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This invention -relates 4o -improved lubricants
and to & process for their preparation. More
particularly, the invention pertains fo the prepa~
ration of a novel class of compounds which are
suitable for use as lubricants or, preferably, as
addition agents to mineral lubricating cils. In
one of its more specific embodiments, the inven-
tien covers a process for the preparation of cer-
tain compounds which, when added o a mineral
lubricating oil, materiaily improve ifs properties,
particularly when such compounded oils are used
for the lubrication of ehgines of the compression
ignition type.

As is well known, the-usual mineral lubricating
oils, when subjeeted o certain conditions of use,
such as in internal combustion engines of the
Diesel type and spark ignition engines wherein
piston temperatures are very high, tend to form
sticky carbonaceous deposits which over varying
periods .of use accumulate in the piston ring
grooves, causing ‘the rings to stick and become
ineffective. This problem of the piston ring stick-
ing has assumed considerable importance since
the advent of high-speed Diesel engines, aviation
gasoline engines, and thelike. The principal rea-
son for this ring sticking appears-to be the lacquer
and/or carbon formation during the use of the
lubricating oils in such engines.

Tt has previously been discovered that this ring
sticking -action may he materially reduced by the
addition to the .0il of certain selected materials.
Thus, it 4s known that certain naphthenic ma-
terials havebeen compounded with mineral lubri-
cating oils and have been used with varying de-

grees of suceess either to inhibit the formation .

of or to maintain in solution .or suspension those
materials which lead to the phenomenon of ring
sticking. These naphthenic compounds, however,
have been found fo be unsuitable when used with
a certain type of lubricating oils. Tt is also known
that the addition of small amounts of certain
metal salts of alkylated arematic hydroxy mono-
carbexylic acids in which the carboxylic acid rad-
ical is directly attached to the ring, preferably
in the ortho position to the hydroxy radical,
when added to mineral olls reduces ring sticking
tendencies of mineral oils. However, many of
the substances which are wuseful as antiring-
sticking agents are difficult to dissolve in lubri-
cating .oils in effeetive quaniities.

It is therefore the main object of the inven-
tien to obviate the above and other defects,
and to provide a product or compound which
possesses excellent lubricating properties and
which, when added $o mineral lubricating oils,
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is readily soluble therein in sufficient amounts
to provide excellent antioxidant and/or deter-
gent properties.. It is @ further object of the
invention to provide a movel class of .compounds
which may be readily dispersed or dissolved in
sess excellent .antiring-sticking properties.

Tt has now been discovered that the above and
other objects may be attained by using as a
lubricant, or, preferably, as an addition agent to
ordinary mineral lubricafing oils, products or
compounds which are prepared by heating -a salt
of a-polyvalent mebal and of anaromatic hydroxy
carboxylic acld in .solubion or dispersion in a
substantially non-polar or-only weakly polar fluid,
so that the salt decomposes, and .confinuing the
heating until the decompesition preducts - which
precipitate (during this first deecomposition) are
substantially completely redissolved. If desired,
these redissglved decomposition products of the
ahove-mentioned salt .or salts of a polyvalent
metal -and an aromatie hydroxy carboxylic acid
may then be separated from the fluid medium.
In the alfernative, @ part of the finid medium
may be removed to produee a congentrate of the
decomposition proguct in the remaining part of
the fluid medium.. It has heen discovered that
these products :of decomposition, when used as
lubricants ‘per se or as addition agents to ordi-
nary-lubricating oils, e. g mineral lubricating oils
for internal combustion engines, are exceptionally
effective (in that the interiors of the cylinders
of the engine lubricated thereby, particularly the
cylinders of aireraft engines and Diesel engines,
remain clean. - Additienally, the presence of these
novel decomposition -products of salts of poly-
valent metals and aromatic hydrexy carboxylic
acids in lubricants for internal combustion en~
gines prevents, or at least materially inhibits,
the deposition of carbonaceous products on the
pistons and in the piston ring grooves, and also
inhibits the sticking of the piston rings. Fur-
thermere, there is a material decrease in wear
when the novel compounds of the present inven-
tion are employed as .or in lubricants for the
lubrication of the specified engines, this wear
keing normally caused by corrosion.

“The salts which are employed as the starting
materials for the préparation of the novel com-
pounds possessing excellent antiring-sticking
properties are the salts of polyvalent metals and
of aromatic hydroxy carboxylic acids which lat-
ter may be mono- or poly-nuclear, such as ben-
zoic and naphtholc acids. These acids may be
substituted by alkyl, aryl, aralkyl or alkaryl radi-
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cals, as well as by alkoxy, hydroxy, aroxy or amino
groups which in turn may have other substituents,
e. g. halogen atoms or hydrocarbon radicals, As
stated, this class of acids comprises the mono-
or poly-nuclear aromatic hydroxy carboxylic
acids, examples of which are alkyl salicylic, ortho
hydroxy naphthoic, or anthracene ortho hydroxy
carboxylic acids. Suiftable alkyl radicals are par-
ticularly those having three or more carbon atoms,
examples of such radicals being n-propyl, iso-
propyl, butyl, amyl, cetyl, and like radicals. One
or several monocarboxylic alkyl radicals may be
attached to the nucleus. Of the polyvalent met-
als which may be used to form the salts the
metals of the second, third, sixth and iron groups
of the periodic table are suitable, examples of
these metals being magnesium, calcium, stron-
tium, barium, zinc, nickel, manganese, lead, cop-
per, cobalt and aluminum. Of these metals, those
of the second and third groups of the periodic
table are preferable, calcium and zinc being typi-
cal examples of these metals.

The salts which most readily form the desired
decomposition products according to the process
of the present invention are those alkylated aro-
matic hydroxy monocarboxylic acid salts in which
the carboxylic acid radical is in ortho position
to the hydroxy radical. The best results are ob-
tained with salts of salicylic acid substituted by
the mentioned alkyl groups, the zine and calcium
salts of di-isopropyl salicylic acid being preferred
embodiments.

It has been pointed out above that the con-
version of the herein specified salts of polyvalent
metals and of aromatic hydroxy carboxylic acids
into the novel compounds which are particularly
suitable as addition agents to minéral lubricating
oils is preferably effected in the presence of a
substantially non-polar fluid. It is preferable to
employ as such medium a fluid which is stable at
the elevated temperatures employed during the
preparation of the compound, i. e. which does not
decompose to any substantial degree at such
temperatures. Also, in some. instances, particu-
larly when it is desired to separate the desired
reaction product from such fluid medium, it is
preferable, if not essential, to employ as the dilu-
ent or solvent a fluid which may be readily sepa-
rated from the reaction product, e. g. by distilla-
tion at ordinary -or subatmospheric pressure.
Although the conversion according to the process
of the present invention of the metal salts may
be effected in the presence of any substantially
. hon-polar or weakly polar fluid in which the salt
is soluble or dispersible, it is generally preferable
to employ as such fluid a hydrocarbon fraction
which does not decompose to any substantial de-
gree at the elevated temperatures employed in
the decomposition step. For instance, the highly
refined oils such as medicinal oils may be used.
The conversion may also be effected in the pres-
ence of mineral lubricating oils, particularly
when the product as such is used as the lubricant
or is to be diluted with additional amounts of the
same or other lubricating oils. If desired, the
mineral oil may be removed from the reaction
product of the metal salt, for instance by high
vacuum distillation, which leaves the reaction
preduct in the form of a solid substance. When
the product has been prepared in a medium of a
substantially non-polar or weakly polar fluid
other than a mineral lubricating oil, which fluid,
as stated, may be a parafiinic hydrocarbon frac-
tion or a high molecular weight ether such as
di-n-dodecyl ether, and when it is desired to ob-
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tain the substance from such fuid for use as such
or for the purpose of adding it to a mineral lubri-
cating oil fraction, it is then possible to separate
the fluid medium in part or completely, e. g. by
distillation, and to use the resulting solid sub-
stance as the antiring-sticking agent or addition
product to mineral lubricating oils.

If the starting metal salt of the polyvalent
metal and of the specified aromatic hydroxy
carboxylic acids is not readily dispersible or sol-
uble in the fluid in which it is decomposed and
converted to the desired compound, . it is fre-
quently advisable to add to the mixture sub-
stances which will promote solution or disper-
sion of the metal salts. As such, reference is
made to high molecular weight alcohols such as
wool grease alcohols.

In order to produce the novel antiring-sticking
compounds the mentioned salts of polyvalent
metals and aromatic monocarboxylic acids, pref-
erably in solution or suspension in substantially
non-polar liquids, are subjected to elevated tem-
peratures, preferably while maintaining the re-
agents in a state of agitation for example by stir-
ring. This heating causes a decomposition of
the open salt and the formation first of an inter-
nal or bhasic salt. Purther heating, at higher
temperatures, results in the decomposition of this
internal salt. This latter decomposition is ac-
companied by the formation of a precipitate.
‘When, however, the reaction product is subjected
to still higher temperatures the precipitate is
further decomposed producing a compound or
compounds which are readily soluble in the
solvent -and particularly in mineral Iubricating
oils.

The novel reaction products of the decomposi-
tion of the specified salts of polyvalent metals
and the aromatic hydroxy carboxylic acids have
a relatively very high metal content and at the
same time possess a very high solubility in hydro-
carbon fractions, e. g. mineral lubricating oil.
For instance, as will be pointed out in the ex-
amples set forth hereinbelow, the product
formed by the decomposition according to the
process of the present invention of the zinc salt
of di-isopropyl salicylic acid contains not less
than 30% of zinc, while the cobalt content of the
reaction product obtained by the decomposition
of the cobalt salt of di-isopropyl salicylic acid is
in the neighborhood of about 21%. The exact
composition of the novel compounds formed by
the process of the present invention are not
known at the present time since it is not seen
how it is possible to formulate a compound in
which gll of the metal dissolving into oil may
be hound in the conventional manner. :

It has been pointed out that the heating of
the starting salts is effected until the decomposi-
tion products which precipitate as a result of the
first heating are further decomposed and become
substantially completely redissolved. Generally
speaking, this redissolving occurs at a tempera-
ture of about 300° C.  Thus, when a mixture of
one part by weight of the zinc salt of di-isopro-
pyl salicylic acid and two parts by weight of a
hydrocarbon, e.- g. mineral lubricating oil, is sub-
jected to heating, the salt at first becomes dis-
solved in the oil. However, at a temperature of
about 230° C. there is noticed the formation of an
insoluble decomposition product. At the same
time substantial amounts of carbon dioxide are
evolved. If the reaction is continued the pre-
cipitate thus formed is gradually redissolved so
that at a temperature of about. 300°. C. no pre-
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cipitate is noted, the metal salt reaction product
(or products) being completely dissolved and in
solution. If it is desired to recover this novel
composition er compound, the mineral oil may be
removed from this compound, for instance, by
distillation under a high vacuum. The remain-
ing material has a light yellow color and appears
to be somewhsat crystalline, When heated to
about 150° C. it is miscible with mineral oil in
substantially any propertions, and remains dis-
solved therein even when cooled to an ordinary
temperature.

The following examples sre presented to illus-
trate the preferred metheds of preparation of the
novel compounds possessing the above-mentioned
antiring-sticking and other properties, as well as
to illustrate the advantagcs ohtained by using
said compounds:

ExamyleI

Twenty (20) parts by weight of the zinc salt of
di-isopropyl salicylic acid and 80 parts by weight
of a highly refined paraffinic hydrocarbon oil
having a boiling temperature of between 88° C.
and 170° C. at 0.05 mm, of mercury pressure, were
placed in g container provided with a stirrer and
2 comdenser. The solution was heated rapicly
with stirring. At a2 temperature of about 200° C.
the zinc salt hegan to dissolve and evolution of
gas was noted. The solution of the salt was com-
plete at about 200° C., but 2 solid precipitate be-
gan to appear again when the temperature was

aised to about 225° C. Wltb further heating ad-
dlt_onal amounts of precipitate deposited in the
container. This thick paste, however, started o
dissolve at about 220° C., the solution of the pre-
cipitate heing complete af abouf 300° C. The
reddish solution thus formed wag further heated
for about half an hour a$ the end of which time
the evolution of gas ceased. The reaction mix~
ture thus produced was then subjected to diz-
tillation under a vacuum to separate the di-iso-
propyl phenol. The remaining liguid, after filtra-
tion, was subjected to distillation to remove the
sclvent, and then further heated for purposes of
purification. This zinc compound had a light yel-
low color, was somewhat crystalline and slightly
hysgroscopic.

Example IT

Ten (10) parts by weight of the zinc sait of di-
isopropyl salicylic acid and 40 parts by weight of
an Edeleanu extracted mineral lubricating oil
fraction were heated with stirring and in a cur-
rent of nitrogen to 5 temperature of ahout 300°
C., the latter temperature being msintained for
about one-and-one-half hours. This results in
the production of a clear solution scluble in any
proportion in hydrocarbon oils. A mineral lubri-
cating oil containing a small amount cf the solu-
tion was found to be very efiective in maintain-
ing internal combustion engines very clean.

Example 111

Ten (10) parts by weight of the zinc salt of di-
isopropyl salicylic acid and 15 parts by weight of
2 highly refined parafiinic lubricating oil were
heated rapidly in a current of nitrogen to a tem-
perature of about 295° C. in a eontainer provided
with a stirrer and a reflux condenser, this heat-
ing being continued until the scolution, which at
first becomes cloudy or turbid, just clears. The
zine salt formed by this decomposition, when
added to & mineral lubricating oil produced 2
compounded lubricant possessing excellent deter-
gent and antiring-sticking properties.
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Ezomple IV

Ten (10) parts by weight of calcium salt of di-
isopropyl salicylic acid, 45 parts by weight of a
highly refined mineral oil having a boiling tem-
perature of between 80° C. and 170 C. at 0.05
mn. mercury pressure, and 2.5 parts by weight
of wool-greass alcohols werc hezted with sbir-
rivg in g ctwrent of nitrogen. Solution was coni-
plete at 195° C. Vigorous evoiution of gases oc-
curred at between 210° €. and 2206° C., the mix-
ture being heated further to 300° C. and kept at
this temperature for about three-quariers of an
hour. The solution thus formed remained clear
even upen ceoling to 50° €. The mineral eil was
distillsd off under a high vacuum. The calclum
content of the residue was found to be equal to
21.4%.

In order to dsetermiine the effect of the com-
pounds produced according tc the process of the
present invention on the lubricating properties or
characteristics of mineral lubricating oils, tests
were effected in which an Edeleanu extracted
mineral lubricating ofl was subjected, both in the
presencs and absence of additives, to the so-
called “spiral” test in which g stream of the oil
is passed over g mebal spiral maintained at an
elevated temperature to determine the amount of
residue which will adhere to the surface of such
spiral. Tt was found that whereas the use of the
undoped mineral lubricating oil resulted in an
increase in weight of the spiral by 108 mg. and
whereas a light oil containing 1% of the ordinary
zine salt of di-izopropyl salicylic acid, when sulb-
iceted to the same test, inereassd the weight of

5 the spiral by 25 me., the addition of 1% of the

zinc salt produced in accordance with the process
described in Example I, increased the weight of
the spiral by only 15 mg. while the addition of
1% of the compound produced in accordance with
the process described in Example IIT resulted in
a lubricating ofl which when subjected to the
same spiral test increased the weight of the spiral
by only 10 mg. It is to be noted that the per-
centages of the additives set forth herein was
calculated with respect to the metal content of
the original di-iseproyl salicylate salt, and thst
in the above tests the greater the increase of
the spiral the poorer iz the oil in so far as its
utility for lubricating interral combustion en-
gines is concerned.

Example VI

A Pennsylvania neutral mineral Iubricating oil
was employed, both in the absence and presence
of 1% of the dope produced in Example IT1, to an
18.hour test in a Caterpillar Diesel engine, the
percentage of the dope being calculated with re-
spect to the metal content of the starting zine salt.
The deposits found in the various parts of the
engine are set forth in the following fable:

Deposits (in g.)

Lubricant Lt oth Inst
S ther rings nside of
groove | and grooves | Piston | Lends
Undoped Oil__._.______ - 0.27 0.12 0.15 0.13
Oil and 1% dope. ... 0.09 0.05 0.09 0.09

Although in the above examples the additives
of the present invention have been incorporated
into the mineral Iubricating oils in amounts of 1%
(z2s calculated with respect to the metal content
of the original metal salt of the aromatic hydroxy
monocarboxylic acid subjected to treatment in ac-
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cordance with the present process), these addi-
tives may be incorporated into the oils in various
amounts. Generally speaking, most if not all of
the compounds of the present invention possess
the desired antiring-sticking and other properties
even when added to lubricating oils in very small
amounts, e. g. in the neighborhood of 0.1% by
weight (as calculated on the basis of the metal
content).

The invention claimed is:

i. A lubkricating oil comprising a mineral lubri-
cating oil containing dissolved therein .1% to 1%
of an oil-soluble composition produced by sub-
jecting the zinc salt of di-isopropyl salicylic
acid in the presence of a stable hydrocarbon oil

to a temperature of about 300° C. and for a period

of time of from 34 to 1% hours sufficient to effect
the substantially complete redissolving of the
precipitate formed by the decomposition of the
salt in said stable hydrocarbon oil.

2. The lubricating oil according to claim 1,
wherein the oil-soluble additive is prepared in the
presence of a mineral lubricating oil.

3. The lubricating oil according to ciaim 1,
wherein the oil-soluble additive is prepared in the
presence of a highly refined mineral cii having a
boiling range of between about 80° C. and about
17G° C. at 0.05 mm. mercury pressure, and wherein
said additive is separated from its solution in said
highly refined mineral oil prior to incorporation
into the mineral lubricating oil.

4. A lubricating oil composition comprising s
mineral lubricating oil containing dissolved there-
in 1% t0 1% of an oil-soluble composition pro-
duced by subjecting the zine salt of an alkyl-sub-
stituted salicylic acid said alkyl radical con-
taining from about 3 to about 16 carbon atoms,
in the presence of a substantially non-polar fiuid,
to a temperature of about 300° C. for from %% to
1% hours until the precipitate formed by the
decomposition of the salt is substantially com-
pletely redissolved in said non-polar fluid.-

5. A lubricating oil comprising a mineral lubri-
cating oil confaining dissolved therein .1% to 1%
of an oil-soluble.composition produced by sub-
. jecting the cobalt salt of di-isopropyl salicylic
acid in the presence of g substantially non-polar
stable fluid to a temperature of about 300° C.
until the precipitate formed by the decomposition
of the salt is substantially completely redissolved
in said non-polar fluid medium.

6. A lubricant comprising a mineral lubrieating
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oil-soluble compound produced by subjecting a
salt of a polyvalent metal of the group consisting
of the second, third, sixth and iron groups of
the periodic table and of an alkyl-substituted
salicylic acid said alkyl radical containing from
about 3 to about 16 carbon atoms, in the presence
of a stable substantially non-polar fluid medium,
to an elevated temperature of from 290 to 300° C.
for from 34 to 1% hours and for a period of time
sufficient to effect the substantially complete re-
dissolving in said non-polar fluid of the precipi-
tate formed by the thermal decomposition of the
salt.

7. A lubricant comprising a mineral lubricating
oil containing dissolved therein .1% to 1% of an
oil-soluble salt produced by subjecting a salt of a
polyvalent metal of the group consisting of the
second, third, sixth.and iron groups of the peri-
odic table and of an aromatic hydroxy mono-
carboxylic acid in which the earboxylic radical
is in ortho position to the hydroxy radical, in the
presence of a stable substantially non-polar fluid
medium, to an elevated temperature of from 290
to 300° C. for from 34 to 1% hours for a period
of time sufficient to effect substantial redissolving
in the non-polar fluid medium of the precipitate
formed by the thermal decomposition of the salt.

8. A lubricant comprising a mineral lubricating
oil containing dissolved therein .1% to 1% of oil-
soluble salt produced by subjecting a salt of g
polyvalent metal of the group consisting of the
second, third, sixth and iron groups of the peri-
odic table and of an hydroxy aromatic mono-
carboxylic acid, in the presence of a stable sub-
stantially non-polar fluid to an elevated tem-
perature of from 290 to 300° C. for from 3 to
1% hours until the precipitate formed by the
decomposition of said salt is substantially re-
dissolved in said stable substantially non-polar
fluid medium. -
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