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This invention relates to the treatment of hy 
drocarbon products such as mineral oil to im 
prove their characteristics, and particularly to 
the addition to petroleum lubricating oil of cer 
tain materials which improve their ability to 
resist the deteriorating effect of oxidation and 
their ability to lubricate bearing surfaces which 
are Subjected to extreme pressures such as are 
noW Commonly encountered in the newer types 
of machinery. 

Moderately refined oils, such as motor oils and 
other moderately refined lubricating oils and 
moderately refined turbine oils normally used 
lunder conditions of exposure to oxidation in the 
presence of metals, oxidize, giving rise to sludge 
and/or acidic oxidation products frequently cor 
rosive to the metals which they encounter in 
use, as for example bearing metals in automo 
tive use, and copper and copper alloys in turbine 
use. It has now been found that stabilization of 
these oils against such oxidation effects may be 
Conveniently accomplished either by addition to 
the oils of certain materials which substantially 
retard the oxidation of the oils, whether or not 
metal is present, or by the addition of certain 
Other materials which apparently have the abil 
ity to inhibit the catalytic effect of metals in 
promoting oxidation reactions and thus prevent 
the formation of sludge and/or acidic constit 
lents and the like under normal conditions of 
use and achieve an equally good practical result, 
although materials of this latter class may be 
incapable of inhibiting oxidation of oils in the 
absence of metals. This invention has to do with 
stabilizing compounds which appear to be of this 
latter class, not heretofore known to be effective 
for this purpose, and with oils stabilized by the 
use of these compounds. 

Recent changes in automotive engine design, 
tending toward higher bearing pressures, higher 
rotative speeds, higher engine temperatures, and 
the like, have occasioned departure from the use 
of the usual bearing metals such as babbitt. 
The newer bearing metals are of different nature, 
than those less recently developed and while 
harder, are in general more susceptible to de 
structive agencies of a corrosive nature. Typical 
of these newer bearings are those composed of 
a cadmium-silver alloy supported upon a steel 
back, which are now widely installed in certain 
makes of automobiles. Others of these relatively 
new bearing metals which may be mentioned 
are copper-lead alloys, copper-lead-tin alloys, 
Cadinium-nickel alloys, cadmium-zinc alloys, 
Cadmium-zinc alloys modified by the presence of 

(C., 8-9) 
lead, antimony, or both, and a general class of 
alloys consisting mainly of lead and hardened 
with calcium, barium, potassium, antimony, and 
the like, known generically as "high lead bab 
bittS.’ 
These changes, in engine design have been 

concurrent with marked advances in methods of 
refining lubricant oils for automotive use. The 
demand for oils having lesser changes in vis 
COsity with temperature change; i. e., higher vis 
cosity index (frequently designated as W. I.), 
has been met by refining lubricants intended for 
motor oils by certain solvent refining or solvent 
extraction processes, wherein advantage is taken 
of the selective solvent power for hydrocarbons 
of various types which is possessed by certain 
liquid reagents, for example, dichlorodiethyl 
ether, cresylic acid, phenol, chloraniline, chloro 
phenoi, phenetidine, benzyl alcohol, nitrobenzene, 
benzonitrile, furfural, aniline, benzyl acetate, 
liquid sulphur dioxide, mixtures of liquid sulphur 
dioxide or aniline with benzol, and the like. 
Those solvent refining processes are designed to 
concentrate in the desired lubricant fraction 
those compounds of a "parafiinic' nature pos 
sessed of the ability to suffer only a small change 
of viscosity with change of temperature, and to 
reject the compounds of “naphthenic' nature 
which do suffer such change of viscosity to Such 
a marked degree. These refining processes have 
provided a supply of an oil of quite desirable 
general characteristics definitely far Superior to 
any oil previously produced from mixed base or 
asphaltic crudes, and superior to a like, though 
lesser, degree over oils previously produced from 
parafin base crudes. 

It has been i?ound that the solvent refined 
motor oils referred to above are definitely cor 
rosive to the newer bearing metals referred to 
above under normal Conditions of automotive 
use, due to oxidation during use, sometimes re 
sulting in bearing failure after only a few thou 
sand miles of normal driving. It is further known 
that the same reaction, viz., corrosion of alloy 
bearing metals such as cadmium-silver, also 
occurs in good paraffinic base oils which have 
not been Subjected to solvent refining. The high 
er the W. I. of the lubricating oil, the more pro 
nounced is the tendency to corrosion of the kind 
referred to above. Generally speaking, the prob 
lem is encountered in oils having a W. I. of 75 
or higher, and becomes pronounced in oils hav 
ing a V. I. of 80 to 85 or higher, and very pro 
nounced in oils of 100 W. I. or higher. 
Furthermore the present trend in automotive 
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design toward lower body styles, rapid accelera 
tion, and the use of hypoid gears has increased 
the unit loadings on rear axles. In some cases 
the unit pressures, encountered become great 
enough to rupture the oil film of ordinary mineral 
oil lubricants, with consequent metal to metal 
contact. In other lines of power transmission 
and the like, there is a similar tendency toward 
the use of high unit pressures of a degree which 
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are near or beyond the limit at which mineral 
oils, alone, will maintain effective lubrication. 
This invention is therefore specifically concerned 
with the production of lubricants capable of with 
standing the high unit loadings which occur in 
Such instances. Such lubricants are generally 
Spoken of as extreme pressure lubricants. 

Extreme pressure lubricants are normally pro 
duced by adding to a hydrocarbon lubricant oil 
a small amount of some characterizing substance 
which enables it to maintain a lubricant film 
inruptured under conditions which Would cause 
the breakdown of a film formed , of oil alone. 
Such additive substances are spoken of as E. P. 
(extreme pressure) bases, or E.P. ingredients. 
Many commonly used E.P. bases, are composed 
of sulphur dissolved in mineral oil, sulphurized 
vegetable or animal oils, chlorinated compounds, 
metallic soaps, and the like. This invention is 
specifically concerned with the use, as E. P. char 
acterizing ingredients, of compounds new and 
novel for this purpose, and not heretofore so used 
or known to be useful for this purpose. 

It is an object of this invention to provide an 
extreme pressure lubricant, together with a base 
for use in compounding same, which lubricant is 
Superior to lubricants of this class heretofore 
commonly known, particularly in load-carrying 
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capacity, stability, and maintenance of extreme 
pressure lubricating properties under sustained 
conditions of high loading. It is an object of this 
invention to prepare novel and valuable ingredi 
ents and to combine them with hydrocarbon 
lubricant oils to produce lubricants having high 
load bearing capabilities, to prepare such ingredi 
ents which have good characteristics of stability, 
which are less corrosive, and which, impart a 
greater influence when present in much smaller 
amounts than are required with ordinary extreme 
pressure ingredients. Further objects are the pro 
vision of methods of making the ingredient or in 
gredients, methods of preparing lubricants con 
taining these novel characterizing ingredients, 
and methods of lubrication making use of the 
lubricants so produced. m 

It is an important object of this invention to 
provide means for satisfactorily inhibiting or 
preventing corrosion from taking place to a seri 
ous degree particularly in oils of relatively high 
viscosity index. It is also an object of this in 
vention to alter or modify a highly refined motor 
oil, normally corrosive, by the use of an additive 
ingredient capable of Substantially inhibiting this 
corrosion. It is a further object of this invention 
to provide a substantially non-corrosive motor 
oil of high W. I. Still another object of this in 
vention is to provide an additive reagent or in 
gredient capable of inhibiting the corrosive prop 
erties of these oils. The production of solvent 
refined oils of low corrosive properties under 
conditions of automotive use is a major object 
of this invention, as well as the method of pro 
duction of such oils which combine a relatively 
high viscosity index with a relatively low tend 
ency to produce such corrosion. . 
A further object is the provision of a method of 
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lubrication making use of oils containing these 
novel ingredients. 
We have found that hydrocarbon oils of the 

classes defined above can be stabilized against 
the formation of acidic and/or corrosive and/or 
sludgebodies by Oxidation in the presence of metals 
by the addition to said oils of a relatively small 
ampunt of the substantially stable, oil-soluble, 
water-insoluble condensation reaction product of 

- a phosphorus trihalide and an organic annine hay 
ling at least one hydrogen aton attached directly 
to the nitrogen atom of the amine. We have 
also found that novel lubricants having excep 
tional extreme pressure lubricating characteris 
tics can be produced by adding to oil a sufficient 
quantity of these same materials. The amines 
which are suitable for the purposes of this inven 
tion are as follows: Compounds of the general 
formula 

-- 
- . I-N is 
and 

R H-N: 
where R is an organic radical preferably selected 
from the group of aryl radicals consisting of 
phenyl, naphthyl, anthryl, and their correspond 
ing aikaryl radicals or the group of alkyl radi 
calls consisting. of methyl, ethyl, propyl butyl, 
amyl cetyl, and the like. Specific examples of 
amines suitable for the purposes of the present 
invention are: Aniline, xylidines, toluidines, 
naphthylamines, anthramines, xenylamines, cul 
nidines, mesidines, anisidines, Inononethy 
amine, dimethyl amine, monoethyl amine, diethyl 
amine, monopropyl amines, dipropyl amines, 
monobutyl amines, dibutyl amines, monoamy 
amines, diamyl amines, monocetyl amines, dia 
cetyl amines, methyl ethyl amine, ethylpropyl 
amines, propylbutylamines, butyl amylamines, 
methyl propylamines, methylbutyl amines, meth 
y amylamines, ethyl butyl amines, ethyl amyl 
amines, propyl amyl amines, butyl any annineS, 
and also cycloalkyl amines such as cyclohexyl 
amine and the like. - 
The above-mentioned substantially stable oil 

Solbe, water-insoluble condensation reaction 
products are adapted, as We have discovered, to 
be added directly to or dissolved in a hydrocarbon 
oil for the purpose of inhibiting or eliminating 
the normal tendency of said oils to corrode the 
metal bearings and parts hereinbefore mentioned. 
to stabilize the said oils against the accelerating 
action of metals on the deteriorating effects of 
oxidation reactions under normal conditions of 
use and/or handling and/or storage and to in 
crease the ability of the oil to withstand high unit 
loadings. By Substantially stable, we mean stable 
under the normal conditions of use and/or han 
dling and/or storage to which these corrosion in 
hibitors and oxidation inhibitors are ordinarily 
subjected, after manufacture, either before they 
are added to the hydrocarbon oil to be stabilized 
or after they are added to such an oil. 
In carrying out our invention we prefer to pro 

ceed in accordance with the following examples: 
We first prepare the substantially stable oil 
Soluble, water-insoluble condensation reaction 
product refered to above in one of the following 
manners: (1) Six moles (560 grams) of aniline 
and 700 cc. of benzene are placed in a suitable 
reaction vessel or flask. One mole (138 grams) 
of phosphorus trichloride is diluted with or dis 
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gradually added to the reaction vessel containing 
the Solution of aniline in benzene. It will be 75 
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2,46,548 
noted that two equivalents of aniline are em 
ployed for each equivalent of the phosphorus 
trichloride. After the phosphorus trichloride in 
benzene Solution has been added to the aniline 
Solution the mixture or solution thus obtained 
containing the two reactants, i. e. aniline and 
phosphorus trichloride, is gently heated for about 
2 hours at a temperature of about 45° C. to in 
Sure complete reaction between the reactants. 
The main reaction products formed by this re 
action are the oil-soluble, water-insoluble con 
densation reaction products referred to above 
and the hydrochloride Salt of aniline, the latter 
compound being Substantially less soluble in ben 
Zene (and also in oil) than the other reaction 
products referred to. The reaction mixture thus 
obtained is next cooled in order to precipitate or 
crystallize out the hydrochloride Salt of the ani 
line which is then separated by filtration from 
the remaining reaction product. The amount of 
hydrochloride Salt thus formed and separated 
from the remaining mixture corresponds to ap 
proximately 2 of the aniline employed in the 
Original reaction mixture. The benzene in the 
filtrate from the hydrochloride salt is next sepa 
rated by distillation. During this distillation, 
polymerization of the benzene-soluble, oil-soluble, 
Water-insoluble condensation reaction product 
Occurs resulting in the production of a paste-like 
Solid in the distillation flask. This polymeriza 
tion product is next washed repeatedly with fresh 
portions of benzene to remove benzene-soluble 
impurities, the slight proportion of benzene re 
maining in the residue being removed by evapora 
tion. The solid residue thus obtained is the 
polymerized form of the oil-soluble, water-in 
Soluble condensation reaction product of phos 
phorus trichloride and aniline referred to above 
and has a melting point between about 142 C. 
and about 146 C. Although the solubility of 
this polymerization product in hydrocarbon oils 
is rather slight, amounting to only about .1%, 
it is nevertheless quite effective, when dissolved 
in such oils in this proportion for stabilizing such 
oils against the accelerating action of metals on 
the deteriorating effects of oxidation and for in 
hibiting the corrosion produced by such unsta 
bilized oils on bearing metals as hereinbefore ex 
plained. 

(2) Six moles (945 grams) of diamy amine 
and 700 cc. of benzene is placed in a suitable re 
action vessel or flask. One mole (138 grams) of 
phosphorus trichloride is diluted with or dissolved 
in 150 cc. of benzene and this solution gradually 
added to the reaction vessel containing the solu 
tion of diamyl amine in benzene. It will be noted 
that two equivalents of amine are employed for 
each equivalent of the phosphorus trichloride 
After the phosphorustrichloride-benzene solution 
has been added to the benzene solution of di 
amylamine the mixture or solution thus obtained 
containing the two reactants, i. e., diamyl amine 
and phosphorus trichloride, is gently refuged for 
about 30 minutes at a temperature of about 88 
C. to insure complete reaction between the re 
actants. The main reaction products formed by 
this reaction are the oil-soluble Water-insoluble 
condensation reaction products referred to above 
and the hydrochloric salt of diamyl amine, the 
latter compound being substantially less soluble 
in benzene (and also in oil) than the other re 

The reaction. Inix 
ture thus obtained is next cooled in order to 
precipitate or crystallize out the hydrochloride 
salt of the amine which is then separated by 

3. 
filtration from the remaining reaction product. 
The amount of hydrochloride Salt thus formed 
and separated from the remaining mixture corre 
sponds to approximately A of the diamyl amine 
employed in the original reaction mixture. The 
benzene in the filtrate from the hydrochloride 
Salt is next Separated by distillation. The resid 
ual Orange colored oil thus obtained after re 
moval of the benzene solvent is preferably washed 
With Water to remove Water-soluble impurities, 
Such as diamyl amine hydrochloride. This Water 
washed product is then preferably subjected to 
distillation under about 2 mm. mercury pressure 
to remove the remainder of the water and diamyl 
amine. However, the unwashed product is also 
quite effective as an E. P. base in accordance with 
the present invention. 
While we do not desire to limit our invention 

to any specific formula of the oil-soluble, Water 
insoluble product hereinbefore described, never 
theless the evidence indicates as will be readily 
understood by those skilled in the art that this 
product (in the case of primary amines) corre 
Sponds to a composition containing compounds 
having the following general formulae: 

-NBR -NHR -NHR 
(a) P-NHR (b) P-NHR (c) P-OH 

---OH -OH 

and their polymers, wherein R is an organic rad 
ical as defined above; the compounds corre 
sponding to (b) and (c) predominating in the 
mixture when aryl amines are used and the (a) 
type predominating when alkyl amines are used. 
In the case of secondary amines the characters 
NHR, become NR2 in the formulae. 

In preparing the finished hydrocarbon oil com 
position in accordance with our invention the oil 
scube, Water-insoluble condensation reaction 
product referred to above is intimately incorpo 
rated with or dissolved in the oil which is to be 
stabilized against the accelerating action of net 
as on the deteriorating effects of oxidation reac 
tions and against its normal tendency to corrode 
metal bearings, etc., and the product thus ob 
tained may then be employed for the purposes 
and uses for which the unstabilized oil itself is 
normally employed, but with the improved re 
suits above described. w 
The condensation reaction product, as produced 

and described above also constitutes our novel 
extreme pressure ingredient, and When Small 
amounts are added to or directly dissolved in a 
proper hydrocarbon lubricating oil, confers upon 
it a greatly enhanced ability to maintain lubri 
cation under extreme conditions Of loading. 

It will be understood further that our inven 
tion is not restricted to the details of the above 
examples which are given merely as illustrations 
of our invention, but that various changes may 
be made in these details without departing from 
the true scope of our invention as defined in the 
appended claims. Thus for example we may sub 
stitute in place of the aniline any one of the 
specific aryl amines belonging to the general 
class of aryl amines hereinbefore defined or any 
mixture Or Combination of Such amines. While 
aniline is preferred, because it is more conven 
iently obtained, We have found that Xylidine is at 
least as effective in its stabilizing action as ini 
line. Also we may substitute in place of the di 
amyl amine any one of the specific amines be 
longing to the general class of annines herein 
before defined or any mixture or combination of 
such annines. Likewise we may substitute in the 
above examples in place of the benzene Solvent 
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4. 
any other suitable solvent for the amine and the 
phosphorus trihalide, it being understood, of 
course, that such substituted solvent, should be 
inactive or substantially stable toward the action 
of the phosphorus trihalide or the -amine. Also 
-as will be readily understood by those skilled in 
the art the reaction between the phosphorus tri- . 
halide and the amine may be promoted by heat 
ing under pressure if desired and also at other 
temperatures than those specified in the example. 
The amine hydrochloride Salt, may, of course, be 
treated with a Suitable alkali to liberate the amine 
in accordance with well-known methods which 
may be reacted with phosphorus trichloride in 
accordance with the first steps of the process de 
scribed in the above example. 

Stabiliaed notor oils 

The following data illustrate the inhibiting ac 
tion of the corrosion inhibitors described above 
(i. e., the oil-soluble, water-insoluble condensa 
tion reaction products of phosphorus trihalides 
and organic amines). These data are shown in 
Table. 

Table I 

Loss in weight of bearings 
in Ings. 

(a) 
Inhibited oil Oil alone 

(b) (c) 

Qil plus 0.10% phosphorus-di-anilide---- 0. 33.2 
Qil plus 0.95% phosphorus-di-anilide---- 2.9 40.0 
Qil plus 0.05% phosphorus-di-anilide---- 3.6 3.5 
Qil plus 0.10% phosphorus-di-xylidide--- O 23.4 
Qil plus 0.05%phosphorus-di-xylidide-- 1.9 46.3 
Oil plus 0.50% phosphorus amyl amide- --2.4 40.4 
Qil plus 0.05% phosphorus amyl amide- O 50.2 
Qil plus 0.05% phosphorus amyl amide- O 40.7 
Oil plus 0.01% phosphorus any armide. 0. 40.7 
Oil plus 0.01% phosphorus amyl amide- 0. 35.5 
Oil plus 0.05% phosphorus amyl amide- 8 3:3 Oil plus 0.025%phosphorus amylanide 

In the above table the specific corrosion in 
hibitors employed are designated for convenience 
as phosphorus-di-anilide, phosphorus-di-xyli 
dide and phosphorus amyl amide, respectively. 
In obtaining the data shown in Table I a Solvent 
refined motor oil, S. A. E. 20, having a Saybolt 
viscosity of 56 seconds at 210 F. and a flash 
point of 420 F. was employed to illustrate the 
action of these inhibitors. The test used in Ob 
taining these data comprised passing a current 
of air (2000 ml. per hour) through a 50 ml. 
sample of oil heated to 347 F. for 22 hours in 
intimate contact with a sheet of cadmium-silver 
alloy Weighing about 6 grams, the sheet of Cad 
mium-silver alloy being submerged in the oil. 
In this table the composition of the different 
mixtures of oil and inhibitor are shown in Col 
umn (a). The loss of weight of the sheet of cad 
mium-silver alloy bearing metal caused by the 
action of the inhibited oil is shown in column 
(b) and that for the uninhibited oil alone is 
shown in column (c). It will be noted from thes 
above data that the inhibited oil is radically less 
corrosive than the uninhibited oil alone. 
To further demonstrate the effectiveness of the 

novel compounds with which this invention is 
concerned, under actual use conditions, a modi 
fied Delco knock test engine was made use of. 
This engine was operated at a speed of 1600 
R. P.M. with an average crankcase temperature 
of 330 F. in the oil, equipped with cadmium 
silver alloy bearings supported upon a steel back. 
It was first operated using a lubricating oil of 
S.A.E. 20 type, having a Saybolt viscosity of 56' 
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at 210° F., and a flash point of 420° E, the oil 
having been produced by a process of solvent 
refining, and having a viscosity index of 117. At 
the end of twenty hours, the engine was torn 
down, cleaned, and the neutralization number of 
the oil determined, the loss of weight of the 
bearing in milligrams determined, and the wear 
of the bearing in inches determined. Then the 
engine was reassembled and operated using as a 
lubricant the same oil inhibited by mixing there 
with 0.15% of its weight of phosphorus amyl 
amide, one of the novel compounds of this inven 
tion. Three separate operations, one at twenty, 
one at forty, and one at sixty hours were made, 
and at the end of each operation the properties 
of the oil and the losses of the bearing were de 
termined. The data so derived are reported in 
the following table: 

Table II 

Weight loss of 
Motor oil (S. A. E. 20) alone "is" N. N. YE - in IngS. 

Measurements-end of 20 hrs.---- 32.58 3.2 0.0025 

Weight loss of Motor oil (S.A. E. 20) plus 0.15% Wear in phosphorus amyl amide o Eg N.N. 

Measurements 
End of 20 hrs----------------- 46 0.2 0,000 
End of 40 hrs- 62 0.3 0.0002 
End of 60 hrs----------------- 1398 0.7 0.002 

In Table III is shown data illustrating the cor 
rosion-inhibiting effect of phosphorus-di-anilide 
on cadmium-silver alloy bearings obtained by a 
slightly different test than that employed in ob 
taining the data shown in Table II above. The 
test employed in obtaining the data shown in 
Table III was made by introducing the stabilized 
oil into the crankcase of a modified Delco knock 
test engine provided with heaters in the crank 
Case to maintain the oil at a temperature of 
about 330 F. The bearings were of cadmium 
silver alloy on a steel back. The oil employed in 
this instance was a solvent-refined motor oil of 
S. A. E. 30. This test was designed to correspond 
to an accelerated Service condition. In Table III 
the composition of the oil employed and the 
duration of the test is shown in column (a). 
The Weight-loSS of bearings in mgs. is shown in 
column , (b), the neutrality number of the oil 
at the end of the test is shown in column (c) 
and the Wear in inches of the bearings is shown 
in column (d). 

Table III 

(a) ' (b) (c) (d) 
Weight loss 

Motor oil (S. A. E. 30) alone of hearings N. N. Yet, 
in Ings. v 

Measurements end of 20 hrs-- --- 150 - 0.7. 0.0002 
Measurements end of 30 hrs-------------------- 2.2 ----- - - - - - 
Measurements end of 40 hrs------ 700 3. 0.0032 

. . . Weight loss ‘. . Motor oil (S. A. E. 30) plus 0.10% Werr in phosphorus-di-anilide O of Eggs N. N. . . gS. 

Measurements end of 20 hrs------ - 60 0.14 0.0001 
Measurements end of 40 hrs.-----. 250 0.60 0.0002 
Measurements end of f() hrs------ 390- 180 0.0003 

1300 9.60- 0.001 Measurements end of 65 hrs------ 

It will be observed from the foregoing data 
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2,146,548 
that as little as .1% of phosphorus-di-anilide dis 
solved in the motor oil exerts a very pronounced 
inhibiting effect upon the corrosion of the bear 
ings as indicated by the weight-loss and the wear 
in inches and also the strong stabilizing effect 
with respect to the formation of acidic products 
as indicated by the neutrality numbers in column 
(c). The neutrality number is indicated in the 
table as N. N. (Note: N. N. is mgs. KOH neces 
sary to neutralize acids in 1. gram of sample oil.) 

It Will be noted that the data in Tables II and 
III likeWise ShoW that the inhibited oil. Of Our 
invention is decidedly less corrosive and more 
Stable with respect to the formation of acidic im 
purities than the uninhibited oil alone. 

Stabiliaed moderately refined oils 
As hereinbefore mentioned, moderately refineu. 

oils, such as turbine oils, normally tend to de 
teriorate by oxidation under normal conditions of 
use, yielding both acids and sludge. The in 
hibitory effect of the phosphorus amides or oxi 
dation inhibitors of the present invention upon 
Such oils is illustrated by the data shown in 
Table IV which data were obtained by heating 
mixtures or Solutions of phosphorus-di-anilide 
and phosphorus amyl amide dissolved in a tur 
bine oil having a Saybolt viscosity of 152 seconds 
at 100° F. and a flash point of 385 F. The heat 
ing Was continued for 3 days at a temperature 
of 230 F. in contact with metallic copper with 
exposure to air, in accordance with the procedure 
known as the Brown-Boveri turbine oil test. In 
the table the nature of the oil employed in the 
tests is shown in column (a), the Lovibond color 
of the turbine oil and of the mixture of oil with 
phosphorus-di-anilide before aging or heating is 
shown in column (b), the Lovibond color of the 
turbine oil alone and of the mixture after aging 
or heating is shown in column (c), and the so 
Called neutralization number indicated by N. N. 
of the oil and oil mixtures employed after aging 
Or heating is shown in column (d). 
is mgs. KOH necessary to neutralize acids in 1 
gram of sample oil.) 

Title IV 

Before After 
aging aging 

Lovibond Lovibond N. N. 
color color 

(a) (b) (c) (d) 

Turbine oil alone.--------------------- 0.4 83 0,1,2 
- Oil E. 0.0% phosphorus-di-anilide- 04 3.2 O. O. 
Turbine oil alone.----------------- 0.4 52 0.0 Turbine oil plus 0.10% phosphorus 
anyl amide----------------------- 0.4 3 0.67 

Turbine oil, plus 0.02% phosphorus 
anyanide----------------- 0.4 3 O. O. 

Turbine oil plus 0.005% phosphorus 
arylanide---------------- 0.4 6 0.03 

Turbine oil plus 0.001% phosphorus 
amyl amide---------------------- 0.4 24 0.05 

As will be noted from the data shown in Table 
IV the inhibitory effect or power of phosphorus 
di-anilide on the turbine oil is quite pronounced 
even When the percentage in the oil is as low as 
is of 1%. The inhibitory effect of phosphorus 
anyl amide on the turbine oil is quite pronounced 
even. When the percentage in the oil is as low as 
Aooo of 1%. 
The following tubular data illustrate the eff 

cacy of extreme pressure lubricants ebodying 
this invention. Oils or lubricants of this type 
may be tested in the Almen pin test machine, 
described by Mougey and Almen (Proc. A. P. I. 
1931, page 77), wherein a pin is rotated in bear 

(Note: N. N. 

5 
ings so designed that increasing pressures may be 
applied to the lubricated surface. This machine 
is widely used in such comparative evaluations. 

In the following tabulation of results from the 
Almen pin test machine, column 1 shows the 
pressure in pounds per Square inch applied to 
the lubricated contact Surface. Columns 2 to 7 
inclusive show the torque in foot pounds trans 
mitted through the pin of the test machine with 
the respective described lubricants, and in some 
cases, indicate failure of lubricant, resulting in 
Seizure of bearing and pin. M 

2 3 4 6 7. 
Per cent D. A. P. in 2%. D. A. 

Inlineral oil P. in min 
eral oil 
after 24 
hours at 
300°F. 

M. A. P. 
in min 
era oil 

: Min 
Weights eral oil 

alone 
20% 

2,000 0.5 ). 
3,000. Seized 
4,000---------- 
5,000. 
10,000 
5,000 
19,000--- 

2,000... 
22,000.-- 
23,000--- 
24,000---------- 
25,000-- Seized ----- 
26,000--------------- Released --- 
27,000-------------------------------------------- 

R el e S d 
2 0, O O 0 - 

Released --- 

0. 
O 

.3 
1.6 
2.9 
4.8 
5.8 
5.8 
5.9 
6.0 
6.0 
6.0 
6.0 
6. 
8 

In the above tests the oil used in column 2 was 
an oil of the following characteristics: 
Saybolt viscosity 210 F-------------------- 165 
Four point--------------------------- F 20 

This is an oil of the type normally used in the 
compounding of extreme pressure lubricants, and 
as indicated, is quite ineffective When used in the 
absence of a characterizing ingredient. The oils 
of tests as indicated in columns 3, 4 and 5 are 
the same oil as column 1, compounded respec 
tively with 1, 2, and 20% of the reaction prod 
uct PCl3 and diamyl amine, designated D. A. P. 
for brevity. Column 6 shows tests upon the oil of 
column 1 compounded with 1% of the reaction 
product of PCl3 and monoamylamine, designated 
M. A. P. for brevity. Column 7 shows the per 
sistence of the activity of these compounds un 
der extreme conditions, the oil of column 1 be 
ing compounded with 2% of the D.A. P. product 
and then maintained at 300 F. for 24 hours, 
after which it was cooled and tested. 

It will be observed that extreme preSSure lu 
bricants embodying this invention are excep 
tionally effective. 
The proportion of the characterizing ingredi 

ents of this invention used in admixture with 
ordinary hydrocarbon lubricant oil to provide 
an extreme pressure lubricant may be widely 
varied. Suggested limits of from 1% to 20% are 
those which will convert Ordinary hydrocarbon 
lubricants to extreme pressure lubricants capa 
ble of withstanding the conditions of use now 
imposed. Within this range, it is preferable with 
all compounds of this class to use only the lower 
concentrations of these ingredients, say approxi 
mately 1% to 2% since these ingredients present 
in these concentrations result in the production 
of lubricants more capable of withstanding pres 
ent conditions of loading imposed than do those 
lubricants now commercially used. Additionally, 
it may be noted that Some of these compounds 

l 

40 

4. 5 

50 

55 

60 

65 

70 

75 

  



S 2,146,543 
tre readily soluble only to the low concentration 
preferably indicated. 
The above compounds with which this inven 

ion is concerned are compounds which are oil 
miscible and water-insoluble. That is to say, 
they are compounds, which when added to oil 
form a Substantially homogeneous combination 
with said oil, and they are water-insoluble in the 
sense that they are sufficiently insoluble in wa 
er that they will fail to be extracted or sep 
arated from a homogeneous mixture of the sub 
stance and oil when such mixture is brought into 
Inmediate contact with Such amounts of water 
Dr. moisture as are Ordinarily encountered under 
normal conditions of storage and/or handling 
and/or use. 
The condensation products of aryl amines and 

phOSphorus trihalides, with which this invention 
S Concerned are not highly oil-miscible in the 
usual broad Sense. They are miscible with oils 
of the class herein spoken of to the extent of 
about 0.10% to 0.15% by weight, and since those 
anolints are suitable for prevention of corrosion 
according to this invention, the term oil-miscible, 
when used herein, is used with the understand 
ing that it defines sufficient miscibility for this 
purpose. The recommended concentration of 
the novel compounds of this invention for the 
purpose of preventing corrosion is from 0.10% 
to 0.01% by weight in oil, the lower concentra 
tions (around 0.02%), being particularly pre 
ferred for turbine oils. 
The condensation products of amyl amines and 

phOSphorus trichloride are highly miscible in oil, 
Oeyond any concentration useful for the purposes 
of this invention. The maximum percentage 
recommended for use for the prevention of cor 
rosion according to this invention is about 0.15%, 
with the preferred concentration being from 
0.10% to 0.01% with phosphorus triamyl amide, 
the lower percentages (around 0.02%), being 
particularly preferred for turbine oils. Other 
phosphorus alkyl amides are useful for this pur 
90Se in substantially similar proportions. 
This application is a continuation in part of 

the following applications: James et al. Serial 
Number 83,072, filed June 2, 1936; James et al. 
Serial Number 83,073, filed June 2, 1936; and 
James et al. Serial Number 83,074, filed June 2, 
1936. 
We claim: 
1. A lubricant comprising a hydrocarbon oil 

and a small proportion of a product of the re 
action of phosphorus trichloride and an amine 
having at least one hydrogen atom directly at 
ached to the nitrogen atom. 
2. A lubricant comprising a hydrocarbon oil 

and a Small proportion of a product of the re 
action of phosphorus trichloride and an amine 
having at least one hydrogen atom directly at 
5ached to the nitrogen atom, said product being 
present in a proportion sufficient to reduce the 
endency of the oil to deteriorate but not suff 
2ient to materially increase the load bearing 
ability of the oil. 
3. A lubricant comprising a hydrocarbon oil 

and a small proportion of a product of the re 
action of phosphorus trichloride and an alkyl 
anine having at least one hydrogen atom di 
rectly attached to the nitrogen aton. 
4. A lubricant comprising a hydrocarbon oil 

and a small proportion of a product of the re 
action of phosphorus trichloride and an aryl 
amine having at least one hydrogen atom di 
rectly attached to the nitrogen aton. 

any amines, 

5. A lubricant comprising a hydrocarbon oil 
and a Small proportion of a product of the re 
action of phosphorus trichloride and an alkyl 
annine having at least one hydrogen atom dia 
rectly attached to the nitrogen atom, said prod 
uct being present in a proportion sufficient to in 
crease the load bearing ability of the oil. 

6. A lubricant comprising a hydrocarbon Oil 
and a small proportion of a product of the re 
action of phosphorus trichloride and an amine 
having at least one hydrogen atom directly at 
tached to the nitrogen atom, said product being 
present in a proportion from about .01 to .15%. 

7. A lubricant comprising a hydrocarbon oil 
and a Small proportion of a product of the re 
action of phosphorus trichloride and an amine 
having at least one hydrogen atom directly at 
tached to the nitrogen atom, said product being 
present in a proportion from about 1 to 20%. 

8. A lubricating oil composition comprising a 
relatively large proportion of a lubricating oil 
of the type which normally tends to rupture at 
the surface of contact with a bearing-metal un 
der relatively high bearing pressure, and in in 
timate homogeneous combination thereWith a 
relatively small proportion, Sufficient to prevent 
such rupture, of the oil-miscible, substantially 
water-insoluble condensation reaction product 
of phosphorus trichloride and an alkyl amine. 
having at least one hydrogen atom attached di 
rectly to the nitrogen aton. 

9. A lubricating oil composition comprising a 
relatively large proportion of a lubricating oil of 
the type which normally tends to rupture at the 
surface of contact with a bearing metal under 
relatively high bearing pressure, and in intinate 
homogeneous combination therewith a relatively 
small proportion, sufficient to prevent Such rup 
ture, of the oil-miscible, substantially water-in 
soluble condensation reaction product of phos 
phorus trichloride and a secondary alkyl annine. 

10. A lubricating oil composition comprising a 
relatively large proportion of a lubricating oil of 
the type which normally tends to rupture at the 
surface of contact with a bearing-metal under 
relatively high bearing pressure, and in intimate 
homogeneous combination therewith a relatively 
small proportion, Sufficient to prevent such rup 
ture, of the condensation reaction product of 
phosphorus trichloride and diamyl amine. 

ii. A lubricating oil composition comprising a 
relatively large proportion of a lubricating oil of 
the type which normally tends to rupture at the 
surface of contact with a bearing-metal under 
relatively high bearing pressure, and in intimate 
homogeneous combination therewith a relatively 
small proportion, sufficient to prevent such rup 
ture, of the oil-miscible, substantially Water-in 
soluble condensation reaction product of phos 
phorus trichloride and an alkyl amine selected 
from the group of alkyl amines consisting of 
monomethyl amine, dimethyl amine, monoethyl 
amine, diethyl amine, monopropyl amines, di 
propyl amines, monobutyl amines, dibutyl 
amines, monoamyl amines, diamyl amines, mono 
cetyl amines, dicetyl amines, methyl ethyl amine, 
ethyl propyl amines, propyl butyl amines, butyl 

methyl propyl amines, methyl 
butyl amines, methyl amyl amines, ethyl butyl 
amines, ethyl amyl amines, propyl anyl amines 
and butyl amylamines. 

12. The method of lubricating relatively mov 
ing metal parts wherein unit bearing pressures 
of high magnitude are developed, which con 
prises applying to the area of contact between 
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Said parts a mixture of WiscOuS petroleum oil 
and a Small proportion, Sufficient to increase the 
load-bearing capacity of the mixture, of the oil 
miscible, substantially water-insoluble condensa 
tion reaction product of phosphorus trichloride 
and an alkyl amine having at least one hydrogen 
aton directly attached to the nitrogen atom. 

13. A hydrocarbon oil composition comprising 
a relatively large proportion of a refined hydro 
carbon oil of relatively high boiling point nor 
mally tending to deteriorate by oxidation under 
normal conditions of use involving the accel 
erating action of metals and in intimate admix 
ture therewith a relatively small proportion, suf 
ficient to inhibit such deterioration, Of the oil 

Water-inSoluble Condensation reaction 
product of phosphorus trichloride and an alkyl 
amine having at least one hydrogen atom at 
tached directly to the nitrogen aton, Said con 
position being further characterized by a rela 
tively high stability toward deterioration by oxi 
dation under normal conditions of use. 

14. A hydrocarbon oil composition comprising 
a relatively large proportion of a refined hydro 
carbon oil of relatively high boiling point nor 
mally tending to deteriorate by oxidation under 
normal conditions of use involving the catalytic 
action of metals and in intinate admixture there 
with a relatively small proportion, sufficient to 
inhibit such deterioration, of the oil-soluble, Wa 
ter-insoluble condensation reaction product of 
phosphorus trichloride and a secondary alkyl 
amine, said composition being further charac 
terized by a relatively high stability toward de 
terioration by oxidation under normal conditions 
of use. 

15. A hydrocarbon oil composition comprising 
a relatively large proportion of a refined hydro 
carbon oil of relatively high boiling point nor 
mally tending to deteriorate by oxidation under 
normal conditions of use involving the catalytic 
action of metals and in intimate admixture 
therewith a relatively small proportion, suffi 
cient to inhibit such deterioration, of the oil 
soluble, water-insoluble condensation reaction 
product of phosphorus trichloride and diamyl 
amine, said composition being further character 
ized by a relatively high stability toward-de 
terioration by oxidation under normal conditions 
of use. 

16. A hydrocarbon oil composition comprising 
a refined hydrocarbon oil of relatively high boil 
ing point normally tending to deteriorate by Oxi 
dation under normal conditions of use involving 
the accelerating action of metals and in intimate 
admixture therewith a relatively small amount, 
sufficient to inhibit such deterioration, of the oil 
soluble, water-insoluble condensation reaction 
product of phosphorus trichloride and an alkyl 
amine selected from the group of alkyl amines 
consisting of monomethyl amine, dimethyl 
amine, monoethyl amine, diethyl amine, mono 
propyl amines, dipropyl amines, monobuty 
amines, dibutyl amines, monoamyl, amines, di 
amyl amines, mOnOcetyl amines, dicetyl amines, 
methyl ethyl amine, ethyl propyl amines, propyl 
butyl amines, butyl amyl amines, methyl propyl 
amines, methyl butyl amines, methyl amyl 
amines, ethyl butyl amines, ethyl amyl amines, 
propyl amyl amines, butyl amyl amines, and cy 
clohexyl amines, the said hydrocarbon oil com 
position as a whole being further characterized 
by relatively high resistance toward the deteries 
orating effects of oxidation under normal condi 
tions of use. 

. . . . . 

amines, 
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17. A method of lubricating bearing surfaces 

which comprises maintaining between surfaces, 
One of which is an alloy Selected from the class 
Consisting of cadmium-silver, cadmium-nickel, 
Cadmium-zinc, cadmium-zinc - lead - antimony, 

: copper-lead, Copper-lead-tin, and high lead bab 
bitt, a film of lubricating oil which initially pro 
duces an effective lubricating action but which 
Would normally tend to corrode the aforesaid 
alloy, and maintaining the effectiveness of the 
lubricating oil by incorporating therein a small 
proportion, Sufficient only to substantially re 
tard corrosion, of the condensation reaction 
product of phosphorus trichloride and an alkyl 
amine having at least one hydrogen atom directly 
attached to the nitrogen atom. 

18. A hydrogen oil composition comprising. a 
relatively large proportion of a refined hydrocar 
bon oil of relatively high boiling point normally 
tending to deteriorate by oxidation under nor 
mal conditions of use and in intimate admixture 
therewith a relatively small amount, sufficient to 
inhibit Such deterioration, of the oil-soluble, wa 
ter insoluble condensation reaction product of 
phosphorus trichloride and an aryl amine having 
at least one, hydrogen atom attached directly to 
the nitrogen atom, said composition being fur 
ther characterized by a relatively high stability 
toward deterioration by oxidation under normal 
conditions of use in the presence of metals. 

19. A hydrocarbon oil composition comprising 
a relatively large proportion of a refined hydro 
carbon oil of relatively high boiling point nor 
nally tending to deteriorate by oxidation under 
normal conditions of use and in intimate admix 
ture thereWith a relatively small amount sufi 
cient to inhibit such deterioration, of the oil 
Soluble, water-insoluble condensation reaction 
product of phosphorus trichloride and a primary 
aryl amine, Said composition being further char 
acterized by a relatively high stability toward 
deterioration by oxidation under normal condi 
tions of use in the presence of metals, 

20. A hydrocarbon oil composition comprising 
a relatively large proportion of a refined hydro 
carbon oil of relatively high boiling point nor 
mally tending to deteriorate by oxidation under 
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normal conditions of use and in intimate admix 
ture therewith a relatively small amount, sufi 
cient to inhibit such deterioration, of the oil 
Soluble, water-insoluble condensation reaction 
product of phosphorus trichloride and aniline, 
Said composition being further characterterized 
by a relatively high stability toward deterioration 
by oxidation under normal conditions of use in 
the presence of metals. 

21. A hydrocarbon oil composition comprising 
a relatively large proportion of a refined hydro 
carbon oil of relatively high boiling point nor 
mally tending to deteriorate by oxidation under 
normal conditions of use and in intimate admix 
ture therewith a relatively small amount, suffi 
cient to inhibit Such deterioration, of the oil 
Soluble, Water-insoluble condensation reaction 
product of phosphorus trichloride and an ary 
amine selected from the group of aryl amines 
consisting of monophenyl amines, diphenyl 

mononaphthyl amines, dinaphthyi 
amines, monoanthramines and dianthramines, 
the said hydrocarbon oil composition as a Whole 
being further characterized by relatively high re 
sistance toward the deteriorating effects of Oxi 
dation under normal conditions of use in the 
presence of metals. 

22. A method of lubricating bearing surfaces 
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which comprises maintaining between bearing 
Surfaces, One of which is an alloy selected from 
the class consisting of cadmium-silver, cadmium 
nickel, cadmium-2inc, cadmium-Zinc-lead-anti 
mony, copper-lead, copped-lead-tin, and high 
lead babbitts, a film of lubricating oil which ini 
tially produces an effective lubricating action but 
which would normally tend to corrode the afore 
Said alloy, and maintaining the effectiveness of 
the lubricating oil by incorporating therein a 
Small proportion, sufficient only to substantially 
retard corrosion, of the condensation reaction 
product of phosphorus trichloride and an aryl 
amine having at least - one hydrogen atom di 
rectly attached to the nitrogen atom. 

23. A method of lubricating bearing surfaces 
which comprises maintaining between bearing 
Surfaces, one of which is an alloy selected from 
the class consisting of cadmium-silver, cadmi 
un-nickel, codinium-zinc, cadmium-zinc-lead 
antimony, copper-lead, copper-lead-tin, and high 

2,148,548 
lead babbitts, a film of lubricating oil which ini 
tially produces an effective lubricating action but 
which would normally tend to corrode the afore 
said alloy, and maintaining the effectiveness of 
the lubricating oil by , incorporating therein a 
Small proportion, sufficient only to substantially 
retard corrosion, of the condensation reaction 
product of phosphorus trichloride and an amine. 

24. The method of lubricating relatively mov 
ing metal parts wherein unit bearing pressures 
of high magnitude are developed, which con 
prises applying to the area of contact between 
said parts a mixture. of viscous petroleum oil and 
a small proportion, sufficient to increase the 
load-bearing capacity of the mixture, of the oil 
miscible, Substantially Water-insoluble condensa 
tion reaction product of phosphorus trichloride 
and an annine. 

WAMI H. JAMES. 
ROBER. C. MORAN. 
WILLIAM L. EVERS. 

CERTIFICATE OF CORRECTION. 
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It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page 5, first 
column line O, for the word tubular" read tabular; page 5, second column 
line 25, after the syllable ruct" insert of; page 7, second column, line 
7, claim l8, for "hydrogen" read hydrocarbon; page 8, first column line 

5 cairn 22, for "copped-lead-tin" read copper-lead-tin; line. 20, claim 25 
for "codmium-zinc" read cadmium-zinc.; and that the said Letters Patent 
should be read with this correction therein that the same may conform to 
the record of the case in the Patent Office. 
Signed and sealed this lith day of April, A. D. i939. 

Henry Wan Arsdale 

(Seal) . Acting Commissioner of Patents. 


