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This invention rejzitesto a new and useful com-
position of mafler snd involves & composition
comprising a visepus Bydrocarbon oil and poly-
valent metal salf ©of certain substituted acids of

& phosphorus.

The production of improved hydrocarbon oils
and particulanlyof lubricating oils having desired
characteristics jhas been the subject of extensive
research and investigation in recent years. Gen-
erally speakimg, the compounding of hydrcear-
bon oils to obtain desired characteristics involves
empirical phenomena and the action of untested
types of comppunding agents cannot be pre-
) “ dicted.

A characteristic which has been the subject
of extensive investigation is the tendency of hy-
drocarbon oils to deteriorate or partially de-
compose and oxidize when subjected to high tem-
peratures, This deteripration is evidenced by
the deposition of adhesive deposits on hot metal
surfaces over which the hydrocarbon oil may
flow. It is important #ieas resistance to such de-
terioration be imparted to hydrocarbon oils, par-
ticularly to lubriecating .oils, in order that such
3 compositions may be relatively free from the

tendency to form such deposits even under high
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temperatures and severe operating conditions. A

direct result of this #ype ©f deterioration during
lubrication of internsl combustion engines, such
as engines of the Diesgl ype, is the tendency of
the oil to cause or jpermit the sticking of piston
rings,

The crankease jubricant in internal combus-
tion engines is :subjested to extremely severe op-
erating - conditions :and im engines of the Diesel
type the lubricant enceunters in the piston ring
zone tempexafures of from approximately 425 to
650° F. and pressures from the oxidizing com-
bustion gasesashigh as 750 to 1150 lbs. per sq. in.
Addition agents which render hydrocarbon oils
resistant to dleteriorafion by heat at high tem-
perature levelsiin dhe -order of those above men-
tioned usually impsaxt to the oil the ability to in-
hibit piston ring sticking in internal combustion
engines and penmit longer periods of operation of
such engines without the necessity of major
overhauls’ heretﬂioxe foccasioned by stuck piston
rings.

It should be ngdted that stabilizing agents
which are .effective &t Jlow temperatures to im-
part increased stability o hydrocarbon oils, or
which are effective at temperatures even as high
as 200 or '250° F. are often ineffective under
the more severe-operating conditions and higher
temperature levels to which lubricating oils are
subjected in Diesel engines. Thus the operative-
ness of a stabilizer .at .atmospheric temperatures,
or even temperatures .as high as 200 to 300° F,,
gives no ageguste thasis for predicting the action
of the samestebilizing agent at materially higher
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temperatures and under more severe operating
conditions. The disclosures in the prior art rel-
ative to such stabilizers therefore cannot serve
as a guide for one seeking stabilizing agents or
oxidation inhibitors effective at higher tempera-
ture levels. The phenomens involved are cata-
lytic in nature, are highly empirical and require
extensive experimentation to determine the ac-
tion of a given type of addition agent.

The present invention involves the discovery
that dispersion of polyvalent metal salts of sub-
stituted oxy acids of phosphorus in hydrocarbon
oils such as mineral lubricating oil imparts new,
unpredictable and highly desirable properties to
the composition. These new properties render
the compounded oil particularly useful for vari-
ous purposes. Although increased resistance to
deterioration at high temperature levels com-
prises one of the principal advantages of the
compounded oils of this invention, it is to be un-
derstood that the invention is not limited to this

20

feature, that different compounds of the general -

type herein involved vary in their degree of ef-
fectiveness and may impart one or more other
desirable properties to the lubricating composi-
tion. For example, certain of the compounds
reduce the amount of wear produced as com-
pared with a straight uncompounded mineral
oil. The same or other compounds inhibit the
corrosion of copper-lead or cadmium-silver bear-
ing metals, etc. In general, however, it has
been discovered that the new compositions here-
in disclosed are more stable to heat than is a
hydrocarbon oil with which the compositions are
compounded. The new compositions of this in-
vention are therefore useful where resistance to
deterioration by heat is important. An example
of such utility, other than as a lubricating oil,
comprises use as & heat transfer fluid where it
may be desirable to inhibit or prevent the forma-
tion of a deposit on the metal surfaces from or
to which heat is being conveyed. Likewise, the
increased resistance to oxidation imparted to the
oil by the compounds of this invention will find
various applications as, for instance, in an insu-
lating, switch, or transformer oil.

It has also been discovered that certain metal
salts of substituted oxy-phosphoric acids have
a combination of properties heretofore unknown
and particularly desirable in compounded min-
eral oil, namely, the ability to inhibit: oxidation
and impart to lubricating oils increased resist-
ance to deterioration by heat, the ability to in-
hibit piston ring sticking, freedom from the pro-
duction of increased wear on cylinder walls and
piston rings as compared with uncompounded
mineral oils, and low corrosivity as respects the
chemical action of the compounded 6il on bear-
ing metals such as cadmium-silver and copper-
lead alloys. Although various compounded min-
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eral oils are known which are capable of inhibit-
ing piston ring sticking, the discovery of specific
compounding agents capable of ‘Imparting the
above combination of properties to hydrocarbon
oils represents an unobvious and important con~
tribution.

Metal salts of substituted oxy acids of phos-
phorus which may be added to hydrocarbon lu-
bricating oils to provide s new composition of
matter of the type herein involved comprise the
salts of metals selected .from Groups II, III, IV
and VI of Mendeléeft’s Periodic Table of the Ele-
ments. . Specific examples of such metals are

aluminum, caleium, barium, strontium, chromium’

and magnesium, Salts of iron, cobalt, nickel,
zine, tin and lead comprise additional examples
of compounds falling within the broader aspects
of the invention.

The metal salts of this invention are preferably
formed from substituted oxy acids of pentavalent

. phosphorus of the following type formulae:
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/OR
O0=P—0H
"

or

/on )
0=P.OR’
OH

where R and R’ may be alkyl, aryl, alkaryl, aral-
kyl or eyclic non-benzenoid radicals. Substituted
phosphoric acids containing at least twelve car-
bon atoms are preferred. Examples of preferred
type acids are alkyl or alkaryl substituted phos-
phoric acids having at least twelve carbon atoms
in the molecule. However, it is to be understood
that the broader aspects of the invention include
the use of other types of substituted oxy acids of
phosphorus containing more than twelve carbon
atoms. Additional examples of substituted oxy
acids of phosphorus which may be used in form-
ing the metal salts of the present invention are
as follows:

OH

R—P /

Por
Phosphonie acid
OH
R—P

3\0 R’

Mono-ester of phosphonlc acld;

R

\P-—OH

r’d
Phosphinie acid

In all of the above formulae R and R’ may be
alkyl, aryl, alkaryl, aralkyl or cyclic non-benze-
nold groups.

In general, polyvalent metal salts of substi-
tuted derivatives of oxy acids of phosphorus such
as phosphorous acid, hypophosphoric acid,
H3POj3; orthophosphoric acid, H;POs; pyrophos-
phoric acid, H:sP207; fall within the broadest as-
pects of the invention. By “substituted” or “sub-
stituted derivatives of” acids of phosphorus
whenever used herein, it is intended fo designate
acids containing an organic group of the type
previously listed, i. e., alkyl, aryl, alkaryl, aralkyl,
or cyclic non-benzenoid groups. The organic
groups may be either directly attached to the
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phosphorus atom of the compound or attached
thereto through an intervening atom such as
oxygen. The term “oxy acids of phosphorus” is
intended to designate throughout the specifica-
tion and claims aclds of phosphorus in which one
oxygen atom may intervene between the hy-
drogen and phosphorus-atoms of the ester.

The preferred aclds are substituted orthophos-
phoric acids and the preferred salts comprise the
aluminum, calcium, barium and chromium salts
of these aclds. Examples of such salts are alumi-
num lauryl phosphate, aluminum cetyl phos-
phate, aluminum octadecyl phosphate,-aluminum
“spermol” phosphate, aluminum oleyl phosphate,
aluminum “spermenyl” . phosphate, . aluminum
cetyl phenyl phosphate, aluminum di-(amyl-
phenyl) phosphate, alumihum. naphthenyl phos-
phate, calcilum lauryl phosphate, calcium cetyl
phosphate, calclum octadecyl phosphate, cal-
clum “spermol” phosphate, calcium oleyl phos-
phate, calelum “spermenyl” phosphate, calcium
cetyl phenyl phosphate, calcium di-(amylphenyl)
phosphate, calclum naphthenyl phosphate, chro-
mium Jauryl phosphate, chromium cetyl phos-
phate, chromium octadecyl phosphate, chromium
“spermo]” phosphate, chromium oleyl phosphate,
chromlum “spermenyl” phosphate, chromium
cetyl phenyl phosphate, chromium di-(amyl-
phenyl) phosphate, chromium naphthenyl phos-
phate, barlum lauryl phosphate, barium cetyl
phosphate, barium octadecyl phosphate, barium
“spermol” phosphate, barium oleyl phosphate,
barium “spermenyl” phosphate, barium cetyl
phenyl phosphate, barium di-(amylphenyl) phos-
phate, and barium naphthenyl phosphate.

Additional exa,mples of salts within the scope
of the invention are: aluminum di-cyclohexanyl
phosphate, aluminum di-stearo-glyceryl phos-
phate, aluminum tetra-chloro-octadecyl phos-
phate, aluminum di-(6-chloro, 2-phenyl phenyl)
phosphate, aluminum = di-(3-methyl, 4-chloro
phenyl) phosphate, calcium. di-cyclohexanyl
phosphate, calcium di-stearo—glyceryl phosphate,
calcilum tetra-chloro- octadecyl -phosphate, cal-~
clum di-(6-chloro, 2-phenyl phenyl) phosphate,
calcium di-(3-methyl, 4-chloro phenyl) phos-
phate, chromium di-cyclohexanyl phosphate,
chromium di-stearo-glyceryl phosphate, chromi-
um tetra-chloro-octadecyl phosphate chromium
di-(8-chloro, 2-phenyl phenyl) - phosphate, chro-
mium di-(3-methyl, 4-chloro phenyl) phosphate,
magnesium dicyclohexanyl . phosphate, magne-
slum di-stearo-glyceryl .phosphate, magnestum
tetra-chloro-octadecyl phosphate, magnesium
di-(8-chloro, 2-phenyl phenyl): phospha.te, mag-
nestum di-(3-methyl, . 4-chloro . phenyl) phos-
phate, magnesium lauryl: phosphate magnesium
cetyl phosphate, magnestum . octadecyl phos-
phate, magnesium “spermol”.. 'phosphate, mag-
nesium oleyl phosphate; magnesium “spermenyl”
phosphate, magnesium: cetyl -phenyl phosphate,
magnesium di-(amylphényl) phosphate, mag-
nesium naphthenyl phosphate, barlum di-cyclo-
hexanyl phosphate, barium.: di-stearo-glyceryl
phosphate, barium tetra-chloro-octadecyl: phos-
phate, barium di-(6-chloro, .2-phenyl:: phenyl)
phosphate, and barium -di- (3-methyl 4-ohloro
phenyl) phosphate.
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The substituted oxy acxds of phosphorus uti- '

lized in the present. inventiton.may be prepared
by methods known in the art..:For example, a
mixture of a higher alcohol .and. .phosphorus
pentoxide in ethyl ether may be: refluxed for sev-
eral hours. The reaction :by:which -the substi-
tuted phosphoric acid is formed in this operation
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is believed to be represented by the following
equation:

ROH+C3Hs0 C3Hs+ P30 RCiH;HP O+ CiHiP O3

where R is an alkyl radical.. The alkyl ethyl
phosphoric acid is soluble in ether, while the
ethyl meta phosphate is not and the ether solu-
tion of the former may be separated from the
latter by decantation. Table 1 gives a number
of examples of substituted phosphoric acids suit-
able for the purposes of this invention and a
brief indication as to their method of prepara-

tion. . ’
"Table 1
Acid Method of preparation
Mono-cotylphosphoric. ... .1 9.25 1b. cetyl alcohol and 5.61 lb.

P30 wers refluxed with 5 gal.
ethyl ether for 24 hr. Cetyl-
photselgmrlc acid -solution de-

canted.

112 gms. solid sperm alcohols, 60
gms, P3Oy, and 400 gms. ethyl
ether treated as above.

100 gms. octadecanol and 150 e. c.
bengzene treated with 6.8  gms.

Mono-*‘spermo}”’ phosphoric...

Mono-octadecylphosphorie._ ...

POCl. Product was hydro-
lyzed to give a free acidic hydro-
gen, .
Di-(6-chloro-2-phenyl-phenyl) | 100 gms. of the phenol and 50 gms.
phosphorie. - P10s heated to 180° for 18 hgurs.
Mono-oleylphosphorie__.._.... 107 grms. oley] alcohol and 28.5 gms.:

P305 were refluxed in ethyl ether
for 24 hours.

107 gms. liquid sperm alcohols and
27 gms. P30s refluxed in ethyl

Miono-“spermenyl" phosphor-
c.
S ether for 24 hours.

(Cetylphenyl) phosphoric___.. 688 gms. cetyl phenol and 316 gm.s
P30 refluxed with ethyl ether

{or 24 hours.

Di-(amylphenol) phospheric. ..} 100 gms, amyl phenol and 43 gms.

Py0s heated to 185° F. for 15 hr.

190 gms. tetrachlorc-octadecanol
and 28 gms. P3Os refluxed with
ethyl ether for 17 hr.

Mono (tetrachloro) octadecyl-
phosphoric.

In preparing the metal salts herein involved,
the ethyl group in the ethyl phosphoric acid
above mentioned may be hydrolyzed off to form
the metal salt of the mono-alkyl-ortho-phos-

. solids.

3
of operation is not’ limited fo the alkyl deriva-

tives but includes aryl-ethyl-phosphoric acid, -
alkaryl-ethyl-phosphoric acid, aralkyl-ethyl-

" phosphoric acid and ethyl phosphoric acids con-

taining a cyclic non-benzenoid group.

The meta! salts of the various substituted oxy
acids of phosphorus may be conveniently pre-
pared by reacting the acid with sodium hydrox-
ide or potassium hydroxide and then precipitat-
ing the desired metal salt from the solution of
the sodium or potassium salt by the addition of
the appropriate metal ion. The salt may also be
prepared by the direct neutralization of the acid
as, for example, with lime where the calcium
salt iIs-to be obtained. :

Basic aluminum salts prepared by the precip-
itation method are preferred by reason of their
low corrosivity to alloy bearing metals although
the so-called normal salts are not precluded. It
is also preferred to mainfain the amount of co-
precipitated alkali metal salt in the heavy metal
compounds at & minimum because the alkali
metal salts decrease the stability of the oil solu-
tion in the presence of water. '

The calcium salts may also be prepared in the
non-aqueous environment by the reaction of cal-
cilum carbide with the free substituted acids of
phosphorus. . :

The aluminum salts may also be prepared in
an environment substantially free of water by
the reaction of aluminum chloride with the free
substituted acids of phosphorus. However, such
aluminum salts have properties different from
the salts prepared by precipitation from aqueous
solutions. The salts prepared in a non-aqueous
environment are soft, low melting solids, while
the corresponding salts prepared by precipitation
from aqueous solutions are hard, non-melting
Although the former type of salt may be
utilized for imparting some desirable properties
to hydrocarbon olils, it is preferred to use a salt
prepared by precipitation from agueous solutions

 where the ability to inhibit piston ring sticking

in lubricating oils is desired. ‘

~ By way of illustration and to demonstrate the
unique properties possessed by the compounded
oils of this invention, data from extensive tests

phoric acid, 1. e. the salt of RH2POs«. This type are given in Table 2.
Table 2
_ Engine tests . Miscellaneous tests Preparation of compound »
Lauson Btrip corrosion
) Weeks
Compound ;‘3}; Ring ] Viscosity| machine, '| Salt pre-
. of stick- | Cleanliness| Cu-Pb | OCd-Ag | increase | wear, Acid pared
salt ing 100° ¥, | 300° F. from—
m @ 3)
Acid treated Western oil____. 0 1.0|Poor......] ‘10| -L
Aluminum lauryl phosphate.| 1.0 5.0 1 Good-_..: 0.1 1.
Do 0.05 |._oo el 0.1 0
Aluminum cetyl phosphate..{ 1.6 5.0} Verygood|.cvneeofocumenen
[ 3 1 TR 0.1 4.0 § Good...... 0.2 0.
B 0 T, 0.8 53 |...do___... 0.6 0.
Alumm;enm octadecyl phos- | 0.15 5.0 | Verygood 0.1 1.
. . = gHs.
A]pnmlnhateum “spermol” phos- | 1.0 5.0 |...do_._.__ “Low | 40|l Solid sperm aleohols+P:05+ | Do,
N - . ether.

P DOt 0.7 50 |...do_..... 1.0 1.0 b2 3 I P N Ui [ T, Do.
Aluminum oleyl phosphate__{ 0.7 4.0 | Good..... 0.1 10 ... Oleyl aleohol+-PsOs+ether_._. Do.
Aluminum “gpermenyl” | 0.3 20 | Fair._____. 0.1 (17520 PO SRR, Liquid sperm alcohol+P205+ Do.

phosphate. ether. )

(1) Expressed as ratio of time to stick rings of compounded oil to that with an uncompounded ‘Western acid refined oil S. A. E. 30.
(2) Expressed as ratio of compounded oil corrosion to corrogion with Western acid ed oil 8. A. E. 30.

(3) Expressed as ratio of wear of compounded oil to that of Western agid refined oil 8. A. E. 30.

The base oil used for testing the addition agent was in all cases an acid refined Western oil 8. A. E. 30 grade.
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Table 2-—continued

(3) Expressed as ratio of wear of com
The base oil used for testing the add!

The above data show that small amounts of
most of the addition agents act as corrosion in-
hibitors even in acid treated Western oils which
are ordinarily considered non-corrosive. ILike-
wise, extremely low wear rates were obtained
with the two compounded oils tested in the
Weeks machine. All of the addition agents im-~
proved piston cleanliness and imparted resist-
ance to piston ring sticking in engine tests.

In the above piston ring sticking tests a single
cylinder 2% inch bore, 2% inch stroke Lauson
gasoline engine was operated under extremely
severe conditions for the purpose of developing
fully piston ring sticking and piston gumming
tendencies under circumstances simulating
severe operating conditions encountered in the
field. Operation of the motor during tests was
continuous at 1600 R. P. M. except for shut-
downs at fifteen-hour intervals for inspection.
The jacket temperature was maintained at 375°
F. and the sump oil temperature at 220° F.

The wear tests were carried out in a Weeks
machine comprising a 3% inch steel ball pressed
against a 134 inch steel cylinder with a force
of 40 lbs., the cylinder dipping in the oil to be
tested and rotating at 600 R. P. M. 'The dura-
tion of the test was sixteen hours and the wear
rate determined by measuring the amount of
metal removed from the ball. In the above
wear tests the lubricant was maintained at ap-
proximately 300° F. as indicated.

The corroston tests were carried out in the fol-
lowing manner: Glass tubes 2 inches in diam-
eter and 20 Inches long were immersed in an
oil bath, the temperature of which was auto-
matically controlled to within +1° F. of the
test temperature which was 300° P. Approxi-
mately 300 c. c. of oil under the test was placed
In each tube and air. was bubbled through it at
the rate of 10 liters per hour, Strips of the dif-
ferent types of bearing metals were cut to size
and placed in the ofls; in most cases the cop-
per-lead mixture and cadmium-silver bearing
alloys were tested simultaneously.in the same
sample of oil. The weight loss of each strip was
recorded. Before welghing, each strip was
washed In petroleum ether and carefully wiped

unded oil to that of Western . 30,
tion agent was in all cases an acld refined Western oil 8. A. X, 30 grade.

Engine tests Miscellaneous tests Preparatlon of compound
Lauson 8trip corrosion
d P ‘ e
Compoun e | Ring ’ " | Viseosity| machine, Salt pre-
: ©oRt | stick- | Cleanliness| Cu-Pb | Od-Ag | inerense Rdat Acid pared
salt | 102 100° F, . . from—
(1) @ 3
A‘“ﬁ’"“‘ﬂ"t di-cyclohexanyl | 0.1 5.0 ] Verygood.).oooooofmmmemedeoeeei o Cyeclohexanol4+Py0s+ether_ .| Na salt.
osphate. .
A ul?iglﬁgmmdi-(amyl-phenyl) Lo 3.0 | Fair.___... 0.5 2.0 181 | . Amylphenol+P;0s.....5...... Do,
0SP. e
Al%ﬁnimﬁm di-stearo-glyceryl { 0.7 20 o Glst'geryl distearate+-P:0;4+ | Do.
osphate. ether,
Ctla)lciuga lauryl phosphate....| 1,0 20| Falr______. 1.0 5.0 451 4 . .. Commercial laury! phosphorle Do.
acld,
Calelum cetyl phosphate. ... 0.5 b4 | Excellent.|...._._.|....__.. 186 |, Cetyl alcohol+P;0s-+other_.. .| K salt.
Blehon ooty phosphate...... 0.9 | 4% | Verygood.| T8E| il 162 777658 | o onol+P1Osother..... Do.
Chromium cetyl phosphate..| 0.8 |[.___.__. PR s (T, 0.3 0.2 220 |.
[ L0 5.0 ...do.._ ... .0 _ ..
Magnesium lauryl phosphate._| 1.0 2.0 | Fair..____ 9.0 0.0
Aluminum lsuryl phosphite. .| 0.3 L0 |...do...... 0.1 0.5
(1; Expressed as ratlo of time to stick rings of compounded oil to that with an uncompounded Western acid refined oil 8. A. E. 30.
(2) Expressed as ratio of compounded ofl corrosion to corcosion with Western acid refined oil 8. A, E. 30,

acid refined ofl 8. A, &, 30

with a soft cotton cloth. The duration of the test
was 72 hours, :

To further illustrate the corrosion inhibiting
properties of the compounding agents herein dis-~
closed, the following data obtained in the above
type strip corrosion test are given:

" Table 3
‘oil "
Solvent
Solvent
\\ lg:g*g:dl_ Pe,f,,“;‘;ﬁ%‘,’,m,,
N~ vaniy iali_‘;fg‘g;
oil4.
. air:ﬁalt calcium cotyl
Bearing metal phosphate
Weight loss milligrams-copper-lead ____ 76.4 7.3
Weight loss milligrams-cadmium-siiver. 61.3 0.0
Wei fht loss milligrams-lead . .____._____ ! 415. 4 267. 4
Used ofl inspections:
Increase in viscosity at 100° F.__... 458 133
Increase In viscosity at 210° F.__.__ 18.7 3.8
Neutralization No__....._._________ 0.65 0.57

The compounding agents herein disclosed may
have one or more advantages, depending upon
the particular compound selected, the proportion
utilized, and the environment which the lubri-
cating oil is to encounter. It should be observed,
for example, that even though a compounded oil
may be somewhat corrosive to copper-lead or
cadmium-silver bearing metals, Babbitt bearings
are little if at all affected by such corrosive action.
Hence, compounded ofls which may not be par-

ticularly desirable for lubrication of copper-lead

or cadmium-silver bearings may be highly useful
and extremely advantageous In conjunction with
the operation of internal combustion engines
having bearings of Babbitt or other corrosive-re~
sistan{ bearing metals, The present invention in
its broader aspects is therefore not Iimited to the
use of a particular compound having all or the
greatest number of advantages, but embraces
various of the less advantageous addition agents
which will ind utility in particular applications
where all the possible Improvement in properties
may not be required or where the standard of
performance may not be so high. '
Present experience indicates that where the
properties desired involve the ability to stabilize
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“lubricating oils under severe operating conditions,
such as those encountered in the lubrication of

pistons and piston rings of internal combustion

engines of the Diesel type, polyvalent meta] salts
6 of substituted oxy acids of pentavalent phos-

phorus containing more than twelve carbon

atoms in the molecule and preferably containing
an alkyl or alkaryl substituent should be utilized.

It is to be understood that by “polyvalént metal

10 salts” used in the above connection the alkaline

earth metals are included. o

. A moderately acid refined Western naphthenic
base oil is the preferred oil stock used as a base
for the compounded lubricants involved herein.
The compounding ingredients appear to function
more efficiently in such & base oil than in a high-
ly paraffinic oil stock or a highly refined Western
oll. However, it is to be understood that the in-
vention is not limited to any particular base stock
since advantages herein disclosed may be ob-
tained at least to some degree with various oil
stocks, the selection of which will be determined.
by conditions and service which the compounded

lubricant is to encounter. .

The proportion of metal salts of substituted
oxy acids of phosphorus added to mineral lubri-
cating oils may vary widely depending upon the
uses involved and the properties desired. As
little as 0.05% by weight of the compound gives
measurable improvements, particularly as re-
spects the color of the compounded oil after use
in internal combustion engines. 'From approxi-
mately 0.25 to approximately 2% of the com-
pound may be added to lubricants where ability
to inhibit piston ring sticking comprises the prin-
cipal property desired. Solutions containing
more than 2% of the compounds in mineral oil
may be utilized for the purpose of preparing
lubricating greases and concentrates capable of

40 dilution with lubricating oils and the like. Such
higher concentrations comprise ‘a' convenient
method of handling the compounds and may be
used as addition agents for lubricants in.general
as well as for other purposes.

45 The metal salts of this invention may be added
to hydrocarbon oils containing other compound-
ing ingredients such as pour point depressors,

- oiliness agents, extreme pressure addition agents,
0 blooming agents, compounds for enhancing the
viscosity index of the hydrocarbon oil, corrosion
inhibitors, color stabilizers, etc. The invention
in its broader aspects embraces mineral hydro-
carbon oils containing, in addition to metal salts

58 of the substituted acids of phosphorus, thickening
agents and/or metal soaps in grease-forming
proportions or in amounts insufficient to form
greases, as in the case of mineral castor machine
oils or other compounded liquid lubricants.

60 While the character of the invention has been
described in detail and numerous examples of the
composition given, this has been done by way of
illustration only and with the intention that no
limitation should be imposed on the invention

85 thereby. It will be apparent to those skilled in
the art that numerous modifications and varia-
tions of the illustrative examples may be effected
in the practice of the invention which is of the

70 scope of the claims appended hereto.

We claim: :

1. A composition of matter comprising a hy-
drocarbon, oil and a magnesium salt of a substi-
tuted oxy acid of phosphorus.

76 2. A composition of matter comprising a vis-

15

20
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5

cous hydrocarbon oil and a magnesium salt of
an acid of the type formula:

H

6

R—O—--{’=O

&

wherein R is a hydrocarbon radical.

3. A composition of matter comprising a vis-
cous hydrocarbon oil and a magnesium salt of an
acid of thg type formula:

4§

R/'—0— IL:O

&

wherein R and R’ are hydrocarbon radicals.
4. A composition of matter comprising a lubri-

- cating oil and a magnesium salt of a substituted

oxy acid of pentavalent phosphorus containing
an alkyl substituent and having more than twelve
carbon atoms in the molecule,

. 5. A composition of matter comprising a hy-
drocarbon lubricating oil and & polyvalent metal
salt of a substituted oxy acid of pentavalent phos-
phorus containing an alkaryl substituent and
having more than twelve carbon atoms in the
molecule. -
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6. A composition of matter comprising a hy-"

drocarbon lubricating oil and a chromium salt

. of a substituted oxy acid of pentavalent phos-

phorus containing an alkaryl substituent and

‘having more than twelve carbon atoms in the

molecule.

7. A composition of matter comprising a hy-
drocarbon lubricating oil and a magnesium salt
of a substituted oxy acid of pentavalent phos-
phorus. containing an alkaryl substituent and

having more than twelve carbon atoms in the

molecule. .

8. A composition of matter éomprising a hy-
drocarbon lubricating oil and an aluminum salt
of a substituted oxy acid of pentavalent phos-
phorus containing an alkaryl substituent and
having more than twelve carbon atoms in the
molecule.

9.'A composition of matter comprising a hy-
drocarbon lubricating oil subject to deterioration
at elevated temperatures, and from approximate-
ly 0.05% to approximately 2% by weight based
on said oil of a metal salt of a substituted acid
of phosphorus containing an organic substituent,
the metal of said salt being selected from the class
consisting of Groups II, III, IV and VI of Mende-
léefl’s Periodic Table of the Elements, said salt

- being of a type capable of inhibiting deteriora-

tion of said lubricating oil. , -

10. A composition of matter comprising a hy-
drocarbon lubricating oil subject to deterioration
at elevated temperatures, and from approximate-
ly 0.05% to approximately 2% by weight based
on said oil-of a polyvalent metal salt of a sub-
stituted acld of phosphorus containing an organic
substituent, said salt being of a type capable of
inhibiting deterioration of said lubricating oil.

11. A composition of matter comprising a hy-
drocarbon lubricating oil and a minor propor-
tion of a chromium salt of a substituted acid of
phosphorus containing an organic substituent,
sald chromium salt being present in an amount
sumciﬁat substantially to inhibit deterioration of
said oil. >
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12. A composition of matter comprising & hy-
drocarbon lubricating oil and a minor propor-
tion of an aluminum salt of a substituted acid of
phosphorus containing an orgg.m/c substituent,
sufficlent substantially to inhibit deterloratlon of
said oil.

13. A composition of matter comprising a hy-
drocarbon oil and a polyvalent metal salt of an
oxy-acid of pentavalent phosphorus containing
an alkyl substituent and having more than twelve
carbon atoms in the molecule,

14, A composition of matter comprising & hy-
drocarbon oil and a chromium salt of an oxy-

acid of pentavalent phosphorus containing an-

alkyl substituent and having more than twelve
carbon atoms in the molecule,

15. A composition of matter comprising a hy-
drocarbon oil and a chromium salt of a dibasic
oxy-acid of pentavalent phosphorus containing a
substituent of hydrocarbon structure.

16. A composition of matter comprising a hy-
drocarbon oil and a chromium salt of a dibasic
alkyl substituted oxy-acid of pentavalent phos-
phorus.

17. A composition of matter comprising & hy-
drocarbon oil and a chromium salt of a dibasic
cetyl substituted oxy-acid of pentavalent phos-
phorus.

18. A composition of matter comprising a hy-
drocarbon oil and a chromium salt of & mono-
basic oxy-acid of pentavalent phosphorus con-
taining substituents of hydrocarbon structure.

19. A composition of matter comprising a hy-
drocarbon oil and a chromium salt of & mono-
basic oxy-acid of pentavalent phosphorus con-
taining a substituent of hydrocarbon structure.

20. A composition of matter comprising a hy-

" drocarbon oil and a chromium salt of a mono-

40
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basic alkyl substituted oxy-acid of pentavalent
phosphorus. .

21. A composition of matter comprising a hy-
drocarbon oil and & chromium salt of & mono-
basic cetyl substituted oxy-acid of pentavalent
phosphorus.

22. A composition of matter comprising a hy-
drocarbon oil and an aluminum salt of an oxy-
acid of pentavalent phosphorus containing an

2,226,659

alkyl substituent and having more than twelve
carbon atoms in the molecule.

23. A composition of matter comprising a hy-
drocarbon oil and an aluminum salt of & dibasic
oxy-acid of pentavalent phosphorus containing
a substituent of hydrocarbon. structure.

24. A composition of matter comprising a hy-
drocarbon oil and an aluminum salt of a dibasic
alkyl substituted oxy-acid of pentavalent phos-
phorus. 10

25. A composition of matter comprising a hy-
drocarbon oil and an aluminum salt of a dibasic
cetyl substituted oxy-acid of pentavalent phos-
phorus.

26. A composition of matter comprising a hy- 15
drocarbon oil and an aluminum salt of & mono-
basic oxy-acid of pentavalent phosphorus con-
taining substituents of hydrocarbon structure.

27. A composition of matter comprising a hy-
drocarbon ofl and an aluminum salt of & mono- g9
basic oxy-acid of pentavalent phosphorus con-
taining a substituent of hydrocarbon structure.

28, A composition of matter comprising a hy-
drocarbom oil'and an aluminum salt of a mono-
basic alkyl substituted oxy-acid of pentavalent gs
phosphorus.

29. A composition of matter comprising a hy-
drocarbon oil and an aluminum salt of a mono-
basic cetyl substltuted oxy-acid of pentavalent
phosphorus.

30. A composition of matter comprising a hy-
drocarbon lubricating oil containing more than
0.05% by weight based on the oil of & polyvalent
metal salt of a substituted acid of phosphorus
containing an organic substituent.

31. An addition agent, capable of inhibiting
piston ring sticking, for lubricating oils, compris-
ing a concentrated solution in mineral oil of a
polyvalent metal salt of a substituted acid of

30

‘phosphorus containing an organic substituent, 4o

said solution being capable of dilution with min-
eral lubricating oil to form a homogeneous mlx-
ture containing from approximately 0.05% to
2% by weight of the polyvalent metal salt based
on the total amount of lubricating oil.
BRUCE B. FARRINGTON.
JAMES O. CLAYTON.
JOHN T. RUTHERFORD.
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Certificate of Correction _

R January 14, 1941.
BRUCE B. FARRINGTON ET AL.

It is hereby certified that errors appear in the printed specification of the above
numbered patent requiring correction as follows: Page 1, first column, line 3, after
“and” insert the article a; page 3, first column, lines 14 to 43 inclusive, Table 1
should appear as shown below instead of as shown in the patent—

Table 1
Acld ’ Method of preparation
Mono-cetylphosphorde... ... 9.25 b, cetyl aleohol and 5.61 Ib. :

P305 were refluxed with 5 gal.
ethyl ‘ether for 24 hr. Cetyl-
phosphorie acid. solution de-
canted. :

Mono- “spermol” phosphoric.| 112 gms. solid sperm aleohols, 60
gme, Ps0s and 400 gms, ethyl
ether treated as above.

Mono-octadecylphosphorie. .| 100 gms. octadecanol and 150 ¢. ¢.

. benzene treated with 56.8 gms,
POCL. ‘Product was hydro-
lyzed to give a free acidic hydro-
gen.

Mono-oleylphosphoric.._....._. 107 gms. oleyl aleoho! and 28.5 gms.
P30y were refluxed in ethyl ether
for 24 hours. .
Mono-“spermeny!” phosphor- | 107 gms. liquid sperm aleohols and
ic. 27 gms. P05 refluxed in ethyl
A ether for 24 hours, ‘

Dieyclohexanylphosphoric...._| 150 gma. cyclohexanol and 87 gms.
i i P;0; refluxed with 150 gms.
ethyl ether for 24 hr,

(Cetylphenyl) phosphorie. ... 688 gms. eotyl phenol and 316 gms."
P305 refluxed with ethyl ether
for 24 hours.

Di-(amylphenal) phospherie...| 100 gms. amyl phenol and 43 gms.
) B P30; heated to 185° F. for 15 hr.

page 3, first column, lines 51 to 61, Table 2, and page 4, first cblumn, lines 2 to 12,
Table 2—continued, the first two columns of the heading to the table should appear
as shown below instead of as shown in the patent— : :

Engine tests

Lanson

' Compound Per- | Ring —
: cent 'ﬁ;’g’ Cleanliness '
salt .

1)

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 4th day of March, A. D. 1941,

[sEAL]

HENRY VAN ARSDALE,
Acting Commissioner of Patents.




