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This invention has to do in a general way
with mineral oil compositions and is more par-
ticularly related to compositions comprised of
mineral oil and a minor proportion of an added
ingredient which will improve the oil in one or
more important respects.

It is well known to those familiar with the
art that mineral oil fractions refined for their
various uses are in and of themselves usually
deficient in one or more respects so that their
practical utility is limited even in the particular
field for which they have been refined. For ex-
ample, mineral oil fractions refined for use as
lubricants have a tendency to oxidize under con-
ditions of use, with the formation of sludge or
acidic oxidation products; also, the lighter frac-
tions such as gasoline and kerosene tend to oxidize
with the formation of color bodies, gum, etc. In
order to prevent the formation of these products
and thereby extend the useful life of the oil
fraction, it is common practice to blend with such
oil fraction an additive ingredient which will in-
hibit oxidation, such ingredients being known to
the trade as oxidation inhibitors, antioxidants,
sludge inhibitors, gum inhibitors, etec.

It is also the practice to add other ingredients
to mineral oil fractions for the purpose of Im-
proving “oiliness” characteristics and the wear-
reducing action of such mineral oils when they
are used as lubricants, particularly when the olls
are used for the purpose of lubricating metal sur-
faces which are engaged under extremely high
pressures and at high rubbing speeds.

Various other ingredients have been developed
for the purpose of depressing the pour point of
mineral oil fractions which have been refined
for use as lubricants. Most refining treatments
provide oils containing a small amount of wax
which, without the added ingredient, would tend
to crystallize at temperatures which render the
oil impracticable for use under low temperature
conditions. Additive agents have also been de-
veloped for improving the viscosity index of lu-
bricating oil fractions. In the case of internal
combustion engines, particularly those operating
with high cylinder pressures, there is a decided
tendency for the ordinary lubricating oil frac-
tions to form carbonaceous deposits which cause
the piston rings to become stuck in their slots
and which fill the slots in the oil ring or rings,
thus materially reducing the efficiency of the
engine. Ingredients have been developed which,
when added to the oil, will reduce this natural
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tendency of the oil to form deposits which inter-
fere with the function of the piston rings.

It has also been discovered that certain types
of recently-developed hard metal alloys, such as
cadmium-silver alloy bearings, are attacked by
ingredients in certain types of oils, particularly
oils of high viscosity index obtained by various
methods of solvent-refining. This corrosive
action on such alloys has led to the development
of corrosion-inhibitors which may be used in sol-
vent-refined oils to protect such bearing metals
against this corrosive action.

If the lichter mineral oil fractions, such as those
used for fuel purposes, particularly in internal
combustion engines, it has been found that the
combustion characteristics of the fuel may be
controlled and improved by adding minor pro-
portions of various improving agents thereto.

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

The present invention is predicated upon the
discovery of a group or class of oil-soluble metal
salts of certain reaction products which, when
added to mineral oil fractlons in minor propor-
tions, will improve the oil fractions in several re-
spects.

The novel addition agents contemplated by this
invention as multifunctional improvers for min-
eral oils are the oil-soluble, metal salts of acidic,
phosphorus- and sulfur-containing reaction
products obtained by reaction of a phosphorus
sulfide and a primary or secondary aromatic
amine.

The aforementioned acidic, phosphorus- and
sulfur-containing reaction products may be pre-
pared by reacting a phosphorus sulfide, such as
P2Ss, PsSs, PaSs, PaSy, ete., with an amine of the
type contemplated herein. Of the phosphorus
sulfides, phosphorus pentasulflde (P2Ss) is par-
ticularly preferred.

The amines used in preparing the acidic, phos-
phorus- and sulfur-containing reaction products,
from which the corresponding metal salts are
derived, are primary and secondary alkyl-substi-
tuted aromatic amines characterized by at least
about 10 carbon atoms in aliphatic groupings,
that is, at least about 10 aliphatic carbon atoms.
Included among such amines are alkyl-nuclear-
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substituted primary and secondary aromatic
amines and alkyl-N-substituted secondary aro-
matic amines wherein the aliphatic substituent
contains at least about 10 carbon atoms. Illus-
trative of the amines contemplated herein are
mono- and di-octadecenyl aniline, p-dodecyl
aniline, parafin wax-substituted aniline, mono-
and di-octadecenyl diphenyl amine and parafiin
wax-substituted naphthyl amine.

The aforesaid acidic, phosphorus- and sulfur-
containing reaction products are preferably pre-
pared by reacting substantially four mols of a
primary or a secondary amine with one mol of
a phosphorus sulfide, preferably PsSs, at tem-
peratures from about 100° C. to about 1750 C. for
several hours. During the reaction, hydrogen
sulfide is readily evolved. That different reaction
products may be obtained by reacting an amine
of the aforesaid type with P2Ss, is shown by vary-
ing the reaction time or reaction temperature, or
both. If the reaction mixture of the amine and
P2Ss Is heated for a relatively short period of
time, a product having a higher neutralization
number is obtained, rather than a product of
lower neutralization number when a relatively
long reaction time is used. However, the inter-
mediate products having a theoretical neutraliza-
tion number based upon & substituted di-amide
dithiophosphoric acid, which may be present in
the reaction product, and those having neutraliza-
tien numbers greater than, or less than, the
theoretical value are not suitable as oil additives,
inasmuch as they are corrosive to such metals as
copper, are somewhat unstable with a gradual
liberation of hydrogen suifide and, therefore,
have an objectionable odor.

In preparing the intermediate produets, the
reactants, amine and P2Ss, may be added to each
other in any order. A typical procedure involves
adding the amine to P2Ss. This reaction may also
be carried out in the presence of diluents or sol-
vents such, for example, as mineral oil, Xylene,
high-boiling naphthas and the like. In the event
that mineral oil is used as a diluent, the mineral
oil may be retained rather than separated from
the intermediate product, thereby providing a
mineral oil concentrate and the latter may there-
after be retalned to obtain & metal salt of the
acid present therein.

Metal salts of the acidic intermediate reaction
products obtained as indicated above may be
formed by reacting the sald acidic product with
a metal oxide or hydroxide. Wherever necessary,
an alcoholic solution of the gxide or hydroxide
may be used. Metal salts of the said acids may
also be prepared by adding an alcoholic solution
of a metal containing a reagent such as stannous
chloride, lead acetate, thorium nitrate, titanium
tetrachloride, ete. to a barium or sodium salt of
the acid, followed by distilling off the alechol
and flitering out the precipitated sodium chloride
or barium chloride. Among the metals contem-
plated herein are: sodium, potassium, copper,
magnesium, calcium, barium, zine, cadmium,
mercury, tin, lead, chromium, manganese, iron,
eobalt, nickel, aluminum, antimony, arsenie, bis-
muth, and titanium. Preference is given to
fMetals of the alkaline earth group, particularly
to barium,

In connection with tire formation of the afore-
sald metal salts, it has been found that the zalts
are preferably prepared by reacting the theoreti-
¢al amount, or a small excess, of the metal-
containing reagent with the intermediate product.
When twice the theoretical amount of polyvalent
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metal-containing reagent is used, it appears that
the basic metal salt of a polyvalent metal is
formed. '
The metal salts contemplated herein are illus-
s trated by the following typical examples.

EXAMPLE 1

A slurry of 16.8 grams of P28 {in 150 grams of
mineral oil {(S.U. V. of 45 seconds at 210° F.) was
stirred at 100° C. To this slurry was added a
blend of 150 grams of di-octadecenyl aniline and
150 grams of the same mineral oil; this addition
required 45 minutes. After the oil blend had been
added to the slurry, the temperature of the result-
ing reaction mixture was raised to 125° C. and
maintained for two hours in order to effect com-
Plete reaction of the P:Ss. Hydrogen sulfide was
evolved during the reaction. At the end of sald
two hour period, the reaction mixture was filtered
through Hi-Flo clay on a steam heated funnel.
The product had an odor of hydrogen sulfide and
is approximately a 1/3 blend in mineral oil.

The aforesaid intermediate reaction product
(375 grams) and 28.9 grams of barium hydroxide
octahydrate with 150 ccs. of methanol were
heated up to 70° C. to effect reaction of the
barium hydroxide and to distill off the aleohol.
When most of the alcohol and water of reaction
were removed, the temperature was slowly raised
to 150° C. The reaction mixture was heated at
150° C. for one hour, during which time hydrogen
sulfide was evolved. The reaction mixture was
then filtered through Hi-Flo clay on a steam-
heated funnel. Two hundred grams of the filtrate
from a total of 332 grams was further reacted
with 9.3 grams of barium hydroxide octahydrate
using the same procedure. The product finally
obtained is a barium salt and is designated herein
as product I. Product I has the following anal-
ysis: neutralization number, 0.2; phosphorus,
2.55 per cent; sulfur, 1.95 per cent; nitrogen, 2.40
per cent; barium, 14.58 per cent.

The di-octadeceny! aniline used in this exam-
ple was prepared by the procedure described in
U.S. Patent No. 2,118,493, issued to Coffey and
Haddock, by reacting the following materials: 510
grams of ocenol (technical oleyl alcohol), 93
grams of aniline, 43 grams of aniline hydrochlo-
ride, 71 grams of zinc chloride. The di-octade-
cenyl aniline so obtained contained 2.84 per cent
nitrogen and had a molecular weight of 531.

EXAMPLE IT

Para-dodecyl aniline (36 grams) 7.6 grams of
P:28s and 42 grams of mineral oil (8. U. V. at 45
seconds at 210° F.) were heated together at 150°
C. for 3! hours during which time hydrogen sul-
fide was evolved. The reaction mixture was then
filtered at 100° C. through Hi-Flo clay on a steam-
60 heated funnel. The product had a neutralization

number of 6.0 and is a 1:1 blend in mineral oil.
Fifty grams of the aforesaid reaction product, 4
grams of barium hydroxide octahydrate, 25 grams
of mineral oil (8. U. V. at 45 seconds at 210° F.)
65 and 75 ccs. of methanol were heated at 70° C.
in order to effect reaction of the barium-con-
taining reagent in the aforesald reaction prod-
uct. Most of the methanol distilled out at this
temperature, 70° C., and final traces thereof were
70 removed together with water of reaction when
the temperature was raised slowly to 150° C. for
30 minutes. Hydrogen sulfide was also evolved.
The reaction mixture was then flltered through
Hi-Flo clay on a steam heated funnel. The fil-
75 trate was a dark green oil having a neutraliza-
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tion number of 14. Sixty-one grams out of a
total of 70 grams of this product and 20 grams of
the original para-dodecyl aniline-P28; product
were further treated with 3.5 grams of barium
hydroxide octahydrate in the same procedure.
The reaction product (product II) is a barium
salt in a 1:2 mineral oil blend. This product is
non-corrosive to copper, as evidenced by a cop-
per strip test at 100° C. for 24 hours.

As indicated above, the metal salts contem-
plated by this invention and illustrated by the
foregoing examples, when added to mineral oils
in minor proportions, have been found to improve
these oils in several important respects. This
phenomenon is demonstrated in the following
tables, which contain results of the various tests
conducted to determine the effectiveness of these
salts as addition agents to lubricating olls. The
percent of material added to the oil in the fol-

lowing table is the percent of the concentrated g

material and does not include the oil in which
the product was made.

CORROSION TEST

In this test metal salts were blended with a
Pennsylvania solvent-refined oil having a 8. U. V.
of 53 seconds at 210° F., and a section of a bearing
containing a cadmium-silver alloy surface and
weighing about 6 grams was added to each blend.
The oil was heated to 175° C. for 22 hours while
a stream of air was bubbled against the surface
of the bearing. The loss in weight of the bearing
during this treatment measured the amount of
corrosion that had taken place. A sample of
the straight oil was subjected to the same test at
the same time, and the differences between the
losses in weight of the two bearing sections dem-
onstrated conclusively the effectiveness of the
metal salts contemplated herein as corrosion in-
hibitors.

Table 1
Bearing Loss, mgms.
Conec., Wt.
Additlon Agent " ’
g Percent | pnpibited | Uninhibited
Oll : oll
Product ... ... 1/10 0 2
Product 11 __....____ 1/20 L] F-]

OPERATION TEST

To demonstrate the effectiveness of the metal
salts under actual operating conditions of an
automotive engine, unblended olls and improved
olls, containing ti.2 metal salts, were subjected
to the Lauson engine test. The tests were car-
ried out in a single cylinder Lauson engine oper-
ated continuously over a time interval of 36 hours
with a cooling medium held at a temperature of
about 212° F., and the oil temperature held at
about 280° F. The engine was operated at a
speed of about 1830 R. P. M. At the end of each
test the oil was tested for acidity (N. N.) and
viscosity. The base oil used here is a solvent re-
fined oil having a viscoslty of 45 seconds 8. U. V.
at 210° P.

Table II
Cone., Wt. | Kyv.
Addition Agent percent 210° F, N.N.
NODO. - oo oaeoimcceincecnrmrmsae|armmmcacacmaae 8.8 9. 60
ProductI ... ..., e 1 8.5 8.30

The amount of improving agent which may be
used in an oll varies with the type of oil frac-
tion with which it is blended and with the proper-
ties desired in the final oil compositions. In gen-

5 eral, satisfactory improvement s realized when
amounts from about 0.10 per cent to about 10 per
cent of the meta] salts are used in viscous min-
eral oll fractions, with amounts of the order of
2 per cent being preferred.

It {s to be understood that although certain
preferred procedures which may be followed in
the preparation of the novel metal salts contem-
plated herein as multifunctional addition agents
for mineral olls and representative reactants for
15 use in thelr preparation have been described here-
inabove, such procedures and reactants are mere-
ly llustrative. Accordingly, the invention is not
to be considered as limited to the foregoing illus-
trations, but includes within its scope such
changes and modifications as fairly come within
the spirit of the appended claims.

I claim:

1. A mineral oil fraction containing a minor
proportion, from about 0.1 per cent to about 10
¢5 per cent, of an ofl-soluble, metal salt of an acidic,

phosphorus- and sulfur-containing reaction prod-
uct obtained by reaction, at a temperature within
the range varying between about 100° C. and
about 175° C., of a phosphorus sulfilde and an
80 amine selected from the group consisting of an
alkyl-nuclear-substituted primary and secondary
aromatic amine and an alkyl-N-substituted sec-
ondary aromatic amine, said alkyl substituent be-
ing characterized by at least about 10 carbon
85 atoms.

2. A mineral oil fraction containing a minor
proportion, from about 0.1 per cent to about 10
per cent, of an oil-soluble, metal salt of an acidic,
phosphorus- and sulfur-containing reaction prod-

40 uct obtained by reaction, at a temperature within
the range varying between about 100° C. and
about 175° C., of phosphorus pentasulfide and an
amine selected from the group consisting of an
alkyl-nuclear-substituted primary and secondary

45 aromatic amine and an alkyl-N-substituted sec-
ondary aromatic amine, said alkyl substituent be-
ing characterized by at least about 10 carbon
atoms.

3. A mineral oil fraction containing a minor

50 proportion, from about 0.1 per cent to about 10
per cent, of an oil-soluble, metal salt of an acidic,
phosphorus- and sulfur-containing reaction prod-
uct obtained by reaction, at a temperature within
the range varying between about 100° C. and

53 ahout 175° C., of phosphorus pentasulfide and an
alkyl - nuclear - substituted primary aromatic
amine, said alkyl substituent being characterized
by at least about 10 carbon atoms.

4. A mineral oil fraction containing a minor

60 proportion, from about 0.1 per cent to about 10
per cent, of an oil-soluble, metal salt of an acidie,
phosphorus- and sulfur-containing reaction prod-
uct obtained by reaction, at a temperature within
the range varying between about 100° C. and

65 about 175° C., of phosphorus pentasulfide and an
alkyl-nuclear-substituted secondary aromatic
amine, said alkyl substituent being characterized
by at least about 10 carbon atoms.

5. A mineral oil fraction containing s minor

70 proportion, from about 0.1 per cent to about 10
per cent, of an oil-soluble, metal salt of an acidie,
phosphorus- and sulfur-contalning reaction prod-
uct obtained by reaction, at a temperature within
the range varying between about 100° C. and

75 about 175° C., of phosphorus pentasulfide and an

10



8,405,478

7
alkyl-N-substituted secondary aromatic amine,
sald alkyl substituent being characterized by at
least about 10 carbon atoms.

6. A viscous mineral oll fraction containing
therewith a minor proportion, from about 0.1 per
cent to about 10 per cent, of an oil-soluble, barium
salt of an acidic, phosphorus- and sulfur-contain-
ing reaction product obtained by reaction, at a
temperature within the range varying between
about 100° C. and about 175° C., of phosphorus
pentasuifide and di-octadecenyl aniline.

7. A viscous mineral oil fraction containing a
minor proportion, from about 0.1 per cent to
about 10 per cent of an ofl-soluble, barium salt

of an acidic, phosphorus- and sulfur-contsining 15 2,403,894

- 8
reaction product obtained by reaction, at a tem-
perature within the range varylng between about
100° C. and about 175° C., of phosphorus penta-
sulfide and para-dodecyl aniline. '
HORACE E. REDMAN.
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