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The present invention relates to the art of
lubrication, and more particularly to the lubri-
cation of surfaces engaging under extreme pres-
sure, as for example, the rubbing surfaces of

5 hypoid gears, free wheeling transmissions, speed
reducers and the like.

The general tendency in the design of modern
machinery has been toward a higher ratio be-
tween power and “dead weight”.
ally true in the automotive industry, and in re-
cent years certain types of gears and other mech-
anisms have been developed with the operating
pressures on the working surfaces so high that
ordinary mineral oil lub;'icants will not provide
sufficient lubrication for satisfactory operation.

;—Ieretofore it has been thought that lubrica-
tion consists in maintaining a film of oil be-
tween the rubbing surfaces, thereby preventing
them from coming into contact with one an-
other and thus preventing wear. That this con-
dition exists in well lubricated bearings is well
known, but this conception of lubrication does
not apply to highly loaded gears. In well lubri-
cated bearings the loads rarely exceed 2000 lbs.
per sq. in. projected area and the rubbing speeds
are generally high enough .to maintain a film of
oil which separates the rubbing surfaces. In au-
tomobile gears, the pressures between gear teeth
reach very high values and even the most viscous
oils or greases cannot be retained between the
surfaces of the teeth in a sufficiently thick film
to prevent metal to metal contact, particularly
when operating temperatures of 210° F. or higher
35 are commonly encountered.

It has been known that compounded lubricants
such as, for example, mineral oils containing fat-
"ty oils, fatty acids, metallic soaps, sulfur or com-
bined chlorine, possess lubricating qualities

40 which render them suitable for use under high
operating pressures. These compounded oils
function satisfactorily under conditions which
would cause failure of an unblended mineral oil,
if used alone. It is believed that the successful

45 use of such compounded oils depends upon the
adsorption and reaction or union of certain com-
ponents. of these oils with the metal surfaces
whereby a film of metallic compound, such as,
for example, iron sulfide or chloride is formed.

50 It appears that such a film or plating has a low
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This is especi-

coefficient of friction and that satisfactory oper-

-ation of heavily loaded bearings or gears de-

pends upon the formation and maintenance of
such a film, and not upon the retaining of a film
of oil between the bearing surfaces. The hydro- 5
carbon oil constituent of an extreme pressure
lubricant serves primarily to remove frictional
heat, to wash away any solid particles which may
result from wear, and to prevent oxidation of the
engaging surfaces. . 10
I have discovered that organic compounds of
phosphorus and nitrogen, and more particularly
the compounds which may be termed, in general,
the substituted amides of the phosphorus acids,
when admixed with hydrocarbon oils, are of spe- 15
cial utility in the field of extreme pressure lubri-
cation. These compounds may be prepared, in
accordance with my invention, by the reaction
of halogen and/or sulfur derivatives of phos-
phorus with primary and secondary amino com- 20
pourids. More particularly, one or more com-~"
pounds from the group phosphorus trichloride
PCls; phosphorus pentachloride PCls; phosphorus
oxychloride POCI3; phosphorus sulfochloride
PSClz; and the phosphorus sulfides PaSs and PS5 25

.may be reacted with a primary or secondary

amino compound to yield products which may be
described as the substituted amides of the phos-
phorus acids. '
The amino compounds which I may employ in
the preparation of my reaction products compre-
hend one or a mixture of any of the primary
and secondary aliphatic, aromatic, hydroaromat-
ic and heterocyclic amines. The aliphatic
amines include, for example, mono- and dime-
thylamine and their homologues, ethyl-, propyl-,
butylamines and the like, as well as the halogen
substituted aliphatic amines, for example, chlo-
ro-butylamine and chloro-amylamine:. The aro- 40
matic amino compounds may be represented, for -
example, by aniline, toluidine, xylidine, phenylene .
diamine, naphthylamine, anthramine, benzyl-
amine, methylaniline and the like. The hydro-
aromatic amino compounds include cyclohexyl- 45
amine, tetrahydro-naphthylamine, methylcyclo-
hexylamine and the like. The heterocyclic
amino compounds may be représented, for ex-
ample, by furfurylamine, piperidine, tetrahydro-
quinoline, aminopyridine and the like. Other g
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substituted ammonias containing at least one
reactive hydrogen atom, such as phenylhydra-
zine, may be suitably employed. In general, the
primary and secondary amino compounds con-
templated have the following formulae:

R
RNH; and \NH
R'/

wherein R and R’ are of the group consisting of
aliphatic, aromatic, hydroaromatic and hetero-
cyclic radicals, and the substitution products
thereof.

Herein, the term “reaction product” is to be
understood to comprehend the compounds formed
by the reaction of the halogen and sulfur deriva-
tives of phosphorus with primary and secondary
amino compounds.

In preparing my lubricant, I add to a suit-
able mineral oil one or a mixture of two or more
‘'of my reaction products in quantity sufficient
to improve the value of the oil as g lubricant to
any desired extent, depending upon the operating
conditions under which the lubricant is to be
used. I have found that the quantity of reac-
tion product required, in general, does not ex-
ceed substantially 5% by weight of my composi-
tion. Quantities as small as 3%, or even 19 or
less, have been found to improve lubricating oils
to a satisfactory extent. In certain instances,
0.1% to 0.5% by weight of the reaction product
was sufficient to improve the lubricating oil to
the desired extent. In preparing my lubricant,
I may obtain a homogeneous solution or stable
suspension of my reaction product in mineral
oil by agitating the mixture at normal or ele-
vated temperatures, or I may dissolve the reac-
tion product in a suitable solvent and add the
resulting solution to the oil, thereafter remov-
ing the solvent by vaporization.
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The mechanism by whlch bthe reaction prod-

" uets in lubricating olls function to improve the

load-bearing ability and other properties thereof
is not entirely understood. It appears, however,
that the functioning is dependent upon the ad-

. sorption of -the compounds upon the metal sur-

faces of the bearings or other lubricated parts,
and the reaction or chemical combination of such
compounds with the metal under the influence
of localized high temperature and pressure to
form a coating or plating having a low coefficient
of friction which is resistant to selzure under high
operating pressures, .

The following tables indicate some of the re-
action products obtained by the treatment of
primary and secondary amines with the phos-
phorus halides. The treatment may be carried
on in the presence of hydroxy and/or mercaptan
compounds, whereby other groups are introduced
into the reaction products. Or, the initial reac-
tion products may subsequently be reacted with
a hydroxy and/or mercaptan compound. The
resulting products, more complex in structure,
have been found suitable for use as addition
agents for hydrocarbon oils. In the formulae
given in tables, R, and R’ may be the same or
different aliphatic, aromatic, hydroaromstic and
heterocyclic radicals, while “X” represents hal-
ogen, i. e.,, chlorine, bromine or fluorine. The
reaction proeduct may be one or a mixture of
compounds, depending upon the ratio of the re-
acting components, the time and temperature of
the reaction, and the completeness of the reac-
tion between the components. 'The hydroxy
and/or mercaptan compounds which may be em-
ployed in the reaction include, for example,
methyl alcohol and mercaptan and their homo-
logues; phenol and phenyl mercaptan and their
homologues; cyclohexanol and cyclohexyl mer-
captan and their homologues; and various hetero-
cyclic compounds such as furfuryl alcohol, fur-
furyl mercaptan, hydroxyquinoline and pyridyl

~merca.pta.n
Table 1
Reaction components Reaction products
. . | rNE RNH
RNH:+-PX; - | RNHPX; PX BNH>P
' © | =NE RNH
X OR’ | RNH
RNH3+PX3+R0H - RNHI’/ RNHP' P—OR’
) ' OR’ or’| RNH
p-4 SR’ | RNH
RNH:+PXs+R'SH - }iiﬁnr/ RNHP/ \P—SR’
: ‘ '\sn' \sn' RNH
RN RN
RiNH+PX, - | RyNPX, \PX R{N—P
’ RN’ RN
. _ X OR’ | RN
RiNH+PXy+R'OH - RzNP/ R:NP/ P—OR’
\OR' OR’ | RN
X SR’ | RN,
RINH+PX4+R'SH R:NP/ RaNP’ P—8R’
SR’ S8R’ | RaN'
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Table 2

8,146,584

may be suitably employed as addition agents for
‘lubricants.

Table 4

I-Iexabutyl ghosphoxous acid amide

Tris- cyclopentamethylene phosphorous acid amide

Isobutg aminephos§honic acid chloride

Isobutglamm I{)hos homc acld anilide

Isobut lamﬁne

hos honic acid
HPO (NHN.

Benz 1am1ne hosphonic acid chloride

Diph C.ﬁ; benz lamine&Hshonate

5)2
he Bilhydrazlde

Reaction components Reaction products
'RNH RNE,
RNHy-+POX; - | RNHPOX; \POX RNH>P0
- RNH RNH
X OR’] RNH, OR’
RNH:+POXs+R'0OH - RNHPéO RNHPéo : \P/
OR’ OR’ RHH/ \B
X SR’ | RNH SR’
RNH;+POX3+R/‘SH - | RNHP=0 RﬁHPéo \P/
‘ SR’ \SR’ RNH/ \})
R:N RN _
RsNH+POX) - | RINPOX; POX. | RN-PO
RaN R:N/
X OR’ | RN . OR’
RiNH+POX3+R'OH -» | RINP=0 R:NPéO \P/
ot RN+ : \QR' RzN/ \B
ox . SR |BaN sm |
R:NH+POX;+R'SH - | RsNP=0 . R,NPéo v\P/
SR’ SR’ R:N/ Y
Table 3
‘Reaction‘oo}mponents Reaction prpduets
o RNH RNH
RNHi+PSXs' - | RNHPSX, . PSX RNH}—PS )
’ RNH RN
o . X OR’ | RNH OR’
RNH;+PSX3+R'OH - RNHPés RNEPéS \P/
\OR’ OR' RNH/ \\s
X SR’ | RNH, SR’
RNH3;4+P8Xs+R'SH - RNHPéS RNHP-éS \P/
' SR’ \BR! RNH/ %
RN RaN
| RINH+PSX, - | RINPEX) \PSX RzN>'PS
v RN~ R:N/
X OR’ | RaN, OR’
RyNH+PEX +R'OH - vR:NPés R:NPéS \P/
’ C Nw T Dor [m” Y
b4 SR’ | RaN, SR’
R:NH+PSX3+-RBH - RzNPéS RzNPéS \P/
\SR' SR’ RzN/ \é
The following table presents, in an exemp]afy Tetrahydroqumolme amlmephosphonic acid chloride
manner, & humber of reaction products which Hexaethyl pl?o‘;},gmg f&d amide

(CaHp) 2N sPO
B} -Pr(g) lammethlophosphomc acid chloride.

Diethyl n-propylgmmethlophosphonate

SHNHPS (OC:Hs) 2
n-Prtg)ylammethlo os}ghomc acid anilide
HPS(N.
N,N’ N"-trlethy -thiophosphonc acid amide

(CgH NH),PS
Dipr(:lagminethiophosphomc acid chloride
T 2
Piperdinethziophosahinic acid chloride

(

Hexaetféyf t)hi%phogphoric acid amide
5.

n-Prolglixmuiephosginic acid chloride

Ph“ﬂ{l be lamme hog, hinate

CH:NH) 0 (
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Table 4—Con§inued

N,N’,N’’-tri-n-butyl-phosphoric acid amide
C,H,NH):PO

-Dxisobuti'lnmmephosphonii ]acid chloride

CHCH3].NP
Dietlnl dmobutvhunne}ghcsphonate
H)Clbthsz h hont
Diphenyl diisobutylaminepho ate
P [ (CH. 3)..CH(.IH.,]..11\IPC;(O(,‘D§15);1de
onic_acid anili
Dnsobnti{l lm(lJneBI“}.\]gl\l:Po(i SE8 ani
Tetrahydroqumohnepllosphomc acid chloride
1)
Chloroumlmephosphomc acid chloride
CIC,H,NHPOCl,

Typical examples of my improved Iubricants

"and methods of preparing the same are as fol-

lows:
Ezample 1

0.1 mole of phosphorus oxychloride, POCls, in
ether solution was added to 0.7 mole of mono-n-
butylamine in ether solution with stirring. The
naixture was refluxed on a steam bath for about
3 hours, removed and couled, and then washed
with dilute HC1 solution and finally with water.
The ether solution of the reaction product, N, N*,
N’’-tri-n-butyl phosphoric acid amide, was dried
over anhydrous KoCO3, the ether then removed
by distillation and the reaction product, in the
amount of about 1% by weight, was added to a
hydrocarbon oil having a Saybolt universal vis-
cosity of 304 seconds at 100° F. and an A. P. 1.
gravity of 29.5°. This blended oil, when tested
in an Almen extreme pressure lubricant testing
meachine at 200 R. P. M., withstood a pressure
of 17,000 1lbs./sq. in. projected bearing area be-
fore failure, whereas the unblended hydrocarbon
oil failed at g pressure of only 4,000 lbs./sq. in.
projected bearing area.

Ezxample 2

0.1 mole of phosphorus oxychloride, POCI3, in
ether solution was added to 0.6 mole of di-n-

butylamine in ether solution with stirring. The .

mixture was refluxed on a steam bath for about
2 hours, and 0.6 mole of mono-n-butylamine was

- added. The refluxing was continued for about
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5 hours, the mixture then removed and cooled,
and washed with water. The ether solution of
the reaction product, poly-butylphosphoric acid
amide, was dried over anhydrous K:COj;, the
ether evaporated off and the excess unreacted
amine removed from the product by distillation
under reduced pressure. The reaction product,
in the amount of about 1% by weight was added
to the hydrocarbon oil mentioned in Example 1
and the blended oil, when tested under the con-
ditions set forth in Example 1, withstood a pres-
sure of 15,000 lbs./sq. in. projected bearing area
before failure, whereas the unblended hydro-
carbon oil failed at a pressure of 4,000 1bs. /sq in.
projected bearing area.

Example 3

0.04 mole of phosphorus oxychloride, POCIs, in
benzene solution was added to 0.25 mole of di-n-
butylamine in ether. solution with stirring. The
mixture was refluxed on a steam bath for about
10 hours, removed and cooled, and washed with
water. The ether solution of the reaction prod-
uct, di-n-butylamine-phosphonic acid chloride,
was dried over anhydrous KaCOs, the ether evap-
orated off and the excess unreacted amine re-
moved from the product by distillation under re-
duced pressure. The reaction product, in the
amount of ahout 2% by weight, was added to the
hydrocarbon oil mentioned in Example 1 and the
blended oil, when tested under the conditions set
forth in Example 1, withstood a pressure of 16,000

2,146,584

1bs./sq. in. projected bearing area before fallure,
whereas the unblended hydrocarbon oil failed at
a pressure of 4,000 1bs./sq. in. projected bearing
area.

Example 4

0.07 mole of phosphorus sulfochloride, PSCl3, in
naphthg solution was added to 0.05 mole of mono-
n-butylamine in naphtha solution with stirring.
The mixture was refluxed on a steam bath for
about 11 hours, removed and cooled, filtered and
the filtrate washed with water. The naphtha
solution of the reaction product, N, N’, N’’-tri-n-
butyl phosphoric acid amide, was heated to a
temperature sufficient to distill off the naphtha.
The reaction product, in the amount of about 1%
by weight was added to the hydrocarbon oil men-
tioned in Example 1 and the blended oil, when
tested under the conditions set forth in Example
1, withstood a pressure of 17,000 lbs./sq. in. pro-
jected bearing area before failure, whereas the
unblended hydrocarbon oil failed at a pressure of
4,000 Ibs./sq. in. projected bearing area.

Example 5

0.1 mole of phosphorus sulfochloride, PSCl;,
was added to 0.2 mole of di-n-butylamine with
stirring. The mixture was refluxed by means
of an oil bath at a temperature of about 240° ¥,
to 265° F, for about 3 hours, and thereafter was
steam-distilled to produce a distillate and a resi-
due. The distillate was extracted with ether and
the ether extract was then heated to an elevated
temperature in order to drive off the ether. The
reaction product, di-n-butylamine-thiophos-

phonic acid chloride in the amount of about 1%

by weight was added to-the hydrocarbon oil men-
tioned in Example 1 and the blended oil, when
tested under the conditions set forth in Example
1, withstood a pressure of 22,000 Ibs./sq. in. pro-
jected bearing area before failure, whereas the
unblended hydrocarbon oil failed at a pressure
of 4,000 lbs./sq. in. projected bearing area.

Ezxzample 6

0.03 mole of phosphorus trichloride, PCls, in
naphtha solution was added to 0.25 mole of di-
n-butylamine in naphtha solution with stirring.
The mixture was stirred at room temperature for
about 2 hours, then filtered, and the Sfltrate
washed with water. The naphtha solution of the
reaction- product, hexa-n-buty! phosphorus acid
amide, was dried over anhydrous K:COs:, the
naphtha evaporated off and the excess unre-
acted amine removed from the product by dis-
tillation under reduced pressure. The reaction
product, in the amount of about 1% by weight
was added to the hydrocarbon oil mentioned in
Example 1 and the blended oil, when tested
under the conditions set forth in Example 1, with-
stood a pressure of 22,000 lbs./sq. in. projected
bearing area hefore failure, whereas the un-
blended hydrocarbon oil failed at a pressure of
4,000 1bs./sq. in. projected bearing area.

It will be seen, from the above examples, that
the addition of my reaction products to a hydro-
carbon oil improves the lubricating value of such
an oil to a marked degree, and imparts to the
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for use in the Iubrication of surfaces engaging
under extreme pressure. Under certain condi-
tions, for example in the lubrication of trans-
missions or gear drives where elevated tempera-
tures are not normally encountered, it has been
found that the halogenated, and particularly
the chlorinated reaction products are more effi-
cient than the unchiorinated products in their
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ability to improve the load-bearing ability of
the lubricants.

Furthermore, I have found that my reaction
products having as substituents long hydrocarbon
chains or substituted hydrocarbon chains, are
capable of not only improving the load-bearing
capacity of hydrocarbon oils but also effect a
lowering of the coefficient of friction, or improve
the “oiliness” of the lubricant.. The reaction
products containing long chain alkyl radicals
such as cetyl, lauryl, dodecyl and oleyl, and the

- substitution products thereof, are representative

15

40

50

examples of this type of materials.

In another aspect of my invention, I have
found that these reaction products not only im-
prove the load-bearing capacity of hydrocarbon
oils but also impart thereto a marked resistivity
to oxidation and sludge formation. For example,
a lubricating oil containing about 1% by weight
of N, N’, N”’-tri-n-butyl phosphoric acid amide,
when subjected to an oxidation test at 340° F.
for 96 hours, developed only 18 milligrams of
sludge per gram of oil, whereas the unblended
lubricating oil, under the same test, produced 40
milligrams of sludge per gram bf oil.

Furthermore, the addition of my reaction prod-
ucts to lubricating oils, especially the highly para-
fiinic oils produced by solvent extraction proces-
ses, inhibits and in many cases prevents, the
corrosion of copper-silver-cadmium and copper-
lead bearings of internal combustion engines
lubricated with such oils.

~ 'While I have described my invention with ref-
erence to the lubrication of gears and bearings
operating under heavy loads, I do not intend to
limit myself thereto, but contemplate the use of
my lubricant in operations such as the cutting
and boring of metals, in which conditions of ex-
treme pressure and temperature are normally
encountered, and also in the lubrication of mech-
anisms operating under moderate .pressures, as
for example, the crankcase bearings and cylin-
der wells of internal combustion engines. Fur-
thermore, my compounded ofl may be utilized as
& base in the preparation of thickened oils, i. e.,
greases, by the addition thereto of soaps or other
conventional thickening agents, in order to ob-
tain lubricants of desired viscosity. My com-
pounded oil may also be blended with fatty oils,
fatty aclds, synthetic esters and the like, or the

5

reaction products, per se, may be admixed with
fatty oils, for the lubrication of mechanisms in
which the presence of a fatty oil is desirable.

What I claim is:

1. A lubricant comprising a hydrocarbon oil
and a small proportion of a product of reaction
of at least one compound from the group PCls,
POCI3, PSCls, P:S3 and P:Ss with an aliphatic
amine having at least one hydrogen atom directly
connected to the nitrogen atom.

2. A lubricant comprising a hydrocarbon oil
and a small proportion of a product of reaction

‘of at least one compound from the group PCls,

POCL, PSCl3, PaS; and P:Ss with a butylamine
having at least one hydrogen atom directly con-
nected to the nitrogen atom.

3. 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
small but sufficient proportion of the oil-miscible,
substantially water-insoluble condensation reac-
tion product of phosphorus trichloride and an
aryl amine having at least one hydrogen atom
attached directly to the nitrogen atom to impart
extreme pressure lubricating characteristics to
said oil.

4. A lubricant comprising a hydrocarbon oil

and a small proportion of a product of reaction
of at least one compound from the group PCls,

POCI, PSCIs, Pa2S3 and P2Ss with an amine having
at least one hydrogen atom directly connected to
the nitrogen atom.

5. A lubricant comprising a hydrocarbon oil
and a small proportion of a product of reaction
of at least one compound from the group PCls,
POCI;, PSCls, P2S3: and P:Ss with an aromatic
amine having at least one hydrogen atom direct-
1y connected to the nitrogen atom.

6. A lubricant comprising hydrocarbon oil and
& small proportion of a product of reaction of at
least one compound from the group PCls, POCls,
PSCh, PaS3 and P2Ss with an amine having at
least one hydrogen atom directly connected to
the nitrogen atom and with a compound from the
group consisting of hydroxy and mercaptan com-
pounds. :
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