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This invention pertains to extreme pressure 
lubricants and compositions for imparting ex 
treme pressure or load carrying properties to 
lubricating oils. The invention also pertains to 
-a, method for preparing extreme pressure agents, 
incorporating elements such as sulfur, phos 
phorus, and the like, in Such a manner that they 
will be available for suitable chemical activity 
under heavy load conditions. 
AS is well understood in the art, ordinary min 

eral base lubricating oils and greases, which are 
used to lubricate opposed metal Surfaces are 
likely to fail under extremely heavy load condi 
tions. For example, certain machine elements 
Such as the hypoid gears commonly used in auto 
motive vehicles may be subjected at times to 
extremely heavy pressures of the order of hun 
dreds of thousands of pounds per Square inch. 
If the film of lubricating oil separating the op 
posed elements fails, as it is likely to do under 
such pressure, the surfaces will contact each 
other directly, generating high temperatures due 
to friction, with resultant seizure or excessive 
wear and early failure. Extreme pressure addi 
tives containing active sulfur, phosphorus, or 
chlorine, or two or more of these, are effective to 
react immediately with the metal Surfaces at 
their higher temperatures to form a protective 
metal sulfide, phosphide, or chloride film which 
serves temporarily as a lubricating medium until 
the normal oil film between the parts can be 
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reestablished. Extreme pressure additives are, 
therefore, reactive with the metals they lubricate 
to form extremely thin protective films thereon 
when the temperature rises due to normal oil 
film failure. 
According to the present invention, it has been 

discovered that compositions having extreme 
pressure properties and other desirable properties 
for use in lubricating oil compositions, and the 
like, may be prepared from various esters of the 
alcohols which are derived from ordinary rosin 
and related materials by hydrogenation. For ex 
ample, the abietic acid in rosin may be hydro 
genated to convert it to an alcohol such as So 
called hydroabietyl or dihydroalbietyl alcohol. 
The alcohol so produced may be esterified in a 
well-known manner (such as by heating under 
pressure in the presence of a catalyst, while con 
tinuously removing water) with a long chain 
fatty acid which may be either saturated or un 
saturated. The unsaturated acids are preferable 
for subsequent reactions which will be pointed 
out below. Thus, the oleic acid ester of alcohols 
derived by the hydrogenation of rosin is a par 
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ticularly preferred raw material, although other 
fatty acids such as Stearic acid, palmitic acid, 
lard oil acids, Sperm oil acids, synthetic aliphatic 
acids such as those produced by the oxidation of 
waxes, olefins, or the aldehydes formed by the 
Oxo reaction between olefins, carbon monoxide 
and hydrogen. Other and related acids having 
from 12 to 22 carbon atoms may be used for 
esterification. 
A commercial product marketed as a hydro 

abietyl oleate and consisting apparently of a 
mixture of about 14% of a dehydroalbietyl oleate, 
37% dihydroalbietyl oleate and 41% tetrahydro 
abietyl oleate, and 8% of unsaponifiable rosin 
derivatives (terpenes, etc.) was used in the fol 
lowing examples, but it is apparent that related 
esters would be equally useful and, in fact, the 
esters of abietic acid with long chain alcohols 
and the related hydrogenated acid esters of ali 
phatic alcohols having from 12 to 22 carbon 
atoms are contemplated as being Satisfactory for 
the purpose of this invention. For example, 
among the alcohols which may be used are oleyl, 
laury, tetradecyl, sperm oil alcohols, cetyl, 
steary and synthetic alcohols such as those de 
rived by the oxo reaction between olefins, carbon 
monoxide and hydrogen. 
In producing the additive of the present inven 

tion, the ester is first reacted with elemental 
sulfur, for example by heating at a temperature 
somewhat in excess of 250 F., preferably in the 
range between 280° F. and about 450 F. The 
reaction time may vary from about one hour to 
about ten hours, although by the addition of a 
sulfurization catalyst Such as a Sulfur chloride 
the reaction may be hastened Somewhat. The 
sulfurized product is then reacted with a bi-ele 
mental phosphorus compound, for example P4S3, 
P4S1, P2S5, PCl3, PCls, P2O5, etc. The phosphor 
izing reaction is suitably carried out by heating 
at a temperature in the range from about 150 F. 
to about 300°F. until a product is obtained which 
is non-corrosive in the copper strip test which 
will be described below. In general, this may 
require a reaction time from about one hour to 
about 24 hours. 
The invention will be more fully understood by 

reference to the following examples. 

EXAMPLE 1. 
97 parts by weight of the commercial hydro 

abietyl oleate referred to above were blended with 
3 parts by weight of sulfur at a temperature of 
about 280° F. The mixture thereupon was heated 
to a temperature of 385 F. and held at the 
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higher temperature for about two hours. The 
material was then permitted to cool to a tem 
perature of 210 F. and then there were added 
0.5 parts by weight of P4S3, the phosphorus 
sesqui-sulfide being mixed into the composition, 
and the mixture held at a temperature of 210 F. 
for twelve hours with continuous stirring. Upon 
analysis this product showed a sulfur content of 
3.12% and a phosphorus content of 0.30%. This 
material was subsequently added to mineral 
lubricating oil with test results which are shown 
in the table below. 

In a patent application, Serial No. 712,050, 
now Patent No. 2,488,618 filed by the present 
inventor in conjunction with G. M. McNulty On 
November 25, 1942, there is described a compo 
sition derived from rosin or methylated rosin 
derivatives which, after treatment With a phos 
phorus sulfide, has extreme pressure properties 
when used in lubricating oils. The product of 
the present invention, however, is quite distinct 
from that described in the co-pending applica 
tion in that the long chain esters of this present 

the viscosity index of the oils to which they are 
added. The Short chain esters of the prior in 
vention are objectionable in this particular re 
spect, causing a loss of as much as ten points 
in the viscosity index of the oils to which they 
are added. This property is of considerable im 
portance where mineral oils of high viscosity 
index are not readily available, since a viscosity 
index of at least 85 is considered necessary in 
the finished lubricant for many purposes. 

ExAMPLE II 
91 parts of hydroaibiety oleate of commercial 

manufacture, as described above, Weire combined 
with 9 parts by weight of sulfur at a temperature 
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4. 
EXAMPLETI 

92 parts by weight of the commercial hydro 
abietyl oleate of Example I were heated to a 
temperature between 280° F. and 300 F. and 8 
parts by weight of sulfur were added to the heated 
ester. The temperature was held at about 300° 
F. for 7 hours while the mixture was stirred 
constantly. Subsequently, the material was al 
lowed to cool to 210 F. and was thereupon re 
acted with 0.5 part by Weight of P4S3 at 210 F. 
foir. 12 hours. Analysis showed a Sulfur content 
of 7.81% by weight, and a phosphorus content 
of about 0.25%. 

EXAMPLE IV 

94 parts by-weight of the commercial hydro 
abietyl oleate of Exampe I and 6 parts of Sulfur 
were heated, as in Example I, 0.5 part by weight 
of P4S3 being added after the sulfur treatment. 
The resulting composition showed an analysis 
of 5.16% sulfur and 0.26%phosphorus by weight. 
This material, as well as that of Example III, 
was tested in a 10% concentration in mineral 
lubricating oil with and without 1% of tricresyl 
phosphate, as indicated in the table which fol 
lows. The tricresyl phosphate increases mod 
erately the load carrying propeities of the lubri 
cant, but it will be understood that it may for 
may not be used, as desired. The composition 
'of Example II was tested also with 2% of tri 
cresyl phosphate, with moderate improvement 
in results. 
The base oil used in the tests indicated in the 

following table was i.a. Pennsylvania cylinder 
stock of 220 S. S. U. viscosity at 210° F. com 
bined with Mid-Continent acid refined lubri 
cating oil of 50 S. S.U. viscosity at 210°E. The 
two oils were blended to produce an SAE '90 
grade lubricant. 

LOdd carrying tests 

Timken Machine SEE 
Cille OS 

Additive Amount EE 
'" | Ebs, with Lissa i 1,000 - My S.F.Sc, lin. y Load in 6' R. P.M. 

. Per-cent 
None---------------------------------------------------------- 10. 1.35 9,500 60 
Example I.-- - - - 10 33 - 1.5 28,200------------ 
Example II------- 0 43 5 36,500 ------------ 

Plus 2% tricre p 10 51 1.65 39, 600 10 
Example III--------------- 10 :33 1, 5 28, 200------------ 

Plus 1% tricresyl-phosphat 10. 43. -5 36,500 ------------ 
Example IV--------------------- 10 5. g 33,600 ------------ 

1. Plus 1%tricresyl phosphate------------- 

of 280° F., and the mixture was heated to a tem 
perature of 385F. The mixture was maintained 
at that temperature with constant stirring for 
about 234 hours. 
ticular product was corrosive to copper when 
tested as a 10% concentration in mineral lubri 
cating oil for one hour at 250 F. In order to over 
come this corrosive property, 19 additional parts 
by 'weight of hydroabietyl oleate were added and 
the mixture was further heated with stirring 
for 14, hours at 385 F. The product was then 
found to be non-corrosive (ino blackeniag). When 
tested as above. 

It was found that this par- 80 will be obvious to those skilled in the art. 

5 

10 51 

It will be understood, of course, that composi 
tions of the type referred to above may be added 
in various quantities to various types of oils, as 

They 
imay be added to relatively light oils, such as 
oils of automotive engine grades for the purpose 
of increasing. Oxidation stability, although nor 
mally they will be used more widely in heavier 
oils such as those of SAE 80, SAE 90 or SAE 
140 grade for the lubrication of hypoid gears 
and other gears where extreme pressure proper. 
ties are desired. They may also be used in cut 
ting oils, and in Soluble cutting oils in conjunc 

The sulfurized product was next treated with 70 tion with sodium sulfonates or other appropriate 
-0.5 part by weight of P4S3 for 12 hours at 210° F. 
'as in Example I. Analysis showed, a sulfur 
content of 6.25% by weight, with a phosphorus 
scontent of . 0.25%. , Results of adding this, mat 
3terial to oil are indicated in the table below.' 

emulsifying agents. For use in gear oils, propor 
tions of 5 to .20% by weight of the additives are 
preferred, 10% being a common useful, propor 
tion. It will be understood, however, that pro 

75 portions as low as about 1% may be employed, 
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For concentrates, to be added to oils by the con 
Sumer according to his needs, the additive 
products of this invention may be marketed 
Straight Or in 10 to 80% solutions in mineral 
oil of appropriate grade. The mineral lubri 
cating oils having viscosities between about 35 
S. S. U. and 1,000 S. S.U. at 210°F. are preferred 
and the useful proportions of the additive are 
ordinarily between 1 and 20% by Weight, based 
on the total composition. 

Warious conventional additives may be en 
ployed in connection with the extreme pressure 
compound described above, Such as thickeners, 
oiliness agents, oxidation inhibitors, tackiness 
agents, viscosity index improvers, pour point de 
pressants, and the like. These materials may 
also be used in greases thickened with Soaps, car 
bon blacks, Silica gels and other known grease 
forming materials. 

In general, the materials to which the present 
invention is particularly applicable are the cyclo 
aliphatic esters derived from rosin or from abietic 
acid or alcohol compounds, esterified With a long 
chain aliphatic material having from about 12 
to 22 carbon atoms. AS previously indicated, the 
long chain acid esters of cyclic alcohols are 
preferable, but the cyclic acid esters of long chain 
alcohols having the same general structure are 
also useful. 
What is claimed is: 
1. A composition consisting eSSentially of min 

eral base lubricating oil containing 1 to 20% by 
Weight, based on the total composition, of a Sul 
furized and phosphorized ester of an abietic 
compound esterified with an aliphatic compound 
of 12 to 22 Carbon atoms, wherein one of Said 
esterifying compounds is a carboxylic acid and 
the other is an alcohol, said Sulfurized and phos 
phorized ester being prepared by first combin 
ing about 91 to 97 parts by Weight of the ester 
with 3 to 9 parts of Sulfur and heating to a ten 
perature between about 280 and 450 F. for a 
period of 1 to 10 hours, and thereafter treating 
the sulfurized product with about 0.5% by Weight 
of a phosphorus Suilde at a temperature between 
about 15U' and 300 F. for a period of 1 to 24 
hours. 

2. An extreme pressure additive for mineral 
base lubricants consisting essentially of sulfur 
ized and phosphorized ester of an abietic Com 
pound and an aliphatic compound of 12 to 22 
carbon atoms, wherein one of Said esterifying 
compounds is a carboxylic acid and the other 
is a monohydric alcohol, Said Sulfurized and 
phosphorized ester being prepared py-first con 
bining about 91 to 97 parts by Weight of the ester 
Witn 3 to 9 parts of Sulfur and heating to a ten 
perature between about 280 and 45U' F. for a 
period of 1 to 10 hours, and thereafter treating 
the Sulfurized product. With about 0.5% by weight 
of a phosphorus Suifide at a temperature between 
about i5U' and 300' F. for a period of 1 to 24 
hours. 

3. An extreme preSSure additive for mineral 
base lubricants consisting essentially of sulfur 
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6 s 
ized and phosphorized aliphatic carboxylic acid 
ester of hydroabietyl alcohol, wherein the esteri 
fying aliphatic radical has between 12 and 22 
carbon atoms, said sulfurized and phosphorized 
ester being prepared by first combining about 91 
to 97 parts by Weight of the ester with 3 to 9 parts 
of Sulfur and heating to a temperature between 
about 280° and 450° F. for a period of 1 to 10 
hours, and thereafter treating the Sulfurized 
product with about 0.5% by weight of a phos 
phorus Sulfide at a temperature between about 
150 and 300°F. for a period of 1 to 24 hours. 

4. The method of preparing an extreme pres 
Sure composition which comprises esterifying a 
hydrogenated rosin alcohol with an unsaturated 
fatty acid having a chain length of about 12 to 22 
carbon atoms, heating about 91 to 97 parts by 
Weight of said ester with about 3 to 9 parts of 
Sulfur to a temperature of about 280° to 450° F. 
for a period of 1 to 10 hours, and thereafter re 
acting the sulfurized ester With about 0.5 part by 
weight of a phosphorus Sulfide at a temperature 
of 150° to 300°F. for a period of 1 to 24 hours to 
incorporate both Sulfur and phosphorus into said 
composition without rendering Said composition 
corrosive to copper at moderate temperatures. 

5. A composition consisting essentially of about 
1 to 20 parts by Weight of Sulfurized and phOS 
phorized hydroabietyl oleate diluted with about 
80 to 99 parts of mineral base lubricating oil and 
about 10 to 20% of tricresyl phosphate, based on 
the Weight of the Sulfurized and phosphorized 
hydroalbietyl oleate to form a lubricant having 
high load carrying properties, Said Sulfurized and 
phosphorized hydroalbietyl oleate being prepared 
by first combining about 91 to 97 parts by weight 
of the ester with 3 to 9 parts of sulfur and heat 
ing to a temperature between about 280 and 
450 F. for a period of 1 to 10 hours, and there 
after treating the sulfurized product with about 
0.5% by weight of P4S3 at a temperature of about 
210 F. for about 12 hours. 

6. Composition as in claim 1 containing 5% to 
20% of said. Sulfurized and phosphorized ester. 

7. Composition as in claim 1 containing about 
10% of Said Sulfurized and phosphorized ester. 

8. Composition as in claim 1 containing about 
10% of Said Sulfurized and phosphorized ester 
and about 1% to 2% of tricresyl phosphate. 

ELMER, B. CYPHERS. 
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