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" 7This invention relates to lubricants and other
organic materials subject to deterioration in the
presence of oxygen, and it relates more ‘particu-
larly to mineral lubricating oil compositions for
use as crankcase lubricants for internal combus-

(CL 252—32.%)

tion engines and to addition agents suitable for

retarding the deterioration of such oils and for
improving other properties of the same.

This is a continuation-in-part of our co-pend-
ing application Serial Numbei 493,734, filed July
7,'1943, which issued October.22, 1946, as Patent
Number 2,409,686.

It is known that the addition of certain types of
metal organic compounds to lubricating oils im-
proves various properties thereof, such as their
oiliness characteristics and their detergent action
in engines, particularly manifested in the main-
tenance of a clean engine condition during oper-
ation. Various metal compounds which have
been used for such purposes include the metal
derivatives of such organic compounds as fatty
acids, naphthenic acids, sulfonic acids, alcohols,
phenols and ketones. However, these various
metal compounds generally have the disadvan-
tage of tending to corrode alloy bearings, such
as those of cadmium-silver and copper-lead, now
so widely used in automotive engines; and this
is especially true in engines which operate at rel-
atively high speeds and high temperatures.

It is an object of the present invention to pro-
vide a new class of addition agents for oils which
are to be used as crankcase lubricants for inter-
nal combustion engines and which exhibit the de-
sirable properties of promoting general engine
cleanliness, improving film strength properties,
reducing ring sticking, piston skirt varnish for-
mation and the like, and which not only do not
exhibit the corrosion promoting tendencies char-
acteristic of the above metal compounds, but also
inhibit the corrosiveness of oils to which they
are added.

_ ‘The new class of products which have now been
found to be highly satisfactory as addition agents
are the products obtained by the reaction of the
elements sulfur and phosphorus with metal salts
of hydroxy and mercapto substituted aromatic
‘sulfides. When these compounds are to be used
as additives for mineral oils, they should contain
as a substituent in each aromatic nucleus at least
one alkyl group, the total number of carbon atoms
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in such groups being at least five. It has been
found that such products are usually satisfactory
in inhibiting bearing corrosion, and in being
adaptable to use with a wide variety of petroleum
lubricating oil base stocks. The elements sulfur
and phosphorus may be introduced into the metal-
lic salt molecule by reacting the latter with hoth
elemental sulfur and elemental phosphorus, or
by reacting the same with a sulfide of phosphorus.
The reaction may generally be brought about in
a solution of lubricating oil or other petroleum
oil, whereby concentrates may be prepared which
may be conveniently stored or shipped and added
to lubricating oils when required.

The new sulfur and phosphorus containing
compositions herein described are also useful as
antioxidants for other purposes when incorpo-
rated in organic materials other than lubricating
oils, as will be more fully explained hereinafter,
and in some cases it may not be necessary to have
alkyl groups present to impart sufficient solubil-
ity. The invention also includes the reaction
products of phosphorus sulfides or phosphorus
and sulfur with compounds analogous to the salts
of phenol sulfides and thiopheno! sulfides, but
containing selenium and. tellurium in place of
oxygen or sulfur, and with compounds in which
aromatic nuclei other than benzene nuclei are
present.

In our co-pending application Serial Number
493,734 we have described the preparation of re-
action products of phosphorus and sulfur or phos-
phorus sulfides with metal phenates and the use
of such products in lubricating oil compositions.
It was there shown that the sulfur and phospho-
rus atoms were probably linked directly to the
metal atoms in the molecules of the reaction
product. It is believed that the same type of re-
action occurs when metal salts of phenol sulfides
and the like are treated with phosphorus sulfides
or with phosphorus and sulfur, giving compounds
in which the phosphorus and sulfur atoms are
linked together in the molecule to form a group
which is attached directly to the metal atom.

Although the exact structures of the com-
pounds formed by the processes of the present
invention have not been established, there is
evidence to show that they are not metal salts
of alkyl phenol sulfide esters of thio-acids of
phosphorus. It is possible to prepare metal salts
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of this type by reaction of an alkyl phenol sul-
fide with a sulfide of phosphorus followed by con-
version of the reaction product to a metal salt.
Such products have the representative structure:

S

oo

10

in which R represents an alkylated aromatic -

group.
However, it is believed metal salts of this type

15

do not result when the alkyl phenol sulfide is first .

converted to a metal salt and then treated with a
sulfide of phosphorus or with any other combina-
tion of sulfur and phosphorus. One basis for this
belief is that in the reaction no inorganic metal
sulfide is formed, which would be the case if a
thiophosphate salt was produced in the reaction.

In addition, there is no appreciable loss of met-
-al content in the organic material during the re-
action with the sulfide of phosphorus, the metal
content of the filtered product being in the same
order of magnitude as that of the original metal
phenol sulfide. If the mechanism of the reaction
were the conversion of the metal phenol sulfide to
a metal organo thiophosphate of the type shown
above, approximately 509, of the metal content
would be lost, but this has been found not to be
the case. Furthermore, there is an evolution of
HsS during the treatment of the metal phenol
sulfides with phosphorus sulfides, and it is not

expected that such H2S evolution would occur if

the reaction were the conversion of the metal
phenol sulfide to a metal salt of an alkyl phenol
sulfide ester of a thio-acid of phosphorus.

Some of the more preferred products to be
used in accordance with the present invention
are those obtained by reaction of a sulfide of
phosphorus or a combination of the elements
sulfur and phosphorus with the following com-
pounds:

Barium tert.-octyl phenol sulfide
Barjum di-tert.-amyl phenol sulfide
Calcium isohexadecyl phenol sulfide
Tin wax alkylated salicylic acid sulfide
Magnesium tert.-amyl phenol sulfide

The. inventlon includes the reaction of phos-
phorus and sulfur or sulfides of phosphorus with
not only the normal metal salts of prhenol sul-
fides, thiophenol sulfides and the like, but the
basic metal salts as well. In a normal phenol
sulfide salt of a divalent metal the mol ratio of
.- metal to phenol sulfide is 1:1, as in the following
formula:

0—M—0

In a basic salt the ratio of metal to phenol sul-
‘fide may be 2:1, or even 3:1. In the case of &
2:1 ratio the formula may, for example, be

MOH MOH
0 0
n@—s,—@—n
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In the case of a 1.5:1 ratio the formula may be
OMOH OMOH

O] 50

In the case of a 3:1 ratio the formula may be
OMOH OMOH

B o

Intermediate ratios of metal to phenol usifide,
such as 1.8:1 or 2.3:1 may occur, in which miz-
tures of the above types of compounds are found.
These basic salts are formed, for example, by
reacting phenol sulfides with more than the
amount of metallic oxide or hydroxide neces-
sary to form the normal salts. Reaction prod-
‘ucts of phosphorus sulfides with basic metal salts
of alkyl phenol sulfides are particularly useful in
extreme pressure lubricants, and are especially
advantageous for imparting color stability to lu-
bricants.

‘The new class of addition agehts employed in
accordance with the present invention may be
defined in its broadest scope as the reaction prod-
ucts of any combination of the elements sulfur
and phosphorus.with a metal salt of a compound
having {he formula

RAr(XH) —Y:—R'

5 in which Ar is an aromatic nucleus and may, for

illustration, be a benzene nucleus, or it may con-
sist of a plurality of rings, as in biphenyl, or it
may be & condensed nucleus, exemplified by naph-
thalene, anthracene and the like. R in the for-
mula is hydrogen or at least one organic group
and is preferably an alkyl group. X in the for-
mula is a non-metal of group VI of the periodic
table; Y is a member of the sulfur family; z is
an integer from 1 to 4; and R’ is an organic group
which may be either aryl, alkyl, aralkyl, or alkyl-
aryl, and which may contain substituent atoms or
groups, such as halogen, nitro, amino, hydroxy,
alkoxy, aroxy, mercapto, carboxy, and the like,
The metals which may be substituted for the
hydrogen in the —XH group of the above for-
mula in forming salts of such compounds may
be any metals, ‘the most important for the pur-
poses of the present invention ‘being calcium,
barium, strontium magnesium, and zinc, although
for some purposes corresponding compounds con-
taining tin, lead, aluminum, cobalt or nickel will
also be found to be especially desirable,

Compounds particularly suited for the purposes
of the present invention are formed by reacting
sulfur and phesphorus or & phosphorus sulfide
with a compound of the formuls

XM X

050

. wWhere R represents at least one alkyl radical at-

70

76

tached to the nucleus, the total number of car-
bon atoms in all of such radicals attached to each
benzene nucleus being at least five when the com-
pound is to be dissolved in hydrocarbon oils, X
is oxygen or sulfur, M is a divalent metal of group
111 1:t:f‘it.he periodic table and z is an integer from
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It should be understood that the above gen-
eral formulas include compounds in which vari-
ous substituent atoms or groups may be attached
to the aromatic nucleus, such as alkyl, cyclo-
. alkyl, aralkyl, aryl, carboxyl, hydroxyl, alkoxy,
aroxy, sulfhydryl, nitro, ester (organic and/or
inorganic), keto,- amino, aldehydo, chlormethyl,
-aminomethyl, alkyl thiomethyl, alkyl xantho-
methyl, metal substituted carboxyl, metal sub-
stituted sulfo, metal substituted hydroxyl or sulf-
hydryl groups, halogen atoms, etc. Different
types of atoms of groups may be attached to the
same aromatic nucleus. Alkyl radicals attached
to the nucleus may have a total of five to twenty-
five carbon atoms in all of such groups, and in
some cases as many as sixteen to twenty or more
carbon atoms in a single group, as in & wax chain
group, or in a plurality of groups, may be pre-

5

15

ferred. If more than one alkyl group is present .

in a single molecule, whether or not attached to
the same aryl nucleus, such groups may be alike
or different. Such alkyl or other hydrocarbon
groups may”contain substituent groups, such as
those named above as substituents in the aro-
matic nucleus. The various groups or atoms at-
tached to the aromatic nucleus may be in any
positions relative to one another.

Alkyl phenol sulfides, whose metal salts may
be used to prepare the reaction products of the
present invention, may be illustrated by the fol-
lowing general classes of compounds:

1. Alkyl phenol thioethers

OH OH
2. Alkyl phenol disulfides ' »
OH " OH
R—| —sl— —R -
| 4
OH OH
—8—
R R . .
e §

OH OH ‘

3. Polmers of alkyl phenol sulfides

and

OH ~ OH =™ OH
R— 8 —|—8 —~—R
= R dz
and
OH ~ OH =] . OH
R —|—8; ——Q—sr; R
-\XR Jz

In all of the above formulas under the head-
ings 1 to 3, R represents an alkyl group contain-
ing preferably at least four carbon atoms, and x
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is a small whole number not greater than about
six.
When the products are to be employed as addi-

-tlves for lubricating oils, exceptionally good re-

sults can be obtained by employing metal salts
of alkyl phenol sulfides having Cise~Ca0 branched
chain alkyl groups. These can be conveniently
prepared from phenols which have been alkylated
with suitable branched chain polymers obtained
by polymerizing iow boiling olefins such as pro-
pylene, butylenes, or amylenes, or mixtures of
these olefins. ) )

It should be understood that generally through-
out the specification the term alkyl phenol sulfide
is meant to include not only the monosulfides but
also the di- and polysulfides and polymers of
alkyl phenol sulfides as well. Thus, although the
reaction of two mols of an alkylated phenol with
one mol of sulfur dichloride (SClz) will give essen-
tially an alkyl phenol monosulfide, small amounts
of polysulfides and of polymeric materials will’
also be formed. .

‘This is even more usually the result when more
than the theoretically required proportion. of
sulfur halide is used in preparing the alkyl! phenol
sulfide, as for example when 2 mols of alkyl
phenol are treated with 1.5 mols of sulfur di-
chloride. Similarly, the alkyl phenols may be
treated with more than theoretical quantities of
sulful monochloride (S2Cl2) or with mixtures of
sulfur mono- and dichloride or with first one
halide and then the other.

Other compounds whose metal salts may be
used in accordance with this inventjon are illus-
trated by the following:

HO—(R) CeHs—8e—CeHy(R)—OH

8
HO—(R) CIH:—'g—ClHQ(R)—OH
E_

HO—(R) CsHr—S—C¢Hs(R)~O0H

NH
HO—(R)CsHr—8—C¢H3(R)—O0H

CHy—- .
HO—(R)CyH;—S—CupHs(R)~OH
HO~—(RO)CsHs—~8—CsH:(OR)—OH
HO—(RO)CsHy—8—CsHa(R") (OR)—OH
HO—(R)CsHy—8—CsHi—OROH
HO—(R)C¢Bs— S —CsHa(R)—OOCR’
HO—(R) CsHs—B—~C¢Hi—OR’
HO—(R)CeHi—B8—~CesHi—COOR’
HO-—(R)CsHy—8—CHy—CsH;
HO—(R)CeHs—S8—CsH:(R)N(R’) (R")
HO—(R)C¢Hs—B3—C aHiau (straight or branched chain)
HO—(R)CsHs—8—R’ .
HO—(R)CyH;—S—CsHs(R)NH;
HO—(R) (NHj) CeH;—8~CsH3(NH;) (R)—O0H
HO—(R) (OH) CeHs— 5—CsH:(OH) (R)—OH
HS8—(R) CeHs— 8 —CsHi(R)—8H
HO—(R)(COR)CHy—S—CsHi(R) (COR)—OH
In these formulas R, R’, etc., represent organic
radicals.

In all of the above described type formulas, both
general and specific, where R is used to represent
an alkyl radical, such radicals may be illustrated
by the following species, which are radicals par-
ticularly preferred in the compounds; it being un-
derstood that the list is merely illustrative and
does not restrict the scope of the groups of the
formulas. These include n-butyl, iscbutyl, tert.-
butyl, n-amyl, isoamyl, cyclohexyl, n-octyl, iso-
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octyl, tert.-octyl, dodecyl, octadecyl, wax chain
and Ci1e-C2¢« branched chain radieals.

Structures of the several typical compounds
whose salts may be reacted with combinations of
phosphorus and sulfur in accordance with the
present invention may be given to show what is
believed to be the relative positions of the various
groups in the aromatic nuclel, but it is to be un-
derstood again that these formulas are given as
illustrations only. These typical examples are
the foliowing:

OH OH

sHu
OH
CsHuyy 8-

sHar
OH
CsHu

KO

1Hu

-Qcoc.m |

sHu

Oc 00C;Hy
sHn ’

Hn

oH
c;mocQ
: sHy,
oH
c.moocQ
" CsHy

©

@

Specific examples of compounds which may be

treated with s phosphorus sulfide in accordance
with the present invention include the following,
which are not to be construed as limiting the in-
vention in any manner:

Calcium tert.-octyl phenol sulfide
Barium 2,4-di-tert.-amyl phenol sulfide
Cobalt tert.-amyl phenol sulfide
Barium sait of 2-hydroxy-3,5-di-tert. -amyl-4 -
diethylamino diphenyl sulfide
Zinc selt of salicylic acid sulfide octyl ester
Barium 2-stearoyl-4-amyl phenol sulfide
Mixed calcium-barium tert.-octyl phenol sulfide
Tin salt of Cie~Cz20 branched chain alkyl phenol
sulfide
Barium salt of bis (2 4-diamyl phenol)-4 amyl-
. phenol dithioether (prepared from 2 moles of
2,4-di-tert.~amyl phenol and one mole of p-
tert.-amyl phenol, sulfurized with sulfur chlo-
ride and neutralized with barium hydroxide)

When the salts employed are those of poly-
valent metals, it is not essential that all of the
valences be satisfied by hydroxyaryl sulfide

groups; some. of them may be satisfied by other .

acidic organic groups such as carboxy, aroxy, al-
koxy, organo-substituted inorganic acid groups
such as phosphoric, phosphorous, thiophosphoric,
thiophosphorous, phosphonie, phosphinic, sul-
- fonic, sulfinic, and the like,
Thus, for example, the present invention also
includes reaction products of phosphorus sulfides
- with such compounds as:

Calcium mixed salt of tert. -amyl phenol sumde
and iso-octyl salicylate
Aluminum mixed salt of tert.-octyl phenol sul-
. fide and stearic acid .
Tin mixed salt of di-tert.-amyl pheno] sulfide
and naphthenic acids
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Barium mixed salt of tert.-octyl phenol sulfide
and petroleum mahogany sulfonic acids

Nickel mixed salt of tert.-amyl phenol sulfide and
amyl xanthic acid

Zinc mixed salt of isododecyl phenol sulfide and
methyl cyclohexyl thiophosphoric acid

Nickel mixed salt of tert.-amyl phenol sulfide and
oleic acid

Mgagnesium mixed salt of tert.-octyl phenol sul-
fide and cetyl phenol :

As has been mentioned previously in thig speci-
fleation, the term phenol sulfide is meant to in-
clude not only the monosulfide but also disul-
fides, polysulfides, or polymers, or mixtures of any
of these in any proportion.

For the objects stated, the metal salts of al-
kylated pheno] sulfides have been preferably pre-
pared from phenolic compounds readily obtained
by synthetic alkylation of the simple phenols, fol-
lowed by treatment with & sulfur chloride, and
then neutralization with a metallic base,

+ Sultable synthetic alkyl phenols for preparing
the desired phenol sulfide salts are preferably
those containing secondary or tertiary alkyl radi-
cals, because alkylation of a simple phenol occurs
more readily with branched chain aliphatic re-
actants. Commonly, the alkylation reaction in-
volves a condensation of olefins with the simple
phenols, the reaction being catalyzed by anhy-
drous meta] halides, boron fluoride, hydrofiuoric
acid, stannic chloride with hydrogen chloride, sul-
furic acid, phosphoric acid, or certain activated
clays. As olefinic reactants, refinery gases con-
taining propylene, butylenes, amylenes, etc., are

-economically useful, although individual olefins

or olefin-containing mixtures derived from other
sources may be used. Preferred individua] ole-
fins are the butenes, amylenes and olefin poly-
mers, such as dlisobutylene or triisobutylene or
normal olefin polymers or copolymers of normal
and secondary or tertiary olefins or copolymers,
of olefins and diolefins. ‘The reaction tempersa-
ture is usually controlled to avoid side reactions.
In employing sulfuric acid, a Hquid phase reac-
tion at relatively low temperature is preferred,
while with phosphoric acid the rewction may be
ca.rrled out in the vapor phase. :

Suitable alkylated phenols for: conversion to
phenol sulfides may be thus prepared by alkylat-
ing phenol, cresol, naphthol or ‘other phenolic
compounds. High molecular weight salkylated
phenols may also be used, for example, those
prepared by condensing phenols with chlorinated
petrolatum or chlorinated parafin wax or with a
chlorinated kerosene or gas oil. Naturaily occur-
ring phenols, such as those obtained by alkaline
extraction of certain petroleum stocks or those
pbtained from cashew nut shell liquid or those
obtained from other vegetable qil sources may
likewise be used. Halogenated or nitrated phe-
nols will also find application in this invention,
particularly if the final additive is to be employed
in extreme pressure lubricants.

One class of alkyl phenols which are particu-
larly preferred are those which have been pre-
pared by alkylation of phenol with an olefin
polymer such as diisobutylene or a refinery bu-
tene polymer oil. Alkylation of phenol with
about an equal molar proportion of diisocbutylene
gives p-tert.-octyl phenol, also known as diiso-
butyl phenol or tetramethyl butyl phenol. This
phenolic material is especially desirable because
of the ease of its preparation and because prod-

-ucts made from it,K are highly satisfactory for

the present invention. In many instances, how-
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ever, a higher degree of alkylation may be advan-
tageous, and for this reason the-phenol may be
alkylated with as much as two molecular equiv-
alents of diisobutylene to give, under proper con-
ditions, essentially di-tert.-octyl. phenol; or it
‘may be alkylated with other olefin polymers such
as triisobutylene or other isobutylene polymers.
For many purposes it is preferable to employ al-
kylated phenols having branched alkyl groups of
from 16 to 30 carbon atoms. Suitable prod-
ucts may be prepared by alkylating phenol with
certain of the polymeric materials obtained as

b

10

by-products in the manufacture of butyl alcohol -

from petroleum . refinery butenes. These con-
“sist essentially of polymers of -n-butene with
small percentages of isobutene and other olefins
and give alkylated phenols having branched
chain alkyl groups of 16-20 or 20-24 carbon at-
oms depending on the polymeric materidl used
in the alkylation. It should be understood that
in many cases the alkylation products may be
mixtures of various compounds rather than en-
tirely one specific alkyl phenol and that it is in-
tended to use such mixtures in practicing this
invention.

For conversion of phenols to phenol sulfides,
the phenol is reacted with sulfur dichloride to
produce essentially a phenol monosulfide having
a thioether linkage, while sulfur monochloride
may be used to produce essentially the phenol
disulfide. About one-half to one mol of sulfur
halide is used with each mol of phenol; and the
reaction is preferably carried out in a solvent
such as dichlorethane, chloroform, petroleum
naphtha, benzol, xylol, toluol, and the like.

For converting the phenol sulfides to metal salts
it is usually sufficient merely to add a metal or
a metallic oxide, hydroxide, sulfide, alkoxide, hy-
dride or-carbide to a mineral oil solution or other
solution of the phenol sulfide at an elevated tem-
perature. Thus, barium salts of alkylated phe-
nol sulfides are prepared by reacting the sulfide
with barium hydroxide, preferably in the form
of the hydrate, Ba(OH)28H20. In some in-
stances it may be preferable to prepare heavy
meta] salts from the alkali metla salt by double
decomposition. The calcium salts are cenven-
iently prepared by reacting alkyl phenol sulfides
with calcium methylate or other calcium alcohol-
ate.

In many cases the metal alkyl phenol sulfide
prepared by neutralizing with a metal hydrox-
ide may occur as a hydrated salt. Use of hy-
drated salts prepared in this manner or by.any
other method is also contemplated in the proc-
esses of the present invention.

In accordance with the present invention, ‘the
metallic salt of a phenol sulfide or other me-
tallic derivative of a hydroxy or mercapto aro-
matic sulfide Is caused to react with the ele-
ments sulfur and phosphorus. This may be ac-
complished by adding a mixture of the sub-
stances in elemental form, or first one element
and then the other, to the-heated metallic com-
pound, or by adding a sulfide of phosphorus, such
as P2Ss, P4S3, PsSt, or the like, or by treatment
with sulfur and/or phosphorus and a sulfide of
phosphorus, or by treatment with any other sub-
tance or substances containing essentially only
the elements phosphorus and sulfur. The phos-
phorus may be used either in the white (yellow)
or red allotropic form, and the sulfur may like-
wise be used. in any of its allotropic forms.

However, it is ordinarily more convenient to
use a sulfide of phosphorus. In carrying out

N JR--ror e S
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the reactions described above the proportions of
phosphorus sulfilde and metal salt of phenol sul-
fide are so chosen that from 0.03 to 2 atomic
proportions of phosphorus are reacted with 1
atomic proportion of polyvalent metal, the pre-
ferred ratio being within the limits of about 0.06
to 0.75 molecular proportions of the phosphorus
sulfide for each atomic proportion of metal, when
the phosphorus sulfide contains 2 atomns of phos-
phorus per molecule. This preferred ratio gives
the products the optimum content of phosphorus
and sulfur to impart to them the maximum
amount of inhibiting power and detergent ac-
tion. In general, these same ratios will be em-
ployed when the reaction is conducted with ele-
mental sulfur and elemental phosphorus.

. Although the reaction can be brought about by -
fusing the metal salt with phosphorus and sul-
fur, or with a phosphorus sulfide, it is more con-
venient to carry out the reaction with the aid
of solvents, particularly high boiling hydrocar-
bon solvents, such as xylol or a petroleum frac-

,tion. A particularly preferred reaction medium

is a lubricating ofl fraction, since the final re-
action products can thus be obtained as a min--

“eral oll concentrate of the desired additive, which

may be conveniently shipped or stored as such
and then readily blended with the lubricating oil
base stock in the desired concentration to form
a finished lubricating oil blend.

The additives may generally be prepared by
first dissolving an alkylated phenol sulfide in a
mineral oil or other suitable solvent and treating
the same with a metal hydroxide, e. 8.,
Ba(OH)2.8H20, at about 80-200° C., preferably

© 110-150° C. After a further period of heating,
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- concentrate of the desired additive.

free sulfur and free phosphorus, or a sulfide of
phosphorus, or other mixture or combination of
the elements, is added, heating being continued
at 100-200° C., preferably at 150-180° C., to com-
plete the reaction. The period of heating will be
at least 10 minutes and generally at least 1 hour,
although in some cases a longer period may be
required. The product is then filtered, giving a
If the prod-
ucts are found to have a slight odor of hydrogen
sulfide, this can be substantially eliminated by
blowing the products with a suitable gas such as
dry or moist air or nitrogen or superheated steam
at temperatures of 80-150° C., or by treating with
a neutralizing ‘agent such as barium or calcium
hydroxide or calcium oxide. A -combination of
these treating steps may also be employed. For
example, satisfactory results have been obtained
by treating the products with 2-5% of barium
hydroxide at 150° C. before the filtering step, fol-
lowed by nitrogen blowing at 100-120° C. after
filtration. If the blowing step is found to be
necessary in commercial operation, one conven-
ient metheod is to treat the material with the gas
in countercurrent flow in a suitable tower.

If desired, the metal phenol sulfide salt may be
subjected to a heat-treating step, e. g., for 8-10
hours at 150-180° C., or it may be blown with dry
or moist carbon dioxide, before adding the sulfide
of phosphorus, in order to render the final prod-
uct non-sensitive to the presence of water when
blended in lubricating oil. In general, however,
this step will not be necessary, inasmuch as the
products of the present invention are substantial-
ly non-water-sensitive, as will’ be demonstrated
hereinafter.

It has been found that good results are obtained
when preparing these additives in mineral oil if
a minor proportion of a higher alcohol, such as
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stearyl, lauryl or cetyl alcohol, or wool fat alcohol
or the like, is added to the-reaction mixture in
which the compounds of the present invention are
prepared. This alcohol reduces foaming during
the process and acts as an auxiliary solvent for
the final product. The best results are obtained
by adding s sufficient quantity of alcohol to give a
concentration of about 3% to about 156% of the
final additive concentrate. :

Although some of the alcohol present will be
found to react with the phosphorus sulfide, this
will in no way impair the efficiency of the additive

12
fur dichloride was added to this solution in the
ratio 1.6 mols of SClz to each 2 mols of tert.-octyl
phenol, the temperature being maintained at
25-35° C. After maintaining the same tempera-

" ture for an additional half hour the reaction

mixture was heated to 100° C. and the solvent

. stripped off under vacuum, leaving the tert.-octyl

10

and may in some cases enhance its desirable

qualities. Should it be desired to have the high-
er alcohol present in substantially unchanged
form, it can he added to the reaction mixture just
prior to the filtration step. Other materials
which may be used instead of the higher alcohols
to serve as plasticizers, foam reducing agents, etc.
include the high molecular weight amines and
nitriles, such as stearonitrile or lauronitrile. The
products obtained by condensing phenol with the

_reaction products of sulfur halides and diiso-
butylene have also been found to be efficient
agents for this purpose.

It has also been found that products of better
oll solubility can often be obtained when carry-
ing out the reaction with phosphorus sulfides in
the presence of a small proportion of an olefinic
material, such as a tetraisobutylene, cracked wax
or an unsaturated alcohol.

Qenerally, the additives of the present inven-
tion are most advantageously blended with lubri-
cating oil base stocks in concentrations between
the approximate limits of 0.02% and 5.0% and
preferably from 0.1% to 2.0%, although larger
amounts may be used for some purposes. The
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“exact amount of addition agent required for -

maximum improvement depends to a certain ex-
tent on the particular products used, the nature of
the lubricating oil base stock and the general op-
erating conditions of the engine in which the
lubricant is to be employed. This same general
range of concentration will also be effective when
the additives are to be used in greases and in ex-
treme pressure lubricants, although in the latter
instance greater amounts, up to 20%, may also
be employed.

As has been pointed out elsewhere in this speci-
fication, it is often convenient to prepare concen-
trates of the additives in oil, containing, say, 25
to 75% of effective addition agent, the concen-
trate later being added to a suitable lubricating
oil base stock to give a finished blend containing
the desired percentage of additive. Thus, when
using & 40% concentrate, 2.5% of this material
may be blended with a suitable base stock to give
8 finished oil containing 1% of effective addition
agent.

In the following examples are described various
preparations of products in accordance with this
invention and the results obtained on testing the
same in various lubricating oil blends. It is to be
understood that these examples, given for illus-
trative purposes only, are not to be construed as
Hmiting the scope of the invention in any way.

EXAMPLE 1

Tertlary octyl phenol was prepared by alkylat-
ing phenol with diisobutylene in the presence of
-SnCl-HC! catalyst substantially as described in
the Buc patent, U, S. 2,332,555, - A' 40% solution
of tertiary octyl phenol was prepared in a petro-
leum hydrocarbon solvent of approximately 200~
300° F. boiling point Over a 3-hour peried sul-
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phenol sulfide as a residue.

2617 pounds of tert.-octyl phenol sulfide pre-
pared in the above manner was dissolved in 4580
pounds of S. A, E. 20 grade mineral lubricating
oll together with 512 pounds of commercial
stearyl alcohol and the solution heated to 120° C.
Over a 3 hour period 1952 pounds of

Ba(OH) 2.8H3i0

was added gradually, the mixture being well
stirred and the temperature being maintained at
120° C. The temperature was raised to 140° C.,
1% by weight of a filter aid added, and the mix-
ture filtered, giving about 1000 gallons of an ad-
ditive concentrate containing approximately 40%
of barium tert.-octyl phenol sulfide, 6% stearyl
alcohol, and 54% mineral lubricating oil. Anal-
ysis of concentrate: 8.92% Ba; 3.40% 8.

EXAMPLE 2

As starting material for the preparation of a
reaction product of a barium salt, there was used
a concentrate contalning 40% by weight of
barium tert.-octyl phenol sulfide, 6% of stearyl
alcohol, and 54% of a refined mineral oil of 52
seconds viscosity Sayholt at 210° F., prepared as
described in Example 1. 30.3 kg. of this concen-
trate was treated with 2.31 kg. of P2Ss by heat-
ing the concentrate to 170° C. and adding the
phosphorus sulfide gradually with agitation over

" a.period of 1 hour, during which the tempera~

ture rose to 180-190° C. The temperature was
then held at 160-180° C. for an additional 2 hour
period and the final product filtered, The result-
ing additive concentrate contained 8.10% barium,
2.12% phosphorus, and 7.93% sulfur.

EXAMPLE 3

To demonstrate the reproducibility of the
preparation of the present invention, Example 2
was repeated, using 29.95 kg. of the concentrate
of Example 1 and 2.3 kg. of P2Ss5, and the same
reaction times and temperatures. The filtered
concentrate analyzed 8.14% barium, 2.06% phos-
phorus, and 7.96% sulfur.

EXAMPLE 4

This example demonstrates the preparation of
an additive concentrate of the present invention
on a plant scale. In essentially the same manner
as described in Example 1, an oil solution of tert.-
octyl phenol sulfide and stearyl alcohol was treat-
ed with Ba(OH)3.8H20, but the reaction product
was not filtered. (A portion of the reaction prod-
uct which was filtered to prepare a finished addi-
tive concentrate contained 8.97% barium and
3.51% sulfur.) 1231 pounds of the unfiltered re-
action product was placed in a reactor and heat-
ed to 180° C. Then, over a five hour period 72.5

. pounds of PaSs was gradually added, the mixture
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being agitated and kept at the 180° C, tempera-
ture. (Mol ratio P2Ss to barium tert.-octyl phenol
sulfide=0.4/1.) Heating and agitation were then
continued at the same temperature for an addi-
tional four hour period, after which time the
temperature was lowered to 140° €. and the re-
action mixture blown with inert gas for five
hours to remove HaS., 20 lbs. of Hyflo filter aid
was added and the mixture then filtered to give
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the final desired additive concentrate., Analysis
of this concentrate showed it to contain 8.37%
barium, 1.70%” phosphorus, and 6.98% sulfur.

EXAMPLE 5

In this example a mol ratio of phosphorus sul-
fide to metal phenol sulfide of 0.2 to 1 was em-
ployed. 2470 g. of an oil concentrate of 40%

barium tert.-cctyl phenol sulfide, 6% stearyl al-

cohol, and 54% mineral oil, prepared as in Ex-
ample ‘1, was heated to 180> C. Then over a 1
hour period 77 g. of P2S; was added in small por-
tions. Heating was continued for an additional
3 hour period at 180° C. and the product was
then filtered, using Hyflo filter aid. The filtered
product was blown with nitrogen for 8 hours at
95° C. to remove residual H2S. The final addi-
tive concentrate contained 8.86% barium, 0.81%
phosphorus, and 5.12% sulfur.

EXAMPLE 6

This example demonstrates the preparation of
an additive similar to that of Example 2, but em-~
ploying P:S7 instead of P2Ss. The starting ma-

terial was an additive concentrate prepared in

the same manner as that described in Example 1,
containing 40% barium tert.-octyl phenol sulfide,
6% stearyl alcohol and 54% mineral oil. Analy-

2,451,345
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sis of the concentrate showed it to contain 8.97%

barium and 3.51% sulfur.

1200 grams of this concentrate was heated to
180° C. Then over a one hour period 73 grams
of P4S7 was added in small porticns.
of Ps«S7 to metal phenol sulfide=0.4/1.) The
mixture was heated for an additional 3 hour pe-
riod at 180° C. and was then filtered, using Hyflo
filter aid. The filtered product was blown with
nitrogen for 10 hours at 100° C, to remove resid-
ual H2S. The finished additive concentrate con-
tained 8.54% barium, 6.78% sulfur, and 2.19%
phosphorus.

- EXAMPLE 7

P

The preparation of a product of the present
invention employing a basic metal salt of an alkyl
prhenol sulfide is shown in this example. Terti-
ary octyl phenol, prepared by alkylation of phe-
nol with diisobutylene using BF: catalyst, was
converted to the sulfide by essentially the same
procedure as described in Example 1, employing
a ratio of 1.6 mols of SClz to 2 mols of tert.-octyl
phenol. 7740 grams of this tert.-octyl phenol sul-
fide and 1500 grams of stearyl alcohol were dis-
solved in 13,500 grams of refined paraffinic min-
eral lubricating oil (52 seconds Saybolt viscosity
at 210° P.). The mixture was heated with stir-
ring to 120-125° C. under an atmosphere of ni-
trogen, and then over a 6 hour period 11,990
grams of Ba(OH):2.8H:O was added. The tem-
perature was then raised to 135-140° C. and heat-
ing and stirring were continued for an additional
2 hours. 1% by weight of filter aid was added
and the mixture filtered, giving a concentrate
containing approximately 42% of basic barium
tert.-octyl phenol sulfide, slightly less than 6%
stearyl alcohol and clightly more than 52% min-
eral lutricating oil. Analysis of the concentrate
showed it to contain 12.97% barium and 2.99%
sulfur.

2000 grams of this concentrate was heated to
180° C. and to it was added 129 g. of P2Ss over
a period of 1 hour. Heating was continued for
an additional 3 hour period and the product fil-
tered and blown with nitrogen for 6 hours at 100°
C. The final additive concentrate contained

(Mol ratio .
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11.70% barium, 1.8% phosphorus, and 6.56%
suffur.  \
EXAMPLE 8

A reaction product of the present invention em-
ploying a mixed calcium-barium alkyl phenol sul-
fide was prepared as follows: A mixture of 1110
grams of tert.-octyl phenol sulfide, 1620 grams of

'S. A.E. 20 grade mineral lubricating oil, 180 grams

‘of commercial stearyl alcohol, and 205 grams of
calcium hydroxide was placed in a 12-liter re-
action flask equipped with a stirrer and water
trap reflu¢ condenser and heated at 120-125° C.
for 10 hours, at the end of which time 83% of
the theoretical amount of water from the reaction
had been removed through the water trap. The
mikture was then heated to 150° C. and filtered,
employing Hyflo filter aid. The oil concentrate
of calcium tert.-octyl rhenol sulfide contained
2.82% -calcium and and 4.13% sulfur.

1500 grams of the concentrate obtained in the
above manner was heated to 120° C. and over a
1% hour period 476 grams of barium hydroxide
octahydrate was added with constant stirring.
Heating was continued for two additional hours
at 140° C,, a stream of nitrogen being blown
through the mixture during the entire reaction
period. The product was then filtered, giving
an oil concentrate containing approximately 40%
calcium-barium . tert.-octyl phenol sulfide, 6%
stearyl alcohol, and 54% mineral lubricating oil.
Analysis: 2.26% calcium; 7.53% ba,rlum, 3.66%
sulfur.

1000 grams of the calcium-barium tert.-octyl.
phenol sulfide concentrate was placed in an iron
kettle and heated to 180° C. with stirring and

nitrogen bléewing. Then over a period of 30

minutes 60 grams of P:Ss was added, the tem-
pergture rising to 195° C. during the first 15
minutes and then returning fo 180° C. Heating
wds continted for an additional 30 minutes, the
mixture then being cooled to 150° C. and filtered.
The filtered protuct was blown with nitrogen for
4 hours at 180° C. to ensure the removal of any
tesidual HaS that may have been present. The
final additive concentrate contained 7.11% bari-
um, 2.21% ctlefum, 1.76% phosphorus, and 6.94%
sulfur, and for blending purposes was considered
to contain 40% by weight of effective additive.

EXAMPLE 9

The preparation of a reaction product from
barium diamyl phenol sulfide is described.

(¢) 1404 grams (6 mols) of 2,4-diamyl phenol
was dissolved in 4212 grams of a petroleum sol-
vent naphtha (200-285° F. boiling range; 65-10%
aromatics) and placed in a reaction vessel equip-
ped with a stirrer and reflux condenser. Over a
period of 2 hours 464 grams (4.5 mols) of sulfur
dichloride was added to the stirred solution, the
temperature being maintained at 20-25° C. The

-mixture was stirred for an additional hour and

was then heated at reflux temperature for 2
hours, after which time the solvent was stripped
off at a maximum temperature of 300° F. in a
stream of nitrogeh. The resulting diamyl phenol
sulfide contained 10.05% sulfur.

(b) In the same manner as described in part
(a) diamyl phenol disulfide was prepared from
1404 grams of 2,4-diamyl phenol and 608 grams
of sulfur monothloride, this being 1.5 mols of
S2Clz per 2 mols of alkyl phenol. The product
contained 16.55% sulfur. :

(¢) 170 grams of diamyl phenol sulfide (from

part (a@)) and 180 grams of diamyl phenol di-

sulfide (from part. (b)) were dissolved in 550
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grams of refined mineral lubricating oil of
8. A, E. 20 grade. 110 grams of commercial
stearyl alcohol was added and the temperature
raised to 110° C. Over a period of 11% hours
2783 grams of barium hydroxide octahydrate was
added, the mixture being stirred and blown with
‘nitrogen and the temperature being maintained
at 110-120° C. After an additional 15 minute
period of stirring and nitrogen blowing the mix-
ture was heated to 130° C. and filtered, giving a
concentrate contalning 40% barium diamyl phe-
nol sulfide-disulfide, 10% stearyl alcohol, and
50% mineral lubricating oil. Analysis: 5.96%
barium; 3.44% sulfur.

327 grams of the oil concentrate of barium
diamyl phenol sulflde-disulfide was heated with
stirring to 110° C. Over a five minute period 32.7
grams of PiSs was added, causing the tempera-
ture to rise to 150° C. The temperature was then
lowered to 130° C. and held there for one hour,
after which the reaction product was flltered.
The filtered concentrate containing approxi-

"mately 40% of actual additive, analyzed 5.53%
barium, 2.39% phosphorus and 7.78% sulfur.

EXAMPLE 10

Thls example demonstrates the preparation of
an additive of the present invention in so-called
“pure” form, that is, not as an additive con-
centrate in mineral oil solution.

(a) 2080 grams (10 mols) of tert.-octyl phenol
was dissolved in approximately 5 liters of chloro-
form in a 12-liter reaction flask equipped with a
stirrer and reflux condenser. Over a period of
3% hours 850 grams (7.5 mols plus 10% excess)
sulfur dichloride was added, the reaction mixture
being maintained at 25-35° C. Following this
step the mixture was heated at 55° C. for 5 hours
to complete the reaction. The final product was
6420 ml. of chloroform solution which contained
2305 grams of tert.-octyl phenol sulfide. Analysis
of a portion of solvent-free product showed it to

"~ contain 11.33% sulfur, which would correspond
to a product having on the average about 1.6
atoms of sulfur for each pair of aromatic nuclei.

(b) 2496 ml. of the chloroform solution ob-
tained in part (@), containing 922 grams of the
tert.-octyl phenol sulfide, was placed in a 5 liter
flask fitted with a water trap condenser and
about 75% of the chloroform removed under
vacuum. Then 2 liters of pure xXylene was added
and the temperature raised to 140° C., causing
the remaining chloroform to distill over into the
water trap from which it was removed. - Over a
period of 14 hours 651 grams of Ba(OH)2.8H10
was added with stirring, the temperature being
maintained at 140° C., and water of reaction being
removed through the water trap. After an addi-
tional 3-hour heating period ne additional water

10

16
uum at 140° C. The product was a resinous
solid, containing 20.65% Ba and 8.46% 8

(c) 350 grams of the solid barium tert.-octyl
phenol sulfide obtained in part (b) was dissolved
in 1500 cc. of xylene in a 5-liter flask, fitted with
a stirrer and a reflux condenser, and heated to
140° C. Over a period of 4 hours 52.2 grams of
P2Ss was gradually added with stirring, and heat-
ing at 140° C. was continued for an additional 3
hour period. A stream of nitrogen was passed
through the mixture during the entire 7 hour
period to facilitate H2S removal. The xylene
solution containing the final product was filtered
and the filtrate freed of solvent by heating on
the steam bath and finally under vacuum at
100° C.  The final product was a light yellow solid
material soluble in mineral oil. It contained
18.409% barium, 16.04% sulfur, and 3.96% phos-

" phorus,
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EXAMPLE 11

The purpose of the following test was to deter-
mine the corrosion inhibiting effect of adding a
small quantity of varlous products prepared as
in the preceding examples to a lubricating oil
base, this being a well refined solvent extracted
parafinic type mineral lubricating oil of S. A. E.
20 grade. With the exception of one blend, each
ol contained 0.625% of additive concentrate pre-~
pared in accordance with the said examples,
which is equivalent to about 0.25% of the actual
additive. In the case of the product of Example
10, only 0.25% of material was blended in the oil,
inasmuch as this product was not an additive

5 concentrate but was “pure” additive. A compar-

ative test was made with a sample of unblended
oil base,

The tests were conducted as follows: 500 cc. of
oil to be tested was placed in a glass oxidation
tube (13" long and 234" diameter) fitted at the
bottom with a %’’ bore air inlet tube perforated
to facilitate air distribution. The oxidation tube
was then immersed in a heated bath so that the
oil temperature was maintained at 325° P. during
the test. Two quarter sections of automotive
bearings of copper-lead alloy of known weight

-having a total area of 25 sq. cm. were attached -

to opposite sides of a stainless steel rod which was
then immersed in the oil and rotated at 600
R. P. M, thus providing sufficient agitation of
the sample during the test. Air was then blown
through the oil at the rate of 2 cu. ft. per hour.
To increase the severity of the test, the bearings
were washed and weighed at the end of each
four hour period and then polished and reweighed
before continuing for another four hour period.

. The results show the cumulative weight loss at

the end of each four hour period. The results
are shown in Table I.

collected in the trap.

‘TABLE I
Cumulative Bearing Weight Loss (Mg./25 5q. cm.)
Oil Blend
4 8 12 16 20 24 28 32 36 40
Hrs. | Hrs. | Hrs. { Hrs. | Hrs. | Hrs. | Hrs.-| Hrs. | Hrs. | Hrs.
Base Ofl O 1T |
Base 0il-40.625% Product of Ex. 2._ N 0 0 0 0 0 6 12 13 19 24
Base Oil+-0. 625‘7? Product of Ex. 3._ 0 0 0 1 7 17 25 31 38 48
Base 011+0.625‘79 Product of Ex. 5.. - 0 2 19 35 58 84| 136 | ... .f_. ...
Base 0il-+0.625%, Product of Ex. 6..._.__.__ 0 0 1 5 13 21 25 32 44 52
Base Oil+4-0.25% Product of Ex. 10..._______ 0 0 2 3 13 23 28 35 42 49
The mixture was then EXAMPLE 12

filtered and most of the xylene removed by heat-
ing the filtrate on the steam bath. The remsain-

In the following tests, a lubricating oil blend

ing solvent was removed by heating under vac- 75 containing an additive of the present invention
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and an unblended oil were tested in a single cyl-
inder C. F. R. engine run under the following
conditions: 1800 R. P. M., 265° F. oil temperature,
and 200° F. water jacket temperature for 55 hour
periods. After each test-was completed the en-
gine parts were examined and given demerit rat-
ings based on their condition. The individual
ratings were weighted according to their relative
importance and an overall rating calculated
from them. It should be pointed out that the
lower the demerit rating the better the engine
condition and hence the better the oil performed
In the engine. In these tests the base oil was a
solvent extracted Mid-Continent paraffinic oil of
46 seconds viscosity Saybolt at 210 F., to which

18

rating the more satisfactory the performance of

" the oll. The results of these tests are presented

15

in Table III. It will be observed that a reaction
product of the present invention, prepared by
reaction of a metal alkyl phenol sulfide with a
phosphorus sulfide (blend 2) was more satisfac-
tory in this test than the metal alkyl phenol sul-
fide itself (blend 1). It should also be noted that
even better results were obtained with an oil
blend containing both a metal sulfonate and an
additive of the present invention (blend 8). It
should likewise be noted that the capacity of the:

_additive to inhibit corrosiveness, as indicated by

laboratory tests, was borne out by the results of
the tests in actual engine operations.

Tasre JIX

Chevrolet engine lests
136 hours—30 B. H. P.—3150 R. P. M.—oil 280° F.—water jacket 200° F.]

Engine Demerit Ratings
v Cu-Pb-Bear-
of Blend over | Ring | B | 00 | Lot e
udge 0ss; Grams
all Zone | yarnish per. Bear-
ing
BBSE O] - oo oo eaaaoae e ceceaeeeceeearmbessnEe e 1.83 3.47 2.33 1.47 4,09
Blend 1—Base Oil 42.5 Wt. percent of Concentrate of Example 1! [ 0.44 0.61 0.38 0.16 0,07
Blend 2—Base Oil-+2.5 Wt. percent of Concentrate of Example 51 0,31 0.26 0.26 0.09 0.04
Blend 3—Base Oil+1.5 percent of Basic Calcium- Sulfonate 2 4-2.13
percent of concentrate of Example 43 ..ol 0.28 0.19 0. 0.03 0.
t Equals 1 percent of effective additive..
1 Contained 33 percent excess calelum over theoretical.
1 Equals 0.85 percent of effective additive in addition to the metal sulfonate.
EXAMPLE 14

had been added a small amount of polybutene to
give a lubricating oil of 52 seconds viscosity at
210° F. Results of these tests are shown in the
following table,

TasLE IT.
Engme Demerits
01l Blend .
Piston | .Ring
Over- | Ring} “gijrg | ick- | Slud
. go
all jZone| yarnich | ing
Base Oil. _ ... 278 3.3 4.0 275 1.7
Base 0il+2.5% Product
of Bx. 2 ... 0.68| 1.4 0.5 0.0 0.1

It may be readily seen that the performance of
the base oil in the engine was materially im-
proved by the incorporation of the agent of the
present invention.

EXAMPLE 13

Lubricating oil blends of various of the addi-
tives whose preparations have been described in
the foregoing examples were prepared with the
same base oil as described in Example 12. The
base oil and each of the various blends were tested
in g Chevrolet engine run for 36 hours under the
following conditions: 30 brake horsepower, 3150
R. P. M., 280° P. oil temperature, and 200° F.
water jacket temperature.

In order to measure the corrosiveness of each
oil blend, two of the connecting rods of the en-
gine were equipped with copper-lead bearings,
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At the end of each test the various parts of the

engine were examined and given demerit ratings
based on their appearance. The various demerit
ratings were then employed to calculate an over-
all demerit rating for the engine, this serving as
a measure of the performance of the lubricating
cil in the test As before, the lower the demerit

70
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A further series of engine tests were made in a
single cylinder Caterpillar Diesel engine, each
test being run for 126 hours under the following
conditions: 19.8 brake horsepower, 1000 R. P. M.,
160° F. oil temperature, 180° F. water Jacket tem-
perature. The oil blends tested contained addi-
tives of the present invention in an S. A. E. 30
grade solvent extracted Mid-Continent Iubri-
cating oil, T
- In the same manner as described in Example
13, the engine condition was rated on a demerit
basis with 'the results shown in Table IV. It will
be seen that here again, where a different lubri-
cating oil base stock was used and a different.
engine test employed, an additive of the present
invention (blend 2) gave greater improvement
than an untreated metal alkyl phenol sulfide
(blend 1) ‘and that superior results were obtained
with & combination of a metal petroleum sulfo-
nate and an additive of the present invention
(blend 3).

‘TABLE IV
Caterpillar Diesel engine tests
[126 hours—19.8 B. H. P.—1,000 R. P. M.—160° F. oil temp.—180° F.
~ Jacket temp.]
Engine Demerit
Ratings
0il Blend
Overall | Ring Zons-
Base Ol oo s cacaeccnn . 2.24 2 23
Blend 1—Base 0il+2.6 Wt. Per Cent o .
Additive Concentrate of Example1..... 1.53 1.47
Blend 2—Base Oil4-2.5 Wt. Per Cent of :
Additive Concentraté of Example 7._... 121 1.00
Blend 3—Base Oil4-2.25% of Additive :
Concentrate of Example 34-1.58% of .
Basic Calcium Sulfonate t ... ... 0,63 0.02

t Contained about 40% excess calcfum over theoretical,
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- EXAMPLE 15

Lubricating oil blends were prepared by add-
ing to separate portions of an S. A. E. 20 grade
extracted Mid-Continent oil 2.5% by weight of
the additive concentrates prepared as described
in Example 1 and as described in Example 5.
Each oil was tested for water sensitivity, i. e,
the tendency of the additive to separate from
the oil in the presence of water. This test was
conducied as follows: 600 cc. of the oil blend is
emulsified with 1% water by means of a motor-
driven eggbeater-type mixer operated at maxi-
mum speed for 15 minufes. After stirring, 500 zc.
of the emulsion is poured into a 500 cc. gradu-
ated cylinder and allowed to stand for 24 hours.
At the end of this period the amount of emulsion
layer separated from the oil is nofted. The
smaller the amount of separation the beiter the
water resistant qualities of the additive.

The resulfs obtained in this test are shown in
Table V.

TaBLE V

‘Water Sensitlvity,

Additive in Oil Blend ec./500 ce. of blend

Bax{lum tert.-Octyl Phenol Sulfide (Example
1

. 60
Reaction Product of Barium tert.-Octyl
Phenol Sulfide and PaSs (Example 5) .. _.. 1

It will readily be seen that the phosphorus
sulfide treated metal alkyl phenol sulfide was
_ substantially non-water-sensitive, whereas the
untreated metal alkyl phenol sulfide was appre-
ciably sensitive to the presence of water.

Although in most instances the additives of the
" present invention will of themselves impart suf-
ficient improvement to lubricating oils to give
very satisfactory resulfs, still greater improve-
ment may often be obfained by employing these
addition agents in conjunction with other addi-
tives of the detergent type, such as metal soaps,
metal phenates, metal alcoholates, metal phenol
sulfides, metal organo phosphates, thiophosphates,
phosphites and thiophosphites, metal sulfonates,
metal thiocarbamates, metal xantha.tes and thio-
xanthates, and the like.

Thus, the addition agents of our invention may
be used in mineral lubricating oils in conjunc-
tion with one or more of the following representa-
tive materials:

Barium tert.-octyl phenol sulfide

Cobalt tert.-amyl phenol sulfide

Tin salt of wax alkylated phenol sulﬁde
Calcium mahogany sulfonates

Barium mahogany sulfonates
Strontium mahogany sulfonates
Magnesium mahogany sulfonates

Zinc mahogany sulfonates

Magnesium cetyl phenate

Calcium ortho stearoyl! phenate
Caleium salt of condensation product of amyl

phenol and formaldehyde

Nickel oleate

Calcium dichlorostearate
Aluminum-caleium mixed soap of fatty acids

from oxidation of petroleum fractions

" Calcium isohexadecyl phenol sulfonate
Barlum octadecylate

Calcium phenyl stearate

‘Nickel dibutyl dithiocarbamate

Nickel amyl xanthate

Barium dioetyl dithiophosphate
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Zine methyl cyclohexyl dithiophosphate

Calcium dihexadecyl monothiophosphite -

Zinc tert.-octyl phenol sulfide thiophosphate.

Calcium cetyl phosphate

Magnesium lauryl salicylate

Zinc diisopropyl salicylate

'Tin naphthenate

Aluminum naphthenate - .

Calcium double salt of octadecyl phenol sulfonic
acid

Barium phenate-zine sulfonate of ischexadecyl
phenol sulfonic acid

Barfum di-tert.-amyl pheno} sulfide

Calcium phenate-barium carboxylate of octadecyl
salicylic acid.

Parficularly advantageous are lubricant com-
positions in which the additives of the present in-
vention are employed in conjunction with metal
salts of petroleum mahogany sulfonic acids.

The advantageous properties of lubricating oil
blends containing both metal mahogany sulfon-
ates and additives of the present invention have
already been shown in some of the foregoing ex-
amples. In addition to being highly desirable
crankcase lubricating oils these additive blends
also possess rust preventive properties. For ex-
ample, an S. A. E. 10 grade lubricating oil con-
taining 1.5% calcium sulfonates and 0.85% of the
reaction product of barium tert.-octyl phenol sul-
fide dnd Pa2Ss (0.4:1 mol ratio P2Ss to phenol
sulfide salt) ‘was found to be a satisfactory rust
preventive as defined by Government specifica-
tion AXS-934. Sand blasted steel panels were
dipped in this oil composition, the excess oil
allowed to drain off, and the oil coated panels

_ subjected to the humdlty cabinet test and to.the

salt water immersion test. Panels coated with
the above composition remained in the humidity
cabinet (1009% humidity at 100° F.) for 200 hours
without rusting. Other panels similarly coated

* -remained immersed in synthetic sea water (aque-
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ous solution containing NaCl, MgClz, CaClz, and
Na2804) for 20 hours without rusting.

The lubricating oil base stocks used in the com-
positions of this invention may be straight min-
eral lubricating oils or distillates derived from
paraffinic, naphthenic, asphaltic or mixed base
crudes, or if desired, various blended oils may
be employed as well as residuals, particularly
those from which asphaltic constituents have been
carefully removed. The oils may be refined by
conventional methods using acid, alkali, and/or
clay or other agents such as aluminum chloride,
or they may be extracted oils produced, for exam-
ple, by solvent extraction with solvents of the
type of phenol, sulfur dioxide, furfural, dichloro
ethyl ether, nitrobenzene, crotonaldehyde, ete.
Hydrogenated oils or white oils may be employed
as well as synthetic oils prepared, for example, by
the polymerization of olefins or by the reaction
of oxides of carbon with hydrogen or by the hy-
drogenation of coal or its products.” In certain
instances cracking coil tar fractions and coal tar
or shale oil distillates may also be used. Also,
for special applications, animal, vegetable or fish
oils, or their hydrogenated or voltolized products,
may be employed, either alone or in admixture
with mineral oils.

For the best results the base stock chosen
should normally be that oil which without the new
additives present gives the optimum perform-

" ance in the service contemplated. However, since

one advantage of the additives is that theu' use
a.lso makes feasible the employment of less sat-
isfa.ctory minera} oils or other oils, no strict rule
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canl be 1aid down for the choice of the base stock.
Certain essentials must of course be observed.
The oil must possess the viscosity and volatility
characteristics known to be required for the serv-
ice contemplated. The oil must be a satisfactory
solvent for the additive, although in some cases
guxiliary solvent agents may be used. The lu-
bricating oils, however they may have been pro-

duced, may vary considerably in viscosity and

other properties depending upon the particular
use for which they are desired, but they usually
range from about 40 to 150 seconds Saybolt vis-
cosity at 210° F. For the lubrication of certain
low and medium speed Diesel engines the general
practice has often been to use a lubricating oil
base stock prepared from naphthenic or aromatic
crudes and having a Saybolt viscosity at 210° F
of 45 to 90 seconds and & viscosity index of 0 to
50. However, in certain types of Diesel service,
particularly with high speed Diesel engines, and
in aviation engine and other gasoline engine serv-
ice, oils of higher viscosity index are often pre-
ferred, for example, up to 75 to 100, or even
higher, viscosity index.

In addition to the materials to be added ac-
cording to the present invention, other agents
may also be used such as dyes, pour depressars,
heat thickened fatty oils, sulfurized fatty oils, or-
gano metallic compounds, metallic or other soaps,
sludge dispersers, antioxidants, thickeners, vis-
cosity index improvers, oiliness agents, resins,
rubber, olefin polymers, voltolized fatty oils or
fats, voltolized mineral oils, and/or voltolized
waxes and colloidal solids such as graphite or zinc
oxide, etc. Specific examples of such other agents
include phenyl alpha naphthylamine, voltolized
sperm oil, 2,6-di-tert.-butyl-4-methy! phenol, sul-
furized sperm oil, p-tert.~-amyl phenol sulfide, di-
benzyl disulfide, polyiscbutylene, sulfurized wax
olefins, tricresyl phosphate, diamyl trisulflde, and
the condensation product of phenol with a sulfur
¢hloride-diisobutylene reaction product. Solvents
and assisting agents, such as -esters, ketones, al-
cohols, aldehydes, halogenated or nitrated com-
pounds, and the like, may also be employed.

Assisting agents which are particularly desir-~
able are the higher alcohols having eight or more

10
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hydrocarbons, e. g., parafiin wax, petrolatum, ete.

‘These assisting agents serve to enhance the
detergent and sludge dispersive qualities and aid
the solubllity of the metal-containing additives
and at the same time impart some oiliness prop-
erties to the lubricating oil compositions.

In addition to being employed in crankcase
lubricants the additives of the present invention
may also be used in extreme pressure lubricants,
engine flushing oils, industrial oils, general ma-
chinery olls, process oils, rust preventive compo-
sitions and greases. Also their use in motor fuels,
Diesel fuels and kerosene is contemplated. A par-
ticular application in this regard is their use In
motor fuels containing tetraethyl lead or other
anti-knock agents, the additives of the present

- invention serving not only as antioxidants for
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carbon atoms and preferably 12 to 20 carbon .

atoms, The alcohols may be saturated straight
and branched chain aliphatic alcohols such as
octyl alcohol (CsH17OH), lauryl alcohol

(C12H20H)

cetyl alcohol (CieH3:OH), stearyl alcohol, some-

times referred to as octadecyl alcohol (Ci1sH37OH),
heptadecyl alcohol (C17HzsOH), and the like; the
corresponding olefinic alcohols such as oleyl al-
cohol; cyclic alcohols, such as naphthenic alco-
hols; and aryl substituted alkyl alcohols, for in-
stance, phenyl octyl alcohol, or octadecyl benzyl
alcohol, or mixtures of these various alcohols,

which may be pure or substantially pure syn-

thetic alcohols. One may also use mixed natu-
rally occurring alcohols such as those found in
-wool fat (which is known to contain g substantial
percentage of alcohols having about 16 to -18
carbon atoms) and in sperm oil (which contains
a high percentage of cetyl alcohol) ; and although

it is preferable to isolate the alcohols from those

materials, for some purposes, the wool fat, sperm
oil or other natural products rich in alcohols may
be used per se. Products prepared synthetically
by chemical processes may also be used, such as
alcohols prepared by the oxidation of petroleum
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the fuel but also as stabilizers for the anti-knock
agent itself. Since thece additives exhibit anti-
oxidant properties and are believed also to pos-

‘sess abllity to modify surface actlvity, they may

be employed in asphalts, road oils, waxes, fatty
oils of animal or vegetable origin, soaps, and plas-
tics. Similarly, they may be used in natural and
synthetic rubber compounding both as vulcaniza-
tion assistants and as anti-oxidants, and gener-
ally they may be used in any organic materials
subject to deterioration by atmospheric oxygen.

The present invention is not to be considered
as limited by any of the examples described here-
in which are given by way of illustration only,
but it is to be limited solely by the terms of the
appended claims.

We claim:

1. A hydrocarbon material ‘subject to deterior-
ation by atmospheric oxygen .containing a sta-

‘bilizing amount of a product obtained by re-

ecting a sulfide of phosphorus with a divalent
group II metal salt of a compound having the
characterizing structure

R—Ar(XH)—Y—R’

in which the groups R, XH and ¥R’ are all
connected to the aromatic nucleus Ar, and in
which R represents at least one alkyl group of 4
to 24 carbon atoms and R’ represents an aryl
group, X is an element of the group consisting
of oxygen and sulfur, Y is a member of the sul-
fur family of elements, and  is an integer from *
1 to 4, at a temperature of 100-200° C. for a
period of at least 10 minutes, the proporfions of
reactants being such that from 0.03-2 atomic pro-
portions of phosphorus are present for each
atomic proportion of metal. ‘

2. A hydrocarbon product °ubjec‘t to deterior-
ation by atmospheric oxygen containing a sta-
bilizing amount of a product obtained by react-
ing a sulfide of phosphorus with a divalent group
II metal salt of a compound having the char-
acterizing structure

R—Ar(XH) —-Yr——AmXH) —R

where Ar is an aromatic nucleus, R is an alkyl
radical of 4-24 carbon atoms, X is an element of
the group consisting of oxygen and sulfur, ¥ is
a member of the sulfur family of elements, and
zx is an integer from 1.to 4, at a temperature of
100-200° C. for a period of at least 10 minutes,
the proportions of reactants being such that
0.03-2 atomic proportions of phosphorus are pres-
ent for each atomic proportion of metal.

3. A hydrocarbon material subject to deteri-
oration by atmospheric oxygen containing a sta-
bilizing amount of a product obtained by react-
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ing a sulfide of phbsphorus with a compound
of the formula

M
= Tx
R—@—Br—@'R

where R is an alkyl radical of 4-24 carbon at-
oms, X is an clement of the group consisting of
oxygen and sulfur, M is a divalent metal of
group II of the periodic table, and z is an in-
teger from 1 to 4, at a temperature of 100-200°
C. for a period of at least 10 minutes, the pro-
portions of reactants being such that 0.03-2 atom-
ic proportions of phosphorus are present for
each atomic proportion of metal.

4. A mineral lubricating oil containing a sta-
bilizing quantity of a product obtained by react-
ing a sulfide of phosphorus with & divalent group

.II metal salt, of a compound having the char-
acterizing structure

R—AT(XH) —Y—R’

in which the groups R, XH and ¥R are all
connected to the aromatic nucleus Ar and in
which R represents at least one alkyl group of
4 to 24 carbon atoms and R’ represents an aryl
group, X is an element of the group consisting
of oxygen and sulfur, Y is a member of the sul-
fur family of elements, and z is an integer from
1 to 4, at a temperature of 100-200° C. for a
period of at least ten minutes, the proportions
of reactants being such that 0.03-2 atomic pro-
portions of phosphorus are present for each
atomic proportion of metal.
5. A ‘minersal lubricating oil according to claim
4 in which Ar of the formula represents a ben-
zene nucleus and X represents oxygen.
6. A mineral lubricating oil containing a sta-
bilizing amount of a product obtained by react-
" ing a sulfide of phosphorus with a compound of
the formula . :

. ,
e

R —-8. R

where R is an alkyl radical of 4—24 carbon atoms, ‘
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X is a member of the group consisting of oxygen -

and sulfur, M is a divalent metal of group II of
the periodic table, and z is an integer from 1 to 4,
ab a temperature of 100-200° C. for a period of at
least 10 minutes, the proportions of reactants
being such that 0.03-2 atomic proportions of
phosphorus are present for each atomic propor-
tion of metal.

7. A mineral lubricating oil containing a sfa-
bilizing quantity of a product obtained by react-
ing a sulfide of phosphorus with a mefal salt of
an alkylated phenol sulfide in which the alkyl
groups attached to each benzene nucleus con-
tain a total of at least 5 carbon atoms, and in
which the metal of the salt is a divalent metal
- of group II of the periodic table, at a tempera-
ture of 100-200° C. for a period of at least 10
minutes, the proportions of reactants being such
that 0.03-2 atomic proportions of phosphorus
are present for each atomic proportion of metal.

8. A mineral lubricating oil according to claim
7 in which each benzene nucleus of the mefal salf
contains a substituent tert.-octyl radical.

9. A mineral lubricating oil containing g sta-
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bilizing quantity of a product obtained by react-
ing a sulfide of phosphorus with a barium salt
of a tert.-octyl phenol sulfide, at a temperature
of 150-180° C. for a period of af least 1 hour, the
proportions of reactants being such that 0.06-—
0.75 atomic proportion of phosphorus is present
for each atomic proportion of barium.

10. A mineral lubricating oil containing a sta-
bilizing quantity of a product cbiained by react-
ing about 0.06 to about 0.75 molecular proportion
of phosphorus pentasulfide with one molecular
proportion of the barium salt of a tert.-octyl phe-
nol sulfide, at a temperature of 150-180° C. for 2
period of at least 1 hour.-

11, A mineral lubricating oil according fto
claim 10 In which the additive was obtained by
reacting the sulfide of phosphorus with the metal
salt in the presence of a mineral oi]l as a reac-
tion medium and a small proportion of a higher
fatty alcohol.

12. A mineral lubricating oil containing g sta-
bilizing quantity of a product obtalned by heat-
ing g concentrated mineral lubricating oil solu-
tion containing about 40% of barium tert.-octyl
phenol sulfide, about 6% of stearyl alcohol, and
about 54% of a refined mineral lubricating oil to
about 150-180° C., gradually .adding about 0.4
molecular proportion of phosphorus pentasulfide
for each molecular proportion of the barium salt
while maintaining the temperature not higher
than about 190° C., further maintaining the tem-
perature at about 160° to about 180° C. for at
least 2 hours, and filtering the final product.

13. A mineral lubricating oil containing g sta-
bilizing guantity of a product obtained by heat-
ing a concentrated mineral lubricating oil solu-
tion containing about 40% of barium tert.-octyl
phenol sulfide, about 6% of stearyl alcohol, and
about 54% of a refined mineral lubricating oil
to about 150-180° C., gradually adding about 0.2
molecular proportion of phosphorus pentasulfide
for each molecular proportion of the barium salt
while mainfaining the temperature not higher
than about 190° C., further maintaining the tem-
perature af about 160° to about 180° C. for at least
2 hours, and filtering the final product.

14. As a new composition of matter a sulfur
and phosphorus containing product obtained by
reacting a sulfide of phosphorus with a divalent
group II metal salt of a compound having the
characterizing structure

R—Ar(XH) —Y—Ar(XH)—R

where Ar is an aromatic nucleus, R is an alkyl
radical of 4-24 carbon atoms, X is an element
of the group consisiing of oxXygen and sulfur,
Y is a member of the sulfur family of elements,
and z is an integer from 1 to 4, at a temperature .
of 100-200° C. for a period of at least 10 min-
utes, the proportions of reactants being such -
that 0.03-2 atomic proportions of phosphorus are
present for each atomic proportion of metal.

15. As a new composition of matter an oil-sol-
uble sulfur and phosphorus containing product
obtained by reacting a sulfide of phosphorus with
a compound of the formulsg

’ M
/ \
X X
R

—s _®»

- where R is an alkyl radical of 4-24 carbon atoms,

16

X is an element of the group consisting of oxygen
and sulfur, M is a divalent metal of group II of
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the periodic table, and x is an integer from 1 to
4, at a temperature of 100-200° C. for a period of
at least 10 minutes, the proportions of reactants
‘being such that 0.03-2 atomic proportions of
phosphorus are present for each atomic propor-
tion of metal.

16. As a new composition of matter an oil-sol-

uble sulfur and phosphorus containing product '

obtained by reacting a sulfide of phosphorus with
a metal salt of an alkylated phenol sulfide in
which the alkyl groups contain 4-24 carbon at-
oms and in which the metal is a divalent metal
of group II of the periodic table, at a tempera-
ture of 100-200° C. for a period of at least 10
minutes, the proportions of reactants being such
-that 0.03-2 atomic proportions of phosphorus are
present for each atomic proportion of metal.

"17. A new composition of matter according to
claim 16 in which the metal of the metal salt is
barium. ) ‘

18. As a new composition of matter an cil-sol-
uble product obtained by reacting phosphorus
pentasulfide with the barium salt of a p-tert.-
octyl phenol sulfide at a temperature of 150-
180° C. for a period of at least 1 hour, the pro-
portions of reactants being such that 0.06-0.75
atomic proportion of prosphorus is present for
each atomic proportion of barium.

19. A concentrate consisting essentially of a
mineral lubricating oll containing 25-75% of the
product obtained by reacting a divalent group
1T metal salt of an alkyl phenol sulfide with a
sulfide of phosphorus at a temperature of 100-
200° C. for a period of at least ten minutes, the

. proportion of reactants being such that 0.03-2
atomic proportions of phosphorus are present for
each atomic proportion of metal. !

20. The method of preparing an oil-soluble
sulfur and phosphorus containing product having
antioxidant properties in the presence of organic
materials which comprises reacting a sulfide of
phosphorus with a compound of the formula

where R is an alkyl radical of 4-24 atoms, X is
an element of the group consisting of oxygen
and sulfur, M is & divalent metal of the group
II of the periodic table and z is an integer from
1 to 4, at a temperature of 100-200° C. for &
period of at least 10 minutes, the proportions of
reactants being such that 0.03-2 atomic:propor-
.tions of phosphorus are present for each atomic
proportion of metal. ]
21. The method of preparing an oil-soluble

sulfur and phosphorus containing product having
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antioxidant properties in the presence of or-
ganic material which comprises reacting a sul-
fide of phosphorus with s metal salt of an al-
kylated phenol sulfide in which the alkyl groups
attached to each benzene nucleus contain a to-
tal of 4-24 carbon atoms and in which the metal-
is a divalent metal of group II of the periodic
table, at a temperature of 100-200° C. for a pe-
riod of at least 10 minutes, the proportions of
reactants being such that 0.05-2 atomic propor-
tionst of phosphorus are present for each atomic ~
proportion of metal.

22. The method of preparing an oil-soluble
sulfur and phosphorus containing product hav-
ing antioxidant properties in the presence of or-
ganic material which comprises reacting phos-.
phorus pentasulfide with the barium salt of a
tert.-octyl phenol sulfide, at a temperature of
150-180° C. of a period of at least 1 hour, the pro-
portions of reactants being such that 0.06-0.75
atomic proportion of phosphorus is present for
each atomic proportion of barium. .

23. The method of preparing an oil-soluble
sulfur and phosphorus containing product which
imparts detergent and anti-corrosion properties
to mineral lubricating oils which comprises re-
acting about 0.06 to about 0.75 molecular pro-
portion of phosphorus pentasulfide with 1 molec-
ular proportion of the barium salt of p-tert.-
octyl phenol sulfide in the presence of & mineral
lubricating oil solvent and a small quantity of
stearyl alcohol at a temperature of about 140°
to about 190° C. for a period of at least one hour.

94. A mineral lubricating oil additive concen-
trate containing about 54% of mineral lubricat-
ing oil, about 6% of stearyl alcohol, and about
409 of the product obtained by reacting bari-
um tert.-octyl phenol sulfide with phosphorus
pentasulfide at a temperature of 150-180° C, for
a period of at least 1 hour, the proportions of
reactants being such that 0.06-0.75 atomic pro-
portion of phosphorus is present for each atomic
proportion of barium.

' JOHN G. McNAB.
DILWORTH T. ROGERS.
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