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This invention relates principally to lubricat 
ing oils, but may be extended also to other forms 
of lubricants such as greases, the so-called liq 
uid greases and the like. 
This application is a continuation in part Of 

my prior application Serial Number 156,946, filed 
August 2, 1937. 
The object of the invention is to produce lubri 

cating oils and other lubricants having high film 
strength, good oiliness characteristics, resistance 
to oxidation and to corrosion as by inhibiting the 
development of oxidation and corrosive conditions 
in the lubricants, 

I have discovered that by the addition of minor 
proportions of oil-soluble metal salts of alkyl es 
ters of thio acids of phosphorus to lubricating 
oils, with or without the addition of other agents 
to the oils such as soaps and the like for the 
purpose of imparting detergent properties or 
thickening the oils, the resistance of oils to oxi 
dation is greatly improved by what appears to be 
an inhibiting action on the part of the metal 
salts of the thiophosphates. Also the tendency 
to corrosion of metals by reason of the presence 
of some types of addition agents introduced into 
compounded oils to impart extreme pressure 
characteristics, is inhibited by these metallic de 
rivatives of the phosphorus acids. This may ap 
ply to lubrication of gears, internal combustion 
engines, and other metal parts. Also the men 
tioned phosphates exert an inhibiting action 
against the development of conditions which are 
corrosive to highly corrosion-sensitive bearings 
in internal combustion engines and the like, such 
as Diesel engines and high-output aviation en 
gines. For example, some highly refined lubri 
cating oils have a tendency toward the develop 
ment, apparently. by Oxidation, of acids corrosive 
to bearings such as cadmium-silver and Copper 
lead bearings while in use at the high tempera 
tures found in internal combustion engines, 
Also similar corrosive acids tend to develop in 
some compounded oils while in use. Examples 
are oils which contain various detergent Soaps 
now used in Diesel engines and the like. These 
soaps normally are added to the oils to Overcome 
valve and ring sticking and the like and to keep 
the pistons and ring grooves clean. Such soaps 
include the oil-soluble metal soaps of various car 
boxylic acids such as chlorinated and phenylated 
fatty acids, oil-soluble metal soaps of high mo 
lecular weight acids derived from the oxidation 
of highly parafinic petroleum fractions such as 
highly refined lubricating oils, and the like. 
these Soaps, which may be alkaline earth metal 

Soaps or heavy metal soaps such as calcium, mag 
nesium, barium, zinc, lead, manganese and alu 
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minum soaps, tend sometimes, especially at the 
elevated temperatures of internal combustion 
engines, to catalyze Oxidation with the formation 
of acids, possibly carboxylic acids, which are cor 
rosive to the mentioned highly corrosion-sensitive 
copper-lead and cadmium-silver type. 
I have found that by employing minor propor 

tions of the metal thiophosphates of the present 
invention with these various oils or compounded 
oils, the tendency toward oxidation and the de 
velopment of the corrosive conditions is materi 
ally inhibited. For example, I may employ in 
the order of from 42% to 2.0% of various deter 
gent Soaps in an oil, and inhibit corrosion other 
wise resulting from such soaps, by employing 
from 0.1% to 1.0% or 2.0% of one of the present 
metal thiophosphates as an inhibitor. These 
Salts may also be added to compounded oils other 
than those mentioned. Again, I may add cor 
responding proportions of one of these metal 
thiophosphates to a highly refined highly par 
affinic mineral lubricating oil and similarly in 
hibit oxidation and the development of corrosive 
conditions. This control of corrosion may or 
may not be the same type of control as that re 
Sulting where chlorinated or sulfurized extreme 
preSSure agents are added to lubricants. 
My invention therefore resides primarily in 

the employment in compounded or in uncom 
pounded mineral lubricating oils, of minor pro 
portions of oil-soluble metal salts of the thio 
acids of phosphorus substituted with organic rad 
icals such as alkyl radicals which tend to render 
the Salt oil-soluble. In addition to the men 
tioned alkyl groups, other alkyl organic substit 
uents of sufficiently high molecular weight to 
render the salts oil-soluble may be employed, such 
as alkaryl radicals, alkylated cyclic radicals, and 
the like. Other suitable metals are the alkaline 
earth metals calcium, magnesium and barium, 
and the lighter of the so-called "heavy metals' 
such as zinc and aluminum, and other "heavy 
metals' such as lead, mercury, copper, manga 
nese, iron, tin, bismuth, and thorium. For ex 
ample, for the purpose of producing a most desir 
able extreme pressure agent I have employed zinc 
salts of octyl and di-octyl thiophosphates, and 
on an average about 1.0% thereof based on the 
oil in the case of lubricating oils, or total con 
tent if a grease, has been found very satisfactory. 
Other alkyls containing less than ten carbon at 
OnS may be employed as substituents, so long 
as these render the salts oil-soluble. Examples 



2 
are the alcohols containing such groups as the 
various butyl, amyl, iso amyl, tertiary amyl, hex 
yl, hepty, nonyl, and similar alkyl groupS. 

Salts of these produced from the various met 
als indicated are good inhibitors of oxidation and 
of corrosive conditions otherwise developed while 
in use, and are good inhibitors or retarders of 
corrosive conditions which result from the use 
of corrosive oiliness agents and the like contain 
ing halogens snd corrosive sulfur, for example. 
The zinc salts have been found very desirab 
in the preparation of extreme pressure agents, 
and calcium and barium salts are very desirable 
as oxidation and corrosion retarders. 
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mineral oil, produces a very valuable hypoid gear 
lubricant. For lubricating oils, snailer amounts 
within the solubility range of the particular salt 
will be used. Blends containing about one per 
cent of the salt entirely inhibit the corrosion 
which normally takes place upon copper and 
steel when strips thereof are immersed in the 
lubricant for sixteen hours at 180° F. With Water 
present and in contact with the strips. 
As an example of the preparation of the alkyl 

thiophosphates, octyl thiophosphate has been 
prepared readily by adding powdered phosphorus 
pentasulfide to octyl alcohol in a glass or ceramic 
container in the proportion of one gram mol 

Instead of indicated alkyl groups as solubiliza 15- to four gram mois, respectively, and agitating 
sing constituents, alkylated phenyl, naphthalene 
and anthracene groups may be employed, includ 
ing kindred alkylated aryl groups such as amyl 
substituted phenol groups or octyl-substituted 
phenol or naphthyl or cresyl groups. Also alkyl 
ated cyclic groups may be employed such as ob 
tained by the use of alkylated cyclic alcohols. All 
these alkyl groups, however, are to contain less 
than ten carbon atoms per group. 
Thus, in all instances, the alkyl groups will 

contain preferably from 4 or 5 to 8 or 9 carbon 
atoms per group, whether these alkyls are at 
tached to aryl groupS or not. 
A specific example of this invention which is 

the mixture at temperatures of 250 F. to 300°F. 
until the phosphorus pentasulfide has been dis 
Solved. ... This liquid product is then treated at 
similar temperatures with an excess of a pow-c. 

20 dered metal or metallic oxide to form the corre 
sponding metal derivative. For example, in order 
to prepare the zinc octyl thiophosphate, the ma 
terial resulting from the treatment of octyl al 
cohol with phosphorus pentasulfide is agitated 

25 with powdered zinc or zinc oxide until no more. 
of the metallic compound is dissolved. - 

Similar preparations can be made with other 
metals, although in most cases it is preferable 
to use the metallic oxide. The metallic deriva 

particularly valuable as a high film strength and 30-tives of octyl thiophosphate and similar thio 
oiliness agent, and which also imparts some oxi-- 
dation inhibiting value to oils compounded there 
with, is zinc di-octyl thiophosphate. . The corre 
Sponding lead salt is also useful. When zinc Oc 

phosphates are easily soluble in mineral oils of 
both Western and eastern types (naphthenic and 
paraffinic) and the oil solutions are therefore 
readily prepared by mere introduction of the sat 

tyl thiophosphate (produced from zinc oxide and 35 and subsequent mild agitation. The term "octyl 
the reaction product of octyl alcohol and phOS 
phorus pentasulfide as herein described) was 
used in an amount approximating 1.0% as an ad 
dition agent to lubricating oils, the load which 

thiophosphate" used in this disclosure may refer 
to either the di- or the mono-octyl thiophos 
phate, although it is the di-octyl thiophosphate 
which is the principal product of the above prep 

the oil was capable of withstanding when tested -40 aration. This is usually true of the other phos 
by the well known Timken lubricant tester at 
800 R. P. M. (described in S. A. E. Journal, vol. 
28, 1931, pages 53-60) was increased from seven 
pounds without the agent to forty-five pounds 
when employing the agent. In addition to this 
film strength increase, the oil is made much more 
resistant to oxidation than in its original state. 
Moreover, the metallic salts of the alkylthiophos 
phates in proportions here indicated inhibit, to a 
anarked degree, the corrosion of metals by oils 
which contain sulfur, chlorine, corrosive sulfur 
compounds, corrosive halogenated bodies, or cor 
roSive organic compounds containing sulfur or 
halogen. Where these corrosive materials are 
present in Irelatively large amounts somewhat 
Irore than .0% of alkyl thiophosphate Enay be 
used as necessary or desirable in accomplishing 
the desired end. In addition to the use of lead 
or zinc octylthiophosphate, other indicated neta 
Salts may be employed, and likewise other indis 
cated alkyl thiophosphates of such netals may 
be used. Examples of such other metals are eu 
Yininn, calciu Ya, Insignesitat in and others herein 
indicated. 

In referring to the costent of 60% of the sai 
in the lubricating oil, it is not intended to coia 
vey the idea that this amount is critical. Waxy 
ing proportions may be employed in nineral lus 
oricating oils between any lower range sufficient 
to produce the desired increased film strength, 
or stabilization, or Oxidation control, for exarin 
ple, 0.1%, up to a figure such as 20% beyond 

phates. , 
The specific material produced by the method 

above described showed rapid reaction with 
evolution of hydrogen sulfide when the tempera 

45 ture reached 250 F. The phosphorus penta 

50 

Sulfide had all gone into solution, that is had 
entered into chemical combination, in about two 
hours. This material analyzed 18.1% sulfur and 
9.3% phosphorus. This indicated a product of the 
following composition: 

SB 

s=h-ochi, 
.Cs 

There is some evidence of the presence of a 
nOno-Octy, thiophosphate which would have the 
formula: 

H 
S-P-O.C. 

60 s g 
. 

Other possible combinations are: 

r O.C. 85 
s=h-sch, end s=h-O.C.in 

- .C.Hir 
& He 

70 The product produced as above described may 

which added material produces no appreciable 
increased effect. For example, 10% of lead of 
zinc diocty thio-phosphate in an appropriate .75 

be a mixture of all of these esters. The metal 
salts of these thiophosphates produced by the 
method above described were prepared by mixing 
the described ester with an excess of the oxides 
of the respective metals, such as zinc, lead, cop 



per, manganese, iron and tin, and allowing the 
resultant mixtures to stand overnight at about 
250 F. Upon decanting and filtering, light 
colored viscous liquids were obtained except in 
the case of iron and manganese where the liquids 
Were dark, 
These various metal salts of the thiophosphate 

esters were blended in a highly solvent refined 
highly parafinic western lubricating oil in the 
amount of about 1.0% of the ester to 99% of 
the oil, and tested on the well known Timken 
tester for extreme pressure characteristics. In 
each instance an increase in the film strength 
was noted as measured by the increase in load 
supported over that supported by the same oil 
untreated. Similar results were obtained by test 
ing each of the materials in the same proportion 
in the same oil upon the S. A. E. extreme pres 
sure lubricants tester. 

Each of the above described blends was also 
Subjected to a corrosion test and found to show 
definite inhibition of corrosion to metals, although 
some exhibited greater corrosion inhibiting prop 
erties than others. Similarly each blend was 
tested and found to possess distinct oxidation 
inhibiting properties in the oil at elevated tem 
peratures. 
The thio-salts previously described are ade 

quately soluble in mineral lubricating oils, and 
are used according to this invention to control 
the Sticking of piston rings and the like and 
also to stabilize the oil and to control other oxida 
tion effects and tendencies to develop corrosive 
conditions in lubricating oils when used in in 
ternal combustion engines &nd the like, especially 
under the high temperature conditions of severe 
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service engines such as Diesel engines. Calcium 
and Zinc dioctyl phosphates are good examples. 
Around 0.5% to 1.0% probably will be commonly 
used for lubricating oils although proportions be 
tween about 0.3% and 2.0% will be in order and 
possibly for Sonnie uses as low as 0.1% or 0.2% and 
perhaps as high as 3% or 4%. This may de 
pend on oil-solubility; lower molecular weight 
alkyl substituents imparting less solubility, but 
being more active and therefore requiring Smaller 
proportions. 

cairn: 
1. A conposition of matter comprising a hydro 

carbor oil subject to deterioration at elevated 
emperature and a, polyvalent metal salt of a Sui 

fui containing Sustituted acid of phosphorus 
having an organic Substituent therein, said salt 
being present in as a not at Sufficient substan 
ially to inhibit said deterioration. 
2. A coragposition as Set forth in cairn. , in 

which the Salt is a lead Salt, 
3. A composition as Set forth in claim 1, in 

which the sat is a 21c salt. 
4. A coraposition as Set forth iE claim i, in 

which the Salt is an aluminum Salt. 
5. A composition of matter comprising a 

hydrocarbon oil subject to deterioration at ele 
wated temperatures and a polyvalent metal salt 
of a sulfur containing Substituted acid of penta 
valent phosphorus having an organic Substituent 
therein, Said salt being present in an amount 
Sufficient Substantially to inhibit said deteriora 
tion. 

6. A composition as Set forth in claim 5, in 
which the Salt is a lead Salt. 

7. A composition as set forth in claim 5, in 
which the Salt is a zinc salt. 

8. A composition as set forth in claim 5, in 
which the Salt is an aluminum salt. 
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9. A composition of matter comprising a hydroa 
carbon oil subject to deterioration in the presence 
of oxygen and a polyvalent metal salt of a 
thioester of phosphoric acid, said salt being 
present in an amount sufficient substantially to 
inhibit said deterioration. 

10. A composition of matter comprising a 
hydrocarbon oil subject to deterioration in the 
presence of oxygen and a lead Salt of a thioester 
of phosphoric acid, said Salt being present in an 
amount Sufficient substantially to inhibit said 
deterioration. 

11. A composition as set forth in claim 9, in 
which the salt is a zinc salt. 

12. A composition as Set forth in claim 9, in - 
which the salt is an aluminum salt. 

13. A composition of matter comprising a 
hydrocarbon oil subject to deterioration in the 
presence of Oxygen and a polyvalent metal salt 
of an ester of a thiophosphoric acid, said salt 
being present in an amount Sufficient Substan 
tially to inhibit said deterioration. 

14. A composition of matter comprising a 
hydrocarbon Oil Subject to deterioration in the 
presence of Oxygen and a lead Salt of an ester 
of a thiophosphoric acid, said Salt being present 
in an amount sufficient substantially to inhibit 
said deterioration. 

15. A composition as set forth in claim 13, in 
which the Salt is a zinc Salt. r 

16. A composition as set forth in claim 13, in 
which the Salt is an aluminum salt. 

17. A composition of matter comprising a 
hydrocarbon Oil Subject to deterioration in the 
presence of Oxygen and a polyvalent metal salt 
of a thioester of a thioacid of phosphorus, said 
Salt being present in an amount sufficient sub 
Stantially to inhibit said deterioration. 

18. A composition as set forth in claim 17, in 
which the Salt is a lead salt. 

19. A composition as set forth in claim 17, in 
whicn the Salt is a zinc salt. - 

20. A composition as set forth in claim 17, in 
which the salt is an aluminum salt. 

21. A composition of matter comprising a hy 
drocarbon oil subject to deterioration in the pres 
ence of Oxygen and a polyvalent metal salt of a 
thioester of a thiophosphoric acid, said salt being 
present in an amount sufficient substantially to 
inhibit said deterioration. 

22. A composition comprising a hydrocarbon 
oil subject to deterioration at elevated tempera 
ture and an oil Soluble polyvalent metal salt of 
an alkyl thiophosphate, said sait being present 
in an amount sufficient substantially to inhibit 
Said deterioration. 

23. A composition as set forth in claim 22, in 
which the salt is a lead salt in an amount of from 
approximately 0.1% to approximately 4% based 
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On the weight of the oil. 
24. A composition as set forth in claim 22, in 

which the salt is a zinc salt in an amount of 
from approximately 0.1% to approximately 4% 
based on the weight of the oil. 

25. A composition as set forth in claim 22, in 
which the salt is an aluminum salt in an amount 
of from approximately 0.1% to approximately 4% 
based on the weight of the oil. 

26. A composition comprising a hydrocarbon oil 
subject to deterioration at elevated temperature 
and an oil soluble metal salt of an alkylthiophos 
phate in which the alkyl group contains less than 
ten carbon atoms, Said salt being present in an 
amount sufficient substantially to inhibit said de 
terioration. 



4. 
27. A composition as set forth in claim 26, in 

which the salt is a lead salt. 
28. A composition as set forth in claim 26, in 

which the salt is a zinc salt. . 
29. A composition as set forth in claim 26, in 5 

which the salt is an aluminum salt. 
30. A composition of matter comprising a hy 

drocarbon oil subject to deterioration at elevated 
temperature and an oil soluble retal salt of a 
sulfur containing substituted acid of phosphorus 10 
having at least one organic substituent of eight 
carbon atoms thereiin an anourt sufficient Subs 
stantially to inhibit said deterioration. 

31. A composition as set forth in claim 30, in 
which the salt is a lead salt. 

32. A composition as set forth in claim 30, in 
which the salt is a zinc salt. 

33. A composition as set forth in claim 30, i. 
which the saltisan alumint El Salt. 

34. A composition comprising a hydrocarbon 20 
oil subject to deterioration at elevated tempera 
tures and an oil-soluble polyvalent netal salt of 
an octyl thiophosphate, said salt being present 
in an amount sufficient substantially to inhibit 
said deterioration. 

35. A composition as set forth in clair 34, in 
Which the Salt is a lead salt. 

36. A composition as set forth in claim 34, in 
which the salt is a zinc salt. 
3. A composition of matter comprising a hy- 30 

drocarbon oil subject to deterioration at elevated 
temperature and an oil soluble polyvalent metal 
Salt of a sulfur containing substituted acid of 
pentaValent phosphorus having two organic sub 
stituents therein in an amount sufficient sub 
stantially to inhibit said deterioration. 

38. A composition as set forth in claim 37, in 
which the Salt is a lead salt. 

39. A composition as set forth in claim 37, in 
which the saltis a 2inc salt. 

40. A composition as set forth in claim 37, in 
- which the salt is an aluminum salt. 

41. A composition comprising a hydrocarbon 
oil subject to deterioration at elevated tempera- 45 
tures and an oil-soluble polyvalent metal salt of 
a di-octyl thiophosphate, said salt being present 
in an amount sufficient substantially to inhibit 
Said deterioration. 
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42. A lubricating oil containing a constituent 

corrosive to metal of the class consisting of sulfur, 
chlorine, sulfurized bodies, halogenated cone 
pounds, and metal corrosive organic compounds 
containing sulfur and halogens, and an oil-soluble 
polyvalent metal salt of a sulfur containing sub 
stituted acid of phosphorus having an organic 
Substituent therein, said salt being present in an 
amount sufficient to reduce oxidation and corro 
sion. .. 

43. A composition of matter as set forth in 
claim 5, in which the sulfur containing acid of 
pentaValent phosphorus employed to produce the 
polyvalent metal. Salt is obtained by reacting 
phosphorus pentasulfide with an alcohol. 

44. A composition as set forth in claim 5, in 
which the salt is a lead salt and the sulfur core 
taining acid of pentavalent, phosphorts exployed 
to produce the polyvalent neta salt is obtained 
by reacting phosphorus pentasulfide with an al 
cohol. 

45. A composition as set forth in clair. 5, in 
which the salt is a zinc salt and the sufur con 
taining acid of pentavalent phosphoras employed 
to produce the polyvalent metal salt is obtained 
by reacting phosphorus pentasulfide with an al 
cohol. 

46. A composition as set forth in claim 5, in 
which the salt is an aluminum salt and the sui 
fur containing acid of pentavalent phosphorus 
employed to produce the polyvalent metal salt 
is obtained by reacting phosphorus peritasulfide 

- with an alcohol. 
47. A composition of matter as set forth in 

claim 5, in which the sulfur containing acid of 
pentavalent phosphorus employed to produce the 
polyvalent metal salt is obtained by reacting 
phosphorus pentasulfide with an aliphatic 
alcohol. 

48. A composition of matter as set forth in 
claim 5, in which the sulfur containing acid of 
pentavalent phosphorus employed to produce the 
polyvalent metal salt is obtained by reacting 
phosphorus pentasulfide with an octyl alcohol. 

EERBERT C. REULER. 


