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This invention relates to addition agents which 
contribute valuable properties to lubricating oil. 
It'also relates to improved lubricating composi? 
tions containing the herein described additives. 

It is known that a substantially non-corrosive, 
undoped, lubricating oil generally becomes pro 
gressively corrosive under ordinary conditions 
of engine use. This tendency is increased or ac 
celerated, for instance, by an elevation of tem 
perature, by traces of dissolved copper,. by deg 
radation products formed in the‘ oil, and by 
other factors. It is a common practice to add a 
detergent to a lubricating oil in order to assist 
in theremoval of soot or sludge which is formed 
in the engine operation and thus to help keep 
the bearing surfaces clear. However, normally 
such detergents simultaneously contribute to or 
increase the corrosiveness of the lubricating 011. 
Similarly, additives employed for other purposes 
may also prove corrosive. This result is particu 

. larly unfortunate, if uncorrected, when it occurs 
in engines containing modern alloy bearings, 
such as those of copper-lead, cadmium-silver, 
cadmium-nickel, etcL, since such bearings, de 
spite their.-other bene?cial properties,.are espe 
cially susceptible to such corrosion. ' ‘ 

The kinds of corrosion, like the causes, arev 
complex in nature and varied in origin. For 
example, acids found or formed in an oil~or fuel 
may attack copper-lead bearings to preferen-‘ 
tially remove the lead, or aqueous acid solutions 
may preferentially remove the copper. Again, 
the eifect, at high temperatures‘on modern bear 
ings, of sulfur derived from certain of its com 
pounds or even found free in the oil or fuel, 

_' may be very serious. Thus. the presence of sulfur 
may induce pitting of bearing surfaces, such as 
exhaust valve stem guides, etc., which are formed 
of certain alloys, e. g. copper-zinc. Also, in hot 
countries a crankcase temperature of 250° F. 

2 *7 
300° F. may occur, with the corresponding hear 
ing temperatures-going up-to325" F. or 350° F. 

_ Under these conditions sulfur can producehard, 
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brittle, black deposits on copper-lead or silver 
bearings. Such deposits may adhere and reduce 
the bearing clearance or they may break up and _ 
gouge out the bearing, in either event resulting in 
bearing failure. ' _ 

The problem of engine deposits is particularly 
acute in aviation and similar :engines,v in which 
the high temperatures developed in the cylinders 
tend to act upon lubricating oils to cause .the 
deposition of resinous and varnish-like products 
on the pistons and elsewhere and to produce 
lacquer-like coatings'and carbonaceous materials, . 
which in time tend to cause ring and valve stick 
ing and interfere with engine operation. High 
‘piston temperatures formed especially in avia 
tion engines promote the formation of deposits 
which, in turn, aggravate the situation by reduc 
ing the heat transfer. 
dues from incomplete combustion of fuel con 
tribute to the deposition of lacquer-like and car 
bonaceous materials in the engine. High exhaust 
gas temperatures foster corrosion by pitting, etc. 
Solution of the problem is additionally compli 
cated by rigid government speci?cations for avia 
tion lubricating oil which restrict the incorpora 
tion of any additives, such as metallic salts. which 
would leave a nonvolatile ash 'upon combustion. 
At the most, the total ash content should not 

- exceed about 0.25% (determined as sulfate) and 
. preferably should be below (1.2%. 

vAccordingly, it is an object of'this invention-to 
provide lubricating oil compositions which have 

. improved properties in one or more of the ‘fol 
lowing qualities: high temperature detergency, 
decreased piston ring sticking, wear reduction, 
corrosion resistance, stability in presence of cop 

_ per or crankcase catalyst. oxidation stability, and ' 

Furthermore, fuel resi- . 



fully described hereafter). 
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the like. Another purpose is to produce a-superior 
heavy duty lubricant particularly suitable for use 
in aircraft and other internal combustion engines 
operating at relatively high cylinder tempera 
tures. Other objects will be, apparent from the . 
following description. 

It has now been found that such‘ lubricating 
‘problems may be, overcome to a notable extent 
by the incorporation in a lubricating oil of two 
additives. The ?rst of these additives is an oil 
miscible metal salt of the condensation product 
of a low molecular weight aldehyde with a hydro 
carbon-substituted phenol. The second additive 
is an aromatic amine antioxidant (as will be more 

The ?rst additive is more fully described by the 
following. It is initially a condensation product 
of a phenol with an aldehyde. The phenol must 
have an available ortho position, i. e. an unsub— 
stituted position ortho to the hydroxyl radical, 
and also such substituent groups, preferably in 
the 4 or 2,4 positions, as will promote oil solu 
bility. For example, alkyl, cycloalkyl or aryl 
groups, such as butyl, amyl, hexyl, heptyl, octyl, 

. nonyl, decyl, lauryl, stearyl, oleyi, cyciohexyl, 
methyicyclohexyl, ethylcyclohexyl, dimethylcy 
clohexyl, propylcyclohexyl, trimethylcyclohexyl, 
dicyclohexyl, methylated dicyclohexyl, benzyl, 
ethylphenyl, etc., are effective. The aromatic 
nucleus as well as attached hydrocarbon radicals 
may also contain chlorine. The aromatic nucleus 
may be mono- or di-cyclic, resulting in such ‘ 
nuclei as naphthalene, tetraline, diphenyl, etc. 
A lower molecular aldehyde, preferably form; 

aldehyde or acetaldehyde, is condensed with the 
phenol at the ortho position by ways known to 
the art, for example by heating with acid or basic 
catalyst, whereby a resinous condensation product . 
is obtained. Depending upon starting materials 
.and condensation conditions, the products vary 
in appearance from viscous liquids to more or less 
brittle solids which may or may not be crystalg 
lized. A number of such resinous condensation 
products are commercially available, and since 
their methods of manufacture are generally 
known, further details regarding such manufac 

, ture will not be recounted here. ‘ r 

. The phenolic resin is in turn converted to the 
metallic salt, for example, by treating with lime 
to produce the calcium salt. In general, the al 
kaline earth metals are preferred to form the 
salt, although other polyvalent metals such as 

. Cu, Zn, Al, Pb, Fe, Ni, Co, Mn, Cr and Sn may be 
employed. 
The resultant metal phenates may be di?icultly 

- soluble in oil. However, they may be incorporated 
in oil by the procedure described by Cornell in . 
U. S. Patent 2,042,880. A simpler method which 
is effective for‘ many of these salts is to dissolve 
them in a suitable solvent such as benzene, and 

' then, while adding oil, gradually remove the ben 
zene by distillation, for example, by passing an 
inert gas (nitrogen, natural gas, etc.) through 

' the mixture at an elevated temperature. This 
generally results in a stable concentrate of the 
detergent salt in the lubricating'oil which may 
then be diluted with further oil to give the de 
sired salt concentration when needed. On the 
‘other hand, the salt may often be ‘incorporated in 
a lubricating oil, without preparing an interme 
diate concentrate, by simply adding the desired 
concentrationvof. the salt to the oil at an'lele 
vated temperature with agitation. 
The amounts of the phenol-aldehyde resin? salt ‘' 

~ which may be added to aviation and similar‘high 

4 , 
temperature lubricating oils ordinarily must not 
exceed about 0.25% ash, because ash in these lu 
bricating oils eventually accumulates. in the com 
bustion chamber of the aviation engine by leaking 
past the piston and piston rings, or else leaking 
into the super-charger (with which most avia 
tion engines are now equipped) whence it returns 
with the air to the combustion chamber. ' About 
90% of the oil lost in aviation engines is nor 
mally by way of the super-charger. 

It has been stated that phenol-aldehyde resin 
salts act as anti-oxidants in lubricating oils. How 
ever, we found that under the high temperature ' 
conditions in aviation engines and in the amounts 
of ‘ash contents of about 0.25% or less, such is 
not the case. Only when added in much larger 
amounts, i. e. of ash contents of 0.3% or higher, 
do these salts show anti-oxidant properties in 
aviation lubricants under aviation lubricating 
conditions. ' > 

As a result of their lack of anti-oxidantprop 
erties, aviation lubricating oils containing these 
salts in the permissible amounts are not only oxi 
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daticn unstable, but may also be corrosive, and to. 
overcome these detrimental effects, we add a sec 
ond addition agent to lubricating oil as described 
below. _ 

The second additive is an oil-soluble, relatively 
stable, aromatic amine anti-oxidant,‘ free ‘from 
corrosive sulfur, preferably having at least two 
aromatic rings, which may be condensed in one 
radical attached to the nitrogen atom. Espe 
cially valuable are those amines which contain at 
least one aromatic nucleus having two or more 
condensed or polycyclic aromatic rings. 
preferred anti-oxidants are, for example, the 
naphthylamines: ‘primary, secondary or tertiary 
alkyl, aryl or aralkyl amines in which the alkyl, 
aryl or aralkyl radicals are attached to an aro 
matic nucleus or preferably to the nitrogen 
atom or both, such as phenyl-alpha or beta-naph 
thylamine, tetraline naphthylamine, alpha alpha, 
alpha beta, or beta beta dinaphthylamines, vari 
ous phenanthryl, anthryl or picyl naphthyl 

' amines, xenyl naphthylamines, benzyl phenyl 
naphthylamines, diphenyl naphthylamines, Phen 
yl xenyl naphthylamines, dixenyl naphthyl 
amines; also various phenanthryl, anthryl or picyl 
phenyl amines, etc. The N-aryl substituted naph 

50 thylamines are in general more useful for our 
purpose. 

If desired, however, other aryl amine anti-oxi 
dants may be used, such as diamino diaryl al 
kan'es, e. g., diamino diphenyi methane, tetra 

55 methyl diamino diphenyl methane, tetra methyl 
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diamino triphenyl methane, tetra‘ ethyl diamino ' 
triphenyl methane, diamino diphenyl ethane, di 
amino ditolyl ethane, etc., alkylated diaryl 
amines, e. g., p-ethyl diphenylamine, m-ethyl di 

30 phenylamine, p-isopropyl diphenylamine, mono 
and poly- amyl, hexyl, heptyl, octyl, nonyl, decyl, 
hexadecyl, cyclohexyi, methyl cyclohexyl and 
other alkyl substituted diphenylamines, etc. ' 
,The aryl amine anti-oxidants may, in some 

66 cases, contain one or more substituents, such as 
hydroxyl, chloro, alkoxy, hydroxyalkyl, amino, 
néalkylawd amino,‘ n-alkylated amino alkylen'e, 
etc‘i, radicals. As illustrative of these substituted j 
aryl'amine ‘anti-oxidants, the followingmay be 

.70 mentioned: p-methoxy p'.-isopropyl diphenyl 
amine. . and, 1,8-diamino naphthalene. 
"Efiective amounts of the aryl- amino anti-oxi 
dants in an aviation lubricating oil arein the order 
.of 0.1% tov 0.5% by weight, although quantities 

75 of between 0.2% and 0.4% are usually sufficient. 

Thus, . 
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Amounts of the metallic phenate between about‘ 
0.04% and 0.2% sulfate ash are generally used. 
although in some cases up to about 0.25% may be 
employed. ‘It will be seen that the small amounts 
of additives su?icient to accomplish the present 
purpose are much less than would be required to 
alter the viscosity of the lubricating composition. 

It has been- found that the combination of the ' 
aldehyde-phenolcondensatemetalsalt and an aryl 
amine anti-oxidant in aviation lubricating oil 
has advantages which could not be obtained by 
any other combination’ of additives. These ad 
vantages are, in particular, non-corrosiveness, 
detergency at high operating temperatures (with 
resulting engine cleanliness and prevention of 
ring sticking) , prevention-or at least reduction 
of hard carbon formation and a hitherto un 
achieved reduction in wear especially of piston 
rings. ' 

To appreciate these advantages, it may be well 
' to consider a few of the difficulties which confront 
the producer of improved aviation lubricants. It 
is well known that ring sticking is one of the 
most frequent causes of damage to aviation en 
gines which are lubricated by straight mineral 
lubricating oils. While ring sticking can be over 
come to a certain extent by the use of tapered 
piston rings, this advantage is gained at the ex 
pense of a. new di?iculty, namely, ring feather 
ing. Ring sticking in aviation engines isa high 
temperature detergency problem, while ring 
feathering is a wear problem. ' _ v ' 

Many detergents have been proposed. to over 
come ring sticking. However, with few excep 
tions they fail to function at the high tempera 
tures of, aviation engine operation, their bene 
flcial action being restricted in most instances to 
lower temperatures such as occur in Diesel'en 
gines and automotive engines. ,It has been dis 
covered‘,v however, that the aldehyde-phenol con 
densate salts of this invention exert an unex 
pected detergency at high temperatures. but not 
at low temperatures. At the same time, these 
salts somewhat reduce engine wear and also cause 
a very pronounced softening of hard carbon nor 
mally formed. 
Now as a result of the presence of a metal-con 

taining detergent, corrosiveness of the oil in; 
creases. It has been said that anti-oxidants 
overcome corrosiveness' induced by detergents. 
However, this does not always appear to be true. 
For example, the aldehyde-phenol condensate 
salts are known to exhibit anti-oxidant action at 
low temperature and therefore might be‘ expect 
ed to inhibit this corrosiveness. 
was found not to be the case when employing 
0.2% (sulfate ash) of the additive. Certain other 
anti-oxidants do to some extent inhibit this cor 
rosiveness, but have the disadvantage of causing 
at- least a partial loss of the carbon softening 
properties. Moreover, these inhibitors, like the 

- ordinary phenolic inhibitors, such as the 2,6-di 
tertiary-butyl-4-methyi-phenol, fail to have any 
e?ect on the wear properties. ' ' ’ 

The aryl 7amine antioxidants and especially 
those having condensed rings described earlier, 
however; have a very peculiar effect on the avi 
ation oil in combination with'thealdehyde-phe 
nol condensate salt. Not only do they do away 
with the corrosiveness of the oil, but they further 
greatly enhance the wear reduction and in some 
instances further reduce hard carbon formation. 
The additive effect in the matter of wear reduc 

tion in itself is believed to be unusual. As a rule, 

However, this ‘ 
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two wear reducing agents do not cooperate unless 
they‘ meet certain conditions indicated below, and 
on the contrary merely compete for the surface, 
the more strongly adsorbed compound displacing 
the other. Therefore, in so far as wear reduc 
tion is concerned, only the “stronger” agent is ' 
active; Qnly'where so-called “chemical polishing 
agents”v and “wedging compounds” are combined, 
as shown by Beeck and Givens in their articles on 
“The mechanism of boundary lubrication," Pro 
ceedings of the Royal Society of London, serial 
A, No. 968, vol. 177, pp. '90 to 118, December, 1940, ' 
and in- the Proceedings of the special summer 
conference on friction and surface finish of Mas 
sachusetts Institute of Technology, Cambridge, 
Mass, June 5. 6 and 7, 1940, p. 112, has it been 1 
known that two or more reducing agents cooper 
ate. However, neither, of the two additives of 
this invention is a chemical polishing agent or a 
wedging compound. 
Due to this strong wear-reducing effect com 

bined with ‘the detergency, the present oil will 
ameliorate high temperature di?iculties whether 

° due to ring sticking or ring feathering, so that it 
may be employed advantageously‘with either the 
straight or tapered type of piston ring. 
In military aircraft engine service in which 

piston ring belt lubrication is a primary prob 
lem, this lubricating oil composition, by its reduc 
tion of ring sticking andl wear, offers a unique 
and heretofore unobtainable solution to this 
problem.' Various other advantages of the pres 
ent lubricant may be seen from consideration of 
the data hereinafter recorded. . ' 

The preparation of a typical aldehyde-phenol 
condensate salt is illustrated by reference to the 
use of calcium salts of methylene bis p-iso-octyl 
phenol. This compound was prepared by con 
densing phenol and diisobutylene to ‘yield an 
(principally para) iso-octylphenoL- This was 
then condensed with formaldehyde to yield the 
resinous condensation product containing about 

- ?ve molecules of iso-octylphenol per molecule of 

fill 

‘ of the. phenate salt. 

to 
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resin. but which for convenience is called meth 
ylene bis p-iso-octylphenol. The condensate, was 
converted to calcium salt by reaction with lime 
as follows: About equal weights of resin and C210 
were ground together to a ?ne powder. Water 
was added and the mixture heated on a steam 
bath many open vessel. A vigorous reaction took 
place involving hydration of CaO and formation 

The salt was taken up in 
warm benzene and ?ltered from excess Ca( OH) 2. 
The bulk of the benzene was removed by distilla 
tion at atmospheric pressure; the remainder of 
the solvent was stripped under reduced pressure. 
The resulting residue, a glassy amorphous solid, 
was then ground to a yellow-green powder. The, 
sulfate ash values of different batches varied from 
about 20% to 22%. . 
The doped and undoped oils were tested bya 

test known as the Thrust bearing corrosion test 
(described in the National Petroleum News, Sep 
tember 17, 1941, pp. R-294-296), which is carried 
out as' follows: A hardened steel disc is made to 
rotate ‘for 20 hours under constant pressure 
against. three ?at copper-lead bearings. The 
bearing assembly rests in a steel cup ?lled with 
thetoil to be tested, and the temperature of the 
oil is maintained at a predetermined ?gure by 
thermostatic control. The bearings are weighed 
before and after the test, thedifference in weight 
representing the loss sustained during the test. 
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Test: > 

a 
Tests in ‘thrust bearing corrosion nwchiné 

[Fixed conditions: Cu-Pb bearings, 2Q hours duration, 125 p. s. l. Thrust. 2400 R. P. M. A re?ned, undoped, commer 
' , cial aviation lubricating oil, 115-125 S. U. at 210° F. was employed, except where noted} 

Additive Cone. of 
additive 

Bearing weight loss in mgJcm.’ at 

140" C. 150“ C. 180° C. 170° 0. two. 

Calcium salt of methylene bis p-iso-octylphenol ____ __ 

Calcium salt of methylene bis p-iso-octylphenol ____ ._ 
. +calcium petroleum suli‘onate ________________ ._ 

Calcium salt of methylene his p-iso-octylphenol ._ 
+phen l alpha nephthylamine ______________ ._ 

Calcium sa t of methylene bis p-iso-cctylphcnol 
+phenyl alpha naphthylamine __________ .. 
+calcium petroleum sulfonate ___________ ._ 

6 Calcium salt of methylene bis p-iso-octylphcnoL. 
+phenyl alpha naphthylamine __________ __ 
+caleium petroleum suli'onate ............ __ 

Calcium salt oi‘ methylene his p-iso-octylphenoL. 
+phenyl alpha naphthyiamine __________ __ 
+ealcium petroleum sulionate ___________ __ 

8 Calcium salt of methylene bis p-iso-octylphenoL. 
+phenyl alpha naphthylamine ____________ __ __ 
+calcium petroleum sulionate_ _, ______________ _. 

u- a- edict 

1 9 Calcium salt 01 methylene bis p-iso-oct'ylphenol ____ -. ‘ 

7.10 Calcium salt of methylene bis p-iso-octylphenol .... ._ 

2 ll Calcium salt of methylene bis p'iso-octylphenol" __ 
+calcium petroleum sulfonate _____________ .'. _____________ __ 

2 12 Calcium salt of methylene bis p-iso-octylphenol .... ._ 012°; S: A. _.._ 
+calclum troleum sulfonate _________________ __ 0.1 G S. A...“ 
+phenyl~ pha naphthylamine ________________ __ 0.2% wt.. 

1 13 Calcium salt of methylene bis p-iso-octylphenol ____ .. 0.2% S. 
+Calcium petroleum sulionate ................ _. 0.1%. S. A"... 
+phcnyl-alpha nephthylamine ................ __ 0.4% wt" 

None _____________________ .._'_ ................................ .- 0 

9.1% s. A.1..._{ 3-? 
0.05% 3. AJ._. 

1 Based on sulfate ash. 
I In tests 9-13, a re?ned, undoped, industrial lubricating 011, S. A. E. 30 grade, was employed-as the base oil. 

E?ectiveness of a. lubricant containing the pres 
ent combination of lubricating oil additives in ac 
tual engine tests as well as comparison with some 
other blends may be seen from the following 
data: . i 

40 

gent forming acids. Such bases include metal as 
well as organic bases. Metallic bases include 
those of the alkali metals and other metals, such 
as Mg, Ca, Sr, Ba, Zn, Cd, Al, Sn, Cr, Ni, Co, etc. 
Organic bases include various nitrogen bases as 

Baanmc CORROSIVENESS Ana Usno On. primary’ secondary’ tel-‘?an’ and quaternary 
PROPERTIES amines‘ ' ' . 

. ‘ _ _ _ _ Examples of detergent forming acids are the 

Lauson I'm/under liquid-“W19d engine 4° various fatty acids of, say, 10 to 30 carbon atoms, 
Speed _______________________ __R. P. M__ 1,700 W001 fat colds, pera?in wax acids (produced by 
BMEP _________________________ __p. s. 1-- ~ 55 oxidation of para?ln wax), chlorinated fatty 
Load ____________________ __H. P. (1 kw.) .._ 1.6 acids, rosin acids, aromatic oarboxylic acids in- ' 
Jacket temp ______________________ __°c__ 100 eluding aromatic fatty acids, aromatic hydroxy 
Oil sump temp ____________________ __"-C__ 140 50. fatty acids, paraf?n Wax benzoic acids, various 

_______ __ Aviation basestock alkyl salicylic acids, phthallc acid monoesters, 
Test length ___________ -'_-_i ____ __'hours___ 40 aromatic keto acids, aromatic ether acids; (31 

[A re?ned, undoped, commercial aviation lubricating oil, 115-125 S. U. at 210° F. was employed] 

Concentra- Cu-Pb ' . . - Oil con- Sap. No. Neut. No. Iso t. Chl . 
Additive mum “Faring sumption, MgKOH, MgKOH, all)? inst." 

per cent Weight loss, ’ m 1 , 
sulfate ash mE-lcmJ 00' r‘ 3- 3- por cent Per cent 

None _______________________________________________ -- - ----- “(3-m ------ ??y 0.8 0.01 0. 0i 
, . . ~ . . . . 9.3 0.07 0.02 

Calcium salt of methylene bis p-rsooctylphenol- . { (130 o‘ 5 5_ 8 6. 2 a 9 0- 07 o. 02 
Calcium salt oi methylene his p'isooctylphenol 0. 10 . 

+phcnyl alpha naphthylamine. I 0. 2 1. 9 2. 6 4. 5 0. 7 0. 06 0. 05 
+sodium petroleum sulfonate. . __ 0. 02 

(‘alcium salt of methylene bis p-isooct ph no . 0. 225 
+phenyl alpha naphthylamlne _______ .. 1 0.2 1.2 3. 55 9. 9 2. 4 i 6 0.06 
+cnlcium petroleum sulionate ___________________ .. 0. 075 

1'Per cent by weight. 

Other additives may also be present, such as 
blooming agents, pour-point depressants or vis 
cosity improvers, anti-oxidants, extreme pressure 
agents, anti-foaming agents, etc. ‘ 

In order to provide detergency for the lubri 
eating oil when employed at low temperatures, 
other oil-soluble detergents may be included, such ‘ 
as oil-soluble salts of various bases with deter 

phenols as di(a.1kylphenol) sul?idcs and disul?des. 
70' methylene bis alkyiphenols; suitonic acids such 

as may be produced by treatment of alkyl aryl 
‘hydrocarbons or high boiling petroleum oils with 
sulfuric acid;~su1furic acid mono-esters; phos 
phoric, arsenic and antimonlc acid mono- and 
Lil-esters, including mono- and diesters of the 
corresponding thio phosphoric, thio arsenic and 
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thio antimonic acids; phosphonic and arsonic ' 
acids, .etc. 

Additional detergents are the alkaline earth ' 
phosphate di-esters, including‘ the thiophosphate 

- di-esters; the alkaline earth diphenolates, speci? 
cally the calcium and barium salts of _ diphenol 
mono and polysulfides. 
Non-metallic detergents include compounds 

such as the phosphatides (e. g. lecithin), certain 
fatty oils as rapeseed oils, voltolized fatty or 
mineral oils, etc. ' 
An excellent metallic detergent for the present 

purpose is the calcium salt of oil-soluble petrol 
eum sulfonic acids. This maybe present ‘advan 
tageously in the amount of about 0.025% to 0.2% 
sulfate ash. 

Anti-oxidants comprise several types, for ex 
ample alkyl phenols such as 2,4,6-trimethyphenol, 
pentamethylphenol, 2,4 - dimethyl - 6 - tertiary - 

butylphenol, 2,4 - dimethyl - 6 - octylphenol, 2,6 
ditertiary - butyl - 4 - methylphenol, 2,4,6-triter 
tiary-butylphenol, etc. 

Corrosion inhibitors or anti-rusting compounds 
may also be present, such as dicarboxylic acids of 
16 and more carbon atoms; alkali metal and alka 
line earth salts of sulfonic acids and fatty acids: , 
organic compounds containing an acidic radical 
in close proximity to a nitrile, nitro or nltroso 

_ group (e. g. alpha cyano stearic acid); 
This application is a continuation-in-part of 

our copending application, Serial No. 502,706, 
?led September 15, 1943, now U. S. Patent No. 
2,375,222, issued May 8, 1945. - 
We claim as our invention: ' 

1. A low ash content lubricating oil for high 
temperature internal combustion engines con 
taining an oil miscible metal salt of the conden 
sation product of an aldehyde and an aromatic 
hydroxy compound in amount su?icient to give 
high temperature-detergent action, but not ex 
ceeding about 0.25%, based on sulfate ash, and 
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.10 
an oxidation-inhibiting quantity of an oil-soluble,‘ - 
relatively stable aromatic amine anti-oxidant. 

2. An aviation lubricating oil containing from 
about 0.04% to 0.25% (based on sulfate ash) or 
an oil miscible metal salt of the condensation 
product of a low molecular weight aldehyde and 
an aromatic hydroxy compound and from about 
0.1% to 0.5% by weight of an oil-soluble; aro 
matic amine anti-oxidant, substantially free from 
sulfur and metallic radicals and containing con 
densed aromatic rings; 

3. The composition of claim 2 wherein the 
metal is calcium. , ' 

4. The composition of claim 2 wherein. the al 
dehyde is formaldehyde. - 

5. The composition of claim 2 wherein the 
aldehyde is acetaldehyde. , 

6. The composition of claim 2 wherein the aro 
matic hydroxy compound‘is an oil-soluble alkyl 
phenol. . 

7. The composition of claim 2 wherein the aro 
matic hydroxy compound is an alkyl naphthol. 

8. vThe composition of claim 2 wherein the aro 
' matic hy'droxy compound is an octyl phenol. 

30 
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9. The composition of claim 2 wherein the anti 
oxidant is a naphthylamine. ‘ 

10. The‘ composition of claim 2 wherein the 
anti-oxidant is N-aryl substituted naphthylamine. 

11. The composition of claim 2 which addition 
ally contains a detergent quantity of calcium 
salt of oil-soluble petroleum sulfonic acid. 

12. The composition of claim 2, wherein the 
anti-oxidant is phenyl alpha naphthylamine. 

13. The composition of claim 2, wherein the 
anti-oxidant is dinaphthylamine. 

14. Thecomposition of claim .2, wherein the 
anti-oxidant is di-beta naphthylamine. 

15. The composition of claim 2, wherein the 
anti-oxidant is 1,8-diamino naphthalene. 

JOHN R. GRIFFIN, JR. 
PAUL R. VAN ESS. 


