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This invention relatés to a lubricating composition
and more particularly to a light colored minéral lubricat-
ing oil composition having excellent thermal stability and
rust-inhibiting characteristics,

Various lubricating compositions have heretofore been
disclosed for lubricating internal combustion éngines but
the prior compositions have not been entirely satisfactory.
Some of the prior compositions have exhibited good resist-
ance to oxidation and sludge formation but they have
not given prolonged protection against rusting of metal
engine parts which are éxposed to moisture. Other com-
positions have exhibited good rust inhibiting characteristics
but they have failed to give adequate lubricating qualities
in modern engines where the clearance between moving
parts is extremely small.

The present invention is based upon a particularly effec-
tive lubricating composition having good resistance to oxi-
dation and sludge formation combined with good Ilubri-
cating characteristics, and anti-corrosion and rust-inhibit-
ing properties.

The improved lubricating composition of this invention
comprises a major proportion of a mineral Iubricating oil
and a minor proportion of each of (a) a metal salt of a
thiophosphoric acid ester, (») an oil-soluble alkaline
earth metal sulfonate, and (c¢) an oil-soluble alkaline
earth metal and sulfur containing, permanently thermo-
plastic, resinous condensation product of formaldehyde,
a metal sulfide and an alkylated monchydric phenol. We
have found that the conmstituents (a), (b) and (¢) just
mentioned can cooperate when admixed with a light col-
ored highly refined paraffinic oil to give a light colored
lubricating composition having excellent thermal stability
at an elevated temperature combined with good corrosion
and rust-inhibiting properties. The improved thermal sta-
bility and rust-inhibiting properties of the Iubricating
composition are unexpected in view of the performance of
the individual additives and combinations of less than all
of the additives when added to an oil.

The lubricating oil to which the other constituents are
added is advantageously a highly refined paraffinic oil.
By the term “highly refined paraffinic 0il” we mean a
pertoleum lubricating oil which has been refined by one
of the more drastic refining methods known in the art,
for example, by conventional aluminum chloride refining
or by a solvent extraction adapted to remove all or sub-
stantially all of the unsaturated and aromatic constituents
of the oil. Aluminum chloride refined and/or solvent ex-
tracted paraffinic base oil, such as a Pennsylanvia oil,
provides an excellent base oil for the composition of the
invention. However, drastically refined Mid-Continent
and Gulf Coastal oil may also be used. Regardless of the
type of oil employed, it is essential to use a light colored
oil in order to obtain a final lubricating composition which
has a light color.

The metal salts of the thiophosphoric acid esters which
can be used in accordance with the invention are advan-
tageously those whose metal component is a metal of
Group I of Mendelyeevf’s periodic arrangement of the
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elements: Particularly desirable metals within this group
are magnesium, calcium, zinc, strontium, cadmium and
barium. In some instances other metals including alumi-
num and tin can also be employed. Of the Group II
metals, we prefer zinc because the zinc salts when added
to highly refined oils produce lubricating compositions
having good antiwear and bearing corrosion inhibiting
properties. Although the zinc salts of the thiophosphoric
acid esters can impart these desirable properties to- most
oils, we have found that a relatively stable highly refined
paraffinic lubricating oil containing a zinc salt of a thio-
phosphoric acid ester has a tendency to form sludge upon
continued heating.

Also, such zinc salts do not confer antirust character-
istics to the oil. In the past, anti-sludging properties have
been obtained in lubricating compositions by utilizing a
detergent and/or dispersant. Suitable dispersants have
included various oil-soluble organic sulfonates including
particularly the alkaline earth metal petroleum “mahog-
any” sulfonates. While these sulfonates have been found
to confer sludge inhibiting properties to some oils when
combined with some thiophosphates such as the alkaline
earth metal thiophosphates and mixed metal salts of zinc
and an alkaline earth metal thiophosphate, we have found
that the sludging tendency of a highly refined paraffinic
lubricating oil containing only a zinc thiophosphate is
adversely affected by an alkaline earth metal petroleum
sulfonate. Other stabilizers and detergents which have
been used as sludge dispersants including various alkaline
earth metal salts of certain sulfur-containing alkyl phenol-
formaldehyde resins have also Been found to adversely
affect the sluding tendency of a highly refined paraffinic
oil which comtains the zinc sait of a thiophosphoric acid
ester. It is surprising therefore that the addition of an
oil-soluble alkaline earth metal petroleumi sulfonafe and
an oil-soluble alkaline earth metal and sulfur containing,
permanently thermoplastic, resinous condensation product
of formaldehyde; a metal sulfide and an alkylated mono-
hydric phenol to a highly refined paraffinic Iubricating oil
composition containing a zinc salt of a thiophosphoric
acid ester will produce a composition having improved
resistance to sludge formation. It is further surprising
that an oil containing a combination of a metal salt of a
thiophosphoric acid ester, an oil-soluble alkaline earth
metal sulfonate, and an oil-solitble alkaline earth metal
and sulfur containing, permanently thermoplastic, resinous
condensation’ product of formaldehyde, a metal sulfide
and an alkylated monohydric phenol will protect a fer-
rous metal surface against rusting for a period of time
greater than the sum of the periods obtained with the same
base oil containing each of the individual additives in pro-
portions identical to those utilized in the combination.

The metal salts of the thiophosphoric acid esters can
be prepared by reacting a basic divalent metal compound
with acidic thiophosphoric esters that atre prepared in turn
by reacting a monohydric alcohol with phosphorus penta-
sulfide. 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 the
alcohols containing an average of 6 to 8 carbon atoms.
However, we can alse use the aliphatic monohydric al-
cohols containing 6 to 14 carbon atoms on-the average.
Cyclohexanol and the Oxo octyl alcchols are exemplary
of the alcohols which have given excellent additives for
the purpose of our invention. The Oxo octyl alcohols, as
is known, comprise mixed isomeric branched chain octyl
aleohols, principally dimethyl hexanols, prepared by sub-
jecting mixed isomeric heptenes to the well-known Oxo
synthesis process. Examples of other alcohols which can
be used are hexanel, heptanol, 2-¢thylhexyl alcohol, lauryl
aleohol, methyl cyclopentanol, cycloheptanol, methyl cy-
clohexanol and propyl cyclohexanol. Unsaturated, or
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olefinic, alcohols including octenol and dodecenol are
also contemplated. It is not essential that the alcohol
component consist entirely’ of alcohols containing 6 or
more carbon atoms, and mixed alcohols, for example, mix-
tures of say 80-90 percent octyl alcohol and 20-10 per-
cent propyl alcchol can be used in preparing compositions
useful in our invention. The alcohols need not be pure
as mixtures of two or more can be used.

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 temper-
ature is preferably raised to at least about 200° F., pref-
erably about 300° F., in order to insure essentially com-
plete reaction of the phosphorus pentasulfide. The re-
action 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 min-~
utes 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,

are other thiophosphoric acid esters such as those having
the following formulae:

OH SH
S=P£O R S=P£O R
SH SR
OH SH
S=P£O R S=P£O R
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 temper-
ature between room temperature, i.e., 60° to 70° F., and
300° F., the reaction generally requiring about 1 to 8
hours or more to effect substantial completion thereof.
The exact amount of time required for this reaction to
take place will vary principally according to the reaction
temperature, lower temperatures gemerally requiring a
longer time. The time is also somewhat dependent upon
the quantity of reactants employed and the effectiveness of
the contacting means.

The metal salts of the thiophosphoric acid esters suit-
able for the purpose of our invention can comprise either
a single metal salt obtained as described above or mixed
.metal salts of zinc and an alkaline earth metal as defined
in application Serial No. 618,459 to Charles B. Welsh,
ﬁlg:d October 26, 1956. According to the designated ap-
plication to Charles B. Welsh, a crude thiophosphoric acid
ester .obt_ained as described above is reacted with zinc, or
a basic zinc compound, preferably the latter, in a mol ratio
of about 0.5 to about one mol of the zinc or basic zinc
co;npound for each 2 mols of the crude thiophosphoric
acid ester product. This corresponds to a ratio of about
0.5 to one mol of zinc or zinc compound per mol of phos-
phorus pentasuifide employed in the initial reaction. It
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is ordinarily desirable to carry out this reaction in the
presence of an excess of the zinc or zinc compound.

The salt forming reaction begins to take place spon-
tancously with evolution of heat with gradual addition
of zinc or the zinc compound, at atmospheric pressure,
and at a temperature of 60° F., or above. In order to
minimize side reactions, it is important to maintain the
salt-forming reaction at a temperature not greater than
180° F. until the reaction is substantially complete. In
this particular preparation, appreciable departure from
the temperatures indicated will have a material effect
on the ultimate composition. The reaction is further
completed by raising the temperature to about 180° to
about 280° F., preferably about 250° F., for at least
30 minutes, preferably about 2 hours. The product
is then cooled, preferably to room temperature and
filtered to remove unreacted zinc or zinc com-
pound. The zinc thiophosphoric acid ester thus ob-
tained is then reacted at a temperature of about 60°
to about 300° F., preferably about 225° to about 275°
F., with sufficient alkaline earth metal base to raise the
pH of the reaction mixture to at least about 6 and pref-
erably to about 7 and with about 0.5 to about 2 percent
by weight of the mixture of benzoyl peroxide. The re-
eaction is usually complete in about 15 minutes to about
2 hours. The product is filtered to remove undesired sol-
ids. Examples of the preferred basic alkaline earth
metal compounds are calcium hydroxide and calcium ox-
ide. Other basic alkaline earth metal compounds which
can be used include barium hydroxide, barium oxide,
strontium hydroxide and the like. The final product
comprises principally mixed zinc-alkaline earth metal
salts of thiophosphoric acid esters wherein the phos-
phorus:sulfur mol ratio is substantially more than 1:2,
normally about 2:3.

The following Example I is illustrative of the prepa-
ration of mixed zinc and calcium salts of Oxo octyl es-
ters of thiophosphoric acids which can be used in the
compositions of our invention:

EXAMPLE 1

A charge stock consisting of about 70 percent by weight
of Oxo octyl alcohols (520 pounds) and 30 percent by
weight of phosphorus pentasulfide (222 pounds) is
charged to a stainless steel reaction vessel equipped with
an agitator and means for heating and cooling. The
mixture thus formed is reacted while maintaining the tem-
perature of the reaction mixture between 130° and 200°
F., until the rate of reaction has diminished substantially
as evidenced by substantial disappearance of solid phos-
phorus pentasulfide. The foregoing reactant proportions
correspond to a mol ratio of about 4 mols of alcohi per
mol of phosphorus pentasulfide. The Oxo octyl alco-
hols referred to in this example have the following typi-
cal characteristics:

Gravity, © APl ___ . _____ 38.5
Viscosity kinematic, 20° C., €8, oo 12.43
Flash, OC, ° F. _________ . _ 175
Distillation:
Over point, ° C. 184
End point, ° C. . _____ 183
50% point, ° C. o ___ 186.4

The temperature of the foregoing mixture is then raised
to 300° F. for an hour to insure completion of the re-
action. The reaction product, consisting chieilly of the
di Oxo octyl acid esters of dithiophosphoric acid, to-
gether with miscellaneous side reaction producis, is then
ccoled to about 100° F., and zinc oxide (81 pounds) is
gradually and slowly added in a ratio of onz meol per
mol of phosphorus pentasulfide, or in cother words unti!
the make-up of the overall reaction mass corresponds
to 89.7 percent by weight of the crude di Oxe ostyl acid
ester of dithiophosphoric acid calculated as such and
10.3 percent by weight of zinc oxide. The temperature
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of the salt-forming reactioi is Képt just at or below about
180° F. during addition of mdst of the zinc oxidé. The
temperature of the reaction mixture is then raised to
about 250° F., and maintained there for about 2 hours
to complete the reactiom, after which the mixture is
cooled to room temperature.

An amount of hydrated lime (about 31 pounds), suf-
ficient to raise the pH of the mixture from about 2 to
about 7, and a small amount of benzoyl peroxide (about
8 pounds) are now added to the foregoing reaction
product and thoroughly mixed. The make-up of this
reaction mixture corresponds approximately to . 94.0
weight percent of the zinc Oxo octyl thiophosphate ester
reaction product, 5 weight percent lime and one percent
by weight of benzoyl peroxide. After adding the lime
and benzel peroxide and mixing the reactants, the re-
action mixture is then heated to a temperature of about
250° F. for one hour to insure completion of the re-
action. The product is then filtered.

A product prepared essentially according to the fore-
going procedure consists essentially of highly stable, light
colored, mixed zine and calcium salts of Oxo octyl esters
of thiophosphoric acids and has the following typical
characteristics:

Specific gravity, 60°/60° F. oo 1.123
Viscosity, SUS:

At 100° F. o 1595

At 210° F. o 130.0
Flash, OC, ° F. oo 380
Fire, OC, ° F. o 395
Pour point, ° F. oo —25
Color, ASTM Ui oo <1

Odor e Faint alcohol
Sulfur percent... 13.45
Phosphorus oo do.... 8.86
ZiNC o do.... 850
Caleium oo do__.. 1.13
pH value e 7.0
Sulfuted residue, ASTM D874 .__.___ percent... 27.7
Water by distillation __________.________ do__._. Trace
Mol ratio, phosphorus: sulfur _____ ... 2:3

The metal salts of the thiophosphoric acid esters can
be employed per se or they can be added to the lubricating
oil in the form of a mineral oil concentrate. Formation
of the thiophosphate is frequently facilitated by employ-
ing 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 min-
eral 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 constituents. Re-
gardless of whether the thiophosphate is employed per se
or in the form of an oil concentrate, an amount is used
sufficient to incorporate about 0.5 to about 5.0 petfcent
by weight of the thiophosphate in the final lubricating
composition. Thus, a concentrate containing 50 pércent
of the thiophosphate and 50 percent of light mineral oil
can be employed in amounts of about 1.0 to about 10.0
percent by weight. The amount of thiophosphate is
preferably not more than one half the amount of sul-
fonate employed. The thiophosphate and the alkaline
earth metal and sulfur containing, permanently thermo-
plastic, resinous condensation products are preferably
employed in about equal amounts.

The alkaline earth metal sulfonate which we employ
can be prepared from sulfonic acids such as sulfonates
obtained in the sulfonation of mineral oils or alky!l aryl
compounds, such as didodecyl benzene, as well as sul-
fonates obtained in the sulfonation of organic acids in-
cluding the naphthenic and fatty acids occurring in animal
and vegetable oil. In some instances it may be desirable
to employ a mixturé of sulfonates such ds a mixture of
2 petroleum sulfonate with one or more of the other
named sulfonates. It is essential, of course, that the
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6
alkaline earth metal sulfonate or mixture of sulfnaiés be
soluble in a mineral oil. In general, we prefér to employ
the sulfonic acids derived from the sulfuric dcid treat-
ment of petroleum fractions. Of these, the sulfonic acids
having an average molecular weight of about 400 to abotit
450 are particularly advantageous. The sulfornates can
be prepared by saponification of the corresponding acids
with the metal oxide or hydroxide or an alkaline salt
of a metal. In some instances we may start with an
alkali metal sulfonate such as the sodium salt of the
oil-soluble petroleum sulfonic acids. When such an
alkali metal sulfonate is utilized as the starting material,
a double decomposition procedure is employed t6 ob-
tain the desired oil-soluble alkaline earth metal sulfonate
such as calcium or barium sulfonate. The sulfonation
reaction is conventional and needs no elaboration here.

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 homogene-
ous mixtures are more readily obtained when the sulfonate
is added in this form.

The following Example II is illustrative of the prepara-
tion by double decomposition of a suitable mineral oil
concentrate of calcium petroleum sulfonate which can be
used in the compositionis of our invention:

EXAMPLE 11

Into a stainless steel reaction vessel equipped with an
agitator and means for cooling are charged 1424 pounds
of an oil-soluble sodium petroleum sulfonate having an
average molecular weight of about 445. The sodium
petroleum sulfonate is then heated to about 140° F., and
thoroughly admixed with 219 pounds of calcium chloride
dihydrate dissolved in an equal amount of water. The
reaction mass is then heated to 270° F. and held at that
temperature for about 30 minutes to complete the re-
action. The reaction mass is then dried at a temper-
ature not exceeding 300° F. The dried product is then
admixed with about 3 pounds of hydrated lime to raise
the pH of the sulfonate and to prevent gelling of the
finished product. The resulting dried product is then
diluted with about 1200 pounds of a dilution mineral oil
having a viscosity of about 58 SUS at 100° F., and 34.5
SUS at 210° F. The diluted product is then filtered to
remove any undesired solids. The filtered product comni-
prises a mineral oil concentrate containing 33 percent
by weight active ingredient, i.e., calcium petroleum sul-
fonate. The concentrate thus obtained has the following
typical properties:

Gravity, * APl .. 20.4
Viscosity, SUS, 210° F. ____________ . ____ 235

Average molecular weight, ASTM D 1216 —_______ 884
Flash, OC, °F. o 365
Fire, OC, °F. oo e 390
Pour, °F. +20
Color, ASTM Union — oo <4.5
Sulfur, B percent__ 2.1
Calciumy o ___ do___.. 1.57
Sodium _....___ [ do____ 0.04
Water by distillation . ____ do___.. 0.2
Sulfated residue, ASTM D 874 —__________ do..... 6.9

The amount of the sulfonate which we employ is
between about 0.5 and about 5.0 percent by weight based
on the weight of the total composition. While we can
use more than about 5.0 percent of the sulfonate, we
prefer to use the least amount required to give good
detergent properties for obvious economic reasons. An
amount less than about 0.5 percent is generally undssir-
able because the detergent properties given to the 6il
with stich a small amount of sulfonate is generaily in-
sufficient for modern engines. Higher concentrations are
frequently required in heavy duty engines. Preferred
compositions comprise about 1.5 to about 3.0 percent
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by weight of sulfonate, the ratio of sulfonate to thio-
phosphate being about 2 to 1. When the sulfonate is
employed in the form of a mineral oil concentrate, the
concentrate is employed in an amount sufficient to in-
corporate between about 0.5 and about 5.0 percent by
weight of sulfonate in the final composition. Thus, a
concentrate containing 33 percent of sulfonate in a light
mineral oil diluent can be employed in amounts between
about 1.5 and about 15 percent by weight.

The alkaline earth metal and sulfur containing, perma-
nently thermoplastic, resinous condensation product of
formaldehyde, metal sulfide and alkylated monohydric
phenol which we employ can be prepared directly or by
metathesis according to the processes defined, respectively,
in U.S. Patent Nos. 2,736,702 and 2,736,703, which issned
February 28, 1956, to H. G. Smith, T. L. Cantrell and
J. G. Peters. As disclosed in the respective patents, the
condensation can be carried out in the presence of an
alkali metal hydroxide or alkaline earth metal hydroxide
in place of some of the alkali metal sulfidz or alkaline
earth metal sulfide in which case sufficient of the sulfide
is employed in relation to the hydroxide to yield not less
than about 0.5 percent by weight of sulfur in the final
resinous product. The total amount of metal compound
employed, that is, the amount of metal sulfide plus metal
hydroxide is in the proportion of at least one equivalent
of total metal compound for every two mols of the phenol.
It will be understood, of course, that if an alkali metal is
employed the salt so obtained is converted to an alkaline
earth metal compound by metathesis with a water soluble
salt of an alkaline earth metal.

In preparing the condensation product it is necessary
not to permit substantial reaction between the phenol
and formaldehyde in the absence of the alkali metal sul-
fide or alkaline earth metal sulfide and the alkali metal
hydroxide or alkaline earth metal hydroxide, if the hy-
droxide is employed. Accordingly, it is preferred to mix
all of the ingredients and react them simultaneously.
However, the alkali metal sulfide or alkaline earth metal
sulfide and formaldehyde, with or without the hydroxide,
can first be mixed and partially reacted followed by
addition of the phenol to the reaction mass and further
reaction; or the alkali metal sulfide or alkaline earth
metal sulfide and phenol, with or without the hydroxide,
can first be reacted followed by reaction with the
formaldehyde.

The condensation reaction takes place spontaneously at
room temperature, but it is preferred to employ moder-
ately elevated temperatures in order to obtain reasonably
rapid reaction rates. When the reaction sequence of first
reacting the phenol and alkali metal sulfide or alkaline
earth metal sulfide and then reacting the formaldehyde is
followed, the phenol and alkali metal sulfide or alkaline
earth metal sulfide, with or without the hydroxide, can be
reacted first at temperatures as high as 400° F. There-
after, for the subsequent reaction with formaldehyde, the
reaction mass is cooled to about 120° to about 180° F.
to avoid excessive volatilization of formaldehyde. In
any instance where formaldehyde is present in the react-
ing mass, whether initially or otherwise, it is desirable not
to exceed a reaction temperature of about 200° to about
210° F. in order to avoid loss of formaldehyde, although
this loss can be reduced to some extent when employing
temperatures higher than about 210° F. by the use of
closed reaction vessels.

Since the formaldehyde is most conveniently used in
the form of commercial aqueous formalin, containing 37
percent by weight of formaldehyde, sufficient water for
the reaction is generally contained in the formalin solu-
tion. However, the alkali metal or alkaline earth metal
sulfides, and the alkali metal or alkaline earth metal hy-
droxides may be conveniently dispersed and/or dissolved
in water to form an aqueous slurry or solution even when
formalin is used.

In order to obtain the oil-soluble metal and sulfur-
containing resins at least one mol of formaldehyde is used
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for every two mols of the phenol. Amounts of form-
aldehyde less than this tend to yield oil-insoluble resins.
Amounts of formaldehyde in excess of the amounts
stated can be employed since any formaldehyde in excess
of the amount reacted is either volatilized off in the re-
action or in the subsequent dehydration of the resin.

When an alkali metal hydroxide or alkaline earth metal
hydroxide is employed in place of some of the alkaii
metal sulfide or alkaline earth metal sulfide, it is necessary
to use such an amount of hydroxide that the sulfur con-
tent of the resulting resin, which is derived from the
alkali metal sulfide or alkaline earth metal sulfide, does
not fall below about 0.5 percent by weight. In general,
it is preferred that the relative molar proportions of
alkali metal sulfide or alkaline earth metal sulfide to
alkali metal hydroxide or alkaline earth metal hydroxide,
respectively, should be about 1:1. The use of an alkali
metal monosulfide or alkaline earth metal monosulfide
is preferred.

After the condensation reaction is completed, the prod-
uct is subjected to dehydration as by distillation to distill
off the water. Dehydration is completed as rapidly as
possible to avoid darkening the product. If an alkali
metal product is prepared first, then conversion to the
alkaline earth metal product by double decomposition is
advantageously carried out prior to dehydration of the
alkali metal product. Although the condensation reac-
tion can be carried out solely in an aqueous medium, it is
advantageous to use additionally a light naphtha solvent
or a mineral lubricating oil of the same general type as the
oil to which the resin is to be added. There is then ob-
tained, after dehydration, a concentrate of the alkaline
earth metal resin in solution in the naphtha or mineral
lubricating oil as the case may be. These concentrates
are convenient for incorporating the additive into the lu-
bricating composition.

The phenolic compounds employed in preparing the
condensation product are alkylated monohydric phenols
having at least one alkyl group of at least four carbon
atoms. As will be understood by those skilled in the
art, such phenols must have at least one reactive posi-
tion in the nucleus which is free of substituents. The
presence of at least one alkyl group of at least four car-
bon atoms in the phenol insures oil solubility of the
resinous condensation products prepared therefrom.
Phenols not containing such groups tend to yield prod-
ucts which are insoluble in mineral lubricating oils.

The alkylated phenols can readily be prepared by al-
kylating phenol or the simple monohydric homologues
thereof, such as the naphthols, cresols, and ethyl and
propyl phenols, with an alkyl halide or an alkanol in the
presence of a Friedel-Crafts catalyst. Alternatively, al-
kylation can be performed with an olefin in the presence
of concentrated sulfuric acid as a catalyst. The alkyl
halides, alkanols and olefins employed in these alkylation
reactions contain at least four carbon atoms and are se-
lected to yield such alkyl radicals as butyl, amyl, hexyl,
heptyl, octyl, nonyl, decyl, stearyl and cetyl. The long
chain groups derived from paraffin wax are also suitable;
these yield the so-called “wax” phenols. Alkyl substitu-
ents containing from four to twelve carbon atoms form
a preferred class. The alkylation reactions described are
conventional and need not be further elaborated here.

Representative alkyl phenols of the class described in-
clude n-butylphenol; sec-butylphenol; tert-butylphenol; 2-
tert-butyl-4-methylphenol; 2,4-di-tert-butylphenol; 2,6-di-
tert-butylphenol; 2-tert-butyl-4-ethylphenol; n-amylphe-
nol; di-tert-amylphenol; hexyl phenols; heptyl phenols;
n-octylphenol; iso-octyl phenol (alpha, alpha, gamma,
gamma tetramethylbutyl phenol); nonyl phenol; decyl
phenol; tri-isobutyl phenol; “wax” phenols; and the like.

The alkali metal sulfides which can be used include
the mono- and poly-sulfides of sodium, potassium, lithi-
um, rubidium and caesium. When an alkali metal resin
is prepared it is converted to the corresponding alkaline
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earth product by metathesis. "The metathesis ¢an be car-
ried out by employing -an alkaline -earth metal nitrate,
sulfate, chloride -or alcoholute salt which is water solu-
ble. The alkaline earth 'metal sulfides which can be
used include the mono- and poly-sulfides of -calcium,
barium, strontium -and magnesium.

The following Examples ¥ -and IV are iltustrative of
the preparation of alkaline earth metal and sulfur con-
taining, permanently thermoplastic, resinous products
which can be used in the ¢ompositions of our invention.
Example III illustrates the preparation of a calcium-
sulfur -containing resin directly, whereas Example IV il-
lustrates the preparation of a barium-sulfur containing
resin by double decomposition of the corresponding sodi-
um resin. N o

EXAMPLE I

Into a stainless steel reaction vessel equipped with an
agitator and means for heating and cooling are charged
412 pounds (2 mols) of tetramethylbutyl phenol and 494
pounds-of a dilution mineral oil having-a viscosity of about
58 SUS at 100° F., and 34.5 SUS at 210° F. The mix-
ture thus formed is agitated and heated to a temperature
of about 160° F. While maintaining this temperature,
85 pounds (1 mol) of 85 percent calcium sulfide are slow-
ly admixed with the tetramethylbutyl pheno] and dilution
oil. Thirty-six pounds (2 mols) of water are then added
and the mixture is heated to 185° F. for about one hour.
The iron content of the water should preferably not ex-
ceed two parts per million parts of water: The mix-
ture is then cooled to 160° F. One hundred sixty-two
pounds (2 mols) of 37 percent formaldehyde are intro-
duced below the surface of the reaction mass at a rate
which will maintain the reaction temperature between
about 160° and about 175° F. without the aid of external
cooling. The ifon content of the formaldeliyde solution
should preferably not exceed 150 parts per million.
After the formaldehyde has been added, the reaction
mass is heated at a temperature of 175° to 185° F. for
two hours to complete the reaction. The reaction mass
is then dried at a temperature not exteeding 300° F.
as rapidly as possible ifi order to obtain a light colored
product. The preferred method of drying this miaterial
utilizes a stainless ste¢l flash evaporator. The dried
product is then further diluted with 494 pounds of the
dilution oil to obtain a concentrate ¢ontaining 33 percent
by weight active ingredient. The diluted product is fil-
tered to remove any undesired solids.
thus obtained has the following typical properties:

Gravity, ® APY e 21.7
Viscosity, SUS:

100° F e e 548

210° B 62.1
Flash, OC, ° Fo e 340
Fire, OC, O F . e 355
Pour: °F——--,————-——————---———-—-—-'— ________ 0
Color, ASTM UnionR- ool 2.75
Sulfur, B i S Sie oSG asa .-percent.. 0.46
Calcitlm oo do.... 1.8
Water by distillation___ .. - .. __._ do---. 0.1
Sulfated residue ASTM D 874________.__do_.__ 6.3

EXAMPLE 1V

Into a stainless steel reaction vessel equipped with an
agitator and means for heating and cooling are charged
752 pounds of tetramethylbutyl phenol and 943 pounds
of a dilution mineral oil having a viscosity of about 58
SUS at 100° F., and 34.5 SUS at 210° F. Thé mixture
thus formed is agltated and heafed to a temperature of
about 160° F. While maintainifig this témperature, 208
pounds of sodium sulfide in an aqueous solution (297
pounds of water) are slowly admixed with the tetra-
‘methylbutyl phenol and dilution oil. The iron content
of the water should preferably not exceéd two parts per
million. The mixture is then heated to about 350° F.
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‘an aqueous solution (297 pounds of water).

10

and further diluted with 943 pounds of the dilution oil.

The diluted product is then cooled to about 160° F.

Three hindred -and three pouitds -of formaldehyde (37

‘percent) are then introdiucéd below the surface of the re-

‘action mass at a rate which will maintain the reaction
temperature betweel about 160° and about 180° F.

The iron content of the formaldehyde solution should
preferably not excéed 150 parts per million. After the

formaldehyde has been added, the reaction mass is heated
at a temperature of about 180° F. for two hours to com-
plete the reaction. Double decomposition is then ac-
complished by -adding 403 pounds of barium chloride in
The mix-
ture is agitated and heated té 300° F. to dry the prod-
uct. Fast drying is preferred in order to avoid an unde-
sired color c¢hange: Flash evaporation in a stainless
steel flash evaporitor is preferred. The dried product
is then filtefed fo remove any undesired solids. The
dried product comprises a mineral oil concentrate con-

taining 33 percent by weight active ingredient. The
concentrate has the following typical properties:

Gravity: ° API _... - - 135
‘Viscosity, SUS, 210° F. ——ee 1025
Flash, OC, °F. - 340
Fire, OC, °F. e 355
Pour, °F. . __ : - 0
Color, ASTM Union 3.25
Sulfur, B . —e percent__ 1.04
Barlom oo wecdo_.. 6.5
Water by distillation - _____._____._ do_... 0.1
Sulfated residue, ASTM D 874 ________. do__._ 113

The alkaline earth metal and sulfur containing, per-
manently thermoplastic, resinous condensation products
diluted with a mineral Tubricating oil obtained as de-
scribed above can be added to the lubricating oil of our
invention either per se or they can be further diluted
with additional mineral oil if desired. While the con-
densation products can be prepared in the absence of
dilution oil, their preparation is facilitated by the pres-
ence of oil. The condensation product is employed in
the lubricating composition in amounts of about 0.5 to
about 5.0 percent by weight based on the weight of the
final lubricating composition. Thus, a concentrate con-
taining 33 percent of active ingredient in a light mineral
oil diluent can be employed in amounts of about 1.5 to
about 15.0 percent by weight. The condensation prod-
uct and the thiophosphate are preferably employed in
about equal amounts, the sum of the respective amounts
being about equal to the amount of the sulfonate. Thus,
a preferred ratio of condensation product:thiophosphate:
sulfonate is 1:1:2.

The lubricating oil compositions of this invention can
contain other additive agents, if desired, to improve other
specific propertles without deleteriously aﬁectlng the bene-
ficial properties of the compositions. For example pour
point depressors, viscosity and viscosity index improvers,
dyes, and the like can be used. Also, if desired, the
oil can contain a foam inhibitor such as organi- s111con
oxide condensation products, organo-silicol condensa-
tion products, and the like.

The individual constituents employed in the composi-
tion of this invention may be added to the lubricating
oil base in any order or simultaneously, either per se, or
in the form of a mineral oil concentrate.

We have found that it is particularly advantageous to
form a concentrate of the metal salts of the thiophos-
phoric acid esters and the metal sulfide phenol-formalde-
hyde condensation product. We have found, for ex-
ample, that the addition of the thiophosphate to the
metal sulfide phenol-formaldehyde condensation product
prevents undesirable darkening of the condensation prod-
uct during storage prior to its addition to the oil. This
is extremely important in producing a light colored lubri-
cating composition. While the sulfonate can be added
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to the lubricating composition either prior or subsequent
to the addition of a concentrate of the thiophosphate and
metal sulfide phenol-formaldehyde condensation product,
the sulfonate is compatible with the thiophosphate and

12
the atmosphere of oxygen over the oil. The flask is then
placed in an oil bath held at 392° F.£1° F., the flask
being immersed to a depth such that the surface of the
oil of the oil bath is about one inch above the body of

condensation product thus permitting the preparation of & the flask. The flask remains in the oil bath for 2%
a concentrate of all three constituents. The preparation hours. The flask is then removed and cooled to room
of such a three component concentrate greatly facilitates temperature. The contents of the flask are then re-
the compounding and blending procedure. In the prep- moved with the aid of dilution naphtha and filtered
aration of such concentrates, it is desirable, of course, through a Gooch crucible. The precipitate or sludge
to employ a light naphtha solvent or, preferably, a 10 which remains in the crucible after being dried in a
mineral lubricating oil of the same general type as the oil desiccator and drying oven at about 220° F. is weighed
to which the concentrate is to be added. In preparing to the nearest milligram. The weight of sludge thus
concentrates, the weight ratio of sulfonate to thiophos- obtained constitutes the Sligh oxidation number. Thus,
phate is advantageously maintained between about 1:10 a Sligh oxidation number of 1 indicates a relatively
and 10:1; the weight ratio of sulfonate to alkaline earth- 15 thermally stable composition as compared with a com-
su'fur-containing phenol, formaldehyde resin is main- position having a much higher Sligh oxidation number.
tained between about 1:10 and 10:1; and the weight ratio The make-up of the compositions and the results of the
of thiophosphate to alkaline earth-sulfur-containing Sligh oxidation tests are shown in Table 1.
phenol-formaldehyde resin is maintained between about In laboratory work, amounts are usually designated in
1:10 and 10:1. An example of a preferred concentrate 20 terms of weight percent while in commercial operations
within these weight ratios is one which contains about where liquid concentrates are frequently employed,
2 parts of sulfonate, 1 part thiophosphate and 1 part amounts are advantageously given as volume percents.
alkaline earth-sulfur-containing phenol-formaldehyde Since the specific gravities of the materials used in the
resin. preparation of the various compositions reported here-

The advantages of the improved lubricating compo- 25 inafter are approximately 0.9 to 1.0 the figures will not
sition of the invention as compared with similar com- ~ be substantially different whether reported as weight
positions containing the individual components are illus- percent or volume percent. While the make-up of the
trated hereinafter with reference to several of the pre- compositions reported in the subsequent tables are given
ferred embodiments of our invention but it is to be as volume percents, these percents can be readily con-
understood that they are given by way of illustration 30 verted to weight percents by reference to the following
and not in limitation thereof. The base oil used in pre- specific gravities for the materials used.
paring the various compositions, unless otherwise indi- . : . o 7600
cated, was a highly refined, aluminum chloride treated, Basezcaéléa APL Specific gravity, 60 /8088411:4
paraffinic oil stock having an API gravity of about 29.3° 29'3,, API 0.8800
and a viscosity of about 340 SUS at 100° F. The 35 30.6° API - T 0.8729
mixeq zinc and calciur:n salts of Oxo octyl t%liophosphafe Barium-sulfur-containing product of Exammp_lg ’
were prepared according to the procedure illustrated in IV (33% active ingredient) ————————_____ 0.9759
Example I. The calcium and barium petroleum sul- Calcium-sulfur-containing product of Example
fonates were prepared by double decomposition from the II (33% active ingredient) eemeeoe————- 0.9236
corresponding sodium salts of the oil-soluble petroleum 40 Barium petroleum sulfonate (33% active ingredi-
sulfonic acids having an average molecular weight of ent) 0.9593
about 420. Example II is illustrative of the procedure Calcium petroleum sulfonate product of Example
employed. The calcium and barium sulfur containing 11 (33% active ingredient) .. _______ 0.9315
phenol-formaldehyde resins were prepared according to Zinc di-cyclohexyl dithiophosphate —__________ 1.110
the procedures illustrated in Examples III and IV, re- 45 Mixed zinc-calcium Oxo octyl thiophosphate
spectively. product of Example I - 1123

The thermal stability of the lubricating composition Acrylate resin 0.8927

Table 1

Composition, percent by volume A B C D E F G H I J K L M N (¢] P Q

Base 0il—20.3° APT_________._.____ 100 |90.5| 97| o97|932|932] 99] 99|s80.2|887 (887 (892 96| 965|922 922 00.2

‘Barium-sulfur-containing produet of
Exaraple IV (33% active ingredi-

ent). __
Calcium-sulfur-containing product
of Example III (33% active in-

gredient) . oo
Barium petroleum sulfonate (33%
active ingredient) oo oooooommaaao-
Calcium petroleum sulfonate prod-
uct of Example IT (33% active in-

gredient) - oo aooo e 6.8 [commac]mammen 6.8| 6.8 6.8 6.8 [-ceaae 6.8
7ine di-cyclohexyl dithiophosphate. oo doowmilamaecs]moctaac 1 ) I RO SRS ) I 1 b U
Mixed Zinc-caleium Oxo octyl thio-

phosphate product of Example I __{-cacoo|ocoamofoocmnn]mmmnna]annnns 1 1 1 ) 3 PO 1 DU I IR
Viscosity index improver (acrylate

1553311 SOV IURON IS [ ) — . 0.5 ] 0.8 |ccmamnfocmaen)mmcmacfmccaar]ammmaaaamaee
Inspection: Sligh Oxidation No., mg.

of sludge - 1 1 1 1 1 1 42 47 1 1 1 1 63 68 | 108 67 1

of our invention has been demonstrated by subjecting
the respective compositions to the Sligh oxidation test.
In brief, the Sligh oxidation test comprises placing a ten
gram sample of the oil to be tested in a Sligh oxidation
flask. The air atmosphere over the oil is changed to
oxygen by purging with oxygen delivered at a rate of
about 5 liters per minute for a period of 30 seconds.
The flask is then quickly stoppered with a ground glass
stopper to which is attached a convection plug to confine

70

75

It will be noted from the data in Table 1 that the base
oil (Composition A) is substantially thermally stable
as evidenced by the Sligh oxidation number of 1. It
will be still further noted that the thermal stability of
the base oil was not adversely affected by the addition of
(1) the viscosity index improver (acrylate resin), Com-
position B, (2) the barium-sulfur-containing product of
Example IV, Composition C, (3) the calcium-sulfur-
containing product of Example III, Composition D, (4)

-
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barium petroleum sulfonate, Composition E, or (5) cal-

cium petroleum sulfonate, Composition F, as further -evi-

denced by Sligh oxidation numbers of 1 for each of the
respective compositions. Hewever, when -either zinc di-

14
istics, like the thermal stability, are unexpected in the
light ‘of the performance of the individual additives.
The effectiveness of the rust-inhibiting properties has
been demonstrated by subjecting the lubricating composi-

cyclohexyl dithiophosphate or the mixed zinc-calcium 5 tions to the procedure of ASTM Test D665-54, Procedure
Oxo octyl thiophosphate product of Example 1 was add- B., and also to the Humidity Cabinet Corrosion Test ac-
ed to the base oil, the resulting composition was less cording to the Army-Navy Standard Specification No.
stable as evidenced by the Sligh oxidation mumbers of JAN-H-792. In brief, Procedure B of ASTM D665-54
42 and 47 for Compositions G and H, respectively. It involves placing a 300 milliliter sample of the oil in a 400
will be noted that when the calcium-sulfur-containing 10 milliliter beaker which is, in turn, immersed in a con-
product of Example III is added to a composition con- stant temperature bath maintained at a temperature of
taining either the zinc di-cyclohexyl _dithiophosphate or 140° F. The beaker is fitted with a cover provided with
the mixed zinc-calcinm Oxo cctyl thiophosphate prod- openings for a stainless steel, motor-driven stirrer and
uct of Example I, the resulting compositions are even for insertion of a standard steel test bar having a diameter
less stable than Compositions G and H as evidenced by 15 of 0.5 inch and a length of approximately 5.5 inches which
tpe Sligh oxidation numbers of 63 and 68 for Composi- has been carefully cleaned and polished according to a
tions M and N, respectively. prescribed procedure just prior to the test. The stirrer
The sulfonates, like the calcium-sulfur-containing prod- is started and when the oil sample in the beaker reaches
uct of Example III, have the same detrimental effect on a temperature of 140° F., the test bar is lowered through
the composition containing the zinc di-cyclohexyl dithio- 20 the proper opening and is suspended from the beaker
phosphate as evidenced by Compositions O and P where cover. After 30 minutes, 50 milli'iters of the oil are re-
the Sligh oxidation numbers were increased from 42 to moved and replaced with 30 milliliters of synthetic sea
108 and 67, respectively, by the addition of calcium sul- water. Stirring is then continued for 24 hours with the
fonate and barium sulfonate, respectively. The detrimen- temperature maintained at 140° F. At the end of this
tal effect of the calcium-sulfur-containing product of Ex- 25 period the steel bar is removed and examined for rust
ample III and the calcium and barium sulfonates is indeed spots.
surprising in view of the fact that these materials by In the Army-Navy Humidity Cabinet Test JAN-H-792,
themselves or combined (Composition Q) do not exhibit steel panels coated with the comparative lubricating com-
such tendencies in the absence of the zinc thiophosphate positions are placed in a closed cabinet which is main-
compound. It is still further surprising (see Compositions 30 tained at a temperature of 120° F., and a humidity of
I, J, K and L) that compositions containing the zinc thic- 100 percent. The 100 percent humidity is achieved by
phosphate compound in combination with the calcium or heating water in the bottom of the cabinet and simul-
barium sulfonate and the calcium- or barium- sulfur-con- taneously bubbling air through the water. The steel
taining alkyl phenol-formaldehyde resins exhibit a thermal panels slowly revo've around the inner periphery of the
stability equal to that of the base oil. While the calcium 35 cabinet. The steel panels are examined daily for evi-
and barium sulfonates have detrimental effects on the dence of rust. The results of the tests according to
thiophosphate compound having only zinc as its metal ASTM D665--54 and JAN-H-792 are shown in Table 2.
Table 2
Composition, percent by volume A B c D E F G H I J X
Base 0il—20.3° APT.___.._..._____ 100.0 | 99.5). 97.0{ 97.0| 932 932| 99.0| 99.0| 89.2| 8.7 88.7
Barium-sulfur-containing produet
of Example IV (339% active in-
gredient) . ._.._.._ 3.0 3.0 femmcacen
Caleium-sulfur-containing product
of Example III (33% active in-
gredient)_.__ 3.0 3.0 |ceooeeen 3.0
Barium petrolenm sulfonate (33%
aetive ingredient). ... . o e 6.8 | e 6.8 {ocooens
Calcium petroleum sulfonate prod-
uet of Example IT (339; active
ingredient) . . oo o 6.8 6.8 6.8
Zinc di-cyclohexyl dithiophos-
phate 1.0 1.0 -
Mixed Zinc-calcium Oxo oetyl
thiophosphate product of Ex-
ample L 10 1.0 1.0
Viscosity index improver (acrylate
resin) - 0.5 0.5 0.5
Inspection:
Rust  Preventive Tests—
ASTM D665-54, Proce-
dure B. Rustmg after 24
BrS. e e severe | severe | light motdex- none ;| none | severe { severe | none [ none | none
ate
T AN—H—792 Days to fail-

...................... <1 <1 <1 <1 17 21 <1 <1 39 48 45
component (Compositions O and P), these sulfonates do As can be noted from the data in Table 2, compositions
not have the same effect on compositions wherein the thio- of the invention, Compositions I, J and K, containing all
phosphate contains both zinc and an alkaline earth metal. 65 three of the respective additives, are strikingly superior
For example, when barium petroleum sulfonate and cal- to compositions containing only one of the additives. It
cium petroleum sulfonate in amounts of 6.8 percent by is indeed surprising to note that the number of days of
volume are separately added to Composition H contain- metal protection obtained by the compositions of the
ing the mixed zinc-calcium Oxo octyl thiophosphate prod- invention are greater than the sum of the number of days
uct of Example I having a Sligh oxidation number of 47, 70 of protection obtained by the individual additives. It

the resulting compositions have Sligh oxidation numbers
of 19 and 3, respectively.

The lubricating composition of this invention not only
has excellent thermal stability but also has excellent rust-

will be noted, for example, that the base oil, Composi-
tion A, the base oil in combination with the viscosity
index improver (acrylate resin), Composition B, the base
oil in combination with the barium- suhur-contammg

inhibiting characteristics. The rust-inhibiting character- 75 product of Example IV, Composition C, the base oil in
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combination with the calcium-sulfur-containing product Table 4
of Example III, Composition D, the base oil in combina-
tion with the zinc di-cyclohexyl dithiophosphate, Com-
position G, and the base oil in combination with the Composition, percent by volume z &
mixed zinc-calcium Oxo oc i uct 6
= tyl thiophosphate product of b o o oo e 8.2 | 80.2
Example I, Composition H, each gave less than one day Barium-sulfur-containing product of Example 1V
of protection according to the JAN-H-792 test. While (33% active ingredient) 3.0 foooees
e . . . . . . Calcium-sulfur-containing product of Example IIL
the base oil in combination with the barium and calcium (339% active ineredient)______. o 3.0
: iti 1 Barium petroleum sulfonate (339 active ingredient)...| 6.8 |.cc.....
p ?,troleum S lﬂfon?tes’ Comp .OSItlons. E and F, respectively, Caleium petroleum sulfonate prgduct of Example II
did not fail to give protection until 17 and 21 days, re- 10 (339 active ineredient) e eas 6.8
spectively, Compositions I, J and K did not fail to give M;’f‘%ixgrlggiga}cmm Oxo octyl thiophosphate product | - Lo
protection until 39, 48 and 45 days, respectively. Thus, Inspection: ' '
- - . . - '3 o
it is evident that the days of protection obtained by a Gravity, © AFL- 28 | 203
combination of the additives are greater than the sum of at mo'zg 22{1) o 22{1) .
- : ; TSN |1 at 210 . .
the days of protection obtained by the additives individu Visoosity Index. 114 109
ally. Flash, 0C, ° F 440 435
The data in Tables 1 and 2 show that the cooperative Fire, 00, ¢ S -1 50 | A
effect can be obtained with the calcium as well as with S{i}?r' %STM Unthn 2—0 2 2} b
3 s ur, B, percent.. A .
the barium salts regardless of whether the metal thio- oo  Ehosphorus, percenit, ASTHT DI0%i5iT 0og| ol
phosphate is a single metal salt of a thiophosphoric acid garhon gtesid%e, ?%q;gd;‘oné gercent ------- (1). 22 (1)‘ 01
ester such as zinc di-cyclohexyl dithiophosphate or a N lhation Vel ASTM DU7i-siT, Total
mixed metal salt such as the mixed zinc and calcium Oxo ﬁcad 13\78 o0 torcent (1)' gi g~ gg
octyl thiophosphate. ‘Ash as Sulfate, percent te2| 080
Other compositions within the scope of the invention Met%l:;i—um srcent 0.48 -
wht.:rei.n thermal stability combiped with good ant.ivs{e_ar, 25 c_alciuni,ppemm 0.02 0.18
antioxidant, antirust and bearing corrosion inhibiting Zine, percent 0.10 0.11
properties can be obtained are illustrated in Table 3.’
Table 3
Composition, percent by volume R ] T U v w X Y

Base Oil:
30.6° APT—181 SUS @ 100° F___.
29.3° API—340 SUS @ 100° F.._.

28.5° API--517 SUS @ 100° F_.._
Barium-sulfur-containine product of
Example IV (33% active ingredi-

ent)_. -
Calciwm-sulfur-containing produet
of Example III (339, active in-
gredient) . - ___
Barium petroleum sulfonate (33%

active ingredient) .. ______________
Calcium petroleum sulfonate prod-
uct of Example II (33% active in-
gredient). .
Zine di-cvelohexyl dithiophosphate. .
Mixed Zine-caleium Oxo Octyl thio-
phosphate product of Example I___
Viscosity index improver (acrylate
resin)

1t will be noted that Compositions S, T and W as illus-
trated in Table 3 contain a mixture of calcium and bar-
fum salts in combination with the mixed zinc and cal-
cium Oxo octyl thiophosphate product of Example L.
These compositions, like those wherein the salts are not
mixed, are substantially thermally stable compositions as
evidenced by the fact that they have Sligh oxidation
numbers of 1.

As noted hereinabove, the composition of this inven-
tion can contain other additive agents to improve other
specific properties of the composition. It will be further
understood that other oxidation inhibitors including 2,4,6-
tri-tert-butylphenol and 2,6-di-tert-butyl-4-methylphenol
can be used in combination with the thiophosphoric acid
ester, the sulfonate and permanently thermoplastic, resin-
ous condensation product disclosed herein. The amounts
of the various additives will vary depending upon the
particular base oil employed and the severity of the condi-
tions to which the lubricating composition is subjected.
In any event, the respective additives are employed in
amounts sufficient to confer their desired effect on the
resulting composition.

Typical make-up and inspection properties of light
Jubricating oils within the scope of the invention contain-
ing the calcium and barium salts are shown in Table 4.
Each of these compositions also contained 0.5 percent of
an acrylate resin as a viscosity index improver, 0.00075
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percent of a green dye and 0.0006 to 0.0009 percent of
Dow-Corning silicone Fluid 200, as a foam inhibitor.
The acrylate resin used in these compositions and the
others reported hereinabove is known as Acryloid 618,
which can be purchased from Rohm & Haas Co., Phila-
delphia, Pennsylvania. The acrylate resin is a viscous
liquid at room temperature having a specific gravity of
0.8927 at 60°/60° F., a furol viscosity of 395 seconds
at 210° F., a flash point (P-M) of 250° F., a fire point
(OC) of 375° F., a pour point of +20° F., an ASTM
Union color of 1.25, a neutralization number (ASTM
D974) of 0.13 and only a trace of water. Dow-Corning
silicone Fluid 200 can be purchased from Dow-Corning
Corporation, Midland, Michigan. This antifoam agent
is a liquid polymer of a dialkyl silicone. Typical prop-
erties of this antifoam agent are: specific gravity at
60°/60° F., 0.9779; viscosity at 100° F., 3696 SUS; vis-
cosity at 210° F., 1532 SUS; flash point (OC), 650° F,;
and a pour point, below —50° F.

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 limited to such embodiments except as hereinafter
defined in the appended claims.

We claim: -

1. A lubricating composition having improved resist-
ance to sludge formation upon continued heating and
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rost inhibiting characteristics corfiprising a major propor-
tion of a highly refined mineral Jubricating oil and tinor
proportions consisting of akout 0.5 to about 5.0 percent
by weight of a zinc salt of a thiophosphoric acid ester
obtained by reacting phosphorus pentasulfide with a mono-
hydric alcohol containing 6 to 14 carbon atoms on the
average in a mol ratio, respectively, of abount 1:4 at a tem-
perature of about 130° to 350° F., and reacting the re-
sultant product with a member selected from the group
consisting of zinc metal and a basic zinc compound in a
mol ratio of about 0.5 to about 1 mol of said member per
mol of phosphorus pentasulfide 4t a teimperature of about
60° to 300° F.; about 0.5 to about 5.0 percent by weight
of an oil-soluble alkaline earth mietal sulfonate; and about
0.5 to about 5.0 psrcent by weight of an oil-soluble alka-
line earth metal arid sulfur containing, permanently ther-
moplastic, resinous condensation product obtained by
condensing in an agueous medium reactants consisting
essentially of fermaldehyde, a sulfide selected from the
group consisting of ‘an alkali metal sulfide and an alkaline
earth metal suifide; and an alkylated monochydric phenol
having &t least oneé free reactive position in the nucleus
and at least one alkyl group containing from 4 to 12 car-
bon atoms, at ledst one mel of formaldehyde being em-
ployed for every two mols of the phenol, and at least
otié equivalent of alkaline earth metal sulfide bsing em-
ployed for every two mols of the phenol, the condensation
beintg conducted to avoid any substantial reaction between
the phenol and formaldehyds in the absérice of said sul-
fide, said resinous condensatiosi product when obfained
when employing said alkali métal sulfide being subjected
to metathesis with & water soluble salt of an alkaline earth
mietal,

2. A lubricatinig comipaosition having improved resist-
ance to sludge formation upon continued heating and rust
inhibiting characteristics comprisiig a major proportion
of a highly refined mineral lubricating ¢il and misor pro-
portions consisting of about 0.5 to about 5.0 percent by
weight of a mixed metal salt of a thiophosphoric acid
ester, wherein the mixed metal is zinc and an alkaline
earth and the mixed metal salt is obtained by reacting
phosphorus pentasulfide and an aliphatic monohydric al-
cohol containing 6 to 14 carbon atoms per molecule on
the average in 2 mol ratio, respectively, of about 1:4, said
reaction being effected at a temiperature of about 130° to
350° P.; and reacting the resultant product with a mem-
ber selected from the group consisting of zinc metal and
4 basic zinc compound in a miol ratio of about 0.5 to 1
mol of said member per mol of phosphorus pentasulfide
at temperatures of about 60° to about 186° F., then react-
ing the resulting reaction product with sufficient basic
alkaliné earth compound to raise the pH of the reaction
Hixture to at least about 6 and about 0.5 to about 2 per-
cent by weight 6f benzoyl percxide, 4t a temperature of
abotit 60° t6-about 300° F.; about 0.5 to about 5.0 percent
by weight of an oil-séluble alkaline earth mietal sulfonate;
and about 0.5 to about 5.0 percent by weight of ax oil-
solible aikalifie earth metal and sulfur containing per-
maneiitly thermoplastie, resinous condensation product
obtained by condensing in an aqueous medium reactants
consisting essentially of formaldehyde, a sulfide selected
from the group consisting of an alkali metal sulfide and
an alkaline earth metal sulfide, and an alkylated mono-
hydric phenol haviag at least one free reactive position in
the niclens and at least one alkyl group containing from
4 to 12 carben atoms, at least one mol of formaldehyde
being employed for every two mols of the phenol, and at
least one equivalent of alkaling earth metal sulfide being
¢mployed for every two mols of the phenol, the condensa-
tion being conducted to avoid any substantial reaction be-
tween the phenol and formaldehiyde in the absence of said
sulfidé, sdid resinous condensation product when obtained
wher employing said alkali metal sulfide beirg subjected
to' mistathiésis with @ watér sclible salt of an alkaline earth
mietal:
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3. A lubricating compesition having improved re-
sistance to sludge formation upon continued heating and
rust inhibiting characteristics comprising a major pro-
portion of a highly refined mineral lubricating oil and
minor proportions consisting of about 0.5 to about 5.0
percent by weight of zinc dicyclohexyl dithiophosphate;
about 0.5 to about 5.0 percent by weight of an oil-soluble
calcium sulfonate; and about 0.5 to 5.0 percent by
weight of the calcium and sulfur containing condensa-
ton product obtained by condensing in an aqueous
medium reactants consisting essentially of formaldehyde,
calcium sulfide and tetramethyibutyl phenol, at least one
mol of formaldehyde being employed for every two
mols of the phenol, and at least one equivalent of cal-
cium sulfide being émployed for every two mols of the
phenol, the condensation being conducted to avoid any
subs:antial reaction between the phenol and formalde-
hyde in the absence of the calcium sulfide.

4. A lubricating composition having improved resist-
ance to sludge formation tpon continued heating and rust
inh.biting characteristics comprising a major proportion
of a highly refined mineral Iubricating oil and minor
proportions consisting of about 0.5 to about 5.0 percent
by weight of a mixed metal salt of zinc and calcium
branched chain octyl thiophosphate obtained by reacting
phosphorus pentasulfide and a mixture of branched-
chain octyl acohols in a mol ratio, respectively, of about
1:4 at a temperature of about 130° to 350° F., and re-
acting the resultant product with a member selected from
the group consisting of zinc metal and a basic zinc com-
pound in a mol ratio of about 0.5 to 1 mol of said
memniber per mol of phosphorus pentasulfide at tempera-
tures of about 60° -to about 180° F., then reacting the
resulting reaction product with sufficient basic calcum
comgound to raise the pH of the reaction mixture to at
least about 6 and about 0.5 to about 2 percent by weight
of benzoyl peroxide, at a temperature of about 60° to
about 30L0° F.; about 0.5 to about 5.0 percent by weight
of an oil-soluble calcium sulfonate; and about 0.5 to
about 5.0 percent by weight of the calciim and sulfur
containing con-ensation product obtained by condensing
in an aqueous medium reactants consisting essentially of
formal!dehyde, calcium sulfide and tetramethylbutyl
phenol, at least one mol of formaldehyde being em-
ployed for every two mols of the phenol, and at least
ons equivalent of calcium sulfide being employed for
every two mols of the phenol, the condensation being
coaducted to avoid any substantial reaction betwee. the
phenol and formaldehyde in the absence of the calcium
sulfide.

5.° A lubricating composition having improved resist-
ance to sludge formation upon continued heating and
rust inhibiting characteristics comprising a major pro-
portion of a highly refined mineral lubricating oil and
minor proportions comsisting of about 0.5 to about 5.0
percent by weight of a mixed metal salt of zinc and cal-
cium branched chain octyl thiophosphate - obtained by
reacting phosphorus pentasulfide and a mixture of
branched-chain octyl alcohols in a mol ratio, respec-
tively, of about 1:4 at a temperature of about 130° to
350° F., and reacting the resultant product with a mem-
ber selected from the group consisting of zine metal and
a basic zinc compound in a mol ratio of about 0.5 to 1
mol of said member per mol of phosphorus pentasulfide
at temperatures of about 60° to about 180° F., then re-
actinig the resulting reaction product with sufficient basic
calcium compound to raise the pH of the reaction mix-
ture to at least about 6 and about 0.5 to about 2 percent
by weight of benzoyl peroxide, at a temperature of about
60° to about 300° F.; about 0.5 to about 5.0 percent by
weight of dn oil-solublé calcium sulfonate; and about
0.5 to about 5.0 percent by weight of the calcium afid
sulfur containing condensation product obtained by con-
densing in an agueous médium reactants consisting essen-
tially of formaldéhyde; calcium' sulfide and tetramethyl-
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butyl phenol, at least one mol of formaldehyde being
* employed for every two mols of the phenol, and at least
one equivalent of calcium sulfide being employed for
every two mols of the phenol, the condensation being
conducted to avoid any substantial reaction between the
phenol and formaldehyde in the absence of the calcium
sulfide, wherein the weight ratio of said thiophosphate to
said sulfonate to said calcium and sulfur containing con-
densation product is about 1:2:1.

6. A lubricating composition having improved resist-
ance to sludge formation upon continued heating and
rust inhibiting characteristics comprising a major propor-
tion of a highly refined mineral lubricating oil and minor
proportions consisting of about 0.5 to about 5.0 percent
by weight of a mixed metal salt of zinc and calcium
branched chain octyl thiophosphate obtained by reacting
phosphorus pentasulfide and a mixture of branched-chain
octyl alcohols in a mol ratio, respectively, of about 1:4
at a temperature of about 130° to 350° F., and react'ng
the resultant product with a member selected from the
group consisting of zinc metal and a basic zinc com-
pound in a mol ratio of about 0.5 to 1 mol of said mem-
ber per mol of phosphorus pentasulfide at temperatures
of about 60° to about 180° F., then reacting the resulting
reaction product with sufficient basic calcium compound
to raise the pH of the reaction mixture to at least about
6 and about 0.5 to about 2 percent by weight of
benzoyl peroxide, at a temperature of about 60° to about
300° F.; about 0.5 to about 5.0 percent by weight of
an oil-soluble calcium sulfonate; and about 0.5 to about
5.0 percent by weight of the calcium and sulfur contain-
ing product obtained by condensing in an aqueous me-
dium reactants consisting essentially of formaldehyde,
sodium sulfide and tetramethylbutyl phenol, at least one
mo! of formaldehyde being employed for every two
mols of the phenol, and at least one equivalent of sodium
sulfide being employed for every two mols of the phenol,
the condensation being conducted to avoid any substan-
tial reaction between the phenol and formaldehyde in
the absence of the sodium sulfide, the condensation
product thus obtained being subjected to metathesis with
calcium chloride.

7. A lubricating composition having improved resist-
ance to sludge formation upon continued heating and rust
inhibit'ng characteristics comprising a major proportion
of a highly refined mineral lubricating oil and minor pro-
portions consisting of about 0.5 to about 5.0 percent
by weight of a mixed metal salt of zinc and calcium
branched chain octyl thiophosphate obtained by react-
ing phosphorus pentasulfide and a mixture of branched-
chain octyl alcohols in a mol ratio, respectively, of about
1:4 at a temperature of about 130° to 350° F., and react-
ing the resultant product with a member selected from
the group consisting of zinc metal and a basic zinc com-
pound in a mol ratio of about 0.5 to 1 mol of said mem-
ber per mol of phosphorus pentasulfide at temperatures
of about 60° to about 180° F., then reacting the result-
ing reaction product with sufficient basic calcium com-
pound to raise the pH of the reaction mixture to at
least about 6 and about 0.5 to about 2 percent by weight
of benzoyl peroxide, at a temperature of about 60° to
about 300° F.; about 0.5 to about 5.0 percent by weight
of an oil-soluble calcium sulfonate; and about 0.5 to
about 5.0 percent by weight of the calcium and sulfur
containing product obtained by condensing in an aqueous
medium reactants consisting essentially of formaldehyde,
sodium sulfide and tetramethylbutyl phenol, at least one
mol of formaldehyde being employed for every two mols
of the phenol, and at least one equivalent of sodium
sulfide being employed for every two mols of the phenol,
the condensation being conducted to avoid any substan-
tial reaction between the phenol and formaldehyde in
the absence of the sodium sulfide, the condensation prod-
uct thus obtained being subjected to metathesis with
calcium chloride, wherein the weight ratio of said thio-
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phosphate to said sulfonate to said barium and sulfor
con'ain'ng metathesis product is about 1:2:1.

8. A lubricating composition having improved resist-
ance to sludge formation upon continued heating and
1ust inhibiting characteristics comprising a major propor-
tion of a highly refined mineral lubricating oil and minor
proportions consisting of about 1 percent by weight of a
mixed metal salt of zinc and calcium branched chain
octyl thiophosphate obtained by reacting phosphorus pen-
tasulfide and a mixture of branched-chain octyl alcohols
in a mol ratio, respectively, of about 1:4 at a tempera-
ture of about 130° to 350° F., and reacting the resultant
product with a member selected from the group consist-
ing of zinc metal and a basic zinc compound in a mol
ratio of about 0.5 to 1 mol of said member per mol of
phosphorus pentasulfide at temperatures of about 60° to
about 180° F., then reacting the resulting reaction prod-
uct with sufficient basic calcium compound to raise the
pH of the reaction mixture to at least about 6 and about
0.5 to about 2 percent by weight of benzoyl peroxide, at
a temperature of about 60° to about 300° F.; about 7
percent by weight of a solution consisting of about 33
percent calcium petroleum sulfonate in a light mineral
oil; and about 3 percent by weight of a solution consist-
ing of about 33 percent calcium and sulfur containing
condensation product in a light mineral oil, said con-
densation product being obtained by condensing in an
aqueous medium reactants consisting essentially of form-
aldehyde, calcium sulfide and tetramethylbutyl phenol,
at least one mol of formaldehyde being employed for
every two mols of the phenol, and at least one equiv-
alent of calcium sulfide being employed for every two
mo's of the phenol, the condensaiton being conducted to
avoid any substantial reaction between the phenol and
formaldehyde in the absence of the calcium sulfide.

9. A lubricating composition having improved resist-
ance to sludge formation upon continued heating and
rust inhibiting characteristics comprising a major propor-
tion of a highly refined mineral lubricating oil and minor
proportions consisting of about 1 percent by weight of
a mixed metal salt of zinc and calcium branched chain
octyl thiophosphate obtained by reacting phosphorus pen-
tasulfide and a mixture of branched-chain octyl alcohols
in a mol ratio, respectively, of about 1:4 at a tempera-
ture of about 130° to 350° F., and reacting the resultant
product with a member selected from the group consist-
ing of zinc metal and a basic zinc compound in a mol
ratio of about 0.5 to 1 mol of said member per mol
of phosphorus pentasulfide at temperatures of about 60°
to about 180° F. then reacting the resulting reaction
product with sufficient basic calcium compound to raise
the pH of the reaction mixture to at least about 6 and
about 0.5 to about 2 percent by weight of benzoyl per-
oxide, at a temperature of about 60° to about 300° F.;
about 7 percent by weight of a solution consisting of
about 33 percent barium petroleum sulfonate in a light
mineral oil; and about 3 percent by weight of a solu-
tion consisting of about 33 percent barium and sulfur
containing product in a light mineral oil, said product
being obtained by condensing in an aqueous medium
reactants consisting essentially of formaldehyde, sodium
sulfide and tetramethylbutyl phenol, at least one mol of
formaldehyde being employed for every two mols of the
phenol, and at least one equivalent of sodium sulfide
being employed for every two mols of the phenol, the
condensation being conducted to avoid any substantial
reaction between the phenol and formaldehyde in the
absence of the sodium sulfide, the condensation product
thus obtained being subjected to metathesis with barium
chloride.

10. A lubricating composition having improved resist-
an-e to sludge formation upon continued heating and rust
inhibiting characteristics comprising a major proportion
of a highly refined mineral lubricating oil and minor
proportions consisting of about 1 percent by weight of
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a miixed thetal salt of Zinc and calciim branched chain

octyl thiophosphate obtained by reacting phosphorus-pen-
tasulnde and a mikture of branched-cham octyl alcshols
in a mol ratio, respectively, of about 1:4 at a tempera-
ture of about 130° to 350° F., and reacting the resultant
product with a member selected from the group cons.st-
ing of zinc metal and a basic zinc compound in a mol
ratio of about 0.5 to 1 mol of said member per mol
of phosphorus pentasulfide at temperatures of about 60°
to about 180° F., then reacting the resulting reaction
product. with. sifficient basic calcium compound to raise
the pH of the reaction mixture to at least about 6 and
about 0.5 to about 2 percent by weight of benzoyl per-
oxide, at a temperature of about 60° to’ about 300° F.;
about 7 percent by weight of a solution consisting of
about 33 percent calcium petroleum sulfonate in a Lght
muneral oil; about 3 percent by weight of a solution
consisting of about 33 percent calcium and sulfur con-
ta:ning condensation product in a light mineral oil, said
condensation product being obtained by condensing in
an aqueous medium reactants consisting essentially of
formaldehyde, calcium sulfide and tetramethylbutyl phe-
nol, at least one mol of formaldehyde being employed
for every two mols of the phenol, and at least one equiv-
alent of calcium sulfide being employed for every two

mols of the phenol, the condensation being conducted

to avoid any substantial reaction between the phenol and
formaldehyde in the absence of the calcium sulfide; and
at least one agent selected from the group consisting

-of a viscosity index improver, an antifoam agent and
.a dye.

11. A lubricating composition having improved resist-

:ance to sludge formation upon continued heating and

rust inhibiting characteristics comprising a major propor-

‘tion of a highly refined mineral lubricating oil and minor
_proportions consisting of about 1 percent by weight of

a mixed metal salt of zinc and calcium branched chain

-octyl thiophosphate obtained by reacting phosphorus pen-
‘tasulfide and a mixture of branched-chain octyl alcohols

in a mol ratio, respectively, of about 1:4 at a tempera-

‘ture of about 130° to 350° F., and reacting. the resultant
product with a member selected from the group consist-

ing of zinc metal and a basic zinc compound in a mol
ratio of about 0.5 to 1 mol of said member per mol

-of phosphorus pentasulfide at temperatures of about 60°

to about 180° F., then reacting the resulting reaction

-product with sufficient basic calcium compound to raise
‘the pH of the reaction mixture to at least about 6 and
rabout 0.5 to about 2 percent by weight of benzoyl per-
-oxide, at a temperature of about 60° to about 300° F.;
.about 7 percent by weight of a solution consisting of
-about 33 percent calcium petroleum sulfonate in a light
‘mineral oil; about 3 percent by weight of a solution con-
'sisting of about 33 percent calcium and sulfur containing
:condensation product in a light mineral oil, said condensa-
‘tion product being obtained by condensing in an aqueous
‘medium reactants consisting essentially of formaldehyde,
:calcium sulfide and tetramethylbutyl phenol, at least one

mol of formaldehyde being employed for every two mols

-of the phenol, and at least one equivalent of calcium

sulfide being employed for every two mols of the phenol,

‘the condensation being conducted to avoid any substan-
tial reaction between the phenol and formaldehyde in
‘the absence of the calcium sulfide; and a viscosity index
‘imrroving amount of an acrylate resin.

12. A lubricating composition having improved resist-
ance to studge formation upon continued heating and rust
inhibiting characteristics comprising a major proportion
of a highly refined mineral lubricating oil and minor
proportions consisting of about 1 percent by weight of
a mixed metal salt of zinc and calcium branched chain
octvl thiophosphate obtained by reacting phosphorus pen-
tasulfide and a mixture of branched-chain octyl alcohols
in a mol ratio, respectively, of about 1:4 at a tempera-
ture of about 130° to 350° F., and reacting the resultant
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product with a membér seiceted from the group consist-
ing of zinc metal and a basic zinc compound 10 & mol
rano of about 0.5 to 1 mel of said- member per mol of
phospnorus pentasulfide at temperatures of about 60° to
about 180° ¥., then reacting the resulting reaction prod-
uct with sufficient basic ealcium compound to raise the
PH of the reaction mixture to at least about 6 and about
0.5 io about 2 percent by weight of benzoyl peroxide,
at a temperature of about 60° to about 300° F.; about
2 percent by weight of caleium petroleum sulfonate: in
a light mineral oil solution; about 1 percent- by weight
of a calcium and sulfur confaining condensation prod-
uct in a light mineral oil ‘solution, said condensation
product being obtained by condensing in an agueous
medium reactants consisting essentially of formaldehyde,
calcium sulfide and tetramethylbutyl phenol, at least one
mol of formaidehyde being employed for every two mols
of the phenol, and at least one equivalent of calcium
sulfide being employed for every two mols of the phenol,
the condensation being conducted to avoid any substan-
tial reaction between the phenol and formaldehyde in
the absence of the calcium sulfide; and a small amount,
sufficient to confer to the lubricating composition their
respective characteristics, of each of a viscosity index im-
prover; an antifoam agent; and an oil-soluble dye.

13. A lubricating composition having improved resist-
ance to sludge formation upon continued heating and
rust inhibiting characteristics comprising a major propor-
tion of a highly refined mineral lubricating oil and minor
proportions consisting of about 0.5 to about 5.0 percent
by weight of a mixed metal salt of zinc and calcium
branched chain octyl thiophosphate obtained by reacting
phosphorus pentasulfide and a mixture of branched-chain
octyl alcohols in a mol ratio, respectively, of about 1:4
at a temperature of about 130° to 350° F., and reacting
the resultant product with a member selected from the
group consisting of zinc metal and a basic zinc com-
pound in a mol ratio of about 0.5 to 1 mol of said
member per -mol of phosphorus pentasulfide at tempera-
tures of about 60° to about 180° F., then reacting the
resulting reaction product with sufficient basic calcium
compound to raise the pH of the reaction mixture to
at least about 6 and about 0.5 to about 2 percent by
weight of benzoyl peroxide, at a temperature of about
60° to about 300° F.; about 0.5 to about 5.0 percent by
weight of an oil-soluble barium sulfonate; and about
0.5 to about 5.0 percent by weight of the barium and
sulfur containing product obtained by condensing in an
aqueous medium reactants consisting essentially of form-
aldehyde, sodium sulfide and tetramethylbutyl phenol, at
least one mol of formaldehyde being employed for every
two mols of the phenol, and at least one equivalent of
sodium sulfide being employed for every two mols of
the phenol, the condensation being conducted to avoid
any substantial reaction between the phenol and form-
aldehyde in the absence of the sodium sulfide, the con-
densation product thus obtained being subjected to meta-
thesis with barium chloride.

14. A lubricating composition having improved resist-
ance to sludge formation upon continued heating and
rust inhibiting characteristics comprising a major propor-
tion of a highly refined mineral lubricating oil and minor
proportions consisting of about 0.5 to about 5.0 percent
by weight of a mixed metal salt of zinc and calcium
branched chain octyl thiophosphate obtained by reacting
phosphorus pentasulfide and a mixture of branched-chain
octyl alcohols in a mol ratio, respectively, of about 1:4
at a temperature of about 130° to 350° F., and reacting
the resultant product with a member selected from the
group consisting of zinc metal and a basic zinc compound
in a ol ratio of about 0.5 t0 1 mol of said member per
mol of phosphorus pentasulfide at temperatures of about
60° to about 180° F., then reacting the resulting reaction
product with sufficient basic calcium compound to raise
the pH of the reaction mixture to at least about 6 and
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about 0.5 to about 2 percent by weight of benzoyl per-
oxide, at a temperature of about 60° to about 300° F;
about 0.5 to about 5.0 percent by weight of an oil-solu-
ble barium sulfonate; and about 0.5 to about 5.0 percent
by weight of the barium and sulfur containing product
obtained by condensing in an aqueous medium reactants
consisting essentially of formaldehyde, sodium sulfide
and tetramethylbutyl phenol, at least one mol of form-
aldehyde being employed for every two mols of the phe-
nol, and at least one equivalent of sodium sulfide being
employed for every two mols of the phenol, the condensa-
tion being conducted to avoid any substantial reaction
between the phenol and formaldehyde in the absence of
the sodium sulfide, the condensation product thus ob-
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tained being subjected to metathesis with barium chloride,
wherein the weight ratio of said thiophosphate to said
sulfonate to said barium and sulfur containing product is
about 1:2:1.
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-— sludging --; column 3, lines 44 to 47, the right-hand
portion of the formula should read as shown below instead
of as in the patent:
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