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This invention relates to lubricants, including
both oils and greases, which contain sulphur
to impart extreme pressure characteristics such
as improved film strength, load-carrying capacity
and wear resistance. The object of the invention
primarily is to provide a product and a method
‘of procedure which will avoid difficulties hereto-
fore experienced such as the separation of the
sulphur after sulphurization or .the formation
of insoluble or otherwise objectionable sludges,
or the development of substantial corrosiveness
and the like when in use or when subjected to
somewhat elevated temperatures.

It is also an object of this invention to over-
come serious operating difficulties which have
_ been heretofore encountered in attempting to
sulphurize mineral oils directly.

Briefly stated, the invention resides in the em-
ployment of small proportions of rosin or rosin
oil or other rosin' fractions or rosin acids or
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“pine” acids, in sulphurized mineral lubricating -

oils and in connection with processes for produc-
ing such oi's. All of these rosin materials or
pine acids contain large proportions of abietic
acids.

By employing rosin or rosin materials con-
taining these rosin acids, the acceptability of the
lubricating oil for sulphur, that is the capacity
of the oil to receive and retain sulphur, is im-
proved, so that the optimum sulphur content
for these oils may be increased and whereby the
optimum operating ranges for the sulphurizing
step may be increased with respect to both time
and temperature of treatment. .

In producing lubricants of this character, the
mineral oil itself ordinarily has a sulphur ac-
ceptability characteristic for about 2% to 3% of
sulphur based on the oil. Where rosin or rosin
oil or the like is added to the oil in small quan-

‘tities, for example 1% to 2%, the acceptability
of the oil itself for sulphur is increased by about
1% or sometimes 2% of additional sulphur.
the same time the rosin material added will ac-
cept about 40% of sulphur based upon the con-
tent of rosin material. By the expression “ac-
ceptability for sulphur” is meant the capacity to
receive sulphur in solution or in chemical com-
bination according as the actual fact may be,

. without substantially increasing the sludging
tendencies of the sulphurized oil over the sludging
tendencies of the original mineral lubricating: oil
-employed. Observing these principles, the sul-
phur content for a finished lubricating oil will
normally be in the range of about 1% to 6%
or 7% of the composition, and the rosin content
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will normally be in the range of about 0.5% to
6% or 7%. It will be appreciated that a sulphur
content of about 2% to 5%, where about 3% or
more sulphur is present, is accounted for by the

.solvent power of the oil itself for sulphur, in-

cluding the increased acceptability of the oil for
sulphur where rosin materials are present..

Therefore, invention resides in these| propor-
tions. "Also lubricating concentrates,) which
might possibly be used as lubricants in certain
connections, may be made containing increased
quantities of both rosin material and sulphur,
which concentrates may be subsequently diluted
with oil to produce the desired finished product.
These concentrates will extend up from the
limits of 6% or 1% for each of the sulphur and
rosin materials in s finished lubricant to as much
as 20% sulphur with 456% rosin and only 35%
mineral oil in the concentrate., As the sulphur
content is increased, it is necessary to increase
the content of rosin material correspondingly in
order to avoid excessive sludging of the product,
that ‘is sludging appreciably greater than the
sludging property of the unmodified lubrica.ting
oil itself. .

Therefore, the invention resides further 1n »
lubricants comprising mineral lubricating - oils,
from about 0.5% to about 45% of rosin materials
and from about 1% or 2% to about 20% of sul-
phur in solution in the lubricant. The inven-
tion further resides in such lubricants wherein
the rosin content'is increased as the. sulphur
content is increased to insure against substantial
shudging tendencies. Thus, the invention resides
also in lubricants comprising primarily mineral
oil with about 10% or 12% sulphur and. about
20% rosin material up to about 20% sulphur with
45% rosin materials. The ihvention also resides
in methods of preparing such Iubricants wherein
the materials are heated at elevated tempera-
tures in the order of 250° F. to 400° F. to obtain
the desired solution or chemical combination of
the sulphur. The invention resides further in
so treating the materials by combining the rosin
material with lubricating oil and then introduc-
ing the sulphur, the batch bemg heated for an
extended time to accomplish’ the proper incor-
poration of the sulphur.

In operating according to the present inven-
tion, the rosin or abietic acid material in required
amount (for example 1%) is added to mineral
lubricating oil, and preferably to this mixture
there is added the required amount of sulphur
(for example 3%) for the sulphurized lubricant
sought to be produced. Any type of mineral
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lubricating oil may be employed, the only differ-
ence being that different mineral lubricating oils
possess slightly different degrees of acceptability
for sulphur. The rosin material may be any
commercial material containing abietic acid such
as rosin, “kidney” rosin oil, commercial abietic
acids, “pine acids” and the like, These materials
are then heated together in a suitable kettle,
preferably a pressure kettle, whereby superat-
mospheric pressures may be obtained if desired,
any suitable heating means being employed such
as fire or steam coils. 'The contents of the kettle
are raised to temperatures which may vary some-
what in accordance with the particular ma-
terials being employed. ‘Temperatures between
about 250° F. and 400° F. are employed. The
temperature is maintained within that range,
for example around 300° F. or about 290° F. to
310° F., with agitation for a sufficient length of
time to effect the degree of sulphurization which
can be accomplished with the sulphur which
has been added. By operating with these ma-
terials, the length of time for treatment may
be increased beyond times heretofore ordinarily
used for sulphurization and, by reason of the
presence of the rosin material, the extent of
sulphurization is increased without producing

products having excessive sludging tendencies, as’

above indicated. The time of treatment will vary
ordinarily within the range of about three hours
to nine hours, e. g. six hours. By heating under
these conditions, the sulphur apparently is pri-
marily chemically combined with the rosin oil,
and also with the lubricating oil to the extent
of the 2% to 5% which the lubricating oil will
accept as has been indicated.” Secondarily, some
of the sulphur apparently is physically combined
in the mixture, possibly as by solution in the oil
or in the rosin material. 'This incorporation of
the sulphur into the lubricant is generally herein
referred to as “solution,” which term is intended
to include the solution or chemical union or both
according to whatever condition exists by reason
of the treatment at elevated temperature.

The resultant oils containing the proper pro-
portion of sulphur and rosin materials as indi-
cated are stable from the standpoint of their
sulphur content, and in use do not sludge ap-
preciably beyond the normal sludging tendency
of the unmodified lubricating oil itself. ‘The
relative proportions of sulphur and rosin ma-
terials to be employed to obtain these stable non-
sludging oils were indicated above, it being neces-
sary, as also indicated above, that the propor-
tions of rosin materials be increased adequately
as the sulphur is increased to insure proper union
or solution of the sulphur with the mixture of
mineral lubricating oil and rosin materials in
order to form the stable products having the
desired substantially non-sludging tendencies.

In general, when producing a finished lubri-
cating oil, it is preferred to limit the sulphur
content, and consequently the rosin content, to
relatively low proportions, inasmuch as these or-
dinarily are adequate to impart the desired ex-
treme pressure characteristics sought in Ilubri-
cating oils of this type, for example in the
preparation of hypoid gear lubricants. This de-
sired limitation of the abietic acid of the rosin
materials may be easily accomplished for the rea-
son that the abietic acid molecules (C1sH2eCOOH)
are capable of accepting one or many sulphur
atoms according to the degree of sulphurization
required in the final product. Thus, for a fin-
ished oil a typical average rosin acid or rosin
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material content to be employed would be about
1% or within a practical range of probably about
1% to about 2%. In this case, from 1% to 3%
or 4% of sulphur for each percent of rosin may
be introduced, the mineral oil itself taking up
some of the sulphur. Typical examples will con-
tain: i

Mineral Iubricating :
-About 98.5% to about 93%

ol e
Rosine e About 0.5% toabout 2%
Sulphur____._________ About 1% toabout 5%

Instead of preparing the finished lbricant
containing only 1% or 2% rosin and 3% to 5%
sulphur, a finished oil may be produced contain-
ing more rosin and more sulphur if desired. For
example, up to 6% or 7% or possibly a little
more of each of the sulphur and rosin material.
In many instances, however, it is preferred to
manufacture lubricating concentrates contain-
ing much smaller proportions of lubricating oil,
the additional lubricating oil to be blended into
the concentrate at some future time. Thus, a
concentrate containing about 40% or possibly a
little more of rosin material, about 409 of lubri-
cating oil and about 20% of sulphur may be pro-
duced. It is to be recognized that here, after
accounting for the sulphur taken up by the lubri- .
cating oil itself, the remaining sulphur content
ordinarily should not exceed about 409% of the
rosin material content. While it is.possible at
least for some uses, that the sulphur content
based on the rosin material may be greater than
40%, nevertheless on the average this sulphur
limit should be observed where stable substan-
tially non-sludging products are required. On this
basis, a rosin material content of about 20% of
the total would support a sulphur content, in-
cluding that accepted by the oil itself, of about
12%. Of course, these limits are not critical be-
cause of the fact that, as above indicated, each
abietic acid molecule is capable of accepting not
only one but many sulphur molecules. In gen-
eral, however, the invention lies in the incorpora-
tion of sulphur, as above indicated, into rosin
and mineral oil mixtures wherein the maximum
of rosin material indicated for any given sulphur
content is employed so as to insure stable sub-
stantially non-sludging products, the percentage
content of rosin being in the order of from 0.5%
to 40% or possibly 45% with a corresponding
sulphur content within the range of about 19
to about 20%, the rosin material content increas-
ing as the sulphur increases, it being recognized
that from about 2% to perhaps 5% of sulphur is
accepted by the mineral lubricating oil itself,

With respect to rosin materials which may
be used according to this invention, kidney rosin
oil, which is a rosin distillation product well
known in the industry, has been indicated above

-and is generally preferred, especially for sake

of convenience. Nevertheless, I may also use
other sources of rosin acids or “pine acids,” such
as wood rosin, gum rosin, other rosin oils than
that mentioned, commercial rosin acids or abietic
acids, pimaric acid, pseudo-pimaric acid and the
various distillation products of these materials
in crude or purified form, and also various modi-
fled rosin acids, such as modified rosins or modi-
fied abietic acids or derivatives thereof known
on the market. Rosin acids or pine acids are
generally understood to include primarily abietic
acids, and also pimaric acid, pseudo-pimaric acid,
sapinic acid and the like and various isomers and -
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polymers thereof present in the naturally-occur-
ring rosin and its fractions, such as rosin oil. -

Lubricating oils which may be employed in-
clude any of the well known petroleum lubricat-
ing oils, and may also be extended to include
kindred products from the distiilation of shale,
peat or coal. Ordinarlly mineral Ilubricating
oils would be’ employed, such as ordinary types
of acid treated western or naphthenic base Iu-
bricating ofls or Mid-Continent oils. Similarly
various Pennsylvania or paraffinic type oils, such
as Pennsylvania neutral oils and the like, may
be used, or various blends of these olls, such
. &s mixtures of Mid-Continent steam refined oils,
Pennsylvania neutral oils and western Iubricat-
ing oils of the naphthenic type such as above
mentloned, these being employed in approxi-
mately equal proportions or otherwise as may
seem fitting. Also the heavily solvent treated

olls of high paraffinic oil content, or other highly 20

refined paraffiinic type oils, may be used "alone
or in admixture with other lubricating oils as
ahove indicated. '

In the heat treating operation the tempera-
ture on the average will be around 300° F. or
from perhaps 290° P, to 310° F. Ordinarily the
rosin oil is added to the lubricating oil in the
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creased “tendency to-sludge and loss in load-
carrying capacity. The optimum time is deter-
mined by removing samples of an .experimental
mix and adding corrosion inhibitor, (lead naph-
thenate) and determining load-carrying capacity

" and tendency to sludge and corrosiveness to steel.

From those results the. time required for a given
mixture is chosen. The corrosive effect and
sludge-forming tendencles of the oil are deter-
mined arbitrarily by adding 5% of lead naph-

- thenate to the oil as a corrosion inhibitor, im-

25

kettle, @nd if other rosin produets, such as rosin

itself or commercial abietic acid, are used, the
temperature may be raised with agitation until
solution of the rosin materigy is effected. -The
. powdered flowers or sulphur are ordinarily added
to the oil and rosin product solution after the
Iatter has reached the
for example 300° ', Agitation is maintained for
an appropriate period of time, for example six
hours, until-the sulphur which hags been added,
for example 2.5%, has combined with the oil.
In a particular instance, 965 parts of bright fil-
tered Pennsylvania lubricating oil stock was com-
bined with 10 parts (1%) of the.rosin distilla-
tion product known as No. 56 kidney rosin oil,
and this mixture then heated to 300° F. to
310° ¥., whereupon 25 parts of flowers of sulphur
(25%) were added and the heating continued
with agitation for six hours. This sulphurized
material was cooled and 5% of lead naphthenate
was added as a corrosion inhibitor.

While variations in temperature, and in sul-
phur content, and in the time of treatment are
sometimes necessary according to the oils used
or the:rosin material incorporated or the amount
-of sulphur employed, these will be-readily ascer-
tainable by any skilled lubricant manufacturing
operator, especlally because of the fact that this
procedure involving the employment of rosin oil
or other abietic acid or similar rosin acid-con-

operating temperature,.

40

mersing polished steel strips in portions of the

.oll with and without the addition of 5% of dis-

tilled water to the oil, maintaining » tempera-
ture of about 180° F. for 16 hours, and then ob-
serving the éffect of such treatments on the steel
strips. An ofl to be considered fully acceptable
should not deposit any sludge-like: material or
blacken the steel strips to any noticeable extent,
even in the presence of water. .

The operations may be modifled in certain
connections if desired, for example by the use
of catalysts such as halogens or the various
metallic halides (e. g. 0.1% of preferably alkali
halides) to increase the reaction rate, or by the
use of closed kettles to eliminate air, as may be
convenient to speed up the resctions especially
where highly refined oils are employed such as
highly solvent treated naphthenic base oils or
highly purified paraffinie base oils.

It will be recognized, .of course, that where 8
glven percentage of sulphur is indicated as being
added to the charge, a small proportion of the
sulphur is normally lost as hydrogen sulphide

- during the operation, and a correspondingly

smaller proportion- of sulphur actually enters
into the composition.

With the addition of a suiteble corrosion in-
hibitor, for example 5% of lead naphthenate as
in the example given above, these products have
been found non-corrosive to steel under normal
operating conditions and to have load-carrying
capacity of at least 550 pounds (scale reading)
25 measured by the 8. A, E. extreme pressure

5 lubricants tester at 1000 R. P. M. with a loading

rate of 83.5 pounds per second and o rubbing
ratio of 14.6 to 1. Such a tester is found de-

- scribed in the S. A. E. Journal for July, 1936,

taining material, has such g wide range of per~ -

missible or optimym heating conditions that no
difficulty whatever will be experienced. In other
words, regardless of the oil stock, or the amount
of sulphur, the temperature limits will usually
lie within the range of 250° F. to 400° ¥, above
indicated, and the heating time wil nearly al-
ways be found to be within 3-to 9 hours or at
least within & maximum range of 2 to 16 hours,
Completion of the operation is readily deter-
minable by tests outlined below.

For every particular mixture of oil, rosin and
sulphur there is an optimum Iength of time to
react at a given femperature in order to get
maximum load-carrying capacity and minimum
sludging. Too short a time of reacting gives oil
which is too corrosive and has a tendency to de-
posit sulphur.. Too long a time leads to in-
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bages 293 to 290 (vol. 39).
Products according to the inveuntion do not

" offer the objections of precipitaling sulphur or

sulphur crystals or yielding insoluble sludges
upon standing or in operation, and when the cor-
rosion inhibitor agent is introduced, they yleld
material also non-corrosive to steel in the pres-
ence of water. With reference to corrosion in-
hibitors, the percentage of lead naphthenate em-
ployed may be varied from the 5% mentioned
within a range between about 4% and 10%. As
substitutes for lead naphthenates, other soaps
such as zinc naphthenate, magnesium, naphthen-
be used, ond other cor-~
rosion inhibiting materials such ag zine octyl thio-
phosphate may sometimes be employed.

It is to be understood that these disclosures
are illustrative of the generic invention hereof
Aand are not to be taken as limiting except as re- -
quired by the prior art,

I claim: :

1. A lubricating concentrate comprising in the
neighborhood of 456% rosin materials, 20% sul-
phur and 359% mineral lubricating oil.

2. A lubricant comprising mineral lubricating
ofl, rosin materials.in solution in the oil, the rosin
materials containing sulphur approximating 409,
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of sald rosin materléls, and the ofl. containing
additional amounts of sulphur in solution there-
in in the order of 2% to 5%, -

3. A lubricant comprising mineral lubricating

oll and from about 0.5% to 45% of rosin mate-
rials, and sulphur in solution in the lubricant
in the order of 40% based on the rosin content.

4. A lubricant according to claim 10 contain-
ing in addition from 29 to 5% of sulphur in

solution in the ofl calculated on-the basis of the 10

_qn content of the lubricant.
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b. A lubricating composition comprising niin-
eral lubricating oil, about 1% of rosin materials
containing abletic acid and about 3% of ‘sulphur
in solution in the Jubricant. S,

6. A lubricating oil comprisihg about 96% min-
eral lubricating ofl, about 1% of rosin material
and about 2% to 5% of sulphur incorporated in

the lubricant. ‘. -
. RALPH A. POTTER,.
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