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_This invention relates to & new and useful
composition of matter. More particularly, the
invention involves liquid lubricating compositiong
for use in internal combustion engines of modern
design using hard metal bearings which are sus-
ceptible to corrosion by highly refined lubricants
under severe operating conditions. The inven-
tion provides & novel corrosion inhibited oil hav-
ing deleterious corrosive and other effects in-
hibited even under the higher bearing pressures,
the higher rotating speeds, the higher engine

temperatures and the like, caused by relatively.

recent changes in engine design. The prevention
of undue corrosion by lubricants encountering
these conditions is increasingly difficult for three
principal reasons.

The first reason is that the newer bearing
metals are, in general, more susceptible to the
destructive agents of a corrosive nature even
though these metals are harder and capable of
carrying higher loads than were thé conventional
Babbitt bearings., Typical of these corrosion-
susceptible newer bearings are those composed
of cadmium-silver or copper-lead alloys supported
upon a steel back. Others of these relatively new
bearing metals are cadmium-nickel alloys and
the so-called high lead bearings.

The second reason for increasing difficulty in
preventing corrosion is that the changes in en-
gine design have required concurrent marked ad-
vances in methods of refining lubricating oils to
vield products having high viscosity index or
other desired, properties. This demand for oils
having lesser change in viscosity with changes
in temperature, i. e. higher viscosity index, has
been met by refining Jubricants by certain. selec-
tive solvent refining or selective solvent extrace
tion processes wherein the lower viscosity index
hydrocarbons are selectively dissolved. The se-
lective solvent refining processes are operated to
concentrate in one fraction, usually the undis-
solved lubricant fraction, those compounds of a
“parafiinic” nature which show a smaller change
in viscosity upon change in temperature. Selec-
tive solvent extraction processes have been found
In many cases to yield an oil which, although
satisfactory from the standpoint of viscosity in-
dex, is over-refined as respects stability at higher
temperatures. This is particularly true where
the selective solvent refinement is carried to a
point which yields high viscosity index products.

By “over-refined” oils it is intended to desig-
nate those oils from which naturally-occurring
inhibitors normally present in the oil have been
removed at least to an extent which materially
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reduces the stability of the oil against deteriora-
tion at higher temperatures or which substan-
tially increases corrosiveness of the oil on mod-
ern bearing metals. Over-refined oils are not
necessarily high viscosity index oils since oils of
intermediate viscosity index are sometimes pro-
duced from quite low viscosity index stocks by &
‘severe refinement which causes & substantial re-
duction in the natural inhibitor content of the
oil and thereby produces an oil having a corre-
spondingly reduced stability. From the above it
should be apparent that over-refined oils are not
limited to those produced by solvent extraction.
Other refining processes, e. g. sulfuric acid treat-
ment to produce white oils, remove naturally-
occurring inhibitors originally in the oil when the
treatment is sufficiently severe and thereby pro-
duce over-refinement with the attendant difficul-
ties herein discussed.

In general, over-refined oils may be character-
ized as having natura] inhibitors removed to the
point where the corrosiveness of the oil is greater
than about 40 megs. on a 1” x 2” coarse-grained
copper-lead bearing in a 72-hour corrosion test
(subsequently described in miore detail) run un-
der the following conditions:

300° P,

30 liters per hour

10 gms. of steel wool and a
8"’ x 1’’ copper strip

The foregoing 40 mgs, loss in the 72-hour cor-
rosion test may be designated as a corrosion in-
dex of 40.

The solvent refined oils referred to above, and
especially the over-refined oils, are not the only
type of oils which become definitely corrosive to
the newer bearing metals under normal but se-
vere conditions of use in internal combustion
engines. If has been found that a corresponding
adverse reaction, namely, corrosion of alloy bear-
ing metals such as cadmium-silver alloys, also
occurs in parafinic base oils which have not been
solvent refined or over-refined. These corrosion
difficulties sometimes cause bearing failure after

‘only a few thousand miles of operation. ‘The
higher the viscosity index of the lubricating oil
the more pronounced, in general, is the tendency
to corresion of the kind referred to above. Gen-
erally speaking, the-problem is encountered in
oils having viscosity indexes of 75 and higher, and
becomes of major magnitude in oils having a
viscosity index of 80 to 85 or higher.

Thirdly, the newer engines require that the
crankease lubricants operate under significantly

Temperature. ...
Catalyst...oo

o
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higher temperatures than heretofore required.
It is found that lubricating oils, which are satis-
factory and non-corrosive on newer alloy bear-
ings at lower temperatures heretofore normally
encountered, become unduly corrosive to these
same bearings at the higher temperatures. These
-kigher temperatures approach the borderline of

stability of organic compounds and relatively -
‘small increases in temperature therefore magnify-

* many-fold the difficulties of inhibiting corrosion
and other deterioration, such -as forma.tlon of
“yarnish,” carbon, or sludge. :

. Problems in lubrication of internal combustion
engines have been further multiplied by the
. necessity for addition of stabilizers capable of.
inhibiting the deterioration of the lubricating
oil at elevated temperatures.
tions became more severe, piston ring sticking,
“varnish” formation on pistons and cylinder
walls, and deposition of hard.carbon on the pis-
ton wall above the top piston ring, have caused
_frouble in engine operation. These particular
difficulties are met by incorporation of stabilizing

agents such as aryl metal oxides (metal phen- -

ates), salts of aryl carboxylic acids, salts of poly-
carboxylic acids which preferably have been par-
tially esterified, salts of alkyl carboxylic acids
containing a polar group (e. g. mercapto, thio-
keto, thioether, amino, cyano, phosphino, oxyketo,
and hydroxy groups, and the like) near a car-
boxyl group of the acid, and metal alcoholates.
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A feature ot this invention comprlseu the pro-.

- vision of a lubricating oil containing a new com-

10

As engine condi- -

20

23

30

These types of stabilizers are relatively non-cor- -

rosive and some have a corrosion inhibiting action
under less severe lubricating conditions.

In naphthenic base lubricating.oils, or even in 3;

oils of intermediate refinement and intermediate
viscosity index (e. g, a viscosity index of less
than 75) which are not over-refined, various cor-
rosion inhibitors are highly effective under severe
service. However, when an over-refined or high
viscosity index oil (e. g. of 80 viscosity index or
more) Is used as a base stock and when the oil
is to do service under extreme conditions on cor-
rosion-sensitive alloy bearings, the difficulties
presented have seemed almost insurmountable.
Thus there was presented a combination of cir-
cumstances not previously encountered, namely:

(a) the necessity for lubricating corrosion-sensi-
tive hard alloy bearings, (b) the desirability of
using & base 0il stock inherently more corrosive
to such bearings than lower viscosity index or
less highly refined oils, and (¢) more severe oper-
ating conditions, as respects temperature and
speed, than the lubricating engineer had pre-
viously been requested to meet.

Under this new combination of circumstances
it was found that the above-mentioned non-cor-
rosive stabilizers against deterloration at ele-
vated temperatures catalyzed corrosion by the oil
although these compounds remained non-corro-
sive in themselves. Also, it was discovered that
various corrosion inhibitors found to be effective

to prevent corrosion even by the over-refined or .

higher viscosity index stocks in the absence of the
stabilizers were not effective as anti-catalysts to

destroy the catalytic corrosion of the stabilizers -

in such oils. In others words, the anti-catalytic
action of an inhibitor in uncompounded hydro-
carbon oils formed no adequate basis for predict-
ing that the same inhibitor would selectively
“poison” the stabilizing agent of compounded oils
and destroy the agent’s catalysis of corrosion
without also destroying its catalytic stabilizing
a:&il?n against deterioration at elevated temper-
atures. ’
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bination of additives. This new combination of
additives is highly effective, both as respects sta-
bilization against deposition of adhesive or resin--
ous materials at elevated temperatures and pre-

‘vention of corrosion of alloy bearings, when in- -
.~ corporated in over-refined lubricating oils and
- olls having a viscosity index higher than 75, e. g.

& viscosity index of 80 to 85 or higher.  Since
the new combination of additives is effective even
in hydrocarbon lubricating oils which are rela-
tively non-responsive {0 corrosion inhibitors and
stabilizers, the combinations disclosed in  more
detail hereinafter are exceedingly powerful addi-
tives for more responsive oils, such ag naphthenic
or mixed base lubricants containing naturally-
occurring inhibitors in normal quantities or in
oils having a viscosity index of less than 80,

The corrosion inhibitors of this invention com-
prise long carbon chain multi-bridged thioalkyl
compounds, and the preferred type is termed
herein “alkyl polythio-dimero.”

These inhibitors are exemplified by compounds
of the followmg type formu]ae'
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wherein at least R: or Ra is a long carbon chain
and preferably at least Rz or R4 is also a long car-
bon chain. All four of these radicals, Ri, Ra, R
76 and R4, need not be long chains; for example, R»
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nnd R4 may be short chains or even hydrogen
when R: and Rs are long chains. Compounds in

which only one of the radicals, e. g. Ry, is a long -

carbon chain are not precluded. Likewise, these
radicals may contain cyclic substituents such as
"an aromatic or naphthenic substituent. How-
ever, such carbocyclic substituents, if present,
should be positioned in a long chain on a carbon
atom relatively distant from the bridged sulfur
group or groups since it is desired that the sulfur

. , : i

3

ctted that the brldslnz sulfur: atoms a.re on’car-
bon atoms near each other in a long carbon

“chain. However, modifications at present less

preferred but within the scope of the invention
in its broader aspects include multi-bridged thio

. compounds in which the terminal valences of the

10

groups possess substantially the properties of -

bridged thioalkyl substituents.

The term “dimer” as used herein deslgnates :

a type of product such as produced by linking
together two molecules of hydrocarbon structure

by & condensation reaction. Such a reaction is

illustrated by condensation of a chlorinated hy-
drocarbon with an inorganic sulfide whereby a
chlorine atom from each of two molecules is dis-
placed and a divalent sulfur atom takes up the

-free valence of each molecule to thereby connect
the molecule together, thus:

CnH2n+ 1C14+CnHan+1C14-Na2S+4-S—
CnHzn+1—-S—CuH2n+1+2NaCI+S

The carbon chains so condensed need not be
identical or of the same number of carbon atoms
to fall within the meaning of the term ‘“dimer”
as used herein. Similarly, the term “trimer” is
used to designate compounds in which three mole-
cules are connected by such & condensation re-
action.

The term “alkyl polythxo dimer” designates a
condensation product of two molecules of hydro-
carbon structure in which at least two sulfur
atoms independently bridge and connect alkyl
carbon chains. Such a dimer is produced by a
condensation of two polyhalogenated alkyl mole-
cules in which at least two halogen atoms are
split out from each alkyl molecule and at least
two sulfur atoms form connecting links between
the free valences of the two molecules. A signifi-
cant distinguishing characteristic of these com-
pounds is that at least two carbon atoms of a
chain separate the terminal valences of the bridg-
ing sulfur atoms, thus:

bt
8 b
—-be
[
Poly-(monothio)dimer
~bé-
54
4
—b
I
Poly-(dith!o)dimor

The term “multi-bridged” as applied to these
compounds requires that there be more than one
sulfur bridge between at least one pair of the
condensing molecules. The term “thiomer”: is
used to cover generically such sulfur bridged poly~
mers whether they be dimers or trimers. Thio-
mers of a liquid consistency, even though very
viscous at ordinary atmospheric temperatures, are
preferred and mixtures which are predominantly
dimers or trimers yield the best results.

The foregoing type formulae exemplify the pre-

ferred type of compounds insofar as it is indi-
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-be prepared by various methods.

sulfur bridges are separated by more than two
intervening carbons of the chain. As previously
indicated, at least one long carbon chain should
be preseqt in the compounds. By “long carbon
chain” it is intended to designate a carbon chain
having eight to ten or more carbon atoms, and
preferably twenty or more carbon atoms. Rela-
tively straight chaing are preferred, although
branching in the chain is not precluded; for
example, butene and isobutene polymers yield
long carbon chains having some branches but
are suitable for the purposes of this invention.
Paraflin wax is an illustration of a composition
containing long carbon chains of- outstanding

value for synthesis of the corrosion inhibitors

herein disclosed.

The corrosion inhibiting thiomers of this in-
vention may contain organic or inorganic sub-
stituents in one or more of the carbon chains.
Examples of such substituents are the halogens
(chlorine, bromine and iodine), ester groups, hy-
droxyl groups, and metal carboxylate groups.

The corrosion inhibitors of this invention may
The following
are equations for exemplary reactions:

1) Reaction of halogenated long chain hydro-
“carbons and an inorganic sulfide in the

presence of added sulfur:
' T s‘ pou
20H; . . —C—C—H+2NaS. ——s CHs. . —G—C—H+4NaCl
¢t ¢l S s .
. H—(:)-—(:)——- .. —CH;
" H

(2) Preparation of a mercaptide and- reaction
with a halogenated hydrocarbon, one or
both being long chain compounds

H
CHs. —é é—n+2Naon —_— cm..-—é ('J—H+2n.o

l& 1& . '-I!Ialll'a'

CH;..—C—C—H4+CHy..—b—bn —,
§ b &
Na e
HEH
CH..——C—H42NaC1

o

H—é—%— . .‘——(in
Wb

(3) Oxidation of polymercaptan or polymercap-

tide with various oxidlzing agents:
i H H H
2CH, . .——(IJ—C——H+O — CH;3. .——(J—Q—IH-ZHzO
' S é 5 &
' 8 8
H— (:; (:3 .—CH,
H H ’

W ‘"% _______________________________|
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2-parafiin wax 5-docosyl dithiane-1,4

'g E oo j: E o 2-parafin wax 5-tetracosyl dithiane-1,4
20: .. ~G-C-H+2NoCl0 — COH; .. -G-C-H-+2M;0-+2NaCl 2-parafin wax 5-hexacosyl dithiane-14
§4 ' S 5 ) : 2-paraffin wax b-octacosyl dithiane-1.,4
i b & 3 2-parafin wax 5-tricontyl dithiane-1,4 -
H.é-é- .. —CH: ' In the foregoing terminology, standard nomen-
‘ ﬁ I : . clature was utilized and the members of the nu-
R , H cleus of the dimers are numbered as follows:
H H (o mE - 10 e o
2cna..eé—+—n+zr, — cm..—é—clz—nﬂmt » o el e
1 : ki 7 wh o
Fa n . . L4 o -0 C—
A .. —om @1 i@
PE 16
H H

(c) Di-(disulfide)dimers—

The following specific type compounds illus-

B HA
trate corrosion inhibitors ofvthis invention: (CaHpas)— (j}_ &—n

(@) Di-(monothio) dimers— 20 i
' s HEH .
(C_B,“,)__(:;_(:;_g R (C Hawen.
ol
R il - il —(CaHinn) where R is hydrogen or CxHzx+1:
) ) : ’ 3,7-di-hexyl -1,2,5,6
where R is hydrogen or CaHzns1: 3}7_311_ o:t,;z tﬁmtggxl,is,s
2,5-d1-hexyl. dithiane-‘-'l,‘l ‘ 30 3,7-di-decyl tetratlﬂocane-l,z,li',ﬁ

3,7-di-dodecyl tetrathiocane-1,2,5,6

3,7-di-tetradecyl tetrathiocane-1,2,5,6

3,7-di-cetyl tetrathiocane-1,2,5,6

' 3,7-di-octadecyl tetrathiocane-1,2,5,6

33 . 3,7-di-eicosyl tetrathiocane-1,25,6
3,7-di-docosyl tetrathiocane-1,2,5.8
3,7-di-tetracosyl tetrathiocane-1,2,5,6
3,7-di-hexacosyl tetrathiocane-1,2,5,6
3,7-di-octacosyl tetrathiocane-1,2,5.6

40 ° °  37-di-tricontyl tetrathiocane-1,2,5,6

. 3,7-di-parafin wax tetrathiocane-1,2,5,6

(&) Mixed di-(bridged dithio) dimers—

2,5-di-octyl dithiane-1,4
2,5-di-decyl dithiane-1,4
2,5-di-dodecyl-dithiane-1,4
2,5-ditetradecyl dithiane-1,4
2,56~-di-cetyl dithiane-1,4
.2,5-di-octadecyl dithiane-1,4
2,5-di-elcosyl dithiane-1,4
2,5-di-docosyl dithiane-14
2,5-di-tetracosyl dithiane-1,4
2,5-di-hexacosyl dithiane-1,4
2,5-di-octacosyl dithiane-1,4
2,5-di-tricontyl dithiane-1,4
2,5-di-parafiin wax dithiane-1,4

1¢:)) ( hi ' 4 TR
Mixed di-(monothio) dimers— (CoHun—C—b—n
HH ‘
(c.m.'n)—é-é—n_ b 8
L 50 n—&-é—-(c.nm)
R—i—i—(cuﬂam) ‘ I’I 1& '
o where R is hydrogen or CaHaxs1:

Where R is hydrogen or CaHan+1: 55  3-decyl 7-dodecyl tetrathiocane-1,2,5,6

2-decyl 5-dodecyl dithiane-1,4
2-decyl 5-tetradecy] dithiane-1,4
2-decyl 5-cetyl dithiane-1,4
2-decyl 5-octadecyl dithiane-1,4

3-decyl 7-tetradecyl tetrathiocane-1,2,5,6
3-decyl 7-cetyl tetrathiocane-1,2,5,6
3-decy! 7-octadecyl tetrathiocane-1,2,5,6
3-decyl 7-eicosyl tetrathiocane-1,2,5.68

2-decyl 5-eicosyl dithiane-1,4 60 3-decyl 7-docosyl tetrathiocane-1,2,5,6
2-decy] 5-docory] dithiame-1 4 , 3-decyl 7-tetracosyl tetrathiocane.1 25,6
2-decyl 5-tetracosyl dithiane-1,4 3-decyl 7-hexacosyl tetrathiocane-1,2,5,6
2-decyl 5-hexacosyl dithiane-14 3-decyl 7-octacosyl tetrathiocane-1,2,5,6
2-decyl 5-octacosyl dithiane-1,4 3-decyl 7-tricontyl tetrathiocane-1,2,5,6
2-decyl 5-tricontyl dithiane-1,4 65 3-decyl 7-paraffin wax tetrathiocane-1,2,5,6

2-decyl 5-parafiin wax dlthiane-l,-i

~In theforegoing terminology, standard nomen-
clature was utilized and the members of the nu-
cleus of the dimers are numbered as follows:

2-paraflin wax 5-amyl dithiane-1,4
2-paraffin wax 5-hexyl dithiane-1,4

2-paraffin wax 5-octyl dithiane-1,4

2-parafiin wax 5-decyl dithiane-1,4 70 ml é(s)
2-paraffin wax 5-dodecyl dithiane-1,4 —C—C—
2-parafiin wax 5-tefradecyl dithiane-1,4 (G)A é(l)
2-paraffin wax 5-cetyl dithiane-1,4 ® & @
2-paraffin wax 5-octadecyl dithiane-1,4 )

2-parafin wax 5-eicosyl dithiane-1,4 { I YR
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Additional types of coinpounds fllustrating the
invention in its broader aspects are:

Tri-(bridged monothio)dimers—

HHH
L
L4
B—{—$—0-n,
ko

Tri-(bridged disulfide) dimers—

R——$—bm
L4 4
bobd

H—{)—é—(lz—m

where R and Ri are radicals of hydrocarbon
structure.

The invention is not limited to dimers but,
where the carbon chains are less than twenty

10
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carbon atoms long and yield oil-soluble products, -

higher polymers are useful. Thus the trimers
and tetramers are contemplated—

R—E—E—E H—E—E—Ba
b

where R, Ri, Rz and Rs are radicals of hydrocar-
bon structure.

However, it is preferred that the compound or
mixture of compounds should be liquid at ordi-
nary atmospheric temperature. For this reason,
dimers, trimers or mixtures of dimers and trimers
are at present utilized.

It has been discovered that a reaction product
comprising an unknown mixture of thiomers is
an outstanding corrosion inhibitor. This reac-
tion product contains a mixture of different sul-
fides which cooperate in some unknown manner
to produce a powerful corrosive inhibiting action
effective at high temperatures and in high vis-
cosity index oils. The reaction product is be-
lieved to be g mixture of multi-bridged thiomers,
monothio ethers, dithio ethers and probably a
small proportion of trithio ethers. This particu-
lar reaction product is one of applicants’ pre-
ferred species. The reaction product is herein
designated “paraffin wax thiomers” and com-
prises the product of the reaction of a halogen-
ated paraffin wax (preferably containing from
about 15 to about 25% chlorine) and an inorganic
sulfide such as sodium sulfide or polysulfide.

In order to illustrate the invention and facili-
tate the practice thereof by those skilled in the
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art, the following examples of methods of pre-
paring wax thiomers are given:

PREPARATION OF CHLORINATED WAX

Crude white scale wax is melted and heated to
about 150° to 200° F. and chiorine gas is passed
through the melt. The temperature is preferably
kept between these limits by adjusting the rates
of heating and inflow of chlorine. The density
of the mix increases rapidly as the chlorination
proceeds and the gravity of the reaction product
is thus a measure of the degree of chlorination.
When the chiorine content of the wax has
reached a desirable percentage the flow of chlo-
rine gas is cut off and the mixture is blown with
either nitrogen or air until substantially free of
either chlorine gas or hydrogen chloride. The
chlorinated wax is a straw-colored.liquid which
slowly darkens on standing. Exemplary inspec-
tions of such chlorinated waxes are as follows:

Gravity,

Per cent
Batch Cl  { A P.

] 9.0
1 8.9

PREPARATION OF WAX THIOMERS

Utilizing a chlorinated wax such as the above,
the wax thiomers may be prepared as follows:

ExaMpPLE 1

The proportions of the reactants are glven in
the table below:

Reactants Grams

8,520
8,760

693
! 19,000
8,185

Chlorinated wax (27.5% chloring)..c.ueee-.
Sodium sulfide (60~62% N&s8) ceaweecaacnm-

Aleghol
‘Water.

123,600 ce.

The sodium sulfide utilizéd was approximately
a trihydrate and the amount of water added was
just sufficient to produce NaaS.9Hz20.

In preparing the wax thiomers the chlorinated
wax and alcohol are first thoroughly mixed in a
vessel equipped with a stirrer and a reflux con-
denser. The sodium sulfide is dissolved in the
heated water. The sulfur is added and the mix-
ture boiled and stirred until the sulfur dissolves
in the aqueous solution. This aqueous solution
is added to the alcoholic solution of the chlorin-
ated wax and the whole is refluxed at 185° F.
(atmospheric pressure) for twenty hours. The
reaction product is then washed with water until
free of alcohol and inorganic salts and then dried
by air-blowing it at elevated temperature. After
drying, the final product is filtered.

In a preferred embodiment of the invention the
reaction is carried out under conditions such that
substantially all the chlorine in the chlorinated
wax is removed. In order to facilitate produc-
tion of this type of prduct it is preferred that the
chlorinated wax contain only about 16% chlorine,

The following table gives analytical results on
the various batches of parafin wax thiomers pre-
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pared with some variations in the method of
~ operation: ,

Vis. at | Percent | Molecular
Method ! T 8 | welght
1... 1,825 12.0 | ke
2eu- 8,313 13.8 600
1 1,740 111 500
2. 1,685 12.0 827
1 1,711 1L8 650
1.. S 1,680 1 1L4 753
1. 1,867 1L 5 703
1. 1,922 1.6 748
1 1,877 1.2 750
- 1,998 10.4 697
2. 2,003 1L8 {oeeea

2 Method 1—Both alcohol and water are used as in the
description given above. Method 2—Only alcohol is used
as a solvent, and the sodium sulfide and sulfur are added
directly to the chlorinated wax in alcohol. Method 3—
Half the quantity of alcohol and water are used.

EXAMPLE 2

To insure a wax thiomer substantially free of
chlorine the following process was utilized:

Chiorinated wax in this example contained:

16% chlorine and anhydrous sodium sulfide was
‘used. No water was added and the alcohol was
anhydrous. The proportions were as follows:

Reactants Grams | Gram moles
hlorinated wax (16% chlorine)..__.__._.__ 800 L9
god‘i)limamﬂml a7 ) 1,% 3§35

h
é&?mox (00Z:) oo oeooe e 69.4 2,18

The sodium was dissolved in 800 grams of alcohol
and half of the resulting sodium ethylate solu-
tion saturated with hydrogen sulfide to yield an-~
hydrous sodium hydrosulfide.
the other half of the sodium ethylate was added.
The chlorinated wax was dissolved in 800 grams
of alcohol and heated to 160° F, The alcoholic
reaction product of sodium ethylate and sodium
hydrogen slufide (anhydrous sodium sulfide) was
added and the sulfur stirred in. The whole mix-
ture was refluxed for nineteen hours, washed, dis-
solved in ethyl ether and dried with anhydrous
sodium sulfate. After filtering, the ether was
evaporated off. .

Yield grams__ 701

Viscosity at 100° F. -—= 1224

Per cent S - 12.6

Per cent Cl 1.8
ExaMPLE 3

- According to this method wax multi-bridged
monothio dimers may be prepared as follows:
Chlorinated wax (15 to 25% chlorine) was re-
acted with an alcoholic solution of sodium hydro-
sulfide to yield wax mercaptan by the reaction—

) (33:4
Cl—wax—Cl4-2NaSH( (alecoholic) . ———s wnx< +2NaCl
' N SH
The wax mercaptan Is then converted to alkaline

metal mercaptides by reaction with caustic soda
or sodium ethylate as follows:

SH- ,  BNa
Wax|  }2NaOH —~——s Warx +2H:0
SH SNa

The wax mercaptide is then reacted with addi-
tional chlorinated wax (15 to 25% chlorine) in

To this solution

10

13

20

2,346,157

‘aleoholic solution to give & wax multi-bridged
sulfide— : ’

N SNa _

- Wax +Cl—wax—Cl ———s Wax+2NaCl

8Na Lo
Wa

A typical product of this method .had a moleculaf )
weight of . 873, a sulfur content of 6.8%, and s
chlorine content of 2.2%.

EXAMPLE 4

A wax multi-bridged disulfide may be prepared
from the wax mercaptans of Example 3 by oxida-
tion of the mercaptans as follows:

SH
403 —— Wax+2H;0

4 b
Wak

2 Wax

\BH

- Oxidizing agents other than oxygen may be uti-

25

30

35

40

45

53

6o

65

70

((]

lized; for example, iodine, alkali hypochlorites
or hypochlorous acid, ' ;

EXAMPLE §

Dissolve 100 grams of wax polymercaptan
(16.4% S, 2.5% Cl, molecular weight 370, vis-
cosity at 100° F.=210.1) in 400 cc. of petroleum
ether. Slowly stir in 496 grams of a 5.25% by
weight NaClO aqueous solution and thoroughly
agitate for about one hour. Separate the aqueous
layer, wash the petroleum ether solution with
water, dry, filter and evaporate off the petroleum
ether to leave a wax multi-bridged disulfide con-
taining 16.4% sulfur. ’

EXAMPLE 6

A wax multi-bridged disulfide containing
12.9% sulfur and 1.8% chlorine was prepared by
the method of Example 5 utilizing 100 grams of
waX polymercaptan (12.3% sulfur, 1.9% chlorine,
molecular weight 530, viscosity at 100° F=153.5)
and 410 grams of the sodium hypochloride solu-
tion.

The proportions of the corrosion inhibitors
disclosed herein may vary from about 0.1% to
about 2% by weight based on the oil. In the less
corrosive and more stable oils 0.25% is sufficient,
while in more corrosive and less stable oils 1%
or more may be necessary. The lighter grades
of lubricating ofls require somewhat more com-
pounding. In an oil such as a solvent refined
S. A. E. 30 lubricant from Kettleman Fields,
California crude, 0.25% of the corrosion inhibitor
has been found sufficient even in the presence of
other stabilizers such as metal phenates. - ;

In general, it has been found that the corrosion
inhibitors of this invention are outstanding and
not the mere equivalent of the various other
sulfides. For example, the same corrosion in-
hibiting action in over-refined or high viscosity
index lubricating oils is not obtainable with ordi-
nary thioethers or disulfides of the type formulae:

R—S—Ri: and R—S—S—R;,

respectively. The multi-bridged sulfur struc-
tures give a corrosion inhibiting action, particu-
larly in over-refined ofls or olls having a viscosity
index greater than 75, under conditions where
various other thioethers and disulfides of the con-
ventional structure are not fully satisfactory.
For example, an 8. A. E. 10 lubricating oil from &
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‘certain Colombian crude is a particularly difficult
¢ )-adequately stabilize-against;corrosion. In

nothioether-of thetype—

7

fore weighing, each strip was washed in petroleum

ether and carefully wiped with a soft cotton cloth.

The duration of the test was 72 hours. The loss

in weight in milligrams in the foregoing corrosion
8 test is termed the corrosion index of the oil.

shown by In test 1 the temperature was 325° F. as indi-
cated. Ten liters of air per. hour were buhbled
Test 3, bearing corr.
Test 1, 325° | et B 3000 st 1 Bigh opoed
F., strip cor= | © 4,0 tost— Diasel enxig;—e-
rosion test— wt. loss lﬂﬁ. wt. loss per
mg. wt. loss, m‘bou'se 4 f conmotﬁs
nnegnlmd grained rod
Ou-r0,7 | Cu-Pb, 72
hours hours
06 hrs, | 248 hrs.
Oolombisn 8. A, E. 10:+0; metal phenate-+0.25% metal
oo . A L lrn] isa, Puenate-+0.25% mo 2.0 |- s 1 204
Colombian 8. A. E. 10+0.5%mlhrlidd‘metd phenate--0.25% metal
; r-organorphosphate-+1.5% cetyl ethyl suifide 12.2 8.3 40 1150
“Colombian 8. A E:'10-£0.5% sulfiitized rhetal phenate+-0.25% metal )
omqo'phosphmw ﬁnth!omer 8.6 2.9 9.5 31

"
{

“a paraffin wax thiomer
havirig ‘substantially“the same sulfur content.
This is illustrated by the’followmg data:

€08rse
Cu-Pb, 72 hours

Colombian 8. A. E. 1040.5% sulfurized metal
phenate-l-o.zfi‘goi metal organo-phg_ghawl.o%

parafiin wax thiomer (11.8% sulfur)............

Colomblaa 8. A. E. t;lo-a-o.zs'% sulturssd Tiets]
enate-0. me organo-]

Pl (R—8~S—Ry) (12.3%

25

ate+1.0%

h
19 DU 85

From these data it is evident that the paraffin
wax thiomer is from four to eight times as effec-
tive as cetyl ethyl sulfide, and over three times as
effective as a conventional dialkyl disulfide struc-
ture with about the same sulfur content in the

-inhibiting agent. The limit established by the
Caterpillar Tractor Company in the high speed
Diesel engine corrosion test is 50 mg. in 246 hours
for oils of “exceptional quality.” The above data
show that parafin wax thiomers are capable of
producing an oil meeting the test for exceptional
quality, whereas the other sulfides, although
highly effective as corrosion inhibiting agents, do
not yield an oil of exceptional quality with Colom-
bian base stocks. As stated above, it should be
borne in mind that this Colombian base stock is
very difficult to handle from the corrosion stand-
poirit, and this particular type of oil was selected
for the above tests in order to emphasize the
exceptional properties of the corrosion inhibiting
agents herein disclosed.

The strip corrosion data above given were ob-
tained in corrosion tests carried out in the follow-
ing manner: Glass tubes two inches in diameter
and twenty inches long were immersed in an oil
bath, the temperature of which was automatically
contralled to within =1° F. of the test tempera-
ture indicated. Approximately 300 cc. of oil
under test was placed ini each tube and air was
bubbled through it. Strips of the different types
of the bearing metals were placed in the oil
The weight loss of each strip was recorded. Be-

through the test oil and a copper catalyst was
utilized.

In test 2 the temperature was 300° F, as indi-
cated. 30 liters of air per hour were. bubhled
through the test oil and beth a copper strip and
10 grams of steel wool were placed in the ofl as
catalysts. The bearing metal subjected to cor-
rosion in test 2 was a strip of coarse-grained
copper-lead bearing. This second type test is
the one designated previously for characterizing
over-refineq oils. ’

Test 3 is carried out in a high speed Djesel

30

36 engine by operation under the following condi-
tions:
R.P.M 1400
40 Brake horsepower. 32
Jacket temperature °F... 200
O1l sump temperature ‘F.. 210
Alir to radiator. ‘F.-. 125
48 Oil change. hours 60

The corrosion inhibitors of this invention
need not be single pure compounds. As a prac-
tical matter, the thiomers are usually mixtures
of different compounds. When all of the carbon
chains in the thiomers are long the mixtures con-
tain dimers predominantly with smaller propor-
tions of higher homologues such as trimers or
even tetramers. As the number of long chain
molecules in the thiomers is increased, viscosity
also increases and oil solubility decreases until
a point is reached where normally solid substan-
tially oil-insoluble products are obtained. It is
possible to obtain oil dispersions of the solid prod- .
ucts but a liquid viscous readily oil-soluble thio-
mer is preferred, as previously noted. -

The present invention also provides multi-
functiona)l additives for lubricants. Such multi-
functional compounds are capable of simultane-
ously inhibiting piston ring sticking or varnish
formation and reducing corrosion. Examples of
such muiti-functional additives are aryl meta} ox-
jdes containing a multi-bridged thio grouping and
metal carboxylates containing such a grouping.
In general, the presence of multi-bridged sulfur
grouping in metal salts of oil-soluble organic
acids imparts multi-functional characteristics
thereto. .

58

60

70

L

o
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* Examples of aryl metal oxides containing multi-
brldged sulfur are: °

ARYL METAL OXIDES CONTAINING MULTI.
BRIDGED THIOALKYL GROUPS

EXEMPLARY TYPE FORMULAE
oM

where R and R: are radicals of hydrocarbon
structure.
EXAMPLES

(1) Metal alkyl phenate di-(alkyl monothio) -
dimers—

Calcium salt of 25-d1-(hydroxy phenyl)
hexyl-1,4-dithiane

Calcium salt of 2,5-di-(hydroxy phenyl)
octyl-1,4-dithiane

Calcium salt of 2,5-di-(hydroxy phenyl)
decyl-1,4-dithiane ’

Calcium salt of 25-d1-(hydroxy phenyl)
dodecyl-1,4-dithiane .

Calcium salt of 2,5-di-(hydroxy  phenyl)
cetyl-1,4-dithiane :

Calcium salt of 2,5-di-(hydroxy phenyl)
octadecyl-1,4-dithiane -

Celcium salt of 2,5-di-(hydroxy phenyl)
eiooevl-l A-dithiane :

" Calelum salt of 2,5-di-(hydroxy phenyl):
parafiin wax-1,4-dithiane

(2) Metal alkyl naphtholate di-(alkyl mono- ..
thio) dimers—
5 Caléium salt of 2,5-di-(hydroxy naphthyl)
. hexyl-1,4-dithiane
Calcium salt of 2,5-di- (hydroxy naphthyl)
' . octyl-1,4-dithiane.
Calcium salt of 2,5-di- (hydroxy naphthyl)
decyl-1,4-dithiane
Calcium salt of 2,5-di-(hydroxy naphthyl)
dodecyl-1,4-dithiane
Calclum salt of 2,5-di- (hydroxy naphthyl)
cetyl-1,4-dithiane

. 18 Calcium salt of 2,5-di- (hydroxy naphthyl)

octadecyl-1,4-dithiane
+ Calcium salt of 2,6-di-(hydroxy naphthyl)
eicosyl-1,4-dithiane
. Calcfum salt of 2,5-di-(hydroxy naphthyl)
20 paraffin wax-1,4-dithiane

Other metals may be .substituted for calclum,
e. g barium, strontium, magnesium, aluminum,
zine, tin and chromium. .

25 ALKYL METAL CARBOXYLATES CONTAIN-
ING MULTI-BRIDGED THIO GROUPS

EXEMPLARY TYPE FORMULAE

J

30 - (CaBamp)——b—co0M
4
(c._.nmo—é—-é—coom '

35 -

X
H—-é—c—qoou
40 . : H—(:J—(IJ—COOM.
L T
H H
H—_-é—é—GGOM ‘
45 4
8 b
CE—be J:—coom-
ﬁ | .
50 HEHEH
H-—%—(l:—lcls—coom
0]
. £l
) . H—-(IJF——'—I—COOR
H H H
where R is a radical of hydrocarbon structure.
60 ExamMpLEs

Aluminum salt of 2,6- di-octyl-l .4~dithiane-3,5-
dicarboxylic acid
Aluminum salt of 26-d1-.decyl-1,4-d1thiane-3,5-
65 dicarboxylic acid ’
Aluminum salt of 2 ,6-di-dodecyl-1 ,4-dithiane.3,5-
dicarboxylic acid-
Aluminum salt of 2,6-di- cetyl-l A~-dithiane-3,5.
dicarboxylic acid - - '
70 Aluminum salt of 2,6- -di-octadecyl-1,4-dithiane-
3,5-dicarboxylic acid
Aluminum salt of 2,6- di-eicosyl-1,4-d1th1ane-3,5-
dicarboxylic acid
Aluminum salt of 2,6- di-paramn wax-1,4-dithi~
8 ane-3 5-d1ca.rboxyuc acid
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~Calcium | salt of 14—d1thiane-2 s-dt-(octsdecyl

Aluminum salt of 28-dl—hexadecenyl-1,4-dith1-
ane-3,5-dicarboxylic acid

Zine salt of 2,6-di-octyl-1; 4-d1thiane-3 5- dicar-

boxylic acid ]

Zinc salt of 2,6-di-decyl-1,4-dithiane-3,5-dicar-
boxylic acid

Zine salt of 2 6-di-dodecy1— ,4-dithiane-3,5- dicar-
boxylic acid

Zinc salt of 2,6-di-cetyl-l, 4*-dithla.ne-35 dicar- 10
boxylic acid

Zinc salt of 2;6- dl-octadecyl-l 4-dithiane-3, 5-dl-
carboxylic acid

Zinc salt of 2,6-di-eicosyl-1,4-dithiane-3,5-dicar-
boxylic acid 15

Zinc salt of 2,6- di-paramn wax-l 4-dithiane-3,5-
dicarbozxylic acid
Zinc salt of 2, 6-di-hexadecenyl-1,4-dithiane-3, 5.
dicarboxylic acid
Other metals may be substituted for aluminum o4
or zinc, e. g. calcium, barium, strontium, mag-
nesium, tin and chromium.
METAL SALTS OF ARYL CARBOXYLIC ACIDS
- CONTAINING MULTI-BRIDGED THIOAL-
KYL GROUPS
.- ExeMPLARY TYPE FORMULAE -
' coOM

25

30

i 35
- H
cooOM 7
H H i
nf-- i}—i)—n
l l 45
H—I—‘— ~-R
H H
COOM
. 50
R
. H -1|1 H
n—c.l:‘— ———c—é—coom
Eoh || 55
S 8
H H i .L
|
H—(lz——é——l—‘—coom
H ‘H H
-60
=
where R is a radical of hydrocarbon structure.
EXAMPLES ' 65

Calcium salt of 1,4-dithiane-2,5-di-(hexyl phenyl
ctirboxylic) acid

Calcium salt of 1,4-dithiane-2,5-di-(octyl phenyl
carboxylic) acid

Caleium salt of 14-dithiane-2,5-di-(decyl phenyl 70
carboxylic)acid

Calcium = salt of 1,4-dithiane-2,5-di-(dodecyl
phenyl carboxylic) acid

Calcium salt of 1,4-dithiane-2,5-di-(cetyl phenyl

carboxylic) acid [

1 T O

9

.pheny! carboxylic) acld -

Calcium salt of 1,4-dithiane-2,5-di-(elcosyl phen-
¥l carboxylic) acid -

Calcium salt of 1,4-dithiane-2,5-di-(parafin wax
phenyl carboxylic) acid

Calcjum salt of 1,4-dithiane-2,5-di-(hexyl hy-
droxypheriyl carboxylic) acid

Calclum salt of 1,4-dithiane-2,5-di- (octyl hy-
droxyphenyl carboxylic) acid-

Calcium salt of 1,4-dithiane-2,5-di-(decyl hy-
‘droxylphenyl carboxylic) acid

Calcium salt of 1,4-dithiane-2 5-di‘(dodecyl hy-
droxyphenyl carboxylic) acid

Calefum salt of 1,4-dithiane-2,5-di-(cetyl hy-
droxyphenyl carboxylic) acid

Calcium salt of 1,4-dithiane-2,5-di- (octadecyl hy-
droxyphenyl carboxylic) acid -

Calcium salt of 1,4-dithiane-2,5-di-(eicosyl hy-
droxyphenyl carboxylic) acid

Calcium salt of 1,4-dithiane-2,5-di- (paramn wax
hydroxypheny! carboxylic) acid -
Other metals may be substituted for calcium,

e. g barium, strontium, magnesium, aluminum,:

zinc, tin and chromjum.

METAL ' SALTS OF ORGANO-INORGANIC

ACIDS CONTAINING
THIC GROUPS

Exemplary are metal salts of acids-of- the fol-
lowing type formulae:

MULTI-BRIDGED

HO;O—O;g—E—E—E—H
Bl
ad A3 0l on
IR
B i
odo—b_b o
1l =
H—-é—é— —O—JC-—OH
IR

where X is preferably phosphorus, but may be
arsenic or antimony.

H

o
HO—P—0—$—0

bk

-]
(]
H
=

H m—-o—
Q—o—C—|
?—m—o—
|

(=4

|

..l,,_.

=]

oo}

-
=}

o E-
W oE—— E
-}

HO—P—0—

Mo
i
P
z—

o

T
P
R ]

—P—O0OH

—
t—

-

where P is phosphorus.
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where B is boron.
EXAMPLES

Calcium salt of 1, 4 dithiane-2 5- di-(octyl phos-
phoric) acid

Calcium salt of 1,4-dithiane-2,5-di-(decyl phos-

phoric) acid

Calclum salt of 1,4-dithiane-2,5-di-(dodecyl
phosphoric) acid

Calcium. salt of 14- dithiane-25 di-(tetradecyl
phosphoric) acid

" Calcium salt of 1,4-dithiane-2,5-gi- (cetyl phos-

phoric) acid

Calcium salt of 1,4- d1thia.ne-25 di-(octadecy]‘

phosphoric) acid
Calcium salt of 1,4- dithia.ne-2 5-di- (eicosyl phos-
-phoric) acid

10

15

20

‘at elevated temperatures,
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fide group is desired then a mercapto group may

- be introduced into the alkyl portion of the mole-

cule of these compounds and the resulting poly-
mercaptans. oxidized to yleld multl-brldged di-
sulfides.

Reference has been made in the foregoing
specification to the effectiveness. of the inhihi-
tors of this invention for selectively “poisoning”
certain stabilizers to minimize the catalytic ac-
tion thereof on corrosion without destroying the
desired catalytic action of such additives in sta-
bHizing the lubricating oil against deterloration
Types of stabilizing
agents previously mentioned are aryl metal oxides
(metal phenates), salts of aryl carboxylic acids,
salts of polycarboxylic acids which preferably

‘have been partially esterified, salts of alkyl car-

boxylic acids containing a polar group near a
carboxyl growp of the acid, and metal alcoholates.

Incorporation of the multi-bridged thioalkyl
compounds heretofore disclosed in hydrocarbon

" oils having a viscosity index greater than 75 or

25

Calcium salt of 1,4-dithiane-2,5- di-(paramn wax

phosphoric) acid

Calcium salt of 1,4-dithiane-2,5-di- (octyl phos-
‘phorous)  acid .

Calcium salt of 1,4- dithia.ne-z 5~ di-(decyl phos-
phorous) acid

Calcium salt of-
phosphorous) acid i

Calcium salt of 1,4-dithiane-2,5-di-(tetradecyl
phosphorous) acid

Calcium salt of 1 4-dithiane-2 5-di-(cetyl phos-
phorous) acid

1,4-dithiane-2,5-d1-(dodecyl

Calcium salt of 1,4-dithiane-2,5- di-(octadecyl'

phosphorous) acid

Calcium salt of 1,4-dithiane-2,5~-di-(eicosyl phos-
* phorous) acid

Calcium salt of 1,4-dithiane-2,5-di-(parafiin wax
phosphorous) acid

Calcium salt of 1,4-dithiane-2,5-di-(octyl boric)

- acid

Calcium salt of 1,4-dithiane-2, 5 di-(decyl boric)'

acid

Calcium salt of
boric) - acid :

Calcium salt of 1,4-dithiane-2,5-di-(tetradecyl
boric) acid

Calcium salt of 1,4- dxthiane-25 di-(cetyl boric)
acid

Calcium salt of 14 dithiane-25 di-(octadecyl
boric) acid
Calcium salt of 1,4-dithiane-2,5-di-(eicosyl boric)
acid

Calcium salt of 1,4- dlthiane-2 5- di-(paramn wax

N boric) acid

1,4-dithiane-2,5-di~(dodecyl

Other metals may be substituted for calcium,
e. g. barium, strontium, magnesmm, alumlnum
zine, tin and chromium.

The foregoing multi-functional add1tion agents
may be prepared by various methods. For ex-
ample, the same type of reactions disclosed at
page 3 of this specification may be applied to
these compounds by chlorinating the alkyl por-
tion of the molecule and reacting the chlorinated

product with an alkali metal sulfide containing .

added sulfur to obtain the muilti-bridged mono-
thio compounds.

30

- stabilizers.

over-refined oils enhances the responsiveness of
these oils to the immediately foregoing types of
Thus the multi-bridged thioalkyl
compounds act as sensitizers in high viscosity
index or over-refined hydrocarbon oils for sta-
bilizing agents of the anti-piston ring sticking
type. The corrosion inhibitors herein disclosed
are accordingly multi-functional and are there-
fore both a sensitizer and.an inhibitor of corro-
sion. .

The corrosion inhibitors hereinbefore disclosed

" cooperate with aryl metal oxides to give a superior

35

40

oil. Examples of aryl metal oxides are poly-
valent metal salts of phenols of the type for-
- mula— : -
OH
K v
‘v x
w

50

60

in which %, v, w, a: and y are selected from the
group consisting of hydrogen or radicals of hy-
drocarbon structure. 'The phenol preferably con-
tains at least one alkyl group having more than
four carbon atoms. The term “radicals of hydro-
carbon structure” is intended to include alkyl,
aryl, "aralkyl, alkaryl or cyclic nonbenzenoid
groiips which may or may not contain inorganic
substituents. Likewise, this term includes radi-
cals which contain hydroxyl groups, ether, thio-
ether, keto, thioketo or carboxyl groups. .

The aryl metal oxides also may be metal salts
of polynuclear ‘phenols, e. g. salts of polyamyl
naphtholates. :

Examples of specific aryl metal oxides are al-

- kaline earth metal salts of phenols containing a

65

70

When a multi-bridged disul- 75

decyl, dodecyl, tetradecyl, cetyl, octadecyl, eicosyl
or wax substituent; aluminum salts of phenols
containing a decyl, dodecyl, tetradecyl, cetyl, oc-
tadecyl, eicosyl or wax substituent; magnesinm
salts of phenols containing a decyl, dodecyl, tet-
radecyl cetyl, octadecyl, eicosyl or wax substitu-
ent; and similar salts of alkyl substituted poly-
hydroxy phenols. Other metals, e.-g. tin, zinc,
cadmium, chromium, iron, cobalt and nickel, may
be substituted for the foregoing metals.

These compounds may be prepared by methods
disclosed in the art. The following data exem-
Plify the effectiveness of the corrosion inhibitors
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‘herein disclosed in reducing the corrosivity of

lubricants containing aryl metal oxides: -

. 13
valent metal such ss calclum, barium, strontium,

- magnesium, slminum, zinc, tin and chromium,

&

10

300° F. corr. test-—img.
wt. loas, coarso grained
oft copperdead .

24 hrs, { ¢8hrs, | 72 hrs,

Colombian 8. A. B, 10 (VI=77)_.._____._.| 247] 558 105.8
Colombian 8. A, E. 10 (VI=77)40.5%, .

caleium cetyl phenate. . _......____.___. 129.17] 160.2 191. 4

Colomblian -8. A. E. 10 (VI=77)+0.5%
caleium cetyl phenate+1% paraffin . . .
wax thiomer.. . .. . ... 8.0 2.4 33.5

Sulfurized metal phenates are particularly use-

ful in combination with the multi-bridged sulfur
corrosion inhibitors herein disclosed. The sul-
.furized metal phenates may be formed by.reac-
tion of the foregoing aryl metal oxides, par-
ticularly polyvalent metal salts of mononuclear
phenols, with a small amount of sulfur. About
15 t0 1% gram atoms of sulfur per mol of metal
- phenate may be utilized in carrying out the sul-
furization reaction. Preferably, the weight of
sulfur is equivalent to about %2 to 1 gram atom
per mol of the phenate.” The reaction of the
sulfur and metal phenate is desirably carried out
in an organic solution. For example, the metal
phenate may be dissolved in a small amount of
a hydrocarbon oil to form a concentrated solu-
tion of 50% by weight or more of the phenate in
the oil. The preferred proportion of sulfur is
then added to this solution, the reacting ingredi-
ents stirred and heated. at 300° to 320° F. for
about one hour, or until substantially complete
reaction is obtained as indicated by the fact that
& copper strip will show only a reddish-purple
coloring after five minutes’ submersion in the re-
action mixture at 300° F.-

Examples of aryl metal oxides which may be.

sulfurized are calcium, barium, strontium, mag-
nesium, zine, cadmium, aluminum, tin, chromi-
um, iron, cobalt and nicke] aryl metal oxides.

The corrosion inhibitors of this invention also
cooperate with aryl meta] oxides containing aryl
sulfide substituents to yield a superior oil. Ex-
amples of such aryl metal oxides are illustrated
by the following type formulae: :

M M
[0} (]
oM oM
R—@ 8—8 —QR:
oM oM
R—@—S—-— R,

where R and Ri are radicals of hydrocarbon
structure and M. is a metal, preferably a poly-

The effectiveness of the corrosion fnhibitors of
this invention in combination with the above type
sulfide substituted aryl metal oxides is shown by

the fcllowing data:

325° ., strip corr. test—
. mg. wt. loss
0il .
. 24 hrs, | 48 hrs, | 72 hrs.
. Bolvent refined oil base 8. A. E. 30 (VI= '
 86)--0.75% metal phenate disulfide_____ 17.2 1.3 2.1
Bolvent refined oil base 8. A. E, 30 (VI= .

86)-+0.75% metal phenate disulfide-} \

1% paraffin wax thiomer.._.________ . __ 1.5 3.7 6.4
Standard Diol HD (VI=37)._..........._ 29.3 89.4 112.2
8tandard Diol HD (VI=37)4-1% paraflin

waxthiomer. ... . 0. . _______ 12.3 15.1, 16.1

20

25

30

35

40

45

50
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An oil solution of a metal phenate containing
an aryl sulfide group.and of the type listed in the
foregoing table may be . obtained under the
trade-name “Paranox 56,” a product of Stand-
ard Oil Company of New Jersey. 2%% of the
Paranox 56 may be added to the oil to obtain
0.75% by weight based on the oil of the metal
phenate containing an aryl sulfide- substituent.
The Standard Diol HD referred to in the above
table is an ail sold under that brand name by
Standard Oil Company of New Jersey and is
believed to contain.a small amount of a com-
pound of the type formula:

HOMO OMOH

-0

where R is an alkyl radical, M is an salkaline
earth metal, and  is 1 or 2. In any event the
parafiin wax dimer is operative both with the
type of compounds mentioned and with the oils
having the brand names indicated.

Salts of aryl carboxylic acids and the corrosion
inhibitors disclosed herein may be utilized in
combination to give a superior lubricant. Salts
of this type are exemplified by the following
type formulae:-

.<__l!1_>_c—0M

Il
o .

f E [ >—(If-0M
x 0 ,
R
C—\-OM
=
(o]
|
) . cooM
C
'CeHip)y—|— g
0=0—oM
R —O0H
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where R is a radical of hydrocarbon structure; -

M is a metal, e. g. calciim, barium, strontium, -

magnesium, ' cadnrium, zinc, aluminum, tin,
chromium, iron, cobalt or nickel; and X is a
substituent such as —NHa, —NRi, —OH, —Cl,
—Br, —I, —NOz;, —OM, —SH, —CN, —OCN,
—SCN, and the like. : '

The effectiveness of this combination

is illus-
trated by the _following data: :

325° F., strip corr. test—
. mg. wt. loss
oil
‘ 24 hrs, | 48 hrs. | 72 hrs.
thg},/exg:lui(cmu.)l 8. A.E. 30h(t¥1=lsgg+' _
0. cium polyaimnyl naj 0, n-
Ton e P puInOY >V | s07| 119 1.5
Kettleman (Calif.) 8. A, E. 30 (VI=86)+
< 0.59% calcium polyamyl naphthoyl ben-
zoate+19, paraflin wax thtomer. ... - 1.9 12.3 12.3
Socony-Vacuum-RD8-203 (VI=64)_. ... 28.7 75.7 107.1
Socony-Vacuum RD8-203 (VI=64)4+1% | -
paraffin wax thiomer..._..........o... 24.5 48.7 52,3

The calcium polyamyl naphthoyl benzoate re-
ferred to in the above table is a compound of the
type formula— = .. .

The Socony-Vacuum RD8-203 is an oil believed
to contain. a small amount of a tin salt of a par-
affin wax substituted salicyclic acid. In any
event, the parafiin wax thiomer is operative with
such. salts and in the comrpounded oil of this
name. ’

Salts of polycarboxylic acids in combination
with the corrosion jinhibitors disclosed herein
may be utilized to yield superior lubricants. . Ex-
emplary type formulae of polycarboxylic acids
from which these salts may be formed are. as
follows: - R -

i (CsHn)

(CaHlami2-2) (COOH):
(CH2)» (COOH)2’
ROOC (CH2)» COOH

in which # may be zero or & whole number gen-
erally from 1 to 8 inclusive, r is a whole num-
ber from 1 to n, and in which there may or may
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Cyanate, —OCN
Thiocyanate, —SCN

and the like.

The effectiveness of this combination is illus- '
trated by the following data:

- . ’ 325° F., strip corr. test—
oil mg. wt. loss :
i )

24 hrs. | 48 hrs. | 72 hrs.

cium cety! citrate. ..........-- 2.5 3.5 4.3

Kottloman (Calif.) 8. A. E. (VI=88)F
0.5% calcium cetyl citrate+1% paraflin
waX thiomer: ..o oo 0.8

2.6 3.8

‘Calcium, barium, strontium, magnesium, zinc,
cadmium, aluminum, tin, chromium, iron, cobalt .
and nickel salts of the polycarboxylic acids, pref-
erably partially esterified, may be utilized. Ex-
amples of acids from which such salts may be
prepared by known methods are: oxalic acid, ma-
lonic acid, isosuccinic acid, glutaric acid, adipic
acid, pimelic acid, suberic acid, sebacic acid, fu- -
marie acid, maleic acid, malic acid, tarironic acid,
tartaric acid, citric acid, aminosuccinic acid and

. the like. It is preferred that each of the above’

acids be partially esterified and that the metal
salts be a salt of a partially esterified acid. .
Examples of salts of alkyl carboxylic acids con-
taining a polar group near a carboxyl group of
the acld are: the calcium, barium, strontium,
magnesium, zine, tin, aluminum, chromjum, iron,
cohalt and nickel salts of alpha, beta or gamma

‘hydroxy lauric, myristic, palmitic, stearic and

arachidic acids; the calcium, barium, strontfum,

- magnesium, zine, tin, aluminum, chromjum, iron,

40
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not be alkyl, aryl, aralkyl or carbocyclic substi- ’

tution to increase oil solubility. Improved salts
of this type are obtained when n is greater than
1 and the acid contains a polar group substitu-
tion in a position alpha, beta, gamma, delta or
epsilon to the carbon atom of the salt-forming
carboxylic acid group. The term “polar group”
as used herein includes the following: .

Metallo-carboxyl, —COOM
Hydroxyl, —OH

Amino, —NH3
Metallo-oxy,—OM

Keto, =0

Thioketo, =S

Mercapto, —SH

Cyano, —CN

p

60

cobalt and nickel salts of alpha, beta or gamma
thio, mercapto, mercaptide or thiono substituted
laurie, myristic, palmitic, stearic. and arachidic
acids; and the calcium, barium, strontium, mag-
nesium, zinge, tin, aluminum, chromium, iron, co-
balt and nickel salts of alpha, beta or gamma
amino substituted lauric,  myristic, palmitic,
stearic and arachidic acids. The effectiveness of
these salts in lubricating oils may be enhanced
by use in combination with the multi-bridged
thioalkyl compounds herein disclosed.

Examples of metal alcoholates which may be
added to hydrocarbon oils together with the mul-
ti-bridged thioalkyl inhibitors comprise the alka-
1, alkaline earth, aluminum and heavy metal al-
coholates, e. g. sodium, potassium, calcium, bar-
ium, strontium, magnesium, zinc, cadmium, tin,
aluminum, chromium, iron, cobalt and nickel al-
coholates. Examples of alcohols utilized to form
the metal alcoholates are the higher alcohols,
such as amyl, hexyl, heptyl, octyl, nonyl, decyl,
dodecyl, tetradecyl, hexadecyl, octadecyl, ceryl,

. myricyl and unsaturated alcohols, such as are de-

rived from lanolin.
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For purposes of clarity and emphasis it is again
pointed out that each of the multi-bridged thio-
alkyl compounds, and particularly the paraflin
wax thiomers hereinbefore disclosed, may be uti-
lized either as a corrosion inhibitor or as a sen-
sitizer for hydrocarbon oils to be stabilized with
any of the aryl metal oxides, salts of aryl car-
boxylic acids, salts of polycarboxylic acids, salts
of alkyl carboxylic acids containing a polar group,
and the metal alcoholates above disclosed. In
some instances, as for example in over-refined or
high viscosity index oils having a viscosity index
greater than 75, the principal function of the
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thiomers may be that of a sensitizer rather than
a corrosion inhibitor. In other instances, as
when the hydrocarbon oil being stabilizeq is only
moderately refined or has a viscosity index less
than 75 and the service to be encountered by
the compounded oil is severe or with corrosion-
sensitive bearings, the principal function of the
thiomers may be that of a corrosion inhibitor. In
still other situations the thiomers may serve as
multi-functional agents to both inhibit corro-
sion and sensitize the base oil to stabilization
with the salt-type inhibitor.

The proportion of the salt-like inhibitors, that
is, of the aryl metal oxides, salts ot aryl carbox-
ylic acids, salts of polycarboxylic acids, salts of
alkyl carboxylic acids containing a polar group,
and the metal alcoholates above disclosed, may
vary from about 0.1% to 2% by weight in the
finished oil. From approximately .5% to 1.5% is
usually preferred. o

Another aspect of this invention comprises the
provision of an activator for the multi-bridged
thioalkyl compounds disclosed herein. These ac-
tivators enhance the effectiveness of the thiomers
herein disclosed in a manner which has not been
explained and is not understood. The activators
preferably comprise either an acid ester, that is,
a partially esterified acid of a strong acid-form-
ing element such as phosphorus, or of a weak
acid-forming element such as arsenie, antimony,
or boron, or a salt of acids of these strong or
weak acid elements containing an organic sub-
stituent, Acid esters or salts of partial esters of
acids of silicon and of metacarbonic or orthocar-
bonic acids are also contemplated within the
broader aspects of the invention. Either the acid
ester alone, or the salt alone, or mixtures of salts
and acid esters of any of the foregoing may be
used as an activator. These types of activators,
when utilized in combination with the foregoing
multi-bridged thioalkyl compounds, enhance the
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corrosion inhibiting or sensitizing action thereof.

This is true even though the activator may not,
when added alone, be a sensitizing agent for the
oil being stabilized.

Tlustrative activators which may be added to
hydrocarbon oils, such as mineral lubricating oil,

45

according to this invention comprise metal salts

in which the metals are selected from groups II,
I, IV and VI of Mendelyeev’s Table of the Ele-
ments. Specific examples of such metals are:
calcium, barium, strontium, magnesium, zine, tin,
cadmium, aluminum, chromium, iron, cobalt and
nickel., Likewise, the alkali metal and ammoni-
um salts are not precluded.

The salts of substituted acids of phosphorous
utilized as activators and illustrating the deriva-
tives of strong acid-forming elements are prefer-
‘ably formed from substituted oxyacids of penta-
valent phosphorous of the following type formula:

;

HO—ZL=O
H

where R may be alkyl, aryl, alkaryl, aralkyl or
cyclic nonbenzenoid radicals. Substituted phos-
phoric acids containing at least twelve carbon
atoms are preferred, but where the salts are suffi-
ciently soluble in oil, acids containing fewer car-
bon atoms may be utilized. Examples of preferred

type acids are alkyl or alkaryl substituted phos-:

phoric acids having at least twelve carbon atoms
in the molecule. It is to be understood that the
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broader aspects of the invention include salts of
other types of acids of phosphorus containing
more than twelve carbon atoms. Additional ex-
amples of such substituted oxyacids of phos-
phorous are as follows:

OH
R—-P
OH
Phosphonic acid
OH
R—-P
OR;
Monoester of phosphonic acid
R
\P—OB
R
Phosphinic acid

where R and Ri may be alkyl, aryl, alkaryl,
aralkyl or cyclic nonbenzenoid groups which, in
turn, may be pure hydrocarbon constituents or
oxygenated hydrocarbons such as aleohols, ke-
tones, esters and ethers, or hydrocarbons contain-
ing substituents such as halogens (chlorine, bro-
mine, iodine), amino, or nitro groups. Likewise
R and Ri1 may be an oil-soluble heterocyclic con-
stituent, for example, a radical containing a nitro-
gen ring. . )

In general, salts of substituted derivatives of
acids of phosphorus, such as phosphorous acid,
H3POs; hypophosphoric acid, H2PO3; orthophos-
phoric acid, H:PO«; pyrophosphoric acid, HsPaNn,
and the sulfur analogues of these acids fall within
the broadest aspects of the invention. By “acids
of phosphorus containing an organic substituent”
or by “substituted acids of phosphorus” wherever
used herein it is intended to designate acids of
phosphorus containing an organic group of the
types previously listed. The organic groups may
be either directly attached to the phosphorus
atom of the compound or attached thereto
through an intervening atom, such as oxygen or
sulfur. The term “oxyacids of phosphorus” is
used to aesignate throughout the specification and
claims acids of phosphorus in which only an oxy-
gen atom may intervene between the hydrogen
and phosphorus atoms of the parent acid.

Additiona]l examples of activators comprising
derivatives of weak acid-forming elements are
metal salts or acid esters derived from acids se-
lected from the following groups:

TYPE 1.—AcIDs OF BORON CONTAINING AN ORGANIC
SUBSTITUENT
OH
B-B
\OK
Organic boronic aclds.
R
\B—OH
. R’
Organic borinic acids
OH
R—0—B
OH:
Monoesters of othoborie acid

- ‘v - __________________________________|
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’ TYPE 2 —Acms OF ARSENIC CONTAINING m

. 3\ - ORGANIC SUBSTITUENT
° : : . A—Trivalent arsenic
BOH OH
/ g 5. . 1
o’ 7/
4 RN
R . oH .
Diesters of orthoborie acld Organo ortho-arscnous scld (arsine dihydroxides)
8H 10 ' R
. B-,—n/ As~OH
_ Noxm _ b A Ce
- . Organio monothio-boronic aclds Organo arsinous acld (diorgano substituted arsine hydroxide)
’ 15 ’
. SH A e OR
R~-B = '\
\ SH OHR
. Monoester of organo ortho-arsonous acld
Organic dithie-boronio actds 20 8H
R .
R—As
\ .
B—8H - Nom
R’ 2 5 Organo monothio-arsoncus acid
Organic thio-borinic acids - 8H
OH ‘R—As
7 N
—8—B 8H
OH .80 Organo dithio-arsonous acld
Monossters of monothio-organo borle actd ’ SR’
8H R—As -
AN
R—0—B, 35 , oH ‘
OH . Monothlo-ester of organo arsonous seld
Monoesters of organo monothio-boﬂ& acld OR’
SH e B—Aa\
a—o—n/ 40 8H
: \BH Monoester of organo monothio-arsonous acld
' Monoesters of organo dithio-borlc acid S®
4 RN
R\ 8H .
8 N Monoester of organo dithio-arsonous scid
B—OH A
Ve . OR
o 7/
7 80 AsZoH
R AN
. OH
Diesters of monothlo—org}ano boric acld Mo tor of s acid
R OR
\ .
8 , 8o roxr
B—SH OH
/O Diester of arsencus acld
RI
60 S8R
Diesters of thio-organo thlo-borlc acla aom
’ R © OH
N 8 . Mox}othlo-ute: of arsenous aoid
\B~OH [\ 1.1 SR
/ /.
/B As—SH
R’ OH
Diesters of dithic-organo borle acld Monothio-ester of monothic-arsenous actd
Re§ 70 J8E
B—-8H As—8H
AN
Rlee§' 8H
Monoester thio-arsenous 'monothio-
Diesters of dithlo-crgano thio-borle acid 75 oester of i w‘ﬁ‘g




SR
As{O R’
\OH
Monothio-diester of arsencus acid
SR
alsm
[2: §
Dithio-diester of arsenous acid -
SR
aow:
) Nsm
Monothio-dlester of monothio-arsenous acid
B-Pentavalent arsenic
OH
R—=As/'
4 Nom
Organo arsonic acid
R

\u—"on' ;

=8
Disnbstituted organo arsinic acld
OR’ -
R—As
A N
Monoester of organo arsonio acld
OH .
R—As
g \OE
Organo thion-arsonic acld
8H
R-—As
g \OE
Organo thion-monothiol-arsonic acid
SH
R—As
g \S H
Organo trithio-arsonic acld
"OR’ .
R—As
 Nom
Monoester of organo thion-arsonic acid
SR’
R—As
8 Nom
Monothio-ester of organo thion-arsonle acid
SR’
R—As
g \BE
Monoester of organo trithio-arsonic acid
(03 :4
R-As
H N\
Monoester of thion-monothiol-arsonic acid
:3:4
R—As
8 Non
Organo monothiol-arsonic acid .

2,346,157
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8H
R—As
8 sm
. Organo dithiol-arsonic scid
SR’

B—-As/ :
3 \OH

Monothic-ester of organo arsonic acid

y; SR’
R—As

8 e

. Monothio-ester of organo thiol-arsonic acld

OR’
B—Al'/
\B H

Monoester of organo thiol-arsonfo acid

R

\As—'on
%4

Diorganosubstituted thion-arsinicacid

R

\AB—SH

# }
Diorgano substituted dithio-arsinis acid
R
\As- 8H
R
Diorgano substituted thiol-arsinic acid
OR

As-/-OH

3 \on
Monoester of arsenic acid
OR

A&éo B’

§ Nor
Diester of arsenic acid
. BR
aon
8 Nom
Monothio-ester of arsenic acld

/SR
As—BH

| $ Nox
Monothio-ester of monothiol-arsenic acid
SR

AB£SH

§ sm
Monothio-ester of dithiol-arsenic acid
S8R

alow

g \OH
Monothio-diester of arsenic acid

SR

alsr

g \OH
Dithio-diester of arsenio acid
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, 8R ’ : “B.—Orthocarbonic acid
e »
$Nem ’ o OH
Monothio-diester of monothiol-arsente actd 8 . \c/ o
' °F v g0’ om -
A’<°H . _ 7 Monoester of orthooarbonio acld
H OH : ) ! R
Mongester of monothion-arsenic acid ) 10 \O " 0H
As—0O é’ ’ 0/ \OH
OH n/ ,
Diester of monothion-arsenic acld 15 Diester of orthooarbonie acld.
/ s B h h B . RI ,
asom ' ’ N o
L OH ! ) . 20 . \ C/
Monothio-ester of monothion-arsenio scld . o7 Nom
SR - &
s . .
ilsqs H , ‘ Triester of orthocarbonio acid v
(03 : U 28 N :
- S : d corresponding sulfur derivatives such as—
Monothio-ester of thion-monothiol-arsenic acid an P d : v 5
SR ' R\ . : R\ s
alsH - 8. OH ) :
. - N/ N,/
‘ g Nsm ‘ 8¢ . c © G
. VRN VAR
Monothio-ester of tetrathio-arsenic acld HO OH HB OH
SR R-—8 8H R—8 8H
/ N7 N/
AS~OR’ AN P
8 OH 1 HS OH HS 8H
Monothio-dlester of thion-srsenic acid R-O\ /03 3—0\ . /BH
: SR C . C
ALBR as” om ms” Yom
or 40 ‘R—0_ 8H R—8_ OH
. \ ./ - N/
Dithio-diester of thion-arsenic acid : /G\ . /c\
SR H8 BH R~ 0H
/ : . Coam
AL OR’ R—-8_ 8H R—8_ BH
g N .- 45 AN C/ AN c/
: _ PV N
Monothio-diester of thion-monothiol-arsenic acid BR'—0 OH R'—0 8H
TYPE 3.—CARBONIC ACIDS CONTAINING AN R84 /OH B—B\ /BH
ORGANIC SUBSTITUENT 50 /c\ /c\
A~—Metacarbonic acid R'—8 OH R'—B OH
‘ R—0—C—0H R—8 SH R—8 O—R"
. N/ \ .7
: / c\ / c\
Partial ester of carbonic acid 55 R'—8 8H R/=0 OH
R—0—C—OH : R—8 O—R" R—8 O—R"
| : AN c/ AN c/
VRN ' /7
Partia) ester of thion-carbonioc acid R0 8H R’--8 OH
R—8~C-—-0H R—8 o—R" R~—8 8—R"
| : 0 N N
Monothio-ester of th on-carbonic acid B'-—S/ \8 H : B’—B/ \OH
. -
R~Q-C~8H B—B\ 8—=R"
“ ' /°<
Monoester of thiol-thion carbonie acid : ) R/—8 8H
R—8—C—8H TYPE 4.—ACIDS OF SILICON CONTAINING AN
'ORGANIC SUBSTITUENT
Monothio-ester thiol of thiocarbonic acid 7 A M Dfl gano ids of silic
R—8—C—8H . i
| ’ . . O—R
' ’ R—8i—(0H): B—-BAOE
Partial ester of trithio-carbonic acid " Nox
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O—R’

R—8{—0—R"
\OH

B.—-Diorgano acids of silicon

R R O—R"
N\, N\~

81(0OH)s - B .
R R/ \OH

C.—Triorgano acids of silicon

R
R'-\—SIOH
R’l.

D.—Partial esters of mono-orthosilicic acid

H
0

EO—J!—OH

R—8i—0H

H

In all of the foregoing type formulae R, R’
-and R’’ are radicals of hydrocarbon structure.
It is understood that by the term “hydrocarbon
structure” it is intended to include hydrocarbon
groups containing polar radicals such as OH,
SH, Cl, NH2 and COOH. Likewise, this term
includes radicals containing ether, sulfide and
ester groups. )

It should be borne in mind that in the fore-
going type formulae all of the acids listed may
not exist as such and that it is the esters or salt-
like derivatives thereof with which the present
invention is concerned. Accordingly, existence of
the free acid in a stable form is not a prerequisite
to the preparation of the derivatives thereof con-
templated herein. It should also be observed
that various of the salt-like derivatives are rela-
tively insoluble in organic solvents such as hydro-
carbon oils. However, oil-solubility is not an ab-
solute prerequisite for utility of the present in-

vention in its broadest aspects, as will be ex-.

plained in more detail hereinafter; nevertheless,
oil-soluble compounds &re preferred. Some of
the salt-like compounds and esters are unstable
at high temperatures. When the compounded
oil is to encounter high temperature conditions
during use compounds known or found to be more
stable at elevated temperstures should be se-
lected.

Activating agents contemplated within the
broader aspects of the invention are in general
salts, and preferably polyvalent metal salts, of
the following acid reacting compounds: organic
substituted derivatives of acids of boron, such as
orthoborie, H:BO3; mesoboric, H«B20s; metaboric,
H:B204; dihydrodiboric, H:B3Os; hexahydrotetra-
boric, HeB4Os (once called pyroboric acid); di-
hydrotetraboric, HaB4O1; hexahydrohexaborie,
HsBsO12; dihydrohexaboric, H2BsO10; hexahydro-
octoboric, HeBsO1s; dihydro-octoboric, HzBsO13;
dihydrodecaboric, H2B1001s; dibydrododecaboric,
H3B1201s; organic substituted derivatives of acids
of arsenic, such as-alkyl arsine hydroxides or
oxides, alkyl arsine sulfides, dialkyl arsine hy-
droxides or oxides, dialkyl arsine sulfides, aryl
arsine hydroxides or oxides, alkaryl arsine hy-
droxides or oxides, aryl or alkarylarsine sulfides
and sesquisulfides, diaryl arsine hydroxides or
oxides, dialkaryl arsine hydroxides or oxides, di-
aryl or dialkaryl arsine sulfides, alkyl arsonic
acids, alkyl arsine disulfides, alkyl arsinic acids,
aryl arsonic acids, aryl di-arsonic acids, halogen-
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amino aryl arsonic acids, hydroxy aryl arsonic
acids, carboxy aryl arsonic acids, alkaryl arsonic
acids, alkaryl diarsonic acids, halogenated alkaryl
arsonjic acids, aryl arsinic acids, alkaryl arsinic
aclds, aryl trithio-arsonic acids, alkaryl trithio-
arsonic acids, aryl arsine disulfides, and alkaryl
arsine disulfides; organic substituted carbonic
acids, such as monoesters of metacarbonic acids,
mono-, di- and tri-esters of orthocarbonic acids,
including the thio derivatives of both the meta
and ortho acids; organic substituted acids of
silicon, such as mono-, di- and tri-organo acids
of silicon, and partial esters of mono-orthosilicic .
acid; organie substituted acids of germanium, such
as trisubstituted germanols, germanonic acids,

-and germanic acid anhydrides; organic substitut-

ed acids of tin, such as organo stannonic acids
and organo thio-stannic acids; organic substi-
tuted acids of antimony, such as organo stibinous
acids, organo stibonic acids and organo stibinic
acids; and analogous weak acids of bismuth, chro-
mium, molybdenum, and manganese in those in-
stances where organo salt-forming acids are ob-
obtainable,

The proportion of activating agents herein dis-
closed which may be added according to the
principles of the present invention may vary de-
pending upon the uses involved and the proper-
ties desired. As little as 0.05% by weight of vari-
ous of the compounds gives measurable improve-
ments. From approximately 0.1% to 2% of the

~ compounds may be added to liquid lubricants, In
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ated aryl arsonic acids, nitroaryl arsonic acids, 78

general, from approximately 0.25% to 0.75% has
been found preferable, particularly when used in
conjunction with from approximately 0.25% to
1% of an aryl metal .oxide and 0.5% to 1.5% of
the parafiin wax thiomers.

A preferred embodiment of this invention pro-
vides a mineral oil composition containing three
types of components, namely:

(1) A metal salt of an orgahic acid in an amount
suficient to inhibit deterioration of the oil.
This type of stabilizing agent has been previ-
ously disclosed herein in detail and examples
given of aryl metal oxides, salts of aryl carbox-~
ylic acids, salts of polycarboxylic acids which
preferably have been partially esterified, salts
of alkyl carboxylic acids containing a polar
group near a carboxyl group of the acid, and
metal alcoholates. These salts, as hereinbe-
fore disclosed, may be used in this preferred
embodiment;

(2) A corrosion inhibitor and/or a sensitizer in
an amount sufficient substantially to reduce
corrosion and/or enhance the responsiveness
of the hydrocarbon oil to the stabilizing action
of the metal salt stabilizer., When the base oil
being stabilized is of high viscosity index or
over-refined, this second ingredient usually
functions primarily as a sensitizer. When the
base oil is of low viscosity index or low refine-
ment, the ingredient may serve primarily as
a corrosion inhibitor. In moderately refined or
moderate viscosity index base oils, this type
of ingredient serves both as a sensitizer and a
corrosion inhibitor. The corrosion inhibitor
and/or sensitizer is a long carbon chain multi-
bridged thioalkyl compound of the type previ-
ously disclosed herein. The many examples
given in this specification may be utilized in
the present preferred embodiment of the in-
vention but, as previously indicated, the paraf-
fin wax thiomers are outstanding,
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(3) An activator for the sensitizer and/or corro-
sion inhibitor for increasing the eflectiveness
thereof. The activators comprise either an
acid ester, that is, a partially esterified acid of
phosphorus, arsenic, antimony or boron, or &
salt of acids of these elements containing an
organic substituent, as disclosed hereinbefore.
The salts of other analogous organo-inorganic
aclds disclosed herein are not precluded as ac-
tivators and fall within the broader scope of
the invention.

The following data on bils compounded with
the above three types of ingredients are illus-
trative:

10
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.The compounded hydrocarbon oils herein dis-
closed may have one or more advantages depend-
ing upon the particular compounding agent or
combination of compounding agents selected, the
proportions utilized, and the environment which
the lubricating oil is to encounter. It should be
observed, for example, that even though a com-
pounded oil may be somewhat corrosive to one
particular type of bearing alloy, other bearings
may be little if at all affected by such corrosive
action. Hence, compounding agents or combi-
nations thereof which may not be particularly de-
sirable for lubrication of a special type of bearing,
where corrosion becomes a factor of importance,

TABLE I

325° F. strip corrosion test on S. A. E. 30 oil from Kettleman crude (California) 4-0.5% sulfurized
calcium cetyl phenate+0.25% calcium cety! phosphate1-0.25% thiomer i

Multi-bridged tbiomer compoundifig agency
- Cu-Ph wt, loss mmg.
Per- | P Pereent | poreont ‘ Ynmy N]f}“t' iN aplhtbh]a
er- | Per- erce: o. |insoluble
X){J% %‘ l\g‘t’" cent | cent g}]g by wt. Preparation by— at 210° F.
: 8 Cl wax in ofl 24 hrs.| 48 hrs.| 72 hrs.
[1} 1.0 | 30.5| 44.0 7.6 1.28 45
1753 680 [ 12.2 | 11.6 26 0.25 | Reaction of chlorinated paraf- 0.7 1.7 4.4 4.4 0.83 1
s % 0.25 ﬁz:i wax with sodium sulfide. 40.3 0.0 . B 0
3081 936 { 13.3 | 10. .25 |--.-- L T R T Tt e 3 3 L 7.6 . 48 2
1012 504 | 7.6 8.7 15. 4 0.25 | Reaction of chlorinated lubri- 3.6 11,0} 14.2 5.8 1.94 16
cg%x:ig oil with sodium
8! e, '
850 | 10.9 .7 16 0.25 | Oxidation parafin wax poly- 0.6 2.2 2.6 3.2 b)) PR,
o1 mercaptan to disu.lﬁde;p
580 8731 6.8 2.2 ~16 0.25 | Reaction wax polymercaptide 6.3 18.7 | 19.1 7.1 115 10
with chlorinated waz.
TaBLE IT

300° F. sirip corrosion test (coarse grained bearings) on S. A. E. 10 oil jrom Colombian crude+-0.5%
suljurized calcium cetyl phenate-+0.25% calcium cetyl phosphate+1% thiomer

TMulti-bridged thiomer compounding agency .
Cu-Pb wt. loss mmg.
Percent Yxilsc‘;giig Neut. | Naphtha
Vis,at | Mol | £e Per- | "y | Percent atoigep, | No. finsoluble
100° F. | wt. cent | cent | (o by 1?1; Preparstion by— - i
8| Q| g | Ino ' ' 24 hrs,| 48 hrs.| 72 brs.
“
0 ) 0.4 | 112.4 | 250.4 3.4 4.18 71
1753 680 | 12.2 | 1L.5 26 1 | Reaction of chlorinated paraf- 0.4 9.8 20.6 2.5 157 2
1 | REmction o iriaatas e 7] 17.8 4
15 550 | 11.1 | 12.6 26 eaction of orinated paraf- 3. . 34. 2.0 1.82 27
61 fin wax with godium sulfide
7 6 1 | ok D ierinated parat 2| 67 128 9 30 8
15! 126 | 1, 1 eaction of orinated paraf- 0. 3 12. L 1. 1
- - 1 | Rosetion ‘?tc%]w%u?ds A 43.1| 43.2 | 43.7 " 0.8
18.0 1.0 16 eaction O orinaled parat- 3 . 3 1.5 0.84 17
2886 1560 fin wax with godium sulfide +
(- extra sulfur). -
1012 504{ 7.6 8.7 15.4 1 | Resction of chlorinated lubri- 3.71 221 859 2.1 2.19 25
g%ting ofl with godium sul-
6.
8.8 2.2 16 - 2 | Resaction wax polymercaptide 2.0 156 20.6 2.6 1.43 24
o 87 | oFith chlorinsied wax, P : ol s .
1364 | 14.9 | 3.0 |accemiaaa- xidation paraffin wax poly- | 12. 5.8 | 48,2 |.oooiiieeoocaanan 9
14330 mercaptan to disulfide.

The strip corrosion tests in Tables I and II were
carried out in the same manner as described
previously for 326° F. and 300° P, corrosion tests,
respectively.

In the compounded oils containing the combi-
nation of three additives as above described, the
proportions may be as previously indicated, name=
1y, from about 0.1% to 2% by weight, and pref-
erably from approximately 0.5% to 15% by
welght based on the oil, of the-salts of organic
acids: from about 0.1% to about 2% by weight
based on the oil of & corrosion inhibitor and/or
sensitizer, and preferably from about 0.25% to
1.5% thereof; and from as little as 0.05% to
29% by weight based on the oil of the activator,
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from approximately 0.25% to 0.75% being pref- 76

' erable.

may nevertheless be highly useful and extremely
advantageous in conjunction with the operation
of internal combustion engines having corrosive-
resistant bearing metals. Likewise, combinations
of compounding agents which are not sufficiently
powerful to stabilize a particular oil stock under
the most extreme conditions may, nonetheless,
be highly advantageous in such oils where the en-
vironment to be encountered is not so severe.
The present invention in its broader aspects is
therefore not limited to the particular compound-
ing agent or combination of ingredients giving
the greatest stability or passing all of the very
severe tests which have been devised. The inven-
tion embraces various of the less advantageous
additives or combinations thereof which may find
utllity in particular applications where all pos-
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sible improvements in properties of the oil may
not be required or where the standard of per-
formance may not be so high.

The compounding agents and combinations of
this invention appear at present to find their
greatest utility in over-refined or highly paraf-
finie mineral lubricating oil stocks, which stocks
have heretofore been the most difficult to stabi-
lize, However, it is to be understood that the
invention is not limited to such base stocks since
advantages herein disclosed may be obtained with

i0

moderately refined or less paraffinic lubricating -

oils or even low viscosity index Iubricants.

The compounded hydrocarbon oils of this in-
vention may be utilized ag turbine oils, cable oils,
electric switch oils, transformer oils and the like,
as well as in crankcase lubricants for internal
combustion engines and especially Diesel engines.
‘The compounding agents of this invention may
also be added to hydrocarbon oils containing ad-
ditional ingredients, such as pour point depres-
sants, oiliness agents, extreme pressure addition
agents, blooming agents, compounds for enhanc-
ing the viscosity index of the hydrocarbon oil,
thickening agents and/or metal soaps in grease-
forming proportions or in amounts insufficient
to form grease, as in the case of mineral castor
machine oils or other compounded liquid lubri-
cants.

In the foregoing disclosure an upper limit of
approximately 2% by weight based on the oil of
each of the compounding agenfs has been indi-
cated as sufficient for a finished oil. The present
invention also embraces solutions containing more
than 2% of the novel combination of compound-
ing agents. Concentrates containing high per-
centages of the additives of this invention com-
prise a convenient method of handling the com-
pounding agents, and the concentrated solutions
may be sold and used as addition agents for lu-
bricants in general. Thus mineral oil solutions
containing as much as 50% or more by weight of
the compounding agents may be prepared. Such
concentrated solutions are adapted for dilution
with hydrocarbon lubricating oil to yield a fin-
ished product containing, for example, irom ap-
proximately 0.5% to 1.5% by weight of a metal
phenate; from approximately 0.25% to 1.5% by
weight of a parafiin wax thiomer; and from ap-
proximately 0.25% to 0.75% by weight based on
the oil of a metal salt of an acid of phosphorus
containing an organic substituent. Concentrated
solutions of the additives in organic solvents ca-
pable of dilution with mineral lubricating oil to
form a homogeneous mixture containing the
above proportions of compounding agents com-
prise a part of this invention.

‘While the character of the invention has been
described in detail and numerous examples of
the compounds given, this has been done by way
of illustration only and with the intention that
no limitation should be imposed upon the invem-
tion thereby. It will be apparent to those skilled
in the art that numerous modifications and vari-
ations of the illustrative examples may be effected
in the practice of the invention which is of the
scope of the claims appended hereto.

We claim:

1. A viscous hydrocarbon oil containing from
approximately 0.1% to 2% by weight based on
the oil of a polyvalent metal salt of an organic
acid, from approximately 0.1% to 2% by weight
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S0

38

19
based on the oil of a multi-bridged thioalky! com-
pound containing the chemical group— -

~b-4-
44
b4

~b-d-

1

said compound having at least one long carbon
chain, and from approximately 0.05% to 2%
by welght based on the eil of a metal salt of an
inorganic acid containing an organic substitu-
ent. ’

2. A viscous hydrocarbon oil containing a cor-
rosion inhibitor comprising a multi-bridged thio-
alkyl compound containing the chemical group—

4
Zbéo
Lod
$
b
: [
said compound having at least one long carbon
chain and being present in the oil in amount
sufficient to inhibit corrosiveness of the ofl. .
3. A lubricating oil having g corrosion ndex
greater than about 40 containing a corrosion in-

hibitor comprising a2 multi-bridged thioalkyl
compound containing the chemical group—

—bb
44

b

- 1 N
said compound having at least one long carbon
chain and being present in the oil in amount

sufficient to inhibit corrosiveness of the oil.
4. A viscous hydrocarbon oil having a viscosity
index greater than approximately 75 and & cor-
rosion inhibitor comprising a multi-bridged thio-

46 sikyl compound containing the chemical group—
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il
said compound having at least one long carbon
chain and being present in the oil in amount
sufficient to inhibit corrosiveness of the oil.

5. A viscous hydrocarbon oil containing a cor-
rosion inhibitor comprising a petroleum wax
thiomer containing the chemical group—

/Wax
7
$ $

i

said petroleum wax thiomer being present in the
oil in amount sufficient to inhibit corrosiveness
of the oil.

6. A hydrocarbon oil containing an aryl metal
oxide containing a multi-bridged thioalkyl sub-
stituent characterized by more than one sulfur
bridge between alkyl carbon chains, at least one
of said cHains containing at least about 8 alkyl
carbon atoms, there being a sufficient amount of
said multi-bridged thioalkyl substituent in the
oil to inhibit corrosiveness of the oil.

7. A hydrocarbon oil containing a metal salt
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of\anAaryl, carboxylic acid -containing a. multi-

bridged - thioalkyl substituent -characterized by
more than one sulfur-bridge between alkyl car-
bon chains, at least one of said chains containing
at least about 8 alkyl carbon atoms, there being
a sufficient amount of said multi-bridged thioalkyl
substituent in the oil to inhibit corrosiveness of
the. oil. :

8. A hydrocarbon oil containing a metal salt
of an organo-inorganic acid containing a multi-:
bridged thioalky! substituent characterized by
more than one sulfur. bridge between alkyl car-
bon chains, at least one of said chains contain-
ing at least about 8 alkyl carbon atoms, there
being a sufficient amount of said multi-bridged -
thioalkyl substituent in the oil to inhibit corro-
siveness of the oil. -

9. A composition comprising a hydrocarbon
lubricating oil subject to deterioration and to
formation of adhesive deposits at elevated tem-
perature, an aryl metal oxide in an amount suf-
ficient substantially to inhibit said deterioration,
and an inhibitor capable of reducing the catal-
ysis of corrosion by said aryl metal oxide
without destroying the stabilizing action thereof,
said ‘inhibitor comprising a multi-bridged thio-
alkyl compound containing at least one long
carbon chain. .

10. A composition comprising a hydrocarbon
lubricating oil subject to deterioration and to
formation of adhesive deposits at elevated tem-
perature, a salt of an aryl carboxylic acid in an
amount sufficient substantially to inhibit said
deterioration, and an inhibitor capable of re-
ducing the catalysis of corrosion by said salt of
. an aryl carboxylic acid without destroying the
stabilizing action thereof, said inhibitor com-
prising a multi-bridged thioalkyl compound con-
taining at least one long carbon chain.

11. A composition comprising a hydrocarbon
lubricating oil subje¢t to deterioration and to-
formation of adhesive deposits at elevated tem-
perature, a metal alcoholate in an amount suf-
ficient substantially to inhibit said deterioration,
and an inhibitor capable of reducing the catalysis
of corrosion by said metal alcoholate without
destroying the stabilizing action thereof, said
inhibitor comprising a multi-bridged thioalkyl
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compound containing at least one long carbon -

- chain. .

12. A composition comprising a hydrocarbon

lubricating oil, a corrosion inhibitor comprising

- g multi-bridged thioalkyl compound containing
at least one long carbon chain, and an activator
for enhancing the effectiveness of said corrosion
inhibitor comprising a salt of an organo sub-
stituted acid of an element selected from the
group consisting of phosphorus, arsenie, anti-
mony and boron.

13. A composition comprising a hydrocarbon
lubricating oil subject to deterioration and to
formation of adhesive deposits at elevated tem-
perature, a metal salt of an organic acid in an
amount sufficient substantially to inhibit forma-
tion of said adhesive deposits, a multi-bridged
thioalkyl sensitizer for the hydrocarbon oil ca-
pable of enhancing its responsiveness to the sta-
bilizing action of said metal salt, and an activator
capable of enhancing the effectiveness of said
thioalkyl sensitizer. {

14, A composition comprising a hydrocarbon
lubricating oil subject to deterioration and to
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formation of adhesive deposits at elevated tem-
perature, a metal salt of an organic acid in an
amount sufficient substantially to inhibit forma-

"tion of said adhesive deposits, a multi-bridged

thioalkyl sensitizer for the hydrocarbon oil ca-
pable of enhancing its responsiveness to the sta-
bilizing action. of said metal sait, and an acti--
vator comprising a salt of.an acid of phosphorus

“containing an organic substituent, sald phos-

phorus acid salt being ‘¢capable of enhancing the
effectiveness of said thioalkyl sensitizer.

15, .An addition agent for lubricating oils which
comprises a concentrated solution in an organic

solvent, of a polyvalent metal salt of an organic

acid, & multi-bridged thioalkyl compound, and
& Dpolyvalent metal salt of a substituted acid of
phosphorus containing an organic substituent,
said concentrated solution containing more than
2% by weight based on the oil of each of said
three ingredients, said solution being capable
of dilution with mineral lubricating oil to form
a homogeneous mixture containing from approx-
imately 0.1% to 2% by weight based on the oil
of the polyvalent metal salt of an organic acid,
from approximately 0.1% to approximately 2%
by weight based on the oil of the multi-bridged
thioalkyl compound,; and from approximately
0.05% to 2% by weight based on the oil of the
polyvalent metal salt of a substituted acid of
phosphorus containing an organic substituent.

16. A composition comprising a compounded
hydrocarbon oil subject to deterioration and to
formation of adhesive deposits at elevated tem-
perature, said compounded oil containing a metal
salt of an organic acid in an amount sufficient
substantially to inhibit said formation of ad-
hesive deposits, and a corrosion inhibitor ca-
pable of reducing corrosivity of said compounded
oil without destroying the inhibiting action of
said metal salt, said corrosion inhibitor being a
multi-bridged thioalkyl compound characterized
by more than one sulfur bridge between carbon
chains, at'least one of said chains containing at
least about 8 alkyl carbon atoms.

17. A composition comprising a compounded
hydrocarbon oil subject to deterioration and to
formation of adhesive deposits at elevated tem-
perature, said compounded oil containing an aryl
metal oxide in an amount sufficient substantially
to inhibit said formation of adhesive deposits,
and a corrosion inhibitor capable of reducing
corrosivity of said compounded oil without de-
stroying the inhibiting action of said aryl metal

. oxide, said corrosion inhibitor being a multi-
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bridged thioalkyl compound characterized by
more than one sulfur bridge between carbon
chains, at least one of said chains containing at
least about 8 alkyl carbon atoms.

18. A composition comprising a hydrocarbon
oil, a corrosion inhibitor capable of reducing the
corrositivity of said oil, said inhibitor being a
multi-bridged thioalkyl compound characterized
by more than one sulfur bridge between carbon
¢hains, at least one of said chains containing at
least about 8 alkyl carbon atoms, and an activator
for enhancing the effectiveness of said corro-
sion inhibitor, said activator being a’'salt of an
organo-inorganic acid.

BRUCE B. FARRINGTON.
VICTOR M. KOSTAINSEK.
GEORGE H. DENISON, Jr,




