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This invention relates to mineral oil compositions and
more particularly to mineral lubricating oil compositions
adapted to prevent rusting and corrosion of metal sur-
faces which are exposed to moisture.,

Mineral oil films afford only limited protection to metal
surfaces against rusting and other types of corrosion and,
in gemeral, can not be relied upon to provide sufficient
protection against rust formation in the presence of mois-.
ture. Various lubricating compositions have, heretofore,
been disclosed for protecting metal surfaces against rust-
ing and corrosion but the prior compositions have not
ben entirely satisfactory. It has become common prac-
tice to employ corrosion inhibitors or anti-corrosion agents
as additives in oil compositions for the purpose of pro-
viding additional protection against rusting and corrosion.
Such additives have been used in various types of lubricat-
ing compositions such as machine oils, internal combus-
tion engine and diesel lubricating oils, turbine oils, greases,
oils for small arms, fuse mechanisms, etc., as well as in
slushing oils and fuel oils. Some of the prior composi-
tions have exhibited good resistance to oxidation, but they
have not given complete protection against rusting and
corrosion of metal parts which are exposed to moisture.
Other compositions, while being satisfactory for use in
the presence of water or water vapor, do not provide ade-
quate protection against corrosion if the composition is
contaminated with water prior to its use. Still other com-
positions, while being satisfactory if applied to metal sur-
faces which are dry, are ineffective if applied to surfaces
which are not free from moisture.

Although gasoline, oil and other hydrocarbons derived
from petroleum are substantially free from moisture when
produced, traces of water may later be found in these
products. Liquid petroleum products are frequently re-
moved from storage tanks by water displacement, thus
giving rise to the possibility of water contamination. In
other instances, water can be introduced into petroleum
products through faulty tank or confainer . closures.
Water contamination is particularly a problem in humid
atmospheres such as those encountered in the tropics and
on the seaboard as well as on board ships. When lubri-
cating oils which have become contaminated with water
are subsequently used, substantial corrosion of metal sur-
faces with which the contaminated Iubricant comes in con-
tact may be encountered. It is desirable, therefore, to
provide a lubricating composition which will protect metal
surfaces from corrosion even though the composition may
have been contaminated with water, or the metal surfaces
upon which the composition is applied may contain a film
of water. -

In accordance with the present invention, a Iubricating
composition is provided which gives prolonged protection

against corrosion and rusting normally. resulting when
metals. are exposed to the lubricating composition contain-

ing water as a contaminant. The composition of the in-
vention also gives prolonged protection against corrosion
and rusting even though it is applied to moist metal sur-
faces. The composition of the present invention has fur-
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ther desirable properties in that it is a particularly .effec-
tive lubricant and has good oxidation stability.

The improved lubricating composition of this invention
comprises a major proportion of a mineral lubricating oil
and minor proportions of each of an alkali metal salt of
an oil-soluble sulfonic acid, a metal alkyl thiophosphate,
a partial ester of a fatty acid containing at least 8 carbon:
atoms and a polyol containing from 3 to 6 carbon atoms
and from 3 to 6 hydroxyl radicals per molecule and
an ethylene glycel Cq branched-chain alkyl ether. -An
improved lubricating compasition can be prepared by in-
corporating in an oil an alkali metal salt of an oil-soluble
sulfonic acid, a metal alkyl thiophosphate and a partial
ester of a fatty acid containing at least 8 carbon atoms
and a polyol containing from 3 to 6 carbon atoms and
from 3 to 6 hydroxyl radicals per molecule. While the
composition thus obtained has good corrosion and rust-
inhibiting characteristics, the composition has a disadvan-
tage in that it does not give adequate protection to metal
surfaces if the composition is contaminated with water
prior to its ultimate use or if the metal surfaces contain a
film of water at the time the protective film is applied.

We have found that an oil to which has been added an
alkali metal salt of an oil-soluble sulfonic acid, a metal
alkyl thiophosphate and a partial ester of a fatty acid

* containing at least 8 carbon atoms and a polyol contain-

ing from 3 to 6 carbon atoms and from 3 to 6 hydroxyl
radicals per molecule can be improved with respect to its
rust-inhibiting characteristics even though contaminated
with water or applied to surfaces which contain water by
incorporating in the composition a small amount of an
ethylene glycol Cg branched-chain alkyl ether.

The mineral oil base to which the other constituents
are added may be any of the hydrocarbon oils of Iu-
bricating grade. The oil may be a refined or semi-refined’
paraffinic-, naphthenic-, or asphalt-base oil having a
viscosity of about 50 to 4000 SUS at 100° F. If de-
sired a blend of oils of suitable viscosity may be employed
instead -of a single 0il, by means of which any desired
viscosity within the range of 50 to 4000 SUS at 100° F.
may be secured. The particular oil employed will de-
pend upon the ultimate use of the final composition.

The alkali metal salt of an oil-soluble sulfonic acid
which we employ can be prepared in known fashion by
neutralizing the oil-soluble sulfonic acid with alkali.
The sulfonates can be prepared from the oil-soluble sul-
fonic acids ‘obtained in the sulfonation of mineral oil.
The oil-soluble sulfonic acids obtained by sulfonating cer-
tain mineral oil fractions are known as mahogany acids
as distinguished from the green acids or water-soluble
sulfonic acids. Other oil-soluble sulfonic acids can be
obtained in sulfonating an alkyl aryl compound, such as
didodecyl benzene, or by sulfonating certain organic.acids
including the naphthenic acids and fatty acids occurring
in animal and vegetable oil. In some instances it may
be desirable to employ a mixture of sulfonates such as a
mixture of petroleum sulfonate with one or more of the
other named sulfonates. It is essential, of course, that
the alkali metal sulfonate or mixture of sulfonates be
soluble in mineral oil. In general, we prefer to employ
the sulfonic acid derived from the sulfuric acid treatment
of petroleum fractions. Of these, the sulfonic acids hav-
ing an average molecular weight of about 400 to about
475 are particularly advantageous. -

“The sulfonate can be employed, per. se, or it can be °
added to the lubricating oil in the form of a mineral oil
concentrate. We prefer to employ the sulfonate in the
form of a mineral oil concentrate because homogeneous
mixtures are more readily obtained when the sulfonate is
added in this form. Also, commercially available sul-
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fonates are generally supplied in the form of mineral
oil concentrates.

The amount of the sulfonate which we employ is be-
tween about 1 and about 5 percent by weight based on
the weight of the total composition.” While we can vse
more than about 5 percent of the sulfonate, we prefer to
use the least amount required to give good detergent
properties for obvious economic reasoms. An amount
less than about 1 percent can be used in instances where
detergency is unimportant but if the oil is used as a
lubricant in a modern engine higher concentrations are
generally required.. Preferred compositions comprise
about 2 to about 4 percent by weight of sulfonate. ‘When
the sulfonate is employed in the form of a mineral oil con-
centrate, the concentrate is employed in an amount suf-
ficient to incorporate between about 1 and 5 percent by
weight of the sulfonate in the final composition. Thus a
concentrate containing 60 percent of sulfonate in a light
mineral oil diluent can be employed in amounts between
about 1.7 and about 8.3 percent by weight.

Typical characteristics of a sodium petroleum sulfonate
(65% by weight) in a light mineral cil which was used in
preparing compositions A, B and C shown-in Table 1 are
as follows:

Gravity, © APl e 5.1
Specific gravity, 60°/60° F. e 1.036
Pounds per gallon, 60° F. oo~ 8.63
Molecular combining weight oo 463
Viscosity, Furol, sec., @ 210° F. e~ 201
Flash point, OC, ° F. o © 410
Fire point, OC, ° F. oo 450
Pour point, ° F. e --60
Color, ASTM union —— . 5.5
Water by distillation, percent ___ e~ 5.4

Neutralization value, ASTM D 974 total acid No. 0.1
Sulfated residue, ASTM D 874, percent 10.2

The metal alkyl thiophosphates which can be used in
accordance with the invention are advantageously those
whose metal component is a metal of Group II of Men-
delesf’s periodic arrangement of the elements. Included
within this group are magnesium, calcium, zinc, stron-
tium, ‘cadmijum and barium. However, other metals in-
cludingvaluminum, copper, lead, tin, iron and manganese
can also be employed. The alkyl substituents are prefer-
ably those containing between 3 and 12 carbon atoms.
Examples of the alkyl groups which can be used are
butyl, particilarly tertiary butyl, amyl, isoamyl, tertiary
amyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
dodecyl, and the like. While the mono-alkyl esters can
be used, the di-alkyl esters are particularly suitable for
the purposes of the invention. Exemplary of particular-
ly effective compounds which can be used are zinc octyl
hexyl dithiophosphate and zinc dioctyl dithiophosphate.
When either zinc octyl hexyi dithiophosphate or zinc di-
octyl dithiophosphate is used, it is preferably used in an
amount between about 0.1 and about 1.5 percent by
weight based on the weight of the total composition.

The metal salts of the thiophosphoric acid esters can
be prepared by reacting a basic divalent metal compound
- with acidic thiophosphoric acid esters that, in turn, are
prepared by reacting a monohydric alcohol or mixtures
of such alcohols with phosphorus pentasulfide. The
monohydric alcohol can be either an open chain or cyclic
aliphatic alcohol. Excellent additives for the purpose
of our invention can be obtained with alcohols containing
an average of 6 to 8 carbon atoms. However, we can
also use the aliphatic monohydric alcchols containing 3
to 12 carbon atoms. Hexanol, cyclohexanol, methyl-
cyclohexancl and the Oxo octyl alcohols are exemplary
of the alcohols which have given excellent additives for
the purpose of our invention. Examples of other alco-
hols which can be used are heptanol, 2-ethylhexyl alcohol,
lauryl alcohol and propyl cyclohexanol. Unsaturated,
or olefinic, alcohols including octenol and dodecenol are
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4
also contomplated. It is not essential that the alcohol
component consist entirely of a single alcohol since mixed
alcohols, i.e., Oxo octyl alcohols, propyl and octyl alco-
hols, hexyl and octyl alcohols, can also be used in pre-
paring useful compositions. -

The acidic thiophosphoric esters are prepared with rela-
tive ease at moderately elevated temperatures and most
conveniently at atmospheric pressure. Suitable tempera-
tures for this reaction are generally between about 130°
and about 350° F. In the early stages of the reaction,
temperatures in the lower part of the range are suitable,
but when the reaction nears completion as evidenced by
a reduced rate of evolution of hydrogen sulfide, the tem-
perature is preferably raised to.at least about 200° F.,
preferably about 300° F., in order to insure essentially
complete reaction.of the phosphorus pentasulfide. The
reaction of alcohol with phosphorus pentasulfide may be
carried out in a solvent which does not interfere with the
reaction, such as a mineral lubricating oil, naphtha or -
benzene, if desired. The reaction will normally be com-
plete within 6 hours, the usual time being about 30
minutes to two hours.

The principal product of the reaction of alcohol with
phosphorus pentasulfide in a mol ratio of 4:1, respec-
tively, is ordinarily considered to be a diester of dithio-
phosphoric acid having the formula

/SH

§=P—OR

OR/
where R and R’ are like or unlike ester-forming radicals
derived from alcohols of the kind disclosed above. The
phosphorus:sulfur mol ratio of such a product is ob-
viously about 1:;2. Also possible, but in lesser amounts,

ara other thiophosphoric acid esters such as those having
the following formulae:
0H SH
S=]?£OR S=P£0R :
SH SR
OH SR
S=P£OR S=P—/—'OR
OR! OH

where R and R’ are as indicated above.

The metal. salts of the thiophosphoric acid esters can
be prepared by reacting the thiophosphoric acid ester
with an excess of the corresponding metal or a basic
metal compound. This reaction can be conducted at a
temperature between room temperature, ie., 60° to 70°
F. and 300° F., the reaction generally requiring about
1 to 8 hours or more to effect substantial completion
thereof. The ezact amount of time required for this
reaction to take place will vary principally according to
the reaction temperature, lower temperatures generally
requiring a longer time. The time is also somewhat de-
pendent upon the quantity of reactants employed and the
effectiveness of the contacting means.

The metal salts of the thiophosphoric acid esters can
be employed per se or they can be added to the lubricat-
ing oil in the form of a mineral oil concentrate. Forma-
tion of the thiophosphate is frequently facilitated by em-
ploying a solvent such as a light mineral oil, naphtha or
benzene.  When such a mineral oil solvent is used, the -
thiophosphate is readily recovered in the form of a
mineral -oil concentrate. This concentrate can then be
added directly to the oil to be improved or it can be
admixed with one or more of the other additive con-
stituents. - Regardless of whether the thiophosphate is
employed per se or in the form of an oil concentrate,
an amount is used sufficient to incorporate about 0.1
to about 1.5 percent by weight of the thiophosphate in
the final lubricating composition.: Thus, a concentrate
containing 50 percent of the thiophosphate and 50 percent
of light mineral oil can be employed in amounts of about
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0.2 to about 3.0 percent by weight. The ratio of thio-
phosphate to sulfonate is preferably in the order of about
1:1to 1:10.

Typical characteristics of zinc octyl hexyl q:ithiophos-
phate which was used in preparing compositions A B
and C shown in Table 1 -are as follows:
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Gravity, ° APIL 9.5
Specific gravity, 60°/60° F. 1.004
Pounds per gallon, 60° F. 8.36
Viscosity, SUS:
100° F. 238
210° F. 43.9 -
Flash point, OC, °F. ____________ . ____ 360
Pour point, ° F. . : - 420
Color, ASTM union 2.75
Sulfur, B, percent —— 9.76
Phosphorus, percent 4.68
Zine, percent — - _____ 5.26
Carbon residue, Conradson, percent —_____._____ 17.4
* Neutralization value, ASTM D 974 total acid No. _  68.5
Ash, percent oo 7.10
Sulfated residue, ASTM D 874, percent .________ 14.7

The ester of a polyol and a fatty acid is prepared by
esterifying the polyol with the fatty acid under known
reaction conditions. In general, we prefer to employ
partial esters, i.e., those wherein at least one and prefer-
ably two hydroxyl radicals remain in the molecule. The
polyol can contain from 3 to 6 carbon atoms and from
3 to 6 hydroxyl radicals per molecule. Examples of the
polyols suitable for the purposes of this invention are
glycerol; erythritol; erythritan; penitols, such as arabitol,
xylitol and adonitol; arabitan; hexitols, such as mannitol,
dulcitol and sorbitol; and sorbitan. Esters suitable for
the purposes of this invention include esters of long-chain
fatty acids that contain at least 8, and preferably 12 to
24, carbon atoms. per molecule. Esters of fatty acids
that contain on the average about 18 carbon atoms per
molecule are considered particularly effective. Examples
of fatty acids that form suitable esters for the purposes
of this invention are caprylic acid, capric. acid, . lauric
acid, myristic acid, palmitic acid, stearic' acid, ‘oleic acid,
linoleic acid, linolenic acid, arachidic acid, behenic acid
and lignoceric acid. Specific examples of the esters that
can be used in the compositions of this invention are
glycerol monolaurate, glycerol monopalmitate, glycerol
monostearate, glycerol monooleate, erythritol mono-
laurate, erythritol monopalmitate, erythritol monostear-
ate, erythritol monooleate, erythritol dioleate, eryth-
ritan monolaurate, erythritan monooleate, arabitol mon-
olaurate, arabitol monooleate, arabitan monolaurate,
arabitan monooleate, sorbitol monolaurate, sorbitol di-
laurate, sorbitol monooleate, sorbitol trioleate, sorbitol
tetraoleate, sorbitan monolaurate, sorbitan monopalmi-
tate, sorbitan monostearate, sorbitan monooleate, sorbi-
tan dilaurate, sorbitan trioleate and commercially avail-
able mixtures of such esters. A useful concentration
range for these esters is from about 0.1 to about 5.0 per-
cent by weight.

Typical characteristics of sorbitan monooleate which
was used in preparing compositions A and C shown in
Table 1 are as follows:

Gravity, "APY ___________ . . _____
Specific gravity, 60°/60° F. _ - 0.999
Pounds per gallon, 60° F. ___________ 8.32
Viscosity, SUS:

100° F. 1827

210°F. _ - 108.3
Flash point, OC, °F. _— - 450
Fire point, OC, °F. - 545
Pour point, °F. ____________________ T +4-10
Color, ASTM union — 4.5
Water by distillation __________ e Nil
Carbon residue, Conradson, percent _____:_ _____ 2.94
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Neutralization value, ASTM D 974 total acid No. __ 6.15
Saponification No., ASTM D94 ____ . ______ 149.4
Ash, percent. 0.212

The ethylene -glycol Cs branched-chain alkyl ether
component of the composition of our invention is critical
in that we have found that closely related compounds,
ie., ethylene glycol straight-chain alkyl ethers, do not
produce compositions having the desired water displace-
ment and water stability characteristics. The compounds
of this type which we can use are selected from. the group
consisting of ethylene glycol ethylbutyl ether, diethylene
glycol ethylbutyl ether, ethylene glycol methylpentyl ether
and diethylene glycol methylpentyl ether. The ethylene
glycol Cg branched-chain alkyl ether is used in amounts
between about 1 and about 3 percent by weight based
on the weight of the final composition. If less than about
1 percent is used the composition does not have the de-
sired water stability characteristics and if more than about
3 percent is used the composition does not possess the
desired high temperature, ie., 250° F. corrosiveness and
oxidation stability. The concentration of the ethylene
glycol Cg branched-chain alkyl ether component is there-
fore critical in the composition of this invention,

The lubricating oil compositions of this invention can
contain other additive agents, if desired, to improve
other specific properties without deleteriously affecting
the beneficial properties of the “compositions. For ex-
ample, pour point depressors, viscosity and viscosity in-
dex improvers, dyes, sludge inhibitors and the like can
be used. Also, if desired, the oil can contain a foam
inhibitor such as organo-silicon oxide condensation prod-
ucts, organo-silicol condensation products, and the like.

The individual constituents of compositions of this
invention may be added to the lubricating oil base in any
order or simultanéously, either per se, or in the form
of a mineral oil concentrate. The latter practice is some-
times desirable in order to facilitate 'compounding of the
composition. The components can be admixed at room
temperature or at an elevated temperature. Blending is
more readily accomplished at an elevated temperature
below the boiling point of the lowest boiling component.
According to a preferred embodiment a temperature of
120° F. is employed when blending mineral oil with so-
dium petroleum sulfonate, zinc octyl hexyl dithiophos-
phate, glycerol monooleate, and diethylene glycol ethyl-
butyl ether. :

To illustrate the improved properties of the composi-
tions of the invention, a base oil containing sodium petro-
leum sulfonate, zinc octyl hexyl dithiophosphate and
sorbitan. monooleate was compared with an otherwise
identical composition containing ethylene glycol ethyl-
butyl et}aer. An additional comparison was made with a
composition containing glycerol monooleate instead of
sorbitan monooleate and diethylene glycol ethylbutyl
ether instead of ethylene glycol ethylbityl ether. The
base oil used in the comparative tests was a naph-
thenic oil having an API gravity between about 29.0
and 30.0° and a viscosity of about 58 at 100° F. In
each instance the base oil also contained 1.0 percent
of a polymerized methacrylic acid ester as a pour point
depressant and a viscosity index improver. The polymer-

ized methacrylic acid ester has the  following typical

characteristics:
Gravity, ° API ___ —— - 270
Specific gravity, 60°/60° F. _ 0.893
Viscosity, Furol, seconds, 210° F. ____________ . -395
Flash point, OC, ° F, ____ 280
Fire point, OC, °F. 375 .
Pour point, ° F. - +20
Color, ASTM union ______ _— 1.25
Water by distillation, percent ____________ Trace
Carbon residue, Conradson, percent___________ 0.02
. Neutralization value, ASTM D 974 total acid

No. _ —— y 0.13
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Ash, percent e eocmcmm o mm e
Sulfated residue, ASTM D »»87,4, percent e

WATER DISPLACEMENT TEST

Three - sandblasted steel. panels are dipped into dis-
tilled water momentarily and drained in a vertical posi-
tion for not more than five seconds. The panels are
then immersed horizontaily for fifteen seconds in a petri
‘dish containing fifty cubic centimeters. of the composi-
tion to be tested. After draining momentarily, the panels
are-placed in a closed vessel containing distilled water
which is out of direct contact with the panels. The ves-
sel is kept at 77° F. and the panels are held therein for
one hour after which the panels are removed. The com-
position is then removed from the panels and the panels
are visually examined. In order for a composition to be
given a pass rating, there must be no evidence of rust,
pitting or other abnormal stains or defects on the sur-
face of the panels.

WATER STABILITY TEST

Fifty cubic centimeters of .the test composition are
placed in an Erlenmeyer flask containing five cubic centi-
meters of distilled water. The contents of .the flask are
thoroughly mixed and maintained in a stoppered flask
overnight at 130° F. The oil-water mixture is then
cooled. to 77° F. The cooled oil-water mixture is then
utilized .in the water _displacement test outlined above.

CORROSIVENESS AND OXiDATION
STABILITY TEST

“This test is carried out in accordance with Federal
Standard Method No. 5308.4. One hundred cubic centi-
meters of the test composition are placed in a Pyrex test
tube fitted with a water cooled reflux condemser. Pre-
pared and weighed strips of copper, steel, aluminum,
magnesium and cadmium plated steel are then lowered
into the test tube. The metallic test specimens which
are each about one inch 'square are fastened together so
the magnesium and copper do not touch each other.
The test tube and its contents are then placed in an oil
bath maintained at 250° ¥F. The temperature of the
water in the reflux condenser is not permitted to exceed
59° F. A glass tube is introduced through  the con-
denser to a point near the bottom of the test tube. Dry
air is- then introduced through the glass tube at a rate
of about five liters per hour for 168 hours. At the end
of this period the metal test specimens are removed and
reweighed to determine the loss due to corrosion. In
order for the composition to be given a pass rating, the
change in weight for the specimens must not be greater
than 0.2 milligram per square centimeter of surface.

The make-up of the compositions tested together with
their properties and test results are tabulated in Table 1
as follows:

Table 1
Composition, percent by weight A B (e}
Base Ol oo wacmommar e semm o menos 95.25 | 93.25 92.75
Sodium petrolewm sulfonate (65% active in- :
gredient) - i oceac oo omecomoeeoeemonnsa oo 3.00 3.00 3.00
Zinc octyl hexyl dithiophosphate. oo —vccee- 0.75 A
Glycerol MON00leate. .« omoo—er-mmnmmmmsmmomms|mrie i 0

Sorbitan monooleate. .- —oom-z-cmmeemmmmommmeaf 4OV fooroeoos 1.00
Ethylene glycol ethylbutyl ether. o coameocemcfmmmmmem el 2.50
Diethylene glycol ethylbutyl ether. . 2,00 [ccccenne
Inspection:
Gravity, © AP oo oomenaoi e 28.6 29.0 29.1
Viscosity, Kinematic, Cs, 100° F..- - 12.3 | 12.14 12,14
Flash Point, 0C, ° Fueceicnn- . 295 300 280
Pour Point, ® Fovoonmnnuaomiasn- - below belo% beloy{g
s —i bl -
- YWater Displacernent Test.. .-~ | fails | passes | passes
. “Water Stability LA1<7:) AR —— fails | passes | passes
‘Corrosiveness and Oxidation Stability
ESE - e mmmmiomcm s mmmmommm e m o passes | passes | passes

As can be noted from the data in the above table, the
base oil containing sodium petroleum sulfonate, zinc
octyl hexyl dithiophosphate and sorbitan monooleate
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passed the corrosiveness and oxidation stability test but
failed the water displacement and water stability tests.
However, when 2.5 percént by weight of ethylene glycol
ethylbutyl ether was added to the. composition, the im-
proved composition’ (composition C) passed all three
tests. A similar composition (composition- B) within
the scope of the invention containing glycerol monooleate
and diethylene glycol ethylbutyl ether instead of the sorbi-
tan monooleate .and - ethylene glycol cthylbutyl ether,
respectively, also passed all three tests. Amnother satis-
factory comrosition contains 1.5 percent by weight of
ethylene giycol methylpentyl ether. When other closely

“related ethylene glycol alkyl ethers were added to com-

vosition A, the composition failed one or more of the
three tests. For example, composition A containing
diethylene glycol diethyl ether, diethylene glycol dibutyl
sther, or ethylene glycol dibutyl ether failed the water
displacement test. And, composition A containing
diethylene glycol n-hexyl ether, ethylene glycol n-hexyl
ether, or ethylene glycol monobutyl ether failed the cor-
rosivensss and oxidation stability test.

While the invention has been described above with ref-
erence to certain specific embodiments thereof by way
of illustration, it is to be understood that the invention
is not Hmited to such embodiments except as hereinafter
defined in the appended claims.

We claim:

1. An improved lubricating composition comprising a
major proportion of a mineral lubricating oil and minor
proportions consisting of about 1 to ‘about 5 percent by
weight of an alkali metal salt of an oil-soluble sulfonic
acid; about 0.1 to about 1.5 percent by weight of a metal
alkyl thiophosphate, said metal being a metal of group
II of the periodic system and said alkyl thiophosphate
containing at least one alkyl group containing tetween 3
and 12 carbon atoms; about 0.1 to about 5.0 percent by
weight of a partial ester of a fatty acid containing between
12 and 24 carbon atoms and a polyol containing from
3 to 6 carbon atoms and from 3 to 6 hydroxyl radicals
per molecule; and about 1 to about 3 percent by weight
of an ethylene glycol Cg branched-chain alkyl ether
selected from the group consisting of ethylene glycol
ethylbutyl “ether;  diethylene glycol ethylbutyl . ether,
ethylene glycol methylpentyl ether and diethylene glycol
methylpentyl ether.

2. An improved lubricating composition comprising
a major proportion of a mineral lubricating oil and minor
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of
a metal alkyl thiophosphate, said metal being a metal
of group II of the periodic system and said alkyl thio-
phosphate containing at least one alkyl group containing
between 3 and 12 carbon atoms; about 0.1 to about 5.0
percent by weight of a partial ester of a fatty acid con-
taining between 12 and 24 carbon atoms and a polyol
containing from 3 to 6 carbon atoms and from 3 to 6
Lydroxyl radicals per molecule; and about 1 to about 3
percent by weight of an ethylene glycol Cg branched-
chain alkyl ether selected from the group consisting of
ethylene glycol ethylbutyl ether, diethylene glycol ethyl-
butyl ether, ethylene glycol methylpentyl ether and
diethylene glycol methylpentyl ether. ’

3. An improved lubricating composition comprising
a major proportion of a mineral lubricating oil and minoxr
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of a
metal alkyl thiophosphate, said metal being a metal of
group I1 of the periodic system and said alkyl thiophos-
phate containing at least one alkyl group containing be-
tween 3 and 12 carbon atoms; about 0.1 to about 5.0
percent by weight of a partial ester of a fatty acid con-
taining 18 carbon atoms and a polyol containing from
3 to 6 carbon atoms and from 3 to 6 hydroxyl radicals
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per molecule; and about 1 to about 3 per cent by weight

of an ethylene glycol Cg branched-chain alkyl ether -

selected from the group consisting of ethylene glycol
ethylbutyl ether, diethylene glycol ethylbutyl ether,
ethylene glycol methylpentyl ether and diethylene glycol
- methylpentyl ether. :

4. An improved lubricating composition comprising
a major proportion of a mineral lubricating oil and minor
proportions. consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of
a metal di-alkyl dithiophosphate, said metal being a
metal of group II of the periodic system and said di-alkyl
dithiophosphate containing at least one alkyl group con-
taining between 3 and 12 carbon atoms, the weight ratio
“'of said ‘thiophosphate to said salt of an oil-soluble
petroleum sulfonic acid being between about 1:1 and

about 1:10; about 0.1 to about 5.0 percent by weight of.

a partial ester of a fatty acid containing 18 carbon atoms
and a polyol containing from 3 to 6 carbon atoms and
from- 3 to 6 hydroxyl radicals per molecule; and about
1 to .about 3 percent by weight of an ethylene glycol Cqg
branched-chain alkyl ether selected from the group con-
sisting of ethylene glycol ethylbutyl ether, . diethylene
glycol ethylbutyl ether, ethylene glycol methylpentyl
ether and diethylene glycol methylpentyl ether.

5. An improved lubricating composition comprising a
major proportion of a mineral lubricating oil and minor
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 per-cent by weight of
a metal alkyl thiophosphate, said metal being a metal
of group II of the periodic system and said alkyl thio-
phosphate containing at least one alkyl group containing
between 3 and 12 carbon atoms; about 0.1 to about 5.0
per cent by weight of a partial ester of a fatty acid con-
taining 18 carbon atoms and glycerol; and about 1 to
about 3 percent by weight of an ethylene glycol Cg branch-
ed-chain alkyl ether selected from the group consisting
of ethylene glycol ethylbutyl ether, diethylene glycol
ethylbutyl ether, ethylene glycol methylpentyl ether and
diethylene glycol methylpentyl ether.

" 6. An improved lubricating composition: comprising a
major proportion of a mineral lubricating oil and minor
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of a
metal alkyl thiophosphate, said metal being a metal of
group II of the periodic system -and said alkyl thiophos-
phate containing at least one alkyl group containing be-
tween 3 and 12 carbon atoms; about 0.1 to about 5.0
percent by weight of a partial ester of a fatty acid con-
taining 18 carbon atoms and sorbitan; and about 1 to
about 3 percent by weight of an ethylene glycol Cg
branched-chain alkyl ether selected from the group con-
sisting of ethylene glycol ethylbutyl ether, diethylene glycol
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to 6 carbon atoms and from 3 to 6 hydroxyl radicals per
molecule; and about 1 to about 3 percent by weight of
an ethylene glycol C; branched-chain alkyl ether selected
from the group consisting of ethylene glycol ethylbutyl
ether, diethylene glycol ethylbutyl ether, ethylene glycol
methylpentyl ether and diethylene glycol methylpentyl
ether.

8. An improved lubricating composition comprising a
major proportion of a mineral lubricating oil and minor
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of
zinc octyl hexyl dithiophosphate; about 0.1 to about 5.0
percent by weight of glycerol monooleate; and about 1

‘to about 3 percent by weight of diethylene glycol ethyl-

butyl ether.

9. An improved lubricating composition comprising
a major proportion of a mineral lubricating oil and minor
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of
zinc octyl hexyl dithiophosphate; about 0.1 to about 5.0
percent by weight of sorbitan monooleate; and about 1
to about 3 percent by weight of ethylene glycol ethyl-
butyl ether.

10. An improved lubricating composition comprising
a major proportion of a mineral lubricating oil and minor
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of
zinc octyl hexyl dithiophosphate; about 0.1 to about 5.0
per cent by weight of sorbitan monooleate; and about 1
to about 3 percent by weight of ethylene glycol methyl-
pentyl ether.

11. An improved lubricating composition comprising
a major proportion of a mineral lubricating oil and minor _
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of
a zinc dialkyl dithiophosphate wherein the alkyl groups. .
contain an average of 6 to 8 carbon atoms; about 0.1 to",

*about 5.0 per cent by weight of 2 partial ester of a fatty
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ethylbutyl ether, ethylene glycol methylpentyl ether and _

diethylene glycol methylpentyl ether.

7. An improved lubricating composition comprising
a major proportion of a mineral lubricating oil and minor
proportions consisting of about 1 to about 5 percent by
weight of a sodium salt of an oil-soluble petroleum sul-
fonic acid; about 0.1 to about 1.5 percent by weight of
zinc octyl hexyl dithiophosphate; about 0.1 to about 5.0
percent by weight of a partial ester of a fatty acid con-
taining 18 carbon atoms and a polyol containing from 3

60

acid containing an average of about 18 carbon atoms and
a polyol containing from 3 to 6 carbon atoms and from
3 to 6 hydroxyl radicals per molecule; and about 1 to
about 3 percent by weight of an ethylene glycol Cg
branched-chain alkyl ether selected from the group con-
sisting of ethylene glycol ethylbutyl ether, diethylene gly-
col ethylbutyl- ether, ethylene glycol methylpentyl ether
and diethylene glycol methylpentyl ether.

References Cited in the file of this patent
UNITED STATES PATENTS

2,355,591 Flaxman _._____________ Aug. 8, 1944
2,369,632 Cooketal, —.________ Feb. 13, 1945
2,398,193 Sharp i Apr. 9, 1946
2,417,876 Lewisetal. -___________ Mar. 25, 1947
2,482,517 Schiermeier et al. __.____ Sept. 20, 1949
2,565,403  Sproule et al, —__.______ Aug, 21, 1951
2,710,842 Heisigetal. .o _______ June 14, 1955
2,732,345 Kroenigetal. __.__. . ____

Jan; 24, 1956

OTHER REFERENCES

“Cellosolve and Carbitol Solvents,” Jan. 1, 1947, by
Carbide and Carbon Chem. Corp., New York, N.Y,, p. 5.



