in the range of about 90° to 95° C. Refluxing
is continued for four and one-quarter hours. The reaction
product is washed with a 10% aqueous sodium hydroxide
solution to remove excess acid and dried over sodium sul-
fate. The treated product is distilled under a nitrogen at-
mosphere at 3.5 mm. Hg pressure to a pot temperature of
120° C. The liquid product obtained from this procedure
is slightly hazy. Further treatment by sodium sulfate fol-
lowed by filtration through “Hi-Flo” (diatomaceous earth
filter aid) produces a clear yellow liquid substance. The
reaction yields 337 grams (96%) of product.

Analysis—Calc’d for CgoHy,O,PS,: P, 7.0; S, 14.5.
Found: P, 6.9; S, 14.2.

Example 5—Preparation of 1 -(0,0-diphenylphosphoro-
dithiato)ethyl acetate

The acid in this example is obtained by reacting phenol
with phosphorus pentasulfide using the procedure of Ex-
ample 1. Into a reaction flask equipped with a stirrer and
thermometer is added a solution of 43 grams (0.50 mole)
of vinyl acetate in 250 ml. of benzene. This solution is
heated as a second solution, consisting of 70.6 grams
(0.25 mole) of O,0-diphenylphosphorodithioic acid in
200 ml. of benzene, is added over a half-hour period with
agitation, The temperature is raised to 70° C. and the
mixture is agitated for an additional 18 mimutes. At the
end of this time, the benzene and unreacted vinyl acetate
are removed under reduced pressure. The remaining 86.5
grams of crude product is cooled whereupon 21.0 grams
of a white solid separates out of said product, leaving 65.5
grams of the liquid adduct. The adduct is separated from
the precipitate by filtration.

Analysis.—Calc’d for C16H1704P82: P, 8.41; S, 17.4.
Found: P, 9.14; S, 16.9.

Example 6—Preparation of 1-[0,0-di (nonylphenyl) phos-
phorodithiatolethyl acetate

The acid is prepared in this example by using nonyl-
phenol in the reaction with phosphorus pentasulfide. A
solution containing 116 grams (0.20 mole) of 0,0-di
(nonylphenyl) phosphorodithioic acid in 150 ml. of ben-
zene is added to a reaction flask equipped with a stirrer
and thermometer. To this solution are added 34.4 grams
(0.40 mole) of vinyl acetate over an 18-minute period
with agitation. The temperature during this addition is
maintained at about 40° C. and the agitation is continued
at this temperature for an additional hour. Upon removal
of the benzene and unreacted vinyl acetate, 131 grams
(96% yield) of a clear yellow liquid adduct remains.

Analysis~—Calc’d for CgHg0,PSs: P, 5.0; S, 10.3.
Found: P, 4.7; S, 10.4.

Example 7.—Preparation of 1-(0,0-dimethylphosphoro-
dithiato)ethyl acetate

Using similar procedures as in the previous examples
to produce the acid, 215 grams (2.5 moles) of vinyl ace-
tate are added to 2.0 moles of O,0-dimethylphosphorodi-
thioic acid prepared from the reaction between methanol
and phosphorus pentasulfide, as described in Example 1.
The reaction mixture requires frequent ice bath applica-
tions to keep the temperature at about 40° C. to 45° C.
Alfter the vinyl acetate addition the reaction mixture is
heated at 50° C. for an additional hour. The product ob-
tained from this reaction is 400.7 grams (82% yield) of
a straw-colored clear liquid product,

Analysis—Calc’d for CgHy30.PS,: P, 12.7; S, 26.2.
Found: P, 12.5; §, 23.2.

Example 8.—Preparation of 1-(0,0-diisopentylphospho-
rodithiato) ethyl acetate

The acid is obtained by a reaction between isopentyl
alcohol and phosphorus pentasulfide using the procedure
of Example 1. Into a reaction flask equipped with a stir-
rer and thermometer are added 100 grams (0.37 mole) of
0,0-diisopentylphosphorodithioic acid. To the contents of
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the flask are added 50 grams (0.58 mole) of vinyl acetate
over a half-hour period with agitation. During this addi-
tion the temperature is raised to 90° C., afterward the
reaction mixture is maintained at 90° C. with agitation
for an additional hour. Unreacted vinyl acetate is removed
under reduced pressure in a rotary film evaporator heated
by a boiling water bath. The adduct consists of 125 grams
(95% 7yield) of an amber-colored oil.

Analysis—Calc’d for Ci4HgyO4PS,: P, 8.7; S, 18.0.
Found: P, 9.0; S, 17.0.

Example 9.—Preparation of 1 -(0,0-diisobutylphosphoro-
dithiaio)ethyl benzoate

Using similar procedures as in the previous examples,
50 grams (0.336 mole) of vinyl benzoate are added to
81.5 grams (0.336 mole) of 0,0-diisobutylphosphorodi-
thioic acid in benzene. The addition takes half an hour
during which time the temperature is held at about 85° C.
The reaction mixture is held for an additional hour at
85° C. A 100% yield of pale yellow liquid adduct is ob-
tained.

Analysis—Calc’d for CiHg04PS,: P, 7.91; S, 16.4.
Found: P, 7.86; S, 15.3.

Example 10.—Preparation of 1-(0,0-di-(1,3-dimethyl-
butyl) phosphorodithiato)ethyl acetate

The acid used in this example is obtained by a reaction
between 4 moles of 1,3-dimethylbutan-1-o! with 1.1 moles
of phosphorus pentasulfide as described in Example 1.
To the crude product of this reaction are added 170 grams
(2 moles) of vinyl acetate over a 15 minute period. Dur-
ing the addition the temperature is in the range of 60° C.
to 70° C. Benzene (150 ml.) is added. The reaction mix-
ture is agitated and heated at a temperature of from 90°
C. to 95° C. for a total of 6 hours. The reaction product
is washed with 10% aqueous sodium hydroxide solution,
dried over sodium sulfate and distilled under nitrogen at
3.5 mm. Hg pressure to a pot temperature of 120° C. The
remaining liquid has the following analysis:

Analysis—Calc’d for CiHz04PSy: P, 8.1; S, 16.7.
Found: P, 8.3; S, 16.5.

Example 11.—Preparation of 1-(0,0-di-isobutylphospho-
rodithiato) ethyl butyrate

The acid used for this example is the same as that pre-
pared in Example 1. Using similar procedures as in the
previous examples, 100 grams (0.88 mole) of vinyl buty-
rate is added to 170 grams (0.70 mole) 0,0-di-isobutyl-
phosphorodithioic acid with agitation. The addition takes
half an hour in which time the temperature is increased
from 45° C. to 85° C. The reaction mixture is held for
an additional hour at 85° C. The unreacted vinyl butyrate
is removed leaving a liquid product having the following

“analysis:

Analysis—Calc’d for CiaHpOPS,: P, 8.7; S, 18.0.
Found: P, 9.2; S, 18.5.

Example 12.—Preparation of 1 - [0,0-di(butylphenyl)
phosphorodithiato]ethyl propionate

0,0-di(butylphenyl) phosphorodithioic acid is prepared
using similar procedures as in the previous examples, To
77 grams (0.2 mole) of this acid are added 40 grams
(0.4 mole) of vinyl propionate over a half hour period
with agitation. The temperature during this addition is
maintajned at about 55° C. After the addition, the reac-
tion mixture is stirred at about 55° C. for an additional
hour.

Unreacted vinyl propionate is removed under reduced
pressure. The remaining product consists of 98 grams of
an amber-colored liquid.

Analysis.——-Calc’d for C25H3504PS2: P, 6.27; S, 12.9,
Found: P, 6.04; S, 11.5.
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Example 13.—Preparation of 1-(0,0-di-mixed organo-
phosphorodithiato)ethyl acetate

Using the procedure as in Example 1, a mixture of
nonylphenol and cresol isomers (meta and para), in a
1:1 mole ratio, are reacted with phosphorus pentasulfide
using 6.48 moles of the mixed phenols and 1.62 moles of
sulfide. To the crude product of this reaction are added
425 grams (4.94 moles) of vinyl acetate over a 1 hour
period, with the temperature in the range of about 45°
to 80° C. The mixture is agitated and the temperature is
maintained at 80° C. for about 1.25 hours. Excess vinyl
acetate is stripped as in the above examples leaving 1660
grams of a straw-colored product.

Example 14.—Preparation of di[I-(0,0-diisobutylphos-
phorodithiato) lethyl succinate

To the di-1-chloroethyl succinate prepared by the reac-
tion of 26.7 grams (0.173 mole) of succinyl chloride with
20 grams (0.46 mole) of acetaldehyde in 100 ml of
benzene containing 0.2 gram of dry zinc chloride there is
added dropwise over a 15 minute period a solution of 97
grams (0.35 mole) of potassium O,0-diisobutylphos-
phorodithicate in 150 ml. of N,N-dimethylformamide
while stirring. The temperature is maintained at 50° C.
during the addition and is then raised to 80° and stirring
is continued at this temperature for one additional hour.

After washing and distilling to remove solvent, there
is obtained di-1-(0,0-diisobutylphosphorodithiato)ethyl
succinate for which the infrared spectrum is very similar
to that of 1-(0,0-diisobutylphosphorcdithiato)ethyl ace-
tate.

Example 15~—Preparation of 1 - (0,0-diisodecylphos-
phorodithiato)ethyl acetate

The acid is obtained by a reaction between isodecyl
alcohol and phosphorus pentasulfide using the procedure
of Example 1. Into a reaction flask equipped with a
stirrer and thermometer are added 790 grams (1.9 moles)
of O,0-diisodecylphosphorodithioic acid. To the contents
of the flask are added 250 grams (3.0 moles) of vinyl
acetate. The reaction mixture is held for 2 hours at a
temperature of 80° to 90° C. Unreacted vinyl acetate is
thereafter removed. The yield of the liquid adduct is
100%; it has the following analysis:

Analysis—Calc’d for CoHgO4PSy: P, 6.25; S, 12.9.
Found: P, 6.03; S, 12.6.

Example 16 —Preparation of 1-(0,0~di-2,2 4-trimethyl-3-
hydroxy-pentylphosphorodithiato) ethyl acetate
Using procedures similar to those of the above ex-
amples, 675 grams (1.75 moles) of 0,0-di-2,2,4-trimethyl-
3-hydroxy-pentylphosphorodithioate are reacted with 226

grames (2.62 moles) of vinyl acetate in a benzene solu-

tion. The temperature is maintained in the range of 85°
to 88° C. for 1 hour. Thereafter the excess vinyl acetate
and the benzene are removed by vacuum distillation. The
analysis of the remaining liquid product obtained is:

Analysis—Calc’d for: P, 6.56; S, 13.6. Found: P, 7.03;
S, 14.2.

EVALUATION OF THE PRODUCTS

The products of the above examples were evaluated
typical engineering tests, namely the oxidation stability
test and the bearing corrosion test.

(2) The oxidation stability test.—In this test the prod-
uct is added to a solvent-refined, mineral lubricating oil.
This oil composition is heated to 325° F. and dry air at
the rate of 10 liters per hour is passed through it in the
presence of iron, copper, aluminum and lead. After 40
hours the neutralization number for each composition is
obtained using the ASTM D 974-1 method or procedure.
The additives are rated in terms of the minimum weight
percent of phosphorus required to limit the rise in the
neutralization number to 2.0. The additives which are
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3
effective at approximately 0.125% or less by weijght of
phosphorus are deemed to be satisfactory additives.

(b) Bearing corrosion test~The minimum amount of
the additive to be tested is added to a solvent-refined min-
eral base oil in the presence or absence of a detergent
and the oil composition is used to lubricate a copper-
lead bearing in 2 CRC L-38 test engine run for 40 hours.
At the end of the run the test bearing is removed and
weighed. If there is a loss of weight of the bearing of
over 50 mg., the lubricating oil is deemed to have failed.

The data obtained in testing the composition of this in-
vention using the above test methods are compiled in
the table below.

Percent Phos-
phorus, in oxida-
tion stability test

Bearing Weight

Example No. Loss, mg.

1 Detergent present.

The above results show that the compositions of this
invention prevent the oxidation of lubricating oils, even
in the presence of metal catalysts. In the bearing corro-
sion test, it will be noted by comparison that the same

5 lubricating oil containing no additives at all permits an

extremely high weight loss.
EXTREME PRESSURE PROPERTIES

The extreme pressure properties of two products pre-
pared in the above examples were tested using SAE 90
solvent-refined mineral base oil. The oil was blended with
(1) 6.2% of the product of Example 4 and (2) 5.2%
of the product of Example 10, The two oil blends were
tested on an SAE load machine. In this test, two cylinders,
driven at different speeds, are rotated against one an-
other, and these roll and slide in line contact under
controlled loads. The faster cylinder was operated at
500 r.p.m. The load is increased until failure, i.e. scuffing
or seizure occurs; the loading rate is about 78 lbs. per
second. At this point the total load is reported. Each sam-
ple oil was tested twice.

Qil composition:
(1) Composition 4 ___
(2) Composition 10

L-1 CATERPILLAR ENGINE TEST

The products of Examples 2 and 6 were tested in a
lubricating oil in the L-1 Caterpillar Engine Test using
a non-metallic detergent.

The Caterpillar engine test determines the ability of the
oil to prevent deposits around important parts of the en-
gine including the piston and crankcase areas. A I-cylinder,
4-cycle Caterpillar engine is run under the following op-
erating conditions:

Seizure load, 1bs.
270,275
270,290

Oil temperature ° F.
Jacket temperature ° F. . 180
Speed TP, o 1000
Brake load, HP. . _____ 19.8

The duration of the test was 480 hours The diesel fuel
of the engine contained 1% sulfur. A typical refined lubri-
cating oil each containing 1% by weight of the products
of Examples 2 and 6 and 3% of a commercial detergent.
The engine was examined for deposits at various times dur-
ing the run. The test results are reported below.
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PRODUCT OF EXAMPLE 2

Duration of Run, hours._..__.__.___..________ ' 120 240 480

Engine Rating _ ... . 99.5 99.2 96.4
Lacquer Demerits. - - 0 0.2 2.2
Top Groove Packing, percent.__..___________ 3 3 5

PRODUCT OF EXAMPLE 6

Duration of Run, hours_. ____.__..____________ 132 254 480

Engine Rating. __..___________________.._____ 99.9 99.6 98.5
Laequer Demerits_ ... _______________"""[ """ - 0.6
Top Groove Packing, percent_ _..____________ 1 2 3

The engine rating expresses the over-all conditions of the
engine at the end of the test run; a scale of 0 to 100 is
used, a 100 rating indicating a perfectly clean engine. The
lacquer demerits indicate the amount of deposits coating
the rings, the grooves and lands and the skirts of the pis-
ton; demerits are given for quantity of coating and de-
gree of lacquering as evidence by color standards, and
the sticking tendencies of the piston ring; the scale is from
0 to 100, a rating of 0 indicating completely clean surfaces
and no demerits of any kind. The top groove packing rat-
ing indicates in percent of volume the amount of the car-
bon deposited in the top groove of the piston; the scale is
from 0 to 100%, a rating of 0 indicating a completely
clean groove.

THERMAL GRAVIMETRIC TEST

This test investigates the stability of the novel com--

pounds of this invention at high temperatures by subject-
ing the compounds to increasing heat while the rate of
weight loss is observed. The temperature at which weight
loss rate is markedly increased is designated as the inflec-
tion temperature; hence, a high inflection temperature in-
dicates satisfactory stability. The products which were
tested have been prepared according to the procedures used
in the above examples, including products not specifically
described hereinbefore.

(RO):P(S)SCHOC(O)R/ Inflection | Percent

Tempera- | Weight

R ture, ° C. | Loss at

200° C.
R=isobutyl; R'=methyl; R”=methyl._._______ 175 12.1
R=p-methylphenyl; R’=methyl; R”=methyl_. 185 9.3
R=m-methyiphenyl; R’=methyl; R” =methyl. 185 3.9

R=mixed m- and p-methylphenyl and nonyl-
%henyl (1:1 by weight); R’=methyi;

' =methyl. 235 0
R=nonylphenyl; R’=methyl; R”=methyl ____ 235 0
R=phenyl; R’=methyl; R" =methyl ... ___.__ 180 7.2
R=Isobutyl; R’=methyl; R"/=propyl_._. 225 0
R=isobutyl; R’=n-propyl; R"=methyl 210 0
R=isobutyl; R’=phenyl; R”=methyl_ 210 1.2
R=isobutyl; R'=benzyl; R”=methyl_ 185 4,2

The above test results indicate that the products of this
invention are not only highly useful high-temperature anti-
oxidant and corrcsion inhibitors, but they also possess ex-
treme pressure characteristics for use in the lubrication of
present-day engines. It has been found that the presence of
from about 0.05% to about 15% by weight of these addi-
tives in oil formulation provides satisfactory performance
of lubricating composition and aids in extending the life of
the oil. Furthermore, these additives are compatible with
other typical oil additives such as pour point depressors,
viscosity index improvers, antirust agents, as well as other
detergents. Moreover, they are found to have unexpectedly
higher solubility in lubricating oils than other dithiophos-
phoric compounds.

The above disclosure is hereby given as an illustration
of the present invention and should not be deemed a lim-
itation thereof except where expressly stated therein and
as limited by the following claims.
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We claim:

1. A lubricating oil composition comprising a major
amount of a lubricating oil selected from the group con-
sisting of a mineral lubricating oil and a synthetic lubricat-
ing oil, said oil being of lubricating viscosity suitable for
lubricating high frictional surfaces of engines, and a minor
amount of a 1-(0,0-diorganophosphorodithiato)alkyl car-
boxylate the said alkyl group having at least two carbon
atoms.

2. The lubricating oil composition of claim 1, wherein
the carboxylate group contains from 1 to 12 carbon atoms.

3. The lubricating oil composition of claim 1, wherein
the carboxylate group has the formula

_[o_@]TR,

in which n is an integer of 1 to 2 and R’ is selected from
the group consisting of alkyl having from 1 io 11 carbon
atoms, aryl, aralkyl, alkaryl, alkylene, alkenylene and
arylene having up to 5 alkyl groups on the aromatic nu-
cleus with a total of up to 18 carbon atoms.

4. The lubricating oil composition of claim 1, wherein
the diorganophosphorodithiato has the formula

(RO)o—P(8)—S—

and R is selected from the group consisting of alkyl, hy-
droxyalkyl, and haloalkyl having from 1 to 12 carbon
atoms and aryl, hydroxyaryl, haloaryl, and alkaryl having
up to 5 alkyl substituents on the aromatic nucleus with
from 1 to 12 carbon atoms per alkyl substituent and a
total of up to 18 carbon atoms.

5. The lubricating oil composition of claim 1, wherein
the atkyl carboxylate is ethyl carboxylate.

6. The lubricating oil composition of claim 1, wherein
the said 1- (0,0 - diorganophosphorodithiato)alkyl car-
boxylate is present in the said ©il in an amount ranging
from about 0.05% to about 15% by weight of composi-
tion.

7. The lubricating oil composition of claim 4 wherein
R is alkyl.

8. The lubricating oil composition of claim 7 wherein
R is selected from the group consisting of methyl, butyl,
isobutyl, pentyl, dimethylbutyl, trimethylpentyl, and decyl.

9. The lubricating oil composition of claim 4 wherein
R is aryl.

19. The lubricating oil composition of claim 9 wherein
R is selected from the group consisting of pheayl, methyl-
phenyl, butyiphenyl and nonylphenyl.

11. The lubricating oil composition of claim 3 wherein
the carboxylate group is selected from the group consist-
ing of acetate, propionate, butyrate, succinate and benzo-
ate.

12. The lubricating oil composition of claim 1 wherein
the alkyl carboxylate is ethyl acetate.

13. The lubricating oil composition of claim 1 wherein
the 1-(0,0-diorganophospliorodithiato ) alkyl carboxylate
is 1—(0,0-dibutylphosphorodithiato)ethyl acetate.

14. The lubricating oil composition of claim 1 wherein
the 1-(0,0-diorganophosphorodithiato)alkyl carboxylate
is 1-(0,0-diphenylphosphorodithiato) ethyl acetate.

15. The Iubricating oil composition of claim I wherein
the 1-(0,0-diorganophosphorodithiato ) alkyl carboxylate
is 1-(0,0-diisobutylphosphorodithiato)ethyl benzoate.

16. The lubricating oil composition of claim 1 wherein
the 1-(0,0-diorganophosphorodithiato)alkyl carboxylate
is 1-(0,0-dioleylphosphorodithiato)ethyl acetate,

17. The lubricating oil composition of claim I wherein
the 1-(0,0-diorganophosphorodithiato)alkyl carboxylate
is 1-(0,0-dinonylphenylphosphorodithiato)ethyl acetate.

18. The lubricating oil composition of claim 1 wherein
the 1-(0,0-diorganophosphorodithiato)alkyl carboxylate



3,850,348

i1
is di[1 - (0,0 - diisobutylphosphorodithiato) Jethyl succi-
nate.
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Milton Braid et al.

It is hereby certified that error appears in the above numbered pat-
ent requiring correction and that the said Letters Patent should read as
corrected below.

Column 2, lines 39 to 42, reaction sequence (a) should
appear as shown below instead of as in the patent:

S 0 S 0
T “ 7 /r ” /
(RO),-P-S-M+X-CH-0-C-R—s (RO) ,-P-S-CH-0-C-R"+MX
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same column 2, lines 47 to 49, the product of reaction sequence
(b) should appear as shown below instead of as in the patent:

S 0
7 i,
(RO)Z—P-S—CH-O~ -R
l
R”
column 7, line 54, for 'grames' read -- grams --.

Signed and sealed this 12th day of November 1968.
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EDWARD M.FLETCHER,JR. EDWARD J. BRENNER
Attestlng Officer Commissioner of Patents
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Section 256, of the United States Code, deleting the name of Milton Braid as a joint
inventor, and a showing and proof of facts satis the requirements of the said sec-
tion having been submitted, it is this 2nd day of November 1971, certified that the name
of the said Milton Braid is hereby deleted from the said patent as a joint inventor with
the said Herbert Myers.
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