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This invention relates to mineral oil compositions and
more particularly to improved lubricating oils contain-
ing both nickel and zinc dithiophosphates and preferably
other additives such as detergents and anti-wear agents.

With the advent of higher compression internal com-
bustion engines and increases in horsepower, much diffi-
culty has been experienced in formulating a suitable lu-

- bricating oil composition capable of operating under se-
_vere conditions to protect effectively metal surfaces which
come in contact with the oil. In an effort to overcome
this problem, a wide variety of additive agents such as
detergents, anti-oxidants, anti-wear agents, E.P. agents
and the like have been proposed for the improvement of
lubricating oils. Generally, each additive agent is em-
ployed to impart a particular characteristic to the base
oil so as to afford a finished lubricating composition
which is oxidation resistant,.stable and non-corrosive to
bearing metals, and which effectively reduces varnish
and sludge forming tendencies and minimizes frictional
and corrosive -wear.

Unfortunately, however, while many of the proposed
additive agents improve mineral lubricating oils, quite
frequently these lubricating oil compositions have not
proved to be entirely satisfactory for commercial use
since apparently an additive agent which imparts a bene-
ficial effect may impart unpredictable and undesirable
wear of a given engine part. For example, a small
amount of zinc dithiophosphate displays satisfactory oxi-
dation and bearing corrosion inhibiting properties in a
mineral lubricating oil. This additve is particularly active
in reducing the corrosion of copper-lead bearings sub-
jected to Severe operating conditions of temperature and
pressure. However, a lubricating oil containing a zine
dithiophosphate and a detergent type agent, such as, for
example, basic barium mahogany sulfonate, was found
to allow excessive wear of parts such as wrist pins, valve
lifters and rocker arm shafts in recent models of valve-
in-head engines. Elimination of the zinc dithiophosphate
reduced wrist pin and rocker arm shaft wear but, of
course, the resulting composition was subject to oxidative
deterioration and the bad effects derived therefrom. The
subsequent addition of an anti-wear agent, ie. sulfur-
ized sperm oil, to the composition containing the zinc
dithiophosphate for practical purposes eliminated wrist
pin wear and reduced valve lifter wear but did not: solve
the rocker arm shaft wear problems. In fact, the anti-
wear agent increased rocker arm shaft wear of the base
mineral oil. Thus, both the zinc dithiophosphate and
the anti-wear agent caused excessive wear of the rocker
arm shaft and as a result this compounded .oil had un-
desirable properties. Such has been the case when using
many additive agents and hence much difficulty has been
experienced in formulating an engine lubricating oil of
satisfactory anti-wear and anti-oxidant properties.

In accordance with the present invention, I have dis-
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covered that an improved mineral oil base lubricating
composition can be prepared by adding both nickel and
zinc dithiophosphates to the base oil and these agents
cooperate in a unigque and unexpected manner to inhibit
oxidation and deterioration of the oil without causing
undue wear of any engine part, e.g. the rocker arm shaft
of a valve-in-head engine. Other additive agents such as-
detergents and. anti-wear type. agents can also be with
advantage included in the lubricating composition. '

By the present invention, I have discovered that se-
vere surface wear of engine parts can be substamtially
prevented and oxidation of the lubricating oil inhibited
through the use of both the zinc and nickel dithiophos-
phates in mineral lubricating oil compositions. Neither
the use of the zinc salt nor the nickel salt alone-will
provide the same results. Thus, although each salt in-
hibits oxidation of the base oil, each promotes or allows
wear of a different part of the valve-in-head engine,
e.g. the zinc salt causes rocker arm shaft wear while the
nickel salt allows the spalling of valve lifters. Surpris-
ingly, when these salts are used together, wear of the
rocker arms and the valve lifters is minimized, ‘

The oil-soluble nickel dithiophosphates employed in
the lubricating compositions of the present invention canm
Be obtained from.a wide variety of diester dithiophos-
phoric acids conventionally prepared by reacting a sul-
fide of phosphorus, such as phosphorus pentasulfide, with
an alcohol, phenol or mercaptan. The organic groups
in the acid esters may be aryl, alkyl, aralkyl or cyclo-
alkyl groups which contain from about 4 to 20 carbon
atoms, preferably about 6 to 14 carbon atoms, and may
be further substituted in the organmic portion. Suitable
alcohols which may be employed in preparing the acid
esters include primary and secondary alcohols such as
2-methylamyl alcohol, 4-methylpentanol-2, 2-methylpen-
tanol-1, 2-ethylhexanol, di-isopropyl carbinol, cyclohex-
anol, butanol-1 and octadecanol-1, or mixtures of high
and low molecular weight alcohols. Other hydroxyl-
containing materials which can be reacted with phos-
phorus sulfide include phenols and alkylated phenols
such as dioctylphenol, tri-isobutylphenol and the like.

A particularly suitable nickel dithiophosphate which
can be employed with advantage is that prepared from
a di-2-ethylhexyl dithiophosphate obtained by reacting a
technical mixture of 2-ethylhexanol with phosphorus pen-
tasulfide. The nickel dithiophosphate is employed in my
improved lubricating compositions in a small or minor
amount sufficient to inhibit oxidation and bearing corro-
sion and in most instances the amount used provides
about 0.03 to 0.2% by weight of phosphorus on the
basis of mineral oil in which it is incorporated.

The zinc dithiophosphates which may be incorporated
in the lubricating compositions of my invention are the
oil-soluble zin¢ salts derived from the various diester
dithiophosphoric acids mentioned above. As hereinbe-
fore set forth, the organic portion in the acid diesters
may be an aryl, alkyl, aralkyl or cycloalkyl group which
contains from about 4 to 20 carbon atoms, preferably 6
to 14 carbons, and may, if desired, be further substituted.
More specifically, the preferred compounds of this group
include the zinc salis of dialkyl dithiophosphates such as
dihexyl dithiophosphate, diheptyl dithiophosphate, di-
lauryl dithiophosphate, di-2-methylamyl dithiophosphate,
di-2-ethylhexyl dithiophosphate, and the like. . .

A particularly suitable zinc dithiophosphate which may
be employed is the zinc salt obtained from a mixed di-
thiophosphate prepared by reacting a technical mixture
of Cy secondary and C; primary alcohols, mainly the
former, with phosphorus pentasulfide. The zinc dithio-
phosphate is employed in my improved lubricating com-
position in a minor amount sufficient to inhibit oxidation
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and bearing corrosion and, in most instances, the amount
used provides about 0.03 to 0.2 percent by weight of
phosphorus on the basis of the mineral oil in which it is
incorporated. : :

A wide variety of compounds utilized as detergents in
lubricating oils to effect engine cleanliness and anti-sludg-
ing properties may be employed in the compounded Tubri-
cating compositions of ‘this invention. Among the pre-
ferred detergents are the oil-soluble metal salts of petro-
leum sulfonic acids, commonly known as mahogany sul-
fonates, which may be obtained by neuiralization of sul-
fonic acids prepared, for instance, by sulfonating a suit-
able petroleum distillate with fuming sulfuric acid, or
sulfur trioxide.” Preferably, the neutralization is carried
out by treating the acids with a theoretical excess of an
oxide or hydroxide of an alkaline earth metal, such as
calcium or barium oxide, so as to obtain a metal sul-
fonate which is alkaline and of higher metal content than
the normal salt. Advantageously, if desired, the sul-
fonate can be carbonated by treating with carbon di-
oxide at atmospheric or slightly elevated pressure until
the initial pH is reduced from about 14 to about 7 to 8.
In the practice of this invention the preferred basic bar-
ium ‘sulfonate is prepared by reacting a sulfonated min-
eral oil fraction with at least about 1.5 times the theo-
retical amount of barium oxide required. The basic bar-
ium sulfonate obtained is conveniently employed as a
concentrate in the oil from which it was derived. Other
suitable detergent type additives which can be used in
place of the mahogany sulfonate include metal soaps,
metal phenates, metal alcoholates, metal alkyl phenol sul-
fides, metal alkyl salicylates, and the like. Specific agents
of these types are barium amyl phenol sulfide, calcium
cetyl phenate, basic calcium octyl salicylate and the like.

The amount of detergent type agent added to the min-
eral oil base will depend upon the nature of the base
stock employed and its service application, and in general
ranges from-about 0.5% to 10% by weight on a dry soap
basis.  In the preferred lubricating compositions of this
invention a basic barium mahogany sulfonate is added in
a sufficient amount to effect a barium content of about
0.2 to 2.0% by weight. .

My present. compositions can have added an antiwear
agent, particularly to reduce wrist pin wear. The anti-
wear type agents which -are preferred are the sulfurized
fatty oils such as sulfurized sperm oil, sulfurized rape
seed oil, sulfurized cotton seed oil and sulfurized palm
oil. A particularly effective anti-wear type agent em-
ployed is sulfurized sperm oil which contains about 5 to
15 weight percent of combined sulfur. For anti-wear
purposes the sulfurized sperm oil is usnally employed
in a small or minor amount sufficient fo contribute about
0.06 to 0.2% by weight of sulfur on the basis of the min-
eral oil of the composition. Although the sulfurized oils
combat wrist pin wear, it apparently promotes rocker arm

shaft wear. Surprisingly, when this additive is used in.

my compositions containing both the zinc and nickel di-
thiophosphates rocker arm shaft wear is still not exces-
sive. The compositions of this invention can contain
other ‘additive agents such as pour depressors, antifoam
agents and viscosity index improvers.

The mineral oil base stock used in the present inven-
tion is of lubricating viscosity, e.g. 35 t0 225 SUS at 210°
F. ‘and may be a solvent extracted or solvent refined oil
obtained in accordance with conventional methods of
treating lubricating oils. The base oil may be derived
from -paraffinic, naphthenic, asphaltic or mixed base
crudes, and if desired, a blend of solvent-treated Mid-
Continent neutrals and Mid-Continent bright stocks may
be employed. A particularly suitable base 0il used in the

preparation of my compositions is a solvent-treated Mid-

Continent neutral having a viscosity index of about 935.
’I:he following examples, which are not to be construed

as l.lm_iting, are offered to further illustrate the novel nbri-

cating compositions -of the ‘present “invention. '
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EXAMPLE L—PREPARATION OF NICKEL DI-2-
ETHYLHEXYL DITHICPHOSPHATE BASE

Basic nickel carbonate (2585 g.) was added portion-
wise to 13,375 g. of dry di-2-ethylhexyl dithiophosphoric
acid at 80 to 132° F. over a period of 3 hours. The so-
lution was dehydrated under vacuum (20-30 mm.) at 185
to 200° F. to give, after filtration, 12,230 g. product, pH
6.8, and acid number (D-974) 20.9. The product an-
alyzed: - )

Percent
Ni e e e ————————— e e e 6.79
S e - - 152
P _ ——— - e 1.67

EXAMPLE IIL—PREPARATION OF ZINC
DITHIOPHOSPHATE

A dithiophosphoric acid was prepared by reacting a
technical mixture of C; secondary and Cg primary al-
cohols with phosphorus pentasulfide until esterification
was complete. The acid ester was then reacted with a
theoretical amount of zinc oxide at 120 to 170° F. for
about 3 hours. The mixture was taken up to 250° F.
and then held there for one hour under vacuum. Dil-
uent oil was then added to make about a 60% con-
centrate which had a typical analysis of:

5.5% zinc
5.5% phosphorus

and approximately 10.5% sulfur.

Laboratory engine test

Lubricating oil blends were prepared containing each
of the products prepared in Examples 1 and I using as
a reference oil an extracted Mid-Continent paraffinic type
lubricating oil of SAE 10-W grade. The reference oil in
each of the compositions tested contained an anti-foam
agent and a polymethacrylate viscosity index improver
and pour depressor.

In all of the following tests a standardized 100 hour
cycling procedure ‘was carried out on a popular make
1955 V-8 valve-in-head engine using a particular com-
Wear
of the rocker arm shaft in these 100 hour tests is meas-
ured in ten thousandths of an inch. When the values
are quite low a better guide is the maximum . surface
roughness of the loaded areas, which can be measured
more accurately. A rough shaft indicates excessive wear
oris a forerunner of excessive wear. The following re-
sults shown in Table I show that both the zinc dithio-
phosphate and the sulfurized sperm oil contribute to
rough wear .of the rocker arm shaft.

TABLE I

Average
‘Whaar,
In.X10-¢

Test
‘No.

Composition

Reference ofl! plus zine -dithiophos-
phate of Bx. IT in an amount to pro-
vide .093% P-in total composition,
1.25% sulfurized sperm -oil (129 S)
and basic barium mahogany sulfo-
nate intan amount to provide .64%

_"Ba in total composition.. .. _..___:

Reference Ol . L.

Referencs oil plus basie barium ma- |
hogany sulfonate in an amount to
provide .94% Ba in total composi-
tion .

Refevence oil plus zinc dithiophos-
phate of Ex. II in an amount to pro-
vide .093% P in total composition. ..

Refersnce oil plus 1.25% sulfurized
sperm oil (12% 8)

70
15

LT

50
70

15
38

38
40

55

64

o w wo

1 Reference oil is a SAE 10-W base stock containing polymethacrylate
VIimprover and pour depressor, and an antifoam agent.
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The results tabulated in Table II below show that the
addition of mickel di-2-ethylhexyl dithiophosphate to a
lubricating oil containing the zinc dithiophosphate of
Example II together with sulfurized sperm oil and basic
barium mahogany sulfonate, effectively overcomes the

6

zinc diester being present in an amount to provide about
0.03 to 0.2 percent of phosphorus based on the mineral
oil and said nickel diester being present in an amount
to provide about 0.03 to 0.2 percent of phosphorus based

g on the mineral oil.
rough rocker arm shaft wear created by zinc dithio- 2. The composition of claim 1 wherein the mineral
phosphate and anti-wear agent. The data further show lubricating oil is a solvent-refined Mid-Continent neutral
that when the nickel dithiophosphate replaces the zinc oil.
dithiophosphate the resulting composition is deficient in 3. A lubricating oil composition consisting essentiaily
preventing spalling of valve lifters in the LS-5 test. 19 of a major amount of a mineral lubricating oil contain-
The LS-5 engine test is run in a 1953 Chevrolet power ing minor amounts of oil-soluble zinc and nickel dithio-
glide engine with 235 cubic inch displacement. The phosphate diesters in which the organic portions of said
hydrauiic valve lifters are made of chilled cast iron, the diesters contain from about 4 to 14 carbon atoms, said
camshaft of forged steel and the rocker arms of malle- zine diester being present in an amount to provide about
able iron. The valve train is 50% overloaded. The 15 0.93 to 0.2 percent of phosphorus based on the mineral
test duration is 24 hours at an engine speed of 315G r.p.m. oil, said nickel diester being present in an amount to
with a load of 30 B.H.P. In this test the faces of the provide about 0.03 to 0.2 percent of phosphorus based
12-hydraulic valve lifters tend to spall or pit if the oil on the mineral oil, a small amount of sulfurized sperm
is deficient in this particular type of anti-wear property. oil to impart anti-wear properties and a small amount
The base stock employed in each test was an SAE g¢ of basic barium petroleum sulfonate sufficient to impart
10-W ¢il containing a polymethacrylate VI improver a barium content of about 0.2 to 2.0 percent by weight.
and an anti-foam agent. The base stock also contained 4. The composition of claim 3 wherein the mineral
a basic barium mahogany sulfonate detergent blended to lubricating oil is a solvent-refined Mid-Continent neutral
give a barium content of 0.94% in the final composition. oil.
TABLE II
TeStanemccmacraccecamamnnn 47 67 86 X 91
Weight Percent:
Zine Dithiophosphate | 1.7-cceoralomcaaauaaaas kI ST P, 0.86.
of Example II.
Sulfurized Sperm Oil | 1.25. o eeuo|omacaoaaaas 125 cnunc| 1250 ceen 1.25,
(12% Sulfur).
Nickel di-2-ethylhexyl |-aocmmmenean- 1.65. ..o (17— 1.3 0.82.
dithiophosphate of
Ixample I.
Rocker Arm Shaft Surface | Coarse, Smooth, | Medium, |--cccccaees Smooth,
Finish, In. —70 —15 —20, -12,
(Av.)
1.8-5 Test Spalled Lifters..| 2 12 - PR B S, 3.
As shown in tests 91 and 86, the compositions of the References Cited in the file of this patent
present invention are especially effective in reducing UNITED STATES PATENTS
rocker arm shaft wear while keeping the number of !
: 2,344,392 COOK o Mar. 14, 1944
1 . ] 3 >
spa led.va.lve lifters at an acceptable level - 2 441,587 Musselman - May 18, 1948
I claim: ‘ . 2,483,505  Rogers et al. <oooomoommoe Oct. 4, 1949
1. A lubricating oil composition consisting essentially 2,606,872 Gasser et al. o ____ Aug. 12, 1952
of a major amount of a mineral lubricating oil contain- 2,662,055 TOWNE coemmmemm e e Dec. 8, 1953
ing minor amounts of oil-soluble zinc and nickel dithio-
phosphate diesters, in which the organic portions of said 50 FOREI.G};I PATENTS
diesters contain from about 4 to 14 carbon atoms, said 723,133 Great Britain <o Feb. 2, 1955



