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he invention relates to compounded lubricat 
Sag oils, and especially involves the provision of 
Singproved toricating oils for internal combustion 
Bagines which will inhibit piston ring sticking and 
Fiaich will possess other advantageous properties 
?ioi obtainable With prior (nown single com 
£oliading agents. Additionally, the invention 
3roficies abricants having not only the ability to 
Aaroit piston ring sticking but characterized by 
Seduced corrosivity toward bearing metals, re 
w22ed elling tendencies where jelling may not be 
siesired, and enhanced brication values as indi 
28ted by factors such as improved ability to pre 
Fea Scoring and Aneven or undue wear of pistons, 
iston rings or cylinder Walls of engines, and also 

as determined by soility to wet or adhere to hot 
anetal surfaces, Roy Bower wear, by lower friction 
32nd Ragher fla strength, and by enhanced pro 
tection to agxings under high loads. The prin 
gigoles of Sais invention also permit production of 
30.0LR ded liricants and Compounding agents 
$3herefor having improved stability as respects re 
gistiaSace to oxidation, to high temperatures, to 
s&orage at OW experatures, and to storage in 

e3esence of 73 er. 
This application is a division of our copending 

&picsition Serial No. 280,24, filed June 20, 1939 
incy Patent No. 3,322,307. 

Elae &esirability of preventing the forgination of 
&R2sive oxidation products in hydrocarbons at 
eieyated emperatures such as 425 to 525° 3. has 
E33e3 "ecognized. in general, however, oxidation 
33 aibitors which are operative at lower tempera 
AEes o inhibit the formation of such materials 

gare not operative at extremely high temperatures, 
35ch as 500 F. Secause of the inherent insta 
iii.57 of hydrocarions in the presence of an oxi 
{izing agent under such extreme conditions of 
eanpasature, the possibility of finding a satisfac 
&Oy oxidation inhibitor has not been promising, 
35 at there appears to be no known law of chemi 
Gai Raat are which would enable one to predict or 
3élect, Oz the vast list of chemical compounds 
those which Would be operative at temperatures 
above 425 F. A large number of known oxida 
tion inhibitors have been tried under these severe 
conditions and found to be unsatisfactory or to 
tally inoperative. 
"Shen hydrocarbon compounds such as those 

occurrizag in mineral oils of the lubricating boil 
ing range are heated to temperatures of from ap 
proximately 425 to 525 F. in the presence of 
an oxidizing agent such as an oxygen-containing 
ga3, ... these compounds are partially oxidized and 
tead to deposit an adhesive gun or resinous na 
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terial on surfaces with which they are in contact. 
Analysis of such deposits indicates that the ad 
hesive constituents comprise oxy or hydroxy or 
ganic acids and resinous complexes of these acids, 
which complexes are of unknown constitution 
and are apparently produced by further oxida 
tion of the acids and/or by condensation as 
through inter-esterification of the hydroxy 
groups present therein. . 

it. has been discovered that incorporation of 
Certain metal salts of different organic acids in 
she hydrocarbon mixture will inhibit formation 
of an adhesive deposit on metal surfaces at ele 
wated temperatures, although such salts may not 
prevent or inhibit partial Oxidation and decompo 
sition of the hydrocarbons. The formation of 
adhesive deposits is prevented by the metal salts 
altering the course of the oxy 3-rid resinification 
Reaction. 

it is often found that salts in which the acid 
(components consist entirely of one acid are not 
satisfactory coagoiading agents for lubricating 
oils, or at least did not possess ther properties 
which 3re fesirable or necessary in liquid lubri 
cating coxagositions. These deficiencies may 
arise from unsatisfactory wear rate, instability of 
aither the compounding agent or the compounded 
oil, or both, at high temperatures, instability of 
the oil solution of the compounding agent in stor 
age or in the presence of water, undue corrosivity 
of the compounded oil toward bearing metals 
Such as cadmium-silver or Copper-lead alloys, un 
satisfactory solubility of the Compounding agent 
in the oil at low temperatures as indicated by 
cloud formation or jelling, undue foaming, un 
satisfactory adhesion of the compounded oil to 
hot metal surfaces, and undesirably high friction 
or low film strength, 
The present invention avoids at least part of 

the above difficulties by incorporating in the lu 
bricating oil mixed organic salts of certain 
ametals, said mixed salts containing different types 
of Organic acids. 
in producing the lubricating compositions of 

this invention, salts of metals selected from the 
group consisting of aluminum, calcium, barium, 
strontium, zinc, magnesium, cobalt, cadmium, 
manganese, tin and chromium may be utilized. 
Suitable mixtures and/or complex Salts may be 
prepared by precipitation from aqueous solution. 
Thus One method comprises preparing an aque 
ous solution containing alkali metal salts of the 
mixture of acids in question, e. g. sodium naph 
thenate and sodium stearate, in substantially 
equal quantities, and then precipitating the poly 
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valent metal salts of these acids by adding a so 
lution containing the appropriate metal ion, e. g. 
an aqueous solution of aluminum sulfate. Such 
precipitation processes are preferably carried out 
in the presence of an organic solvent to take up 
the oil-soluble organic salt as it is formed. A 
suitable solvent comprises lubricating oil. It is 
to be understood that the invention, in its broader 
aspect, is not limited to salts prepared by simul 
taneous precipitation or by any other specific 
method. 
To illustrate results which may be obtained by 

utilizing metal salts containing different types 
of organic acids, the following specific examples 
of lubrication problems involved and difficulties. 
overcome are given: 
Incorporation of both aluminum naphthenates . 

and aluminum salts of long chain fatty acids in 
lubricating oils gives improvements in lubricants 
which are not obtainable with either salt alone. 
For example, 1% aluminum stearate, when dis 
solved in a mineral oil lubricant, causes the for 
mation of a jell and tends to separate from the oil 
at low temperatures. Such a lubricant is unsat 
isfactory for use in internal combustion engines. 
By contrast, addition of 0.5% aluminum naph 
thenate and 0.5% aluminum stearate (total 
aluminum salt content is still 1%) gives a liquid 
non-jelling lubricant, and the tendency of the 
aluminum stearate to precipitate out of the oil 
solution at low temperatures is avoided. 

Furthermore, the lubricant containing alumi 
num naphthenate and aluminum stearate in 
combination not only possesses the ability to with 
stand severe high temperatures without deposit 
ing gum and carbon around.the piston rings of 
an internal combustion engine but also gives 
superior protection to the Babbitt bearings of 
such engines. The following, engine tests will 
illustrate this property of the oil. 

Reduced area bearing tests 

Acid refined 8.A.C. Acid refined S.A. . 
80.wester on--1 20 western oil-3% 
it; it: ente O. 0. o 

stearic acid o uminum t 

Single cylinder cater 
ilar engine 13 
ur test. (Bear ings cut away to 

increase unit 
i; above nor 

It is to be noted that the above test is an ex 
tremely severe One and involves bearing loads 
not encountered in service. This test accentuates 
the ability of the lubricant to protect bearings 
under extreme Conditions. 
A second test illustrates performance of the 

same oil in protecting full size bearings in a 
4-cylinder "RD-4" caterpillar Diesel engine 
operating under severe conditions of full load and 
speed. The conditions of the test were: load, 75 
lbs. B. M. E. P.; speed, 1400 R. P. M.; jacket 
temperature, 75° E.; oil temperature, 185 F. In 
this test there was no failure of any bearings 
after 541 hrs. of operation, whereas with a lubri 
cant containing 1% aluminum dinaphthenate 
and 0.25% stearic acid failure of a bearing oc 
Casionally occurs under the severe conditions of 
the test after 200 hrs. operation. 
Tests in which a single cylinder gasoline en 
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2,887,470 
gine was operated under severe conditions de 
signed to accelerate piston ring sticking show 
that an oil containing 4% aluminum naph 
thenate and A% aluminum stearate will inhibit 
piston ring sticking under such conditions for 
120 hrs, or more of engine operation, whereas 
the same lubricating oil without the addition of 
the aluminum salts will permit piston ring stick 
ing in 30 to 40 hrs. 
The oll containing both aluminum dinaph 

thenate and aluminum stearate gives improved 
rates of wear over that obtained by the use of 
aluminum dinaphthenate alone. A laboratory 
wear-testing machine comprising a 2 inch steel 
ball pressed against a 1% inch steel cylinder with 
a force of 40 lbs. and having the cylinder dipping 
in the oil to be tested and rotated at 600 R.P. M. 
for 16 hrs, was used to compare relative wear 
rates. Assuming the rate of wear to be 100% 
on this machine with an oil containing 1% alumi 
num dinaphthenate alone, an oil containing A% 
aluminum stearate plus 4% aluminum dinaph 
thenate gives only 30% as much wear as the oil 
containing only aluminum naphthenate. This 
represents a reduction of 70% obtained by the use 
of the combination of salts of aluminum. 

For purposes of illustration and to enable prep 
aration of a lubricating oil according to the prin 
ciples of this invention without unnecessary ex 
perimentation, the following example is given: 
A basic aluminum naphthenate containing two 

equivalent weights of naphthenic acid to three 
equivalent weights of aluminum is obtained by 
any of the well known methods. Naphthenic 
acids are generally prepared by extracting the 
naturally occurring naphthenic acids from crude 
petroleum oils or other distillates containing 
them, usually by washing the said oils with dilute 
aqueous caustic soda solution whereby water 
soluble alkali naphthenates are formed. The 
alkali naphthenate solution may then be ex 
tracted with organic solvents to remove the major 
proportion of inert mineral oil contained therein. 
The basic aluminum naphthenate may then be 
prepared by adding to a substantially neutral 
aqueous sodium naphthenate solution a caustic 
alkali and a water-soluble aluminum salt in pro 
portions of one equivalent weight of hydroxide 
(OH) per three equivalent weights of aluminum. 
The water-insoluble basic aluminum naphthenate 
will be precipitated and the sodium salts will re 
main in solution. A mineral oil concentrate is 
prepared by dissolving ten parts by weight of the 
naphthenate in ninety parts by weight of the 
mineral oil. This concentrate is added to a 
mineral lubricating oil such as an S. A. E. 30 
acid refined naphthenic lubricating oil stock, in 
quantities sufficient to give 19% by weight of 
naphthenate based on the completed oil. This 
oil is then heated for about thirty minutes at a 
temperature of 250 F. by indirect heat. If super 
heated open steam is used for this heating opera 
tion a shorter time will generally sufnice. 
An equal portion of oil base is compounded 

with aluminum stearate by dissolving the stearate 
in oil in quantities sufficient to give a solution 
containing 1% aluminum stearate by weight. 
The oil containing the aluminum stearate is agi 
tated thoroughly and heated to 350° F until the 
salt is dissolved and the solution is clear. The 
batch may be heated in the presence of open 
steam until the viscosity at 210° F is substan 
tially equal to the viscosity of the original oil. 
The two portions of oil, i. e. the one con 
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taining 1% aluminum dinaphthenate and the 
other 1% aluminin stearate, are mixed in equal 
proportions at a temperature above 150 F. The 
aluminum stearate compounded portion prefer 
ably should not be allowed to cool after it has been 
prepared before mixing with the portion of oil 
compounded with the aluminum naphthenate. 
The following further illustrates the advan 

tages and effects which may be obtained by the 
use of Complex Or mixed salts prepared by pre 
cipitation from an aqueous solution containing 
water-soluble alkali salts of the corresponding 
acids. A mixed or complex aluminum stearate 
naphthenate may be prepared by dissolving so 
dium naphthenate and sodium stearate in equal 
proportions in water and adding aluminum sul 
fate thereto until precipitation ceases. The foll 
lowing data are illustrative: c 

Stability 
{Oil tested in storage Wear 

at 32°F. 

8. A. E. 30 acid refined naphthenic oil-----. Stable----- 0.36. 
S.A. E. 30 acid refined naphthenic oil--1% 
aluminum dinaphthenate--------------...-- do------- 1. 40. 

S.A. E. 30 acid refined naphthenic oil--1% 
aluminum Stearate---------------------. Separates. Foams and 

scuffs. 
S. A. E. 30 acid refined naphthenic oil 

0.5% aluminum dinaphthenate.-------. Stable----. 0.70. 
3. A. E. 30 acid refined naphthenic oil 
0.5% aluminum stearate----------------. Separates F. and 

SctS. 
S. A. E. 30 acid refined naphthenic oil 
0.5% aiuminum dinaphthenate--0.5% 
aluminum 3 tearate---------------------- Stable----- 0.40. 

The procedure for determining the above data 
in wear is the same as previously described. 
The above tests show that an oil containing 

aluminum stearate alone foams and scuffs in 
the wear test and that the compounding agent 
tends to separate at low temperatures. Likewise 
&c oil containing aluininum dinaphthenate alone 
has a year rate substantially higher than that 
of the corresponding uncompounded oil. When 
ooth compounding agents, prepared either by 
Siriultaneous or separate precipitation, are added 
to the lubricating oil the aluminum naphthenate 
3omponent prevents the foaming and scuffing 
2ction obtained with aluminum stearate alone 
and maintains the stearate in solution at low 
temperatures. Also, the wear rate of the oil con 
taining both aluminum dinaphthenate and aiu 
2ninum stearate (total aluminum Salt 1%) is 5.7% 
and 30% of the wear rate for the oils containing 
respectively 0.5% and 1% of aluminum dinaph 
thenate alone. 

it he relative proportions of naphthenate to 
stearate either in the complex or mixed salts may 
vary rather widely, depending upon the charac 
teristics desired and the conditions to be en 
countered. In general, however, the proportion 
should range fron four to six parts of the naph 
Shenate to six to four parts of the Stearate, re 
spectively. Substantially equal parts of the stear 
2e and naphthenate are preferred. 

She invention is not limited to processes and 
compositions containing the above described spe 
cific complex or nixed salts but embraces liquid 
mineral oil compositions and processes of treat 
ing the same in which other mixed salts may be 
utilized. As has been previously stated, salts of 
the following metals are useful for the purposes 
of this invention: aluminum, calcium, barium, 
strontium, zinc, magnesium, cobalt, cadmium, 
Inanganese, ti and chromium. The invention 
seenbraces, for example, the following combina 
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3. 
tions or mixtures: saturated fatty acid-naph 
thenic acid salts, saturated fatty acid-phenate 
salts, Saturated fatty acid-Organo phosphoric 
acid salts, saturated fatty acid-aromatic car 
boxylic acid salts, naphthenic acid-sulfonic acid 
salts, naphthenic acid-phenate salts, naphthenic 
acid-organo phosphoric acid salts, naphthenic 
acid-aromatic carboxylic acid salts, sulfonic acid 
phenate salts, sulfonic acid-Organo phosphoric 
acid salts, sulfonic acid-aromatic carboxylic acid 
salts, phenate-organo phosphoric acid salts, phe 
nate-aromatic carboxylic acid salts. 
Wherever used herein, the term "saturated 

fatty acids' designates Saturated acids of the fat 
ty acid series containing more than approximate 
ly ten carbon atoms and includes substituted 
fatty acids, such as phenyl stearic acid. Like 
wise, the term "organo phosphoric acid' or "or 
gano substituted acids of phosphorus' is utilized 
to designate acids of phosphorus containing an 
organic substituent. 

Examples of saturated fatty acid-naphthenic 
acid mixed of complex salts are: aluminum 
Stearate-naphthenate, calcium stearate-naph 
thenate, zinc stearate-naphthenate, magnesium 
stearate - naphthenate, cobalt stearate - naph 
thenate, cadmium stearate-naphthenate, man 
ganese stearate-naphthenate, tin stearate-naph 
thenate, and chromium stearate-naphthenate. 

Examples of saturated fatty acid-sulfonic acid 
Snixed or complex salts are: aluminum stearate 
Caty &rathracene sulfonate, calcium stearate 
cetyl anthracene sulfonate, zinc stearate-cetyl 
anthracene sulfonate, magnesium stearate-cety 
anthracene suifonate, cobalt stearate-cetyl an 
thracene sulfonate, cadmium stearate-cetyl an 
thracene sulfonate, 2nanganese stearate-cetyl 
anthracere sulfonate, tin stearate-cetyl anthra 
cene sulfonate, and chroni. In stearste-cetyl an 
thracene Suifoliate, 

Examples of saturated iaity acid-phenate 
Saixed or complex salts are: suminum stearate 
cetyl phenate, calcium stearate-cetyl phenate, 
zinc stearate-cetyl phenate, magnesium stearate 
cetyl phenate, cobalt stearate-cetyl phenate, cad 
inium stearate-cetyl phenate, manganese stear 
ate-cetyl phenate, tin stearate-cetyl phenate, and 
chronium stearate-cetyl phenate. 

Examples of Saturated fatty acid-organo phos 
ghoric acid mixed or complex salts are: alumi 
ESir pheny stearate-cetyl phosphate, calcium 
pheny Stearate-cetyl phosphate, zinc pheny 
stearate-cetyl phosphate, magnesium pheny 
stearate-cetyl phosphate, cobalt phenyi stearate 
cetyl phosphate, cadmium phenyl stearate-cety 
phosphate, manganese pheny stearate-cetyl 
Shosphate, in phenyi stearate-cetyl phosphate. 
and chrotraun phenyi stearate-cetyl phosphate. 

Sykamples of Saturated fatty acid-aromatic car 
boxylic acid mixed or complex salts are: alumi 
nugri stearate-cetyl benzoate, calcium stearate 
cetyl benzoate, zinc stearate-cetylbenzoate, Inag 
Elesian stearate-cetyl benzoate, cobalt stearate 
cetyl benzoate, cadmium stearatercetyl benzoate, 
manganese stearate-cetyl benzoate, tin stearate 
cetyl benzoate, and chromium stearate-cetylben 
2Oate. 

Examples of naphthenic acid-sulfonic acid 
Snixed or complex salts are: aluminum naphthe 
nate-cetyl anthracene sulfonate, calcium naph 
thenate-cetyl anthracene sulfonate, zinc naph 
thenate-cetyl anthracene sulfonate, magnesium 
naphthenate-cetyl anthracene sulfonate, cobalt 
naphthenate-cetyl anthracene sulfonate, cad 
Kaiun naphthenate-cetyl anthracene sulfonate, 



4. 
manganese naphthenate-cetyl anthracene sul 
fonate, tin naphthenate-cetyl anthracene sul 
fonate, and chromium naphthenate-cetyl anthra 
cene sulfonate. 
Examples of naphthenic acid-phenate mixed or 

complex salts are: aluminum naphthenate-cetyl 
phenate, calcium naphthenate-cetyl phenate, 
zinc naphthenate-cetyl phenate, magnesium 
naphthenate-cetyl phenate, cobalt naphthenate 
cetyl phenate, cadmium naphthenate-cetyl phe 
nate, manganese naphthenate-cetyl phenate, tin 
naphthenate-cetyl phenate, and chromium naph 
thenate-cetyl phenate. 
Examples of naphthenic acid-Organo phos 

phoric acid mixed or complex Salts are: alumi 
num naphthenate-cetyl phosphate, calcium 
naphthenate-cetyl phosphate, zinc naphthenate 
cetyl phosphate, magnesium naphthenate-cetyl 
phosphate, cobalt naphthenate-cetyl phosphate, 
cadmium naphthenate-cetyl phosphate, manga 
nese naphthenate-cetyl phosphate, tin naphther 
nate-cetyl phosphate, and chronium naphthe 
nate-cetyl phosphate. 
Examples of naphthenic acid-aromatic carbox 

ylic acid mixed or complex Salts are: aluminum 
naphthenate-cetyl benzoate, calcium naphthe 
nate-cetyl benzoate, zinc naphthenate-cetyl ben 
zoate, magnesium naphthenate-cetyl benzoate, 
cobalt naphthenate-cetyl benzoate, cadmium 
naphthenate-cetyl benzoate, manganese naph 
thenate-cetyl benzoate, tin naphthenate-cetyl 
benzoate, and chromium naphthenate-cetyl ben 
zoate. 
Examples of sulfonic acid-phenate mixed Or 

complex salts are: aluminum cetyl phenate 
petroleum sulfonate, calcium cetyl phenate 
petroleum sulfonate, zinc cetyl phenate-petro 
leum sulfonate, magnesium cetyl phenate-petro 
leum sulfonate, cobalt cetyl phenate-petroleum 
sulfonate, cadmium cetyl phenate-petroleum Sul 
fonate, manganese cetyl phenate-petroleum Sul 
fonate, tin cetyl phenate-petroleum Sulfonate, 
chromium cetyl phenate-petroleum Sulfonate, 
aluminum cetyl phenate-cetyl anthracene Sulfo 
nate, calcium cetyl phenate-cetyl anthracene Sul 
fonate, zinc cetyl phenate-cetyl anthracene Sul 
fonate, magnesium cetyl phenate-cetyl anthra 
cene sulfonate, cobalt cetyl phenate-cetyl anthra 
cene sulfonate, cadmium cetyl phenate-cetyl an 
thracene sulfonate, manganese cetyl phenate 
cetyl anthracene sulfonate, tin cetyl phenate 
cetyl anthracene sulfonate, and chromium cetyl 
phenate-cetyl anthracene sulfonate. 
Examples of sulfonic acid-Organo phosphoric 

acid mixed or complex salts are: aluminum cetyl 
phosphate-petroleum sulfonate, calcium cetyl 
phosphate-petroleum sulfonate, zinc cetyl phos 
phate-petroleum sulfonate, magnesium cetyl 
phosphate-petroleum sulfonate, cobalt cetyl phos 
phate-petroleum sulfonate, cadmium cetyl phos 
phate-petroleum sulfonate, manganese cetyl 
phosphate-petroleum sulfonate, tin cetyl phos 
phate-petroleum sulfonate, chromium cetyl phos 
phate-petroleum sulfonate, aluminum cetyl phos 
phate-cetyl anthracene sulfonate, calcium cetyl 
phosphate-cetyl anthracene sulfonate, zinc cetyl 
phosphate-cetyl anthracene sulfonate, magne 
sium cetyl phosphate-cetyl anthracene sulfonate, 
cobalt cetyl phosphate-cetyl anthracene Sulfo 
nate, cadmium cetyl phosphate-cetyl anthracene 
sulfonate, manganese cetyl phosphate-cetyl an 
thracene sulfonate, tin cetyl phosphate-cetyl an 
thracene sulfonate, and chromium cetyl phos 
phate-cetyl anthracene sulfonate. 
Examples of sulfonic acid-aromatic carboxylic 

s 

O 
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acid mixed or complex salts are: aluminum cetyl 
benzoate-petroleum sulfonate, Calcium cetylben 
zoate-petroleum sulfonate, zinc cetyl benzoate 
petroleum sulfonate, magnesium cetyl benzoate 
petroleum sulfonate, cobalt cetyl benzoate-petro 
leum sulfonate, cadmium cetyl benzoate-petro 
leum sulfonate, manganese cetyl benzoate-petro 
leum sulfonate, tin cetyl benzoate-petroleum sul 
fonate, chromium cetyl benzoate-petroleum sul 
fonate, aluminum cetyl benzoate-cetyl anthra 
cene sulfonate, calcium cetyl benzoate-cetyl an 
thracene Sulfonate, zinc cetyl benzoate-cetyl an 
thracene sulfonate, magnesium cetyl benzoate 
cetyl anthracene sulfonate, cobalt cetylbenzoate 
cetyl anthracene sulfonate, cadmium cetyl ben 
ZOate-Cetyl anthracene sulfonate, nanganese 
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cetyl benzoate-cetyl anthracene sulfonate, tin 
cetyl benzoate-cetyl anthracene Sulfonate, and 
chromium cetyl benzoate-cetyl anthracene sul 
fonate. 
Examples of phenate-organo phosphoric acid 

mixed or complex salts are: aluminum cetylphe 
nate-cetyl phosphate, calcium cetyl phenate-cetyl 
phosphate, zinc cetyl phenate-cetyl phosphate, 
magnesium cetyl phenate-cetyl phosphate, cobalt 
cetyl phenate-cetyl phosphate, cadmium cetyl 
phenate-cetyl phosphate, manganese cetyl phe 
nate-cetyl phosphate, tin cetyl phenate-cetyl 
phosphate, and chromium cetyl phenate-cetyl phosphate. 
Examples of phenate-aromatic carboxylic acid 

mixed or complex salts are: aluminum cetyl 
phenate-cetyl benzoate, calcium cetyl phenate 
cetyl benzoate, zinc cetyl phenate-cetyl benzoate, 
magnesium cetyl phenate-cetyl benzoate, cobalt 
cetyl phenate-cetyl benzoate, cadmium Cetyl 
phenate-cetylbenzoate,manganese cetylphenate 
cetyl benzoate, tin cetyl phenate-cetyl benzoate, 
and chromium cetyl phenate-cetyl benzoate. 
The combinations herein disclosed yield lubri 

cants having improved characteristics which are 
not obtainable with metal salts having single or 
ganic acid components. In general, the Com 
binations of this invention Cooperate to give lu 
bricants having one or more improved char 
acteristics as compared with lubricants using 
the single elements of the combinations, or 
example, mixed salts having a fatty acid 
component give improved lubrication value or 
resistance to Wear and enhanced protection 
of bearings operating under severe conditions. 
Combinations containing phenate components 
have lower corrosion and greater stability at 
elevated temperatures than do oils containing 
a fatty acid salt alone, for instance. Also, the 
phenate components increase the stability of the 
oil solution of the fatty acid salts and the like. 
The Organo phosphoric acid component increases 
the stability of the oil to high temperatures and 
its resistance to oxidation, as well as improves 
wetting and adhesion characteristics of the oil to 
hot metallic surfaces. This component also re 
duces the corrosivity of the oils toward copper 
lead or cadmium-silver bearing metal alloys. 
Certain of the sulfonates reduce friction, corro 
sion, and enhance oxidation stability of particu 
lar combinations. The phenates and sulfonates 
tend to reduce jell-formation of other compo 
nents of the combinations in certain instances. 
The phenates used in the combinations of this 

invention are preferably high molecular weight 
Compounds in which the phenolic radical contains 
at least eleven Carbon atoms. The organo phos 
phate compounds are also preferably high mole 
cular weight materials in which the acid of phos 



2,867,470 
phorus contains an organic substituent having at 
least twelve carbon atoms. It should be observed 
that the invention, in its broader aspects, is not 
limited to substituted phosphoric acids but in 
cludes other substituted acids of phosphorus, such 
as phosphorous acid, as well as other Substituted 
acids of pentavalent phosphorus. 
The proportion of metal salts added to the hy 

drocarbon mixtures may vary widely, depending 
upon the Salt selected and the conditions to be 
encountered. The present invention is primarily 
concerned with the production of liquid hydro 
carbon compositions and the proportion of the 
metal salts should therefore preferably be insufi 
cient to solidify the hydrocarbon mixture. In 
general, it has been found that from approxi 
mately 0.5% to approximately 2% of total salt 
content, based on the weight of the hydrocarbons, 
serve the purposes of the invention although as 
little as 0.1% or as much as 5% is not precluded. 
The netal salts may be incorporated in high boil 
ing hydrocarbons of widely different types. Hy 
d". arbons of petroleum origin are the most 
commonly available and will be most generally 
stilized. Pennsylvania, Mid-Continent or Cali 
fornia, petroleums are suitable sources for high 
boiling hydrocarbons of the type here involved. 
Although paraffinic oils such as commonly ob 
tained from Pennsylvania crudes are not pre 
cluded, it has been found that acid refined naph 
thenic base oils are more readily susceptible to 
improvement as respects formation of adhesive 
resinous deposits On metal Surfaces at elevated 
temperature. Synthetic hydrocarbons, for ex 
ample, olefin hydrogenated polymers such as 
butene, isobutene or mixed buttene hydrogenated 
polymers, may be utilized. In general, the hydro 
carbon should be of a liquid consistency at ordi 
nary atmospheric temperatures and should pref 
erably have a boiling point above approximately 
500' F. at atmospheric pressure. 
The relative proportion of the respective acid 

components in the complex or mixed salts con 
tained in the compounded lubricating oils herein 
disclosed will vary, depending upon the purposes 
to be Served and Conditions encountered during 
use. In general, the ratio of acid components 
will be no greater than ten to one, and prefer 
ably will be from approximately four to one, on 
the One hand, to one to one, on the other hand 
these being stoichiometrical proportions. 
The Compositions of this invention have a 

number of applications and will be found to have 
utility where it is desirable to inhibit deposition 
and/or formation of adhesive gums on metal sur 
faces which are bathed in or are in contact with 
high boiling hydrocarbons subjected to elevated 
temperatures in the presence of an oxidizing 
agent such as an oxygen-containing gas. One 
example of Such an application comprises the 
lubrication of Diesel engines in which the oil is 
Spread in a thin film over the pistons, piston rings 
and cylinder walls of the engine, and is subjected 
to the oxidizing action of the compressed gases 
in the combustion chamber at temperatures of 
from approximately 425 to 525 F. or above 
which exist at the upper piston rings of such 
engines. In this particular application of the 
invention it should be noted that the hydro 
carbons are subjected not only to high tempera 
tures in thin films on the metal surfaces, but also 
to the high pressures necessary to produce spon 
taneous ignition of Diesel fuels. These pressures 
are approximately 400 to 600 lbs./sq. in at the 
time of ignition of the fuel, and rise to pressures 
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as high as 750 to 1150 lbs./sq. in. during combus 
tion of the fuel. By the present process the nor 
mal course of reactions Occurring in the oil un 
der these conditions may be progressively altered 
so that formation and/or deposition of adhesive 
materials is prevented and piston ring sticking is 
inhibited. 
The compositions of this invention are also 

applicable to the prevention of formation and/or 
deposition of adhesive materials from hydrocar 
bon mixtures in those various instances where 
an oil flows over a metal surface which is heated to high temperatures and where heat transfer 
is the primary object to be accomplished. For 
example, oil cooled electric resistances subject 
the oil to high temperatures at the oil-metal 
interface of the highly heated electric resistance 
element. The deposition of adhesive gummy 
materials on the surface of the resistance ele 
ment may be inhibited at temperatures as high 
as 425 to 525 F. and the efficiency of the heat 
transfer thereby maintained or increased. An 
oxidizing agent will generally be present in such 
heat transfer process by reason of dissolved oxy 
gen which is contained in the oil being heated, 
as well as by reason of air which may be in 
contact with the oil at one or more points in the 
System. 
The compounding agents herein disclosed may 

have one or more advantages depending upO. 
the particular compounds selected, the propor 
tion utilized, and the environment which the 
Compounded oil is to encounter. It should be 
observed, for example, that even though a com 
pounded oil may be somewhat corrosive to cop 
per-lead or cadmium-silver bearing metals, Bab 
bitt bearings are little if at all affected by such 
corrosive action at temperatures where they are 
not unsatisfactory for other reasons, such as low 
melting point or lack of fatigue resistance. 
Hence, compounded oils which may not be par 
ticularly desirable for lubrication of copper-lead 
Or cadmium-silver bearings may be highly use 
ful and extremely advantageous in Conjunction 
with the operation of internal combustion en 
gines having bearings of Babbitt or other cor 
rosion-resistant bearing metals. The present in 
vention, in its broader aspects, is therefore not 
limited to combinations having all or the great 
est number of advantages, but embraces various 
of the less advantageous combinations which 
Will find utility in particular applications where 
all the possible improvement in properties may 
not be required or where the standard of per 
formance may not be so high. 
The mixed salts of this invention may be added to hydrocarbon oils containing other compound 

ing ingredients, such as pour point depressors, 
blooming agents, compounds for enhancing the 
Wiscosity index of the hydrocarbon oil, etc. The 
invention in its broader aspects embraces hydro 
carbon oils containing, in addition to the mixed 
Salts herein disclosed, thickening agents in grease 
forming proportions or in amounts insufficient to 
form greases, as in the case of mineral castor 
machine oils or other compounded liquid lubri 
cants. 
A part of the subject matter disclosed in the 

original specification of applicants' earlier ap 
plication Serial No. 62,814 on Compounded lubri 
cating oil, now issued as Patent No. 2,163,622 
of June 26, 1939, was divided out for inclusion in 
application Serial No. 280,124 and is also in 
cluded in the present application. 
While the character of this invention has been 
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described in detail and numerous illustrations 
given, this has been done with the intention 
that no limitation should be imposed upon the 
invention thereby. It will be apparent to those 
skilled in the art that numerous modifications : 
and variations of the above disclosures may be 
effected in the practice of the invention which 
is of the scope of the claims appended hereto. 
We claim: 
1. A compounded liquid lubricant comprising 

a liquid hydrocarbon oil subject to deterio 
ration and deposition of adhesive materials at 
elevated temperatures, said hydrocarbon Oil Con 
taining, in an amount sufficient substantially to 
reduce said deposition, oil-soluble mixed poly 
valent metal salts having a sulfonate radical and 
a radical of a substituted acid of phosphorus 
containing an organic substituent. 

2. A compounded liquid lubricant comprising 
a petroleum lubricating oil subject to deteriora 
tion and deposition of adhesive materials at ele 
wated temperatures, said petroleum lubricating 
oil containing, in small amount sufficient sub 
stantially to reduce said deposition, oil-soluble 
mixed polyvalent metal salts having a petroleum 
sulfonate radical and a radical of a substituted 
acid of phosphorus containing an oil-solubiliz 
ing hydrocarbon substituent. 

3. A compounded liquid lubricant comprising 
a petroleum lubricating oil subject to deteriora 
tion and deposition of adhesive materials at ele 
vated temperatures, said petroleum lubricating 
oil containing, in small amount sufficient sub 
stantially to reduce said deposition, oil-soluble 
mixed polyvalent metal salts having an alkaryl 
sulfonate radical and a radical of a substituted 
acid of phosphorus containing an oil-solubilizing 
hydrocarbon substituent. 

4. A compounded liquid lubricant comprising 
a petroleum lubricating oil subject to deteriora 
tion and deposition of adhesive materials at ele 
vated temperatures, said petroleum lubricating 
oil containing, in small amount sufficient sub 
stantially to reduce said deposition, oil-soluble 
mixed polyvalent metal salts having a sulfonate 
radical and a radical of a substituted oxyacid of 
phosphorus containing an oil-solubilizing hydro 
carbon substituent. 

5. A compounded liquid lubricant comprising a 
petroleum lubricating oil subject to deterioration 
and deposition of adhesive materials at tempera 
tures above about 425 F., said petroleum lubri 
cating oil containing about 0.5 to 5% by weight 
based on finished lubricant Of Oil-soluble mixed 
salts selected from the group consisting of mag 
nesium, calcium, strontium, barium, zinc and 
cadmium salts, said mixed salts containing a rad 
ical of a hydrocarbon sulfonic acid and a radical 
of a substituted acid of pentavalent phosphorus 
containing a hydrocarbon substituent, said radi 
cal of sulfonic acid and said radical of acid of 
phosphorus being present in the lubricant in 
stoichiometric proportions ranging from about 
4 parts of sulfonic radical per 1 part of acid of 
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phosphorus radical to about 1 part of sulfonic 
radical per 4 parts of acid of phosphorus radical. 

8. A compounded liquid lubricant comprising a 
liquid hydrocarbon oil subject to deterioration 
and deposition of adhesive materials at elevated 
temperatures, said hydrocarbon oil containing, in 
an amount sufficient substantially to reduce said 
deposition, oil-soluble mixed polyvalent metal 
salts including a calcium salt and including a 
sulfonate radical and a radical of an acid of 
phosphorus containing an organic substituent. 

7. A compounded liquid lubricant comprising a 
liquid hydrocarbon oil subject to deterioration 
and deposition of adhesive materials at elevated 
temperatures, said hydrocarbon oil containing, 
in an amount sufficient substantially to reduce 
said deposition, oil-soluble mixed polyvalent 
metal salts including a zinc salt and including a 
sulfonate radical and a radical of an acid of 
phosphorus containing an organic substituent. 

8. A compounded liquid lubricant comprising 
a liquid hydrocarbon oil subject to deterioration 
and deposition of adhesive materials at elevated 
temperatures, said hydrocarbon oil containing, 
in an amount sufficient substantially to reduce 
said deposition, oil-soluble mixed polyvalent 
metal salts including a zinc salt of an acid of 
phosphorus containing an organic substituent 
and including a polyvalent metal sulfonate. 

9. A compounded liquid lubricant comprising a 
petroleum lubricating oil subject to deterioration 
and deposition of adhesive materials at elevated 
temperatures, said petroleum oil containing, in 
small amount sufficient substantially to reduce 
Said deposition, oil-soluble mixed polyvalent 
metal salts, including a calcium salt, of a pe 
troleum sulfonic acid and of an acid of penta 
valent phosphorus having an aliphatic substitu 
ent, the sulfonic radical and the acid of phos 
phorus radical of said salts being present in the 
lubricant in stoichiometric proportions ranging 
from about 4 parts of sulfonic radical per 1 part 
of acid of phosphorus radical to about 1 part of 
Sulfonic radical per 4 parts of acid of phosphorus 
radical. 

10. A compounded liquid lubricant comprising 
a petroleum lubricating oil subject to deteriora 
tion and deposition of adhesive materials at ele 
wated temperatures, said petroleum oil contain 
ing, in small amount sufficient substantially to 
reduce said deposition, oil-soluble mixed poly 
valent metal salts, including a zinc salt, of a pe 
troleum sulfonic acid and of an acid of penta 
valent phosphorus having an aliphatic substitu 
ent, the sulfonic radical and the acid of phos 
phorus radical of said salts being present in the 
lubricant in stoichiometric proportions ranging 
from about 4 parts of sulfonic radical per 1 part 
Of acid of phosphorus radical to about 1 part of 
sulfonic radical per 4 parts of acid of phosphorus 
radical. 

GEORGE L. NEELY. 
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