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This invention relates to an improved lubri 
cant, particularly to a compounded lubricant, 
containing an oil-soluble derivative of a sulfur 
containing acid of phosphorus characterized by 
the presence of at least one ester radical ob 
tained or derived from a member of the Ana 
cardium genus of the Anacardiaceae family. 
The improved lubricants to which the present 

invention is directed are those lubricants which 
are normally subject to oxidation and corrosion 
conditions during service and include the petro 
leum lubricating oils for internal combustion en 
gines such as Diesel oils, motor oils, heavy duty 
motor oils and airplane oils, together with such 
compounding lubricants as are used in textile 
oils, greases and industrial lubricants. 

It has been discovered that when small 
amounts of an oil-soluble or oil-miscible deriva 
tive of a sulfur-containing acid of phosphorus 
characterized by the presence of at least one 
ester radical derived from an unsaturated alkyl 
phenol which, in turn, is derived from a member 
of the Anacardium genus of the Anacardiaceae 
family are incorporated in a hydrocarbon lubri 
Cating oil, the resulting oil, together with lubri 
cants compounded therewith, are rendered sub 
stantially resistant to oxidation and corrosion 
during service. 
In defining the additive ingredients of the pres 

ent invention, the term "sulfur-containing acid 
of phophorus' is used to denote those phos 
phorus acids in which at least one oxygen atom 
has been replaced by sulfur. The arrangement 
of the Sulfur, oxygen and phosphorus atoms with 
in the molecule have not been definitely ascer 
tained and in the majority of instances, the final 
composition comprising the additive ingredient 
contains a mixture of various sulfur-containing 
phosphorus acid radicals which contain differ 
ent molecular arrangements of the sulfur, oxy 
gen and phosphorus atoms. These phosphorus 
acid radicals and the esters thereof may be ob 
tained by various methods and the structure 
thereof will depend upon the conditions of reac 
tion and the particular reactants used. 
The preferred type of phosphorus acid radi 

cals are those radicals which result from the re 
action of a sulfide of phosphorus, with a phenol 
or a metal phenolate. Other phosphorus acid 
radicals within the contemplation of the present 
invention include those resulting from the reac 
tions of a thiophenol or thiophenolate with a 
phosphorus oxide, a thiophenol or thiophenolate 
With a sulfide of phosphorus, a thiophenol or 
thiophenolate with a phosphorus chloride and 
a phenol, thiophenol or their corresponding 
phenolates with a phosphorus sulfochloride. 
These reactions all yield a sulfur-containing 
phosphorus acid radical which may be either a 
derivative of phosphoric acid or phosphorus acid 
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depending upon the valence of the phosphorus in 
the phosphorus Sulfide, oxide, chloride or Sulfo 
chloride. Throughout the following description 
of the invention, phosphorus pentasulfide and 
the resulting thiophosphates formed from the re 
action therewith will be used as illustrative of 
the foregoing phosphorus reactions and the re 
sulting sulfur-containing acids of phosphorus. 
The oil-soluble or oil-miscible derivatives of 

the sulfur-containing acids of phosphorus in 
clude the esters and metal salts of such acids 
which contain at least one ester radical. These 
ester radicals are derived from the unsaturated 
alkyl phenols which are present in or derived 
from the naturally occurring oils of the Ana 
cardium genus of the Anacardiaceae family. 
Embraced within this category are the unsatu 
rated alkyl phenols obtained or derived from such 
oils as cashew nut shell oil, marking nut shell 
oil, Japanese lac, etc., and including such specific 
compounds as cardanol (C20H32O), anacardol 
(C18H30C) and urushiol (C20H3002). All of the 
unsaturated alkyl phenols obtained or derived 
from these naturally occurring oils are phenols 
possessing one or more hydroxyl groups and Sub 
stituted in the nucleus by one or more high 
molecular weight unsaturated alkyl radicals. In 
the majority of instances the alkyl radicals 
possess a high degree of unsaturation indicating 
more than one double bond which probably ac 
counts for the instability of these compounds 
and their susceptibility to polymerization and 
condensation reactions which are characteristic 
of these phenols. 
Of the many unsaturated alkyl phenols within 

the purview of the present invention, cardanol 
is typical and as such will be used in the follow 
ing description and examples. Cardanol is not 
present in the naturally occurring cashew nut 
shell oil but is derived therefrom by the decom 
position of other aromatic compounds in the oil. 
It is an oil-soluble phenol containing one hy 
droxyl group and possessing an unsaturated al 
kyl radical of 14 carbon atoms in the meta posi 
tion. This compound may be prepared from 
cashew nut shell oil by any of the following meth 
Ods: (1) distillation of the commercial cashew 
nut shell oil at greatly reduced pressure; (2) 
Steam distillation of the commercial cashew nut 
shell oil at atmospheric or reduced pressure; 
(3) destructive distillation of the solvent ex 
tracted cashew nut shell oil; or (4) decarboxyla 
tion of the Solvent extracted cashew nut shell oil 
with subsequent distillation or solvent extrac 
tion. 
The metal salts of the invention may consist of 

any of the metals found in groups I, II, III, IV, 
VI, VII and VIII of the periodic table of elements 
and includes such metals as sodium, potassium, 
lithium, calcium, barium, strontium, tin, bismuth, 
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aluminum, zinc, magnesium, cadmium, lead, t 
tanium, antimony, chromium, manganese, cobalt, 
nickel, iron and copper with preference given to 
the alkaline earth metals and tin and 2inc. 

In compounding the additive ingredient in a 
hydrocarbon lubricating oil, the amount of ad 
ditive incorporated in the oil is dependent upon 
the type of lubricant and the degree of improve 
ment desired. In the majority of instances, the 
proportion of additive compounded with the oil 
will not exceed 5% and will vary from 0.01-5.0%. 
The preferred range of proportions in a mineral 
lubricating oil when used in a few of the more 
common services are as follows: 

Per cent by weight of 
finished lubricant 

Diesel lubricating oil------------------ 0.5 -2.0 
Motor lubricating oil------------------ 0.3 -1.5 
Heavy duty lubricating oil------------- 0.5 -2.5 
Turbine lubricating oil---------------- 0.01-0.5 
Airplane lubricating oil--------------- 0.2 -1.0 
The course of reaction in preparing the addi 

tive ingredients will vary in accordance with the 
particular oil-soluble derivative desired. If the 
ester of the sulfur-containing acid of phosphorus 
is to be prepared, cardanol is reacted with phoS 
phorus pentasulfide in the particular molal quan 
ties necessary to yield either an acidic or neutral 
reaction product. Both the acidic and neutral 
reaction products have been found suitable for 
the purposes of the invention. If the oil-soluble 
derivative is to be the metal salt of the esterified 
sulfur-containing acid of phosporous, the reaction 
may proceed either directly through the reaction 3 
of the metal cardianate and phosphorus penta 
sulfide or indirectly through the preparation of 
an acidic reaction product of cardanol and phoS 
phorus pentasulfide with subsequent neutraliza 
tion to form the metal salt thereof. In all of 
the reactions in which cardanol or the metal 
cardanate is reacted with phosphorus pentasul 
fide, particular care is to be taken to avoid the 
polymerization of the cardanol molecule. This 
may be overcome by stepwise reactions in the 
presence of a hydrocarbon solvent in which small 
increments of the total phosphorus pentasulfide 
are separately reacted with the cardanol or metal 
cardianate. The following examples are presented 
as illustrating some of the foregoing methods of 
preparing the oil-soluble derivatives: 

EXAMPLE I 
700 grams of cardanol were dissolved in 700 

ccs. of benzene and 228.5 grams of barium hy 
droxide added thereto. The reaction mixture was 
refluxed overnight under an automatic water 
separator. Upon completion of the reaction, the 
mass was cooled and 72 grams of phosphorus 
pentasulfide added. This reaction mixture was 
then refluxed with vigorous agitation for five 
hours after which it was filtered and stripped of 
the Solvent. 

1,365.5 grams of the reaction product were then 
retreated by dissolving in 1570 ccs. of toluene and 
adding thereto 78.4 grams of phosphorus penta 
sulfide. This mixture was then heated for four 
hours on the steam bath, filtered and stripped of 
solvent. It was found in the original reaction 
that refluxing in a benzene solution did not 70 
afford a high enough temperature for the reac 
tion and, therefore, the product was retreated in 
a toluene solution. It was found, further, that 
excessive amounts of phosphorus pentasulfide 
tended to polymerize the cardanol and that only 75 
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50 actual automotive engines. 

55 nal combustion engines. 

4. 
through stepwise treatment would the reaction 
proceed. The final product analyzed as follows: 

Per cent 
Barium ----------------------------- 17.4-7.6 

5 Phosphorus ------------------------- 4.0 
Sulfur ------------------------------ 13.6 

EXAMPLE I 

125 grams of stabilized cardanol, bromine num 
ber 104 (stabilized by partial hydrogenation), was 
dissolved in an equal volume of toluene and add 
ed to a liquid ammonia solution of 41 grams of 
anhydrous stannous chloride. The reaction mix 
ture was stirred for six hours and the ammonia 

15 allowed to evaporate overnight. Additional tolu 
ene was added and the product filtered. The 
toluene solution of the product was then reacted 
with 25 grams of phosphorus pentasulfide and 
heated for four hours on the steam bath. Addi 

20 tional toluene was then added and the mixture 
filtered. 20 grams of unreacted phosphorus 
pentasulfide were recovered and the filtrate was 
returned to the reaction flask and retreated with 
another 20 grams of phosphorus pentasulfide all 

25 of which reacted. The product was then filtered, 
washed and stripped of solvent. The final prod 
uct analyzed as follows: 

Per cent 
Tin ---------------------------------- 8.0-7.8 
Phosphorus --------------------------- 2.8 
Sulfur -------------------------------- 7.4 

EXAMPLE II 

125 grams of stabilized cardanol (stabilized by 
5 partial hydrogenation), 30 grams of phosphorus 

pentasulfide, 155 grams of 300 pale oil and 300 ccs. 
of toluene were placed in a reaction flask and 
stirred on the steam bath for 14 hours. The re 
action mixture was then filtered and stripped of 

40 solvent and the final product analyzed as follows: 
Per cent 

Sulfur ---------------------------------- 11.8 
Phosphorus ----------------------------- 4.4 

45 The effectiveness of the compositions of the 
present invention when incorporated in a hydro 
carbon lubricating oil has been demonstrated by 
empirical tests designed to simulate actual Op 
erating conditions together with further tests in 

The following em 
pirical test was designed to illustrate the anti 
oxidant and/or anti-corrosive properties of the 
additive ingredients when incorporated in a min 
eral lubricating oil designed for service in inter 

This test is conducted 
in an apparatus consisting of a copper-lead bear 
ing specimen encased in a special non-Wearing 
bushing, rotatably mounted on a stainless steel 
shaft, and immersed in a glass pot of the oil to 

60 be tested. The oil was heated to a controlled 
temperature of 350 F. and continuously circu 
lated between the bearing specimen and the shaft 
for a period of 10 hours. Throughout the test 
the oil was continuously maintained in a turbul 

65 lent flow by copper baffles which acted as oxi 
dation accelerators. The bearing specimen was 
weighed before the test and after the 10-hour 
period and the loss of weight recorded in milli 
grams. The reference oil used in this test was 
a solvent-refined, dewaxed, Mid-Continent lubri 
cating oil of an S. A. E. 30 grade. The results of 
the reference oil were then used as a comparison 
against the reference oil compounded with the 
compositions prepared in the foregoing examples. 
For simplicity, the composition prepared in Ex 

"...sit" 



5 
ample I which may be described as a barium salt 
of cardanyl thiophosphate will be referred to as 
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sample l; the composition prepared in Example 
II which may be described as a tin Salt of cardanyl 
thiophosphate will be referred to as sample 2; 
and the composition prepared in Example III 
which may be described as a cardanyl ester of a 
thiophosphoric acid will be referred to as sam 
ple 3. Y 

BEARING CORROSION-COPPER-LEAD (10 HouRS) 
Loss of weight-mgs. 

350° F. 
Reference oil---------------------------- 250 
Reference oil--1.0% sample 1------------- 0-0 
Reference oil--20% Sample 1.------------- 64 
Reference oil--1.0% sample 2------------- 4-2 
Reference oil--0.5% sample 2------------- 8-11 
Reference oil--0.5% sample 3------------- 6-2 
The test in an automotive engine was run in a 

standard Chevrolet engine operated on a block 
for 40 hours at 2500 R. P. M. and 50 M. P. H. or 
an equivalent of 2000 miles with a crankcase oil 
temperature of 275 F. and jacket temperature of 
212° F. with a crankcase ventilation of one cubic 
foot of airper minute. The test was stopped at a 
10-hour period and started immediately. At 20 
hours, the engine was stopped and rested for four 
hours. At 30 hours, the engine was again stopped 
and rested for four hours. At 40 hours, the test 
was terminated, the engine was taken down, the 
pistons removed and the amount of varnish de 
posit on the oil rings and piston skirt deter 
mined. This was accomplished in each case by 
washing first with precipitation naphtha to re 
move the retained oil, then washing with acetone 
to remove the varnish deposit. The acetOne SO 
ution was then evaporated to dryness and the 
residue extracted with precipitation naphtha to 
remove the remaining traces of oil. The residue 
was again taken up in an acetone solution and 
filtered to remove suspended deposits and finally 
evaporated to dryness, - - 

The following results were obtained on an un 
inhibited reference oil which was a solvent re 
fined, dewaxed, Mid-Continent lubricating oil of 
an S. A. E. 20 grade, together with said oil, con 
taining the additive ingredients as prepared in 
the foregoing examples. The designation of the 
compositions will follow the nomenclature given 
in the foregoing test. In each instance the com 
position to be tested was bracketed by runs on 
the reference of: 

Piston Under Wista skirt Ring piston 
piston vish, varnish, deposit 
warnish ngs. Ings. Ings. p 

Reference oil--------- Medium---- 732 726 5,840 
Reill -- 2.0% Clean------- 72 37 376 sample. 
Reference oil--------- Heavy------ 675 766 7,994 

Reference oil--------- Mediurn---- 774 633 3,653 
Reference oil -- 0.5% Clean------- 45 39 3,679 sample 2. 
Reference oil--------- Medium... 681 394 1,023 

Reference oil.............. do...----- 634 554 4,571 
Reference oil -- 0.5%. Clean------- 95 99 o sample 3. 
Reference oil........- Medium.... 302 35 92 

The hydrocarbon oils to which the oil-soluble 
metal derivatives of the present invention are 
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added may be either in the crude form or par 
tially or highly refined and may contain other 
additive ingredients such as dyes, metal soaps, 
pour depressants, thickeners, W.I. improvers, oil 
iness agents, extreme pressure agents, sludge dis 
persers, oxidation inhibitors, and corrosion inhib. 
itors, such as sulfurized hydrocarbons, etc. 

Obviously many modifications and variations 
of the invention as hereinbefore set forth, may 
be made without departing from the spirit and 
scope thereof and, therefore, only such limita 
tions should be imposed as are indicated in the 
appended claims. 

claim: 
1. A lubricant comprising a hydrocarbon oil 

and 0.01-5.0% by weight of an oil-soluble metal 
salt of a sulfur-containing acid of phosphorus 
possessing at least one ester radical derived from 
an unsaturated alkyl phenol, said unsaturated 
alkyl phenol being derived from a member of 
the Anacardium genus of the Anacardiaceae 
family. 

2. A lubricant comprising a hydrocarbon oil 
and 0.01-5.0% by weight of an oil-soluble metal 
salt of the reaction product of an oil-soluble 
phenolic composition derived from a member of 
the Anacardium genus of the Anacardiaceae 
family with a sulfide of phosphorus. 

3. A lubricant comprising a hydrocarbon oil 
and 0.01-5.0% by weight of an oil-soluble reac 
tion product of a metal salt of an oil-soluble 
phenolic composition derived from a member 
of the Anacardium genus of the Anacardiaceae 
family with a sulfide of phosphorus, 

4. A lubricant comprising a hydrocarbon oil 
and 0.01-5.0% by weight of an oil-soluble deriva 
tive of a sulfur-containing acid of phosphorus 
characterized by the presence of at least one 
ester radical derived from a partially hydro 
genated phenolic composition obtained from a 
member of the Anacardium genus of the Ana 
cardiaceae family. 

5. A lubricant comprising a hydrocarbon lubri 
cating oil and 0.01-5.0% by weight of an oil-solu 
ble metal salt of a reaction product of cardanol 
and a sulfide of phosphorus. 

6. A lubricant comprising a hydrocarbon lubri 
cating oil and 0.01-5.0% by weight of an oil-solu 
ble reaction product of a metal salt of cardanol 
and a sulfide of phosphorus. 

7. A lubricant comprising a hydrocarbon oil 
and 0.01-5.0% by weight of an oil-soluble deriva 
tive of a sulfur-containing acid of phosphorus 
characterized by the presence of at least one 
ester radical derived from a partially hydrogen 
ated phenolic distillate of cashew nut shell oil. 

JOHN R, MORRS. 
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