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This invention relates to a new and useful
composition of matter comprising a compounded
hydrocarbon oil. More particularly, it involves
the provision of a lubricating oil containing

. metal salts of organic acids and an addition
agent which inhibits undesirable effects of such
compounds, as set forth hereinafter.

Metal salts of organic acids are known as com-
pounding ingredients for lubricating oils and
have been added thereto for various purposes.
For example, aluminum oleate is disclosed as a
dispersing agent for graphite in the United
States patent to Burke No. 1,732,221, various
soaps have been disclosed as pour point depress-
ing agents, and the patent to Parker No.-2,001,108
is directed to metal naphthenates as stabilizing
agents for lubricating oils. In its broader aspects
this invention is applicable to compounded oils
containing metal salts of organic acids of the

- above known types, as well as to oils containing -
novel types of salts hereinafter disclosed. The
present invention, in its more specific aspects,
is concerned with oils compounded with certain
metal salts among which are polyvalent metal
salts, such as salts of aluminum, zinc, tin, mag-
nesium, calcium and chromium.

One important property of lubricating oils is
low corrosivity, especially with respect to modern
bearing metals such as copper-lead or cadmium-
silver alloys. Some lubricating oils which have
. been entirely satisfactory from the standpoint of
corrosivity to high grade Babbitt bearing metals
show a corrosion rate which is greater than is
desirable with bearing metals of a type repre-
sented by cadmium-silver and copper-lead bear-
ings. Lubricating oils containing metal salt com-
pouniding ingredients have been found, in gen-
eral, to show undesirable corrosive effects on such
bearing materials. However, these metal salt
compounding ingredients are highly desirable or
even necessary for other purposes, such as for
inhibiting piston ring sticking in internal com-
bustion engines such as Diesel engines.

Accordingly, it is an object of the invention
to solve the above difficulties by providing an
improved compounded mineral oil containing
metal salts of organic acids.

Another object of the invention is to inhibit
corrosive effects of compounded lubricating oils
containing metal salts of .organic acids.

A further object of the invention is to increase
the stability of lubricating cils with respect to
oxidation or discoloration or gum formation.

A still further object is to improve the prop-
erties of lubricating oils containing metal salts
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of organic acids by incorporating therein an ester
containing a divalent sulfur group preferably no
more than two carbon atoms removed from a
carbonyl group of said ester.

Additional objects and advantages of the in-
vention will become apparent from the disclosure
which follows. _

Examples of metal salts of organic acids which
may be incorporated in lubricating oils accord-
ing to the principles of this invention are metal
salts of higher fatty or aliphatic acids, metal
salts of naphthenic acids, metals salts of oil-
soluble substituted phenols, and metal salts of
carboxylic acids containing an aryl substituent.

Among the metal salts of higher fatty acids
may be mentioned: aluminum laurate, aluminum
oleate, aluminum stearate, aluminum ricinoleate;
zine laurate, zinc oleate, zinc stearate, zinc ricin-
oleate: tin laurate, tin oleate, tin stearate, tin
ricinoleate; magnesium laurate, magnesium ole-
ate, magnesium stearate, magnesium ricinoleate;
calcium laurate, calcium oleate, calcium stearate;
calcium ricinoleate; chromium laurate, chromium
oleate, chromium stearate, and chromium ricin-

3 oleate.

Examples of metal naphthenates are: alumi-
num naphthenate, zinc naphthenate, magnesium
naphthenate,” cobalt naphthenate, cadmium
naphthenate, tin naphthenate and manganese
naphthenate. The naphthenic acid component
of these salts may conveniently be obtained from
petroleum.

Metal phenates which may be mentioned com-
prise metal salts of a substituted phenol of the
type formula:

?H

in which u, v, w, z and y are selected from the
group consisting of hydrogen, alkyl, aryl, alkaryl,
aralkyl and cyclic non-benzenoid hydrocarbon
radicals. Specific illustrations of such phenates
are‘the aluminum, zine, tin, magnesium, calcium
and chromium as well as other polyvalent metal
salts of cetyl phenol. The phenolic radical of
the salts preferably contains more than about
ten carbon atoms and also should preferably
have an alkyl substituent substituted in the ben-
zene ring to which the hydroxyl group of the
phenol is directly attached. .
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Examples of carboxylic acids containing an
aryl substituent are: phenyl stearic acid, naph-~
thyl stearie acid, phenyl lauric acid, alpha benzal
stearic acid, alpha benzal lauric acid, and an-
alogous homologues of these acids formed by
condensation of an aromatfc aldehyde with a
fatty acid according to the reaction:

Ri—CHy—COOH+Rs—CH

Ri—-C—~COOH+H,0
CHR2

where Ri1 is an alkyl and Rz an aryl radicai.
Aluminum, zinc, tin, magnesium, calcium and
chromium as well as other polyvalent metal salts
of each of the above acids may be utilized.

The invention also includes salts of polycar-
boxylic aclds together with esters containing a
divalent sulfur group, in hydrocarbon oils. Ex-
amples of such salts are the aluminum, zine, tin,
magnesium, calcium and chromium as well as
other polyvalent metal salts of partially esterified
acids of the oxalic acid series, including oxalic
acid itself, malonic acid, isosuccinic or methyl
malonic acid and its alkyl homologues, as well
as the corresponding salts of partially esterified
alkyl tartronic acid, partially esterified malic
acid and its homologues, partially esterified oxy-
glutaric acid, partially esterified hydroxy adipic
acld, partially esterified tartaric acid, partially
esterified citric acid and the like.

The second component of the composition of
this invention comprises oil-soluble esters con-
taining a divalent sulfur atom preferably no more
than two carbon atoms removed from a carbonyl
group of the ester. Examples of these types of
compounds comprise esters containing a thio-
ether group in the alpha or beta position, esters
containing a mercapto group in the alpha or
beta position, and esters containing a thioketo
group in the alpha or beta position. These types
of compounds may be represented generically by
the following structural formulae:

Alpha thioether substituted esters
R——ﬁ—O—CH:—S-—Rl

or
R—8—C H:—(”J—O—Rx

0
Beta thioether substituted esters
n—ﬁ—o—-om——cm—s—m

or
R~-8—CH:—C Hr-(l.'ll—O—Rx

o]
Alpha mercapto substituted ester
R—-('JH—fIJ-—O—Rn

H
Beta mercapto substituted esters
R—?H—cm—?—-o—n.

8
H

or
R—-ﬁ-—O-—CHr—C H—R,

'

H
Alpha thioketo substituted esters
R—cl:-c—o-—m '

b

10

15

20

25

35

40

45

60

65

60

65

70

78 beta ° position.

2,321,676

or
R—(lﬁll--o—(l'll—-lh

. o s
Beta thioketo substituted esters
R—C—CHr—6—0-T,

or
R——C—O—-Cﬂr—ﬁ—nx

8

In these formulae R and Ri represent an alkyl,
aryl, alkaryl, aralkyl or cyclic non-benzenoid
group. R and R: may contain substituents other
than the divalent sulfur group, which substit-
uents may be of ejther the same or a different
type. It is to be understood that the correspond-
ing esters of monothio- or dithio-carboxylic acids
fall within the broader scope of the invention.

In the type formulae herein given, frequent
reference is made to alkyl, aryl, alkaryl, aralkyl
or cyclic non-benzenoid radicals. Examples of
alkyl radicals are: methyl, ethyl, propyl, butyl,
amyl, hexyl, heptyl, ortyl, nonyl, decyl, dodecyl
(lauryl), tetradecyl and cetyl. Examples of aryl
radicals are phenyl and naphthyl, Examples of
alkaryl radicals are radicals in which a benzene

.ring is attached directly to the molecule being

substituted, and the benzene ring contains an
alkyl substituent. Examples of aralkyl radicals
are radicals in which an alkyl group is attached
directly to the molecule being substituted, and
the alkyl group contains an aryl substituent, for
instance, an ester of phenyl! methyl aicohol. Esx-
amples of cyclic non-benzenoid radicals are cyclo
pentyl, cyclo hexyl and cylo heptyl.

Examples of alpha and beta thioether sub-
stituted esters are: methyl, ethyl, propyl, butyl,
amyl, hexyl, heptyl, octyl, nonyl, decyl, lauryl,
tetradecyl and cetyl esters of amylthio acetic
acid; methyl, ethyl, propyl, butyl, amyl, hexyl,
heptyl, octyl, nonyl, decyl, lauryl, tetradecyl and
cetyl esters of methylthio propionic acid; methyl,
ethyl, propyl, butyl, amyl, hexyl, heptyl, octyl,
nonyl, decyl, lauryl, tetradecyl and cetyl esters of
S-phenyl-monothiotartaric acid; and methyl,
ethyl, propyl, butyl, amyl], hexyl, heptyl, octyl,
nonyl, decyl, lauryl, tetradecyl and cetyl esters of
benzylthio-succinic acid.

Examples of alpha and beta mercapto sub-
stituted esters are: methyl, ethyl, propyl, butyl,
amyl, hexyl, heptyl, octyl, nonyl, decyl, lauryl:
tetradecyl and cetyl esters of thiolactic acid;
methyl, ethyl, propyl, butyl, amyl, hexyl, heptyl,
octyl, nonyl, decyl, lauryl, tetradecyl and cetyl
esters of thiohydracrylic acid; methyl, ethyl,
propyl, butyl, amyl, hexyl, heptyl, octyl, nonyl,
decyl, lauryl, tetradecyl and cetyl esters of thio-
malic acid; methyl, ethyl, propyl, butyl, amyl,
hexyl, heptyl, octyl, nonyl, decyl, lauryl, tetra-
decyl, and cetyl esters of dithiotartaric acid.

Examples of alpha and beta thioketo substi-
tuted esters are: methyl, ethyl, propyl, butyl, amy],
hexyl, heptyl, octyl, nonyl, decyl, lauryl, tetra-
decyl and cetyl esters of amyl thioketo-acetic
acid; methyl, ethyl, propyl, butyl, amyl, hexyl,
heptyl, octyl, nonyl, decyl, lauryl, tetradecyl and
cetyl esters of methyl thioketo-propionic acid.

The esters of this invention may be prepared
by methods known in the art. The esters may be
prepared by esterification of the alpha or beta
substituted acids, by esterification of the alphs or
beta substituted alcohols, or by introducing the
divalent sulfur group into an ester in an alphsa or
For example, ethyl thiolactate
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may be prepared by warming thiolactic acid with
alcohol and & little sulfuric acid, then dissolving
in ether and removing the sulfuric acid with
water. Ditchyl thiomalate may be prepared by
saturating an alcoholic solution of thiomalic acid
with hydrochloric acid and fractionally distilling
under vacuum. The ethyl ester of S-amyl-thio-
glycolic acid may be prepared by heating ethyl
chloro-acetate and sodium amylmercaptide, dis-
solving in ether, washing out sodium chloride with
water, and then fractionating.

It will be understood from the foregoing discus-
sion that the invention embraces the addition of
both a metal salt of an organic acid and the sub-
stituted ester as addition agents for liquid Iubri-
cating oils. Each and every one of the foregoing
metal salts of organic acids may be utilized in
hydrocarbon oils with each and every one of the
foregoing substituted esters to impart improved
properties to the oil; e. g. lubricating oils contain-
ing any one or more of the metal salts of fatty
acids with any one or more of the alpha or beta
divalent sulfur substituted esters will be found
useful. Likewise, oils containing any one or more
of the metal naphthenates in combination with
any one or more of the alpha or beta divalent
sulfur substituted esters possess advantageous
properties. The same is true of combinations of
any one or more of the metal salts of phenols or
of the metal salts of the aryl substituted or poly-
carbexylic acids with any one or more of the di-
valent sulfur substituted esters. »

The combinations disclosed herein cooperate to
give new results in hydrocarbon lubricating oils.
In general, the alpha or beta divalent sulfur sub-
stituted esters reduce the corrosive effects of hy-
drocarbon oils on modern bearing metals, such as
copper-lead or cadmium-silver alloys.
esters will reduce corrosiveness of oils containing
metal salts of organic acids as much as 50% or
more. Various of the metal salts of organic acids
and the substituted esters apparently cooperate to
enhance the stability of the oil against discolora-
tion, gum formation, piston ring sticking and the
like.

. The proportions of addition agents utilized will

depend upon the particular compound incor-
porated in the oil, upon the base oil being com-
pounded, as well as upon the conditions which
the oil is to encounter during use and the proper-
ties desired. In general, from 0.1% to 5% of
the metal salts of organic acids are utilized, and
more usually 0.5% to 2% thereof are found desir-
able. Measurable improvements in the properties
of the compounded oil are obtained with as little
as 0.1% of the substituted esters, but-as much as
1% is preferred. More than 10% is regarded as
unnecessary. .

The chemical mechanism by which the results
of this invention are obtained has not been estab-
lished. Metal salts of organic acids appear gener-
ally to catalyze corrosive effects in hydrocarbon
lubricating oils. ‘The alpha and beta divalent
sulfur substituted esters inhibit or offset this
catalytic action. The present invention, in its
broader aspects, is applicable to oils, such as
highly refined or highly paraffinic mineral oils,
which are in themselves corrosive to bearing
metals in the absence of added metal salts of

organic acids; i. e., the: alpha and beta divalent.

sulfur substituted esters may, according to the
broader principles of the invention, be utilized to
inhibit the corrosive action of hydrocarbon lubri-
cating oils on copper-lead and cadmium-silver
bearing metals whether or not the oils contain
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metal salts. However, the invention appears to
find its greatest utility in oils containing metal
salts of organic acids in that these salts cooperate
with esters to yield properties which are not ob-
tainable with either type of component alone.

It is apparent that the particular ester and
the particular metal salt must be selected with
various factors in mind, such as the service to
be encountered and the type of bearings or other
machine elements to be lubricated, if the maxi-
mum benefits of the invention are to be obtained.
In general, salts containing at least ten carbon
atoms are preferred. Where reduced corrosion
is desired esters containing less than ten carbon
atoms are preferred. Esters containing more
than ten carbon atoms are useful for imparting
other properties to the oil, e. g., reducing wear
or reducing friction. While specific examples
and methods of preparation of the compositions
of the invention have been described, this has
been done by way of illustration only and with
the intention that no limitation should be im-.
posed upon the invention thereby. Numerous
modifications and variations of the illustrative
examples may be effected in the practice of the
invention which is of the scope of the claims

- appended hereto.
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We claim: .

1. A composition of matter comprising a hy-
drocarbon oil containing a metal salt of an or-
ganic agid in an amount suffictent substantially
to increase the corrosivity of said oil, and a cor-
rosion inhibitor comprising an ester having a
divalent sulfur substituent attached to an alkyl
carbon atom and no more than two carbon atoms
removed from a carbonyl group of said ester.

2. A composition of matter comprising a hy-
drocarbon oil containing a metal salt of an or-
ganic acid in an amount sufficient substantially
to increase the corrosivity of said oil, and a cor-
rosion inhibitor comprising an ester having a
thioether substituent attached to an alkyl carbon -
atom and no more than two carbon atoms re-
moved from a carbonyl group of said ester.

3. A ¢omposition of matter comprising a hy-
drocarbon oil containing a metal salt of an or-

* ganic agid in an amount sufficient substantially
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to incredse the corrosivity of said oil, and a cor-
rosion inhibitor comprising an ester having a
thioketo. substituent no more than two carbon
at(t)ms removed from a carbonyl group of said
ester.

4. A composition of matter comprising a hy-
drocarbon oil containing. a metal salt of an or-
ganic acid in an amount sufficient substantially
to increase the ‘corresivity of said oil, and a cor-
rosion inhibitor comprising an ester having a
mercapte substituent attached to an alkyl carbon
atom and no more than two carbon atoms re-
moved from-a carbonyl group of said ester.

5. A éompcunded hydrecarben oil containing
a small amount of a metal salt of an organic
acid sufficient substantially to increase the cor-
rosivity of said oil, and from approximately 0.1%
to 10% of an ester having a divalent sulfur
su3lstituent attached to an alkyl carben atem ard
no. more -than twe carben atoms remcoved from
a carbonyl group of said ester.

6. A compounded hydrocarbon cil containing
a small amount of a metal salt of an organic
acid sufficient substantially to increase the cor-
rosivity of said-oil, and from approximately 0.1%
to 10% of an ester having a thioether substituent
attached to an alkyl carbon atom and no more




4

than two-carbon atoms removed from g carbonyl
group of said ester.

7. A compounded hydrocarbon oil containing
a small amount of & metal salt of an organic
acid sufficient substantially to increase the cor-
rosivity of said oil, and from approximately 0.1%
to 10% of an ester having a thioketo substituent
no more than two carbon atoms removed from
a carbonyl group of said ester.

8. A compounded hydrocarbon oil containing
a small amount of a metal salt of an organic
acid sufficient substantially to increase the cor-
rosivity of said oil, and from approximately 0.1%
to 10% of an ester having a mercapto substituent
attached to an alkyl carbon atom and no more
than two carbon atoms removed from a carbonyl
group of said ester.

9. In & method of lubricating bearing surfaces
which comprises maintaining between the bear-
ing surfaces, one of which iIs a bearing metal
of the type represented by cadmium-silver and
copper-lead alloys, a film of a lubricating oil
which initially produces an effective lubricating
action but which would normally tend to corrode
said bearing metal, the step of inhibiting the
corrosive action of the oil on sald bearing by
incorporating therein from approximately 0.1%
to 10% of an ester having a divalent sulfur
substituent attached to an alkyl carbon atom
and no more than two carbon atoms removed
from a carbonyl group of said ester.

10. In a method of lubricating bearing sur-
faces which comprises maintaining between the
bearing surfaces, one of which is a bearing metal
of the type represented by cadmium-silver and
copper-lead alloys, a film of a lubricating oil

which initially produces an effective lubricating -

action but which would normally tend to corrode
said bearing metal, the step of inhibiting the
corrosive action of the oil o said bearing by
incorporating therein from approximately 0.1%
to 10% of an ester having a thioether substitu-
ent attached to an alkyl carbon atom and no
more than two carbon atoms removed from a
carbonyl group of said ester.

11. In a method of lubricating bearing sur-
faces which comprises maintaining between the
bearing surfaces, one of which is a bearing metal
of the type represented by cadmium-silver and
copper-lead alloys, a fillm of a lubricating oil
which initially produces an effective lubricating
action but which would normally tend to corrode
said bearing metal, the step of inhibiting the cor-
rosive action of the oil on said bearing by in-
corporating therein from approximately 0.1% to
10% of an ester having a thioketo substituent no
more than two carbon atoms removed from a
carbonyl group of said ester. '

12. In a method of lubricating bearing sur-
faces which comprises maintaining between the
bearing surfaces, one of which is & bearing metal
of the type represented by cadmium-silver and
copper-lead alloys, a film of a lubricating oil
which initially produces an effective lubricating
action but which /would normally tend to cor-
rode said bearing metal, the step of inhibiting
the corrosive action of the oil on said bearing by
incorporating therein from approximately 0.1%
to 10% of an ester having a mercapto substituent
attached to an slkyl carbon atom and no more
than two carbon atoms removed from a carbonyl
group of sald ester.
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13. In a method of lubricating bearing sur-
faces which comprises maintaining between the

_ bearing surfaces, one of which is a bearing metal
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of the type represented by cadmium-silver and
copper-lead alloys, & film of a compounded
lubricating oil containing a metal salt of an
organic acid in an amount which would normally
increase the corrosivity of said oil to said bear-
ing metal, the step of inhibiting the corrosive
action of the oil on said bearing by incorporat-
ing therein from approximately 0.1% to 10%
of an ester having a divalent sulfur substituent
no more than two carbon atoms removed from a
carbonyl group of said ester. )

14. In a method of lubricating bearing sur-
faces which comprises maintaining between the
bearing surfaces, one of which is a bearing metal
of the type represented by cadmium-silver and
copper-lead alloys, a film of a compounded
lubricating oil containing a metal salt of an
organic acid in an amount which would normally
increase the corrosivity of said oil to said bear-
ing metal, the step of inhibiting the corrosive ac-
tion of the oil on said bearing by incorporating
therein from approximately 0.1% to 10% of an
ester having a thioether substituent no more
than two carbon atoms removed from a carbonyl
group of said ester.

15. In a method of lubricating bearing sur-
faces which comprises maintaining between the
bearing surfaces, one of which is a bearing metal
of the type represented by cadmium-silver and
copper-lead alloys, a film of a compounded
lubricating oil containing a metal salt of an

3 organic acid in an amount which would normally

increase the corrosivity of said oil to said bearing
metal, the step of inhibiting the corrosive action
of the oil on said bearing by incorporating there-
in from approximately 0.1% to 10% of an ester
having a thioketo substituent no more than two
carbon atoms removed from a carbonyl group of
said ester.

16. In a method of lubricating bearing surfaces
which comprises maintaining between the bear-
Ing surfaces, one of which is a bearing metal
of the type represented by cadmium-silver and
copper-lead alloys, a film of a compounded
lubricating oil containing a metal salt of an
organic acid in an amount which would nor-
mally increase the corrosivity of said oil to said
bearing metal, the step of inhibiting the corro-
sive action of the oil on said bearing by incor-
porating thereon from approximately 0.1% to
10% of an ester having a mercapto substituent
no more than two carbon atoms removed from a
carbonyl group of said ester.

17. The composition of claim 1, wherein said
metal salt of an organic acid is a metal phenate
having an oil-solubilizing substituent.

18. The composition of claim, 1, wherein said
metal salt of an organic acid is a metal salt of an
aliphatic carboxylic acid.

19. The composition of claim 1, wherein said
metal salt of an organic acid is a metal salt of
a partial ester of an aliphatic polycarboxylic
acid.

20. The composition of claim 1, wherein said
metal salt of an organic acid is a metal salt
of a carboxylic acid having an aryl substituent.

JAMES O. CLAYTON.
BRUCE B. FARRINGTON.
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including the words and periocd ®3aid ester." in 1ine 57, comprising claims:
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’15. A compounded lubricant comprising a hydrocnrbon
oil containing from epproximetely 0.1% to5% of a metal
salt of en organic acid and from approximately O.1% to.
104 of a corrosion inhibitor comprisingsan ester having a
divalent sulfur substituent attached to an alkyl carbon
atom and no more than two carbon.atoms removed from &
carbonyl group of the ester.

. A compounded lubricent comprising a hydrocarbon '
oil containing from approximately o) 1% to 10% of an ester
of a cerboxylic acid, sald esterhaving s mercapto sub-
stituent no more than two carbon atoms removed from a car-
bonyl group of the ester.

15, A compounded lubricant comprising s hydrocarbon
oil with the properties of such composition affectingits
use asa lubricant improved by incorperating thez;ein at
ledst 0.1% by welght based onthe oilof a metal salt of
en orgenic acid and from epproximately 0.1% to 10% by

' wei‘g,ht based on the oll of an ester having a divalent
sulfur substituent attached toan alkjl carbon atom and
no more than two carbon atoms removed from a carbonyl

" group of the ester. ‘

6. A conipounded lubricant comprising a’,hyai,*ocarbqn
0il with the properties of such composition affecting 1ts ,_
use as & lubricant 1mpre_oved by incorporating therein at
least 0.1% by welght based onthe oil.of a metal salt of
an organic acid snd from approximately 0,1% to 10¢ by
welght based.on the oil of an ester having a” thloether sub-
stituent attached toan alkyl carbon atomand no more than
two carbon atoms removed from & carbonyl group of . the
ester, - , T ' ' '
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atom and no more than two carbon.atoms removeéd from a
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011 containing fromapproximately 0.1%to 10¢ of an ester
of & carboxylic acld; sald esterhaving a mercapto sub-
stituent no more than two carbon atoms removed from a car-

bonyl group of the ester.

15. A compounded Jubricant comprisihg a hydrocarbon
o1l with the properties of such composition affectling its
"useasa- ‘lubricant improved by incorporating therein at’
ledst O. 1% by welght based onthe oil of a metal salt of
an orgenic acid and from approximately 0.1% to 10% by

' weight based on-‘ the oll of an ester having a divalent
sulfur substituent sttached toan alk:yl car'bon atom and
no more than two carbon atoms removed from a ca.rbonyl

" group of the ester.

16. A compounded lubricant ‘comprising & hydrocarbon
01l with the properties of such composition affectingits
use as a lubricant improved by incorporating there:.n at'
least O. 1% by welght based onthe oll.of a metal salt of
_an organic acld end from approximately 0.1% to 10% by‘
welght based.on the oil of an ester havinga’ thioeth_er sub-
stituent attached to an alkyl carbon atom and no more ‘than

- 'two carbon atoms removed from a ca.rbonyl group of . the
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