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The present invention relates to improvements
in lubricants and has specific reference to the
treatment of hydroearbons with a phosphorus sul-
fide to form lubricants and lubricant additives
having improved properties, especially with refer-
ence to the inhibition of oxidation and manifesta~
tions resulting therefrom.

Hydroecarbon-phosphorus sulfide reaction prod-
ucts have desirable lubricant properties and are
frequently incorporated in lubricating oils to im-
prove the strength of the lubricating film, impart
anti-oxidant effects, and for other purposes.
Various methods of manufacture have been pro-
posed with the object of increasing the phos-
phorus and sulfur content of the hydrocarbon and
establishing a phosphorus and sulfur bond of the
desired type so as to enhance the lubricant prop-
erties to an extent permitting the use of smaller

amounts of the compound for incorporation in

the more or less inferior oils. The problem: of
chemically binding desired proportions of phos-
phorus and sulfur to the saturated hydrecarbons
such as paraffinic and naphthenic materials, has
been particularly difficult to solve.

1t is an object of the present invention to pro-
vide an agent which in itself is useful as a lubri-
cant, and which will inhibit in marked degree,
acid and sludge formation, oxidation, and other
common. types of lubricant deterioration occur-
ring under operating conditions.

A further object is to provide a Iubricating oil
containing this agent as an additive.

A further object is to provide an addition agent
for lubricants containing a high percentage of
phosphorus and sulfur, and having superior anti-
oxidant qualities.

A further object is to provide an improved
method of manufacture of lubricants and lubri-
cant additives, providing a compound superior in
the above respects.

A further object is to provide as a lubricant or
lubricant additive a saturated hydrocarbon ma-
terial having a higher percentage content of phos-
phorus and sulfur than a product obtainéd by the
usual method. '

Still a further object is to provids an improved
method of manufacture of phosphorus-sulfur
lubricants and lubricant additives, employing
relatively saturated hydrocarbong as the base
material. .

Other objects and advantages will be apparent
from the following detailed description of -the
invention. :

In accordance with the present invention, hy-
drocarbons are treated with a phosphorus sulfide
in the presence of a catalytic agent from the
active metal and metalloid halide group. “'The
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reaction products of the invention are character-
ized by high solubility in lubricating -oils and
greases and are particularly valuable as additives
for lubricants such as the so-called extreme pres-
sure lubricants, and also as additives for lubri-
cating oils to improve thecorrosion, lacquer,
sludge, viscosity increase, and other like char-
acteristics of the lubricant.. In addition, the
metal derivatives formed from these products
have these desired properties, and are especially
suitable when a lubricant having increased de-
tergency is desired.

It has been found that the base material em-
ployed in carrying out the invention may comprise
a hydrocarbon from any source. - In its broadest
application, the advantages of the invention re-
sult from the treatment of the preferred hydro-
carbon base material with a phosghorus sulfide;
in the presence of the active halide catalyst.

The invention is applicable broadly to the treat-
ment of hydrocarbon oils such as mineral oils or
mixtures thereof, and for more ready commerecial
application, is useful in the treatment of, for ex-
ample, petroleum distillates and lubricating re-
siduums, oils produced by various polymerization
methods, acid treated oils and solvent extracted
oils. Oils modified by sulfurizing or chlorination
may be employed as the base material, or-as the
lubricant body for incorporation of the product
of the invention as an additive.

The invention has particular utility however in
the treatment of the more saturated hydrocarbons
which under ordinary conditions of reaction com-
bine with phosphorus sulfides in much less degree
than - the relatively -unsaturated hydrecarbons.
Thus, for example, excellent results are obtained
employing paraffinic or naphthenic hydrocarbons
or mixtures thereof, ranging in carbon atom con-
tent from 10 to 40 carbon atoms, an exampie of
which is a so-called solvent extracted oil. ' Satu-
rated hydrocarbon base materials are found to
possess inherently desirable lubricant properties
which are further improved by the incorporation
therein of a phosphorus-suifur constituent.

Of the phosphorus sulfides used as the reactant,
phosphorus pentasulfide is preferred, because it is
more readily available commercially and is eco-
nomical.  For this reason, phosphorus. pentasul-
fide is employed in the illustrative examples of the
invention to follow.

The -quantity of phosphorus pentasulfide em-
ployed in carrying out the reaction may be in
the order of from a fraction of one percent to
about twenty percent by weight based upon the
weight of the base hydrocarbon material ‘em- °
ployed. The upper limit is dictated by economic
considerations,” the nature of the hydrocarbon
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employed and the properties desired in the final
product, and is net indicative of the scope of
the invention in a limiting sense.

The reaction of the hydrocarbon base material
and phosphorus pentasulfide constituent is car-
ried out in the presence of an active halide
catalyst. ~ Halides of elements including non-
metals such as boron, and metals such as alum-
inum, are particularly effective, and these are
preferred. Other halide catalysts are effective
in more or less degree, and may include, for
example, FeCls, ZnCls, SnCls and other halide
cecmpeunds. The “halide catalysts” are well
known and well defined as a group and the arb
recognizes the scope of this definition. They are
sometimes alsc referred to as a Friedel-Crafts

catalyst because they are often used in catalyzing -

that reaction.

The quantity of the halide agent employed
preferably may range from -0.05%
Amounts in excess of 10% may be employed
but achieve little practical result in terms of
 improvement of the reaction compared to the
additional cost, and in some instances may un-
desirably modify the final oil product.

The halide catalyst employed in the reaction
has the effect of increasing the percentage of
phosphorus and sulfur incorporated in the hy~
drocarbon, over that obtained by carrying out
the reaction in the absence of the catalyst,
particularly when a saturated hydrocarbon base
material is employed. The halide catalyst has
the added desirable effect of coagulating sludge
and other residual solids formed during the re-
action, thus facilitating filtration of the reaction
product and increasing the product yield.

The reaction is carried out at an elevated tem-
perature ranging between 250° F. and 600° F., the
preferred temperature being about 375° to 425° .

The reaction may be carried out at atmospheric
pressure. However, elevated pressures may be
employed. The reaction may be complefed in
the presence of air, or in an atmosphere of inert
gas -such as nitrogen.

The time of reaction may fall within an ex-

tended range, being a function of temperature,.

the amount of components to be reacted, mixing
of the components during the reaction, ete. Em-
ploying atmospheric pressures and a reaction

temperature within the prescribed range, it has &

been found that a reaction time of approximately
one hour is ample to carry the reaction to com-
pletion, although it may extend to as much as
six hours under some circumstances.

When the reaction is complete, the liquid re-
action product is treated to remove sludge com-
pounents which may have formed, by settling,
centrifuging or mechanical filtering.

Where it is desired that the lubricant or lubri-
cant additives of the invention have pronounced
qualities of detergency, they may be converted
to their metal derivatives by methods well known
to the art. For example, the compound may
be reacted with one or more metal yielding com-
pounds in the form of sulfides, oxides or hydrox-
ides, which may further comprise an alkali metal,
or an alkaline earth compound such as barium,
calcium and strontium, or higher metals. These
or other metals should be selected with reference
to the proposed use- of the additive compound
and the properties of detergency and/or oiliness
desired in it. The heavier metals have excellent
surface corrosion inhibition characteristics.

The reaction of the additive compound to pro-
duce the metal derivative thereof may be .in

to 10.0%..
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accerdance with known practice, wherein an
amount of a reactable metal compound is added
sufficient either to partially or completely react
with the additive compound, as desired. Also
ammonia or amines or other nitrogenous base
may be used as well as carbides and cyanamides.
Alcohols can be used to form the corresponding
esters.. These are all compounds which combine
with or replace acid hydrogen.

The mixture preferably is reacted at a tem-
perature ranging between 200° F. and 403° P,
with stirring, one to a few hours. The presence
of water desirably accelerates the reaction. The
reaction product is settled and filtered to re-

*move any residual solids, and any water content

remaining may be removed by any usual method.
The metal or other derivatives may ke employed
by themselves as additives for a lubricating oil,
or a small amount added to the FP2Ss-soivent ex-
tracted oil additive, and are particularly useful
in either case as detergents.

In some instances, it may be desirable to in-
crease further the sulfur content of the additive

5 compound. - This may be accomplished by the

inclusion of elemental sulfur or a material yield~-
ing elemental sulfur under the reaction condi-
tions present in the reaction mixture. Reference
to a reaction with the sulfide is not to exclude
also a reaction with sulfur. The amount of
sulfur employed depends on the degree of sulfur-
ization desired in the final additive product. An
excelient high sulfur constituent additive is de-
rived by employing 25 to 75% sulfur by weight
of the phosphorus pentasulfide. The sulfur pref-
erably is added to the reaction mixture, carrying
cut the sulfurizing reaction simultaneousiy with
the reaction with the sulfide in the presence of
the halide catalyst. However, the additive com-
pcund may be sulfurized further with elemental
sulfur as a step subsequent to the phosphorus
sulfide-hydrocarbon reaction in the presernce or
absence of the catalyst.

The improved lubricant or lubricant additive
compounds of the invention are characterized by
markedly higher anti-oxidant qualities than
a hydrocarbon-phosphorus sulfide compound
formed of the same base material but in the
absence of the halide catalysts.

The amount of the additive to be mixed with
an oil, grease or other lubricant will depend
upcn factors of expense, the intended use of the
lubricant, and the characteristics of the 0il or
grease.  QOils having a marked tendency to oxi-
dize or corrode metals require larger amounts
of the additive. In general, for a lubricating oil,
an effective concentration range may comprise
between 1% and 10% by weight, the preferred
concentration being approximately 2%. With
some oils, the additive in amounts as low as
a fraction of g percent shows marked improve~
ment. The extreme upper range is dictated by
economic considerations, and since the reaction
product is itself g lubricant there is no inopera-
tive upper limit.

The invention may be further illustrated by the
following examples and tables of tests of lubri-
cants containing the new composition of the in-
vention, pointing out some of the advantages
thereof. It is to be understood that these ex-
amples are intended only as practical illustra-
tions fully disclosing the practice of the invention,
and are not to be construed as limiting the scope
thereof as defined in the claims.

AY
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EXAMPLE I

A typical component reaction charge may com-
prise 270 grams of solvent extracted oil, 30 grams
of P:S5; and 3 grams of anhydrous AICl3 as the
halide catalyst. The ingredients are mixed and
heated to 500° . and maintained at this temper-
ature for one hour, with agitation. The reac-
tion mass is then filtered to remove sludge con-
stituents. The liquid product analyzed 3.40% sul-

fur and 1.90% phosphorus.

EXAMPLE II

270 grams of solvent extracted oil is mixed with
30 grams of P2Ss and the mixture saturated with
BF: at room temperature.  The mixture is
charged to a stirred bomb and reacted therein
for one hour at 500° F. The reaction mass Is
then filtered. The liquid product analyzed 4.15%
sulfur and 2.24% phosphocrus.

To illustrate comparatively the value of the
products of the invention as additives for lubri-
cants, a lubricating oil consisting of a solvent
extracted oil was combined with a number of
additives representative of the invention, and the
oil tested according to laboratory test procedures
for evaluating the service stability of oils, as
published in Industrial and Engineering Chemis-
try, Analytical Edition, vol. 17, No. 5, May 1945,
pages 302-309.

Essentially the laboratory test equipment con-
sists of a vertical, thermostatically heated, large
glass test tube, into which' is placed a piece of
steel tubing of about one-third its length and
of much smaller diameter. A piece of copper-
lead bearing strip is suspended within and from
the upper end of the steel tube by a copper pin,
and an air inlet is provided for admitting air
into the lower end of the steel tube in such a
way that in rising the air will cause the oil pres-
ent to circulate. The test tube is filled with an
amount of the oil to be tested which is at least
sufficient to submerge the metals.

The ratios of surface active metals to the vol-
ume of oil in an internal combustion test engine
are nearly quantitatively duplicated in the test
equipment. In the “Standard” test the temper-
ature used is approximately the average tem-
perature of the crankcase. The rate of air flow
per volume of oil is adjusted to the same as the
average for a test engine in operation. Of the
catalytic effects those due to iron are the most
important. They are empirically. duplicated by
the addition of a soluble iron salt. Those due
to lead bromide are duplicated by its addition.
In the “Standard” test, 0.0129% of iron salt is
added; and in the “Iron Tolerance” test this is
increased to 0.05%. ‘The duration of the test
is adjusted to that usually used in engine type
tests. As is shown by the data in the papers
referred to, the laboratory tests have been corre-
lated with engine tests and the properties of
the oil in an engine may be determined from the
result of the laboratory tests.

The results given in the following tables were
obtained from tests using:

A 160 cubic centimeter sample of the lubricant
composition

70 liters of air per hour

100 square centimeters of steel surface

4.4 square centimeters of copper-lead surface -

1.0 square centimeter of copper surface :

0.10% by weight of lead bromide powder

0.05% soluble iron calculated as Fe20; (ferric
2-ethyl hexoate in C. P. benzene)
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The “Iron Tolerance” tests are run at 280° F. for
36 hours. The used oil was sufficient to enable
the determination of all of the usual oil tests, viz.
isopentane insolubles, viscosity, acid number, ete.

The data in the following tables show the re-
sults obtained in testing the new lubricant addi-
tives by the tests described.

Tests on a solvent extracted oil base stock, and
a lubricating composition containing this oil and
a number of additives were run under the “Iron
Tolerance” test conditions. For purposes.of com-
parison, and to indicate more fully the advan-
tages of the invention, tests were performed on
a PaSs-hydrocarbon product formed in the ab-
sence of a halide catalyst (column 2), on a reac-
tion product of a halide catalyst on a solvent ex-
tracted oil in the absence of P2S5 (column 5), and
and on a sample of solvent extracted oil (col-
umn 1).

The following results are fully illustrative:
Table
[Solvent extracted oil—60 min. reaction at 500° ¥\, 10 PaSs
by weight.]
(1) (2) P2Ss | (3) P2Ss [(4) P2Ss| (5) No P3Ss
Description Nocata- a10n | BF: | 1% A1CK
Ofl . SEO SEO SEO SEO SEQO
Additive from
Bxample NO_:focmeomeafoiamocmaan #1 #2 il
Cone. of Addi-
tive by Weight.| 0% 2% 2% 2% 2%
Sludge-Pentane
Insolubles
(Mgms.)._.._.. 2006. 4 52.7 18.9 8.5 54.05
Acid Number_..} 14.5 5.0 2.6 3.0 10.2
Viscosity In-
crease (SUS) .. 1095 467 342 165 1155

These data show the unusual improvement im-
parted to lubricants in every previously indicated
characteristic, by the lubricant additives of the
invention. - It is to be noted that a solvent ex-
tracted oil base comprising essentially saturated
hydrocarbon materials was employed in conduct-
This oil is an inherently better
grade of o0il in many respects and heretofore has
been relatively difficult to combine with phos-
phorus and sulfur. The advantages of the prod-
ucts of the invention are even more fully realized
when the products are employed with ordinary
base stock lubricants, having substantial amounts
of more reactive hydrocarbon constituents, or the
base material employed in carrying out the in-
vention comprises a relatively more reactive hy-

5 drocarbon.

The marked improvement of the products of the
invention prepared in the presence of halide cata-
lysts, over phosphorus pentasulfide-hydrocarbon
reaction products prepared. in accordance with
the usual methods in the absence of a halide cata~
lyst, specifically with regard to type of sludge
formation, acid number, and viscosity 1ncrease,
is clearly indicated by these tests.

The neutral or partially neutralized derivatives
of the products of the invention are particularly
useful where increased oiliness and/or detergency
is desired in the lubricant product. It will be
obvious to one skilled in the art that the prod-
ucts of the invention may be employed as lubri-
cants or as component parts of lubricants in ac~
cordance with the invention, as set forth in the
following claims.

The expression “consisting essentially of” as
used herein is intended to refer to the com-
ponents which are essential to the composition,

[
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‘namely the mineral lubricating oil and the addi-
tive. in accordance with the invention, and the
expression does not exclude other components
from the composition which do not render it un-
suitable for lubricant purposes. .

Weclaim:

1. The reaction prodict of a saturated hydro—
carpon oil and an amount within the rangs of
‘about one to akvout tweniy percent by weight of
a phosphorus sulfide reacted in the presence of
not over 10% of a halide catalyst at a tempera-
ture in the range of about 259° to about £00° .
50 as to produce a lubricant.

2. The metal derivative of the reaction product
set forth in claim 1 selected. from the gréup con-
sisting of . amah mebal ond alhahne eart metral
derlvatlvos

3. A lubricant consisting essanum_lly of a min-
era,l lubricating oil and the resction product of
a saturated hydrocarbon oil and an amgount with-
in the range of about one to sbout twenty per-
cent by weight of a phosphorus sulfide reacted
in the presence of net over 10% of 2 halide cata-
lyst at a temperature in the range of about 250°
to about 600° F. so as to preoduce a lubricant and
containing reacted elemental sulfur.

4, A lubricant consisting essentially of a min-
eral lubricating oil and the metal derivative se-
lected from the group consisting of alkali metal
and alkaline earth metal derivatives of the reac-
tion product of g saturated hydrocarbon oil and
an amount within the range of aiout one to about
twenty percent by weight of phosphorus penta-~
sulfide reacted in the presence of not over 19%
of a halide catalyst at a temperature in the range
of about 250° to about SGO" B so as to produce a
lubricant.

5. A lubricant com1st1ng essentially of a min-
eral lubricating oil-and the reacticn product of a
saturated hydrocarbon oil and an araount with-
in the range of about one to about twenty pei-
cent by weight of a phosphorus. sulfide reacted
in the presence of not over 10% of a halide cata-
lyst at a temperature in the range of about 250°
to about 660° F. s as to produce a lubricant.

8. A lubricant consisting essentiaily of a min-
eral lubricating oil and the reaction product of a
saturated hydrocarbon oil and an amount with-
in the range of about one to about twenty percent
by weight of phosphorus pentasulfide reacted in
the presence of not over 18% of a halide catalvsu
at a temperature in the range of about 250° 4
about 690° F. so as to produce a lubricant.

7. A lubricant consisting essentially ef a min-
eral ubricating oil and the reaction product of
a, solvent extracted oil snd an amount within
the range of about one to about twenty percent
by weight of phosphorus pentasuliide veacted in
the presence of not over 15% of a halide catalyst
at a temperature in the range of about 250° fo
about 600° 7, so as to produce a lubricant.

8. A lubricant consisting essentially of .5 min-
eral lubricating oil and the metal derivative se
lected from the group consisting of alkali: matal
and glkaline earth metal derivatives of the reac-
tioni product of a solvent extracted o¢il and an
amount within the range: of about one to about
twenty percent by weight of phoschorus penta-
sulfide reacted in the presence of not over 10%
of a halide catalyst at a temperature in the range
of about 250° to about 600° I, so as to produce 3
lubricant.

9. As a lubricant additive the reaction-product
of a saturated hydrocarbon oil and-an amount
-within ‘the ‘range of about ‘o1¢ to-about ‘twenty
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percent by weight of a phosphorus sulfide in the
presence of not over 10% of aluminum chloride
at a temperature in the range of about 250° to
about 600° F. so as to produce an additive for im-
proving a mineral lubricating oil.

~ . 10. As a lubricant additive the reaction product
of a saturated hydrocarbon oil and an amount
within the range of about one to akout twenty
percent by weight of a phosphorus sulfide inn the
presence of not over 10% of boron trifluoride at
g temperature in the range of about 250° to about
600° F. so as to produce an additive for improv-
ing a mineral lubricating oil.

11. A lubricating composition consrstmg essen-~
tlally of a major portion of g lubricating oil and
an amount. to inhibit the oxidative deterioration
of the oil of the reaction product of & saturated
hydrocarbon oil and an amount within the range
of about one to about twenty percent by weight

of a phosphorus sulfide reacted in the presence of

not over 10% of g halide catalyst at a tempera-
ture in the range of about 250° to about 830° F.
so as to produce an additive for improving a. min-
eral lubricating oil.

12. A lubricating composition censisting essen~
tially of a major portion of a lubricating oil, and
an amount to inhibit the oxidative deterioration
of the oil of the reaction product of a saturated
hydrocarbon oil and an amount within the range
of about one to about twenty percent by weight
of phosphorus pentasuliide reacted in the pres-
ence of not over 10% of a halide catalyst at a
temperaturs in the range of about 256° to aboup

-600° I, s0 as to produce an additive for improv-

ing a mineral Iubricating oil.

13. A method of producing a lubricant additive
comprising reacting a saturated hydrocarbon cil
with an amount within the range of about one
to about twenty percent by weight of a phos-
phorus sulfide in the presence of not over 109%
of a halide catalyst at a temiperature in the range
of about 256° to about 600° F. so as to nrodhce
a lubricant.

14." A method of producing a.lubricant additive
comprising reacting a saturated hydrocarbon oil
with an amount within the range of about one
to about twenty percent by weight of phosghorus
pentasuifide in the presence of not over 10% of
a halide catalytic agent at a temperature in the
range of about 2506° to about 600° F\. so as to pro-
duce a lubricant.

15. A method of producing a compound for use
as an additive with a lubricating 0il comprising
reacting a saturated hydrocarbon oil with an
amount within the range of about one to about
twenty percent by weight of a phosphorus sulfide
in the presence of not over 1% oi a halide cata-
lyst at a temperature in the range of about 256°

to about 600° F. so as to produce an additive for

improving ‘a nmineral lubricating oil, and sepa-
rating the reacticn product from residues formed
during the reaction. ’

16. A method of producing a compound suit-
able for use as an additive with a Iubricating oil
comprising reacting a solvent extracted oil base
with an amount within the range of about one
to about twenty percent by weight of phosphorus
pentasulfide in the presence of not over 10% of
a halide catalyst at a temperature in the range of
about 250° to about 600° ¥, so as to produce an
additive for improving a mineral lubricating 'oil
and separating the reaction product from the
residues formed during the reaction.

17, A method cf producing a lubricant-additive
comprising reacting a saturated hydrocarbon.oil
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with an amount within the range of about one
to about twenty percent by weight of a phos-
phorus sulfide and elemental sulfur in the pres-
ence of not over 10% of g halide catalyst at a
temperature in the range of about 250° to about
600° . so as to produce a Iubricant.

18. A method of producing a lubricant additive
comprising reacting a saturated hydrscarbon oil
with an amount within the range of about one
to about twenty percent by weight of a phos-
phorus sulfide in the presence of not over 10¢
of a halide catalyst at a temperature in the range
of about 250° to about 600° F. so as to produce a
lubricant, and reacting at least part of the re-
action product with a metal selected from the
group consisting of alkali metals and alkaline
earth metals.

19. The metal derivative selected from the
group consisting of alkali and alkaline earth
metal derivatives ‘of the reaction product of a
saturated hydrocarbon oil and an amount within

20

10
the range of about 1 to about 20% by weight of
phosphorus pentasulfide reacted in the presence
of not over 10% of & halide catalyst at a tempera-~
ture in the range of about 250 to about 600° F. so
as to produce a lubricant.
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