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This invention relates to improved lubricants 
and to a process for their preparation. More 
particularly, the invention pertains to the prepa 
ration of a novel class of compounds Which are 
suitable for use as lubricants or, preferably, as 
addition agents to mineral lubricating oils. In 
one of its more specific embodiments, the inven 
tion covers a process for the preparation of cer 
tain compounds which, when added to a mineral 
lubricating oil, materially improve its properties, 
particularly when such compounded oils are used 
for the lubrication of engines of the compression 
ignition type. 
As is well know), the usual mineral lubricating 

oils, when subjected to certain conditions of use, 
such as in internal combustion engines of the 
Diesel type and Spark ignition engines wherein 
pisten 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)iesel engines, aviation 
gasoline engines, and the like. 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. 

It has previously been discovered that this ring 
sticking action may be materially reduced by the 
addition to the oil of certain selected materials. 
Thus, it is known that certain naphthenic ma 
terials have been compounded with mineral lubri 
cating oils and have been used with varying de 
grees of success 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 fotind to be unsuitable when used. With 
a certain type of lubricating oils. It is also knoWn 
that the addition of Small amotunts of certain 
metal salts of alkylated aromatic hydroxy mono 
carboxylic 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 oils reduces ring sticking 
tendencies of mineral oils. However, many of 
the substances which are useful as antiring 
sticking agents are difficult to dissolve in lubri 
cating oils in effective quantities. 

It is therefore the main object of the inven 
tion to obviate the above and other defects, 
and to provide a product or compound which 
possesses excellent lubricating properties and 
which, when added to 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 a further object of the 
invention to provide a novel class of compounds 
which may be readily dispersed or dissolved in 
mineral lubricating oils, which compounds poS 
sess excellent antiring-sticking properties. 

It has now been discovered that the above and 
other objects may be attained by using as a 
lubricant, or, preferably, as an agidition agent to 
ordinary mineral lubricating gils, products or 
compounds which are prepared by heating a salt 
of a polyvalent metal and of an aromatic hydroxy 
carboxylic acid in solution or dispersion in a 
substantially non-polar orighly Weakly polar fluid, 
so that the salt decomposes, and continuing the 
heating until the decomposition products which 
precipitate (during this first decomposition) are 
substantially completely redissolved. If desired, 
these redissolved decomposition products of the 
above-mentioned salt or salts of a poly Valent 
metal and an aromatie hydroxy carboxylic acid 
may then be separated from the fluid medium. 
In the alternative, a part of the fluid medium 
may be removed to produge a concentrate of the 
decomposition product in the remaining part of 
the fluid medium. It has been 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 aircraft engines and Diesel engines, 
remain clean. Additionally, the presence of these 
novel decomposition products of salts of poly 
valent metals and aromatic hydroxy 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 
theirnere, 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 
being normally caused by corrosion. 
The salts which are employed as the starting 

materials for the preparation of the novel conn 
pounds possessing excellent antiring-sticking 
pi'operties 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 naphtholic 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 
Cairboxylic acids. Suitable 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 zinc 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 mineral 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 
non-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 
finineral oil may be removed from the reaction 
product of the metal salt, for instance by high 
Vacuum distillation, which leaves the reaction 
product 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 fiuid, 
as Stated, may be a paraffinic 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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4. 
tain the substance from such fluid 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 basic. Salt. Further 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 lubricating 
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 2%. 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 all of the metal dissolving into oil may 
be bound in the conventional nanner. 

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 diisopro 
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 or 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 somewhat crystalline. When heated to 
about 50 C, it is miscible with mineral oil in 
substantially any proportions, and remains dis 
solved therein even when cooled to an ordinary 
temperature. 
The following examples are presented to ill tiss 

trate the preferred methods of preparation of the 
novel compounds possessing tile adove-nentioned 
antiring-sticking and other properties, as Well aS 
to illustrate the advantages obtaired by using 
Said compounds: 

Eacangle I 
Twenty (20) parts by weight of the zinc salt, of 

di-isopropyl salicylic acid and 80 parts by Weight 
ef a highly refined parafiinic hydrocarbon oil 
Iaving a boiling temperature of between 80 C. 
and 170° C. at 0.05 mm. of mercury pressure, were 
placed in a container provided With a stirrer and 
a condenser. The solution was heated rapidly 
with stirring. At a temperature cf about 200 C. 
the zinc Salt began to dissolve 3nd evolution of 
gas was noted. The solition of the salt was con 
plete at about 200° C., but a solid recipitate be 
gan to appear again when the teiper2,tire was 
raised to about 225 C. With furt:her heating ad 
ditional amounts of precipitate deposited in the 
container. This thick paste, however, started to 
dissolve at about 290° C., the Solution of the pre 
cipitate being complete at about 300° C. The 
reddish solution thus formed was filthar heated 
for about half an hour at the end of which time 
the evolution of gas ceased. The reaction. Inix 
ture thus produced was then subjected to dis 
tillation under a vacuum to separate the di-iso 
propyl phenol. The remaining liquid, after filtra 
tion, was subjected to distillation to renove the 
solvent, and then further heated for purposes of 
ptrification. This zinc compound had a light yell 
low color, was somewhat crystalline and slightly 
hygroscopic. 

Eacample II 
Ten (10) parts by weight of the zinc salt of di 

isopropyl salicylic acid and 40 parts by weight of 
an Edeleanu extracted mineral lubricating oil 
fraction were heated with stiring and in a cur 
rent of nitrogen to a temperature of about 30° 
C., the latter temperature being maintained for 
about one-and-one-half hours. This results in 
the production of a clear solution soluble in any 
proportion in hydrocarboin oils. A nineral lubri 
cating oil containing a small amount of the Solu 
tion was found to be very effective in maintain 
ing internal combustion engines very clean. 

Eacan pie III 

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

ten (10) parts by weight of calcium salt of di 
isopropyi salicylic acid, 45 parts by weight of a 
highly refined mineral oil having a boiling ten 
perature of between 80 C. and 170° C. at 0.05 
min. Imercury pressure, and 2.5 parts by weight 
of wool-grease alcohols were heated with stir 
ring in a current of nitrogen. Solt:tion Was come 
plete at 195 C. Wigorous evolution of gases OC 
Cllred at, between 210° C. and 220 C., the mix 
ture being heated further to 300° C. and kept at 
this temperature for about three-quarters of an 
hour. The solution thus formed remained clear. 
even upon cooling to 50° C. The mineral oil was 
distilled off under a high vacuum. The calcium 
content of the residue was found to be equal to 
2.4%. 
Tn order to determine the effect of the com 

pounds produced according to the process of the 
present invention on the labricating properties or 
characteristics of mineral littoricating oils, tests 
were effected in which an Edeleanu extracted 
mineral lubricating oil was subjected, both in the 
presence aid absence of additives, to the so. 
called 'Spiral' test, ii. Winich a stream of the oil 
is passed over a metal spiral maintained at a: 
elevated tefnperature to determine the annount of 
residitle which Will adhere to the surface of such 
spiral. It was found that whereas the use of the 
uth doped nineral lubricating oil 'esulted in an 
increase in Weight of the Spiral by 00 g. and 
whereas a light oil containing 1% of the ordinary 
zinc Sait of di-isopropyl salicylic acid, when sub 
jected to the same test, increased the weight of 
the spiral by 25 ing., 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 ling, while the addition of 
i% of the compound produced in accordance with 
the process described in Example III resulted in 
a lubricating oil which when subjected to the 
Same spiral tast 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 ninetal content of 
the Original di-isoproyl salicylate salt, and that, 
in the above tests the greater the increase of 
the spiral the poorer is the oil in so far as its 
utility for lubricating interral combustion er 
gines is concerned. 

Eacomple VI 

A. Pennsylvania, neutral mineral lubricating oil 
was employed, both in the absence and presence 
of 1% of the dope produced in Example III, 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 zinc salt. 
The deposits found in the various parts of the 
engine are set forth in the following table: 

deposits (in g.) 
Lubricant 

st Other rings Inside of groove and grooves Fistol Lands 

Undoped Oil----------- 0.27 0, 12 0.15 0.13 
Oil and % dope------- 0.05 0.09 0.09 0.09 

Although in the above examples the additives 
of the present invention have been incorporated 
into the mineral lubricating oils in amounts of 1% 
(as 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 corapounds 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 lubricating oil comprising a mineral lubri 

cating oil containing dissolved therein .1% to 19% 
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 4 to 1/2 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 claim 1, 
Wherein the oil-Soluble additive is prepared in the 
presence of a highly refined mineral oii having a 
boiling range of between about 80 C. and about 
170° 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 a 
mineral lubricating oil containing dissolved there 
in .% to 1% of an oil-soluble composition pro 
dLiced by Subjecting the zinc 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 34 to 
1% hours until the precipitate formed by the 
decoil position of the salt is substantially com 
pletely redissolved in said non-polar fluid. 

5. A lubricating oil comprising a mineral lubri 
cating oil containing dissolved therein .1% to 19% 
of &n oil-soluble composition produced by sub 
jecting the cobalt Salt of di-isopropyl salicylic 
acid in the presence of a 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 lubricating 
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oil containing dissolved therein .1% to 1% of an 
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 A to 1/2 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 carboxylic radical 
is in Ortho position to the hydroxy radical, in the 
presence of a stable substantially non-polar fluid 
in edium, to an elevated temperature of from 290 
to 300 C. for from 4 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 a 
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 34 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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