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Thig invention has to do in & general way with

mineral oil compositions and is more particularly

related to compositions comprised of mineral oil
and a minor proportion of an added ingredient
which will improve the oil in one or more impor-
tent respects. .
. It is well known to those familiar with the
art that mineral oil fractions refined for their
various uses ‘are in . and of themselves usually
deficient in one or more respects, so that their
practical utility is Hmited even in the particu-

lar field for which they have been refined. For

example, mineral oil Iractions reflned for use
as lubricants have a tendency to oxidize- under
conditions of use with the formation of sludge
or acidic oxidation products; slso, the lighter

ency of the oil to form deposits which interfere
- with the function of the piston rings. :
It-has also been discovered that certain types

of recently developed hard metal alloy bearings,

5 “such as cadmium-silver alioy bearings, are at-

_tacked by ingredients in certain types of oils,

- particulazly oils of high viscosity index obtained

10

by various methods of solvent' refining. This
corrosive -action on such alloys has led te the
development of corrosion jinhibitors which may
be used in solvent-refined oils to protect such

 bearing metals against this corrosive action.
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In the lighter mineral oil fractions, such as
those used for fuel purposes, particularly in in-
ternal combustion engines, it has been found that

" the combustion characteristics of the fuel may be

fractions such as gasoline and kerosene tend to .
oxidize with the formation of color bodies, gum,

ete. In order to prevent the formation of these
products and thereby extend the useful life of

the oil fraction, it is common practice to blend.

with such oil fractions an additive ingredient
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“which will have the effect of inhibiting oxida- .

tion, such ingredients being known to the-trade
es oxidation inhibitors or sludge inhibitors, gum
inhibitors, ete.

It is also the practice to a.dd other ingredients

to mineral oil fractions for the purpose of im-
proving “oiliness” characteristics and the wear-
reducing action of such mineral oils when they
are used as lubricants, particularly when the oilg
are used for the purpose of lubricating metal sur-
faces which are-engaged under extremely high
pressures, and at high rubbing speeds.’

‘Various other ingredients have been developed-

for the purpose of depressing the pour point of
mineral oll fractions which have been refined for
use as lubricants. Most refining treatments pro-
_ vide olls containing a small amount of wax in the

oils, which, without the added ingredient, would
tend to crystallize at temperatures which render
- the oil impracticable for use under low tempera-

‘ture conditions. Additive agents have also been.

developed for improving the viscosity index of
lubricating oil fractions. In the case of internal
combustion engines, particularly those operating
with high cylinder pressures, there is a decided
tendency for the ordinary lubricating oil fractions
to form carbonaceous deposits which cause the
piston rings to become stuck in their slots and
which fill the slots-in the oil ring or rings, thus

materially reducing the efficiency of the engine. .

Ingredients have been developed which, when

controlled and improved by adding minor pro-
portions of various improving agents thereto.

The various ingredients which have been de-
veloped for use in mineral oil fractions to im-
prove such fractions in the several characteris-
tics enumerated above are largely specific to their
particular applications. 'Therefore, it has been
the practice to add a separate ingredient for

26 each of the improvements which is to be effscted.
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The present invention is predicated upon the
. discovery of & group or class of oil-soluble metal-
organic reaction products or compounds which,
when added to mineral oil fractions in minor
proportions, will improve the oil fractions in sev-
eral respects. These multi-functional reaction
products or compounds are formed by the reac-
tion of basic polyvalent-metal salts of alkyl-sub-
stituted aromatic hydrocarbon compounds and
hydrogen sulfide, and may be broadly designated

‘as the metal hydrosulfides of basic polyvalent-

metal salts of alkyl-substituted aromatic hydro-
carbons. ' All of the reaction products or com-
pounds contemplated herein contain as-charac-
terizing groups: at least one polyvalent metal

- hydrosulfide group (—M—SH) and an aryl nu-

cleus (T) substituted with at least one oil-solu-
bilizing alkyl group and substituted with an atom

-..or group represented by the symbol X.
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The most probable formula for -the reaction
products or compounds conteimplated herein is:
I . Yo
' Ro—TF—(X—~M—8H),

Wherein T is an aromatic nucleus, either mono-
or poly-cyclic; R is an oil-solubilizing aliphatic
or alkyl hydrocarbon.group, preferabiy one hav-
ing at least twenty carbon atoms, such as an
sliphatic “wax” group, and is attached by one

added to the .ofl, will reduce this natura.l tend- 65 valence only to at least one aromatic nucleus T,
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a is equal to the number of R substituents at-
tached to a single nucleus T and i5 equal to a
whole number from 1 to 4; Y is selected from the
group consisting of hydroxyl, metaloxy, mercapto,
mercaptal, mercaptol, carboxyl, metal carboxyl-
a.e, ester, thioester, keto, thioketo, alkoxy, aroxy,
thioether, polysulfide, aldehyde, thioaldehyde,
oxime, amido, thioamido, carbamido, aralkyl,
alkyl, alkaryl, aryl, halogen, nitro, nitroso, nitro-
samino, amino, amidine, imino, N-thio, diazo,
hydrazino, cyano, cyanate, thiocyanate, azoxy,
azo and hydrazo radicals; d is equal to the num-
ber of ¥ substituents attached to a single aryl
nucleus T and is equal to a numeral from 0 to 4;
¢'is equal to the number of (X-M-SH) groups
ang is & whole number from 1 to 2; M is a poly-
valent metal; and X is a radical selected from the
group consisting of:

sH
_¥ls_ |
wherein R’ in such X groups is selected from the
group consisting of hydrogen and alkyl, alkaryl,
aryl and aralkyl radicals. Although as contem-
plated herein X may be any of the several groups
enumerated above, particularly preferred of such
groups are:
s} JSH

! |
0, —t—0—, ana —PL0—

Ih general, the substituted aryl nucleus may be

represented by
, -
Ro—th—X,—
and may be any organic radical characterized by

an alkyl-substituted aromatic group to which the "

‘polyvalent metal may be attached at the aryl
nucleus either directly or through an intervening
inorganic element or organic radical.

Some of the reaction products or compounds
contemplated herein may have two or more alkyl-
and —XMSH— substituted aromatic nuclei such
as those in which the arematic nuclei (T) are con-
nected by an ether, thicether, polysulflde, or keto
group represented by the symbol ¥ gefined above.
A particularly preferred reaction product or com-
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bium, gallilum, gold, indium, iridium, molybde-
num, osmium, rubidium, selenium, tantalum,
tellurium, thorium, titanium, tungsten, uranium,
and zirconium. Preferred of such metals, how-
ever, are the divalent metals, and of the latter,
calcium, barium and cobalt are particularly pre-
ferred. e

- As described above, T represents an aromatic

.nucleus which may be momno- or poly-cyclic.

Typical nuclei contemplated herein are benzene, .
naphthalene, anthracene, phenanthrene, di--
phenyl, etc,

As aforesaid, compounds described by general
Formula I contaih at least one oil-solubilizing
substituent such as an alkyl group. Oil solubility
is imparted to the compounds or reaction prod-
ucts contemplated herein with alkyl substituents,

- such substituent or substituents should contain
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ab least 10 carbon atoms in alkyl groupings, such
as, two amyl groups. Within this general class
of alkyl substituents, preference is given to long-
chain mgn molecular weight aliphatic hydrocar-
bon groups because reaction products or com-
pounds characterized by an aryl nucleus having
these alkyl substituents are mot only oil soluble
but possess the added properties of improving the
pour point and viscosity index of the oil to which

they are added. Petroleum wax is a preferred
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pound of this type is ¢ne in which two or more,-

benzene nuclei are connected through one or
more disulfide groups. R

Tt will be understood that, although M is shown
in Formula I above, and in the group (-X-M-SH)
as having only two bonds or valences, the symbo}
M ‘broadly defines s polyvalent metal having two
or more bonds or valences.
understood from the following typical polyvalent
metals contemplated as constituents in the reac-
tion products of this invention. Thus, Mis a
polyvalent metal and may be copper, beryllium,
magnesium, calcium, strontium, barium, radium,
zine, cadmium, mercury, germanium, tin, lead,
vanadium, chromium, manganese, iron, cobalt,
nickel, ruthenium, palladium, platinum, alumi-
num, antimony, arsenic, bismuth, cerium, colum-

1]

This will be further _
probable formula by which the

70

_source’ of the high molecular weight alkyl sub-

stituent, and for this reason, the preferred multi-

functional reastion products or addition agents

are referred to as “wax” substituted. It is tobe

understocd, however, that other equivalent long-

chain aliphatic hydrocarbon compounds, such as

ester waxes, high molecular weight alcohols, efc.,

may be utilized. In compounds of the preferred

sub-class, that is, those containing a wax sub~

stituent, the waX group cooperates with the aryl

nucleus to which it is attached in imparting pour

depressing and viscosity index improving proper-
ties to these agents. These preferred metal- .
organic compounds are capable of remaining uni-
formly dispersed in mineral oil either as & true -
solution or a colloidal suspension under normal

conditions of handling and use. There appears

to be, however, & critical zone or region in the de-

gree of alkyl- or wax-substitution below which

these compounds or compositions are not readily

soluble in viscous mineral oil fractions. This de-

gree of alkyl- or wax-substitution for our oil-

soluble or oil-miscible metai-organic compound

may vary over relatively wide limits, depending

upon whether the aryl nucleus is mono- or poly-

cyclic and whether such nucleus carries other

substituents such as represented above by Y.

It should be understocd, that the wax group in
the preferred sub-class may be polyvalent in
nature, in which event each of the polyvalent wax
radicals or groups will be attached to & plurality
of aryl nuclei, each of which aryl nuclel has at
least one —X—M—SH substituent, and each of.
which may have attached to it one or more
monovalent wax substituents and may, in addi-
tion, have other substituents such as represented
above by Y. '

Formule I above is, as aforesaid, the most
reaction products
or compounds contemplated herein may be rep-
resented: the formuie, however, is not completely -
self-explanatory, -for the scope of the formula
is much more comprehensive in view of the vari-
ous ways by which an alkyl group and particu-
lerly a “wax” group, or “wax” groups, may be

- attached to two or more aromatic nuclel (T).
75

It should be borne in mind that (wax) ., as repre-



2,401,273

sented by Ra in Formulg I, may be one or more
monovalent or polyvalent aliphatic hydrocarbon
groups of at least twenty carbon atoms or a
mixture of such groups. Therefore, to illustrate

more completely and more accurately the field of .

invention, taking into consideration the poly-
valent “wax” type of compound or composition,
and also taking into consideration the possi-
bility of other substituents (R and Y) in the
aryl nucleus, the following probable formula has

been devised:
N Ylvb v
R,,-[T—(X-M—SH),]«

I

in which the symbols T, ¥, X, M, a, b and ¢ have
. the same significance described above under
Formula I; R represents an oil-solubilizing- alkyl
or “wax” group as defined above in connection
with general Formula I; v represents the valence
of the alkyl or wax radical R, which we have
found for best resulis in obtfaining oil-miscible
products should be one to four; and d represents
a whole number preferably from one to four,
and indicates the total number of groups

L ]
'{*—(X—M——‘sn),

present in the molecule represented by Formula
II and which are attached to the aliphatic group
or groups represented by R..

In the foregoing ‘probable Formula II, which
represents the reaction products or. compounds
contemplated herein, it will be observed that the
reaction products or compounds represented
thereby include those materials in which all of
the “wax” substituent (R) is monovalent (v==1
and d=1), or in which all of the “waXx” substitu-
ent is polyvalent (v and d preferdbly being equal
to 2, 3 or 4). Since R is defined as always being
“at least one” and may therefore include several
such groups, it will also be observed that this
general Pormula II is inclusive of reaction prod-
ucts or compounds having aliphatic groups or
radicals of different valences (preferably from 1
to 4) in the same molecule. Also, it will be ob-
served that in our reaction products or com-
bounds when d is any whole number from one
to four, the number of aromatic nuclei in the
molecule may likewise vary from one to four.
Therefore, it will be seen ‘that the relationship
between d and » in Formula II in its broadest
construction is such that when d is equal to one,
v is equal to one, and when d is greater than one,
the valence v of at least one of the R’s is equal to
d in order to tie the several nuclei or T’s together,
the valence of any remaining R’s being any whole
number equal to or less than d.

The more simple types of reaction products or

compounds coming under general Formula II in.

which v and d are both equal to one and in which
there is only one “wax” substituent, R, may be
illustrated by the following formula showing T
for purposes of illustration as s mono- cyclic
nucleus:

A. (X——M—SH):
h: 4 H
Yy—t— ——c-——-cr{
H
\/ H

In the above Formula A, the chain corresponds
to the symbol “R” above and represénts an oil-
solubilizing aliphatic- hydrdcarbon group, which,
for the preferred multi-functional 011—1mproving
agents has at least twenty carbon atoms.

Since R has been defined as *“at least one,” it
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will be apparent that there may be more than
one heavy alkyl (“wax”) substituent attached to
the nucleus T. Such a reaction product or
compound, wherein v and d are both equal to
one and in which there are two such monovalent
R groups, may be represented by the following
formula:

B, (X—M—8H).

H H H H
HC-- - -C—— —|~C~-—-CH
H H| | A H

Yo

in which the chains and substituent characters
have the same significance defined above,
Reaction products or compounds. of the type
satisfying general Formula II, in which R is
polyvalent and » and d are both more than one
and in which there is only one such polyvalent
R group, may be illustrated by the following
formula:
C. (X—M—S8H).

(X—-M--SH) e (X—M—8H) ¢

Y|

L

In this same type of reaction product or com-
pound indicated by Formula C, there also may
be more than one R (“wax”) group (represented
by the chain), such reaction product or com-
pound in which there are, for example, two poly-
valent R groups being 111ustrated by the follow-
ing formula:

H H H B H
HC--~-C- -~ e Cmm - Crimmm = '-gH
b (X-M-8H). X-M-8H). | (X-M-8H).
v | vl |
H ' Y H
HC-— ~Cemmmmm ==—Cmmmm === ——C--~~CH
H H H H H

The possible molecular structure of reaction
products or compounds in which the aryl nu-
cleus T is poly-cyclic will be obvious from the
foregoing illustrative formulae A to D inclusive
and the possible molecular structure of com-
pounds in which v and d are both equal td’ two
and four will be readily understood from the
illustrative Formulae C and D..

Other possible molecular structures of reac-

- tion products or compounds coming under gen-

eral Formula II are those having a plurality of
R (“wax”) groups of different valences. Such a
reaction product or compound may be typified by

‘the following Formula E in which the symbols

have the same significance as in the formulae

above:
. H H
HC c —————————————————— Cm e m CH
X-M- SH), (X—M— SH). (X-M-SH).
H H
Ya—- Y o—— —C-~~~CH
H H
H
HC ---------------- CH
H H H H.

With regard to the number of R groups going
to make up a single molecule, this will vary with
the extent to which it is desired to.effect substi-
tution of the nucleus with the alkyl or “wax”

. derivatives for obtaining the desired properties
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in the product. It is, of course, limited to the
number of replaceable hydrogens on the aro-
matic nucleus which are available for substitu-
tion. As will be apparent to those skilled in the
art, the maximum number of R groups which
can be attached to a single aromatic nucleus
will vary as the nucleus is mono- or poly-cyclic
and also as the nucleus is otherwise substituted.

2,401,273 .

‘It will also be apparent that replaceable hydro- -

gens on the nuclei may all be substituted with
polyvalent “wax” substituents.

It will be understood that the o1l-improvmg
agents contemplated by this invention may be
pure compounds satisfying the probable Formu-
lae I and II above with a mono- or poly-cyclic
nucleus as T substituted with at least one XMSH
group and at least one oil-solubilizing alkyl
group, such as a “wax” group, and with or with-
out one or more of the various Y substituents.
However, in preparing the oil-improving prod-
ucts defined hereinabove, those containing at
least one “wax” (R) group, obtained by pro-
cedures in which wax-substitution of an aro-

matic hydrocarbon is effected with a chlorinated -

wax by the Priedel-Crafts reaction, the final oil-

improving product is usually a mixture of dif-

ferent compounds corresponding to different val-
ues of d and v and to different numbers of “wax”
(R) groups, and for this reason the products
contemplated herein are described as reaction
products as well as compounds.

The reaction products or compounds contem-
plated herein are broadly defined as the metal
hydrosulfides of basic polyvalent-metal salts of
alkyl-substituted aromatic hydrocarbon com-
pounds, and are obtained herein by reacting hy-
drogen sulfide with basic metal salts of such or-
ganic compounds such that water is eliminated
- and the desired reaction products or compounds
are formed. Such procedure may, for illustra-
tive purposes, be represented by the following
reaction:

Ryl [+—(X—M—0 H)a]i+H:S
1y

R +—(X—M—SH).]J+H:O

wherein all symbols are as hereinabove defined.

A general procedure which may be followed
for the preparation of the reaction products or
compounds defined hereinabove is illustrated by
the following in which a typical aromatic hydro-
carbon, a -hydroxyaromatic compound, is used.
The hydroxyaromatic compound is first substi-
tuted, or alkylated, with one or more oil-solubi-
lizing groups to the desired extent as by reacting
said hydrocarbon with a chlorinated paraffin wax
in the presence of & Friedel-Crafts catalyst. The
wax-substituted compound so obtained is then
converted to the corresponding alkali metal salt,
or alkali metal aryl oxide, by reaction with an
alkali metal. The alkali metal salt so formed is
then reacted with two equivalents of a polyvalent
metal hydroxide whereupon the basic metal salt
of the wax-substituted hydroxyaromatic com-
pound is formed. The basic metal salt so ob-

10

various modifying substituents as defined above
by the symbol Y may be infroduced by modifying
the foregoing general procedure by the use of
any, of the well-known chemical methods. Such
modifications will be made apparent by Examples
I, IT and 1II provided hereinafter.

Tybpical basic polyvalent-metal salts of organic
compounds which may be reacted with HaS to
form the polyvalent-metal hydrosulfides contem-
plated herein are disclosed in Patent 2,197,835
issued to O. M, Reiff. The basic metal salts are
described therein as metal compounds wherein

" one valence of & polyvalent metal (as, for exams-
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' tained is then reacted with HsS to form the de- -

sired reaction product of the class contemplated
herein. ‘

Where other Y substituents, such as & sulfide or
disulfide group, are desired, they are usually in-

troduced into the aromatic compound after the:

alkali metal salt, as above, is formed and before
the corresponding basic metal salt is formed. It
will be obvious to those familiar with the art that

70

L { ]

pie, a divalent metal) is satisfied by a hydroxyl
group. A preferred method of preparation of
these basic metal salts consists in the use of one
extra equivalent of alkali hydroxide in the neu-
tralization of the corresponding free aromatic
acid or corresponding free hydroxyaromatic com-
pound, etc., which is substituted with at least one
R substituent, at least one X group, and which
may or may not be substituted with Y substitu-
ents, followed by treatment with an amount of
polyvalent-metal salt (preferably & halide) equiv-
alent to the alkali hydroxide used. While this is
the preferred method of forming these basic
metal salts, basic metal salts are formed to a cer-
tain extent even when exactly equivalent
amounts of reactants are used. Another meth-
od of formation consists in reacting the organic
compound, which is substifuted with at least one
R substituent, at least one X group, and which
may or may not be substituted with Y substitu-
ents, with a metal hydroxide. It is fo be under-
stood, however, that while we have pointed out
a preferred procedure for forming the aforesaid
basic metal salts, and have mentioned other such
procedures, the present invention is not to be
confined to such procedures, for, as aforesaid,
these basic metal salts may be prepared in any
way known to the art.

To more fully describe the metal-organic com-
pounds or compositions contemplated herein, the
following typical procedures for the preparation
of representative compounds or compositions are
provided. :

EXAMPLE I

REACTION PRODUCT OF BAsic COBALTOUS PHENATE-
CoBALTOUS CARBOXYLATE OF WAX PHENOL CAR-
BOXYLIC AcIp (3-14) AND H2S

(a) Preparation of sodium phenate-sodium car -
bozylate of wax-phenol carboxylic acid (3-14)

A wax-substituted phenol prepared according
to the procedure provided in U, S. Patent
2,197,834, issued to O. M, Reiff, in which a quan-
tity of chlorwax containing 3 atomic proportions
of chlorine (14 per cent chlorine in the chlor-
wax) is reacted with one mol of phenhol, may, for
brevity herein, be designated ‘“‘wax-phenol
(3-14).” Parenthetical expressions of this type
(A-B) will be used hereinafter in connection
with the alkylated hydroxyaromatic compounds
to designate (A) the number of atomic propor-

tions of chlorine in chlor-aliphatic material re-

acted with one mol of hydroxyaromatic compound
in the Friedel-Crafts reaction, and (B) the chlo-
rine content of the chlor-aliphatic material. In

. the wax-substituted phenol referred to above,

A-—=3 and B=14. This same designation will also
apply to the metal-organic compounds or com-
positions contemplated herein.

The sodium phenate-sodium . carboxylate of
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wax-phenol carboxylic . acid (3-14) wés prepared
according to the procedure furnished in U. S
Patent 2,197,834, referred to above,

(b) Preparation of basic cobaltous phenate-co-

baltous carboxylate of waz-phenol carboxylic
acid (3-14) .

A solution of 21 grams of potassium hydroxide
dissolved in 100 cc. of butanol was added to 409
grams of a mineral oil blend of the sodium phe-
nate-sodium carboxylate of- wax-phenol carbox-
vlic acid (8-14) prepared in I-(a), said blend
comprising 1 part of said disodium salt and 10
parts of mineral oil. A butanol solution con-
taining 47.2 grams of cobaltous chloride was then
added gradually and the mixture was heated at
the reflux temperature for about 30 minutes.
Then, butanol was distilled off and the reaction
product filtered through Hi-Flo whereupon the
finished product, basic cobaltous phenate-cobalt-
"~ ous carboxylate of wax-phenol carboxylic acid
(3-14) was obtained.

) Preparatzon of reaction product of I (b) and
H2S

A mixture of 200 grams of the mineral oil blend

of the dicobaltous salt obtained according to I

(b) was heated to about 212> P., and with rapid

agitation oi the mixture, a current of H2S was

introduced into said mixture. Water was formed

in the reaction. The mixture was stirred for

-about three hours with H=S flowing therethrough,
after which time, water was no longer liberated.

A current of nitrogen was then introduced to dis-

place any unreacted HzS. The finished product .

was thus obtained.
EXAMPLE IT

REACTION PRODUCT OF BASIC BARIUM PHENATE OF
Wax PHENOL (3-14) DISULFIDE AND H3S

(a) Preparation of waz-phenol (3—14) disulfide

Five-hundred grams of a mineral oil blend of
wax-sodium phenate (3-14) prepared according
to the procedure furnished in U. S. Patent
2,197,833, was diluted with 100 cc. of benzol. To
this mixture was slowly added at room tempera-
ture 12.7 grams of sulfur monochloride, the rate
of addition being slow enough to avoid appreciable
temperature rise. After the sulfur monochloride
was added, the mixture was stirred for one hour
at room temperature, after which time, 4 cc. of
water and 50 ce. of methanol were added. The
resulting mixture was then heated to about 80° C.
whereupon sodium chloride formed in the reac-
tion was precipitated. The reaction mixture was
filtered to remove the sodium chloride.

(b) Preparation of basic barium phenate of waz-
phenol (3—-14) disulfide

A solution of 32.6 grams of BaO in methanol
was slowly added to-the reaction product obtained
in IT (@) —wax-phenol (3-14) disulfide.
sulting mixture was then heated to about 125° C.
so as to f{acilitate the reaction and to remove
methanol. The mixture was then filtered through
Hi-Flo to obtain the basic barium phenate of
wax-phenol (3-14) disulfide in approximately a
one-third blend in mineral oil.

(c) Preparation of reaction product of II (b)
and H:S

Two-hundred grams of the mineral oil blend
obtained according to the procedure in II (b)
was heated to about 212° F. and a current of
H:S introduced therein. The mixture was rapidly

The re-
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agitated so as to accelerate the absorption of the
gas. Wuater was formed in the reaction and after
three hours of introducing HeS and stirring the
mixture, water no longer was liberated. A cur-
rent of nitrogen was then introduced to displace
any unreacted HsS and thus obtain the finished
product,
EXAMPLE III

REACTION PRODUCT OF BasiC BARIUM SALT OF WaX-
. SUBSTITUTED DIPHENYL, DITHIOPHOSPHORIC ACID
AND H2S

(@) Preparation of dithiophosphoric acid deriv-
ative of wax phenol (3-14)
Petroleum wax of ASTM melting point of 126°

F. was chlorinated by introducing chlorine at
about 150 F'. until 14% by weight of chlorine was

v absorbed. One hundred grams of this chlorwax
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were mixed with 12.3 grams of phenol and 3 grams
of AICIz were added at about 150° F. at a rate
slow enough to avoid excessive foaming caused
by the evolution of hydrogen chloride. The re-
action temperature was then raised to 350° F
and the mixture was stirred for about one hour
at this temperature to complete the reaction. A
quantity of 207 grams of solvent-refined mineral
oil of Saybolt viscosity of 45 seconds at 210° F.
was then added, followed by 7.4 grams of P2Ss,
and the resulting mixture was heated for 4 hours
at 350° F. During the first hour of heating the
mixture, H2S was steadily evolved and at the end
of the remaining time no HaS was evolved. - The
reaction mixture was cooled to about 100° C. and
water was gradually added in order to.decom-
pose the aluminum chloride complex. Emulsions
formed in the water-washing operation were
broken by adding butanol. The product was

-then filtered through “Hi-Flo” and the butanol

distilled under vacuum to obtain the product in a
V5 mineral oil blend.

(b) Preparation of basic barium salt of wazx-
substituted diphenyl, dithiophosphoric - acid
3-14)

One-hundred grams of the mineral oil blend
obtained in IIT (@) were reacted with 8 grams
of Ba(OH)2-8H20 by heating the mixture at
150° C. for one hour in order to remove all the
water of reaction. The mixture was then filtered
through Hi-Flo to obtain the finished product in
a one-third mineral oil blend.

(¢) Reaction product of III (b) and Hz2S

One-hundred grams of the mineral oil biend
obtained in IIT (b) above were heated to about
212° . and at this temperature a current of HaS
was introduced. The mixture was stirred rapidly -
during the addition of HzS in order to accelerate
the absorption of the gas. The mixture was
stirred for about 3 hours whereupon water was no
longer liberated in the reaction. A current of
nitrogen was then introduced into the reaction
mixture so as to displace any unreacted HaS and
thereby obtain the finished product.

Although the foregoing procedures represent
preferred embodiments for the preparation of the
compounds -or compositions of this invention,
other procedures which will be apparent to those
familiar with the art may be used. It is to be
understood that all such procedures are contem-
plated herein. )

To demonstrate the effectiveness of the com-
pounds or compositions of the type described
above by the general Formulae I and II in the
mineral oil compositions contemplated herein, we
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have conducted several comparative tests, the re-~
sults of which are listed below, with representa-
tive mineral oils alone and with the same oils
blended with typical and preferred improving

agents contemplated by this invention, reaction

products of basic dlvalent-metal salts of organic
compounds and HszS.

POUR POINT DEPRESSION

The reaction products of basic divalent-metal
salts of organic compounds and Ha:S contemplat-
‘ed herein are effective pour point depressants.
The ‘following results were obtained from blends
of mineral Ilubricating oil having a Saybolt Uni-
. versal viscosity of 67 seconds at 210° F. and con-
-taining the aforesaid metal hydrosulfides pre-
pared according to the procedures outlined above.
The pour point of the oil alone was 20° F',, and as
clearly indicated by Table I below, the metal hy-
drosulfide reaction products contemplated here-

in are effective in very small amounts to reduce

the pour point by as much as 40°
Table I

"| ABTM pour tests
. (°F.)onoil

Reaction product added blends

% | %%

None
Reaction product of basic barium phenate-
barium carboxylate of wax-phenol catboxylio
acid (3-14) and H.
Reaction product of basic barium phensaté of
wax-phenol (3-14) disulfide and HsS_ .. __.__:_
Reaction product of basic cobaltous phenate-
cobaltous carboxylate of wax-phenol ‘carboxylic
__acid (3-14) and HiS._.
Reaction product of basic barium- salt of wax-
@prhenyl (3-14) dithiophosphorie acid and

$ I

+20

-b

—b

]

Viscosiry INDEX

Table II below shows the effectiveness of the
metal hydrosulfide reaction products contemplat-
ed herein as viscosity index improving agents.
The 0il used in these tests was a motor lubricat-
" ing oil fractlon having a kinematic viscosity of
30.17 at 100° F

Table I
- . Kinematic vise.
Reaction product added Per cent - V.1
100° B, [210° F. | .
None. ol 30.17 480 | 70.8
Reaction product of basic barium
phenate-bariuru carboxylate of .
wax-phenol carboxylic acid (3- . : : .
Mand HeS. .. oo ________ 2| 34.01| . 525 910
Reaction product of bas!c barinm
phenste of wax é)henol (3-14) ’
disulfide and HasS.__________._.. 2} 33.00 5.14 | 89,1
Reaction roduct of basic cobalt-
ous phenate-colbaltous car-
boxylate of wax-phenol car-
boxylic acid (3-14) and Hs8____ 2| 33.68 5.23 | ‘9.8
Reaction product of basie barium
salt of wax-diphenyl (3-14) -
dithiophosphoric acid and H;S. 2 352 5.38 | 92.9

OPERATION TEST

In addition to the foregoing tests, comparative,
test runs have been made on .a solvent refined
mineral oil of Saybolt Universal viscosity of 45
seconds at 210° F, and on the same oil contain-
ing a small amount of a typical improving agent
. of the type contemplated herein. 'The test runs
were. made in a single-cylinder Lauson engine
which was cooled with water held at 212° F, 50 as
to maintain an oil temperature of about 290° F.
The oil and oil blend were tested for acidity, rep-

10

15

20

25

30

35

40

45

50

2,401,278

resented by the neutralization number (N. N,
and for change in viscosity at certain time inter-
vals as a measure of the degree of oxidation.

Table 111
’ 8aybolt
Reaction product added | Per cent | N.N. | xis.@ Hours
NODO. oo 0 5.1 50, 21 %
Reaction product of basic .
barjum phenate of wax~ N
%henol (3-14) disulfide and .

________________________ 2 0.5 45.53 4
None. .. oot ______ [1] 6.9 52 36
Reaction product of basic

barium’ salt of wax di- .
phenyl (3-14) dithiophos- .
phoric acid and HaB____... 1 2.0 47 36

From the foregoing results it will be apparent
that the reaction products of basic divalent-met-
al salts of organic compolinds and HzS contem-
plated by this inventior are effective multi-func-
tional oil-improving agents. The improved prop-
erties obtained and the degree of improvement in
& particular property may be varied with the
metal substituents, the metal hydrosulfide sub-
stituents represented by the group —X—M-—SH,
the aryl substituents, and the degree of substitu-
tion of the aryl nucleus with R, —X—M—SH
and Y groups. As aforesaid, it is to be under-
stood that the symbcl M is not limited in scope
to divalent metals which it typifies in the forego-
ing formulae and groups, but is broad to poly-
valent metals.

The amount of improving agent used may be
varied, depending upon the mineral oil or the
mineral oil fraction with which it is blended and
the properties desired in the final oil composition.
The metal hydrosulfide reaction products of the
type contemplated herein may be used in amounts
ranging from 0.1 per cent to 5 per cent, and, in
general, compositions of the desired improved
properties may be obtained with these improving
agents in amounts of from ¥ per cent to 2 per
cent,

It is to be understood that while we have
described certain preferred procedures which may
be followed in the preparation of the reaction
products of HaS and basic polyvalent-metal salts
of organic compounds used as improving agents
in the mineral oil compositions contemplated by
this invention and have referred to various typi-
cal constituents in these improving agents, such

- procedures and examples have been used for il-

55

lustrative purposes only. The invention, there-
fore, is not to be considered as limited by the
specific examples given but includes within its
scope such changes and modifications as fairly

come within the spirit of the appended claims,
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- We claim:

1. An improved mineral ofl: composition com-
prising a viscous mineral oil and in admixture
therewith & minor proportion, from about 0.1 per
cent to about 5 per cent, of an oil-soluble metal

‘hydrosulfide of a basic polyvalent-metal salt of

an alkyl-substituted aromatic hydrocarbon com-
pound, said alkyl substituent being an oll-solu-
bilizing alkyl group.

2. An improved mineral oil composition com-

‘prising a viscous mineral oil having in admixture

therewith a minor proportion of an oil soluble
metalorganic compound havmg the general
formula:

Rc—T-—(X—M——SH)c
wherein T is an aromatic nucleus; R is an oil-
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solubilizing alkyl group, said R group being at-
tached by one valence only to at least one aro-

matic nucleus T; a is the number of R substitu- -

ents attached to a single nucleus T and is a
numeragl from 1 to 4; ¢ is the number of
—X—M—SH substituents attached to a single
nucleus' T and is a numeral from 1 to 2; M is a
polyvalent metal; and X is a radical selected from
the group consisting of :

O OH 0O SH S OH S OH S 8
IR A 7 VoS VA Ve
O OH O 8 S SH OH OH
20 N 7S A
S’H

'—P—0— snd —P—§— _
said metalorganic compound being present in a
minor proportion sufficient to improve said min-
eral oil in at least one of the following respects:
pour point, viscosity index, and resistance to oxi-
dation. .
3. An improved mineral oil composmon com-

5

10

w4
said metalorganic compound being present in a
minor proportion suficient to improve said min-
eral oil in at least one of the following respects:
pour point, viscosity index, and resistance to oxi-
dation.

5. An improved mineral oil composition com-
prising a viscous mineral oil having in admixture
therewith a minor proportion of an oil-soluble
metalorganic compound having the general
formula:

Ra”[T-—(X——M-—SH) cla

- wherein T represents an aromatic nucleus; R rep-

20

prising a viscous mineral oil having in admixture -

therewith a minor proportion of an oil soluble
metalorganic compound having the general
formula: o '

) Re—T—(X—M—SH).

wherein T is an aromatic nucleus; R is an oil-
solubilizing alkyl group having at least twenty
carbon atoms, said R group being attached by
one valence only to at least one aromatic nucleus
T; a is the number of R substituents attached to
a single nucleus T and is a numeral from 1 to 4;
¢ is the number of —X—M—SH substituents af-
tached to a single nucleus T and is a numeral
from 1 to 2; M is a pclyvalent metal; and X is a
radical selected from the group consisting of:

(ll)/OH (!?/SH ﬁ/OH ﬁ/OH ?I/SH
—P~, —P-0—, —PL0—, —PZ5—, —PLs—,
O OH O S S SH OH oH

s L/ it/ | . |
~P—g§—, —P~-§—, —P-0—, —P—~0—, —P—8—,
S]H

—P—0— and -—P—8—

sald metalorganic compound being present in a
minor proportion sufficient t¢ improve said min-

eral oil in at least one of the following respects:’

pour point, viscosity index, and resistance to oxi-
dation.

4, An improved mineral oil composition com-
prising g viscous mineral oil having in admixture
therewith a minor proportion of an oil soluble
metalorganic compound having the general
formula: :
Ro—T—(X—M—SH)¢

wherein T is an aromatic nucleus; R is a wax
group, said R group being attacheq by one valence
only to at least one aromatic nucleus T; a is the
number of R substituents attached to a single
nucleus T and is a numeral from 1-to 4; c is the
number of —X—M—SH substituents attached to
a single nucleus T and is a numeral from 1 to 2;
M is a polyvalent metal; and X is a radical se-
lected from the group consisting of:

OH §°

?l)/OH (ll)/SH ﬁ/OH ISI/ H/SH
—P~, = —~P~0—, —P20—, —PLs—, —PLg—,
O 0OH O SH 8§ SH OH oH
Il i/ i/ | |-
—p*§—, —P~§—, —P-0—, —P—0—, —P—§—,

SH

| .
—P—0— and —P—S—

25
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resents an oil-solubilizing alkyl group, said R
group being attached by one valence only to at
least one aromatic nucleus T; v represents the
valence of the alkyl group and is equal to a nu- .
meral from 1 to 4; a is the number of R substit-
uents attached to a single nucleus T and is a
numeral from 1 to 2; M is ‘a polyvalent metal;
X is a radical selected from the group consisting
of: .
OH S

OH O S 8 OH § SH O OH
Il/ 4/ v I/ ll/ NV
P~0— —P~0, —P-0, —pL8—, —Pos— —PL5—,
SH § SH OH OH sH SH
II/ I/ | ] |
P=§=, -F=0—, —P—0—, —P—§~, —P-0— and-P-§-

and d represents the number of
[T—(X—M—SH) c]

groups-and is a numeral from 1 to 4; said metal-
organic compound being present in a minor pro-
portion sufficient to improve said mineral oil in
at least one of the following respects: pour point,
viscosity index, and resistance to oxidation.

6. An improved mineral oil composition com-

" prising a viscous mineral oil having in admixture
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therewith a minor proportion of an oil-soluble
metalorganic compound having the general
formula:

| Ra?[T—(X—M—SH) cla

wherein T represents an aromatic nucleus; R
represents an oil-solubilizing alkyl group having
at least twenty carbon atoms, said R group being
attached by one valence only to at least one
aromatic nucleus T; v represents the valence of
the alkyl group and is equal to 2 numeral from
1 to 4; a is the number of R substituents at-
tached to a single nucleus T and is a numeral
from 1 to 2; M is a polyvalent metal; X is a
radical selected from the group conSisting of:

0 OH 0 sH S oH 0 0H
|/ It/ ll/ﬂ |/ l[/ I/
—P~0—, —P-0—, —P20—, —PL1§—, —PL5—, —PL5—,

S SH OH OH SH SH
ll/ I/ ! ! |

—pP~8—, —P~0—, —P—0—, —P—8—, —1‘>—o— and ~P—8—;
and d represents the number of
[T—(X—M—SH) el

groups and is a numeral from 1 to 4; said metal-
organic compound being present in a minor pro-
portion sufficient to improve said mineral oil in
at least one of the following respects: pour point,
viscosity index, and resistance to oxidation.

7. An improved mineral oil composition com-
prising a viscous mineral oil having in admixture
therewith a minor proportion of an oil-soluble
metalorganic compound having the general
formula;

R’ [ T—(X—M—S8H) cla .

wherein T represents an aromatic nucleus; R rep- '
resents a wax group, said R group being attached
by one valence only to at least one aromatic




nteleus T; v représents the valence of the alkyl
group and is equal to a numeral from 1 to - 4; a
is the number of R substituents attached to a
single nucleus T and is a numeral from 1 to 2;
M is a polyvalent metal; X is a radical selected
from the group consisting of‘

OH
__III,_O_’_Hi _'_Ilfo' _Ilés__ —M .
O OH O SH 8 8H oH OH
A Mo Moo b0 —bs,
SH

~P—0 and —Il‘—-S-- .
and d represents the number of
[T—(X—M—SH) ]

.groups and is a numeral from 1 to 4; said metal-

organic compound being present in a minor pro-
portion sufficient to improve said mineral oil in
at.least one of the following respects: pour point,
viscosity index, and resistance to oxidation.

8. An improved mineral oil composition com-
prising a viscous mineral oil having ia admixture
therewith a minor proportion of an oil~soluble,
cobaltous hydrosulfide of a basic cobaltous phe-

10
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nate-cobdltous carboxylate of a wax-phenol car- .

boxylic acid, said cobaltous hydrosulfide being
present in a minor proportion sufficient to im-
prove said mineral oil in at least one of the fol-
lowing respects: pour point, viscosity index, and
_ resistance to oxidation,

9. An improved mineral oil composxtion com-
prising a viscous mineral oil having in admix-
ture therewith a minor proportion of an oil-sclu-
ble, barium hydrosulfide of a basic barium phe-
nate of a wax-phenol disulfide, said barium hy-
drosulfide being present in a minor proportion

30
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sufficient to improve said mineral oil'in at. least
one of the following respects: pour point, viscos-
ity index, and resistance to oxidation.

10. An improved mineral oil composition com-
prising a viscous mineral oil having in admix-
ture therewith a minor proportion of an oil-solu-
ble, barium hydrosulfide of a basic barium salt
of a wax-substituted diphenyl dithiophosphoric
acid, said barium hydrosulfide being present in a
minor proportion sufficient to improve said min-
eral oil in at least one of the following respects:
pour point, viscosity index, and resistance to oxi-
dation. _

11, An improved mineral oil composition com-
prising a viscous mineral oil and in admixture
therewith a minor proportion of an oil-soluble
metal hydrosulfide of a basic polyvalent-metal
salt of an alkyl-substituted aromatic hydrocarbon
compound, said alkyl substituent being an oil-
solubilizing alkyl group, and said metal hydro-
sulfide being present in a minor proportion suffi-
cient to improve said mineral oil in at least one
of the following respects: pour point, viscoslty
index, and resistance to oxidation.

12, An improved mineral oil composition com-
prising a viscous mineral oil and in admixture
therewith s minor proportion of an oil-soluble
metal hydrosulfide of a basic divalent-metal salt
of an alkyl-substituted aromatic hydrocarbon
compound, said alkyl substituent being an oil-

" solubilizing alkyl group, and said meétal hydro-

35-

sulfide being present in a minor proportion cuffi-

cient to improve said mineral oil in at least one

of the following respects: pour point, viscosity

‘index, and resistance to oxidation. ..

ORLAND M. REIFF.
» DONALD. W. ANDRUS.



